
1 
 

Overall Survival With Palbociclib And Fulvestrant in Women With HR+/HER2– ABC: Updated 
Exploratory Analyses of PALOMA-3, a Double-Blind, Phase 3 Randomized Study 

 

Massimo Cristofanilli,1 Hope S. Rugo,2 Seock-Ah Im,3 Dennis J. Slamon,4 Nadia Harbeck,5 Igor 

Bondarenko,6 Norikazu Masuda,7 Marco Colleoni,8 Angela DeMichele,9 Sherene Loi,10 Hiroji 

Iwata,11 Ben O’Leary,12 Fabrice André,13 Sibylle Loibl,14 Eustratios Bananis,15 Yuan Liu,16 Xin 

Huang,16 Sindy Kim,16 Maria Jose Lechuga Frean,16 Nicholas C. Turner,12 

 

1Weill Cornell Medicine, Landson House, LH-204, New York, NY, USA; 2University of California 

San Francisco Helen Diller Family Comprehensive Cancer Center, 1825 4th Street, 3rd Floor, Box 

1710, San Francisco, CA, USA; 3Seoul National University Hospital, Cancer Research Institute, 

Seoul National University College of Medicine, 101 Daehak-ro Jonro-gu, 03080, Seoul, Korea; 

4David Geffen School of Medicine at University of California Los Angeles, 2825 Santa Monica 

Blvd, Ste 200,  Santa Monica, CA, USA; 5Brustzentrum, Frauenklinik and CCC Munich, LMU 

University Hospital, Marchioninistrasse 15, 81377, Munich, Germany; 6Dnipropetrovsk Medical 

Academy, City Multiple-Discipline Clinical Hospital #4, 31 Blizhnaya Str, Dnipropetrovsk, 

Ukraine; 7Nagoya University Graduate school of Medicine, 65 Tsurumai-cho, Showa-ku, Nagoya, 

Japan; 8IEO, Istituto Europeo di Oncologia, IRCCS, Via Ripamonti 435, Milan, Italy; 9Abramson 

Cancer Center, University of Pennsylvania, 3400 Civic Center Boulevard, Philadelphia, PA, USA; 

10Peter MacCallum Cancer Centre, University of Melbourne, 305 Grattan St, Melbourne, VIC, 

Australia; 11Aichi Cancer Center Hospital, 1-1, Kanokoden, Chikusa-ku, Nagoya, Japan; 12Royal 

Marsden Hospital and Institute of Cancer Research, 203 Fulham Road, London, SW3 6JJ, UK; 

13Institut Gustave Roussy, 114 Rue Edouard Vaillant, 94800, Villejuif, France; 14German Breast 

D
ow

nloaded from
 http://aacrjournals.org/clincancerres/article-pdf/doi/10.1158/1078-0432.C

C
R

-22-0305/3148674/ccr-22-0305.pdf by Institute of C
ancer R

esearch - IC
R

 user on 06 June 2022



2 
 

Group, Martin-Behaim-Straße 12, 63263 Neu-Isenburg, Germany; 15Pfizer Inc, 235 E 42nd St, 

New York, NY, USA; 16Pfizer Inc, 10646 Science Center Drive, San Diego, CA, USA 

 

Running Title: Updated Exploratory Analysis of Overall Survival in PALOMA-3 

 

Keywords: palbociclib; overall survival; HR+/HER2− advanced breast cancer; ctDNA; CDK4/6 

inhibitors 

 

Funding: This study was sponsored by Pfizer Inc. 

 

Corresponding Author:  

Massimo Cristofanilli, MD 

Weill Cornell Medicine 

Division of Hematology-Oncology 

Landson House, LH-204 

New York, NY 10021 

T: (646)-962-2330 

E: mac9795@med.cornell.edu 

Declaration of interests 

Massimo Cristofanilli reports sponsored research from Pfizer Inc, Menarini, Eli Lilly, and G1 

Therapeutics, has received consulting fees from Novartis, Menarini, Eli Lilly, Sermonix, G1 

Therapeutics, Foundation Medicine, AstraZeneca, and Pfizer Inc, consulting/lecture fees from 

D
ow

nloaded from
 http://aacrjournals.org/clincancerres/article-pdf/doi/10.1158/1078-0432.C

C
R

-22-0305/3148674/ccr-22-0305.pdf by Institute of C
ancer R

esearch - IC
R

 user on 06 June 2022



3 
 

Foundation Medicine and Pfizer Inc, travel support from Foundation Medicine, and has 

participated on a Data Safety Monitoring Board or Advisory Board for Merck and AstraZeneca. 

Hope S. Rugo reports sponsored research to her institution from Pfizer Inc, Merck, Novartis, Eli 

Lilly, Roche, Daiichi-Sankyo, Seattle Genetics, Macrogenics, Sermonix, Boehringer Ingelheim, 

Polyphor, AstraZeneca, Ayala, and Gilead and honoraria from PUMA, Samsung, and Mylan. 

Seock-Ah Im has received research funding from AstraZeneca, Daewoong Pharm, Eisai, Pfizer, 

and Roche and reports consulting fees for AstraZeneca, Daiichi-Sankyo, Eli Lilly, GSK, Hanmi, 

Idience, MSD, Novartis, Pfizer Inc, and Roche. 

Dennis J. Slamon has served as a consultant/advisor for Pfizer Inc, Eli Lilly, and Novartis, has 

received research funding from Pfizer Inc and Seagen, has received consulting fees from Pfizer 

Inc and Novartis, travel support from Pfizer Inc and Novartis, participated on a data safety 

monitoring board or advisory board for Eli Lilly and Novartis, is a board member of BioMarin, 

and is a stockholder in Amgen, BioMarin, 1200 Pharma, Merck, Pfizer Inc, Seagen, Vertex, and 

TORL Biotherapeutics.  

Nadia Harbeck reports consulting/lecture fees from Sandoz, Seagen, AstraZeneca, Daiichi-

Sankyo, Eli Lilly, MSD, Novartis, Pierre Fabre, Pfizer Inc, and Roche, consulting/lecture fees from 

Amgen, AstraZeneca, Daiichi-Sankyo, Novartis, Pierre Fabre, Pfizer Inc, Roche, and Seagen, and 

has participated on a Data Safety Monitoring Board or Advisory Board for Roche. 

Igor Bondarenko does not have any conflicts of interest to disclose. 

Norikazu Masuda has received research grants from Chugai, Eli Lilly, AstraZeneca, Pfizer Inc, 

Daiichi-Sankyo, MSD, Eisai, Novartis, Sanofi, Kyowa-Kirin, and Nippon-Kayaku, and lecture fees 

D
ow

nloaded from
 http://aacrjournals.org/clincancerres/article-pdf/doi/10.1158/1078-0432.C

C
R

-22-0305/3148674/ccr-22-0305.pdf by Institute of C
ancer R

esearch - IC
R

 user on 06 June 2022



4 
 

from Chugai, Pfizer Inc, AstraZeneca, Eli Lilly, and Eisai, and is on the board of JBCRG and the 

Japanese Breast Cancer Society (JBCS). 

Marco Colleoni has received research funding from Roche and co-chaired the Scientific 

Committee International Breast Cancer Study Group (IBCSG). 

Angela DeMichele reports sponsored research to her institution from Pfizer Inc, Novartis, 

Calithera, and Genentech. 

Sherene Loi has received research funding to her institution from Novartis, Bristol Myers 

Squibb, Merck, Puma Biotechnology, Eli Lilly, Nektar Therapeutics, AstraZeneca, Roche-

Genentech, and Seattle Genetics, consulting fees paid to her institution from Aduro Biotech, 

Novartis, GlaxoSmithKline, Roche-Genentech, AstraZeneca, Silverback Therapeutics, G1 

Therapeutics, PUMA Biotechnologies, Pfizer Inc, Gilead Therapeutics, Seattle Genetics, Tallac 

Therapeutics, and Bristol Meyers Squibb, is a Scientific Advisory Board Member of Akamara 

Therapeutics, has acted as a consultant (not compensated) to Seattle Genetics, Novartis, Bristol 

Meyers Squibb, Merck, AstraZeneca, and Roche-Genentech, and is supported by the National 

Breast Cancer Foundation of Australia Endowed Chair and the Breast Cancer Research 

Foundation, New York. 

Hiroji Iwata reports research grants to his institution from Chugai, Eli Lilly, Nihon Kayaku, 

Daiichi Sankyo, AstraZeneca, Taiho, Pfizer Inc, MSD, Sanofi, Novartis, Bayer, and Boehringer 

Ingelheim, consulting or advisory roles for Chugai, Kyowa Hakko Kirin, AstraZeneca, Eli Lilly, 

Pfizer Inc, and Daiichi-Sankyo, and personal fees from Chugai, AstraZeneca, Eli Lilly, Pfizer Inc, 

Taiho, Daiichi Sankyo, Eisai, and Kyowa Hakko Kirin. 

D
ow

nloaded from
 http://aacrjournals.org/clincancerres/article-pdf/doi/10.1158/1078-0432.C

C
R

-22-0305/3148674/ccr-22-0305.pdf by Institute of C
ancer R

esearch - IC
R

 user on 06 June 2022



5 
 

Ben O’Leary has received research funding to his institution from Pfizer Inc, and financial 

support from Medical Research Council UK, and National Institute for Health Research UK. 

Fabrice André reports research grants to his institution from AstraZeneca, Novartis, Pfizer Inc, 

Eli Lilly, and Roche, and Daiichi. 

Sibylle Loibl reports research grants to her institution from AbbVie, AstraZeneca, Celgene, 

Daiichi-Sankyo, Gilead, Novartis, Pfizer Inc, and Roche, reports royalties or licenses paid to her 

institution from VM Scope GmbH, has participated in speaker’s bureaus/ad boards paid to her 

institution for AstraZeneca, Daiichi-Sankyo, Gilead, Novartis, Pfizer Inc, Pierre Fabre, 

Prime/Medscape, Puma, Roche, Samsung, and Seagen, has participated on a Data Safety 

Monitoring Board or Advisory Board for Abbvie, Amgen, Celgene, AstraZeneca, Bayer, BMS, 

Daiichi-Sankyo, Eirgenix, GSK, Gilead, Eli Lilly, Merck, Novartis, Pfizer Inc, Pierre Fabre, 

Prime/Medscape, Puma, Roche, and Seagen, and reports patents paid to her institution from 

EP14153692.0, EP21152186.9, EP15702464.7, and EP19808852.8  

Eustratios Bananis, Yuan Liu, Xin Huang, Sindy Kim, and Maria Jose Lechuga Frean are 

employees of and stockholders in Pfizer Inc.  

Nicholas C. Turner does not have any conflicts of interest to disclose.. 

 

Article type: Original Research 

Category: Original Research 

Subcategory: Research Article 

Word Count: 3261 

 

D
ow

nloaded from
 http://aacrjournals.org/clincancerres/article-pdf/doi/10.1158/1078-0432.C

C
R

-22-0305/3148674/ccr-22-0305.pdf by Institute of C
ancer R

esearch - IC
R

 user on 06 June 2022



6 
 

Tables/Figures: 5 Figures 

Supplementary Files: 3 Supplementary Tables, 3 Supplementary Figures 

 

 

Translational Relevance  

The long-term effect of cyclin-dependent kinase 4/6 inhibition plus endocrine therapy for 

advanced breast cancer (ABC) is an important area of research, and circulating tumor DNA 

(ctDNA) may provide valuable prognostic information. In PALOMA-3, palbociclib plus fulvestrant 

improved median overall survival (OS) versus placebo plus fulvestrant after 44.8 months of 

follow-up. In this updated exploratory analysis of the PALOMA-3 clinical trial, a continued 

improvement in median OS with palbociclib plus fulvestrant versus placebo plus fulvestrant was 

observed (34.8 vs 28.0 months). Favorable OS in the palbociclib group was also observed across 

most subgroups regardless of ESR1, PIK3CA, or TP53 mutation status. These findings support 

the palbociclib plus fulvestrant regimen as a standard of care in patients with hormone 

receptor−positive/human epidermal growth factor receptor 2−negative (HR+/HER2−) ABC and 

show that ctDNA analysis can provide prognostic information. 
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Abstract 
 
Purpose: To conduct an updated exploratory analysis of overall survival (OS) with a longer 

median follow-up of 73.3 months and evaluate the prognostic value of molecular analysis by 

circulating tumor DNA (ctDNA).  

Patients and methods: Patients with hormone receptor−positive/human epidermal growth 

factor receptor 2−negative (HR+/HER2−) advanced breast cancer (ABC) were randomized 2:1 to 

receive palbociclib (125 mg orally/d; 3/1 week schedule) and fulvestrant (500 mg 

intramuscularly) or placebo and fulvestrant. This OS analysis was performed when 75% of 

enrolled patients died (393 events in 521 randomized patients). ctDNA analysis was performed 

among patients who provided consent. 

Results: At the data cutoff (August 17, 2020), 258 and 135 deaths occurred in the palbociclib 

and placebo groups, respectively. The median OS (95% CI) was 34.8 months (28.8−39.9) in the 

palbociclib group and 28.0 months (23.5−33.8) in the placebo group (stratified hazard ratio 

0.81; 95% CI, 0.65−0.99). The 6-year OS rate (95% CI) was 19.1% (14.9−23.7) and 12.9% 

(8.0−19.1) in the palbociclib and placebo groups, respectively. Favorable OS with palbociclib 

plus fulvestrant compared with placebo plus fulvestrant was observed in most subgroups, 

particularly in patients with endocrine-sensitive disease, no prior chemotherapy for ABC, low 

circulating tumor fraction, and regardless of ESR1, PIK3CA, or TP53 mutation status. No new 

safety signals were identified. 

Conclusions: The clinically meaningful improvement in OS associated with palbociclib plus 

fulvestrant was maintained with >6 years of follow-up in patients with HR+/HER2− ABC, 

supporting palbociclib plus fulvestrant as a standard of care in these patients. 
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Trial Registration: ClinicalTrials.gov Identifer: NCT01942135 
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Introduction 

Palbociclib is a first-in-class orally active cyclin-dependent kinase 4/6 (CDK4/6) inhibitor that is 

approved for the treatment of patients with hormone receptor−positive/human epidermal 

growth factor receptor 2−negative (HR+/HER2−) advanced breast cancer (ABC) (1). Findings 

from the PALOMA-3 study in women with HR+/HER2– ABC showed that palbociclib plus 

fulvestrant significantly prolonged progression-free survival (PFS) compared with placebo plus 

fulvestrant (11.2 vs 4.6 months, respectively; hazard ratio [HR], 0.50 [95% CI, 0.40−0.62]; 1-

sided P<0.0001) (2,3). At a median follow-up of 44.8 months, the final protocol-specified overall 

survival (OS) analysis demonstrated a longer OS with palbociclib plus fulvestrant compared with 

placebo plus fulvestrant that was not statistically significant (34.9 vs 28.0 months, respectively; 

HR, 0.81 [95% CI, 0.64−1.03]; 1-sided P=0.0429) (4). Moreover, sensitivity to prior endocrine 

therapy, nonvisceral disease, no prior chemotherapy for ABC, and an Eastern Cooperative 

Oncology Group performance status of 0 were identified as significant positive prognostic 

factors for OS. Patients without prior chemotherapy for ABC had longer median OS in the 

palbociclib arm versus placebo arm, while patients with prior chemotherapy for ABC had a 

similar OS among treatment arms (5). 

 

With CDK4/6 inhibitors plus endocrine therapy now considered a standard of care for the 

treatment of HR+/HER2− ABC (6), a clinical need exists to identify patients who may be at risk 

of progressing early while receiving palbociclib plus endocrine therapy. Other than estrogen 

receptor and progesterone receptor expression, no clinical biomarkers presently exist for 

palbociclib treatment sensitivity or resistance (7). Additionally, there is limited information 
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regarding associations between genetic mutations and clinical outcome in ABC (8). However, 

circulating tumor DNA (ctDNA) is rapidly being incorporated in the clinical setting and during 

medication development as a preferred liquid biopsy diagnostic to analyze the genetic features 

of tumors (8-10). 

 

This updated exploratory analysis reports OS results from PALOMA-3 with a longer median 

follow-up of 73.3 months and evaluated the prognostic value of genomic abnormalities 

identified by ctDNA. 

 

Materials and Methods 

Study Design and Patients 

Detailed methodology of the PALOMA-3 clinical study has been previously described (11). 

Briefly, PALOMA-3 is a double-blind, multicenter, phase 3 study that included premenopausal 

or postmenopausal women with HR+/HER2− ABC whose disease had progressed on endocrine 

therapy. Patients were allowed up to one prior line of chemotherapy for ABC. Patients were 

excluded if they had active, uncontrolled, or symptomatic brain metastases or symptomatic 

visceral spread or were at risk for life-threatening complications. All patients provided written 

informed consent prior to enrollment.  The study was approved by the institutional review 

board at each study center, and conducted according to the principles of Good Clinical Practice 

and the Declaration of Helsinki, with monitoring by an academic steering committee. 
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Randomization and Masking 

Patients were randomized 2:1 to receive palbociclib (125 mg orally per day for 3 weeks, 

followed by 1 week off) and fulvestrant (500 mg intramuscularly every 14 days for the first 

three injections followed by every 28 days) or matching placebo and fulvestrant. Patients were 

randomly assigned by the investigator or research staff via a centralized interactive web- and 

voice-based randomization system, which also generated the random allocation sequence. For 

each stratification level, random assignments to the treatments were made in a block size of 

six. Patients were assigned based on three stratification factors: sensitivity to prior hormonal 

therapy, menopausal status, and presence of visceral metastases. The patients, investigators, 

and research staff were all blinded to treatment group assignment. 

 

Outcomes 

Investigator-assessed PFS was the primary endpoint of the study, and OS was a key secondary 

endpoint. Overall survival was defined as the time from the date of randomization to the date 

of death due to any cause. In the absence of confirmation of death, survival time was censored 

to the last date the patient was known to be alive. Here we report the final unplanned 

exploratory OS analysis with 393 events in 521 randomized patients (75% of the total study 

population; data cutoff date: August 17, 2020) with a median follow-up of 73.3 months. The 

median OS was estimated using the Kaplan-Meier method; 95% CIs and hazard ratios were 

estimated using Cox proportional hazard models. 
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Plasma samples were collected and stored for ctDNA analyses at baseline and the end of 

treatment. A custom, amplicon error−corrected sequencing approach was used for ctDNA 

analyses, as previously reported (8,12). The targeted panel of 17 targetable driver and 

CDK4/6−related genes included all exons (RB1, CDK4, CDK6, CDKN1A, CDKN1B, and NF1; exons 

5−8 of TP53) and hot spots (ERBB2, PIK3CA, AKT1, ESR1, FGFR1, FGFR2, FGFR3, KRAS, HRAS, and 

NRAS). The allele fraction cutoff for calling gene mutations as positive was 0.5% allele frequency 

for whole genes and 0.3% for hot spots. Progression-free survival and OS rates were assessed 

among treatment arms in patients with circulating tumor fraction above or below a cutoff of 

10% (high and low purity), as previously reported (8).  

 

Adverse events (AEs) were reported and severity was graded according to the National Cancer 

Institute Common Terminology Criteria for Adverse Events, Version 4.0. Safety findings were 

summarized descriptively. 

 

Data Availability 

Upon request, and subject to review, Pfizer will provide the data that support the findings of 

this study. Subject to certain criteria, conditions and exceptions, Pfizer may also provide access 

to the related individual de-identified participant data. 

See https://www.pfizer.com/science/clinical-trials/trial-data-and-results for more information. 
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Results 

A total of 521 patients were randomized into the study (347 patients in the palbociclib plus 

fulvestrant group and 174 patients in the placebo plus fulvestrant group). As previously 

reported (3), patient demographics and baseline clinical characteristics were generally similar 

between the treatment groups. As of the data cutoff date of August 17, 2020, 393 deaths had 

occurred; 258 deaths in the palbociclib plus fulvestrant group and 135 deaths in the placebo 

plus fulvestrant group. The median duration of follow-up was 73.3 months (95% CI, 73.0−74.0). 

A total of 18 patients remained on study treatment, including 15 patients (4.3%) in the 

palbociclib plus fulvestrant group and three patients (1.7%) in the placebo plus fulvestrant 

group (Supplementary Figure S1).  

 

The median OS was 34.8 months (95% CI, 28.8−39.9) in the palbociclib plus fulvestrant group 

and 28.0 months (95% CI, 23.5–33.8) in the placebo plus fulvestrant group (stratified HR, 0.81 

[95% CI, 0.65−0.99]; Figure 1). The 5-year OS rate (95% CI) was 23.3% (18.7−28.2) in the 

palbociclib group versus 16.7% (11.2−23.3) in the placebo group; the 6-year OS rate was 19.1% 

(14.9−23.7) versus 12.9% (8.0−19.1) in the palbociclib and placebo groups, respectively. In the 

subgroup of patients who had not received prior chemotherapy for advanced breast cancer 

(n=344), the median OS was 39.3 months (95% CI, 34.5−44.4) in the palbociclib plus fulvestrant 

group and 29.7 months (95% CI, 23.8−35.5) in the placebo plus fulvestrant group (HR, 0.72 [95% 

CI, 0.55−0.94]; Supplementary Figure S2A). In the subgroup of patients who had received prior 

chemotherapy for ABC (n=177), the median OS was 24.6 months (95% CI, 21.3−30.0) in the 

palbociclib plus fulvestrant group and 24.3 months (95% CI, 18.9−36.3) in the placebo plus 
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fulvestrant group (HR, 0.97 [95% CI, 0.69−1.36]; Supplementary Figure S2B). Favorable OS with 

palbociclib plus fulvestrant compared with placebo plus fulvestrant was observed in most of the 

subgroups evaluated (Figure 2).  

 

ESR1, PIK3CA, and TP53 gene mutation data by ctDNA analysis were available for 331 patients 

at Day 1 and 195 patients at the end of treatment. Among the 331 patients at Day 1, there were 

160/331 (48.3%) patients with any detected mutation and 171/331 (51.7%) of patients with no 

detected mutation. Similar to previously reported in O’Leary et al 2021 (8), ESR1, PIK3CA, and 

TP53 gene mutations were reported in 72 (21.8%),  55 (16.6%), and 51 (15.4%) patients, 

respectively, at Day 1. At the end of treatment mutations were reported in 61 (18.4%), 52 

(15.7%), and 41 (12.4%) patients.At Day 1 or the end of treatment mutations were reported in 

97 (29.3%), 71 (21.5%), and 57 (17.2%) patients. The most prevalent ESR1 mutation variants 

were D538G, Y537S, E380Q, and Y537N. Herein, data are presented for mutational status 

subgroups defined based on the presence of a mutation at either Day 1 or at the end of 

treatment. 

 

Palbociclib plus fulvestrant provided a PFS benefit regardless of ESR1 mutation status at Day 1 

or end of treatment (Figure 3A). In patients without ESR1 mutations, the median PFS was 11.1 

months (95% CI, 7.5−13.9) with palbociclib plus fulvestrant compared with 5.4 months (95% CI, 

3.4−7.6) with placebo plus fulvestrant (HR, 0.60 [95% CI, 0.43−0.83]). In patients with ESR1 

mutations, the median PFS was 11.3 months (95% CI, 9.2−14.3) in patients receiving palbociclib 
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plus fulvestrant versus 3.6 months (95% CI, 1.9−5.4) in patients receiving placebo plus 

fulvestrant (HR, 0.25 [95% CI, 0.15−0.43]). 

 

ESR1 mutations were prognostic for OS (HR, 1.58 [95% CI, 1.22−2.06]; Figure 3B) and were 

highly associated with shorter OS (<4 years vs ≥4 years; odds ratio [OR], 0.36 [95% CI, 

0.19−0.68] Supplementary Table S1). Regardless of ESR1 mutation status at Day 1 or end of 

treatment, palbociclib plus fulvestrant provided OS benefit versus placebo plus fulvestrant 

(Figure 3C). In patients without ESR1 mutations, the median OS was 32.8 months (95% CI, 

27.4−46.1) with palbociclib plus fulvestrant and 28.0 months (95% CI, 23.6−36.3) with placebo 

plus fulvestrant (HR, 0.81 [95% CI, 0.59−1.11]). In patients with ESR1 mutations, the median OS 

was 27.7 months (95% CI, 20.4−36.1) with palbociclib plus fulvestrant and 20.2 months (95% CI, 

15.3−27.1) with placebo plus fulvestrant (HR, 0.59 [95% CI, 0.37−0.94]).  

 

Palbociclib plus fulvestrant provided a PFS benefit compared with placebo plus fulvestrant 

regardless of PIK3CA status (Figure 4A). In patients without PIK3CA mutations, the median PFS 

was 11.3 months (95% CI, 9.2−14.1) in patients receiving palbociclib plus fulvestrant and 3.8 

months (95% CI, 3.4−7.2) in patients receiving placebo plus fulvestrant (HR, 0.48 [95% CI, 

0.35−0.66]). Palbociclib plus fulvestrant also improved median PFS compared with placebo plus 

fulvestrant in patients with PIK3CA mutations (10.9 months [95% CI, 5.6−12.7] vs 3.5 months 

[95% CI, 1.9−11.2], respectively; HR, 0.55 [95% CI, 0.31−0.99]). 
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Additionally, PIK3CA mutations were prognostic for OS (HR, 1.44 [95% CI, 1.08−1.92]; Figure 4B) 

and were numerically associated with shorter OS (<4 years vs ≥4 years; OR, 0.55 [95% CI, 

0.29−1.08]; Supplementary Table S1). Palbociclib plus fulvestrant provided an OS benefit 

compared with placebo plus fulvestrant regardless of PIK3CA mutation status (Figure 4C). 

Among patients without PIK3CA mutations, the median OS was 32.8 months (95% CI, 

27.2−42.3) in patients receiving palbociclib plus fulvestrant and 26.6 months (95% CI, 

23.4−33.0) in patients receiving placebo plus fulvestrant (HR, 0.78 [95% CI, 0.58−1.04]). In 

patients with PIK3CA mutations, the median OS was 27.7 months (95% CI, 16.9−40.1) with 

palbociclib plus fulvestrant and 18.3 months (95% CI, 12.9−29.5) with placebo plus fulvestrant 

(HR, 0.73 [95% CI, 0.42−1.25]). 

 

Regardless of TP53 mutation status, palbociclib plus fulvestrant was associated with 

improvement in PFS compared with placebo plus fulvestrant (Figure 5A). In patients without 

TP53 mutations, the median PFS was 12.1 months (95% CI, 9.5−14.3) in the palbociclib plus 

fulvestrant group versus 5.4 months (95% CI, 3.6−7.3) in the placebo plus fulvestrant group (HR, 

0.49; 95% CI, 0.36−0.67). In patients with TP53 mutations, the median PFS was 5.7 months (95% 

CI, 1.9−11.4) with palbociclib plus fulvestrant compared with 1.8 months (95% CI, 1.7−3.5) with 

placebo plus fulvestrant (HR, 0.50 [95% CI, 0.27−0.91]).  

 

TP53 mutations were prognostic for OS (HR, 2.19 [95% CI, 1.61−2.99] Figure 5B) and were 

highly associated with shorter OS (<4 years vs ≥4 years; OR, 0.23 [95% CI, 0.09−0.60]) and prior 

chemotherapy in the metastatic setting (OR, 1.95 [95% CI, 1.09−3.49]; Supplementary Table 
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S1). Palbociclib plus fulvestrant also provided an OS benefit versus placebo plus fulvestrant 

regardless of TP53 mutation status (Figure 5C). In patients without TP53 mutation, the median 

OS was 36.1 months (95% CI, 27.7−43.1) with palbociclib plus fulvestrant and 28.0 months (95% 

CI, 23.4−33.1) with placebo plus fulvestrant (HR, 0.76 [95% CI, 0.57−1.00]). In patients with 

TP53 mutation, the median OS was 23.0 months (95% CI, 12.3−27.7) with palbociclib plus 

fulvestrant and 16.4 months (95% CI, 7.8−24.7) with placebo plus fulvestrant (HR, 0.83 [95% CI, 

0.46−1.52]). TP53 mutations were more frequent among patients who received prior 

chemotherapy for ABC in both the palbociclib and placebo groups (24.3% and 23.3%, 

respectively) compared with patients who did not receive prior chemotherapy (13.1% and 

15.4%, respectively). No difference in the frequency of PIK3CA and ESR1 mutations was 

observed in patients with or without prior chemotherapy in ABC. 

 

 

Survival analyses by mutational burden demonstrated that a low-circulating tumor fraction 

(<10%) was associated with longer PFS in the palbociclib plus fulvestrant group compared with 

the placebo plus fulvestrant group (median PFS [95% CI], 13.6 months [11.3−16.6] vs 5.5 

months [3.7−9.1]; HR, 0.46 [95% CI, 0.33−0.64; Supplementary Figure S3A). Similar results were 

observed with OS (44.5 months [35.6−51.6] vs 28.0 months [23.4−36.3]; HR, 0.61 [95% CI, 

0.45−0.83]; Supplementary Figure S3B). 

 

Neutropenia was the most frequently reported AE in the palbociclib plus fulvestrant group, as 

previously reported (palbociclib vs placebo: any grade, 84.3% vs 3.5%; grade 3, 57.7% vs 0; 
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grade 4, 11.9% vs 0; Supplementary Table S2).(4,11) Other frequently reported AEs in the 

palbociclib plus fulvestrant group included leukopenia (any grade, 60.3%), infections (55.1%), 

fatigue (43.8%), nausea (36.2%), and anemia (32.2%). Febrile neutropenia was reported in 1.2% 

of patients in the palbociclib plus fulvestrant group and was not reported in the placebo plus 

fulvestrant group. 

 

After discontinuing from study treatment, 267 patients (76.9%) in the palbociclib plus 

fulvestrant group and 144 patients (82.8%) in the placebo plus fulvestrant group received 

subsequent systemic anticancer therapy (Supplementary Table S3). Generally, patients in the 

palbociclib plus fulvestrant group received fewer subsequent chemotherapies, endocrine 

therapies, mechanistic target of rapamycin (mTOR) kinase inhibitors, or CDK4/6 inhibitors than 

patients in the placebo plus fulvestrant group. 

 

Discussion 

With over 6 years of median follow-up in the PALOMA-3 trial, this analysis demonstrated a 

clinically meaningful improvement in OS of 6.8 months with palbociclib plus fulvestrant versus 

placebo plus fulvestrant in patients with HR+/HER2− ABC who progressed on prior endocrine 

therapy. The prolonged OS benefit was particularly evident in patients with no prior 

chemotherapy in the advanced or metastatic disease setting. The lack of difference in OS 

among patients with prior chemotherapy may be due to patients with prior chemotherapy 

having tumors with a higher frequency of TP53 mutations and less endocrine sensitivity. 

Additionally, PFS and OS were generally more favorable with palbociclib plus fulvestrant 
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compared with placebo plus fulvestrant across subgroups, including patients with low 

circulating tumor fraction and regardless of ESR1, PIK3CA, or TP53 mutation status as detected 

by ctDNA. However, although a PFS and OS benefit was observed regardless of mutation status, 

patients without the mutations had a better prognosis and outcome. Moreover, no new safety 

signals were identified. These findings support the continued benefit of palbociclib plus 

fulvestrant as a standard of care in patients with HR+/HER2− ABC, regardless of ESR1, PIK3CA, 

or TP53 mutation status. 

 

The current median OS of 34.8 months in the palbociclib plus fulvestrant group compared with 

28.0 months in the placebo plus fulvestrant group (stratified HR, 0.81 [95% CI, 0.65−0.99]) are 

consistent with the results from the previous final protocol-specified OS analysis, which also 

demonstrated a trend toward improved OS with palbociclib plus fulvestrant versus placebo plus 

fulvestrant (34.9 vs 28.0 months, respectively; HR, 0.81 [95% CI, 0.64−1.03]) (4). In patients 

with HR+/HER2− ABC, it is often difficult for treatments to demonstrate a significant OS 

improvement in clinical studies. Adequate power for the statistical analysis of OS is challenging 

to achieve when evaluating diseases associated with long postprogression survival (13). 

Moreover, clinical studies often allow patients in the placebo group to cross over to receive 

active treatments after disease progression, confounding the interpretation of OS results (14). 

 

However, OS findings from abemaciclib (interim) and ribociclib phase 3 studies of patients with 

HR+/HER2− ABC who did not receive prior chemotherapy for ABC are available (15,16). In the 

MONARCH 2 study, at a median follow-up duration of 47.7 months, abemaciclib plus fulvestrant 
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improved median OS compared with placebo plus fulvestrant (46.7 months vs 37.3 months, 

respectively; HR, 0.76 [95% CI, 0.61−0.95]).(15) In the MONALEESA-3 study, at a median follow-

up duration of 56.3 months, the median OS was 53.7 months with ribociclib plus fulvestrant 

and 41.5 months with placebo plus fulvestrant (HR, 0.73 [95% CI, 0.59−0.90]) (16). Each of 

these study results were statistically significant. Moreover, while some survival data were still 

immature, a US Food and Drug Administration pooled analysis of CDK4/6 inhibitors for HER2− 

ABC demonstrated an HR of 0.77 (95% CI, 0.67−0.89) for OS between pooled CDK4/6 inhibitors 

plus fulvestrant versus placebo plus fulvestrant groups from PALOMA-3, MONARCH 2, and 

MONALEESA-3 (17). Together, these findings suggest CDK4/6 inhibitors provide a survival 

benefit for patients with HR+/HER2− ABC. 

 

Previous analyses using ctDNA data from patients in the PALOMA-3 study have demonstrated 

that high-circulating tumor fraction of >10% is associated with a shorter median PFS compared 

with circulating tumor factor ≤10% in the palbociclib plus fulvestrant group (9.2 vs 13.6 months; 

HR, 1.62 [95% CI, 1.17−2.24]) (8). The current analysis of PALOMA-3 further suggests a most 

significant benefit in patients with a low mutational burden (≤10%) who were treated with 

palbociclib plus fulvestrant compared with placebo plus fulvestrant. TP53 mutations and FGFR1 

amplification were also associated with a shorter PFS (HR, 1.84 [95% CI, 1.27−2.65] and HR, 

2.91 [95% CI, 1.61−5.25], respectively) (8). Additionally, previous analyses have shown that 

approximately 31% of patients receiving palbociclib plus fulvestrant acquire mutations in 

growth factor receptors and signal transduction pathways, including 6% of patients acquiring 

PIK3CA mutations and 9% acquiring ESR1 mutations (12). However, the present analysis is the 
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first CDK4/6 inhibitor study to our knowledge to evaluate the effect of tumor mutation profiles 

using ctDNA analyses on OS.  

 

In the present analysis, regardless of mutation status, palbociclib plus fulvestrant prolonged OS 

compared with placebo plus fulvestrant. Moreover, palbociclib plus fulvestrant improved PFS 

versus placebo plus fulvestrant regardless of ESR1, PIK3CA, or TP53 mutation status. Overall, 

findings were similar whether mutations were analyzed at Day 1, at end of treatment, or at Day 

1 and end of treatment combined. These findings are consistent with results from a previous 

analysis, which demonstrated that palbociclib plus fulvestrant prolonged median PFS versus 

placebo plus fulvestrant both in patients with ESR1 mutations (9.4 months vs 3.6 months; HR, 

0.43 [95% CI, 0.25−0.74]) and without ESR1 mutations (9.5 months vs 5.4 months; HR, 0.49 

[95% CI, 0.35−0.70]) (18). Our findings are also consistent with results from the MONARCH 2 

study where abemaciclib plus fulvestrant improved PFS compared to placebo plus fulvestrant in 

patients regardless of ESR1 or PIK3CA mutation status (19). In the current analysis, patients 

with ESR1 mutations gained a greater benefit from palbociclib plus fulvestrant measured by 

both PFS and OS. Future research is warranted to further characterize genomic features that 

may affect the efficacy of palbociclib plus fulvestrant. 

 

Limitations of this study include that is is an exploratory analysis. This study is also limited by 

the small numbers of patients included in some of the subgroups analyzed. Nevertheless, with 

>6 years of median follow-up in patients with HR+/HER2− ABC, palbociclib plus fulvestrant 
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demonstrated longer OS compared with placebo plus fulvestrant, including in most of the 

subgroups assessed and regardless of ESR1, PIK3CA, or TP53 mutation status.  

 

Conclusions 

In patients with HR+/HER2− ABC who had progressed on prior endocrine therapy, the clinically 

meaningful improvement in OS with palbociclib plus fulvestrant was maintained with >6 years 

of follow-up, regardless of genomic alterations, and no new safety signals were identified. 

These findings support palbociclib plus fulvestrant as a standard of care in patients with 

HR+/HER2− ABC. Moreover, ESR1, PIK3CA, and TP53 mutational status can provide prognostic 

value in this clinical setting. 

 

  

D
ow

nloaded from
 http://aacrjournals.org/clincancerres/article-pdf/doi/10.1158/1078-0432.C

C
R

-22-0305/3148674/ccr-22-0305.pdf by Institute of C
ancer R

esearch - IC
R

 user on 06 June 2022



23 
 

Acknowledgments 

This study was sponsored by Pfizer Inc. Editorial/medical writing support was provided by Jill 

Shults, PhD, and Anny Wu, PharmD, of ICON (North Wales, PA, USA) and was funded by Pfizer 

Inc. 

 

Contributors 

Massimo Cristofanilli, Hope S. Rugo, Seock-Ah Im, Dennis J. Slamon, Nadia Harbeck, Igor 

Bondarenko, Norikazu Masuda, Marco Colleoni, Angela DeMichele, Sherene Loi, Hiroji Iwata, 

Ben O’Leary, Fabrice André, Sibylle Loibl, and Nicholas C. Turner contributed to the analysis and 

interpretation of data and drafting/revision of the article. Eustratios Bananis, Yuan Liu, Xin 

Huang, Sindy Kim, Maria Jose Lechuga Frean contributed to the conception and design, analysis 

and interpretation of data, and drafting/revision of the article.  Eustratios Bananis, Xin Huang, 

Sindy Kim, Massimo Cristofanilli, and Nicholas C. Turner had access to and verified the 

underlying data reported in the manuscript. All authors also had access to the data. 

 

 

 

 

D
ow

nloaded from
 http://aacrjournals.org/clincancerres/article-pdf/doi/10.1158/1078-0432.C

C
R

-22-0305/3148674/ccr-22-0305.pdf by Institute of C
ancer R

esearch - IC
R

 user on 06 June 2022



24 
 

References  

1. Beaver JA, Amiri-Kordestani L, Charlab R, Chen W, Palmby T, Tilley A, et al. FDA 

approval: palbociclib for the treatment of postmenopausal patients with estrogen 

receptor-positive, HER2-negative metastatic breast cancer. Clin Cancer Res 

2015;21(21):4760-6 doi 10.1158/1078-0432.ccr-15-1185. 

2. Cristofanilli M, DeMichele A, Giorgetti C, Turner NC, Slamon DJ, Im SA, et al. Predictors 

of prolonged benefit from palbociclib plus fulvestrant in women with endocrine-

resistant hormone receptor-positive/human epidermal growth factor receptor 2-

negative metastatic breast cancer in PALOMA-3. Eur J Cancer 2018;104:21-31 doi 

10.1016/j.ejca.2018.08.011. 

3. Cristofanilli M, Turner NC, Bondarenko I, Ro J, Im SA, Masuda N, et al. Fulvestrant plus 

palbociclib versus fulvestrant plus placebo for treatment of hormone-receptor-positive, 

HER2-negative metastatic breast cancer that progressed on previous endocrine therapy 

(PALOMA-3): final analysis of the multicentre, double-blind, phase 3 randomised 

controlled trial. Lancet Oncol 2016;17(4):425-39 doi 10.1016/S1470-2045(15)00613-0. 

4. Turner NC, Slamon DJ, Ro J, Bondarenko I, Im SA, Masuda N, et al. Overall survival with 

palbociclib and fulvestrant in advanced breast cancer. N Engl J Med 2018;379(20):1926-

36 doi 10.1056/NEJMoa1810527. 

5. Rugo HS, Cristofanilli M, Loibl S, Harbeck N, DeMichele A, Iwata H, et al. Prognostic 

factors for overall survival in patients with hormone receptor-positive advanced breast 

cancer: analyses from PALOMA-3. Oncologist 2021;26(8):e1339-e46 doi 

10.1002/onco.13833. 

D
ow

nloaded from
 http://aacrjournals.org/clincancerres/article-pdf/doi/10.1158/1078-0432.C

C
R

-22-0305/3148674/ccr-22-0305.pdf by Institute of C
ancer R

esearch - IC
R

 user on 06 June 2022



25 
 

6. Burstein HJ, Somerfield MR, Barton DL, Dorris A, Fallowfield LJ, Jain D, et al. Endocrine 

Treatment and Targeted Therapy for Hormone Receptor-Positive, Human Epidermal 

Growth Factor Receptor 2-Negative Metastatic Breast Cancer: ASCO Guideline Update. J 

Clin Oncol 2021;39(35):3959-77 doi 10.1200/JCO.21.01392. 

7. Schoninger SF, Blain SW. The ongoing search for biomarkers of CDK4/6 inhibitor 

responsiveness in breast cancer. Mol Cancer Ther 2020;19(1):3-12 doi 10.1158/1535-

7163.MCT-19-0253. 

8. O'Leary B, Cutts RJ, Huang X, Hrebien S, Liu Y, Andre F, et al. Circulating tumor DNA 

markers for early progression on fulvestrant with or without palbociclib in ER+ advanced 

breast cancer. J Natl Cancer Inst 2021;113(3):309-17 doi 10.1093/jnci/djaa087. 

9. De Mattos-Arruda L, Caldas C. Cell-free circulating tumour DNA as a liquid biopsy in 

breast cancer. Mol Oncol 2016;10(3):464-74 doi 10.1016/j.molonc.2015.12.001. 

10. Malapelle U, Sirera R, Jantus-Lewintre E, Reclusa P, Calabuig-Farinas S, Blasco A, et al. 

Profile of the Roche cobas® EGFR mutation test v2 for non-small cell lung cancer. Expert 

Rev Mol Diagn 2017;17(3):209-15 doi 10.1080/14737159.2017.1288568. 

11. Turner NC, Ro J, Andre F, Loi S, Verma S, Iwata H, et al. Palbociclib in hormone-receptor–

positive advanced breast cancer. N Engl J Med 2015;373(3):209-19 doi 

10.1056/NEJMoa1505270. 

12. O'Leary B, Cutts RJ, Liu Y, Hrebien S, Huang X, Fenwick K, et al. The genetic landscape 

and clonal evolution of breast cancer resistance to palbociclib plus fulvestrant in the 

PALOMA-3 trial. Cancer Discov 2018;8(11):1390-403 doi 10.1158/2159-8290.Cd-18-

0264. 

D
ow

nloaded from
 http://aacrjournals.org/clincancerres/article-pdf/doi/10.1158/1078-0432.C

C
R

-22-0305/3148674/ccr-22-0305.pdf by Institute of C
ancer R

esearch - IC
R

 user on 06 June 2022



26 
 

13. Broglio KR, Berry DA. Detecting an overall survival benefit that is derived from 

progression-free survival. J Natl Cancer Inst 2009;101(23):1642-9. 

14. Hurvitz SA. Evolving options for the treatment of metastatic breast cancer: progression-

free survival as an endpoint. Cancer Treat Rev 2011;37(7):495-504 doi 

10.1016/j.ctrv.2011.01.002. 

15. Sledge GW, Jr., Toi M, Neven P, Sohn J, Inoue K, Pivot X, et al. The effect of abemaciclib 

plus fulvestrant on overall survival in hormone receptor-positive, ERBB2-negative breast 

cancer that progressed on endocrine therapy-MONARCH 2: a randomized clinical trial. 

JAMA Oncol 2020;6(1):116-24 doi doi:10.1001/jamaoncol.2019.4782. 

16. Slamon DJ, Neven P, Chia S, Jerusalem G, De Laurentiis M, Im S, et al. Ribociclib plus 

fulvestrant for postmenopausal women with hormone receptor-positive, human 

epidermal growth factor receptor 2-negative advanced breast cancer in the phase III 

randomized MONALEESA-3 trial: updated overall survival. Ann Oncol 2021;32(8):1015-

24 doi 10.1016/j.annonc.2021.05.353. 

17. Gao JJ, Cheng J, Prowell TM, Bloomquist E, Tang S, Wedam SB, et al. Overall survival in 

patients with hormone receptor-positive, HER2-negative, advanced or metastatic breast 

cancer treated with a cyclin-dependent kinase 4/6 inhibitor plus fulvestrant: a US Food 

and Drug Administration pooled analysis. Lancet Oncol 2021;22(11):1573-81 doi 

10.1016/S1470-2045(21)00472-1. 

18. Fribbens C, O'Leary B, Kilburn L, Hrebien S, Garcia-Murillas I, Beaney M, et al. Plasma 

ESR1 mutations and the treatment of estrogen receptor-positive advanced breast 

cancer. J Clin Oncol 2016;34(25):2961-8. 

D
ow

nloaded from
 http://aacrjournals.org/clincancerres/article-pdf/doi/10.1158/1078-0432.C

C
R

-22-0305/3148674/ccr-22-0305.pdf by Institute of C
ancer R

esearch - IC
R

 user on 06 June 2022



27 
 

19. Tolaney SM, Toi M, Neven P, Sohn J, Grischke EM, Llombart-Cussac A, et al. Clinical 

Significance of PIK3CA and ESR1 Mutations in circulating tumor DNA: Analysis from the 

MONARCH 2 Study of Abemaciclib Plus Fulvestrant. Clin Cancer Res 2022 doi 

10.1158/1078-0432.CCR-21-3276. 

  

D
ow

nloaded from
 http://aacrjournals.org/clincancerres/article-pdf/doi/10.1158/1078-0432.C

C
R

-22-0305/3148674/ccr-22-0305.pdf by Institute of C
ancer R

esearch - IC
R

 user on 06 June 2022



28 
 

 

Figure Legends 

Figure 1. Kaplan-Meier curves of overall survival in all patients in the intent-to-treat population. 

FUL=fulvestrant; PAL=palbociclib; PBO=placebo; HR=hazard ratio; OS=overall survival. 

 

Figure 2. Overall survival by subgroup. 

P value determined from a 1-sided unstratified log-rank test; 1-sided P-value from log-rank 

test reflects the sign of the test statistic (z-Score). 

ABC=advanced breast cancer; ECOG=Eastern Cooperative Oncology Group; EOT=end of 

treatment; FUL=fulvestrant; ITT=intent-to-treat; PAL=palbociclib; PBO=placebo. 

 

Figure 3. Outcomes by ESR1 mutation status in ctDNA at Day 1 or end of treatment. 

 A) progression-free survival by treatment, B) overall survival regardless of treatment, and C) 

overall survival by treatment. 

ctDNA=circulating tumor DNA; ESR1=estrogen receptor 1; FUL=fulvestrant; HR=hazard ratio; 

mut=mutation; OS=overall survival; PAL=palbociclib; PBO=placebo; PFS=progression-free 

survival; WT=wild type. 

 

Figure 4. Outcomes by PIK3CA mutation status in ctDNA at Day 1 or end of treatment.  

A) progression-free survival by treatment, B) overall survival regardless of treatment, and C) 

overall survival by treatment. 
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ctDNA=circulating tumor DNA; FUL=fulvestrant; HR=hazard ratio; mut=mutation; OS=overall 

survival; PAL=palbociclib; PBO=placebo; PFS=progression-free survival; 

PIK3CA=phosphatidylinositol 3-kinase catalytic alpha polypeptide; WT=wild type. 

 

Figure 5. Outcomes by TP53 mutation status in ctDNA at Day 1 or end of treatment. 

A) progression-free survival by treatment, B) overall survival regardless of treatment, and C) 

overall survival by treatment. 

ctDNA=circulating tumor DNA; FUL=fulvestrant; HR=hazard ratio; mut=mutation; OS=overall 

survival; PAL=palbociclib; PBO=placebo; PFS=progression-free survival; TP53=tumor protein 53; 

WT=wild type. 
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