
Articles
eBioMedicine
2024;105: 105186

Published Online xxx

https://doi.org/10.
1016/j.ebiom.2024.
105186
Clinical efficacy of CDK4/6 inhibitor plus endocrine therapy in
HR-positive/HER2-0 and HER2-low-positive metastatic breast
cancer: a secondary analysis of PALOMA-2 andPALOMA-3 trials
Huiyue Li,a,p YunWu,b,p Haotian Zou,a,p Salil Koner,a,p Jennifer K. Plichta,c,d,e SaraM. Tolaney,f Jian Zhang,g,h You-Wen He,i QingyiWei,c,d,j Li Tang,k

Hui Zhang,l Baoshan Zhang,a Yuanyuan Guo,a Xin Chen,m Kan Li,n Liyou Lian,o Fei Ma,b,∗∗ and Sheng Luoa,∗

aDepartment of Biostatistics and Bioinformatics, Duke University School of Medicine, Durham, NC, USA
bDepartment of Medical Oncology, National Cancer Center/National Clinical Research Center for Cancer/Cancer Hospital, Chinese
Academy of Medical Sciences and Peking Union Medical College, Beijing, China
cDuke Cancer Institute, Duke University Medical Center, Durham, NC, USA
dDepartment of Population Health Sciences, Duke University School of Medicine, Durham, NC, USA
eDepartment of Surgery, Duke University School of Medicine, Durham, NC, USA
fDepartment of Medical Oncology, Dana-Farber Cancer Institute, Harvard Medical School, Boston, MA, USA
gDepartment of Oncology, Shanghai Medical College, Fudan University, Shanghai, China
hDepartment of Phase I Clinical Trial Center, Fudan University Shanghai Cancer Center, No. 270, Dong’an Road, Shanghai, China
iDepartment of Integrative Immunobiology, Duke University Medical Center, Durham, NC, USA
jDepartment of Medicine, Duke University Medical Center, Durham, NC, USA
kDepartment of Biostatistics, St. Jude Children’s Research Hospital, Memphis, TN, USA
lDepartment of Preventive Medicine, Division of Biostatistics, Feinberg School of Medicine, Northwestern University, Chicago, IL, USA
mAstraZeneca, Wilmington, DE, USA
nMerck & Co., Inc., Rahway, NJ, USA
oDepartment of Infection and Liver Diseases, Liver Research Center, The First Affiliated Hospital of Wenzhou Medical University,
Wenzhou, China

Summary
Background Cyclin-dependent kinase 4/6 (CDK4/6) inhibitors in combination with traditional endocrine therapy (ET)
are now the recommended first-line treatment for hormone receptor (HR)-positive and HER2-negative metastatic
breast cancer (MBC). However, the benefits of adding CDK4/6 inhibitors to ET in HER2-low-positive and HER2-
0 subgroups remain unclear. We aimed to assess the effectiveness of CDK4/6 inhibitors in combination with ET
in patients with HR-positive, HER2-low-positive and HER2-0 MBC.

Methods This secondary analysis assessed progression-free survival (PFS) among HER2-low-positive and HER2-
0 patients enrolled in the double-blind, placebo-controlled randomised clinical trials PALOMA-2 and PALOMA-3.
The study included 1186 HER2-negative, HR-positive female patients, with available immunohistochemistry (IHC)
and/or in situ hybridization (ISH) results, across 17 countries enrolled between February 2013 and August 2014.
HER2-low-positive status was defined by IHC 1+ or 2+ with negative ISH, and HER2-zero by IHC 0. Data
analyses were conducted between March and May 2023. In the PALOMA-2 trial, patients were randomly assigned
to receive either palbociclib or placebo, in combination with letrozole in the first-line treatment for HR-positive
MBC. Patients in the PALOMA-3 study, who had progression or relapse during previous ET, were randomly
allocated to receive either palbociclib plus fulvestrant or placebo plus fulvestrant. The primary endpoint was
investigator-assessed PFS. Kaplan–Meier approach and Cox proportional hazards model were applied to estimate
the association of treatment strategies with PFS among HER2-0 and HER2-low-positive populations. The two
trials are registered with ClinicalTrials.gov, number NCT01740427 and NCT01942135.

Findings Of the 666 patients with MBC from the PALOMA-2 study, there were 153 HER2-0 and 513 HER2-low-
positive patients. In the HER2-0 population, no significant difference in PFS was observed between the
palbociclib-letrozole and placebo-letrozole groups (hazard ratio = 0.79, 95% confidence interval [CI] 0.48–1.30,
p = 0.34). In the HER2-low-positive population, palbociclib-letrozole demonstrated a significantly lower risk of PFS
than placebo-letrozole group (hazard ratio = 0.52, 95% CI 0.41–0.66, p < 0.0001). The PALOMA-3 study analysed
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520 patients with MBC. Within the 153 HER2-0 patients, the palbociclib-fulvestrant group showed a significantly
longer PFS than the placebo-fulvestrant group (hazard ratio = 0.54, 95% CI 0.30–0.95, p = 0.034). Among the 367
HER2-low-positive patients, palbociclib-fulvestrant improved PFS (hazard ratio = 0.39, 95% CI 0.28–0.54, p < 0.0001).

Interpretation The combination of a CDK4/6 inhibitor with ET significantly improved PFS in HER2-low-positive
patients, while for HER2-0 patients, benefits were primarily observed in patients who had progressed on previous
ET. Furthermore, HER2-0 patients may derive limited benefits from first-line CDK4/6 inhibitor treatment.
Further work is needed to validate these findings and to delineate patient subsets that are most likely to benefit
from the combination of CDK4/6 inhibitors and ET as first-line treatments.

Funding None.

Copyright © 2024 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Research in context

Evidence before this study
We conducted a comprehensive literature search on PubMed
and major congress abstracts using the search terms “HER2-
low”, “CDK4/6 inhibitors”, and “breast cancer”, without any
publication date or language restrictions. Our search revealed
only six retrospective studies that have explored the
prognostic impact of HER2-low-positive status for HR-positive
metastatic breast cancer (MBC) patients treated with CDK4/6
inhibitors, and these studies yielded conflicting findings.
However, none have investigated the efficacy of CDK4/6
inhibitors in the context of endocrine-based therapy for
HER2-low-positive and HER2-0 patients. Additionally, most of
the existing publications were review articles, which indicated
future therapeutic strategies might be contingent upon the
identification of patient populations that are responsive to
CDK4/6 inhibitors.

Added value of this study
In this secondary analysis of two phase 3 clinical trials, we
found that among HER2-low-positive patients, CDK4/6
inhibitors combined with endocrine therapy (ET) led to a
significant improvement in PFS compared to ET-alone.

Conversely, the benefits of incorporating CDK4/6 inhibitors
for HER2-0 tumours were primarily observed in patients who
had progressed on previous ET, indicating that patients with
HER2-0 expression were less likely to benefit from first-line
CDK4/6 inhibitor treatment. As an exploratory study, this
study provided insights into the role of CDK4/6 inhibitors in
the context of ET for patients with HR-positive, HER2-low-
positive and HER2-0 MBC, both in the first-line and
endocrine-resistant settings.

Implications of all the available evidence
The current National Comprehensive Cancer Network and
European Society for Medical Oncology guidelines
recommend the use of CDK4/6 inhibitors in combination with
ET as the first-line standard treatment for HR-positive, HER2-
negative MBC. However, our study suggests that patients
with HER2-0, HR-positive MBC may not significantly benefit
from selected CDK4/6 inhibitors in first-line treatment. These
findings potentially identify patient subsets that are most
likely to benefit from the addition of CDK4/6 inhibitors, and
may have an impact on future clinical guidelines for the first-
line treatment of HR-positive, HER2-negative MBC.
Introduction
The PALOMA-2, Monaleesa-2, and Monarch-3 clinical
trials have demonstrated the promising efficacy of
cyclin-dependent kinase 4/6 (CDK4/6) inhibitors, such
as palbociclib, ribociclib, and abemaciclib, in combina-
tion with endocrine therapy (ET), particularly in
extending progression-free survival (PFS) and overall
survival (OS) during first-line treatment.1–3 This
compelling evidence has led to National Comprehensive
Cancer Network (NCCN) and European Society for
Medical Oncology (ESMO) guidelines endorsing the
combined use of CDK4/6 inhibitors with ET as the first-
line standard treatment for hormone receptor (HR)-
positive, human epidermal growth factor receptor 2
(HER2)-negative metastatic breast cancer (MBC).4,5

However, the 2023 SONIA clinical study presented at
the American Society of Clinical Oncology (ASCO)
conference showed contrasting results. While there was
no marked enhancement in PFS, OS, or quality of life in
patients receiving CDK4/6 inhibitors as a first-line
treatment compared to second-line use, the risk of
grade 3–4 adverse events saw a 42% increase.6 This
discovery raises a critical question about the universality
of the clinical benefits of first-line CDK4/6 inhibitors
and encourages us to explore additional biomarkers for
identifying patient subgroups who respond well to first-
www.thelancet.com Vol 105 July, 2024
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line ET alone, thereby potentially delaying the additional
toxicity of CDK4/6 inhibitors.

Recently, a retrospective analysis of 463 patients with
HR-positive, HER2-negative MBC treated with first-line
ET plus CDK4/6 inhibitors found an inferior PFS in the
HER2-low-positive cohort compared to HER2-0 pa-
tients.7 Conversely, Mouabbi et al. investigated 1649
patients with HR-positive MBC who received first-line
ET plus CDK4/6 inhibitors and reported similar clin-
ical outcomes between the HER2-low-positive and
HER2-0 subgroups.8 Regardless, none have investigated
the efficacy of the addition of CDK4/6 inhibitors in the
context of endocrine-based therapy for the HER2-low-
positive and HER2-0 subgroups, both in the first-line
and endocrine-resistant settings. In the present study,
we aim to conduct a secondary analysis of two phase 3
trials (PALOMA-2 and PALOMA-3) to assess the po-
tential efficacy of a CDK4/6 inhibitor in combination
with ET (versus ET alone) in the first-line or endocrine-
resistant setting, stratified by HER2-low-positive and
HER2-0 status. This study endeavours to address the
gap in the existing literature and holds the potential to
provide valuable insights for clinicians when selecting
personalised treatment strategies for patients with HR-
positive MBC based on HER2-low-positive versus
HER2-0 status.
Methods
Study design and participants
The present study utilised data from the PALOMA-2 and
PALOMA-3 clinical trials, registered as NCT01740427
and NCT01942135 with ClinicalTrials.gov, both being
prospective multicentre randomised phase 3 trials. The
PALOMA-2 trial enrolled 666 postmenopausal women
with previously untreated oestrogen receptor (ER)-posi-
tive/HER2-negative MBC. Patients were randomised in
a 2:1 ratio to receive either palbociclib (125 mg/day for 3
weeks, followed by 1 week off in a 28-day cycle) or a
placebo, in combination with letrozole (2.5 mg/day). In
the PALOMA-3 trial, 521 women with HR-positive/
HER2-negative MBC who had previously received ET
were randomised 2:1 to receive either palbociclib
(125 mg/day for 3 weeks, followed by 1 week off in a 28-
day cycle) plus fulvestrant (500 mg) or placebo plus
fulvestrant. Further study design details and eligibility
criteria for these studies have been published elsewhere
(Appendix p 2).1,9–11 Our analysis included 666 patients
from the PALOMA-2 trial and 520 patients from the
PALOMA-3 trial, who had available data regarding
HER2 immunohistochemistry (IHC) score and/or in
situ hybridization (ISH) status (Appendix p 12). Base-
line characteristics, including age, race, Eastern Coop-
erative Oncology Group (ECOG) performance status,
HR status, HER2 sample site, site of metastatic disease,
disease-free interval, prior treatment, etc., were collected
for patients enrolled in PALOMA-2 and PALOMA-3, as
www.thelancet.com Vol 105 July, 2024
listed in Tables 1 and 2. HR and HER2 status were
assessed locally via the Food and Drug Administration
(FDA)-approved assays. Patients were then stratified
into two subgroups based on HER2 expression, i.e.,
HER2-0 for tumours scored IHC 0 and HER2-low-pos-
itive for tumours scored IHC 1+, or 2+ with ISH-
negative.

The present study was deemed exempt by the Duke
University Institutional Review Board (IRB) as no
identifiers of the patients, physicians, or hospitals were
included (IRB number: Pro00113712).

Outcomes
To evaluate the effectiveness of palbociclib in combi-
nation with ET (i.e., letrozole or fulvestrant) in patients
with HR-positive, HER2-low-positive and HER2-0 MBC,
the primary endpoint in the present secondary analysis
for both the PALOMA-2 and PALOMA-3 trials was
investigator-assessed PFS, defined as the time from
randomization to the first documentation of progressive
disease (PD) defined by Response Evaluation Criteria in
Solid Tumors (RECIST) v1.1 or death due to any cause,
whichever occurred first. The secondary endpoints in
the present study were comprised of OS, objective
response rate (ORR), and clinical benefit rate (CBR). OS
was defined as the time from randomization to death
from any cause. ORR was defined as the proportion of
patients who had a confirmed complete response or
partial response, and CBR was defined as the proportion
of patients who had a confirmed complete response, a
partial response, or stable disease for ≥ 24 weeks.
Additionally, a blinded independent central review
(BICR) of PFS was performed as a supportive analysis.

Statistical analysis
Baseline characteristics between study subgroups,
HER2-0 or HER2-low-positive, for both the PALOMA-2
and PALOMA-3 studies, were compared using the
Wilcoxon rank sum test for continuous variables, and
Fisher’s exact or Pearson χ2 test for categorical variables.
Median PFS or OS with survival curves were estimated
by the Kaplan–Meier method, and two-sided log-rank
tests were used to compare survival differences between
groups. After evaluating the assumptions underlying
Cox proportional hazards regression, including propor-
tional hazards and linearity for quantitative predictors if
needed, the univariable Cox proportional hazards
models would be constructed to present the hazard ra-
tios with 95% confidence interval (CI). The ORR and the
CBR between the study groups within the HER2-0 and
HER2-low-positive subgroups were examined using
odds ratio and Pearson χ2 test (or Fisher’s exact test).

To account for heterogeneity, sensitivity analyses
were performed to estimate the adjusted hazard ratios
using two different multivariable Cox models. The first
model included the study group and the most imbal-
anced baseline variable identified from Tables 1 and 2
3
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HER2-0b HER2-low-positiveb

Total
(N = 153)

Palbociclib + Letrozole
(N = 104)

Placebo + Letrozole
(N = 49)

p
valuea

Total
(N = 513)

Palbociclib + Letrozole
(N = 340)

Placebo + Letrozole
(N = 173)

p
valuea

Age

Mean (SD)—yr 62.4 (10.5) 62.2 (10.1) 63.0 (11.2) 0.58 60.9 (10.9) 61.5 (10.8) 59.9 (11.2) 0.13

<65 yr—no. (%) 83 (54.2) 58 (55.8) 25 (51.0) 0.58 321 (62.6) 205 (60.3) 116 (67.1) 0.13

≥65 yr—no. (%) 70 (45.8) 46 (44.2) 24 (49.0) 192 (37.4) 135 (39.7) 57 (32.9)

Race—no. (%) 0.89 0.98

White 108 (77.1) 75 (75.0) 33 (82.5) 408 (81.6) 269 (81.5) 139 (81.8)

Asian 26 (18.6) 20 (20.0) 6 (15.0) 69 (13.8) 45 (13.6) 24 (14.1)

Black 2 (1.4) 2 (2.0) 0 (0.0) 9 (1.8) 6 (1.8) 3 (1.8)

Other 4 (2.9) 3 (3.0) 1 (2.5) 14 (2.8) 10 (3.0) 4 (2.4)

ECOG score at baseline—no. (%) 0.60 0.010

0 84 (54.9) 60 (57.7) 24 (49.0) 275 (53.6) 197 (57.9) 78 (45.1)

1 66 (43.1) 42 (40.4) 24 (49.0) 229 (44.6) 136 (40.0) 93 (53.8)

2 3 (2.0) 2 (1.9) 1 (2.0) 9 (1.8) 7 (2.1) 2 (1.2)

Site of metastatic disease—no. (%) 0.35 0.38

Visceral 74 (48.4) 53 (51.0) 21 (42.9) 250 (48.7) 161 (47.4) 89 (51.4)

Nonvisceral 79 (51.6) 51 (49.0) 28 (57.1) 263 (51.3) 179 (52.6) 84 (48.6)

Bone only, yes—no. (%) 32 (20.9) 20 (19.2) 12 (24.5) 0.46 119 (23.2) 83 (24.4) 36 (20.8) 0.36

No. of disease site—no. (%) 0.18 0.15

1–3 125 (81.7) 82 (78.8) 43 (87.8) 421 (82.1) 285 (83.8) 136 (78.6)

≥4 28 (18.3) 22 (21.2) 6 (12.2) 92 (17.9) 55 (16.2) 37 (21.4)

Disease-free interval—no. (%) 0.52 0.83

≤12 Months 30 (19.6) 23 (22.1) 7 (14.3) 117 (22.8) 76 (22.4) 41 (23.7)

>12 Months 68 (44.4) 45 (43.3) 23 (46.9) 203 (39.6) 133 (39.1) 70 (40.5)

de novo metastatic 55 (35.9) 36 (34.6) 19 (38.8) 193 (37.6) 131 (38.5) 62 (35.8)

Measurable disease, yes—no. (%) 119 (77.8) 83 (79.8) 36 (73.5) 0.38 390 (76.0) 255 (75.0) 135 (78.0) 0.45

Most recent therapy—no. (%) 0.10 0.18

Anti-Oestrogens 51 (58.6) 34 (54.8) 17 (68.0) 178 (61.8) 120 (64.2) 58 (57.4)

Aromatase inhibitors 35 (40.2) 28 (45.2) 7 (28.0) 100 (34.7) 63 (33.7) 37 (36.6)

Other 1 (1.1) 0 (0.0) 1 (4.0) 10 (3.5) 4 (2.1) 6 (5.9)

Histopathological classification—no. (%)c 0.65 0.88

Ductal 115 (75.2) 76 (73.1) 39 (79.6) 424 (82.7) 279 (82.1) 145 (83.8)

Lobular 28 (18.3) 20 (19.2) 8 (16.3) 70 (13.6) 48 (14.1) 22 (12.7)

Other or unknown or data missing 10 (6.5) 8 (7.7) 2 (4.1) 19 (3.7) 13 (3.8) 6 (3.5)

Recurrence type—no. (%) 0.35 0.65

Distant 100 (65.4) 69 (66.3) 31 (63.3) 339 (66.1) 225 (66.2) 114 (65.9)

LFd 1 (0.7) 0 (0.0) 1 (2.0) 3 (0.6) 3 (0.9) 0 (0.0)

Local 3 (2.0) 3 (2.9) 0 (0.0) 6 (1.2) 3 (0.9) 3 (1.7)

Locoregional 0 (0.0) 0 (0.0) 0 (0.0) 4 (0.8) 2 (0.6) 2 (1.2)

Newly diagnosed 49 (32.0) 32 (30.8) 17 (34.7) 161 (31.4) 107 (31.5) 54 (31.2)

Prior hormonal therapy, yes—no. (%) 87 (56.9) 62 (59.6) 25 (51.0) 0.32 288 (56.1) 187 (55.0) 101 (58.4) 0.47

Prior chemotherapy, yes—no. (%) 73 (47.7) 49 (47.1) 24 (49.0) 0.83 249 (48.5) 164 (48.2) 85 (49.1) 0.85

HER2 sample site—no. (%) 0.46 0.53

Primary tumour 100 (65.4) 70 (67.3) 30 (61.2) 321 (62.6) 216 (63.5) 105 (60.7)

Metastasis 53 (34.6) 34 (32.7) 19 (38.8) 192 (37.4) 124 (36.5) 68 (39.3)

aWilcoxon rank sum test; Pearson’s Chi-squared test; Fisher’s exact test. bAll the HER2 testing results were based on local laboratory test using FDA-approved assay. Among HER2-low-positive group, 182
(35.5%) patients had immunohistochemistry (IHC) 1+ and 331 (64.5%) patients had IHC 2+/in situ hybridization (ISH)-negative. Specifically, in Palbociclib + Letrozole arm, 121 (35.6%) patients had IHC 1+
and 219 (64.4%) patients had IHC 2+/ISH-negative. While in Placebo + Letrozole arm, 61 (35.3%) patients had IHC 1+ and 112 (64.7%) patients had IHC 2+/ISH-negative. cDuctal carcinoma includes mixed
adenocarcinoma, adenocarcinoma and ductal carcinoma. “Other” and “Unknown” were options for the site to select on the clinical report form; “data missing” means that the site did not complete that
field because the information was not available; one patient with “LF” was reclassified as “Other or unknown or data missing” per suggestion by Pfizer’s study team, which indicates that some redaction
was done here for a certain value in order to reduce the risk of patient re-identification. dThe “LF” was presented as a separate category per discussion with Pfizer’s study team, which indicates that some
redaction was done here for certain values in order to reduce the risk of patient re-identification.

Table 1: Baseline characteristics within HER2-0 and HER2-low-positive populations in PALOMA-2 trial.
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HER2-0b HER2-low-positiveb

Overall
(N = 153)

Palbociclib + Fulvestrant
(N = 107)

Placebo + Fulvestrant
(N = 46)

p
valuea

Overall
(N = 367)

Palbociclib + Fulvestrant
(N = 239)

Placebo + Fulvestrant
(N = 128)

p
valuea

Age

Mean (SD)—yr 57.8 (10.4) 57.9 (11.1) 57.7 (8.7) 0.93 56.6 (11.6) 56.6 (11.9) 56.5 (10.9) 0.99

<65 yr—no. (%) 117 (76.5) 79 (73.8) 38 (82.6) 0.24 274 (74.7) 181 (75.7) 93 (72.7) 0.52

≥65 yr—no. (%) 36 (23.5) 28 (26.2) 8 (17.4) 93 (25.3) 58 (24.3) 35 (27.3)

Race 0.20 0.95

White 116 (75.8) 77 (72.0) 39 (84.8) 268 (73.4) 174 (73.1) 94 (74.0)

Asian 33 (21.6) 26 (24.3) 7 (15.2) 72 (19.7) 48 (20.2) 24 (18.9)

Black or other 4 (2.6) 4 (3.7) 0 (0.0) 25 (6.8) 16 (6.7) 9 (7.1)

Menopausal status at study entry 0.56 0.75

Post-Menopausal 124 (81.0) 88 (82.2) 36 (78.3) 289 (78.7) 187 (78.2) 102 (79.7)

Pre/Peri-Menopausal 29 (19.0) 19 (17.8) 10 (21.7) 78 (21.3) 52 (21.8) 26 (20.3)

Sensitivity to previous hormonal
therapy, yes—no. (%)

114 (74.5) 83 (77.6) 31 (67.4) 0.19 296 (80.7) 191 (79.9) 105 (82.0) 0.62

ECOG score at baseline—no. (%) 0.33 0.22

0 84 (54.9) 56 (52.3) 28 (60.9) 237 (64.6) 149 (62.3) 88 (68.8)

1 69 (45.1) 51 (47.7) 18 (39.1) 130 (35.4) 90 (37.7) 40 (31.2)

Hormone receptor status – no. (%) 0.76 0.53

ER-positive and PR-positive 111 (75.5) 80 (76.2) 31 (73.8) 240 (69.4) 160 (70.5) 80 (67.2)

ER-positive and PR-negative 36 (24.5) 25 (23.8) 11 (26.2) 106 (30.6) 67 (29.5) 39 (32.8)

Previous lines of therapies for
metastatic disease—no. (%)

0.18 0.49

0 30 (19.6) 19 (17.8) 11 (23.9) 84 (22.9) 55 (23.0) 29 (22.7)

1 73 (47.7) 48 (44.9) 25 (54.3) 151 (41.1) 92 (38.5) 59 (46.1)

2 37 (24.2) 28 (26.2) 9 (19.6) 94 (25.6) 66 (27.6) 28 (21.9)

≥3 13 (8.5) 12 (11.2) 1 (2.2) 38 (10.4) 26 (10.9) 12 (9.4)

Site of metastatic disease—no. (%) 0.44 0.52

Visceral 87 (56.9) 63 (58.9) 24 (52.2) 224 (61.0) 143 (59.8) 81 (63.3)

Nonvisceral 66 (43.1) 44 (41.1) 22 (47.8) 143 (39.0) 96 (40.2) 47 (36.7)

Bone only, yes—no. (%) 40 (26.1) 28 (26.2) 12 (26.1) 0.99 83 (22.6) 57 (23.8) 26 (20.3) 0.44

Number of disease sites—no. (%) 0.81 0.51

1–3 128 (83.7) 89 (83.2) 39 (84.8) 295 (80.4) 190 (79.8) 105 (82.7)

≥4 25 (16.3) 18 (16.8) 7 (15.2) 70 (19.2) 48 (20.2) 22 (17.3)

Disease-free interval—no. (%) 0.81 0.70

≤24 Months 25 (25.0) 17 (25.8) 8 (23.5) 37 (14.6) 23 (13.9) 14 (15.7)

>24 Months 75 (75.0) 49 (74.2) 26 (76.5) 217 (85.4) 142 (86.1) 75 (84.3)

Measurable disease, yes—no. (%) 117 (76.5) 83 (77.6) 34 (73.9) 0.62 289 (78.7) 185 (77.4) 104 (81.2) 0.39

Histopathological classification—
no. (%)c

0.31 0.053

Ductal 113 (73.9) 82 (76.6) 31 (67.4) 276 (75.2) 188 (78.7) 88 (68.8)

Lobular 17 (11.1) 12 (11.2) 5 (10.9) 45 (12.3) 28 (11.7) 17 (13.3)

Other or unknown 23 (15.0) 13 (12.1) 10 (21.7) 46 (12.5) 23 (9.6) 23 (18.0)

Type of previous chemotherapy—
no. (%)

0.31 0.42

Neoadjuvant or adjuvant
treatment only

65 (42.5) 42 (39.3) 23 (50.0) 149 (40.6) 98 (41.0) 51 (39.8)

Treatment for metastatic disease 50 (32.7) 35 (32.7) 15 (32.6) 126 (34.3) 77 (32.2) 49 (38.3)

None 38 (24.8) 30 (28.0) 8 (17.4) 92 (25.1) 64 (26.8) 28 (21.9)

Disease stage at study entry—no.
(%)d

0.65 0.71

Metastatic 130 (86.7) 91 (85.8) 39 (88.6) 311 (85.2) 204 (85.7) 107 (84.3)

Recurrent locally advanced 20 (13.3) 15 (14.2) 5 (11.4) 54 (14.8) 34 (14.3) 20 (15.7)

(Table 2 continues on next page)
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HER2-0b HER2-low-positiveb

Overall
(N = 153)

Palbociclib + Fulvestrant
(N = 107)

Placebo + Fulvestrant
(N = 46)

p
valuea

Overall
(N = 367)

Palbociclib + Fulvestrant
(N = 239)

Placebo + Fulvestrant
(N = 128)

p
valuea

(Continued from previous page)

Type of most recent therapy—no.
(%)

0.34 0.94

Neoadjuvant or adjuvant 30 (19.7) 19 (17.8) 11 (24.4) 84 (22.9) 55 (23.0) 29 (22.7)

Advanced disease 122 (80.3) 88 (82.2) 34 (75.6) 283 (77.1) 184 (77.0) 99 (77.3)

Prior endocrine therapy—no. (%) 0.42 0.68

Aromatase inhibitors only 69 (45.1) 51 (47.7) 18 (39.1) 138 (37.6) 86 (36.0) 52 (40.6)

Tamoxifen only 23 (15.0) 17 (15.9) 6 (13.0) 50 (13.6) 33 (13.8) 17 (13.3)

Aromatase inhibitors and
tamoxifen

61 (39.9) 39 (36.4) 22 (47.8) 179 (48.8) 120 (50.2) 59 (46.1)

HER2 sample site—no. (%) 0.75 0.22

Primary tumour 73 (48.0) 50 (47.2) 23 (50.0) 139 (38.1) 96 (40.3) 43 (33.9)

Metastasis 79 (52.0) 56 (52.8) 23 (50.0) 226 (61.9) 142 (59.7) 84 (66.1)

Abbreviations: ER, oestrogen receptor; PR, progesterone receptor. aWilcoxon rank sum test; Pearson’s Chi-squared test; Fisher’s exact test. bAll the HER2 testing results were based on local laboratory test
using FDA-approved assays. Among HER2-low-positive group, 148 (40.3%) patients had immunohistochemistry (IHC) 1+ and 219 (59.7%) patients had IHC 2+/in situ hybridization (ISH)-negative.
Specifically, in Palbociclib + Fulvestrant arm, 100 (41.8%) patients had IHC 1+ and 139 (58.2%) patients had IHC 2+/ISH-negative. While in Placebo + Fulvestrant arm, 48 (37.5%) patients had IHC 1+ and 80
(62.5%) patients had IHC 2+/ISH-negative. cDuctal carcinoma includes diffuse adenocarcinoma, mixed adenocarcinoma, adenocarcinoma and ductal carcinoma. “Other” and “Unknown” were options for
the site to select on the clinical report form. dRecurrent locally advanced disease included local and regional involvement and data on disease stage at study entry were missing or unknown for five patients.

Table 2: Baseline characteristics within HER2-0 and HER2-low-positive populations in PALOMA-3 trial.
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(i.e., a baseline covariate with the smallest p value be-
tween the two treatment groups within the HER2-0 or
HER2-low-positive subgroups). The second model was
adjusted by two empirical confounders as suggested by
physicians with clinical expertise, i.e., age (≤65 or >65
years) and bone-only disease (yes or no).

All statistical analyses were performed using R soft-
ware version 4.1.1 (Vivli research environment). A two-
sided p < 0.05 was considered statistically significant. No
adjustments were made for multiple comparisons.

Role of the funding source
There was no funding source for this study.
Results
PALOMA-2
The PALOMA-2 primary endpoint analyses included
666 patients (data cutoff date, February 26, 2016), with
153 (23.0%) classified as HER2-0 and 513 (77.0%) as
HER2-low-positive. Among the HER2-0 patients
(n = 153), 104 patients (68.0%) were assigned to the
palbociclib plus letrozole group, and 49 patients
(32.0%) to the placebo plus letrozole group. Whereas,
in the HER2-low-positive population (n = 513), 340
patients (66.3%) were included in the palbociclib
group, and 173 patients (33.7%) were in the placebo
group (Table 1). Among the HER2-0 patients, all the
baseline characteristics listed in Table 1 were well-
balanced across the two treatment groups. In the
HER2-low-positive subgroup, most of the baseline
characteristics were balanced across the two treatment
groups, except ECOG score at baseline (p = 0.010;
Table 1). By the data cutoff date, the median follow-up
was 23.0 months.1

Within the HER2-0 population, the proportions of
censoring for PFS were 58.7% and 51.0% in the pal-
bociclib and placebo groups respectively, and the rea-
sons of censoring could be found in the Appendix (p 3).
The median PFS in the palbociclib group was not
reached (NR, 95% confidence interval [CI] 16.4 months–
NR), compared with 22.2 months (95% CI 11.0–24.7) in
the placebo group (Fig. 1; Appendix pp 4, 13). The PFS
rates by each landmark time were provided in the
Appendix (p 5). There was no significant difference in
PFS, assessed by the investigator, between the two
treatment groups (hazard ratio = 0.79, 95% CI
0.48–1.30, p = 0.34; log-rank p = 0.35; Fig. 1; Appendix
pp 6, 13). Additionally, the confirmed ORRs were not
significantly different at 36.5% (95% CI 27.3–46.6)
among the patients in the palbociclib group, and 30.6%
(95% CI 18.3–45.4) among the patients in the placebo
group (p = 0.47; Table 3). The CBRs were also similar at
85.6% (95% CI 77.3–91.7) within the palbociclib group,
and 73.5% (95% CI 58.9–85.1) within the placebo group
(p = 0.071; Table 3).

In the HER2-low-positive population, the pro-
portions of censoring for PFS were 55.6% and 34.7% in
the palbociclib and placebo groups respectively, and the
reasons of censoring could be found in the Appendix (p
3). The median PFS in the palbociclib group was 24.8
months (95% CI 22.0–27.6), as compared with 13.8
months (95% CI 11.1–16.8) in the placebo group (Fig. 1;
Appendix pp 4, 13). The HER2-low-positive patients in
the palbociclib group had a significantly lower risk of
disease progression or death than those in the placebo
www.thelancet.com Vol 105 July, 2024
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a

b

Fig. 1: Kaplan–Meier curves for progression-free survival assessed by investigator. Panel a shows progression-free survival assessed by the
investigator in HER2-0 or HER2-low-positive population from PALOMA-2 trial, the relative excess risk due to interaction (RERI) = −0.68 (95%
CI −1.43 to 0.08, p = 0.078 based on null hypothesis RERI = 0) with HER2-low-positive and Palbociclib + Letrozole as the reference groups. Panel
b shows progression-free survival assessed by the investigator in HER2-0 or HER2-low-positive population from PALOMA-3 trial, the
RERI = 0.86 (95% CI −0.23 to 1.95, p = 0.12 based on null hypothesis RERI = 0) with HER2-0 and Palbociclib + Fulvestrant as the reference
groups.

Articles
group (hazard ratio = 0.52, 95% CI 0.41–0.66,
p < 0.0001; log-rank p < 0.0001; Fig. 1; Appendix pp 6,
13). Confirmed ORRs were higher among the patients
in the palbociclib group (43.8%, 95% CI 38.5–49.3)
compared to those in the placebo group (35.8%, 95% CI
28.7–43.5; p = 0.082; Table 3). The CBRs were also
higher within the palbociclib group (84.7%, 95% CI
80.4–88.4) compared to the placebo group (69.4%, 95%
www.thelancet.com Vol 105 July, 2024
CI 61.9–76.1; p < 0.0001; Table 3). The relevant relative
risks (RRs) were also reported in Table S6 (Appendix p 7).

Sensitivity analyses using the two different multi-
variable Cox models yielded consistent results with
those from the univariable Cox regression model
(Appendix p 8). Furthermore, results from the analysis
of BICR-assessed PFS also supported the findings from
the investigator-assessed PFS analysis showing that the
7
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Study Variable Palbociclib + Letrozole (or Fulvestrant) Placebo + Letrozole (or Fulvestrant) Odds ratio (95% CI) p value

PALOMA-2 All HER2-0 patients–no. 104 49

Rate of objective response–% (95% CI)a 36.5 (27.3,46.6) 30.6 (18.3,45.4) 1.30 (0.60,2.92) 0.47

Rate of clinical benefit response–% (95% CI)b 85.6 (77.3,91.7) 73.5 (58.9,85.1) 2.13 (0.84,5.36) 0.071

All HER2-low-positive patients–no. 340 173

Rate of objective response–% (95% CI)a 43.8 (38.5,49.3) 35.8 (28.7,43.5) 1.40 (0.94,2.08) 0.082

Rate of clinical benefit response–% (95% CI)b 84.7 (80.4,88.4) 69.4 (61.9,76.1) 2.44 (1.54,3.88) <0.0001

PALOMA-3 All HER2-0 patients–no. 107 46

Rate of objective response–% (95% CI)a,c 8.4 (3.9,15.4) 8.7 (2.4,20.8) 0.96 (0.25,4.53) 1.00

Rate of clinical benefit response–% (95% CI)b 24.3 (16.5,33.5) 21.7 (10.9,36.4) 1.15 (0.48,2.97) 0.73

All HER2-low-positive patients–no. 239 128

Rate of objective response–% (95% CI)a 11.3 (7.6,16.0) 5.5 (2.2,10.9) 2.20 (0.90,6.16) 0.066

Rate of clinical benefit response–% (95% CI)b 38.5 (32.3,45.0) 18.0 (11.7,25.7) 2.85 (1.66,5.04) <0.0001

Abbreviations: CI, confidence interval. aRate of objective response was defined as the percentage of patients who had a confirmed complete response or a partial response. And the exact 95% CI was
obtained by the Clopper-Pearson method. bRate of clinical benefit response was defined as the percentage of patients who had a confirmed complete response, a partial response, or stable disease for 24
weeks or more. And the exact 95% CI was obtained by the Clopper-Pearson method. cThere were only four individuals, with HER2-0 and receiving Placebo + Fulvestrant, achieved objective response in
PALOMA-3 study, so the corresponding p value was obtained by the Fisher’s exact test. Other p values were obtained by the Pearson χ2 test.

Table 3: Best overall response in the HER2-0 or HER2-low-positive population.
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palbociclib group had a better PFS than the placebo
group among patients with HER2-low-positive BC
(hazard ratio = 0.57, 95% CI 0.43–0.76; log-rank
p = 0.0001), while no significant differences in PFS
between treatment groups were observed among the
HER2-0 patients (hazard ratio = 1.10, 95% CI 0.62–1.97;
log-rank p = 0.74; Appendix p 14). Notably, all Cox
regression applied in the present study met the
assumption (Appendix p 9). By the data cutoff date, OS
data were immature, and as such, they were not
included in the present study.

PALOMA-3
In the PALOMA-3 study, 520 of the intention-to-treat
patients, who had available HER2-IHC and/or -ISH
status, were included in these outcome analyses. The
data cutoff date for PFS, ORR, and CBR was December
5, 2014. OS data were analysed based on the study cutoff
date of April 13, 2018, with a median follow-up of 44.8
(interquartile range [IQR], 43.9–46.8) months. Among
the study population, 153 (29.4%) were classified as
HER2-0 and 367 (70.6%) as HER2-low-positive. Of the
HER2-0 patients, 107 (69.9%) patients were included in
the palbociclib plus fulvestrant group, and 46 (30.1%)
patients were in the placebo plus fulvestrant group.
Among the HER2-low-positive patients, 239 (65.1%)
patients were assigned to the palbociclib group, and 128
(34.9%) patients were in the placebo group (Table 2). All
of the baseline characteristics were balanced across the
treatment groups in the HER2-0 and HER2-low-positive
populations (Table 2).

Within the HER2-0 population, the proportions of
censoring for PFS were 74.8% and 54.3% in the pal-
bociclib and placebo groups respectively, and the rea-
sons of censoring could be found in the Appendix (p 3).
The median PFS in the palbociclib group was NR (95%
CI 7.3 months–NR), compared with 5.4 months (95% CI
3.6–NR) in the placebo group (Fig. 1; Appendix pp 4,
15). The PFS rates by each landmark time are listed in
the Appendix (p 10). The palbociclib group showed a
significantly longer PFS than the placebo group (hazard
ratio = 0.54, 95% CI 0.30–0.95, p = 0.034; log-rank
p = 0.031; Fig. 1; Appendix pp 6, 15). The overall
ORRs were similar at 8.4% (95% CI 3.9–15.4) in the
palbociclib group and 8.7% (95% CI 2.4–20.8) in the
placebo group (p = 1.00; Table 3). The CBRs at the time
of best overall response analysis were also similar at
24.3% (95% CI 16.5–33.5) within the palbociclib group
and 21.7% (95% CI 10.9–36.4) within the placebo group
(p = 0.73; Table 3). Furthermore, the proportions of
censoring for OS were 41.1% and 32.6% in the palbo-
ciclib and placebo groups respectively (Appendix p 3),
and there was no statistically significant difference in
OS between the two groups, with a median OS of 36.5
months (95% CI 27.2–43.7) in the palbociclib group,
and 34.6 months (95% CI 22.2–39.5) in the placebo
group (hazard ratio = 0.79, 95% CI 0.51–1.22, p = 0.29;
log-rank p = 0.28; Fig. 2; Appendix pp 4, 6). Using the
Kaplan–Meier method, the estimated OS rate at 3 years
was 52% (95% CI 43–63) in the palbociclib group
and 44% (95% CI 31–63) in the placebo group
(Appendix p 11).

In the HER2-low-positive population, the pro-
portions of censoring for PFS were 68.6% and 43.8% in
the palbociclib and placebo groups respectively, and the
reasons of censoring could be found in the Appendix (p
3). The median PFS in the palbociclib group was 8.0
months (95% CI 7.4–11.0), as compared with 3.5
months (95% CI 2.1–5.5) in the placebo group (Fig. 1;
Appendix pp 4, 15). The addition of palbociclib to ful-
vestrant resulted in a significantly improved PFS (haz-
ard ratio = 0.39, 95% CI 0.28–0.54, p < 0.0001; log-rank
www.thelancet.com Vol 105 July, 2024
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Fig. 2: Kaplan–Meier curves for overall survival in PALOMA-3 trial. This figure shows overall survival in HER2-0 or HER2-low-positive population
from PALOMA-3 trial, the relative excess risk due to interaction (RERI) = −0.04 (95% CI −0.66 to 0.58, p = 0.90 based on null hypothesis
RERI = 0) with HER2-low-positive and Palbociclib + Fulvestrant as the reference groups.
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p < 0.0001; Fig. 1; Appendix pp 6, 15). The overall ORRs
were similar at 11.3% (95% CI 7.6–16.0) in the palbo-
ciclib group and 5.5% (95% CI 2.2–10.9) in the placebo
group (p = 0.066; Table 3). While the CBRs were higher
among the patients in the palbociclib group (38.5%,
95% CI 32.3–45.0), compared to those in the placebo
group (18.0%, 95% CI 11.7–25.7; p < 0.0001; Table 3).
And the corresponding RRs were also reported in
Table S6 (Appendix p 7). Additionally, the proportions of
censoring for OS were 42.3% and 39.1% in the palbo-
ciclib and placebo groups respectively, and the reasons
of censoring could be found in the Appendix (p 3). The
median OS at the time of the final analysis was 34.8
months (95% CI 27.7–40.4) in the palbociclib group and
27.4 months (95% CI 22.2–33.0) in the placebo (Fig. 2;
Appendix p 4). Although the addition of palbociclib to
fulvestrant led to an absolute OS prolongation of 7.4
months, this difference did not reach statistical signifi-
cance within the follow-up period (hazard ratio = 0.79,
95% CI 0.60–1.04, p = 0.093; log-rank p = 0.093; Fig. 2;
Appendix p 6). Using the Kaplan–Meier method, the
estimated OS rate at 3 years was 49% (95% CI 43–56) in
the palbociclib group and 40% (95% CI 31–50) in the
placebo group (Appendix p 11).

Sensitivity analyses using the two different multi-
variable Cox models yielded consistent findings in the
HER2-low-positive group, indicating a significant dif-
ference in PFS between the treatment groups. However,
no significant differences in PFS between the two
treatment groups were observed in the HER2-0 popula-
tion from the sensitivity analyses (Appendix p 8).
Approximately 40% of the patients (211 patients with 58
www.thelancet.com Vol 105 July, 2024
events) were included in the PFS analysis assessed by
BICR. The results of the BICR-assessed PFS were
consistent only with the investigator-assessed PFS
analysis in the HER2-low-positive population (hazard
ratio = 0.20, 95% CI 0.11–0.37; log-rank p < 0.0001),
while no significant differences in BICR-assessed PFS
between treatment groups were observed in HER2-
0 patients (hazard ratio = 0.45, 95% CI 0.18–1.13; log-
rank p = 0.081; Appendix p 14). No Cox regression
applied in the present study violated the proportional
hazards assumption (Appendix p 9).
Discussion
To our knowledge, this secondary analysis of the
PALOMA-2 and PALOMA-3 trials represents the primary
exploratory investigation into the role of a CDK4/6 in-
hibitor with endocrine-based treatment for patients with
HR-positive, HER2-low-positive and HER2-0 MBC, both
in the first-line and endocrine-resistant settings. Our study
demonstrated that in the first-line treatment, no signifi-
cant difference was observed in PFS for HER2-0 patients
treated with palbociclib in combination with ET versus ET
alone. Conversely, HER2-low-positive patients experienced
an improvement in PFS with the addition of palbociclib.
However, in the context of endocrine resistance, adding
palbociclib to ET improved PFS compared with ET mon-
otherapy in both the HER2-low-positive and HER2-0 sub-
groups. As such, it may be time to re-evaluate the
prevailing recommendation of using CDK4/6 inhibitors
combined with ET as the default first-line treatment for
patients with HER2-0 MBC.
9
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CDK4/6 inhibitors exert their action by blocking the
activity of the CDK-D-type cyclin complex (CCND),
which subsequently leads to the upregulation of the
retinoblastoma protein (pRb). This increase in pRb
levels negatively regulates E2F transcription factors,
thereby hindering cell cycle progression and promoting
apoptosis in tumour cells.12 The use of CDK4/6 in-
hibitors in combination with ET has been a break-
through in the treatment of advanced HR-positive BC.

In the HER2-low-positive subgroup, the addition of
CDK4/6 inhibitors to ET in the first-line setting
improved PFS, while no such benefit was observed in
the HER2-0 subgroup. It is noteworthy that HER2
expression induces significantly higher levels of CDK4/
6 activity and cell proliferation.13,14 This finding is
consistent with previous studies,1,10 and supports the
notion that CDK4/6 inhibitors can effectively target the
cell cycle that was enhanced by HER2 signalling,
thereby improving the efficacy of ET in HER2-low-pos-
itive patients. Furthermore, the benefits of CDK4/6 in-
hibitors were also observed in endocrine-resistant
settings in the HER2-low-positive subgroup, indicating
their potential as a possible treatment option across
different stages of disease progression for patients with
HER2-low expression.

However, in the HER2-0 subgroup, our analysis
demonstrated that first-line treatment with palbociclib
combined with ET did not lead to a significant
improvement in PFS compared to ET alone. This
finding is consistent with the notion that HER2 signal-
ling through CDKs impacts the response to CDK4/6
inhibitors in the first-line setting. In contrast, the
CDK4/6 inhibitors combined with ET did result in an
improvement in PFS among patients who had pro-
gressed on previous ET in the HER2-0 subgroup. This
could be attributed to potential CDK activation in pa-
tients exhibiting endocrine resistance in the pretreated
group of patients. Various mechanisms of endocrine
resistance including ESR1 mutations, transcription fac-
tor alterations, and cell cycle-related mechanisms, such
as CCND1 amplification, EGFR/HER2 amplification,
and the bypass activation mechanism involving the
activation of Ras/MAPK and PI3K/AKT/mTOR path-
ways, which may potentially enhance the efficacy of
CDK4/6 inhibitors for HER2-0 patients who progressed
on previous ET.15–18

In summary, our analysis revealed distinct responses
between the PALOMA-2 and PALOMA-3 trials
regarding the efficacy of CDK4/6 inhibitors in combi-
nation with different ET agents across the HER2 sub-
groups. In the PALOMA-2 trial, the combination of
CDK4/6 inhibitors with aromatase inhibitors (AIs)
showed limited additional benefit in the HER2-0 sub-
group in the first-line setting. Low HER2 expression
may contribute to ET resistance due to the cross-talk
between ER and HER2 signalling pathways,19 and this
limited cross-talk in HER2-0 patients could result in
similar efficacy between AIs and CDK4/6 inhibitors.
Conversely, in the PALOMA-3 trial, combining fulves-
trant with CDK4/6 inhibitors revealed an additional
benefit among HER2-low-positive and HER2-0 patients
with previous ET. This discrepancy could be attributed
to variations in the mechanisms of endocrine resistance.
HER2-0 patients who experienced progression on prior
ET may harbour distinct molecular alterations, such as
amplifications in cell cycle-related genes, which could
enhance the efficacy of CDK4/6 inhibitors in over-
coming endocrine resistance.17,18

These findings, if validated, could potentially have
clinical implications for the treatment of patients with
HER2-low-positive and HER2-0 MBC. For HER2-low-
positive patients, the combination of CDK4/6 inhibitors
with ET may be considered a treatment option, regard-
less of the treatment line. This approach may signifi-
cantly improve PFS and potentially prolong OS. On the
other hand, for HER2-0 patients, HER2-0 expression
may indicate minimal benefit from CDK4/6 inhibitors
in the first-line setting. This finding should prompt a re-
evaluation of the current paradigm advocating “CDK4/6
inhibitors as first-line treatment for all patients”.20 A
head-to-head prospective study with and without CDK4/
6 inhibitors should be explored for HER2-0 patients.
Additionally, our study revealed an 8.4-month PFS
advantage in HER2-0 patients treated with letrozole
alone in the first-line setting compared to HER2-low-
positive patients. This suggests that, for HER2-0 pa-
tients, ET monotherapy as the first-line treatment might
represent a more effective therapeutic approach. How-
ever, among the HER2-0 patients who had progressed or
relapsed during previous ET, CDK4/6 inhibitors com-
bined with ET appeared to provide a substantial clinical
benefit. In contrast, ET monotherapy in the first-line
setting for patients with HER2-low-positive BC exhibi-
ted less efficacy compared to the HER2-0 subgroup,
suggesting a need for consideration of combination
therapies with CDK4/6 inhibitors to enhance efficacy.

Notably, HER2-low-positive expression exhibits vari-
ability between primary and recurrent tumours due to
prior treatments. Miglietta et al.,21 reported a 38%
overall rate of HER2-low-positive discordance between
primary tumour and relapse. Similarly, Tarantino
et al.,22 observed changes in HER2 expression between
primary tumours and metastatic biopsies, with 22% of
HER2-low-positive primary tumours transitioning to
HER2-0. In the DB-04 study, patients were included
based on the most recent available tumour tissue,
encompassing both primary (35%) and metastatic (65%)
samples.23 Notably, T-DXd’s efficacy remained consis-
tent across different tumour sample characteristics.24

However, further investigation is warranted to under-
stand the potential impact of HER2 status changes on
treatment response, particularly in the context of endo-
crine therapy. Utilizing data from the PALOMA-2 and
PALOMA-3 trials, our study encompassed both primary
www.thelancet.com Vol 105 July, 2024
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and recurrent tumours, with balanced baseline charac-
teristics across treatment arms. However, further sub-
group analyses yielded small sample sizes, compromising
treatment effect estimates due to insufficient statistical
power. Subsequent studies should aim to separately
analyse populations based on primary versus recurrent
tumour, which may ultimately inform clinical decisions.

As an exploratory study focused on the role of CDK4/
6 inhibitors along with the endocrine-based treatment of
HR-positive, HER2-low-positive and HER2-0 MBC
across different prior-treatment scenarios, the present
study has several noteworthy strengths, such as its
relatively large sample size and extended follow-up
period based on RCT data. However, this present
study using data from PALOMA-2 and PALOMA-3 also
has potential limitations, including the post hoc nature
of our exploratory study, and residual bias from un-
measured confounders. We acknowledge the inherent
selection bias in hazard ratios in our study, attributable
to differential survival or dropout rates among HER2-
low-positive and HER2-0 patient subgroups receiving
palbociclib in combination with ET versus ET alone, as a
limitation when interpreting progression-free survival
outcomes.25 Moreover, it is noteworthy that all HER2
testing results were derived from local laboratory as-
sessments utilizing FDA-approved assays. However,
other studies have demonstrated disparities between
local assessments and central laboratory evaluations of
HER2-0 and HER2-low-positive (with consistency rates
ranging from 78.0% to 81.3%) due to differences in
antibodies and immunostaining protocols at each facil-
ity.24,26 Also, the sample size of the HER2-0 subgroup
was relatively small; thereby, these findings should be
interpreted with caution. Nevertheless, our analysis has
revealed noteworthy differences in responsiveness
among the HER2-0 subgroup to CDK4/6 inhibitors be-
tween PALOMA-2 and PALOMA-3 trials, despite the
consistently small sample size within both HER2-
0 subgroups. Additionally, we refrained from con-
ducting an OS analysis for PALOMA-2 due to the
immaturity of the OS data. Furthermore, the definition
of HER2-low-positive expression used in this analysis
was not based on the latest guidelines for HER2
testing,27 which may affect the interpretation of the re-
sults. And it is important to note that statistical signifi-
cance does not always mean that there is or will be a
clinical significance.28,29 While our results section is
meant to convey our study findings without subjective
commentary, we have demonstrated the meaningful
significance in clinical practice of the present study in
this discussion section. Regardless, these findings
emphasise the necessity for future head-to-head clinical
studies based on central laboratory testing results to
determine patient subsets that may be most likely to
benefit from CDK4/6 inhibitors and ETs combination in
first-line treatments, and ultimately have the potential to
influence clinical guidelines.
www.thelancet.com Vol 105 July, 2024
In conclusion, our secondary analysis of the PALOMA-
2 and PALOMA-3 trials highlights the significance of
CDK4/6 inhibitors in the treatment of HER2-low-positive
and HER2-0 MBC. The combination of CDK4/6 in-
hibitors with ET significantly improved PFS in HER2-low-
positive patients in both first-line and endocrine-resistant
setting, while the benefit in HER2-0 tumours was pri-
marily observed among patients who had progressed on
previous ET. Thus, patients with HER2-0 expression
appear to be less likely to benefit from first-line CDK4/6
inhibitor treatment. Overall, our study emphasises the
need to reconsider HER2-low-positive and HER2-0 status
in first-line treatment for HR-positive MBC, and suggests
that future studies may demonstrate that HER2-0 patients
could be exempted from CDK4/6 inhibitors in first-line
treatment. Further targeted clinical studies are needed
to identify patient subsets that are most likely to benefit
from the combination of CDK4/6 inhibitors and ET in
first-line treatment.
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