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Abstract

The fact that the human epidermal growth factor receptor 2 (HER2)-low group, historically classified as HER2 negative in br@
cancer histology, benefited from HER2-targeted treatments similarly to the HER2-positive group indicates that this group has a
distinct histology from the HER2-0 group. The effectiveness of cyclin-dependent kinase 4/6 inhibitors, which are the standard first-
line treatment for hormone receptor-positive, HER2-negative advanced breast cancer, in this newly defined histological subgroup
remains a topic of debate. In our study, we examined the impact of HER2 status on the efficacy of CDK4/6 inhibitors. Our study is a
retrospective, multicenter, real-world data analysis. One hundred sixty patients were included in the study. The relationship between
HER2 status and other clinical-pathological features, as well as progression-free survival, was examined. Median follow-up was
20.33 = 0.98 months. The mPFS could not be reached. All patients exhibited positive estrogen receptor expression. Among the
patients, 111 (69.4%) were categorized as HER2-0, and 49 (80.6%) as HER2-low. The 24-month progression-free survival rates
were similar between HER2-0 and HER2-low patients (60.6% vs 65.3%, hormone receptor: 1.18, Cl: 0.67-2.20, P = .554). We
established that the mPFS achieved with cyclin-dependent kinase 4/6 inhibitors as a first-line therapy for patients with advanced
breast cancer is unaffected by HER2 status.

Abbreviations: CDK 4/6 = cyclin-dependent kinase 4/6, ER = estrogen receptor, HER2 = human epidermal growth factor

receptor 2, HR = hormone receptor, PFS = progression-free survival, PR = progesterone receptor.
Keywords: advanced stage breast cancer, HER2 low status, palbociclib, ribociclib

1. Introduction

Breast cancer is the most common cancer in female patients.!!! It
is a complex condition comprising various molecular subtypes.
Estrogen receptor (ER), progesterone receptor (PR) expression,
and human epidermal growth factor receptor 2 (HER2) status
are critical factors in both prognosis and treatment selection.
Although there has been a notable improvement in survival

All procedures performed in studies involving human participants were in
accordance with the ethical standards of the institutional and/or national research
committee and with the 1964 Helsinki declaration and its later amendments or
comparable ethical standards. The study was approved by the ethics committee
of Hacettepe University.

The authors have no funding and conflicts of interest to disclose.

All data generated or analyzed during this study are included in this published
article [and its supplementary information files].

2 Department of Internal Medicine, Division of Medical Oncology, Faculty

of Medicine, Hacettepe University, Ankara, Turkey, © Department of Internal
Medicine, Division of Medical Oncology, Faculty of Medicine, Dr. Abdurrahman
Yurtaslan Ankara Oncology Research and Education Hospital, Ankara, Turkey,

¢ Department of Internal Medicine, Division of Medical Oncology, Faculty of
Medicine, Ege University, lzmir, Turkey, @ Department of Internal Medicine, Division
of Medical Oncology, Faculty of Medicine, Gazi University, Ankara, Turkey,

¢ Department of Internal Medicine, Division of Medical Oncology, Faculty of
Medicine, Ankara University, Ankara, Turkey.

rates for breast cancer in recent years, advanced-stage breast
cancer remains an incurable disease. However, with appropriate
medication and supportive care, patients can live for extended
periods.

The development of cyclin-dependent kinase 4/6 (CDK 4/6)
inhibitors has significantly improved the treatment of hormone
receptor (HR)-positive, HER2-negative breast cancer. The com-
bination of CDK 4/6 inhibitors with aromatase inhibitors or
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fulvestrant has become the established initial therapy for women
with advanced-stage HR-positive breast cancer. These combina-
tions have improved median progression-free survival (mPFS) in
all patients diagnosed with advanced stage breast cancer, includ-
ing male patients.*””!

HER2-low expression is a subtype that has been the subject
of research in recent years and is defined as an HER2 immu-
nohistochemistry (IHC) score of 1+ or 2+ without gene ampli-
fication.®! Novel antibody-drug conjugates targeting HER2
have demonstrated remarkable therapeutic advantages in
patients with HER2-low expression.”!”! Additionally, findings
from the DESTINY-Breast04 trial have underscored the effi-
cacy of trastuzumab deruxtecan in HER2-low advanced-stage
breast cancer.!'!! These promising trial outcomes are reshaping
the treatment landscape for breast cancer, sparking increased
interest in establishing a HER2-low category in breast cancer
evaluation.l'?

In our study, we aimed to determine the effect of HER2-low
status on the effectiveness of CDK 4/6 inhibitors.

2. Materials and methods

Our study was a multicenter, retrospective analysis including
female patients diagnosed with advanced stage HR-positive,
HER2-negative breast cancer. Patients receiving a combination
therapy containing palbociclib or ribociclib were included in the
study.

Patients who had previously received CDK 4 to 6 inhibitors
or who received in the 2nd or subsequent lines of treatment
were not included. The baseline clinical features such as age,
date of diagnosis, menopause status, CDK 4 to 6 onset date,
metastasis sites at the start of CDK 4 to 6 inhibitor therapy,
date of disease progression and date of death were recorded.
Additionally, pathological features were recorded.
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Version 26 of the SPSS was used in the statistical analysis of
the study. The y? test was used to analyze categorical variables.
The Kaplan—-Meier method was employed to evaluate the cumu-
lative survival rates of patients with breast cancer. P values <.05
were considered statistically significant.

3. Results

Our study included a total of 160 patients from 5 different ter-
tiary hospitals. The median age of patients was 58.90 = 12.15
years. All of the patients’ ER expression were positive and
PR expression was negative in 9 (5.6%) patients. Among the
patients, 111 (69.4%) were categorized as HER2 0, and 49
(30.6%) as HER2 low. Of the patients, 42 (26.2%) were pre-
menopausal, and 118 (73.8%) were postmenopausal. In terms
of age, 109 (68.1%) patients were 65 years of age or younger,
while 51 (31.9%) patients were over 65. Eighty-three (52.9%)
patients had recurrent disease, while 77 (48.1%) patients were
metastatic at diagnosis. Visceral metastases were absent in 95
(59.4%) patients but present in 65 (40.6 %). Among the patients,
53 (33.1%) had lung metastases, 14 (8.8%) had liver metas-
tases, and 5 (3.1%) had brain metastases. Furthermore, 124
(77.5%) patients had bone metastases, while 36 (22.5%) did
not. Treatment consisted of palbociclib for 63 (39.4%) patients
and ribociclib for 97 (60.6%) patients. While 121 (75.6%) of
the patients used aromatase inhibitors along with CDK 4 to 6
inhibitors, 39 (24.4%) used fulvestrant. Baseline characteristics
of the patients are shown in Table 1.

The median follow-up period was approximately 20.33 = 0.98
months, during which disease progression was observed in 55
patients, resulting in the death of 12 patients. The progression-
free survival (PFS) time could not be determined during the
follow-up period, but the PFS rate at 24 months was 62.3%.
There were no differences in PFS rates between patients <65 and

Baseline characteristics of patients.

HER2 0 group HER2 low group

All patients (N:111) (N:49)
Characteristics N (%) N (%) N (%) Pvalue
Age
<65 109 (68.1) 77 (69.4) 32 (65.3) 713
>65 51(31.9) 34 (30.6) 17 (34.7)
Estrogen receptor expression
Positive 160 (100) 111 (100) 49 (100) 1
Negative -(0)
Progesterone receptor expression
Positive 151 (94.4) 106 (95.5) 45(91.8) .355
Negative 9(5.6) 5 (4.5) 4(8.2)
Menopause status
Premenopausal 42 (26.2) 29 (26.1) 13 (26.5) .957
Postmenopausal 118 (73.8) 82 (73.9) 36 (73.5)
Disease status
De novo metastatic 77 (48.1) 52 (46.8) 25 (51) 732
Recurrent disease 83 (52.9) 59 (53.2) 24 (49
Visceral metastases
Presence 65 (40.6) 45 (40.5) 20 (40.8) 1
Absence 95 (59.4) 66 (59.5) 29 (59.2)
Bone metastases
Presence 124 (77.5) 86 (77.5) (77.6) 1
Absence 36 (22.5) 25 (22.5) 11 (22.4)
Treatment agent
Palbociclib 63 (39.4) 38 (34.2) 25 (51) .054
Ribociclib 97 (60.6) 73 (65.8) 24 (49
Endocrine therapy
Aromatase inhibitors 121 (75.6) 81(73.0) 40 (81.6) 318
Fulvestrant 39 (24.4) 0 (27.0) 9(18.4)
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>635 years old (PFS rate at 24 months: 60.7% vs 66.3%, hazard
ratio [HR]: 1.34, confidence interval [CI]: 0.73-2.46, P = .341).
Additionally, no significant differences were observed in PFS
rates between HER2-negative patients and HER2 low patients
(PFS rate at 24 months: 60.6% vs 65.3%, HR: 1.09, CI: 0.82-
1.44, P = .554). (The relationship between PFS and HER2 sta-
tus is presented in Fig. 1.) Premenopausal and postmenopausal
patients have similar 24 months PFS rate (PFS rate at 24 months:
69.3% vs 60.0%, HR: 0.93, CI: 0.68-1.27, P =.668). PFS
rate was statistically significantly worse in de novo metastatic
patients than in recurrent metastatic patients (PFS rate at 24
months: 70.9% vs 54.2%, HR: 1.90, CI: 1.09-3.30, P = .022).
For patients with visceral organ metastases, the PFS rate was
numerically lower, but this difference was statistically insignif-
icant compared to patients without visceral metastases (PFS
rate at 24 months: 56.6% vs 66.9%, HR: 1.43, CI: 0.84-2.43,
P =.184). There was no difference in PFS between patients with
and without bone metastases (PFS rate at 24 months: 67.7% vs
61.2%, HR: 0.87, CI: 0.62-1.24, P = .462). Additionally, there
were no differences in terms of PFS in the presence of lung, liver
metastases.

The comparison between palbociclib treatment and ribociclib
treatment also did not reveal significant differences in terms of
PFS (PFS rate at 24 months: 60.3% vs 63.9%, HR: 1.06, CI:
0.81-1.39, P = .652). PFS was found to be 31.83 = 3.17 months
in patients using aromatase inhibitors together with CDK 4-6
inhibitors, while it was 18.96 = 1.50 months in patients using
fulvestrant together (HR: 0.49, CI: 0.27-0.88, P =.017). The
relationship between PFS and clinical and pathological factors
is presented in Table 2.

The distribution of patients in the HER2-negative group and
HER2 low group is outlined in Table 1. No significant differ-
ences were observed in terms of age, PR status, menopausal sta-
tus, de novo or recurrent disease status, site of metastases, the
type of CDK 4-6 agent given or hormonotherapy agent used
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with CDK 4 to 6 inhibitor (P-values: .713, .355, .957, .626,
0.974,.978, .861,.992, .054, .318, respectively).

4. Discussions

The incorporation of CDK 4 to 6 inhibitors alongside aromatase
inhibitors or fulvestrant represents the contemporary standard
in managing HR-positive, HER2-negative advanced breast can-
cer. Nonetheless, it is noteworthy that in phase 3 trials assessing
the efficacy of CDK 4 to 6 inhibitors, patients categorized as
HER2 negative included individuals with HER2 low expression.
Regrettably, a distinct analysis specific to the subset of patients
with HER2 low expression was not conducted.>>-1 Following
the findings of the Destiny 04 study, which demonstrated the
efficacy of trastuzumab deruxtecan in the cohort characterized
as HER2 low, there is ongoing discussion regarding whether this
group represents a distinct subtype compared to HER2-negative
patients. This debate extends to its potential impact on the effi-
cacy of CDK 4 to 6 inhibitors."'*"I Our study findings indi-
cate that there is no discernible correlation between the efficacy
of CDK 4 to 6 inhibitors and the HER2 low status.

While a mPFS rate of approximately 24 months was observed
with CDK 4 to 6 inhibitors, the occurrence of disease progression
in some patients within a notably shorter timeframe prompted
further analyses among progressing patients. Findings from the
PALOMA 2 and 3 trials, utilizing tissue samples analyzed with
The EdgeSeq Oncology Biomarker Panel, indicated superior
efficacy among Luminal A and Luminal B subtypes.?*! When
utilizing NanoString technology to assess the intrinsic subtypes
of tissue samples from patients enrolled in the MONALEESA
studies, it was observed that ribociclib conferred benefit to all
patients, with the exception of those exhibiting basal-like char-
acteristics.”!! These studies have underscored the heterogeneity
among patients categorized as HR-positive and HER2-negative,
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Figure 1. The relationship between HER2 status and progression free survival.
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The relationship between PFS and clinical-pathological features.

Clinical factors HR 95% Cl Pvalue
Age 1.34 0.73-2.46 331
<65 vs >65

Progesterone receptor expression 1.03 0.36-2.94 955
Positive vs negative

Human epidermal growth factor receptor 2 1.09 0.82-1.44 554
HER2 0 vs HER2 low

Menopause status 0.93 0.68-1.27 .668
Premenopausal vs postmenopausal

Disease status 1.90 1.09-3.30 .022
De novo metastatic vs recurrent disease

Visceral metastases 1.43 0.84-2.43 184
Presence vs absence

Bone metastases 0.87 0.62-1.24 462
Presence vs absence

Treatment agent 1.06 0.81-1.39 652
Palbociclib vs ribociclib

Endocrine therapy 0.49 0.27-0.88 017

Aromatase inhibitors vs fulvestrant

The bold values indicate statistically significant data.

revealing differences in intrinsic subtypes and varied efficacies
of CDK 4 to 6 inhibitors across these subtypes. The recent
recognition of the heterogeneity within the HER2-negative
group, encompassing both HER2 0 and HER2 low patients,
has prompted investigations into the association between HER2
expression levels and the activity of CDK 4 to 6 inhibitors.

In the existing literature, only 4 studies have investigated
the impact of HER2 low status on the efficacy of CDK 4 to
6 inhibitors. Among these studies, limitations were observed,
including a relatively small sample size of 54 patients receiving
CDK 4 to 6 inhibitors in the initial phase and a predominance
of approximately 85% of patients receiving palbociclib in the
study conducted by Bao et al. Importantly, these studies collec-
tively found that mPFS was statistically significantly shorter in
the HER2 low group.!'”! In this particular study, the incidence
of HER2 low status was observed to be 77%, whereas in our
study and other similar investigations, it hovered around 30%.
However, the exclusion of patients solely treated in the first-line
setting, coupled with the low number of patients receiving first-
line treatment, presents challenges in assessing the impact of
HER2 low status. In our study, comprising 160 patients treated
in the first line, the utilization of palbociclib and ribociclib was
relatively more balanced. Notably, in our study, mPFS appeared
comparable between the HER2 0 and HER2 low groups.

In the study with a comparable patient cohort size to ours,
comprising 165 patients treated with palbociclib, a comparison
was made between those classified as HER2 0 or HER2 low.
mPFS was reported as 23 months for the HER2 0 group and
19 months for the HER2 low group, revealing no significant
difference between the 2 groups.'! In the Italian study, it was
observed that both mPFS and mOS were notably shorter in
the HER2 low group when compared to the HER2 0 group.™!
In the study conducted by Caligkan et al, the efficacy of CDK
4 to 6 inhibitors was assessed separately for first-line and
subsequent-line treatments. Interestingly, regardless of the
treatment line, no significant association was found between
HER2 status and the activity of CDK 4 to 6 inhibitors."®
Indeed, emerging evidence indicates that HER2 low status may
possess distinct characteristics compared to HER2 0 patients.
Retrospective data suggest that HER2 0 patients exhibit a
higher rate of pathological complete response with neoadjuvant
therapy, whereas HER2 low patients tend to present with more
aggressive histological features, particularly among early-stage
breast cancer patients.?>?’! However, these distinctions have

not been conclusively demonstrated in the context of advanced
breast cancer.!2¢-28!

With CDK 4 to 6 inhibitors becoming the standard first-line
treatment in routine clinical practice, attention turned to the
potential role of the interaction between the HER2-HER3 axis
and ER in drug resistance. Consequently, a hypothesis emerged
suggesting that HER2 low status might exhibit reduced respon-
siveness to CDK 4 to 6 inhibitors. However, conflicting results
have been reported in the limited number of studies conducted,
primarily due to the absence of a standardized method for deter-
mining HER2 low status and the lack of objective evaluation,
which includes challenges such as variations in assessments by
different pathologists.!'¢-1%2]

Our limitations are that our study was retrospective and mul-
ticenter, and that HER2 status was evaluated by different pathol-
ogists. However, the similar distribution of patients receiving
palbociclib and ribociclib, the fact that all of them were used
in first-line treatment, and the similar clinical characteristics of
HER2 0 and HER2 low patients make the results of our study
reliable. Whether the differences caused by HER2 low status in
HER2-targeted treatments are also related to the effectiveness
of CDK 4 to 6 inhibitors is an issue that will be discussed in the
future and should be investigated in prospective, randomized
controlled studies.
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