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A B S T R A C T   

Background: CDK4/6 inhibitors combined with endocrine therapy have significantly improved treatment out-
comes for metastatic hormone receptor-positive (HR+) breast cancer patients. However, the impact of low HER2 
expression on treatment response and progression-free survival (PFS) remains unclear. 
Methods: This multicenter retrospective study included 204 HR+ breast cancer patients treated with a combi-
nation of CDK4/6 inhibitor and endocrine therapy. HER2-zero disease was detected in 138 (68%) and HER2-low 
disease in 66 (32%) patients. Treatment-related characteristics and clinical outcomes were analyzed, with a 
median follow-up of 22 months. 
Results: The objective response rate (ORR) was 72.7% in the HER2 low group and 66.6% in the HER2 zero group 
(p = 0.54). Median PFS was not significantly different between the HER2-low and HER2 zero groups (19 months 
vs.18 months, p = 0.89), although there was a trend toward longer PFS in the HER2-low group for first-line 
treatment (24 months progression-free survival rate 63% vs 49%). In recurrent disease, the median PFS was 
25 months in the HER2-low group and 12 months in the HER2-zero group (p = 0.08), while in de novo metastatic 
disease, the median PFS was 18 months in the HER2-low group and 27 months in the HER2-zero group (p =
0.16). The order of CDK4/6 inhibitor use and the presence of visceral metastasis were identified as independent 
variables affecting PFS. 
Conclusion: Low HER2 expression did not significantly impact treatment response or PFS in HR+ breast cancer 
patients treated with a CDK4/6 inhibitor and endocrine therapy. Because of the conflicting results in the liter-
ature, further prospective studies are needed to evaluate the clinical significance of HER2 expression in HR+
breast cancer.   

1. Introduction 

According to Globocan 2022, breast cancer is responsible for 31% of 
cancers in women and 15% of cancer-related deaths [1]. Although there 
have been groundbreaking advances in breast cancer treatment in recent 
years, metastatic breast cancer remains a major health problem. Breast 

cancer is a highly heterogeneous disease with different prognoses due to 
different genomic and molecular characteristics[2]. Since genomic 
profiling is not always possible, the treatment decision is mainly based 
on hormone receptor and human epidermal growth factor receptor 2 
(HER2) status [3]. HER2 positivity is seen in approximately 15–20% of 
all breast cancer cases and is considered a poor prognostic factor. In 
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addition, HER2 positivity is also considered a predictive factor due to 
the advances in HER2-targeted therapies, resulting in good outcomes in 
HER2-positive patients. 

According to the American Society of Clinical Oncology and College 
of American Pathologists (ASCO/CAP) 2018 guidelines, HER2-negative 
breast cancer includes those with IHC 0, IHC 1+, and IHC 2+/negative 
in situ hybridization (ISH) based on immunohistochemical (IHC) stain-
ing [4]. Within this group, defined as HER2-negative, the IHC1+ and 
IHC 2+/ISH-negative group, observed at a rate of 45–55%, is now 
considered under the title of HER2-low [5]. Until the last few years, the 
number of studies in which HER2-targeted therapy was tried for this 
group was very limited, and no benefit could be demonstrated with 
targeted therapies [6,7]. However, after the breakthrough findings of 
the DESTINY 04 Breast study of trastuzumab deruxtecan, an 
antibody-drug conjugate (ADC), in HER2 low metastatic breast cancer 
patients, interest in HER2-low breast cancer has increased [8]. These 
encouraging results have raised the question of whether HER2-low 
breast cancer is a tumor with different clinical and biological charac-
teristics, leading to an increase in studies in this field. However, the 
results of studies on this patient group’s clinical and biological charac-
teristics are controversial. There are conflicting findings that vary ac-
cording to the stage of breast cancer, hormone receptor status, and 
treatment received [9–12]. 

Despite the impressive results of ADCs in HER2-low tumors, the 
current recommended treatment of hormone receptor-positive meta-
static breast cancer is the combination of cyclin-dependent kinase 4 and 
6 inhibitors (CDK4/6i) and endocrine therapy (ET) [13]. The impressive 
survival results with CDK4/6 inhibitor and endocrine therapy combi-
nations have led to a paradigm shift in the treatment of metastatic 
hormone-positive breast cancer. However, despite these 
practice-changing successes, the search for biomarkers indicating 
resistance or sensitivity to CDK4/6 inhibitors continues [14,15]. From a 
biological point of view, it is known that there is a bidirectional crosstalk 
between HER2 and hormone receptor (HR) pathways, which can 
modulate HER2 expression even in the absence of gene amplification 
[16,17]. It has been shown that the expression of HER2 protein may 
increase after endocrine therapies [18], chemotherapy [19], and 
radiotherapy [20]. Considering the interplay between HER2 and HR 
pathways, the question arises whether HER2 low status may affect the 
efficacy of the CDK4/6 inhibitor-endocrine therapy combination. There 
are very few studies in the literature, and the results are contradictory. 

This study aimed to investigate the effect of HER2 expression status 
on treatment responses and progression-free survival in hormone- 
positive metastatic breast cancer patients treated with CDK4/6i + ET. 

2. .Materials and methods 

2.1. Study population 

This is a multicenter, retrospective cohort study, approved by the 
Ethics Committee of Dokuz Eylul University (2023/03–09). A total of 
246 patients with metastatic hormone receptor-positive breast cancer 
treated with CDK4/6i + ET were retrospectively screened across four 
different oncology clinics between March 2019 and December 2022. The 
study included patients who met the following criteria: being 18 years of 
age or older, having metastatic hormone-positive breast cancer 
confirmed radiologically, and having received treatment with CDK4/6 
inhibitor (either ribociclib or palbociclib according to physician’s 
choice) in combination with endocrine therapy. Patients with a follow- 
up duration less than 6 months, incomplete pathological data, or inad-
equate evaluation of treatment response were excluded from the study. 
Clinicopathologic and treatment-related characteristics were reviewed 
from patients’ files and electronic records of each tertiary cancer center 
for a total of 204 patients, including age at diagnosis, menopausal status, 
tumor histology and differentiation, HR and HER2 expression status, 
Ki67 index, de novo metastatic/recurrent disease status, site of 

metastasis, and progression date. The use of CDK4/6 inhibitors and 
concomitant endocrine therapy (aromatase inhibitor or fulvestrant), as 
well as the order in which they were used, were also recorded. All pa-
tients underwent PET-CT (positron emission tomography-computed to-
mography) imaging for metastasis evaluation, and other imaging 
modalities such as cranial MRI (magnetic resonance imaging) and 
abdominal MRI were utilized as necessary. 

2.1.1. Pathologic evaluation 
The estrogen receptor (ER), progesterone receptor (PR), and HER2 

status of pathology specimens were evaluated through immunohisto-
chemistry (IHC) by accredited pathology laboratories at each center, no 
central evaluation was performed. In patients with HER2 status 2+ due 
to IHC evaluations, HER2 amplification was examined through the in 
situ hybridization (ISH) test. Pathology evaluations were conducted 
using biopsy materials from both primary tumors and metastases, when 
possible. Pathologic biomarker detection, interpretation, and reporting 
were performed based on the current ASCO-CAP guideline applicable 
during the assessment year. ER and PR status were considered positive 
when stained >10% through IHC. HER2 low status was defined as 1+ on 
IHC or 2+ on IHC but no amplification on ISH. If HER2 low expression 
was detected pathologically in either the primary tumor or metastasis, 
the patient was included in the HER2 low group. 

2.2. Treatment response evaluation 

The response of the patients to treatment was monitored using PET- 
CT or CT according to the physician’s choice. For patients who under-
went CT imaging, response evaluation was performed according to 
RECIST (Response Evaluation Criteria in Solid ) version 1.1 [21]. On the 
other hand, for patients who underwent PET-CT imaging, response 
evaluation was conducted using PERCIST criteria [22]. 

2.3. Statistical analysis 

The patients’ clinicopathological and treatment-related features 
were compared in the HER2-low and HER2-zero groups. The categorical 
variables were compared using Pearson’s chi-squared test or Fisher’s 
exact test. For descriptive analysis, percentages were used for categor-
ical variables, and medians and ranges were used for continuous vari-
ables. PFS was the time from the beginning of treatment until disease 
progression. OS was defined as the time from treatment start to death 
from any cause. Survival was calculated using the Kaplan–Meier method 
and was compared between the groups using the log-rank test. The 
median follow-up period was evaluated by the reverse Kaplan-Meier 
method. Subgroup analyses were performed according to the order of 
CDK4/6 inhibitor use and metastasis status (de novo metastatic or 
recurrent disease). Unadjusted hazard ratios (HRs) for progression-free 
survival (PFS) were determined using Cox proportional hazard regres-
sion models. To account for potential confounding factors, adjusted HRs 
were calculated using multivariate regression analysis. Factors that 
showed statistical significance in the univariate analyses (p < 0.05) were 
included in the multivariate analysis. 

All statistical analyses were performed with the SPSS Statistics 25.0 
for iOS software program (SPSS, Inc., Chicago, IL, USA), and P < 0.05 
was considered statistically significant. 

3. Results 

A total of 204 patients were included in the study. HER2-zero disease 
was detected in 138 (68%) and HER2-low disease in 66 (32%) patients. 
The median age at CDK4/6 inhibitor initiation was 58 years (47–67 
years), and approximately 27% of patients were older than 65. The 
histologic subtype was invasive ductal carcinoma (IDC) in 61% of pa-
tients, invasive lobular carcinoma (ILC) in 16%, and ILC + IDC mixed 
type in 9%. Those with a Ki-67 proliferation index below 20% 
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constituted approximately one-third of the entire population. Regarding 
tumor grade, 90% of the patients had grade 2 and 3 tumors. De novo 
metastatic patients (52.5%) and recurrent metastatic patients (47.5%) 
were almost equally distributed. The presence of visceral metastasis was 
detected in 62% of patients. There was no statistically significant dif-
ference between HER2 zero and HER2 low groups regarding all these 
clinicopathologic features (Table 1). 

Among 105 patients in whom HER2 status was evaluated both in 
primary tumor and in a metastatic lesion. A shift in HER2 status was 
observed in 26 (24%)patients. Specifically, 17 (16%) tumors changed 
from HER2 zero to HER2-low, while 6 (8%) tumors shifted from HER2- 
low to HER2-zero. 

Considering the treatment-related characteristics of the study pop-
ulation, it was shown that ribociclib is preferred as the CDK 4/6 inhib-
itor in 61% of the patients, and there was no difference between the 
groups. Endocrine therapy accompanying CDK4/6 inhibitor was aro-
matase inhibitor in 56.4% of patients and fulvestrant in 43.3% of pa-
tients. While 48% of the entire population received CDK 4/6 inhibitor- 
endocrine combination as the first line of treatment, this rate was 
53.6% in the HER2-zero group and 37.9% in HER2 low group (p = 0.03). 
The objective response rate (ORR) was 72.7% in the HER2 low group 
and 66.6% in the HER2 zero group, with no statistically significant 
difference (Fig. 1). 

With a data cut-off date of March 2023, the median follow-up was 22 
(CI 20.6–23.3) months. One hundred-five patients (51.5%) experienced 
disease progression during this time, with a median PFS of 18 months (CI 
14.2–21.7) for the entire cohort. There was no statistically significant 
difference in median PFS between HER2 low and HER2 zero groups (19 
months vs. 18 months, p = 0.89, Fig. 2a). Median PFS was not reached in 
patients receiving first-line CDK4/6i + ET combination. However, at 24 
months, 63% of patients in the HER2-low group had progression-free 
survival compared to 49% in the HER2-zero group (p = 0.64) 
(Fig. 2b). In the group receiving CDK4/6i + ET combination as a 
subsequent-line treatment, the rate of progression-free survival at 24 
months was 27% in both groups (Fig. 2c). 

In recurrent metastatic disease, mPFS was 25 months (CI 8.7–41.2) 
in the HER2 low group and 12 months (CI 7.2–16.7) in the HER2 zero 
group (p = 0.08) (Fig. 2d). In de novo metastatic disease, mPFS was 18 
months (CI 10.7–25.2) in HER2 low group and 27 months (CI 11.3–42.6) 
in HER2 zero group (p = 0.16) (Fig. 2e). 

In the univariate analysis, the factors affecting PFS were determined 
as grade, metastasic status, presence of visceral metastasis, and the order 

Table 1 
Clinicopathologic and treatment-related characteristics of study population and 
patients group according to HER2 status.   

All population 
(n = 204) 

HER2-zero 
(n = 138) 

HER2-low 
(n = 66) 

P 
value 

Age 
Median (IQR) 58 (47–67) 58 (48–67) 57 (46–66) 0.88 
<65 147 (72.1) 99 (71.7) 48 (72.7) 
>65 57 (27.9) 39 (28.3) 18 (27.3) 

Menapause status (n (%)) 
Premenaposal 76 (38) 49 (36) 27 (42.2) 0.40 
Postmenaposal 124 (62) 87 (64) 37 (57.8) 

Histology (n (%)) 
IDC 114 (61) 78 (63.4) 36 (56.3) 0.29 
ILC 31 (16.6) 22 (17.9) 9 (14.1) 
IDC + ILC 16 (8.6) 10 (8.1) 6 (9.4) 
Others 26 (13.9 13 (10.6) 13 (20.3) 

Ki67 proliferation index (n (%)) 
<20 59 (34.7) 42 (37.2) 17 (29.8) 0.39 
>20 111 (65.3) 71 (62.8) 40 (70.2) 

Grade (n (%)) 
1 16 (9.6) 12 (10.6) 4 (7.4) 0.49 
2 116 (69.5) 80 (70.8) 36 (66.7) 
3 35 (21) 21 (18.6) 14 (25.9) 

ER status (n (%)) 
ER ≤%10 6 (3) 4 (3) 2 (3.1) 0.96 
ER>%10 198 (97) 129 (97) 62 (96.9) 

Disease status (n (%)) 
De novo 
metastatic 

107 (52.5) 76 (55.1) 31 (47) 0.29 

Recurren 
metastatic 

97 (47.5) 62 (44.9) 35 (53) 

Site of metastatic disease (n (%)) 
Visceral 
metastasis 

127 (62.3) 90 (65.2) 37 (56.1) 0.2 

Non-visceral 
metastasis 

77 (37.7) 48 (34.8) 29 (43.9) 

Treatment line (n (%)) 
First line 99 (48.5) 74 (53.6) 25 (37.9) 0.03 
Second line 59 (28.9) 32 (23.2) 27 (40.9) 
Third and more 
line 

46 (22.5) 32 (23.2) 14 (22.2) 

CDK4/6 inhibitors (n (%)) 
Palbociclib 79 (38.7) 53 (38.4) 26 (39.4) 0.89 
Ribociclib 125 (61.3) 85 (61.6) 40 (60.6) 

Endocrine therapy (n (%)) 
Aromatase 
inhibitor 

115 (56.4) 83 (60.1) 32 (48.5) 0.11 

Fulvestrant 89 (43.6) 55 (39.9) 34 (51.5)  

Fig. 1. Treatment responses according to HER2 status 
CR: complete response, PR: partial response, SD: stable disease, PD: progressive disease. 
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Fig. 2. Fig. 2a: PFS of entire cohort according to HER2 status 
Fig. 2b: PFS of patients receiving CDK4/6i + ET as a treatment 
Fig. 2c: PFS of patients receiving CDK4/6i + ET as a treatment 
Fig. 2d: PFS of patients with recurrent disease 
Fig. 2e: PFS of patients with de novo metastatic disease. 
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of CDK 4/6 inhibitor use. In multivariate Cox regression analysis, the 
order of CDK4/6i + ET combination and the presence of visceral 
metastasis were identified as independent variables affecting PFS 
(Table 2). 

During follow-up, 46 patients (22.5%) died. No median OS value was 
reached in the study. While 79% of patients were alive at 24 months in 
the HER2 low group, this rate was 67% in the HER2 zero group (Fig. 3). 

4. Discussion 

The combination of CDK4/6 inhibitor and endocrine therapy is the 
standard of care in the first-line treatment of metastatic HR+ breast 
cancer and in subsequent lines in patients who have not previously 
received this therapy [23–27]. Despite the impressive results of these 
agents in clinical trials and real-life data, at some point, progression 
occurs. The search for biomarkers to predict clinical outcomes con-
tinues. Especially after the revolutionary results of trastuzumab der-
uxtecan in tumors with HR+ HER2 low expression, the curiosity of 
whether HER2 low expression status without amplification can be a 
predictive and prognostic factor in breast cancer has emerged [8]. 

HER2-low breast cancer is a relatively new concept. HER2 expression 
level is determined according to ASCO/CAP guidelines, and there have 
been significant changes in these guidelines recently. While before 2013, 
30% or more IHC staining was considered +1 positive, this rate was 
reduced to 10% in 2013 guidelines [4,28]. With this change in defini-
tion, the prevalence of HER2-low varies according to the year of biopsy 
evaluation. There is a large interobserver variation in evaluating this 
new concept of HER2-low as IHC. It has been even mentioned that 

interobserver variability is higher with the current ASCO/CAP guide-
line, and therefore HER2 expression should be evaluated with a more 
reliable method [29]. In one study, it was suggested that RT-PCR should 
perform HER2 expression evaluation at the mRNA level [30]. In our 
study, we observed that the HER2-low group was smaller than in other 
studies. There may be several reasons for this. One of them is that a 
central pathology evaluation was not performed, and the analysis was 
conducted based on the accredited laboratory results of the participating 
centers. Since not all recurrent metastatic patients underwent re-biopsy, 
the HER2-zero rate may be higher in the group with biopsies before 
2013 due to the guideline change. 

Although there are conflicting results in studies on the prognostic 
effect of HER2 status in early-stage breast cancer, a meta-analysis of 23 
studies revealed that the HER2-low group had better DFS and OS 
regardless of hormone status [31]. Mutai et al. emphasized that 
HER2-low group may affect prognosis according to genomic risk in HR+
early-stage breast cancer. As a result of their genomic risk assessment 
with Oncotype Dx, they demonstrated that the HER2-low group had 
better survival results than HER2zero in patients with high genomic risk, 
and this difference was not observed in the low genomic risk group [32]. 
In advanced breast cancer, a study by Jiang et al. involving approxi-
mately 26,000 HR+ de novo metastatic breast cancer patients showed 
statistically better overall survival results in the HER2-low group, but 
since this difference was only one month, its clinical significance is 
controversial [33]. The Australian metastatic breast cancer group also 
found no difference between HER2-low and HER2-zero groups in both 
HR+ patients and triple-negative patients [34]. 

The question of whether HER2 low expression status predicts treat-
ment response was specifically examined in breast cancer patients 
receiving neoadjuvant chemotherapy. In a pooled data analysis of four 
neoadjuvant chemotherapy clinical trials, pathologic complete response 
(pCR) was statistically significantly lower in the HER2-low group than in 
the HER2-zero group in HR-positive patients (17.5% vs. 23.6%). How-
ever, there was no difference in DFS and OS between the groups [10]. In 
the study by Kang et al. no correlation was shown between HER2 
expression and pCR in HR+ breast cancer patients [35]. In the intrinsic 
group analysis of HER2 low expressing tumors with PAM50, it was 
observed that HER2-low tumors were in the luminal subtype subgroup 
more than HER2-zero in HR + patients. HER2 enriched subtype was 
observed at a very low rate of approximately 3% in both groups. The 
basal subtype was found to be 9% in the HER2-zero group and 1.8% in 
the HER2-low group9. 

The number of studies investigating the effect of HER2 low status on 
treatment efficacy in metastatic hormone-positive breast cancer patients 
treated with CDK 4/6i + ET combination is quite limited. Bao et al. 
conducted a study in 106 metastatic HR + breast cancer patients treated 
with palbociclib/ribociclib and found that the mPFS of the HER2-low 
group was 8.9 months and the mPFS of the HER2-zero group was 18.8 
months [36]. In this study, the results should be interpreted with caution 
as the preferred CDKi was palbociclib with 85% of the patients and 
patients had a high rate of low HER2 expression (77%) compared to the 
literature. A multicentric study evaluating metastatic HR+ breast cancer 
patients receiving palbociclib + endocrine therapy combination as a 
first-line treatment showed that HER2 low status did not affect survival 

Table 2 
Prognostic factors for PFS in univariate and multivariate analysis.   

Univariate Analysis HR (%95CI) p-value Multivariate Analysis HR (%95 CI) p- value 

HER2-0 vs HER2 low 1.04 (0.69–1.56) 0.85   
Ki67<%20 vs Ki67>%20 1.35 (0.86–2.11) 0.19   
Grade 1–2 vs Grade 3 1.80 (1.12–2.88) 0.014 1.49 (0.92–2.41) 0.10 
De novo vs recurren disease 0.68 (.46–1.01) 0.057   
Visceral met vs non visceral met 3.20 (1.98–5.18) <0.001 2.70 (1.62–4.52) <0.001 
First-line treatment vs subsequent lines treatment 0.50 (0.33–.74) 0.001 1.76 (1.10–2.82) 0.017 
AI vs Fulvestrant 1.70 (1.16–2.51) 0.007 1.47 (0.92–2.33) 0.09 

HR:hazard ratio, CI:confidence interval. 

Fig. 3. OS of entire cohort according to HER2 status.  
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data [37]. The 2022 San Antonia Breast Cancer Symposium also 
included a study presentation showing that in 436 patients treated with 
a combination of CDK 4/6i and ET, the HER2 low status was indepen-
dently associated with worse PFS and OS [38]. In our study, HER2 low 
expression status was shown to have no effect on treatment response and 
PFS. The same comparison was made between first-line and subsequent 
use in subgroup analyses, and no difference was found. When subgroup 
analysis was performed according to the preferred CDK4/6 inhibitor, it 
was shown that HER2 low expression did not affect PFS in both palbo-
ciclib or ribociclib subgroups (Supplementary Figs. 1a and 1b). How-
ever, in de novo metastatic disease, a statistically insignificant mPFS 
favoring HER2-zero group was obtained (18 m vs. 27 m). This result may 
be related to the fact that in de novo metastatic disease, patients in the 
HER2-zero group used CDK4/6 inhibitors more as a first-line treatment 
and had a lower metastatic tumor burden (Supplementary Table 1). 
The observed discrepancies across studies may arise from variations in 
patient population, including differences in patient- and tumor-related 
characteristics. Additionally, diverse methods of assessing HER2 status 
could contribute to these discrepancies. The use of different types of 
backbone ET or CDK4/6i combination and order of treatment may 
further impact the results. Lastly, the presence of patients with different 
tumor burden may also be one of the reason for the conflicting results. 
Therefore, prospective and long follow-up studies are needed to inter-
pret these conflicting results to determine treatment strategies for met-
astatic HR + breast cancer in the ADCs era. 

The retrospective nature of our study has limitations, including se-
lection bias, confounding variables and recall bias. The most significant 
limitation is that HER2 expression evaluation was not centralized, which 
may have introduced variability in the results. Another limitation is that 
biopsy samples from metastases were not available for all patients, as 
this could have impacted the accuracy of the HER2 status assessment. 
Despite the retrospective study design and short follow-up period, the 
current study provides valuable insights into the effect of HER2 status on 
treatment outcomes in patients treated with CDK4/6i + ET combina-
tions. This study is unique in that it includes subgroup analyses and 
evaluates the effect of HER2 status on treatment response in patients 
receiving ribociclib, whereas most studies in the literature focus on 
palbociclib. 

5. .Conclusions 

In conclusion, our study suggests that HER2 expression status does 
not significantly affect treatment response and progression-free survival 
outcomes in metastatic HR+ breast cancer patients treated with CDK4/6 
inhibitor and endocrine therapy combination. However, in the subgroup 
of patients with recurrent metastatic disease, there was a trend towards 
longer PFS in favor of HER2 low status. Determining the impact of HER2 
status on patient outcomes will be crucial for treatment sequencing in 
HR+ metastatic breast cancer, considering the emergence of new 
treatment options. To confirm these findings and provide more 
conclusive evidence, prospective studies with standardized HER2 
assessment methods should be conducted, specifically targeting 
subgroups. 
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