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Abstract

Objective: CDK4/6 inhibitors are the standard first-line treatment for hormone receptor (HR)-
positive, HER2-negative metastatic breast cancer (MBC). However, treatment response shows
heterogeneity among patients. The objective of this multicentre, retrospective study is to investigate
real-world parameters affecting overall survival (OS) in patients receiving CDK4/6 inhibitor therapy,
particularly the effect of high oestrogen receptor (ER) expression (290%). Methods: A total of 603 HR-
positive/HER2-negative MMK patients treated with a CDK4/6 inhibitor (ribociclib or palbociclib)
from five centres were retrospectively reviewed. Age, menopausal status, metastatic status,
metastatic sites, pathological subtype, HER2 status (low/negative), ER expression level (< 90% vs
290%), progesterone receptor (PR) status, and prior endocrine therapy (ET) or chemotherapy (CT)
before CDK4/6 inhibitor were evaluated for their impact on OS using univariate and multivariate
Cox regression analyses. Results: In the univariate analysis, OS was significantly longer in patients
who did not receive ET prior to CDK4/6 inhibitor treatment (median OS: 51.0 months vs. 33.3 months;
p< 0.01). OS was also better in patients without liver metastases (50.0 months vs. 34.0 months;
p=0.019), those with bone metastases only (57.7 months vs. 40.5 months; p=0.022), and PR-positive
patients (50.0 months vs. 36.0 months; p=0.037) also had better OS. OS was numerically longer in
patients with ER expression 290% compared to those with < 90% (49.0 months vs. 41.0 months;
p=0.072). In multivariate analysis, not having received ET prior to CDK4/6 inhibitor therapy (p=0.045)
and high ER expression (=90%) (p=0.031) were independently associated with better OS. Conclusion:
Our study demonstrates that HR-positive/HER2-negative MBC patients who are naive to endocrine
therapy prior to CDK4/6 inhibitor treatment and have high ER expression (290%) in their tumours
derive greater OS benefit from this treatment. The ER expression level threshold of 290% may be
proposed as a potential biomarker for predicting response to CDK4/6 inhibitor therapy. These
findings necessitate further prospective studies to improve patient selection.
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1. Introduction

Breast cancer is the most commonly diagnosed malignancy worldwide and the leading cause of
cancer deaths in women globally [1].

Hormone receptor (HR)-positive tumors without HER2 overexpression are the most common
form of metastatic breast cancer, and endocrine therapy has long been the primary treatment method
for these patients [2]. CDK4/6 inhibitors have been shown to significantly improve outcomes in
patients diagnosed with HR-positive, HER2-negative metastatic breast cancer when used in
combination with endocrine therapy.[3].

In estrogen receptor (ER)-positive breast cancer, activation of the ER signaling pathway
upregulates the ER-cyclin D-CDK4/6pathway. Cyclin-CDKs pathway plays a pivotal role in cell-
cycleregulation [4]. When bound and activated by cyclin D, CDK4/6phosphorylates the
retinoblastoma protein (Rb), leading to therelease of the transcription factor E2F. This promotes
thetranscription of genes related to the cell cycle, driving the transition of cells [5-9]. Therefore, the
inhibition of both CDK4/6 and ER have shown clinical efficacy in ER+ advanced breast cancer [10].

Ribociclib, one of the CDK 4/6 inhibitors, demonstrated an OS benefit in patients with metastatic
breast cancer who were ER-2 negative and hormone negative when used with Al or AI with an ovary
suppressor in the MONALEESA-2 and MONALEESA-7 studies [11].

Palbociclib, another CDK 4/6 inhibitor, demonstrated an OS benefit in these patients in the
combined analysis of the PALOMA-1 and PALOMA-2 trials [12,13].

MONARCH 3 trial demonstrated significant improvements in progression-free survival and
objective response rate when combining abemaciclib with a nonsteroidal Al as initial therapy for
patients with HR-positive, HER2-negative advanced breast cancer [14,15,16].

CDK 4/6 inhibitors are the gold standard first-line treatment for patients diagnosed with
metastatic breast cancer who are hormone-positive and do not overexpress HER-2; however,
endocrine resistance develops in almost all patients. Furthermore, there are patient groups who do
not derive the expected benefit from this gold standard treatment. Therefore, it is important to
identify subgroups that will not benefit or will benefit less from CDK 4/6 inhibitors. Studies have
been conducted in this regard, such as comparisons of certain subgroups. In our study, we designed
this study with the aim of combining many different parameters in the patient group using CDK 4/6
inhibitors to show in which patient group CDK 4/6 inhibitors would be more beneficial and in which
groups less benefit would be seen.

2. Method

Our study is a multicentre, retrospective study. Patients who presented to the Medical Oncology
outpatient clinics at Selguk University Faculty of Medicine Hospital, Necmettin Erbakan University
Faculty of Medicine, Izmir City Hospital, Ege University Faculty of Medicine Hospital, and Manisa
Celal Bayar University Faculty of Medicine between May 2020 and June 2024 were included in the
study after reviewing their files.

Inclusion criteria were: 1) Diagnosis of metastatic breast cancer 2) Hormone-positive breast
cancer pathology and absence of Her-2 overexpression 3) Documented pathology report (de novo
metastatic or early-stage surgical pathology) 4) The patient having used a CDK 4/6 inhibitor at some
stage of their breast cancer treatment, 5) Being female (male breast cancer patients were not included
in the study)

To investigate the efficacy of CDK 4/6 inhibitors, the overall survival (OS) of patients was
calculated and compared. OS was calculated as the time from the start of CDK 4/6 inhibitor treatment
to death or the date of the last visit.

In these patients: age (over 65 years, between 65 and 35 years, and under 35 years), Her-2 status,
menopausal status (pre/perimenopausal, postmenopausal), metastatic status (de novo or systemic
recurrence), metastatic sites (visceral, bone-only, and liver metastasis presence), pathological
subtype, use of Ribociclib or Palbociclib among CDK 4/6 inhibitors, prior use of hormone therapy or
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chemotherapy before CDK 4/6 inhibitor treatment, ER status (below 90% or 90% and above), PR
status (negative or positive) were determined to affect survival using univariate analysis.
Subsequently, multivariate analysis was performed using data with p<0.1 in the univariate analysis
to determine the independent effect of these variables.

Tumour progression was assessed according to RECIST criteria.

Our study was conducted in accordance with the Helsinki Declaration and was reviewed and
approved by the Ethics Committee of Selguk University Faculty of Medicine.

All analyses were performed using the SPSS version 20.0 statistical software package for
Windows. We used the chi-square test to analyse differences in clinical characteristics between the
two groups. Overall survival was calculated using the log-rank test. We then used the Kaplan-Meier
method to plot survival curves and the Cox proportional hazards model to identify statistically
significant variables related to overall survival. Differences were considered significant when p <0.05.

3. Result

A total of 603 patients were included in our study. Patient characteristics are shown in Table 1.

Characteristic Patients
HER-2
Status 297
HER-2 Low 301
HER-2 Negative
Median age 56,5
> 65 years 168
<35 years 29
Menopausal status
Pre/perimenopausal 201
Postmenopausal 401
ER status
<90% 259
>90% 310
Unknown 34
PR status
Negative 139
Positive 430
Unknown 29
Pathology
Invasive ductal 525
Invasive lobular 51
Other 19
Unknown 7
Metastatic status
De-novo 308
Recurrent 295
Metastasis
Visceral metastasis 316
Only bone metastasis 135
Liver metastasis 136
Unknown 16
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CDK 4/6 Inhibitors
Ribosiclib 422
Palbosiclib 181

Tretatment before CDK 4/6 Inhibitors
Hormonotherapy before CDK 4/6 Inhibitors

Yes 144
No 458
Chemotherapy before CDK 4/6 Inhibitors
Yes 181
No 418

Table 2. The effects of the parameters on survival (univaryant analysis).

Variables P
Her-2 status
Her-2 low 0,479

Her-2 negative

Metastasis
Visceral metastasis 0,025
Only bone metastasis 0,022
Liver metastasis 0,019

ER status
< %90

0,072
> %90

PR status
Negative 0,037
Positive

Menopausal status
Pre/perimenopausal 0,775
Postmenopausal

Pathology
Invas.lve ductal 0,723
Invasive lobular

Other

Metastatic status
De-novo 0,757
Recurrent

CDK 4/6 Inhibitors
Ribosiclib 0,267
Palbosiclib

Treatment before CDK 4/6 Inhibitors
Hormonotherapy before CDK 4/6 Inhibitors <0,01
Chemotheray before CDK 4/6 Inhibitors 0,01

Age
<35 years 0,848

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://translate.google.com/translate?u=https://www.datacenterknowledge.com/data-center-software/how-to-type-the-greater-than-or-equal-to-symbol-&hl=tr&sl=en&tl=tr&client=rq#:~:text=Windows%20PC'nizde%2C%20belgenizde%20b%C3%BCy%C3%BCk,bas%C4%B1l%C4%B1%20tutarak%20242%20rakamlar%C4%B1n%C4%B1%20yaz%C4%B1n%20.
https://translate.google.com/translate?u=https://www.datacenterknowledge.com/data-center-software/how-to-type-the-greater-than-or-equal-to-symbol-&hl=tr&sl=en&tl=tr&client=rq#:~:text=Windows%20PC'nizde%2C%20belgenizde%20b%C3%BCy%C3%BCk,bas%C4%B1l%C4%B1%20tutarak%20242%20rakamlar%C4%B1n%C4%B1%20yaz%C4%B1n%20.
https://doi.org/10.20944/preprints202509.2441.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 September 2025 d0i:10.20944/preprints202509.2441.v1

5 of 15

>65 years 0,695

Table 3. The effects parameters on survival were investigated by Cox regression analysis (multivariant

analysis).
Variables P
Metastasis
Visceral metastasis 0,237
Only bone metastasis 0,586
Liver metastasis 0,332
ER status
< %90
0 0,031
> %90
PR status
Negative 0,231
Positive

Metastatic status

De-novo 0,813
Recurrent
CDK 4/6 Inhibitors
Ribosiclib 0,127
Palbosiclib
Treatment before CDK 4/6 Inhibitors
Hormonotherapy before CDK 4/6 Inhibitors 0,045
Chemotherapy before CDK 4/6 Inhibitors 0,530
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Figure 1. Liver metastasis status, univaryant analysis.
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Figure 2. PR status, univaryant analysis.
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Figure 3. Only bone metastasis status, univaryant analysis.
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Figure 4. Chemotherapy before CDK 4/6 Inhibitors, univaryant analysis.
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Figure 5. Hormonotherapy before CDK 4/6 Inhibitor, univaryant analysis.
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Figure 6. Visseral metastasis status, univaryant analysis.
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Figure 7. ER status, univaryant analysis.

Age, pathology (invasive ductal, invasive lobular, and others), menopausal status
(pre/perimenopausal, postmenopausal), ER status (below 90%, 90% and above), PR status (negative
or positive), metastatic status (systemic recurrence or de novo), metastasis sites (visceral metastasis,
presence of liver metastasis, bone metastasis only), which CDK 4/6 inhibitor was used (Palbociclib or
Ribociclib), and whether hormone therapy or chemotherapy was used prior to CDK 4/6 inhibitor are
presented in Table 2 (univariate analysis).
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In the univariate analysis, a statistically significant difference was found between patients who
did not receive hormone therapy prior to CDK 4/6 inhibitor use and those who did. The median OS
was 51.023 months in patients who did not receive hormone therapy prior to CDK 4/6 inhibitor use
and 33.314 months in patients who received hormone therapy prior to CDK 4/6 inhibitor use (p:<0.01).

Similarly, in the univariate analysis, a statistically significant difference was found between
patients who did not receive chemotherapy prior to CDK 4/6 inhibitor use and patients who received
chemotherapy prior to CDK 4/6 inhibitor use. The median OS was 46.982 months in patients who did
not receive chemotherapy prior to CDK 4/6 inhibitor use and 38.472 months in patients who received
chemotherapy prior to CDK 4/6 inhibitor use, showing a statistically significant difference (p: 0.01).

In the univariate analysis, the median OS was 33.971 months in the presence of liver metastases
and 50.004 months in the absence of liver metastases, and a statistically significant difference was
found (p:0.019).

Furthermore, in univariate analysis, the median OS was 50.004 months in PR-positive patients
and 36.008 months in PR-negative patients, showing a statistically significant difference (p=0.037).

Among patients with metastatic breast cancer, OS was 57.692 months only in the presence of
bone metastases, while the median OS in the group outside this group was 40.476 months (p: 0.022).
Furthermore, in the univariate analysis comparing patients without visceral metastases to those with
visceral metastases, the median OS was 51.023 months in patients without visceral metastases, while
the median OS was 40.476 months in patients with visceral metastases (p=0.025).

In a univariate analysis comparing strong ER positivity with patients whose ER ratio was below
90%, the median OS was 49.018 months in patients with strong ER positivity (ER value >90%) and
40.969 months in patients with an ER value below 90% (p=0.072).

Other parameters evaluated in univariate analysis, including which CDK 4/6 inhibitor was used,
HER-2 low or negative status, menopausal status, metastatic status, and pathological subtype
analysis, did not show statistical significance.

In the multivariate analysis (Table 3), statistically significant results were obtained in patients
who did not receive hormone therapy prior to CDK 4/6 inhibitor treatment (p=0.045). Furthermore, a
statistically significant difference was observed in cases of strong ER positivity, i.e., ER values of 90%
or higher (p: 0.031). In univariate analysis, the absence of liver metastasis showed a statistically
significant difference, while in multivariate analysis, although a numerical difference was observed,
statistical significance could not be demonstrated.

4. Discussion

In the treatment of metastatic breast cancer, CDK 4/6 inhibitors constitute first-line therapy in
cases where there is no hormone positivity or HER-2 overexpression. However, treatment responses
to CDK 4/6 inhibitors vary in this heterogeneous patient group. In this study, we designed a study to
investigate factors affecting OS in the use of CDK 4/6 inhibitors. ER high positivity (90% and above
or below 90%), PR positivity (positive or negative), age, menopausal status, pathological subtype,
Her-2 status (negative or low), presence of liver metastases, presence of visceral metastases, presence
of bone metastases only, history of hormone therapy or chemotherapy prior to CDK 4/6 inhibitor use,
metastatic status at diagnosis (de novo or systemic recurrence), and which CDK 4/6 inhibitor was
used (ribociclib or palbociclib).

In breast cancer, ER positivity is an important parameter in evaluating the response to endocrine
therapy. A study by Allison et al. [17] suggests that using a 1% threshold for ER may be insufficient
and that higher ER expression levels are associated with a better prognosis and possibly a better
response to endocrine therapy. In their study [18] on the bioanalysis of the PALOMA-2 and
PALOMA-3 trials, Finn et al. performed subgroup analyses [18] and found that the CDK4/6
inhibitor palbociclib was associated with a better response to endocrine therapy in patients with
higher ER expression levels. -3 trials [18] demonstrated that the benefit of the CDK4/6 inhibitor
palbociclib was more pronounced in tumours with high ER positivity (=50% by IHC).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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MONALEESA-2 trial [11] demonstrated that the superiority of the letrozole + palbociclib
combination on PFS (Progression-Free Survival) was observed in all ER-positive/HER2-negative
patients, but this benefit was further increased in the group with the highest ER expression level
(Allred score 7-8 or 80-100% positivity).

There are no studies on high ER positivity (290%). In our study, a significant difference was
found in multivariate analyses regarding the use of CDK 4/6 inhibitors in high ER positivity.

The use of CDK 4/6 inhibitors is common in the first line of treatment for patients diagnosed
with metastatic breast cancer who are hormone-positive and do not overexpress Her-2, as their
contribution to overall survival (OS) and progression-free survival (PFS) is well established.
Subgroup analyses are being conducted to determine in which subgroups of these patients the use of
CDK 4/6 inhibitors provides greater benefit or in which patient groups early recurrence is observed.
In our study, the contribution of CDK 4/6 inhibitors was lower in patients who had received hormone
therapy prior to CDK 4/6 inhibitor use, and significant results were obtained in both univariate and
multivariate analyses in hormone therapy-naive patients. However, when analysing patients in this
group who had received chemotherapy prior to CDK 4/6 inhibitor use, statistically significant results
were obtained in univariate analysis, but not in multivariate analysis.

While patients with PR-positive tumours also experience improved outcomes with ET, PR is
considered a functional indicator of the ER pathway [19]. It is established that PR status can divide
ER-positive tumours into different prognostic categories. Evidence suggests that PR positivity,
independent of ER status, predicts ET response, and it is recommended that PR be considered when
making ET decisions for patients [20].

In a single-centre study by Oner and colleagues [21] involving 244 patients, it was demonstrated
that PR positivity, in addition to ER positivity, contributed significantly to PFS in metastatic breast
cancer patients using CDK 4/6 inhibitors. Similarly, in our study, PR-positive patients showed a
significant difference in univariate analysis compared to PR-negative patients when using CDK 4/6
inhibitors; however, in multivariate analysis, although a numerical difference was observed, no
statistically significant difference was detected.

In a multicentre retrospective study by Toss and colleagues, it was demonstrated that the
presence of bone metastases alone in patients diagnosed with metastatic breast cancer who were
hormone-positive and HER-2 low or negative contributed significantly to OS compared to the
presence of external visceral metastases [22]. Similarly, a study by Niikula et al. obtained similar
results [23]. In our study, although it was numerically demonstrated that the presence of bone
metastases alone in patients diagnosed with metastatic breast cancer contributed significantly to OS,
no statistically significant results were obtained.

Approximately 20% of breast cancer patients will experience relapse, and 50-70% of metastatic
breast cancer cases involve the liver [24]. Prognosis is poor following metastasis to the liver, with the
median survival rate being only 2-3 years [25]. In our study, the effect of liver metastasis on OS was
demonstrated numerically but not statistically

Patients with de novo MBC tend to have a better prognosis compared with those with recurrent
MBC [26,27]. Being naive to treatment, they may respond better to systemic therapy, whereas
inherent biological differences could also explain this phenomenon [28,29]. In a multicentre study of
10,655 patients conducted by Barcenas et al. [30], systemic and targeted therapy was shown to
contribute to better OS and PFS in patients diagnosed with metastatic breast cancer with de novo
disease compared to those with recurrent disease. However, in our study, although OS was
numerically better in de novo disease, no statistically significant difference was demonstrated.

HER?2-low tumours constitute a heterogeneous population that includes both hormone receptor-
positive and hormone receptor-negative breast cancers with varying prognosis and sensitivity to
systemic therapies [31]. In a multicentre study of 423 patients with HER2-low and HER2-negative
breast cancer conducted by Kahraman and colleagues [32] on the treatment efficacy of CDK 4/6
inhibitors, no difference in OS and PFS was observed between HER2-low and HER2-negative biology
with the use of CDK 4/6 inhibitors. A similar study was conducted by Onder and colleagues [33] in a
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single centre with 258 patients, and similarly, no significant OS difference was demonstrated in HER-
2 low and HER-2 negative patients with CDK 4/6 inhibitor use. Similarly, in our study, no difference
in OS was demonstrated with the use of CDK 4/6 inhibitors in HER-2 low and HER-2 negative
patients.

The use of CDK 4/6 inhibitors is common in patients diagnosed with metastatic breast cancer. In
a study by Thrill and colleagues [34] involving 623 patients, which compared OS and PFS with the
use of the CDK 4/6 inhibitors ribociclib and palbociclib, no difference in OS and PFS was
demonstrated between ribociclib and palbociclib. Similarly, in our study, no statistically significant
difference was observed between the use of the two CDK 4/6 inhibitors.

Various studies exist on whether there is a difference in the contribution of CDK 4/6 inhibitor
use to OS in premenopausal and postmenopausal patients diagnosed with breast cancer. In a study
by Schettini et al. [35], which included a pooled analysis of six studies, no difference in OS was
demonstrated between postmenopausal and premenopausal patients. Similarly, in our study, no
statistically significant difference in OS was demonstrated between postmenopausal and
premenopausal patients using CDK 4/6 inhibitors. The same study also examined the effects of CDK
4/6 inhibitor use on the age factor, and no difference in OS and PFS was demonstrated in the analysis
between patients under and over 65 years of age. In the MONALEESA-7 study, a subgroup analysis
based on age was performed for ribociclib and endocrine therapy [36], and efficacy was found to be
consistent across all age groups (<25, 25-39, 40-59 years). Similarly, in our study, the age analysis
showed no statistically significant difference in OS between patients aged 65 years and older and
those aged 35 years and younger.

Although treatment options vary according to pathological subgroups in breast cancer, CDK 4/6
inhibitors are preferred as first-line therapy in metastatic disease in cases of hormone-positive and
HER-2 non-overexpression ductal carcinoma, lobular carcinoma, and other subgroups. In a
multicentre study of 1,213 patients with metastatic breast cancer diagnosed with ductal carcinoma or
lobular carcinoma, Toda and colleagues [37] conducted a multicentre study involving 1,213 patients
to investigate the use of CDK 4/6 inhibitors in patients with metastatic breast cancer diagnosed with
ductal carcinoma and lobular carcinoma, and to examine the difference in OS and PFS. Similar PFS
results were obtained for lobular carcinoma and ductal carcinoma, but OS was found to be lower in
patients diagnosed with lobular carcinoma. However, in this study, the mean age of patients
diagnosed with lobular carcinoma was higher than that of patients diagnosed with ductal carcinoma.
In our study, when comparing CDK 4/6 inhibitor use in ductal carcinoma, lobular carcinoma, and
other pathological subgroups, no significant difference was observed in terms of OS.

CDK 4/6 inhibitors are among physicians' first choices as they contribute to meaningful PFS and
OS in metastatic breast cancer in the first line of treatment. However, some patient groups experience
progression earlier than expected, and although the reason for this is not fully understood, it is
thought to be due to factors such as differences in tumour biology, patient clinical status at diagnosis,
and areas of metastasis.

With our study, we aimed to highlight the factors affecting OS in the use of CDK inhibitors in a
heterogeneous group of breast cancer patients. It was found that not having used hormone therapy
prior to CDK inhibitor treatment contributed to OS, and that strong ER positivity similarly
contributed to OS.

As a multicentre retrospective study, our work aimed to demonstrate the effect of CDK
inhibitors in this heterogeneous patient group and to guide patient selection. Several limiting factors
were present in our study; the retrospective nature of the study and the heterogeneity of the patient
groups were the most important of these. Further multicentre studies involving more patients are
needed in this area.

5. Conclusions

In metastatic breast cancer, CDK 4/6 inhibitors are the gold standard treatment for hormone-
positive disease without HER-2 overexpression; however, due to the heterogeneous nature of breast
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cancer, the benefit of CDK4/6 inhibitors in some subgroups is considerably less than expected. Our
study aimed to analyse these subgroups and identify those that would benefit from CDK4/6
inhibitors. Our findings are valuable as this is the first study in the literature to focus on strong ER
positivity. We demonstrated the contribution of CDK4/6 inhibitor use to overall survival (OS) in
patients with ER 90% and above, and the contribution of CDK4/6 inhibitor use to OS in patients who
had not received hormone therapy prior to CDK4/6 inhibitor treatment. Our study is noteworthy as
it is the first to investigate the efficacy of CDK4/6 inhibitor use in ER high positivity and has yielded
statistically significant results.

Despite various limiting factors, our study is important due to the data obtained being indicative
in this regard, as it is a multicentre and comprehensive study on the use of CDK 4/6 inhibitors.
Multicentre studies involving larger patient groups are needed.
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