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Objective: This study aimed to analyze the predictive and prognostic value of HER2-low
expression in hormone receptor (HR) positive human epidermal growth factor receptor-2
(HER2) negative metastatic breast cancer patients receiving cyclin-dependent kinase-4/6
inhibitor (CDK4/61) therapy.

Methods: This retrospective study included patients who received CDK4/6i plus
endocrine therapy (ET). The pathological and clinical characteristics and survival times
of the patients were compared and analyzed.

Results: Our study included 122 patients. There were HER2-zero 88(72%) and HER2-
low 34 (28%) patients. The median progression free survival (mPFS) of all patients who
received CDK4/6i+ET was 21 (95% confidence interval (CI),18.5-23.5) months, while
mPFS was not reached in the HER2-zero group, and mPFS in the HER2-low group was
12 (95%CI, 6.8—17.1) months (p=0.001). The mPFS was shorter in patients with primary
endocrine resistance (6 vs. 21 months, p=0.001). There was a change in the HER2-low
status of 26(45%) patients with recurrence compared to the first biopsy. In the HER2-
zero and HER2-low groups, 22(25%) and 24(71%) patients, respectively, progressed
with CDK4/6i+ET (p=0.001). Estrogen receptor (ER) levels less than and greater
than 50% resulted different mPFS (6 and 21 months, respectively) (p=0.025). Median
PES differed based on CDK4/6i+ET combination, treatment line, and best treatment
response (all p=0.001). In multivariate analysis, HER2 status(p=0.018), chemotherapy
status(p=0.006), best response status with CDK4/6i (p=0.001) for PFS, and best response
status with CDK4/6i therapy (p=0.007) for OS were significant.

Conclusions: In patients with HR+HER- metastatic breast cancer receiving CDK4/61
therapy, the duration of mPFS was lower in the HER2-low group than that in the HER2-
zero group. HER2-low expression is a predictive biomarker of response to CDK4/6

inhibitor therapy.
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INTRODUCTION

Breast cancer is the most common and important cancer in
women [1]. Breast cancer is divided into four groups according
to HER2, HR and ki-67 proliferation index [2]. Currently, it is
difficult to routinely assess gene expression profiles, and the
treatment and management of patients are based on the HR and
HER?2 status.

HER2 expression is reported according to College of American
Pathologists (CAP) guidelines [3]. HER2 expression status was
further discussed after trastuzumab deruxtecan showed superior
efficacy in the DESTINY-Breast-04 trial [4].
HER2 immunohistochemistry (IHC) scorel+ or 2+ but in situ
hybridization (ISH) negative patients are defined as “HER2-

In this study,

low”. HER2-low expression is present in 30% of patients with
triple-negative breast cancer [5], 43% of patient with non-
metastatic breast cancer [6]. The HER2-low ratio was 48% in
the HR-negative group and 67% in the HR-positive group [7].
There are differences in the results of previous studies regarding
the prognostic significance of HER2-low status in breast
cancer. HER2-low expression in early-stage breast cancer were
associated with better survival [7]. In metastatic triple negative

patients, HER2 expression had no prognostic significance [5].

A complex bidirectional double crosstalk mechanism between
the ER and HER2 pathways has been implicated in endocrine
resistance in patients with luminal-B breast cancer [8]. Therefore,
it is important to investigate the predictive and prognostic value
of HER2-low expression in HR+HER2-patients receiving
CDK4/6i therapy. Douganiotis G et al. found that there was
no significant difference in PFS in patients receiving CDK4/61

treatment; However, PFS was shorter in HER2-low patients [9].

Main Points;

e HER-2 low status is present in approximately half of all
breast cancers patients.

e HER2 expression is dynamic and can change with
disease progression.

e In patients with HR+HER-metastatic breast cancer
receiving CDK4/6i therapy, the duration of mPFS was
lower in the HER2-low group than that in the HER2-
Zero group.

e HER2-low expression is a predictive biomarker of

response to CDK4/6 inhibitor therapy.
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Carlino et al. found that HER2-low or HER2-zero expression
had no significant effect on patients receiving palbociclib [10].
Bao et al. showed that PFS was significantly shorter in HER2-
low patients who received CDK4/6i [11].

Different results have been obtained by studies on the predictive
and prognostic value of HER2-low expression in patients with
HR+ and HER2- metastatic breast cancer receiving CDK4/6i
therapy. This study aimed to comprehensively evaluate the
prognostic and predictive value of HER2-low expression in
patients with HR positive HER2 negative metastatic breast

cancer receiving CDK4/61 therapy at a single center.

MATERIALS AND METHODS

Study Design

This study was conducted at the Oncology Clinic of the
Gaziantep University Faculty of Medicine (Ethics Committee
of the Gaziantep University Faculty of Medicine, n0.2023/48).
Inclusion criteria: Patients age older 18 years, who received
CDK4/6i treatment for HR positive and HER2 negative
metastatic breast cancer, and for whom follow-up and treatment-
related information could be obtained. Patients diagnosed with
male breast cancer, second malignancy, performance score
(PS)>2, and those with no information regarding treatment or

response were excluded from the study.

Patients who received CDK4/6i treatment between May 2020 and
February 2023 were screened retrospectively at a single center. A
total of 122 patients who met the inclusion criteria were included
in this study. Parameters such as age at diagnosis, sex, PS, HER2
status at diagnosis, PR, ER levels and, ki-67 proliferation index
in biopsy, stage at diagnosis, endocrine treatment received,
endocrine resistance status, luminal type, treatments received
before or after CDK4/6i treatment, date of progression, last
control, and mortality date were obtained from the patient files

or electronic systems.

Variables and Outcome Definition

In Turkey, ribociclib and palbociclib were included on the list of
reimbursement agencies in May 2020. However, abemaciclib is
not included in the list. All patients in the study were at stage-4;
some had de novo metastasis while some had metastasis with
recurrence during follow-up. Some patients received cytotoxic
chemotherapy during the neoadjuvant phase, whereas others
received cytotoxic chemotherapy before or after CDK4/6i
treatment during the metastatic phase. Before CDK4/6i was
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included in the scope of reimbursement, some patients received
cytotoxic chemotherapy prior to CDK4/6i treatment during the
metastatic period, regardless of tumor burden.

For standardization, ER, PR, HER2, and ki-67 proliferation
index values in breast biopsies at the time of diagnosis were
analyzed. In patients who were diagnosed at the local stage and
developed recurrence during follow-up, a repeat biopsy was
usually performed for metastatic lesions. Patients who were
HER2 positive in the control biopsy were excluded from the
study. The discordance in HER2 status between diagnostic and

repeat biopsies of patients with recurrence was also analyzed.

HER2-zero was defined as an IHC score 0, and HER2-low was
defined as IHC score 1 or 2++ but with ISH-negative results. For
ER, <1% was defined as negative, 1-9% as weakly positive, 10—
49% as moderately positive, and 50-100% as strongly positive.
PR and ki-67 were analyzed by dividing into two groups: between
1% and 20%, and >20%.

During CDK4/61 treatment, response evaluation is usually
performed using physical examination, radiological evaluation,
hemogram, biochemistry, and tumor markers. The patients’ best
responses to treatment were screened retrospectively. Endocrine
resistance was analyzed as a factor that may affect the PFS
duration of patients treated with CDK4/6 inhibitors. Endocrine
resistance, and endocrine sensitivity were analyzed according to
the advanced breast cancer (ABC) 4 guidelines [12].

PFS was defined as the time from initiation of CDK4/61 treatment
to the date of progression, last control, or mortality. OS was
defined as the time from CDK4/61 initiation to the date of the last

follow-up or mortality.

Statistical Analysis

The distribution pattern and descriptive characteristics of the
variables were analyzed. Since the variables are generally
non-parametric, the Mann-Whitney U test was often used
for comparison. The association between HER2 status and
clinicopathological features was evaluated using the chi-
squared or Fisher’s exact test. Survival of HER2 groups was
analyzed using the Kaplan-Meier method. The multivariate Cox
model included HER2 expression status, ER-positive levels,
combination of CDK4/6i and ET, chemotherapy status, and best
response to CDK4/6i treatment. Data were recorded in the SPSS
program (SPSS Inc., Chicago, IL, USA) and statistical analysis
were performed. p<0.05 was accepted for significance.

XX
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RESULTS

Patient Characteristics

A total of 122 eligible patients were included. Among these
patients, 88 (72%) were HER2-zero and 34 (28%) were HER2-
low. Among the HER2-low patients, 19 (16%) had an THC
scorel+ and 15 (12%) had an IHC score2++/ISH-negative. The
median age of the study cohort was 48 (27-87)years. Ribociclib
and palbociclib were administered to 81 (66%) and 41 (34%)
patients respectively. While 72 (59%) patients had de novo
metastasis, 50 (41%) had recurrence. Among patients with
recurrence, 47 patients received adjuvant ET before recurrence.
The HER2 groups were compared according to the patients’
baseline characteristics (Table-1). The baseline characteristics
were similar between the groups. However, a higher proportion
of patients in the HER2-zero group did not receive cytotoxic
chemotherapy (HER2-zero group: 39.8%; HER2-low group:
8.8%) (p=0.004).

In patients with recurrence, the conversion from HER2-zero at
diagnosis to HER2-low at recurrence was 16%, the conversion
from HER2-low at diagnosis to HER2-zero at recurrence was
29%, while the HER2 status remained unchanged in 55% of
patients. HER2 groups were compared in terms of ER level,
PR level, ki-67 proliferation index, tumor grade, luminal type,
histological type, and CDK4/6i+ET combination (Table-2). The
frequency of lung, liver, brain, lymph node, and bone metastases
was similar between HER2 groups (all p>0.05). A significant
correlation was observed between the best response to CDK4/61
treatment and endocrine resistance. While three patients with
complete response were endocrine sensitive, 9 of the 11 patients
who progressed had secondary endocrine resistance (p=0.028).
There were no correlations between the development of endocrine
resistance and the PR level, ER level, ki-67 proliferation index,
or HER2 expression status (all p>0.05).

In the HER2-zero group, 52 (59%) patients received first-line
treatment and 19 (21%) patients received third-line treatment
and subsequent CDK4/6 inhibitor therapy, while in the HER2-
low group, 9 (26%) patients received first-line treatment and 18
(52%) patients received third-line treatment and subsequently
underwent CDK4/6 treatment (p=0.001). In the HER2-zero and
HER2-low groups, 22 (25%) and 24 (71%) patients, respectively,
progressed with CDK4/6i+ET (p=0.001). The HER2 expression
status did not affect the best response to CDK4/6i+ET treatment
(p=0.497). Prior to CDK4/61 treatment, 40 (33%) patients had a
median history of 17.5(3—65) months of ET during metastasis.
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Table 1. Patient and treatment characteristics of HER2-zero and HER2-low patients
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Demographics All (n:122) Her2-zero (n:88) | Her2-low (n:34)
n (%) n(%) n(%) p value
(median (min-max)) 48(27-87) 49 (27-85) 47.5(29-87) 0.444
Age(years) <65 100(82) 71(80.7) 29(85.3)
>65 22(18) 17 (19.3) 5(14.7) 0.5
PS-0 64(52.5) 50 (56.8) 14 (41.2)
Performance score(PS) PS-1 53(43.4) 35(39.8) 18 (52.9) 0.323
PS-2 5(4.1) 3(3.4) 2(5.9)
Stage-1 2(1.6) 2(2.3) 0(0)
Stage-2 11(9) 7(8) 4(11.8)
Stage at diagnosis 0.648
Stage-3 38(31.1) 26(29.5) 12 (35.3)
Stage-4 71(58.2) 53(60.2) 18 (52.9)
Tamoxifen 11(23.4) 8(23.5) 3(23.1)
Adjuvant endocrine Tamoxifen+GnRH 18(38.3) 14(41.2) 4(30.8) 0766
therapy Aromatase inhibitor(Al) 17(36.2) 11(324) 6(46.2)
Al+ GnRH 1(2.1) 129) 0(0)
Premenopause 47(38.5) 33(37.5) 14 (41.2)
Menopause status Perimenopause 13(10.7) 10(11.4) 3(8.8) 0.887
Postmenopause 62(50.8) 45 (51.1) 17 (50)
Recurrence patients 50(41) 35(39.8) 15 (44.1)
Metastasis status 0.662
De novo metastasis 72(59) 53 (60.2) 19(55.9)
Neo/adjuvant received 46(37.7) 30 (34.1) 16 (47.1)
Chemotherapy status Received in the metastatic stage 38(31.1) 23(26.1) 15 (44.1) 0.004
Did not receive 38(31.1) 35(39.8) 3(8.8)
Palliative 28(23) 17 (19.3) 11 (32.4)
Radiotherapy status Adjuvant 37(30.3) 26 (29.5) 11 (32.4) 0.202
Did not receive 57(46.7) 45(51.1) 12(35.3)
Ribociclib 81(66.4) 61(69.3) 20 (58.8)
CDK4-6i 0.271
Palbociclib 41(33.6) 27 (30.7) 14 (41.2)
Endocrine sensitive 58(47.5) 42 (47.7) 16 (47.1)
Endocrine resistance Primary resistance. 15(12.3) 10 (11.4) 5(14.7) 0.874
Secondary resistance. 49(40.2) 36 (40.9) 13(38.2)

GnRH: Gonadotropin-releasing hormone, CDK4/6i:Cyclin-dependent kinase 4 and 6 inhibitors.

XX



European Journal of Therapeutics (2024) Arak H, Kus T.
Table 2. Distribution of tumor characteristics and combination of CDK4/61 and endocrine therapy in both groups
Demographics All (n:122) Her2-0 (n:88) Her2-low
p value
n(%) n(%) (n:34) n(%)

Invasive ductal carcinoma 84(68.9) 58 (65.9) 26 (76.5)

Histological Type Invasive lobular carcinoma 15(12.3) 11 (12.5) 4(11.8) 0.435
NOS 23(18.9) 19 (21.6) 4(11.8)
1-9% 2(1.6) 0 (0) 2(5.9)

Percentage of ER 10-49% 7(5.7) 5(5.7) 2(5.9) 0.071
50-100% 113(92.6) 83 (94.3) 30 (88.2)
Negative 10(8.2) 6 (6.8) 4(11.8)

Percentage of PR 1-20 % 19(15.6) 13 (14.8) 6 (17.6) 0.589
>20% 93(76.2) 69 (78.4) 24 (70.6)
Unknown 22(18) 14 (15.9) 8 (23.5)

ki-67 proliferation index 0-20% 36(29.5) 28 (31.8) 8 (23.5) 0.506
>20% 64(52.5) 46 (52.3) 18 (52.9)
grade-1 8(6.6) 7(8) 1(2.9)
grade-2 59(48.4) 42 (47.7) 17 (50)

Grade 0.726
grade-3 21(17.2) 14 (15.9) 7 (20.6)
Unknown 34(27.9) 25(28.4) 9 (26.5)
luminal-A 33(27) 26 (29.5) 7 (20.6)

Luminal type 0.318
luminal-B 89873) 62 (70.5) 27 (79.4)
Palbociclib+letrozole 24(19.7) 16 (18.2) 8 (23.5)

Combination of CDK4/6i and Ribociclib+letrozole 47(38.5) 35(39.8) 12 (35.3)

_ 0.737

endocrine therapy Palbociclib+fulvestrant 17(13.9) 11 (12.5) 6 (17.6)
Ribociclib+fulvestrant 34(27.9) 26 (29.5) 8 (23.5)
Aromatase inhibitor 71(58.2) 51 (58) 20 (58.8)

Concomitant endocrine therapy 0.930
Fulvestrant 51(41.3) 37 (42) 14 (41.2)

NOS: No Specific Type, ER: Estrogen receptor, PR: Progesterone receptor, CDK4/6i: Cyclin-dependent kinase 4 and 6 inhibitors

Survival Analysis

There were differences in the duration of mPFS in subgroups
based on HER2 status, best response to CDK4/6i treatment,
concomitant ET, CDK4/61 treatment line, ER level, and
chemotherapy status (Table-3). In the HER2-zero group, median
PFS duration was not reached. Median PFS was 12 (95% CI,
6.8-17.1) months in the HER2-low group and 21 (95% CI, 18.5—
23.5) months in all patients (p=0.001) (Figure-1A). Median PFS

XX

was 20 (95% CI, 9.2-30.8) months in the IHC scorel+ group and
6 (95% CI, 3.4-8.6) months in the IHC score2++/ISH negative
group (p=0.001). In the multivariate analysis, HER2 status at
diagnosis, cytotoxic chemotherapy status, and best response to
CDK4/6i+ET treatment were significant parameters for PFS (p =
0.018, p =0.006, p = 0.001, respectively) (Table-4). At the time
of analysis, 46 (38%) patients had progressed with CDK4/6i+ET
therapy and 76 (62%) patients were on CDK4/6i+ET therapy.
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Table 3. Comparison of groups with different PFS and overall survival by Kaplan—-Meier method
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PFS oS

Variables Median(95%CI) | p value Mean(95%CI) p value

month month

HER?2 status HER2-zero NR 0.001 25.7(23.3-28.2) 0.195
HER2-low 12(6.8-17.2) 30.3(24.3-36.4)

All patients 21(18.5-23.5) 32.9(9.5-36.4)

CDK4/6i Ribociclib 20(17.4-22.6) 0.530 33.4(29.3-37.6) 0.631
Palbociclib 21(10.9-31) 23.5(20-26.9)

Change in HER?2 status Her2-zero then became Her2-low NR 0.001 25.4(20.7-30.2) 0.031
Her2-low then became Her2-zero 9(4-13.9) 20.2(15.2-25.3)

Her2 unchanged 17(10.8-23.2) 21.5(16.8-26.2)
There was no repeat biopsy NR 36.7(32.5-41)

Metastasis status Recurrence 17(8.5-25.5) 0.052 22.6(19.1-26.2) 0.018
De novo metastatic 27(18.8-35.2) 35.1(31-39.3)

Best response to CDK4/61 partial response 23(18.2-27.8) 0.001 37.5(33.8-40.9) 0.001
stable disease 9(7.2-10.7) 21.8(17.2-26.5)
progressive disease 3(1.9-4.1) 8.3(4.5-12)

Progression with CDK4/6i No 29.6(28.1-31.1) 0.001
Yes 25.3(20-30.5)

Concurrent endocrine therapy aromatase inhibitor NR 0.01 36.3(32-40.8) 0.003
Fulvestrant 18(8.3-27.7) 21(17.5-24.8)

CDK4/6i therapy line 1.line NR 0.001 26.3(23.5-29) 0.527
2.line NR 24.2(19.5-28.8)
3.line 12(7.4-16.6) 32.4(24.6-40.2)
4.line and later 9(3.9-14) 17.9(13.6-22.3)

Primary endocrine resistance No 21(14.5-27.5) 0.001 34(31.4-38) 0.001
Yes 6(4.7-7.2) 16(10-22.9)

Estrogen receptor status 1-9% NR 0.025 10(0.3-19.7) 0.172
10-49% 6(2.1-9.8) 18.7(9.8-27.5)

50-100% 21(18.7-23.2) 33.5(30-37)

CDK4-6i plus endocrine therapy | Palbociclib+letrozole NR 0.001 28.7(26.3-31) 0.001
Ribociclib+letrozole NR 34(28-39.9)
Palbociclib+fulvestrant 7(4.7-9.2) 14.4(8.6-20)
Ribociclib+fulvestrant 19(13.9-24) 24.1(20-28)

chemotherapy status Did not receive NR 0.001 21.3(17.9-24.8) 0.047
Received in the metastatic stage 12(0-25.2) 31(25-37)

Neoadjuvant received 17(8.8-25.2) 28.9(26-31.6)

PFS: Progression-free survival, OS: Overall survival, NR: Not reached,CDK4/6i: Cyclin-dependent kinase 4 and 6 inhibitors
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Table 4. Univariable and multivariable analysis of parameters affecting mPFS duration
Univariable Multivariable

Variables HR(95% CI) p value HR(95% CI) p value

HER2 Score-0 Reference 0.001 Reference 0.018
Score-(+1) 1.8(0.9-3.8) 2.08(0.90-4.79)
Score-(+2)/ISH(-) 4.3(2.1-8.8) 3.21(1.38-7.44)

ER >50% Reference 0.05 Reference 0.223
10-49% 5.5(1.3-23) 4.59(0.76-27.8)
1-9% 1.4(0.5-3.9) 1.60(0.49-5.12)

CDK4-6i+ET Palbociclib+letrozole Reference 0.015 Reference 0.753
Ribociclib+letrozole 1.3(0.5-3.5) 1.32(0.46-3.77)
Palbociclib+fulvestran 4.1(1.5-11.2) 1.68(0.54-5.16)
Ribociclib+fulvestrant 2(0.8-5.2) 1.05(0.38-2.88)

chemotherapy status Did not receive Reference 0.003 Reference 0.006
Received in the metastatic stage | 10.8(2.5-46) 3.56(0.69-18.3)
Neoadjuvant received 12.1(2.8-51.6) 8.99(1.77-45)

CDK4-6i+ET best response partial regression Reference 0.001 Reference 0.001
stable disease 3(1.5-6) 2.98(1.38-6.44)
progressive disease 54(19-149) 83.5(21.9-318)

ER: Estrogen receptor, CDK4/6i: Cyclin-dependent kinase 4 and 6 inhibitors, ET: Endocrine therapy, ISH:in situ hybridization

There was no significant difference in mPFS between patients
receiving ribociclib and those receiving palbociclib (p=0.530).
The mPFS was 6 (95% CI, 4.8—72) months in patients with primary
endocrine resistance and 21 (95% CI, 14.5-27.4) months in
patients without primary endocrine resistance (p=0.001) (Figure-
1B). The mPFS was not reached in patients receiving CDK4/61
concomitant letrozole, while mPFS was 18 (95%CI,8.3-27.7)
months in patients receiving fulvestrant (p=0.01) (Figure-2A).
The mPFS was 21 (95% CI, 18.8-23.2) months in patients with
ER levels >50% and 6(95% CI, 2.1-9.8) months in patients with
ER levels<50% (p=0.025). There was a difference in mPFS based
on the best response to CDK4/6i+ET treatment and the treatment
line in which cytotoxic chemotherapy was administered (all
p<0.001) (Figure-2B). There was a difference in mPFS between
CDK4/6i+ET combinations, for example, mPFS at 7 (95% CI,
4.7-9.3) months in the fulvestrant+palbociclib group and 19
(95% CI, 14-24) months in the fulvestrant+ribociclib group
(p=0.001) (Figure-3A).

In patients with discordance between diagnosis and repeat

biopsy, the duration of mPFS could not be reached in patients

XX

who were HER2-zero initially and then became HER2-low. In
patients whose HER2 status did not change in the second biopsy,
mPFS was 17 (955 CI, 10.8-23.2) months. The mPFS was 9
(95% C1,4.1-13.9) months in patients who were initially HER2-
low and then became HER2-zero (p=0.001) (Figure-3B).

The median PFS was 20 months in tumor histologica grade 1
and 2 patients and 7 (95% CI,3.3-10.6) months in grade 3
patients (p=0.120). The ORR was 69% and the DCR was 90%.
In 12 patients, treatment was newly initiated or the best-response
status could not be reached. The mPFS decreased significantly
with increasing CDK4/6i+ET treatment line (p=0.001).

In the HER2-zero group, the 24-month survival was 95% and
the 36-month survival was 86%, while in the HER2-low group,
the 24-month survival was 93% and the 36-month survival
was 89% (p=0.578). There were differences in mOS between
the subgroups, discordance in HER2 status, metastasis status,
CDK4-6i+ET combinations, primary endocrine resistance,
chemotherapy status, concurrent ET agent, best response to
CDK4/6i, and progression with CDK4/6i1 treatment (Table-3).
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Figure 1.A. Median PFS is significantly longer in HER2-zero than that in HER2-low patients. B) Median PFS was significantly
shorter in patients with primary endocrine resistance.
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Figure 3.A. A difference was observed in the duration of mPFS across different treatment combinations. Similar mPFS was

observed in patients treated with CDK4-6i plus letrozole combination, while its was significantly lower in those treated with

fulvestrant+palbociclib combination. B) Moreover,differences were found in the mPFS times in patients whose HER2 status changed

between biopsy specimen obtained at diagnosis and at recurrence. Patients with HER2-zero in the initial biopsy had significantly
longer mPFS than those with HER2-low in the initial biopsy (p=0.001).
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In the multivariate analysis, best response to CDK4/6i
alone was an independent parameter affecting OS duration
(p=0.007). Following progression with CDK4/6i+ET, patients
received subsequent treatments: 4 (11%) received ET alone, 9
(25%) received chemotherapy and ET, and 23 (64%) received
chemotherapy only. In these patients, the mOS was 9 (95%CI,
3.8—14.2) months and the best mOS was observed in the group
that received chemotherapy and ET (p=0.001).

DISCUSSION

In this study, the duration of mPFS with CDK4/6i+ET was lower
in the HER2-low group than in the HER2-zero group (p=0.001).
Similarly, the mPFS duration was significantly lower in patients
with an IHC score2++/ISH- than in patients with IHC scorel+ (6
vs. 20 months). In a study by Bao et al., mPFS was 8.9 months in
HER2-low patients receiving CDK4/6i+ET treatment, whereas
mPFS was 18.8 months in HER2-zero patients (p=0.01) [11].
In another study, the duration of mPFS was lower in HER2-
low patients receiving CDK4/6i therapy than that in HER2-zero
patients (1.74 vs.3.35 years), but the difference was not significant
[9]. In a study by Francesca et al., there was no difference in
mPFS between HER2 groups who received palbociclib treatment
alone [10]. The results of our study is consistent with that of two
of three similar studies in the literature. HER2-low expression
is a negative predictive biomarker in patients treated with
CDK4/6i+ET.

The incidence of HER2-low expression varies among breast
cancer studies. While the incidence of HER2-low was 28% in our
study, it occurred at different rates (30—77%) in other studies [9-
11]. In a database study analyzing 65,000 patients, the incidence
of HER2-low status in the ER+ cohort was 65%, while that in the
ER- cohort was 38% [13]. Differences in the incidence of HER2-
low expression may be related analytical processes, ethnicity,
and patient group. In the DESTINY-Breast04 study, trastuzumab
deruxtecan was compared with physician-selected chemotherapy
in previously treated HER2-low patients, and mPFS was found to
be 10.1 months vs. 5.4 months in both patients with IHC scorel+
and score2++/ISH [4]. HER2-low expression is present in nearly
half of breast cancer patients and is a predictive biomarker for the
response to antibody-drug conjugates (ADCs).

In our study, there was a change in the HER2-low status of 26
(45%) patients with recurrence compared to the first biopsy.
While the mPFS duration could not be reached in those who

changed from HER2-zero to HER-low, it was 9 months in those
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who changed from HER-low to HER-zero. In other words, the
mPFS duration of patients with discordance between biopsies
was determined using the HER2 expression status in the first
biopsy. In a study conducted in China, changes in HER2-low
status were analyzed in 247 patients with recurrent breast cancer.
The twenty-five (49%) patients who were initially HER2-zero
and 19 (27%) who were initially HER2-positive converted to
HER2-low. Changes in HER2 status were observed in up to
20% of all study patients [14]. The HER2-low expression status
is dynamic, similar to the hormone profile in breast cancer, and
may change during progression. Tissue sampling during disease
progression is essential to detect the potential benefits of ADC

and dynamic HER2 expression.

In our study, patients with complete response to CDK4/6i+ET
treatment were endocrine sensitive, whereas patients with
progressive disease with CDK4/6i+ET treatment often had
secondary endocrine resistance. If the patient had secondary
endocrine resistance, the expected response and duration of
response to CDK4/6i+ET treatment were reduced compared
to those in endocrine-sensitive patients. There are common
pathways involved in the mechanisms of endocrine resistance
and resistance to CDK4/6i therapy [15]. Furthermore, in our
study, 25% of the patients in the HER2-zero group and 71% of the
patients in the HER2-low group progressed with CDK4/6i+ET
(p=0.001). The presence of HER2-low expression, such as in
endocrine resistance, decreased the efficacy of CDK4/6i+ET
treatment and more patients progressed. The role of HER2
activation in endocrine resistance in patients with HR+HER-
breast cancer has only been demonstrated in a limited number of

preclinical studies [16].

The mPFS was lower in patients with tumor histological grade-3
tumors than that in patients with grades 1-2 tumors (6 vs. 20
months). This may be related to the low efficacy of CDK4/6
inhibitors, especially in high-grade and aggressive tumors [17].
There was no difference between the median PFS of our patients
who received ribociclib or palbociclib treatment. In a study in
which real-life data were analyzed, the PFS times were similar
for palbociclib and ribociclib (28 and 29 months, respectively)
[18]. In our study, mPFS was significantly different between
patients who received cytotoxic chemotherapy before CDK4/6 in
the metastatic period and those who received CDK4/6i treatment
as first-line treatment [19]. In a similar study, PFS with CDK4/61
was shorter in patients with recurrence and visceral metastases.

Although the reason for this is not clear, because patients with
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recurrence usually receive ET as an adjuvant treatment, endocrine
resistance may develop in these patients; therefore, the response
to CDK4/6i+ET treatment is reduced.

In our study, we found that the duration of mPFS increased
significantly as the estrogen receptor levels increased. Similarly,
previous studies have shown that the benefits of ET increase as
estrogen and progesterone receptor expression increases [20].
The improvement in PFS duration with increasing ER levels may
be attributed to the increased efficacy of ET used concomitantly
with CDK4/6i. Similarly, because fulvestrant is generally used in
cases of endocrine resistance, the PFS time of patients receiving
fulvestrant was shorter than that of patients receiving letrozole.
In our patients receiving palbociclib+fulvestrant had a mPFS of
7 months, similar to the PFS of 9.5 months in the PALOMA-3
study [21]. In our patients who received ribociclib+fulvestrant
combination therapy, mPFS was 19 months, similar to the mPFS
of 20.5 months in the MONALEESA-3 study [22].

In our study, the best response status of patients predicted the
benefit of CDK4/6i+ET treatment (p=0.001) (Table-5). The ORR
was 69% and the DCR was 90%; in PALOMA-2, a prospective
study, the ORR was 56% and the DRC was 87%, with similar
rates [23]. In our study, the use of CDK4/6 inhibitors in the first
step resulted in a significant difference in mPFS compared to the
use of CDK4-6 inhibitors in subsequent steps. In other studies,
longer mPFS durations were observed with first-line CDK4/61
therapy [21, 22].

Arak H, Kus T.

In an Austrian study, HER2-low expression was frequent in
metastatic HR+ breast cancer and had no effect on prognosis
[24]. HER2-low expression in early-stage breast cancer was
considered a good prognostic biomarker in both HR positive
and HR negative patients [7]. As tumor biology, resistance
mechanisms, and mutations observedin the early and metastatic
stages of breast cancer may differ, HER2 expression may have
a different prognostic value. The CDK4/6i-dependent mOS of
patients with recurrence was significantly shorter than that of
patients with denovo metastasis. As patients with recurrence
usually receive adjuvant ET before CDK4/6i and CDK4/6i
therapy during the endocrine resistance period, the benefits
provided by CDK4/6i are reduced. In our study, the CDK4/6i-
dependent mOS duration was shorter in patients with primary
endocrine resistance and those receiving fulvestrant treatment. In
our study, the prognostic value of HER2-low expression for OS
duration was not found. The survival times were consistent with

those reported in previous studies [21].

The step in which CDK4/6i+ET was administered was significant
for mPFS but not for mOS. Patients who progressed with
CDK4/61+ET treatment received ET or chemotherapy, and their
mPFS was 9 months. In the DESTINY Breast-04 study, the mPFS
was 10 months with trastuzumab deruxtecan treatment after 70%
of the patients received CDK4/6i treatment [4]. Administration
of trastuzumab deruxtecan after progression with CDK4/6i in
HER2-low patients may prolong overall survival in this patient
group. The best response to CDK4/6i+ET treatment was an

independent parameter affecting OS duration in our study.

Table 5. Response rates, Endocrine resistance status, and mPFS duration of patients with the best response to CDK4-6i and endocrine

therapy combination treatment

Endocrine resistance status

Best response status n(%) zoprl:ti O5%CD Endocrine primary secondary resistance
sensitive, n(%) resistance n(%) n(%)

complete response 3(2.5%) NR 3(100) - -

partial regression 73(60%) 23(18.2-27.8) 33(45.2) 28(38.4) 12(16.4)

stable disease 23(19%) 9(7.3-10.7) 14(60.9) 7(30.4) 2(8.7)

progressive disease 11(9%) 3(1.9-4) 2(18.2) 9(81.8) -

Overall 110 20(17.7-22.3) 52(47.3) 44(40) 14(12.7)

mPFS: median Progression-free survival, NR: Not reached
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Limitations

Retrospective design, the fact that CDK4/6i+ET treatment was
applied at different steps, and relatively limited number of patients
are the limitations of the study. Nevertheless, this is one of the
few studies investigating the HER2-low expression in patients
receiving CDK4/6i+ET treatment. Factors that may affect patient
survival were comprehensively analyzed. The difference between
this and other studies is that we also investigated the relationship

between endocrine resistance and HER2-low status.

CONCLUSION

HER2-low expression is present in nearly half of the patients
with breast cancer and may change during disease progression.
HER2-low patients progressed more with CDK4/6i treatment,
and their mPFS was lower than that of the HER2-zero group.
Independent parameters affecting mPFS duration were HER2-
low status, best response to CDK4/6i+ET treatment, and
cytotoxic chemotherapy status. HER2-low expression was not
a prognostic factor for OS but a predicted response to CDK4/61
treatment. Randomized studies are required to determine the
predictive value of HER2-low expression in patients receiving
CDKA4/6i.
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