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Abstract. Background/Aim: Low expression of HER2 has
defined a new “HER2-low” subgroup of breast cancer with
distinct clinicopathological characteristics and both prognostic
and predictive implications. The impact of low HER2 expression
in metastatic hormone receptor-positive HER2-negative breast
cancer treated with first-line CDK4/6 inhibitors has not been
studied. Using real-world patient data, we aimed to identify
prognostic differences in this patient population according to
HER?2 expression with immunohistochemistry. Patients and
Methods: We retrospectively analyzed 191 patients from 5
Oncology Department databases in Thessaloniki, Greece, with
hormone receptor-positive HER2-negative metastatic breast
cancer treated with CDK4/6 inhibitors in the first line, for
whom detailed immunohistochemical HER?2 data could be
retrieved. Results: Median progression-free survival was
numerically different among the different HER2 subgroups (3.35
years for HER2 0 tumors, 2.18 years for HER2 +1 tumors, 1.74
years for HER2 +2/ISH-negative tumors), but this difference
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was not statistically significant (p=0477). Median PFS was
statistically significantly longer in patients without visceral
metastases (545 years) compared to patients with visceral
metastases (1.61 years) (p=0.017). Median PFS was also
statistically significantly longer in patients taking an aromatase
inhibitor (2.99 years) compared to patients taking fulvestrant
(1.33 years) (p<0.0001). There were no statistically significant
differences in the other subgroups examined. Conclusion:
CDK4/6 inhibitors are equally effective as first-line treatment
agents, regardless of the exact level of HER2 expression.
Numerical differences, however, do exist among the different
HER? subgroups, and merit further evaluation in future studies
to better study this phenomenon.

The standard-of-care first line treatment for patients with
metastatic hormone receptor (HR) positive, HER2-negative
breast cancer is the combination of a CDK4/6 inhibitor
(CDKI) with endocrine therapy (an aromatase inhibitor,
tamoxifen, or fulvestrant), except for cases of imminent
organ failure, where chemotherapy is indicated (1). The
incorporation of CDKIs in clinical practice has been one of
the major advancements in the field of breast cancer;
however, despite the significant added benefit offered by
these drugs, metastatic breast cancer remains an incurable
disease, and its treatment a significant unmet need. Today,
there is evidence for disease-free survival benefit from all
three approved CDKIs both in first and in second-line
treatment (2-7). The addition of ribociclib to hormonal
therapy has shown statistically significant prolongation of
overall survival (OS) in the first line of treatment, both in
premenopausal and postmenopausal women in combination
with aromatase inhibitors (8, 9), and in combination with
fulvestrant (10). Abemaciclib has shown statistically
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significant prolongation of OS in the second line of treatment
(11), and palbociclib has shown trends for OS improvement
in the second line (12, 13). A recent meta-analysis from FDA
of Monaleesa-3, Monarch-2, and Paloma-3 trials concluded
that the addition of CDKIs to fulvestrant resulted in a
consistent OS benefit (14).

Extensive research is taking place globally to identify
new potential targets for therapy. For HR-positive, HER2-
negative breast cancer, drugs targeting the PI3K pathway,
and the PARP enzymes involved in DNA repair have been
approved for use in clinical practice (15, 16), and drugs
targeting other surface receptors, the apoptotic machinery
or boosting the immune response are in development (17).
One of these new fields is the field of HER2-low breast
HER2 expression is currently assessed by
immunohistochemistry (IHC) as per American Society of
Clinical Oncology/College of American Pathologists
(ASCO/CAP) guidelines, with THC 0, +1 or +2 with a
negative result in in situ hybridization (ISH) being
classified as “HER2-negative”, and IHC +2/ISH-positive or
+3 being classified as “HER2-positive” (18). However, an
emerging body of evidence in recent years suggests that
tumors which are currently classified as HER2-negative
may differ in characteristics and prognosis based on their
exact level of HER2 expression.

Studies have reported differences both
characteristics, with HER2+2/ISH-negative tumors more
frequently being of larger diameter, higher Ki-67 score, grade
and axillary lymph node involvement compared to HER2 0
and +1 tumors (19), and in biological characteristics, with
distinct PAMS50 gene expression features expressed in
individual HER2-low subtypes (20). Regarding prognosis, no
solid evidence yet exists to support HER2-low status (IHC +1
or +2/ISH-negative) as an independent prognostic factor (21).
Multiple analyses have been conducted, but results have been
conflicting, with authors reporting both survival differences
among different HER2-low subgroups (19, 22, 23), and a lack
thereof (24-26). Even though the prognostic significance of
low HER?2 expression is still being investigated, its predictive
role has now been firmly elucidated; the novel antibody-drug
conjugate trastuzumab deruxtecan has been shown to increase
both progression-free survival and OS in patients with HER2-
low metastatic breast cancer in the phase III clinical trial
Destiny-Breast 04 (27).

The discovery that low HER2 expression is a valid
therapeutic target and renders tumors responsive to anti-
HER? targeted therapies is expected to radically change the
treatment landscape for metastatic breast cancer. Even
moving beyond sequencing dilemmas, however, it is also
paramount to analyze the extent to which low HER2
expression impacts response to currently available
therapeutic options. Patients with metastatic HR-positive
HER2-negative breast cancer are treated as standard practice

cancer.

in clinical

with combination treatments including a CDKI, but the
impact of low HER2 expression on the real-world
effectiveness of these drugs has not yet been studied. A post-
hoc analysis of pooled Monaleesa phase III trials evaluated
the intrinsic subtype distribution across all three trials
(89.2% of tumor samples) based on PAMS50 analysis (28). A
12.7% of the samples were characterized as HER2-enriched.
Ribociclib treatment maintained the overall benefit in the
HER2-enriched population as well (HR=0.39, p<0.0001)
(28). However, PAMS50 is a relatively expensive test and is
not widely available to all patients in need of treatment.
Furthermore, a similar analysis has not been performed for
palbociclib or abemaciclib in this setting.
Immunohistochemistry is a simpler, widely-performed
method, available for virtually all patients who are
candidates for first-line hormonal therapy with a CDKI.
There are currently no available data to evaluate the benefit
of the addition of CDKIs to the hormonal treatment
according to HER2 expression by immunohistochemistry.
Therefore, we retrospectively evaluated the outcomes of
patients with metastatic and/or unresectable HR-positive and
HER2-negative breast cancer that received hormonal
treatment with CDKIs as the first line of treatment.

Patients and Methods

This retrospective study was registered with the Euromedica
General Clinic Ethics Committee with the registration number
1556/27-04-22. Data were collected from patients treated at four
Oncology Centers in Thessaloniki, Greece: “Euromedica” General
Clinic, Theageneion Cancer Hospital, Saint Luke Private Hospital,
and BioClinic Thessaloniki. Patients were included provided they
a) had a diagnosis of metastatic breast cancer, either de novo or
relapsed as unresectable/metastatic disease, b) had HR-positive and
HER2-negative tumors for whom the exact HER2 status on
immunohistochemistry was recorded (0, +1, +2/ISH-negative), c)
had received a CDK4/6 inhibitor as the first line of their treatment
for metastatic disease. The HER2 status was recorded from the most
recent biopsy performed.

The primary endpoint of the study was the assessment of
progression-free survival (PES), defined as the time elapsed between
treatment initiation and first documentation of objective disease
progression or death, according to HER?2 status. Survival data were
also recorded. Additional analysis was performed by the extent of
disease (absence vs. presence of visceral metastases), the CDKI
used, the type of concomitant endocrine therapy used (aromatase
inhibitors or SERDs — Selective Estrogen Receptor Degraders),
patient age, and histological tumor type.

All data were collected from May 2016 to March 2022 (database
lock). The Kaplan—-Meier method was used to estimate the median
PFS and OS. Log-rank tests were used to test the equality of
survivor functions across groups. According to the methodological
features of an observational non-interventional study, all analyses
were descriptive, and the results presented should be interpreted as
such. All statistical analyses were performed using GraphPad by
Dotmatics Prism 9.3.1 software (graphpad.com/scientific-
software/prism).
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Figure 1. Progression-free survival (PFS) and overall survival (OS) for
all patients (n=191).

Results

A total of 191 patients from 5 centers were included. The
median age at presentation of metastatic disease was 60 years
(range=24-91 years). Median follow-up was 1.25 years.
Seventy-four of the patients presented with de novo metastatic
disease, and 117 relapsed with unresectable/ metastatic cancer.
Eighty-eight of the patients presented with non-visceral
disease, and 113 with visceral disease. The most common
CDKI used was ribociclib (103 patients), followed by
palbociclib (81 patients), and abemaciclib (7 patients). Three
patients who started on ribociclib switched to palbociclib due
to poor compliance, and a further two stopped CDKI due to
side-effects and continued on the same hormonal treatment.
All data were analyzed by the intention-to treat (by the CDKI
they started treatment on). Regarding the endocrine therapy
used in combination with the CDKI, 135 patients were treated
with an aromatase inhibitor (38 of whom together with a
gonadotropin-releasing hormone agonist — GnRHa — and 97
without one), 52 patients were treated with fulvestrant, of
whom 8 in combination with a GnRHa, 2 were treated with
tamoxifen and a GnRHa, and 2 were enrolled in a clinical trial
(SERD vs. aromatase inhibitor). HER2 status was recorded in
all patients, as follows: 52 patients HER2 0, 90 patients HER2
+1, 47 patients HER2 +2/ISH-negative, and 2 patients
unknown but HER2 negative.

Median PFS was 2.41 years and median OS was not
reached (Figure 1). Since a median OS was not reached,
further subgroup analyses regarding survival were not
performed. Median PFS was numerically different among the
different HER2 subgroups; 3.35 years for HER2 0 patients,
2.18 years for HER2 +1 patients, and 1.74 years for HER2
+2/ISH-negative patients, but this difference did not reach
statistical significance (p=0.477) (Figure 2). Median PFS
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Figure 2. Progression-free survival according to human epidermal
growth factor receptor-2 (HER2) expression.

was significantly longer in patients without visceral
metastases (5.45 years) compared to patients with visceral
metastases (1.61 years) (HR=2.088 for presence of visceral
metastases, 95%CI=1.318-3.308, p=0.017) (Figure 3).
Median PFS was significantly longer in patients taking an
aromatase inhibitor (2.99 years) versus SERD (Fulvestrant)
(1.33 years) (HR=0.41, 95%CI=p<0.0001) (Figure 4).

When analyzed by HER?2 status, there was no difference
in patients that received ribociclib (HR=1.022,
95%CI=0.4963-2.103), in concert with the Monaleesa trials’
data (28). However, HER2-low patients on palbociclib had
a numerically worse outcome than HER2-0 patients, but this
was not a statistically significant difference (HR=1.701,
95%C1=0.7624-3.797). There were no statistically significant
differences in PFS in the other subgroups examined, with the
exemption of patients treated with fulvestrant, where HER2-
low patients performed less well than HER2-0 (HR=2.958,
95%CI=1.334-6.56) (Figure 5).

Discussion

This study was designed to assess the impact of different
levels of immunohistochemical HER2 expression on the PFS
of HR-positive, HER2-negative metastatic breast cancer
patients treated with first-line CDK4/6 inhibitors. There is
strong biologic rationale for the contribution of the
EGFR/HER?2 signalling pathway, however limited, to
endocrine resistance (29, 30), but data examining this
phenomenon in real-world clinical practice are lacking.

The retrospective analysis of data showed numerical but
not statistically significant differences in PFS according to
HER?2 status. Such a result is encouraging, considering that
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Figure 3. Progression-free survival according to extent of disease. NV:
Non-visceral.

CDKIs are routinely used in clinical practice in HER2-
negative patients regardless of the exact level of HER2
expression. However, it should be noted that numerical
differences did exist among the different subgroups, and that
the differences were associated with a progressively higher
expression of HER?2 in a linear fashion, with HER2 0 patients
having the numerically best PFS at 3.35 years, HER2 +1
patients having a median PFS at 2.18 years, and HER2
+2/ISH-negative patients having the numerically worst PFS
at 1.74 years. The only other study in the literature to
specifically examine the relationship between different levels
of HER2 expression and CDK4/6 inhibitors reported similar
results, with HER2-low patients being associated with a
shorter PFS compared to HER2 0 patients (31). Other studies
have shown that HER2 +1 tumors exhibit characteristics
between HER2 0 and HER2 +2 tumors and suggested a
possible linear correlation between HER2 expression and
tumor behavior (23). A similar correlation has been
established between HER2 expression and response to anti-
HER?2 targeted therapy, as was evident by the results of the
Destiny-Breast 04 trial, which showed that anti-HER2
therapy is effective also in HER2-low tumors (27). These data
further solidify the notion that individual HER2 subgroups
should be examined separately in upcoming clinical trials, in
order to effectively identify any such differences and their
clinical significance. A trend of HR-positive, HER2 0 tumors
behaving differently from HR-positive, HER2-low tumors
would have far-reaching implications for clinical practice.
Considering that molecular profiling using PAMS50 signatures
would not be routinely feasible, the level of HER2 expression
assessed by immunohistochemistry is the best surrogate
marker available to assess this relationship in future research.
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Figure 4. Progression-free survival according to endocrine therapy
used. Al: Aromatase inhibitor.

Our study also examined other prognostic parameters in
patients treated with first-line CDKIs. The presence of visceral
metastases was associated with a significantly lower PFS. This
is in concordance with the results reported from the large,
randomized trials of CDKIs, in which the presence of visceral
metastases has been established as an adverse prognostic factor
(32). Furthermore, the use of an aromatase inhibitor as a
concomitant hormonal therapy was associated with a
significantly higher PFS compared to the use of fulvestrant.
However, an important selection bias should be identified in this
case. Aromatase inhibitors are the first choice of hormonal
therapy in this patient population, therefore the patients who
would receive fulvestrant in the first line together with a CDKIs
are generally those who would not be eligible for aromatase
inhibitor use due to secondary hormonal resistance; these
patients have more biologically aggressive tumors and belong
to a worse prognostic category (32). To support the
abovementioned, we analyzed the distribution of hormonal
treatment by endocrine responsiveness. Fulvestrant was used in
4.05% of patients who presented with de novo metastatic
disease, in 28.2% of patients who relapsed after at least 5 years
of adjuvant endocrine treatment and in 51.1% of patients that
relapsed within the first 5 years of adjuvant endocrine treatment.
Median PFS was 3.06 years for patients who presented with de
novo metastatic disease or relapsed after 5 years vs. 1.55 years
for patients who relapsed earlier (HR=1.974, p=0.0035).

There were no statistically significant differences in PFS
in the additional subgroups examined (Figure 5). In our
analysis, CDKIs appear to be equally effective regardless of
patient age and histologic tumor type. There were also no
statistically significant differences among different CDKIs
across different levels of HER2 expression. It must be noted,
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Figure 5. Hazard ratio for progression-free survival by HER2 immunohistochemical expression (95%CI). IDC: Invasive ductal carcinoma; ILC:
invasive lobular carcinoma.
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