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Simple Summary: Breast cancers (BCs) with a HER2 immunohistochemical score of 1+ or 2+ with
negative in situ hybridization are referred as HER2-low BCs. The knowledge about the biological
and clinical characteristics of HER2-low BCs is still limited and controversial. Despite that new
anti-HER2 antibody-drug conjugates (ADCs) have demonstrated significant activity in HER2-low
BCs, no anti-HER2 agents are currently approved for this subgroup in Europe. Therefore, treatment
for HER2-low BCs is determined by HR expression status. In this study, we aimed to investigate the
prognostic significance of HER2-low status in HR+/HER2 negative (HER2-) metastatic BC (MBC)
patients treated with endocrine therapy (ET) plus palbociclib as first line. HR+ MBC patients with
HER2-low tumors who received first-line treatment with ET plus palbociclib show similar survival
outcomes compared to those HER2-0 disease.

Abstract: Background: Approximately 45–50% of breast cancers (BCs) have a HER2 immunohisto-
chemical score of 1+ or 2+ with negative in situ hybridization, defining the “HER2-low BC” subtype.
No anti-HER2 agents are currently approved for this subgroup in Europe, where treatment is still
determined by HR expression status. In this study, we investigated the prognostic significance of
HER2-low status in HR+/HER2- metastatic BC (MBC) patients treated with endocrine therapy (ET)
plus palbociclib as first line. Methods: We conducted a retrospective study including 252 consecu-
tive HR+/HER2- MBC patients who received first-line ET plus palbociclib at six Italian Oncology
Units between March 2016 and June 2021. The chi-square test was used to assess differences in the
distribution of clinical and pathological variables between the HER-0 and HER2-low subgroups.
Survival outcomes, progression-free survival (PFS) and overall survival (OS), were calculated by the
Kaplan–Meier method, and the log-rank test was performed to estimate the differences between the
curves. Results: A total of 165 patients were included in the analysis: 94 (57%) and 71 (43%) patients
had HER2-0 and HER2-low disease, respectively. The median age at treatment start was 64 years.
No correlation between patients and tumor characteristics and HER2 status was found. Median
PFS (mPFS) for the entire study cohort was 20 months (95% CI,18–25 months), while median OS
(mOS) was not reached at the time of analysis. No statistically significant differences, in terms of PFS
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(p = 0.20) and OS (p = 0.1), were observed between HER2-low and HER2-0 subgroups. Conclusions:
In our analysis, HR+ MBC patients with low HER2 expression who received first-line treatment with
ET plus Palbociclib reported no statistically different survival outcomes compared to HER2-0 patients.
Further prospective studies are needed to confirm the clinical role of HER2 expression level.

Keywords: breast cancer; cyclin-dependent kinase inhibitor 4 and 6; HER2-low; palbociclib

1. Introduction

Breast cancer (BC) is the most common malignancy and the leading cause of cancer
morbidity among women worldwide [1]. BC presents a wide spectrum of heterogeneity in
terms of gene expression, immunophenotypic features, response to treatment and clinical
outcomes [2]. In daily clinical practice, therapeutic choice is still driven by the human
epidermal growth factor receptor 2 (HER2) and hormone-receptor (HR) status, since gene
expression profiling is not routinely available. Although tumors harboring HER2 positivity
are characterized by a more aggressive behavior and poorer prognosis than other subtypes,
the development of several anti-HER2 targeted agents has dramatically improved the
survival outcomes of HER2 positive (HER2+) BC patients, both in early and advanced
settings [3–8]. According to the dichotomic classification proposed by the 2018 American
Society of Clinical Oncology (ASCO)/College of American Pathologists (CAP) guidelines,
about 80% of breast tumors, lacking HER2 protein overexpression, are classified as HER2
negative (HER2-); within them, approximately 45–55% are characterized by HER2 immuno-
histochemistry (IHC) assay score of 1+ or 2+ with negative in situ hybridization (ISH),
referred to as HER2-low BC [9,10]. In recent years, several studies have demonstrated
the activity of the new anti-HER2 antibody-drug conjugates (ADCs) in both HER2+ and
HER2-low BCs, leading researchers to shed new light on the latter type of tumors and
to investigate whether they may represent a distinct subtype with specific behavior and
prognosis [11]. The knowledge on the biological and clinical features of HER2-low BC is
still limited and controversial [12]. Likewise, published studies evaluating the prognostic
value of HER2-low expression have reported inconsistent and mixed results depending
on disease stage and HR status (early vs. advanced, HR positive vs. triple negative breast
cancer) [13–18]. Although ADCs have demonstrated to improve clinical outcomes of HER2-
low tumors, this innovative strategy is not available yet in clinical practice for this subset
of BC patients; therefore, the treatment choice is guided by HR expression status [7,8,19].
In detail, the combination of endocrine therapy (ET) plus cyclin-dependent kinase 4 and 6
inhibitors (CDK4/6i), palbociclib, ribociclib and abemaciclib, represents the mainstay of
treatment for patients with HR+/HER2- metastatic disease, while for triple negative tumors,
chemotherapy is still the standard of care, although promising drugs are emerging as novel
therapeutic weapons. The advent of CDK4/6i has significantly changed the treatment
paradigm with an impressive improvement in life expectancy for HR+/HER2- locally ad-
vanced or metastatic BC (MBC) patients. Despite this indisputable success, the knowledge
of resistance mechanisms and the identification of potential biomarkers still represent an
unmet clinical need. To this aim, several retrospective and prospective biomarker studies
have been conducted [20]. Exploratory analyses of PALOMA-2 and 3 and MONALEESA tri-
als have suggested a possible correlation between intrinsic subtypes and survival outcomes
of MBC patients treated with CDK4/6i in addition to ET [21–24]. Furthermore, the bidirec-
tional crosstalk between the HER and HR pathways as mechanisms of endocrine resistance
could indicate a potential effect of low HER2 expression on CDK4/6i efficacy [25].

Recently, based on this assumption, Bao et al. conducted a retrospective analysis in
patients treated with ET plus CDK4/6i, demonstrating a worse PFS in the HER2-low cohort
compared to the HER2-0 subgroup [26]. These findings have led to further retrospective
and subgroup analyses, which have reported opposite results [27]. Since this topic has
raised a great deal of interest, in the present study, we evaluated the prognostic value of



Cancers 2022, 14, 4981 3 of 11

HER2 expression in a retrospective series of HR+/HER2- MBC patients treated with ET
plus palbociclib as first line therapy.

2. Materials and Methods
2.1. Study Population

Data from 252 consecutive HR+/HER2- MBC patients who started treatment with
palbociclib plus ET (aromatase inhibitors or fulvestrant) as first line treatment between
March 2016 and June 2021 at six Medical Oncology Units were registered in a compre-
hensive database. We excluded patients for whom the date of diagnosis or metastatic
relapse was unknown or in cases for whom HR and HER2 status or treatments were not
documented. A total of 165 patients with HR+/HER2- MBC treated with ET plus palbo-
ciclib were eligible for the final analysis. Medical and pathology reports were reviewed
for the following clinicopathological characteristics: age, histological type, tumor size,
nodal involvement, grade of differentiation, HR and HER2 expression status, Ki67 index,
type of treatments, date of diagnosis, date of relapse, and sites of metastases. A radiolog-
ical assessment with total body computed tomography (CT) was performed at intervals
of 3–4 months as recommended by guidelines and evaluated according to the criteria of
Response Evaluation Criteria in Solid tumors (RECIST) 1.1.

This study was approved by the University of Campania Luigi Vanvitelli Ethic Com-
mittee (ID number: 15.03-20220005385*, 17 February 2022). All patients signed written
informed consent form.

2.2. Definitions of Biomarker (ER, PR, Ki67 and HER 2)

Estrogen receptor (ER), progesterone receptor (PR) and Ki67 were assessed by IHC,
and HER2 was assessed by IHC and/or ISH in primary tumor sample. When available,
biomarkers obtained from the latest biopsy specimen were also collected. Biomarker
positivity was detected and quantified as the percentage between immune-positive tumor
cells and the total number of tumor cells and classified according to the St. Gallen and
ASCO-CAP guidelines [28–30]. In particular, tumors were considered ER positive and/or
PR positive when ≥1% of tumor cells demonstrate positive nuclear staining by IHC. Ki67
and PR were analyzed both as continuous and dichotomized variables (high vs. low). The
cutoff for both variables was set at ≥20% and <20% of positively stained cells, for high and
low, respectively [31,32]. HER2 was assessed using the HercepTest (DAKO Corporation),
which uses the 0–3+ recommended scale to measure the percentage of immunoreactive
neoplastic cells defined according to the intensity and completeness of membrane staining.
A score of 3+ was considered HER2 positive. In cases of equivocal HER2 immunostaining
(2+), ISH methodologies were applied [33]. Among HER2-negative tumors, HER2-low
is referred to those with IHC score 1+ or 2+ and negative results on ISH [9]. There was
no central review of biomarkers, but the pathological evaluations were performed by
accredited anatomic pathology units, which ensure high rigor in methods and procedures
in line with the best international standards.

2.3. Statistical Analysis

The primary study aim was to evaluate the survival outcomes, progression-free sur-
vival (PFS) and overall survival (OS) in a real-life cohort of HR+/HER2- BC patients who
received ET (AI or fulvestrant) plus palbociclib as first line for metastatic disease catego-
rized according to HER2 expression status as follows: HR+/HER2-0 or HR+/HER2-low.
For descriptive analysis, percentages were used for categorical variables, and medians
and ranges were used for continuous variables. PFS was the time from the beginning
of treatment until disease progression or worsening. OS was defined as the time from
treatment start to death from any cause. Patients who were alive at the last follow-up
without recurrence or lost during follow-up and patients who had died without recurrence
were censored at the date of the last recorded visit and the date of death, respectively. The
median follow-up period was evaluated by the reverse Kaplan–Meier (KM) method. Chi
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square test was used to assess the differences in the distribution of clinical and pathological
variables between the HER-0 and HER2-low subgroups. The survival curves were created
using the KM method. The log-rank test was used to compare the differences among
the curves [34]. Unadjusted hazard ratios (HRs) and univariate PFS probabilities were
calculated using simple Cox proportional hazard regression models. Adjusted HRs for
HER2 status were estimated by multivariate regression analysis with factors found to be
statistically significantly associated with PFS in the univariate analyses using a p value
threshold of 0.05. Similar analyses were performed for OS. All statistical analyses were per-
formed using the R statistical computing environment release 4.1.2 on an Apple MacBook
Pro M1 Max. In all computations, significance was assigned at p value of less than 0.05.

3. Results
3.1. Patients and Tumor Characteristics

A total of 165 patients were included in the analysis of who 94 (57%) had HER2-0 and
71 (43%) had HER2-low disease. Median age at treatment start was 64 years (34–88 years).
Ductal carcinoma was the most common histological type found in 138 tumors (more than
83%); 112 (68%) and 131 (79%) cases displayed high (≥20%) Ki67 and PR levels, respec-
tively. The majority of patients (64%, n = 106) had recurrent disease, while 59 patients
(36%) presented with de novo metastatic breast cancer. Adjuvant ET was administered
to 102 (62%) patients according to international guidelines. Among the 63 (38%) patients
who did not receive adjuvant endocrine therapy, 59 were de novo metastatic and 4 re-
lapsed during adjuvant chemotherapy. Regarding metastatic tumor burden, 63 (38%) and
102 (62%) patients had visceral and non-visceral disease, respectively. About two-thirds of
the entire study cohort (112 patients) was AI sensitive (represented by patients who never
received AI in early BC stage, or those who relapsed ≥12 months after completing adjuvant
AI-based ET, or those who have been diagnosed with de novo stage IV BC), while 32%
(53 patients) was AI-resistant (including patients who have been relapsed during adjuvant
AI, or <12 months after its completion). Palbociclib was prescribed in combination with
aromatase inhibitors or fulvestrant for AI-sensitive and AI-resistant patients, respectively.
Key patient characteristics are presented in Table 1. No correlation between patients and
tumor characteristics and HER2 status was found.

Table 1. Association of HER2 status with clinical and pathological characteristics and the derived
Chi square test p value.

Characteristics HER2-0 (94) HER2-Low (71) p Value

Age, years

<65 50 (53%) 40 (56%) 0.80

≥65 44 (47%) 31 (44%)

Ki67 index %

High ≥ 20% 59 (63%) 53 (75%) 0.14

Low < 20% 35 (37%) 18 (25%)

Progesterone Receptor

Low < 20% 16 (17%) 18 (25%) 0.26

High ≥ 20% 78 (83%) 53 (75%)

Estrogen Receptor

Low (1–9%) 1 1 0.88

Moderate (10–49%) 6 6

High (50–95%) 87 64
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Table 1. Cont.

Characteristics HER2-0 (94) HER2-Low (71) p Value

Grading

Grade 1 12 4 0.32

Grade 2 50 43

Grade 3 32 24

Adjuvant Endocrine Therapy

Tamoxifene 12 (20%) 13 (31%) 0.58

AI 40 (66,7%) 24 (57.1%)

Tam + AI 8 (13.3%) 5 (11.9%)

Not done 34 (36.2%) 29 (40.8%)

Histologic type

Ductal 78 (83%) 60 (85%) 0.90

Lobular 16 (17%) 11 (15%)

Site of metastases

Visceral 35 (37%) 28 (39%) 0.89

Non visceral 59 (63%) 43 (61%)

AI sensitivity

AI sensitive 59 (63%) 53 (75%) 0.15

AI resistant 35 (37%) 18 (25%)

M status at diagnosis

M0 61 (66%) 45 (63%) 0.97

M1 33 (34%) 26 (37%)
AI, aromatase inhibitors; Tam, tamoxifene.

3.2. Survival Analysis

The median follow-up was 31 months (27.4–34.1 months) using 31 January 2022 as the
data cut off. During this timeframe, progression of disease was registered in 105 patients
(64%), of who 58 (55%) and 47 (45%) with HER2-0 and HER2-low tumors, respectively.
Death for any cause occurred in 40 (38%) patients including 19 and 21 patients with HER2-0
and HER2-low tumors, respectively. The median PFS (mPFS) for the entire study cohort was
20 months (95% CI, 18–25 months). More than half of the study population was still alive at
the time of the analysis; thus, median OS (mOS) could not be computed. Disease outcomes,
in terms of PFS and OS, were compared between HER2-0 and HER2-low patients. No
statistically significant differences, for each survival variable, were observed between the
two subgroups. The mPFS for HER2-low was 19 months (95% CI, 14–21 months) compared
with 23 months (95%CI, 18–27 months) for HER2-zero tumors (p = 0.20). Although median
OS was not reached, the survival probabilities at 24, 36 and 48 months for HER2-0 and
HER2-low patients were 86% and 80%, 76% and 60%, 62% and 51%, respectively (p = 0.1).
(Table 2).

Table 2. Survival probability at 24, 36 and 48 months.

Months Entire Population Her2-0 Her2-Low

Survival Probability 95% CI Survival Probability 95% CI Survival Probability 95% CI

24 83% 77–88 86% 78–94 80% 70–80

36 69% 60–78 76% 65–87 60% 45–75

48 59% 47–70 62% 45–80 51% 34–69

CI, confidence interval.

Kaplan–Meier curves for PFS and OS are shown in Figure 1.
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Figure 1. Kaplan–Meier curves demonstrating (A) progression-free survival, and (B) overall survival,
according to HER2 status.

In the univariate analysis for PFS, visceral disease and AI resistance were signifi-
cantly associated with shorter PFS (p = 0.0041 and p = 0.05, respectively) while HER2-low
expression seemed to be related to slightly, but not statistically significant, worse PFS
(p = 0.18).

Results from multivariate Cox proportional hazard models, confirmed that AI resis-
tance and visceral disease were significantly associated with poorer outcome (HR: 1.64;
95% CI, 1.09–2.45; p = 0.016 and HR: 1.92; 95% CI, 1.28–2.87; p = 0.001) (Table 3).

Table 3. Prognostic variables for progression free survival in univariate analysis and multivari-
ate analysis.

Univariate Analysis Multivariate Analysis
Variables HR (95% CI for HR) p Value HR (95% CI for HR) p Value

HER2-0 vs. HER2-low 0.77 (0.52–1.1) 0.18
PR < 20% vs. PR ≥ 20% 1.5 (0.93–2.3) 0.096

M1 vs. M0 1.1 (0.71–1.6) 0.77
Ki67 < 20% vs. Ki67 ≥ 20% 1 (0.69–1.6) 0.85

Age ≥ 65 years vs. <65 years 1.2 (0.79–1.7) 0.45
AI-resistant vs. AI-Sensitive 1.5 (1–2.2) 0.05 1.64 (1.09–2.45) 0.016

Visceral vs. non-visceral disease 1.8 (1.2–2.7) 0.0041 1.92 (1.28–2.87) 0.001

HR, hazard ratio; CI, confidence interval; PR, progesterone receptor; AI, aromatase inhibitor. Significant values
are indicated in bold.

Univariate analysis for OS revealed that low PR value and visceral disease were clinical
parameters significantly associated with a worse OS. The multivariable analysis confirmed
that low PR levels and visceral disease were independently associated with shorter OS
(HR: 2.43; 95% CI, 1.24–4.74; p < 0.001 and HR: 4.19; 95% CI, 2.17–8.08, p < 0.001) (Table 4).
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Table 4. Prognostic variables for overall survival in univariate and multivariate analysis.

Univariate Analysis Multivariate Analysis
Variables HR (95% CI for HR) p Value HR (95% CI for HR) p Value

HER2 0 vs. HER2 low 0.62 (0.32–1.16) 0.13
PR < 20% vs. PR ≥ 20% 2.4 (1.2–4.6) 0.011 2.43 (1.24–4.74) <0.001

M1 vs. M0 1.29 (0.69–2.41) 0.42
Ki67 < 20% vs. Ki67 ≥ 20% 0.75 (0.37–1.52) 0.44

Age ≥ 65 vs. <65 1.24 (0.66–2.33) 0.48
AI-resistant vs. AI-sensitive 0.95 (0.48–1.87) 0.89

Visceral vs. non-visceral disease 4.12 (2.14–7.95) <0.001 4.19 (2.17–8.08) <0.001

HR, hazard ratio; CI, confidence interval; PR, progesterone receptor; AI, aromatase inhibitor. Significant values
are indicated in bold.

4. Discussion

In HR+/HER2- MBC, CDK4/6i are now considered the standard of care, in combi-
nation with ET, as first- or second-line systemic treatment for both endocrine-sensitive and
endocrine-resistant patients because of meaningful improvement in clinical outcomes [35–40].
Despite the excellent results reported in the randomized trials, in clinical practice, a wide
heterogeneity in treatment response is observed between patients due to primary or ac-
quired resistance. In our study population, the median PFS was 20 months, and although
the direct comparison of clinical outcomes data between real world and randomized trials
is not statistically appropriate, the shorter PFS of CDK4/6i in clinical practice suggests that
a proper patients’ selection might be a determinant for treatment efficacy. Therefore, in the
absence of validated biomarkers, key questions about their optimal use still remain open,
including whether all patients with HR+ MBC should receive a CDK4/6i. Mechanisms of
resistance to these agents are multifactorial, but biomarkers with the ability to recognize
early relapsers, or to predict the beneficial effect of CDK4/6i, are still to be identified. In
order to address this issue, several genomic and retrospective analyses have been per-
formed, and many others are still ongoing. In particular, research efforts are focusing
on circulating biomarkers, given their many advantages in terms of ease of application
and reproducibility at different time points that can capture spatial and temporal hetero-
geneity [41,42]. Retrospective analyses of large, randomized trials, PALOMA-2 and 3 and
MONALEESA, have suggested a correlation between intrinsic subtype and efficacy of
palbociclib and ribociclib in HR+/HER2- ABC treated with endocrine-based strategies.
In particular, a joint retrospective analysis of PALOMA-2 and PALOMA-3 clinical trials
showed an absolute advantage of palbociclib in Luminal A and Luminal B tumors defined
using The EdgeSeq Oncology Biomarker Panel on the collected FFPE samples [43]. In the
retrospective exploratory analysis of MONALEESA trials, evaluating clinical outcomes of
intrinsic subtypes defined using NanoString technologies, all breast cancers, except those
with basal-like genomic features, gained a consistent advantage in terms of PFS and OS with
ribociclib [22]. Based on these findings, we hypothesized that the surrogate BC subtype,
mirroring specific IHC features and clinical behaviors, could also have particular influence
on survival outcomes in a metastatic setting. In this context, HER2-low BC is emerging as a
potential distinct entity among the heterogenous population of HER2-tumors, comprising
a non-negligible proportion of HR+ BC. Some reports in early stage settings showed that
patients with HER2-low expression were more often associated with worse clinical features
such as lymph node positive, poorly differentiated tumor grading and higher proliferation
index [13,16]. As a result of these differences in tumor characteristics, a probable effect of
HER2-low expression on clinical outcomes has been hypothesized. Studies focused on the
prognostic value of HER2 expression level are limited, and the available results are con-
troversial, highly depending on HR status and disease setting [12,13,15,16]. In particular,
some retrospective data support a possible negative prognostic impact of HER2-low status
in early settings, since higher pCR rates were registered among HER-0 patients treated with
neoadjuvant chemotherapy [14–16]. However, data extrapolated from early stage cannot be
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translated to the metastatic setting due to the different genetic backgrounds that influence
the clinical validity of the prognostic factors in these two contexts. In particular, an ex-
ploratory OS analysis including 1304 patients with ABC extrapolated from two datasets did
not demonstrate statistically significant survival differences between the HER2-low and
HER2-0 groups (p = 0.787) regardless of HR status [13]. Similar conclusions were drawn by
Agostinetto and colleagues who compared survival outcomes between HER2-low and non-
HER-low BC [12]. The Austrian Study Group of Medical Tumor Therapy (AGMT) analyzed
data of 1729 patients, derived from a comprehensive metastatic BC registry including a
widely heterogeneous population unselected for HR status, type or line of treatment show-
ing that low HER2- expression has no impact on prognosis of metastatic BC [44]. Similarly,
the analysis of data collected in the PRAEGNANT registry did not demonstrate the validity
of a low level of HER2 to discriminate different prognostic groups among ABC patients
with either HR+ or TNBC [45]. A recent retrospective analysis focused on 106 women
with ABC treated with palbociclib or ribociclib plus ET as first or second line showed a
potential impact of low HER2 expression on survival outcomes. This specific biological
behavior could be driven by a bidirectional crosstalk between the ER and the HER2/HER3
axis, leading to ET resistance mechanisms [25]. Subsequently, Tarantino et al. performed a
subgroup analysis including only patients receiving first-line ET (AI or fulvestrant) plus
a CDK4/6 inhibitor (palbociclib, ribociclib or abemaciclib), demonstrating that treatment
outcome (PFS1) was not influenced by HER2- expression [27]. The unresolved “dilemma”
of the prognostic value of HER2- expression prompted our research to investigate whether
HER2 expression in metastatic HR-positive, HER2-negative disease could have an impact
on clinical outcomes of patients treated with ET plus palbociclib as first line. In the present
study, including only patients with HR+ MBC, HER2-low expression was found in 43%
of the participants, in line with other large studies that reported rates ranging from 31%
to 64% [46,47]. In our study cohort, the survival analyses revealed a mPFS of 19 and
23 months in HER2-low and HER2-0, respectively, and the survival probabilities at 24, 36
and 48 months were slightly better for HER2-0 in respect to HER2-low. These differences in
survival outcomes, although too small to draw conclusions, could be attributed to a higher
likelihood of developing endocrine resistance in patients with lower HER2 expression.
Overall, these results are intriguing, but we are aware that our data should be interpreted
with caution and cannot be generalized due to the retrospective nature of the design and
small sample size examined. Overall, these data highlight the high prevalence of this
subtype, strengthening that the prognostic value of HER2-low should be reconsidered and
further investigated in light of new potential treatment strategies. In this context, a new
generation of anti-HER2 agents, represented by ADCs, have recently proven clinical activity
with an acceptable safety profile in HER2-low disease [11,48]. Based on DESTINY-Breast04
results, trastuzumab deruxtecan (T-DXd), an ADC in which the trastuzumab antitumor
properties are associated with a potent cytotoxic payload, was approved in the United
States as the first HER2-directed therapy for patients with HER2-low MBC. Since signaling
interactions between ER and HER family receptors are well-known endocrine resistance
mechanisms, co-targeting of the HER2 and ER pathways with T-DXd and ET (anastrazole
or fulvestrant), respectively, is being investigated in the phase IB DESTINY-Breast08 [49].
In this direction, zenocutuzumab, a HER2-HER3 bispecific antibody combined with ET,
has demonstrated encouraging antitumor effects in xenograft models, opening the window
to a new possible chemotherapy-free approach for patients with endocrine-resistant HER2-
low BC [50]. Clearly, our study presents limitations that require attention and restrict the
validity of the conclusions drawn. In addition to the above-mentioned limits (the small
sample size, the retrospective design), technical issues related to the HER2 status evaluation
method cannot be neglected. In particular, HER2 evaluation accuracy and reproducibility
could be affected by no standardized pre-analytical and post-analytical processes and by
the lack of a central confirmation of pathological assessment. Future studies might benefit
from central assessment of HER2 to ensure standardized scoring within the low-level range,
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as well as from a molecular profile or an assessment by mRNA quantification to generate a
more refined biomarker to define low HER2-expressing tumors.

5. Conclusions

In conclusion, our exploratory analysis suggests that low HER2 expression does not
affect survival outcome in patients with MBC undergoing first-line treatment with ET plus
palbociclib. Further prospective studies are needed to confirm the clinical implication of
HER2 expression level, especially in view of the availability of new targeted agents and/or
treatment combination strategies that could be incorporated into a therapeutic sequence.
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