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Background: Recent data suggest that human epidermal growth factor receptor 2 (HER2)-low breast
cancer may represent a distinct entity. We aimed to compare disease characteristics and outcomes be-
tween HER2-low and HER2-0 in estrogen receptor (ER) positive, early-stage breast cancer.
Methods: A single center retrospective study comprising all women with ER positive, HER2 negative
early breast cancer, for whom an Oncotype DX test was performed between 2005 and 2012. Womenwere
grouped to HER2-low (immunohistochemistry þ1 or þ2 and in situ hybridization not amplified) or
HER2-0. Clinico-pathological features and Oncotype recurrence score (RS) were collected. Data on
overall-survival (OS), disease-free survival (DFS) and distant disease-free survival (DDFS) were evaluated
according to HER2 expression status.
Results: 608 women were included, of which 304 women had HER2-0 and 304 had HER2-low disease.
Lobular subtype was significantly more common in HER-0 compared to HER2-low disease (17% vs. 8%,
p ¼ 0.005). The prevalence of other clinic-pathological characteristics and long-term prognosis were
comparable between both groups. For women with high genomic risk (RS > 25), HER2-low expression
was associated with significantly favorable OS (HR ¼ 0.31, 95% CI 0.11e0.78, p ¼ 0.01), DFS (HR ¼ 0.40,
95% CI 0.20e0.82, p ¼ 0.01) and DDFS (HR ¼ 0.26, 95% CI 0.11e0.63, P ¼ 0.002) compared to women with
HER2-0. For women with low genomic risk (RS � 25), long-term prognosis was unrelated to HER2
expression.
Conclusion: The prognostic impact of HER2-low expression in early-stage luminal disease varies across
the genomic risk, with significant favorable outcomes of HER2-low expression compared to HER2-0 in
women with high genomic risk.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Estrogen-receptor (ER) positive, human epidermal growth fac-
tor receptor 2 (HER2)enegative, early-stage breast cancer is the
most common subtype of breast carcinoma [1]. Adjuvant chemo-
therapy after surgery is often guided by genomic assays [2,3]. The
21-gene recurrence-score (RS) assay (Oncotype DX, Genomic
Health) is a well validated assay that provides both prognostic and
haare Zedek Medical Center,
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predictive information regarding the benefits of adjuvant chemo-
therapy [4e6]. Histopathological features such as tumor size, nodal
involvement and grade have important prognostic value indepen-
dently to genomic risk, and are also used to tailor treatment de-
cisions [7e9].

HER2 is a tyrosine kinase receptor belonging to the human
epidermal receptor family. Encoded by the ERBB2 gene, it is
considered as an important proto-oncogene in the biology of breast
carcinoma. ERBB2 amplifications leads to HER2 receptor
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overexpression on cell membrane and upon homo/hetro dimer-
ization of HER2 receptor, triggering a signal transduction cascade
that leads to cell proliferation, migration, invasion, and survival
which translates into an aggressive and rapidly spreading disease
[10,11]. According to the American Society of Clinical Oncology/
College of American Pathologists (ASCO/CAP) 2018 guidelines [12],
HER2 status is determined by either a þ3 score by immunohisto-
chemistry (IHC) assay, or ERBB2 amplification by situ hybridization
(ISH) for tumors with þ2 by IHC. Tumors with IHC results of 0, þ1
or þ2 with negative ISH are considered HER2 negative.

For tumors with IHC results ofþ1 orþ2/ISH negative, defined as
“HER2-low”, the addition of trastuzumab, an anti-HER2 targeted
therapy, to adjuvant chemotherapy in high-risk patients did not
demonstrate a clinical benefit [13]. Nevertheless, new clinical data
on potential benefit of novel anti-HER2 therapies in HER2-low
population with metastatic disease yielded encouraging results.
Trastuzumab-deruxtecan, an antibody-drug conjugate targeting
HER2, have shown in a phase 1b study, a confirmed objective
response rate of 37% with a median duration of response of 10.4
months, in heavily pre-treated patients with HER2-low breast
cancer [14], leading to an ongoing randomized control trials
investigating Trastuzumab-deruxtecan in this population [15]. This
new definition of breast carcinoma challenges the traditional
dichotomous classification of HER2-positive versus HER2-negative
tumors.

Approximately 55e60% of breast carcinomas are considered as
HER2-low, of which 80% are luminal-like tumors and 15e20% are
triple-negative breast cancer, depending on hormone receptor
status [11,16,17]. While about 65% of luminal disease have HER-low
expression, only third of all patients with triple negative breast
cancer have HER2-low tumors [18]. Several recent studies have
extensively characterized the clinicopathological and molecular
features of HER2-low tumors, supporting potential biological dif-
ferences between ER positive, HER2-low and ER positive, HER2-
0 disease. Schettini et al. [18] reported on an analysis utilizing
PAM50 assay of more than 3600 patients showing ER positive,
HER2-low tumors had a higher ERBB2 and luminal-related gene
expression levels than those with HER2-0 disease. In another study
using PAM50 assay on primary breast cancer from the Cancer
Genome Atlas dataset, HER2-enriched subtype was more frequent
in HER-low compared to HER2-0 tumors, regardless of ER expres-
sion [17]. A recently published analysis on more than 2300 patients
with HER2 non-amplified disease who were treated with neo-
adjuvant chemotherapy has shown that HER2-low breast cancer is
significantly different from HER2-0 breast cancer with regard to
hormone receptor status, tumor proliferation, grading, and
response to neoadjuvant chemotherapy [19].

Clinical data on the prognostic significance of HER2-low
expressing tumors are inconsistent. Several studies have shown
an association with a worse outcome, in both early and advanced
stages [20e24]. Other studies reported HER2-low disease was
associated with similar or improved clinical outcomes compared to
HER2-0 disease [17,19]. HER2-low status is currently not considered
as an independent prognostic or predictive factor for potential
benefit from adjuvant chemotherapy in ER positive disease [8,25].

The aim of this study is to investigate whether HER2 expression
in early-stage, ER positive, HER2 negative disease has an impact on
clinico-pathological characteristics and to examine the prognostic
role of HER2 expression in the whole population and by genomic
risk.
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1.1. Patients and methods

The study was approved by the institutional ethics committees
in accordance with the declaration of Helsinki. This single center
retrospective study included all newly diagnosed women with ER
positive, HER2 negative early-stage breast cancer whowere treated
in our institute between January 2005 and March 2012. Women
with more than 3 lymph nodes involved or T4 disease were
excluded. Medical charts and pathology reports were reviewed for
pre-specified parameters, including: demographics, tumor size,
nodal status, histologic grade, HER2 expression, ER and progester-
one receptor (PR) staining, Ki-67 staining, presence of lympho-
vascular (LVI) or perineural (PNI) tumor cell invasion and Onco-
type DX RS results.

High-risk Oncotype DX RS patients were defined as RS of 26 or
higher, and low risk patients were categorized with scores of 25
and lower, consistent with the TailorX study [6]. HER2-low tumors
were defined by IHC as þ1 or IHC þ2/ISH negative. HER2-0 were
defined as IHC-0 [16]. Women for whom the exact IHC staining was
not reported were excluded. ER and PR staining are presented with
a score range from 0 to 3, according to the modified version of the
H-score method [26]. Accordingly, when the intensity of hormone
receptors was reported as percentages it was converted by the H-
score method: [(1 % cellsþ1)þ (2 % cellsþ2) þ (3 % cells þ3)]/100
[23]. The intensity of hormone receptor staining was classified into
3 categories: weak (0 < ER/PR � 1), intermediate (1 < ER/PR � 2)
and strong (ER/PR > 2). The histologic grade was determined using
the Nottingham Histologic Scoring system [27]. Data on initial
adjuvant hormonal therapy and administration of adjuvant
chemotherapy were also extracted.

Long term outcomes on recurrence and survival were also
collected, with data-lock at 18/06/2020. Patients' vital status was
ascertained through Israel's ministry of interior database. Overall-
survival (OS) was defined as the interval between date of diag-
nosis to the date of death from any cause or date of data-lock.
Disease-free survival (DFS) was defined as the time from surgery
to disease recurrence or death from any cause. Loco-regional
recurrence was defined as disease recurrence confirmed by tissue
biopsy in the ipsilateral breast, contralateral breast or confirmed
involvement of ipsilateral axillary nodes. Distant recurrence was
determined by imaging suggestive for metastatic disease with or
without confirmation by biopsy. Time from surgery to the first
event of distant metastasis were defined as distant disease-free
survival (DDFS). When available, upon disease recurrence data on
HER2 expression from site of recurrence were collected from the
pathology reports.
1.2. Statistical analyses

The statistical analysis was generated using SAS software,
version 9.4 (SAS System for PC, SAS Institute, Cary, NC). Data were
reported descriptively for each of the pre-specified categories as
described above. Categorical variables were presented as pro-
portions and continuous variables were presented as mean ± SD or
median (IQR) as appropriate. Chi-Square test or Fisher's exact test
were utilized to analyze differences in the frequency of categorical
variables between the HER-0 and HER2-low groups. T-test was used
to compare the normally distributed continuous variables and the
Mann Whitney test was used for non-normal variables.

OS, DFS and DDFS rates were calculated by the KaplaneMeier
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method with the log-rank test, and the differences in outcomes by
HER2 expression were evaluated. Hazard ratios (HRs) and associ-
ated 95% confidence intervals (CI) for time-to-event endpoints
were analyzed using a Cox proportional hazards regression model.
First, the differences in outcomes by HER2 status were evaluated
for the entire study cohort. Subsequently the impact of HER2
expression on outcomes was investigated according to genomic
risk group. Additionally, multivariate analyses for DFS, DDFS and OS
were conducted, including HER2 expression and the following
prognostic characteristics: age, tumor size (using the categories:
T � 1, 1<T � 2 and T > 2 cm), lymph nodes involvement, grade
(grade 3 compared to grade 1,2) and Oncotype DX recurrence score.
Two-sided p-values less than 0.05 were considered statistically
significant.
2. Results

A total of 705 patients were screened, and 608 patients were
included in the final analysis, comprising 304 patients with HER2-
0 disease and 304 with HER2-low disease. Reasons for exclusion
included: unavailable HER2 expression status (n ¼ 65), HER2 pos-
itive disease by IHC (n ¼ 13), male gender (n ¼ 9), ER negative
(n ¼ 4), more than 3 lymph nodes involved (n ¼ 2), metastatic
disease (n ¼ 2) and patients who did not proceed with surgery
Table 1
Patients clinicopathologic characteristics at baseline.

Characteristic HER2-0 (n ¼ 304)

Age
Median (range)-yr. 61 (34e84)
Age <50 53 (17%)

Ethnicity
Ashkenazi Jews 151 (52%)
Sephardi Jews 119 (40%)
Arab 5 (2%)
Other 17 (6%)

Postmenopausal 234 (80%)
Tumor size
�2 cm 226 (74%)
>2 cm 78 (26%)

Node negative 257 (85%)
Grade
Low 43 (18%)
Intermediate 154 (64%)
High 43 (18%)

Proliferation Index eKi67% < 20% 150 (70%)
Histologic typea

IDC 232 (76%)
ILC 51 (17%)
Other 21 (7%)

Estrogen receptor intensity
Weak 4 (1%)
Intermediate 76 (25%)
Strong 224 (74%)

Progesterone receptor positive 260 (86%)
Progesterone receptor intensity
Weak 79 (30%)
Intermediate 79 (30%)
Strong 102 (40%)
Lympho-vascular invasion present 20 (7%)
Perineural invasion present 15 (5%)
Oncotype DX recurrence score
≤ 25 252(83%)
< 25 52 (17%)
<10 57 (19%)
11-25 195 (64%)

Data were missing on: Ethnicity ¼ 34, Menopausal status ¼ 25, Tumor size ¼ 1, nodal st
invasion ¼ 23, PNI ¼ 23, adjuvant chemotherapy ¼ 5, adjuvant hormonal therapy ¼ 21
3 Intensity hormone receptor was defined as follows: Weak- 0 < ER/PR � 1, Intermedia

a IDC- Infiltrating Ductal Carcinoma: includes IDC only or IDC and DCIS (Ductal Carcin
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(n ¼ 2). Baseline clinical and pathological characteristics according
to HER2 expression status are summarized in Table 1. Invasive
lobular carcinoma was significantly more prevalent in HER2-0 dis-
ease compared to HER-low disease (17% vs. 8%, respectively,
p ¼ 0.005). Other histopathological features including tumor size,
nodal involvement, grade, proliferation index Ki-67% and intensity
of hormone receptor staining, angiolymphatic invasion and Onco-
type DX RS were similar between both groups.

The median follow-up was 10.3 years. OS, DFS and DDFS of the
entire study cohort and by genomic risk are presented in Table 2.
HER2 expression was not associated with outcomes in the studied
cohort. Estimated 10-year OS rate was 91% for HER2-low and 88%
for HER2-0 disease (Fig. 1A), with HR ¼ 0.66, 95% CI 0.40e1.08,
P¼ 0.10. Estimated 10-year DFSwas 87% and 82%, for HER2-low and
HER2-0, respectively (Fig.1B), HR¼ 0.72, 95% CI 0.49e1.06 P¼ 0.09;
and estimated 10-year DDFS was 90% and 85%, for HER2-low and
HER2-0, respectively (Fig. 1C), HR ¼ 0.71, 95% CI 0.45e1.1 P ¼ 0.13.

Overall, 497 patients (82%) had low genomic risk (RS of 0e25),
among them 245 patients with HER2-low and 252 patients with
HER2-0 disease. Analyses for women with low genomic risk
showed similar OS, DFS and DDFS, see Table 2 and Fig. 2AeC.

111 patients had a recurrence score of 26 or higher, including 52
who had HER2-0 and 59 with HER2 low disease. Clinical-
pathological features for women with high genomic risk were
HER2-Low (n ¼ 304) P-Value

60 (35e85) 0.36
63 (21%) 0.12

0.58
133 (47%)
120 (43%)
6 (2%)
23 (8%)
220 (76%) 0.32

0.12
242 (80%)
61 (20%)
245 (81%) 0.23

0.83
42 (16%)
174 (66%)
46 (18%)
161 (71%) 0.36

0.005
259 (86%)
25 (8%)
19 (6%)

0.103
6 (2%)
55 (18%)
243 (80%)
262 (86%) 0.90

0.83
88 (33%)
80 (31%)
94 (36%)
14 (5%) 0.37
12 (4%) 0.69

245 (81%) 0.52
59 (19%)
55 (18%) 0.76
190 (63%)

atus ¼ 3, histologic grade ¼ 106, Ki67 ¼ 167, histologic type ¼ 1, Lympho vascular
.
te e 1 < ER/PR � 2, Strong e ER/PR > 2.
oma In Situ), Other histology included: Tubular, Medullary and Mucinous.



Table 2
OS, DFS and DDFS by HER2 expression level and genomic risk.a.

HER2 Status, Genomic Risk Estimated 10-year
OS (95% CI)

OS HR, 95% CI, p
value

Estimated 10-year
DFS (95% CI)

DFS HR, 95% CI, p
value

Estimated 10-year
DDFS (95% CI)

DDFS HR, 95% CI, p
value

All population HER2-0 88% (0.83e0.91) 0.66 (0.4e1.08),
P ¼ 0.10

82% (0.77e0.86) 0.72 (0.49e1.06)
P ¼ 0.09

85% (0.8e0.88) 0.71 (0.45e1.1)
P ¼ 0.13n ¼ 304

HER2-
low

91% (0.87e0.94) 87% (0.83e0.90) 90% (0.85e0.92)

n ¼ 304
Low Genomic Risk

Oncotype RS ≤ 25
HER2-0 92% (0.88e0.95) 0.91 (0.5e1.67)

P ¼ 0.77
87% (0.82e0.91) 0.89 (0.55e1.42),

P ¼ 0.65
90% (0.86e0.93) 1.05 (0.61e1.79)

P ¼ 0.85n ¼ 252
HER2-
low

92% (0.87e0.95) 88% (0.84e0.92) 90% (0.85e0.93)

n ¼ 245
High Genomic Risk

Oncotype RS ≥ 26
HER2-0 68% (0.53e0.80) 0.30 (0.11e0.78)

P ¼ 0.01
59% (0.43e0.71) 0.4 (0.2e0.82),

P ¼ 0.01
59% (0.43e0.71) 0.26 (0.11e0.63)

P ¼ 0.002n ¼ 52
HER2-
low

89% (0.78e0.95) 81% (0.68e0.89) 89% (0.78e0.95)

n ¼ 59

Abbreviations: CI e confidence interval, DFS e disease free survival, DDFS e distant disease-free survival, HR e hazard ratio, OS e overall survival, RS e recurrence score.
a OS, DFS and DDFS rates were calculated by the KaplaneMeier method with the long-rank test, HR and associated 95% CI were analyzed using a Cox proportional hazards

regression model.
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similar between HER2-low and HER2-0 disease, see Supplementary
Table 1. Compared to HER2-0 disease, HER2-low was associated
with statistically significant improved OS (10-year rates 89% vs.
68%, HR ¼ 0.31, 95% CI 0.11e0.78, P ¼ 0.01), DFS)10-year rates 80%
vs. 59%, HR ¼ 0.40, 95% CI 0.20e0.82; P ¼ 0.01) and for DDFS (10-
year rates 86% vs. 59%, respectively, HR ¼ 0.26 95% CI 0.11e0.63,
P ¼ 0.002), see Fig. 3AeC. Most women with high genomic risk
received adjuvant chemotherapy: 40 (78.4%) women with HER2-
0 and 45 (78.9%) women with HER-2 low disease. Compared to
HER-0 disease, favorable outcomes were seen in HER2-low disease
whether adjuvant chemotherapy was given or not (Supplementary
Figs. 1AeC). The vast majority (97%) of these patients received
initial adjuvant hormonal therapy, with 55 (98%) of patients with
HER2-low and 45 (96%) with HER2-0. An analysis of the interaction
between tumor subtype, genomic risk and outcomes was not un-
dertaken due to the low number (n ¼ 8) of patients with high
genomic risk and invasive lobular carcinoma. However, the signal in
favor improved outcomes remained for HER2-low disease,
regardless to histological subtype (Supplementary Fig. 2A-B). In
multivariate analysis, HER2-low, younger age, smaller tumors and
low genomic risk were all independently associated with statisti-
cally significant improved DFS, see Supplementary Table 2. Multi-
variate analysis for DDFS has shown similar findings, but the
difference between HER2-low to HER2-0 did not meet the
threshold for statistical significance (p¼ 0.084), see Supplementary
Table 2.

Data on HER2 expression from biopsies at loco-regional or
metastatic recurrence by HER2 status and RS at presentation, are
presented in Fig. 4. Overall, there were 68 events of recurrence, of
which 33 were biopsy proven. HER2 expression in the biopsy from
the recurrence site was identical to the expression at baseline in 10/
14 (71%) of the women with HER2-0 at presentation, and 12/19
(63%) of the women with HER2-low at presentation. Four (12%) of
recurrences were HER2 positive by IHC (þ3) or by ISH upon
recurrence. Tumors with higher Oncotype DX RS tended to over-
express the HER2 receptor upon recurrence, compared to lower
Oncotype DX scores that tended to preserve the original level of
HER2 expression.
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3. Discussion

The dichotomous classification of HER2 positive and HER2
negative disease has been recently challenged by emerging data on
antibody-drug conjugate targeting HER2 among patients with
metastatic HER2-low disease [15,28,29]. Several recent studies
using PAM-50 analysis have identified differences between HER2-
low and HER2-0 disease [17,18], suggesting that in contrast to
current classification of HER2 negative disease, which comprises
both HER2-0 and HER-low disease, HER2-low tumors represent a
specific nosological entity. In this study, there were no differences
in all of the prognostic pathological features between HER2-0 and
HER2-low. Furthermore, Oncotype DX RS, a well-established
prognostic and predictive feature that is not a subject for inter-
laboratory heterogeneity [4], was comparable between HER2-
0 and HER2-low disease. Despite this resemble, we found that
among patients with high genomic risk, HER2-low expression was
associated with significant and consistent improvement in OS, DFS
and DDFS compared to HER2-0. Interestingly, in patients with low
genomic risk, no difference was identified in outcomes between
HER2-0 and HER2-low. We are not aware of previous reports of
these findings.

While HER2-positive disease is chemo-sensitive [30e32],
whether HER2-low expression is predictive to chemotherapy is
unclear. Consistent with guidelines [25], most women with high
genomic risk received adjuvant chemotherapy in this cohort. As
only few women with high genomic risk did not receive chemo-
therapy, the conclusions that can be drawn from the predictive role
of HER2-low in this population are limited. However, the trend for
favorable outcomes was noted in HER-low disease with high
genomic score both is women who were treated with chemo-
therapy and in women who forgo chemotherapy.

Lobular subtype was significantly more common in HER2-
0 compared to HER2 low disease. Lobular subtype is the most
common subtype after ductal carcinoma and represents approxi-
mately 10e15% of all invasive breast cancers [33,34]. The distribu-
tion of HER2-0 compared to HER2 low in this subtype is not well
described. A recent large-scale study which included both ER



Fig. 1. Kaplan-Meier analyses for all study population, according to HER2 expression
status: 10-year overall survival (A), 10-year disease-free survival (B), and 10-year
distant disease-free survival (C).

Fig. 2. Kaplan-Meier analyses for overall survival (A), disease-free survival (B) and
distant disease-free survival (C) for low risk Oncotype DX Recurrence Score (0-25)
according to HER2 expression status.
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Fig. 3. Kaplan-Meier analyses for overall survival (A), disease-free survival (B) and
distant disease-free survival (C) for high risk Oncotype DX Recurrence Score (RS � 26)
according to HER2 expression status.
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positive and ER negative disease, reported similar distribution of
histological subtypes [18]. It is possible that our results are different
because of the more homogenous patient population, as classical
lobular carcinoma is almost exclusively ER positive, HER2 negative
disease [31]. This finding may further support the postulation that
HER2-low and HER2-0 disease represent two different clinical
entities.

Other confounders could possibly affect patients’ outcomes.
Adherence to adjuvant endocrine therapy is often incomplete [35],
and poor adherence is associated with worse outcomes [36,37].
While adherence is not expected to be affected by HER2 expression,
data on adherence were not documented. Additionally, variability
in the type of adjuvant hormonal therapy that was given may exist.
Tamoxifen monotherapy, sequence of tamoxifen followed by aro-
matase inhibitors or an upfront aromatase inhibitors therapy were
prescribed. Tamoxifen monotherapy in post-menopausal women is
inferior to treatment that comprises aromatase inhibitors [38] and
extending adjuvant hormonal treatment beyond 5 years has also
shown to improve outcome [39], but data on duration of treatment
were not collected. However, as extending aromatase inhibitors
beyond 5 years is not expected to improve OS [40] and the absolute
benefit in reducing recurrence is relatively negligible in node
negative disease (approximately 1%) [41], variability in duration of
adjuvant hormonal treatment is unlikely to explain the remarkable
differences in outcomes that were identified by HER2 expression
among women with high genomic risk in this cohort. The compa-
rable outcomes inwomenwith lowgenomic risk further support no
meaningful confounders exists between HER2-0 and HER2-low,
suggesting true difference between these groups in high genomic
risk disease.

HER2-low tumors comprised of HER2-IHC þ1 and þ 2 by
Immunohistochemistry, overexpress the HER2 receptor at a range
of 100,0000e500,000 molecules per cell [42]. Therefore, HER2-low
status represents a spectrum of HER2 overexpressing tumors that
may represent several distinct biological entities with different
prognostic characteristics and different response to various treat-
ment strategies. As the number of women with HER2 þ2 is rela-
tively limited, whether the intensity of HER2 expression has clinical
implication in HER2-low disease could not be inferred from this
study.

This study has several limitations. First, HER2 IHC interpretation
is observer dependent, and interpretation of tumor sample may
vary. Of note, most tumors samples were reviewed by the same
team of pathologists in our center, which is a referral hospital,
however some tumor specimens were reviewed by pathologists
from different centers. Second, as this is a single center retrospec-
tive study it is vulnerable to unknown bias. Third, data on the
adherence and duration of treatment as well as complete data on
the type of endocrine therapy during all period were not docu-
mented. Finally, as the number of women with high genomic risk
who were not treated with chemotherapy was small, it remains
unclear whether HER2-low is independent prognostic factor or is
associated with more chemo-sensitive disease, compared to HER2-
0.

This study comprises more than 600 women, however the sta-
tistically significant differences in outcomes were identified only
for 111 women with high genomic risk. While the latter subgroup
represents relatively small cohort, differences in outcome achieved
statistical significance, suggesting the differences between HER2-
low and HER2-0 may be attributed to unique entities and not to a
statistical fluke. In is possible that differenceswere identified in this
study despite relatively small sample size due to the long follow-up
period.



Fig. 4. HER2 status upon disease recurrence; 0; HER2 IHC-0, 1; HER2 IHC 1þ, 2; HER2-IHC þ2\ISH negative, 3- HER2-Positive tumor: IHC þ3/HER2 þ2, ERBB2 amplified by ISH).
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In conclusion, our study shows that the prognostic significance
of HER2-low expression varies across the Oncotype DX risk groups,
with favorable outcomes among HER2-low tumors only in high
genomic risk patients. Larger studies are warranted to clarify
whether HER2-low is an independent prognostic marker in luminal
disease or whether it represents a biomarker that may impact
treatment decisions.
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