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Abstract

Objective: Human epidermal growth factor receptor-2–low breast cancer, characterized by

low-level human epidermal growth factor receptor-2 expression and immunohistochemistry

score 1þ or immunohistochemistry score 2þ without amplification, has been proposed as a

distinct subgroup. This study investigated the prevalence and clinicopathological characteristics of

human epidermal growth factor receptor-2–low breast cancers.

Methods: A retrospective observational cohort study was conducted on patients diagnosed

with invasive breast carcinoma between 2021 and 2023 at a single tertiary center. Data on

histological type, tumor grade, human epidermal growth factor receptor-2 status, and Ki-67

proliferation index were collected.

Results: Among the 181 patients who were included, 54.7% were classified as human epidermal

growth factor receptor-2–low, 27.6% as human epidermal growth factor receptor-2–negative, and

17.7% as human epidermal growth factor receptor-2–positive. Human epidermal growth factor

receptor-2–low tumors were predominantly those classified into grade 2 (69.7%). The mean age

of patients with human epidermal growth factor receptor-2–low tumors was 60 years. The Ki-67

index was significantly lower in human epidermal growth factor receptor-2–low tumors than in

human epidermal growth factor receptor-2–positive and human epidermal growth factor recep-

tor-2–negative groups (p¼ 0.001). No significant differences were observed in the rates of axil-

lary lymph node metastasis among the groups (p¼ 0.13).
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Conclusion: Human epidermal growth factor receptor-2–low breast cancers constitute a sig-

nificant proportion of breast cancer cases and are associated with distinct clinicopathological

features, including high estrogen reception positivity and lower Ki-67 proliferation rates.
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Introduction

Breast cancer is the most commonly diag-

nosed malignancy in women and a leading
cause of cancer-related death worldwide.1

Human epidermal growth factor receptor
2 (HER-2) plays an important role in the

biology of breast cancer. HER-2 gene

amplification is associated with a poorer
prognosis and a more aggressive disease

course.2 Furthermore, it is critical for deter-

mining targeted treatment options. HER-2
status in breast cancer is routinely assessed

and reported in pathology reports.
Guidelines published by the American

Society of Clinical Oncology/College of

American Pathologists (ASCO/CAP) rec-
ommend that HER-2 expression be evalu-

ated using immunohistochemistry (IHC)
and in situ hybridization (ISH).3

Conventionally, HER-2 status has been

classified as “positive” or “negative.”
However, approximately 50% of tumors

previously categorized as HER-2–negative

exhibit low levels of HER-2 expression,
defined as an IHC score of 1þ or an IHC

score of 2þ without amplification.4 The
diagnosis of HER-2–low breast cancer is

usually made using pathological tests, such

as IHC and ISH. IHC assesses cell surface
HER-2 protein expression, while ISH

assesses ERBB2 gene amplification. HER-
2 status is determined using the IHC

scoring system, and tumors scoring 1þ or
2þ are classified as HER-2–low.5

This observation has led to the hypothe-
sis that tumors with low HER-2 expression
may now represent a distinct biologic sub-
group categorized as “HER-2–low.” This
new classification has gained significant
popularity owing to the clinical benefits
demonstrated by antibody-drug conjugates
(ADCs), such as trastuzumab deruxtecan
(T-DXd) in HER-2–low tumors.6 HER-
2–low tumors are predominantly hormone
receptor–positive, exhibit low proliferation
rates, and show well-differentiated fea-
tures.7 However, their biological and clini-
cal positioning between HER-2–positive
and HER-2–negative tumors is yet to be
fully elucidated.8

The biological heterogeneity of HER-2–
low breast cancers and their relationship to
clinical outcomes have not yet been clearly
defined.9,10 Recognition of HER-2–low
tumors plays a critical role in guiding treat-
ment strategies. These tumors require dif-
ferent approaches to patient management
considering their hormone receptor status.
This study investigated the prevalence and
clinicopathological features of HER-2–low
breast cancers and compared the findings
with those reported in the literature. The
results aimed to contribute to a better
understanding of HER-2–low tumors and
optimize treatment strategies.
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Methods

This retrospective observational cohort
study was conducted as per the ethical prin-
ciples outlined in the Declaration of
Helsinki (as revised in 2024). It was
approved by the Ethics Committee of
Giresun University (Approval Number:
11.12.2024/08). As the study was retrospec-
tive, written informed consent from individ-
ual patients was not required, and all data
were anonymized to ensure patient confi-
dentiality. The reporting of this study con-
forms to the STROBE (Strengthening the
Reporting of Observational Studies in
Epidemiology) guidelines.11

Case selection

This study evaluated invasive breast carcino-
ma patients diagnosed at the Giresun
University Education and Research
Hospital Pathology Laboratory between
2021 and 2023. Patients were selected consec-
utively, and core biopsy materials obtained
from the pathology laboratory archives and
diagnosed as invasive breast carcinoma were
included in the study. Inclusion criteria were
the availability of clinicopathological data
and reported HER-2 status. Patients with
missing data were excluded.

Data collection and management

Clinical and histopathological data. Patient age,
tumor location, histological type and grade,
estrogen receptor (ER), progesterone recep-
tor (PR), HER-2, and Ki-67 data were
obtained from hematoxylin–eosin (HE)
slides, pathology reports, and electronic
records.

Histomorphological evaluation. HE-stained
slides were prepared using routine laborato-
ry protocols: fixation in 10% buffered
formaldehyde, paraffin embedding, 5-lm
sectioning, and staining. HER-2, ER, PR,
and Ki-67 evaluations were performed

under a light microscope (Nikon Eclipse).

IHC was performed using monoclonal anti-

bodies, including HER-2 (Ventana anti–

HER-2, 4B5), ER (Ventana anti-ER, SP1),

PR (Ventana anti-PR, 1E2), and Ki-67

(Ventana anti-ki67, 30-9). Fluorescence in

situ hybridization and ISH evaluations

were performed externally in the majority

of cases, and the results were obtained

from patient pathology reports. In a

subset of cases, dual ISH analysis was per-

formed at our institution (Ventana HER-2

dual ISH DNA probe cocktail).

Classification of HER-2 status

The HER-2 status was categorized accord-

ing to the ASCO and CAP guidelines as

follows:12

HER-2–negative: HER-2 IHC score 0;

HER-2–low: HER-2 IHC score 1þ or

IHC score 2þ without ISH amplification;

HER-2–positive: HER-2 IHC score 3þ or

IHC score 2þ with ISH amplification.

Ki-67 proliferation index

Ki-67 expression was categorized as

follows:12,13

Low proliferation: �20% nuclear staining

in tumor cells;

Moderate proliferation: 21%–40% nucle-

ar staining;

High proliferation: >40% nuclear

staining.

Hormone receptor status

The hormone receptor status was classified

according to the ASCO/CAP guidelines:12

Negative:<1% of tumor cells showing

immunoreactivity;
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Low: 1%–10% immunoreactive tumor

cells;

Positive: >10% immunoreactive tumor

cells.

Statistical analysis

All statistical analyses were performed

using the Statistical Package for Social

Sciences package. Group differences were

assessed using Chi-square and Fisher’s

exact tests. Continuous variables are pre-

sented as mean� SD values, and categori-

cal variables are expressed as frequencies

and percentages. A p-value of less than

0.05 was considered statistically significant.

Results

In total, 181 invasive breast carcinoma cases

were evaluated. The mean age of the overall

cohort was 58� 12.3 years. The most

common histological subtype was invasive

carcinoma of no special type, accounting

for 92.8% of the cases (n¼ 168). In terms

of tumor grade, the majority of cases

(66.3%, n ¼120) were classified as grade 2,

followed by grade 1 (20.4%, n¼ 37) and

grade 3 (13.3%, n¼ 24). Tumor laterality

was nearly evenly distributed, with 50.8%
of tumors located in the right breast
(n¼ 92), 48.1% in the left breast (n¼ 87),
and 1.1% showing bilateral involvement
(n¼ 2). Axillary lymph node metastasis was
observed in 33 patients (18.2%) at diagnosis.
ER expression was positive (>10%) in
77.3% of the overall cohort, low (1%–
10%) in 18.2%, and negative (<1%) in
4.5% of the subjects. PR positivity was
noted in 61.9% of the cases, while 23.8%
had low expression and 14.4% were PR neg-
ative. The Ki-67 proliferation index showed
low proliferation (�20%) in 58.5% of the
cases, moderate proliferation (20%–40%)
in 19.5% of the cases, and high proliferation
(>40%) in 22% of the cases. Regarding
HER-2 status, 27.6% of tumors were
HER-2-0 (n¼ 50), 54.7% were HER-2–low
(n¼ 99) (Figures 1 and 2), and 17.7% were
HER-2–positive (n¼ 32) (Figure 3). Among
HER-2–low tumors, 40.4% (n¼ 40) had an
IHC score of 1þ, while 59.6% (n¼ 59) had a
score of 2þ with ISH-negative status.

The HER-2–low subgroup consisted of
99 patients with a mean age of 60.4� 12.8
years. The majority of tumors were grade 2
(69.7%, n¼ 69), followed by grade 1
(21.2%) and grade 3 (9.1%). There was no
statistically significant difference in the

Figure 1. HER-2 immunohistochemistry staining score 1þ (Ventana anti–HER-2, 4B5, 20� 100). HER-2:
human epidermal growth factor receptor 2.
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Figure 2. (a) HER-2 immunohistochemistry staining score 2þ (Ventana anti–HER-2, 4B5, 10� 100) and
(b) HER-2 Dual ISH (Ventana Dual ISH DNA probe cocktail) in the same case no amplification (20� 100).

Figure 3. HER-2 immunohistochemistry staining score 3þ (Ventana anti–HER-2, 4B5, 10� 100).
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tumor grade between the HER-2–low

group and the HER-2–negative or HER-

2–positive groups (p¼ 0.10). Tumor lateral-

ity in the HER-2–low group showed a slight

predominance of the left breast (50.5%)

over the right (47.5%), and two patients

(2%) exhibited bilateral involvement.

Axillary lymph node metastasis at diagnosis

was present in 17 HER-2–low patients

(17.2%), with no statistically significant dif-

ference among HER-2 groups (p¼ 0.13).

ER positivity was remarkably high in HER-

2–low tumors, with 90% of the patients

showing >10% expression, 5% showing low

expression, and 5% showing negative expres-

sion. This distribution showed a statistically

significant difference compared to the HER-

2–negative and HER-2–positive groups

(p< 0.001). Similarly, PR positivity was

seen in 70.7% of HER-2–low patients, with

12.1% showing low expression and 17.2%

showing negative expression; this difference

was statistically significant (p< 0.001). The

Ki-67 proliferation index in HER-2–low

tumors revealed low proliferation in 67.7%,

moderate proliferation in 22.2%, and high

proliferation in only 10% of the study popu-

lation. The Ki-67 distribution was significant-

ly different from that of the HER-2–negative

and HER-2–positive groups (p¼ 0.001).
A detailed summary of clinicopathologi-

cal features s per HER-2 status is presented

in Table 1 and Figure 4.

Discussion

In this study, we evaluated the prevalence

and clinicopathological characteristics of

HER-2–low breast cancers and examined

the position of this subgroup within the

broader spectrum of breast cancer. Our find-

ings indicate that HER-2–low tumors

accounted for 54.7% of all cases, were pre-

dominantly ER-positive, and exhibited a low-

grade proliferative profile. Additionally, the

rate of lymph node metastasis at diagnosis

was 17.2%.
Previous studies have reported a preva-

lence of 31%–55% for HER-2–low breast

cancer. Zhang et al. reported a prevalence

of 31% for HER-2–low tumors,14 while

Marchi�o et al. indicated that they

Table 1. Comparison of clinical and pathological features based on HER-2 status.

All cases

(n¼ 181)

HER-2–Low

(n¼ 99)

HER-2–negative

(n¼ 50)

HER-2–positive

(n¼ 32)

Age (mean) 58� 12.3 60.4� 12.8 56.9� 13.7 57.2� 14.3

ER positivity (%) (>10%) 90 96.0 66.0 87.5

PR positivity (%) (>10%) 76.7 88.8 60.0 78.1

Tumor grade (%)

Grade 1 20.4 21.2 22.0 18.8

Grade 2 66.3 69.7 54.0 71.9

Grade 3 13.3 9.1 24.0 9.4

Ki-67 proliferation Index (%)

<15 (low) 31.5 39.8 28.0 18.8

15–30 (intermediate) 28.2 29.1 26.0 31.3

>30 (high) 40.3 31.1 46.0 50.0

Laterality (%)

Right 50.8 47.5 50 62.5

Left 48.1 50.5 50 37.5

Bilateral 2 2 0 0

HER-2: human epidermal growth factor receptor 2.
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comprised approximately 55% of all breast

cancers.15 In our cohort, the prevalence was

54.7%, aligning closely with the upper limit

of previously reported ranges. These findings

suggest that HER-2–low tumors represent a
substantial proportion (approximately 50%)

of all breast cancers, underscoring the

importance of recognizing and evaluating

this subgroup in clinical settings. The

median age at breast cancer diagnosis in

the general population has been reported

as 61.8 years.16 In this study, the age

ranged from 30–94 years, with a median

age of 58 years and an interquartile range

(IQR) of 49.0–67.5 years for the overall
cohort. In the HER-2–low group, the

median age was 61 years with an IQR of

51.0–70.0. Although the age distribution

was broadly consistent with that reported

in the literature, the HER-2–low group dem-

onstrated a slightly older median age than

the other subgroups. Bidoli et al. suggested

that regional variations in age at diagnosis

may be influenced by differential exposure

to risk factors, awareness levels, and screen-
ing practices.17 Tumor laterality has been

explored in prior studies, with some report-

ing a slight predominance of left-sided breast

cancers. Ruszkowska-Ciastek et al. reported

a left-to-right ratio of 1.04,17 while as per Al

Saad et al., 50.44% of tumors were left-sided
and 47.37% were right-sided.18 Furthermore,

left-sided tumors have been associated with

marginally worse long-term outcomes.19

Gadhia et al. reported a 64.95% prevalence

of left-sided breast cancer, particularly in

triple-negative and grade III tumors. A ten-

dency toward left laterality has also been

observed in HER-2–negative tumors.20 In

our study, right-sided tumors were slightly

more common in the overall cohort (50.8%
vs. 48.1%). However, among HER-2–low

cases, left-sided involvement was marginally

more prevalent (50.5% vs. 47.5%).

Interestingly, both bilateral cases in our

cohort were from the HER-2–low group.

To the best of our knowledge, no studies

have specifically addressed laterality in

HER-2–low tumors, highlighting an area

for future investigation. Consistent with the

literature, the majority of HER-2–low tumors
in our cohort were low-to-intermediate

Figure 4. Comparison of histological grade and Ki-67 proliferation index among HER-2 status groups.
Bar charts illustrate the distribution of histological grade (left) and Ki-67 proliferation index (right) in breast
cancer cases categorized by HER-2 status. For grade, most HER 2-low tumors were grade 2, while grade 1
and grade 3 were less common. Regarding Ki-67, HER-2–low tumors predominantly showed low prolifer-
ation (L), in contrast to HER-2–negative and HER-2–positive tumors, which had higher proportions of
medium (M) and high (H) proliferation indices. (L: HER-2–low; N: HER-2–negative; P: HER-2–positive).
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grade.7,14,21 In particular, 69.7% of HER-2–
low tumors were grade 2 and 21.2% were
grade 1. Previous studies have also indicated
that HER-2–low tumors are frequently diag-
nosed at early clinical stages (I–II) and tend
to be well-to-moderately differentiated.14

Regarding proliferative activity, earlier
research has demonstrated that HER-2–low
tumors generally have lower Ki-67 indices
compared to both HER-2–negative and
HER-2–positive tumors.4,9,21,22 Our findings
are in agreement with these reports, with low
proliferation rates (�20%) observed in
67.7% of HER-2–low patients, representing
a statistically significant difference
(p< 0.001). These results support the notion
that HER-2–low tumors may possess a less
aggressive biological phenotype. Hormone
receptor positivity has been consistently
reported to be higher in HER-2–low tumors
than in HER-2–negative tumors, with many
classified within the Luminal B molecular
subtype.14,23,24 Our study reinforces these
observations, demonstrating ER positivity in
90% and PR positivity in 70.7% of HER-2–
low patients. These rates were significantly
higher than those observed in the HER-2–
negative and HER-2–positive groups
(p< 0.001).

Finally, lymph node metastasis was iden-
tified in 17% of HER-2–low patients at
diagnosis, with no significant difference
when compared to the HER-2–negative or
HER-2–positive groups (p¼ 0.13). These
results are consistent with those reported
by Zhang et al.; they noted similar meta-
static behavior in HER-2–low tumors.14

This suggests that HER-2–low tumors
may generally carry a relatively low meta-
static potential.

The limitations of our study include its
retrospective design and relatively limited
sample size. Additionally, the lack of long-
term follow-up and survival data restricts
our ability to assess prognostic outcomes.
These limitations should be considered
when interpreting the findings, and larger,

multicenter prospective studies are needed

to validate our results.

Conclusion

This study aimed to describe the prevalence

and clinicopathological features of HER-2–

low breast cancers, a subgroup of breast

cancer with increasing clinical importance

in the management of breast cancer. The

findings suggest that HER-2–low tumors

constitute a significant portion of breast

cancers, generally exhibit higher hormone

receptor positivity, tend to be low-to-

intermediate grade, and exhibit low prolif-

erative activity. Although there are current-

ly no targeted therapies specifically

approved for HER-2–low breast cancers,

ADCs such as T-DXd have shown encour-

aging clinical benefits in this group. Given

that response to treatment may vary

according to the level of HER-2 expression,

the management of HER-2–low breast can-

cers may require a more personalized

approach.
In summary, HER-2–low breast cancers

represent a distinct and clinically important

subgroup within the spectrum of breast

malignancies, characterized by unique bio-

logical behaviors and emerging therapeutic

potential. Nevertheless, larger, prospective

studies are warranted to further elucidate

their molecular heterogeneity and treatment

responsiveness. Such investigations are cru-

cial for the advancement of more precise

and effective therapeutic strategies and

may ultimately contribute to establishing a

new paradigm in breast cancer care.
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