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Purpose: The introduction of HER2-targeting antibody drug conjugates (ADCs) offers new treatment options for female breast cancer 
patients (FBC) expressing low levels of HER2 (HER2 low). No evidence was found that HER2 low describes a new FBC subtype. 
There is a lack of studies determining the impact of HER2 low in male breast cancer (MBC). In this study, we evaluate the prevalence 
of HER2 low in primary MBC and correlate the results with patient characteristics.
Patients and Methods: In this study, histological specimens were obtained from 120 male patients diagnosed and treated for 
primary invasive breast cancer from 1995 to 2022 at Breast Cancer Units in Bergisch Gladbach, Chemnitz, and Zwickau, Germany. 
HER2 immunostaining and in situ hybridization were performed by central pathology and evaluated based on the ASCO/CAP 
guidelines. The correlation of expression of HER2 low with tumor biological characteristics and patient outcomes was investigated.
Results: Out of all cases, four patients (3.3%) showed HER2 positivity (3+), 39 (32.5%) patients were classified as HER2 low, 7 
(5.8%) were HER2 2+ (no amplification), 32 (26.7%) were HER2 1+, and 77 (64.2%) were classified as HER2 zero. Out of 77 HER2 
zero cases, 47 tumors (61.0%) showed incomplete staining, with <10% of tumor cells classified as HER2 ultralow. No statistical 
correlation between HER2 low and tumor biological characteristics and patients’ survival was found.
Conclusion: Our findings show a notable, albeit lower, prevalence of HER2 low expression in primary MBC. However, tumors 
expressing HER2 low do not show specific tumor biological features to define a new breast cancer subtype in MBC. Our results 
suggest that a significant number of MBC patients could benefit from ADCs, as shown in FBC. Further studies are required to better 
understand HER2 low breast cancer, both generally and in MBC.
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Introduction
Female breast cancer (FBC) and male breast cancer (MBC) share biological similarities, but significant differences 
regarding risk factors, prognosis, and response to therapy have been observed.1 MBC represents a more homogeneous 
tumor cohort with only minor differences in hormone receptor (HR) expression and HER2 distribution. Usually, MBC is 
highly HR positive and HER2 negative.2

HER2 is a transmembrane receptor tyrosine kinase encoded by the ERBB2 gene.3

It is a potent oncogene associated with a more aggressive tumor behavior.4 HER2 positivity is a therapeutic target for 
monoclonal antibody trastuzumab as well as for other anti-HER2 compounds.5 The introduction of targeted therapies was 
able to change treatment and prognosis dramatically.6 Until now HER2 classification followed a binary approach to 
distinguish between HER2 positive or negative: according to the American Society of Clinical Oncology and College of 
American Pathologists (ASCO/CAP), breast cancer is defined as HER2 positive by protein overexpression score 3+ with 
immunohistochemistry (IHC) and/or a IHC score 2+ with gene amplification in situ hybridization (ISH).7 Female as well 
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as male patients who show HER2 positivity are recommended to be treated with antibodies. Patients who were 
categorized as HER2 negative were not treated with antibodies due to a lack of response.8

Recent studies shed light on reconsidering the spectrum of HER2 classification: in females more than 60% of HER2 
negative breast tumors express low levels of HER2, defined as a score of 1+ by IHC or as an IHC score of 2+ and 
negative in ISH.7,9 The development of antibody drug conjugates (ADCs) targeting tumors with low levels of HER2, 
such as trastuzumab-deruxtecan (T-DXd), expand treatment options for HER2-expressing breast cancer.

Current clinical studies such as DESTINY-breast04 (D-b04) and DAISY trial presented promising data regarding 
treatment options for FBC expressing low levels of HER2.9–11 These studies focus on female patients. The D-b04 trial for 
metastatic FBC was able to show that patients with low levels of HER2 benefit from ADC therapy.10 In the ongoing 
DESTINY-breast06 (D-b06) study the efficacy of ADC T-DXd for tumors with very low levels of HER2 expression, so- 
called HER2 ultralow, was also tested.12 To assess this distinctive breast cancer subtype accurately might be challenging.

According to our knowledge there is no research available investigating the biological significance of HER2 low for 
primary MBC. Since the majority of MBC is HER2 negative there is a need to further investigate if there is a similar 
HER2 low distribution as in FBC. This could lead to a shift in pathological assessment as well as clinical treatment of 
MBC tumors.

In this study we aimed to describe the prevalence of HER2 low status in a cohort of primary MBC with emphasis on 
clinicopathologic features and clinical outcome.

Since the D-b06 trial is still proceeding we adapted their study design distinguishing HER2 low into subtypes HER2 
low and HER2 ultralow to further investigate if there are new treatment options for these patients.

Materials and Methods
Patient Selection
In this multicenter retrospective study, histological specimens were obtained from 120 male patients who were diagnosed 
and treated for primary invasive breast cancer from 1995 to 2022 at Breast Cancer Units in Bergisch Gladbach, 
Chemnitz, and Zwickau, Germany. The patient data, histological findings, as well as treatment reports and follow-up 
data were collected with the approval of review boards from the hospital archives. The study was approved by the 
institutional local ethics committee (no.: 005/2005, University of Bonn, Germany) and in accordance with the declara-
tions of Helsinki. Written informed consent was obtained from all patients.

Histopathological Analysis
Tumor specimens were fixed in formalin and embedded in paraffin. Immunohistological staining (IHC) was performed 
using an automatic immunostaining system (Ventana Benchmark GX, Roche Diagnostics, Mannheim, Germany) 
according to the manufacturer’s instructions.

All specimens were counterstained with hematoxylin. Pathohistological evaluation was performed within two weeks 
by two experienced physicians (S.E.B. and C.R.) after immune-histological staining.

Slides were microscopically reviewed. Histological carcinoma classification was recorded in accordance with current 
World Health Organization staging.13 Pathological staging was classified according to the International Union Against 
Cancer.14

HR status was evaluated using the Remmele and Stegner score,15 which is an immune reactivity score. For Ki67 
immunostaining clone 30–9 (Roche Diagnostics) was used. The cut-off point of 13.5% for Ki67 was used referring to 
Erices-Leclercq et al.16

HER2 protein expression was determined with VENTANA anti-HER2/neu (4B5) Rabbit Monoclonal Primary 
Antibody (CE IVD, Roche Diagnostics). HER2 membrane staining intensity and pattern were analyzed based on 
ASCO/CAP approved criteria: 3+ immune staining was considered positive, and 2+ staining was categorized as 
equivocal. In this case HER2 positivity was defined by its gene amplification status (FISH) using standardized 
protocols.17 HER2 low was considered as a score 1+ and 2+ (FISH negative); 1+ was defined as an incomplete staining 
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that was barely perceptible with >10% of tumor cells,and 2+ as weak to moderate complete membrane staining observed 
in >10% of tumor cells.

HER2 ultralow was defined by an incomplete staining with <10% of tumor cells. No staining was described as HER2 
zero (Figure 1).

Statistical Analysis
The analysis of standard deviation, variance, and range are among the measures of dispersion and were evaluated. By 
calculating those parameters, we have ensured that our counted values correspond to a statistically correct homogeneous 
series of measurements. Overall survival (OS) benefits were calculated according to Kaplan–Meier curve (KMC).

We tested for significance using Spearman correlation as well as chi2 test and Fisher–Freeman–Halton exact test for 
small sample sizes to correlate histopathological features with our HER2 subgroups. All results were considered 
significant at p-values <0.05. All analyses were performed using the SPSS software package version 29 (SPSS Inc., 
Chicago, IL), and Microsoft® Excel® 2010, version 14 for Windows (Microsoft Corp., Redmond, WA).

Results
Patients’ age ranged from 34 to 89 years (median 66 years). Follow-up data were available for 109 patients. The median 
follow-up time was 59 months (range 1–207). The median overall survival (OS) was 97 months (range 1–207 months). 
Thirty-eight patients (35.8%) experienced relapse, and 38.3% (n = 46) of patients died.

Due to the retrospective characteristics of this study, data regarding treatment was incomplete. In 80.0% (n = 96) of 
cases patients underwent modified radical mastectomy. Breast-preserving surgery was carried out in 5.8% (n = 7) of 
patients, and 45.0% (n = 54) were treated adjuvantly with tamoxifen. Seven patients (5.8%) received aromatase 
inhibitors. Adjuvant chemotherapy was administered in 34 cases (28.3%).

Most tumors had intermediate differentiation (G2, 70.0%, n = 84); 7.5% (n = 9) were well (G1) and 22.5% (n = 27) 
poorly differentiated. A total of 43.3% (n = 35) of patients were diagnosed at tumor stage pT1, whereas 23.3% (n = 28) 
had stage pT2 and 3 patients (2.5%) stage pT3. Stage pT4 was found in 12.5% (n = 15); 36.7% (n = 44) of patients 
already had axillar lymph node metastases at the time of diagnosis.

In our cohort 119 (99.2%) tumors expressed estrogen receptors (ER), and 114 (95.0%) expressed progesterone 
receptors (PR). High Ki67 levels were found in 66 cases (55.0%).

A total of 120 tumors were available for HER2 expression analysis: 77 (64.2%) of cases were classified as HER2 
negative, 39 (32.5%) as HER2 low, 7 (5.8%) were HER2 2+ (ISH negative), and 32 (26.7%) were HER2 1+. Four 
patients (3.3%) showed HER2 positivity (3+, ISH positive). Out of the 77 HER2 negative cases 47 tumors (39.2%) 
showed an incomplete staining with <10% of tumor cells, classified as HER2 ultralow (Figure 2). All the cases showing 

Figure 1 HER2-testing in primary male breast cancer.
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HER2 expression were HR positive. Regarding the immunohistochemical defined subtypes, 39.2% (n = 47) of cases were 
characterized as luminal A and 56.7% (n = 68) as luminal B type breast cancer. One patient was triple negative.

There was no correlation between histological markers and HER2 negative tumors, nor HER2 low/ultra-low tumors 
(Table 1). Among patients with tumor relapse, two patients showed HER2 overexpression (HER2 3+), 21 patients were 
HER2 low (HER2 1+), and 15 patients were classified as HER2 negative (HER2 ultralow in 5 and HER2 zero in 10 
patients).

We calculated Kaplan–Meier curves (KMC) to determine disease-free survival (DFS) and overall survival (OS) for 
HER2 expression. There was no statistical significance regarding progression-free survival (PFS) and OS for HER2 zero 
and HER2 low. However, when comparing OS for HER2 zero, HER2 low, and HER2 ultralow, we were able to show 
a trend (p = 0.058) towards a survival benefit for patients with HER2 zero expression (Figure 3).

Discussion
In clinical practice treatment regimens for MBC patients are adapted from FBC guidelines. Prospective studies designed 
exclusively for primary MBC are rare. However, recently published prospective multicenter studies allowed male 
patients to participate. The recently published D-b04 trial included only two men out of 557 randomized patients, and 
only one male patient participated in the DAISY trial.10,11 Therefore, and due to its rare occurrence, it is of great value to 
base treatment decisions on male-specific tumor behavior.

Treating HER2 positive MBC patients with trastuzumab-containing regimens was practice-changing. Real-world data 
and case reports have shown evidence for this treatment option.18 Yet, no prospective trial was found in the literature 
giving evidence that HER2 positive MBC patients benefit from trastuzumab.

At the moment MBC is dichotomously categorized into HER2 negative or positive. In FBC approximately 60% of 
tumors show HER2 low expression.19,20 Promising study results for FBC offer new therapeutic regimens for patients 
showing low HER2 expression. It is clinically evident that activity of ADCs is independent of HER2 overexpression and 
amplification.21

The aim of this study was to evaluate if there is a similar distribution pattern of HER2 negative and HER2 low within 
this MBC cohort compared to females. In accordance with the literature our data demonstrate that MBC is dominated by 
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Figure 2 HER2 expression in primary male breast cancer. 
Notes: *FISH negative, **FISH positive. 
Abbreviation: FISH, fluorescence-in-situ-hybridization.
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luminal A and B subtype tumors.1,2,22 In our study HER2 positivity was less than 4%, which is in line with recently 
published data.23

In our cohort, 32.5% of cases show HER2 low expression, which is much lower compared to FBC.12 Out of the 64% 
HER2 negative tumors more than half showed at least a weak and incomplete but reproduceable HER2 staining classified 
as HER2 ultralow. These findings could have a significant clinical impact, since MBC patients showing low levels of 
HER2 expression might have access to new treatment options.

The clinical impact of this HER2 ultralow subclass is uncertain and therefore not established.24 The role of ADCs in 
this subgroup is being investigated in the ongoing D-b06 study including patients with HER2 IHC 0 but minimal 
expression (IHC score >0 but <1+).9,25

No statistical correlation between HER2 low and the established prognostic parameters or clinicopathological features 
was shown, which is in accordance with findings in MBC.20 Survival analyses revealed that HER2 low does not define 
a subgroup that has an impact on OS in MBC.

A limitation of our present study may be given by the fact that the data are based on a retrospective study with 
a limited sample size as well as incomplete follow-up data. It will be a future task to further investigate HER2 low and 
HER2 ultralow in MBC. It could be also of interest to shed light on survival analyses.

Table 1 Patient Characteristics Correlated with HER2 Expression in Primary Male Breast Cancer

n (%) HER2 
Zero, n (%)

HER2 
Ultralow, n (%)

HER2 Low, 
n (%)

HER2 Positive 
(3+), n (%)

p-value

Age (median 66 y)
≤66 y 16 (26.7) 24 (20.0) 19 (15.8) 1 (0.8) 0.11
>66 y 18 (30) 19 (15.8) 20 (16.7) 3 (2.5)

Tumor size
pT1 35 (43.2) 12 (34.3) 13 (37.1) 9 (25.7) 1 (2.9) 0.91
pT2 28 (34.6) 6 (21.4) 11 (39.3) 10 (35.7) 2 (7.1)
pT3 3 (3.7) 0 1 (33.3) 1 (33.3) 1 (33.3)

pT4 15 (18.5) 4 (26.7) 5 (33.3) 6 (40.0) 0

Nodal stage
pN0 36 (36.4) 12 (33.3) 11 (30.6) 12 (33.4) 1 (2.8) 0.67
pN1 44 (44.4) 10 (22.7) 20 (45.5) 12 (27.3) 2 (4.5)
pNx 19 (19.2) 4 (21.1) 8 (42.1) 6 (31.6) 1 (5.3)

Grading
1 9 (7.5) 4 (44.4) 5 (55.6) 0 0 0.15
2 84 (70.0) 20 (23.8) 32 (38.1) 30 (35.7) 2 (2.4)
3 27 (22.5) 8 (29.6) 8 (29.6) 10 (37.0) 1 (3.7)

ER 
Positive 119 (99.1) 29 (24.4) 45 (37.8) 38 (31.9) 3 (2.5) 0.17
Negative 1 (0.9) 0 0 0 1

PR
Positive 114 (95.0) 30 (26.4) 44 (38.6) 36 (31.6) 4 (3.5) 0.64
Negative 6 (5.0) 3 (50.0) 1 (16.7) 2 (33.3) 0

Ki67*
High 66 (55.0) 21 (33.3) 28 (40.0) 17 (26.7) 0 0.3

Low 54 (45.0) 15 (27.8) 19 (35.9) 16 (29.6) 4 (7.4)

Notes: Ki67* - Ki67 low <13.5%, Ki67 high ≥ 13.5%. 
Abbreviations: Y, years; ER, estrogen receptor; PR, progesterone receptor.
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There is a risk that the IHC assay used in this study was suboptimal to detect low levels of protein expression and could 
therefore result in false-negative and/or false-positive test determination around the IHC 0/IHC 1+ threshold that would 
incorrectly influence our data.7 The recently published DAISY trial supports the assumption that IHC may not be the optimal 
method to define a boundary of HER2 expression to predict efficacy of treatment in patients with HER2 low FBC.11

To the best of our knowledge this is the first comprehensive study evaluating HER2 low and ultralow in primary 
MBC. Our data support the hypothesis that HER2 low defines no MBC-specific subgroup but is rather an important 
therapeutic target as recently established in metastatic FBC.10

Conclusion
Our findings illustrate a remarkable but lower prevalence of HER2 low disease in primary MBC compared to FBC. 
Further studies are required to better understand HER2 low breast cancer in general and for MBC.

Abbreviations
ADCs, antibody drug conjugates; FBC, female breast cancer; IHC, immunohistochemistry; FISH, fluorescence-in-situ- 
hybridization; MBC, male breast cancer; T-DXd, trastuzumab-deruxtecan.

Figure 3 Kaplan–Meier curves for overall survival in primary male breast cancer. (a) Estimated survival calculated for HER2 low and HER2 negative tumors. (b) Estimated 
survival calculated for HER2 low, HER2 ultralow, and HER2 zero tumors.
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