Shang et al. Diagnostic Pathology (2025) 20:43 Diagnostic Patho|ogy
https://doi.org/10.1186/s13000-025-01632-3

: : ®
Redefining therapeutic landscapes: D
clinicopathological insights into low and ultra-
low HER2 expression in male breast cancer

Jiuyan Shang', Jiaxian Miao', Shuyao Niu', Xuemei Sun' and Yueping Liu'"

Abstract

Objective With the emergence of new antibody coupled drugs, the treatment decisions of patients with low and
ultra-low HER2 expression have been reshaped. However, the epidemiological characteristics of relatively rare male
breast cancer are still unclear. This study discusses the clinicopathological and immunophenotypic characteristics of
male invasive breast cancer with low and ultra-low HER2 expression.

Methods The clinicopathological and immunophenotypic features of 106 cases of male invasive breast cancer were
retrospectively analyzed. HER2 was evaluated according to ASCO/CAP guidelines. The cutoff value of HER2 positive
cell staining was > 10%. HER2 negative cases were divided into HER2 low expression (IHC=1+/2+and ISH without
amplification) and HER2-0 (IHC-0, HER2 null and < 10% weak staining of cell membrane). The clinicopathological
characteristics and prognosis of the cases were collected.

Results 106 male patients with invasive breast cancer from 2015 to 2024 were included in this study, and more than
85% of male breast cancer histological types were invasive ductal carcinoma. Immunophenotype: There were 23
cases of HER2-zero (including 13 cases of HER2 ultra-low), 72 cases of HER2 low, 11 cases of HER2 positive, and the
HER?2 positive rate was 10.38%, and the incidence of low expression was 67.93%; The incidence of HER2 low in male
breast cancer was significantly higher than that in female breast cancer, and the difference was statistically significant
(P<0.05). In terms of prognosis, there was no statistical difference between HER2 low male breast cancer and female
breast cancer (P>0.05). There was no statistical difference in survival prognosis between different HER2 status in the
male breast cancer cohort.

Conclusion Male invasive breast cancer is rare, and it is more common in the elderly over 60 years old. The positive
rate of ER and PR is high, and the incidence of HER2 low is high. The high HER2 low expression rate of male breast
cancer can provide a new anti-HER2 treatment decision.
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Introduction

Male breast cancer (MBC) is relatively rare, account-
ing for approximately 1% of all diagnosed breast cancers
[1-2]. With the increasing incidence of male breast can-
cer [3—4], the treatment and prognosis of this particular
group has received increasing attention [5]. Currently,
the treatment of male breast cancer is mainly based on
the treatment of post-menopausal female patients [6].
Because male breast tissue is closer to the skin, MBC
usually presents as locally advanced disease, often with
regional lymphatic metastases. At the molecular level,
BRCAZ2 mutations are a known risk factor for male breast
cancer development. The results suggested that altera-
tions in BRCA2 are very prevalent in MBC and raise the
possibility of using PARP inhibitors in this population
[7-8]. Prognostically, the overall risk of death in male
breast cancer patients is approximately 43% higher than
in female breast cancer patients [9].

Human epidermal growth factor receptor-2 (HER2)
serves as an important biomarker for molecular typ-
ing and therapeutic decisions in breast cancer, although
anti-HER2-targeted therapeutic agents can significantly
improve survival of HER2-positive breast cancer patients,
but HER2-positive rates in male breast cancer patients
are not only lower than those in female breast cancer, but
also more severe at diagnosis and have a worse progno-
sis [7]. With novel HER2 antibody-drug conjugate (ADC)
drugs showing survival benefit in HER2-positive, low-
expressing patients with advanced and inoperable locally
advanced breast cancer, whether male breast cancer
could benefit from ADC-based drugs deserves further
investigation. This study explores the clinicopathological
features of HER2 low-expressing male breast cancer and
compares it with HER2-negative male breast cancer to
assess its prognosis.

Materials and methods

Patients

Male patients with invasive breast cancer admitted to
the Fourth Hospital of Hebei Medical University from
January 2015 to June 2024 were screened and evaluated
for HER2 according to the latest version of ASCO/CAP
guidelines. We collected the detailed information about
MBC patients, including their diagnosis date, patient
and tumor characteristics, surgical and neo-/adjuvant
treatments, recurrence events, cause and date of death,
secondary cancers, and comorbidities. Immunohisto-
chemical (IHC) staining for HER2 was performed in all
cases and the results were counted.

The cut-off value for HER2-positive cell staining was
>10%. HER2-negative cases were classified as HER2 low
expression, which were IHC = 1+/2 + and no amplification
by in situ hybridization (ISH) and HER2-0 (IHC-0, where
ultra-low is IHC-0 with faint membrane staining), and
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HE sections and HER2 immunohistochemical sections
of all patients were reviewed by 2 attending and above
pathologists in a double-blind method to refine the clini-
copathological data. And 93 female patients diagnosed
with invasive carcinoma of the breast at the same time
were simply randomly selected as controls using the lot-
tery method to collect and refine the pathological data of
the control group.

Methods

Retrospective analysis of male breast cancer patients
who met the criteria and control female breast cancer
patients, HER2 was detected by IHC as well as fluores-
cence in situ hybridization (FISH), where the immuno-
histochemical method was performed using Roche rabbit
monoclonal primary antibody (clone number: 4B5) and
detected using BenchMarK XT fully automated IHC
instrument. Estrogen receptor (ER) and progestogen
receptor (PR) were detected by immunohistochemical
staining SP method, with positive and negative external
controls in each batch. Clinicopathological data were col-
lected from the whole cohort of patients to analyze the
biological characteristics of HER2 low male breast cancer.

Interpretation of hormone receptors and HER2

According to the ASCO/CAP guidelines [10], HER2
IHC staining results were determined, HER2 0: no stain-
ing is observed HER2-null or membrane staining that is
incomplete and is faint/barely perceptible and in <10%
tumor cells; HER2 1+: incomplete membrane staining
that is faint/barely perceptible and in >10% of tumor
cells; HER2 2+: weak to moderate complete membrane
staining in >10% of tumor cells; or circumferential mem-
brane staining that is complete, intense, and in <10% of
tumor cells; HER2 3+: circumferential membrane stain-
ing that is complete, intense, and in >10% of tumor cells.
For HER2 2 + cases, the ISH method was used for further
testing, where HER2-zero was determined as HER2 nega-
tive; 1+and 2+ with no ISH amplification as HER2-low,
2 +with ISH amplification and 3 + as HER2 positive. Hor-
mone receptor (HR)-positive, at least 1% of infiltrating
tumor cells showed immunostaining.

Statistical analysis

Statistical software SPSS 24.00 was used for statistical
analysis and processing. Non-normally distributed mea-
sures were described using percentile and median, and
count and rank data were described using frequency
and percentage. The x2 test or Fisher’s exact probabil-
ity method was used for comparison of count data, and
the rank sum test was used for comparison of rank data;
Kaplan-Meier curves were used to calculate survival
rates, and Log-rank tests were used to compare survival
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differences. A two-sided test was used, and differences
were considered statistically significant at 2<0.05.

Results

Population description and follow up

One hundred and six male patients with invasive breast
carcinoma from 2015 to 2024 were included (Fig. 1), of
whom the youngest was 37 years old, the oldest was 85
years old, and the median age was 65 years; 59 cases on
the left side, 46 cases on the right side, and 1 case with a
double breast mass, accounting for approximately 0.89%
of breast cancer patients in the same period. There were
93 cases of invasive ductal carcinoma, including 5 cases
with invasive micropapillary carcinoma component and
1 case with combined mucinous carcinoma compo-
nent; other breast cancer subtypes included; 2 invasive
cribriform carcinoma, 1 invasive lobular carcinoma, 2
mucinous carcinoma, 3 solid papillary carcinoma with
invasive and mucus secretion, 2 neuroendocrine tumour
(graded G2), 3 encapsulated papillary carcinoma of the
breast with invasive (Fig. 2). Histological grading: 8 cases
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of Nottingham grade 1, 76 cases of grade 2, 12 cases of
grade 3, and 10 cases of undetermined grade.

The control group included 93 female breast cancer
patients in the same period, of which the minimum age
was 27 years, the maximum age was 83 years, and the
median age was 54 years; 51 cases on the left side, 41
cases on the right side, and 1 case of double breast mass.
There were 69 cases of invasive ductal carcinoma of the
breast, including 1 case combined with metaplastic carci-
noma and 3 cases combined with invasive micropapillary
carcinoma; 11 invasive lobular carcinoma and other rare
breast cancer subtypes included: 1 invasive cribriform
carcinoma, 2 carcinomas with apocrine differentiation,
3 neuroendocrine tumor (graded G2), 1 mucinous carci-
noma with ductal carcinoma in situ, 1 malignant adeno-
myoepithelioma, 2 invasive solid papillary carcinoma, 1
metaplastic carcinoma, and two other patients had two
masses (of which mass one was an invasive ductal carci-
noma and mass two was an invasive lobular carcinoma).
Histologic grading: 4 cases of Nottingham grade 1, 61
cases of grade 2, 25 cases of grade 3, and 3 cases of unde-
termined grade.

Collection of male breast cancer patients

from 2015-2024 at the Fourth Hospital of

Hebei Medical University, n=113

Patients with non-invasive

Exclude

breast cancer, carcinoma in

Included in the 2015-2024

situ, n=7

Male patients with invasive breast

cancer, n=106

Male breast cancer patients

Exclude without complete follow-up

4 )

.

data, n=10

HER?2 status and
clinicopathological features of

male patients with invasive breast

\_ cancer were collected, n=106 r

rognosis and survival of male
invasive breast cancer patients

followed up, n=96

Fig. 1 Flow chart of study population selection
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Fig. 2 Histological types of male breast cancer; A, invasive carcinoma of no special type; B, mucinous carcinoma; C, encapsulated papillary carcinoma
with invasive; D, invasive lobular carcinoma; E, invasive micropapillary carcinoma (IMPC); F, neuroendocrine carcinoma, G2; G, invasive lobular carcinoma
E-cadherin staining, negative expression; H, immunohistochemical EMA staining, positive on the interstitial side around the micropapillary (reversed

polarity); I, immunohistochemical Syn staining, strong positive expression

There were differences in age, HER2 status, ER, and PR
status between male and female breast cancers (P<0.05),
with male breast cancers occurring more commonly
above 60 years of age, and the rates of HER2 low expres-
sion, ER positivity, and PR positivity were higher than
those of female patients (Table 1).

Distribution of HER2 low expression in male breast cancer
cohort

Patients with invasive breast cancer were enrolled for
HER2 testing, and interpretation was based on the
ASCO/CAP guidelines. HER2-negative cases were clas-
sified as HER2 low expression (IHC=1+/2+and no
amplification by ISH) and HER2-0 (IHC-0, HER2 null
and <10% weak staining of cell membrane) (Figs. 3 and
4). Immunophenotype of male breast cancer: ER posi-
tive 99cases, accounting for 93.40%; PR positive 98cases,
accounting for 92.45%; HER2 IHC 0 for 23 cases, HER2
IHC 1 +for 27 cases, HER2 IHC 2 +for 51 cases, HER2
IHC 3+for 5 cases; HER2-null 10 cases, HER2 ultra-
low 13 cases, HER2 low 72 cases, HER2-positive 11

cases, HER2-positive rate 10.38%, the incidence of low-
expression 67.93%, the incidence of ultra-low expression
12.26%. Ki67 high-expression (>14%) cases 87 cases,
low-expression (<14%) cases 19 cases. In the female
breast cancers group, there were 25 cases of HER2 IHC
0, 28 cases of HER2 IHC 1+, 23 cases of HER2 THC 2+,
17 cases of HER2 IHC 3+. There were 25 cases of HER2
zero, 48 cases of HER2 low, 20 cases of HER2 positive.
21.51% of HER2 positivity and 51.61% of low expres-
sion incidence. By statistical chi-square test analysis
(x2=6.675), there was a difference in HER2 expression
between male and female breast cancers, and the differ-
ence was statistically significant (P<0.05) (Fig. 5).

Prognosis analysis of male breast cancer

One hundred and six male patients with invasive breast
cancer were included, of whom 96 had complete follow-
up data, including 84 cases of modified radical surgery
and 12 cases of simple lumpectomy. The follow-up period
ended in June 2024 and ranged from 8 to 94 months,
with a median follow-up period of 42 months and a
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Table 1 Baseline characteristics of male and female breast cancer

Demographics Total(n=199) Male(n=106) Female(n=93) X2 PValue*
Age

<60 years 81 28 (26.42%) 53 (56.99%) 19.186 0.000%
260 years 118 78 (73.58%) 40 (43.01%)

Laterality

Right 97 46 (43.40%) 51 (54.84%) 2.660 0.264
Left 100 59 (55.66%) 41 (44.09%)

Other 2 1(0.94%) 1(1.08%)

Maximum tumor diameter

<2 52 32 (30.19%) 20 (21.51%) 4117 0.128
>2 139 72 (67.92%) 67 (72.04%)

Other 8 2 (1.89%) 6 (6.45%)

Lymph node metastases

Yes 73 42 (39.62%) 31(33.33%) 0.8448 0.358
No 126 64 (60.38%) 62 (66.67%)

HER2

0 48 23(21.69%) 25 (26.88%) 0.675 0.036*
Low 120 72 (67.93%) 48 (51.61%)

Positive 31 11 (10.38%) 20 (21.51%)

HER2

0 48 23(21.70%) 25 (26.88%) 16483 0.002%
1+ 55 27 (24.47%) 28 (30.11%)

2+ISH - 65 45 (42.45%) 20 (21.51%)

2+ISH + 9 6(5.66%) 3(3.23%)

3+ 22 5(4.72%) 17 (18.28%)

Estrogen Receptor, ER

Negative 27 7 (6.60%) 16 (17.20%) 5.446 0.026*
Positive 172 99 (93.40%) 77 (82.80%)

Progestogen Receptor, PR

Negative 32 8 (7.55%) 19 (20.43%) 7011 0.008*
Positive 167 98(92.45%) 74(79.57%)

Ki-67

<14% 34 19 (17.92%) 15 (16.13%) 0113 0.737
=14% 165 87 (82.08%) 78 (83.87%)

loss-to-follow-up rate of 9.43%. Disease free survival
(DFS) was defined as the time between surgery and the
date of a breast cancer-related event, the date of last fol-
low-up, or the date of death. Breast cancer-related events
included local recurrence, distant metastasis, or death
from breast cancer. Overall survival (OS) was defined
as the total time from the first diagnosis of breast can-
cer to the patient’s death. 96 male breast cancer patients
survived 91 and died in 5 cases by the cut-off date for
follow-up. The DFS and OS were 85.42% and 94.79%,
respectively.

Ninety-three female invasive breast cancer patients
were included in the control group, 88 of whom had
complete follow-up data and underwent modified radical
surgery. Follow-up cut-off date was June 2024 and ranged
from 15 to 164 months, with a median follow-up time of
42 months and a loss-to-follow-up rate of 5.38%. Eighty-
three of the 88 female breast cancer patients survived and
five died by the cut-off date of follow-up. The DFS and

OS were 84.09% and 94.32%. The Kaplan-Meier survival
curves showed that there was no difference between male
breast cancer and female breast cancer in terms of OS
and DFES (P=0.777>0.05; P=0.668>0.05) (Fig. 6).

Prognostic analysis was performed according to the
HER2 expression status of male breast cancer: 9 cases
in the HER2-null group, 10 cases in the HER2 ultra-low
group, 65 cases in the HER2 low group, and 10 cases in
the HER2-positive group. The Kaplan-Meier survival
curves of different subgroups showed that there was
no difference in OS and DFS between different HER2
expression statuses (P=0.758 >0.05) (Fig. 7).

Discussion

Male breast cancer (MBC), a rare type of breast cancer,
may have a unique biology, and studies have shown a
different distribution of intrinsic subtypes in MBC com-
pared to female breast cancer, with a predominance of
tubular A and B subtypes [11-12]. Men usually develop
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Fig. 3 Immunohistochemical HER2 staining for male breast cancer; A, HER2-null (IHC no staining); B, HER2-ultralow(IHC < 10% weak staining of cell

membrane); C, HER2 IHC 1+; D, HER2 IHC 2+; E, HER2 IHC 3+

Fig.4 HER2 fluorescence in situ hybridisation staining in male breast cancer; A, HER2 FISH negative (no amplification); B, HER2 FISH positive (amplification)

breast cancer at an older age compared to women. His-
tologically, MBC is usually grade 2, hormone receptor
positive and HER2 negative. Reporting and staging was
similar to that of female breast cancer [13].

The incidence of hormone receptor positivity was
higher in MBC patients than in the hormone receptor
negative group. Relevant studies have shown [14] that
the vast majority of male breast cancer patients are of
HR-positive/HER2-negative subtype (84.1%), followed
by HR-positive/HER2-positive subtype (12.7%), while
triple-negative breast cancers are uncommon (2.3%), and

HR-negative/HER2-positive subtype is rarer (0.8%). In
this study, the ER and PR positivity rates of male breast
cancer could be over 90%, respectively; the HER2 positiv-
ity rate was 10.38%, the incidence of low-expression was
67.93%, and the incidence of ultra-low expression was
12.26%. This is basically consistent with previous reports,
and its HER2 positivity rate is significantly lower than
that of female breast cancer patients. Notably, the rate
of HER?2 low in FBC is significantly lower than what we
observed in MBC [15].
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10.75%

51.61%

HER2-null HER2 ultra-low HER2-low = HER2 positive

Fig. 5 HER2 distribution of male breast cancer and female breast cancer; (A) male breast cancer, MBC; (B) female breast cancer, FBC

A < 100+
)

m —— Female
=
S 904 Male
]
e
2 304 e
©
2
g 704
=
("]
T 60-
§ P>0.05
° 5c L L] L
0 50 100 150

overall survival time, month

ion

100+

—— Female

80- —— Male

60

40+

20+
P>0.05

0

disease-free survival proporti

L) L) T
50 100 150
disease-free survival time, month

0

Fig. 6 Prognostic survival analysis of male breast cancer versus female breast cancer; (A) overall survival, OS; (B) disease free survival, DFS

A

-
[=3
o

B

(-
'19; == HER2-null
S 80- B == HER2 ultra-low
° HER2 low
% 60- —— HER2-pos
2
2 404
-
(7]
T 20
—
g P>0.05
] c T T T T 1

0 20 40 60 80 100

overall survival, months

[
S 100
£ 1 —— HER2-null
g 8o0- : —— HER? ultra-low
;‘ HER2 low
> 604 —— HER2-pos
g
=
9 40+ -
o
e
S 20-
7]
S P>0.05
% 0 T T T T 1
0 20 40 60 80 100

disease-free survival, months

Fig. 7 Survival analysis of different HER2 status groups of male breast cancer; A overall survival, OS; B disease-free survival, DFS

The low and ultra-low HER2 expression status in breast
cancer has attracted great attention with the emergence
of new ADC analogues. T-DXd is an ADC drug that
combines an anti-HER2 antibody with a potent cytotoxic
carrier. This drug is unique in that it can effectively tar-
get tumour cells expressing low levels of HER2. However,
there is still a gap regarding the characterisation of low
HER?2 expression in the male breast cancer population.

Not only in terms of low HER2 expression, many previ-
ous studies have specifically excluded men with breast
cancer due to the rarity of male breast cancer. A study
by Duma et al. [16] evaluated 426 therapeutic breast
cancer trials from January 2000 to April 2017 and found
that 65% (n=277) of the trials excluded men from the
inclusion criteria. Treatment recommendations leading
to male breast cancer are often extrapolated from the
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results of clinical trials that focus primarily on female
breast cancer patients.

In this study, we investigated the clinicopathological
features of HER2 low expression based on male breast
cancer population, and also focused on the expression
of HER2 ultra-low in male breast cancer, and the results
showed that the incidence of HER2 low expression was
significantly higher in male breast cancer than in female
breast cancer. With the positive results of DESTINY-
Breast 06 shown, the ADC class will cover a wider patient
population. In the meantime, the inclusion of more male
cases in future clinical studies is essential to ensure a
full understanding of drug efficacy, safety, and potential
gender response. More research is needed to determine
whether male breast cancer is a better candidate for the
new ADC class of drugs.

Numerous studies have explored the association
between HER2 low expression and patient outcomes
in FBC. Surveillance, Epidemiology, and End Results
(SEER) data from 2005 to 2010 showed that men with
breast cancer had a worse overall prognosis compared
to women, with men having a lower 5-year survival rate
than women patients (82.8% versus 88.5%), and a 43%
higher risk of death than women after accounting for
other variables [17]. A recent analysis [18] of SEER data
from 2010 to 2017 showed that 2.3% of all male breast
cancers were triple-negative, and in a multifactorial
analysis, race, tumour type and stage were significantly
associated with overall survival. In this study, the five-
year DFS and OS for male breast cancer were 87.50% and
95.83%, respectively, whereas the five-year DFS and OS
for female breast cancer in the control group were 87.50%
and 94.32%, respectively, which did not show prognostic
variability.

In the male breast cancer cohort, the different HER2
statuses were categorised as HER2-null, HER2-ultralow,
HER2-low and HER2-positive, but there was no statis-
tically significant difference between the four groups
in terms of DFS and OS. In a large cohort study using
National Cancer Database data in the US, Peifer et al. also
found that HER2 low patients had a survival rate similar
to those with HER2 zero tumors [19]. This was supported
by other studies [20-22].

In addition, there are some limitations in the study,
due to the lower incidence of male breast cancer, the
included sample size is small, but the inclusion of female
breast cancer in the same period as a control group better
reflects the clinicopathological characteristics of HER2
low-expression male breast cancer. Of course, more fol-
low-up studies are needed to verify the clinicopathologi-
cal characteristics and prognosis of male breast cancer
with low HER2 expression.
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Conclusion

Male invasive breast cancer is rarer and more common
in older adults over 60 years of age, with high ER and PR
positivity rates and high HER2 low expression rates. The
higher HER2 low expression rate in male breast cancer
may provide new anti-HER2 treatment decisions.

Author contributions

JS contributed toward conceptualization, methodology, investigation, data
curation, and writing-original draft preparation; JM and SN contributed toward
investigation, and data curation; XS contributed toward investigation, and
data curation; and YL contributed toward writing-reviewing and editing.All
authors reviewed the manuscript.

Funding
Medical Science Research Project of Hebei: 20240847.

Data availability
The datasets used and analyzed in this study are available from the
corresponding author upon reasonable request.

Declarations

Consent for publication
All authors have consented to the submission of the manuscript in its current
form.

Competing interests
The authors declare no competing interests.

Conflict of interest
The authors declare that they have no competing interests.

Institutional review board statement

The study was approved by the Ethics Committee of the Fourth Hospital of
Hebei Medical University. All procedures were in accordance with the ethical
standards of the institutional and/or national research committee and with
the 1964 Helsinki declaration and its later amendments.

Received: 27 January 2025 / Accepted: 15 March 2025
Published online: 15 April 2025

References

1. Siegel RL, Miller KD, Wagle NS, Jemal A. Cancer statistics, 2023. CA Cancer J
Clin. 2023;73(1):17-48.

2. Al'Assaad M, Michaud O, Semaan A, Sigouros M, Tranquille M, Phan A, Levine
MF, Gundem G, Medina-Martinez JS, Papaemmanuil E, Manohar J, Wilkes D,
Sboner A, Hoda SAF, Elemento O, Mosquera JM. Whole-Genome sequencing
analysis of male breast cancer unveils novel structural events and potential
therapeutic targets. Mod Pathology: Official J United States Can Acad Pathol
Inc 2024,37(4):100452.

3. SpeirsV, Shaaban AM. The rising incidence of male breast cancer. Breast
Cancer Res Treat. 2009;115(2):429-30.

4. Reddington R, Galer M, Hagedorn A, Liu P, Barrack S, Husain E, Sharma R,
Speirs V, Masannat Y, et al. Incidence of male breast cancer in Scotland over a
Twenty-Five-Year period (1992-2017). Eur J Surg Oncol J Br Assoc Surg Oncol.
2020;46(8):1546-50.

5. XieJ,Ying YY, Xu B, LiY, Zhang X, Li C. Metastasis pattern and prognosis of
male breast cancer patients in US: A Population-Based study from SEER
database. Ther Adv Med Oncol. 2019;11:1758835919889003.

6. Gomez-Raposo C, Zambrana Tévar F, Sereno Moyano M, Casado E. Male
breast cancer. Cancer Treat Rev. 2010;36(6):451-7.

7. Litton JK, Rugo HS, Ettl J, Hurvitz SA, Goncalves A, Lee KH, et al. Talazoparib in
patients with advanced breast cancer and a germline BRCA mutation. N Engl
J Med. 2018,;379(8):753-63.

8. Kadamkulam Syriac A, Nandu NS, Clark A, Tavallai M, Jin DX, Sokol E,
McGregor K, Ross JS, Danziger N, Leone JP. Genomic profiling and



Shang et al. Diagnostic Pathology

(2025) 20:43

comparative analysis of male versus female metastatic breast cancer across
subtypes. Breast cancer Research: BCR. 2024;26(1):118.

Adrienne E, Elizabeth A, Hayrettin O, Tenofsky PL. Characteristics, treat-

ment and outcomes of HER2 positive male breast cancer. Am J Surg
2023,225(3):489-93.

Tarantino P, Hamilton E, Tolaney SM, Cortes J, Morganti S, Ferraro E, et al.
HER2-low breast cancer: pathological and clinical landscape. J Clin Oncol.
2020;38(17):1951-62.

Slaets VermeulenMA, Cardoso L, Giordano F, Tryfonidis SH, van Diest K,
Dijkstra PJ, Schroder NH, van Asperen CP, Linderholm CJ, Benstead B, Foekens
K, Martens R, Bartlett JWM, van Deurzen JMS. Pathological characterization of
male breast cancer: results of the EORTC 10085/TBCRC/BIG/NABCG interna-
tional male breast cancer program. Eur J Cancer. 2017,82:219-27.

Liu N, Johnson KJ, Ma CX. Male breast cancer: an updated surveillance, epide-
miology, and end results data analysis. Clin Breast Cancer. 2018;18:¢997-1002.
Benassai G, Miletti A, Calemma F, Furino E, De Palma GD, Quarto G. Male
breast cancer: an update. Ann Ital Chir. 2020,91:359-65.

Duma N, Hoversten KP, Ruddy KJ. Exclusion of male patients in breast cancer
clinical trials. JNCI Cancer Spectr. 2018;2(2):pky018.

Shirman Y, Lubovsky S, Shai A. HER2-Low breast cancer: current landscape
and future prospects. Breast Cancer. 2023;15:605-16.

Leone J, Freedman RA, Lin NU, Tolaney SM, Vallejo CT, Leone BA, Winer EP,
Leone JP. Tumor subtypes and survival in male breast cancer. Breast Cancer
Res Treat. 2021;188(3):695-702.

Liu N, Johnson KJ, Ma CX. Male breast cancer: an updated surveil-

lance, epidemiology, and end results data analysis. Clin Breast Cancer.
2018;18(5):997-1002.

20.

21.

22.

Page 9 of 9

Gucalp A, Traina TA, Eisner JR, Parker JS, Selitsky SR, Park BH, Elias AD, Baskin-
Bey ES, Cardoso F. Male breast cancer: a disease distinct from female breast
cancer. Breast Cancer Res Treat. 2019;173(1):37-48.

Peiffer DS, Zhao F, Chen N, Hahn OM, Nanda R, Olopade Ol, Huo D, Howard
FM. Clinicopathologic characteristics and prognosis of ERBB2-Low breast
cancer among patients in the National cancer database. JAMA Oncol.
2023;9:500-10.

Jacot W, Maran-Gonzalez A, Massol O, Sorbs C, Mollevi C, Guiu S, Boissiere-
Michot F, Ramos J. Prognostic value of HER2-Low expression in Non-Meta-
static Triple-Negative breast cancer and correlation with other biomarkers.
Cancers,2021,13(23): 6059.

Tarantino P, Jin Q Tayob N, Jeselsohn RM, Schnitt SJ, Vincuilla J, Parker

T, Tyekucheva S, Li T, Lin NU, et al. Prognostic and biologic significance

of ERBB2-Low expression in Early-Stage breast cancer. JAMA Oncol.
2022;8:1177-83.

Bielcikova Z, Holanek M, Selingerova |, Sorejs O, Kolarova |, Soumarova

R, Proks J, Reifova L, Cmejlova V, Linkova L, Zabojnikova M, Chodacka M,
Janovska L, Lisnerova L, Kasparova K, Pohankova D, Petruzelka L. Prognostic
impact of HER2 low status in male breast cancer: prospective cohort analysis.
Cancers. 2024;29(6):e750-62.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Redefining therapeutic landscapes: clinicopathological insights into low and ultra-low HER2 expression in male breast cancer
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Patients
	﻿Methods
	﻿Interpretation of hormone receptors and HER2
	﻿Statistical analysis

	﻿Results
	﻿Population description and follow up
	﻿Distribution of HER2 low expression in male breast cancer cohort
	﻿Prognosis analysis of male breast cancer

	﻿Discussion
	﻿Conclusion
	﻿References


