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Abstract
Male breast cancer is rare, accounting for 1% of all breast cancer diagnoses in the USA. Because of its rarity, most major breast
cancer trials have included only female patients. This has resulted in limited prospective data to guide the clinical management of
men with breast cancer. As a result, treatment decisions are typically extrapolated from data generated in female patients. This
approach may be suboptimal, particularly considering the differing hormonal milieus between men and women with respect to
both breast cancer development and treatment. Herein, we summarize current knowledge of the biology and clinicopathology of
male breast cancer and review current approaches to locoregional and systemic management of this rare disease.
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1 Introduction

While great strides have been made over recent years in
screening, diagnosis, and treatment strategies for female breast
cancer, we know little about the optimal management for male
patients. The relative rarity of male breast cancer is an obstacle
to prospective evaluation, and the resulting paucity of data is
compounded by the frequent exclusion of male patients from
clinical trials.

Due to the lack of prospective data and guidelines focused
on male breast cancer, most of the treatment approaches rec-
ommended by clinicians are extrapolated from data generated
in female patients, or based on lower levels of evidence (e.g.,

case reports/series or small retrospective cohorts). However,
mirroring the management of female breast cancer may be
suboptimal in some instances. For example, differences in
the hormonal milieu between men and women could impact
the efficacy of treatments, particularly those aimed at manip-
ulating hormone receptor signaling.

In this review, we aim to summarize and highlight some of
the key biological similarities and differences between male
and female breast cancer, and review current approaches to
managing this rare disease.

2 Epidemiology and risk factors

Male breast cancer is rare, accounting for < 1% of all breast
cancer diagnoses in the USA and < 0.1% of cancer-related
deaths in men. In 2017, it is estimated that 2470 men will be
diagnosed with breast cancer in the USA, and 460 will die
from the disease; in contrast, there will be an estimated
252,710 new diagnoses, and 40,610 deaths, in women [1].
For the last three decades, however, the incidence of male
breast cancer appears to be slowly rising [2]. Risk factors for
breast cancer in men are summarized in Table 1.

Men tend to be diagnosed with breast cancer at a later age
than women, with median ages at diagnosis of 67 years and
61 years, respectively [3].Male breast cancer is more common
among black men, who have an incidence of 1.8 per 100,000,
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compared to 1.1 per 100,000 in white men. In black men, as in
black women, breast cancer has worse prognostic features,
including more advanced stage at diagnosis and higher tumor
grade [4].

As in women, certain germline mutations predispose men to
developing breast and other cancers. Overall, 15–20% of men
with breast cancer report a family history of breast or ovarian
cancer [3], and approximately 10% carry a known hereditary
breast cancer predisposition gene mutation, with BRCA2 being
the most clearly associated abnormality [5–11]. Men with del-
eterious BRCA2 mutations have an estimated lifetime risk of
breast cancer of 1 to 6%, compared with 0.1% in the general
male population [11–13]. Put into perspective, the lifetime risk
of breast cancer for the general female population is estimated
around 12% [2]. The risk of breast cancer among male BRCA1
mutation carriers is lower (lifetime risk of 1%) [13–15]. Other
genes reported to be associated with male breast cancer include
PALB2, PTEN, TP53, and CHEK2 [11, 16–18]. In addition, 3–
7.5% of men with breast cancer have Klinefelter syndrome
(XXY) [19, 20]. Given these data, genetic counseling and test-
ing should be considered for men with breast cancer. The
National Comprehensive Cancer Network recommends that
men who carry deleterious BRCA mutations perform regular
breast self-examinations and undergo annual clinical breast ex-
aminations starting at age 35 [21]. A prior recommendation for

annual mammography was dropped in 2015 due to insufficient
supportive evidence. However, the Spanish Society of Medical
Oncology recommends that male deleterious mutation carriers
have annual breast examinations and annual mammography
starting at age 40 [22]. There are no data to guide us regarding
risk-reducing bilateral prophylactic or contralateral prophylac-
tic mastectomy for affected males. These are generally discour-
aged because of the low absolute risk of breast cancer. With
regard to other cancers, the National Comprehensive Cancer
Network recommends prostate cancer screening starting at
age 45, and to consider melanoma screening with full-body
skin and eye exam for men with BRCA2 mutations [21].

3 Clinicopathological features

The most reliable and up-to-date data on clinicopathological
features of male breast cancer come from the retrospective
portion of the EORTC 10085/TBCRC/BIG/NABCG
International Male Breast Cancer Program [23, 24]. This large
international joint analysis of clinical and biological data eval-
uated a retrospective cohort of male breast cancer patients
diagnosed between 1990 and 2010. Further, 1483 tumors
underwent central pathology review, improving our under-
standing of male breast cancer histopathology. Below, we
summarize the key findings from this important analysis.

3.1 Clinical presentation and stage at diagnosis

Mostmale breast cancers present as a subareolar painless mass
[25]. Nipple retraction or ulceration can also be seen. Nipple
discharge or bleeding is rare. Studies consistently show that
breast cancer in men is generally diagnosed at a more ad-
vanced stage than in women (Fig. 1) [3]. This is likely related
to the lack of mammographic screening in men, and possibly
due to lack of awareness that men can develop breast cancer.

In the EORTC 10085/TBCRC/BIG/NABCG study, tumor
stage was T1 in 49%, T2 in 38%, T3 in 2%, and T4 in 11%.
Pathologic nodal stage was N0 in 59%, N1 in 32%, N2 in 5%,
and N3 in 3%. Four percent had de novo metastatic disease
(missing data onM status at diagnosis in 25%). For those with
metastatic disease, the most common sites were bone (22%),
lung (13%), and distant lymph nodes (7%). Other studies have
found a similar distribution of tumor size, but a lower propor-
tion with node-negative disease and lower rates of distant
metastatic disease [26].

3.2 Histologic subtypes

The most common histological subtype was ductal carcinoma
not otherwise specified (87%), consistent with previous stud-
ies [27–29]. In contrast, ductal carcinoma only accounts for
74% of all cases of female breast cancer [30]. Other histologic

Table 1 Risk factors for male breast cancer

Demographic

Older age

Black race

Familial/genetic

Positive family history of breast cancer

Jewish ancestry

Genetic mutation carriers

BRCA2 (strongest association)

CHEK2, PALB2, PTEN, p53, BRCA1(weaker association)

Klinefelter syndrome

Androgen/estrogen imbalances

Cirrhosis

Obesity

Testicular abnormalities (undescended testis, orchiectomy,
testicular injury, etc.)

Exogenous estrogen use

Gynecomastia*

Exposures

Radiation exposure

Electromagnetic field exposure*

Alcohol consumption*

Cigarette smoking*

*Have been reported in association with male breast cancer, but
data are conflicting
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subtypes were extremely uncommon in men (invasive lobular
1.4%; mixed ductal and lobular features 5.9%; papillary 3%;
mucinous 1.3%; cribriform, tubular, metaplastic, adenoid cys-
tic, and others < 1% each).

3.3 Grade and mitotic activity

While histologic grade is prognostic in women [with higher
grade associated with worse relapse-free survival (RFS) and
overall survival (OS)] [31], and the grade distribution ob-
served in the EORTC 10085/TBCRC/BIG/NABCG study
was similar to what has been reported in women, this study
surprisingly did not identify an association between grade and
prognosis in men. However, patients with higher number of
mitoses had worse RFS [hazard ratio (HR) 1.41; 95% confi-
dence interval (CI) 1.03–1.94, p = 0.024 for those with > 7
mitoses] and OS (HR 1.39; 95% CI 1.07–1.82, p = 0.023 for
those with > 7). In addition, the presence of a fibrotic focus
(32% of cases), was also associatedwith worse RFS (HR 1.67,
95% CI 1.29–2.18) and OS (HR 1.29, 95% CI 1.11–1.74,
p = 0.004).

3.4 Molecular subtypes (gene expression profiling)

Gene expression profiling has emerged as a method to identify
and categorize intrinsic tumor subtypes. In female breast can-
cer, four distinct subtypes of breast cancer have been identi-
fied (Luminal A, Luminal B, HER2-enriched, and basal-like).
However, few male breast cancers were included in these
studies. In the landmark comprehensive genomic characteri-
zation of breast cancer performed by The Human Cancer
GenomeAtlas, only 6 of the 507 (1%) tumors sequenced were
from men [32].

An early study that evaluated sex-specific gene expression
profiles retrospectively compared 37 estrogen receptor (ER)-
positive archived male breast cancer specimens to 53 ER-
positive archived female specimens. Tissue microarray iden-
tified 1273 differentially expressed transcripts corresponding
to 920 annotated genes using a stringent false discovery rate of
1%. A broad spectrum of cellular processes was differentially
expressed in male breast cancer, including immune system
response, cell metabolism, cell motility, and steroid response
[33]. In an additional study, tissue microarray including 66
male breast cancer tumors identified two unique intrinsic sub-
types, distinct from female breast cancer, categorized as lumi-
nal M1 and luminal M2. Despite a high rate of ER positivity,
luminal M1 tumors had a comparatively lower estrogen-
related signaling profiles, suggesting that alternate pathways
driving tumor growth may be involved [34]. A separate anal-
ysis of 59 male breast cancer tumors suggested that while the
repertoire of somatic alterations identified was similar to ER-
positive/HER2-negative female breast cancers, male tumors
less frequently harbored PIK3CA and TP53 mutations or
16q losses, while they were significantly enriched for muta-
tions in DNA repair-related genes [35].

In the EORTC 10085/TBCRC/BIG/NABCG International
Male Breast Cancer Program, most tumors were luminal-like
(based on immunohistochemistry), with 42% of tumors being
luminal A-like, 49% luminal B-like/HER2-negative, and
8% luminal B-like/HER2-positive. Non-luminal HER2-
positive and basal subtypes were extremely rare (0.1 and
1%, respectively, Fig. 2) [23].

The aforementioned differences in gene expression profil-
ing between male and female breast cancers may limit the use
of clinically available gene expression tests (such as Oncotype
DX or Mammaprint) used to estimate recurrence risk and

Fig. 1 Breast cancer stage
distribution by sex. Generated
from SEER incidence cases
between 2006 and 2015,
including all ages and races.
SEER*Explorer: An interactive
website for SEER cancer statistics
[Internet]. Beta Version.
Surveillance Research Program,
National Cancer Institute. [Cited
2017 Apr 14]. Available from
https://seer.cancer.gov/explorer/
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degree of benefit of adjuvant chemotherapy, as these have
primarily been developed and validated in female breast can-
cer (see section BUse of gene expression profiles for risk-
stratification^ later in this manuscript).

3.5 Tumor-infiltrating lymphocytes

The presence of high levels of tumor-infiltrating lymphocytes
(TILs), a surrogate for adaptive immune system activation, is
emerging as an important prognostic and predictive risk factor
in female breast cancer, particularly in triple-negative and
HER2-positive disease. In multiple studies, high TIL levels
were associated with improved outcomes for patients with
these disease subtypes. In the neoadjuvant setting, high TILs
are associated with increased rates of pathologic complete
response [36–40]; in the adjuvant setting, high TILs are asso-
ciated with longer disease-free survival (DFS) and improved
OS, independent of other known prognostic factors [41–44].
Interestingly, an inverse prognostic role of TILs is apparent in
ER+/HER2- female breast cancer, with higher TIL levels
found to be detrimental [45].

In the EORTC 10085/TBCRC/BIG/NABCG cohort, most
patients had low levels of TILs (categorized as minimal in
25% and mild in 60% and of cases), while the remainder
had moderate or high levels. Akin to what has been observed
in female breast cancer, the presence of HER2-positive dis-
ease was associated with higher levels of TILs [41]. Similarly,
patients with any disease subtype and a minimal TIL density
had the worst RFS and OS when compared to those with
higher levels. The number of patients with TNBC/basal sub-
types was too small to draw conclusions for this subtype (n =
13). While this is the largest analysis of TILs performed in
male breast cancer patients, conclusions are limited by the
methodology used [46], which was not in accordance with
the TIL Working Group recommendations for the evaluation
of TILs in breast cancer [47], published after the EORTC

10085/TBCRC/BIG/NABCG study initiated. Future analyses
in accordance with these guidelines are warranted.

4 Treatment for early-stage disease

A suggested algorithm for the management of male breast
cancer is illustrated in Fig. 3.

4.1 Breast surgery

For male breast cancer, conventional treatment has been mas-
tectomy with either axillary dissection for clinically node-
positive patients or sentinel lymph node (SLN) surgery with
selective axillary dissection based on pathologic status of the
SLN [24, 26, 48–54]. Limited data suggest that breast conser-
vation therapy is a safe approach for selected and motivated
male patients [26, 53, 55]. However, many male breast can-
cers are centrally located and exhibit nipple involvement at
presentation, thereby necessitating removal of the nipple-
areolar complex, which may limit the potential cosmetic ben-
efit of breast preservation. Similar to women, breast-
conserving surgery for invasive breast cancer in men should
be followed by adjuvant radiotherapy. The option for recon-
struction after mastectomy with skin flap or skin and nipple-
areolar preservation or later nipple reconstruction also exists,
but there are no published data on the safety and efficacy of
this approach for males with breast cancer.

While there are no data of the role of neoadjuvant chemo-
therapy in male breast cancer patients, this approach could be
considered for patients where downsizing of the breast tumor
is desired (e.g., patients with large tumors where achieving
negative margins would be difficult, or when breast conserv-
ing surgery is desired), or for clinically node-positive patients,
as neoadjuvant therapy may downstage the axilla and allow
more limited axillary surgery with potentially less morbidity.

Fig. 2 a Molecular subtypes of 1483 male breast cancer tumors based on the 2013 St. Gallen Consensus definition (Ref 24). b Relative proportion of
hormone receptor expression in a cohort of 994 male breast cancers (Ref 25)
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This may be considered particularly for non-luminal or lumi-
nal B-like tumors, which are more likely to respond to cyto-
toxic chemotherapy. The role of neoadjuvant endocrine ther-
apy is unknown in males, and not recommended.

4.2 Management of the axillary nodes

Recent reports suggest that SLN surgery is under-utilized in
males, although it appears to be as safe and efficacious as for
female breast cancer patients [24, 56, 57].While approximate-
ly half of patients are node-negative at presentation [23, 26,
27, 58], only 18 to 25% ofmale breast cancer patients undergo
SLN surgery alone or prior to axillary dissection [24, 52].
While SLN biopsy appears feasible in clinically node-
negative men based on small case series [56, 57, 59–64],
males with breast cancer have higher rates of both SLN and
non-SLN positivity than females [55, 56, 65]. Further, the
oncologic safety of omitting axillary lymph node dissection
in men with low-volume axillary disease is unknown.
Nomograms useful for predicting non-SLN positivity for fe-
male breast cancer do not perform as well for male breast
cancer patients [52]. As such, the threshold for axillary lymph
node dissection for SLN-positive disease might reasonably be

lower in men than women. That said, in men with low-volume
SLN metastases with indications for adjuvant radiotherapy,
such as following breast-conserving surgery, axillary lymph
node dissection may reasonably be omitted after multidisci-
plinary discussion [66–68].

4.3 Adjuvant radiation therapy

Data on adjuvant radiation therapy in men are also limited.
Recently, a retrospective population analysis evaluated the
impact of post-mastectomy radiotherapy (PMRT) after modi-
fied radical mastectomy in 1933 male breast cancer patients
included in the National Cancer Institute’s Surveillance,
Epidemiology, and End Results (SEER) database. As expect-
ed, there was no significant difference in 5-year OS between
those who received PMRT and those who did not due to dif-
ferences in risk factors for those selected to receive PMRT.
However, in a case-matched analysis, PMRT was associated
with improved OS in the subset of patients with 1–3 positive
nodes (5-year OS 79 vs 72%, p = 0.05) and those with 4+
positive nodes (5-year OS 73 vs 53%, p < 0.001) [69]. A small
study of 31 male breast cancer patients found that relapses
were infrequent (1 out of 31 patients) when PMRT criteria

Fig. 3 Suggested algorithm for the management of male breast cancer.
1Staging evaluation as per female breast cancer guidelines. Consider
testing for hereditary breast cancer predisposition genetic syndromes.
2If germline BRCA mutation identified, potential role for PARP
inhibitors. 3ALND recommended if SLNB positive. 4PMRT as per FBC
guidelines. 5Consider genomic profiling to assist decision regarding
adjuvant chemotherapy. 6With tamoxifen after completion of

chemotherapy if HR(+). 7visceral crisis, bulky/symptomatic disease,
rapidly progressive disease. 8Sequential single-agent chemotherapy
preferred. Combination may be considered if rapid response needed. AI
aromatase inhibitor, ALND axillary lymph node dissection, FBC female
breast cancer, GnRHa gonadotropin-releasing hormone agonist, HR
hormone receptor, PMRT post-mastectomy radiation, SLNB sentinel
lymph node biopsy, TNBC triple-negative breast cancer
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for women were applied to men [70]. In addition, in other
small studies, receipt of adjuvant radiation therapy has been
independently associated with longer DFS [71, 72].
Differences in OS were not demonstrated, perhaps due to
low power for these analyses. These data are supportive of
the efficacy of adjuvant PMRT for men with breast cancer
and the practice that treatment recommendations should gen-
erally be based on evidence-based guidelines established for
women with the disease [68, 73].

As in women, PMRT is recommended in men with four or
more positive axillary lymph nodes and patients with involved
internal mammary, infraclavicular, or supraclavicular nodes.
In addition, tumors with direct extension to the chest wall or
skin and inflammatory carcinoma are indications for PMRT.
The decision to recommend PMRT for patients with one to
three positive lymph nodes or for node-negative patients with
tumors > 5 cm is more complex. These men should be strong-
ly considered for PMRT, with other factors such as young age,
high tumor grade, lymphovascular invasion, multiple in-
volved nodes, extranodal extension, and positive surgical mar-
gins weighing more heavily in favor of radiation therapy ad-
ministration [74, 75]. The management of clinically node-
positive breast cancer treated with neoadjuvant chemotherapy
which becomes pathologically node negative at surgery is an
active area of investigation [76, 77]. Outside of clinical trials,
treatment recommendations should be based on the most ad-
vanced of the clinical or pathologic stage [73, 74]. When
PMRT is administered, 50 Gy in 25 fractions is routinely
delivered to the chest wall and regional lymph nodes with
consideration of a boost to the chest wall in some practices.

In men who undergo breast-conserving surgery, post-
operative whole breast radiotherapy is the standard of care.
A SEER analysis showed no significant difference in cause-
specific survival in men with localized breast cancer treated
with breast-conserving surgery plus adjuvant radiotherapy
compared with mastectomy, supporting the oncologic safety
of this approach in carefully selected patients [26]. Based on
randomized controlled trials of Bhypofractionated^ radiother-
apy after lumpectomy in women with breast cancer, whole
breast radiotherapy should be administered to men in 40–
42.5 Gy in 15–16 fractions with an optional boost to the
lumpectomy cavity, depending on pathologic risk factors
[78–80].

Omission of adjuvant radiation therapy in older women
with a biologically favorable breast cancer (node-negative,
ER-positive, tumor size ≤ 2 cm) treated with lumpectomy
and endocrine therapy, does not impact OS [81, 82]. This
approach has not been studied in men but is an appropriate
consideration in comparable age (70 years and older) male
patients. Accelerated partial breast irradiation has emerged
as a standard treatment option in women with favorable
early-stage breast cancer [83–85]. This modality is unlikely
to provide as much breast sparing in men due to the smaller

breast size, but may still reduce the dose to the heart and lungs
compared with whole breast irradiation, and should be inves-
tigated in future studies. Indeed, long-term follow-up of wom-
en treated with older techniques has resulted in a greater ap-
preciation for the importance of minimizing exposure to the
heart and lungs [86, 87]. These studies highlight the necessity
of careful attention to normal tissue constraints during treat-
ment planning. Furthermore, they suggest that emerging tech-
nological advances that reduce normal tissue exposure such as
deep-inspiration breath hold and proton therapy may further
enhance the therapeutic ratio in men and women with breast
cancer [88–90].

4.4 Systemic therapy for early-stage disease

4.4.1 Endocrine therapy

Given that the vast majority of male breast cancers are hor-
mone receptor-positive, endocrine therapy is the mainstay of
systemic treatment. Several retrospective (non-randomized)
studies indicated that adjuvant endocrine therapy (tamoxifen
being the most commonly used) may improve RFS and OS in
male breast cancer patients, particularly for node-positive dis-
ease [58, 91–95]. Therefore, tamoxifen is the recommended
standard adjuvant endocrine therapy in men (unless contrain-
dicated) [3]. It is unknown if extended tamoxifen provides
benefit in male patients as it does in select female patients
[96, 97], but this longer course is reasonable for patients
who are at high risk of recurrence.

Other hormonal therapies that are sometimes used in the
adjuvant treatment of male breast cancer patients include
gonadotropin-releasing hormone analogs (GNRHa), orchiec-
tomy, estrogens, and progestins. While aromatase inhibitors
have documented efficacy in postmenopausal women (and in
premenopausal women undergoing concomitant ovarian func-
tion suppression), and have been used occasionally in men,
there are sex differences in the endocrine environment that
raise concerns about aromatase inhibitors stimulating andro-
gen production in men (see BEndocrine therapy^ under the
BTreatment for advanced disease^ section). Therefore, some
recommend concurrent GNRHa whenever an aromatase in-
hibitor is used in males.

The toxicity of endocrine therapy is understudied in men,
but small studies suggest that hot flashes and sexual dysfunc-
tion are common in men on tamoxifen, and as many as one in
four men prematurely discontinue adjuvant endocrine therapy
due to side effects [98–101].

4.4.2 Chemotherapy

Most adjuvant chemotherapy trials in breast cancer have ex-
cluded male patients. Adjuvant chemotherapy should be con-
sidered for men with intermediate or high-risk early-stage
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disease, particularly those with hormone receptor-negative
disease, large tumors, nodal involvement, and/or younger
age at diagnosis [3]. There are no studies specifically evaluat-
ing neoadjuvant therapy in men. If chemotherapy is indicated,
a neoadjuvant approach may be considered, particularly for
patients with larger tumors that would be otherwise be chal-
lenging to resect, and for patients with axillary nodal involve-
ment, as neoadjuvant chemotherapy may lead to axillary
downstaging, and offer the opportunity for a more limited
axillary surgery.

Although most data come from small and non-randomized
clinical studies, it appears that adjuvant chemotherapy de-
creases the risk of recurrence and mortality in male breast
cancer [58, 91, 102–105]. In a study of 135 men with breast
cancer [91], 62% received adjuvant chemotherapy (either
alone or with endocrine therapy), which was associated with
a trend towards lower mortality (HR: 0.78; 95% CI, 0.39–
1.55) for node-positive patients. An older, small, prospective
study assessed the use of adjuvant cyclophosphamide, meth-
otrexate, and 5-fluorouracil (CMF), in 24 men with node-
positive breast cancer [102]. In this cohort, although 71%
had ER-positive disease, only 13% received adjuvant tamox-
ifen. The 5-year OS rate of 80% was higher than historical
controls. A subsequent analysis with longer follow-up report-
ed a 10-year OS of 64.5%, higher than that of male patients
with node-positive breast cancer included in the SEER
database (42.5%) [103]. While these findings suggest a
benefit of adjuvant chemotherapy, higher OS rates after
chemotherapy may be attributable to selection bias (be-
cause otherwise healthy men are more likely to have
enrolled on a chemotherapy trial).

4.4.3 Use of gene expression profiles for risk-stratification

Genomic risk-stratification (such as Oncotype DX or
Mammaprint) is routinely used in women with hormone
receptor-positive breast cancer to assist clinicians with esti-
mating the likelihood of recurrence and as a tool to identify
those who may benefit from adjuvant. The utility of these
tools in men is understudied.

A study presented in 2009 reported the findings of
Oncotype DX analysis in 347 male breast cancer patients
[106]. While there was a wide variation in gene expression,
the distribution of risk categories was similar to that seen in
women [low-risk (recurrence score < 18%) 54%,
intermediate-risk (18–30) 35%, and high-risk (≥ 31) 11%)].
However, the mean expression of proliferation genes was
higher in males. Similarly, other studies have found compara-
ble distributions of low-, intermediate-, and high-risk recur-
rence scores between men and women [107, 108]. In a
National Cancer Database study focusing on patients with
node-positive disease, Oncotype Dx testing for patients with
1–3 positive lymph nodes was used less frequently in men

(13.6%) than in women (20.6%, p < 0.001). Men with
Oncotype Dx testing were less likely to be recommended to
have adjuvant chemotherapy than those without testing (47.1
vs 75.5%, p < 0.001) [108]. Outcome data for male breast
cancer are needed to ensure that it is appropriate to use
Oncotype DX results to guide treatment decision-making. In
the absence of data, it is reasonable to use these tools in prac-
tice, recognizing the limitations of such an approach in men.

4.4.4 HER2-directed therapies

The efficacy of adjuvant HER2-directed therapies is uncertain
in men. However, given the substantial benefit seen with ad-
juvant HER2-directed therapy in women [109–112], and the
absence of a biological rationale for differences in response by
sex, the current recommendation is to use the same approach
to treatment for HER2-positive breast cancer in women.

5 Treatment for advanced disease

A greater proportion of men with breast cancer have metasta-
tic disease at the time of diagnosis compared to women [23].
Given that most men with breast cancer have ER-positive
disease, chemotherapy is generally reserved for endocrine-
resistant disease or bulky disease compromising vital organ
function, where a rapid response is perceived to be necessary.
Similar to the approach in women, when chemotherapy is
used, sequential, single-agent regimens are usually preferred
over combination regimens. In women, this strategy has been
shown to result in similar survival outcomes with less toxicity
[113].

5.1 Endocrine therapy

Historically, bilateral orchiectomy yielded objective responses
ranging from 31 to 67% that lasted on average between 17 and
30 months [114–117]. Other endocrine ablative strategies
such as adrenalectomy and hypophysectomy were also used
as second-line therapy, with suggestions of improved out-
comes. These treatments resulted in significant toxicity, and
were largely abandoned once androgens, anti-androgens, cor-
ticosteroids, and, ultimately, tamoxifen became available.

Tamoxifen is the most extensively studied endocrine ther-
apy in male patients with breast cancer and is the preferred
initial treatment [118–120]. Similar to female breast cancer,
ER positivity predicts benefit from tamoxifen [120]. Although
there are no prospective randomized data evaluating tamoxi-
fen in metastatic male breast cancer, biological insights sup-
port its use as first-line therapy. It appears that tamoxifen is
less well-tolerated in males compared to females [121]; how-
ever, it is much better tolerated than other historical forms of
treatment such as orchiectomy and adrenalectomy.
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The role of aromatase inhibitors in male breast cancer is
unclear, with data only available from case reports and case
series [122–126]. In a study of 15 men with metastatic breast
cancer treated with aromatase inhibitors, 53% had an objective
response or stable disease [125]. Differences in estrogen pro-
duction physiology between men and women raise concerns
about efficacy of aromatase inhibitor monotherapy in male
breast cancer [127–129]. A significant proportion of male es-
trogen is generated by the peripheral conversion of circulating
androgens via the aromatase enzyme. In addition, approxi-
mately 20% of circulating estrogen in men is directly secreted
by the testicles. There is evidence that the activity of the aro-
matase enzyme in men increases with age, and that estradiol
levels are higher in older men compared to postmenopausal
women. While aromatase inhibitors suppress the main source
of estrogen in men (peripheral conversion), they do not affect
the testicular production of estrogen. Furthermore, a feedback
loop leading to increased levels of follicle-stimulating hor-
mone, luteinizing hormone, and testosterone could theoreti-
cally provide additional substrate for peripheral conversion by
the aromatase enzyme. For this reason, if aromatase inhibitors
are being considered for the treatment of men with tamoxifen-
resistant breast cancer, it may be wise to combine them with
surgical or medical orchiectomy (using a GNRHa).

The role of fulvestrant in male breast cancer also remains
unclear with low-level evidence suggesting activity. In a pooled
analysis examining the efficacy of fulvestrant in 23 patients
with male breast cancer [130], fulvestrant was given as first-
or second-line therapy in 40% of patients, and as third line or
beyond in 60%. Nearly 80% had visceral metastasis. A partial
response was achieved in 26%, while 48% had stable disease
(clinical benefit rate 74%). The median PFS was 5 months.

5.2 CDK4/6 inhibitors

The use of the CDK4/6 inhibitors palbociclib, ribociclib, and
abemaciclib along with endocrine therapy has been
established as the preferred first-line regimen for female met-
astatic breast cancer. Trials evaluating these agents have
shown a doubling in progression-free survival compared to
endocrine therapy alone [131–135]. In addition, abemaciclib
is also FDA approved as monotherapy after progression on
endocrine therapy and chemotherapy [136]. However, no
male patients have been included in these trials. The only data
available in men is from a single case report; a male patient
with metastatic ER-positive, HER2-negative breast cancer re-
ceived letrozole plus palbociclib as a fourth line of therapy and
exhibited stable disease at 4 months on treatment [137]. The
patient previously received paclitaxel, liposomal doxorubicin,
and fulvestrant in the metastatic setting, and tamoxifen
(5 years), followed by letrozole (2.5 years) in the adjuvant
setting. Additional details, such as concomitant use of
GNRHa were not included in the report.

5.3 mTOR inhibitors

mTOR inhibitors have been shown in clinical trials to reverse
endocrine resistance in female breast cancer [138, 139]. There
are two case reports of heavily pretreated male patients with
metastatic breast cancer who had a favorable response to ther-
apy, although one of the patients had to stop treatment after
4 months due to the development of stomatitis [140, 141].

5.4 Chemotherapy

In the metastatic setting, cytotoxic chemotherapy is often re-
served for the endocrine-resistant or ER-negative settings, or
for when there is impending visceral crisis and a rapid re-
sponse to therapy is needed. There are no data demonstrating
superiority of one agent over another, and as such, recommen-
dations mirror those for female breast cancer. In a retrospec-
tive, multicenter case series including 23 heavily pretreated
metastatic male breast cancer patients, treatment with eribulin
was associated with a clinical response in 48% of patients.
Eribulin was overall well tolerated and administered for a
median of 6 cycles (range, 3–15) [142]. Single-agent activity
has also been described with 5-fluorouracil, cyclophospha-
mide, methotrexate, and older drugs such as melphalan,
chlorambucil, and thiotepa [143].

5.5 HER2-directed therapies

HER2 amplification is rare in male breast cancer, and the use
of HER2-blockade in men with metastatic disease is limited to
case reports [144–146]. Similar to the adjuvant setting, HER2-
directed therapies in men with metastatic breast cancer are
used in the same fashion as for women. This approach is based
on the substantial benefit seen in women with HER2-positive
metastatic disease, and no biological rationale for differences
in response by sex.

5.6 Targeting the androgen receptor

Targeting the androgen receptor (AR) axis in male breast can-
cer has been an area of interest since the 1940s, when a case
series demonstrated that bilateral orchiectomy was effective
for treating skeletal metastases [147]. In the study by Cardoso
et al., AR was highly positive in 87% of male breast cancer
specimens, which is consistent with previous studies [148]. In
a gene expression profiling study comparing male and female
breast cancer, 1000 differentially expressed genes were iden-
tified, including a significantly higher number of AR-related
genes, suggesting AR activation [33]. In the untreated male
breast cancer population, androgens have been theorized to
directly exert a tumorigenic effect by stimulating growth of
AR-expressing breast cancer cells [149]. With anti-hormonal
therapy, particularly aromatase inhibitors, androgen levels
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increase, potentially acting as a mechanism of resistance to
anti-estrogen therapy. In 1993, Lopez et al. presented 11 cases
of men with metastatic breast cancer treated with cyproterone
acetate (an anti-androgen) combined with buserelin
(GNRHa). In this series, seven men (64%) had an objective
response to treatment [150]. The same group released addi-
tional data in 2014 that demonstrated an overall response rate
of 53% in 36 men with metastatic breast cancer treated with
cyproterone acetate ± GnRHa [151]. However, it is uncertain
if the anti-androgen contributed efficacy beyond what would
have been seen with a GnRH analog alone.

The precise actions of the AR in breast tissue are complex
with multiple feedback loops. AR activation may be depen-
dent on the hormonal milieu (i.e., relative tissue concentra-
tions of androgens vs estrogens), presence or absence of co-
expression of the ER, and on other concurrent active signaling
pathways. Concordant (ER+/AR+ or ER−/AR−) or discordant
(ER+/AR− or ER−/AR+) AR and ER expression may have
differential effects on cell proliferation and on patient out-
comes. In ER+/AR+ cell lines, activation of the AR has been
reported to lead to apoptosis [152], whereas in ER−/AR+ cell
lines, AR appears to induce proliferation [153]. Consistent
with this, it has been reported that patients with discordant
ER and AR expression appear to have a worse prognosis than
those with concordant ER and AR expression [154].
Interestingly, after treatment with adjuvant tamoxifen, a higher
ratio of AR to ER expression by IHC appears to be associated
with shorter DFS, suggesting that AR expressionmay contrib-
ute to endocrine therapy resistance in ER+ tumors [155]. In a

retrospective analysis of 43 men with breast cancer, AR ex-
pression was associated with a shorter median OS (37 months
for AR+ vs 58 months AR−) [156].

While these studies suggest that AR targeting is a promis-
ing and logical treatment option for male breast cancer, these
studies are small, often single center, and retrospective. Most
extended across broad timespans and utilized multiple ther-
apies, further limiting interpretation of the results. Even
among the largest retrospective pooled analysis of AR
systemic therapy (60 patients), no definitive conclusions have
been drawn [157]. Newer, more potent anti-androgens, such
as enzalutamide, have not been studied in male breast cancer,
and randomized data comparing anti-androgens to other stan-
dard therapies are lacking. With more proficient androgen
deprivation, the clinical benefit rate may improve, as is seen
in prostate cancer. Several ongoing clinical studies (including
both men and women) evaluating single-agent or combination
anti-androgen therapy strategies are highlighted in Table 2.

5.7 PARP inhibitors

Agents that inhibit the poly(adenosine diphosphate-ribose) po-
lymerase (PARP) enzyme have recently shown significant clin-
ical activity in germline BRCA-associated breast [158, 159],
ovarian [160–162] and prostate cancer [163], and are being
evaluated for BRCA-associated pancreatic cancer. Two oral
PARP inhibitors (olaparib and talazoparib) have been studied
in phase 3 clinical trials among patients with germline BRCA
mutations and HER2-negative metastatic breast cancer

Table 2 Selected clinical trials in development for AR targeting including males

Phase Primary endpoint NCT/name

Metastatic

Orteronel as monotherapy in patients with metastatic breast cancer (MBC) that expresses
the androgen receptor (AR)

II ORR
DCR

NCT01990209

Study of BYL719 (alpelisib) in combination with androgen receptor inhibitor (enzalutamide)
in patients with androgen receptor (AR)-positive and PTEN positive metastatic breast cancer

Ib MTD NCT03207529

Taselisib (PI3K inhibitor) and enzalutamide in treating patients With Androgen receptor
positive triple-negative metastatic breast cancer

Ib/II MTD
CBR

NCT02457910

Pembrolizumab and enobosarm (AR modulator) in treating patients with androgen receptor-
positive metastatic triple-negative breast cancer

II ORR
DLT

NCT02971761

Oral VT-464 in patients with castration-resistant prostate cancer previously treated with
enzalutamide, androgen receptor-positive triple-negative breast cancer patients, and men
with ER-positive breast cancer

II PFS, CBR NCT02130700

Galunisertib and paclitaxel in treating patients with metastatic androgen receptor-negative
(AR−) triple-negative breast cancer

I MTD NCT02672475

Ribociclib and bicalutamide in AR+ TNBC I/II MTD
CBR

NCT03090165

CYP17 Lyase and androgen receptor inhibitor treatment with seviteronel trial
(INO-VT-464-006; NCT02580448) (CLARITY-01)

I/II CBR at 16 weeks@@MTD NCT02580448

Neoadjuvant

Phase IIB neoadjuvant enzalutamide (ZT) Plus taxol for androgen receptor (AR)-positive
triple-negative breast cancer (AR+ TNBC)

IIB pCR@@RCB-I NCT02689427

CBR clinical benefit rate, DCR disease control rate,MTD maximal tolerated dose, ORR overall response rate, pCR path CR, RCB-I residual cancer burden
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[158, 159]. In this setting, treatment with olaparib or
talazoparib led to a significant improvement in the median
PFS when compared with treatment of physician’s choice
(TPC, which included various single-agent cytotoxic drugs,
but no platinums). Both agents led to virtually identical im-
provements in overall response rates (TPC 29% vs olaparib
60%; TPC 22% vs talazoparib 63%) and PFS [TPC 4.2months
vs olaparib 7.0 months (HR 0.58, p < 0.001); TPC 5.6 months
vs talazoparib 8.6 months (HR 0.54, p < 0.0001)]. Toxicity
profiles and quality of life measures also favored the PARP
inhibitors over TPC. In the phase 3 olaparib trial, seven men
were enrolled, with five assigned to receive olaparib, and two
assigned to TPC. Data on responses on these patients has not
been reported.

Olaparib is currently approved by the FDA for use in pa-
tients with metastatic HER2-negative breast cancer and dele-
terious germline BRCA mutations. PARP inhibitors are also
being explored in the setting of other DNA-damaging repair
germline and/or somatic genetic alterations. Given the relative
frequency of genetic predisposition gene mutations in men
with breast cancer, there may be an expanding role for
PARP inhibitors in these patients.

6 Survivorship

6.1 Endocrine therapy toxicities

Approaches to mitigate endocrine therapy side effects,
such as vasomotor symptoms, currently mirror those
taken in women. No specific treatment guidelines for
men with breast cancer exist because no symptom inter-
vention study has yet focused on the male breast cancer
population. Similarly, treatment of sexual dysfunction is
based on general guidelines for treating male sexual
dysfunction secondary to low androgen states (minus
hormone supplementation), without specific interven-
tions having been developed for male breast cancer sur-
vivors. Given that men have high rates of premature endo-
crine therapy discontinuation, close monitoring and treatment
of these symptoms is an essential part of survivorship care
[164].

6.2 Fertility preservation

Chemotherapy can impair male fertility. In addition, pre-
clinical data suggest that CDK4/6 inhibitor may lead to
sperm damage (palbociclib FDA label). Men who desire
future fertility should be counseled at the time of diag-
nosis about this risk and on considering sperm cryopres-
ervation, particularly if they are being considered for
chemotherapy [165].

6.3 Follow-up and surveillance

Because male breast cancer is rare, it is unclear whether sur-
vivors benefit from contralateral screening with breast imag-
ing after mastectomy. While males with prior breast cancer
have a 30-fold higher relative risk of a contralateral primary
compared to the general population, the absolute risk remains
small (0.1%/year) [166, 167]. Screening mammography
might be most beneficial for male breast cancer survivors
who have additional risk factors, such as BRCA mutations
[168, 169]. Otherwise, breast self-examination and clinical
examination are recommended.

6.4 Emotional support

Men who are diagnosed with breast cancer may feel stigma-
tized and isolated because this disease is much more common
in women. Raising awareness of male breast cancer and
connecting male breast cancer patients with others who have
had similar experiences may be helpful. Support groups for
male patients specifically are rare [170], and research is needed
to assess how novel tools for virtual connectedness can be used
to support men during and after treatment for breast cancer.

7 Conclusions

Male breast cancer is an uncommon disease that has been
understudied. Although many characteristics are shared with
female breast cancer, there are several important biologic dif-
ferences to consider when extrapolating from the abundant
female breast cancer literature for clinical decision-making.
Preclinical studies focused on improving our understanding
of the unique biology of male breast cancer are also needed.
Establishment of male breast cancer cell lines, mouse models,
and patient-derived xenograft models may facilitate this.
There is a critical need for data on the activity and safety of
novel agents such as CDK 4/6 inhibitors, mTOR inhibitors,
PARP inhibitors, and other targeted therapies in men, and also
for data on the efficacy of well-established treatments such as
aromatase inhibitors and fulvestrant. Clinical investigators
should be encouraged to allow the enrollment of male breast
cancer patients in modern clinical trials, absent a strong bio-
logical rationale to justify their exclusion.

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.
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