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Abstract

Objective: We aimed to describe the differences in clinicopathological characteristics and over-

all survival (OS) between male and female breast cancer patients, and to develop a prognostic

nomogram to predict survival in patients with male breast cancer (MBC).

Methods: Using the Surveillance, Epidemiology, and End Results database, we compared age,

race, histological type, histological grade, tumor size, lymph node status, metastases, estrogen/

progesterone receptor (ER/PR) and HER-2 status between male and female patients, and ana-

lyzed their relationships with OS. We established a nomogram and produced a calibration curve

to observe its predictive effect.

Results: Age, race, T stage, N stage, bone and lung metastases, and histological type and grade

differed between male and female patients. OS in male patients was related to age, tumor size,

metastatic site, ER/PR status, and histological grade, but not to race or lymph node status.

A nomogram was established, which showed good predictive performance for survival in MBC

patients (area under the curve¼ 0.7).

Conclusion: MBC has a worse prognosis than female breast cancer, mainly characterized by late

onset age, late staging, high proportion of invasive non-specific histological types, high histological

grade, and luminal breast cancer.
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Introduction

Male breast cancer (MBC) is a relatively

rare malignant tumor accounting for less

than 1.0% of all breast cancers.1 However,

despite its rarity, the incidence of MBC has

increased in recent years.2,3 In addition,
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although breast cancer accounts for a rela-
tively small proportion of all cancers diag-
nosed in men, it has a high mortality rate,4

highlighting the need for continued research
into MBC.

Many aspects of MBC remain unclear,
and its biological characteristics, especially
the differences between male and female
breast cancer (FBC), should be further
studied to determine the relevance of any
differences in treatment. There are currently
no prospective, international clinical trial
results regarding MBC and no diagnostic
specifications or guidelines. The diagnosis
and treatment of MBC thus currently
refer to breast cancer in women; however,
MBC has several different characteristics
compared with FBC,5,6 and adhering to
the treatment protocol for FBC thus
remains controversial. Research into MBC
groups is thus needed to develop guidelines
and recommendations to improve the prog-
nosis of MBC.

Using a large dataset extracted from the
Surveillance, Epidemiology, and End
Results (SEER) database, we investigated
the clinical and prognostic differences
between MBC and FBC, and the factors
contributing to differences in overall surviv-
al (OS).

Patients and Methods

Patient information

We retrospectively analyzed data for
patients diagnosed with breast cancer in
the SEER database between 2010 and
2015, including age, race, hormone receptor
status, tumor size, lymph node status,
HER-2 status, pathological type, and histo-
logical grade. The inclusion criteria were:
(1) clear diagnosis and pathologically con-
firmed breast cancer; and (2) complete and
clear clinicopathological data including age,
stage, hormone receptor status, HER-2
status, pathological type, and histological

grade. Patients with unclear pathological

characteristics were excluded. The reporting

of this study conforms to the STROBE
statement.7 We accessed SEER information

after signing the SEER research data agree-

ment (username10866-Nov2019). Data

were obtained following approved guide-

lines. The ethics committee of Xi’an

International Medical Center Hospital
waived the need for patient consent because

the subjects were patients who had been

researched by the United States

Department of Health and Human

Services and the data were publicly accessi-

ble and deidentified.

Construction and validation of the

nomogram

All significant variables in univariate anal-

ysis were entered into multivariate Cox pro-

portional hazards analysis. A nomogram

based on the results of this model was

established to predict 3- and 5-year OS,

and a calibration curve was produced to
observe the predictive effect of the

nomogram.

Statistical analysis

The data were analyzed using SPSS

Statistics for Windows, Version 20.0 (IBM

Corp., Armonk, NY, USA). Differences
between groups were compared by v2

tests. Survival was analyzed using the

Kaplan–Meier method. A multivariate

Cox proportional risk model was used to

identify the clinical factors associated with

OS survival in men and women. The signif-
icance level was a¼ 0.05. R software (ver-

sion 4.0.3; R Foundation for Statistical

Computing, Frank Harrell, USA) was

used to construct the nomogram and draw

the receiver operating characteristic (ROC)

curve. A bootstrap method was used to
repeat 1000 samples for internal verification

of the rosette. The concordance index

2 Journal of International Medical Research



(C-index) and area under the ROC curve

(AUC) were used to evaluate the differenti-

ation ability of the nomogram, and calibra-

tion curves were used to evaluate its

calibration.

Results

Clinicopathological characteristics of the

patients

According to the inclusion and exclusion

criteria, a total of 5484 patients were

enrolled in this study, including 670 MBC

and 4814 FBC patients. There were signifi-

cant differences in age, race, T stage, N

stage, metastasis, histological type, and his-

tological grade between the two groups (all

P< 0.05). Male patients were older, with

late clinical stage, poor histological grade,

and more invasive non-specific types of his-

tology, mostly luminal breast cancer.

Notably, the incidence of MBC was signif-

icantly lower than that of FBC among

blacks (16.12% vs 24.30%). There were

also differences in the proportions of bone

and lung metastases between the two

groups, but no differences in liver and brain

metastases. In addition to differences in lumi-

nal type, the HER-2(þ) rate was also lower in

MBC compared with FBC (Table 1).

Survival

The prognosis in terms of OS was signifi-

cantly lower in men compared with women

with breast cancer (P< 0.05). The 7-year

overall survival rates of male and FBC

were 77.9% and 89.8%, respectively

(Figure 1).

Prognostic analysis of univariate and

multivariate Cox proportional risk models

We conducted univariate analysis of factors

that might influence the prognosis of breast

cancer, and showed that age, race, tumor

size, lymph node metastasis, distant metas-
tasis, histological grading, and estrogen
receptor (ER)/progesterone receptor (PR)
status affected the prognosis of MBC
patients in terms of OS, and also influenced
the prognosis of FBC (P< 0.01, Table 2 and
Figures 2–19).

Significant factors from univariate anal-
ysis of OS were included in a Cox propor-
tional risk model for multivariate analysis,
which identified age, tumor size, metastatic
site, ER/PR status, and histological grade
as independent prognostic factors affecting
OS of MBC patients. Compared with
MBC, OS of FBC patients was related to
the above factors, and also to race and
lymph node metastasis (P< 0.01, Tables 3
and 4)

Nomogram and area under the
curve (AUC)

We established a nomogram based on the
patients’ age, ER/PR status, tumor grade,
and T and M stages (Figure 20a). C-index
and calibration plots were produced to
observe the predictive effect of the nomo-
gram. Internal validation using a bootstrap
with 1000 resamplings revealed that the
nomogram performed well for discrimina-
tion, with a C-index of 0.733. The deviation
between the calibration curve and the obli-
que line representing the actual survival
probability was small (Figures 20b1–3),
indicating that the predictive accuracy of
the nomogram was high. The predictive
ROC curve for all clinical indicators also
showed that this prognostic model had a
good predictive performance for survival
in MBC patients (AUC¼ 0.7, Figure 20c).

Discussion

Many factors affect the epidemiology and
risk factors of MBC.5,6,8–10 The incidence of
MBC varies among regions with the highest
incidence in Africa, followed by Europe and
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America, and the lowest incidence in Asia.11

The average age of onset of MBC is higher
than that of FBC, without the characteristic
bimodal incidence.12 In this study, 71.2% of
patients with MBC were �60 years old
compared with 53.3% of females with

breast cancer, consistent with previous

reports.12,13 Notably, both MBC and FBC

were more common among whites, but

FBC was significantly more common than
MBC among blacks (24.30% vs. 16.13%).

MBC and FBC have been reported to

show similar histological and pathological
characteristics, with the most common

Table 1. Clinicopathological characteristics.

Group MBC (n, %) FBC (n, %) v2 P value

Age (years)

<35 0 (0) 65 (1.35) 83.185 <0.001

35–59 193 (28.8) 2183 (45.35)

�60 477 (71.2) 2566 (53.30)

Race

White 529 (78.96) 3551 (73.76) 73.286 <0.001

Black 108 (16.12) 1170 (24.30)

Other 33 (4.93) 93 (1.93)

Histological type

Non-specific infiltrating Infiltrating Infiltrating 569 (84.9) 3836 (79.68) 25.001 <0.001

Other 101 (15.1) 978 (20.32)

Tumor size

T1 249 (37.1) 2894 (60.12) 387.685 <0.001

T2 295 (44.0) 1438 (29.87)

T3 31 (4.6) 284 (5.9)

T4 95 (14.1) 198 (4.11)

Lymph node status

Negative 220 (32.8) 3019 (62.71) 425.558 <0.001

Positive 450 (67.2) 1795 (37.29)

Distant metastasis

Bone 47 (7.01) 101 (20.98) 84.760 <0.001

Brain 2 (0.3) 20 (0.42) 0.479 0.489

Liver 2 (0.3) 30 (0.62) 1.832 0.176

Lung 18 (2.69) 45 (0.93) 21.175 <0.001

ER/PR

ER(�)/PR(þ) 3 (0.4) 74 (1.54) 167.133 <0.001

ER(þ)/PR(�) 45 (6.7) 537 (11.15)

ER(þ)/PR(þ) 599 (89.4) 3391 (70.44)

ER(�)/PR(�) 23 (3.4) 812 (16.87)

HER-2 status

Negative 589 (87.9) 4051 (84.15) 6.992 0.008

Positive 81 (12.1) 763 (15.85)

Histological grade

I 80 (11.94) 1035 (21.5) 87.756 <0.001

II 331 (49.4) 2025 (42.06)

III 256 (38.21) 1748 (36.31)

IV 3 (0.45) 6 (0.12)

MBC, male breast cancer; FBC, female breast cancer; ER, estrogen receptor; PR, progesterone receptor.
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histological type being non-specific invasive

ductal carcinoma (64.0%–93.0%).14 In this

study, 569 of the 670 cases (84.9%) of MBC

were invasive non-specific breast cancer,

consistent with the previous literature. The

proportion of ER(þ) and HER-2(�) cases

was higher among MBC than FBC patients,

similar to that in postmenopausal and

elderly women.5,15The International Male

Breast Cancer Program study reexamined

1483 MBC specimens and showed that

99% were ER(þ), 82% were PR(þ), 97%

were androgen receptor(þ), and only 9%

were HER-2(þ). In addition, 42% were

Figure 1. Male and female breast cancer overall survival (OS) curves.

Table 2. Univariate analysis of prognoses of male and female breast cancer.

Group

MBC FBC

v2 P value v2 P value

Age 5.720 0.017 6.489 0.011

Race 83.185 <0.001 83.185 <0.001

Histological type 0.986 0.321 0.156 0.693

Histological grade 40.552 <0.001 153.909 <0.001

Tumor size 60.741 <0.001 430.876 <0.001

Lymph node metastasis 4.030 0.045 180.184 <0.001

Distant metastasis 148.856 <0.001 812.383 <0.001

ER/PR status 38.977 <0.001 164.792 <0.001

HER-2 status 0.268 0.605 1.060 0.303

MBC, male breast cancer; FBC, female breast cancer; ER, estrogen receptor; PR, progesterone receptor.
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Figure 2. Overall survival (OS) curves of patients with male breast cancer in relation to estrogen receptor
(ER)/progesterone receptor (PR) status.

Figure 3. Overall survival (OS) curves of patients with female breast cancer in relation to estrogen
receptor (ER)/progesterone receptor (PR) status.
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Figure 4. Overall survival (OS) curves of patients with male breast cancer in relation to HER-2 status.

Figure 5. Overall survival (OS) curves of patients with female breast cancer in relation to HER-2 status.
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Figure 6. Overall survival (OS) curves of patients with male breast cancer in relation to age.

Figure 7. Overall survival (OS) curves of patients with female breast cancer in relation to age.
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Figure 8. Overall survival (OS) curves of patients with male breast cancer in relation to race.

Figure 9. Overall survival (OS) curves of patients with female breast cancer in relation to race.
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Figure 10. Overall survival (OS) curves of patients with male breast cancer in relation to histological type.

Figure 11. Overall survival curves (OS) of patients with female breast cancer in relation to histological
type.
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Figure 12. Overall survival (OS) curves of patients with male breast cancer in relation to histological grade.

Figure 13. Overall survival (OS) curves of patients with female breast cancer in relation to histological
grade.
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Figure 14. Overall survival (OS) curves of patients with male breast cancer in relation to T stage.

Figure 15. Overall survival (OS) curves of patients with female breast cancer in relation to T stage.
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Figure 16. Overall survival (OS) curves of patients with male breast cancer in relation to N stage.

Figure 17. Overall survival (OS) curves of patients with female breast cancer in relation to N stage.
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Figure 18. Overall survival (OS) curves of patients with male breast cancer in relation to M stage.

Figure 19. Overall survival (OS) curves of patients with female breast cancer in relation to M stage.
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Table 3. Multivariate Cox regression analysis of male breast cancer patients.

Group Regression coefficient P HR 95% CI

Age 0.627 0.001 1.872 (1.278, 2.734)

Tumor size 0.277 <0.001 1.319 (1.178, 1.477)

Distant metastasis 1.496 <0.001 4.463 (3.225, 6.174)

ER/PR 0.374 <0.001 1.453 (1.214, 1.740)

Histological grade 0.448 <0.001 1.565 (1.271, 1.928)

HR, hazard ratio; CI, confidence interval, ER, estrogen receptor; PR, progesterone receptor.

Table 4. Multivariate Cox regression analysis of female breast cancer patients.

Group Regression coefficient P HR 95% CI

Age 0.414 <0.001 1.513 (1.279, 1.789)

Race �0.174 0.014 0.841 (0.731, 0.966)

Tumor size 0.367 <0.001 1.443 (1.329, 1.567)

Lymph node metastasis 0.427 <0.001 1.533 (1.296, 1.812)

Distant metastasis 1.656 <0.001 5.240 (4.201, 6.535)

ER/PR 0.252 <0.001 1.287 (1.212, 1.367)

Histological grade 0.207 0.001 1.229 (1.090, 1.387)

HR, hazard ratio; CI, confidence interval, ER, estrogen receptor; PR, progesterone receptor.

Figure 20. Nomogram predicting 3- and 5-year overall survival (OS) in patients with breast cancer and
receiver operating characteristic (ROC) curve. (a) Nomogram used to predict OS. (b) Calibration plots of
1-, 3-, and 5-year OS predicted by the nomogram. (c) Area under the receiver operating characteristic curve
(AUC, ROC) of OS predicted by the nomogram.
ER, estrogen receptor; PR, progesterone receptor.
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luminal A type, 49% were luminal B type
HER-2(�), 9% were luminal B type HER-2
(þ), and <1% were triple-negative breast
cancer.5,16 In the current study, 89.4% of
MBCs were ER(þ)/PR(þ), 3.4% were ER
(�)/PR(�), and 12.1% were HER-2(þ),
while the equivalent incidences for FBC
were 70.44%, 16.87%, and 15.85%,
respectively.

The prognosis of MBC is worse than
that for FBC. The current survival analysis
accordingly showed that men with breast
cancer had a significant survival disadvan-
tage compared with women with breast
cancer, with 7-year OS rates of 77.9% and
89.8% (P< 0.05), respectively, for patients
diagnosed over the same period. The poorer
prognosis of MBC may be because indepen-
dent prognostic factor analysis showed that
MBC was usually diagnosed at a late stage,
with high T stage, high rates of lymph node,
lung, and bone metastases, and high histo-
logical grade, which are often associated
with a poor prognosis. In addition, MBC
patients with late onset age tend to have
more complications, including heart and
vascular diseases, and high mortality after
treatment.17 MBC patients also have an
increased risk of developing secondary pri-
mary cancers,18–20and the mortality rate
from second primary breast cancer or
other causes, including prostate, colon,
lung, and contralateral breast cancer, is
higher in men than in women.20

Tamoxifen has demonstrated a survival
benefit in men with advanced breast
cancer, and observational studies of adju-
vant tamoxifen therapy have also suggested
a survival benefit;21 however, the efficacy of
aromatase inhibitors for MBC remains
unclear and may be lower than in
women.22,23This may be one factor leading
to the poorer prognosis of MBC compared
with postmenopausal FBC. MBC is often
an exclusion criterion in cancer clinical
trials and MBC patients are generally
under-represented in clinical studies.

Existing treatment methods for MBC thus
usually refer to FBC, despite differences in
biological behaviors, which might also
affect the prognosis of MBC.

Univariate analysis showed that age,
race, tumor size, lymph node metastasis,
distant metastasis, histological grade, and
ER/PR status significantly affected the
prognosis of MBC patients (P< 0.05), and
were also prognostic factors affecting OS
among FBC patients. Domestic and foreign
guidelines, as well as the results of large
clinical studies, recommend anti-HER2
adjuvant therapy or palliative treatment
for female patients with HER-2(þ) breast
cancer.24 However, most studies of anti-
HER-2 therapy in HER-2(þ) MBC patients
have been case reports with mixed
results.25,26 In this study, the prognoses of
both MBC and FBC were unrelated to
HER-2 status. We considered that anti-
HER-2 therapy might significantly improve
the prognosis of these patients and thus
weaken the influence of HER-2 index on
prognosis. Based on this conjecture,
although no relevant guidelines have speci-
fied anti-HER-2 therapy for HER-2(þ)
MBC patients, this may represent an effec-
tive treatment for MBC patients with posi-
tive HER-2 expression.

Interestingly, the current multivariate
analysis showed that lymph node metastasis
and race were not predictive of survival in
MBC, in contrast to FBC, despite the large
number of patients analyzed (n¼ 670 for
MBC). Because there is less breast tissue
in men, the breast is closer to the chest
wall, and there is an abundant lymphatic
duct network under the nipple and areola.
This means that breast cancer cells can pen-
etrate the breast tissue more easily and
invade the regional lymph nodes, leading
to axillary lymph node metastasis.27

Tumor size and lymph node metastasis are
independent prognostic factors affecting OS
and disease-free survival in women with
breast cancer, and these factors can be
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used as independent predictors of a poor
prognosis in women with breast cancer,
with more lymph node metastases associat-
ed with a worse prognosis. The effect of
lymph node metastasis on the prognosis of
MBC has mostly been studied in small sam-
ples and the results have differed.28–30

Prospective studies with large samples are
thus needed to determine the effect of
lymph node metastasis on the prognosis of
MBC. Further multicenter clinical studies
with large sample sizes are also required
to explore the clinical characteristics and
molecular biological mechanisms responsi-
ble for the occurrence and development of
MBC, with the aim of expanding screening
for specific breast cancers in high-risk men.
Efforts should also be made to increase the
inclusion of men in expanded clinical breast
cancer trials, to improve people’s under-
standing of the differences between male
and FBCs, and to develop safe, effective,
standardized, and individualized compre-
hensive treatment plans according to the
patient’s condition, clinical stage, histolog-
ical grade, and molecular type.

The current study had some limitations,
including a lack of data on the Ki-67 pro-
liferation index and on patient treatment.
In addition, we used internal rather than
external validation.

Conclusions

MBC is closely related to FBC but has
some differences, including late onset age,
diagnosis at a relatively late stage and
higher histological grade, and poorer prog-
nosis, associated with age, tumor size, dis-
tant metastasis, histological grade, and ER/
PR status. Based on the above risk factors,
we developed a nomogram to predict 3- and
5-year OS in men with breast cancer. This
nomogram revealed good discrimination
and calibration, and may thus be helpful
for predicting individual survival among
MBC patients.
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