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Introduction

The incidence and mortality of breast cancer rank first 
among women in the world [1]. However, male breast 
cancer (MBC) is a very rare malignancy, accounting 
for less than 1% of all breast cancer patients [2] and 
approximately 1% of male cancers worldwide [2]. 
Although the incidence of MBC is very low, its global 
incidence continues to increase annually [3]. Since, MBC 
patients have a relatively poorer prognosis, [4, 5] it is 
important to determine the prognostic factors with proper 
treatment strategies. 

Human epidermal growth factor receptor-2 (HER2) 
is overexpressed in about 20-30% of breast cancer 
patients [6], and can affect the survival prognosis of 
these patients. Trastuzumab is one of the main targeted 
drugs for the treatment of HER2-positive breast cancer 
patients at present. Its mechanism of action is to inhibit 
the proliferation of breast cancer cells by targeting the 
synthesis of HER2 protein, to improve the survival 
prognosis of HER2-positive breast cancer patients [7-9].
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The incidence of HER2-positive MBC is extremely 
low, and there have been only a few published studies 
on this condition. Only 15% of MBC patients are HER2-
positive [10]. Due to the rare incidence and lack of 
prospective clinical data, there is no uniform standard 
for the treatment for HER2-positive MBC. Trastuzumab 
treatment has been used [11, 12], but due to the small 
number of cases, there is insufficient evidence to support 
its effectiveness. Studies have shown that the HER2 status 
can affect the survival prognosis of MBC patients, and 
those who were HER2-positive had a worse prognosis 
than female patients with breast cancer [13]. In addition, 
the incidence of MBC is increasing annually, and the 
prognosis for HER2-positive men is still poor. To date, the 
prognostic factors and treatment of HER2-positive MBC 
patients have been rarely reported. In this, we aimed to 
explore the prognostic factors and treatment methods of 
HER2-positive MBC patients. This study also aimed to 
establish a clinical prediction model for predicting the risk 
factors affecting the prognosis of HER2-positive MBC, in 
order to provide more evidence for the clinical treatment 
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and prognosis evaluation of this condition.

Materials and Methods

Data source
Clinical data on HER2-positive MBC were retrieved 

by using the surveillance, epidemiology and end results 
(SEER)*Stat version 8.4.0.1 dataset (http://www.seer.
cancer.gov/seerstat). Data was obtained on newly 
diagnosed HER2-positive MBC patients from the database 
from 2010 to 2015, and extracted age, race, marital 
status, tissue grade, tumor size, T stage, N stage, M stage, 
HER2 status, ER status, PR status, surgery, radiotherapy, 
chemotherapy, survival status, survival time as well as 
any other relevant information.

Patient Selection
Patients were selected with confirmed HER2-positive 

MBC as the research subjects. The included patients 
met the following criteria: (1)Their gender was “male”, 
(2) their lesions were defined as “Breast” according to 
ICD-O-3/WHO 2008, (2) ICD-O-3 Hist/behav, malignant: 
ICD-O-3 Hist/ Behav, Malignant: 8500/3-8504/3,8507/3-
8510/3,8512/3-8514/3, 8520/3-8525/3,8530/3,8540/3-
8543/3 and (3) the year of diagnosis was “2010-2015”. 
The exclusion criteria were as follows: (1) the type of 
source of diagnostic report were missing from either the 
autopsy or death certificate and (2) their age, race, marital 
status, tissue grade, tumor size, T stage, N stage, M stage, 
HER2 status, ER status, PR status, Surgery, radiotherapy, 
chemotherapy, survival status, survival time were not 
known. The procedure used for screening the research 
subjects is shown in Figure 1.

Nomogram Construction and Validation
All HER2-positive MBC patients were divided into 

training (n=144) and validation (n=96) cohorts at a ratio of 
6 : 4. Check the frequency distribution of the training and 
validation cohorts and the results are presented as a KDE 
(kernel density estimation) chart (Figure 2). All variables 
were tested for Pearson correlations and the results are 
presented as a heat map (Figure 3). Univariate COX 
analysis was performed to screen for potential prognostic 
factors. Variables with a P value < 0.05 in univariate 
analysis were further incorporated into multivariate COX 
regression analysis to identify the prognostic factors of 
HER2-positive MBC patients. In addition, we established 
a predictive model based on prognostic factors in order 
to predict the prognosis of HER2-positive MBC patients. 
The area under the curve (AUC) was used to evaluate 
the accuracy of the model. The calibration and clinical 
decision analysis (DCA) curves were used to evaluate 
and assess the models. 

Statistical Analysis
All statistical calculations were performed using R 

(version 4.2.0) and Python (version 3.8.1, Python Software 
Foundation). Categorical data were compared using the 
chi-square and Fisher’s exact tests. Kaplan–Meier analysis 
was used to calculate the overall survival (OS) of HER2-
positive MBC patients. A two-sided P value < 0.05 was 

considered to be statistically significant.

Results

Demographic and clinical characteristics of HER2-
positive MBC patients

Based on the inclusion criteria, between 2010 and 
2015, 240 patients were diagnosed with HER2-positive 
MBC. The median survival was 60 months. All the 
patients were randomly divided into training (n = 144) 
and verification cohorts (n = 96) according to the ratio 
of 6:4. In the training cohort, white and married patients 
accounted for 72.9 and 66.0% of the total, respectively. 
64 (44.4%) of the patients were less than 65 years old and 
the tumor grade they presented with was mainly grade III 
(55.6%). According to the AJCC guidelines, there were 
67 cases (46.5%) at T2 and 56 cases (52.8%) at N0. With 
respect to the M stage, there were 130 cases (90.3%) at 
stage M0. Most of the patients had a tumor size < 50 
(92.4%). The ER and PR status of most patients were 
positive, accounting for 92.4 and 83.3%, respectively. In 
terms of treatment, 129 patients (89.6%) received surgical 
treatment, 108 (75.0%) received no radiation therapy and 
98 (68.1%) received chemotherapy. The chi-square and 
Fisher’s exact tests showed no significant differences in 
any of the variables when the training and verification 
cohorts were compared (Table 1).

Analysis of survival prognostic factors in HER2-positive 
MBC patients

It was found that the variables that related to the 
survival prognosis of HER2-positive MBC patients were 
grade, T stage, N stage, M stage, tumor size, surgery 
and chemotherapy by using univariate COX regression 
analysis. Multivariate COX regression analysis showed 
that T stage, M stage, surgery and chemotherapy were 
independent risk factors for the prognosis of HER2-
positive MBC patients (P < 0.05), (Table 2).

Performance and validation of a nomogram for predicting 
the prognosis of HER2-positive MBC patients

Based on the results of multivariate Cox risk regression 
analysis, we constructed a prognostic nomogram, which 
can demonstrate the impact of independent prognostic 
factors on OS (Figure 4). ROC curve analysis showed that 
in the training cohort, the AUCs of OS at 1, 2 and 3 years 
were 0.921, 0.853 and 0.837, respectively (Figure 5A-C). 
In the validation cohort, the AUCs were 0.851, 0.763 and 
0.782, respectively (Figure 5D-F). In both the training 
and validation cohorts, the area under the ROC curves for 
OS were greater than those predicted by the AJCC_stage. 
This demonstrated a good discriminative ability of the 
nomogram prediction model. The C indexes of the training 
and validation cohorts were 0.746 (95%CI: 0.677 -- 0.815) 
and 0.754 (95%CI: 0.679 -0.829) (Table 3), respectively, 
indicating that the nomogram model constructed by 
the training cohort had a good overall performance. 
DCA showed that the nomogram model would have a 
good net benefit in clinical practice and that it showed 
a greater clinical predictive value than the AJCC_stage 
(Figure 6A-F). The calibration curves showed a high 
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Characteristics Overall 
N (%)

Train 
N (%)

Test 
N (%)

P

Race

     Black 41 (17.1) 28 (19.4) 13 (13.5) 0.136

     Other 14 (5.8) 11 (7.6) 3 (3.1)

     White 185 (77.1) 105 (72.9) 80 (83.3)

Age

     <65 117 (48.8) 64 (44.4) 53 (55.2) 0.102

     ≥65 123 (51.2) 80 (55.6) 43 (44.8)

Marital status

     Married 160 (66.7) 95 (66.0) 65 (67.7) 0.78

     Unmarried 80 (33.3) 49 (34.0) 31 (32.3)

Grade

     I 3 (1.2) 2 (1.4) 1 (1.0) 0.751

     II 109 (45.4) 62 (43.1) 47 (49.0)

     III 128 (53.3) 80 (55.6) 48 (50.0)

Laterality

     Left 130 (54.2) 68 (47.2) 62 (64.6) 0.008

     Right 110 (45.8) 76 (52.8) 34 (35.4)

T stage

     T1 84 (35.0) 53 (36.8) 31 (32.3) 0.617

     T2 120 (50.0) 67 (46.5) 53 (55.2)

     T3 9 (3.8) 6 (4.2) 3 (3.1)

     T4 27 (11.2) 18 (12.5) 9 (9.4)

N stage

     N0 113 (47.1) 76 (52.8) 37 (38.5) 0.023

     N1 89 (37.1) 46 (31.9) 43 (44.8)

     N2 21 (8.8) 9 (6.2) 12 (12.5)

     N3 17 (7.1) 13 (9.0) 4 (4.2)

M stage

     M0 218 (90.8) 130 (90.3) 88 (91.7) 0.715

     M1 22 (9.02) 14 (9.7) 8 (8.3)

Tumor size

     <50 223 (92.9) 133 (92.4) 90 (93.8) 0.681

     ≥50 17 (7.1) 11 (7.6) 6 (6.2)

ER

     Negative 15 (6.2) 11 (7.6) 4 (4.2) 0.276

     Positive 225 (93.8) 133 (92.4) 92 (95.8)

PR

     Negative 39 (16.2) 24 (16.7) 15 (15.6) 0.83

     Positive 201 (83.8) 120 (83.3) 81 (84.4)

Surgery

     No 22 (9.2) 15 (10.4) 7 (7.3) 0.411

     Yes 218 (90.8) 129 (89.6) 89 (92.7)

Radiation

     None/Unknown 176 (73.3) 108 (75.0) 68 (70.8) 0.475

     Yes 64 (26.7) 36 (25.0) 28 (29.2)

Chemotherapy

     No/Unknown 78 (32.5) 46 (31.9) 32 (33.3) 0.822

     Yes 162 (67.5) 98 (68.1) 64 (66.7)

Table 1. Demographic and Clinical Characteristics of 
HER2-Positive MBC Patients.

Characteristics Univariable  
OR (95% CI)"

P Multivariable 
OR (95% CI)"

P

Race

     Black 1 (reference)

     Other 0.19 (0.02-1.44) 0.108

     White 0.90 (0.46-1.75) 0.75

Age

     <65 1 (reference)

     ≥65 1.44 (0.82-2.50) 0.202

Marital status

     Married 1 (reference)

     Unmarried 1.57 (0.91-2.72) 0.104

Grade 

     I 1 (reference)

     II 0.18 (0.04-0.76) 0.02 1.08 (0.15 - 7.93) 0.94

     III 0.14 (0.03-0.61) 0.009 1.05 (0.14 - 7.98) 0.962

Laterality

     Left 1 (reference)

     Right 0.63 (0.37-1.09) 0.1

T stage

     T1 1 (reference)

     T2 2.03 (1.00-4.14) 0.051 2.03 (0.96 - 4.33) 0.066

     T3 6.41 (2.03-20.2) 0.002 2.29 (0.34 - 15.61) 0.398

     T4 4.81 (2.15-10.74) <0.001 4.19 (1.54 - 11.4) 0.005

N stage

     N0 1 (reference)

     N1 1.98 (1.08-3.62) 0.028 1.21 (0.59 - 2.49) 0.61

     N2 1.93 (0.66-5.63) 0.231 2.10 (0.69 - 6.37) 0.19

     N3 2.12 (0.9-5.01) 0.085 0.50 (0.14 - 1.78) 0.283

M stage

     M0 1 (reference)

     M1 6.57 (3.48-12.43) <0.001 3.90 (1.27 - 11.92) 0.017

Tumor size

     <50 1 (reference)

     ≥50 3.82 (1.79-8.15) <0.001 1.25 (0.34 - 4.67) 0.738

ER

     Negative 1 (reference)

     Positive 1.95 (0.47-8.01) 0.355

PR

     Negative 1 (reference)

     Positive 1.49 (0.64-3.48) 0.36

Surgery

     No 1 (reference)

     Yes 0.19 (0.09-0.39) <0.001 0.31 (0.12 - 0.84) 0.021

Radiation

     No 1 (reference)

     Yes 0.94 (0.5-1.75) 0.841

Chemotherapy

     No 1 (reference)

     Yes 0.52 (0.3-0.89) 0.018 0.39 (0.21 - 0.71) <0.002

Table 2. COX Regression Analysis of the Prognostic 
Factors Associated with HER2-Positive MBC Patients.
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Figure 1. A Diagrammatic Representation of the Patient Selection Process. AJCC, American Joint Committee on 
Cancer; TNM, tumor-node-metastasis; SEER, surveillance, epidemiology and end results. 

Figure 2. The KDE Chart Shows that the Individual variables (Race, Age, Marital status,Grade, Laterality, T stage, N 
stage, M stage, Tumor size, ER status, PR status, Surgery, Radiotherapy, Chemotherapy, survival status) in the training 
and test queues have the same distribution 

Training cohorts 
HR (95% CI)"

Validation cohorts 
HR (95% CI)"

C-index 0.746 (0.677–0.815) 0.754 (0.679–0.829)

Table 3. The C-indexes for Predictions of Overall 
Survival in the Training and Validation Cohorts

degree of agreement between the predicted and actual 
observations (Figure 7A-F), suggesting that the nomogram 
had a good calibration capability.

Discussion

The incidence of HER2-positive MBC is extremely 

low, and it only accounts for a small percentage of 
breast cancer patients. However, as the incidence of 
MBC continues to increase [14], HER2-positive MBC 
has attracted more attention in recent years. In addition, 
studies have found that HER2-positive patients had a 
worse prognosis when compared with HER2-negative 
male patients [15]. Therefore, it is necessary to develop 
a model to predict the prognosis of HER2-positive male 
patients to help formulate optimal treatment strategies for 
those with this condition. At present, clinically, the AJCC 
staging system is mainly used to determine the patients’ 
treatment plan and evaluate their survival prognosis. 
However, this assessment ignores the impact of some 
important risk factors on the patients’ survival prognosis, 
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Figure 3. The Results of Pearson Correlation Analysis between All the Variables. The heat map shows the correlation 
between the variables. 

Figure 4. A Nomogram Prediction Model for the Prognostic Factors in HER2-Positive MBC Patients.To use this 
nomogram, the specific point for each variable of the patient lies on each variable axis. Draw a vertical line upward to 
determine the point at which each variable accepts; the sum of these points is located on the Total Points axis, and draw 
a vertical line down to the survival axis to determine the probability of 1-, 2- and 3- years overall survival. 

such as the ER and PR status, age, race and marriage. 
In this study, we developed a novel clinical prediction 
model to better predict the prognosis of HER2-positive 
MBC patients. ROC curves, calibration plots and DCA 
showed this model to have a high predictive accuracy and 
that the nomogram has a net benefit. When compared with 
the assessment from the traditional AJCC staging system, 
this nomogram enabled more accurate assessment and 
prediction of HER2-positive MBC patients in both the 
training and validation cohorts.

Our survey found that the median follow-up time of 
HER2-positive MBC patients was 60 months, which was 
inconsistent with the results of Arslan et al. [16]. These 
authors showed that the median follow-up time of HER2-

positive male patients reached 85 months. However, 
their study only included non-metastatic HER2-positive 
male patients, which may be one of the reasons for the 
inconsistent results. Studies have shown that tumor 
staging is an important factor affecting the survival and 
prognosis of tumor patients [17-19], especially with 
respect to distant metastasis, which is the main cause of 
death of these cancer patients. The study of Wang et al. 
[20] showed that the T, N and M stages were prognostic 
factors for MBC patients. However, our study suggested 
that only the T and M stages affected the prognosis of 
these patients. One of the reasons for this discrepancy 
in the results could have been due to only triple-positive 
MBC patients being included this study. Our findings 
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Figure 5. ROC Curves of the Nomograms and AJCC_Stage to Predict Overall Survival of Patients at 1, 2 and 3 Years 
in the Training (A-C) and Validation Cohorts (D-F). In both the training and validation cohorts, the area under the 
ROC curves for OS were greater than those predicted by the AJCC_stage. 

Figure 6. Clinical Decision Curves Comparing the 1, 2 and 3 Year Overall Survival of Patients in the Nomogram and 
AJCC_Stage Models for the Training (A-C) and Validation (D-F) Cohorts. 

suggest that surgery and chemotherapy are protective 
factors for prognosis in men with HER2-positive breast 
cancer. As mentioned above, due to its low incidence, 
there is no unified treatment standard for MBC and it is 
usually managed in a similar way to menopausal female 
breast cancer patients [21].At present, the treatment of 
early breast cancer is mainly surgical treatment, which is 
supplemented by chemotherapy, radiotherapy, endocrine 
therapy and other therapeutic means [22]. However, there 
is minimal evidence to support the hypothesis that men 
with HER2-positive breast cancer benefit from surgery. 
However, studies have shown that surgery brings longer 
survival for HER2-positive breast cancer patients [23]as 
well as men with breast cancer [24]. It is well-known that 
chemotherapy is an important treatment for malignant 

tumors. Hayashi et al. showed that this procedure 
combined with trastuzumab can achieved a very good 
effective treatment for HER2-positive breast cancer 
patients, but this was only from a case report and a general 
conclusion cannot be made [12]. However, many studies 
have shown that chemotherapy can achieve good results in 
other types of breast cancer. Adjuvant chemotherapy was 
shown to significantly improve OS in a study of MBC [25]. 
Another study has shown that chemotherapy is a protective 
factor for prognosis in patients with HER2-positive breast 
cancer who also have bone metastases [23]. Additionally, 
the conclusion that chemotherapy can improve the survival 
prognosis of patients with malignant tumors has also been 
confirmed in other tumor studies [26-28]. In general, 
chemotherapy is a protective factor for the survival and 
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Figure 7. Calibration Curves for the Column line Plots. Calibration curves for 1, 2 and 3 year overall survival in the 
(A-C) training and (D-F) validation cohorts. 

prognosis of most patients with malignant tumors. This 
is consistent with our findings. Some studies have found 
that a positive PR is regarded as a protective factor for 
the prognosis of HER2-positive breast cancer [29], but our 
study did not reach this conclusion. This may be due to 
different research subjects leading to different conclusions, 
and there are major differences in the PR status of male 
and female breast cancer patients. Our study showed 
that there was no significant correlation between age, 
race, marriage and tumor size and the prognosis of MBC 
patients. As HER2-positive MBC is relatively rare, there 
is no report on the relationship between these factors and 
the prognosis of HER2-positive MBC patients.

In future studies, we will continue to collect additional 
clinical data and analyze these in order to obtain external 
verification of our results. Our study showed that in 
addition to the TNM stage of tumor as a prognostic factor 
for HER2-positive MBC patients, the treatment methods 
were also important prognostic factors. Therefore, the 
traditional AJCC staging system may not accurately 
predict the survival of patients with HER2-positive breast 
cancer. To this end, we constructed a column graph for 
predicting survival in patients with HER2-positive MBC. 
In comparison with the traditional AJCC stage, we found 
that the line graph model could accurately predicted 
the 1-, 2- and 3-year survival of HER2-positive MBC 
patients. In addition, calibration curves and DCA also 
demonstrated the reliability and accuracy of our clinical 
prediction model.

The study had some limitations. Firstly, the HER2 
status in the SEER database was not registered until 2010. 
We only included patients diagnosed from 2010 to 2015, 
and only included 240 HER2-positive MBC patients, 
and this may have led to a potential bias. Secondly, the 
information and results we extracted from the SEER 
database were only based on data from the USA, and 
our conclusions may only apply to patients from that 
country. Finally, our column graph could not been verified 

externally. In the future, we will collect the data of HER2-
positive MBC patients in the Chinese population and 
conduct external verification of our results.

In conclusion, our study constructed a prognostic 
model for HER2-positive MBC patients. Our results 
suggest that the T and M stages are prognostic risk factors 
for this disease. Surgery at the primary tumor site and 
systemic chemotherapy improved survival of the patients. 
The predictive model we constructed can accurately 
predict the survival prognosis of HER2-positive MBC 
patients and this can help clinicians make better treatment 
decisions for their wellbeing.
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