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Introduction

Male breast cancer (MBC) is a rare condition, and recent research has underscored notable distinctions between MBC and breast cancer in women. This study aimed to assess and contrast the long-term survival outcomes and disease patterns of MBC patients with those of their female counterparts.





Methods

We analyzed data from 113,845 patients diagnosed with breast cancer who had undergone curative surgery from the Korean Breast Cancer Registry (KBCR) between January 1990 and August 2014 in Seoul, Korea. The five-year overall survival was analyzed according to clinicopathological characteristics.





Results

Among 113,845 patients with breast cancer, 473 MBC cases were included. The median duration of follow-up was 72 months. The median age at diagnosis was 60 and 48 years for MBC and female breast cancer, respectively. Most male patients (92.6%) underwent total mastectomy, while 50.4% of female patients underwent breast-conserving surgery. Among MBC, 63.2% received chemotherapy, and 83.9% of hormone receptor-positive male patients received endocrine therapy. In survival analysis, MBC demonstrated distinct 5-year overall survival patterns compared with female breast cancer, according to age at diagnosis. In women with breast cancer, the younger age group (≤40 years) demonstrated worse 5-year overall survival than did the older age group (>40 years) (91.3% vs 92.7%, p <0.05). While in MBC, the younger age group (≤40 years) demonstrated better 5-year overall survival than did the older age group (>40 years) (97.4% vs 86.4%, p <0.05).





Discussion

In conclusion within this extensive cohort, we have revealed unique survival patterns in MBC that diverge from those observed in women with breast cancer. This study enhances our comprehension of MBC prognosis and can potentially shed light on unresolved questions, paving the way for future research in the realm of MBC.
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1 Introduction

Male breast cancer (MBC) is rare, comprising roughly 1% of all cancers in men and approximately 1% of the total breast cancer cases worldwide (1–6). Less than 0.2% of cancer-related deaths in men can be attributed to MBC (7, 8). Owing to the exceptionally low incidence of MBC, studies, clinical trials, and the development of new treatment approaches have primarily centered around BC in women. While insights from studies of BC in women undoubtedly offer valuable guidance in the MBC diagnosis and treatment, it is crucial to emphasize the significant molecular and clinicopathologic differences between the two. A notable difference is the age at which BC is typically diagnosed in men, with men generally developing the condition at an older age compared with women (9).

Until recently, MBC was considered similar to its post-menopausal female counterpart, primarily characterized by estrogen receptor (ER) positivity. However, advancements in research and clinical trials have highlighted significant disparities between the two. MBC typically presents at an older age as well as exhibits more frequent lymph node metastases and a higher prevalence of hormone-receptor positive tumors compared with female BC (10, 11). Furthermore, the risk factors for MBC differ slightly; unlike BC in women, MBC is more likely to occur in individuals with a BRCA2 instead of a BRCA1 mutation (12). In addition, a low androgen state is a recognized risk factor for MBC (13). This study aimed to compare the clinicopathologic characteristics, survival outcomes, and disease patterns of MBC patients with those of their female counterparts.




2 Methods



2.1 Korean breast cancer registry

The Korean Breast Cancer Registry (KBCR) is a prospectively maintained, multi-institutional registry of the Korean Breast Cancer Society. Breast surgeons in 102 teaching hospitals nationwide participate in this program. As of 2004, this registry was estimated to include 50% of all newly diagnosed patients with BC in Korea. Essential data include the patient’s identification number, sex, age, surgical method, and cancer stage based on the American Joint Committee on Cancer classification. Patients’ age at diagnosis, family history, menopausal status, and tumor characteristics such as subtype and histological grades are recorded. For follow-up, patients were divided into four categories: no evidence of disease (NED), with recurrence, alive with disease, and dead. The type of first recurrence (locoregional or distant metastasis) and causes of death have been further categorized.




2.2 Patients and study design

This study was supported by the grant “Elimination of Cancer Project Fund” from the Asan Cancer Institute of Asan Medical Center, Seoul (Institutional review board approval no. 2017-1341), and by the Korean Breast Cancer Society. In this population-based study, we used data from KBCR. The key data elements comprised the patient’s identification number, sex, age, surgical approach, and cancer stage, categorized according to the American Joint Committee on Cancer classification. Additionally, information regarding the patient’s age at the time of diagnosis, family medical history, menopausal status, and tumor characteristics, including subtype and histological grades, were documented. Patients with an unknown cancer stage, a prior cancer diagnosis, or lacking follow-up data were excluded from the study.

The initial diagnostic and follow-up assessments comprised a range of procedures, including mammography, breast ultrasound imaging, magnetic resonance imaging, chest radiography, blood sampling, and clinical examinations. The expression levels of estrogen (ER) and progesterone receptors (PR) were evaluated using the Allred score (14). The HER2 status was considered negative if the immunohistochemistry score was either 1+ or 2+, and HER2 amplification was confirmed as negative based on the results of fluorescence or silver in situ hybridization (15). The clinical and histopathologic staging adhered to the guidelines outlined in the seventh edition of the Cancer Staging Manual by the American Joint Committee on Cancer (16).




2.3 Statistical analysis

The characteristics of BC in both the female and male groups were compared using the chi-squared (χ²) test. The overall survival was analyzed using the Kaplan–Meier method, and the log-rank test was performed to compare various subgroups. Multivariate Cox proportional hazard analysis was performed to calculate the hazard ratios (HRs) with corresponding 95% confidence intervals (CIs) for survival. Variables with p-value ≤ 0.2 in the univariate analysis were included in multivariate analysis.

All statistical analyses were performed using IBM SPSS Statistics version 26.0 for Windows (IBM Co. in Armonk, NY, USA). P-values < 0.05 were considered statistically significant.





3 Results



3.1 Baseline characteristics

The data of 113,845 patients diagnosed with BC between January 1990 and August 2014 in Seoul, Korea, were analyzed. Among these cases, a total of 473 were MBC cases. Table 1 presents an overview of the baseline characteristics of the patients. In the MBC group, the median age at diagnosis was 60 years, while it was 48 years for females with BC. Approximately 93.6% of MBC patients exhibited hormone receptor-positive tumors. Among the 473 MBC patients with ER, PR, and HER2 status data, 16 (3.4%) had triple-negative BR. Most (41.2%) MBC patients were diagnosed at stage II, followed by diagnosis at stage I (40.2%). Moreover, 92.6% underwent total mastectomy, while 7.4% opted for breast-conserving surgery (BCS). In contrast, 50.3% of female patients selected BCS.


Table 1 | Baseline characteristics of patients.



Regarding treatment, a total of 91 (25.9%) MBC patients received adjuvant radiation. Among those who underwent BCS, 42.9% received adjuvant radiation, while among those who underwent mastectomy, 14.3% received post-mastectomy radiation (data not shown). In the MBC group, 62.9% received chemotherapy, and 83.7% of hormone receptor-positive male patients were treated with endocrine therapy.

Table 2 shows the result of a comparative analysis between male and female patients with BC classified according to an age threshold of 40 years. In the group aged 40 years and younger, the proportion of female patients with BC who were ER-negative was higher than that in the group over the age of 40 years (38.2% vs. 33.4%, p <0.05); however, in MBC patients, no significant difference was observed, regardless of age (16.7% vs 9.5%, p = 0.351). Additionally, the histological (41.8% vs 34.4%) and nuclear grade (43.0% vs 37.5%) in female patients with BC aged 40 years and younger was higher; meanwhile, there was no difference in MBC patients in terms of histologic and nuclear grade.


Table 2 | Baseline characteristics of patients according to age at diagnosis.






3.2 Survival analysis

The median follow-up duration was 72 months. The 5-year overall survival rate for the entire group was 92.4%. Depending on the age at diagnosis, the MBC patients exhibited distinct patterns in 5-year overall survival compared with that in female patients with BC (Figure 1). In female patients with BC, the younger age group (≤40 years) showed a lower 5-year overall survival rate than that in the older age group (>40 years) (91.3% vs 92.7%, p <0.05). Conversely, in MBC patients, the younger age group (≤40 years) exhibited a better 5-year overall survival rate compared with the older age group (>40 years) (97.4% vs 86.4%, p <0.05).




Figure 1 | Univariate analysis of overall survival in female (A) and male patients with breast cancer (B) according to each age group.



The results of the comparative analysis between male and female patients with BC classified based on an age threshold of 40 years showed no significant survival difference between female and male patients in the group under 40 years. Meanwhile, the survival rate of MBC patients was worse in the group aged 40 years and older (Figure 2, p <0.05).




Figure 2 | Univariate analysis of overall survival in patients aged 40 years or younger (A) and over 40 years (B) according to sex group.



Factors associated with overall survival in the univariate analysis are presented in Table 3. In the male group, the only factor associated with worse overall survival was the age over 40. In the female group, higher TNM stage, ER and PR negativity, and undergoing total mastectomy were associated with worse overall survival, however, the group over the age of 40 years showed better survival (HR 0.94; 95%CI 0.91-0.98; Table 3, p <0.05).


Table 3 | Univariate and multivariate cox proportional hazard regression analysis for overall survival.







4 Discussion

In this study, we demonstrated that MBC patients exhibited a distinct pattern in 5-year-overall survival compared with female BC patients, classified according to age at diagnosis. In female BC patients, the younger age group (≤40 years) demonstrated worse 5-year overall survival compared with the older age group (>40 years) (91.3% vs 92.7%). Meanwhile, in MBC, the younger age group (≤40 years) demonstrated better 5-year overall survival compared with the older age group (>40 years) (97.4% vs 86.4%). These differences could be attributed to several factors. Men are often initially diagnosed with BC at a more advanced stage compared with women. Approximately 10% of MBCs are in situ carcinoma, with the remaining 90% being infiltrating ductal carcinoma (2, 5, 6, 8, 10). MBC tends to exhibit more advanced disease characteristics, including larger tumor size, lymph node involvement, and the presence of distant metastases at the time of diagnosis (5, 6, 8, 17–21). Moreover, MBCs typically express the ER and PR and are most commonly found as unilateral tumors (3, 10, 17, 18, 22–24). A common physical examination finding in MBC is nipple retraction or retroareolar mass detection, which may be the first clinical sign of the disease (6).

In general, women diagnosed with BC at a younger age harbor aggressive clinicopathologic features and have been recognized as a unique biologic entity. Colleonia et al. reported a higher percentage of ER- and PR-negative, vascular or lymphatic invasion, and pathologic grade 3 tumors in young patients compared with older women (25). Additionally, young age is an independent predictor of adverse outcomes (26–30). A retrospective study of more than 1,200 women diagnosed with early-stage BC evaluated the relationship between age, typical prognostic factors, treatment, and patient outcome. In multivariate analyses, younger age is a potent independent prognostic factor, including all potential patient, treatment, and pathology variables (28).

In contrast, MBC exhibits a comparatively mild nature, characterized by low-grade features and hormone receptor-positive expression. The age-specific incidence rate curve for MBC consistently increases with advancing age. The age-specific rates for BC in men demonstrate a parallel increase over time, aligning with a pattern indicative of hormone-independent epithelial carcinogenesis (31). Furthermore, certain high-risk conditions, such as Klinefelter’s syndrome, gynecomastia, obesity, and testicular or liver dysfunction (32–35), have been implicated in some MBCs due to excessive hormonal exposures. However, these conditions may only contribute to a small fraction of MBC cases. The mean ages at diagnosis for Klinefelter’s syndrome and gynecomastia are younger than the mean and/or median ages at diagnosis for MBC (32, 35).

More than two-thirds (90%) of MBC patients opted for a mastectomy, which aligns with findings from the previous studies on MBC (10, 36). Conversely, approximately two-thirds of female patients with BC opted for BCS, and one-third underwent mastectomy (37, 38). The difference in treatment options between men and women can be attributed to concerns in men that complete removal of all at-risk breast tissue with sufficient margins may be challenging because of smaller breast size. Additionally, sex-specific differences in cosmetic preferences might play a role. Moreover, MBCs are frequently located centrally and involve the nipple, which often necessitates the removal of the nipple-areolar complex, limiting the potential aesthetic benefits of BCS (39). Nevertheless, the approach to MBC treatment may have followed a pattern similar to BC in women, with more patients opting for mastectomy and potentially avoiding radiation despite the availability of BCS (37, 40).

The importance of using adjuvant endocrine therapy for hormone receptor-positive MBC is underscored by its association with improved overall survival, aligning with prior studies on men (41, 42). While there was an overall increase in the utilization of adjuvant endocrine therapy over the study period, nearly a third of men with ER+ breast cancer did not receive any endocrine therapy. This study could not assess long-term compliance or the duration of endocrine therapy use, both of which may pose an issue in men (43, 44). Further research is warranted to investigate the factors influencing the utilization of adjuvant endocrine therapy, which is the most effective form of systemic therapy for hormone receptor-positive breast cancer.

This study demonstrated that a positive ER status is a worse prognostic factor, which could be attributed to the limited number of ER-negative patients in this cohort. Additionally, the ER-negative cohort may have included patients with low ER expression due to changes in classification over time (45). The previously observed patterns in population-based incidence suggest a significant causal connection between early-onset hormonal events and ER-negative tumors in pre-menopausal women. Conversely, the importance of accumulated lifetime exposures appears to be more pronounced in the context of ER-positive tumors, post-menopausal women with breast cancer, and overall MBC (11).

Our study had certain limitations owing to its retrospective database reliance. When conducting this research based on the KBCS dataset, several limitations become evident, including the non-population-based nature of the dataset, leading to geographical and sociodemographic disparities in case coverage and lack of recurrence data. Similar datasets have reported issues related to the under-ascertainment of treatment-related variables. We did not consider the impact of changes in treatment practices over time when assessing factors associated with overall survival. Furthermore, the relatively small number of patients in certain sub-groups, such as those with hormone receptor-negative status, restricts the generalizability of our findings to the entire MBC population.




5 Conclusion

Although MBC is infrequent and frequently overlooked, there is an increasing recognition of the biological distinctions of BC between men and women. These disparities suggest that MBC should be regarded as a unique condition, separate from female breast cancer. Within this cohort, we have demonstrated distinct survival trends in MBC based on age groups, diverging from patterns observed in female BC. Our study advances our understanding of MBC prognosis and can potentially uncover unresolved issues that could guide future research on MBC.
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