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Background: Marital status is an important foundation of social public relations in modern society, but little is known about the role of marriage status among women who underwent breast reconstruction following mastectomy. This research mainly aimed to investigate the prognostic value of marital status in breast cancer women who underwent breast reconstruction.

Methods: The demographic and clinical data of patients were obtained from the Surveillance, Epidemiology, and End Results (SEER) Program database. The eligible population was assessed on overall survival (OS), breast cancer-specific survival (BCSS), and breast cancer-specific death (BCSD) through propensity score matching (PSM) method, multivariate Cox proportional hazards model analysis, competing risk model analysis, multivariate competing risk regression model analysis, and subgroup analysis.

Results: Of the 54,683 women included in the current study, a total of 38,110 participants were married patients (married group), and 16,573 participants were unmarried patients (unmarried group). Patients in the married group tended to have better OS (hazard ratio [HR] = 1.397, 95% CI: 1.319–1.479, p < 0.001), BCSS (HR = 1.332, 95% CI: 1.244–1.426, p < 0.001), cumulative BCSD incidence (Gray's test, p < 0.001), and other causes-specific death (OCSD) incidence (Gray's test, p < 0.001) than those in the unmarried group. In subgroup analysis, subjects with HR+/HER2– subtype breast cancer in the married group showed improved OS (1.589, 95% CI: 1.363–1.854, p < 0.001) and BCSS (HR = 1.512, 95% CI: 1.255–1.82, p < 0.001) than those in the unmarried group.

Conclusions: Our study demonstrated that the inexistence of marriage was associated with poorer OS and BCSS, especially for HR+/HER2– breast cancer women who underwent breast reconstruction.
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INTRODUCTION

Since Halsted's radical mastectomy was firstly described in 1882, the awareness and innovations in the reconstructive technique of breast reconstruction have evolved slowly, due to the improving understanding of the biology of breast cancer, paradigmatic evolution in oncologic (1). In addition, both immediate and delayed breast reconstruction have experienced a gradual rise over the past few decades. The popularity of this approach is illustrated by an upsurge in the proportion of breast reconstruction from 8% in 1995 to about 41% in 2013, of which the majority largely consists of prosthetic reconstructions (2, 3). Breast reconstruction means the maintenance of life quality through restoring form, self-perception, and psychosocial and aesthetic benefits, without affecting the long-term prognosis or detection of locoregional recurrence of cancer through restoring the mound of the breast (4). For these reasons, it would be essential to investigate and identify the factors predicting the long-term tumor survival and prognosis of breast reconstruction.

Many studies focused on the impact of clinicopathological features, such as molecular phenotype and Tumor-Node-Metastasis (TNM) stage, and socioeconomic factors, such as quality of social support and marital status, on the survival, development, and prognosis of patients with breast reconstruction (5–8). Among them, marital status has been attached great importance to the important social and psychological factors affecting the long-term prognosis of breast cancer patients (9, 10). However, few randomized trials or well-performed studies have been conducted to study the efficacy of marital status in patients with breast reconstruction. The precise clinical value of marital status for patients with breast reconstruction is still unknown. For these reasons, more studies are urgently needed to confirm the real-world effect of marital status in patients with breast reconstruction.

To further investigate and explore the efficacy of marital status for patients with breast reconstruction, we followed a large cohort of breast cancer women with breast reconstruction based on the population-based database Surveillance, Epidemiology, and End Results (SEER) cancer registry program (11). Statistical methods, such as the Kaplan-Meier method, Cox proportional hazards model, and competing risk regression, were performed to further evaluate the efficiency of marital status on the long-term survival through comparing married patients with unmarried cases who underwent reconstructed breast. This study is expected to provide guidance on the overall survival (OS) for clinicians and breast cancer patients with breast reconstruction through important variables affecting prognosis and facilitating the decision-making of follow-up treatment.



MATERIALS AND METHODS


Patients

The data of participants included in this study are obtained from The SEER Program. The SEER program maintained by the National Cancer Institute, is an authoritative source of information on cancer incidence and survival in the United States and collects detailed information on demographics and clinical characteristics from population-based cancer registries, encompassing ~34.6% of the US population (12). In the current study, female patients diagnosed in 1998–2015 with non-metastatic breast carcinoma were first included. Then a series of screening criteria for the patients initially included were performed, the details are shown as a flow diagram in Figure 1. Totally, 54,683 patients were included in this study (ICD-O-3:8470/3, 8480/3, 8481/3,8500/3, 8501/3, 8502/3, 8503/3, 8504/4, 8507/3, 8510/3, 8513/3, 8514/3, 8520/3, 8521/3, 8522/3, 8523/3, 8524/3, 8530/3, 8540/3, 8541/3, 8543/3, 8550/3, 8560/3, 8562/3, 8570/3, 8571/3, 8572/3, 8573/3, 8574/3, and 8575/3). To evaluate the effect of marital status on prognosis, the study cohort was classified into two groups by the existence of marriage: married group and unmarried group. Divorced, widowed, and separated status in marriage were considered as unmarried. “No radiation and/or cancer-directed surgery” was seemed as no radiotherapy. “No/Unknown” chemotherapy recodes was seemed as no chemotherapy.


[image: Figure 1]
FIGURE 1. Eligibility, inclusion, and exclusion criteria of the study population.


Demographic characteristics, such as age at diagnosis, race, and marital status, were included. Age at diagnosis was divided into 18–50 years and 51–75 years subgroups. The race included the White race, the Black race, and other race subgroups. The clinical-pathological data included laterality of tumors, histological grade, T stage, N stage, TNM stage, estrogen receptor (ER), progesterone receptor (PR), human epidermal growth factor 2 (HER-2) status. The treatment factors included surgical methods, reconstruction methods, and radiotherapy and chemotherapy status.



Statistical Analysis

To eliminate the influence of different characteristics between participants in married and unmarried groups, the propensity score matching (PSM) method was utilized to match one unmarried patient with one married patient using the following characteristics: age at diagnosis, race, laterality of tumors, histological grade, T stage, N stage, TNM stage, ER, PR, and HER-2 status, surgical methods, reconstruction methods, and radiotherapy and chemotherapy status. The PSM method was performed by IBM SPSS 25.0 software.

Pearson's χ2 test was adopted to compare the demographic characteristics, clinical-pathological data, and treatment factors between the married and unmarried groups. Kaplan-Meier method was performed to generate the survival curve, and the differences between married and unmarried groups were analyzed by log-rank test. The Pearson's χ2 test and Kaplan-Meier method were performed by GraphPad Prism 7. The multivariate Cox proportional hazards model analyses were performed to assess the effect of covariates on OS, and hazard ratios (HRs), their corresponding 95% CI. The covariates, such as demographic characteristics, clinical-pathological parameters, and treatment data, were included. The Cox proportional hazards model was conducted with SPSS version 25.0, and the related forest plots were created with the survminer package in R software (version 4.0.2).

Then, to further determine the influence of marital status in different molecular subtypes, the population enrolled was classified into four subgroups (HR+/HER2 +, HR+/HER2–, HR–/HER2–, and HR–/HER2 +) on the basis of molecular typing. The differences between patients in the married and unmarried groups were analyzed by the Kaplan-Meier method and the HRs were reported.

We classified the cause of death as breast cancer-specific death (BCSD) and other causes-specific death (OCSD). The covariates included age at diagnosis, race, marital status, side, grade, tumor size, ER status, PR status, contralateral prophylactic mastectomy (CPM) or not, prophylactic mastectomy or not, mastectomy, reconstruction methods, and radiotherapy and chemotherapy status. The Fine and Gray competing risk model was used to mitigate the estimation bias by classifying death causes into two subgroups. The cumulative incidence function (CIF) and Gray's test were performed to identify and assess the differences of statistical probability due to any competing risk events. The statistical analyses were carried out in the R software (version 4.0.2) using the R package cmprsk (13). A two-sided p < 0.05 was considered as statistically significant.




RESULTS


Demographics and Clinical Characteristics of Patients

The baseline clinical characteristics of the included patients are shown in Table 1. Of the 54,683 women included in the current study, a total of 38,110 participants were married patients (married group), and 16,573 participants were unmarried patients (unmarried group). Among these women, 27,404 (50.11%) of those were aged 51 or older, 45,751 (83.67%) of those were White race, and 27,404 (50.11%) of those were diagnosed with left breast cancer. In total, 24,381 (44.59%) patients were moderately differentiated (grade II), 44,031 (80.52%) patients were ER positive (ER +), and 38,626 (70.64%) patients were PR positive (PR +). A total of 33,565 (61.28%) participants received a simple mastectomy, 23,562 (43.09%) cases received CPM, 22,193 (40.58%) cases received autologous tissue reconstruction, 11,694 (21.39%) cases received radiotherapy, and 30,949 (56.60%) cases received chemotherapy. By comparing patients in the married and unmarried groups, significant differences (p < 0.05) were found in age at diagnosis, race, grade, T stage, N stage, TNM stage, ER status, PR status, molecular subtypes, prophylactic mastectomy, and chemotherapy treatment subgroups.


Table 1. Characteristics of married and unmarried patients.
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After the PSM, a total of 22,838 subjects were included, of which 11,419 were married and 11,419 were not, and no differences were noted in terms of the covariates abovementioned. Key methodological characteristics before and after PSM are shown in Table 1.



Marital Status and Survival Analysis

In total, 5,646 (10.32%) subjects died in this study with a median follow-up of 72 months (range, zero to 227 months). The cumulative OS rates at 3-, 5-, 8-, and 10 years for patients in the married group were 96.7, 93.5, 88.7, and 85.8%, respectively, while 95.4, 91.8, 85, and 80.9% for patients in the unmarried group. The cumulative breast cancer-specific survival (BCSS) rates at 3-, 5-, 8-, and 10 years for patients in the married group were 97.3, 94.7, 91.0, and 89.0%, respectively, while 96.4, 92.7, 88.6, and 86.1% for patients in the unmarried group. As shown in Figures 2A,B, the HRs of 1.397 (95% CI: 1.319–1.479, p < 0.001) and 1.332 (95% CI: 1.244–1.426, p < 0.001) demonstrated that marriage could confer OS and BCSS advantage for female patients with breast reconstruction.


[image: Figure 2]
FIGURE 2. Kaplan-Meier plot to compare married and unmarried patients. (A) Overall survival for patients before PSM; (B) breast cancer-specific survival for patients before PSM; (C) overall survival for patients after PSM; (D) breast cancer-specific survival for patients after PSM.


After PSM, as shown in Figures 2C,D, the HRs of 1.245 (95% CI: 1.146–1.352, p < 0.001) and 1.194 (95% CI: 1.079–1.322, p < 0.001) indicated that marriage could still confer OS and BCSS benefit for female patients with breast reconstruction.



Multivariate Cox Regression Model Analysis

To investigate the independent prognostic factors in OS, a multivariate Cox regression model was performed (Table 2). Patients in the unmarried group had poorer OS than those in the married group (HR: 1.250, 95% CI: 1.183–1.321). In addition, our results also showed that for female patients with breast reconstruction, older age, black race, higher histological grade, T2 stage and T3–T4 stage and N1 stage and N2 stage, ER negative, and PR negative tumors were considerably correlated with worse OS prognosis, while prophylactic mastectomy was correlated with better OS prognosis. A forest plot of HRs was generated to illustrate the prognostic factors in OS (Figure 3). After PSM, patients in the unmarried group still had worse OS than those in the married group (HR: 1.247, 95% CI: 1.148–1.355).


Table 2. Multivariate Cox regression model analysis of OS.
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FIGURE 3. Forest plot.




The Competing Risk Mode Analysis of BCSD and OCSD

The total cumulative incidence of BCSD was as high as 7.32% (4,003/54,683), but the cumulative OCSD incidence was 3.00% (1,643/54,683). The total cumulative incidence of BCSD accounted for 6.80% (2,590/38,110) in the married group, and 8.53% (1,413/116,573) in the unmarried group. As shown in Figure 4A, the cumulative BCSD and OCSD rates at 5 years are 5.16 and 1.38% for patients in the married group, respectively, while 6.92 and 2.30% for those in unmarried group, respectively. Patients in the married group had better cumulative BCSD incidence (Gray's test, p < 0.001) and OCSD incidence (Gray's test, p < 0.001) than those in the unmarried group (Gray's test, p < 0.001).


[image: Figure 4]
FIGURE 4. Cumulative incidence estimates of BCSD and non-BCSD of patients before (A) and after (B) PSM. BCSD, breast cancer-specific death; PSM, propensity score matching.


As shown in Figure 4B, after PSM, the total BCSD and OCSD are as high as 6.07 and 2.94%, with the 5-year BCSD rate 4.27% for married patients and 5.23% for the unmarried group, respectively, and 5-year OCSD rate 1.46% for married patients and 2.07% for unmarried group, respectively. Compared with the unmarried group, patients in married group tended to have lower cumulative BCSD (Gray's test, p = 0.002) and OCSD (Gray's test, p < 0.001) incidences.



Multivariate Competing Risk Regression Model Analysis

To further investigate the independent prognostic factors in BCSD, a multivariate competing risk regression model analysis was performed (Table 3). Patients in the unmarried group had worse BCSD (HR: 1.172, 95% CI: 1.094–1.254, p < 0.001) and OCSD (HR: 1.416, 95% CI: 1.281–1.566, p < 0.001) than those in the married group. In addition, patients in the radical mastectomy subgroup, T3 + T4 stage subgroup, Black race subgroup, had worse BCSD and OCSD than those in the corresponding subgroups.


Table 3. Competing risk model analysis of BCSD and non-BCSD.
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After PSM, participants in the unmarried group still had worse BCSD (HR: 1.182, 95% CI: 1.065–1.312, p = 0.002) and OCSD (HR: 1.354, 95% CI: 1.175–1.560, p < 0.001) than those in the married group.



Survival Analysis of Marital Status in Four Molecular Subgroups

To further explore the survival prognosis of marital status in different molecular types, Kaplan-Meier analyses were performed. As shown in in Figure 5A, patients in the unmarried group show significantly or borderline worse OS prognosis than those in the married group with HR+/HER2– (HR = 1.589, 95% CI: 1.363–1.854, p < 0.001), HR+/HER2 + (HR = 1.851, 95% CI: 1.077–2.321, p = 0.0113), and HR–/HER2– (HR = 1.179, 95% CI: 0.971–1.476, p = 0.084) breast cancers. However, no significant differences in OS were found between the unmarried and married groups for patients with HR–/HER2 + breast cancer. As shown in Figure 5B, patients in the unmarried group have poorer or borderline BCSS than those in the married group with HR+/HER2– (HR =1.512, 95% CI: 1.255–1.82, p < 0.001) breast cancer or HR–/HER2– (HR = 1.205, 95% CI: 0.960–1.512, p = 0.0983), while no significant differences between the married and unmarried groups were found for patients with HR+/HER2 + or HR–/HER2 + breast cancers. After PSM, as shown in Figures 5C,D, both OS and BCSS benefits are found between the married and unmarried groups for patients with HR+/HER2– breast cancer (OS: HR = 1.439, 95% CI: 1.155–1.794, p = 0.0013; BCSS: HR = 1.547, 95% CI: 1.157–2.069, p = 0.0035), while, there were no differences of OS or BCSS prognosis between married and unmarried patients in other three subgroups.


[image: Figure 5]
FIGURE 5. Survival analysis of OS and BCSS between married and unmarried patients in HR+/HER2 +, HR+/HER2–, HR–/HER2 +, and HR–/HER2– subgroups. BCSS, breast cancer-specific survival. (A) Overall survival for patients before PSM; (B) breast cancer-specific survival for patients before PSM; (C) overall survival for patients after PSM; (D) breast cancer-specific survival for patients after PSM. PSM, propensity score matching.





DISCUSSION

In the current study, we investigated the relationship between the long-term survival prognosis and marital status for patients with female breast cancer (FBC) who underwent breast reconstruction. Based on the analysis of a large cohort of 54,683 patients with FBC after breast reconstruction in the SEER database from 1998 to 2015, we could confirm that married patients had better both OS and BCSS than unmarried patients, by using an integrated range of factors into a competing risk regression model and PSM method.

Clinicopathological features, such as age, grade, tumor stage, molecular subtype, have been considered as reliable factors predicting the prognosis of patients and guiding clinical therapy for patients with FBC (14–16). Higher differentiation level, T stage and N stage, ER negative, and PR negative tumors were regarded as an adverse prognostic factor predicting OS and BCSS (15, 17, 18). Similar to previous trials (15, 17, 18), in the current study, older age, higher differentiation level, T stage and N stage, and negative ER and PR statuses were considerably correlated with worse OS prognosis. Therefore, our findings confirm that patients with breast reconstruction have multiple negative features related to poor outcomes.

As one of the social and psychological aspects which could influence the prognosis of breast cancer patients, marital status has attracted increasing attention in the breast cancer field. In the current study, 69.69% (38,110) subjects were married, 30.31% (16,573) were not married. Compared with the unmarried group, the married group appeared to be associated with both improved OS and BCSS after Kaplan-Meier analysis. The HRs of 1.250 (95% CI: 1.183–1.321) imply that marriage was an independent prognostic factor for FBC with reconstructed breast through Cox proportional hazard analysis. Such results indicated that marriage tended to prolong the long-term survival for patients with FBC who underwent breast reconstruction. However, the competing risk, which could disturb BCSD and hamper the emergence of the primary event attributed to the estimation bias arising from OCSD, should not be neglected.

To undermine the underlying estimation bias of BCSD, which had been recognized as one the most valuable prognostic indexes for breast cancer patients (17, 19) and further investigate the efficiency of marital status on patients with reconstructed breast, the Fine and Gray competing risk model and multivariable competing risk regression model were utilized. The results showed that the inexistence of marriage was associated with worse BCSD and OCSD for FBC patients with breast reconstruction. The benefit arising from marriage was consistent with previous reports, which showed that the presence of marriage was correlated with a better prognosis for participants with breast cancer patients (9, 10). The underlying reason may be that the existence of marriage means more financial and emotional supports and then promotes the long-term prognosis. Consequently, the existence of marriage plays a vital part in decreasing BCSD and OCSD and should be a choice of the surgical treatment regimen for FBC patients with breast reconstruction.

Breast cancer could be divided into 4 molecular subtypes categorized according to ER or PR expression and HER2 gene amplification, each molecular subtype of breast cancer means a different distinct risk profile and treatment strategy (19–21). To investigate the effect of molecular subtypes on survival, a subgroup analysis was applied. In the HR+/HER2- subgroup, married patients had both improved OS and BCSS in comparison with unmarried patients. And in the HR+/HER-2+ subgroup, improved OS was only found in married patients. No significant differences in OS or BCSS were found between married and unmarried subjects in HR-/HER2+ or HR-/HER2– subgroups. The underlying reason may be that hormone exposure would accelerate (hormone receptor positive) HR + breast cancer proliferation, and estrogen and progestin would therefore be risk factors for breast cancer (22–25). As marital status may affect the gonadal hormone level in women, we supposed that marital status may influence the OS of HR + patients through interacting with HR. Interestingly, after PSM, only married patients in HR+/HER2– subgroup showed a better survival prognosis than unmarried in both OS and BCSS after PSM. It seems that married status may affect the survival of breast cancer patients through HR, which should be proved by further experiments.



CONCLUSION

In summary, this research demonstrated that the existence of marriage could reduce the risk of BCSD for female patients undergoing breast reconstruction, especially for patients with HR+/HER2– molecular subtype. In view of our study's results, we conclude that the inexistence of marriage was associated with poorer OS and BCSS, especially for HR+/HER2– subtype breast cancer women undergoing breast reconstruction. Large randomized controlled clinical trials are still needed to further provide a high level of evidence on prognostic value of married status for patients with reconstructed breast.
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