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Background and Objectives

Currently, the location of primary tumor was an independent prognostic factor of breast cancer. Tumors in the central and nipple portion (TCNP) had poor prognosis compared to other peripheral quadrants. The breast-conserving therapy (BCT) is becoming increasingly common worldwide in breast cancer operations. However, whether the availability of BCT was performed for TCNP remained a matter of debate. We sought to investigate whether BCT was suitable for TCNP with respect to survival outcomes, compared with mastectomy therapy.



Methods

Utilizing the Surveillance, Epidemiology, and End Results (SEER) database, we obtained TCNP breast cancer patients diagnosed during the period of 2010–2015. One-to-one (1:1) propensity score matching (PSM) was applied to construct a matched sample consisting of pairs of BCT and mastectomy groups. Univariate and multivariate Cox proportional hazard models were applied to estimate the factors associated with breast cancer-specific survival (BCSS) and overall survival (OS). Survival analysis was performed with the Kaplan–Meier method.



Results

In the overall cohort, a total of 9,900 patients were enrolled. We found that patients with BCT showed significantly better BCSS (log-rank, p < 0.001) and OS (log-rank, p < 0.001) than the mastectomy group before PSM. The same finding was also shown in 5,820 patients after PSM. Additionally, none of the subgroups, including age, sex, race, histological grade, AJCC stage, and molecular subtype undergoing mastectomy therapy, had better BCSS than BCT.



Conclusions

Our study was the first research to show that BCT exhibited superior prognosis in the cohort of TCNP from SEER databases than mastectomy therapy. This finding could provide a cue for treatment strategies for suitable TCNP patients, especially those with a strong willingness to conserve their breasts.
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Introduction

As the most common cancer in American women, breast cancer remains second to lung cancer in mortality rate, accounting for about 15% of all cancers this year (1). Although the death rate of female breast cancer has dropped from its peak by 40% since 1989, the decline rate slowed down in recent years (1). Additionally, some early-stage patients still have worse survival in clinical studies (2, 3). A series of studies revealed that age, primary tumor size, tumor location, positive axillary lymph nodes, histological grade, molecular subtype, and BRCA mutation were closely correlated with the prognosis of breast cancer (4–10).

Of note, the location of primary tumor, which has been reported by a wide variety of investigations, is an independent prognostic factor (9, 11–13). A similar finding was demonstrated in subsets of patients with colon, gastric, and lung cancer (14–16). Importantly, tumors in the central and nipple portion (TCNP) had poorer prognosis and more aggressive clinicopathological characteristics than peripheral quadrants (9). With consideration of recurrence rate and survival time, previous surgeons mostly made non-conservative operations for tumor in the central location (17, 18). Recently, with widespread popularization of oncologic concepts and increasingly mature plastic technology, the breast-conserving therapy (BCT), breast-conserving surgery with adjuvant whole breast radiotherapy (RT), is becoming gradually common worldwide (19, 20). Indeed, BCT showed more benefits for patients relative to mastectomy therapy, including advantages such as reducing operative time, diminishing psychological burden, improving cosmetic outcomes, and limiting side effects (21). However, the availability and safety of BCT for TCNP remained a matter of debate (22). Additionally, large-sample studies concerning the comparison of prognosis between BCT and mastectomy therapy for TCNP of breast cancer are scarce.

Therefore, based on the Surveillance, Epidemiology, and End Results (SEER) database, we aimed to explore whether BCT is more suitable for TCNP of breast cancer compared with mastectomy therapy.



Materials and Methods


Study Design and Data Sources

Using SEER 18 Regs Custom Data (with additional treatment fields), we abstracted Breast Cancer cases from the SEER data released in November 2018. A total of 11,872 patients were originally identified according to the following criteria: tumor in the nipple (C50.0) and central portion (C50.1), the first and only malignant primary tumor, age at diagnosis 20 years, year of diagnosis (2010–2015), race (white, black, Asian/Pacific Islander, and American Indian/Alaska Native), site recode (breast), histological grade (I to IV), AJCC stages (I–IV), breast molecular subtype (Luminal A, Luminal B, HER2 enriched, and Triple Negative), and record of radiation therapy. Criteria for exclusion of the patients were as follows: unknown unilateral tumor (n = 2), unknown primary surgery type (n = 860), unknown T stage (n = 49), unknown N stage (n = 50), and treatment of breast-conserving surgery without radiation therapy (n = 1,011) (Figure 1). A total of 9,900 breast cancer patients were included in this retrospective cohort study.




Figure 1 | Flow chart for screening patients. SEER, Surveillance Epidemiology, and End Results; PSM, propensity score matching. BCT, breast-conserving therapy.



The primary end points of our study were breast cancer-specific survival (BCSS) and overall survival (OS). BCSS was calculated from the date of diagnosis to the date of death from breast cancer or the last follow-up, and OS was calculated from the date of diagnosis to the date of death for any cause or the last follow-up.



Statistical Analysis

Statistical analysis was performed by virtue of the SPSS version 21.0 software package (IBM SPSS Statistics, Chicago, IL, USA). The following variables were analyzed: age, sex, race, laterality, histological grade, AJCC stage, tumor size, LN status, distant metastasis, breast molecular subtype, chemotherapy, radiotherapy, and treatment (BCT vs. mastectomy). The differences in clinicopathological characteristics between the two groups (BCT and mastectomy therapy) were examined using the Chi-square test. To reduce the obvious differences in baseline covariates and inherent selection bias, we conducted a one-to-one propensity score matching (PSM) analysis (23) between the two treatment groups, including these following variables: age, sex, race, laterality, histological grade, AJCC stage, breast molecular subtype, and chemotherapy. In this PSM, we set the match tolerance as 0.02. The BCSS and OS survival curves were estimated with the Kaplan–Meier method, and survival differences were assessed by the log-rank test. The Cox proportional hazards regression model was conducted on univariate and multivariate analyses of BCSS and OS. Univariate Cox regression analysis was performed for each prognostic variable, and those variables with p < 0.05 were included in the multivariate Cox model analysis. All reported p values are two-sided, and differences at p < 0.05 were considered statistically significant.




Results


Demographics and Clinicopathological Findings

This retrospective cohort study included 9,900 patients with breast cancer (9,237 women and 663 men). According to the type of surgery and receipt of RT, all of these patients were divided into two groups: the BCT group (n = 3,536, 35.7%) and the mastectomy therapy group (n = 6,364, 64.3%). The demographic and clinicopathological characteristics of patients before or after PSM are listed in Table 1. Except for laterality, notable differences were detected in relevant variables between the two groups before PSM. The majority of patients in both the BCT group and the mastectomy group were aged older than 50 years (86.6% and 78.2%). We observed that the BCT group, compared with the mastectomy group, exhibited higher rates of female patients (99.3% vs. 90.0%, p < 0.001), white race (82.4% vs. 78.1%, p < 0.001), histological grade I and II (27.4% vs. 15.7% and 49.5% vs. 48.7%, respectively, p < 0.001), AJCC stage I (58.7% vs. 26.3%), and Luminal A (81.8% vs. 73.1%, p < 0.001). Besides, the proportion of patients with tumors smaller than 2 cm and negative lymph node (LN) metastasis was also higher in the BCT group than in the mastectomy group (73.1% vs. 38.4% and 73.4% vs. 48.0%, respectively, p < 0.001). Moreover, the BCT group presented a lower percentage of chemotherapy than the mastectomy group (32.9% vs. 50.5%, p < 0.001). Last but not least, a total of 1,578 breast reconstruction cases of 9,900 patients were in the mastectomy group (Table 1).


Table 1 | Clinicopathological features of the central and nipple breast cancer patients.



After 1:1 matching, 2,910 patients in the BCT group were matched as compared with 2,910 patients in the mastectomy group. Except for age and molecular subtype, there were no notable differences between the two treatment groups after PSM.



Survival Analysis for OS and BCSS

Subsequently, we investigated the outcome of BCSS and OS in patients with TCNP between the BCT group and the mastectomy group, in the use of the Kaplan–Meier method. Before PSM, patients who received BCT showed significantly better BCSS and OS (p < 0.001) than those undergoing mastectomy therapy (Figures 2A, B). Similarly, we still found the notable difference between the two groups after PSM (p < 0.001; Figures 2C, D). We next assessed the prognostic values of the BCT group compared with the mastectomy group in various subgroups, including age, sex, race, histological grade, AJCC stage, and molecular subtype (Figures 3–8, Supplementary Figures 1–6). Interestingly, these results showed that the BCT had poorer survival in none of all these clinicopathological parameters subgroups. Compared with the patients who are undergoing mastectomy therapy, BCT was a better prognostic factor for BCSS in patients aged between 50 and 59 or those aged 70 and above (p = 0.016 and p < 0.001, respectively; Figures 3C, E), female patients (p < 0.001; Figure 4A), those of white race (p < 0.001; Figure 5A), and those with histological grade II (moderate differentiation) and III (poor differentiation) (p = 0.001 and p < 0.001, respectively; Figures 6B, C). Except for Stage IV, patients with Stage I–III showed better survival with BCT (p = 0.011, p = 0.001, and p < 0.001, respectively; Figures 7A–C). Similar outcomes were present in the molecular subtype of patients including Luminal A, Luminal B, and Triple Negative (p < 0.001, p = 0.002, and p = 0.018, respectively; Figures 8A, B, D). Besides, as for OS, BCT group still had better prognosis than the mastectomy group in most of the above subgroups (Supplementary Figures 1–6).




Figure 2 | Kaplan–Meier curves for BCSS (A) and OS (B) by treatment type for all patients before PSM and BCSS (C) and OS (D) by treatment type for all patients after PSM; BCT versus mastectomy. BCSS, breast cancer specific survival; OS, overall survival; PSM, propensity score matching; BCT, breast-conserving therapy.






Figure 3 | Kaplan–Meier curves for BCSS by treatment type for all patients, stratified by age at diagnosis: (A) Age < 40 years. (B) Age of 40–49 years. (C) Age of 50–59 years. (D) Age of 60–69 years. (E) Age ≥ 70 years. BCSS, breast cancer specific survival; BCT, breast-conserving therapy.






Figure 4 | Kaplan–Meier Curves for BCSS by treatment type for all patients, stratified by sex: (A) Female. (B) Male. BCSS, breast cancer specific survival; BCT, breast-conserving therapy.






Figure 5 | Kaplan–Meier curves for BCSS by treatment type for all patients, stratified by race: (A) White. (B) Black. (C)A/PI. (D) AI/AN. BCSS, breast cancer specific survival; BCT, breast-conserving therapy; A/PI, Asian/Pacific Islander; AI/AN, American Indian/Alaskan native.






Figure 6 | Kaplan–Meier curves for BCSS by treatment type for all patients, stratified by histological grade: (A) Grade I. (B) Grade II. (C) Grade III. (D) Grade IV. BCSS, breast cancer specific survival; BCT, breast-conserving therapy.






Figure 7 | Kaplan–Meier Curves for BCSS by treatment type for all patients, stratified by AJCC stage: (A) AJCC stage I. (B) AJCC stage II. (C) AJCC stage III. (D) AJCC stage IV. BCSS, breast cancer specific survival; BCT, breast-conserving therapy.






Figure 8 | Kaplan–Meier curves for BCSS by treatment type for all patients, stratified by molecular subtype: (A) Luminal A. (B) Luminal B. (C) HER2 enriched. (D) Triple-negative. BCSS, breast cancer specific survival; BCT, breast-conserving therapy.





Prognostic Factors for TCNP Patients

Furthermore, we next explored the prognostic factors associated with BCSS and OS in the cohort of patients. Univariable Cox regression analysis revealed that age, race, histological grade, AJCC stage, molecular subtype, receipt of chemotherapy, and treatment type were important factors associated with BCSS, while age, sex, race, histological grade, AJCC stage, molecular subtype, and treatment type were visibly associated with OS (Table 2). After we included the covariates that were clinically worth exploring or had p < 0.05 in the univariate analysis into the multivariate analysis, the parameters age, sex, race, histological grade, AJCC stage, molecular subtype, and treatment type were independent prognostic factors of BCSS in TCNP patients. While the factors age, race, histological grade, AJCC stage, molecular subtype, receipt of chemotherapy, and treatment type were significantly associated with OS (Table 3).


Table 2 | Univariable Cox proportional hazard regression model of breast cancer-specific survival (BCSS) and overall survival (OS).




Table 3 | Multivariable Cox proportional hazard regression model of breast cancer-specific survival (BCSS) and overall survival (OS).






Discussion

To our knowledge, this is the first research to explore the role of different treatments on survival of TCNP breast cancer patients. In the retrospective analysis of 9,900 cases, we uncovered that the BCT group exhibited better BCSS and OS than mastectomy group. Furthermore, we also conducted a subgroup analysis of all the independent influencing parameters for BCSS, including age, sex, race, histological grade, AJCC stage, and molecular subtype. We observed that none of subgroups undergoing the mastectomy therapy had better BCSS than BCT.

National Comprehensive Cancer Network (NCCN) guidelines and relevant studies demonstrated that the long-term survival rate of the BCT is similar to that of the mastectomy therapy. Therefore, BCT should be recommended for patients with early breast cancer (24–27). A Dutch study showed that BCT, compared with mastectomy therapy, was significantly correlated with improved 10-year overall survival in the whole cohort of 37,207 T1-2N0-1M0 stage patients (28). Additionally, another population-based study on 10-year follow-up for 3,071 T1-2N2 stage breast cancer showed that patients who underwent BCT had superior survival time and lower rate of distant metastasis and regional recurrence (29). Our same findings further confirmed the availability and security of BCT and the range of application, such as AJCC stage I–III. These findings also agreed with the NCCN guidelines and Chinese breast cancer guidelines that patients in stage III (except for inflammatory breast cancer) who have been downgraded by neoadjuvant chemotherapy to meet the criteria for breast preservation can also be carefully considered (22, 24). Therefore, BCT has been gradually accepted by more surgeons and popularized by more patients worldwide in recent years. However, which type of patients undergoing BCT would have longer survival time and better quality of life is still an important unsolved issue.

Indeed, tumor location has been proven to be a strong predictive factor for survival (9). However, the opinion of whether BCT is suitable for TCNP breast cancer patients remains controversial (30–32). A study of 105,037 patients showed that TCNP was significantly correlated with older years, larger tumor sizes, higher AJCC stage, and worse survival time relative to other peripheral quadrants (9). Additionally, Chinese breast cancer guidelines indicated that tumor in the nipple was one of the relative contraindications for BCT (22). Intriguingly, our research of 9,900 AJCC stage I–IV TCNP patients showed that BCT exhibited better prognosis in most clinicopathological subgroups, supporting another recent investigation on early-stage T1 or T2 centrally located breast cancer (32). Our results constituting a wide range and a variety of influential factors from the SEER database provided more convincing evidence that BCT may not be a relative contraindication in clinical decision-making. Additionally, we consider that the superior BCSS outcome of BCT, to some extent, may due to the role of RT. Previous studies had demonstrated that timely adjuvant RT after BCT could decrease locoregional recurrence and distant metastasis (33–35). Another pre-clinical study also demonstrated that RT could potentially induce an anti-tumoral immune response in breast cancer (36).

Currently, breast cancers are classified into four distinct subtypes: Luminal A, Luminal B, HER2-enriched, and TNBC, according to the presence or absence of molecular markers for estrogen or progesterone receptors and HER2 (8). These subtypes have distinct risk profiles and treatment strategies (37). In particular, TNBC tends to exhibit a more aggressive clinical biological characteristics and worse prognosis than other subtypes (8, 38, 39). However, several professionals indicated that BCT might not be considered a contraindication for TNBC (40, 41). From our analysis of the TNBC subgroup, although the BCT group had a higher proportion of TNBC, it showed a superior BCSS survival than mastectomy therapy.

Of note, the application of BCT for TCNP patients should allow for an adequate safety tumor-free margin of at least 2 mm (22). This undoubtedly increases technical difficulties in operations and makes surgeons hesitate to conduct BCT in consideration of locoregional recurrence (42). However, oncoplastic breast surgery (OBS) could broaden the general indication of BCT by achieving wider excision margins, which could ensure better local control of the disease (43). Eggemann, Holm et al. had provided excellent applicability of the B technique for breast cancer localized in the central portion of the breast (20). An inverted T method invented by McCulley et al. also made a similar satisfactory outcome for TCNP (44). Additionally, when BCT was implemented with the OBS technique, the rate of cosmetic failure could drop to <7% within 2 years and <10% within 5 years (45). Kijima et al. produced good cosmetic results for TCNP by multifarious flaps, including Latissimus dorsi mini flap, Grisotti flap, hole-shaped skin glandular flap, and Free dermal fat graft (19). Therefore, surgeons could consider BCT for more TCNP patients, with the help of the OBS technique.

This present study has several potential limitations. Firstly, we could not obtain information about disease recurrence from the SEER database. Therefore, we could not compare the different rates of locoregional recurrence between BCT and mastectomy therapy. Secondly, SEER could not provide information about neoadjuvant therapy. Some patients in the BCT group should undergo neoadjuvant chemotherapy before operation to meet the indication of breast conserving. Therefore, we could not assess the potential role of neoadjuvant therapy on our clinical outcomes. Thirdly, the SEER database collected large numbers of patients’ information from 18 population-based cancer registries. Some clinicopathologic information may be miscoded or missed during the registration process. For instance, patients’ BRCA gene mutations, Ki-67 in immunohistochemical analysis, were not provided in the current dataset.

Collectively, our study was the first investigation to show that BCT exhibited better prognosis than mastectomy therapy in the cohort of TCNP from SEER databases. This finding could provide a cue for treatment strategies for suitable TCNP patients, especially those with a strong willingness to conserve their breasts. However, some other factors, such as the potential locoregional recurrence rate, and whether physical condition could withstand the adverse effects of radiotherapy, should also be taken into account. Therefore, whole-process therapeutic strategies for TCNP patients still warrant further in-depth research.
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Supplementary Figure 1 | Kaplan-Meier Curves for OS by Treatment Type for All Patients, Stratified by Age at Diagnosis: (A) Age <40 years. (B) Age of 40-49 years. (C) Age of 50-59 years. (D) Age of 60-69 years. (E) Age ≥ 70 years. BCSS, breast cancer specific survival; BCT, breast-conserving therapy.

Supplementary Figure 2 | Kaplan-Meier Curves for OS by Treatment Type for All Patients, Stratified by Sex: (A) Female. (B) Male. BCSS, breast cancer specific survival; BCT, breast-conserving therapy.

Supplementary Figure 3 | Kaplan-Meier Curves for OS by Treatment Type for All Patients, Stratified by Race: (A) White. (B) Black. (C) A/PI. (D) AI/AN. BCSS, breast cancer specific survival; BCT, breast-conserving therapy; A/PI, Asian/Pacific Islander; AI/AN, American Indian/Alaskan native.

Supplementary Figure 4 | Kaplan-Meier Curves for OS by Treatment Type for All Patients, Stratified by Histological Grade: (A) Grade I. (B) Grade II. (C) Grade III. (D) Grade IV. BCSS, breast cancer specific survival; BCT, breast-conserving therapy.

Supplementary Figure 5 | Kaplan-Meier Curves for OS by Treatment Type for All Patients, Stratified by AJCC stage: (A) AJCC stage I. (B) AJCC stage II. (C) AJCC stage III. (D) AJCC stage IV. BCSS, breast cancer specific survival; BCT, breast-conserving therapy.

Supplementary Figure 6 | Kaplan-Meier Curves for OS by Treatment Type for All Patients, Stratified by Molecular Subtype: (A) Luminal A. (B) Luminal B. (C) HER2 enriched. (D) Triple-negative. BCSS, breast cancer specific survival; BCT, breast-conserving therapy.
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