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Introduction

Due to the lack of randomized controlled trial, the effectiveness and oncological safety of nipple-excising breast-conserving therapy (NE-BCT) for female breast cancer (FBC) remains unclear. We aimed to explore and investigate the prognostic value of NE-BCT versus nipple-sparing breast-conserving therapy (NS-BCT) for patients with early FBC.



Methods

In this cohort study, data between NE-BCT and NS-BCT groups of 276,661 patients diagnosed with tumor–node–metastasis (TNM) stage 0–III FBC from 1998 to 2015 were retrieved from the Surveillance, Epidemiology, and End Results database. Propensity score matching analysis, Kaplan–Meier, X-tile, Cox proportional hazards model, and competing risk model were performed to evaluate the effectiveness and oncological safety for patients in NE-BCT and NS-BCT groups.



Results

A total of 1,731 (0.63%) patients received NE-BCT (NE-BCT group) and 274,930 (99.37%) patients received NS-BCT (NS-BCT group); 44,070 subjects died after a median follow-up time of 77 months (ranging from 1 to 227 months). In the propensity score matching (PSM) cohort, NE-BCT was found to be an adversely independent prognostic factor affecting overall survival (OS) [hazard ratio (HR), 1.24; 95% CI, 1.06–1.45, p=0.0078]. Subjects in NE-BCT group had similar breast-cancer-specific survival (BCSS) (HR, 1.15; 95%CI, 0.88–1.52, p=0.30) and worse other-causes-specific death (OCSD) (HR, 1.217; 95%CI, 1.002–1.478, p=0.048<0.05) in comparison with those in the NS-BCT group.



Conclusions

Our study demonstrated that the administration of NE-BCT is oncologically safe and reliable and can be widely recommended in clinics for women with non-metastatic breast cancer.
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Introduction

Due to the improving understanding of the biology of female breast cancer (FBC) and the advancement of radiotherapy and anti-cancer drugs over the past four decades, the proportion of breast-conserving therapy (BCT) is increasing in clinical works. Meanwhile, nipple-sparing breast conservation therapy (NS-BCT) followed by whole breast irradiation has been the standard therapy regimen by the National Comprehensive Cancer Network (NCCN) guidelines and European Society for Medical Oncology Clinical Practice Guidelines for patients with early breast cancer (1, 2). This procedure involves preservation of the nipple areolar complex (NAC) and breast when performing BCT in an attempt to get improved aesthetic outcomes and satisfaction and enhanced psychosocial and sexual wellbeing without reducing oncological safety in comparison with non-conservative mastectomy (3, 4) and has thus become increasingly attractive to both patients and doctors (5–7). However, the value of NAC remains controversial on account of the concern of possible residual cancer in the nipple (8).

Negative margins, defined as no invasive carcinoma on ink in the margins or obtaining margins >2 mm for patients with pure ductal carcinoma in situ (DCIS), are the standard procedure for BCT in patients with invasive breast carcinoma (1). The preservation of NAC can only be performed for patients with no evidence of cancer cell at the margin of the nipple. Thus, the procedure of NS-BCT is inappropriate for all subjects who are willing to receive BCT in the actually clinical work. Some patients are at considerably greater risk of excising NAC due to the nipple involvement, defined as DCIS, invasive carcinoma, or Paget’s disease within 1 cm of the NAC (9). The procedure of nipple-excising breast conserving therapy (NE-BCT) is passively taken to be performed for FBC patients with NAC involvement. The excision of NAC results in low satisfaction and psychosocial and sexual wellbeing in comparison with the preservation of NAC (7, 10). Nevertheless, most studies have focused on the effects of NS-BCT or nipple-sparing mastectomy on long-term outcomes for patients with FBC (11–16). The effectiveness and safety of NE-BCT on the long-term survival is very limited, and its benefits remain unclear, as there is no study investigating the oncological safety and clinical efficacy of NE-BCT. Therefore, it is necessary to explore and investigate the clinical issues and value of NE-BCT.

To further explore and identify the long-term oncological safety and clinical effects of NE-BCT in patients with FBC, we followed a large cohort of women who received BCT from 1998 to 2015 based on the population-based database Surveillance, Epidemiology, and End Results (SEER) cancer registry program. Statistical methods such as Cox proportional hazards model and competing risk analysis model were performed to further investigate the efficiency of NE-BCT and prognostic factors on patients with non-metastatic FBC.



Methods


Data Source

The data from the National Cancer Institute’s SEER program database (https://seer.cancer.gov/seerstat) (Information Management Service, Inc., Calverton, MD, USA), maintained by the National Cancer Institute, cover about one-third of the US population and are used in the current study. Subjects with FBC are abstracted from the SEER data by the SEER*Stat version 8.3.6.1 (SEER ID: 13148-Nov2019) in May 2020. All procedures were carried out in accordance with the approved guidelines. As the SEER database was publicly accessible to all people worldwide before January 2021, informed patient consent was not required for this research. Moreover, the study was approved by the Ethics Committee of the First Affiliated Hospital of Xi’an Jiaotong University.



Cohort Selection

Participants diagnosed with FBC and who underwent BCT between January 1, 1998 and December 31, 2015 were selected according to the following criteria: women (1) who were diagnosed as TNM [breast-adjusted American Joint Committee on Cancer (AJCC) 6th] stages 0, I, II, or III; (2) who underwent BCT without residual tumor; (3) with known ER and PR status; and (4) who underwent NE-BCT or NS-BCT. Patients conforming with the following criteria were excluded: (1) unknown or indefinite AJCC stage, (2) missing surgical records, and (3) not one primary cancer. The selection procedure is shown in Figure 1.




Figure 1 | Inclusion and exclusion criteria of the study population.



The following data were collected for each patient in the current study: age at diagnosis, race, year of diagnosis, marital status, laterality, tumor differentiation grade, ER status, PR status, radiotherapy status, chemotherapy status, surgical procedures, survival months, causes of death from the SEER database, and breast-adjusted AJCC 6th.

In total, 276,661 candidates who underwent BCT were selected. “No radiation and/or cancer-directed surgery” was considered as no radiotherapy. “No/unknown” chemotherapy recodes were considered as no chemotherapy. The administration of BCT contained segmental mastectomy, resections of biopsy sites for gross or microscopic residual diseases, tumor resection or biopsy, and partial mastectomy with papillectomy.



Outcomes

All the patients enrolled were effectively followed up; the final follow-up time was November 2018. The primary end point was breast cancer-specific survival (BCSS), defined as the time from the beginning of diagnosis of FBC to the survival caused by breast cancer. The secondary outcome measurements were overall survival (OS), breast cancer-specific death (BCSD), and other-causes-specific death (OCSD). OS was defined as the time from the date of diagnosis to death; BCSD and OCSD were defined as the time from the date of diagnosis to the date of death from breast cancer and the other causes, respectively.



Covariates

Covariates included the clinicopathological characteristics, such as age at diagnosis, race and origin recode, year of diagnosis, marital status, laterality of tumor, histological grade, ER status, PR status, HER2 status, T stage, N stage, surgical procedures, radiation status, and chemotherapy status.



Statistical Analysis

The Pearson chi-square test or Fisher’s exact test was administrated to test the difference in patients’ clinicopathological characteristics among groups. Categorical variables were reported as the number of cases and percentages. PSM was performed to balance the differences in clinicopathological factors used between the two groups by 1:1 ratio matching. The PSM program and standardization difference were calculated by the nearest-neighbor matching method with a caliper distance of 0.05 and R packages of “MatchIt” (17). Then, the resulting score-matched pairs were performed in subsequent analyses.

Kaplan–Meier curve analysis was employed to generate OS and BCSS curves, with the log-rank test performed to determine the statistical differences among groups through R package of “survival” and “survminer.” Multivariate Cox regression analysis was used to explore the prognostic factors independently associated with OS in our research by R package of “survival” and “survminer.”

A competing risk model analysis was implied to mitigate the estimation bias by classifying the cause of deaths into BCSD and OCSD subgroups. In the multivariate survival competing risk analysis, the Fine and Gray competitive risk regression was adopted to identify factors related to risk of death from all causes, with the purpose of decreasing the bias due to informative censoring by R package of “cmprsk” (18). All statistical analyses were carried out using IBM SPSS 22.0 software (IBM Corporation) and R statistical software version 4.0.3. All statistical tests were two-sided, and the level of significance was set at p < 0.05.




Results


Patients Descriptive Characteristics

Among the 276,661 candidates originally identified in our study, 1,731 (0.63%) patients received NE-BCT (NE-BCT group), while 274,930 (99.37%) patients received NS-BCT (NS-BCT group). By comparing the clinicopathological characteristics between NE-BCT and NS-BCT groups, significant differences (p<0.05) were found in most variables. PSM was employed to avoid the potential prognostic confounders that could affect the accuracy of the results. In the PSM cohort, a total of 3,460 subjects were registered in the whole cohort, with 1,730 patients in the NE-BCT group and 1,730 ones in the NS-BCT group, respectively. Insignificant differences were found in all key methodological characteristics between NE-BCT and NS-BCT groups (Table 1).


Table 1 | Patient clinical and pathological characteristics.





BCSS and OS Curve Associated With NE-BCT vs. NS-BCT by Kaplan–Meier Analysis

After a median follow-up time of 77 months (ranging from 1 to 227 months), a total of 44,070 candidates (15.92%) died, of which 34.72% (15,300/44,070) were caused by breast cancer and 65.28% (28,770/44,070) of them died from causes unrelated to breast cancer. Kaplan–Meier analysis was employed to initially compare the effects of NE-BCT vs. NS-BCT on survival in patients with non-metastatic breast tumors after BCT. In the PSM cohort, as shown in Figures 2A, B, the cumulative incidences of BCSS rate at 5, 10, and 15 years were 94.75%, 92.14%, and 90.09%, respectively, in the NE-BCT group, and 94.99%, 90.59%, and 90.42%, respectively, in the NS-BCT group, while the cumulative incidences of overall survival (OS) at 5, 10, and 15 years were 86.44%, 72.44%, and 67.40%, respectively, in the NE-BCT group, and 88.86%, 77.88%, and 67.56%, respectively, in the NS-BCT group. Compared with the patients in the NS-BCT group, the cumulative incidences of BCSS at 15 years for patients in the NE-BCT group decreased by 0.33% (90.09% vs. 90.42%), while the OS incidence decreased by 0.16% (67.40% vs. 67.56%). The HRs of 1.15 (95%CI, 0.88–1.52, p=0.3) and 1.24 (95%CI, 1.06–1.45, p=0.0078) demonstrated that the administration of NE-BCT was associated with reduced OS and approximate BCSS. Additionally, similar results were found in the original cohort (Supplementary Figures S1A, B).




Figure 2 | Kaplan–Meier survival analysis for NE-BCT and NS-BCT female breast cancer patients. (A) Overall survival curves in NE-BCT group and NS-BCT group. (B) Breast-cancer-specific survival curves in NE-BCT group and NS-BCT group.





Multivariate Cox Regression Analysis on the Factors Affecting OS

To explore the independent prognostic factors in OS, a multivariate Cox regression model forest graph was performed (Figure 3). As shown in the multivariate Cox regression analysis in the PSM cohort, the clinicopathological features, such as marriage status, PR status, N stage, surgical procedures, and radiotherapy and chemotherapy status were independent prognostic factors affecting OS. The adoption of NE-BCT was associated with poorer OS (HR=1.13; 95%CI, 1.01–1.27, p=0.036<0.05) in comparison with NS-BCT. Similar results were archived in the original cohort (Supplementary Figure S2).




Figure 3 | Multivariate Cox regression model forest graph.





Competing Risk Model Analysis

To mitigate the competing risk affecting BCSD and the occurrence of the primary events, a competing risk regression model analysis was applied. In the PSM cohort, as shown in Figure 4, subjects in the NE-BCT group tended to have higher cumulative OCSD incidence (Gray’s test, p=0.01) rather than the BCSD incidence (Gray’s test, p=0.37) in comparison with those in the NS-BCT group. Similar results were produced in the original cohort (Supplementary Figure S3).




Figure 4 | Cumulative incidence of breast-cancer-specific death (BCSD) and other causes of death (OCSD) in the NE-BCT and NS-BCT groups.





Multivariate Competing Risk Regression Model Analysis

To further research the independent prognostic factors affecting BCSD and OCSD, a multivariate competing risk regression model analysis was performed (Table 2). The administration of NE-BCT was associated with worse OCSD (HR=1.217; 95%CI, 1.002–1.478, p=0.048<0.05) rather than BCSD (HR=0.945; 95%CI, 0.715–1.249, p=0.69>0.05) in comparison with NS-BCT. The clinical pathological parameters, such as age at diagnosis, radiotherapy status, and chemotherapy status, were independent prognostic factors affecting BCSD and OCSD. The same findings were found in the original cohort (Supplementary Table S2).


Table 2 | Multivariate competing risk regression model analysis.





Subgroup Analysis of Patients Between 2010 and 2015 With Known HER-2 Status

Moreover, to investigate the prognostic value of human epidermal growth factor receptor 2 (HER-2) status based on NE-BCT vs. NS-BCT, a subgroup analysis based on patients diagnosed between 2010 and 2015 was performed (Table 3). As shown in Figures 5A, B, unexpectedly, patients in the NE-BCT group tended to have similar OS (HR=1.31; 95%CI, 0.95–1.79, p=0.095>0.05) and BCSS (HR=0.94; 95%CI, 0.55–1.62, p=0.84>0.05) to those in the NS-BCT group. After multivariate Cox regression and competing risk regression model analyses, neither surgery methods nor HER-2 status was an independent prognostic factor affecting OS (Figure 6) or BCSD (Figure 7; Table 4). The same findings were found in the original cohort (Supplementary Figures S4–S6; Supplementary Tables S3, S4).


Table 3 | Patient clinical and pathological characteristics between 2010 and 2015.






Figure 5 | Kaplan–Meier survival analysis for NE-BCT and NS-BCT female breast cancer patients between 2010 and 2015. (A) Overall survival curves in the NE-BCT and NS-BCT groups. (B) Breast-cancer-specific survival curves in the NE-BCT and NS-BCT groups.






Figure 6 | Multivariate Cox regression model forest graph between 2010 and 2015.






Figure 7 | Cumulative incidence of breast-cancer-specific death (BCSD) and other causes of death (OCSD) in the NE-BCT and NS-BCT groups between 2010 and 2015.




Table 4 | Multivariate competing risk regression model analysis for patients between 2010 and 2015.






Discussion

In this retrospective study, based on a large cohort of 276,661 candidates in the SEER database from 1998 to 2015 using PSM analysis, we found that subjects in the NE-BCT group had similar BCSS to those in the NS-BCT group. To our knowledge, this was the first and largest statistical study based on a large population to directly assess the efficiency of NE-BCT on patients with non-metastatic breast carcinoma through analyzing the demographic and pathological features and survival variables.

BCT followed by whole breast radiotherapy has been established as a good treatment option for breast cancer for several decades (3, 4). The nipple–areola complex (NAC) is a signature of the breast, and the preservation of breast and NAC in combination of postoperative radiotherapy has emerged as a standard treatment for those with early stage disease. The preservation of NAC means a positive impact on patients’ satisfaction with cosmetic results and feeling of mutilation among women (5–7, 13, 19, 20). It is predictable that the excision of NAC has an adverse effect on quality of life and the consequent long-term survival. This speculation about the role of NE-BCT is confirmed in our study. After Kaplan–Meier curve analysis, candidates in the NE-BCT group had poorer OS than those in the NS-BCT group. However, the impact resulting from the differences in the clinicopathological features, such as age at diagnosis, marital status, degree of histological differentiation, T and N stage, and radiotherapy and chemotherapy status, could not be neglected.

Clinicopathological characteristics, such as degree of histological differentiation and TNM stage, as reported previously (21, 22), were closely correlated with the long-term prognosis in patients with FBC. In our study, a disparity in the patients enrolled, which could contribute to selection bias, was found in nearly all key methodological characteristics in the original cohort. As a consequence, a propensity score matching analysis was employed to balance the differences in clinicopathological factors in our study. As expected, the differences among the clinical and pathological characteristics no longer appeared in the PSM cohort. Therefore, the findings in the PSM cohort could make the study to more objectively maximize reflection of the differences between the two groups. After PSM analysis, subjects in the NE-BCT group still tended to have more unfavorable OS than those in the NS-BCT group through Kaplan–Meier curve analysis. Such result indicated that the administration of NE-BCT had adverse effects in women with early FBC. However, the potential misinterpreting factors, which might preclude the occurrence of the primary event, should not be disregarded.

To estimate and eliminate the confounding factors that had been recognized as valuable prognostic indexes in OS for breast cancer patients, a multivariable Cox regression analysis was employed, with the HRs and corresponding 95% CIs performed. Then, we found that NE-BCT was an independent debilitating factor affecting OS, whether in the PSM cohort or the original cohort. In addition, age of 65 years and above at diagnosis, unmarried status, PR-negative status, and no radiotherapy or chemotherapy were adversely independent prognosis factors for patients with BCT. These results were similar to those of other studies (3, 4, 23–25). However, the estimation bias resulting from OCSD, which might be a competing risk affecting BCSD and preclude the occurrence of the primary event, should not be overlooked (26–28).

To undermine the underlying estimation bias and further investigate the efficacy of NE-BCT on BCSD or OCSD, the Fine and Gray competing risk model and multivariable competing risk regression analysis were carried out. Then, we found that subjects in the NE-BCT group tended to have higher cumulative OCSD rather than BCSD when compared with those in the NS-BCT group. The underlying reason could be that the inexistence of NAC, which meant imperfect cosmetic outcomes or psychosocial and sexual wellbeing (3, 4), might affect the incidence of OCSD in patients with breast cancer and then increased the cumulative incidence of OCSD. Consequently, the existence of NAC plays a vital part in decreasing OCSD rather than BCSD and could be a secure and effective technique in surgical treatment regimen for early FBC patients.

Breast cancer with the amplification of the HER2 gene and/or overexpression of HER2, which are known to be more clinically aggressive with poorer long-term prognosis, represents 11%–30% of all breast tumor (29). To further explore the predictive consequences of NE-BCT vs. NS-BCT on breast cancer based on HER2 status, a subgroup analysis was performed. Through multivariate Cox regression and Fine–Gray multivariable regression analyses in the PSM cohort, unexpectedly, patients in the NE-BCT and NS-BCT group tended to have similar OS and BCSS in spite of HER2 status. Additionally, HER-2 status was only borderline corrected with OCSD rather than BCSD in our study. Such results were consistent with that of previous studies (30, 31) that reported that HER2-enriched tumor was not an independent prognostic predictor for patients with BCT. However, we still need a larger cohort study to elaborate the effect of NE-BCT vs. NS-BCT on breast cancer based on HER2 status for patients with BCT.

This study also has limitations. First, due to the nature of the retrospective analysis, selection and confounding biases could not be ignored. A randomized controlled trial that randomly assigns patients into different groups by treatment methods should be designed. Second, the detailed sequence and regimens between BCT and chemotherapy, targeted therapy against HER-2/neu-overexpression, and endocrine therapy, radiation dose, and clinical target volume were unavailable in our study. Information regarding the status of locoregional and distant recurrence after comprehensive treatment also could not be obtained. Third, due to the detailed operation procedures of the patients unobtainable in our study, the unrevealed indications for NE-BCT will affect the accuracy of the study. Finally, and most importantly, median follow-up time was not long enough in the HER-2 status subgroup analysis. Longer follow-up time is necessary for an accurate assessment of prognostic factors for patients. However, we suggest that the findings of this study, which covers about 28% of the US population of patients with cancer, are generalizable and will contribute to improved survival in non-metastatic patients.



Conclusion

Our study demonstrated that NE-BCT is one oncologically safe and effective surgical treatment and can be widely recommended in clinics for women with non-metastatic breast cancer. Randomized controlled clinical trials with longer follow-up time are still needed to provide a high level of evidence on advantages of NE-BCT for patients with non-metastatic metaplastic FBC patients.
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Supplementary Figure 1 | Kaplan–Meier survival analysis for NE-BCT and NS-BCT female breast cancer patients in the original cohort. (A) Overall survival curves in NE-BCT group and NS-BCT group. (B) Breast cancer specific survival curves in NE-BCT group and NS-BCT group.

Supplementary Figure 2 | Multivariate Cox regression model forest graph in the original cohort.

Supplementary Figure 3 | Cumulative incidence of breast cancer-specific of death (BCSD) and other causes of death (OCSD) in NE-BCT group and NS-BCT group in the original cohort.

Supplementary Figure 4 | Kaplan–Meier survival analysis for NE-BCT and NS-BCT female breast cancer patients between 2010 and 2015 before PSM. (A) Overall survival curves in NE-BCT group and NS-BCT group. (B) Breast cancer specific survival curves in NE-BCT group and NS-BCT group.

Supplementary Figure 5 | Multivariate Cox regression model forest graph between 2010 and 2015 before PSM.

Supplementary Figure 6 | Cumulative incidence of breast cancer-specific of death (BCSD) and other causes of death (OCSD) in NE-BCT group and NS-BCT group between 2010 and 2015 before PSM.
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>0.05
0.92

0.946

0.717

0.79

0.972

0.96

0.91

0.69

0.81

0.74

0.78

NE-BCT, nipple-excising breast-conserving therapy; NS-BCT, nipple-sparing breast-conserving therapy; ER, estrogen receptor; PR, progesterone receptor; HER-2, human epidermal

growth factor receptor 2: BCSD, breast-cancer-specific death; OCSD, other-cause-specific death.





