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Introduction

It is still unclear whether radiotherapy affects the long-term survival of breast cancer (BC) patients after immediate breast reconstruction (IBR). This study aims to evaluate the actual prognostic impact of radiotherapy on BC patients undergoing IBR, and to construct survival prediction models to predict the survival benefit of radiotherapy.



Methods

Data on eligible BC patients were retrieved from the Surveillance, Epidemiology, and End Results (SEER) database. Competing risk models were used to assess breast cause-specific death (BCSD) and non-breast cancer cause-specific death (NBCSD). Kaplan‐Meier curve, Cox risk regression model and forest map were used to evaluate and demonstrate overall survival (OS) and breast cancer-specific survival (BCSS). Survival prediction nomograms were used to predict OS and BCSS probabilities.



Results

A total of 22,218 patients were selected, 24.9% received radiotherapy and 75.1% were without radiotherapy. Competing risk models showed that whether BCSD or NBCSD, the cumulative long-term risk of death in the radiotherapy group was higher than that in the non-radiotherapy group. The Kaplan‐Meier curve showed that patients with different lymph node metastasis had different radiotherapy benefits. Multivariate stratified analysis showed that radiotherapy after autologous reconstruction was associated with poor BCSS in patients with stage N0, and radiotherapy after autologous reconstruction and combined reconstruction improved OS and BCSS in patients with stage N3. The C-indexes of nomogram (between 0.778 and 0.847) and calibration curves showed the good prediction ability of survival prediction model.



Conclusions

Radiotherapy can improve OS and BCSS in N3 stage BC patients undergoing immediate autologous reconstruction after mastectomy. The practical nomograms can be used to predict OS and BCSS of patients with or without radiotherapy, which is helpful for individualized treatment.
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Introduction

Breast cancer (BC) is the most common cancer in women (1). In 2020, BC has surpassed lung cancer as the leading cause of global cancer incidence. It is also the fifth leading cause of cancer mortality worldwide, and one of the highest burden of cancers in the world (2, 3). Mastectomy is one of the traditional and preferred surgical treatment methods (4–6). However, partial or complete mastectomy can alter the patients’ body shape, and have adverse social, sexual or psychological consequences. Patients who undergo breast reconstruction after mastectomy have been reported to have a better quality of life (7–9). As a result, breast reconstruction has become increasingly popular in recent years, generally including immediate breast reconstruction (IBR) and delayed breast reconstruction (DBR). Some studies have suggested that IBR is superior to DBR due to lower cost and surgical risk, and higher patient satisfaction (10–12). Currently, there is no evidence that IBR increases the risk of postoperative recurrence and death (13).

Postmastectomy radiotherapy (PMRT), as an effective postoperative adjuvant treatment to prevent recurrence and improve survival, is being actively implemented (14–16). Evidence indicates that patients receiving PMRT have significantly improved survival and a reduced risk of local recurrence (17, 18). According to the authoritative guidelines issued by the American Society of Clinical Oncology (ASCO) in 2001, the primary indication of PMRT is tumors larger than 5 cm or more than 3 positive axillary lymph nodes (19). In the following 10 years, the National Comprehensive Cancer Network (NCCN) has expanded the indications of PMRT. PMRT is “considered” and “strongly considered” for patients with tumors ≤ 5cm and 1-3 positive lymph nodes, respectively (20). Nevertheless, for patients requiring PMRT, breast reconstruction is often delayed due to adverse tissue changes associated with radiotherapy (21–23). Possible side effects include capsular contracture, tissue fibrosis and edema, indicating a higher risk of infection (24, 25). Münire Kayahan et al. (26) reported that patients who received radiotherapy after reconstruction were more frequently found to suffer complications and implant failure. Christante et al. (27) showed that more than 30% of patients who received radiotherapy after IBR required the removal of implants. Despite this, the number of patients undergoing radiotherapy after IBR continues to rise (20). The necessity and usefulness of PMRT are complicated for patients with breast reconstruction (28). Although a few studies have shown that IBR does not affect the implementation of radiotherapy, most studies investigating the role of radiotherapy in patients with IBR focused on cosmesis effects, rather than survival outcomes (29–31).

The current national reconstruction practice, particularly in the patients who are more challenging to undergoing PMRT, is less well known (32). The purpose of this study is to investigate the prognostic effects of radiotherapy on breast cancer patients undergoing immediate reconstruction after mastectomy, and to evaluate the potential survival benefits individually.



Methods


Data source and study population

The data for this study were obtained from the Surveillance, Epidemiology, and End Results (SEER) database. Based on the software SEER*Stat version 8.3.9.1, we extracted the required information (with additional treatment fields) from the SEER database for 18 cancer registries from 1975 to 2016. The radiotherapy data were obtained from a separate application. As one of the most representative large cancer databases in the United States, data from the SEER database are publicly available. Informed consent is not required because there is no private information involved. The Ethics Committee of the Second Affiliated Hospital of Xi’an Jiaotong University approved this study.

The analysis included women with microscopically confirmed breast cancer who underwent immediate mastectomy reconstruction between 2010 and 2015. Exclusion criteria are as follows: 1) more than one primary tumor; 2) details were unknown or unclear; 3) diagnosis only be made by autopsy or death certificate; 4) survival time was equal to zero. Patients in SEER were followed up to death, and any patient who died after the follow-up deadline was recoded as alive patients after the deadline. Through screening, 22,218 eligible patients were enrolled in this study. Individual data for each case included age, race, marital status, histological type, grade, tumor-node-metastasis (TNM) stage, breast cancer subtype, reconstruction procedure, and whether to have radiotherapy. Marital status was regrouped into two groups: Married group and not married group. Single (never married), separated, divorced, widowed or domestic partner were grouped into the not married group. Histological types were classified according to the International Classification of Diseases in Oncology, Third Edition (ICD‐O‐3) into 4 categories, ductal (8500), ductal/lobular (8520), lobular (8522) and other. TNM stage was based on the seventh edition of the American Joint Council on Cancer (AJCC). Additionally, the SEER database reports breast reconstruction methods within 4 months after primary mastectomy, including autologous reconstruction, implant reconstruction, and combined reconstruction.



Statistical analysis

Age was a continuous variable. So in order to select the best cut point, we stratified the age of the patients with the X-tile software. Descriptive statistical analysis of patient distribution was performed using frequency and proportion. The Chi-square test was used to compare the clinical distribution characteristics of patients with different radiotherapy conditions. The co-primary endpoints of this study were overall survival (OS) and breast cancer-specific survival (BCSS). Causes of death in breast cancer patients can be divided into breast cancer-specific death (BCSD) and non-breast cancer-specific death (NBCSD). To preliminarily describe the risks under different radiotherapy conditions, cumulative incidence maps were constructed by using competitive risk models. The population was further stratified according to the preliminary analysis results, and the Kaplan-Meier curves and log-rank tests were used to assess the impact of different radiotherapy conditions on patients’ prognosis. The Cox proportional risk model was used to calculate the hazard ratio (HR) and its corresponding 95% confidence interval (CI). And the visual results of multivariate analysis were presented in the form of forest map. Subsequently, to further evaluate the impact of radiotherapy on different reconstruction methods, we calculated the adjusted hazard ratio (AHR) and the corresponding 95% CI between patients receiving radiotherapy and patients not receiving radiotherapy, and stratified by cancer stage to deal with potential bias. Finally, we established nomograms to predict patients’ survival, and evaluated the prediction accuracy with concordance indexes (C-indexes) and calibration curves.

All statistical analyses were completed by R software (Version 4.0.3; http://www.r-project.org) and related R packages, mainly including “survival”, “cmprsk”, “rms”, “ggplot2” packages and so on. A two-sided P value less than 0.05 was determined to be statistically significant.




Results


Patients’ characteristics and radiotherapy trends

From 2010 to 2015, the analysis included 22,218 female patients with breast cancer who underwent IBR after mastectomy. Among them, 5,529 patients received PMRT and 16,689 were without PMRT. The overall percentage of patients receiving PMRT did not change much over the years, but there was still a slight upward trend (Figure 1). As shown in Table 1, significant distribution differences in age, race, histological type, grade, TNM stage, and breast cancer subtype were observed between the radiotherapy and non-radiotherapy subgroups. Based on Kaplan-Meier method, we used X-tile program to determine the optimal cut-off points of age as 40 and 60 years old (Figure 2). Therefore, age was divided into three groups: < 40 years old, 40-60 years old and > 60 years old. Patients in both the radiotherapy and non-radiotherapy groups were predominantly 40-60 years old, white, married, histological type of ductal carcinoma, had grade II and III tumors, no distant metastasis, breast cancer subtype of HR+/HER2-, and underwent implant reconstruction. The difference was that T stage was mostly T2 (45.2%) and N stage was mostly N1 (52.9%) in the radiotherapy group, while T1 (60.4%) and N0 (72.6%) accounted for most in the non-radiotherapy group.




Figure 1 | Proportion of patients undergoing immediate breast reconstruction after mastectomy receiving radiotherapy from 2010-2015.




Table 1 | Baseline demographic characteristics of patients who were reconstructed (n=22218).






Figure 2 | Age of patients divided by X-tile software at the best cut point.





Cumulative incidence of death and competing risk analysis

A total of 976 patients (4.4%) died, of which 846 (86.7%) died from BC and 130 (13.3%) died from non-BC. Table 2 showed the cumulative incidence of BCSD and NBCSD at 1-, 3-, and 5- year. The cumulative incidence of BCSD in the radiotherapy group was higher than that in the non-radiotherapy group after 13 months (Figure 3). However, the cumulative incidence rate of NBCSD was lower in the two groups, and slightly higher in the radiotherapy group than in the non-radiotherapy group after 62 months. After controlling competing risk events, there was a statistically significant difference in the cumulative risk of BCSD between the two groups (P < 0.0001).


Table 2 | The 1-, 3-, and 5-year cumulative incidence of BCSDa and NBCSDb.






Figure 3 | Competing risk models. BCSD, breast cancer-specific death; NBCSD, non-breast cancer-specific death.





OS and BCSS outcomes

To estimate OS and BCSS in breast cancer patients, we stratified the population by AJCC N stage and generated Kaplan‐Meier curves based on whether patients received PMRT. The results showed that patients with different N stages had different radiotherapy benefits. The OS of patients with stage N0 was worse after radiotherapy, while that of patients with stage N3 was better after radiotherapy (Figures 4A, D). Further log‐rank tests confirmed that the difference was statistically significant (P < 0.0001). The effect of PMRT on OS in N1 and N2 patients (Figures 4B, C) was not significant (P > 0.05). As for BCSS, it was worse in N1 patients after radiotherapy (P = 0.015), and the results of other 3 stages’ patients were consistent with OS (Figure 5). Median follow-up time for both OS and BCSS was 42 months (95% CI, 42-43 months).




Figure 4 | Kaplan–Meier survival curves of overall survival after stratifying by AJCC N stage. (A), AJCC_N=N0; (B), AJCC_N=N1; (C), AJCC_N=N2; (D), AJCC_N=N3.






Figure 5 | Kaplan–Meier survival curves of breast cancer-specific survival after stratifying by AJCC N stage. (A), AJCC_N=N0; (B), AJCC_N=N1; (C), AJCC_N=N2; (D), AJCC_N=N3.



Univariate Cox analysis showed that in both OS and BCSS, there were significant differences in age, race, marital status, histological type, grade, TNM stage, subtype, reconstruction method, and radiotherapy condition among all subgroups. Considering that the correlation among characteristics may lead to bias, we further conducted a multivariable Cox analysis (Table 3). The results showed that histological type, reconstruction method and radiotherapy condition were no longer statistically correlated with OS and BCSS (P > 0.05). Compared with patients < 40 years old, patients over 60 years old had worse OS (HR, 1.733; 95% CI, 1.421-2.113; P < 0.001) and BCSS (HR, 1.304; 95% CI, 1.050-1.619; P = 0.016). As for race subgroups, the prognosis of patients with white and other races were better than blacks. Those who were not married had poorer OS (HR, 1.304; 95% CI, 1.143-1.487; P < 0.001) and BCSS (HR, 1.269; 95% CI, 1.102-1.463; P < 0.001) than the married group. As expected, patients’ outcomes were inversely proportional to tumor grade, size, and number of lymph nodes. Patients with distant metastasis of tumor lesions also have worse OS (HR, 3.244; 95% CI, 2.547-4.131; P < 0.001) and BCSS (HR, 3.477; 95% CI, 2.715-4.454; P < 0.001). The results were also illustrated by the form of forest maps (Figures 6 and 7).


Table 3 | OS and BCSS in univariate and multivariate analyses.






Figure 6 | Forest map visualizing Cox multivariate regression of overall survival of patients. *: <0.05; **: <0.01; ***: <0.001.






Figure 7 | Forest map visualizing Cox multivariate regression of breast cancer-specific survival of patients. *: <0.05; **: <0.01; ***: <0.001.





Subgroup analysis stratified by AJCC N stage

To solve the potential deviation of patients with different lymph node metastasis, we stratified the population according to AJCC N stage, and calculated the AHRs of radiotherapy after different reconstruction mode operations (Table 4). For N0 patients, receiving PMRT after autologous reconstruction was associated with worse BCSS (AHR, 1.841; 95% CI, 1.055-3.214; p = 0.032). Nevertheless, radiotherapy did not affect the prognosis of patients in N1 and N2 stages, regardless of which reconstruction mode they received. For N3 patients, both autologous reconstruction and combined reconstruction could improve OS and BCSS after radiotherapy, but the prognosis of patients with implant reconstruction was not affected by radiotherapy.


Table 4 | Adjusted hazard ratio for OS and BCSS associated with radiotherapy after different reconstruction methods in patients with different AJCC_N stages.





Nomograms

We developed nomograms to predict the prognosis of patients receiving and not receiving PMRT, respectively (Figures 8 and 9). Based on the results of multivariate Cox regression, variables such as age, race, marital status, grade, TNM stage, and breast cancer subtype were included in the nomograms. Each prognostic factor corresponded to a specific score, and the sum of each value was compared with the linear predictor to obtain the probability prediction of OS and BCSS at 1-, 3-, and 5- year. The C-indexes of OS and BCSS nomograms predicted by radiotherapy patients were 0.778 and 0.786, respectively, while those in the non-radiotherapy group were 0.818 and 0.847. As shown in Figure 10, the calibration curves also reflected the accuracy of the survival prediction model.




Figure 8 | 1-, 3-, 5-year probability prediction of overall survival (A) and breast cancer specific survival (B) in radiotherapy patients. OS, overall survival; BCSS, breast cancer-specific survival.






Figure 9 | 1-, 3-, 5-year probability prediction of overall survival (A) and breast cancer specific survival (B) in non-radiotherapy patients. OS, overall survival; BCSS, breast cancer-specific survival.






Figure 10 | Calibration curve of the nomograms. (A), OS in radiotherapy group. (B), BCSS in radiotherapy group. (C), OS in non-radiotherapy group. (D), BCSS in non-radiotherapy group. OS, overall survival; BCSS, breast cancer-specific survival.






Discussion

In this study, we focused on breast cancer patients who received IBR, to assess the effectiveness of radiotherapy for their prognosis. By using the National Cancer Institute’s SEER database, we can obtain the data based on the entire U.S. population. Previous studies have used this database to compare the prognosis of different reconstruction methods, and some studies have analyzed the prognosis of patients with PMRT. But few studies have evaluated the difference in prognosis based on patients receiving radiotherapy after breast reconstruction technology.

Through demographic data statistics, we found that from 2010 to 2015, 24.9% (5529) of the patients who underwent immediate reconstruction after mastectomy (22218) received PMRT, and those who did not receive PMRT accounted for 75.1% (16689). The number of patients receiving radiotherapy increased slightly in fluctuations. This may be a manifestation of the relaxation of radiotherapy indications, or it may represent the increasing comfort of radiotherapy in the context of breast reconstruction. Secondly, patients with BC after reconstructive treatment have longer life expectancy, so they inevitably face the risk of NBCSD. Therefore, we established a competing risk model to exclude the impact of other causes of death on survival analysis. The cumulative incidence risk curves showed that the risk of BCSD was always higher than that of NBCSD. As for BCSD, the long-term risk of radiotherapy group was higher and higher than that of non-radiotherapy group. Despite all this, we cannot draw the conclusion that radiotherapy is unfavorable to the prognosis of patients. After all, from the radiotherapy guidelines, patients receiving PMRT are already at high risk. Therefore, we stratified the patients according to the lymph node metastasis, and then used Kaplan-Meier survival curves and log-rank test to evaluate the impact of radiotherapy on the prognosis of patients. We found that compared with patients without radiotherapy, patients with low N stage showed a weak survival disadvantage after radiotherapy, while patients with high N stage showed survival benefit after radiotherapy. Due to the imbalance of the baseline distribution of patients in phase N0 (Table 1), the number of people without radiotherapy was more than ten times that of people receiving radiotherapy, so we cannot directly conclude that radiotherapy was not conducive to the prognosis of patients with N0. Based on clinical practice, this only showed that radiotherapy had no obvious effect on patients with stage N0. Moreover, the prognosis of patients with stage N3 was poor due to the presence of the high-risk factors, but they showed survival benefits after radiotherapy. This reflected the therapeutic value of PMRT in patients with high stage N. Interestingly, radiotherapy was an adverse factor in univariate Cox regression, but the difference was not statistically significant in multivariate Cox analysis. Similarly, in univariate analysis, the risk of implant reconstruction and combined reconstruction was lower than that of autologous reconstruction, and the histological type was the highest risk of ductal cancer. Nevertheless, the risk ratios of different reconstruction methods and histological types were not significantly different (P > 0.05). Age, race, marital status, grade, TNM stage and subtypes of breast cancer were the key factors affecting survival in both univariate and multivariate Cox regression. We also stratified the patients according to the lymph node metastasis, and calculated the AHRs of radiotherapy after different reconstruction operations. An important finding was that radiotherapy after autologous reconstruction or combined reconstruction can improve OS and BCSS in N3 patients. Finally, this study constructed nomograms for survival prediction, which can effectively predict OS and BCSS after radiotherapy or non-radiotherapy for BC patients. The calibration curves exhibited that the model had good discrimination (C index between 0.778 and 0.847).

The compatibility of PMRT with IBR has been the focus of debate in the field of BC. Radiation oncologists and plastic surgeons both have reservations about the use of IBR under the need of PMRT. PMRT always seems to be associated with reconstruction related complications, such as removal of prosthesis or tissue expander in implant reconstruction and fat necrosis in autologous reconstruction (20–25, 33, 34). Nevertheless, a single-center retrospective cohort study (35) showed that radiotherapy after autologous reconstruction had no negative impact on aesthetic outcomes, and did not increase postoperative complications. A meta-analysis (36) found that when PMRT was delivered after breast reconstruction, morbidity of autologous reconstruction is less than that of implant reconstruction. Specifically, the latter one is more likely to face reconstruction failure, surgical site infection, and eventual repeat surgery (37, 38). Hsin-hua Lee et al. (39) showed that for breast cancer patients requiring PMRT, immediate autologous reconstruction did not affect long-term clinical outcomes. Another study underlined that the type of reconstruction did not affect the late toxicity rate. Radiotherapy after IBR showed acceptable late toxicity and had no effect on OS (40). The literature has various views on the effect of radiotherapy in the setting of IBR. Similarly, in the case of possible PMRT, there is no consensus on the best management and timing of breast reconstruction.

Most of the known studies support that radiotherapy after reconstruction does not affect the long-term survival of BC patients. Our study also found that for stage N3 patients, radiotherapy after autologous reconstruction was associated with improved prognosis. Although we found that radiotherapy after autologous reconstruction was associated with poor BCSS in patients with stage N0, this conclusion should be treated with caution. According to the latest radiotherapy guidelines for breast cancer (20), radiotherapy is not recommended for patients with stage N0, unless combined with high-risk factors. Therefore, we cannot affirm the impact of radiotherapy on the prognosis of patients with stage N0 in the presence of their own high-risk factors. Randomized controlled prospective experimental research is also needed to guide clinical practice.

To accurately identify patients who can benefit from radiotherapy and help make personal suggestions, this study constructed survival prediction nomograms. Although some nomograms have been developed to predict the individual survival probability of BC patients (41, 42), there are still some unique characteristics in our model. First, based on specific radiotherapy disputes, patients who experienced IBR were accurately included in the study participants. Secondly, to exclude the possible bias of the results, we included as many prognostic factors as possible according to the clinical significance. Finally, in addition to the OS rate, the BCSS rate was also reported to predict the patients’ survival probability, thereby avoiding the effect of additional confounding factors associated with the patient’s health.

This study also has several limitations. The first inevitable flaw is the inherent bias in any retrospective study. Second, although some radiotherapy complications can also interfere with the prognosis of patients, due to the lack of this information in SEER database, we cannot consider the impact of complications on the long-term survival rate of patients at the same time. Third, we only compared the radiotherapy group and non-radiotherapy group, and did not distinguish the specific effects of different radiotherapy schemes on the prognosis of patients. The current radiotherapy guidance information in the setting of IBR is lacking (43).



Conclusions

Our study demonstrates that radiotherapy can improve OS and BCSS in N3 stage breast cancer patients undergoing immediate autologous reconstruction after mastectomy. The survival prediction model constructed in this study can help clinicians quantify the benefits of PMRT after IBR, so as to make personalized treatment recommendations and decisions. Accurate prediction of PMRT can avoid radiotherapy related complications, reduce the incidence of unplanned surgery, and improve the prognosis and survival rate of patients.
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