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Introduction: The racial disparities of opportunity to receive the appropriate intervention and lower insurance coverage may result in survival disparities in different races. This study aims to provide a perspective on racial disparities in the survival of breast cancer patients after surgery.

Methods: Through data from the Surveillance, Epidemiology, and End Results (SEER) program, this study estimated the survival of breast cancer patients of different races from 1998 to 2017. Inverse probability weighting (IPW) was utilized to adjust the imbalanced clinicopathological features of patients of different races.

Results: This study analyzed 214,965 breast cancer patients after surgery. Among them, 130,746 patients received BCS, and the remaining 84,219 breast cancer patients underwent mastectomy. Although Asian or Pacific Islander (API) patients after surgery showed higher survival benefit than that of white patients in the primary data, after adjusting for age at diagnosis, luminal subtype, grade, T stage, and N stage in different races, white individuals had the longest period of survival was higher than that of the minority groups in BCS group [breast cancer-specific survival (BCSS): HRWhitevs.API = 0.402, HRWhitevs.Black = 0.132; P < 0.001; overall survival (OS): HRWhitevs.API = 0.689, HRWhitevs.Black = 0.254; all P < 0.001] and mastectomy group (BCSS: HRWhitevs.API = 0.325, HRWhitevs.Black = 0.128; P < 0.001; OS: HRWhitevs.API = 0.481, HRWhitevs.Black = 0.206; all P < 0.001)

Conclusions: We first identified that the survival benefit of the minority group after surgery was lower than that of white individuals, regardless of tumor chrematistics and surgery types.

Keywords: racial disparities, breast conserving surgery, breast cancer, incidence, survival


INTRODUCTION

In 2020, breast cancer was the highest incidence and the second leading cause of cancer death. It was estimated that in 2020, about 276,480 women or 30% of female cancer patients were diagnosed with breast cancer, and 42,170 cancer-related deaths were caused by breast cancer (1, 2). Racial disparities in tumor incidence and survival rates have been increasingly observed recently (3). For example, compared with black breast cancer patients, white breast cancer patients were more likely diagnosed at earlier stage (4). Nowadays, several studies have identified that not only racial differences in tumor pathological characteristics, but also the receipt of systemic therapy can lead to the survival disparities of breast cancer patients (4, 5). Breast cancer is a multifactorial disease, the survival disparities of breast cancer patients are also affected by other factors beyond the tumor stage, including system therapy after surgery and socioeconomic status (6).

There have been remarkable advances in the field of breast cancer surgery in the past 50 years (7). Currently, BCS has become a standard treatment for patients with early-stage breast cancer (8). Compared with mastectomy, patients receiving BCS rely on precise imaging, detailed pathology, specialist surgery during surgery, and systemic therapy after surgery to enhance survival (9). However, compared with white breast cancer patients, minority patients have less access to effective care and lower insurance coverage (10). These racial disparities may lead to survival disparities in survival in breast cancer patients.

Ongoing nationally funded research on racial disparities has led to new concerns about human health (11). In fact, understanding racial disparities is beneficial for doctors to select an effective treatment for patients from different races. In the current study, we will provide a clear perspective on racial disparities in the survival of breast cancer patients after surgery by analysis of a multirace dataset, which contributes to the formulation of targeted public health interventions and policies.



MATERIALS AND METHODS


Survival Cohort

This study utilized the population-based SEER program to collect survival data for further analysis. Before analysis, we selected female patients with M0 (no distant organ metastasis) from 1998 to 2017 because information on the molecular subtypes of breast cancer patients were provided after 1998. All patients undergoing surgery (RX sum-Surg Prim Site code: 20–39 were regarded as BCS) were included and analyzed. As American Indian (AI) and Alaska Native patients have a low incidence of breast cancer, the sample of AI breast cancer patients undergoing surgery was too small for accurate survival analysis. Thus, this study excluded the survival of AI breast cancer patients to minimize heterogeneity.



Statistical Analysis

Overall survival and BCSS were the main outcomes of this study. OS was defined as the algorithmic analysis of death, while BCSS referred to death caused by breast cancer. Other-cause mortality (OCM) was recorded as death caused by other diseases. OS and BCSS were calculated by the Kaplan–Meier method. Hazard ratios (HRs) were used for pairwise comparison.

Before pairwise comparison, this study was conducted stepwise IPW by a propensity model to adjust the baseline imbalance of patients from different races (12). IPW models were performed as follows: First, the age-adjusted IPW was only adjusted for the age imbalance at diagnosis. Second, age at diagnosis and lumen subtypes were adjusted, weighting the imbalance in age at diagnosis and luminal subtype. Third, IPW was fully adjusted, weighting the potential risk factors of the SEER program completely, including age at diagnosis, luminal subtype, grade, T stage, and N stage. Among these propensity IPW models, age at diagnosis was regarded as a continuous variable, and other factors were treated as categorical variables.

A P-value lower than 0.05 on both sides was considered statistically significant. Data were analyzed by version 3.4.3 of R software (R Foundation for Statistical Computing) and version 22 of Statistical Product and Service Solutions (SPSS).




RESULTS


Patient Characteristics

As shown in Tables 1, 2, this study contained 214,965 breast cancer patients after surgery based on all criteria. Among them, a total of 130,746 breast cancer patients underwent BCS. 84,219 breast cancer patients underwent mastectomy. There were 171,799 white patients, 23,371 black patients, and 19,795 API patients. In the BCS group, black patients with breast cancer after BCS were likely to suffer from poorly differentiated or undifferentiated tumors, with a percentage of 43.63%. White patients tended to be infected with well-differentiated tumors, with a percentage of 29.61%. In addition, black patients with breast cancer had higher rates of TNBC or HER2-positive tumors, with a percentage of 25.28%. Compared with white and black patients, it was less likely for API patients to be diagnosed at T4 and N3 stages. As shown in the Figure 1, in the main dataset, the 5-year BCSS in white, black, and API patients was 96.9, 93.1, and 97.4%, respectively, and the 5-year OS in these three groups showed similar disparities at 95.5, 88.9, and 91.9%, respectively. In the mastectomy group, the 5-year BCSS in white, black, and API patients was 90.6, 83.9, and 84.1%, respectively, and the 5-year OS in these three groups showed similar disparities at 85.4%, 79.2, and 91.0%, respectively.


Table 1. Description of baseline characteristics of breast cancer patients underwent BCS.
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Table 2. Description of baseline characteristics of breast cancer patients underwent mastectomy.
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FIGURE 1. Kaplan– curves for overall survival and breast cancer-specific survival by race in the BCS group (A,B) and mastectomy group (C,D). (C) Cumulative incidence function curves for racial disparities of breast cancer-specific death and other-cause mortality in BCS group (E) and mastectomy (F).




Survival Analysis in BCS Group

A stepwise IPW method for sensitivity analysis in the primary dataset was performed in this study to understand the association between baseline characteristics and patient survival. First, based on the weighted imbalance of age during diagnosis, the subdistribution hazard ratio (SHR) of BCSS between white and API patients declined by 6.7% (from 1.440 to 1.373). In addition, white patients had a 74.8% reduction in the subdistribution OS hazard in the OS IPW model (from 1.892 to 1.144). In IPW models adjusted by age and luminal subtypes, survival differences between white and API patients did not disappear in either the BCSS or OS model (BCSS: HR = 0.999, CIs: 0.851–1.721, P = 0.987; OS: HR = 0.952, CIs: 0.843–1.077, P = 0.436). Compared with other races, white patients had the best BCSS and OS outcomes (as shown in Figure 2) after adjusting for an imbalanced baseline, but the survival advantages of API patients disappeared. There was no significant survival difference in black and API patients (BCSS: HR = 0.916, 0.749–1.121, P = 0.396) according to the subdistribution hazard model. Detailed SHR results are given in Table 3.


[image: Figure 2]
FIGURE 2. Kaplan–Meier curves for overall survival by race (A–C) and breast cancer-specific survival (D–F) based on the inverse probability weighting of all factors in BCS group.



Table 3. Inverse probability weighted (IPW) estimates of BCSS and OS in patients underwent mastectomy.
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Survival Analysis in Mastectomy Group

As shown in Figure 3, after adjusting the imbalanced clinicopathological characteristics in different races, the white individuals after mastectomy also had the longest survival was higher than that of the minority groups (BCSS: HRWhitevs.API = 0.325, HRWhitevs.Black = 0.128; P < 0.001; OS: HRWhitevs.API = 0.481, HRWhitevs.Black = 0.206; all P < 0.001). Interestingly, compared with BCS group, the survival advantages of whites were declined in mastectomy group (BCSS:ΔHRWhitevs.API = 19.15%, ΔHRWhitevs.Black = 3.03%; OS:ΔHRWhitevs.API = 30.19%, ΔHRWhitevs.Black = 18.90%). Detailed SHR results are given in Table 4.
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FIGURE 3. Kaplan–Meier curves for overall survival by race (A–C) and breast cancer-specific survival (D–F) based on the inverse probability weighting of all factors in mastectomy group.



Table 4. Inverse probability weighted (IPW) estimates of BCSS and OS in patients underwent mastectomy.
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DISCUSSION

Based on a large multiracial dataset, this study found that there were distinct racial disparities in the survival of breast cancer patients after surgery. In the clinicopathological characteristics unadjusted dataset, API patients had the best BCSS and higher OS than patients of other races. However, after adjusting for the imbalanced clinicopathological features in different races by IPW, white patients had a better prognosis than minority patients regardless of surgery types. Noteworthy, we found the survival differences between whites and minorities were increased in mastectomy group.

In the past century, the total mastectomy proposed by Halsted was regarded as the standard surgery for breast cancer patients with localized cancer (13). However, this surgery was too radical to improve the quality of life of patients (14). It was gradually phased out in several large randomized clinical trials, and medical development brought less harm and higher quality of life (8, 15, 16). At 5, 8, 12, and 20 years of follow-up, initial reports of the NSABP B-06 trial consistently indicated that breast cancer patients who underwent segmental mastectomy with or without breast irradiation had no worse BCSS and OS outcomes than patients with total mastectomy (15, 17–19). Unexpectedly, BCS patients after radiotherapy even had better survival than those with total mastectomy at the 20-year follow-up (15). In fact, clinical trials and long-term follow-up analyses demonstrated that there was no worse survival between BCS and total mastectomy patients (20–23), indicating that BCS was a standard surgery for breast cancer patients in the early stage rather than total mastectomy. However, compared with mastectomy, BCS relies on precise imaging, detailed pathology, specialist surgery, and systemic therapy to prolong survival (9). The sociodemographic disparities in different races may lead to survival disparities in patients receiving different surgery types.

Although previously studies deliver evidence encouraging the use of BCS, it remains unclear why such survival disparities would exist in breast cancer patients with the same stage. In fact, BCS is a complex treatment, which relies on precise imaging and pathology, specialist surgery, and systemic therapy to enhance survival (9). Factors of ethnic heterogeneity, resulting in a worse prognosis in minorities, include younger age at diagnosis, later stage of breast cancer at diagnosis, biologic and genetic factors (24). However, in the current study, we found that adjusted for imbalanced clinicopathological features, such as age at diagnosis, grade, stage, and luminal subtype, minorities breast cancer patients still had a worse prognosis than white breast cancer patients. Thus, in addition to the adjusted clinicopathological features, several racial traits, including biologic and genetic factors, health care, and socioeconomic status, tended to affect the survival of breast cancer patients. For example, compared with white women, black women were less likely to receive appropriate treatment. Budhwani et al. (24) found that black women were less likely to receive surgical treatment in tertiary hospitals and did not receive adjuvant therapy in a timely manner. Interestingly, we found that API patients had a better prognosis than those from other races in the unadjusted data because they were less likely to be diagnosed at the T4 and N3 stages before BCS, suggesting that BCS should only be performed in APIs at early stages for a better prognosis.

In this study, we also found that in the mastectomy group, white breast cancer patients still had a better prognosis than minorities breast cancer patients. These results suggest that factors beyond clinicopathological features also affect the survival of breast cancer patients after mastectomy. Interestingly, we found that comparing the survival differences between white and minority breast cancer patients after BCS, the survival differences were increased in patients after mastectomy. These phenomena may be attributed to several unmeasurable factors, including socioeconomic status, multimorbidity, and effective therapy after surgery. For example, mastectomy is more common in women with a lower socioeconomic status, higher multimorbidity, and lower rates of adjuvant chemotherapy (25–27).

There were inherent limitations in these cancer registry datasets. First, owing to data availability, other information from SEER could not be collected, such as surgical distance, income, premenopausal endogenous hormone levels, breastfeeding, and genetic susceptibility, so it is hard to adjust for all potential confounders in this study (28–33). Second, white patients had higher survival rates, which may be influenced by adjuvant chemotherapy and radiotherapy after surgery. However, cancer registries did not collect treatment regimens systematically after surgery. In this study, the rates of radiotherapy were similar among individuals of these three races. Moreover, black patients with the worst survival rates even had the highest rate of adjuvant chemotherapy compared with women from other races. Despite limitations, this study offered a perspective on the racial disparities of breast cancer patients based on a large-scale multiracial dataset. Additionally, it adjusted for the imbalanced baseline measured by the IPW method before the analysis of cumulative racial disparities to reduce the probability of confounding.

In conclusion, we first identified that minority breast cancer patients had worse survival outcomes than white patients regardless of patients clinicopathological features and surgery types. The results suggested that survival disparities in breast cancer patients may not only be explained by the disparities of clinicopathological characteristics, but also affected by other ethnic differences. Confirming these risk factors through further research could improve the prognosis of breast cancer patients.
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