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Introduction

To investigate the effect of local treatment strategy on survival outcome in de novo stage IV breast cancer patients who received chemotherapy.



Methods

We identified stage IV breast cancers that presented with synchronous metastasis from the Surveillance, Epidemiology, and End Results database. Binomial logistic regression, Kaplan–Meier survival curves, propensity score matching (PSM), and multivariate Cox regression model were used for statistical analyses.



Results

We identified 5,374 patients in total, including 2,319 (43.2%), 2,137 (39.8%), and 918 (17.1%) patients who received surgery alone, surgery+radiotherapy, and radiotherapy alone, respectively. The probability of patients receiving surgery alone decreased over time, and the probability of patients receiving radiotherapy alone increased over time. However, no significant difference was observed in the probability of patients receiving postoperative radiotherapy (P = 0.291). The 3-year breast cancer-specific survival (BCSS) in patients treated with surgery alone, radiotherapy alone, and surgery+radiotherapy was 57.1, 35.9, and 63.9%, respectively (P < 0.001). The local treatment strategy was the independent prognostic factor related to BCSS. Using surgery alone as the reference, radiotherapy alone was related to lower BCSS (P < 0.001), while additional radiotherapy after surgery improved BCSS (P < 0.001). Similar results were observed using PSM.



Conclusions

Compared to radiotherapy alone, surgery to the primary site may confer a survival benefit in stage IV breast cancer with synchronous metastasis, and additional postoperative radiotherapy further improves outcome after primary tumor removal. Local treatment can only be an option in highly selected patients with de novo stage IV disease in the treatment guidelines. More prospective studies are needed to investigate the role of local management for this patient subset.
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Background

Breast cancer remains the leading cause of malignancy in women worldwide, with approximately two million new cases diagnosed in 2018 (1). About 3–5% of newly diagnosed breast cancer cases are stage IV disease with synchronous metastasis (de novo stage IV disease) (2–4). Although related to poor outcomes, advances in systemic therapies against breast cancer such as taxane-based chemotherapy, targeted therapies, and endocrine therapy have improved the survival outcomes of stage IV patients (5). Two recent studies have indicated that the prognosis has improved over the past three decades in this patient subset (6, 7).

Traditional management in this patient subset comprises systemic therapy, with additional surgery or radiotherapy to control locoregional symptoms. However, four recent randomized trials that investigated prognosis after surgery in de novo stage IV breast cancer reported conflicting results (8–11). Several retrospective studies have shown a survival advantage with locoregional treatment, including surgery or radiotherapy to the primary site (12–21). The rationale for proceeding with additional surgery or radiotherapy includes the possibility of increasing the effectiveness of chemotherapy, reducing the total tumor burden, restoring immunity, eliminating breast cancer stem cells, and decreasing the likelihood of resistant disease, which may lower the metastatic potential of the primary tumor (22–24). These observations suggest that locoregional intervention to primary tumors may improve outcome in stage IV breast cancer with synchronous metastasis.

In current clinical practice, approximately half of the patients with de novo stage IV disease were treated with local surgery, because it was associated with better local control and longer survival times in retrospective studies (19, 25, 26). The consensus from the Third International Consensus Conference for Advanced Breast Cancer suggests that surgery to the primary site can be considered in selected patients, particularly to improve the quality of life (27). However, the survival benefit of radiotherapy in these patients has been rarely investigated (13, 20, 21). In addition, it is worth speculating whether postoperative radiotherapy could improve survival, as this has shown conflicting results in the past (13, 18, 19, 21). Therefore, we explored the existing real-world data from the Surveillance, Epidemiology, and End Results (SEER) program to assess the outcomes of different local treatment strategies including surgery alone, radiotherapy alone, and surgery+radiotherapy for patients with stage IV breast cancer with synchronous metastasis.



Methods and Materials


Patients

Patient data were selected from the SEER database that includes patient information regarding clinical cancer incidence, demographics, clinicopathological characteristics, the first course of treatment including surgery, radiotherapy, and chemotherapy, and vital status from 18 registries, which represents approximately 28% of the population of the United States (28). We identified de novo stage IV breast cancer patients treated with surgery alone, radiotherapy alone, or surgery and radiotherapy in addition to chemotherapy, between 2004 and 2012. The following patients were excluded: those with no pathologic diagnosis, those with non-invasive ductal carcinoma or invasive lobular carcinoma, those that did not undergo external beam radiation, and those with unavailable data regarding ethnicity, grade, tumor size, nodal status, estrogen receptor (ER), and progesterone receptor (PR) status. The Institutional Review Board waived the need for informed consent because anonymized patient data from the SEER database was used.



Measures

We identified the following variables of interest: age, ethnicity, grade, histology, T stage, N stage, ER status, PR status, and local treatment procedures. T and N category was determined based on the seven edition of the UICC/AJCC staging system. The primary outcome of this study was breast cancer-specific survival (BCSS), which was calculated as the time from the initial diagnosis to the date of breast cancer-specific death or last follow-up.



Statistical Analysis

The distribution differences among locoregional treatment procedures and patient information were compared using the chi-square test. Predictors of receipt of locoregional treatment procedures were analyzed using binomial logistic regression. A 1:1 propensity score matching (PSM) method was performed by logistic regression to balance the above patient demographic and clinicopathological characteristics to reduce the potential baseline selection bias. The BCSS rate was assessed using the Kaplan–Meier method, and the effect of locoregional treatment procedures on BCSS was analyzed using the log-rank test. The independent prognostic indicators associated with BCSS were determined using multivariate Cox regression models with Backward Wald. IBM SPSS version 22.0 (IBM Corp., Armonk, NY, USA) was used for all statistical analyses, and a P < 0.05 was considered to indicate statistical significance.




Results


Patient Characteristics

We identified 5,374 patients from the SEER database in this study. A flow-chart of patient selection is shown in Figure 1. Of these patients, 93.2% (n = 5,006) had invasive ductal carcinoma, 81.6% (n = 4,387) had node-positive disease, 76.3% (n = 4,102) were aged <65 years, 64.3% (n = 3,454) had ER-positive disease, 62.1% (n = 3,339) were non-Hispanic White, and 60.8% (n = 3,272) had poorly differentiated/undifferentiated disease. In addition, approximately 50% of patients had stage T3-4 disease. A total of 4,456 patients underwent surgical treatment, and 48.0% (n = 2,137) of them were treated with postoperative radiotherapy, while 918 patients received radiotherapy alone. The patient baseline characteristics are listed in Table 1.




Figure 1 | The patient selection flowchart of the study.




Table 1 | Patients’ baseline characteristics.





Trends of Local Treatment Receipt

The use of surgery alone decreased from 45.7% in 2004 to 39.8% in 2012 (P < 0.001). However, no significant difference was observed in the probability of patients receiving postoperative radiotherapy (41.6% in 2004 vs. 39.5% in 2012, P = 0.291). Moreover, the probability of receiving radiotherapy alone showed an increase over time, from 12.8% in 2004 to 21.1% in 2012 (P < 0.001). Figure 2 shows the probability of receiving different local treatments over time.




Figure 2 | The probability of receiving different local treatment strategies over time.





Predictors for Receipt of Local Treatment

Using binomial logistic regression (Table 2), we found that ethnicity, grade, T stage, and N stage were independent predictors of radiotherapy receipt. Patients with non-Hispanic Black and other ethnicities, lower tumor grade, larger tumor size, and node-negative disease were more likely to be treated with radiotherapy alone. In addition, age, T stage, N stage, and ER status were independent predictors of postoperative radiotherapy receipt. Patients with younger age, T4 stage, and node-positive and ER-positive disease were more likely to receive postoperative radiotherapy.


Table 2 | Predictive factors for receipt of local treatment.





Survival and Prognostic Analyses

With a median follow-up of 37 months (range, 0–143 months), a total of 3,727 patients died, including 3,317 patients who died with breast cancer. The 3- and 5-year BCSS was 56.3 and 40.2%, respectively. The 3-year BCSS in patients that underwent surgery alone, radiotherapy alone, and surgery+radiotherapy was 57.1, 35.9, and 63.9%, respectively, with a median survival time of 45, 25, and 55 months, respectively (P < 0.001) (Figure 3).




Figure 3 | The Kaplan–Meier curves of breast cancer-specific survival by different local treatment strategies before propensity score matching.



In the multivariate Cox regression analysis (Table 3), local treatment strategy also served as an independent prognostic factor related to BCSS. Using surgery alone as the reference, radiotherapy alone was related to lower BCSS (hazard ratio [HR]: 1.966, 95% confidence interval [CI]: 1.788–2.162, P < 0.001), while additional radiotherapy after surgery improved BCSS (HR: 0.829, 95% CI: 0.767–0.896, P < 0.001). In addition, age, ethnicity, grade, histology, T stage, N stage, and hormone receptor status were the prognostic factors related to BCSS.


Table 3 | Multivariate analysis on prognostic indicators associated with breast cancer-specific survival before propensity score matching.



Using PSM, a total of 792 pairs were completely matched between the surgery ± radiotherapy and radiotherapy alone cohorts. In addition, 1,469 pairs were completely matched between surgery alone and surgery+radiotherapy cohorts. After adjustment of age, ethnicity, grade, histology, T stage, N stage, and hormone receptor status, the results confirmed that patients who received radiotherapy alone had lower BCSS than those who were treated with surgery ± radiotherapy (HR: 2.135, 95% CI: 1.889–2.412, P < 0.001) (Model 1) (Table 4). Moreover, patients who received postoperative radiotherapy had better BCSS than those treated with surgery alone (HR: 0.814, 95% CI: 0.742–0.893, P < 0.001) (Model 2) (Table 4). The survival curves in the two cohorts are shown in Figure 4.


Table 4 | Multivariate analysis on prognostic indicators associated with breast cancer-specific survival after propensity score matching.






Figure 4 | The Kaplan–Meier curves of breast cancer-specific survival by different local treatment strategies after propensity score matching (A) surgery ± radiotherapy vs. radiotherapy alone; (B) surgery+radiotherapy vs. surgery alone).






Discussion

In the current study, we used the SEER database to investigate whether aggressive local treatment improves survival in stage IV breast cancer with synchronous metastasis. Our results showed that local surgery was related to better BCSS than radiotherapy alone, and additional postoperative radiotherapy further improved BCSS than surgery alone.

De novo stage IV breast cancer is a relatively rare disease, and most patients were treated with systemic therapy only. The efficacy of local treatment, such as surgery and/or radiotherapy remains controversial. Thus, there were significant differences in the distribution regarding local treatment strategies in these patients. In a study by Choi et al. that included 245 patients, 82 patients received locoregional treatment and systemic therapy, and 32.9, 11.0, and 56.1% of them received surgery alone, radiotherapy alone, and surgery+radiotherapy, respectively (18). Another study from the British Columbia Cancer Agency (n = 378) indicated that surgery was the most common treatment procedure (78.3%), with only 13.9% (n = 41) patients receiving radiotherapy in the surgery cohort and 21.7% patients receiving radiotherapy alone (19). However, another study from Le Scodan et al. that included 320 patients treated with locoregional treatment showed that 78% (n = 249) received radiotherapy alone, 71 (22.2%) received surgery, and 57.7% had additional radiotherapy (13). In our study, the distribution of the types of local treatment was 43.2, 17.1, and 38.8 in the surgery alone, radiotherapy alone, and surgery+radiotherapy, respectively. There was no consensus regarding the locoregional treatment in this patient subset. Therefore, the different distribution of locoregional treatment might reflect the different clinical practices in various institutions.

To our best knowledge, no study has so far assessed changes to local treatment patterns in de novo stage IV breast cancer over time. In this study, we additionally investigated the relationship between the patterns of local treatment and the time of diagnosis. Our results showed that from 2004 to 2012, patients who received surgery alone decreased by 5.9% (45.7 vs. 39.8%), while those that received radiotherapy alone increased by 8.3% (12.8 vs. 21.1%). The main reason for the changing trends of local treatment remains unclear. A possible explanation is that systemic treatments for breast cancer patients, including chemotherapy, targeted therapy, and endocrine therapy, have made significant progress, and the outcomes have improved (5), which may have reduced the use of aggressive treatments, including surgery.

Although an improvement in median survival was observed with upfront local surgery for de novo stage IV breast cancer in the MF07-01 trial (9), there were three randomized trials, including TATA memorial study, E2108 trial, and ABCSG-28 POSYTIVE trial, which investigated local therapy for de novo stage IV breast cancer and indicated that additional local therapy to optimal systemic therapy did not improve survival outcomes than those treated with optimal systemic therapy alone (8, 10, 11). In the current clinical practice, approximately half of patients with de novo stage IV breast cancer were treated with local therapy (15, 16, 19, 21, 25, 26). Therefore, according to our findings, if the clinicians decide to use local treatment in select cases, it appears that surgery+radiotherapy is better than those with radiotherapy or surgery alone.

Results regarding the predictive factors of receipt of radiotherapy alone were contradictory. A study by Le Scodan et al. included patients who received radiotherapy alone or no local treatment, patients with small tumor size, lower nodal stage, non-visceral metastases, and received a combination of endocrine treatment and chemotherapy were more likely to received radiotherapy (13). Another study from the Institut Gustave Roussy Breast Cancer Database showed that patients with large tumor size, higher tumor grade, advanced nodal stage, and higher tumor burden were more likely to be included in the radiotherapy alone than surgery ± radiotherapy cohort (21). Our results also showed that patients with favorable prognostic factors, including lower tumor grade and node-negative disease were more likely to received radiotherapy alone. However, patients with larger tumor size also had a higher chance of receiving radiotherapy alone compared to surgery cohort. The results from a meta-analysis showed that patients with larger tumor size were less likely to undergo surgery (20). Thus, locoregional radiotherapy might be a reasonable choice for patients with larger tumor size if locoregional management was to be performed. However, our study showed that radiotherapy alone had the worst survival.

Although the efficacy of local treatment in these patients showed contradictory results in prospective studies (8–11), current retrospective studies with large cohorts had suggested that local treatment could improve the survival of this patient subset (12–21). However, most studies are mainly based on surgical treatment, and there are currently no prospective studies to compare the role of radiotherapy and surgery. A study by Le Scodan et al. showed that patients in the radiotherapy cohort had better 3-year overall survival (OS) (43.4 vs. 26.7%, P < 0.001) than patients who did not undergo any local treatment (13). They suggested that locoregional radiotherapy may be an effective alternative to surgery. However, more patients who are treated with radiotherapy alone had smaller tumor size, lower nodal burden, bone-only metastases, and less visceral organ involvement, and more received endocrine therapy (13). Two recent studies from the Institut Gustave Roussy Breast Cancer Database and the British Columbia Cancer Agency showed comparable survival outcomes between surgery ± radiotherapy and radiotherapy-alone cohorts when adjusted for prognostic factors (19, 21). However, patients who received surgery ± radiotherapy were less likely to be treated with systemic therapies (55 vs. 99% in surgery ± radiotherapy vs. radiotherapy alone, respectively) (21), which may limit the representative value of the study. The study by Choi et al. included 245 patients, wherein 90% were treated with chemotherapy, and patients with surgery ± radiotherapy had significantly higher locoregional-free survival (LRFS) and OS rates than the radiotherapy-only cohort (5-year LRFS: surgery+radiotherapy [70%], surgery only [53%], and radiotherapy only [27%]; 5-year OS: surgery+radiotherapy [77%], surgery only [70%], and radiotherapy only [44%]). Moreover, 63.0% of patients received postoperative radiotherapy in the surgery cohort (18). In our large cohort study, all patients were treated with chemotherapy, and patients in the surgery ± radiotherapy cohorts had significantly higher BCSS than those treated with radiotherapy alone before and after PSM, which was similar to Choi et al.’s results (18). Our study indicated that surgery is an acceptable alternative to radiotherapy alone in appropriately selected patients.

There were still large differences in the recommendation for postoperative radiotherapy, ranging from 18.9 to 63.0% (12, 18, 19, 25, 29). Several previous studies have shown comparable LRFS or OS between patients treated with surgery alone and surgery+radiotherapy (18, 19, 25, 29). Our study further indicated that postoperative radiotherapy could improve BCSS in the surgical cohort. The potential interpretation of our results may be with respect to higher tumor burden, including larger tumor size, advanced nodal stage, and higher tumor grade that may have a significant correlation with subsequent locoregional recurrence and distant metastasis. Therefore, postoperative radiotherapy may be an important option, together with local surgical treatment for these patients. Studies from non-metastatic breast cancer have also shown that postoperative radiotherapy can improve locoregional control, distant recurrence, and OS in patients with node-positive lymph nodes (30–32).

Our study has some limitations. First, as with any retrospective study, there exists a possible selection bias with limits any conclusions of direct causative relationships. In addition, we were unable to include targeted therapy and endocrine therapy, given that it was not recorded in the SEER database. Third, the sequence of chemotherapy and local treatment, the timing of local treatment, the evaluation of tumor response to chemotherapy, the recurrence, and distant patterns after local treatment are not recorded in the SEER program. Finally, the dose and target volume of locoregional radiotherapy was also not recorded in the SEER database. The primary strength of this study was that we used a large database series to determine the optimal additional local treatment strategy in de novo stage IV breast cancer treated with chemotherapy.



Conclusion

In conclusion, our study suggests that surgery to primary sites may offer better survival benefit than radiotherapy alone in patients with de novo stage IV breast cancer. Additionally, additional postoperative radiotherapy further improves outcomes after primary tumor removal. However, due to lack of important information regarding tumor biology, systemic treatments, and site of metastasis. This study does not provide reliable data on the real impact of local treatments for this patient subset. According to the guidelines from the European School of Oncology and European Society for Medical Oncology (33), local treatment can only be an option in highly selected patients. Therefore, more prospective studies are needed to investigate the role of local management in patients with de novo stage IV breast cancer.
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