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Purpose

Our study aims to examine the impact of definitive local therapy in prostate cancer patients with different metastatic sites.



Methods

Totally, 5,849 patients diagnosed with metastatic prostate carcinoma from 2010 to 2014 were selected from Surveillance, Epidemiology, and End Results (SEER). Log-rank analyses, multivariable regression analysis, and Kaplan–Meier methods were used to assess prognostic impact of local treatment in patients with different metastatic sites. Survival curves and forest plots were also plotted to describe the prognostic value of definitive local therapy.



Results

In our study, 159 patients received radical prostatectomy, and 62 received brachytherapy, while 5,628 did not receive local definitive local therapy. Survival analysis revealed that patients who received definitive local therapy had a better 5-year overall survival (OS) (P = 0.011) and cancer-specific survival (CSS) (P = 0.012). Multivariate regression analyses demonstrated that type of treatment was an independent prognostic indicator for OS (P = 0.011) and CSS (P = 0.012), along with age at diagnosis, chemotherapy, PSA level, and Gleason score. According to subgroup analysis, patients with bone metastasis or distant lymph node (LN) metastasis were significantly more likely to benefit from definitive local therapy. In addition, forest plots demonstrated that RP group had significant favorable OS and CSS in subgroups of younger age at diagnosis, T2–3 stage, N0–1 stage, Gleason score =7 or ≥8, bone metastasis, and distant LN metastasis.



Conclusions

Our study suggested that local therapy improved survival in prostate cancer patients with bone or distant LN metastasis. Furthermore, patients who were at T2–3 stage or Gleason score ≥7 also significantly benefit from definitive local therapy.
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Introduction

Prostate carcinoma is one of the most common cancers in men (1). In 2016, it is estimated that more than three million men were currently prostate cancer patients in the United States, and many of them were diagnosed with metastasis (2). The prognosis of metastatic prostate cancer was comparatively poor, which caused significant mortality in prostate cancer patients (3).

Several studies have studied the distribution of metastatic sites in prostate cancer patients, and the most common ones were distant lymph nodes (LNs) and bones (4). Although many studies focused on the treatment of prostate cancer, the options for metastatic prostate cancer were still limited, and the standard therapy was androgen deprivation therapy combined with chemotherapy (3, 5). Shou et al. reported that patients with different metastatic sites seemed to have significant different prognosis in prostate cancer, which might have promising implications to make different clinical decisions to those patients (6).

Many studies reported that local therapy of the primary tumor, including radical prostatectomy (RP) or brachytherapy (BT) may improve survival outcomes of many metastatic cancers, such as bladder cancer (7, 8) and breast cancer (9–11). The role of definitive local therapy in the treatment of metastatic prostate cancer also received more and more attention. Some studies suggested that definitive local therapy could be a potential treatment option for metastatic prostate cancer (12–14). As for radiotherapy, the latest Systemic Therapy for Advanced or Metastatic Prostate cancer: Evaluation of Drug Efficacy (STAMPEDE) trial demonstrated an overall survival benefit (p = 0.007) for patients with a low metastatic burden. This was also suggested in the subgroup analysis of the HORRAD trial (15, 16). However, few studies have discussed the relationship between definitive local treatment and various metastatic sites of prostate cancer because of differences in treatment schemes and the small number of patients.

Comprehensive analysis on the prognostic impact of definitive local therapy for metastatic prostate cancer, especially for site-specific metastasis, is deficient. Therefore, the aim of our study was to examine the value of definitive local therapy in prostate cancer patients with different metastatic sites by population-based data from the SEER database. In addition, we also investigated the optimal candidates of definitive local therapy.



Material and Methods


Patients

Surveillance, Epidemiology, and End Results (SEER) database was used to identify patients’ information. The inclusion criteria for patients were as follows: 1) prostate cancer patients (the ICD-O-3 code for histology was 8,140) with distant metastasis at diagnosis (“M1” in the variable “Derived AJCC M”); 2) prostate cancer was only or first malignant tumor; 3) diagnosed from 2010 to 2014; and 4) patients with complete information on treatment (including surgery and radiotherapy), age at diagnosis and follow-up.



Covariates and Survival Data

Baseline information included demographics factors (ethnicity, age at diagnosis, and marital status), disease status (Gleason score, PSA value, T stage, N stage, M stage, status of distant metastases: brain, lung, liver, bone, and distant lymph node) and therapy (radical prostatectomy, brachytherapy, and chemotherapy). In this study, RP represented the total dissection of the prostate. Incomplete local therapies like cryosurgery were not counted as RP. Factor for chemotherapy was simply categorized as patients who once did or did not receive chemotherapy once because of lack of detailed information in the SEER database.

In addition, survival information included overall survival (OS) and cancer-specific survival (CSS) in our study.



Statistical Analysis

In this study, patients were classified into three subtypes according to their treatment history: not receiving radical prostatectomy or brachytherapy (NSR, N = 5628), receiving radical prostatectomy without brachytherapy (RP, N = 159), and receiving brachytherapy without radical prostatectomy (BT, N = 62). Clinicopathological variables of the three subgroups (NSR, RP, and BT) were collected for further analysis. Student’s t-test was used to compare continuous variable, and Pearson chi-square test or Fisher’s exact test was used to compare categorical variables. Log-rank test and Kaplan–Meier methods were used to perform survival analysis. Independent effect of clinical factors on OS and CSS was assessed by Cox’s multivariate analyses. Besides, forest plots and survival curves were also plotted.

All the statistical tests were conducted by SPSS (version 22.0, IBM. NY, USA). Kaplan–Meier survival curves were also plotted by SPSS. Venn diagram was drawn on the public website (http://bioinformatics.psb.ugent.be/webtools/Venn/). Besides, forest plots were depicted by R (version 3.5.1, Austria). All the statistical tests were double-sided, and P < 0.05 was considered statistically significant.



Ethics Statement

Following the provisions of the Declaration of Helsinki (as revised in Fortaleza, Brazil, October 2013), this study was permitted by the Ethics Committee of Fudan University Shanghai Cancer Center. All the patients were from the public database. Therefore, informed consent was not needed.




Results


Patient Baseline Characteristics

In all, 5,849 patients from the SEER database were included in this study. Among them, 5,628 did not receive surgery or radiotherapy; 159 received radical prostatectomy, and 62 received brachytherapy. The metastatic information of all patients was shown in Venn plot (Figure 1). Most patients suffered from bone (n = 4,888) and distant LN (n = 1,038) metastasis. In addition, many patients had more than one organ metastasis.




Figure 1 | Venn diagram of distribution of metastatic sites.



Clinical information of these patients was demonstrated in Table 1. They were divided into NSR, RP, and BT cohorts. The median age at diagnosis was 70 for the NSR cohort (interquartile range: 62–78), 62 for the RP cohort (interquartile range: 57–67) and 65 for the BT cohort (interquartile range: 56–70). Patients belonging to the NSR cohort are more likely to be older at diagnosis, suffer from bone metastasis, and less likely to be married, compared to the other two groups. Also, there was a significant difference in T stage, M stage, PSA level, Gleason score among three groups. Otherwise, no significant difference in M stage, chemotherapy, brain, liver, lung, and distant LN metastasis was noted among the groups.


Table 1 | Baseline characteristics of metastatic prostate cancer patients in the SEER database.





Multivariate Survival Analysis of all Patients

Cox multivariate analyses were conducted to evaluate clinical factors’ prognostic value for CSS and OS in the overall group (see Table 2). Comparing with the NSR group, patients who received RP or BT seemed to have better CSS (P = 0.012) and OS (P = 0.011). In addition, the results showed that age at diagnosis, marital status, race, T stage and M stage, chemotherapy, PSA level, and Gleason score were independent prognostic factors affecting OS and CSS. Nevertheless, no significant difference was seen among patients with different N stages. As for the metastatic sites, patients with bone and liver metastasis had significant worse prognosis, while there was no significant prognostic difference between patients with other metastasis (brain, lung and distant LN) or not (OS: P = 0.275; CSS: P = 0.112).


Table 2 | Cox multivariate analyses of prognostic indicators for OS and CSS in the overall cohort.





Prognostic Significance of Definitive Local Therapy in Patients With Metastatic Prostate Cancer

We then analyzed whether local therapy could improve outcomes for metastatic prostate cancer patients. Multivariate analyses revealed that type of treatment was a prognostic factor affecting OS and CSS among all patients (Table 2). Therefore, we investigated the prognostic significance of definitive local therapy in overall cohort using Kaplan–Meier curves and log-rank test. The results were presented in Figure 2, showing significant better survival in OS and CSS for the RP and BT groups (OS: P < 0.001; CSS: P < 0.001).




Figure 2 | Kaplan–Meier curves of (A) overall and (B) cancer-specific survival in NSR, RP, and BT groups were performed in the overall cohort (n = 455).



In this study, we further analyzed if metastatic sites of prostate cancer affect prognostic outcomes among the three groups. For patients with bone metastasis, Kaplan–Meier curves showed significant difference in OS and CSS between patients in different treatment groups (P < 0.001 for OS, P < 0.001 for CSS, Figures 3A, C). RP and BT groups also conferred a significant survival advantage in patients with distant metastatic LN (OS: P = 0.031; CSS: P = 0.031, Figures 3B, D).




Figure 3 | Kaplan–Meier curves of overall and cancer-specific survival in the NSR, RP, and BT groups were performed in patients with bone metastases (A, C) and distant lymph nodes metastases (B, D).



We then performed subgroup analyses to compare survival differences in different Gleason scores groups and T stage groups. For patients with Gleason score =7 or Gleason score ≥8, patients who received RP or BT showed better survival outcome than patients who did not received local therapy (Supplementary Figures 1B, C, E, F). However, no significant difference of OS and CSS was found in subgroup Gleason score ≤6 (Supplementary Figures 1A, D), indicating that definitive local therapy may not be recommended for patients with low Gleason scores. For patients with different T stages, T2 and T3 patients had higher OS and CSS in the RP or BT cohort (Supplementary Figures 2B, C, F, G). Patients in T1 stage only had a significant difference in OS (Supplementary Figures 2A, E). Patients in T4 stage did not have a significant difference in OS or CSS (Supplementary Figures 2D, G).

Moreover, Cox’s multivariate analyses were carried out, and a forest plot was made (Figure 4) to better compare the prognostic impact of definitive local therapy. No significant difference in OS and CSS was found between the NSR and RP cohorts for most of the subgroups. However, the RP group had significant favorable OS and CSS in the subgroups of younger age at diagnosis, T2–3 stage, N0–1 stage, M1b stage, Gleason score =7 or ≥8, bone metastasis, and distant LN metastasis. It is worth noting that no significant difference exists in the OS and CSS for subgroups of T1 stage between RP and NSR cohorts. Subgroup analysis for BT versus NSR was not presented due to lack of eligible patients in the BT group.




Figure 4 | Forest plots summarizing the HRs and 95% CIs of (A) overall and (B) cancer-specific survival for RP versus NSR in subgroup analyses.






Discussion

Metastasis is common in prostate cancer patients and is often correlated with poor outcome. Management strategy of metastatic prostate cancer is developing over the last few decades. Newly diagnosed metastatic patients normally have a median survival of more than 40 months (5). Some studies have suggested that distant metastasis pattern has independent prognostic value. For example, Shou and his colleague revealed that patients with liver metastasis have worse survival outcome than bone, brain, and lung metastases (6). In our study, using the metastatic prostate cancer cohort from the SEER database, we retrospectively studied the effect of local treatment in prostate cancer patients with different sites of metastasis and proved that definitive local therapy improved survival in patients with bone or LN metastasis. Moreover, we for the first time pointed out that Gleason score and T stage were both independent predictors for the prognosis of metastatic prostate cancer patients receiving definitive local therapy.

The therapeutic value of local therapy on patients’ prognosis has been discussed in many metastatic cancers (7–11, 17, 18). Recently, local therapy was considered a standard therapy for metastatic breast cancer patients (19). Adoption of local therapy in other metastatic cancers has brought us ideas to explore its value in metastatic prostate cancer. However, some studies previously claimed that if the tumor had spread across the capsule of the prostate, definitive local therapy to the tumor could not control the development of tumor or improve prognosis, but only alleviate local symptoms (20, 21). Therefore, definitive local therapy is rarely considered as a conventional treatment method in prostate cancer management (3, 5). Recently, with the application of definitive local therapy in other metastatic cancers, some researches aimed at its therapeutic value in metastatic prostate cancer. Michael et al. suggested that cytoreductive prostatectomy, when combined with multimodal management, should be considered in metastatic prostate cancer patients, which may improve the prognosis (22). Stephen et al. found a survival benefit for local treatment in metastatic prostate cancer patients in a retrospective study (14). Based on a large patient cohort from the SEER database, our study investigated which types of metastatic prostate patients could benefit from definitive local therapy based on the large cohort of metastatic prostate patients from the SEER database. It might provide new insight into clinical management of metastatic prostate cancer patients and help classify patients with various prognoses into different groups.

In this study, we divided patients into different subgroups according to patients’ clinical features and discussed which subgroup of patients was more suitable for definitive local therapy. In the overall cohort, patients who received RP or BT had significant 5-year OS and CSS. This result was in line with many previous researches on other types of cancer. Furthermore, in this study, we originally demonstrated that prostate cancer patients with bone or distant lymph node metastasis were associated with significant better prognosis after definitive local therapy, while the same results did not occur in liver, brain or lung metastasis. This situation might be due to the factor that the brain, liver, and lung are important organs and metastasis could more easily induce organ failures in these sites, which cannot be controlled by definitive local therapy. Additionally, definitive local therapy turned out to be an independent prognostic factor in subgroups of T2, T3 stage, Gleason score =7 or Gleason score ≥8. These results indicated that metastatic prostate cancer patients with clinical features above may benefit from definitive local therapy.

Recently, the prognostic value of definitive local therapy has been discussed in metastatic prostate cancer and many other cancers. However, in the 2019 EAU guideline on prostate cancer, definitive local therapy is still not recommended as routine treatment for all metastatic prostate cancer patients because of the lack of evidence from large ongoing trials (5). Our study pointed out that metastatic prostate cancer patients with distant lymph node or bone metastasis would have better outcome after definitive local therapy. Moreover, patients who were at T2–3 stage and Gleason score =7 or ≥8 also significantly benefited from definitive local therapy. Such results indicated that definitive local therapy could possibly apply to highly selected groups of metastatic prostate cancer patients. Furthermore, by reducing the general tumor burden, local treatment could be used as a supplement for a comprehensive treatment scheme to improve tumor control (12). To verify the therapeutic value of definitive local therapy, more high-quality randomized controlled trials are in need.

This study still has several limitations. Firstly, selection biases would inevitably exist due to missing detailed information in the SEER database, like performance status and comorbidities. It’s reasonable that patients who have better physical condition will have a higher chance to receive RP or BT. However, some other studies based on the SEER database have also reported this disadvantage. They confirmed that it was impossible that this unadjusted confounding factor alone contributed to the highly significant prognostic value of RP or BT in highly selected groups (23–27). Secondly, the SEER database only had information of five specific organs of metastases, which could not include all types of metastasis developed in prostate cancer patients. Thirdly, there was a lack of detailed information about chemotherapy and androgen deprivation therapy in the SEER database, which could influence patients’ prognosis. Lastly, due to the relatively small number of patients receiving BT, we could not perform subgroup analysis for BT versus NSR.



Conclusion

This study suggested that local therapy improved survival in prostate cancer patients with bone or distant LN metastasis. Moreover, patients who were at T2–3 stage and Gleason score ≥7 also significantly benefit from definitive local therapy. More high-quality randomized controlled trials are still required to verify the therapeutic value of definitive local therapy.
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Supplementary Figure 1 | Kaplan–Meier curves of overall and cancer-specific survival in NSR, RP and BT groups were performed in patients with Gleason Score ≤6 (A, D), Gleason Score =7 (B, E) and Gleason Score ≥8 (C, F).

Supplementary Figure 2 | Kaplan–Meier curves of overall and cancer-specific survival in the NSR, RP, and BT groups were performed in patients with T1 (A, E), T2 (B, F), T3 (C, G) and T4 (D, H) stage.
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