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Purpose

The purpose of this study was to summarize the existing evidence and develop a comprehensive systematic review of the impact of androgen suppression therapy (AST) on the incidence or clinical outcomes of bladder cancer.



Methods

We systematically searched the PubMed and Embase databases from inception to June 20, 2021 to identify all observational studies examining the incidence or clinical outcomes of bladder cancer in patients who received AST. AST is defined as the use of 5-alpha reductase inhibitors (5-ARIs) or androgen deprivation therapy (ADT).



Results

A total of 18 observational studies were included. Our results showed that AST was not significantly associated with a reduced risk of BCa incidence (OR: 0.92, 95% CI: 0.68–1.24) compared with the lack of AST. The subgroup analysis revealed that finasteride use was significantly associated with a reduction in the risk of BCa incidence (OR: 0.75, 95% CI: 0.64–0.88). Recurrence-free survival (RFS) was improved among AST users compared with nonusers (HR: 0.68, 95% CI: 0.48–0.95), while no significant difference between AST users versus nonusers was identified for cancer-specific survival (CSS), overall survival (OS) or progression-free survival (PFS).



Conclusion

Current evidence indicates that therapy with finasteride may represent a potential strategy aimed at reducing BCa incidence. Moreover, AST has a beneficial effect on the recurrence of bladder cancer. Further well-designed randomized trials or cohort studies with better characterized study populations are needed to validate our preliminary findings.



Systematic Review Registration

International Prospective Register of Systematic Reviews database [https://www.crd.york.ac.uk/PROSPERO/], identifier CRD42021261685.
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Introduction

Bladder cancer (BCa), predominantly urothelial carcinoma, is a common malignant genitourinary tumor (1, 2). Men are 3 to 4 times more frequently diagnosed with bladder cancer than women; however, women tend to be diagnosed with more advanced disease at presentation and have less favorable outcomes after treatment (1, 3–5). Female patients with urothelial carcinoma of the bladder have been shown to have worse cancer specific survival, overall survival and recurrence-free survival (5, 6). Recent studies question why there are differences, and the effects of sex hormones and its receptors, especially androgens, have become widely researched (1, 5–7).

Sex hormones and corresponding receptors are relevant modulators of cancer onset and progression in nonreproductive organs, particularly the lung, colorectal, bladder, stomach, kidney, pancreas, and thyroid gland (8). The excessive or reduced expression of these receptors, and the changes in their upstream or downstream pathways are closely related to the outcomes of BCa (8, 9). Numerous studies have focused on the role of androgen receptor (AR) and androgens in the development of bladder cancer. In vitro and vivo evidence highlights a crucial role for AR in BCa development, progression, recurrence and resistance to standard therapies such as chemotherapy, radiotherapy, and Bacillus Calmette Guerin (BCG) (2, 4, 8, 10–14). Emerging clinical evidence also suggests that the manipulation of androgen signaling may affect BCa behavior. Previous meta-analyses included limited clinical literature and some unreported relative risks in studies, suggesting that androgen suppression therapy (AST) consisting of 5-alpha reductase inhibitors (5-ARIs) or androgen deprivation therapy (ADT) can reduce BCa incidence, recurrence and specific mortality (15, 16). However, various results regarding the impact of AST on the incidence and recurrence of bladder cancer have been widely reported recently, and there are disputes among them. Therefore, with the increase in original research on this topic, an updated summary needs to be presented.

Herein, the aim of our study is to summarize the available evidence and develop a comprehensive systematic review of the effect of AST on the incidence of bladder cancer and the clinical outcomes of patients with bladder cancer.



Methods

The protocol of this study has been registered in the International Prospective Register of Systematic Reviews database (CRD42021261685).


Search Strategy and Eligibility Criteria

The PubMed and Embase databases were searched from inception to June 20, 2021. The following search terms were used: “bladder cancer,” “urothelial carcinoma,” or “bladder neoplasms”; one of “androgen suppression therapy” or “5 alpha reductase inhibitor” or “5α-reductase” or “5ARI” or “finasteride” or “dutasteride “ or “androgen deprivation therapy” or “anti-androgen” or “bicalutamide” or “enzalutamide” or “abiraterone” or “GnRH agonist” or “GnRH antagonist” or “castration” or “nilutamide” or “flutamide” or “apalutamide” or “darolutamide”. The titles and abstracts of articles were screened initially to identify relevant studies. Then, the full texts of potentially relevant studies were carefully read to determine those that met the eligibility criteria. Retrospective and prospective studies evaluating the effect of AST (5-ARI or ADT) on BCa incidence, recurrence, or survival were included in the analysis. Articles that did not report AST in patients with BCa were excluded. Reviews, letters, editorials, replies from authors, case reports, conferences and articles not published in English were excluded. Two authors screened the search results and any disagreements were resolved.



Data Extraction and Quality Assessment

Data extracted from the eligible studies included study characteristics (e.g., study type, data source, study period, sample size,median of follow-up), patient characteristics (e.g., patient age, AST type), outcomes (e.g., BCa incidence, BCa recurrence), adjusted risk estimates with 95% confidence interval (CI) for outcomes, and potentially confounding factor adjustments (e.g., age, race, smoking, comorbidities tumor stage and grade, intravesical therapy). The main outcomes were ① incidence of BCa when AST was initiated before diagnosing BCa and ② recurrence-free survival (RFS), progression-free survival (PFS), overall survival (OS) or cancer-specific survival (CSS) when AST was initiated after diagnosing BCa. We used the Risk of Bias in Nonrandomized Studies of Interventions (ROBINS-I) tool to assess methodological quality and summarized the results in Supplementary Table 1.



Statistical Analysis

The meta-analysis was performed by the Review Manager Version 5.3 software. Due to the observational nature of the included studies, we extracted adjusted hazard ratios (HRs) and odds ratios (ORs) with 95% CIs from the multivariate logistic regression analysis to calculate the cumulative effect size (17). Moreover, HRs and incidence density ratios can be regarded as relative risks (RRs) directly (18, 19). Additionally, ORs are close to RRs because of the low incidence of outcome (<10%) (20). The Cochrane Q test and I2 were used to determine the level of heterogeneity among studies. In the case of heterogeneity (p < 0.10 or I2 > 50%), the random effects model was used; otherwise, a fixed effects model was used. A p value < 0.05 was considered statistically significant. In addition, according to the type of AST, we performed a subgroup analysis of the effect of AST on BC incidence. Finally, publication bias was assessed by using a funnel plot when there were more than 10 studies that reported a specific outcome.




Results


Characteristics of Included Studies and Patients

Overall, according to the screening criteria, the systematic review and meta-analysis included 18 studies with a total of 414 007 male patients (21–38) (Figure 1). Eight studies evaluated the effect of AST on bladder cancer incidence (22, 27, 28, 30, 32–34, 38). Ten studies examined the effect of AST on bladder cancer recurrence, progression and survival (21, 23–26, 29, 31, 35–37). The characteristics of the selected studies were summarized in Table 1. The search strategy was presented in Supplementary Table 2. 




Figure 1 | Flow diagram of the study.




Table 1 | Characteristics of the included studies.





Effect of AST on Bladder Cancer Incidence

Eight studies with 393 907 participants evaluated whether AST reduced the incidence of bladder cancer diagnosis. The results from these studies are summarized in Table 2. Three studies reported a protective effect of AST on bladder cancer incidence, four reported no association, and one reported an increased risk. The meta-analysis of studies revealed a nonsignificant reduction in BCa incidence (OR: 0.92, 95% CI: 0.68–1.24) (Figure 2). Evidence of statistically significant heterogeneity was found in selected studies (I2 = 90%, p < 0.001). When stratified by the type of AST, we found a statistically lower incidence of bladder cancer among men with finasteride (OR: 0.75, 95% CI: 0.64–0.88), while no statistically significant effect was seen with ADT (OR: 1.00, 95% CI: 0.46–2.15) vs. nonusers. In particular, Chen et al. (22) showed that only patients who received finasteride > 6 months had a lower risk of BCa. In the study of Morales et al. (27), the risk reduction was only observed in well-differentiated and moderately differentiated tumors, while the diagnosis of poorly differentiated or undifferentiated tumors was not reduced. Zhu et al. (38) indicated that the use of finasteride was associated with significant reductions in the risk of high-grade BCa and non-muscle invasive BCa. In addition, a decrease in the risk of BCa was shown only in Caucasians and Hispanics but not among African Americans.


Table 2 | The effect of androgen suppression therapy on bladder cancer incidence.






Figure 2 | Forest plots showing the effect of AST on bladder cancer incidence. AST, Androgen suppression therapy; 5-ARI, 5-alpha reductase inhibitor; ADT, Androgen deprivation therapy.





Effect of AST on Bladder Cancer Recurrence and Progression

Ten studies including 20 100 participants reported the impact of AST on patients diagnosed with bladder cancer (Table 3). Five studies evaluated patients with non-muscle-invasive bladder cancer (NMIBC), and five included all patients with bladder cancer. The manipulation of the androgen signaling pathway involved the use of 5-ARIs in 4263 patients and ADT in 233 patients. For the analysis of RFS, a meta-analysis of seven studies with corresponding HRs was conducted. Compared with nonusers, AST users had significantly improved RFS (HR: 0.68, 95% CI: 0.48–0.95) (Figure 3A). The pooled analysis for RFS detected significant heterogeneity (I2 = 90%, p < 0.001). Similarly, Kufukihara et al. (24) revealed that the rate of bladder tumor recurrence was significantly lower in the ADT group than in the counterpart (p = 0.027). However, McMartin et al. (26) failed to find a significant difference in RFS between patients undergoing therapy with 5-ARIs and controls.


Table 3 | The effect of androgen suppression therapy on bladder cancer recurrence and progression.






Figure 3 | (A) Forest plots showing the effect of AST on RFS in bladder cancer. (B) Forest plots showing the effect of AST on CSS in bladder cancer. (C) Forest plots showing the effect of AST on OS in bladder cancer. AST, Androgen suppression therapy; RFS, Recurrence-free survival; CSS, Cancer-specific survival; OS, Overall survival.



For the analysis of CSS, a meta-analysis of three studies was conducted. Pooled data for CSS confirmed a nonsignificant difference in patients undergoing therapy with 5-ARIs compared to controls (HR: 0.89, 95% CI: 0.73–1.09) (Figure 3B). The pooled analysis found significant heterogeneity (I2 = 78%, p = 0.01). Similarly, in the study by McMartin et al. (26), there was no significant difference in CSS between patients undergoing therapy with 5-ARIs and controls. Two studies reported OS in patients with 5-ARIs treatment after diagnosing BCa; there was no significant reduction in OS in these patients (HR: 0.69, 95% CI: 0.27–1.73) (Figure 3C). High heterogeneity for OS was observed (I2 = 84%, p = 0.01). Owing to a paucity of HR data from PFS, we performed a descriptive analysis. PFS was investigated in 4 studies, and no differences between AST users and nonusers were found (21, 24, 31, 37).




Discussion

In this comprehensive meta-analysis, we did not find evidence to support the previous hypothesis that the AST is associated with a lower incidence of bladder cancer. Interestingly, subgroup analysis in patients receiving finasteride showed a decreased risk of BCa incidence (OR: 0.75, 95% CI: 0.64–0.88), while ADT had no effect on reducing BCa incidence. In addition, AST significantly reduced RFS in patients with bladder cancer but had no significant effect on CSS, OS or PFS.

Contrary to results of a previous meta-analysis (16), the clinical evidence in this review shows that there is no significant difference in the incidence of BCa between patients with AST and patients without AST. The earlier systematic review and meta-analysis included only three retrospective cohort studies to evaluate the impact of AST on bladder cancer incidence. Obviously, earlier conclusions are easily influenced by the results of newly published studies. In the subgroup analysis based on the type of AST, 5-ARIs exposure was significantly correlated with a decreased risk of subsequent BCa; however, ADT was not significantly correlated with the risk of subsequent BCa. Thus, it seems that suppressing the AR axis more effectively will not yield greater benefits. Nonetheless, we believe that more studies are needed to better evaluate the true benefits of ADT, as this treatment may only affect patients whose BCa does express AR (28). Notably, only a study from Van Hemelrijck et al. (33) indicated an increased risk of bladder cancer associated with ADT use. The authors calculated standardized incidence rates comparing the incidence of second primary malignancies (including bladder cancer) in the prostate cancer (PCa) patient group vs. the general male population in Zurich. However, compared with the general male population, patients with PCa may be monitored more carefully and contact doctors more frequently, thereby increasing the detection rate of bladder cancer and leading to detection bias (39). In our review, bicalutamide was not fully investigated due to limited use of included studies.

The pooled data for RFS in this review show that the risk of BCa recurrence is significantly reduced in patients undergoing hormonal manipulation with AST, which is consistent with the results of previous meta-analyses (15, 16). Creta et al. (15) and Kourbanhoussen et al. (2) indicated that low-grade and low-risk NMIBC may benefit more from the use of AST. This benefit was well reflected in studies including only NMIBC or studies with a high proportion of NMIBC and low-grade patients (23, 29, 31, 37). However, the pooled data for CSS, OS and PFS do not support a protective role of ADT and/or 5-ARIs in terms of BCa progression and survival in the subjects evaluated. Interestingly, Wu et al. (37) indicated that therapy with ADT or 5-ARIs may be associated with lower progression rates in patients with low/intermediate-risk BCa but not in their high-risk counterparts. The negative finding for PFS may be due to the small sample size and the number of events during follow-up, rather than a true lack of correlation. Moreover, the included studies contained many high-risk NMIBC and MIBC patients. It has been reported that these tumor types can reduce dependence on the AR signaling pathway, which may partly explain the lack of association between AST and BCa progression (37, 40–42). As expected, given the prevalence of urinary symptoms in older men, most studies have investigated the role of 5-ARIs in BCa, and only a few studies have investigated the role of ADT in BCa. Because the number of individual studies is insufficient for comparison, it is not clear whether more effective inhibition of the AR axis will yield greater benefits.

Zhu et al. (38) first demonstrated that after using finasteride, although Hispanic men have a similar reduced risk of bladder cancer compared with Caucasian men, African-American men do not. A possible biological explanation for this observation might be the structural variations in the AR protein across different races. African Americans are more likely to contain polymorphisms in AR, which causes their AR to become active and independent of DHT binding (38). The role of AST is not limited to the androgen axis. Clinically, 5-ARIs can increase serum estrogen levels (43, 44). With more effective anti-androgens, the reflex of estrogen increases even higher (2, 45, 46). Estrogens play important roles in BCa development and progression by exerting both stimulatory and inhibitory actions via estrogen receptor α (ERα) and ERβ (2, 8). Overall, it appears that estrogens may protect against or inhibit BCa development, but later—at more advanced stages—they might support tumor progression (8). The estrogen-signaling pathway during AST may still partially explain the observed effects in AST.

The number of included studies for meta-analysis was too small to fully assess the publication bias of the effects of AST on incidence or recurrence. Some of heterogeneities were too high. We speculate that several observational studies included in the present meta-analysis did not adjust for potential confounders such as age, race/ethnicity and smoking history, which may bias the pooled effect estimate and may affect heterogeneity. Moreover, differences in AST type, AST exposure time, follow-up duration and demographic characteristics of the included studies are also important reasons for the heterogeneity of results. The proportion of participants receiving 5-ARIs in the currently included studies is obviously higher than that of participants receiving ADT, making the overall effect of outcomes of AST more inclined to 5-ARIs. In most of the included studies, the average age of participants in the AST group was slightly higher than that in the non-AST group. The AST exposure time and follow-up duration of the included literature vary, although it was mostly longer than 2 years. Compared with a duration of less than 6 months, it seems that the use of 5ARIs for greater than 6 months can lead to more significant benefits (22), but the benefits have not been accumulated with years of 5-ARIs use (25). Most of the original studies did not mention the detailed characteristics of BCa, including grade, stage, and cancer cell type, which further limited the pooled analysis. We still do not know very clearly which types of BCa have a lower incidence and which types of BCa have a low recurrence rate after AST. Although the available preclinical evidence demonstrates that AST can interfere with the sensitivity of BCa to BCG or other therapies, its benefit is not observable when given in clinical studies (2, 15, 21). Further research is needed to better evaluate the role of androgen suppression in specific subgroups of BCa patients, to compare the effects of 5-ARIs and ADT and to better clarify androgen manipulation strategies for patients with BCa undergoing BCG, radiation or chemotherapy.



Conclusion

Our systematic review and meta-analysis identified 18 studies that evaluated androgen suppression on clinical outcomes in BCa patients. AST was not associated with a lower risk of BCa incidence, but a subgroup analysis showed that patients receiving 5-ARIs had a reduced risk of BCa incidence. In addition, AST has a beneficial effect on the recurrence rates of bladder cancer. We did not observe any significant differences in AST on CSS, OS or PFS when compared with the control. Further well-designed prospective studies adjusted for the major and common confounding factors are needed to validate our findings.
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