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Introduction

This meta-analysis aims to evaluate the efficacy and safety of neoadjuvant PD-1 inhibitors or PD-L1 inhibitors [PD-(L)1 inhibitors] for muscle-invasive bladder carcinoma (MIBC).





Materials and methods

Four databases (Medline, Embase, Web of Science, and 21 CENTRAL) were searched for articles studying neoadjuvant PD-(L)1 inhibitors for MIBC. The search time period was from the establishment of each database to 21 July 2023. Meta-analyses of pCR, pPR, Grade≥ 3 irAEs rate, RFS, and OS were performed.





Results

In total, 22 studies were included for meta-analysis. The overall pooled pCR of neoadjuvant PD-(L)1 inhibitors was 0.36 (95%CI=0.30–0.42, p=0.00). In subgroup meta-analysis, the pooled PCR of PD-(L)1 inhibitors alone, PD-(L)1 inhibitors plus other ICI, and PD-(L)1 inhibitors plus chemotherapy was 0.27 (95%CI=0.19–0.35, p=0.1), 0.41 (95%CI=0.21–0.62, p=0.01), 0.43 (95%CI=0.35–0.50, p=0.06), respectively. The overall pooled pPR of neoadjuvant PD-(L)1 inhibitors was 0.53 (95%CI=0.46–0.60, p=0.00). In subgroup meta-analysis, the pooled pPR of PD-(L)1 inhibitors alone, PD-(L)1 inhibitors plus other ICI, and PD-(L)1 inhibitors plus chemotherapy was 0.36 (95%CI=0.22–0.51, p=0.01), 0.51 (95%CI=0.39–0.62, p=0.43), and 0.61 (95%CI=0.53–0.69, p=0.01), respectively. Kaplan–Meier curves for OS and RFS were reconstructed, but there was no significant difference among three groups in terms of OS or RFS. The pooled result of Grade≥ 3 irAEs rate for neoadjuvant PD-(L)1 inhibitors was 0.15 (95%CI=0.09–0.22, p=0.00%). In subgroup analysis, the pooled result of Grade≥ 3 irAEs rate for PD-(L)1 inhibitors alone, PD-(L)1 inhibitors plus other ICI, and PD-(L)1 inhibitors plus chemotherapy was 0.07 (95%CI=0.04–0.11, p=0.84), 0.31 (95%CI=0.16–0.47, p=0.06), and 0.17 (95%CI=0.06–0.31, I2 = 71.27%, p=0.01), respectively.





Conclusion

Neoadjuvant PD-(L)1 inhibitors were feasible and safe for muscle invasive bladder cancer. Compared with PD-(L)1 inhibitors alone, PD-(L)1 inhibitors plus other ICI and PD-(L)1 inhibitors plus chemotherapy were associated with higher pCR and pPR, but higher Grade≥3 irAEs. Kaplan–Meier curves for OS and RFS indicated that neoadjuvant PD-(L)1 inhibitors had an acceptable long-term prognostic, but it was not possible to discern statistical differences between the three neoadjuvant subgroups.





Systematic review registration

https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42023452437, identifier PROSPERO (CRD42023452437).
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1 Introduction

Bladder cancer is the most common malignancy of the urinary system with high prevalence in the world (1). Approximately 30% of bladder cancers are muscle-invasive bladder carcinoma (MIBC), which are related to high risk of metastases-related death, and another 70% of bladder cancers are non-muscle-invasive bladder carcinoma (NMIBC), which is not as serious as MIBC (2). According to the risk stratification of the European Association of Urology (EAU) guidelines, NMIBC can be further classified as low-, intermediate-, and high-risk groups based on risk of recurrence and/or progression (3). Unfortunately, 60%–80% of patients with high-risk NMIBC would have a relapse, and 20%–40% of them would develop into MIBC after 5 years (4–6). The prognosis of MIBC remains poor, with the 5-year overall survival (OS) rate decreasing to 60% (7).

Neoadjuvant chemotherapy (NAC) followed by radical cystectomy (RC) has been recommended for eligible patients with MIBC (8, 9). Commonly used chemotherapy regimens are platinum-based NACs, including gemcitabine and cisplatin (GC), and dose-dense methotrexate, vinblastine, doxorubicin, and cisplatin (ddMVAC) (10, 11). NAC has obviously improved the OS of MIBC, with the 5-year OS rate approaching 90% for patients achieving a pathological partial response (pPR) at the time of RC (12). However, NAC reported frequent adverse events (AEs), and a partial of cisplatin-eligible MIBC patients have to discontinue the treatment protocol because of severe treatment-related adverse (10, 13). In addition, NAC cannot meet the needs of cisplatin-ineligible patients with MIBC (14). Thus, alternative treatment options are highly necessary.

Recently, the use of immune checkpoint inhibitors (ICIs) has reshaped the treatment paradigm and revolutionized the prognosis of several cancers, such as non-small-cell lung cancer, melanoma, and renal cell carcinoma (15–18). Antibodies against programmed cell death 1 or its ligand have been used for the treatment of advanced/metastatic urothelial cancer, and a significant clinical benefit of PD-(L)1 has been demonstrated (19, 20). At the same time, a growing number of multiple clinical trials have explored combination of PD-(L)1 inhibitors and platinum-based chemotherapy with the reduced risk of developing resistance and/or anticipation of synergistic effect (21, 22). Considering the effectiveness of PD-(L)1 inhibitors in metastatic bladder cancer, clinical trials have been developed to explored the feasibility and safety of neoadjuvant therapy using PD-(L)1 inhibitors (23–25). Basile et al. reported a 37% pathological complete response (pCR) rate and 55% pathological partial response(pPR) rate in the PURE-01 study in which three cycles of pembrolizumab were given to patients with a diagnosis of MIBC and eligible for RC, and 36-month event-free survival (EFS) and over survival (OS) were 74.4% and 83.8% (24, 26, 27). Other clinical trials have been conducted to evaluate the safety and efficacy of PD-(L)1 inhibitors combined with chemotherapy or PD-(L)1 inhibitors combined with other ICI strategies. Kim et al. reported a 35% pCR rate of RC patients after neoadjuvant nivolumab plus gemcitabine/cisplatin chemotherapy (28). The NABUCCO study investigating ipilimumab plus nivolumab reported a 45.8% pCR rate (29).

In the present study, we aimed to systematically assess the available evidence in the literature regarding the safety and efficacy of neoadjuvant PD-(L)1 inhibitors in patients with stage II–III MIBC.




2 Materials and methods



2.1 Search strategy

The present meta-analysis was conducted according to the Preferred Reporting Project for Systematic Review and Meta-Analysis (PRISMA) 2020 guidelines. This study has been registered at PROSPERO with a registration number of CRD42023452437. Four databases including PubMed, Embase, Web of Science, and the Cochrane Library were systematically searched for literatures published up to 21 July 2023, using the following searching strategy: (“PD-1 inhibitor” OR “PD-L1 inhibitor”) AND “neoadjuvant” AND “bladder cancer” AND (“randomized controlled trial” OR “prospective” OR “retrospective”). Supplementary Material 1 presents the searching record in detail.




2.2 Inclusion and exclusion criteria

Inclusion criteria were as follows: (1) patients diagnosed as MIBC (stage II/III); (2) neoadjuvant therapy using PD-(L)1 inhibitors was administrated, with or without chemotherapy or other ICI, and RC was performed after neoadjuvant therapy; (3) at least one of the following outcomes were reported, namely, pCR, pPR, OS, RFS, Grade≥ 3 irAEs rate, Grade≥ 3 TRAEs rate; and s(4) study types, namely, randomized controlled studies, non-randomized controlled studies, single-arm trials, prospective studies, and retrospective studies.

Exclusion criteria were as follows: (1) other types of articles, such as case reports, publications, letters, reviews, meta-analyses, editorials, pharmacological intervention, animal studies, and protocols; (3) other cancers; (4) no relative outcomes; (5) reduplicate cohort of patients; and (6) failure to extract data for meta-analysis.




2.3 Data extraction

Two independent investigators (S.H. and Y.H.) reviewed the title and abstract and then read the full text. Discrepancy were resolved by consulting with a third investigator (M.H.). Data retrieved included first author’s name, year, trial ID, study design, sample size, intervention, male ratio, age, study design, cTNM stage, cisplatin eligibility, regimen, pCR, pPR, OS, RFS, Grade≥ 3 irAEs rate, Grade≥ 3 TRAEs rate, Kaplan–Meier curves for OS, and Kaplan–Meier curves for RFS.




2.4 Risk of bias assessment

The risk of bias was assessed by two independent reviewers (L.H. and S.H.), using the modified Jadad scale (30) for RCTs while using the methodological index for non-randomized studies (MINORS) (31) for single-arm studies or non-RCTs.




2.5 Statistical analysis

The selection duplicate removal of studies included was conducted using EndNote (Version 20; Clarivate Analytics). All analyses were performed using Stata 12.0 and R version 4.3.1 [R version Copyright (C) 2023, The R Foundation for Statistical Computing]. The “meta” package and IPDformKM package were utilized in the analysis. GetData Graph Digitizer software was used to extract data from articles containing Kaplan–Meier curves, and individual data were reconstructed with IPDformKM package. The established method by Guyot et al. was used to reconstruct individual patient-level data (32). Continuous variables were compared using weighted mean difference (WMD) with a 95% confidence interval (CI). Relative ratio (RR) with 95% CI were used to compare binary variables. The medians and interquartile ranges of continuous data were converted to the mean and standard deviation. Statistical heterogeneity between included studies was calculated using the Cochrane ‘Sq test and the I2 index (I2 >50% indicating high heterogeneity). When there is high heterogeneity among studies, the random effects model is adopted, otherwise the fixed effects model is adopted (33). A p-value < 0.05 was considered statistically significant. Begg’s method was used to test the publication bias among various studies and to draw a funnel plot. Finally, a sensitivity analysis was performed to determine the impact of individual studies on the aggregated results and to test the reliability of the results.





3 Results



3.1 Search results

The process of the literature selection and inclusion is presented in Figure 1. Our initial search found a total of 577 studies. After excluding repeat studies, only 390 cases remained. By reading the full text, 295 other types of articles, 7 articles investigating other types of cancer, and 48 unrelated articles were excluded. Finally, 22 studies involving 843 patients with advanced bladder cancer were ultimately included in this meta-analysis.




Figure 1 | Flow chart of literature search strategies.






3.2 Patient characteristics and quality assessment

Most of the included studies were phase II single-arm trials with a total of 22 cohorts, eight of which explored neoadjuvant PD-(L)1 inhibitors alone (two pembrolizumab (27, 34), two atezolizumab (35, 36), two nivolumab (37, 38), one durvalumab (39), and one avelumab (40)), five cohorts exploring PD-(L)1 inhibitors plus other ICI (three ipilimumab plus nivolumab (29, 37, 41) and two durvalumab plus tremelimumab (42, 43)), and PD-(L)1 inhibitors plus chemotherapy in 11 cohorts (eight gemcitabine/cisplatin [GC] plus ICI (28, 44–50), one dose-dense course of methotrexate, vinblastine, doxorubicin, and cisplatin [ddMVAC] plus ICIs (51), one gemcitabine plus ICI (52), and one paclitaxel/gemcitabine [PG] plus ICI) (40). The quality of RCT literature was evaluated using modified Jadad scale for RCTs, and both RCTs were high-quality articles. Other articles were scored using MINORS, with 15 points for 4 articles, 14 points for 8 articles, 13 points for 2 articles, 12 points for 5 articles, and 6 points for 2 articles. A total of 13 cases were recorded involving 542 patients, and the proportion of TNM stages was reported in detail: 65.7% for cT2, 33.4% for cT3-4a, and 2.0% for cN1. Details of all studies and the characteristics of the patients with bladder cancer are shown in Table 1.


Table 1 | Characteristics of included studies and patients.






3.3 pCR

Figure 2 shows forest plot of the meta-analysis for pCR. The overall pooled pCR of neoadjuvant PD-(L)1 inhibitors was 0.36(95%CI=0.30–0.42, I2 = 57.4%, p=0.00). Results of subgroup meta-analysis are shown in Table 2.




Figure 2 | Forest plot of the meta-analysis for pCR.




Table 2 | Results of the meta-analysis for pCR, pPR, and Grade≥ 3 irAEs rate.






3.4 pPR

Figure 3 shows the forest plot of the meta-analysis for pPR. The overall pooled pPR of neoadjuvant PD-(L)1 inhibitors was 0.53 (95%CI=0.46–0.60, I2 = 60.94%, p=0.00). Results of subgroup meta-analysis are shown in Table 2.




Figure 3 | Forest plot of the meta-analysis for pPR.






3.5 OS

In total, five studies reported Kaplan–Meier curves for overall survival (OS), with two studies reporting PD-(L)1 inhibitors plus chemotherapy (49, 53), two studies reporting PD-(L)1 inhibitors alone (26, 54), and one study reporting PD-(L)1 inhibitors plus other ICI (55). Using the IPDformKM package, we extracted individual data and reconstructed Kaplan–Meier curves for OS (Figure 4). The OS of neoadjuvant PD-(L)1 inhibitors was 91.67%, 86.03%, and 81.64% at 1 year, 2 years, and 3 years, respectively. Results of subgroup meta-analysis are shown in Table 3. However, there was no significant difference in OS among the three groups (p=0.25).




Figure 4 | Kaplan–Meier curves for OS.




Table 3 | Results of OS and RFS.






3.6 RFS

Totally, six studies reported Kaplan–Meier curves for recurrence-free survival (RFS), with three studies reporting PD-(L)1 inhibitors plus chemotherapy (28, 45, 49), two studies reporting PD-(L)1 inhibitors alone (26, 54), and one study reporting PD-(L)1 inhibitors plus other ICI (55). Using the IPDformKM package, we extracted individual data and reconstructed Kaplan–Meier curves for RFS (Figure 5). The RFS of neoadjuvant PD-(L)1 inhibitors was 85.69%, 79.67%, and 79.05% at 1 year, 2 years, and 3 years, respectively. Results of subgroup meta-analysis are shown in Table 3. However, there was no significant difference in RFS among the three groups (p=0.22).




Figure 5 | Kaplan–Meier curves for RFS.






3.7 Safety

Regarding safety, Grade≥ 3 irAEs rate was evaluated, which was reported in a total of 17 cohorts (Figure 6). The pooled result of Grade≥ 3 irAEs rate for neoadjuvant PD-(L)1 inhibitors was 0.15 (95%CI=0.09–0.22, I2 = 69.83%, p=0.00). Results of subgroup meta-analysis are shown in Table 2. The common irAEs included elevated liver enzymes, elevated amylase/lipase, imDC, hematological toxicity, skin reactions, and fatigue.




Figure 6 | Forest plot of the meta-analysis for Grade≥ 3 irAEs rate.






3.8 Supplement oncological and safety outcomes

Supplementary Material 2 reports PCR (%), PRR (n), ≥ Grade3 irAEs, ≥ Grade 3 surgical complications, and AEs in detail.





4 Discussion

Since the significant clinical benefit of PD-(L)1 inhibitors demonstrated in patients with advanced/metastatic urothelial cancer, a growing number of clinical trials has been performed to evaluate the safety and efficacy of PD-(L)1 inhibitors in the neoadjuvant therapy for MIBC patients. In these clinical trials, PD-(L)1 inhibitors were used alone, combined with chemotherapy, or combined with other ICIs. In the present study, a systemic review and meta-analysis was conducted to evaluate the safety and efficacy of neoadjuvant PD-(L)1 inhibitors in patients with MIBC.

PD-(L)1 inhibitors alone or plus other ICI, PD-(L)1 inhibitors provided an optional treatment modality for patients who either were ineligible or refused cisplatin-based neoadjuvant chemotherapy. PD-(L)1 inhibitors plus other ICI seem to have advantage in efficacy over PD-(L)1 inhibitors alone. In the present study, the polled analysis showed that pCR of PD-(L)1 inhibitors plus other ICI was higher than that of PD-(L)1 inhibitors alone, and similar results were present regarding pRR. However, our study showed that there was no significant difference among three groups in terms of OS or RFS. Only five studies reported Kaplan–Meier curves for OS, and six studies reported Kaplan–Meier curves for RFS, with relatively short follow-up time. The statistical results of oncology outcomes were difficult to reflect the differences among three groups due to the small sample and short follow-up time. In previous literature, PD-(L)1 inhibitors were effective in the neoadjuvant therapy for non-small-cell lung cancer (NSCLC). Forde et al. conducted a phase 2 study designed to evaluate the safety and feasibility of administration of two doses of nivolumab over 4 weeks before surgery in patients with stage I–IIIA resectable NSCLC and reported a major pathological response rate of 45% with a complete pathological response rate of 10% (56). Although median DFS and OS have not yet been reached in this study, 80% of patients were alive without recurrence at 1 year. Recent clinical trials have declared the safety, feasibility, and efficacy of neoadjuvant PD-(L)1 inhibitors in solid tumors other than MIBC, including triple-negative breast cancer, melanoma, and NSCLC (57–59).

The administration of immune checkpoint inhibitors in the neoadjuvant therapy has several advantages (60). First, with neoadjuvant therapy of immune checkpoint inhibitors, the intact tumor could become the source for antigen-specific T-cell immunity with multiple antigen load. Second, the early evaluation of therapy response in individual patients by pathological analysis on the excised tumor allows for potential to adjust systemic therapy according to pathological response. Furthermore, a unique platform for relative basic and translational investigations can be provided by neoadjuvant therapy strategies with immune checkpoint inhibitors (61).

Liu et al. used two models of spontaneously metastatic breast cancers in mice to illustrate the significantly therapeutic power of neoadjuvant in the context of primary tumor resection and found that mice treated with anti-PD-1/anti-CD137 combination before surgery demonstrated a 40% long-term survival compared with 0% in the adjuvant group (62). In addition, an increase in tumor-specific CD8+ T cells was seen in the neoadjuvant group but not in the adjuvant group, which suggested that neoadjuvant ICIs with the tumor in situ contribute to a more robust T-cell response. This study highlighted the above advantages of neoadjuvant therapy with immune checkpoint inhibitors.

Regarding safety, irAEs seem to occur more frequently when PD-(L)1 inhibitors plus other ICI were administrated. In the present study, Grade≥ 3 irAEs morbidity was 0.51 in patients who were treated by PD-(L)1 inhibitors plus other ICI, while the rate was 0.36 in PD-(L)1 inhibitors alone group. Similarly, a randomized, open-label, multicenter, phase 3 trial (DANUBE) in patients with untreated, unresectable, locally advanced, or metastatic urothelial carcinoma reported that grade 3 or 4 treatment-related adverse events occurred in 47 (14%) of 345 patients in the durvalumab group while 93 (27%) of 340 patients in the durvalumab plus tremelimumab group (63). Thus, the safety profile should not be ignored when PD-(L)1 inhibitors plus other ICI were administrated.

Although NAC has been preferred by the National Comprehensive Cancer Network, only 36%–49% of MIBC patients treated by NAC can achieve non-muscle invasive downstaging (13, 64). A more effective neoadjuvant therapy is urgent for patients with MIBC. Several clinical trials has reported the efficacy of PD-(L)1 inhibitors in the treatment of platinum-resistant metastatic bladder carcinoma, which demonstrated that there is no clinical cross-resistance between NAC and PD-(L)1 inhibitors (65–67). Recent studies reported that PD-(L)1 inhibitors plus chemotherapy resulted in better RFS and OS in patients with advanced or metastatic MIBC, compared with chemotherapy alone (21, 68). Based on the above results, several clinical trials have recently been conducted to assess the efficacy of neoadjuvant PD-(L)1 inhibitors plus chemotherapy for patients with MIBC. The pooled result of the present meta-analysis showed that the pCR and pPR was 43% and 61% for neoadjuvant PD-(L)1 inhibitors plus chemotherapy, respectively, which seems to have advantage over NAC in oncological outcomes. A meta-analysis comparing oncological outcomes of ddMVAC with GC as neoadjuvant chemotherapy for muscle-invasive bladder cancer reported a pCR of 35.2% in patients treated by ddMVAC while 25.1% in patients treated by GC[50]. A recent randomized phase III trial comparing dd-MVAC with GC reported that pCR was observed in 42% of the ddMVAC group and in 36% of the GC group, respectively, and <pT2N0 rates of 63% and 49%[51]. A retrospective study reported that the mean Kaplan–Meier estimates of OS was 4.2 years in the GC group and 7.0 years in the ddMVAC group (69). A cross-sectional analysis indicated that 2-year Kaplan–Meier survival probability estimates were 73.3% for ddMVAC and 62% for GC (70). Therefore, compared with NAC alone, neoadjuvant PD-(L)1 inhibitors plus chemotherapy provided a more effective treatment modality for patients who were fit for cisplatin-based neoadjuvant chemotherapy. There is an important question that needs to be answered: is there a major advantage of the use of PD-(L)1 inhibitors over neoadjuvant cisplatin-based chemotherapy? In view of the revolution brought about by the EV 302 trial (71), the KEYNOTE-B15/EV-304 (NCT04700124) trial is now underway, which is a phase 3 trial that aims to assess the effectiveness and safety of perioperative Enfortumab vedotin (EV) plus pembrolizumab compared to neoadjuvant chemotherapy using gemcitabine/cisplatin in patients with muscle-invasive bladder cancer who are eligible for cisplatin treatment (72). The outcome of this trial is eagerly awaited to answer the above question.

Regarding safety, our results showed that the Grade≥ 3 irAEs rate was 17% after neoadjuvant PD-(L)1 inhibitors plus chemotherapy, while the Grade≥ 3 TRAEs rate was 47%. A retrospective multicenter study of a clinical database reported that the Grade≥ 3 AEs occurred in 31% patients during neoadjuvant chemotherapy for muscle invasive bladder cancer (73). A recent randomized trial reported that 52% patients had Grade≥ 3 AEs in dd-MVAC arm while 55% in GC arm (13).

In light of the potential significant negative consequences, the high expenses associated with therapy, and the emergence of alternative therapeutic options, the significance of predictive biomarkers for personalized treatment seems more crucial than ever. Several trials included in the study evaluated PD-L1 testing and the rate of positivity, and the secondary endpoints of these trials reported the pCR rate in patients who tested positive for PD-L1 (27, 29, 35, 46, 47). In the ABACUS trial, Thomas Powles et al. characterized PD-L1 positivity as the presence of ≥5% of immune cells staining using the SP142 antibody. However, some other trials have classified PD-L1 positivity as CPS>10%. Three trials demonstrated no statistically significant differences in pCR rates between patients who tested positive for PD-L1 and those who tested negative for PD-L1 (29, 35, 46). Nevertheless, the PURE-01 research found that PD-L1 positivity (OR, 1.02; 95% CI, 1.01–1.04) was a statistically significant factor (27). This suggests that the presence of PD-L1 could potentially be used to predict the response to PD-(L)1 inhibitors in terms of pathology. In addition, tumor mutational burden (TMB) enhances the amount of tumor neoantigens and the likelihood of effective T-cell identification. The field of urothelial carcinoma (UC) has observed noteworthy correlations between elevated tumor mutational burden (TMB) and positive treatment outcomes in both the neoadjuvant therapy context (PURE-01 trial) (27) and for metastatic tumors (IMvigor210, KEYNOTE-028) (74, 75). Circulating tumor DNA (ctDNA) refers to bits of DNA from tumors that are present in the bloodstream. It has been discovered that only patients who test positive for ctDNA receive a significant advantage from adjuvant atezolizumab treatment (IMvigor010), indicating that ctDNA can be used to identify individuals at a high risk of metastasis in UC. Currently, there are ongoing clinical trials (TOMBOLA, IMvigor011) that are enrolling patients who have detectable ctDNA following radical cystectomy for the purpose of receiving atezolizumab treatment. However, in this instance, ctDNA functions as a prognostic biomarker rather than a predictive one (71, 76, 77).

There were several strengths in the present study. First of all, few meta-analysis has assessed the efficacy and safety of PD-(L)1 inhibitors in the neoadjuvant therapy for MIBC, and we conducted a systemic review and meta-analysis including the latest studies on neoadjuvant PD-(L)1 inhibitors in patients with stage II–III MIBC. Second, the outcomes were pooled by PP and subgroup analyses, since discrepancies of different literature were included. Third, Kaplan–Meier curves for OS and RFS were reconstructed using the IPDformKM package, presenting an intuitive impression for oncological outcomes. Specifically, three protocols were analyzed: PD-(L)1 inhibitors alone, PD-(L)1 inhibitors plus other ICI, and PD-(L)1 inhibitors plus chemotherapy. The PP analysis contributes to represent the latest progress of each treatment regimens.

Our study has several limitations. First of all, most studies were non-randomized single-arm clinical trials with a small sample size, resulting in indirect comparisons among different treatment regimens. Second, there was significant heterogeneity in the majority of clinical outcomes. The probable reasons consist of the included population bias and the difference in drug types, dosage, and cycles of regimens. Third, most studies have not yet reached their endpoint, which failed to provide data of survival outcomes, making it difficult to assess the lasting benefits of neoadjuvant PD-(L)1 inhibitors.

In conclusion, neoadjuvant PD-(L)1 inhibitors were feasible and safe for muscle-invasive bladder cancer. Compared with PD-(L)1 inhibitors alone, PD-(L)1 inhibitors plus other ICI and PD-(L)1 inhibitors plus chemotherapy were associated with higher pCR and pPR but higher Grade≥ 3 irAEs. Kaplan–Meier curves for OS and RFS indicated that neoadjuvant PD-(L)1 inhibitors had an acceptable long-term prognostic, but it was not possible to discern statistical differences between the three neoadjuvant subgroups. To further confirm the safety and efficacy of neoadjuvant PD-(L)1 inhibitors, more multicenter, randomized controlled trials and longer follow-up time are necessary.
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