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Objective

This study aims to determine the optimal pelvic lymph node dissection (PLND) template for radical cystectomy (RC).



Methods

A systematic search was conducted using the PubMed, Embase and Cochrane Library database in December 2021. Articles comparing recurrence-free survival (RFS), disease-specific survival (DSS), overall survival (OS), and postoperative complications among patients undergoing limited PLND (lPLND), standard PLND (sPLND), extended PLND (ePLND), or super-extended PLND (sePLND) were included. A Bayesian approach was used for network meta-analysis.



Results

We included 18 studies in this systematic review, and 17 studies met our criteria for network meta-analysis. We performed meta-analyses and network meta-analyses to investigate the associations between four PLND templates and the RFS, DSS, OS, or postoperative complications. We found that the ePLND group and the sePLND group were associated with better RFS than the sPLND group (Hazard Ratio [HR]: 0.65, 95% Credible Interval [CrI]: 0.56 to 0.78) (HR: 0.67, 95% CrI: 0.56 to 0.83) and the lPLND group (HR: 0.67, 95% CrI: 0.50 to 0.91) (HR: 0.70, 95% CrI: 0.49 to 0.99). For RFS, Analysis of the treatment ranking revealed that ePLND had the highest probabilities to be the best template. There was no significant difference between the four templates in DSS, however, analysis of the treatment ranking indicated that sePLND had the highest probabilities to be the best template. And We found that the sePLND group and the ePLND group were associated with better OS than lPLND (HR: 0.58, 95% CrI: 0.36 to 0.95) (HR: 0.63, 95% CrI: 0.41 to 0.94). For OS, analysis of the treatment ranking revealed that sePLND had the highest probabilities to be the best template. The results of meta-analyses and network meta-analyses showed that postoperative complications rates did not differ significantly between any two templates.



Conclusion

Patients undergoing sePLND and ePLND had better RFS but not better DSS or OS than those undergoing lPLND or sPLND templates, however, RFS did not differ between patients undergoing sePLND or ePLND. Considering that sePLND involves longer operation time, higher risk, and greater degree of difficulty than ePLND, and performing sePLND may not result in better prognosis, so it seems that there is no need for seLPND. We think that ePLND might be the optimal PLND template for RC.



Systematic Review Registration

https://www.crd.york.ac.uk/prospero/, identifier CRD42022318475.
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1 Introduction

Bladder cancer (BCa) is one of the most common malignant tumors of the urinary system. It is ranked as the 7th most malignant tumor in males and the 10th in both genders (1). About 25% of patients with BCa present with muscle-invasive bladder cancer (MIBC), which is associated with lower survival rates than patients with non-muscle-invasive bladder cancer (NMIBC) (2, 3).

Radical cystectomy (RC) is an important part of the standard treatment for MIBC around the world (4, 5). RC refers to the removal of the bladder together with wide excision of the soft tissue around the bladder, including the pelvic lymph nodes (6). A reasonable pelvic lymph node dissection (PLND) template is crucial to assess the status of pelvic lymph nodes and predicting the prognosis of patients (6).

However, due to the inconsistent and biased nature of current studies, the optimal extent of PLND remains controversial. For a long time, there was no clear definition of the boundaries of different PLND templates. Based on the European Association of Urology (EAU) guidelines (2021) and other studies, we clarified the following definitions for different PLND templates. Only obturator and internal iliac nodes were resected in limited PLND (lPLND) template (7). A standard PLND (sPLND) template is removal of internal iliac, presacral, obturator fossa, and external iliac lymph nodes (8). All lymph nodes in the region of the aortic bifurcation, presacral and common iliac vessels medial to the crossing ureters are resected in an extended PLND (ePLND) template. The lateral borders are the genitofemoral nerves, caudally the circumflex iliac vein, the lacunar ligament, and the lymph nodes of Cloquet, as well as the area described for sPLND (8–12). A super-extended PLND (ePLND) template extends to the level of the inferior mesenteric artery (13, 14).

A wider extent of lymph node dissection might be associated with a better survival outcome (15). However, excessive lymph node dissection is associated with longer operation time, higher risk, and greater degree of difficulty, which can be harmful to patients (14). Therefore, the aim of our study was to identify an optimal PLND template and to avoid excessive lymph node dissection.



2 Methods

The study was conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) extension statement for network meta-analysis (16), and it has been registered at the International Prospective Register of Systematic Reviews (PROSPERO; https://www.crd.york.ac.uk/prospero/) as registration number CRD42022318475.


2.1 Search strategies

A systematic search was conducted using the PubMed, Embase, Cochrane library database (up to December, 2021). Search strategies were designed to include patients with BCa who underwent RC and different extents of PLND. Terms and keywords such as “radical cystectomy” “RC” “lymphadenectomy” “lymph node dissection” and “LND” were used to conduct the search. The detailed search strategies are shown in Supplementary Material S1. Two authors (Wenqiang Qi and Minglei Zhong) independently reviewed and cross-checked all articles. In addition, electronic searches were supplemented by manual searches of the reference lists of relevant articles.



2.2 Selection criteria

Studies published in English were included if they met the following criteria: (1) Patients with BCa. (2) The included manuscripts should include comparisons of at least two templates of lPLND, sPLND, ePLND or sePLND in their analyses. (3) Full-text articles and data on survival outcomes and complications were available.

The exclusion criteria were: (1) Case reports, reviews, conference abstracts, and other ineligible article types. (2) No survival outcome or complications rate. (3) Written in languages other than English.



2.3 Data extraction

Two reviewers (Wenqiang Qi and Minglei Zhong) independently extracted the following information from the included studies: author’s name, publication year, study design, study population, PLND templates, age, pathological stage, lymph nodes status, neoadjuvant or adjuvant therapy, follow-up time, recurrence-free survival (RFS), disease-specific survival (DSS), overall-survival (OS) and complications rates. All disagreements regarding data extraction were resolved by discussions with the third reviewer (Yongheng Zhou).



2.4 Outcome measures

The main outcome is RFS. The secondary results are DSS, OS and complications rates.



2.5 Quality assessment

We evaluated the quality of each cohort study using the Newcastle-Ottawa Quality Assessment Scale (NOS), and studies with scores equal to or higher than 6 could be included in our meta-analyses and network meta-analyses (17). The methodological quality of each randomized controlled trial (RCT) was evaluated using the Cochrane collaboration’s tool (version 5.3, The Nordic Cochrane Centre, The Cochrane Collaboration, USA) (18). The tool includes seven aspects to assess deviation risk.

Two investigators (Wenqiang Qi and Minglei Zhong) conducted quality assessment independently. Disagreements were solved through discussions with the third investigator (Yongheng Zhou).



2.6 Statistical analyses

The RFS, DSS and OS results are represented by Hazard Ratios (HRs) and their 95% Credible Intervals (CrIs). For studies only with survival curves, we collected results from the curves by Engauge Digitizer V4.1 (Markmitch, Goteborg, Sweden) (19). The random effects model was used for the network meta-analysis of RFS, DSS and OS results. The model uses group-level information and models (log) HRs to preserve randomization and accounts for within-trial correlation of multigroup trials (20). It was implemented within a Bayesian framework using OpenBUGS (version 3.2.3). The code we used in OpenBUGS is shown in Supplementary material S2. The median of the result can be used as the point estimation of the treatment effect, and after ensuring the distributions are approximately normally distributed, a 95% CrI is derived from the 2.5th and 97.5th percentiles (20). In addition, we derived the probabilities of the four PLND rankings for survival outcomes from the calculation results. The inconsistency is the difference between direct and indirect evidence, for ease of interpretation, we expressed inconsistency as the percentage difference in HRs between direct and indirect comparisons. The larger the absolute value, the larger the inconsistency. Values of ± 25%, ± 50%, and ± 100% represent low, medium, and substantial inconsistency, respectively (21). The complications rates of each group are represented by Odds Ratios (ORs) and their 95% CrIs. We compared the complications rates of different templates using ADDIS (Aggregate Data Drug Information System) software V1.16.8. Network meta-analysis uses a Bayesian approach and allows comparisons among all PLND templates. We adopted random effects model to perform the most appropriate and conservative analysis. The node splitting analysis was used to study the inconsistency between direct and indirect comparisons, p values > 0.05 reveal that there is no inconsistency in the network. We also derived the probabilities of the four PLND rankings for complications rates from the calculation results.

We calculated the HRs with 95% Confidence Intervals (CIs) to summarize the effects of the survival outcomes in direct comparison, and the ORs with 95% CIs were calculated to summarize the complications rates. A 2-sided p-value of less than 0.05 was defined as statistical significance. In our research, the random effects model was used to estimate the size of the collective effect to reduce possible deviations. All direct comparisons were performed using Review Manager software (Revman version 5.3, Nordic Cochrane Center, Cochrane Collaboration, 2014).




3 Results


3.1 Literature search

The flowchart of the literature search is shown in Figure 1. After the initial search, we identified 3245 relevant articles. We excluded 665 articles because of duplication. After screening titles and abstracts, 2525 articles were excluded because of unrelated outcomes. Fifty-five full-text articles were assessed, and 18 (8–10, 12–14, 22–33) of them were included in our study, 17 (8–10, 12–14, 22–31, 33) eligible studies were included in quantitative analysis. One study (32) had a NOS score less than 6, therefore we excluded it from quantitative analysis to avoid biasing our conclusions.




Figure 1 | PRISMA flow diagram of literature retrieval. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.





3.2 Information of included studies and patients

The detailed patients’ characteristics are summarized in Table 1. A total of 6503 patients were enrolled in our quantitative analysis, including 660 patients in the lPLND group, 2165 patients in the sPLND group, 2206 patients in the ePLND group, and 1472 patients in the sePLND group.


Table 1 | Baseline characteristics of included studies.





3.3 Results of the quality assessment

The quality assessment results of the cohort studies are shown in Supplementary Material S3. Except for one study (32), the scores of other studies were equal to or higher than 6. The quality assessment results of the RCT (29) are shown in Supplementary Material S4. Apart from performance bias and detection bias, the risk of other bias was not high.



3.4 Results of direct comparison


3.4.1 RFS

Two studies (9, 10) assessed the difference in RFS between the ePLND group and the lPLND group, and the pooled result showed that ePLND was associated with better RFS (HR: 0.67, 95% CI: 0.54 to 0.82, p=0.0001). Five studies (8, 12, 22, 26, 31) assessed the difference in RFS between the ePLND group and the sPLND group, and the pooled result showed ePLND was associated with better RFS (HR:0.64, 95% CI: 0.54 to 0.76, p<0.00001). Four studies (23, 26, 29, 30) reported the difference in RFS between the sePLND group and the sPLND group, and the pooled result showed sePLND was associated with better RFS (HR: 0.73, 95% CI: 0.59 to 0.90, p=0.004). Two studies (13, 14) reported the difference in RFS between the sePLND group and the ePLND group, and the pooled result showed that there was no significant difference in RFS between the two groups (HR: 1.00, 95% CI: 0.85 to 1.17, p=0.96). (Figure 2A).




Figure 2 | (A) Forest plot for direct comparisons of RFS in patients with different PLND templates. (B) Forest plot for direct comparisons of DSS in patients with different PLND templates. (C) Forest plot for direct comparisons of OS in patients with different PLND templates. RFS, Recurrence free survival. PLND, Pelvic lymph node dissection. DSS, Disease specific survival. OS, Overall survival. CI, confidence interval. lPLND, limited pelvic lymph node dissection. sPLND, standard pelvic lymph node dissection. ePLND, extended pelvic lymph node dissection. sePLND, super-extended pelvic lymph node dissection.





3.4.2 DSS

Two studies (8, 26) reported the difference in DSS between the ePLND group and the sPLND group, and there was no significant difference in DSS between the two groups (HR: 0.72, 95% CI: 0.41 to 1.26, p=0.25). Two studies (26, 29) reported the difference in DSS between the sePLND group and the sPLND group, and the pooled result showed that there was no significant difference in DSS between the two groups (HR: 0.90, 95% CI: 0.50 to 1.61, p=0.72). Only one study assessed the difference in DSS between the sPLND group and the lPLND group (25), and the situation was similar between the ePLND group and the lPLND group (10), and between the sePLND group and the ePLND group (13). The pooled results indicated that there was no evidence to show that one treatment was associated with better DSS than the other. (Figure 2B)



3.4.3 OS

Four studies (22, 26, 28, 31) reported the difference in OS between the ePLND group and the sPLND group, and there was no significant difference in OS between the two groups (HR: 0.94, 95% CI: 0.73 to 1.23, P=0.67). Two studies (26, 29) assessed the difference between the sePLND group and the sPLND group, and the pooled result showed that there was no significant difference in OS between the two groups (HR: 0.99, 95% CI: 0.58 to 1.71, p=0.98). Two studies (13, 14) assessed the difference between the sePLND group and the ePLND group, and the pooled result showed there was no significant difference in OS between the two groups (HR: 0.85, 95% CI: 0.54 to 1.34, p=0.48). Only one study (33) assessed the difference in OS between the sPLND group and the lPLND group, and the results of this study showed that sPLND was associated with better OS. And only one study (9) assessed the difference in OS between the ePLND group and the lPLND group, the results showed that ePLND was associated with better OS. (Figure 2C)



3.4.4 Complications

We graded complications according to the modified Clavien-Dindo classification (CDC), and we only focused on the major complications (CDC grade ≥3), of which grade 5 represents death of a patient (34). Five studies reported major complication rates among different groups, and there was no significant difference in early or late major complications between any two groups (Figure 3).




Figure 3 | (A) Forest plot for direct comparisons of early Clavien-Dindo grade 5 complications rates in patients with different PLND templates. (B) Forest plot for direct comparisons of late Clavien-Dindo grade 5 complications rates in patients with different PLND templates. (C) Forest plot for direct comparisons of early Clavien-Dindo grade 3-4 complications rates in patients with different PLND templates. (D) Forest plot for direct comparisons of late Clavien-Dindo grade 3-4 complications rates in patients with different PLND templates. PLND, Pelvic lymph node dissection. CI, confidence interval. lPLND, limited pelvic lymph node dissection. sPLND, standard pelvic lymph node dissection. ePLND, extended pelvic lymph node dissection. sePLND, super-extended pelvic lymph node dissection.






3.5 Results of Bayesian analyses

We established a network meta-analysis to compare four different PLND templates. Comparisons among four different PLND templates in RFS, DSS and OS are summarized in Figure 4, and comparisons among four different PLND templates in major complications are summarized in Figure 5.




Figure 4 | (A) Network plot showing the association of different PLND templates with the RFS in patients undergoing radical cystectomy. (B) Network plot showing the association of different PLND templates with the DSS in patients undergoing radical cystectomy. (C) Network plot showing the association of different PLND templates with the OS in patients undergoing radical cystectomy. PLND, Pelvic lymph node dissection. RFS, Recurrence free survival. PLND, Pelvic lymph node dissection. DSS, Disease specific survival. OS, Overall survival. lPLND, limited pelvic lymph node dissection. sPLND, standard pelvic lymph node dissection. ePLND, extended pelvic lymph node dissection. sePLND, super-extended pelvic lymph node dissection. Note: Lymph node dissection templates are represented by nodes and direct comparison trials between different templates are linked with a line. The area of the dot represents the sample size of each template and the width of the line corresponds the number of direct comparison trials.






Figure 5 | (A) Network plot showing the association of different PLND templates with the early Clavien-Dindo grade 5 complications rates in patients undergoing radical cystectomy. (B) Network plot showing the association of different PLND templates with the late Clavien-Dindo grade 5 complications rates in patients undergoing radical cystectomy. (C) Network plot showing the association of different PLND templates with the early Clavien-Dindo grade 3-4 complications rates in patients undergoing radical cystectomy. (D) Network plot showing the association of different PLND templates with the late Clavien-Dindo grade 3-4 complications rates in patients undergoing radical cystectomy. PLND, Pelvic lymph node dissection. lPLND, limited pelvic lymph node dissection. sPLND, standard pelvic lymph node dissection. ePLND, extended pelvic lymph node dissection. sePLND, super-extended pelvic lymph node dissection. Note: Lymph node dissection templates are represented by nodes and direct comparison trials between different templates are linked with a line. The area of the dot represents the sample size of each template and the width of the line corresponds the number of direct comparison trials.




3.5.1 RFS

According to the results, ePLND and sePLND were statistically superior to lPLND in terms of RFS (HR: 0.67, 95% CrI: 0.50 to 0.91) (HR: 0.70, 95% CrI: 0.49 to 0.99). And we also found that ePLND and sePLND were statistically superior to sPLND in RFS (HR: 0.65, 95% CrI: 0.56 to 0.78) (HR: 0.67, 95% CrI: 0.56 to 0.83). But there was no significant difference between the lPLND group and the sPLND in RFS (HR: 1.04, 95% CrI: 0.73 to 1.44). And we did not find there was significant difference in RFS between the ePLND group and the sePLND group (HR: 1.04, 95% CrI: 0.86 to 1.27). Ranking on RFS indicated that ePLND had the highest probabilities (68.5%) to be the best option, followed by sePLND (30.7%), sPLND (0.7%) and lPLND (0.6%) (Figure 6).




Figure 6 | Bayesian network analysis results for RFS and rank probabilities of each PLND template based on the random effects model. (A) Other three PLND templates vs. lPLND template. (B) Other three PLND templates vs. sPLND template. (C) Other three PLND templates vs. ePLND template. (D) Other three PLND templates vs. sePLND template. (E) Probabilities of ranking the lPLND template in the first, second, third and fourth place among four PLND templates. (F) Probabilities of ranking the sPLND template in the first, second, third and fourth place among four PLND templates. (G) Probabilities of ranking the ePLND template in the first, second, third and fourth place among four PLND templates. (H) Probabilities of ranking the sePLND template in the first, second, third and fourth place among four PLND templates. RFS, Recurrence free survival. PLND, Pelvic lymph node dissection. HR, Hazard ratio. CrI, credible interval. lPLND, limited pelvic lymph node dissection. sPLND, standard pelvic lymph node dissection. ePLND, extended pelvic lymph node dissection. sePLND, super-extended pelvic lymph node dissection.





3.5.2 DSS

We did not find any significant difference in DSS between any two PLND templates. Ranking on DSS showed that sePLND had the highest probabilities (45.9%) to be the best option, followed by ePLND (34.5%), lPLND (14.8%) and sPLND (4.4%) (Figure 7).




Figure 7 | Bayesian network analysis results for DSS and rank probabilities of each PLND template based on the random effects model. (A) Other three PLND templates vs. lPLND template. (B) Other three PLND templates vs. sPLND template. (C) Other three PLND templates vs. ePLND template. (D) Other three PLND templates vs. sePLND template. (E) Probabilities of ranking the lPLND template in the first, second, third and fourth place among four PLND templates. (F) Probabilities of ranking the sPLND template in the first, second, third and fourth place among four PLND templates. (G) Probabilities of ranking the ePLND template in the first, second, third and fourth place among four PLND templates. (H) Probabilities of ranking the sePLND template in the first, second, third and fourth place among four PLND templates. DSS, Disease specific survival. PLND, Pelvic lymph node dissection. HR, Hazard ratio. CrI, credible interval. lPLND, limited pelvic lymph node dissection. sPLND, standard pelvic lymph node dissection. ePLND, extended pelvic lymph node dissection. sePLND, super-extended pelvic lymph node dissection.





3.5.3 OS

According to the results, ePLND and sePLND were statistically superior to lPLND in terms of OS (HR: 0.63, 95% CrI: 0.41 to 0.94) (HR: 0.58, 95% CrI: 0.36 to 0.95). But there was no significant difference between the sPLND group and the lPLND group in OS (HR: 0.66, 95% CrI: 0.43 to 1.02). And there was no significant difference between the sePLND group and ePLND group (HR: 0.93, 95% CrI: 0.69 to 1.26), the sePLND group and the sPLND group (HR: 0.88, 95% CrI: 0.63 to 1.23), the ePLND group and the sPLND group (HR: 0.95, 95% CrI: 0.72 to 1.24) in OS. Ranking on OS indicated that sePLND had the highest probabilities (65.1%) to be the best option, followed by ePLND (21.6%), sPLND (12.3%) and lPLND (0.6%). (Figure 8)




Figure 8 | Bayesian network analysis results for OS and rank probabilities of each PLND template based on the random-effects model. (A) Other three PLND templates vs. lPLND template. (B) Other three PLND templates vs. sPLND template. (C) Other three PLND templates vs. ePLND template. (D) Other three PLND templates vs. sePLND template. (E) Probabilities of ranking the lPLND template in the first, second, third and fourth place among four PLND templates. (F) Probabilities of ranking the sPLND template in the first, second, third and fourth place among four PLND templates. (G) Probabilities of ranking the ePLND template in the first, second, third and fourth place among four PLND templates. (H) Probabilities of ranking the sePLND template in the first, second, third and fourth place among four PLND templates. OS, Overall survival. PLND, Pelvic lymph node dissection. HR, Hazard ratio. CrI, credible interval. lPLND, limited pelvic lymph node dissection. sPLND, standard pelvic lymph node dissection. ePLND, extended pelvic lymph node dissection. sePLND, super-extended pelvic lymph node dissection.





3.5.4 Complications

When the grade 5 complications rate is 0, the study cannot be included in network meta-analysis using ADDIS (Aggregate Data Drug Information System) software, so some studies with the ePLND template have to be excluded from the indirect comparisons of early and late grade 5 complications rates. Based on the pooled results of other studies, we found that there was no significant difference in early grade 5 complications rates and late grade 5 complications rates between any two PLND templates in lPLND, sPLND and sePLND templates. (Figure 9A, B) Ranking on early grade 5 complications rates showed that sPLND had the highest probabilities (49%) to be the best option, followed by sePLND (30%) and lPLND (21%). (Figure 10A) Ranking on late grade 5 complications rates showed that sPLND had the highest probabilities (56%) to be the best option, followed by lPLND (29%) and sePLND (15%). (Figure 10B) And there was no significant difference in early grade 3-4 complications rates and late grade 3-4 complications rates between any two PLND templates. (Figure 9C, D) Ranking on early grade 3-4 complications rates showed that sPLND had the highest probabilities (55%) to be the best option, followed by ePLND (22%), sePLND (13%) and lPLND (11%). (Figure 10C) And ranking on late grade 3-4 complications rates showed that sPLND had the highest probabilities (51%) to be the best option, followed by ePLND (28%), lPLND (18%) and sePLND (3%). (Figure 10D) According to the results of node splitting analyses, there was no obvious inconsistency between direct comparisons and indirect comparisons.




Figure 9 | (A) Bayesian network analysis results for early Clavien-Dindo grade 5 complications rates of each PLND template based on the random effects model. (B) Bayesian network analysis results for late Clavien-Dindo grade 5 complications rates of each PLND template based on the random effects model. (C) Bayesian network analysis results for early Clavien-Dindo grade 3-4 complications rates of each PLND template based on the random effects model. (D) Bayesian network analysis results for late Clavien-Dindo grade 3-4 complications rates of each PLND template based on the random effects model. lPLND, limited pelvic lymph node dissection. sPLND, standard pelvic lymph node dissection. ePLND, extended pelvic lymph node dissection. sePLND, super-extended pelvic lymph node dissection.






Figure 10 | (A) Rank probabilities of each PLND template in the first, second, third and fourth place among three PLND templates for early Clavien-Dindo grade 5 complications rates. (B) Rank probabilities of each PLND template in the first, second, third and fourth place among three PLND templates for late Clavien-Dindo grade 5 complications rates. (C) Rank probabilities of each PLND template in the first, second, third and fourth place among four PLND templates for early Clavien-Dindo grade 3-4 complications rates. (D) Rank probabilities of each PLND template in the first, second, third and fourth place among four PLND templates for late Clavien-Dindo grade 3-4 complications rates. lPLND, limited pelvic lymph node dissection. sPLND, standard pelvic lymph node dissection. ePLND, extended pelvic lymph node dissection. sePLND, super-extended pelvic lymph node dissection.






3.6 Results of qualitative analysis

A study showed that the operation time of the sePLND group was significantly longer than that of the lPLND group (330 [225–410] min vs. 277 [205–300] min, p <0.01) (24). And another study showed that blood loss was higher in the sePLND group than that in the sPLND and in the ePLND groups (1000 [700-1200] ml vs. 700 [500-1225] ml vs.700 [400-1200] ml, p =0.08) (27). It indicated that sePLND involved longer operation time, higher risk, greater harm to patients, which made us negative about sePLND being the optimal template.



3.7 Inconsistency analysis

We conducted inconsistency analysis by comparing the difference in HRs between the direct comparisons and the indirect comparisons, and we found that all differences were less than 25% (Table 2), which showed that the results of our network meta-analyses were reliable.


Table 2 | Inconsistency between direct evidence and indirect evidence.






4 Discussion

Survival outcomes and postoperative complications of patients undergoing RC with four different PLND templates were discussed in our review. Seventeen studies and 6503 patients were included in our quantitative analysis. The results of meta-analyses and Bayesian analyses showed that ePLND and sePLND were statistically superior to sPLND and lPLND in the RFS of patients, but not in DSS and OS. We found that there was no significant difference in complications rates between any two templates based on meta-analyses and Bayesian meta-analyses. And the treatment effect ranking on RFS, DSS and OS indicated that ePLND and sePLND had the first or second highest probabilities to be the best option. The complications rates ranking on early and late complications rates indicated that ePLND might be the better option than sePLND. Considering that sePLND involved longer operation time, higher risk, greater harm to patients (14), and sePLND may not result in better prognosis, we think that the ePLND template which dissect lymph nodes to aortic bifurcation area is sufficient for patients undergoing RC.

The optimal extent of lymph node dissection for RC has been controversial for a long time. There were several meta-analyses investigating which template is the best before, but due to the limited number of studies included, the reviewers regarded the lPLND template or the sPLND template as non-extended PLND main group, and regarded the ePLND template or the sePLND template as extended PLND main group. Bi et al. included 6 studies in their studies (35). And the results of the study showed that the extended PLND main group was associated with better RFS whatever the lymph node status. But for the patients who were in pT2 stage, there was no significant difference in RFS between the extended and the non-extended PLND main group. Another meta-analysis conducted by Mandel et al. (36) focused on 5-year recurrence-free survival and reached similar results. Wang et al. found the extended PLND main group had better RFS and DSS than the non-extended PLND main group, while there was no significant difference in OS, postoperative mortality and major postoperative complications between the two groups (37). At present, the only RCT that compared the lPLND template and the sePLND template was conducted by Gashend et al. in 2019 (29). And they found that the RFS, DSS and OS of the sePLND group were not significantly better than that of the lPLND group. So, we think that more RCTs and high-quality meta-analyses are needed to validate their findings.

We believe that there are still differences even between PLND with similar extents, and it is unreasonable to regard them as one single PLND template, especially when it comes to the superiority of ePLND and sePLND, about which there is still a lot of controversy. So, we separated four PLND templates by extents and discussed them separately in network meta-analyses using a Bayesian model. A Bayesian network meta-analysis can compare four templates at the same time, which is different from ordinary meta-analysis. In addition, even if there is no significant statistical difference between different templates, a network meta-analysis can still give ranking possibilities among different PLND templates, which may be important for making clinical decisions. We believe our study will help clinicians choose a specific, well-defined PLND template instead of vague extended PLND or non-extended PLND. The optimal PLND template we found should be the most beneficial to the patients under the consideration of all aspects. In addition, our study also quantitatively analyzed the survival outcomes of ePLND and sePLND group, which were not covered in the previous studies. With the method of Tierney et al., we extracted data from some studies which only presented the survival curves and not included in previous studies (19). We also included some newly published articles, which would further improve the credibility of our conclusions. The meta-analyses mentioned before (35–37) chose the analysis models based on the heterogeneity of the pooled results. If the heterogeneity was less than 50%, the fixed effects model was employed for analysis, otherwise the random effects model was used. In our study, in order to reach a more conservative and practical conclusion to guide clinical practice, we used the random effects model for Bayesian analysis.

In 30% to 40% of BCa patients, lymph nodes are the only site of metastases (38). Extended PLND can reduce the risk of recurrence by eliminating micro-metastases in lymph nodes to improve the RFS. These micro-metastases residing in lymph nodes are sometimes difficult to distinguish both clinically and microscopically (39). In this way, ePLND and sePLND can improve the RFS in patients whose lymph node status are cN0. The presence of lymph node metastases above the bifurcation of the common iliac artery have been reported in about 40% of patients with lymph node metastases, but lymph node metastases above the aortic bifurcation are rare (40, 41). So, patients undergoing sePLND that extends to the level of the inferior mesenteric artery did not get better RFS than those undergoing ePLND. Normally, a benefit in DSS should be consistent with a benefit in RFS, this is different from our results, which may be due to the small number of studies we included and the quality of the articles we included are not very high. It is one of the main shortcomings of our study. In general, OS are affected by more factors than RFS and DSS; like age, gender, pT stage and variant histology (42), and the influence of adjuvant and neoadjuvant therapy is important, too. So, we found there was no significant difference in OS among some patients undergoing different PLND templates.

Except the extent of lymph node dissection, some studies have shown that the dissected lymph nodes number and lymph node ratio (LNR) may also have an impact on prognosis (43–45). A sufficient number of lymph nodes helped to provide more accurate information of lymph node status, which could guide clinical practice. More lymph nodes can be obtained by performing a more extensive PLND template. However, the cut-off value for the minimum number of lymph nodes has not been determined yet (46, 47). LNR is the proportion of positive lymph nodes in all lymph nodes (48). Poorer prognosis may be associated with higher LNR. Even though some studies have shown that LNR is associated with the survival outcomes of patients (44), LNR is no longer considered to be an accurate prognostic factor according to EAU guidelines (2021), so we are skeptical about the value of LNR in predicting the prognosis of patients.

Based on the results of the inconsistency analysis, we found the inconsistency between the direct and indirect evidence in our study was small. However, it is worth noting that the direct evidence showed that the sPLND group was associated with better OS compared to the lPLND group (0.62, 95% CI: 0.43 to 0.91), while the indirect result showed that there was just no significant difference between the two groups (0.66, 95% CrI: 0.43 to 1.02). The reason for it might be that only one study assessed the difference in OS between the sPLND group and the lPLND group which may lead some bias, and the difference may be underestimated because a more conservative random effects model was used in Bayesian analysis. In general, the inconsistency of our study was small, our quantitative analyses were stable.

Although our study yielded some promising results, there were also some limitations in this review. First, most studies we included were cohort studies, physicians’ choices of PLND could be influenced by many factors. We need more high-quality multicenter RCTs with large sample sizes to validate our conclusions. Second, when direct comparisons are made, we found high heterogeneity when pooling estimates for some results. Heterogeneity may be due to differences in pathological staging and adjuvant therapy among patients. Besides, we did not conduct subgroup analyses in the direct comparisons since the number of studies comparing any two templates is relatively small, and there are few articles report the situation of clinically visible or suspicious lymph node metastases. Subgroup analysis may explain the source of heterogeneity and help us identify the patients who need ePLND or even PLND more. Therefore, future studies should include more homogeneous patients to confirm the existing conclusions. Third, for some studies did not provide HRs and 95% CIs, we used the method of Tierney et al. to estimate HRs and 95% CI, which might introduce some bias. Despite these insufficiencies, we came to different conclusions from previous studies, which have implications for determining the optimal extent of lymph node dissection for radical cystectomy.



5 Conclusion

Patients undergoing sePLND and ePLND templates had better RFS, but no better DSS or OS, than those undergoing lPLND or sPLND templates, however, survival outcomes did not differ between patients undergoing sePLND or ePLND templates. Considering that sePLND involves longer operation time, higher risk, and greater degree of difficulty than ePLND, and performing sePLND may not result in better prognosis, so it seems that there is no need for seLPND. We think that ePLND might be the optimal lymph node dissection template for radical cystectomy.
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