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ABSTRACT

Adjuvant Chemotherapy for Muscle-

Invasive Bladder Cancer: A Systematic 

Review and Network Meta-Analysis of 

Randomized Clinical Trials

Hyung Suk Kim

College of Medicine, Department of Urology

The Graduate School

Seoul National University

Objective: Although adjuvant chemotherapy (ACH) is widely 

used in clinical practice for the management of muscle-invasive 

bladder cancer (MIBC), a consensus has yet to be established 

on which ACH regimen is the most effective for improving 

postoperative survival. In this study, we aimed to 

systematically assess the optimal ACH regimen for improving 

survival outcomes in patients treated with radical cystectomy 

(RC) for MIBC.

Materials and Methods: A comprehensive literature search was 

conducted in the PubMed, Embase, and the Cochrane Library 

databases for all articles published until December 2016 in 

accordance with the Preferred Reporting Items for Systematic 

Reviews and Meta-analyses (PRISMA) guidelines. The study 

end-points were progression-free survival (PFS) and overall 

survival (OS). A direct pairwise meta-analysis was conducted 
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by pooling the studies that compared RC with ACH and RC 

alone, and the results are presented as a pooled hazard ratio 

(HR) with a 95% confidence interval (CI). A Bayesian network 

meta-analysis was adopted for indirect comparisons among 

various ACH regimens, and the outcomes are presented as HRs 

with 95% credible intervals (CrI).

Results: The eleven randomized controlled trials ultimately 

selected for the current analysis comprised of 1,546 patients 

with 49 to 327 subjects per study. Based on the pairwise 

meta-analysis, the use of ACH showed significantly better PFS 

(HR, 0.64; 95% CI, 0.49-0.85) and OS (HR, 0.79; 95% CI, 

0.68-0.92) than RC alone. In the network meta-analysis, the 

gemcitabine/cisplatin/paclitaxel (GCP) combination was the only 

ACH regimen associated with significant improvement in both 

the PFS (HR, 0.38; 95% CrI, 0.25-0.58) and OS (HR, 0.38; 

95% CrI, 0.22-0.65).

Conclusions: ACH following RC for MIBC may therefore 

contribute to improved PFS and OS. In particular, the GCP 

combination may be the optimal ACH regimen for improving 

postoperative survival outcomes. Additional well-designed, 

large scale, prospective, randomized trials are still required to 

establish the optimal ACH regimen in MIBC patients.

-------------------------------------

Keywords: Urinary bladder neoplasms, cystectomy, adjuvant 

chemotherapy, systematic review, network meta-analysis

Student number: 2016-30582
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INTRODUCTION

Muscle-invasive bladder cancer (MIBC), which accounts for 20% to 

30% of all bladder cancers at the initial diagnosis, is primarily 

treated with radical cystectomy (RC) combined with bilateral pelvic 

lymph node dissection (PLND) (1). A substantial number of 

patients with localized MIBC may be completely cured by RC alone, 

with a 5-year recurrence-free survival (RFS) rate of more than 

80% (1). However, in spite of this potentially curative surgical 

treatment, some MIBC patients experience locoregional or distant 

disease recurrence postoperatively. In cases of locally advanced 

MIBC, including pT3-4 tumor or lymph node positive (N+) disease, 

the 5-year RFS and overall survival (OS) rates after RC are 35 to 

60% and 25% to 50%, respectively (1, 2). 

These low survival outcomes in locally advanced MIBC may be 

due to systemic occult micrometastases at the time of RC, which 

cannot be detected by preoperative imaging studies (3). Also, 

distant recurrence of bladder cancer is more frequent than 

locoregional recurrence (1, 4). These findings suggest that RC 

alone may be insufficient to completely control the disease and that

the additional use of systemic therapy should be considered in the 

majority of patients with locally advanced MIBC. 

To improve the survival outcome of MIBC patients by eradicating 

micrometastatic disease, the use of perioperative (neoadjuvant or 

adjuvant) systemic chemotherapy in conjunction with RC has been 

intensively investigated. The survival advantages of neoadjuvant 

chemotherapy (NACH) have been proven by several randomized 



2

controlled trials (RCTs) and meta-analyses, which have reported a 

5% improvement in OS and a 9% improvement in disease-free 

survival (5-8). Therefore, depending upon the current international 

guidelines (3), the use of cisplatin-based NACH is recommended 

as level of evidence I in patients with non-metastatic MIBC (cT2-

T4a). In light of the observed survival benefits of NACH, several 

clinical trials and meta-analyses investigating the use of adjuvant 

chemotherapy (ACH) after RC in advanced bladder cancer have 

been conducted (9-16). However, the evidence supporting the 

utility of ACH for the management of MIBC remains inadequate due 

to study limitations; these limitations include the difficulty of 

designing prospective studies with a small sample size and patient 

dropouts due to poor general condition and diminished renal 

function postoperatively (2, 16). Consequently, there is no 

evidence-based consensus regarding which ACH regimen should be 

used clinically.

In the present study, we aimed to evaluate the efficacy of ACH 

and determine the optimal ACH regimen associated with significant 

improvement in survival outcomes in MIBC patients who underwent 

RC. To accomplish this, we performed a systematic review of the 

published literature and a network meta-analysis of the available 

data.
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MATERIALS AND METHODS

The present analysis was conducted and reported based on the 

recommendations of the preferred reporting items for systematic 

reviews and meta-analyses (PRISMA) guidelines (17).

Search strategy

A literature search was conducted for all articles published in 

English until December 2016, using the Pubmed, Embase, and 

Cochrane Library databases. The following key words were used as 

search terms separately or in combination: (urothelial cancer OR 

urinary bladder OR bladder cancer OR bladder carcinoma) and 

(adjuvant chemotherapy OR post-operative chemotherapy) and 

(radical cystectomy). Conference abstracts were also included in 

this study if they met the eligibility criteria. Citation lists of all 

studies found were then used to identify other potentially relevant 

publications. 

Eligibility criteria

Based on the PRISMA guidelines, we used the Population, 

Intervention, Comparator, Outcome, and Study design system 
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(PICOS) to define study eligibility (17). The study population was 

defined as patients with MIBC, and the intervention was defined as 

various cisplatin-based ACH regimens. The comparator was RC 

alone, and the outcomes were progression-free survival (PFS) and 

OS. Only RCTs were included in this study.

Studies were included if they met the following inclusion criteria: 

(1) human research; (2) patients with MIBC who underwent RC; 

(3) cisplatin-based ACH; (4) reported outcome values (PFS and/or 

OS); (5) correlation between ACH and outcome values; (6) 

availability of Kaplan-Meier/uni- or multivariate Cox proportional 

hazard model results to estimate the hazard ratios (HRs) and their 

95% confidence intervals (CIs); and (7) RCTs. Exclusion criteria 

were: (1) letters, commentaries, case reports, reviews, and articles 

that did not provide raw data; (2) non-English articles; (3) studies 

using analyses other than survival analysis; and (4) carboplatin-

based chemotherapy, or studies in which chemotherapy was 

delivered non-intravenously. If duplication of study populations or 

analyses of repeated data were identified, only the largest or most 

recent article was accepted. In studies that utilized both univariate 

and multivariate analyses to estimate clinical outcomes, the results 

of the multivariate analysis were used to estimate HRs and CIs. 

However, if inclusion of ACH in multivariate analysis was 
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impossible due to negative results of the univariate analysis, the 

results of the univariate analysis were used. 

Two reviewers (HSK and CWJ) initially screened the relevant 

articles based on the titles and abstracts of all available literature. 

Next, full-text articles were independently examined by three 

reviewers (HSK, CK, and JHK) to determine whether they met the 

inclusion criteria. Any disagreements between reviewers were 

resolved by reaching a consensus with a fourth reviewer (HHK). 

Study quality assessments

Three reviewers (HSK, CWJ and JHK) independently estimated the 

methodological quality of each included study in accordance with 

the Reporting Recommendations for Tumor Marker Prognostic 

Studies (REMARK) guidelines (18). Six items were assigned a 

score of 0 or 1, thus the final quality scale ranged from 0 (lowest) 

to 6 (highest). The three reviewers (HSK, CWJ and JHK) then 

compared the quality scores and reached a consensus value for 

each item.

Data extraction
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Two reviewers (HSK and JHK) independently extracted and 

crosschecked the required information from all eligible studies. Any 

conflicts in extracted data between the two authors were resolved 

by consensus. We did not contact authors of eligible studies for 

additional data. The required data were recorded according to the 

REMARK guidelines (18) as follows: (1) publication data: first 

author name, publication year, country, and period of recruitment; 

(2) characteristics of each study population: number of patients, 

median age, and gender distribution in the control and ACH groups; 

(3) tumor characteristics and pathologic tumor stage; and (4) 

treatment characteristics: regimen, dosage, planned cycles of ACH, 

and median follow-up period. 

The primary endpoint of this study was PFS, and progression was 

defined as the subsequent occurrence of local recurrence, either at 

the operative site or in the regional lymph nodes, or distant 

metastasis after RC. The secondary endpoint was OS, defined as 

the interval between RC and death from MIBC or any other cause.

Statistical analysis

A pairwise meta-analysis was conducted for direct comparison 

between control and ACH groups. Based on the methods depicted 

by DerSimonian and Laird for applying the inverse of variance as a 
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weighting factor in random-effects models (19), the pooled HRs 

with 95% CIs were determined, indicating the impact of ACH 

regimens on each outcome (PFS and OS). The statistical evaluation 

for inter-study heterogeneity of the pooled HRs was performed 

using the Chi-squared-based Q and I-square tests (20). 

Significant heterogeneity was defined by p<0.1 for the Q test and 

>50% for the I-square test among the selected studies. Sensitivity 

analysis was performed by evaluating the stability of the results 

after sequential omission of included studies. 

Publication bias was assessed by graphical inspection of funnel 

plots, the Egger’s test (linear regression analysis), and the Begg’s 

test (rank correlation analysis) (21, 22). Symmetrical inverted 

funnel plots indicated no significant publication bias; when bias is 

present, an inverted funnel plot should appear skewed and 

asymmetrical. Additionally, significant statistical publication bias 

was suspected when the p-values for the Begg’s and Egger’s tests 

were less than 0.05.

To indirectly compare the influence of each ACH regimen on the 

primary endpoint (PFS) and secondary endpoint (OS), we 

conducted a network meta-analysis using a Bayesian framework 

random effects model based on the Markov chain (MC) Monte Carlo 

algorithm known as Gibbs sampling, as implemented in WinBUGS 
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1.4 (MRC Biostatistics Unit, Cambridge, UK) (23). The selection of 

a fixed or random effects model for reported outcomes was based 

on the deviance information criteria (DIC), which penalizes greater 

model complexity (24). We modeled the binary outcomes for every 

ACH regimen group of every study and quantified the association 

between HRs with 95% credible intervals (CrIs) among studies; 

CrIs can be regarded as similar to conventional CIs. Each analysis 

was based on noninformative priors for effect size and precision. 

We also examined inconsistency between direct and indirect 

estimates using a modified back-calculation approach (25). The 

quality of the models was examined by inspecting convergence 

using Gelman-Rubin-Brooks plots, assessing autocorrelation 

between iterations of the MC, and determining whether the MC 

error was less than 5% of the posterior standard deviation.

The pairwise meta-analysis was performed using Review 

Manager v.5.1 (The Nordic Cochrane Center, The Cochrane 

Collaboration, Copenhagen, Denmark, 2008), and publication bias 

was estimated using R 2.13.0 (R development Core Team, Vienna, 

http://www.R-project.org). The network meta-analyses were 

conducted using R 3.2.2 (R development Core Team, Vienna, 

http://www.R-project.org) with the GeMTC package. All p-values 

were two-sided, and p<0.05 was considered statistically significant 
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except for the test of inconsistency, in which a one-sided p<0.1 

cutoff was adopted.
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RESULTS

1. Literature search results 

The initial database searches yielded 1,446 articles, of which 438 

were excluded for being duplicate publications. Following the 

review of titles and abstracts, we excluded another 908 articles. A 

total of 100 articles remained for full-text review. In accordance 

with all previously mentioned inclusion criteria, a total of 11 RCTs 

conducted between 1991 and 2015 were ultimately included in the 

current meta-analysis (9, 11-15, 26-30). The PRISMA flow chart 

describing the literature search and selection of studies is shown in 

Fig. 1

2. Overview of included studies 

Study characteristics

Table 1 presents detailed information of each included study, all of 

which were prospective RCTs. Seven studies were performed in 

Europe (11, 12, 14, 27-30), three studies were conducted in the 

United States (9, 13, 26), and the remaining study was multinational 

from Europe and Canada (15). Two trials were included as 

conference abstracts without full text publications (29, 30). The 
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recruitment period of patients ranged from 1980 to 2008. The 

distribution of patients to control and case (ACH) groups utilized a 

nearly 1:1 randomization in each study, ranging from 23 to 143 

subjects per group. Because we only included prospective RCTs, 

most of the studies investigated in this review satisfied all of the 

evaluation criteria. The quality scale ranged from 4 to 6, and 7 of 

the 11 studies showed a quality scale of 6, implying that most of the 

included studies were well-designed and of high quality. Additional 

characteristics of the included studies are listed in Table 1.

Treatment characteristics

Details concerning the treatment characteristics of the eligible 

studies are summarized in Table 2. In general, RC involved 

complete extirpation of the entire bladder, prostate, and seminal 

vesicles in men and removal of the anterior pelvic organs in women, 

including the bladder, uterus, and a portion of the anterior vagina. 

PLND implied bilaterally full dissection of the lymph nodes bordered 

by the internal iliac area, external iliac area, common iliac 

bifurcation, and abdominal aortic bifurcation area. Any evidence of 

macroscopic (grossly and palpable unresected lymph nodes) or 

microscopic (tumor positive margins of the specimen) disease was 

considered to be an exclusion criterion in most of the studies (9, 
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11-15, 26-28). The number of removed lymph nodes varied 

among the included studies, and detailed information regarding 

urinary diversion was not identified in every study. 

The pathologic stages in most trials included muscle-invasive or 

locally advanced (pN+) disease without distant metastases. 

Assessed chemotherapy regimens consisted of the following: a 

cisplatin-based combination, including cisplatin, Adriamycin 

(doxorubicin), and cyclophosphamide (CAP) (26); cisplatin and 

methotrexate (CM) (28); cisplatin, methotrexate, and vinblastine 

(CMV) (9); methotrexate, vinblastine, Adriamycin, and cisplatin 

(MVAC) (13, 15); methotrexate, vinblastine, epirubicin, and 

cisplatin (MVEC) (11, 12, 29); gemcitabine, cisplatin, and paclitaxel 

(GCP) (30); and gemcitabine and cisplatin (GC) (14, 15). Only one 

trial investigated adjuvant cisplatin monotherapy (27). The dosages 

of each chemotherapeutic agent were similar when specific ACH 

regimens (MVAC, MVEC, and GC) were used. The number of 

cycles of ACH ranged from 3 to 4 in most studies.
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3. Pairwise meta-analysis

A total of 9 studies including 1,111 patients, were available for the 

meta-analysis of PFS. The pooled analysis of PFS indicated that 

ACH was significantly associated with better PFS outcomes than 

controls (HR, 0.64; 95% CI, 0.49-0.85; Fig. 2A). Significant 

heterogeneity among the included studies for PFS was observed 

(p=0.004; I2 = 64%). The pooled analysis of OS was based on ten 

publications involving 1,219 patients. The pooled HR (95% CI) was 

0.79 (0.67-0.92), which suggested favorable OS outcomes for 

patients who received ACH compared to controls (Fig. 2B). There 

was no significant heterogeneity among included studies for OS 

(p=0.10; I2=39%). Sensitivity analysis showed that omission of any 

study made no significant difference, demonstrating that our results 

were statistically reliable (data not shown).

We could find no strong evidence suggesting publication bias by 

graphical inspection in the pairwise meta-analyses of both PFS and 

OS. Funnel plots for publication bias for PFS and OS demonstrated a 

certain degree of symmetry (Fig. 3). Moreover, the Begg’s and 

Egger’s tests revealed that there was no statistical evidence of 

publication bias in the pairwise meta-analysis of PFS and OS (all 

p-values >0.05; Fig. 3).
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4. Bayesian framework network meta-analysis

The networks of the indirect comparisons among multiple ACH 

regimens, in terms of PFS and OS, are depicted in Fig. 4 and 5. A 

fixed effects model was selected because the DIC for the fixed 

effects model was lower than that for the random effects model.

Primary endpoint: PFS  

The results for network meta-analysis of PFS are described in Fig. 

6A. Among the ACH regimens examined, the CMV (HR, 0.46; 95% 

CrI, 0.23-0.92) and GCP (HR, 0.38; 95% CrI, 0.25-0.58) regimens 

significantly correlated with favorable PFS compared with controls. 

There were no significant PFS differences between other regimens 

(cisplatin, CAP, GC, MVAC, and CM) and controls. Fig. 7 shows the 

ranking results of 9 different ACH regimens (including controls) in 

terms of PFS benefit. The GCP and CMV regimens had a high 

probability of being ranked first or second, respectively; the GC 

regimen was most likely to be the worst ranked, and it was inferior 

to controls. The rankings of these ACH regimens are similarly 

presented in Table 3 and Fig. 9.

Secondary endpoint: OS

Fig. 6B shows the network meta-analysis results of OS. Compared 
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to controls, only the GCP regimen (HR, 0.38; 95% CrI, 0.22-0.65) 

was significantly associated with better OS. As for OS benefits, 

rankograms depicted in Fig. 8 indicate that the GCP regimen had a 

higher probability of being ranked first than any other ACH 

regimen; the GC and MAVC regimens were likely to be the worst 

ranked, showing an inferior rank to controls. Similar results are 

presented in Table 4 and Fig. 9.
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Figure 1. PRISMA flow diagram illustrating the search strategy used 

for the network meta-analysis
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Figure 2. Forest plots of prognosis with adjuvant chemotherapy. 

The horizontal lines correspond to the study-specific hazard ratio 

and 95% confidence interval, respectively. The area of the squares 

reflects the study-specific weight. The diamond represents the 

results for pooled hazard ratio and 95% confidence interval. 

(A)progression-free survival; (B) overall survival. 
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Figure 3. Funnel plots for publication bias test of prognosis. Each 

point represents a separate study for the indicated association. 

Vertical line represents the mean effect size. (A) progression-free 

survival; (B) overall survival.
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Figure 4. Network geometry of clinical trials of adjuvant 

chemotherapy for progression-free survival in muscle-invasive 

bladder cancer. Lines with arrows imply direct comparison between 

control and each adjuvant chemotherapy regimen. C: cisplatin; CAP: 

cisplatin, doxorubicin, and cyclophosphamide; CM: cisplatin and 

methotrexate; CMV: cisplatin, methotrexate, and vinblastine; GC: 

gemcitabine and cisplatin; GCP: gemcitabine, cisplatin, and 

paclitaxel; MVAC: methotrexate, vinblastine, doxorubicin, and 

cisplatin; MVEC: methotrexate, vinblastine, epirubicin, and cisplatin.
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Figure 5. Network geometry of clinical trials of adjuvant 

chemotherapy for overall survival in muscle-invasive bladder 

cancer. Lines with arrows imply direct comparison between control 

and each adjuvant chemotherapy regimen. C: cisplatin; CAP: 

cisplatin, doxorubicin, and cyclophosphamide; CM: cisplatin and 

methotrexate; CMV: cisplatin, methotrexate, and vinblastine; GC: 

gemcitabine and cisplatin; GCP: gemcitabine, cisplatin, and 

paclitaxel; MVAC: methotrexate, vinblastine, doxorubicin, and 

cisplatin; MVEC: methotrexate, vinblastine, epirubicin, and cisplatin.
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Figure 6. Pooled hazard ratio and 95% credible intervals for the 

network meta-analysis of survival outcomes. (A) progression-free 

survival; (B) overall survival. C: cisplatin; CAP: cisplatin, 

doxorubicin, and cyclophosphamide; CM: cisplatin and 

methotrexate; CMV: cisplatin, methotrexate, and vinblastine; GC: 

gemcitabine and cisplatin; GCP: gemcitabine, cisplatin, and 

paclitaxel; MVAC: methotrexate, vinblastine, doxorubicin, and 

cisplatin; MVEC: methotrexate, vinblastine, epirubicin, and cisplatin; 

CrI: credible interval. 
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Figure 7. Rankograms for adjuvant chemotherapy network of 

progression-free survival. The size of each bar corresponds to the 

probability of each treatment having a specific rank. C: cisplatin; 

CAP: cisplatin, doxorubicin, and cyclophosphamide; CM: cisplatin 

and methotrexate; CMV: cisplatin, methotrexate, and vinblastine; 

GC: gemcitabine and cisplatin; GCP: gemcitabine, cisplatin, and 

paclitaxel; MVAC: methotrexate, vinblastine, doxorubicin, and 

cisplatin; MVEC: methotrexate, vinblastine, epirubicin, and cisplatin.
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Figure 8. Rankograms for adjuvant chemotherapy network of 

overall survival. The size of each bar corresponds to the probability 

of each treatment having a specific rank. C: cisplatin; CAP: cisplatin, 

doxorubicin, and cyclophosphamide; CM: cisplatin and 

methotrexate; CMV: cisplatin, methotrexate, and vinblastine; GC: 

gemcitabine and cisplatin; GCP: gemcitabine, cisplatin, and 

paclitaxel; MVAC: methotrexate, vinblastine, doxorubicin, and 

cisplatin; MVEC: methotrexate, vinblastine, epirubicin, and cisplatin.
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Figure 9. Ranking of treatments for each survival outcome. Each 

treatment was ranked by the percentage of 5,000 iterations. (A) 

progression-free survival and (B) overall survival. C: cisplatin; 

CAP: cisplatin, doxorubicin, and cyclophosphamide; CM: cisplatin 

and methotrexate; CMV: cisplatin, methotrexate, and vinblastine; 

GC: gemcitabine and cisplatin; GCP: gemcitabine, cisplatin, and 

paclitaxel; MVAC: methotrexate, vinblastine, doxorubicin, and 

cisplatin; MVEC: methotrexate, vinblastine, epirubicin, and cisplatin.
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DISCUSSION

Patients with locally advanced MIBC (pT3-4 or N+ disease) are at 

high risk for recurrence or progression after RC. Because bladder 

cancer is generally chemosensitive, ACH has been widely used in 

locally advanced bladder cancer to control micrometastatic disease 

and to improve postoperative survival (31-33). There are several 

potential advantages of treating MIBC with RC and ACH. By 

performing RC preferentially, it is possible to avoid any delay in 

curative local treatment in chemoresistant patients. Final 

pathological analysis of RC specimens allows clinicians to select 

patients at highest risk for recurrence who are most likely to 

benefit from ACH. There is no possibility of postoperative 

intravesical recurrence following RC, and micrometastases can be 

treated when the tumor burden is low by using systemic 

chemotherapy in the immediate post-RC period (34).

Several RCTs and meta-analyses have assessed the efficacy of 

various ACH regimens in MIBC in terms of survival benefit, 

however, the reported results have been inconsistent. Skinner et al. 

reported the first prospective randomized trial on ACH in MIBC 

using the CAP regimen (26). They randomized 91 patients with 

pT3-4 or N+ disease to either the ACH (n=47) or observation 
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(n=44) group; median survival duration was significantly extended 

in the ACH group relative to the observation group (4.3 vs. 2.4 

years; p=0.0062), and the 3-year disease free survival rate was 

also significantly better in the ACH group (70% vs. 46%; p=0.001). 

Likewise, Freiha et al. evaluated the efficacy of the CMV regimen in 

50 locally advanced MIBC patients (9). Using a 1:1 randomization to 

assign patients to either the ACH or observation group, a significant 

PFS benefit was observed in the ACH group (37 months vs. 12 

months; p=0.01), but no significant OS benefit was found between 

the two groups (63 months vs. 36 months; p=0.32). An early 

meta-analysis of 6 RCTs with 491 patients reported a 25% relative 

reduction (HR, 0.75; 95% CI, 0.60-0.96) in the risk of death for 

patients who received RC and ACH compared with RC alone (10). 

Furthermore, a recent updated meta-analysis including 9 RCTs 

(n=945) revealed that RC with cisplatin-based ACH in MIBC was 

associated with a 23% decrease in all-cause mortality (HR, 0.77; 

95% CI, 0.59-0.99) and a 34% decrease in cancer-related 

mortality (HR, 0.66; 95% CI, 0.45-0.91) compared with RC alone 

(16). In contrast, Studer et al. investigated the efficacy of cisplatin 

monotherapy in advanced bladder cancer patients, randomizing 77 

patients (40 in the ACH arm and 37 in the no-ACH arm), and 

demonstrated that there was no significant difference in RFS or OS 
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between the two groups (27). Similarly, several other RCTs using 

various combination ACH regimens (CM, MVEC, MAVC, and GC) 

have consistently reported no meaningful differences in 

postoperative survival outcomes compared with RC alone (13-15, 

28, 29).

The trials evaluating ACH in MIBC had several limitations. First, 

it was often difficult or impossible for patients to receive planned 

systemic chemotherapy after RC owing to poor general condition, 

renal function deterioration, or complications postoperatively. For 

example, in a RCT conducted by Skinner et al., 25% of patients 

allocated to the ACH group did not receive adjuvant chemotherapy 

(26). Second, ACH trials have suffered from a small number of 

enrolled subjects, difficult patient accrual, early termination of trials, 

and defects in the statistical methodology (34). Most previous 

studies are underpowered to provide sufficient evidence to support

the use of ACH in MIBC. Moreover, most RCTs have assessed the 

survival differences between ACH and observation (RC alone), so 

there have been few head-to-head trials comparing various ACH 

regimens. Thus, in terms of improving the survival outcomes in 

MIBC patients, a consensus on the optimal ACH regimen has yet to 

be reached.
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In this meta-analysis of previous RCTs, we aimed to elucidate 

the efficacy of ACH and identify which ACH regimen was optimal in 

terms of survival benefit in MIBC patients who underwent RC. By 

direct pairwise meta-analysis, ACH correlated with a 36% 

improvement in PFS and a 21% improvement in OS compared with 

RC alone. These findings correspond well with the results of 

previous meta-analyses, which demonstrate that ACH can improve 

survival outcomes in MIBC (10, 16). However, unlike previous 

meta-analyses, the main objective of our study was to determine 

the optimal ACH regimen for survival benefit by indirectly 

comparing various regimens. We used a network meta-analysis, 

which unlike a conventional pairwise meta-analysis, can provide an 

estimate of the relative efficacy between all interventions, even if 

some have never been compared head-to-head (35). Based on the 

results of this network meta-analysis and rankograms of the 

various ACH regimens, the GCP combination was the most effective 

regimen for achieving significant improvements in PFS and OS. 

Notably, the GC and MAVC combinations, which are the most 

commonly used regimens in clinical practice, showed an inferior 

efficacy to RC alone in terms of survival benefit.

There are several strengths of our study. To the best of our 

knowledge, this is the first meta-analysis evaluating the optimal 
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ACH regimen associated with survival benefit, which may help 

clinicians select an appropriate adjuvant chemotherapeutic regimen. 

Second, by only including prospectively designed RCTs in the 

meta-analysis, this study avoided the inherent bias due to 

heterogeneity. Third, the trials included in this study showed a 

relative consistency in the number of planned cycles (ranging from 

3 to 4 cycles) and dose-specific ACH regimens. 

Despite these strengths, the results drawn from this analysis 

should be cautiously interpreted due to several limitations. Because 

this meta-analysis pooled previously published trials, the 

association between ACH and survival outcomes could not be 

adjusted through multivariate analysis with other prognostic 

variables. Unknown or uncontrolled variables, such as inter-study 

variation in surgical technique (i.e., the quality of radical 

cystectomy and the extent of PLND), perioperative complications, 

chemotherapy-related toxicity, and patient dropout, may have 

affected the results of this study. Second, the current analysis 

incorporated studies performed over several decades (1990s, 

2000s and 2010s), and the commonly used chemotherapeutic 

regimens changed over time; this might have influenced the baseline 

characteristics of MIBC patients, resulting in different survival 

outcomes. Furthermore, the definition of our primary endpoint, PFS, 
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was inconsistent across trials. Some trials defined PFS as the time 

from RC, while others defined it as the time from randomization to 

the earliest occurrence of relapse or death from any cause. The 

time when patients were randomized also differed among studies, 

which may have led to minor differences in the PFS. Another 

limitation of this study was the difference in baseline disease 

severity. For example, a Spanish trial (30) enrolled pT3-4 or N+ 

patients only; the significant survival benefit of the GCP regimen 

may have been due to these patients having more advanced disease. 

Two recent RCTs (13, 14) did not show a survival benefit from the 

GC or MVAC regimen; in those studies, almost a third of patients 

(33%) or all patients had pT1-2 disease, respectively. Lastly, we 

only included studies that were published in English, which may 

have led to a language bias (36), although there was no evidence of 

publication bias in our analysis.
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CONCLUSIONS

Although GC and MVAC combinations are both preferred ACH 

regimens in MIBC treatment, the GCP combination was the optimal 

regimen for survival benefit after RC based on the current network 

meta-analysis. However, additional well-designed, large-scale 

(enrollment of at least 1,000 subjects), prospective, randomized 

studies are required to verify the clinical efficacy of various ACH 

regimens, including the GCP combination, in MIBC.
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국문초록

근침윤성 방광암에 대한 수술 후 보조 항암치료: 

체계적 문헌고찰 및 무작위배정 임상시험들에

대한 네트워크 메타분석

목적: 근침윤성 방광암에 대한 수술 후 보조 항암요법은 현재 임상에서

널리 사용되는 치료방법이지만 수술 후 생존률 향상에 가장 효과적인

보조 항암제에 대한 일치된 의견은 없는 상황이다. 이번 연구의 목적은

근침윤성 방광암으로 근치적 방광적출술을 시행 받은 환자에서 수술 후

생존률 향상과 밀접한 관련이 있는 최적의 항암제를 체계적 문헌고찰 및

네트워크 메타분석 기법을 통해 알아 보는 것이었다.

대상 및 방법: PRISMA guideline에 따라, PubMed, Embase, Cochrane 

Library databases에서 2016년 12월까지 발표된 논문들에 대해

포괄적인 문헌 검색을 시행하였다. 본 연구의 일차 연구 종점은 무진행

생존 및 전체 생존이었다. 직접적인 쌍별 메타 분석을 통해 보조

항암요법의 시행이 연구 종점에 미치는 영향을 수술만 시행한 경우와

비교하여 분석하였고 여러 보조 항암요법들이 생존률에 미치는 영향을

서로간에 간접적으로 비교 분석하기 위해 네트워크 메타분석 기법을

적용하였다.

결과: 문헌 검색 결과 총 11개의 무작위배정 임상시험 논문들이

최종적으로 본 연구에 포함되었으며 논문당 적게는 49명, 많게는

327명의 연구대상자가 포함되어 총 연구 대상수는 1,546명이었다. 쌍별

메타분석 결과 보조 항암요법의 시행은 수술만 시행한 군에 비해 양호한

무진행 생존 (위험도비 [HR], 0.64; 95% 신뢰구간 [CI], 0.49-0.85) 
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및 전체 생존 (HR, 0.79, 95% CI, 0.68-0.92)을 보였다. 네트워크

메타분석 결과 gemcitabine/cisplatin/paclitaxel (GCP) 병합요법은

수술 후 무진행 생존 (HR, 0.38, 95% CrI, 0.25-0.58)및 전체 생존

(HR, 0.38, 95% CrI, 0.22-0.65) 모두에서 유의한 향상과 밀접한

관련이 있는 유일한 항암요법제로 나타났다.

결론: 본 메타분석 결과 근침윤성 방광암에 대한 근치적 방광적출술 후

보조 항암요법의 시행은 수술 후 생존률 항상에 기여할 수 있으며 특히

GCP 병합요법이 이러한 수술 후 생존률 향상을 달성하는데 잠재적인

최적의 항암요법제가 될 수 있을 것으로 생각된다. 향후 근침윤성

방광암 환자에서 수술 후 최적의 보조 항암제를 찾기 위해 적절하게

설계된 보다 큰 규모의 전향적, 무작위배정 임상연구들이 필요할 것으로

생각된다.

-------------------------------------

주요어: 방광암, 방광적출술, 보조 항암치료, 체계적 문헌고찰, 네트워크

메타분석
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