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Executive Summary

Background

Nature and Burden of 
Nonmetastatic Muscle-Invasive 
Bladder Cancer

Bladder cancer is the 4th most commonly 
diagnosed cancer in men and the 10th 
most commonly diagnosed cancer in 
women in the United States.1 In 2013, 
the American Cancer Society estimated 
that there would be 72,570 new cases of 
bladder cancer that year (about 54,610 
men and 17,960 women) and about 15,210 
deaths due to bladder cancer (about 10,820 
men and 4,390 women).1 Bladder cancer 
occurs primarily in men age 60 and older, 
and roughly twice as frequently in white 
compared with black men,2 although the 
number of deaths due to bladder cancer is 
similar for men of both races, presumably 
due to delayed diagnosis in black men.

Bladder cancer remains an important 
health problem, with no improvement 
in associated mortality since 1975.3 
Economic analyses have shown bladder 
cancer to be the costliest cancer to treat 
on a per capita basis, taking into account 
diagnostic testing, management, and long-
term followup.4 The most common risk 
factor for bladder cancer is smoking; other 
risk factors include occupational exposures 
and family history.

Bladder cancer is staged based on the 
extent of penetration or invasion into 
the bladder wall and adjacent structures. 

Effective Health Care Program

The Effective Health Care Program 
was initiated in 2005 to provide valid 
evidence about the comparative 
effectiveness of different medical 
interventions. The object is to help 
consumers, health care providers, and 
others in making informed choices 
among treatment alternatives. Through 
its Comparative Effectiveness Reviews, 
the program supports systematic 
appraisals of existing scientific 
evidence regarding treatments for 
high-priority health conditions. It 
also promotes and generates new 
scientific evidence by identifying gaps 
in existing scientific evidence and 
supporting new research. The program 
puts special emphasis on translating 
findings into a variety of useful 
formats for different stakeholders, 
including consumers.

The full report and this summary are 
available at www.effectivehealthcare.
ahrq.gov/reports/final.cfm.

Effective 
Health Care

Bladder cancers that have not invaded 
the bladder smooth-muscle layer (staged 
according to the TNM [tumor, node, 
metastasis] classification as stages 
Tis, Ta, and T1) are grouped as non–
muscle-invasive bladder cancers. Stage 
classification T2 cancers are muscle 

Effective Health Care Program
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invasive, and higher stage cancers invade beyond the 
muscle layer into surrounding fat (stage classification 
T3 bladder cancer). Stage T4a cancers, which involve 
the prostate, vaginal wall, or uterus, are still considered 
localized because the bladder is contiguous with these 
structures. Stage T4b cancer, in which the tumor has 
spread to the pelvis or abdominal wall; bladder cancer 
involving the lymph nodes (N >0); and metastatic bladder 
cancer (stage M1) are considered nonlocalized. They are 
not amenable to potentially curative treatments and are 
outside the scope of this review. Approximately 25 percent 
of newly diagnosed bladder cancers present as stage 2 or 
higher tumors.5 Once bladder cancer invades muscle, it can 
quickly progress and metastasize, and is associated with a 
poor prognosis. 

Interventions and Outcomes for Muscle-
Invasive Bladder Cancer

Once bladder cancer has been diagnosed, a number of 
factors affect prognosis and treatment options. These 
include the stage of the cancer, tumor grade, whether the 
tumor is an initial tumor or a recurrence, the patient’s 
age and general health, and other factors. A variety of 
molecular and other biomarkers—p53, mTOR pathway 
genes, MRE11, BRCA1, ERCC1, MDR1, ET-1, and 
others—have also been evaluated for their prognostic value 
and to potentially inform selection of treatments.6

For nonmetastatic muscle-invasive bladder cancer, the gold 
standard treatment option is radical cystectomy combined 
with neoadjuvant (administered prior to cystectomy) 
systemic chemotherapy with combination gemcitabine 
and cisplatin.7 Other commonly used chemotherapeutic 
regimens are methotrexate, vinblastine, doxorubicin, 
and cisplatin (MVAC); cisplatin, methotrexate, and 
vinblastine (CMV); and gemcitabine plus carboplatin. 
These treatments are approved by the U.S. Food and Drug 
Administration (FDA) and clinically available in the 
United States. Other chemotherapy regimens and adjuvant 
(administered after cystectomy) systemic chemotherapy 
have also been evaluated. Selection of therapy is 
complicated by the fact that patients with bladder cancer 
are often older and have multiple medical comorbidities. 
Therefore, factors such as performance status and renal 
function must be considered in relation to treatment 
effectiveness and adverse effects. For example, medically 
frail patients with baseline renal insufficiency may not be 
ideal candidates for cisplatin-based therapy because of 
potential renal toxicity.

Regional lymph node dissection in conjunction with 
cystectomy or partial cystectomy is recommended because 
it can be used to diagnose clinically nonevident lymph 
node metastases and may be associated with improved 
cancer-specific survival, but it may be underused.7-10 
Similarly, cystectomy appears to be underused for 
nonmetastatic muscle-invasive bladder cancer,11 in part 
because removal of the urinary bladder necessitates 
reconstruction with a urinary diversion, and there is 
interest in bladder-sparing options that combine maximal 
transurethral resection of bladder tumor (TURBT), 
chemotherapy, and/or radiation therapy. Several modalities 
of radiation therapy have been evaluated, including 
external beam radiation therapy and interstitial radiation 
therapy (brachytherapy). These alternative treatments 
are generally recommended only for carefully selected, 
well-informed patients because of the need for continued 
surveillance and invasive diagnostic procedures, and the 
risk of eventual cystectomy.7 The comparative effectiveness 
of these treatments or their combinations is uncertain. 

Rationale for Evidence Review

Systematic reviews of the comparative effectiveness of 
treatment options for muscle-invasive bladder cancer have 
primarily focused on the effectiveness of neoadjuvant and 
adjuvant chemotherapy in patients undergoing radical 
cystectomy. A systematic review that also evaluates the 
effectiveness of bladder-preserving therapies and regional 
lymph node dissection, and includes recently published 
evidence focusing on treatments used in current practice, 
may be useful for developing updated clinical guidelines 
for muscle-invasive bladder cancer.

Scope and Key Questions

This topic was nominated for review by the American 
Urological Association and focuses on treatment of 
nonmetastatic muscle-invasive bladder cancer. The Key 
Questions and analytic framework used to guide this report 
are shown below. The analytic framework (Figure A) shows 
the scope of this review, including the target population, 
interventions, and health outcomes we examined.

Key Question 1. For patients with nonmetastatic muscle-
invasive bladder cancer, what is the effectiveness of 
bladder-preserving treatments (chemotherapy, external 
beam or interstitial radiation therapy, partial cystectomy, 
and/or maximal transurethral resection of bladder tumor) 
for decreasing mortality or improving other outcomes 
(e.g., recurrence, metastasis, quality of life, functional 
status) compared with cystectomy alone or cystectomy in 
combination with chemotherapy?
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a. Does the comparative effectiveness differ according to 
tumor characteristics, such as histology, stage, grade, 
size, or molecular/genetic markers?

b. Does the comparative effectiveness differ according to 
patient characteristics, such as age, sex, race/ethnicity, 
performance status, or medical comorbidities such as 
chronic kidney disease?

c. What is the comparative effectiveness of various 
combinations of agents and/or radiation therapy used 
for bladder-preserving chemotherapy?

d. What is the effectiveness of different bladder-
preserving treatments (chemotherapy, external beam or 
interstitial radiation therapy, partial cystectomy, and/
or maximal transurethral resection of bladder tumor) 
compared with one another?

Key Question 2. For patients with clinically nonmetastatic 
muscle-invasive bladder cancer that is treated with 
cystectomy, does regional lymph node dissection improve 
outcomes compared with cystectomy alone?

a. Does the comparative effectiveness differ according to 
tumor characteristics, such as histology, stage, grade, 
size, or molecular/genetic markers?

b. Does the comparative effectiveness differ according to 
the extent of the regional lymph node dissection (e.g., 
as measured by the number of lymph nodes removed or 
the anatomic extent of dissection)?

Key Question 3. For patients with nonmetastatic muscle-
invasive bladder cancer that is treated with cystectomy, 
does neoadjuvant or adjuvant chemotherapy improve 
outcomes compared with cystectomy alone?

a. What is the comparative effectiveness of various 
combinations of agents used for neoadjuvant or 
adjuvant chemotherapy?

b. Does the comparative effectiveness of various 
combinations of agents used for neoadjuvant or 
adjuvant chemotherapy differ according to tumor 
characteristics, such as histology, stage, grade, size, or 
molecular/genetic markers?

c. Does the comparative effectiveness differ according to 
patient characteristics, such as age, sex, race/ethnicity, 
performance status, or medical comorbidities such as 
chronic kidney disease?

d. Does the comparative effectiveness of neoadjuvant 
or adjuvant chemotherapy differ according to dosing 
frequency and/or the timing of its administration 
relative to cystectomy?

Key Question 4. What are the comparative adverse effects 
of treatments for nonmetastatic muscle-invasive bladder 
cancer? 

a. How do adverse effects of treatment vary by patient 
characteristics, such as age, sex, race/ethnicity, 
performance status, or medical comorbidities such as 
chronic kidney disease?
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aQuestions on diagnostic testing and identification of patients with muscle-invasive bladder cancer are addressed in a complementary 
review of non–muscle-invasive bladder cancer (Chou R, Buckley D, Fu R, Gore J, Gustafson K, Griffin J, Grusing S, Selph S. 
Emerging Approaches to Diagnosis and Treatment of Non–Muscle-Invasive Bladder Cancer. Comparative Effectiveness Review No. 
153. [Prepared by the Pacific Northwest Evidence-based Practice Center under Contract No. 290-2012-00014-I.] AHRQ Publication 
No. 15-EHC017-EF. Rockville, MD: Agency for Healthcare Research and Quality. To be published. www.effectivehealthcare.ahrq.gov/
reports/final.cfm.).
bTreatments include bladder-preserving chemotherapy and/or radiation therapy, partial cystectomy, maximal transurethral resection of 
bladder tumor (KQ 1); regional lymph node dissection (KQ 2); neoadjuvant or adjuvant chemotherapy (KQ 3).
KQ = Key Question. Cancer stages shown are the TNM (tumor, node, metastastis) classification. 

Methods
This Comparative Effectiveness Review (CER) follows the 
methods suggested in the Agency for Healthcare Research 
and Quality (AHRQ) “Methods Guide for Effectiveness and 
Comparative Effectiveness Reviews” (hereafter, “AHRQ 
Methods Guide”).12 All methods were determined a priori.

Searching for the Evidence

A research librarian experienced in conducting literature 
searches for CERs searched in Ovid MEDLINE® (January 
1990 to October 2014), Cochrane Central Register of 
Controlled Trials (through September 2014), Cochrane 
Database of Systematic Reviews (through September 
2014), Health Technology Assessment (through Third 
Quarter 2014), National Health Sciences Economic 
Evaluation Database (through Third Quarter 2014), and 
Database of Abstracts of Reviews of Effects (through 
Third Quarter 2014) to capture both published and gray 
literature. We searched for unpublished studies in clinical 
trial registries (ClinicalTrials.gov, Current Controlled 
Trials, ClinicalStudyResults.org and the World Health 

Organization International Clinical Trials Registry 
Platform) and regulatory documents (Drugs@FDA.gov and 
FDA Medical Devices Registration and Listing). Reference 
lists of relevant studies and previous systematic reviews 
were hand-searched for additional studies. Scientific 
information packets were solicited from drug and device 
manufacturers and via a notice published in the Federal 
Register.

Literature search updates were performed while the 
draft report was posted for public comment. Literature 
identified during the update search was assessed using the 
same process of dual review as used for studies identified 
during the initial searches. Pertinent new literature meeting 
inclusion criteria was incorporated before the final 
submission of the report.

Study Selection

We developed criteria for inclusion and exclusion of studies 
based on the Key Questions and populations, interventions, 
comparators, outcomes, timing, and settings (PICOTS) 
approach, in accordance with the AHRQ Methods Guide.12 

Treatments for  
muscle-invasive 
bladder cancer b

(KQ1) / (KQ2) / (KQ3)

(KQ4)

• Mortality
• Recurrence of cancer
• Progression or metastasis 

of cancer
• Quality of life
• Functional status

Patients with nonmetastatic  
muscle-invasive bladder cancer  
(stage T2, T3, or T4; NO: MO)a

Adverse effects  
of treatment

Figure A. Analytic framework
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Inclusion and exclusion criteria are summarized below. 
Abstracts were reviewed by two investigators, and all 
citations deemed appropriate for inclusion by at least 
one of the reviewers were retrieved. Two investigators 
independently reviewed all full-text articles for inclusion. 
Discrepancies were resolved by discussion and consensus.

Population and Condition of Interest. For all Key 
Questions, we included studies of adults with node-
negative nonmetastatic muscle-invasive bladder cancer. 
This includes TNM staging of T2, T3, or T4a, N0, and M0.

Interventions, Comparators, and Study Designs of 
Interest. For Key Questions 1 and 4, we included studies 
of bladder-preserving chemotherapy, radiation therapy 
(external beam or interstitial radiation therapy), partial 
cystectomy, or maximal TURBT compared with radical 
cystectomy alone, radical cystectomy in combination 
with chemotherapy, or other included bladder-preserving 
approaches.

For Key Question 2, we included studies of regional lymph 
node dissection in conjunction with radical cystectomy 
or partial cystectomy compared with radical cystectomy 
without lymph node dissection, and studies of more 
extensive versus more limited regional lymph node 
dissection. 

For Key Questions 3 and 4, we included studies of 
radical cystectomy plus neoadjuvant and/or adjuvant 
chemotherapy versus radical cystectomy alone. We focused 
on chemotherapeutic regimens recommended in clinical 
practice guidelines7 and currently used in clinical practice: 
carboplatin and gemcitabine, cisplatin and gemcitabine, 
CMV, and MVAC. However, we also included trials of 
other cisplatin-based combination regimens. We excluded 
trials that evaluated chemotherapy with a single agent. 

For Key Questions 1, 3, and 4, we included randomized 
controlled trials (RCTs), nonrandomized controlled 
clinical trials, and nonrandomized cohort studies with 
concurrent comparators when RCTs were not available. We 
excluded uncontrolled observational studies, case-control 
studies, case series, and case reports, as these studies are 
less informative than studies with a control group.

Outcomes of Interest. Clinical outcomes evaluated were 
mortality, recurrence of bladder cancer, progression or 
metastasis of bladder cancer, quality of life, and functional 
status. For harms (Key Question 4), we included studies 
reporting complications or adverse effects related to 
treatment with chemotherapy, radiation therapy, and 
radical cystectomy, with or without regional lymph node 
dissection.

Timing and Settings of Interest. For all Key Questions, 
we included studies conducted in inpatient or outpatient 
settings, with any duration of followup.

Data Extraction and Data Management

We extracted the following information into evidence 
tables: study design; setting; inclusion and exclusion 
criteria; dose and duration of treatment for experimental 
and control groups; duration of followup; number of 
subjects screened, eligible, and enrolled; population 
characteristics (including age, race/ethnicity, sex, stage 
of disease, and functional status); results; adverse events; 
withdrawals due to adverse events; and sources of funding. 
We calculated relative risks and associated 95% confidence 
intervals (CIs) based on the information provided (sample 
sizes and incidence of outcomes in each intervention 
group). We noted discrepancies between calculated 
and reported results when present. Data extraction 
for each study was completed by one investigator and 
independently reviewed for accuracy and completeness by 
a second investigator.

Assessment of the Risk of Bias of Individual 
Studies

We assessed the risk of bias for RCTs and observational 
studies using criteria adapted from those developed by the 
U.S. Preventive Services Task Force.13 These criteria were 
applied in conjunction with the approach recommended in 
the AHRQ Methods Guide12 for medical interventions.

Two investigators independently assessed the risk of 
bias of each study. Discrepancies were resolved through 
discussion and consensus. Each study was rated as low, 
medium, or high risk of bias.12 We rated the quality of 
each RCT based on the methods used for randomization, 
allocation concealment, and blinding; the similarity 
of compared groups at baseline; whether attrition was 
adequately reported and acceptable; similarity in use of 
cointerventions; compliance with allocated treatments; the 
use of intent-to-treat analysis; and avoidance of selective 
outcomes reporting.13

We rated the quality of each cohort study based on 
whether it enrolled a consecutive or random sample of 
patients meeting inclusion criteria; whether it evaluated 
comparable groups; whether rates of loss to followup 
were reported and acceptable; whether it used accurate 
methods for ascertaining exposures, potential confounders, 
and outcomes; and whether it performed adjustment for 
important potential confounders (defined as a minimum of 
age, sex, tumor stage, and tumor grade).13
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Studies rated low risk of bias were considered to have no 
more than very minor methodological shortcomings and 
their results are likely to be valid. Studies rated medium 
risk of bias have some methodological shortcomings, 
but no flaw or combination of flaws judged likely to 
cause major bias. In some cases, the article did not report 
important information, making it difficult to assess its 
methods or potential limitations. The category of medium 
risk of bias is broad, and studies with this rating vary in 
their strengths and weaknesses; the results of some studies 
assessed to have medium risk of bias are likely to be valid, 
while others may be only possibly valid. Studies rated high 
risk of bias have significant flaws that may invalidate the 
results. They have a serious or fatal flaw or combination 
of flaws in design, analysis, or reporting; large amounts 
of missing information (including publication of only 
preliminary results in a subgroup of patients randomized); 
or serious discrepancies in reporting. We did not exclude 
studies rated as having high risk of bias a priori, but they 
were considered the least reliable when synthesizing the 
evidence, particularly when discrepancies between studies 
were present.

Applicability 

We recorded factors important for understanding the 
applicability of studies, such as whether the publication 
adequately described the study sample, the country in 
which the study was conducted, the characteristics of the 
patient sample (e.g., age, sex, race/ethnicity, risk factors 
for bladder cancer, presenting symptoms, and medical 
comorbidities), and tumor characteristics (e.g., stage 
and grade, primary or recurrent, unifocal or multifocal 
lesions). We recorded the characteristics of the diagnostic 
tests (e.g., specific test evaluated and cutoffs used) and 
interventions (e.g., treatment dose, duration, and interval), 
and the magnitude of effects on clinical outcomes.12 We 
also recorded the funding source and role of the sponsor. 
Applicability depends on the particular question and the 
needs of the user of the review. There is no generally 
accepted universal rating system for applicability. In 
addition, applicability depends in part on context. 
Therefore, a rating of applicability (such as high or low) 
was not assigned because applicability may differ based on 
the user of this report. 

Data Synthesis

We synthesized data qualitatively for the comparisons and 
outcomes addressed by each Key Question, based on the 
risk of bias, consistency, precision, and directness. We 
did not perform meta-analysis due to the small number 
of RCTs and the heterogeneity of the populations and 
interventions included.

Grading the Strength of Evidence for Each 
Key Question

We assessed the strength of evidence for each Key 
Question and outcome using the approach described in 
the AHRQ Methods Guide,12 based on the overall quality 
of each body of evidence, which was based on the risk of 
bias (graded low, medium, or high); the consistency of 
results across studies (graded consistent, inconsistent, or 
unable to determine when only one study was available); 
the directness of the evidence linking the intervention and 
health outcomes (graded direct or indirect); the precision 
of the estimate of effect, based on the number and size of 
studies and confidence intervals for the estimates (graded 
precise or imprecise); and reporting bias (suspected or 
undetected).

We graded the strength of evidence for each Key Question 
using the four key categories recommended in the AHRQ 
Methods Guide.12 A high grade indicates high confidence 
that the evidence reflects the true effect and that further 
research is very unlikely to change our confidence in the 
estimate of effect. A moderate grade indicates moderate 
confidence that the evidence reflects the true effect; further 
research may change our confidence in the estimate of 
effect and may change the estimate. A low grade indicates 
low confidence that the evidence reflects the true effect; 
further research is likely to change the confidence in the 
estimate of effect and is likely to change the estimate. 
A grade of insufficient indicates that evidence either is 
unavailable or is too limited to permit any conclusion 
because of the availability of only poor-quality studies, 
extreme inconsistency, or extreme imprecision.

Results

Database searches resulted in 3,921 potentially relevant 
articles. After dual review of abstracts and titles, 295 
articles were selected for full-text dual review and 39 
studies (in 41 publications) were determined to meet 
inclusion criteria and were included in this review. 

Key Question 1. Effectiveness of Bladder-Preserving 
Treatments Compared With Cystectomy Alone or in 
Combination With Chemotherapy

One RCT, seven retrospective cohort studies, and one 
nonrandomized controlled clinical trial compared bladder-
sparing therapy versus radical cystectomy either alone 
or in combination with chemotherapy in patients with 
nonmetastatic muscle-invasive bladder cancer.

• One RCT with high risk of bias found no difference 
between bladder-preserving external beam radiation 
therapy (60 Gray) versus radical cystectomy plus 
external beam radiation therapy (40 Gray) in median 



7

survival duration (18 vs. 20 months; p = 0.21), but 
increased risk of local or regional recurrence (35.8% 
vs. 6.8%) (strength of evidence [SOE]: insufficient).

• There was insufficient evidence from cohort studies and 
a nonrandomized controlled clinical trial to evaluate 
effects of bladder-preserving therapies versus radical 
cystectomy on risk of overall or bladder-specific 
mortality (7 studies) or local or regional recurrence (3 
studies) because of methodological shortcomings in the 
studies, inconsistent results, and imprecise estimates 
(SOE: insufficient).

• No study evaluated effects of bladder-sparing therapy 
versus radical cystectomy on quality of life (SOE: 
insufficient).

Key Question 1a. Tumor Characteristics

• No study evaluated how estimates of effectiveness 
of bladder-sparing therapy versus radical cystectomy vary 
in subgroups defined by tumor characteristics, such as 
stage, grade, size, or molecular or genetic markers (SOE: 
insufficient).

Key Question 1b. Patient Characteristics

• No study evaluated how estimates of effectiveness 
of bladder-sparing therapy versus radical cystectomy 
vary in subgroups defined by patient characteristics, 
such as age, sex, race/ethnicity, performance status, or 
comorbidities, including chronic kidney disease (SOE: 
insufficient).

Key Question 1c. Various Combinations of Agents and/
or Radiation Therapy Used for Bladder-Preserving 
Chemotherapy

• No study compared the effectiveness of different 
combinations of chemotherapeutic agents and/or 
radiation treatment (SOE: insufficient). 

Key Question 1d. Different Bladder-Preserving 
Treatments Compared With One Another

• One RCT found external beam radiation therapy with 
synchronous chemotherapy to be associated with lower 
likelihood of 2-year locoregional recurrence (33% vs. 
46%; hazard ratio [HR], 0.68; 95% CI, 0.48 to 0.95) 
and 5-year metastasis (HR, 0.72; 95% CI, 0.53 to 0.99); 
it also found trends toward decreased risk of overall 
(52% vs. 65%; HR, 0.82; 95% CI, 0.63 to 1.09) and 
bladder–cancer-specific mortality (42% vs. 51%; HR, 
0.77; 95% CI, 0.57 to 1.05) versus radiation therapy 
alone (SOE: low).

• There was insufficient evidence from one cohort study 
with serious methodological limitations to determine 
the comparative effectiveness of bladder-preserving 
radiation therapy versus maximal TURBT (SOE: 
insufficient).

Key Question 2. Regional Lymph Node Dissection 
Versus Cystectomy Alone 

• Three cohort studies found regional lymph node 
dissection to be associated with lower risk of mortality 
than no lymph node dissection; two cohort studies 
examined the same population-based database,  and 
one did not perform statistical adjustment for potential 
confounders (SOE: low).

Key Question 2a. Tumor Characteristics

• One study found that effects of lymph node dissection 
on reducing risk of all-cause and bladder–cancer-
specific mortality appeared to be stronger for lower 
stage tumors than for higher stage tumors, but for all-
cause mortality there was no clear pattern suggesting 
differential effectiveness according to tumor stage 
(SOE: low).

Key Question 2b. Extent of Regional Lymph Node 
Dissection

Eight retrospective cohort studies evaluated effects of the 
extent of lymph node dissection on clinical outcomes.

• Eleven cohort studies found that more extensive 
lymph node dissection was associated with improved 
all-cause or bladder–cancer-specific mortality versus 
less extensive lymph node dissection, but studies had 
methodological limitations, there was variability in the 
lymph node dissection techniques evaluated, and there 
was some inconsistency in results (SOE: low).

• Six cohort studies found that more extensive lymph 
node dissection was associated with lower risk of 
bladder cancer recurrence or progression, but most 
studies had serious methodological limitations and 
there was some inconsistency in results (SOE: low).

Key Question 3. Improvement in Outcomes With 
Neoadjuvant or Adjuvant Chemotherapy Compared 
With Cystectomy Alone

Six trials (reported in eight publications) evaluated 
neoadjuvant chemotherapy (NAC) and four trials evaluated 
adjuvant chemotherapy (AC) for muscle-invasive bladder 
cancer.



Neoadjuvant Chemotherapy

• Six trials found NAC to be associated with decreased 
risk or a trend toward decreased risk of mortality versus 
no NAC. Three trials evaluated standard chemotherapy 
regimens (CMV and MVAC), and three trials used 
cisplatin-based regimens not commonly used in clinical 
practice (cisplatin and doxorubicin or cisplatin and 
methotrexate) (SOE: moderate).

• Three trials found NAC (CMV, MVAC, or cisplatin 
and methotrexate) to be associated with lower risk of 
disease progression versus no NAC; the largest trial and 
the only one to show a statistically significant effect 
found neoadjuvant CMV to be associated with lower 
likelihood of metastasis or death versus no NAC after 4 
years (45% vs. 53%; HR, 0.79; CI, 0.66 to 0.93) (SOE: 
low).

• Three trials found that NAC was not superior to no 
NAC in risk of locoregional bladder cancer recurrence 
(SOE: moderate).

Adjuvant Chemotherapy

• Four trials found that AC was associated with decreased 
risk of mortality versus no AC, but no trial reported 
a statistically significant effect and there was some 
inconsistency in findings (SOE: low).

• One trial found that AC was not superior to no AC in 
risk of bladder cancer progression (SOE: insufficient).

• There was insufficient evidence to determine effects 
of AC versus no AC on risk of locoregional recurrence 
because of imprecise estimates and inconsistency 
between studies (SOE: insufficient).

Key Question 3a. Various Combinations of Agents

• Evidence from three cohort studies of neoadjuvant or 
adjuvant MVAC versus cisplatin and gemcitabine was 
too unreliable to evaluate comparative effectiveness 
because of serious methodological limitations (SOE: 
insufficient).

Key Question 3b. Various Combinations of Agents 
According to Tumor Characteristics

Six studies (in 7 publications) were included.

• Four trials found no clear differences in estimates of 
effectiveness of NAC versus no NAC in subgroups 
based on tumor stage or grade (SOE: low).

• Two trials found no clear differences in estimates of 
effectiveness of AC versus no AC in subgroups based 
on nodal status or tumor stage (SOE: low).

Key Question 3c. Patient Characteristics

Five trials evaluated the effect of patient characteristics on 
the comparative effectiveness of neoadjuvant or adjuvant 
chemotherapy.

• Five trials found no clear differences in estimates of 
effectiveness of NAC versus no NAC in subgroups 
based on patient age (SOE: low).

• One trial found no interaction between sex or 
performance status on effectiveness of NAC versus no 
NAC but found NAC to be more effective than no NAC 
in patients with better renal function (SOE: low).

Key Question 3d. Dosing Frequency and/or Timing of 
Administration Relative to Radical Cystectomy

Four studies were included for this Key Question.

• One trial and two cohort studies found that neither 
adjuvant nor neoadjuvant MVAC was superior for 
overall or bladder–cancer-specific survival (SOE: low).

• There was insufficient evidence from one small cohort 
study of adjuvant versus neoadjuvant gemcitabine plus 
cisplatin, which had methodological shortcomings, to 
determine effects on bladder cancer recurrence (SOE: 
insufficient).

• One trial found that neither administration of adjuvant 
cisplatin plus gemcitabine on day 2 or on day 15 was 
superior for 5-year survival (SOE: low).

Key Question 4. Comparative Adverse Effects of 
Treatments 

Seven studies were included for this Key Question.

Bladder-Preserving Therapies Versus Radical Cystectomy

• There was insufficient evidence from four studies of 
bladder-sparing therapies versus radical cystectomy to 
determine comparative risk of harms because of poor 
reporting of harms data and methodological limitations 
in the studies (SOE: insufficient).

More Versus Less Extensive Regional Lymph Node 
Dissection

• One cohort study found extended lymph node 
dissection to be associated with longer operative time 
than standard lymph node dissection (median, 330 vs. 
277 minutes) (SOE: insufficient).

Neoadjuvant Chemotherapy

• In three trials, NAC was not associated with increased 
risk of surgical complications or perioperative deaths 
versus no NAC (SOE: moderate).

8
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• In two trials, NAC was associated with grade 3 or 4 
hematological adverse events (SOE: low).

Adjuvant Chemotherapy

• Harms were poorly reported in three trials of AC versus 
no AC (SOE: insufficient). 

Adjuvant Chemotherapy Versus Neoadjuvant 
Chemotherapy

• One trial found no difference between neoadjuvant 
versus adjuvant MVAC in risk of mortality related to 
chemotherapy toxicity (SOE: low).

Key Question 4a. Patient Characteristics

• No trial evaluated how estimates of harms associated 
with NAC or AC vary in subgroups defined by 
patient characteristics such as age, sex, race/ethnicity, 
performance status, or comorbidities. 

Discussion

Key Findings and Strength of Evidence

The key findings of this review are described in the 
summary-of-evidence table (Table A).

We found limited evidence with which to evaluate the 
effectiveness of bladder-preserving therapies for muscle-
invasive bladder cancer versus radical cystectomy. The 
only RCT of bladder-preserving therapy had important 
methodological limitations, used lower doses of radiation 
therapy than in current practice, and may have used 
outdated surgical techniques, as patients were treated in 
the early 1980s.14 It found no difference between bladder-
preserving external beam radiation therapy (60 Gray) 
versus radical cystectomy plus radiation therapy (40 Gray) 
in median survival duration, although bladder-preserving 
treatment was associated with increased risk of local 
or regional recurrence (35.8% vs. 6.8%) (SOE: low). 
Cohort studies and one nonrandomized controlled clinical 
trial of bladder-preserving treatments versus radical 
cystectomy had methodological shortcomings and reported 
inconsistent results, precluding reliable conclusions 
(SOE: insufficient). Although a potential advantage of 
bladder-preserving therapy is on subsequent quality of 
life, no study evaluated quality of life. Harms were also 
poorly reported (SOE: insufficient). The most commonly 
evaluated bladder-preserving therapy was radiation 
therapy, with or without systemic chemotherapy. Only one 
study evaluated bladder-preserving therapy with maximal 
TURBT.15 It reported high 5-year mortality rates, with no 

clear differences between radiation therapy and maximal 
TURBT, and did not attempt to adjust for potential 
confounders.

Some evidence from cohort studies suggests that more 
extensive lymph node dissection with cystectomy might be 
more effective than less extensive lymph node dissection 
at improving survival (SOE: low). However, studies had 
methodological limitations (including failure to adequately 
adjust for confounders and comparisons of patients who 
underwent different lymph node dissection techniques 
in different countries); there was variability in the lymph 
node dissection techniques evaluated; and there was some 
inconsistency in results. More extensive lymph node 
dissection was associated with longer operative times 
in one study (SOE: low),16 but other harms were poorly 
reported.

Evidence was somewhat stronger on the effects of NAC 
and AC in patients with muscle-invasive bladder cancer. 
Six RCTs consistently found NAC associated with 
decreased risk or a trend toward decreased risk of mortality 
versus no NAC (SOE: moderate). Three trials evaluated 
currently recommended chemotherapy regimens (CMV 
and MVAC),17-19 and three trials evaluated other cisplatin-
based combination regimens (cisplatin with methotrexate 
or doxorubicin).20-22 There was limited evidence that 
there was no clear difference in the effectiveness of NAC 
in subgroups based on tumor or patient characteristics. 
Compared with evidence on NAC, evidence on benefits 
of AC was not as strong. Although four trials found AC 
to be associated with decreased risk of mortality versus 
no AC, no trial reported a statistically significant effect 
and there was some inconsistency in findings (SOE: low). 
Three cohort studies compared effects of NAC or AC with 
MVAC versus cisplatin and gemcitabine but had serious 
methodological limitations, including failure to adjust 
for confounders, precluding reliable conclusions (SOE: 
insufficient).23-25 One trial and two cohort studies found 
no clear differences between neoadjuvant and adjuvant 
MVAC in overall or bladder–cancer-specific survival 
(SOE: low).25-27 Although NAC was not associated with 
an increased risk of complications related to cystectomy, 
chemotherapy was associated with an increased risk 
of hematological adverse events (SOE: low). Although 
cisplatin is nephrotoxic, renal adverse events were not 
well reported.28 No study compared benefits or harms of 
cisplatin-based versus carboplatin-based chemotherapy 
regimens.
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Table A. Summary of evidence

Key Question Outcome

Strength-
of-Evidence 

Grade Conclusion

1. For patients with nonmetastatic 
muscle-invasive bladder cancer, 
what is the effectiveness of 
bladder-preserving treatments 
(chemotherapy, external beam 
or interstitial radiation therapy, 
partial cystectomy, and/or 
maximal transurethral resection 
of bladder tumor) for decreasing 
mortality or improving other 
outcomes (e.g., recurrence, 
metastasis, quality of life, 
functional status) compared 
with cystectomy alone or 
cystectomy in combination with 
chemotherapy?

Mortality Insufficient

One RCT with high risk of bias found no difference 
between bladder-preserving external beam radiation 
therapy (60 Gray) vs. radical cystectomy plus 
radiation therapy (40 Gray) in median survival 
duration (18 vs. 20 months; p = 0.21).

Local recurrence Low

One RCT with high risk of bias found increased risk 
of local or regional recurrence (35.8% vs. 6.8%) for 
bladder-preserving external beam radiation therapy 
vs. radical cystectomy.

Overall mortality, 
bladder–cancer-

specific mortality
Insufficient

There was insufficient evidence from cohort 
studies and a nonrandomized controlled clinical 
trial to evaluate effects of bladder-preserving 
therapies vs. radical cystectomy on risk of overall 
or bladder-specific mortality (7 studies) because 
of methodological shortcomings in the studies, 
inconsistent results, and imprecise estimates.

Recurrence Insufficient

There was insufficient evidence from 3 cohort 
studies to evaluate effects of bladder-preserving 
therapies vs. radical cystectomy on risk of local 
or regional recurrence because of methodological 
shortcomings in the studies and inconsistent results.

Quality of life Insufficient
No study evaluated effects of bladder-sparing 
therapy vs. radical cystectomy on quality of life.

1a. Does the comparative 
effectiveness differ according 
to tumor characteristics, such as 
histology, stage, grade, size, or 
molecular/genetic markers?

Effectiveness Insufficient

No study evaluated how estimates of effectiveness of 
bladder-sparing therapy vs. radical cystectomy vary 
in subgroups defined by tumor characteristic, such as 
stage, grade, size, or molecular or genetic markers.

1b. Does the comparative 
effectiveness differ according 
to patient characteristics, such 
as age, sex, race/ethnicity, 
performance status, or medical 
comorbidities such as chronic 
kidney disease?

Effectiveness Insufficient

No study evaluated how estimates of effectiveness of 
bladder-sparing therapy vs. radical cystectomy vary 
in subgroups defined by patient characteristics, such 
as age, sex, race/ethnicity, performance status, or 
comorbidities (including chronic kidney disease).

1c. What is the comparative 
effectiveness of various 
combinations of agents and/
or radiation therapy used 
for bladder-preserving 
chemotherapy?

Effectiveness Insufficient

No study compared the effectiveness of different 
combinations of chemotherapeutic agents and/or 
radiation treatment. 
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Table A. Summary of evidence (continued)

Key Question Outcome

Strength-
of-Evidence 

Grade Conclusion

1d. What is the effectiveness of 
different bladder-preserving 
treatments (chemotherapy, 
external beam or interstitial 
radiation therapy, partial 
cystectomy, and/or maximal 
transurethral resection of bladder 
tumor) compared with one 
another?

Mortality Low 

One randomized trial found external beam radiation 
therapy with synchronous chemotherapy to be 
associated with trends toward decreased risk of 
overall (52% vs. 65%; HR, 0.82; 95% CI, 0.63 to 
1.09) and bladder–cancer-specific mortality (42% vs. 
51%; HR, 0.77; 95% CI, 0.57 to 1.05) vs. radiation 
therapy alone.

Recurrence Low

One randomized trial found external beam 
radiation therapy with synchronous chemotherapy 
to be associated with lower likelihood of 2-year 
locoregional recurrence (33% vs. 46%; HR, 0.68; 
95% CI, 0.48 to 0.95) and 5-year metastasis (HR, 
0.72; 95% CI, 0.53 to 0.99) vs. radiation therapy 
alone.

2. For patients with clinically 
nonmetastatic muscle-invasive 
bladder cancer that is treated 
with cystectomy, does regional 
lymph node dissection improve 
outcomes compared with 
cystectomy alone?

Mortality Low

Three cohort studies found regional lymph node 
dissection to be associated with lower risk of 
mortality than no lymph dissection; 2 cohort studies 
examined the same population-based database, and 
1 did not perform statistical adjustment for potential 
confounders.

2a. Does the comparative 
effectiveness differ according 
to tumor characteristics, such as 
histology, stage, grade, size, or 
molecular/genetic markers?

Mortality Low

One study found increased risk of 10-year cancer-
specific mortality and overall mortality for all stages 
of bladder cancer for patients who underwent no 
lymph node dissection.

2b. Does the comparative 
effectiveness differ according 
to the extent of the regional 
lymph node dissection (e.g., 
as measured by the number of 
lymph nodes removed or the 
anatomic extent of dissection)?

Mortality Low 

Eleven cohort studies found more extensive lymph 
node dissection to be associated with improved all-
cause or bladder–cancer-specific mortality vs. less 
extensive lymph node dissection, but studies had 
methodological limitations, there was variability in 
the lymph node dissection techniques evaluated, and 
there was some inconsistency in results.

Recurrence, 
progression

Low

Six cohort studies found that more extensive lymph 
node dissection was associated with lower risk of 
bladder cancer recurrence or progression, but most 
studies had serious methodological limitations and 
there was some inconsistency in results.
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Table A. Summary of evidence (continued)

Key Question Outcome

Strength-
of-Evidence 

Grade Conclusion

3. For patients with nonmetastatic 
muscle-invasive bladder cancer 
that is treated with cystectomy, 
does neoadjuvant or adjuvant 
chemotherapy improve outcomes 
compared with cystectomy 
alone?

Neoadjuvant 
chemotherapy: 

mortality
Moderate

Six trials found NAC to be associated with decreased 
risk, or a trend toward decreased risk, of mortality 
vs. no NAC. Three trials evaluated standard 
chemotherapy regimens (CMV and MVAC), and 3 
trials used cisplatin-based regimens not commonly 
used in clinical practice (cisplatin and doxorubicin or 
cisplatin and methotrexate).

Neoadjuvant 
chemotherapy: 
likelihood of 

metastasis or death

Low

Three trials found NAC (CMV, MVAC, or cisplatin 
and methotrexate) to be associated with lower risk 
of disease progression; the largest trial and the only 
one to show a statistically significant effect found 
neoadjuvant CMV to be associated with lower 
likelihood of metastasis or death versus no NAC 
after 4 years (45% vs. 53%; HR, 0.79; 95% CI, 0.66 
to 0.93).

Neoadjuvant 
chemotherapy: 

recurrence
Moderate

Three trials found that NAC was not superior to 
no NAC in risk of locoregional bladder cancer 
recurrence.

Adjuvant 
chemotherapy: 

mortality
Low

Four trials found AC to be associated with decreased 
risk of mortality vs. no AC, but no trial reported a 
statistically significant effect and there was some 
inconsistency in findings.

Adjuvant 
chemotherapy: 

progression
Insufficient

One trial found that AC was not superior to no AC in 
risk of bladder cancer progression.

Adjuvant 
chemotherapy: 

recurrence
Insufficient

There was insufficient evidence to determine effects 
of AC vs. no AC on risk of locoregional recurrence 
because of imprecise estimates and inconsistency 
between studies.

3a. What is the comparative 
effectiveness of various 
combinations of agents used 
for neoadjuvant or adjuvant 
chemotherapy?

Effectiveness Insufficient

Evidence from 3 cohort studies of neoadjuvant or 
adjuvant MVAC vs. cisplatin and gemcitabine was 
too unreliable to evaluate comparative effectiveness 
because of serious methodological limitations.

3b. Does the comparative 
effectiveness of various 
combinations of agents used 
for neoadjuvant or adjuvant 
chemotherapy differ according 
to tumor characteristics, such as 
histology, stage, grade, size, or 
molecular/genetic markers?

Neoadjuvant 
chemotherapy: 
effectiveness

Low
Four trials found no clear differences in estimates 
of effectiveness of NAC vs. no NAC in subgroups 
based on tumor stage or grade.

Adjuvant 
chemotherapy: 
effectiveness

Low

Two trials found no clear differences in estimates of 
effectiveness of AC vs. no AC in subgroups based on 
nodal status or tumor stage.
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Table A. Summary of evidence (continued)

Key Question Outcome

Strength-
of-Evidence 

Grade Conclusion

3c. Does the comparative 
effectiveness differ according 
to patient characteristics, such 
as age, sex, race/ethnicity, 
performance status, or medical 
comorbidities such as chronic 
kidney disease?

Subgroup—patient 
age: effectiveness

Low
Five trials found no clear interaction between age 
and estimates of effectiveness of NAC vs. no NAC.

Subgroups—sex, 
performance 
status, renal 

function: 
effectiveness

Low

One trial found no interaction between sex or 
performance status on effectiveness of NAC vs. no 
NAC, but found NAC to be more effective than no 
NAC in patients with better renal function.

3d. Does the comparative 
effectiveness of neoadjuvant 
or adjuvant chemotherapy 
differ according to dosing 
frequency and/or the timing of 
its administration relative to 
cystectomy?

Adjuvant vs. 
neoadjuvant 

MVAC: overall 
survival, bladder–

cancer-specific 
survival

Low

One trial and 2 cohort studies found that neither 
adjuvant nor neoadjuvant MVAC was superior for 
overall or bladder–cancer-specific survival.

Adjuvant vs. 
neoadjuvant 
gemcitabine 

plus cisplatin: 
recurrence

Insufficient

There was insufficient evidence from 1 small cohort 
study with methodological shortcomings of adjuvant 
vs. neoadjuvant gemcitabine plus cisplatin to 
determine effects on bladder cancer recurrence.

Adjuvant cisplatin 
plus gemcitabine 
on day 2 vs. day 

15: 5-year survival

Low

One trial found that neither administration of 
adjuvant cisplatin plus gemcitabine on day 2 nor day 
15 was superior for 5-year survival.
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AC = adjuvant chemotherapy; CI = confidence interval; CMV = cisplatin, methotrexate, vinblastine; HR = hazard ratio;  
MVAC = methotrexate, vinblastine, doxorubicin, cisplatin; NAC = neoadjuvant chemotherapy.

Table A. Summary of evidence (continued)

Key Question Outcome

Strength-
of-Evidence 

Grade Conclusion

4. What are the comparative 
adverse effects of treatments for 
nonmetastatic muscle-invasive 
bladder cancer?

Bladder-sparing 
therapies vs. 

radical cystectomy: 
adverse events

Insufficient

There was insufficient evidence from 4 studies of 
bladder-sparing therapies vs. radical cystectomy to 
determine comparative risk of harms because of 
poor reporting of harms data and methodological 
limitations in the studies.

Extended lymph 
node dissection 

vs. standard lymph 
node dissection: 
operative time

Insufficient

One cohort study found extended lymph node 
dissection to be associated with longer operative 
time than standard lymph node dissection (median, 
330 vs. 277 minutes).

Neoadjuvant 
chemotherapy vs. 
no neoadjuvant 
chemotherapy: 

surgical 
complications, 
perioperative 

deaths

Low

In 3 trials, NAC was not associated with increased 
risk of surgical complications or perioperative deaths 
vs. no NAC.

Neoadjuvant 
chemotherapy: 

grade 3 or 4 
hematological 
adverse events

Low

In 2 trials, NAC was associated with grade 3 or 4 
hematological adverse events.

Adjuvant 
chemotherapy 
vs. no adjuvant 
chemotherapy: 
adverse events

Insufficient

 
Harms were poorly reported in 3 trials of AC vs. no 
AC.

Neoadjuvant vs. 
adjuvant MVAC: 
mortality related 
to chemotherapy 

toxicity

Low

One trial found no difference between neoadjuvant 
vs. adjuvant MVAC in risk of mortality related to 
chemotherapy toxicity.

4a. How do adverse effects of 
treatment vary by patient 
characteristics, such as age, 
sex, race/ethnicity, performance 
status, or medical comorbidities 
such as chronic kidney disease?

Effectiveness Insufficient

No trial evaluated how estimates of harms associated 
with NAC or AC vary in subgroups defined by 
patient characteristics, such as age, sex, race/
ethnicity, performance status, or comorbidities.
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Findings in Relationship to What Is Already 
Known

Our findings regarding bladder-preserving therapy are 
consistent with findings from a recent review conducted 
to inform an International Consultation on Urological 
Diseases/European Association of Urology guideline 
on radical cystectomy and bladder-preserving therapy,29 
which concluded that open radical cystectomy remains 
the standard of treatment for muscle-invasive bladder 
cancer. However, that review also concluded that bladder-
preserving therapy is a valid alternative to radical 
cystectomy in selected patients, based largely on cross-
study comparisons of survival rates in series of patients 
who underwent radical cystectomy or bladder preservation 
using multiple modalities.

Our findings are consistent with systematic reviews 
that found lymph node dissection to be associated with 
better outcomes than no lymph node dissection, and 
more extensive lymph node dissection to be associated 
with better outcomes than less extensive dissection. Like 
our review, prior reviews found serious methodological 
shortcomings in the evidence,30,31 precluding strong 
conclusions.

Our findings are also consistent with prior systematic 
reviews that found platinum-based NAC to be associated 
with improved survival versus no NAC,32-34 despite some 
differences between the methods used to conduct the 
reviews. For example, prior reviews included studies 
of patients who received cisplatin monotherapy, which 
is not used in clinical practice, as well as noncisplatin 
combination regimens, whereas we restricted our analysis 
to patients who received cisplatin combination regimens 
and carboplatin/gemcitabine. Prior reviews support our 
decision to exclude trials of cisplatin monotherapy, as 
benefits were not observed in this subgroup of trials.33 
Other differences in the methods used in prior reviews 
include access to and analysis of individual patient data, 
unpublished data, and trials published only as abstracts.33 
Our findings are consistent with systematic reviews that 
found less definitive evidence that AC is more effective 
than no AC than was found for NAC versus no NAC.34,35 
Although one review based on individual patient data 
found AC to be associated with reduced risk of mortality 
versus no AC (HR, 0.75; 95% CI, 0.60 to 0.96), it noted 
methodological issues that could have biased estimates, 
including early stopping of trials, nonreceipt of allocated 
treatments, and nonreceipt of salvage chemotherapy.35

Applicability

Some issues could impact the applicability of our 
findings. The only RCT of bladder-sparing therapy was 
conducted in the early 1980s and used doses of radiation 
therapy that are lower than employed in current practice.14 
Surgical techniques may have also been outdated. Among 
the available cohort studies, few evaluated currently 
recommended trimodality regimens (radiation therapy, 
cisplatin-based chemotherapy, and TURBT).36

Techniques for lymph node dissection varied, as did 
methods and definitions used to define the extent of 
regional lymph node dissection. Some studies were 
conducted in Europe, where techniques for lymph node 
dissection may vary from U.S. surgical practices.

For chemotherapy regimens, few trials evaluated currently 
recommended cisplatin-based chemotherapy regimens 
(MVAC, CMV, cisplatin and gemcitabine). No trial 
evaluated adjuvant or neoadjuvant therapy with carboplatin 
versus cisplatin, which may be used in clinical practice in 
patients with baseline renal dysfunction.

We also identified issues that could limit applicability of 
our findings to specific populations of interest. Although 
bladder-preserving therapies might be of interest for older 
patients or patients with substantial comorbidities in whom 
the risk of radical cystectomy might be increased, there 
was insufficient evidence to determine the effectiveness of 
bladder-sparing therapy in these populations. For patients 
with renal dysfunction, carboplatin may be considered 
because it is less nephrotoxic than cisplatin, but there were 
insufficient data to evaluate the effectiveness of cisplatin-
based versus carboplatin-based regimens in patients with 
underlying renal dysfunction.

Implications for Clinical and Policy 
Decisionmaking

Our review has implications for clinical and policy 
decisionmaking. Consistent with a European guideline7 
that recommends radical cystectomy as first-line therapy 
for muscle-invasive bladder cancer, we found no evidence 
that bladder-sparing therapies are more effective than 
radical cystectomy and some studies suggesting that 
bladder-sparing therapies are less effective. However, 
research indicates that radical cystectomy continues to 
be underused in patients with muscle-invasive bladder 
cancer.11
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We found evidence to support regional lymph node 
dissection with radical cystectomy, and some evidence to 
support more extensive lymph node dissection. However, 
some evidence suggests that lymph node dissection is 
not always performed in patients undergoing radical 
cystectomy for muscle-invasive bladder cancer.37

Our review also supports recommendations for NAC in 
patients undergoing radical cystectomy using cisplatin-
based combination regimens. Although we found limited 
evidence of no difference between NAC versus AC, 
evidence showing effectiveness was more limited for AC 
than for NAC.

Limitations

The review process had some limitations. We were unable 
to perform meta-analysis because of variability in the 
bladder-preserving therapies, lymph node dissection 
methods, and chemotherapy regimens evaluated, as well as 
in other factors, such as the patient populations evaluated. 
Therefore, we synthesized the evidence qualitatively. 
Although pooling may not have been suitable, a potential 
disadvantage of qualitative synthesis is the inability to 
detect potential effects of interventions in individual 
studies because of lack of statistical power. Because we did 
not perform meta-analysis, we were also unable to assess 
for publication bias using formal graphical or statistical 
methods. However, such methods are not recommended 
when the number of studies is small, as in our review, since 
they can be misleading.38,39 We excluded non–English 
language articles and did not search for studies published 
only as abstracts. However, results of systematic reviews 
that were not restricted to English language and that 
included unpublished studies reported findings that were 
similar to those of our review.33,35 We also did not have 
access to individual patient data, but findings of systematic 
reviews with access to such data reported findings similar 
to those of our review.33,35

The evidence base had a number of important limitations 
that made it difficult to draw strong conclusions. For 
assessing the effects of bladder-sparing therapy versus 
radical cystectomy on clinical outcomes and the effects of 
extent of lymph node dissection, almost all of the evidence 
was restricted to observational studies. Furthermore, the 
observational studies had important limitations, including 
failure to adequately adjust for potential confounders. 
Some observational studies had serious methodological 
limitations because of how the comparison groups were 
selected. For example, two studies that compared effects of 
the extent of lymph node dissection on clinical outcomes 
evaluated patients who underwent more extensive 

lymph node dissection in one country with patients who 
underwent less extensive lymph node dissection in another 
country.40,41

Although RCTs were available on the effects of NAC 
and AC, all trials had methodological shortcomings. 
In addition, variability in the chemotherapy regimens 
evaluated—with few trials evaluating regimens 
recommended in current guidelines—complicates 
interpretation of findings.

Other limitations of the evidence base include poor or 
suboptimal reporting of harms, little evidence with which 
to determine how patient and tumor characteristics impact 
estimates of effectiveness, and limited evidence directly 
comparing the effectiveness of different bladder-sparing 
treatments and chemotherapy regimens.

Research Gaps

Additional research is needed to more reliably address 
all of the Key Questions evaluated in this review. Well-
conducted studies that compare effects of bladder-sparing 
therapies versus radical cystectomy in clearly defined 
patient groups would help to clarify situations in which 
bladder-sparing therapy is an acceptable alternative. 
Research is also needed to understand the role of maximal 
TURBT as a potential option for bladder-preserving 
therapy. Research on bladder-preserving therapies should 
also address effects on quality of life42 and harms, which 
have been poorly studied to date.

Randomized trials that evaluate more versus less extensive 
regional lymph node dissection using standardized 
definitions and techniques are needed, and they should also 
more fully address comparative harms. Trials that compare 
currently recommended cisplatin-based and carboplatin-
based chemotherapy regimens would be helpful for 
clarifying their relative effectiveness, particularly for 
patients with renal dysfunction, in whom cisplatin might 
be associated with higher risk. A number of ongoing 
trials are evaluating non–cisplatin-based chemotherapy 
regimens,34 and a trial of more versus less extensive lymph 
node dissection is also in progress.43

Conclusions

NAC with cisplatin-based regimens improves survival 
in patients with muscle-invasive bladder cancer, and 
extended lymph node dissection during cystectomy might 
be more effective than standard lymph node dissection for 
improving survival. More research is needed to clarify the 
effectiveness of bladder-sparing therapies versus radical 
cystectomy and to define patient subgroups for which such 
therapies are a potential option.
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