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Abstract

Background: Neoadjuvant chemotherapy is underutilized in bladder cancer patients who 

undergo radical cystectomy. However, the quality of regimens used in this setting remains largely 

unknown.

Objective: To determine utilization treatment patterns and survival outcomes according to 

regimens administered.
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Design, setting, and patients: We used the Surveillance, Epidemiology and End Results 

(SEER)-Medicare linked database to identify patients diagnosed with clinical stage TII–IV bladder 

cancer from January 1, 2001 to December 31, 2011.

Outcome measurements and statistical analysis: Temporal trends were assessed using 

the Cochran-Armitage test. Multivariable logistic regression models were used to identify 

predictors for neoadjuvant chemotherapy use. Cox proportional hazards models were used to 

compare overall survival according to regimens administered.

Results and limitations: Of 2738 patients treated with radical cystectomy, 344 (12.6%) 

received neoadjuvant chemotherapy. The agents most commonly used were gemcitabine (72.3%), 

cisplatin (55.2%), and carboplatin (31.1%). The regimens most commonly used were gemcitabine­

cisplatin (45.3%), gemcitabine-carboplatin (24.1%), and methotrexate, vinblastine, doxorubicin, 

and cisplatin (M-VAC; 6.7%). Use of neoadjuvant chemotherapy more than tripled during the 

study period, from 5.7% in 2001 to 17.3% in 2011 (p < 0.001). The quality of the regimen 

administered impacted survival outcomes, as M-VAC use was significantly associated with better 

overall survival among patients diagnosed with stage II bladder cancer (hazard ratio 0.24, 95% 

confidence interval 0.07–0.86; p = 0.030]. Limitations include the limited ability of retrospective 

analysis to control for selection bias.

Conclusions: Neoadjuvant chemotherapy was underused, and the quality of neoadjuvant 

chemotherapy regimens administered for bladder cancer was inconsistent with guideline 

recommendations. These findings are important when interpreting population-based data on the 

use of chemotherapy and extrapolating survival outcomes.

Patient summary: In a large population-based study, 12.6% of patients undergoing radical 

cystectomy for bladder cancer received neoadjuvant chemotherapy, half of whom received 

guideline-recommended regimens. The quality of the regimen impacted survival outcomes, as use 

of cisplatin-based chemotherapy was significantly associated with better overall survival among 

patients diagnosed with stage II bladder cancer. However, <1% of radical cystectomy patients 

received this regimen.

Keywords

Neoadjuvant chemotherapy; Radical cystectomy; Bladder cancer; Surveillance, Epidemiology and 
End Results; Medicare; Quality

1. Introduction

There will be an estimated 79 030 new cases and 16 870 deaths from bladder cancer in 

the USA in 2018 [1]. Radical cystectomy with pelvic lymphadenectomy is recommended 

for patients with muscle-invasive bladder cancer (MIBC) [2]. Neoadjuvant chemotherapy 

(NAC) is a guideline-recommended treatment that offers approximately 5% better survival 

benefit among patients who undergo radical cystectomy [2–4].

Over the past several decades, single chemotherapeutic agents and regimens combining 

two or more agents have been evaluated in the NAC setting [5–8]. A systematic review 

and meta-analysis showed that combination therapy with one or more agents with a 
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cisplatin compound can have a significant survival benefit [9,10]. Therefore, clinical practice 

guidelines recommend cisplatin-based combination NAC followed by radical cystectomy as 

the standard treatment for MIBC [4,11–13].

Despite these recommendations, several studies have documented significant 

underutilization of NAC [14,15]. With insufficient evidence to determine an optimal 

cisplatin-based chemotherapeutic regimen, the quality of NAC regimens administered has 

been questioned [16]. The lack of consistent oncologic benefit and the varying patient 

eligibility criteria (ie, renal insufficiency) for cisplatin-based NAC have complicated 

the interpretation of survival outcomes [16]. Conflicting data on comorbidity status 

remain, including the degree of renal insufficiency and the impact on utilization of NAC 

[17,18]. As seen for other cancers [19], adherence to established guidelines regarding 

treatment strategies continues to be challenging [20,21]. Moreover, registries for cancer 

in other disease sites suggest that there is better adherence to guidelines when dedicated 

resources and personnel consistently evaluate adherence to established guidelines [21,22]. 

Chemotherapy use and the type of regimen administered are important baseline determinants 

when assessing robust data sets to determine survival outcomes. In this study, we performed 

a population-based assessment to determine NAC utilization patterns, quality of NAC used, 

and survival outcomes according to NAC regimens administered for patients with bladder 

cancer. We hypothesized that overall use of NAC would be low independent of renal 

insufficiency; appropriate use of guideline-recommended NAC regimens would also be low; 

and guideline-recommended NAC would be associated with better survival.

2. Patients and methods

2.1. Study cohort

Using the National Cancer Institute Surveillance, Epidemiology and End Results (SEER)­

Medicare linked database [23] we identified patients aged ≥66 yr with a diagnosis of clinical 

stage II–IVa N0M0 bladder cancer (transitional cell or urothelial carcinoma) and treated 

with radical cystectomy from January 1, 2001 to December 31, 2011. Patients were excluded 

for: (1) a cancer diagnosis that was not pathologically confirmed; (2) a cancer diagnosis 

obtained from a death certificate or autopsy; (3) having other cancers either before or after 

the bladder cancer diagnosis; or (4) not having full coverage of both Medicare parts A and B 

for 1 yr before and 1 yr after diagnosis (Fig. 1).

2.2. Identification of NAC

NAC use before radical cystectomy was identified using Current Procedural Terminology 

(CPT) J codes in SEER-Medicare files (Supplementary Table 1). NAC regimens were 

identified by the combination of specific agents recommended by organizational guidelines 

or evaluated in randomized clinical trials [8,13,24,25]. These regimens were defined as 

follows: M-VAC for J codes for methotrexate, vinblastine, doxorubicin, and cisplatin; GCisp 

for J codes for gemcitabine and cisplatin; and GCarb for J codes for gemcitabine and 

carboplatin.
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2.3. Radical cystectomy and other key variables

Patients were classified into four groups on the basis of time from initial date of 

bladder cancer diagnosis to date of radical cystectomy: 0–8, 9–12, 13–16, and >16 wk. 

Patient demographic data were extracted from the SEER database. We used the Charlson 

comorbidity index (CCI) to assess patient comorbidities 1 yr before bladder cancer diagnosis 

[26,27]. We also captured the existence of chronic renal disease as a proxy for renal 

insufficiency 1 yr before cancer diagnosis using ICD-9 diagnosis codes, since cisplatin­

based NAC is not advised for patients with the latter condition.

2.4. Statistical analysis

Descriptive statistics were used to describe NAC use among patients with bladder 

cancer. We compared bladder cancer patients receiving NAC to those not receiving 

NAC in association with demographic and clinical variables using Pearson χ2 tests, and 

identified temporal trends for NAC use via the Cochran-Armitage trend test. We conducted 

multivariable logistic regression analysis to identify predictors of NAC use. Kaplan-Meier 

survival curves were generated to illustrate rates of overall survival by NAC use, and 

log-rank tests were used to compare survival curves. A Cox proportional hazards regression 

model was used to assess the association between the timing of radical cystectomy, NAC 

use, and overall survival after controlling for patient and tumor characteristics. Survival 

analyses were performed for patients with stage II disease, as data from randomized trials 

have shown that NAC confers a significant survival benefit, especially among these patients 

[8]. Statistical significance was set at p < 0.05. All statistical analyses were conducted 

using SAS v.9.4 (SAS Institute, Cary, NC, USA). Our study was exempted from review by 

The University of Texas Medical Branch at Galveston and The University of Texas MD 

Anderson institutional review boards.

3. Results

3.1. Patient characteristics and NAC utilization

Of 2738 patients treated with radical cystectomy, 344 (12.6%) received NAC. Among those 

who received NAC, 301 patients (87.5%) underwent radical cystectomy at 16 wk after 

cancer diagnosis. Patients who received NAC were younger, had fewer comorbidities, and 

had less advanced disease than patients who did not receive NAC (Table 1). Annual rates 

of NAC use increased significantly over time from 5.7% in 2001 to 17.3% in 2011 (p < 

0.001). When stratified according to stage, use of NAC significantly increased during the 

study period from 9.3% to 20.0% for stage II, from 5.1% to 14.0% for stage III, and from 

4.4% to 16.7% for stage disease (p < 0.001; Fig. 2). Among patients who received NAC, the 

agents most commonly used were gemcitabine (72.3%), cisplatin (55.2%), and carboplatin 

(31.1%). The regimens most commonly used were GCisp (45.3%), GCarb (24.1%), and 

M-VAC (6.7%). There was no significant difference in NAC use or type according to chronic 

renal disease status (all p > 0.05; Fig. 3).

Multivariable results identifying factors predicting NAC use are shown in Table 2. Patients 

were more likely to receive NAC if diagnosed during the most recent year of the study 

period (2011 vs 2001: odds ratio [OR] 3.59, 95% confidence interval [CI] 1.79–7.20; p < 
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0.001). Patients were less likely to receive NAC if they were older (≥80 vs 66–69 yr: OR 

0.39, 95% CI 0.26–0.57; p < 0.001), had more advanced disease (stage III vs II: OR 0.72, 

95% CI 0.54–0.95; p = 0.022), and had more comorbidities (CCI ≥3 vs 0: OR 0.41, 95% CI 

0.20–0.82; p = 0.012).

3.2. Overall survival

In Kaplan-Meier analyses, for patients with stage II disease survival was better among 

patients who received a combined NAC regimen than those receiving a single agent (p 
< 0.001; Fig. 4). In a multivariable Cox regression model (Table 3), receipt of NAC (vs 

no NAC) was associated with better overall survival (hazard ratio [HR] 0.74, 95% CI 

0.53–1.03; p = 0.072). Further sensitivity analyses showed better overall survival among 

patients who received a combined regimen when compared to those receiving a single agent 

NAC (HR 0.48, 95% CI 0.24–0.95; p = 0.036). M-VAC was the only regimen significantly 

associated with better overall survival among patients with stage II disease (HR 0.24, 95% 

CI 0.07–0.86; p = 0.029; Supplementary Table 2).

4. Discussion

We examined the patterns and quality of NAC use and the associated impact on 

survival outcomes among patients with MIBC. Our analysis revealed that NAC use 

increased significantly over time, and gemcitabine with cisplatin or carboplatin were the 

principal regimens administered. Of note, chronic renal disease was not associated with 

use of cisplatin-based NAC. We also found that one specific NAC regimen (M-VAC) 

was significantly associated with better overall survival. These findings have important 

implications when interpreting population-based data on chemotherapy use without 

information on regimen type. The present study revealed that the type of chemotherapy 

administered (combined and cisplatin-based) had a significant impact on survival outcomes. 

We observed several important findings. First, a growing trend for NAC utilization for 

bladder cancer treatment has been reported in several studies [15,18,28–30]. Our results 

showed that the trend for NAC use increased markedly following publication of the study 

by Grossman et al in 2003 [8], reaching 23.8% in 2010. We expect NAC use to continually 

increase following the publication of the 2016 European Association of Urology guidelines 

on MIBC and metastatic bladder cancer treatment and the 2016 American Society of 

Clinical Oncology endorsement of the guidelines [3]. While this seems promising, further 

efforts in advocating the use and quality of guideline-recommended regimens are needed.

Second, the literature recommends administration of cisplatin-based regimens, as these 

have a proven survival benefit in patients with MIBC [8,10,13]. Since certain cisplatin­

based regimens such as M-VAC may be associated with chemotherapy-related toxicities, 

other regimens with different side-effect profiles such as GCisp, dose-dense M-VAC, and 

GCarb have been implemented [24,31]. In our investigation, nearly 50% of the patients 

who received NAC were given GCisp, and M-VAC was used in only 7%. Significantly 

better survival was associated with M-VAC compared to other regimens, supporting 

previous results [8,10,13]. Moreover, more than a quarter of patients received a single 

chemotherapeutic agent in the neoadjuvant setting, which did not impact survival outcomes. 
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Prior studies attributed low NAC utilization to the NAC side-effect profile, concern 

regarding a delay to radical cystectomy, and a marginal survival benefit [18,28,29]. Our 

findings highlight not only underutilization of NAC but also issues related to the quality 

of regimens administered. Data on the use of chemotherapy need to take into consideration 

the quality of regimens administered and their impact on survival outcomes. In the present 

study, <1% of all patients who underwent radical cystectomy received M-VAC, which is the 

guideline-recommended NAC regimen associated with better survival.

Third, we observed that renal insufficiency did not affect NAC administration in large part. 

A randomized phase 2/3 trial conducted by the European Organization for Research and 

Treatment of Cancer investigated the effectiveness of NAC among advanced urothelial 

cancer patients with impaired renal function and poor performance status [32]. This 

randomized clinical trial noted that the overall response rate dropped by nearly 40% [32]. 

In this study, we assigned chronic renal disease as a proxy for renal insufficiency, which 

may be a contraindication for use of cisplatin-based NAC, depending on the degree of renal 

insufficiency. We found that the rate of NAC use was independent from chronic renal disease 

comorbidity. These findings are supported by other studies that noted that the degree of renal 

insufficiency does not impact NAC use [17] While chronic renal disease is more prevalent in 

the elderly [33], age alone was not associated with unfavorable clinical outcomes following 

NAC, and therefore should not preclude a thorough assessment for NAC eligibility [34,35] 

Nevertheless, utilization should be judicious, given that not all bladder cancer patients are 

deemed suitable to receive NAC [30].

Our findings must be interpreted within the context of the study design. First, Medicare 

claims that the SEER database does not allow assessment of patient performance status, a 

factor that influences their eligibility for NAC. We used the Charlson comorbidity index 

as a measure for comorbidity. However, this, like other comorbidity indices, is not disease­

specific and may not take into account other performance predictors such as frailty, which 

is important to account for in this patient population [36]. Second, the SEER database 

does not contain data on glomerular filtration rate and urine creatinine clearance, both of 

which are used to assess renal function. We considered chronic renal disease to be a proxy 

for renal function, but it has limited capacity to capture renal dysfunction. Chronic renal 

disease encompasses variable degrees of renal insufficiency with which some patients may 

still be candidates for NAC. Third, these results are derived from patients aged ≥66 yr and 

the findings might not applicable to younger patients. However, given that bladder cancer 

more commonly occurs after the sixth decade of life, our results are generalizable to a 

majority of bladder cancer patients. Fourth, the retrospective cohort design does not allow 

control for inherent selection bias in determining treatment. Fifth, most patients in our study 

cohort underwent radical cystectomy at 16 wk after cancer diagnosis, so we were unable to 

determine the effect of NAC among patients who underwent radical cystectomy at a shorter 

interval than 16 wk. Sixth, even though the SEER-Medicare database is a large national 

representative data source for examining the utilization of NAC, data from randomized 

clinical trials are still the gold standard for evaluating the survival benefits of NAC. The 

SWOG Coxen trial on predicting chemotherapy response in patients with bladder cancer will 

provide more detailed guidance on the oncological benefits of NAC [37]. Lastly, we were 
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unable to assess the course of NAC administered, the number of cycles received, and the 

duration (including dose-dense regimens), all of which may have affected our findings.

5. Conclusions

We observed remarkable underutilization of NAC before radical cystectomy for patients 

with stage II MIBC. In addition, the quality of the regimens administered was inconsistent 

with guideline recommendations. In the present study, <1% of all patients who underwent 

radical cystectomy received M-VAC, a guideline-recommended NAC regimen that has been 

associated with better patient survival. These findings are important when interpreting 

population-based data on the use of NAC, and should be taken into consideration when 

extrapolating survival outcomes. Further research on interventions aimed at improving the 

utilization and quality of NAC regimens administered for bladder cancer patients is needed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Neoadjuvant chemotherapy was underused, and the quality of neoadjuvant chemotherapy 

regimens administered for bladder cancer patients was inconsistent with guideline 

recommendations. Only 12.6% of radical cystectomy patients received neoadjuvant 

chemotherapy, half of whom received guideline-recommended regimens. The quality 

of regimen impacted survival outcomes, as use of cisplatin-based chemotherapy was 

significantly associated with better overall survival among patients diagnosed with stage 

II bladder cancer. However, <1% of all radical cystectomy patients received this regimen.

Huo et al. Page 10

Eur Urol Oncol. Author manuscript; available in PMC 2021 August 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 1 –. 
Derivation of the cohort size. SEER = Surveillance, Epidemiology and End Results.
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Fig. 2 –. 
Neoadjuvant chemotherapy (NAC) use for (A) the overall cohort and (B) stratified by 

clinical stage.

Huo et al. Page 12

Eur Urol Oncol. Author manuscript; available in PMC 2021 August 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 3 –. 
Neoadjuvant chemotherapy use and type of chemotherapy for patients with muscle-invasive 

bladder cancer stratified by chronic renal disease. There was no significant difference 

in neoadjuvant chemotherapy use between patients with and without chronic kidney 

disease (CKD). M-VAC = methotrexate, vinblastine, doxorubicin, and cisplatin; Gcisp = 

gemcitabine and cisplatin; Gcarb = gemcitabine and carboplatin.
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Fig. 4 –. 
Kaplan-Meier curves for overall survival among patients with stage II muscle-invasive 

bladder cancer, stratified by use of neoadjuvant chemotherapy (NAC).
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Table 1 –

Baseline characteristics of the cohort by neoadjuvant chemotherapy use

Characteristic Patients (n) Patients, n (%) p value

NAC No NAC

Age group <0.001

 66–69 yr 563 96 (17.1) 467 (82.9)

 70–74 yr 757 116 (15.3) 641 (84.7)

 75–79 yr 757 86 (11.4) 671 (88.6)

 ≥80 yr 661 46 (7.0) 615 (93.0)

Sex 0.944

 Male 1700 213 (12.5) 1487 (87.5)

 Female 1038 131 (12.6) 907 (87.4)

Race 0.483

 Non-Hispanic White 2379 303 (12.7) 2076 (87.3)

 Other 359 41 (11.4) 318 (88.6)

Marital status

 Single 385 59 (15.3) 326 (84.7)

 Married 1666 222 (13.3) 1444 (86.7)

 Unknown 687 63 (9.2) 624 (90.8)

Census region 0.523

 West 1140 1009 (88.5) 131 (11.5)

 Northeast 621 540 (87) 81 (13)

 Midwest 316 275 (87) 41 (13)

 South 661 570 (86.2) 91 (13.8)

Median household income 0.676

 1st quartile 719 87 (12.1) 632 (87.9)

 2nd quartile 673 79 (11.7) 594 (88.3)

 3rd quartile 673 85 (12.6) 588 (87.4)

 4th quartile 673 93 (13.8) 580 (86.2)

Stage 0.008

 II 1024 154 (15.0) 870 (85.0)

 III 871 91 (10.4) 780 (89.6)

 IV 843 99 (11.7) 744 (88.3)

Hydronephrosis 0.103

 No 2492 305 (12.2) 2187 (87.8)

 Yes 246 39 (15.9) 207 (84.1)

Grade 0.629

 Low 119 14 (11.8) 105 (88.2)

 High 2561 325 (12.7) 2236 (87.3)

Charlson comorbidity index 0.020

 0 1704 228 (13.4) 1476 (86.6)

 1 664 88 (13.3) 576 (86.7)
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Characteristic Patients (n) Patients, n (%) p value

NAC No NAC

 2 213 17 (8.0) 196 (92.0)

 ≥3 157 11 (7.0) 146 (93.0)

NAC = neoadjuvant chemotherapy.
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Table 2 –

Multivariable model for predictors of receipt of neoadjuvant chemotherapy

Covariate OR (95% CI) p value

Year of diagnosis

 2001 Reference

 2002 1.41 (0.70–2.84) 0.334

 2003 1.71 (0.86–3.37) 0.125

 2004 1.80 (0.92–3.52) 0.084

 2005 1.39 (0.69–2.79) 0.352

 2006 2.09 (1.07–4.09) 0.031

 2007 2.20 (1.14–4.28) 0.020

 2008 3.26 (1.71–6.21) <0.001

 2009 3.89 (2.04–7.43) <0.001

 2010 4.89 (2.60–9.18) <0.001

 2011 3.59 (1.79–7.20) <0.001

Age group

 66–69 yr Reference

 70–74 yr 0.92 (0.68–1.25) 0.596

 75–79 yr 0.69 (0.50–0.96) 0.026

 ≥80 yr 0.39 (0.26–0.57) <.001

Sex

 Male Reference

 Female 1.14 (0.88–1.47) 0.315

Race

 White Reference

 Black 0.98 (0.56–1.73) 0.950

 Hispanic 0.60 (0.28–1.29) 0.192

 Other 0.89 (0.51–1.57) 0.690

Marital status

 Single Reference

 Married 0.93 (0.67–1.29) 0.666

 Unknown 0.69 (0.46–1.03) 0.068

Census region

 West Reference

 Northeast 1.24 (0.91–1.71) 0.179

 Midwest 1.22 (0.82–1.82) 0.317

 South 1.25 (0.90–1.73) 0.193

Median household income

 1st quartile Reference

 2nd quartile 1.06 (0.74–1.50) 0.761

 3rd quartile 1.12 (0.78–1.61) 0.534

 4th quartile 1.24 (0.86–1.79) 0.243
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Covariate OR (95% CI) p value

Grade

 Low Reference

 High 1.03 (0.57–1.85) 0.932

 Unknown 0.56 (0.19–1.69) 0.305

Stage

 II Reference

 III 0.72 (0.54–0.95) 0.022

 IV 0.83 (0.63–1.11) 0.208

Hydronephrosis

 No Reference

 Yes 1.33 (0.90–1.95) 0.152

Chronic renal disease

 No Reference

 Yes 1.44 (0.88–2.36) 0.146

Charlson comorbidity index

 0 Reference

 1 0.92 (0.70–1.21) 0.548

 2 0.47 (0.27–0.81) 0.006

 ≥3 0.41 (0.20–0.82) 0.012

CI = confidence interval; OR = odds ratio.
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Table 3 –

Cox regression model assessing the association between NAC receipt and overall survival
a

HR (95% CI) p value

All stage II patients

 No NAC Reference

 Single-agent NAC 1.51 (1.03–2.19) 0.033

 Combined NAC regimen 0.74 (0.53–1.03) 0.072

Stage II patients who received NAC

 Single-agent NAC Reference

 Combined NAC regimen 0.48 (0.24–0.95) 0.036

CI = confidence interval; HR = hazard ratio; NAC = neoadjuvant chemotherapy.

a
All models were controlled for patient demographics and clinical variables including: year of diagnosis, age group, sex, race, marital status, 

region, median household income, tumor grade, hydronephrosis, chronic renal disease, comorbidity, and time from cancer diagnosis to radical 
cystectomy. The detailed model parameters and coefficients for variables from these four models are reported in the Supplementary material.
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