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Bladder cancer is a heterogeneous disease that affects approxi-
mately 68 000 people in the United States annually (1). Patients 
who are diagnosed with noninvasive bladder cancers may have 
indolent, albeit recurrent, disease. Conversely, patients with more 
advanced muscle-invasive bladder cancers may have narrow win-
dows of cure that require aggressive treatment to optimize their 
health outcomes.

National Comprehensive Cancer Network (NCCN) guidelines 
recommend radical cystectomy as the primary treatment for 
patients with muscle-invasive bladder cancer, whereas alternative 
treatments are reserved for patients with extensive comorbid con-
ditions or poor performance status (2). Radical cystectomy involves 
removal of the urinary bladder and associated organs: the prostate 
in men, and the uterus, ovaries, and part of the vagina in women. 
The 5-year survival rate after radical cystectomy ranges from 

62%–80% for those with stage II bladder cancers to 0%–36% for 
those with stage IV cancers (3). The aggressiveness of this malig-
nancy mandates an aggressive approach to management.

Despite these recommendations, an ad hoc regionalization of 
radical cystectomy care that occurred in the 1990s may have cre-
ated disparities in the use of this needed operation (4). For example, 
during the 1990s, fewer community surgeons performed this 
complex procedure, which was instead almost exclusively per-
formed by surgeons at urban academic hospitals (4). This contrac-
tion of available surgeons may have restricted patient access to 
radical cystectomy, especially among underinsured patients and 
populations in underserved areas. We sought to characterize the 
utilization of guideline-recommended surgical care for muscle- 
invasive bladder cancer in the United States. We further sought to 
understand patient, provider, and health-care environment–specific 
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	Background	 Evidence-based guidelines recommend radical cystectomy for patients with muscle-invasive bladder cancer. 
However, many patients receive alternate therapies, such as chemotherapy or radiation. We examined factors 
that are associated with the use of radical cystectomy for invasive bladder cancer and compared the survival 
outcomes of patients with invasive bladder cancer by the treatment they received.

	 Methods	 From linked Surveillance, Epidemiology, and End Results–Medicare data, we identified a cohort of 3262 Medicare 
beneficiaries aged 66 years or older at diagnosis with stage II muscle-invasive bladder cancer from January 1, 
1992, through December 31, 2002. We examined the use of radical cystectomy with multilevel multivariable 
models and survival after diagnosis with the use of instrumental variable analyses. All statistical tests were 
two-sided.

	 Results	 A total of 21% of the study subjects underwent radical cystectomy. Older age at diagnosis and higher comorbid-
ity were associated with decreased odds of receiving cystectomy (for those ≥80 vs 66–69 years old, odds ratio 
[OR] = 0.10, 95% confidence interval [CI] = 0.07 to 0.14; for Charlson comorbidity index of 3 vs 0–1, OR = 0.25, 
95% CI = 0.14 to 0.45). Long travel distance to an available surgeon was associated with decreased odds of re-
ceiving cystectomy (for >50 vs 0–4 miles travel distance to an available surgeon, OR = 0.60, 95% CI = 0.37 to 
0.98). Overall survival was better for those who underwent cystectomy compared with those who underwent 
alternative treatments (for chemotherapy and/or radiation vs cystectomy, hazard ratio of death = 1.5, 95% CI = 
1.3 to 1.8; for surveillance vs cystectomy, hazard ratio of death = 1.9, 95% CI = 1.6 to 2.3; 5-year adjusted sur-
vival: 42.2% [95% CI = 39.1% to 45.4%] for cystectomy; 20.7% [95% CI = 18.7% to 22.8%] for chemotherapy and/
or radiation; 14.5% [95% CI = 13.0% to 16.2%] for surveillance).

	Conclusions	 Guideline-recommended care with radical cystectomy is underused for patients with muscle-invasive bladder 
cancer. Many bladder cancer patients whose survival outcomes might benefit with surgery are receiving alter-
native less salubrious treatments.

	�	  J Natl Cancer Inst 2010;102:802–811
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factors that are associated with use of radical cystectomy, and we 
compared survival outcomes of patients with muscle-invasive 
bladder cancer by the treatment they received.

Methods
Patient Population
We used the linked database that merges the Surveillance, 
Epidemiology, and End Results (SEER) national cancer registry 
with Medicare claims to identify subjects with stage II transitional 
cell carcinoma of the urinary bladder (ie, muscle-invasive bladder 
cancer with no regional or distant metastases) who were diagnosed 
from January 1, 1992, through December 31, 2002, and for whom 
claims data were available through December 31, 2005. The com-
bined SEER–Medicare dataset merges detailed cancer-specific in-
formation from SEER with Medicare claims, which permit an 
analysis of procedures performed, dates of any treatments received, 
and the determination of subjects’ comorbid conditions. We ex-
cluded subjects who were diagnosed with locally advanced cancers 
to restrict our sample to patients with unambiguous treatment 
options. According to the published guidelines (5) on the evalua-
tion, treatment, and surveillance of bladder cancer, the majority of 
medically fit patients with stage II bladder transitional cell carci-
noma should undergo radical cystectomy.

The most recent release of the linked SEER–Medicare dataset 
contains information on persons with newly diagnosed cancers in 
13 US regions that are generalizable to the US population (ie, 
metropolitan Atlanta, Detroit, and Seattle/Puget Sound; rural 
Georgia; and the entire states of California, Connecticut, Hawaii, 
Iowa, Kentucky, Louisiana, New Jersey, New Mexico, and Utah) 
(6). Linkage of the SEER registry to the Medicare Patient 
Entitlement and Diagnosis Summary File provides demographic 
information and detailed cancer-specific information, including 
stage, grade, histology, and treatments that were received within 
4 months of diagnosis. The Medicare Provider Analysis and 
Review file contains diagnosis and procedure codes for each hos-
pital admission, provider billing records, and a hospital file 
derived from the Healthcare Cost Report and Provider-of-Service 
survey. We restricted the study sample to subjects who had 
Medicare Fee-for-Service coverage and for whom Medicare Part 
A and Part B claims data were available.

Study subjects with stage II bladder cancer, based on American 
Joint Committee on Cancer and International Union on Cancer 
TNM Classification and Stage groupings (7), were identified from 
the primary malignancy diagnosis codes and extent-of-disease 
codes in SEER. Cancer stage in SEER conforms to the standards 
of the North American Association of Central Cancer Registries, 
and case ascertainment in SEER is 98% complete (8). We specified 
the treatment group based on treatment codes in SEER and 
International Classification of Diseases, Ninth Revision (ICD-9) (9) or 
Current Procedural Terminology Coding System, Fourth Edition 
(CPT-4) (10) codes in the Medicare claims. Radical cystectomy 
subjects were identified based on procedure codes that are indica-
tive of radical cystectomy (ICD-9 code 57.71; CPT-4 code 51570 
or 51575). Patients who received radiation were classified on the 
basis of diagnosis and procedure codes in Medicare claims that are 
consistent with radiotherapeutic procedures in the absence of a 

CONTEXT AND CAVEATS

Prior knowledge
Many patients who are diagnosed with muscle-invasive bladder 
cancer are treated with chemotherapy or radiation rather than with 
radical cystectomy and urinary diversion, as has been recom-
mended by evidence-based guidelines.

Study design
Surveillance, Epidemiology, and End Results–Medicare data were 
used to examine factors that are associated with the use of radical 
cystectomy for invasive bladder cancer and to compare the sur-
vival outcomes of patients with invasive bladder cancer by the 
treatment they received.

Contribution
Only 21% of patients diagnosed with invasive bladder cancer 
underwent radical cystectomy. Patient characteristics that were 
associated with decreased odds of receiving cystectomy included 
older age at diagnosis, higher comorbidity, and long travel distance 
to an available surgeon. Overall survival was better for those who 
underwent cystectomy than for those who underwent alternative 
treatments.

Implications
Many bladder cancer patients whose survival outcomes might 
benefit from radical cystectomy with urinary diversion are not re-
ceiving this treatment. These patients need greater access to avail-
able surgeons and better information about the risks and benefits 
of their treatment options.

Limitations
The study sample was restricted to Medicare beneficiaries. Patients 
may have appropriately received treatments other than cystectomy 
based on their clinical characteristics and life expectancy. 
Chemotherapy use was underreported for the Surveillance, 
Epidemiology, and End Results–Medicare sample that was ana-
lyzed. Patients with stage III or IV cancers were excluded. 
Unmeasured confounders may have biased the results. Patient 
preference regarding the care received was not accounted for.

From the Editors
 

concomitant code for radical cystectomy (ie, ICD-9 codes 92, 
V580, V661, or V771; CPT codes 77261, 77399, 77400, 77490, 
77750, or 77797). Because bladder-sparing therapeutic protocols 
for invasive bladder cancer typically combine radiation and chemo-
therapy (3), we combined subjects who received chemotherapy 
alone (n = 402), radiation alone (n = 271), or combination chemo-
therapy and radiation (n = 249) into one treatment group. We 
identified subjects who received chemotherapy based on ICD-9 
and CPT-4 codes that are consistent with chemotherapeutic agents 
commonly used to manage bladder cancer in the absence of a con-
comitant code for radical cystectomy (ie, J6360, J9000, J9001, 
J9060, J9062, J9201, J9250, or J9260). Subjects who underwent 
surgery in combination with radiation or chemotherapy were in-
cluded with the radical cystectomy group. Subjects who did not 
have SEER–Medicare variable specifications consistent with rad-
ical cystectomy, chemotherapy, or radiation were deemed to have 
received no further aggressive cancer-directed care and thus were 
categorized as having received surveillance.
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Covariates
To examine factors that are associated with undergoing radical 
surgery among patients who are newly diagnosed with stage II 
bladder cancer, we created multilevel multivariable models that 
incorporated covariates that are representative of predisposing 
characteristics (ie, immutable factors such as age and race), 
enabling characteristics (ie, factors that facilitate care, such as 
health-care insurance and household income), and measures of 
need (eg, disease severity). Characteristics of the environment in 
which patients receive care (eg, physician density, health mainte-
nance organization penetration) have also been shown to affect 
health-care utilization and were included in the models (11–13). In 
this analysis, these contextual variables combined with subject 
predisposing, enabling, and need characteristics as factors associ-
ated with the use of radical cystectomy for muscle-invasive bladder 
cancer.

Subject age, sex, race, and marital status were derived from 
SEER demographic variables. Although most beneficiaries enter 
Medicare at age 65 years, we restricted the study sample to subjects 
who were aged 66 years or older at diagnosis to ensure that all 
subjects had at least 1 year of claims data from which to derive the 
burden of comorbidity. Given that our study sample contained few 
nonwhite subjects, we dichotomized race into white and nonwhite. 
We dichotomized marital status into partnered (classified as mar-
ried in SEER) and unpartnered (single, separated, divorced, or 
widowed) individuals. We assessed subject socioeconomic status by 
ascribing to them the socioeconomic characteristics of their neigh-
borhood of residence (14,15). We evaluated the median household 
income in the subject’s zip code and the proportion of residents 
within that zip code who did not have a high school education, 
both from the 2000 US Census, and categorized these variables 
into quartiles. We quantified subject comorbidity with the 
Klabunde modification of the Charlson comorbidity index (16,17), 
which gives a weighted score based on diagnosis claims in which a 
higher score indicates a subject with a greater burden of comorbid 
conditions. We used the SEER registry classification of bladder 
cancer grade (ie, grades 1 through 4), in which a higher grade 
indicates more undifferentiated cancers. We categorized grades 
3 and 4 cancers as high-grade malignancies. We identified the 
surgeon who diagnosed the muscle-invasive cancer (hereafter 
referred to as the primary surgeon) using encrypted Unique 
Physician Identification Numbers that are included with the 
Medicare claims.

To account for the environmental context in which the study 
subjects received care, we linked the subject’s zip code to the Area 
Resource File (18). We examined a priori the density of primary 
care physicians and urologists in subjects’ zip codes (by quartiles), 
health maintenance organization penetration (quartiles), and the 
density of the local population as a continuum from large urban 
areas to rural locales as categorized in the Area Resource File for 
each study subject. We incorporated contextual covariates that 
were associated with use of radical cystectomy in univariate models 
at an alpha level of .15 or lower into our multivariable models. We 
hypothesized that patient travel distance to an available surgeon 
would be associated with the use of radical surgery. We used 
ArcGIS software (ESRI, Redlands, CA) to compute the linear 
distance (also known as “as the crow flies”) from the center of the 

residence zip code of each study subject to the center of the zip 
code of the nearest cystectomy provider identified in the Medicare 
claims data. Linear distance has been shown to be highly corre-
lated with patient-reported travel times (19). Categories of travel 
distance were based on tertiles and included a category that corre-
sponds to published travel lengths at which patients abandon 
needed surgical care (at least 50 miles of travel to a cystectomy 
provider) (20,21).

Statistical Analysis
We compared study subjects by the treatment they received by 
using x2 analysis for categorical variables and analysis of variance 
for continuous variables. We selected covariates for inclusion in 
the multivariable models that were associated with use of radical 
cystectomy in univariate models at an alpha level of .15 or lower. 
Despite the known importance of race with respect to access to 
health-care services, we excluded the non-statistically significant 
race variable from our multivariable models because of the paucity 
of nonwhite subjects in the study sample. The choice of treatment 
after a diagnosis of muscle-invasive bladder cancer is likely to 
depend on the practice patterns of the surgeon who diagnoses the 
cancer. To account for the effect of clustering of patients within 
surgical providers on utilization of surgery, we created a multilevel 
model with random effects to examine factors associated with 
receipt of radical cystectomy. Characteristics of the individual 
subjects represented the level 1 fixed effects of our model, and the 
surgeon who performed the bladder tumor biopsy diagnostic of 
muscle invasion (represented by the Unique Physician Identification 
Number) represented level 2. Because the outcome, receipt of 
cystectomy, was common, we calculated predictive margins or the 
percent difference in likelihood of the outcome for the covariate 
compared with the reference category. The predictive margins 
were estimated from solutions for the best linear unbiased predic-
tors accounting for random effects in the multivariable model. We 
bootstrapped with 1000 repetitions to obtain 95% confidence 
intervals (CI) for the predictive margins. The multilevel model 
also permitted estimation of the partitioned variance in use of 
radical cystectomy that was attributable to the primary surgeon, 
which was calculated from the residual intraclass correlation coef-
ficient (22–24).

Unadjusted survival estimates by treatment received for muscle-
invasive bladder cancer were assessed by the Kaplan–Meier method. 
We used instrumental variable methods to account for the substan-
tial differences in clinical and demographic characteristics between 
subjects who underwent radical cystectomy for bladder cancer and 
those who received chemotherapy, radiation, or surveillance. 
Instrumental variable methods balance measured and unmeasured 
characteristics that differ between treatment groups; unbalanced 
characteristics are a major limitation of observational analyses with 
administrative claims databases (25,26). We chose as the instru-
mental variable the travel distance to the nearest cystectomy pro-
vider because it was statistically significantly associated with 
treatment and was not independently associated with survival in 
Cox proportional hazards models, for which we verified that the 
proportional hazards assumption was not violated by visual inspec-
tion of the log-minus-log plots. We further validated travel distance 
as a candidate instrumental variable by examining the covariate 
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balance by minimum cystectomy travel distance categories and 
found no association between subject-level characteristics (age [P = 
.66], sex [P = .21], marital status [P = .13], Charlson comorbidity 
index [P = .16], and cancer grade [P = .06]) and travel distance.

For survival analyses, conventional two-stage instrumental var-
iable methods may produce biased estimates in these inherently 
nonlinear situations (27), and two-stage least squares regression 
fails to account for time to death and disregards censoring. Thus, 
for adjusted survival analyses, we used two-stage residual inclusion 
estimation (Supplementary Methods, available online). Terza et al. 
(28) showed that two-stage residual inclusion estimation is consis-
tent across a variety of nonlinear models, including parametric 
survival models with a Weibull distribution. The first stage of the 
model predicts treatment modality and outputs raw residuals for 
the endogenous variables. In this study, the first stage of the model 
follows from the covariate selection for the multilevel model of use 
of radical cystectomy described above. However, to examine sur-
vival outcomes across three treatment groups (rather than com-
paring patients who received cystectomy with those who did not), 
we used a multinomial model in the first stage. The raw residuals 
were calculated by subtracting the predicted likelihood of receiving 
chemotherapy and/or radiation or surveillance vs cystectomy from 
the actual value of the treatment received. The second stage of the 
model incorporates these residuals as additional covariates along 
with the endogenous treatment variables and other relevant cova-
riates. Cox proportional hazards models were used to examine as-
sociations between covariates and overall survival. Covariates that 
were statistically significantly associated with survival at P < .05 
were incorporated into the second-stage Weibull models for the 
two-stage residual inclusion estimation of treatment effects on 
survival. For this nonstandard method, we bootstrapped 1000 sam-
ples of the original cohort with replacement to obtain the 95% 
confidence intervals for the hazard ratio (HR) estimates for overall 
mortality as well as for the adjusted 2- and 5-year survival estimates 
for each treatment group (29). For all Cox proportional hazards 
models, we verified nonviolation of the proportional hazards as-
sumption with log-minus-log plots.

All statistical tests were two-sided, and all analyses were performed 
with the use of SAS software (version 9.2; SAS Institute, Cary, NC). 
Variables that were associated with use of cystectomy or survival at an 
alpha level less than .05 were considered statistically significant.

Results
Overall, 678 (21%) of the 3262 study subjects underwent radical 
cystectomy for muscle-invasive bladder cancer (Table 1). Subjects 
who underwent cystectomy were younger and had fewer comorbid 
conditions compared with subjects who underwent chemotherapy, 
radiation, or surveillance (P < .001 for both). Subjects who received 
cystectomy were more likely to have a high-grade cancer com-
pared with subjects who received alternative treatments (P < .001). 
Those who underwent cystectomy had shorter travel distances to 
an available cystectomy provider compared with those who did not 
(P = .003). We identified statistically significant regional variation 
in the use of radical cystectomy (P < .001): Cystectomy was more 
common in SEER regions with higher populations or more urban 
locales, such as Detroit, Seattle, Connecticut, and California, than 

in SEER regions with lower populations or more rural locales, 
such as Iowa.

We used a multilevel multivariable model to identify factors 
that were associated with receipt of radical cystectomy (Table 2). 
There was a stepwise decrease in the odds ratio (OR) and in the 
predictive margin of undergoing radical cystectomy with in-
creasing age, independent of other covariates. Subjects who were 
aged 80 years or older at diagnosis had 90% lower odds (OR = 
0.10, 95% CI = 0.07 to 0.14) and 38% lower predicted rate (95% 
CI = 245% to 232%) of radical cystectomy compared with those 
who were aged 66–69 years at diagnosis. Increasing comorbidity 
was associated with decreasing odds and predictive margin of un-
dergoing radical cystectomy. The sickest subjects (ie, Charlson 
comorbidity index of 3 or higher) had 75% lower odds (OR = 0.25, 
95% CI = 0.14 to 0.45) and 18% lower predicted rate (95% CI = 
223% to 213%) of radical cystectomy compared with those with-
out substantial comorbid conditions (ie, Charlson comorbidity 
index of 0 or 1). Those with high-grade cancers had a greater like-
lihood of receiving surgery than those with low-grade cancers, all 
other covariates held constant (OR = 1.41, 95% CI = 1.01 to 1.97; 
predictive margin = 4.9%, 95% CI = 0.6% to 9.1%).

Longer travel distances to an available cystectomy provider 
were associated with a statistically significant reduction in the odds 
and predicted likelihood of undergoing radical cystectomy com-
pared with short distances. Subjects with requisite travel distances 
to an available surgeon of at least 50 miles had 40% lower odds 
(OR = 0.60, 95% CI = 0.37 to 0.98) and 7.4% lower predicted 
likelihood (95% CI = 214% to 21.3%) of cystectomy compared 
with those who had to travel 0–4 miles.

Of the variance in this study of receipt of radical cystectomy 
that could be explained by our model, 31% was attributable to  
the diagnosing surgeon. Subject-level socioeconomic variables 
explained 22% of the variance in receipt of cystectomy.

Figure 1 displays the unadjusted survival curves for the three 
treatment groups. We used conventional Cox proportional hazards 
models and instrumental variable analyses to compare overall and 
disease-specific survival by treatment group (Table 3). Median fol-
low-up in SEER for the study sample was 39.0 months for subjects 
who received cystectomy, 20.3 months for subjects who received 
chemotherapy and/or radiation, and 12.1 months for subjects who 
received surveillance. After adjusting for measured and unmeasured 
differences between cystectomy subjects and subjects who under-
went chemotherapy, radiation, or surveillance, the subjects who 
received cystectomy had better overall and bladder cancer–specific 
survival (for chemotherapy and/or radiation vs cystectomy, HR of 
death = 1.5, 95% CI = 1.3 to 1.8; for surveillance vs cystectomy, HR 
of death = 1.9, 95% CI = 1.6 to 2.3; 5-year adjusted survival: 42.2%, 
95% CI = 39.1% to 45.4%, for cystectomy; 20.7%, 95% CI = 
18.7% to 22.8%, for chemotherapy and/or radiation; 14.5%, 95% 
CI = 13.0% to 16.2%, for surveillance). Stratified survival analyses 
demonstrated no statistically significant interaction between age or 
sex and treatment group (data not shown).

Discussion
In the context of a health-care system that is burdened by the 
overuse of costly and possibly unnecessary tests, medications, and 
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Table 1. Characteristics of the entire study sample by treatment received (n = 3262)*

Characteristic Radical cystectomy Chemotherapy or radiation Surveillance P†

Overall, No. (%) 678 (21) 922 (28) 1662 (51)
Subject demographic characteristics
  Age at diagnosis, y
    Mean (SD) 74.5 (5.5) 78.8 (6.6) 81.3 (7.4) <.001
    66–69, No. (%) 132 (20) 91 (10) 125 (8) <.001
    70–74, No. (%) 229 (34) 148 (16) 205 (12)
    75–79, No. (%) 192 (28) 256 (28) 329 (20)
    ≥80, No. (%) 125 (18) 427 (46) 1003 (60)
  Sex, No. (%)
    Male 480 (71) 656 (71) 1118 (67) .07
    Female 198 (29) 266 (29) 544 (33)
  Race, No. (%)
    White 605 (89) 832 (90) 1483 (89) .70
    Nonwhite 73 (11) 90 (10) 179 (11)
  Partnered, No. (%) 627 (93) 873 (95) 1546 (93) .15
Subject socioeconomic status
  Percentage of residents in subject’s zip code  
      with less than a high school education, No. (%)
    <10 199 (29) 250 (27) 440 (27) .67
    10–20 293 (43) 401 (44) 722 (43)
    20–30 107 (16) 157 (17) 270 (16)
    ≥30 79 (12) 114 (12) 230 (14)
  Quartiles of median household income in  
      subject’s zip code‡, No. (%)
    1 (lowest) 139 (21) 227 (25) 449 (27) .002
    2 178 (26) 247 (26) 389 (23)
    3 158 (23) 227 (25) 431 (26)
    4 (highest) 203 (30) 221 (24) 393 (24)
Subject clinical characteristics
  Charlson comorbidity index, No. (%)
    0 526 (78) 575 (62) 974 (58) <.001
    1 102 (15) 218 (24) 365 (22)
    2 33 (5) 80 (9) 179 (11)
    ≥3 17 (2) 49 (5) 144 (9)
  High-grade cancer, No. (%) 601 (89) 825 (90) 1400 (84) <.001
  Year of diagnosis, No. (%)
    1992–1995 257 (38) 307 (33) 541 (32) .09
    1996–1999 202 (30) 270 (29) 508 (31)
    2000–2002 219 (32) 345 (38) 613 (37)
Subject environment
  Travel distance to cystectomy provider,  
      No. (%), miles
    0–4 329 (49) 399 (43) 702 (42) .003
    5–19 231 (34) 293 (32) 551 (33)
    20–49 66 (10) 123 (13) 221 (13)
    ≥50 45 (7) 99 (11) 177 (11)
    Missing 7 (1) 8 (1) 11 (1)
  Local population of subject residence§, No. (%)
    Metropolitan, >1 000 000 residents 407 (60) 520 (56) 927 (56) .11
    Metropolitan, 250 000–1 000 000 residents 136 (20) 172 (19) 311 (19)
    Metropolitan, <250 000 residents 106 (16) 166 (18) 319 (19)
    Rural 29 (4) 64 (7) 105 (6)
  No. of urologists per 100 000 residents§, mean (SD) 68.9 (106.3) 61.7 (101.2) 63.5 (106.5) .38
  Health professional shortage area§,║, No. (%) 600 (89) 778 (84) 1446 (87) .04
  SEER registry, No. (%)
    Connecticut 102 (15) 118 (13) 174 (10) <.001
    Detroit 112 (17) 140 (15) 210 (13)
    Hawaii 6 (1) 10 (1) 22 (1)
    Iowa 57 (8) 152 (16) 231 (14)
    New Mexico 27 (4) 24 (3) 74 (4)
    Seattle 74 (11) 89 (10) 128 (8)
    Utah 22 (3) 33 (4) 73 (4)

(Table continues)
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procedures, we found marked underuse of guideline-recommended 
care for invasive bladder cancer. According to NCCN guidelines, 
the majority of patients with muscle-invasive bladder cancer 
should undergo radical cystectomy and urinary diversion. However, 
only 21% of the subjects in the study cohort underwent radical 
surgery. This pronounced underuse of recommended care may 
harm patients who receive alternative treatment regimens. Subjects 
who underwent chemotherapy, radiation, or surveillance for their 

muscle-invasive bladder cancer had a higher hazard of death over 
time than those who underwent radical cystectomy.

Unlike many contemporary surgical procedures for which 
guidelines may lag behind evidence for their preferred use (22), 
national guidelines for the management of muscle-invasive bladder 
cancer have recommended radical cystectomy for years (30). 
Nevertheless, our data indicate that much of the variance in  
the receipt of radical cystectomy is attributable to the diagnosing 

Table 2. Multilevel multivariable model of factors associated with receipt of radical cystectomy*

Variable OR (95% CI) Predictive margin† (95% CI)

Age (vs 66–69), y
  70–74 0.83 (0.59 to 1.18) 20.040 (20.12 to 0.036)
  75–79 0.40 (0.29 to 0.57) 20.19 (20.26 to 20.12)
  ≥80 0.10 (0.07 to 0.14) 20.38 (20.45 to 20.32)
Female (vs male) 1.01 (0.79 to 1.28) 0.001 (20.033 to 0.034)
Partnered (vs unpartnered) 0.94 (0.62 to 1.44) 20.010 (20.073 to 0.053)
Subject zip code income quartile (vs 4 [highest])
  1 (lowest) 0.72 (0.50 to 1.03) 20.049 (20.099 to 0.001)
  2 0.93 (0.67 to 1.29 20.010 (20.058 to 0.037)
  3 0.75 (0.55 to 1.04) 20.052 (20.095 to 20.010)
Charlson comorbidity index (vs 0–1)
  2 0.48 (0.37 to 0.62) 20.11 (20.14 to 20.076)
  ≥3 0.25 (0.14 to 0.45) 20.18 (20.23 to 20.13)
High-grade cancer 1.41 (1.01 to 1.97) 0.049 (0.006 to 0.091)
Travel distance to cystectomy provider (vs 0–4), miles
  5–19 0.90 (0.69 to 1.17) 20.015 (20.053 to 0.022)
  20–49 0.73 (0.48 to 1.12) 20.046 (20.099 to 0.008)
  ≥50 0.60 (0.37 to 0.98) 20.074 (20.14 to 20.013)
Local population of subject residence (vs metropolitan, >1 000 000 residents)‡
  Metropolitan, 250 000–1 000 000 residents 0.91 (0.65 to 1.28) 20.016 (20.059 to 0.027)
  Metropolitan, <250 000 residents 1.10 (0.67 to 1.81) 0.012 (20.055 to 0.078)
  Rural 1.07 (0.51 to 2.24) 0.008 (20.092 to 0.11)
Urologist density quartile (vs 4 [highest])‡,§
  1 (lowest) 0.89 (0.50 to 1.57) 20.015 (20.090 to 0.061)
  2 0.90 (0.62 to 1.30) 20.014 (20.062 to 0.034)
  3 1.15 (0.82 to 1.61) 0.021 (20.022 to 0.065)
Health professional shortage area‡ 1.02 (0.71 to 1.47) 0.003 (20.045 to 0.051)

*	 CI = confidence interval; OR = odds ratio.

†	 Predictive margin is the difference between the predicted probability of cystectomy for the covariate compared with the reference category estimated from the 
solutions for random effects in the multilevel multivariable model.

‡	 Derived from linkage of subject zip code of residence to the Area Resource File.

§	 Quartile 1: five or less urologists per 100 000 persons; quartile 2: six to 26 urologists per 100 000 persons; quartile 3: 27 to 53 urologists per 100 000 persons; 
quartile 4: 54 or more urologists per 100 000 persons.

Characteristic Radical cystectomy Chemotherapy or radiation Surveillance P†

    Atlanta 23 (3) 37 (4) 63 (4)
    Rural Georgia 0 (0) 3 (0) 9 (1)
    Kentucky 15 (2) 21 (2) 44 (3)
    Louisiana 12 (2) 24 (3) 40 (2)
    New Jersey 30 (5) 41 (4) 103 (6)
    California 198 (29) 230 (25) 491 (30)

*	 SEER = Surveillance, Epidemiology, and End Results.

†	 Estimated from x2 analysis for categorical variables and analysis of variance for continuous variables.

‡	 Quartile 1: ≤$36 998; quartile 2: $36 999–$46 475; quartile 3: $46 476–$58 016; quartile 4: >$58 016.

§	 Derived from linkage of subject zip code of residence to the Area Resource File.

║	 Health professional shortage areas are areas designated by the US Health Resources and Services Administration as being critically understaffed in primary care 
practitioners, dentists, or mental health providers.

Table 1 (continued).
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.surgeon. Some of this variance may reflect the evidence base 
behind the NCCN guidelines: Its recommendation for cystectomy 
is based on expert opinion rather than on data from randomized 
clinical trials. Because the evidence base for the cystectomy recom-
mendation is limited, providers may have substantial uncertainty 
about the best clinical management of muscle-invasive bladder 
cancer patients. Other barriers may also preclude widespread 
adoption of cystectomy at the provider level. For example, the 
primary urologist may be unwilling to offer radical cystectomy and 
urinary diversion. It is a complex procedure with an operative time 
ranging from 4 to 8 or more hours depending on the cancer se-
verity and the amount of urinary reconstruction involved. Medicare 
reimbursement rates for this procedure, adjusted for inflation, 
declined by 32% from 1995 to 2004 (31). Because most physicians 
operate essentially as small business owners, the economic incen-
tive to do less risky but better remunerated work in the clinic or in 
an ambulatory surgery center may compel them to avoid providing 
cystectomy. Beyond financial concerns, radical cystectomy confers 
high rates of morbidity and mortality (32) and requires intensive 
perioperative nursing care as patients learn to manage their new 
urinary reconstructions. High-volume providers may have the 
infrastructure to manage this care efficiently and effectively, 
whereas low-volume providers may be dissuaded by these con-
cerns. If, for any reason, the primary urologist is not comfortable 
performing cystectomy, the patient must be referred, typically to a 
tertiary academic center, for appropriate treatment.

To a large extent, such regionalization of cystectomy care has 
already occurred (33) and may represent a positive change: 

Figure 1. Kaplan–Meier unadjusted overall survival curves stratified by 
treatment received for muscle-invasive bladder cancer (for chemo-
therapy and/or radiation vs cystectomy, unadjusted hazard ratio of 
death = 1.8, 95% confidence interval = 1.7 to 1.9; for surveillance vs 
cystectomy, unadjusted hazard ratio of death = 2.2, 95% confidence 
interval = 2.0 to 2.3).
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Volume–outcome studies for radical cystectomy suggest lower 
rates of mortality for patients who undergo surgery by high- 
volume providers (34–36). Conversely, regionalization of radical 
cystectomy may explain the low rates of cystectomy documented in 
this study. The reduction of available surgeons is likely to differen-
tially affect patients who live in urban vs rural underserved areas, 
which could exacerbate existing disparities in bladder cancer care. 
Rural patients who receive care at a tertiary referral center may 
have to return to their primary urologist for follow-up care, which 
could create a burden that many community urologists may be 
unwilling to accept. This transition of care may harm patients; 
readmissions to secondary hospitals for other complex procedures 
were found to be associated with worse morbidity and mortality 
outcomes compared with readmission to the hospital where the 
surgery was performed (37). Although regionalization of cystec-
tomy care may benefit those who undergo surgery, the larger 
impact of this process may be to compromise invasive bladder 
cancer care.

We found that longer travel distance was associated with  
lower odds of radical cystectomy for invasive bladder cancer. 
Regionalization of cystectomy care evokes concern about urban– 
rural disparities in health-care delivery, a concern that is validated 
by our findings. Patients who had to travel more than 50 miles to 
an available surgeon had a lower likelihood of undergoing cystec-
tomy compared with patients who had shorter travel distances. 
Rural patients are known to have reduced access to cancer 
screening services and surgical treatment after diagnosis (38–40). 
Long travel times to providers further limit their treatment op-
tions (41). Rural cancer patients also tend to be older than urban 
cancer patients, which may further restrict their access to transpor-
tation and affect their medical candidacy for needed complex sur-
gical services (42). Our findings confirm those of a previous study 
(20) that reported that patients sacrifice survival benefits—in our 
study, those conferred by surgery for invasive bladder cancer— 
when confronted with an extensive travel burden.

Patient factors were also associated with the treatment that was 
received. Younger healthier patients had higher odds, independent 
of the other covariates in our model, of undergoing radical cystec-
tomy for their invasive bladder cancers. It is understandable that 
surgery is more common in patients who are better able to with-
stand the medical stress of a long surgery and sufficiently function-
ally capable of adapting to their new urinary tract reconstructions. 
Furthermore, older age and increased comorbidity are often inter-
twined (43). However, prognosis for patients with invasive bladder 
cancer is more highly correlated with cancer severity than with 
patient age (44,45). Moreover, radical cystectomy has previously 
demonstrated survival benefits even among the elderly (46). Thus, 
although age and comorbidity should determine medical candi-
dacy for this surgery, the majority of invasive bladder cancer 
patients without contraindication to prolonged anesthesia should 
undergo potentially curative radical surgery.

Our results beg the question that underlies all studies that iden-
tify disparate or inappropriate care: What next? How do we ensure 
broader use of radical surgery for invasive bladder cancer? 
Guidelines confirm that radical cystectomy is the gold standard 
treatment for invasive bladder cancer. Our results support that 
designation: patients who received cystectomy had substantially 

better survival outcomes compared with patients who received al-
ternative treatments. So how should we address the dual reluctance 
of providers to commit to managing this complex surgery and of 
patients to submitting to its life-altering consequences? Although 
a regionalization of cystectomy care resulting from established 
physician referral patterns and patient self-referrals may have con-
tributed to the underuse we document, some form of organized 
regionalization of cystectomy may be an answer. For example, in-
vasive bladder cancer care could revolve around a prescribed net-
work of cystectomy providers to which all patients would have 
access rather than being dependent on the primary urologist and 
his or her clinical biases, tendencies, and local referral practices. 
Patients themselves must also become more empowered in the 
decision-making process. It seems unlikely that a majority of 
patients would willingly select a treatment (ie, a treatment other 
than cystectomy) with up to an 80% increase in the risk of death 
over time. Increasing the health literacy of bladder cancer patients 
may increase the proportion that chooses to undergo radical 
cystectomy.

This study has a number of limitations that may have biased the 
results. First, restriction of the study sample to Medicare benefi-
ciaries may compromise the generalizability of the results. 
However, the majority of incident bladder cancers occur in 
Medicare-aged men and women (47). Second, patients may have 
appropriately received treatments other than cystectomy on the 
basis of patient clinical characteristics and life expectancy. Although 
we attempt to capture patient comorbidity through Medicare 
claims data, this approach provides an imperfect estimation. 
Patients who did not receive cystectomy may have had more severe 
comorbidity than could be identified by using a claims-based 
methodology. Third, chemotherapy use was underreported in 
2004 and 2005 in the SEER–Medicare sample that we analyzed. 
However, because our cohort included cancers diagnosed through 
2002, this underreporting is likely to have had a very small effect 
on the distribution of patients to the chemotherapy and/or radia-
tion and surveillance treatment groups. Fourth, we excluded 
patients with stage III or IV cancers (ie, cancers that extend into 
the perivesical fat or invade local structures and metastatic cancers) 
to minimize the number of patients who received appropriate al-
ternative treatment regimens, such as chemotherapy. However, 
cancer stage in SEER is classified at diagnosis and may not capture 
clinical understaging. Many patients in our sample may have been 
found to have stage III or IV cancers at the time of cystectomy. 
Fifth, any comparison of treatment groups derived from nonran-
domized cohorts as in this study is prone to bias, especially from 
unmeasured confounders. We attempted to adjust for both the 
measured differences among treatment groups, such as age and 
comorbidity, and the unmeasured group differences by using an 
instrumental variable analysis. We contend that the two-stage re-
sidual inclusion estimation that we applied to the data, a technique 
that has been shown to be reliable for addressing selection bias in 
observational data (28), permits a valid interpretation of our sur-
vival outcomes.

Sixth, we could not account for patient preferences in care. 
Radical cystectomy is a life-altering intervention because it requires 
urinary tract reconstruction. Although most cancer surgeries 
require convalescence, few require such a profound alteration to 
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daily living as changing how one empties the bladder. Patients who 
receive an incontinent intestinal conduit reconstruction have a 
urostomy that is covered with a bag that collects the voided urine. 
Those who undergo continent urinary diversion with a neobladder 
void either by performing the Valsalva maneuver to increase ab-
dominal pressure or through intermittent self-catheterization. 
Some radical cystectomy patients may also incur some degree of 
bowel dysfunction depending on the length of intestine that was 
used in their reconstruction (48). Sexual dysfunction is nearly uni-
versal among patients who have undergone radical cystectomy 
(48). It can be difficult to convince a patient to sacrifice these 
aspects of quality of life, despite the proven benefit of cystectomy 
to the quantity of life. That balance, between quantity and quality 
of life, may drive many of the decisions that underlie the underuse 
of cystectomy that we have documented. Even with radical surgery 
or radiation therapy, survival after an invasive bladder cancer diag-
nosis is limited. Quality of life may be paramount in patients’ 
minds as they opt for less beneficial therapies that offer bladder 
preservation.

Finally, our results conflict with those of population-based 
studies from other countries that demonstrated similar survival 
outcomes between cystectomy and radiation therapy treatment 
groups. For example, population-based cancer registries in the 
United Kingdom and Canada have shown equivalent survival out-
comes for surgery and radiation on comparative retrospective 
analyses (49–52). Yet the majority of patients in these countries 
receive radiation therapy as the initial treatment with curative 
intent. The patients who underwent cystectomy had higher rates of 
lymph node involvement (52) or locally advanced stage T4 cancers 
compared with patients who received radiation, thereby predispos-
ing cystectomy patients to worse survival outcomes (49,51). 
Furthermore, these analyses did not address known and unmea-
sured imbalances between these treatment groups nor did they 
stratify survival outcomes by clinical stage at presentation.

Despite these limitations, we demonstrated substantial under-
use of radical cystectomy for muscle-invasive bladder cancer. This 
underuse of guideline-recommended care may have condemned 
patients who received alternative treatments to premature mor-
tality. Maximizing the number of patients who receive appropriate 
care for muscle-invasive bladder cancer requires overcoming the 
formidable obstacles of patient and provider resistance to this pro-
cedure. To increase the use of radical cystectomy and urinary di-
version for invasive bladder cancer, we must ensure that patients 
have access to available surgeons and promote patient knowledge 
so they may fully understand the risks and benefits of their treat-
ment options.
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