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BACKGROUND: Single-institution series have documented the adverse impact of a 12-week delay between

resection of muscle-invasive bladder cancer and radical cystectomy. These data are derived from tertiary

centers, in which referral populations may confound outcomes. The authors sought to examine the survival

impact of a delay in radical cystectomy using nationally representative data. METHODS: From the linked

Surveillance, Epidemiology, and End Results–Medicare dataset, the authors identified subjects with stage II

transitional cell carcinoma (TCC) of the bladder who underwent radical cystectomy between 1992 and

2001. They examined delays of 8, 12, and 24 weeks and incorporated these delay cutoffs into multivariate

Cox proportional hazards survival models. Covariates included age, race/ethnicity, marital status, Charlson

comorbidity index, and cancer grade. RESULTS: The authors identified 441 subjects with stage II TCC who

underwent cystectomy during the study period. Compared with immediate surgery (ie, within 4-8 weeks of

transurethral resection), longer time to cystectomy increased the risk of both disease-specific and overall

mortality (hazard ratio [HR], 2.0; P < .01 and HR, 1.6; P < .01, respectively, for those delayed 12-24 weeks;

HR, 2.0; P < .01 for disease-specific and overall death among those delayed beyond 24 weeks 1 year after

diagnosis). Covariates associated with overall mortality included older age (HR, 1.04; P < .01) and comor-

bidity (HR, 2.0 for Charlson �3 vs Charlson 0-1; P < .01). CONCLUSIONS: Delay in definitive surgical treat-

ment beyond 12 weeks conferred an increased risk of disease-specific and all-cause mortality among

subjects with stage II bladder cancer. Cancer 2009;115:988–96. VC 2009 American Cancer Society.
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Patients with stage II, muscle-invasive bladder cancer have 5-year disease-specific survival ranging
from 62% to 80% after radical cystectomy.1,2 The aggressiveness of muscle-invasive transitional cell carci-
noma of the bladder mandates prompt evaluation and management. Yet the medical comorbidities that
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are common among bladder cancer patients confound
aggressive surgical management. Because tobacco is the
predominant risk factor for bladder cancer, many patients
suffer from affiliated conditions, including chronic pul-
monary and cardiovascular diseases. Before radical cystec-
tomy and urinary diversion, a major undertaking, these
patients often require extensive medical evaluation and
clearance, significant preoperative counseling, and poten-
tially the transfer of care to experienced high-volume cys-
tectomy providers. Beyond resolution of clinical barriers,
patients must achieve mental acceptance of the drastic
change in voiding and potential affect on their body image
conferred by a radical cystectomy and urinary diversion.

This delay between diagnosis of muscle invasion and

cystectomy may have serious consequences. Retarding

the definitive surgical management of muscle-invasive

bladder cancer may confer increased risks of pathologic

upstaging at cystectomy and worsened disease-specific

and overall survival.3-6 These results have been ques-

tioned, and the literature suggesting an inverse relation-

ship between time to cystectomy and outcome reflects the

experience of tertiary referral centers.7,8 The reasons for

treatment delays at these high-volume institutions may

not apply to the typical patient newly diagnosed with

muscle-invasive bladder cancer.1 Hence, we sought to use

a nationally representative dataset to evaluate the relation-

ship between the timing of radical cystectomy after a diag-

nosis of muscle-invasive bladder cancer and patient

clinical outcome.

MATERIALS AND METHODS

Patient Population

From a linked database integrating data from the Surveil-

lance, Epidemiology, and End Results (SEER) national

cancer registry and theMedicare claims database, we iden-

tified subjects with American Joint Committee on Can-

cer/International Union Against Cancer (AJCC/UICC)

stage II (T2 N0M0: tumor extension into but not beyond

the muscularis propria of the bladder wall [T2], no re-

gional lymph node metastases [N0], no distant metastases

[M0]) transitional cell carcinoma (TCC) of the urinary

bladder who underwent radical cystectomy in the contigu-

ous years 1992 to 2001.2 Stage is explicitly included in the

SEER registry and represents the stage at initial diagnosis

of TCC of the urinary bladder. For the years studied, the

SEER registry contains detailed cancer-related informa-

tion from 11 US regions generalizable to the US popula-

tion.3 Medicare claims include the Patient Entitlement

and Diagnosis Summary File, which contains demo-

graphic information and links to the SEER registry, the

Medicare Provider Analysis and Review (MEDPAR) file,

with diagnosis and procedure codes for each hospital

admission, National Claims History (NCH) records that

contain provider billing information, and a hospital file

comprising variables from the Healthcare Cost Report

and Provider of Service survey. The combined SEER-

Medicare dataset merges detailed cancer-specific infor-

mation from SEER with Medicare claims that permit

analysis of procedures performed, dates of any treatments

received, and determination of subjects’ comorbid

conditions.

We identified study subjects from primary malig-

nancy, diagnosis, and procedure codes. Included subject

claims contained either International Classification of

Diseases (ninth revision [ICD-9]) code 57.71 or Current

Procedural Terminology Coding System (fourth edition

[CPT-4]) code 51570 or 51575 indicative of a radical cys-

tectomy. Those with stage II bladder cancer, based on

AJCC/UICC TNM Classification and Stage groupings,

were identified from the SEER registry.2 Determination

of stage from SEER is considered highly valid and con-

forms to standards set forth by the North American Asso-

ciation of Central Cancer Registries, achieving complete

case ascertainment in 98% of subjects.4

Time from diagnosis to radical cystectomy was

determined from procedure dates in the MEDPAR and

NCH records. The time from the most recent transure-

thral resection of a bladder tumor (TURBT), identified

from either ICD-9 (57.33, 57.4, 57.49) or CPT-4 codes

(52234, 52235, or 52240), to radical cystectomy consti-

tuted the time lapse to definitive treatment. Only 6% of

study subjects had multiple TURBTs before cystectomy.

We excluded those with non-TCC histology and those

who underwent radical cystectomy within 4 weeks of di-

agnosis, as those procedures likely represented emergent

indications. We also excluded those who underwent cys-

tectomy more than 52 weeks after diagnosis to minimize

bias toward adverse outcomes in the delayed cohort.

Covariates in our multivariate models examining

survival after radical cystectomy included subject age, sex,
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marital status, comorbidity, cancer grade, and geographic

region. Because of the small proportion of nonwhites in

the study sample, we dichotomized race/ethnicity as white

and nonwhite. The Charlson index, a weighted score

based on diagnosis claims, was used to quantify subject

comorbidity, with a higher score representing a greater

burden of comorbid conditions.5,6 The SEER registry

classifies TCC grade from 1 through 4, with a higher

grade indicating poorer histologic differentiation. We

consolidated the SEER registry regions into correspond-

ing US Census regions.

Statistical Analysis

Descriptive statistics are presented for demographic and

clinical data. We created Cox proportional Hazards mod-

els to evaluate the independent association with survival

of time between TURBT and radical cystectomy. We

modeled survival time since diagnosis rather than time

since cystectomy to minimize lead-time bias in the analy-

sis. We evaluated various cutoffs in time to cystectomy

with a 4- to 8-week time lapse as the referent. To account

for violation of the proportional hazards assumption of

the Cox model, we created an interaction term combining

the dichotomous variable of whether there was a delay

beyond 24 weeks and the log of the follow-up time in days

since diagnosis. The mortality hazard for patients with a

time to cystectomy beyond 24 weeks can be calculated

from the addition of the coefficient for the variable re-

flecting a delay in treatment greater than 24 weeks with

the coefficient for the interaction term multiplied by the

natural log of the number of days of follow-up since

diagnosis, as expressed in the equation below:

Hazard¼b>24weeksþbinteraction lnðtime since diagnosisÞ

Exponentiating this calculated coefficient yields a

hazard ratio that reflects the increase in mortality at that

time point compared with a 4- to 8-week time lapse

between TURBT and cystectomy, adjusting for all other

covariates in the model.

To display the survival outcomes graphically, we

created Cox models stratified by time lapse between diag-

nosis and cystectomy. The violation of the proportional

hazards assumptions necessitated utilization of the strati-

fied model. The estimates for all adjusted covariates were

similar for this stratified model when compared with the

time interaction model, thus permitting use of the graphi-

cal results from the stratified model as a representation of

the survival curves for each time-lapse group. Because this

is a survival curve based on the model predictions, all the

covariates were held at discrete values chosen based on the

predominant category for each covariate. Thus, the sur-

vival curves represent the effect of the various cutoffs in

time lapse to cystectomy for a 65-year-old white married

man with a Charlson score of 2 and a cancer grade of 4

residing in the West US Census region. We used an alpha

of .05 for all statistical tests. All statistical analyses were

performed with SAS 9.1 (SAS Institute, Cary, NC).

RESULTS

Characteristics of the study sample stratified by time to

cystectomy are displayed in Table 1. We identified 441

subjects with stage II TCC of the bladder who underwent

radical cystectomy between 1992 and 2001. Most subjects

were male, white, and married. Charlson indices ranged

from 0 to 5, with 93% of subjects having comorbidity

indices of 0 or 1. Time from diagnosis to radical cystec-

tomy ranged from 4 to 52 weeks. Eighty-nine percent of

subjects underwent definitive surgical extirpation within

24 weeks of diagnosis, of whom 73% underwent cystec-

tomy within 12 weeks. The demographic characteristics

of the sample did not vary by time to cystectomy. How-

ever, although not statistically significant, nonwhites and

unmarried individuals trended toward longer time to cys-

tectomy. Over the study period, 279 subjects (63.3%)

died, most often from bladder cancer (136 [30.8%] sub-

jects a median 16.0 months after diagnosis) or cardiovas-

cular disease.

Table 2 shows results of the multivariate Cox pro-

portional hazards model evaluating disease-specific mor-

tality after diagnosis of invasive bladder cancer. Subjects

delayed 8 to 12 weeks were not impacted in terms of mor-

tality risk compared with those who underwent cystec-

tomy within 4 to 8 weeks of diagnosis. However, those

delayed 12 to 24 weeks suffered significantly worse mor-

tality, with 2.0 times the hazard of death of those delayed

4 to 8 weeks. Beyond 24 weeks, subjects suffered worsen-

ing disease-specific mortality proportional to the follow-

up interval: 1 year after diagnosis, those delayed over 24

weeks had 2.0 times the hazard of disease-specific
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Table 2. Multivariate Cox Proportional Hazards Model of Disease-specific Survival Following
Diagnosis of Muscle-invasive Bladder Cancer and Subsequent Radical Cystectomy

Parameter Estimate Hazard Ratio P Value

Age 0.019 1.02 .23

Female sex 0.11 1.12 .55

Nonwhite race (vs white) �0.25 0.78 .39

Married marital status (vs unmarried) �0.35 0.71 .23

Charlson comorbidity index (vs 0-1)
2 0.38 1.46 .07

‡3 0.23 1.26 .62

Cancer grade (vs 4)
2 0.053 1.05 .87

3 0.053 1.05 .81

US Census region (vs West)
Northeast 0.16 1.17 .49

South �0.34 0.72 .52

Midwest 0.13 1.14 .54

Time to cystectomy (vs 4-8 weeks)
8-12 weeks 0.16 1.17 .53

12-24 weeks 0.70 2.01 .003

24 weeks �4.4 * .008

‡24 weeks � log(delay time) 0.86 *

*Hazard ratio for those delayed >24 weeks is a function of time since diagnosis.

Table 1. Characteristics of the Study Sample

Time to Cystectomy P Value

£12 Weeks >12 Weeks

Age (years), mean�SD 73.8�5.6 73.6�6.6 .77

Sex
Men 193 (67.5) 108 (69.7) .64

Women 93 (32.5) 47 (30.3)

Race/ethnicity .10

White 256 (89.5) 130 (83.9)

African American 12 (4.2) 11 (7.1)

Hispanic 6 (2.1) 9 (5.8)

Other 12 (4.2) 5 (3.2)

Married 267 (93.4) 137 (88.4) .07

Charlson comorbidity index .15
0 239 (83.6) 117 (75.5)

1 30 (10.5) 26 (16.8)

2 10 (3.5) 5 (3.2)

‡3 7 (2.4) 7 (4.5)

Cancer grade .68
1 2 (0.7) 0

2 33 (11.7) 18 (11.7)

3 172 (60.8) 101 (65.6)

4 76 (26.8) 35 (22.7)

US Census region .06

Northeast 51 (17.8) 36 (23.2)

South 9 (3.2) 9 (5.8)

Midwest 75 (26.2) 48 (31.0)

West 151 (52.8) 62 (40.0)
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Table 3. Multivariate Cox Proportional Hazards Model of Overall Survival Following Diagnosis

of Muscle-invasive Bladder Cancer and Subsequent Radical Cystectomy

Parameter
Estimate

Hazard
Ratio

P Value

Age 0.037 1.04 .001

Female sex �0.090 0.91 .50

Nonwhite race (vs white) �0.18 0.84 .40

Married marital status (vs unmarried) 0.008 1.01 .98

Charlson comorbidity index (vs 0-1)
2 0.30 1.35 .06

‡3 0.71 2.03 .017

Cancer grade (vs 4)
2 �0.23 0.80 .33

3 �0.022 0.98 .89

US Census region (vs West)
Northeast 0.073 1.08 .66

South 0.35 1.42 .23

Midwest 0.058 1.06 .71

Time to cystectomy (vs 4-8 weeks)
8-12 weeks 0.013 1.01 .94

12-24 weeks 0.46 1.59 .004

24 weeks �3.6 *

‡24 weeks � log(delay time) 0.68 * .001

*Hazard ratio for those delayed greater than 24 weeks is a function of time since diagnosis.

FIGURE 1. Disease-specific survival after diagnosis of muscle-invasive bladder cancer is stratified by time between diagnosis and

radical cystectomy.
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mortality of those without a delay. Two years after diag-

nosis the hazard ratio increases to 7.7. Thus, beyond a 12-

week delay between diagnosis and definitive surgical treat-

ment, we identified a time-dependent adverse impact on

survival after radical cystectomy. No other covariates were

found to impact disease-specific survival.

Table 3 displays the multivariate Cox proportional

hazards model of all-cause mortality after diagnosis of

invasive bladder cancer. Similar to the disease-specific sur-

vival model, subjects delayed 8 to 12 weeks had a mortality

risk similar to those who underwent surgery 4 to 8 weeks

after diagnosis. Beyond a 12-week time lapse, all-cause

mortality was significantly higher compared with those

delayed 4 to 8 weeks. Among those delayed more than 24

weeks, 1-year and 2-year mortality risk was 1.6- and 2.5-

fold higher, respectively, than those who underwent cys-

tectomy within 4 to 8 weeks. Covariates associated with

overall survival included age and comorbidity. Older age

was associated with higher risk of death after cystectomy.

Compared with subjects whose Charlson index was 0-1,

those with a Charlson index of at least 3, consistent with

substantial comorbid disease, had a significantly increased

2.3-fold higher risk of mortality over time.

Figures 1 and 2 display survival curves after radical

cystectomy stratified by time from diagnosis to definitive

surgery. These curves reflect the impact of a delay in cys-

tectomy for a subject with characteristics representative

of the commonest category of each covariate. Subjects

delayed 4 to 8 and 8 to 12 weeks demonstrated similar

survival curves. Beyond a 12-week lapse between diagnosis

and radical cystectomy, a dose-response relationship was

identified: increasing the delay in cystectomy beyond 12

weeks conferred a progressive adverse impact on subject

disease-specific and overall survival. Those delayed

beyond 24 weeks demonstrated rapid degradation of

survival over time compared with those delayed 12 to

24 weeks.

Conclusions

A delay of more than 12 weeks between diagnosis and

radical cystectomy for TCC of the urinary bladder

FIGURE 2. Overall survival after diagnosis of muscle-invasive bladder cancer is stratified by time between diagnosis and radical

cystectomy.
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significantly compromises patient survival. This adverse

impact affects both disease-specific and overall survival

and is exacerbated by increasing time from diagnosis

to cystectomy. Our findings corroborate prior single-

institution series that identified a 12-week cutoff as

conferring an increased risk of pathologic upstaging and

mortality.7-10

Common reasons for delays in definitive treatment

of muscle-invasive bladder cancer patients include extra

time for medical clearance, given the preponderance of

comorbid disease in this population, the need for transfer

to centers equipped to manage the burden of care for cys-

tectomy patients, and time required to overcome patient

reluctance to undergo surgery that radically affects their

voiding function and, potentially, their body image. Radi-

cal cystectomy with urinary diversion is a uniquely

morbid operation. Complication rates after radical cystec-

tomy range from 28% to 37% in studies derived from

analysis of nationally representative datasets.11,12 Many of

these complications are medical and relate to the high

prevalence of smoking history, vascular disease, coronary

artery disease, and chronic pulmonary disease in bladder

cancer patients. These conditions are likely more preva-

lent among elderly bladder cancer patients, explaining

their underuse of aggressive therapy.13 These circumstan-

ces necessitate preoperative optimization of patients’ med-

ical condition to reduce these risks.

Given the operative time, length of inpatient stay,

extensive care required during the convalescent period,

and poor reimbursement for the procedure and postoper-

ative care, many providers refer patients with indications

for a cystectomy to higher volume centers. The 1990s wit-

nessed a marked urbanization of radical cystectomy, as

these patients were regionalized in an ad hoc manner to

urban, high-volume, academic facilities.14 High-volume

cystectomy centers have better perioperative mortality

outcomes; incorporation of processes of care such as rates

of continent urinary diversion enhances differences in

clinical outcomes between high- and low-volume cen-

ters.15,16 Although regionalization of radical cystectomy

for bladder cancer to high-volume centers may be associ-

ated with improved perioperative outcomes, the incum-

bent delay required for such a transfer of care may worsen

patients’ long-term survival.

Our analysis is strengthened by the study sample

and data source used. Differential referral patterns may

bias the association between a delay in cystectomy and

pathologic and survival outcomes at tertiary referral cen-

ters. Patient populations at these centers may not be gen-

eralizable to the average patient with muscle-invasive

bladder cancer. In contrast, our study uses nationally rep-

resentative data that include patients treated at academic

and community institutions, by providers with various

degrees of surgical volume. Similarly, referrals in our

sample should reflect community patterns that may dif-

fer from those seen exclusively at tertiary referral centers.

We restricted our sample to those with stage II TCC to

eliminate equivocal treatment algorithms as a source of

delays in cystectomy. Those with more advanced locore-

gional disease may suffer postponements related to the

consideration of alternative treatments such as chemo-

therapy that could potentially bias our results. Similarly,

the study period, with patients treated in an era that

preceded more earnest consideration of neoadjuvant

chemotherapy before cystectomy, favors the results of

our study.

Our study is limited by the use of claims data to

study procedural specifics and survival outcomes. We

attempted to create an algorithm to measure time from di-

agnosis to cystectomy; however, we could not precisely

determine, in the context of multiple TURBTs before cys-

tectomy, the biopsy that confirmed muscle invasion.

Among the small proportion of subjects who underwent

multiple resections before cystectomy, many may have

had reoperations for symptoms such as refractory hematu-

ria. Re-resection is uncommon and likely not indicated

for patients with pathologically confirmed muscle inva-

sion, thus our algorithm for determining time to cystec-

tomy is intuitively valid. Also, our staging algorithm

involved identification of the initial diagnosis of bladder

cancer. In the majority of cases, this stage classification is

derived from the initial TURBT, with no account for

upstaging at the time of cystectomy. Furthermore, we

could not identify upstaging as an outcome in our sample,

which may have further validated the adverse impact of a

delay in cystectomy.

Determination of cause-specific survival from claims

or registry data is often confounded by submission or cod-

ing errors, limiting analysis of disease-specific survival in

this population. A selection bias may have further con-

founded the analysis. This may explain the crossing of

the survival curves in Figure 1. To sustain a delay in

Original Article

994 Cancer March 1, 2009



cystectomy beyond 24 weeks, subjects had to survive those

6 months; that the survival curve for these subjects eventu-

ally dropped below all other time lapse categories may

represent deaths from bladder cancer exclusively. We can-

not account for subjects delayed beyond 24 weeks who

eventually received no cancer-directed care. Contempo-

rary management of invasive bladder cancer mandates

consideration of neoadjuvant chemotherapy based upon

randomized controlled trials demonstrating some survival

benefit.17 We specifically excluded subjects who received

chemotherapy before cystectomy, and our results do not

apply to patients appropriately selected for neoadjuvant

chemotherapy. The impact of chemotherapy on optimal

pathways of care that include radical cystectomy has yet to

be clearly delineated. Importantly, these results should

not be interpreted as an indictment of neoadjuvant chem-

otherapy because of the resultant impact on time to

cystectomy. Finally, our analysis focused on Medicare

beneficiaries, which may limit generalizability of our

results. However, most patients with newly diagnosed

bladder cancer are between the ages of 60 and 79 years

and thus are of Medicare age.18

We sought to determine the impact of delays

between the diagnosis of muscle-invasive bladder cancer

and definitive extirpative treatment with radical cystec-

tomy. We could not adjust for delays in care between

symptomatic presentation and eventual diagnosis, which

may be a more critical determinant of cancer-specific out-

come than delays between diagnosis and cystectomy.

Patients with hematuria may receive treatment with anti-

biotics before referral for further evaluation. For muscle-

invasive cancers, the prolongation of time to evaluation

engendered by this inappropriate management may be

more condemning than their management once

diagnosed.

Despite these limitations, these results demonstrate

the detrimental impact of a delay beyond 12 weeks

between diagnosis of muscle-invasive bladder cancer and

definitive treatment with radical cystectomy. Delaying

cystectomy for patients with muscle-invasive TCC of the

bladder beyond 12 weeks confers worse disease-specific

and overall survival. Prompt treatment remains funda-

mental to the management of stage II bladder cancer;

those processes that expedite care in this population

should be disseminated to minimize the magnitude of the

cohort delayed beyond 12 weeks.
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