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IMPORTANCE Radical cystectomy is the guidelines-recommended treatment of
muscle-invasive bladder cancer, but a resurgence of trimodal therapy has occurred. Limited
comparative data are available on outcomes and costs attributable to these 2 treatments.

OBJECTIVE To compare the survival outcomes and costs between trimodal therapy and
radical cystectomy in older adults with muscle-invasive bladder cancer.

DESIGN, SETTING, AND PARTICIPANTS This population-based cohort study used data from the
Surveillance, Epidemiology, and End Results–Medicare linked database. A total of 3200 older
adults (aged �66 years) with clinical stage T2 to T4a bladder cancer diagnosed from January
1, 2002, to December 31, 2011, and with claims data available through December 31, 2013,
were included in the analysis. Patients who received radical cystectomy underwent either
only surgery or surgery in combination with radiotherapy or chemotherapy. Patients who
received trimodal therapy underwent transurethral resection of the bladder followed by
radiotherapy and chemotherapy. Propensity score matching by sociodemographic and clinical
characteristics was used. Data analysis was performed from August 1, 2017, to March 11, 2018.

MAIN OUTCOMES AND MEASURES Overall survival and cancer-specific survival were evaluated
using the Cox proportional hazards regression model and the Fine and Gray competing risk
model. All Medicare health care costs for inpatient, outpatient, and physician services within
30, 90, and 180 days of treatment were compared. The total amount spent nationwide was
estimated, using 180-day medical costs between treatments, by the total number of new
cases of muscle-invasive bladder cancer in the United States in 2011.

RESULTS Of the 3200 patients who met the inclusion criteria, 2048 (64.0%) were men and
1152 (36.0%) were women, with a mean (SD) age of 75.8 (6.0) years. After propensity score
matching, 687 patients (21.5%) underwent trimodal therapy and 687 patients (21.5%)
underwent radical cystectomy. Patients who underwent trimodal therapy had significantly
decreased overall survival (hazard ratio [HR], 1.49; 95% CI, 1.31-1.69) and cancer-specific
survival (HR, 1.55; 95% CI, 1.32-1.83). No differences in costs at 30 days were observed
between trimodal therapy ($15 233 in 2002 vs $18 743 in 2011) and radical cystectomy
($17 990 in 2002 vs $21 738 in 2011). However, median total costs were significantly higher
with trimodal therapy than with radical cystectomy at 90 days ($80 174 vs $69 181; median
difference, $8964; Hodges-Lehmann 95% CI, $3848-$14 079) and at 180 days ($179 891
vs $107 017; median difference, $63 771; Hodges-Lehmann 95% CI, $55 512-$72 029).
Extrapolating these figures to the total US population revealed $335 million in excess
spending for trimodal therapy compared with the less costly radical cystectomy ($492
million) for patients who received a muscle-invasive bladder cancer diagnosis in 2011.

CONCLUSIONS AND RELEVANCE Trimodal therapy was associated with significantly decreased
overall survival and cancer-specific survival as well as $335 million in excess spending in 2011.
These findings have important health policy implications regarding the appropriate use of
high value–based care among older adults with invasive bladder cancer who are candidates
for either radical cystectomy or trimodal therapy.

JAMA Surg. 2018;153(10):881-889. doi:10.1001/jamasurg.2018.1680
Published online June 27, 2018.

Invited Commentary
page 889

Supplemental content

Author Affiliations: Division of
Urology, Department of Surgery,
The University of Texas Medical
Branch, Galveston (Williams, Shan,
Jazzar, Orihuela); Department of
Surgery, The University of Texas
Medical Branch, Galveston (Mehta,
Senagore, Tyler); Sealy Center on
Aging, Division of Epidemiology,
Department of Medicine, The
University of Texas Medical Branch,
Galveston (Baillargeon); Department
of Health Services Research,
Management and Policy, University of
Florida, Gainesville (Huo);
Department of Radiation Oncology,
The University of Texas Medical
Branch, Galveston (Swanson);
Department of Urology, The
University of Texas MD Anderson
Cancer Center, Houston (Kamat).

Corresponding Author: Stephen B.
Williams, MD, Division of Urology,
Department of Surgery, The
University of Texas Medical Branch,
301 University Blvd, Galveston, TX
77555 (stbwilli@utmb.edu).

Research

JAMA Surgery | Original Investigation

(Reprinted) 881

© 2018 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamasurg.2018.1680&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2018.1680
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamasurg.2018.1674&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2018.1680
mailto:stbwilli@utmb.edu


A n estimated 81 190 new cases and 17 240 deaths from
bladder cancer will occur in the United States in 2018.1

Neoadjuvant chemotherapy followed by radical cys-
tectomy with extended pelvic lymphadenectomy is the guide-
lines-recommended treatment of muscle-invasive bladder
cancer.2-4 Given the concerns regarding the nonnegligible mor-
bidity and mortality associated with radical cystectomy along
with patients often being older and having increased comor-
bidities, clinicians (eg, urologists, radiation and medical on-
cologists) and patients have sought alternative treatments.

The use of less-invasive trimodal “bladder-sparing” ap-
proaches that combine maximal transurethral resection, che-
motherapy, and radiotherapy to treat muscle-invasive blad-
der cancer has increased.5 Several organizations, including the
American Urological Association and the European Associa-
tion of Urology, have updated their guidelines to support the
use of radiotherapy combined with chemotherapy in select pa-
tients with muscle-invasive disease.3,4,6,7 No randomized data
exist comparing trimodal therapy with radical cystectomy, but
2 single-center studies to date have noted comparable sur-
vival outcomes.8,9 These studies were limited by small num-
bers of patients and/or were derived from nonadjusted case-
control series. Comparative effectiveness research using cancer
registry data has reported conflicting overall survival out-
comes between these 2 treatments.10 Against this backdrop,
recent large population-based studies using the National Can-
cer Database have reported trimodal therapy to have inferior
overall survival outcomes when compared with radical
cystectomy.5,11 Furthermore, the costs associated with these
treatments remain to be elucidated.12 Given this gap in the lit-
erature, we examined a nationally representative cohort to

compare the survival outcomes and costs of radical cystec-
tomy with those of trimodal therapy.

Methods
Data Source
We extracted data from the Surveillance, Epidemiology, and
End Results (SEER)–Medicare linked database. This data set in-
cludes information regarding newly diagnosed cancers with
98% case ascertainment from 18 US regions.13 The institu-
tional review board at The University of Texas Medical Branch,
Galveston, deemed this study to be exempt from review be-
cause it used an administrative deidentified database. Pa-
tient informed consent was waived by this institutional re-
view board. We performed data analysis from August 1, 2017,
to March 11, 2018.

Ascertainment of Study Cohort
We restricted our analysis to patients with stage T2 to T4a blad-
der cancer that was diagnosed as either transitional cell or uro-
thelial carcinoma between January 1, 2002, and December 31,
2011, and with claims data available through December 31, 2013.
The study was restricted to Medicare fee-for-service benefi-
ciaries with Medicare Part A and Part B claims data available.
The final cohort consisted of 3200 patients (Figure 1).

Identification of Bladder Cancer Treatments
Radical cystectomy was identified by procedure codes in Medi-
care claims, including for both open and robot-assisted lapa-
roscopic surgical procedures with or without pelvic lymph node
dissection. The radical cystectomy group comprised patients
who underwent only surgery or surgery in combination with
radiotherapy or chemotherapy. The trimodal therapy group
consisted of patients who underwent transurethral resection
of the bladder followed by radiotherapy and chemotherapy.
Trimodal therapy was identified by diagnosis and procedure
codes in Medicare claims for both radiotherapy and chemo-
therapy in the absence of a concomitant code for radical
cystectomy.14 Radiotherapy dose typically consists of 60 to 66

Figure 1. Patient Selection Process

752 Received trimodal
therapy

687 Propensity
score–matched
patients received
trimodal therapy

687 Propensity
score–matched
patients received
radical cystectomy

2448 Received radical
cystectomy

112 474 Patients with stage T2-T4
bladder cancer diagnosis,
2002-2011

3200 Met inclusion criteria

109 274 Excludeda

7753 Bladder cancer other than
urothelial carcinoma or
transitional cell carcinoma

88 097 Aged <66 or >90 y
16 624 Diagnosis from death certificate

or autopsy or if no pathological
confirmation

14 425 Any other cancer before or after
bladder cancer

9437 No Medicare Part A or B
coverage or with HMO
coverage

3200 Received no treatment

HMO indicates health maintenance organization.
a Some patients met more than 1 exclusion criterion.

Key Points
Question What are the survival outcomes and costs associated
with both radical cystectomy and trimodal therapy for older adults
with muscle-invasive bladder cancer?

Findings In this population-based cohort study of Surveillance,
Epidemiology, and End Results–Medicare data from 3200 older
adults with a clinical stage T2 to T4a bladder cancer diagnosis,
patients who underwent trimodal therapy had significantly
decreased overall and cancer-specific survival. The median total
costs were substantially higher for trimodal therapy than for
radical cystectomy ($827 million vs $492 million) for patients
diagnosed in 2011.

Meaning Compared with radical cystectomy, trimodal therapy
was associated with significantly lower overall and cancer-specific
survival rates at significantly higher costs.
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Gy (39.6-50.4 Gy delivered to the bladder and pelvic lymph
nodes with a sequential tumor boost) given in daily fractions
of 1.8 to 2.0 Gy.3 Guidelines-recommended trimodal chemo-
therapy regimens include cisplatin or fluorouracil and mito-
mycin C.4 We counted the number of fractions within 90 days
after the first radiation treatment and defined the number of
fractions according to the number of radiation treatments de-
livered, as billed in Medicare claims, during the initial outpa-
tient course of radiotherapy.15

Study Covariates
From the SEER database, we determined patient age, race/
ethnicity (non-Hispanic white, non-Hispanic black, His-
panic, or non-Hispanic other race/ethnicity), marital status
(single, married, or unknown), and US census region (North-
east, South, Midwest, or West). We obtained the socioeco-
nomic characteristics of the patient’s neighborhood from the
SEER database. Educational level was specified according to
the percentage of residents who had at least 4 years of college
education. County-level median annual household income was
acquired through a link to the Area Health Resource Files data
and then divided into quartiles. Comorbidity was assessed
using the Klabunde modification for the year before cancer
diagnosis.16

To determine treatment costs, we summed all Medicare
health care expenditures from inpatient, outpatient, and phy-
sician services within 30, 90, and 180 days of treatment. We
estimated the total amount spent nationwide on more expen-
sive trimodal therapy by multiplying the mean differences of
180-day medical costs between trimodal therapy and radical
cystectomy by the total number of new cases of muscle-
invasive bladder cancer in the United States in 2011.17 All costs
were inflated to 2017 dollars using previously established meth-
ods summing Medicare reimbursements, coinsurance reim-
bursements, and patient liability costs.12,18

Statistical Analysis
Patients who receive radical cystectomy may systematically
differ from patients who receive trimodal therapy. For ex-
ample, patients who are older, have greater comorbidities, and
have a lower stage of cancer may be more likely to receive tri-
modal therapy. Propensity score matching acts as a pseudo-
randomization and makes 2 treatment groups comparable.
Therefore, we used propensity score matching to control se-
lection bias and confounding while comparing 2 treatments.
The propensity score was derived from a multivariable logis-
tic regression model that estimated the use of radical cystec-
tomy. Reflecting previous research and clinical knowledge,
we included patients’ sociodemographic (age, sex, race/
ethnicity, annual household income, educational level, mari-
tal status, and region) and clinical characteristics (comorbidi-
ties, stage, and grade) in the propensity score model.14,19 All
independent variables were parameterized, as illustrated in
Table 1. We checked collinearity between educational level and
income and the interaction among comorbidities, stage, and
grade while building the propensity score model. Collinearity
was important only for median annual household income and
educational level. No notable interactions were observed. We

performed 1:1 matching of patients undergoing radical cystec-
tomy with patients undergoing trimodal therapy, without re-
placement, based on a 5-digit greedy matching algorithm.20

Standardized difference was used to assess the covariate bal-
ance; an absolute standardized difference less than 0.10 indi-
cates a balance of covariates across the 2 groups.

All outcomes were evaluated in the matched sample. Un-
adjusted Kaplan-Meier curves were generated to estimate the
overall survival and bladder cancer–specific survival for tri-
modal therapy and radical cystectomy. A Cox proportional haz-
ards regression model was used to assess the association of
treatment with overall survival. In the Cox model, we used a
robust variance estimator to account for the clustering within
matched sets. We conducted competing risk analyses to com-
pare cancer-specific survival between trimodal therapy and
radical cystectomy. The Fine and Gray21 competing risk model
was used to obtain hazard ratios (HRs). The proportional
hazards model assumption was tested to confirm the ad-
equacy of the model. Because of the skewed nature of cost data,
we reported median costs. The differences between overall
and yearly median costs were evaluated with the Hodges-
Lehmann estimator in the propensity score–matched sample.

Propensity score matching effectively reduces the sample
size because unmatched patients are removed from the analy-
ses. Therefore, we performed sensitivity analyses by includ-
ing all patients. The association of bladder cancer treatment
with overall survival and cancer-specific survival was mod-
eled using the Cox proportional hazards regression model and
competing risk model while accounting for all confounders.

All statistical tests were 2-sided, and all analyses were
performed using SAS, version 9.4 (SAS Institute Inc). Statisti-
cal significance was defined as a 2-sided P < .05 using an un-
paired, 2-tailed t test.

Results
Patient demographics according to treatment type before and
after propensity score adjustments are summarized in Table 1.
Of the 3200 patients who met the inclusion criteria, 2048
(64.0%) were men and 1152 (36.0%) were women, with a mean
(SD) age of 75.8 (6.0) years. Overall, 752 patients (23.5%) un-
derwent trimodal therapy and 2448 (76.5%) underwent radi-
cal cystectomy for muscle-invasive bladder cancer. Before
matching, age, sex, and marital status as well as Charlson co-
morbidity index, stage, and grade according to treatments all
had an SD greater than 0.10. Patients with high-grade disease
more often underwent radical cystectomy, whereas patients
with clinical stage T2 cancer more often underwent trimodal
therapy (SD, >0.10).

Propensity score matching resulted in the matching of 687
patients (21.5%) receiving trimodal therapy with 687 patients
(21.5%) receiving radical cystectomy (Figure 1). All baseline co-
variates were well balanced in the propensity score–matched
sample. Multicollinearity was assessed for variables intro-
duced into the model. The only substantial association ob-
served was between annual household income and educa-
tional level. We removed educational level because of its high
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Table 1. Patient Demographics and Clinical Characteristics Before and After Propensity Score Matching

Variable Total

Treatment Before Matching

Standardized
Difference

Treatment After Matching

Standardized
Difference

Radical Cystectomy,
No. (%)

Trimodal Therapy,
No. (%)

Radical
Cystectomy,
No. (%)

Trimodal Therapy,
No. (%)

All patients 3200 2448 (76.5) 752 (23.5) 687 (50.0) 687 (50.0)

Age group, y

66-69 588 498 (20.3) 90 (12.0) −0.229 84 (12.2) 90 (13.1) 0.026

70-74 802 674 (27.5) 128 (17.0) −0.255 139 (20.2) 127 (18.5) −0.044

75-79 864 675 (27.6) 189 (25.1) −0.055 186 (27.1) 185 (26.9) −0.003

≥80 946 601 (24.6) 345 (45.9) 0.458 278 (40.5) 285 (41.5) 0.021

Sex

Male 2048 1516 (61.9) 532 (70.7) 0.187 462 (67.3) 475 (69.1) 0.041

Female 1152 932 (38.1) 220 (29.3) −0.187 225 (32.8) 212 (30.9) −0.041

Race/ethnicity

White 2802 2136 (87.3) 666 (88.6) 0.040 600 (87.3) 606 (88.2) 0.027

Black 138 103 (4.2) 35 (4.7) 0.022 31 (4.5) 32 (4.7) 0.007

Hispanic 109 88 (3.6) 21 (2.8) −0.046 30 (4.4) 21 (3.1) −0.069

Other 151 121 (4.9) 30 (4.0) −0.046 26 (3.8) 28 (4.1) 0.015

Marital status

Single 441 341 (13.9) 100 (13.3) −0.018 93 (13.5) 94 (13.7) 0.004

Married 1920 1501 (61.3) 419 (55.7) −0.114 384 (55.9) 396 (57.6) 0.035

Unknown 839 606 (24.8) 233 (31.0) 0.139 210 (30.6) 197 (28.7) −0.042

Census region

West 1317 1009 (41.2) 308 (41.0) −0.005 271 (39.5) 280 (40.8) 0.027

Northeast 727 558 (22.8) 169 (22.5) −0.008 165 (24.0) 154 (22.4) −0.038

Midwest 373 276 (11.3) 97 (12.9) 0.050 79 (11.5) 85 (12.4) 0.027

South 783 605 (24.7) 178 (23.7) −0.024 172 (25.0) 168 (24.5) −0.014

Median annual
household
income, USD

≤42 992 706 530 (21.7) 176 (23.4) 0.042 147 (21.4) 157 (22.9) 0.035

42 993-56 188 802 626 (25.6) 176 (23.4) −0.050 161 (23.4) 164 (23.9) 0.010

56 189-73 827 825 608 (24.8) 217 (28.9) 0.091 201 (29.3) 194 (28.2) −0.023

≥73 828 867 684 (27.9) 183 (24.3) −0.082 178 (25.9) 172 (25.0) −0.020

Educational level, %a

≤20.58 880 681 (27.8) 199 (26.5) −0.031 188 (27.4) 181 (26.4) −0.023

20.59-27.36 796 608 (24.8) 188 (25.0) 0.004 173 (25.2) 174 (25.3) 0.003

27.37-34.83 742 546 (22.3) 196 (26.1) 0.088 179 (26.1) 174 (25.3) −0.017

≥34.84 782 613 (25.0) 169 (22.5) −0.060 147 (21.4) 158 (23.0) 0.039

Comorbidity, No.

0 1739 1385 (56.6) 354 (47.1) −0.191 328 (47.7) 339 (49.3) 0.032

1 852 646 (26.4) 206 (27.4) 0.023 184 (26.8) 188 (27.4) 0.013

2 344 240 (9.8) 104 (13.8) 0.125 87 (12.7) 85 (12.4) −0.009

≥3 265 177 (7.2) 88 (11.7) 0.153 88 (12.8 75 (10.9) −0.059

Cancer stage

II 1498 966 (39.5) 532 (70.7) 0.663 470 (68.4) 468 (68.1) −0.006

III 857 761 (31.1) 96 (12.8) −0.454 98 (14.3) 96 (14.0) −0.008

IV 845 721 (29.5) 124 (16.5) −0.312 119 (17.3) 123 (17.9) 0.015

Cancer grade

Low 129 99 (4.0) 30 (4.0) −0.003 26 (3.8) 28 (4.1) 0.015

High 2967 2288 (93.5) 679 (90.3) −0.116 626 (91.1) 624 (90.8) −0.010

Unknown 104 61 (2.5) 43 (5.7) 0.163 35 (5.1) 35 (5.1) 0

(continued)
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association with income. Tests for effect modification were per-
formed for the following interaction terms: comorbidity with
stage, comorbidity with grade, and stage with grade. No no-
table interactions were observed. The concordance index for
the model was 0.74.

Patients who underwent trimodal therapy had signifi-
cantly decreased overall survival (HR, 1.49; 95% CI, 1.31-1.69)
and cancer-specific survival (HR, 1.55; 95% CI, 1.32-1.83)
(Table 2). These findings persisted across all stages except in
patients with stage IV disease, for whom no considerable dif-
ferences between treatments were noted (eTable 1 in the
Supplement). In sensitivity analyses, the effect estimates of
trimodal therapy with overall survival (HR, 1.38; 95% CI, 1.25-
1.53) and cancer-specific survival (HR, 1.50; 95% CI, 1.32-
1.70) differed slightly compared with the effect estimates in
propensity score analyses. However, the association was in the
same direction, indicating improved outcomes associated with
radical cystectomy. A total of 353 of 687 patients (51.4%) who
underwent trimodal therapy received cisplatin or fluoroura-
cil and mitomycin C. Although trimodal therapy resulted in
worse survival when compared with radical cystectomy, this
treatment with cisplatin or fluorouracil and mitomycin C vs
with other chemotherapy resulted in improved overall sur-
vival (HR, 1.27; 95% CI, 1.10-1.47 vs HR, 1.69; 95% CI, 1.46-
1.96) and cancer-specific survival (HR, 1.50; 95% CI, 1.23-1.83
vs HR, 1.97; 95% CI, 1.62-2.39) (eTable 2 in the Supplement).
Among 326 patients who underwent trimodal therapy and had
radiotherapy fraction data available, the total median num-
ber of fractions delivered was 18 (interquartile range, 9-27).
When stratified by fractions delivered, trimodal therapy with
18 or more total fractions delivered compared with fewer than
18 showed improved overall survival (HR, 1.23; 95% CI, 1.02-
1.48 vs HR, 1.39; 95% CI, 1.16-1.68) and cancer-specific sur-
vival (HR, 1.37; 95% CI, 1.05-1.78 vs HR, 1.48; 95% CI, 1.14-
1.93) (eTable 3 in the Supplement). In addition, we found that,
among the radical cystectomy cohort, patients who received
neoadjuvant chemotherapy compared with those who re-

ceived no chemotherapy improved overall survival (HR, 0.62;
95% CI, 0.48-0.79 vs HR, 0.70; 95% CI, 0.61-0.79) and cancer-
specific survival (HR, 0.53; 95% CI, 0.37-0.76 vs HR, 0.59; 95%
CI, 0.49-0.71) (eTable 4 in the Supplement). Figure 2 illus-
trates the unadjusted overall survival and cancer-specific sur-
vival rates for trimodal therapy and radical cystectomy.

Table 3 displays the median cost of each treatment in 2012
US dollars stratified by year of treatment. Cost-of-care analy-
sis demonstrated a trend in increased costs from 2002 to 2011
for both treatments at 30 days and 90 days. However, the trend
for increased costs remained significant for radical cystec-
tomy ($80 431 in 2002 vs $140 122 in 2011; P < .001) but not
for trimodal therapy at 180 days. For example, the 180-day me-
dian costs for radical cystectomy increased by 43% from
$80 431 in 2002 to $140 122 in 2011, whereas the median costs
for trimodal therapy increased by 8% from $159 693 in 2002
to $173 999. No differences were observed in annual median
30-day health care costs between trimodal therapy ($15 233 in
2002 vs $18 743 in 2011) and radical cystectomy ($17 990 in
2002 vs $21 738 in 2011). However, median total costs were sig-
nificantly higher with trimodal therapy than with radical cys-
tectomy at 90 days ($80 174 vs $69 181; median difference,
$8964; Hodges-Lehmann 95% CI, $3848-$14 079) and at 180
days ($179 891 vs $107 017; median difference, $63 771; Hodges-
Lehmann 95% CI, $55 512-$72 029). Extrapolating these fig-
ures to the total US population revealed $335 million in ex-
cess spending for trimodal therapy compared with the less
costly radical cystectomy ($492 million) for patients who re-
ceived a muscle-invasive bladder cancer diagnosis in 2011.

Discussion
Muscle-invasive bladder cancer is a lethal disease, which war-
rants definitive treatment. Previous research has shown that
approximately half of these patients undergo definitive treat-
ment, with only 19% receiving surgery.14,22 In recent years, the

Table 1. Patient Demographics and Clinical Characteristics Before and After Propensity Score Matching (continued)

Variable Total

Treatment Before Matching

Standardized
Difference

Treatment After Matching

Standardized
Difference

Radical Cystectomy,
No. (%)

Trimodal Therapy,
No. (%)

Radical
Cystectomy,
No. (%)

Trimodal Therapy,
No. (%)

Year of diagnosis

2002 320 256 (10.5) 64 (8.5) −0.067 63 (9.2) 62 (9.0) −0.005

2003 321 262 (10.7) 59 (7.8) −0.099 52 (7.6) 58 (8.4) 0.032

2004 352 274 (11.2) 78 (10.4) −0.027 65 (9.5) 70 (10.2) 0.025

2005 367 282 (11.5) 85 (11.3) −0.007 84 (12.2) 79 (11.5) −0.023

2006 336 243 (9.9) 93 (12.4) 0.078 78 (11.4) 81 (11.8) 0.014

2007 304 236 (9.6) 68 (9.0) −0.021 55 (8.0) 65 (9.5) 0.052

2008 317 245 (10.0) 72 (9.6) −0.015 77 (11.2) 64 (9.3) −0.062

2009 286 216 (8.8) 70 (9.3) 0.017 67 (9.8) 64 (9.3) −0.015

2010 308 225 (9.2) 83 (11.0) 0.061 74 (10.8) 71 (10.3) −0.014

2011 289 209 (8.5) 80 (10.6) 0.071 72 (10.5) 73 (10.6) 0.005

Abbreviation: USD, US dollar.
a Educational level was specified according to the percentage of residents who had at least 4 years of college education.
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use of trimodal therapy has increased.5 Despite the lack of data
from a randomized clinical trial comparing trimodal therapy
with radical cystectomy and the conflicting survival out-
comes shown in observational studies, trimodal therapy is rec-
ommended in select patients with muscle-invasive disease.3,6,7

In the present propensity score–matched study, we found that
patients who underwent trimodal therapy had significantly
worse overall or cancer-specific survival compared with those
who received radical cystectomy. Furthermore, costs at 30 days
of treatment were comparable between either intervention, but
we observed significant increased costs associated with tri-
modal therapy at 90 days and 180 days of treatment.

Our study has several important findings. First, patients who
underwent trimodal therapy instead of radical cystectomy had
a significantly lower overall survival rate. This finding is con-
sistent with that of recent population-based studies, which iden-
tified decreased overall survival among patients who under-
went trimodal therapy compared with those who underwent
radical cystectomy.5,11 A small single-center study using simi-
lar analytical methods found that the adverse association of tri-
modal therapy with age decreased considerably in older adults,
suggesting that this treatment may be more appropriate for the
elderly.23 In addition, decreased overall survival persisted across
clinical stages except for stage IV, for which we observed no sig-
nificant differences between the treatment types. Patients with
stage IV disease represent a heterogeneous group that obser-
vational studies cannot control for inherent selection bias, thus
limiting the ability to discern which patients received primary
treatment and which received palliative care. Our findings also
suggest decreased survival outcomes with trimodal therapy
when compared with radical cystectomy.

Second, we noticed lower cancer-specific survival among
patients who underwent trimodal therapy compared with those
who underwent radical cystectomy. These findings persisted
across clinical stages except among patients with clinical stage
IV disease, for whom no differences were observed. Al-
though we are unable to eliminate selection bias, we believe
the noted improved survival among patients with stage II and
III disease suggests radical cystectomy may be best suited for
these patients when feasible. As mentioned, patients with stage
IV bladder cancer represent a heterogeneous population, and
further research is needed to identify which patients are best

suited for which type of local therapy. We also observed im-
proved survival associated with the use of neoadjuvant che-
motherapy, supporting guideline recommendations.2,4 Our
findings provide additional information regarding cancer-
specific survival that cannot be assessed using the National
Cancer Database.5,11 In a recent propensity score–matched
study, 112 patients in a single-center multidisciplinary clinic
were analyzed, identified, and matched (56 who received tri-
modal therapy and 56 who received radical cystectomy).9 At
a median follow-up of 4½ years, a total of 13 deaths from blad-
der cancer were noted in each group.9 That study had limited
power, and our findings in a larger cohort suggest that tri-
modal therapy may have inferior oncological outcomes among
older patients.

Third, although costs did not differ statistically at 30 days,
trimodal therapy was associated with higher 90-day and 180-day

Figure 2. Unadjusted Kaplan-Meier Curves of Overall Survival
and Cancer-Specific Survival According to Treatment
After Propensity Score Matching
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P < .001 by the log-rank test for both overall and cancer-specific survival when
radical cystectomy is compared with trimodal therapy.

Table 2. Proportional Hazards Regression Model of Treatment
for Overall Survival and Cancer-Specific Survivala

Covariate Survival, HR (95% CI)
Cox Proportional Hazards Regression Overall Survival

Treatment

Radical cystectomy 1 [Reference]

Trimodal therapy 1.49 (1.31-1.69)

Competing Risk Regression Cancer-Specific Survival

Treatment

Radical cystectomy 1 [Reference]

Trimodal therapy 1.55 (1.32-1.83)

Abbreviation: HR, hazard ratio.
a All baseline covariates were well balanced in the propensity score–matched

sample. Therefore, no covariates were controlled for in the outcome model.
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costs. Extrapolating these figures to the total US population
revealed $335 million in excess spending for trimodal
therapy compared with the less costly radical cystectomy
($492 million) for patients who received a diagnosis in 2011.
More recently, the health care costs associated with trimodal
therapy have plateaued, whereas radical cystectomy costs have
continued to rise. Possible explanations may include the cen-
tralization of care associated with radical cystectomy.22 Higher-
volume hospitals committed to academic, research, and clini-
cal excellence often accept patients regardless of clinical
presentation and financial risk.24 Furthermore, these medi-
cal centers often have access to advanced technology-based
subspecialist care.25-27

To our knowledge, this is the first study comparing costs
between these 2 treatments. Given the current health care cli-
mate in the United States and the increased emphasis on high
value–based cancer care over the entire care cycle, our find-

ings regarding survival outcomes in the context of health care
dollars is timely.28 The Institute of Medicine has proposed cost-
containment measures (for inpatient and outpatient ser-
vices) to include the limited use of advanced technology (ro-
botics, radiotherapy, and advanced imaging) in the absence of
less costly modalities.29 As depicted in the present study, fur-
ther comparative effectiveness research into interventions to
improve the quality and costs of the entire course of bladder
cancer care is needed.

Limitations
Our findings must be interpreted within the context of the
study design. First, the patients we identified were 66 years
or older; thus, our findings may not be applicable to younger
patients. However, most patients with bladder cancer are in
the sixth decade of life, and we provided a contemporary analy-
sis of treatment utilization rates for this disease.

Table 3. Annual Median Medicare Costs for Radical Cystectomy and Trimodal Therapy

Year

Median Cost, USD

H-L Estimate (95% CI), USDaRadical Cystectomy Trimodal Therapy
30 d After Treatment

Total 20 298 19 459 −1282 (−2936 to 373)

2002 17 990 15 233 −2216 (−6824 to 2392)

2003 14 388 18 779 235 (−4747 to 5217)

2004 19 437 14 303 −4367 (−8044 to −690)

2005 20 534 20 246 −797 (−5935 to 4340)

2006 19 629 18 645 −1616 (−6037 to 2805)

2007 20 587 21 151 −1139 (−7081 to 4803)

2008 24 840 24 398 −1197 (−7634 to 5240)

2009 21 075 22 585 2797 (−3946 to 9539)

2010 26 433 25 581 −576 (−7204 to 6053)

2011 21 738 18 743 −2362 (−7928 to 3203)

90 d After Treatment

Total 69 181 80 174 8964 (3848 to 14 079)

2002 60 498 80 150 14 071 (−768 to 28 911)

2003 58 939 64 751 6232 (−11 357 to 23 821)

2004 60 096 76 146 12 664 (−2138 to 27 465)

2005 63 754 82 031 17 040 (1111 to 32 968)

2006 62 286 74 943 8137 (5589 to 21 864)

2007 69 650 88 312 10 134 (−9772 to 30 040)

2008 81 492 85 683 8750 (−8612 to 26 112)

2009 76 790 79 005 3239 (−15 189 to 21 667)

2010 73 390 84 322 10 411 (−5973 to 26 795)

2011 80 550 75 432 −626 (−17 153 to 15 902)

180 d After Treatment

Total 107 017 179 891 63 771 (55 512 to 72 029)

2002 80 431 159 693 69 180 (47 450 to 90 910)

2003 99 079 179 445 73 249 (41 401 to 105 098)

2004 78 932 168 208 81 206 (57 577 to 104 835)

2005 93 323 181 577 76 597 (52 671 to 100 523)

2006 99 232 163 651 65 040 (42 857 to 87 223)

2007 124 072 186 129 55 873 (26 732 to 85 014)

2008 134 600 181 036 44 271 (17 814 to 70 729)

2009 124 707 186 535 55 558 (25 245 to 85 872)

2010 131 653 213 161 74 307 (46 223 to 102 392)

2011 140 122 173 999 39 559 (13 682 to 65 437)

Abbreviations: H-L,
Hodges-Lehmann; USD, US dollar.
a Hodges-Lehmann median

difference in costs (trimodal therapy
minus radical cystectomy).
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Second, there is level 1 evidence supporting radical cystec-
tomy plus neoadjuvant chemotherapy, linking this interven-
tion with substantial downstaging and improved survival.30 In
our study, only 99 patients (14.4%) who underwent radical cys-
tectomy received neoadjuvant chemotherapy. In the present co-
hort, we noticed improved survival associated with neoadju-
vant chemotherapy, which is consistent with findings in
previous studies.5,31 Given the recent endorsements of this treat-
ment by several urological associations, utilization trends may
increase.2,32 Third, specifics regarding surgery, including the
type of lymph node dissection, are not captured in the SEER da-
tabase and may limit the interpretation of surgical quality.33

Fourth, this study is retrospective, with an inherent se-
lection bias. Although we attempted to overcome this bias by
using propensity score matching to control for potential con-
founders, we acknowledge the limitations in using this study
design. We agree that clinical trials overcome concerns of in-
ternal validity, but there are often concerns regarding the ex-
ternal validity and generalizability of clinical trial enrollees.34,35

Our analysis has the advantage of providing a contemporary
and generalizable assessment of treatment patterns among a
large number of older adults.

Fifth, we provided a population-based assessment of tri-
modal therapy and radical cystectomy, but we did not assess
which specific type of trimodal therapy was used. The SEER
database lacks specifics on the dose or cycle of chemo-
therapy and dose of radiotherapy administered as well as the
extent of transurethral resection. We attempted to account for
fractions of radiotherapy delivered as a surrogate for radio-

therapy dose, and we observed improved survival associated
with the increased fractions administered. In addition, pa-
tients who underwent trimodal therapy with cisplatin or fluo-
rouracil and mitomycin C had improved survival than those
treated with other regimens. Selection of appropriate pa-
tients and adherence to guidelines-recommended trimodal
protocols with meticulous follow-up are critical to achieving
durable oncological outcomes.2-4

Sixth, a sample size or power calculation was not performed
a priori; however, our sample size compares well with previous
observational studies. Furthermore, no adjustment was made for
within-center correlations or within-surgeon correlations of out-
comes. Finally, we assessed costs up to 180 days after treatment.
Further long-term cost-effectiveness research is needed, espe-
cially as we move toward a “global cost of care” payer system.36

Conclusions
Trimodal therapy was associated with significantly decreased
overall and cancer-specific survival at increased costs when com-
pared with radical cystectomy. Extrapolating these figures to the
total US population revealed $335 million in excess spending for
trimodal therapy compared with the less costly radical cystec-
tomy ($492 million) for patients who received a diagnosis in 2011.
Although observational and retrospective and with inherent se-
lection bias, this study has important health policy implications
regarding the appropriate use of high value–based care among
patients who are candidates for either treatment.
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Invited Commentary

Bladder Extirpation vs Preservation
The Treatment Debate
David B. Cahn, DO, MBS; Elizabeth A. Handorf, PhD; Marc C. Smaldone, MD, MSHP

Level 1 evidence supports neoadjuvant chemotherapy followed
by a radical cystectomy (RC) for treating muscle-invasive blad-
der cancer (MIBC).1 Given its substantial perioperative morbid-
ity,bladderpreservationtherapy(BPT)isanalternativetreatment

option for individuals who
wish to avoid or are not able
to undergo RC.2 Given the ab-

senceofprospectiverandomizedclinicaltrials,well-designedob-
servational cohort studies currently offer the best comparative
effectiveness evidence to evaluate these treatment options.

In this issue of JAMA Surgery, Williams et al3 performed
a retrospective propensity score–matched analysis that com-
pared 687 Surveillance, Epidemiology, and End Results–
Medicare patients with T2 to T4 MIBC who underwent RC or
trimodal BPT from 2002 to 2011. They reported that patients
who were treated with BPT had worse overall survival rates
(hazard ratio, 1.49; 95% CI, 1.31-1.69) and cancer-specific
survival rates (hazard ratio, 1.55; 95% CI, 1.32-1.83).3

When stratified by chemotherapy regimen (cisplatin or
5-fluorouracil +mitomycin C vs other) and radiation frac-
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