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Purpose
Evidence from studies of other malignancies has indicated that aggressive local treatment (LT), even
in the presence of metastatic disease, is beneﬁcial. Against a backdrop of stagnant mortality rates
for metastatic urothelial carcinoma of the bladder (mUCB) at presentation, we hypothesized that
high-intensity LT of primary tumor burden, deﬁned as the receipt of radical cystectomy or $ 50 Gy of
radiation therapy delivered to the bladder, affects overall survival (OS).
Patients and Methods
We identiﬁed 3,753 patients within the National Cancer Data Base who received multiagent
systemic chemotherapy combined with high-intensity versus conservative LT for primary mUCB.
Patients who received no LT, transurethral resection of the bladder tumor alone, or , 50 Gy of
radiation therapy delivered to the bladder were included in the conservative LT group. Inverse
probability of treatment weighting (IPTW) –adjusted Kaplan-Meier curves and Cox regression analyses were used to compare OS of patients who received high-intensity versus conservative LT.
Results
Overall, 297 (7.91%) and 3,456 (92.09%) patients with mUCB received high-intensity and conservative LT, respectively. IPTW-adjusted Kaplan-Meier curves showed that median OS was signiﬁcantly longer in the high-intensity LT group than in the conservative LT group (14.92 [interquartile
range, 9.82 to 30.72] v 9.95 [interquartile range, 5.29 to 17.08] months, respectively; P , .001).
Furthermore, in IPTW-adjusted Cox regression analysis, high-intensity LT was associated with
a signiﬁcant OS beneﬁt (hazard ratio, 0.56; 95% CI, 0.48 to 0.65; P , .001).
Conclusion
We report an OS beneﬁt for individuals with mUCB treated with high-intensity versus conservative
LT. Although the ﬁndings are subject to the usual biases related to the observational study design,
these preliminary data warrant further consideration in randomized controlled trials, particularly given
the poor prognosis associated with mUCB.
J Clin Oncol 34:3529-3536. © 2016 by American Society of Clinical Oncology
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INTRODUCTION

With an estimated 74,000 new cases and 16,000
deaths for the year 2015, urothelial carcinoma of
the bladder (UCB) is a leading cause of cancerrelated mortality in the United States.1 Although
studies have identiﬁed several novel therapeutic
targets for the development of systemic therapies2
and immune checkpoint inhibitors,3 there has

been little to no change in the mortality rates
of metastatic disease since the introduction of
cisplatin-based combination chemotherapy in
the early 1990s.4
Despite the growing interest in local treatment (LT) for a broad range of solid tumors, even
when the disease has spread to other parts of the
body,5 the potential beneﬁt of controlling primary tumor burden has never been comprehensively explored for metastatic UCB (mUCB).
© 2016 by American Society of Clinical Oncology
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Nonetheless, the underlying rationale for considering such an
approach is manifold. First, treatment of the primary focus may
affect further metastatic progression by limiting the secretion of
factors that promote cancer cell engraftment in distant organs.6
Second, local progression of UCB is frequently associated with
signiﬁcant adverse effects, including hematuria, pain, sepsis, and
renal failure. These events impede patient quality of life, incur
signiﬁcant costs, and may result in precipitated death in an undesirable setting.7
Evidence from studies of other metastatic urologic malignancies has indicated potential beneﬁts of aggressive LT. For example, randomized controlled trials (RCTs) have shown that
overall survival (OS) may be prolonged by $ 6 months with
cytoreductive nephrectomy in addition to cytokines in the context
of metastatic renal cell carcinoma.8,9 This beneﬁt seems to extend
to patients treated in the targeted therapy era.10 Similarly, a preliminary study of SEER data revealed . 5-year OS and cancerspeciﬁc survival in men with metastatic prostate cancer who
underwent radical prostatectomy or brachytherapy.11 As a result,
several RCTs are currently accruing men with metastatic prostate
cancer to receive surgery or radiation therapy (RT) in addition to
standard-of-care management (NCT00268476, NCT01751438).
Against a backdrop of stagnant mortality rates for mUCB at
presentation, we hypothesized that high-intensity LT of primary
tumor burden (herein deﬁned as the receipt of radical cystectomy
[RC] or $ 50 Gy of RT delivered to the bladder) affects patient
survival. We assessed the comparative effectiveness of highintensity LT versus conservative LT for mUCB by using the National Cancer Data Base (NCDB).

PATIENTS AND METHODS
Data Source
Established in 1989 by the Commission on Cancer (CoC) of the
American Cancer Society and American College of Surgeons, the NCDB
registry includes all patients seen at one of 1,500 participating CoCaccredited hospitals for any portion of their treatment or diagnosis.
The data set captures . 70% of incident cancers in the United States and
comprises . 29 million unique cases. Trained data abstractors use
a standardized methodology12 to collect demographic and clinical data,
such as tumor type, stage, grade, and treatments.
Study Population
From a population of 603,298 men and women with bladder cancer
diagnosed between 1998 and 2012 (International Classiﬁcation of Diseases
for Oncology, Third Edition, codes C67.0 to C67.9), we identiﬁed 4,313
adult individuals who received multiagent systemic chemotherapy for
high-grade mUCB at presentation. mUCB, per the clinical American Joint
Committee on Cancer staging system, was deﬁned as the presence of
extrapelvic positive lymph nodes as well as bone or visceral involvement.
Only individuals with missing LT modality information or follow-up data
were excluded (n = 560). The ﬁnal study population included 3,753
patients (Fig 1).
Definition of High-Intensity Versus Conservative LT
Among this population of individuals who received systemic chemotherapy for mUCB, patients were further dichotomized into highintensity versus conservative LT groups. Given the established beneﬁts of
RC and $ 50 Gy of RT delivered to the bladder13 in localized UCB, patients
3530

who received these modalities were included in the high-intensity LT
group. Alternatively, patients who received no LT, transurethral resection of
the bladder tumor (TURBT) alone, or , 50 Gy of RT delivered to the
bladder13 were included in the conservative LT group.

Other Covariates
In addition to the treatment modalities, we abstracted patient-level
variables, which included age at diagnosis, sex, race, baseline Charlson
comorbidity index, and insurance status. Socioeconomic variables were estimated by using household income and education level from county of
residence. Hospital location and type as well as UCB characteristics, including
clinical tumor (cT) and clinical nodal (cN) stage, were also abstracted.
End Point
The primary analytic end point was OS from initial diagnosis to the
date of death or censor at last follow-up. Speciﬁcally, we compared patients
treated with multiagent chemotherapy combined with high-intensity
versus conservative LT for mUCB at diagnosis.
Statistical Analyses
Means and standard deviations or median and interquartile ranges
(IQRs) were reported for normally or nonnormally distributed continuous
variables, respectively. Categorical variables were presented as frequencies
and proportions.
We used the standardized differences approach (as opposed to twosample t test and x2 test) to compare covariates between patients who
received high-intensity versus conservative LT to facilitate assessment for
possible confounding.14 This quantitative method allowed us to assess the
balance in baseline characteristics between treatment groups. A standardized difference $ 10% for a given covariate indicated a signiﬁcant
imbalance. Multivariable Cox regression analyses were performed to
identify independent predictors of OS in the unweighted population.
To account for selection bias, observed differences in baseline
characteristics between patients who received high-intensity versus conservative LT were controlled for with a weighted propensity score analysis.
The propensity (or probability) of being in the two treatment groups was
estimated from a logistic regression model that included all available
covariates and that allowed us to determine the independent predictors of
receiving high-intensity LT. The goodness-of-ﬁt statistic of the propensity
score model was assessed by the method proposed by Lemeshow and
Hosmer.15 Each patient was weighted by the inverse probability of being in
the high-intensity versus conservative LT group, with the goal of balancing
observable characteristics between the two groups; this approach is known
as the inverse probability of treatment weighting (IPTW).16 Balance between covariates in weighted groups was also assessed by using the
standardized differences approach and by comparing their distribution
with unweighted data.
IPTW-adjusted Kaplan-Meier curves were calculated to compare OS
between patients who received high-intensity and those who received
conservative LT. To test for equality of survival in the two groups, an IPTWadjusted log-rank test was used.17 In addition, we performed a univariable
Cox regression analysis to calculate the IPTW-adjusted hazard ratio (HR)
of the high-intensity LT effect.16
Given that propensity score weighting balances only the observed
covariates between treatment groups, we performed additional sensitivity analyses without assumptions using the method described by Ding
and VanderWeele18 to assess the impact of unmeasured confounders on the
ﬁndings by estimating the magnitudes of the joint bounding factor for
various combinations of the odds of receiving high-intensity LT in the
presence of unmeasured confounders (ORLT-U) and the likelihood of OS
in the presence of unmeasured confounders (HROS-U).
Finally, we performed an exploratory analysis to compare the OS
of high-intensity LT after systemic chemotherapy (ie, consolidative
strategy) versus high-intensity LT before systemic chemotherapy

© 2016 by American Society of Clinical Oncology
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Patients with bladder cancer
(N = 603,298)
Patients with nonurothelial carcinoma
of the bladder (n = 22,965) or
histology unknown (n = 16,954)

SCREENING

Patients with urothelial carcinoma
of the bladder
(n = 563,379)
Patients with nonmetastatic urothelial
carcinoma of the bladder (n = 541,028)
or metastatic status unknown (n = 10,292)
Patients with metastatic urothelial
carcinoma of the bladder
(n = 12,059)
Patients who did not receive multiagent
systemic chemotherapy (n = 7,006)
or with no detailed data available on
chemotherapy (n = 740)
Patients who received multiagent
systemic chemotherapy
(n = 4,313)
Patients without available local
treatment modality information
(n = 80) or follow-up data (n = 480)

INCLUSION

3,753 patients

Patients who received high-intensity
local treatment
(n = 297)

Patients who received
radical cystectomy
(n = 248)

Patients who received 50 Gy
of RT delivered to the bladder
(n = 49)

Patients who received conservative
local treatment
(n = 3,456)

Patients who received
no local treatment
(n = 783)

Patients who received
TURBT alone
(n = 2,376)

Patients who received
< 50 Gy of RT delivered
to the bladder
(n = 297)

Fig 1. Flowchart that describes the selection of patients who received multiagent systemic chemotherapy combined with high-intensity versus conservative local
treatment for metastatic urothelial carcinoma of the bladder in the National Cancer Data Base, 1998 to 2012. RT, radiation therapy; TURBT, transurethral resection of the
bladder tumor.

(ie, cytoreductive strategy). After rebalancing all baseline characteristics of
patients with available start dates of treatments in the high-intensity LT
group by using the previously described methodology, we calculated the
IPTW-adjusted HR of consolidative versus cytoreductive strategy for
mUCB.
All statistical analyses were performed with Stata 13.0 (StataCorp, College
Station, TX) and SAS 9.3 (SAS Institute, Cary, NC) software. Two-sided
statistical signiﬁcance was deﬁned as P , .05. An institutional review board
waiver was obtained before the study was conducted in accordance with institutional regulation when dealing with deidentiﬁed, previously collected data.

RESULTS

Overall, 297 (7.91%) and 3,456 (92.09%) patients with mUCB
underwent high-intensity and conservative LT, respectively. In the
high-intensity LT group, 248 (83.50%) and 49 (16.50%) patients
www.jco.org

received RC or $ 50 Gy of RT delivered to the bladder (median
dose, 59.40 Gy; IQR, 50.40 to 64.80 Gy), respectively. In the
conservative LT group, 783 (22.66%), 2,376 (68.75%), and 297
(8.59%) patients received no LT, TURBT alone, and , 50 Gy of RT
delivered to the bladder, respectively (Fig 1).

Patient Characteristics and Predictors of OS in the
Unweighted Population
Unweighted baseline characteristics of eligible patients,
stratiﬁed according to high-intensity versus conservative LT
are reported in Table 1. Several standardized differences of
unweighted comparisons were $ 10%, which indicated that
both treatment groups differed signiﬁcantly with respect to
clinical, socioeconomic, demographic, and tumor characteristics.
The median follow-up in the unweighted population was
© 2016 by American Society of Clinical Oncology
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Table 1. Baseline Characteristics of Patients Treated With Multiagent Chemotherapy Combined With High-Intensity Versus Conservative LT for Metastatic Urothelial
Carcinoma of the Bladder in Unweighted and Weighted Study Populations
Unweighted Population, No. (%)

Characteristic
Mean (SD) age, years
Sex
Male
Female
Race
White
Black
Other
Unknown
Charlson comorbidity
index
0
1
$2
Unknown
Insurance type
Private
Government
No insurance
Unknown
Income level
High
Low
Unknown
Education level
High
Low
Unknown
Facility type
Academic
Nonacademic
Unknown
Facility location
East
Center
West
County type
Metropolitan
Urban
Rural
Unknown
Clinical T stage
# cT2
$ cT3
Unknown
Clinical N stage
cN0
cN+
Unknown

Weighted Population, %

Overall
(N = 3,753 [100%])

High-Intensity
LT
(n = 297 [7.91])

66.04 (11.28)

63.70 (11.01)

66.25 (11.28)

222.88

2,733 (72.82)
1,020 (27.18)

215 (72.39)
82 (27.61)

2,518 (72.86)
938 (27.14)

21.05
1.05

3,335
302
89
27

(88.86)
(8.05)
(2.37)
(0.72)

274
17
6
0

(92.26)
(5.72)
(2.02)
(0.00)

3,061
285
83
27

(88.57)
(8.25)
(2.40)
(0.78)

2,119
490
167
977

(56.46)
(13.06)
(4.45)
(26.03)

180
48
18
51

(60.61)
(16.16)
(6.06)
(17.17)

1,939
442
149
926

1,260
2,220
177
96

(33.57)
(59.15)
(4.72)
(2.56)

115
164
14
4

(38.72)
(55.22)
(4.71)
(1.35)

1,145
2,056
163
92

Conservative LT
Standardized
(n = 3,456 [92.09]) Difference, %

Overall

High-Intensity
LT

Conservative
LT

Standardized
Difference, %

65.92 (10.89)

65.77 (10.43)

66.07 (11.34)

22.75

73.49
26.51

74.25
25.75

72.73
27.27

3.44
23.44

12.56
29.94
22.58
212.54

90.05
7.64
2.31
—

90.61
7.17
2.22
—

89.49
8.12
2.39
—

3.74
23.58
21.13
—

(56.11)
(12.79)
(4.31)
(26.79)

9.14
9.59
7.90
223.39

57.08
12.68
4.44
25.80

57.53
12.23
4.44
25.80

56.61
13.14
4.44
25.81

1.86
22.73
0.00
20.02

(33.13)
(59.49)
(4.72)
(2.66)

11.67
28.64
20.05
29.36

33.07
59.06
5.00
2.88

32.68
58.87
5.23
3.22

33.45
59.25
4.76
2.53

21.64
20.77
2.16
4.13

2,075 (55.29)
1,518 (40.45)
160 (4.26)

169 (56.90)
118 (39.73)
10 (3.37)

1,906 (55.15)
1,400 (40.51)
150 (4.34)

3.53
21.59
25.04

56.49
39.47
4.04

57.81
38.41
3.78

55.15
40.54
4.30

5.37
24.36
22.64

2,057 (54.81)
1,538 (40.98)
158 (4.21)

166 (55.89)
121 (40.74)
10 (3.37)

1,891 (54.72)
1,417 (41.00)
148 (4.28)

2.35
20.53
24.75

56.93
39.05
4.02

59.13
37.09
3.78

54.73
41.02
4.25

8.89
28.06
22.39

1,320 (35.17)
2,425 (65.61)
8 (0.21)

132 (44.44)
165 (55.56)
0 (0.00)

1,188 (34.38)
2,260 (65.39)
8 (0.23)

20.70
220.21
26.79

33.77
66.23
—

32.39
67.61
—

35.15
64.85
—

25.84
5.84
—

1,642 (43.75)
1,480 (39.44)
631 (16.81)

138 (46.46)
119 (40.07)
40 (13.47)

1,504 (43.52)
1,361 (39.38)
591 (17.10)

5.91
1.41
210.10

44.51
38.67
16.82

45.05
37.98
16.96

43.97
39.36
16.67

2.17
2.83
0.77

2,961
518
70
204

239
40
3
15

2,722
478
67
189

(78.76)
(13.83)
(1.94)
(5.47)

4.25
21.05
27.72
21.88

78.97
13.95
1.64
5.43

79.12
14.07
1.40
5.41

78.83
13.83
1.88
5.46

0.71
0.69
23.78
20.22

(78.90)
(13.80)
(1.87)
(5.44)

(80.47)
(13.47)
(1.01)
(5.05)

1,645 (43.83)
1,182 (31.49)
926 (24.67)

101 (34.01)
125 (42.09)
71 (23.91)

1,544 (44.68)
1,057 (30.58)
855 (24.74)

221.97
24.10
21.93

43.97
30.88
25.15

44.10
30.24
25.66

43.84
31.52
24.64

0.52
22.77
2.35

1,286 (34.27)
1,307 (34.83)
1,160 (30.91)

111 (37.37)
113 (38.05)
73 (24.58)

1,175 (34.00)
1,194 (34.55)
1,087 (31.45)

7.04
7.28
215.34

33.21
34.95
31.84

32.07
35.03
32.90

34.34
34.88
30.78

24.82
0.31
4.55

Abbreviations: LT, local treatment; SD, standard deviation.

60.98 months (IQR, 35.35 to 96.33 months). In multivariable
Cox regression analyses, high-intensity LT (HR, 0.61; 95% CI,
0.53 to 0.70; P , .001) was associated with a signiﬁcant OS
beneﬁt. Other factors associated with OS in multivariable Cox
regression analyses are shown in Table 2. In particular, locally advanced primary tumor ($ cT3) was an independent
predictor of decreased OS (HR, 1.15; 95% CI, 1.06 to 1.25;
P , .001).
3532

Predictors of Receiving High-Intensity LT
In multivariable logistic regression analysis, the independent
predictors associated with the receipt of high-intensity LT were
age at initial diagnosis (OR, 0.98; 95% CI, 0.97 to 0.99; P = .001),
race (black versus white: OR, 0.56; 95% CI, 0.33 to 0.94; P = .028),
facility type (nonacademic versus academic cancer center: OR,
0.68; 95% CI, 0.53 to 0.87; P = .003), and clinical T stage ($ cT3
versus # cT2: OR, 1.96; 95% CI, 1.48 to 2.60; P , .001; Table 3).
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Table 2. Multivariable Cox Regression Model That Predicts Overall Survival in
the Unweighted Study Population of Patients Treated With Multiagent Chemotherapy for Metastatic Urothelial Carcinoma of the Bladder
P

Variable

Hazard Ratio (95% CI)

Age at initial diagnosis
Sex
Male
Female
Race
White
Black
Other
Unknown
Charlson comorbidity index
0
1
$2
Unknown
Insurance type
Private
Government
No insurance
Unknown
Income level
High
Low
Unknown
Education level
High
Low
Unknown
Facility type
Academic
Nonacademic
Unknown
Facility location
East
Center
West
County type
Metropolitan
Urban
Rural
Unknown
Clinical T stage
# cT2
$ cT3
Unknown
Clinical N stage
cN0
cN+
Unknown
Local treatment
Conservative
High intensity

1.00 (0.99 to 1.01)

.324

1.00 (reference)
0.99 (0.93 to 1.08)

.971

1.00
1.12
0.86
1.27

(reference)
(0.98 to 1.27)
(0.68 to 1.09)
(0.85 to 1.90)

.091
.203
.251

1.00
1.13
1.32
1.08

(reference)
(1.02 to 1.26)
(1.12 to 1.56)
(0.99 to 1.18)

.017
.001
.060

1.00
1.08
1.32
0.95

(reference)
(0.99 to 1.17)
(1.12 to 1.56)
(0.76 to 1.19)

.080
.001
.672

1.00 (reference)
1.09 (1.00 to 1.19)
1.35 (0.34 to 5.42)

.039
.674

1.00 (reference)
0.95 (0.88 to 1.03)
1.05 (0.25 to 4.35)

.234
.947

1.00 (reference)
1.10 (1.02 to 1.18)
1.08 (0.51 to 2.26)

.011
.849

1.00 (reference)
1.01 (0.93 to 1.09)
0.99 (0.90 to 1.10)

.896
.905

1.00
0.98
1.08
0.79

(reference)
(0.89 to 1.09)
(0.84 to 1.39)
(0.61 to 1.02)

.769
.536
.068

1.00 (reference)
1.15 (1.06 to 1.25)
1.05 (0.96 to 1.15)

< .001
.260

1.00 (reference)
0.98 (0.90 to 1.06)
1.20 (1.09 to 1.30)

.555
< .001

1.00 (reference)
0.61 (0.53 to 0.70)

< .001

Table 3. Multivariable Logistic Regression Model That Predicts the Receipt of
High-Intensity Local Treatment for Metastatic Urothelial Carcinoma of the
Bladder in the Unweighted Study Population
P

Variable

Odds Ratio (95% CI)

Age at initial diagnosis
Sex
Male
Female
Race
White
Black
Other
Unknown
Charlson comorbidity index
0
1
$2
Unknown
Insurance type
Private
Government
No insurance
Unknown
Income level
High
Low
Unknown
Education level
High
Low
Unknown
Facility type
Academic
Nonacademic
Unknown
Facility location
East
Center
West
County type
Metropolitan
Urban
Rural
Unknown
Clinical T stage
# cT2
$ cT3
Unknown
Clinical N stage
cN0
cN+
Unknown

0.98 (0.97 to 0.99)

.001

1.00 (reference)
1.06 (0.81 to 1.39)

.680

1.00
0.56
0.76
1

(reference)
(0.33 to 0.94)
(0.32 to 1.78)
(empty)

.028
.523
—

1.00
1.29
1.46
0.60

(reference)
(0.92 to 1.82)
(0.86 to 2.46)
(0.43 to 0.84)

.143
.157
.003

1.00
0.96
0.80
0.47

(reference)
(0.72 to 1.27)
(0.44 to 1.44)
(0.17 to 1.32)

.761
.460
.151

1.00 (reference)
0.97 (0.72 to 1.31)
3.80e-06 (0 to .)

.850
.990

1.00 (reference)
0.99 (0.74 to 1.33)
152258 (0 to .)

.967
.990

1.00 (reference)
0.68 (0.53 to 0.87)
1 (empty)

.003
—

1.00 (reference)
0.98 (0.75 to 1.28)
0.79 (0.55 to 1.15)

.910
.227

1.00
0.96
0.53
1.29

(reference)
(0.66 to 1.39)
(0.16 to 1.74)
(0.54 to 3.08)

.827
.299
.573

1.00 (reference)
1.96 (1.48 to 2.60)
1.44 (1.03 to 2.01)

< .001
.030

1.00 (reference)
0.85 (0.64 to 1.13)
0.74 (0.53 to 1.03)

.275
.071

NOTE. Boldface indicates signiﬁcance at P , .05.

NOTE. Boldface indicates signiﬁcance at P , .05.

The odds of receiving high-intensity LT signiﬁcantly increased
over time (OR, 1.06; 95% CI, 1.03 to 1.09; P , .001; Appendix
Fig A1, online only).

Patient Characteristics and High-Intensity LT Effect in
the Weighted Population
After IPTW adjustment, all standardized differences of
weighted comparisons were , 10%, which indicated that the
www.jco.org

distribution of baseline patient and tumor characteristics was
similar between the high-intensity and conservative LT groups
(Table 1). The effect of IPTW adjustment on baseline characteristic
distribution is depicted in Appendix Figure A2 (online only).
The median follow-up in the weighted population was
64.72 months (IQR, 37.59 to 117.75 months). IPTW-adjusted
Kaplan-Meier curves (Fig 2) show that median OS was significantly longer in the high-intensity LT group versus the conservative LT
group (14.92 [IQR, 9.82 to 30.72] v 9.95 [IQR, 5.29 to 17.08] months;
P , .001 by IPTW-adjusted log-rank test). In IPTW-adjusted Cox
regression analysis, high-intensity LT was associated with a signiﬁcant
OS beneﬁt (HR, 0.56; 95% CI, 0.48 to 0.65; P , .001).
© 2016 by American Society of Clinical Oncology
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Fig 2. Inverse probability of treatment weighting (IPTW) –adjusted Kaplan-Meier
analysis of overall survival in patients who received multiagent systemic chemotherapy combined with high-intensity versus conservative local treatment for
metastatic urothelial carcinoma of the bladder.

Sensitivity Analyses
Magnitudes of the joint bounding factor for various combinations of ORLT-U and HROS-U are reported in Appendix Figure
A3 (online only). For the OS beneﬁt of high-intensity LT to be
explained solely by unmeasured confounders, ORLT-U and HROS-U
would need to meet speciﬁc estimates where the joint bounding
factor would suggest the opposite (red area) or nonsigniﬁcant
(gold area) treatment effect. Speciﬁcally, the odds of receiving highintensity LT in the presence of a given confounder (eg, nonvisceral v
visceral metastases) would have to increase with decreasing likelihood of OS in the presence of the same confounder.
Consolidative Versus Cytoreductive Strategy
Start dates of surgery, RT, and chemotherapy were available for
227 (76.43%) patients who received consolidative (n = 108 [47.58%])
or cytoreductive (n = 119 [52.42%]) strategy. For patients who received
consolidative strategy, median time from diagnosis to chemotherapy
before RC and RTwas 34.5 days (IQR, 18.5 to 61.5 days) and 42.0 days
(IQR, 29.5 to 62.0 days), respectively. In addition, median time from
chemotherapy to RC and RTwas 129.0 days (IQR, 100.0 to 166.5 days)
and 85.0 days (IQR, 19.0 to 112.0 days), respectively. For patients who
received the cytoreductive strategy, median time from diagnosis to RC
and RTwas 33.5 days (IQR, 13.0 to 58.0 days) and 32.0 days (IQR, 21.0
to 50.0 days), respectively. In addition, median time from RC and RT to
chemotherapy was 60.0 days (IQR, 40.0 to 89.0 days) and 7.0 days
(IQR, 1.0 to 16.0 days), respectively.
IPTW-adjusted Kaplan-Meier curves (Fig 3) show that median OS was signiﬁcantly longer in the consolidative strategy group
than in the high-intensity LT group (17.71 [IQR, 10.41 to not
estimable] v 12.42 [IQR, 7.06 to 20.37] months; P , .001 by
IPTW-adjusted log-rank test). In IPTW-adjusted Cox regression
analysis, consolidative strategy was associated with a signiﬁcant OS
beneﬁt (HR, 0.52; 95% CI, 0.38 to 0.73; P , .001).

study has comprehensively examined the survival beneﬁt of this
approach in the context of mUCB. Given the lack of improvement
in mUCB mortality rates over the past decade, we assessed the
potential beneﬁt of high-intensity LT in these patients. With
a median follow-up of approximately 60 months, we found
a signiﬁcant beneﬁt for high-intensity LT in IPTW-adjusted analyses. Speciﬁcally, individuals who received high-intensity LT were
nearly one-half as likely to die after presentation with mUCB,
which translates to a 5-month OS beneﬁt. Previous reports have
documented the outcomes of palliative RC or RT to control local
symptoms,19-22 whereas others have demonstrated the relative
beneﬁt of high-intensity LT for individuals with pelvic or, occasionally, lumboaortic nodal metastases at diagnosis.23-26 However,
to our knowledge, the present study constitutes the ﬁrst sizeable
comparative effectiveness assessment of the impact of highintensity versus conservative LT in patients with distant metastases at initial diagnosis.
The seed-and-soil theory provides a biologic rationale for
high-intensity LT of the primary tumor in patients with mUCB at
presentation.6 According to this theory, soluble growth factors
produced by the primary tumor may promote clustering of hematopoietic progenitor cells and macrophages to create an environment conducive to dissemination of malignant clones and
formation of metastases.27,28 Under such assumption, the development of new metastases depends on an intact primary lesion;
consequently, high-intensity LT that targets the index lesion would
presumably affect metastatic progression and cancer death. Of
note, in multivariable Cox regression analyses, we found that
higher T stage ($ cT3) is associated with worse OS, even in the
presence of mUCB. These results suggest that the burden of
primary disease continues to play an important role, even when the
cancer has already spread throughout the body.
Regardless, the concept of cytoreduction or treatment of
the primary site before delivering systemic therapy is a mainstay
of management for several metastatic urologic malignancies.
For example, on the basis of data from the immunotherapy
era,7,8 patients with metastatic renal cell carcinoma and excellent
functional status are recommended to undergo immediate
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DISCUSSION

Increasing evidence suggests or supports the use of aggressive or
high-intensity LT for metastatic solid organ malignancies, yet no
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Fig 3. Inverse probability of treatment weighting (IPTW) –adjusted Kaplan-Meier
analysis of overall survival in patients who received consolidative versus cytoreductive local treatment strategy for metastatic urothelial carcinoma of the bladder.
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cytoreductive nephrectomy before the administration of vascular
endothelial growth factor inhibitors.29 In addition, preliminary
data have suggested the feasibility30 and potential beneﬁt11 of
upfront radical prostatectomy associated with systemic treatment
of metastatic prostate cancer, although this remains an uncommon
practice. Examples of such practices also exist outside urologic
oncology; notably, a meta-analysis of 6,885 women with advanced
ovarian carcinoma found an OS beneﬁt of nearly 12 months in
those treated with . 75% versus , 25% maximal cytoreductive
surgery.5 Similarly, the OS of patients with colorectal cancer and
peritoneal carcinomatosis who received cytoreduction followed by
hyperthermic intraperitoneal and systemic chemotherapy was
prolonged by approximately 10 months compared with those
treated with systemic chemotherapy only.31 The alternative concept of consolidative surgery or RT after clinical response to induction chemotherapy has also been reported for metastatic solid
malignancies. Speciﬁcally, patients with advanced-stage small-cell
carcinoma of the lung who received thoracic RTafter responding to
upfront chemotherapy were demonstrated to be 0.84-fold less
likely to die than those treated with systemic chemotherapy
alone.32 Of note, our exploratory analysis showed that patients
treated with the consolidative strategy were almost one-half as
likely to die after presentation with mUCB compared with those
treated with the cytoreductive strategy.
The present ﬁndings need to be interpreted within the limitations of the observational study design. The analyses are subject
to selection bias, which we attempted to correct by using propensity scores to approximate randomization. However, we cannot
account for many unmeasured confounders, particularly the severity and burden of disease. Although we know that all selected
patients had metastatic disease at presentation, one would expect
a patient with a single resectable nonvisceral metastasis to evolve
differently from a patient with disseminated disease throughout
the body. As such, prospective trials designed to address the present
ﬁndings should focus on select groups of individuals with mUCB,
for example, patients with oligometastatic disease and, preferentially, those with isolated extrapelvic lymph node involvement.
Other potential confounders include body mass index as well
as renal function and cardiovascular disease (which may preclude
the use of life-prolonging systemic treatments), although the
present results were adjusted for Charlson comorbidity index
status. Moreover, the NCDB provides little information on the use
of systemic treatments after the initial diagnosis period, which
would presumably affect survival. In addition, although we selected
only patients who received multiagent chemotherapy to prevent
the inclusion of those who received single-agent noncisplatinbased chemotherapy, the regimen type remained unknown.
However, our sensitivity analyses suggest that it is implausible that
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Fig A1. Odds of receiving high-intensity local treatment combined with multiagent systemic chemotherapy for metastatic urothelial carcinoma of the bladder over time in
the unweighted study population.

© 2016 by American Society of Clinical Oncology

Downloaded from ascopubs.org by 191.96.250.230 on February 17, 2018 from 191.096.250.230
Copyright © 2018 American Society of Clinical Oncology. All rights reserved.

JOURNAL OF CLINICAL ONCOLOGY

High-Intensity Local Treatment for Metastatic Bladder Cancer

Clinical tumor stage  cT3
Unknown Charlson comorbidity index
Age
Clinical tumor stage  cT2
Academic facility
Nonacademic facility
Clinical nodal stage = unknown
White race
Unknown race
Private insurance
Western facility location
Black race
Charlson comorbidity index = 1
Unknown insurance
Charlson comorbidity index = 0
Government insurance
Charlson comorbidity index  2
Rural county type
Clinical nodal stage = cN+
Clinical nodal stage = cN0
Unknown facility type
Eastern facility location
Unknown income level
Unknown education level
Metropolitan county type
High income level
Other race
High education level
Clinical tumor stage = unknown
Unknown county type
Low income level
Center facility location
Male sex
Female sex
Urban county type
Low education level
No insurance
–5

0

5

10

15

20

25

Absolute Standardized Difference (%)
Before inverse probability of treatment weighting

After inverse probability of treatment weighting

Fig A2. Effect of inverse probability of treatment weighting adjustment on the baseline characteristics distribution of patients who received multiagent systemic
chemotherapy combined with high-intensity versus conservative local treatment for metastatic urothelial carcinoma of the bladder.

www.jco.org

© 2016 by American Society of Clinical Oncology

Downloaded from ascopubs.org by 191.96.250.230 on February 17, 2018 from 191.096.250.230
Copyright © 2018 American Society of Clinical Oncology. All rights reserved.

HROS-U = likelihood of OS in presence of unmeasured confounders

1.50

1.55

1.60

1.65

1.70

1.75

1.80

1.85

1.90

1.95

2.00

0.62 [0.53-0.72] 0.68 [0.58-0.79] 0.73 [0.63-0.85] 0.78 [0.67-0.90] 0.82 [0.70-0.95] 0.86 [0.74-1.00] 0.90 [0.77-1.04] 0.93 [0.80-1.08] 0.97 [0.83-1.12] 1.00 [0.85-1.16] 1.02 [0.88-1.19] 1.05 [0.90-1.22] 1.07 [0.92-1.25] 1.10 [0.94-1.27] 1.12 [0.96-1.30] 1.14 [0.98-1.32] 1.16 [0.99-1.35] 1.18 [1.01-1.37] 1.20 [1.03-1.39] 1.21 [1.04-1.41]

0.61 [0.52-0.71] 0.65 [0.56-0.76] 0.70 [0.60-0.81] 0.73 [0.63-0.85] 0.77 [0.66-0.89] 0.80 [0.69-0.93] 0.83 [0.71-0.96] 0.86 [0.73-0.99] 0.88 [0.76-1.02] 0.91 [0.78-1.05] 0.93 [0.80-1.08] 0.95 [0.81-1.10] 0.97 [0.83-1.13] 0.99 [0.85-1.15] 1.01 [0.86-1.17] 1.02 [0.88-1.19] 1.04 [0.89-1.20] 1.05 [0.90-1.22] 1.07 [0.91-1.24] 1.08 [0.93-1.25]

0.60 [0.51-0.70] 0.64 [0.55-0.74] 0.67 [0.57-0.78] 0.70 [0.60-0.81] 0.73 [0.62-0.85] 0.75 [0.65-0.88] 0.78 [0.67-0.90] 0.80 [0.69-0.93] 0.82 [0.70-0.95] 0.84 [0.72-0.98] 0.86 [0.74-1.00] 0.88 [0.75-1.02] 0.89 [0.76-1.03] 0.91 [0.78-1.05] 0.92 [0.79-1.07] 0.93 [0.80-1.08] 0.95 [0.81-1.10] 0.96 [0.82-1.11] 0.97 [0.83-1.13] 0.98 [0.84-1.14]

0.59 [0.51-0.69] 0.62 [0.53-0.72] 0.65 [0.56-0.75] 0.67 [0.58-0.78] 0.70 [0.60-0.81] 0.72 [0.62-0.83] 0.74 [0.63-0.86] 0.76 [0.65-0.88] 0.77 [0.66-0.90] 0.79 [0.68-0.91] 0.80 [0.69-0.93] 0.82 [0.70-0.95] 0.83 [0.71-0.96] 0.84 [0.72-0.98] 0.85 [0.73-0.99] 0.86 [0.74-1.00] 0.87 [0.75-1.02] 0.88 [0.76-1.03] 0.89 [0.77-1.04] 0.90 [0.77-1.05]

0.59 [0.50-0.68] 0.61 [0.52-0.71] 0.63 [0.54-0.73] 0.65 [0.56-0.76] 0.67 [0.58-0.78] 0.69 [0.59-0.80] 0.71 [0.60-0.82] 0.72 [0.62-0.84] 0.73 [0.63-0.85] 0.75 [0.64-0.87] 0.76 [0.65-0.88] 0.77 [0.66-0.89] 0.78 [0.67-0.91] 0.79 [0.68-0.92] 0.80 [0.69-0.93] 0.81 [0.69-0.94] 0.82 [0.70-0.95] 0.83 [0.71-0.96] 0.83 [0.71-0.97] 0.84 [0.72-0.98]

0.58 [0.50-0.68] 0.60 [0.52-0.70] 0.62 [0.53-0.72] 0.64 [0.55-0.74] 0.65 [0.56-0.76] 0.67 [0.57-0.77] 0.68 [0.58-0.79] 0.69 [0.59-0.80] 0.70 [0.60-0.82] 0.71 [0.61-0.83] 0.72 [0.62-0.84] 0.73 [0.63-0.85] 0.74 [0.63-0.86] 0.75 [0.64-0.87] 0.76 [0.65-0.88] 0.76 [0.65-0.89] 0.77 [0.66-0.89] 0.78 [0.67-0.90] 0.78 [0.67-0.91] 0.79 [0.68-0.92]

0.58 [0.50-0.67] 0.59 [0.51-0.69] 0.61 [0.52-0.71] 0.62 [0.53-0.72] 0.63 [0.54-0.74] 0.65 [0.55-0.75] 0.66 [0.56-0.76] 0.67 [0.57-0.77] 0.68 [0.58-0.78] 0.68 [0.59-0.79] 0.69 [0.59-0.80] 0.70 [0.60-0.81] 0.71 [0.61-0.82] 0.71 [0.61-0.83] 0.72 [0.62-0.84] 0.73 [0.62-0.84] 0.73 [0.63-0.85] 0.74 [0.63-0.86] 0.74 [0.64-0.86] 0.75 [0.64-0.87]

0.57 [0.49-0.67] 0.59 [0.50-0.68] 0.60 [0.51-0.70] 0.61 [0.52-0.71] 0.62 [0.53-0.72] 0.63 [0.54-0.73] 0.64 [0.55-0.74] 0.65 [0.55-0.75] 0.65 [0.56-0.76] 0.66 [0.57-0.77] 0.67 [0.57-0.77] 0.67 [0.58-0.78] 0.68 [0.58-0.79] 0.68 [0.59-0.79] 0.69 [0.59-0.80] 0.69 [0.59-0.81] 0.70 [0.60-0.81] 0.70 [0.60-0.82] 0.71 [0.61-0.82] 0.71 [0.61-0.83]

0.57 [0.49-0.66] 0.58 [0.50-0.68] 0.59 [0.51-0.69] 0.60 [0.51-0.70] 0.61 [0.52-0.71] 0.62 [0.53-0.71] 0.62 [0.53-0.72] 0.63 [0.54-0.73] 0.63 [0.54-0.74] 0.64 [0.55-0.74] 0.65 [0.55-0.75] 0.65 [0.56-0.75] 0.65 [0.56-0.76] 0.66 [0.56-0.76] 0.66 [0.57-0.77] 0.67 [0.57-0.77] 0.67 [0.57-0.78] 0.67 [0.58-0.78] 0.68 [0.58-0.79] 0.68 [0.58-0.79]

0.57 [0.49-0.66] 0.58 [0.49-0.67] 0.58 [0.50-0.68] 0.59 [0.51-0.69] 0.60 [0.51-0.69] 0.60 [0.52-0.70] 0.61 [0.52-0.71] 0.61 [0.53-0.71] 0.62 [0.53-0.72] 0.62 [0.53-0.72] 0.63 [0.54-0.73] 0.63 [0.54-0.73] 0.63 [0.54-0.74] 0.64 [0.55-0.74] 0.64 [0.55-0.74] 0.64 [0.55-0.75] 0.65 [0.55-0.75] 0.65 [0.56-0.75] 0.65 [0.56-0.76] 0.65 [0.56-0.76]

0.57 [0.49-0.66] 0.57 [0.49-0.66] 0.58 [0.50-0.67] 0.58 [0.50-0.68] 0.59 [0.50-0.68] 0.59 [0.51-0.69] 0.60 [0.51-0.69] 0.60 [0.51-0.70] 0.60 [0.52-0.70] 0.61 [0.52-0.70] 0.61 [0.52-0.71] 0.61 [0.53-0.71] 0.62 [0.53-0.71] 0.62 [0.53-0.72] 0.62 [0.53-0.72] 0.62 [0.53-0.72] 0.62 [0.54-0.72] 0.63 [0.54-0.73] 0.63 [0.54-0.73] 0.63 [0.54-0.73]

0.56 [0.48-0.66] 0.57 [0.49-0.66] 0.57 [0.49-0.66] 0.58 [0.49-0.67] 0.58 [0.50-0.67] 0.58 [0.50-0.68] 0.59 [0.50-0.68] 0.59 [0.50-0.68] 0.59 [0.51-0.69] 0.59 [0.51-0.69] 0.60 [0.51-0.69] 0.60 [0.51-0.69] 0.60 [0.51-0.70] 0.60 [0.51-0.70] 0.60 [0.52-0.70] 0.60 [0.52-0.70] 0.61 [0.52-0.70] 0.61 [0.52-0.70] 0.61 [0.52-0.71] 0.61 [0.52-0.71]

0.56 [0.48-0.65] 0.57 [0.48-0.66] 0.57 [0.49-0.66] 0.57 [0.49-0.66] 0.57 [0.49-0.66] 0.57 [0.49-0.67] 0.58 [0.49-0.67] 0.58 [0.50-0.67] 0.58 [0.50-0.67] 0.58 [0.50-0.67] 0.58 [0.50-0.68] 0.58 [0.50-0.68] 0.58 [0.50-0.68] 0.59 [0.50-0.68] 0.59 [0.50-0.68] 0.59 [0.50-0.68] 0.59 [0.50-0.68] 0.59 (0.51-0.68] 0.59 [0.51-0.69] 0.59 [0.51-0.69]

0.56 [0.48-0.65] 0.56 [0.48-0.65] 0.56 [0.48-0.65] 0.56 [0.48-0.66] 0.57 [0.49-0.66] 0.57 [0.49-0.66] 0.57 [0.49-0.66] 0.57 [0.49-0.66] 0.57 [0.49-0.66] 0.57 [0.49-0.66] 0.57 [0.49-0.66] 0.57 [0.49-0.66] 0.57 [0.49-0.66] 0.57 [0.49-0.66] 0.57 [0.49-0.66] 0.57 [0.49-0.67] 0.57 [0.49-0.67] 0.57 [0.49-0.67] 0.57 [0.49-0.67] 0.57 [0.49-0.67]

0.56 [0.48-0.65] 0.56 [0.48-0.65] 0.56 [0.48-0.65] 0.56 [0.48-0.65] 0.56 [0.48-0.65] 0.56 [0.48-0.65] 0.56 [0.48-0.65] 0.56 [0.48-0.65] 0.56 [0.48-0.65] 0.56 [0.48-0.65] 0.56 [0.48-0.65] 0.56 [0.48-0.65] 0.56 [0.48-0.65] 0.56 [0.48-0.65] 0.56 [0.48-0.65] 0.56 [0.48-0.65] 0.56 [0.48-0.65] 0.56 [0.48-0.65] 0.56 [0.48-0.65] 0.56 [0.48-0.65]

0.30

0.35

0.40

0.45

0.50

0.55

0.60

0.65

0.70

0.75

0.80

0.85

0.90

0.95

1.00

0.64 [0.55-0.74] 0.71 [0.61-0.83] 0.78 [0.67-0.90] 0.84 [0.72-0.98] 0.90 [0.77-1.04] 0.95 [0.81-1.10] 1.00 [0.85-1.16] 1.04 [0.89-1.21] 1.08 [0.93-1.26] 1.12 [0.96-1.30] 1.16 [0.99-1.34] 1.19 [1.02-1.38] 1.22 [1.05-1.42] 1.25 [1.07-1.45] 1.28 [1.10-1.49] 1.31 [1.12-1.52] 1.33 [1.14-1.55] 1.36 [1.16-1.57] 1.38 [1.18-1.60] 1.40 [1.20-1.63]

1.45

0.67 [0.57-0.77] 0.76 [0.65-0.89] 0.85 [0.73-0.99] 0.93 [0.80-1.08] 1.01 [0.86-1.17] 1.08 [0.92-1.25] 1.14 [0.98-1.32] 1.20 [1.03-1.39] 1.26 [1.08-1.46] 1.31 [1.12-1.52] 1.35 [1.16-1.57] 1.40 [1.20-1.63] 1.44 [1.24-1.67] 1.48 [1.27-1.72] 1.52 [1.30-1.76] 1.56 [1.33-1.81] 1.59 [1.36-1.84] 1.62 [1.39-1.88] 1.65 [1.42-1.92] 1.68 [1.44-1.95]

1.40

ORLT-U = odds of receiving high-intensity local treatment in presence of unmeasured confounders

0.25

1.35

0.71 [0.61-0.83] 0.85 [0.73-0.98] 0.97 [0.83-1.13] 1.09 [0.93-1.26] 1.19 [1.02-1.39] 1.29 [1.11-1.50] 1.38 [1.19-1.60] 1.47 [1.26-1.70] 1.54 [1.32-1.79] 1.62 [1.39-1.88] 1.69 [1.45-1.96] 1.75 [1.50-2.03] 1.81 [1.55-2.10] 1.87 [1.60-2.17] 1.92 [1.65-2.23] 1.97 [1.69-2.29] 2.02 [1.73-2.34] 2.06 [1.77-2.39] 2.11 [1.81-2.44] 2.15 [1.84-2.49]

1.30

0.20

1.25

0.15

1.20

0.80 [0.69-0.93] 1.02 [0.87-1.18] 1.22 [1.04-1.41] 1.40 [1.20-1.63] 1.57 [1.34-1.82] 1.72 [1.48-2.00] 1.87 [1.60-2.17] 2.00 [1.71-2.32] 2.12 [1.82-2.47] 2.24 [1.92-2.60] 2.35 [2.01-2.73] 2.45 [2.10-2.84] 2.55 [2.18-2.95] 2.64 [2.26-3.06] 2.72 [2.33-3.16] 2.80 [2.40-3.25] 2.88 [2.46-3.34] 2.95 [2.53-3.42] 3.02 [2.58-3.50] 3.08 [2.64-3.58]

1.15

1.07 [0.91-1.24] 1.53 [1.31-1.77] 1.95 [1.67-2.26] 2.33 [2.00-2.71] 2.69 [2.30-3.12] 3.02 [2.58-3.50] 3.32 [2.84-3.85] 3.60 [3.09-4.18] 3.86 [3.31-4.48] 4.11 [3.52-4.77] 4.34 [3.72-5.03] 4.55 [3.90-5.28] 4.75 [4.07-5.52] 4.94 [4.24-5.74] 5.12 [4.39-5.94] 5.29 [4.53-6.14] 5.45 [4.67-6.32] 5.60 [4.80-6.50] 5.74 [4.92-6.67] 5.88 [5.04-6.83]

1.10

0.10

1.05

0.05

Bounding factor

Seisen et al

Fig A3. Magnitudes of the joint bounding factor for various combinations of the odds of receiving high-intensity local treatment (ORLT-U) and likelihood of overall survival
(HROS-U), in the presence of unmeasured confounders. Blue, gold, and red areas correspond to a joint bounding factor suggestive of signiﬁcant, nonsigniﬁcant, and
opposite treatment effect, respectively.
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