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Abstract

Introduction: Urothelial carcinoma of the urinary bladder (UCUB)
is the most common malignancy of the urinary tract. We examined
the distribution of site-specific metastases in patients with UCUB
according to age and we assessed contemporary recommendations
proposed by guidelines with regard to distant metastases.
Methods: Patients with metastatic UCUB (mUCUB) were abstracted
from the Nationwide Inpatient Sample (1998-2007). Age was strati-
fied into quartiles: <63, 64-72, 73-79 and =80 years. Cochran-
Armitage trend test and multivariable logistic regression analysis
tested the relationship between age and the rate of metastases.
Finally, we identified patients at high risk of brain or bone metas-
tases.

Results: Within 7543 patients with mUCUB, 25%, 24%, 23%,
19%, 18% and 3% had lymph node, bone, urinary, lung and liver
metastases, respectively. Overall, the rate of concomitant metasta-
ses was 29%. The rate of multiple metastatic sites decreased with
increasing age (p < 0.001). This was confirmed in patients with
lung, bone, liver, urinary system and brain metastases (all p < 0.04).
The rate of bone metastases was 15.0% in patients with exclusive
abdominal metastases and 40.0% in patients with abdominal, tho-
racic and brain metastases. The rate of brain metastases was 1% in
patients with exclusive abdominal metastases and 7% in patients
with thoracic and bone metastases. Our findings are limited by the
retrospective nature of the analyses.

Conclusions: We report a higher number of concomitant metastatic
sites in young UCUB patients. Bone metastases are frequent in all
patient groups, whereas brain metastases are common in UCUB
patients with thoracic and/or bone metastases.

Introduction

Urothelial carcinoma of the urinary bladder (UCUB) is the
most common malignancy of the urinary tract. In the United
States, 69 250 new cases of UCUB were diagnosed in 2011
and its incidence is increasing.! Despite recent advances in
the treatment of metastatic UCUB (mUCUB),? about 15 210
deaths from bladder cancer will occur in 2013.> However,
little is known on the metastatic distribution of bladder
cancer.

In several cancers, diagnosis at an early age is associated
with aggressive tumour dissemination.*® This association
has previously been validated in renal cell carcinoma.”® It is
possible that such tumours in younger patients are associated
with more aggressive genomic alterations.”' However, these
hypotheses have never been tested in the context of UCUB.

Based on these considerations, we examined the associa-
tion between age and the distribution of metastatic sites in
patients with UCUB. Specifically, we tested the hypothesis
that younger age may be associated with a higher number
of metastatic sites. Moreover, since patients with brain'
and bone''3 metastases represent an unfavourable subset
of individuals, we also assessed the rates of brain and bone
metastases according to the distribution of other concomi-
tant metastatic sites.

Methods

Data source

Data from 1998 to 2007 were abstracted from Nationwide
Inpatient Sample (NIS). The NIS includes inpatient discharge
data collected via federal-state partnerships, as part of the
Agency for Healthcare Research and Quality’s Healthcare
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Cost and Utilization Project.'*'® This study was exempt from
institutional review board approval in accordance with pro-
vincial and federal legislation when dealing with population-
based publicly available data.

Sample population

Patients with a primary diagnosis of bladder cancer were
identified using the International Classification of Disease, 9"
Revision, Clinical Modification (ICD-9-CM) diagnostic code:
188.0. Using secondary diagnostic codes, only patients with
metastases were included in the study (Appendix 1).

For the purpose of the analysis, metastatic sites were cat-
egorized as (1) abdominal, which include small intestine,
large intestine, liver, other metastasis in the digestive sys-
tem, kidney, ovary, other metastasis in the urinary system,
adrenal and abdominal lymph nodes (codes 196.2, 196.5
and 196.6) and (2) thoracic, which include lung, pleura,
mediastinum, other metastases in the respiratory system and
thoracic lymph nodes (codes 196.0, 196.1, 196.3). Brain and
bone metastases were considered independently.

Baseline patient characteristics

Patient characteristics include age, coded as a continuous
variable, and then categorized into quartiles: <63, 64-72,
73-79 and =80 years. Patients under 18 years old were not
considered. Gender and race were also examined. Baseline
Charlson Comorbidity Index (CCl) was calculated according
to Deyo and colleagues'®'” and was stratified as follows: O,
1, 2 and =3.

Statistical analyses

Mean, median and interquartile range were generated for
continuously coded variables. Frequencies and proportions
were generated for categorical variables.

The analyses consisted of 3 parts. First, the chi-square test
was used to assess whether differences between proportions
were statistically significant. Then the effect of age on the
rate of multiple concomitant metastatic sites was tested in
the entire population, and according to the 5 most com-
mon metastatic sites and to brain metastases. This was done
using the Cochran-Armitage trend statistic. Subsequently,
separate multivariable logistic regression models were fitted
to test the effect of age on the rates of multiple concomitant
metastatic sites. Adjustment was made for gender, race and
CClI. Second, we examined the rate of bone metastases in
the entire population, as well as according to patient age
quartiles, based on the presence of other concomitant meta-
static sites. Third and finally, we repeated part two of the
analyses focusing on the rate of brain metastases. Analyses
were two-sided with a statistical significance set a p < 0.05

Metastatic sites in bladder cancer

and conducted using the R statistical package (the R founda-
tion for Statistical Computing, version 2.13.1).

Overall, 7543 patients with mUCUB were identified (Table
1). The median age was 72 years (interquartile range: 63-79).
Most patients were male (71%) and Caucasian (63%). The
rate of single-site metastases was 71% vs. 29% for metas-
tases at =2 sites. Stratification of patients according to age
categories identified 1836, 1839, 1857 and 2011 individuals
aged =63, 64-72, 73-70 and =80 years, respectively.

The most common sites were lymph nodes (25.4%),
bone (24.7%), urinary (23.5%), lung (19.4%), liver (18.1%)
and brain (3.1%) (Fig. 1). The rate of multiple concomitant
metastatic sites decreased with increasing age (p < 0.001)
(Fig. 2). This phenomenon persisted, even after stratification
of patients according to the most common metastatic sites
(Fig. 3a, Fig. 3b, Fig. 3¢, Fig. 3d, Fig. 3e, Fig. 3f). Specifically,
the rates of multiple concomitant metastatic sites decreased
with increasing age in patients with lung, bone, liver, urinary
tract and brain metastases (all p < 0.04).

Table 2 shows the multivariable logistic regression analy-
ses predicting the rate of multiple concomitant metastatic
sites according to patients aged <63 and >63 years within
the entire population and in site-specific metastases. Overall,
the youngest patient stratum had a 1.3-fold higher rate of
harboring multiple concomitant metastatic sites than older
patients (p < 0.001). Similarly, patients of the youngest age
stratum with brain, lung, liver or bone metastases had 2.2-,
2.0-, 1.8- and 1.5-fold higher rate of harboring multiple
concomitant metastatic sites (all p < 0.009). The effect of
age failed to reach statistical significance in patients with
urinary metastases or lymph node metastases (all p = 0.05).

We also focused on 1860 patients with bone metastases,
which represented 25% of all mMUCUB patients. Of those,
1008 patients (54%) had exclusive bone metastases, which
accounted for 13% of all mUCUB patients (Fig. 4). The
rate of bone metastases was lowest (15%) in individuals
with abdominal metastases and absence of brain metastases,
regardless of the presence or absence of thoracic metasta-
ses. Conversely, it was 40% in patients with concomitant
abdominal, thoracic and brain metastases. Similarly, the rate
of bone metastases was 36% in patients with abdominal
and brain metastases. The rate of bone metastases in the
remainder of the population ranged from 18% to 30%.

Finally, we focused on 237 (3.1%) patients with brain
metastases. Of those, 93 patients (39%) had exclusive brain
metastases, which represented 1.2% of all mUCUB patients
(Fig. 5). The rate of brain metastases was lowest (1%) in
individuals with abdominal metastases and absence of tho-
racic or bone metastases. Conversely, it was highest (7%)
in patients with concomitant thoracic and bone metastases.
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Table 1. Descriptive characteristics of patients diagnosed with metastatic bladder cancer, Nationwide Inpatient Sample,

1998-2007
Overall <63 years 64-72 years 72-79 years =80 years p value®

No. patients 7543 1836 (24.3) 1839 (24.4) 1857 (24.6) 2011 (26.7) =

Site of metastases
Lymph node 1918 (25.4) 583 (31.8) 527 (28.7) 449 (24.2) 359 (17.9) <0.001
Bone 1860 (24.7) 495 (27.0) 438 (23.8) 444 (23.9) 483 (24.0) 0.07
Urinary 1774 (23.5) 384 (20.9) 446 (24.3) 467 (25.1) 477 (23.7) 0.02
Lung 1466 (19.4) 348 (19.0) 309 (16.8) 368 (19.8) 441 (21.9) 0.001
Liver 1368 (18.1) 334 (18.2) 320 (17.4) 343 (18.5) 371 (18.4) 0.8
Brain 237 (3.1) 89 (4.8) 64 (3.5) 46 (2.5) 38 (1.9) <0.001

No. metastatic sites
1 5368 (71.2) 1221 (66.5) 1259 (68.5) 1341 (72.2) 1547 (76.9) <0.001
=2 2175 (28.8) 615 (33.5) 580 (31.5) 516 (27.8) 464 (23.1)

2 <0.001
Male 5365 (71.1) 1348 (73.4) 1342 (73.0) 1332 (71.7) 1343 (66.8) '
Female 2178 (28.9) 488 (26.6) 497 (27.0) 525 (28.3) 668 (33.2)

Race
Caucasian 4740 (62.8) 4740 (62.8) 1133 (61.6) 1208 (65.1) 1371 (68.2) <0.001
African-American 436 (5.8) 436 (5.8) 122 (6.6) 79 (4.3) 75 (3.7)

Hispanic 278 (3.7) 278 (3.7) 76 (4.1) 54 (2.9) 62 (3.1)
Other? 195 (2.6) 195 (2.6) 53 (2.9) 46 (2.5) 45 (2.2)
Unknown 1894 (25.1) 1894 (25.1) 455 (24.7) 470 (25.3) 458 (22.8)

el <0.001
0 4538 (60.2) 1272 (69.3) 1014 (55.1) 1059 (57.0) 1193 (59.3) ’

1 2055 (27.2) 371 (20.2) 566 (30.8) 557 (30.0) 561 (27.9)
2 556 (7.4) 111 (6.0) 168 (9.1) 131 (7.1) 146 (7.3)
=3 394 (5.2) 82 (4.5) 91 (4.9) 110 (5.9) 111 (5.5)

tIncludes Asian, Pacific Islander, Native American, other unspecified; ¥Based on Comorbidity developed by Charlson et al.’® and adapted by Deyo et al.;'” 8chi? test; CCl: Charlson Comorbidity

Index.

The rate of brain metastases in the remainder of the popula-
tion ranged from 2% to 6%.

Discussion

The distribution pattern of UCUB metastases is relatively
unknown. In previous studies, the rate of bone metastases
ranged from 32% to 47% among mUCUB patients.'®2° In
comparison, the rate of brain metastases ranged from 3% to
5%.'820 Unfortunately, these data originate primarily from
single institutional data with small sample sizes (n = 150-
251). Moreover, it is not known how age affects metastases in
UCUB patients. Based on the paucity of data with regard to
these considerations, we examined the association between
age and distribution of metastatic sites in mUCUB patients.
In addition, we performed a subset analysis focusing on
patients with brain' and bone'*'> metastases, since these
patients represent particularly high-risk individuals.
Several of our findings are noteworthy. We found that
the overall rate of metastases at single versus multiple con-
comitant metastatic sites demonstrated an age-related dis-
tribution. Specifically, younger individuals had higher rates
of multiple concomitant metastatic sites. This phenomenon
was subsequently confirmed in several analyses of specific
metastatic sites, namely lung, bone, liver, urinary tract and

E150

brain. In multivariable analyses, young age represented an
independent predictor of the presence of multiple concomi-
tant metastatic sites in the entire population. The increase
in the rates of multiple concomitant metastases ranged from
1.5- to 2.2-fold higher in patients <63 versus >63 years
(all p = 0.009), which indicates that young age might be
inversely related to the number of site-specific metastases.
We corroborate the findings of a previous institutional series,
where patients younger than 60 years more often had metas-
tases to the bones, lymph nodes, lung and liver.’ From a
practical perspective, this implies that younger hospitalized
patients with mUCUB are more likely to harbor more than 1
site of metastatic disease regardless of the applied tabulation
scheme; they therefore should be imaged more extensively.
The underlying reason could be that younger patients under-
go more extensive staging, have more metastases because
they receive more aggressive treatment than older patients
and thus have a longer time to develop additional metasta-
ses. Moreover, tumours in younger patients might be associ-
ated with more aggressive genomic alterations.
Furthermore, we examined the rates of bone metastases
according to the presence or absence of multiple concomi-
tant metastatic sites. The overall rate of bone metastases
was 25% in the entire study population, whereas 13% had
exclusive bone metastases. A detailed stratification scheme
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Metastatic site

30.0%
25.4%

25.0% 24.7% 23.5%

20.0% 194% g 1%

15.0%

10.0% 9.0%

4.9%
5.0% 3.3% 3.1%

16% 13% 12% 11% 07% 3% 0.1%

B Metastatic site

Fig. 1. The distribution of metastatic sites in patients with bladder cancer (n = 7543), Nationwide Inpatient Sample, 1998-2007 (the rates add up to more than 100%
because some patients have multiple metastatic sites).

p<0.001

90%
80% 72%
0% 67% 69%
60%
50%
40%
30%
20%
10%
0%

77%

33% 319 28%

23%

64-72 73-79 >80

M Single metastatic site [0 >=2 metastatic sites

Fig. 2. The distribution of metastases in a single versus multiple concomitant sites, stratified according to age categories (n = 7543) (p < 0.001).

CUAJ ® March-April 2014 o Volume 8, Issues 3-4 E151



Bianchi et al.

70% 64%

60% 54% S7%
50% 50%
50% 46%

43%
40% 36%

30%
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10%
0%
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M Exclusive bone [ Bone and other

Fig. 3a. The distribution of metastases in a single versus multiple concomitant sites, stratified according to age categories, in the bone.

focusing on the rate of bone metastases demonstrated 2 est rate of bone metastases was identified in patients with
key observations. First, the rate of bone metastases was abdominal metastases, as well as in patients with abdomi-
highest in patients with concomitant abdominal, thoracic ~ nal and thoracic metastases but without brain metastases
and brain metastases (40%). Second, conversely, the low- (15%). Taken together, our data demonstrate a substantial

p<0.001

80% 71%

70%

60% 53%

50% 44% 1% ars

40%

30%

20%

10%
0%

29%

<64 64-72 73-79 280

W Exclusive brain OBrain and other

Fig. 3b. The distribution of metastases in a single versus multiple concomitant sites, stratified according to age categories, in the brain.
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Fig. 3c. The distribution of metastases in a single versus multiple concomitant sites, stratified according to age categories, in the liver.

heterogeneity with regard to the rate of bone metastases in
this large population-based cohort (15% to 40%). Even in
the best-case scenario (abdominal metastases, no thoracic
or brain metatases), about 1 out of 6 hospitalized individuals

with mUCUB will harbor bone metastases. From a clinical
perspective, this implies that bone scans or skeletal sur-
veys could be performed more regularly in these patients.
Currently, about 10% of patients will present with metastatic

60%

51%

49%
50%

43%

40%
30%
20%

10%

p=0.2
54%

46% 44%

<64 64-72

M Exclusive lymph node

73-79 >80

O Lymph node and other

Fig. 3d. The distribution of metastases in a single versus multiple concomitant sites, stratified according to age categories, in the lymph nodes.
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30%
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Fig. 3e. The distribution of metastases in a single versus multiple concomitant sites, stratified according to age categories, in the lungs.

UCUB at diagnosis.?' Based on our data, at least 1 in 4 brain metastases, virtually every second individual harbors
hospitalized patients with mUCUB will harbor bone metas- ~ bone metastases. The availability of effective measures to
tases. In high-risk patients, such as those with thoracic and  prevent skeletal-related events, such as bisphosphonates??

p=0.04

90% 81%

80% 71% 69% 72%
70%

60%
50%
40%
30%
20%
10%

0%

29% 31% 28%

19%

<64 64-72 73-79 280

M Exclusive urinary  OUrinary and other

Fig. 3f. The distribution of metastases in a single versus multiple concomitant sites, stratified according to age categories, in the urinary tract.
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Table 2. Multivariable logistic regression analysis predicting the rate of multiple metastatic sites within the entire
population and according to the most common metastatic sites

Metastatlc Overall Brain Lung Liver Bone Urinary et
site node
OR OR OR OR OR
0 p 0 0 9 0 P OR p OR
(93|¢- value (9g|¢- value (gglf’- RREIE (gglf" value (le)/°' value (95%-Cl) value (95%-Cl) p value
Age (ref. >63 1.35 <0.001 2.19 0.009 2.02 <0.001 1.81 <0.001 152 <0.001 1.21 0.144 0.85 0.117
years) (1.2- (1.22- (1.57- (1.38- (1.24- (0.94- (0.70-
<63 1.51) 3.95) 2.61) 2.38) 1.88) 1.56) 1.04)
Race (ref.:
Caucasian)
African- 0.97 0.752 0.24 0.016 0.87 0.487 1.02  0.925 0.99 0.974 1.35 0.227 0.96 0.863
American (0.78- (0.07- (0.58- (0.64- (0.67- (0.83- (0.62-
1.20) 0.77) 1.30) 1.63) 1.47) 2.19) 1.49)
Hispanic 0.060 0.587 0.200 0.592 0.996 0.464 0.681
1.28 1.60 1.40 0.87 1.00 1.28 1.10
(0.99- (0.29- (0.84- (0.53- (0.58- (0.66- (0.70-
Other? 1.65) 0.977 8.83) 0.373  2.34) 0.483 1.44) 0.586 1.72)  0.422 2.45) 0.057 1.74) 0.444
1.01 2.83 0.77 0.83 0.79 1.73 1.23
Unknown (0.73- 0.710 (0.29- 0.365 (0.37- 0.747 (0.41- 0.983 (0.44- 0.155 (0.98- 0.518 (0.72- 0.973
1.38) 27.94) 1.59) 1.65) 1.41) 3.04) 2.09)
1.02 0.75 0.96 1.00 1.17 0.92 1.00
(0.91- (0.4- (0.75- (0.77- (0.94- (0.71- (0.81-
1.15) 1.40) 1.24) 1.30) 1.45) 1.19) 1.24)
Gender (ref.: 1.10 1.45 0.99 1.00 0.99 1.43 1.04
Male) (0.98- 0.104 (0.74- 0.275 (0.79- 0.953 (0.78- 0.984 (0.80- 0.921 (1.13-  0.003 (0.85- 0.682
1.22) 2.84) 1.25) 1.29) 1.22) 1.80) 1.27)
CClI (ref.: 0)
1 1.04 0.494 1.05 0.882 0.87 0.245 1.06 0.734 1.02 0.881 1.04 0.782 1.03 0.760
(0.93- (0.56- (0.69- (0.81- (0.82- (0.81- (0.84-
2 1.17)  0.178 1.96) 0.446 1.10) 0.229 1.36) 0.513 1.26) 1.000 1.33) 0.420 1.28) 0.029
0.87 0.64 0.78 0.87 1.00 0.82 0.67
=3 (0.71-  0.031 (0.21- 0.576 (0.52- 0.593 (0.57- 0.994 (0.71- 0.857 (0.51-  0.020 (0.47- 0.518
1.07) 2.00) 1.17) 1.32) 1.42) 1.33) 0.96)
1.27 0.64 1.14 1.00 1.04 1.71 1.15
(1.02- (0.14- (0.70- (0.64- (0.66- (1.09- (0.75-
1.59) 3.01) 1.87) 1.56) 1.64) 2.68) 1.76)

Cl: confidence interval; OR: odds ratio; CCI: Charlson Comorbidity Index.

or radiotherapy, represents an additional reason for detailed
bone imaging.

We also examined the rates of brain metastases according
to the presence or absence of multiple concomitant metastat-
ic sites. The overall rate of brain metastases was 3% in the
entire population of hospitalized patients, whereas exclusive
brain metastases were recorded in 0.9%. Following stratifi-
cation, the rate of brain metastases ranged from 1% in indi-
viduals with exclusive abdominal metastases, to 6% to 7%
in patients with concomitant thoracic and bone metastases
and abdominal, thoracic and bone metastases. The remain-
der of the population harbored an intermediate rate of brain
metastases (2%-4%). Consequently, patients with thoracic
and/or bone metastases might benefit from brain imaging.

The current European Association of Urology (EAU) EAU
guidelines recommend brain and bone imaging in symp-
tomatic individuals with central nervous system (CNS)

CUAJ ® March-April 2014 o Volume 8, Issues 3-4

symptoms,*' whereas the National Comprehensive Cancer
Network (NCCN) recommends bone imaging in symptom-
atic patients, while there is no specific recommendation for
brain imaging.?* Nevertheless, the present study might pro-
vide additional information on the probability of brain and
bone metastases among hospitalized patients with mUCUB
and might help to identify high-risk groups that could benefit
from early detection even if symptoms are not yet present.

Our study has several limitations inherent to an observa-
tional, retrospective study using a claims-based dataset. First,
the nature of the database, which focuses primarily on hos-
pitalized patients only, resulted in the omission of MUCUB
individuals who never required a hospital stay. It is pos-
sible that such individuals have a lower burden of disease,
smaller number of metastatic sites and a more favourable
prognosis. Second, the NIS relies on ICD-9 codes for assess-
ment of secondary diagnostic codes, which may be subject
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THORACIC N=44 (4%)
METASTASES
PRESENT
N=1056 (29%) BRAIN
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THORACIC BRAIN
METASTASES METASTASES
ABSENT PRESENT N=13 (30%)

N=2593 (71%)

N=321 (18%)

Fig. 4. The rates of bone metastases according to the presence of other established synchronous metastatic sites.

to potential coding biases. Nonetheless, NIS estimates are
considered to be precise and accurate, even though they
have not been especially tested for the accuracy in reporting
metastases.''> Third, the NIS does not contain information
on performance status, symptom score or multiple visits.
Fourth, missing information regarding pathological subcat-
egories of UCUB, length of disease, prior radiotherapy or
cystectomy, and the use of systemic therapy could bias our
results.

Conclusion

We report a higher number of concomitant metastatic sites
in young hospitalized UCUB patients. Bone metastases are

frequent in all patients groups, whereas brain metastases
are common in UCUB patients with thoracic and/or bone

metastases.
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Fig. 5. The rates of brain metastases according to the presence of other established synchronous metastatic sites.
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Appendix 1. International Classification of Diseases, 9th
edition Clinical Modification (ICD-9-CM) code

Characteristic ICD-9-CM code
Bladder cancer 188.0
Metastatic site
Lung 197.0
Pleura 197.2
Other respiratory organs 197.3
Bone/bone marrow 198.5

Lymph node 196.6, 196.8, 196.9
Liver 197.7
Adrenal gland 198.7
Brain/spinal cord 198.3
Retroperitoneum/peritoneum 197.6
Other digestive organs/spleen 197.8
Other urinary organs 198.1
Mediastinum 197.1
Kidney 198.0
Large intestine/rectum 197.5
Small intestine/duodenum 197.4
Ovary 198.6
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196.0, 196.1, 196.2, 196.3, 196.5,





