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Background. Despite an increase in the number of molecular epidemiological studies conducted in recent years
to evaluate the association between human papillomavirus (HPV) infection and risk of bladder cancer, the studies
remain inconclusive.

Methods. The prevalence of HPV in bladder cancer was estimated by pooling data from 52 studies, taking into
consideration the heterogeneity from major related parameters including study region, histological type, HPV DNA
specimen, publication calendar period, and detection method. Moreover, the association of HPV infection with
bladder cancer was tested by a meta-analysis with 19 case-control studies.

Results. An HPV prevalence of 16.88% (95% confidence interval [CI], 15.53%—18.31%) among the bladder
cancer cases was revealed, most of whom were high-risk HPV types (15.82% [95% CI, 14.37%-17.36%]). The
prevalence varied by region, types of HPV DNA specimen, and polymerase chain reaction primers used.
A significantly increased risk of bladder cancer was shown for the positivity of overall HPV (odds ratio, 2.84 [95%
CI, 1.39-5.80]), which was also infuenced by HPV type, study region, HPV DNA specimen, and detection method.

Conclusions. Infection of high-risk HPV types, especially HPV16, may play a role in bladder carcinogenesis.

Carcinogenic types of human papillomavirus (HPV),
such as HPV-16 and -18, have been shown to be the
necessary cause of cervical cancer [1]. There has also
been investigation of the possibility that HPV may cause
cancers of other sites, such as head and neck, anus, vulva,
and so on, because the virus is epithelium-tropic [2].
However, the association between HPV infection and
some other cancers, for example, breast cancer [3] and
bladder cancer [2], is still inconclusive.

It is certainly true that the epithelia of the bladder can
also be infected by HPV, especially the condyloma acu-
minatum, which is characteristic of HPV infection and has
been reported in the bladder [4, 5]. For the majority of
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bladder cancer originating from epithelium, the question
whether bladder cancer is related to HPV infection has
been raised. Since 1990, a series of descriptive studies have
investigated the HPV prevalence in various histological
types of bladder cancers, mainly in transitional cell
carcinoma (TCC). Meanwhile, a growing number of case-
control studies have detected HPV DNA in both malig-
nant and benign or normal bladder tissues [2]. However,
the study designs involved populations and HPV detection
techniques that were diverse across studies, and the results
were controversial rather than consistent.

Thus, our present objective was to collect published
information on HPV prevalence in bladder tissues to
explore the prevalence of HPV in bladder cancer cases
and to test the association between HPV infection and
risk of bladder cancer. This systematic analysis could
directly help future research.

MATERIALS AND METHODS

Study Selection

MEDLINE was used to search for articles published from
January 1989 through August 2010 using the MeSH
terms “papillomavirus,” “human,” and “bladder cancer.”
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Additional relevant references cited in retrieved articles were
also evaluated. Inclusion and exclusion criteria were as follows:
(1) HPV DNA was detected in bladder tissues; (2) if data subsets
were published in more than one article, only the latest one was
included [6]; (3) immunosuppressed patients—for example, pa-
tients who had undergone renal or cardiac transplantation—were
excluded; (4) patients with secondary malignant tumors of the
bladder and cervical lesions simultaneously were excluded;
(5) case reports were excluded; (6) publications not in English
were excluded; (7) and if data could not be extracted or calculated
from the original article, the study was excluded [7]. The work
flow is shown in Supplementary Figure 1 (available online).

Data Extraction

Two investigators (N.L. and L.Y.) independently extracted the data
and reached a consensus on all items. For each included study, the
following information was extracted: first author’s name, journal
and year of publication, country of origin, sample size, HPV DNA
source, detection method, HPV prevalence (overall and type-
specific: HPV-6, -11, -16, -18, -31, -33, -35, -39, -45, -51, -52, -56,
-58, and -68) in bladder tissues by disease status (case or control),
and matching criteria if control participants were present.
Furthermore, when HPV prevalence was assessed by both poly-
merase chain reaction (PCR) and non-PCR methods in the same
study, only the prevalence obtained using the PCR method was
included [8-17]. Detailed information on all included studies is
presented in Supplementary Table 1 (available online).

Statistical Analyses

This meta-analysis was an epidemiological description of the
overall, clade-specific (HPV-18 and -39 were classified into
clade A7; HPV-16, -31, -33, -35, -52, -58 into clade A9; and HPV-6
and -11 into clade Al0) and type-specific HPV prevalence
(13 HPV types in the high-risk phylogenetic clade, namely,
HPV-16, -18, -31, -33, -35, -39, -45, -51, -52, -56, -58, -59, and -68,
as well as 2 low-risk HPV types, namely, HPV-6 and -11) in bladder
cancer cases [18]. In addition, we also performed a statistical
pooling of estimates of HPV infection and bladder cancer risk with
a case (bladder cancer tissues)—control (normal bladder tissues or
benign bladder lesions, such as bladder cystitis) comparison.

An unconditional logistic regression model was used to
compare the HPV prevalence according to the influential pa-
rameters and adjusted, where appropriate, for histological type,
HPV DNA specimen, and publication calendar period.

A fixed-effect or random-effect model was used to pool the case-
control data, based on the Mantel-Haenszel method [19] and the
DerSimonian and Laird method [20], respectively. These 2 models
provide similar results when between-studies heterogeneity is ab-
sent; otherwise, the random-effect model is more appropriate.
Between-group heterogeneity was tested by means of the 7*-based
Q test, and the heterogeneity was considered significant if P < .05.
Publication bias was evaluated with the linear regression

asymmetry test by Egger et al [21] and Begg et al [22]. All analyses
were performed using Stata statistical software (version 11.0,
StataCorp).

RESULTS

In total, 52 publications were included in the present study.
Twenty-eight countries and/or areas from 4 continents presented
their data on HPV in bladder cancer cases (Supplementary Table 1;
available online).

There were 2855 cases of bladder cancer in total, and most of
them came from Europe (42.21%) and Asia (24.55%) (Table 1).
The prevalence of HPV ranged from 0% to 100% (Supple-
mentary Table 1; available online) but yielded an overall HPV
prevalence of 16.88% (95% confidence interval [CI], 15.53%—
18.31%) (Table 1) and 14.98% (95% CI, 13.29%—16.85%) after
being adjusted for region, histological type, HPV DNA source,
and publication calendar period (data not shown). The HPV
prevalence was highest in Asia (24.25% [95% CI, 21.12%—
27.60%]), followed by Africa (19.40% [95% CI, 16.02%—
23.14%]). Compared with Asia, North America (13.49% [95%
CI, 10.21%-17.36%]) and Europe (13.11% [95% CI, 11.26%—
15.15%]) had significantly lower HPV prevalence in bladder
cancer cases (adjusted odds ratio [OR], 0.30 [95% CI, 0.20-0.44]
for North American cases and 0.41 [95% CI, 0.32-0.52] for
European cases) (Table 1). HPV prevalence was significantly
higher (adjusted OR, 1.80 [95% CI, 1.42-2.27]) when HPV DNA
was extracted from fresh tissue samples or a mixture of fresh and
fixed tissues of bladder cancer cases (17.95% [95% CI, 15.66%—
20.41%]) than specifically from fixed tissues (16.05% [95% CI,
14.39%—17.82%]) (Table 1).

With respect to HPV detection methods, the studies used
broad-spectrum PCR primers, type-specific PCR primers, or
a combination of both primers, as well as non-PCR methods,
including in situ hybridization and Southern blot (Table 2). In
general, the detection rate by means of PCR-based methods
(16.66% [95% CI, 15.12%—18.29%]) was similar to that by means
of non-PCR methods (17.01% [95% CI, 14.25%-20.08%]).
However, PCR with type-specific primers was generally revealed
to be more efficient at detecting HPV DNA in bladder tissues,
with a detection rate of 33.19% (95% CI, 28.99%—37.61%).
However, the detection rate was lower than <10.00% when PCR
with broad-spectrum primers was used (9.41% [95% CI, 7.73%—
11.32%]) (Table 2).

Fifteen HPV types (HPV-6, -11, -16, -18, -31, -33, -35, -39, -45,
-51, -52, -56, -58, -59, and -68) were analyzed in bladder cancer
cases across studies. The prevalence of high-risk HPV types
(15.82% [95% ClI, 14.37%—17.36%]) was much higher than that
of low-risk HPV types (1.58% [95% CI, 1.11%-2.17%]). Strati-
fication by clade revealed that the prevalence of HPV clade A9 was
higher (11.84% [95% CI, 10.57%-13.22%]) than those of HPV
clade A7 (5.97% [95% CI, 5.03%—7.04%]) and clade A10 (2.30%
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Table 1. Human Papillomavirus (HPV) Prevalence in Bladder Cancer Cases Across Region, Histological Type, HPV DNA Specimen, and

Publication Calendar Period

No. No. HPV Adjusted

Variable of studies of cases Proportion (%) prevalence (%) (95% Cl) P OR (95% Cl) OR® (95% ClI)
Total 52 2855 100.00 16.88 (15.53-18.31)
Region <.001

Asia 14 701 24.55 24.25 (21.12-27.60) Ref. Ref.

Africa 7 500 17.51 19.40 (16.02-23.14) 0.75 (0.57-1.00)  0.84 (0.569-1.20)

North America 7 378 13.24 13.49 (10.21-17.36) 0.49 (0.35-0.69) 0.30 (0.20-0.44)

Europe 21 1205 42.21 13.11 (11.26-15.15) 0.47 (0.37-0.60) 0.41 (0.32-0.52)

Other® 3 71 2.49 2.82 (0.34-9.81) 0.09 (0.02-0.37)  0.06 (0.01-0.23)
Histological type .07

TCC 38 2068 72.43 16.92 (15.33-18.61) Ref. Ref.

Other® 29 787 27.57 16.26 (13.75-19.03) 0.95 (0.76-1.19)  0.85 (0.65-1.10)
HPV DNA specimen 19

Fixed tissue 34 1813 63.50 16.05 (14.39-17.82) Ref. Ref.

Fresh and mixed tissue 18 1042 36.50 17.95 (15.66-20.41) 1.14 (0.93-1.40) 1.80 (1.42-2.27)
Publication date .61

1990-1999 37 1916 67.11 16.49 (14.86-18.23) Ref. Ref.

2000-2010 15 939 32.89 17.25 (14.89-19.82) 1.06 (0.86-1.30) 0.83 (0.61-1.12)

NOTE. ClI, confidence ratio; OR, odds ratio; Ref., reference; TCC, transitional cell carcinoma.
@ Adjusted for region, histological type, HPV DNA specimen, and publication calendar period.
© Others included 1 study from Oceania and 2 studies that did not specify clearly.

¢ Others included adenocarcinoma, undifferentiated carcinoma, small-cell carcinoma, and mixed or unclear histological types.

[95% CI, 1.79%-2.91%]). The 5 most common HPV types
identified, in order of decreasing prevalence, were HPV-16
(10.81% [95% CI, 9.59%~12.12%]), HPV-18 (5.91% [95% ClI,
4.98%-6.95%]), HPV-33 (2.61% [95% CI, 1.93%-3.44%]),
HPV-6 (2.06% [95% CI, 1.49%-2.76%]), and HPV-31 (1.85%
[95% CI, 1.15%—2.81%]). The prevalences of HPV-11, -39, and
-52 were <1.50%, and other types (HPV-35, -45, -51, -56, -58,
-59, and -68) were absent in bladder cancer cases (Table 3).
Nineteen case-control studies [12, 13, 23-39] with 926 blad-
der cancer cases and 219 controls were included in the estima-
tion of HPV infection and bladder cancer risk. Two of the 19
studies were automatically excluded after data pooling because
of the absence of HPV in both cases and controls [12, 28].
According to the result of the heterogeneity test, the random-
effect model was chosen to evaluate the pooled OR (Figure 1).
Opverall, there was a significant 2.84-fold (OR, 2.84 [95% CI,

1.39-5.80]) increased bladder cancer risk with infection by any
type of HPV (Figure 1). Moreover, when 1 study [37], which
uniquely showed a significantly opposite association (OR, 0.25
[95% CI, 0.09-0.65]) (Figure 1), was excluded, a more signifi-
cant 4.11-fold (OR, 4.11 [95% CI, 2.66—6.35]) increase in
bladder cancer risk was shown for HPV infection without
between-studies heterogeneity (Q = 10.46, P = .79). The Egger
and Begg tests, which were designed to indicate publication bias,
yielded insignificant results (P = .48 and .21, respectively).

As shown in Table 4, the pooled ORs of bladder cancer
showed values of 3.48 (95% CI, 1.28-9.44) for the patients with
high-risk HPV types and 5.74 (95% CI, 2.59-12.71) for the
patients with specific HPV-16 infection. When the ORs were
pooled by region, a significantly increased bladder cancer risk
was shown in Europe and Asia (OR, 5.19 [95% CI, 2.01-13.40]
for Europe and OR, 3.79 [95% CI, 2.26—6.35] for Asia) without

Table 2. Human Papillomavirus (HPV) Prevalence in Bladder Cancer Cases by Detection Method

Detection method No. of studies No. of cases HPV prevalence (%) (95% Cl)
PCR-based 38 2185 16.66 (15.12-18.29)
Broad-spectrum primers 15 1073 9.41 (7.73-11.32)
Type-specific primers 10 479 33.19 (28.99-37.61)
Combination of both primers 13 633 16.43 (13.63-19.55)
Non-PCR-based 14 670 17.01 (14.25-20.08)
ISH 12 594 18.562 (15.47-21.88)
Southern blot 2 76 5.26 (1.45-12.93)

NOTE. ClI, confidence interval; ISH, in situ hybridization; PCR, polymerase chain reaction.
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Table 3. Prevalence of Overall and Individual Human Papillomavirus (HPV) Types

HPV type No. of cases No. HPV positive HPV prevalence (%) (95% Cl)

Total 2855 482 16.88 (15.53-18.31)
High-risk 2345 371 15.82 (14.37-17.36)
Low-risk 2345 37 1.58 (1.11-2.17)

Presence of individual type in bladder cancer cases
Clade A7 2243 134 5.97 (5.03-7.04)
HPV-18 2318 137 5.91 (4.98-6.95)
HPV-39 358 1 0.28 (0.01-1.55)
Clade A9 2364 280 11.84 (10.57-13.22)
HPV-16 2397 259 10.81 (9.59-12.12)
HPV-31 1137 21 1.85(1.15-2.81)
HPV-33 1840 48 2.61 (1.93-3.44)
HPV-52 533 1 0.19 (0.00-1.04)
Clade A10 2953 68 2.30 (1.79-2.91)
HPV-6 2088 43 2.06 (1.49-2.76)
HPV-11 1988 29 1.46 (0.98-2.09)

NOTE. ClI, confidence interval.

between-studies heterogeneity (P = .92 and .29 for Europe and
Asia, respectively). There was a significant 3.17-fold (95% CI,
1.27-7.98) increase in risk for HPV infection in TCC and a 2.28-
fold (95% CI, 1.05-4.94) increase in risk for HPV infection in
other histological types (including squamous cell carcinoma,
adenocarcinoma, undifferentiated carcinoma, small-cell carci-
noma, and mixed or unclear histological types). Similarly, an
increased bladder cancer risk with HPV infection was revealed
in fixed tissue samples (OR, 3.79 [95% CI, 2.32-6.20]) and in

fresh tissue samples (OR, 6.35 [95% CI, 1.83-21.99]). A sig-
nificantly increased bladder cancer risk was shown in HPV in-
fection when HPV DNA was detected using PCR-based
methods (OR, 4.28 [95% CI, 2.74-6.70]), specifically for PCR
with type-specific primers (OR, 4.34 [95% CI, 2.59-7.27]), but
not for non-PCR methods (OR, 0.64 [95% CI, 0.23-1.75]).
Notably, a significantly increased risk was shown in both pub-
lication date periods, 1990-1999 (OR, 2.44 [95% CI, 1.07-5.75])
and 2000-2010 (OR, 6.41 [95% CI, 1.77-23.16) (Table 4).

Study OR (95% CI) Weight (%)
;
Agloano AM (1994) . 11.00 (0.72, 167.51) 4.46
Anwar K (1992) —_— 2.44 (131,4.53) 11.52
Barghi MR (2005) r 7.12 (1.02, 49.58) 6.54
1
Bryant P(1991) . 2.42(0.16, 37.57) 4.42
Chan KW (1997) —_— 1.50 (0.37, 6.14) 8.46
Chetsanga C (1991) T 1.07 (0.05, 24.88) 3.66
1
Escudero AL (2005) . 7.67 (0.47, 124.55) 4.32
Fioriti D (2003) : 1.91 (0.08, 44.71) 3.65
Gazzaniga P (1998) T 7.03 (0.45, 109.90) 4.40
Gould VE (2010) . 8.33 (0.48, 145.91) 4.17
'
Kerley SW (1991) - 0.78 (0.04, 16.89) 3.79
LaRue H (1995) L 7.13 (0.47, 106.95) 4.49
Ludwig M (1996) —r———— 3.57 (0.98, 12.93) 10.24
Shibutani YF (1992) ——— . 0.25 (0.09, 0.65) 851
'
Smetana Z (1993) —_— 6.95 (1.72, 28.12) 3.98
Tekin M (1999) : 1.28 (0.07, 24.76) 4.45
YU ST (1993) ' 14.69 (0.96, 224.73) 8.95
1
Overall (I-squared = 58.60%, Ppererogenciry = 0.001) <> 2.84 (1.39, 5.80) 100.00
]
T T 1 T
100445 1 22

Figure 1. Overall odds ratios (ORs) of bladder cancer associated with human papillomavirus (HPV) (cases vs controls). Cl, confidence interval.
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Table 4. Meta-analysis of 19 Case-Control Studies on the Risk of Bladder Cancer With Human Papillomavirus (HPV) Infection, Stratified
by HPV Type, Region, Histological Type, Detection Method, HPV DNA Specimen, and Publication Calendar Period

No. P P Model

Variable of studies for heterogeneity for heterogeneity selected OR (95% Cl)
Total 19 38.66 .001 Random 2.84 (1.39-5.80)
HPV type

High-risk type? 16 27.27 .004 Random 3.48 (1.28-9.44)

Low-risk type® 16 12.75 .03 Random 1.04 (0.33-3.24)
Related to HPV-16

Yes 15 8.02 .53 Fixed 5.74 (2.59-12.71)

No 15 3.62 .94 Fixed 2.93 (1.74-4.93)
Region

Europe 8 1.42 .92 Fixed 5.19 (2.01-13.40)

North America 4 18.11 <.001 Random 1.64 (0.10-26.57)

Asia 6 6.19 .29 Fixed 3.79 (2.26-6.35)
Histological type

TCC 15 36.71 <.001 Random 3.17 (1.27-7.98)

Other® 9 4.50 61 Fixed 2.28 (1.05-4.94)
HPV DNA specimen

Fixed tissue 10 6.98 .b4 Fixed 3.79 (2.32-6.20)

Fresh tissue 6 2.73 .60 Fixed 6.35 (1.83-21.99)
HPV DNA detection method

PCR-based 16 9.62 7 Fixed 4.28 (2.74-6.70)

Broad-spectrum primers 4 1.12 .57 Fixed 5.12 (0.97-26.98)

Type-specific primers 8 7.53 .28 Fixed 4.34 (2.59-7.27)

Combination of both primers 4 0.91 .82 Fixed 3.64 (1.26-10.50)

Non-PCR-based 3 4.69 10 Fixed 0.64 (0.23-1.75)
Publication date

1990-1999 15 34.73 .001 Random 2.44 (1.07-5.57)

2000-2010 4 0.63 .89 Fixed 6.41 (1.77-23.16)

NOTE. ClI, confidence ratio; OR, odds ratio; PCR, polymerase chain reaction; TCC, transitional cell carcinoma.
@ High-risk types included HPV-16, -18, -31, -33, -35, -39, -45, -51, -52, -56, -58, -59, and -68.

® Low-risk types included HPV-6 and -11.

¢ Others included squamous cell carcinoma, adenocarcinoma, undifferentiated carcinoma, small-cell carcinoma, and mixed or unclear histological types.

DISCUSSION

Although 2 meta-analyses were published in 2005 [40, 41] on the
correlation between HPV infection and the risk of bladder
cancer, the results are still obscure because of the relatively few
publications analyzed and small sample sizes used. Moreover,
several questions have not been answered yet. First, is there a geo-
graphic variation of risk of bladder cancer with HPV infection?
Second, is the effect of HPV infection similar in different histo-
logical types of bladder cancer? Third, since different techniques
were used for HPV detection with varying specificity and sensi-
tivity, do the changes in HPV testing protocols over time affect the
estimation of the association of HPV infection with bladder cancer
risk? Thus, the present study evaluated the overall effect of HPV
infection on bladder cancer by considering the heterogeneity of
major related parameters, such as study region, histological type,
detection method, and so on. In addition, this study updated the
previous meta-analyses with a larger quantity of new data on HPV

infection in bladder cancer tissues published during the period
20062010 and attempted to answer the questions above.

Overall, there was an increased risk of bladder cancer associated
with HPV infection, which was consistent with the results of
previous meta-analyses [40, 41]. Moreover, our study also showed
a greater risk in the patients with high-risk HPV types, specifically
HPV-16. The fact that HPV-16 was the most prevalent HPV type
detected in bladder cancer tissues showed that HPV-16 had the
strongest carcinogenicity in bladder tissues. Although low-risk
HPV types could also be detected in bladder tissues, this seems less
related to the carcinogenesis of the bladder.

Our study suggested a moderate geographical variation in
HPV prevalence. This might be due to the difference resulting
from genetic background, environmental risk factors including
sexual behavior, smoking, and other ethnic and cultural differ-
ences, as well as other unknown sources. Meta-analysis of the
worldwide prevalence of cervical HPV DNA also showed
a higher HPV detection rate in Africa and East Asia and a lower
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prevalence in North America and Europe [42]. It was also shown
that the prevalence of HPV in breast cancer cases was highest in
Asia, followed by North America and Europe [3]. However, al-
though the HPV prevalence varied across continents, the risks of
bladder cancer with HPV infection increased significantly in
both Asia and Europe but not in North America (possibly due to
the small sample size and high between-studies heterogeneity).

A majority of studies used paraffin-embedded tissue for the
determination of HPV infection status. The sensitivity of HPV
detection varied mainly from the differences in amplification ef-
ficiency between different types of HPV primers, especially when
utilizing paraffin-embedded tissue samples. Therefore, the ob-
served variation in HPV prevalence between HPV DNA speci-
mens was understandable. The low detection rate of HPV DNA is
known to occur with paraffin-embedded tissue and particularly
when PCR amplification of long DNA fragments in the L1 gene
was adopted. In contrast, HPV type-specific primers that are
usually designed to amplify shorter sequences of HPV DNA might
be more sensitive for detecting HPV DNA sequences [43].
Therefore, it is possible that the detection rate for HPV using HPV
type—specific PCR primers may be higher than that with other
PCR methods. In addition, a type-specific PCR method for HPV
detection in bladder tissues might be more useful, partly as a result
of the low number of copies of HPV DNA in bladder tissues.

Most bladder cancers occur in men. Among the patients with
bladder cancer, males seemed to have more infections [44]. Be-
cause few studies presented HPV prevalence data in bladder
cancer cases stratified by sex, it was difficult for us to estimate the
sex differences in HPV prevalence and risk of bladder cancer.
Additional research focusing more on the effect of sex differences
is necessary.

HPV has been recognized as the necessary cause of cervical
cancer [1], and the link between HPV infection and other
cancers has been studied. The strength of association for HPV
infection and bladder cancer was similar to those for orophar-
ynx [45] and breast cancers [3], less than that for tonsil can-
cers [45], but greater than those for oral, larynx [45], and
prostate cancer [46] based on previous meta-analyses. In con-
clusion, our study revealed a clear link between bladder cancer
and HPV infection, although the risk estimates may vary by
HPV type, study region, histological type, detection method,
HPV DNA source, and so on. However, considering the great
variation in HPV prevalence in bladder tissues and risk esti-
mates among case-control studies, large-scale multicenter
studies are needed. Our study also highlighted the importance
of detecting HPV DNA in fresh tissues in samples from both
case patients and well-matched control patients simultaneously
with the use of more sensitive lab methods. In addition, more
detailed information on HPV infection in bladder cancer, such
as distribution by sex, clinical stage, and even association with
survival, is also needed to find more authentic conclusions and
potential clinical implications.

Supplementary Data

Supplementary figures and tables are available at The Journal of Infectious
Diseases online.
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