
ORIGINAL RESEARCH

Sex differences in bladder cancer pathology and survival:
analysis of a population-based cancer registry
Masayoshi Zaitsu1,2,3, Satoshi Toyokawa1, Akiko Tonooka4, Fumiaki Nakamura1, Takumi Takeuchi2,
Yukio Homma3 & Yasuki Kobayashi1

1Department of Public Health, The University of Tokyo, Tokyo, Japan
2Department of Urology, Kanto Rosai Hospital, Kawasaki, Japan
3Department of Urology, The University of Tokyo, Tokyo, Japan
4Department of Pathology, Kanto Rosai Hospital, Kawasaki, Japan

Keywords

Bladder cancer, epidemiological

characteristic, Japanese, pathology,

population-based, sex difference, survival

Correspondence

Masayoshi Zaitsu, 1-1 Kizukisumiyoshi-cho,

Nakahara-ku, Kawasaki, Kanagawa 211-

8510, Japan. Tel: +81-44-411-3131;

Fax: +81-44-433-3150;

E-mail: masayoshi-zaitsu@kantoh.rofuku.go.jp

Funding Information

This research was supported by the Japan

Labour Health and Welfare Organization

research funds to promote hospital functions.

Received: 25 April 2014; Revised: 15 October

2014; Accepted: 16 October 2014

Cancer Medicine 2015, 4(3):363–370

doi: 10.1002/cam4.379

Abstract

Sex differences in bladder cancer pathology and epidemiology have been the focus

of recent research. We investigated the epidemiological characteristics and com-

pared bladder cancer pathology and survival between men and women in Japan.

A total of 13,184 patients with primary bladder cancer diagnosed from 1954 to

2010 were identified in a large-scale cancer registry database in Kanagawa Prefec-

ture. Using this database, we compared the odds ratios (ORs) for nonurothelial

carcinoma (non-UC) using a multiple logistic regression model adjusted for age

and diagnosis periods. We also compared hazard ratios (HRs) for overall death

and cancer-specific death using a Cox proportional hazards model adjusted for

non-UC, age, and diagnosis period. The proportion of non-UC was significantly

higher in female compared with male patients (OR = 2.14, 95% confidence inter-

val [CI]: 1.81–2.52). Furthermore, survival was significantly poorer in female

patients than in male patients after adjusting for UC or non-UC (HR for overall

death = 1.15, 95% CI: 1.06–1.23; HR for cancer-specific death = 1.39, 95% CI:

1.28–1.52). Sex differences exist in the epidemiological characteristics of bladder

cancer in Japan, with female patients having less favorable pathology and poorer

survival compared with male patients.

Introduction

Sex differences in bladder cancer epidemiology have been

a focus of recent research. Female patients appear to have

more unfavorable pathology and poorer survival com-

pared with male patients. Sex differences in bladder can-

cer mortality have often been reported [1–3], which may

be partially explained by the higher proportion of unfa-

vorable pathology in female patients. Nonurothelial carci-

noma (non-UC) is a rare form of bladder cancer with

aggressive behavior and poor prognosis [4–6]. Large, pop-
ulation-based studies using data from Surveillance, Epide-

miology, and End Results (SEER) and the Netherlands

Cancer Registry showed that survival was poorer in

patients with non-UC, compared with those with UC [7,

8]. In addition, racial differences in the percentage of

non-UC bladder cancer have also been reported between

Caucasians and African Americans (female Caucasians

4.3% vs. female African Americans 10.5%, male Cauca-

sians 2.3% vs. male African Americans 5.9%), while sur-

vival was poorer in females after adjusting for pathology

[9].

However, to the best of our knowledge, there is cur-

rently little information regarding the existence of sex dif-

ferences in bladder cancer pathology and mortality in

Asians, except for one study in Japan [10]. Furthermore,
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it investigated only patients who underwent radical cys-

tectomy, and was unable to show any sex difference in

mortality irrespective of pathology [10]. We therefore

conducted a whole patient survey using a large, popula-

tion-based, cancer registry database of over 20,000

patients with bladder cancer in Japan. We investigated sex

differences in bladder cancer pathology and mortality and

determined if survival remained poorer in female than in

male patients, even after adjusting for non-UC.

Methods

Data source

Kanagawa Cancer Registry, which covers approximately 7%

of the Japanese population, is a large, population-based,

cancer registry in Kanagawa Prefecture and part of the Jap-

anese Association of Cancer Registries [11]. Kanagawa Pre-

fecture is a metropolitan prefecture located close to Tokyo.

It has a population of over nine million, the second largest

in Japan, and contains urbanized and rural areas. Data are

registered from diagnosing institutions both inside and

outside the prefecture if the patient is a resident of the pre-

fecture. The registry database is updated with population

registers and death certificates. There is no overlap for the

same patient for the same disease in the database.

The database contains the following information: (1) per-

sonal identification code; (2) method of registry entry (regis-

try system, population register, death certificate); (3)

diagnosing institution; (4) sex; (5) date of birth; (6) date at

diagnosis; (7) local-government code for the patient’s home

address; (8) International Classification of Diseases, 10th

Revision (ICD-10) code for disease name; (9) International

Classification of Diseases for Oncology, Third Edition (ICD-

O-3) code for pathology; (10) initial or recurrent tumor;

(11) date of death; (12) cause of death; (13) date of last fol-

low-up; and (14) TNM classification according to the UICC

TNM Classification of Malignant Tumours [12] and patho-

logical grade of ICD-O-3 among patients diagnosed after

2005. We obtained the data in an anonymous format, under

a research agreement with Kanagawa Cancer Registry.

Details of the database have been described previously

[11]. In brief (1) all information is gathered by well-

trained tumor registrars certificated by the training pro-

gram of Japanese Association of Cancer Registries, whose

program is permitted by the SEER program; (2) follow-up

information is automatically updated annually from popu-

lation registers and death certificates; (3) pathological

information is coded by ICD-O-3; and (4) previous ver-

sions of pathological codes have been transformed to the

latest versions through standardized regulation consistent

with changes in bladder cancer coding practice. Death Cer-

tificate Only (DCO) indicates patients who were only reg-

istered with “bladder cancer” according to the death

certificate, with no pathological information. We used a

proportion of patients with DCO as an indicator of the

precision of the database, with a cut-off value of 20% [5].

The proportion of DCO in our study was 16.2%, indicat-

ing that the quality of our database was adequate.

Study subjects

The inclusion criterion was patients with bladder cancer

(C67 in ICD-10) in the Kanagawa Cancer Registry. Exclu-

sion criteria were as follows: (1) missing pathology (UC

or non-UC), (2) vague pathology only identified as malig-

nant tumor, carcinoma, or sarcoma, (3) benign tumor,

(4) metastatic tumor from other sites, (5) recurrent

tumor, (6) patients living outside Kanagawa Prefecture at

diagnosis, (7) missing age, and (8) missing sex data.

Variables

Age

Age at diagnosis was calculated and patients were classi-

fied as <65, ≥65 and <75, and ≥75 years old.

Pathology

Tumor pathology was divided into seven groups based on

the ICD-O-3 code, according to theWorld Health Organiza-

tion International Histological Classification of Tumours

and the International Agency for Research on Cancer, with

some modifications (Table 2) [4, 5]: (1) UC, (2) squamous

cell carcinoma (SCC), (3) adenocarcinoma (AC), (4) neuro-

endocrine tumor (NET), (5) undifferentiated carcinoma

(undiff), (6) sarcoma, and (7) others. SCC, AC, NET, undiff,

sarcoma, and others were all classified as non-UC.

Period, pathological stage, and pathological grade

On the basis of the definitions of the UICC TNM staging

system [12] and previous studies corresponding to the

American Joint Committee on Cancer staging system

[13], we divided the date at diagnosis into: Period 0,

1954–1992; Period 1, 1993–2002; and Period 2, 2003–
2010. We divided the pathological stages into: early (0is,

0a, I) and late (II–IV) stages. We divided the pathological

grades into low grade (1, 2) and high grade (3, 4).

Observation period

The observation period was a 5-year, right-censored per-

iod. Causes of death were divided into overall death and

cancer-specific death.
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Statistical methods

The primary aim of the study was to analyze the pathol-

ogy and survival of patients with bladder cancer, and to

detect any sex differences. We used t-tests, v2 tests, and

Fisher’s exact tests to compare baseline characteristics

between two groups. Proportions of non-UC patients

were compared using v2 and Cochran–Mantel–Haenszel

tests stratified by each period. Adjusted odds ratios (ORs)

for non-UC were estimated using a multiple logistic

regression model adjusted for age and periods. We esti-

mated the 5-year overall survival (5y-OS) and 5-year can-

cer-specific survival (5y-CSS) using the Kaplan–Meier

method. Cox proportional hazards model adjusted for

non-UC, age, and period was used to estimate adjusted

hazard ratios (HRs) for overall death and cancer-specific

death. We also estimated HRs adjusted for non-UC, age,

pathological stage, and pathological grade among the

patients in Period 2 because TNM classification informa-

tion was available after 2005.

All P-values were two-sided, and P < 0.05 was consid-

ered statistically significant. Data were analyzed using

STATA/MP13.0 (Stata-Corp LP, College Station, TX).

Ethical considerations

The study was approved by the Institutional Review

Boards of The University of Tokyo and Kanto Rosai Hos-

pital.

Results

We initially included 22,388 patients diagnosed from June

15, 1954 to November 22, 2010. We then excluded: (1)

8723 patients based on lack of precise pathology, (2) 475

patients with recurrent tumors, (3) two patients who

lived outside Kanagawa Prefecture at diagnosis, and (4)

four patients with missing age data. A total of 13,184

patients with primary bladder cancer diagnosed from June

15, 1954 to November 22, 2010 thus comprised the study

subjects. The baseline characteristics of the 13,184 patients

are shown in Table 1. The proportion of female patients

was 21.7% (2857 of 13,184). The mean ages (SD) of the

female and male patients were 70 (�12.9) years and 68

(�11.8) years, respectively (P < 0.001).

Sample size

The sample size for the analysis of pathology was large

enough to show a 4% difference in the proportion of

non-UC (female patients, 8%, male patients, 4%,

a = 0.05, b = 0.2). The sample size for the analysis of

survival was large enough to show a 5% difference in

survival rate (female patients, 50%, male patients, 55%,

a = 0.05, b = 0.2). The proportion of DCO was 16.2%.

Pathology

The pathological distribution of the 13,184 patients is shown

in Table 2. The proportion of female patients with non-UC

was significantly higher than the proportion of male

patients. The overall proportions of non-UC female and

male patients were 8.2% (234/2857) and 4.0% (414/10,327)

(P < 0.001), respectively. In addition, the proportions of

urothelial carcinoma in situ (CIS) in female and male

patients were 11.2% and 9.7% in Period 2, respectively.

The model fit was good, according to multivariate

analysis (Hosmer–Lemeshow v2 = 15.1, P = 0.06). The

ORs for non-UC were: (1) female, 2.14 (1.81–2.52), (2)
age ≥65 and <75 years, 0.90 (0.75–1.10); age ≥75 years,

0.90 (0.74–1.09), (3) Period 0, 1.65 (1.35–2.01); Period 2,

1.31 (1.08–1.60). The proportion of non-UC was signifi-

cantly higher in female than in male patients.

Survival

We excluded 2472 of the 13,184 eligible patients because of

missing observation periods because of a registry time lag,

leaving 10,712 patients for analysis. The Kaplan–
Meier survival estimate curves for overall death and for

cancer-specific death are shown in Figures 1 and 2, respec-

tively. The 5y-OS and 5y-CSS by pathology are shown in

Table 3. The 5y-OS and 5y-CSS were significantly poorer

in female patients compared with male patients. The 5y-OS

in female and male patients were 0.49 (0.47–0.51) and 0.56

(0.54–0.57) (P < 0.001); the 5y-CSS was 0.59 (0.57–0.61)
and 0.71 (0.70–0.72) (P < 0.001), respectively. Regardless

Table 1. Baseline characteristics of bladder cancer patients.

Characteristic1

N (%)2

P-value3Female Male

Total 2857 (100) 10,327 (100)

Age (y)

<65 874 (30.6) 3739 (36.2) <0.001

65–74 873 (30.6) 3471 (33.6)

≥75 1110 (38.8) 3117 (30.2)

Period4

0 849 (29.7) 2751 (26.6) 0.002

1 1040 (36.4) 3780 (36.6)

2 968 (33.9) 3796 (36.8)

1Data for 13,184 patients with complete information on sex, pathol-

ogy, age, and period.
2Because of rounding, percentages may not total 100.
3P-values for v2 tests comparing female and male patients.
4Period: Total, 1954–2010; Period 0, 1954–1992; Period 1, 1993–

2002; Period 2, 2003–2010.
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of pathological types, the 5y-OS and 5y-CSS were poorer in

female than in male patients.

The HRs adjusted for available confounders for overall

death and cancer-specific death are shown in Table 4.

According to multivariate analysis, the proportional haz-

ards assumption checked with the log–log plot of survival

indicated a good model fit (data not shown). Interest-

ingly, both overall survival and cancer-specific survival

were significantly poorer in female compared with male

patients (HR for overall death = 1.15 [1.06–1.23]; HR for

cancer-specific death = 1.39 [1.28–1.52]). Female adjusted

HRs by age were similar (Table 5).

Survival in patients with pathological stage
and pathological grade in Period 2

Of the patients in Period 2 (4764/13,184), we excluded

3706 patients with missing pathological stage, 323 patients

with missing pathological grade, and 36 patients with

missing survival-period data, because these data were

available for most of this most-recent cohort [14]. The

remaining 699 patients were the subjects for analysis.

HR adjusted for non-UC and age, and HR adjusted for

non-UC, age, pathological stage, and pathological grade

in female compared with male patients were as follows:

HR for overall death = 1.52 (1.09–2.12) and 1.52 (1.09–
2.13), and HR for cancer-specific death = 1.69 (1.13–
2.52) and 1.71 (1.14–2.56), respectively.

Table 2. Distribution and definition of bladder cancer pathologies.

Characteristics1

N (%)2

P-value3,4Female Male

Overall5

UC 2623 (91.8) 9913 (96.0) <0.001

Non-UC 234 (8.2) 414 (4.0)

SCC 103 (3.6) 146 (1.4)

AC 90 (3.2) 205 (2.0)

NET 11 (0.4) 18 (0.2)

Undiff 7 (0.2) 25 (0.2)

Sarcoma 18 (0.6) 14 (0.1)

Others 5 (0.2) 6 (0.1)

Period 05

UC 755 (88.9) 2617 (95.1) <0.001

Non-UC 94 (11.1) 134 (4.9)

SCC 46 (5.4) 51 (1.8)

AC 33 (3.9) 59 (2.1)

NET 1 (0.1) 1 (<0.1)

Undiff 4 (0.5) 10 (0.4)

Sarcoma 9 (1.1) 10 (0.4)

Others 1 (0.1) 3 (0.1)

Period 15

UC 968 (93.1) 3666 (97.0) <0.001

Non-UC 72 (6.9) 114 (3.0)

SCC 27 (2.6) 39 (1.0)

AC 31 (3.0) 58 (1.5)

NET 5 (0.5) 7 (0.2)

Undiff 2 (0.2) 7 (0.2)

Sarcoma 4 (0.4) 1 (<0.1)

Others 3 (0.3) 2 (<0.1)

Period 25

UC 900 (93.0) 3630 (95.6) <0.001

Non-UC 68 (7.0) 166 (4.4)

SCC 30 (3.1) 56 (1.5)

AC 26 (2.7) 88 (2.3)

NET 5 (0.5) 10 (0.3)

Undiff 1 (0.1) 8 (0.2)

Sarcoma 5 (0.5) 3 (<0.1)

Others 1 (0.1) 1 (<0.1)

Characteristics Definition by ICD-O-36

UC 8120–8131 (including CIS,

8120/2), 8050

Non-UC

SCC 8051–8078, 8083–8084

AC 8140–8231, 8250–8384,

8440–8490, 8550–8551,

8570–8576

NET 8013, 8240–8249,

8041–8045,

8680–8700

Undiff 8020–8021

Sarcoma 8801–8811, 8830,

8840–8921, 8930–8991,

9040–9044,

Table 2. Continued.

Characteristics Definition by ICD-O-36

9120–9133,

9150, 9540–9581

Others The others

UC, urothelial carcinoma; CIS, urothelial carcinoma in situ; SCC, squa-

mous cell carcinoma; AC, adenocarcinoma; NET, neuroendocrine

tumor; Undiff, undifferentiated carcinoma; non-UC, nonurothelial car-

cinoma; ICD-O-3, International Classification of Diseases for Oncology,

Third Edition. Non-UC includes SCC, AC, NET, Undiff, Sarcoma, and

Others.
1Data for 13,184 patients with complete information on sex, pathol-

ogy, age, and period.
2Because of rounding, percentages may not total 100.
3P-values for Fisher’s exact tests comparing female and male patients.
4All the P-values for v2 tests comparing the proportions of non-UC

female and male patients in Periods 0, 1, and 2 were <0.01.
5Period: Total, 1954–2010; Period 0, 1954–1992; Period 1, 1993–

2002; Period 2, 2003–2010.
6Proportions of CIS in female and male patients: Period 0, 0.2% (2/

849) and 0.2% (4/2751) (P = 0.63); Period 1, 0.5% (5/1040) and

0.5% (20/3780) (P > 0.99); Period 2, 11.2% (108/968) and 9.7%

(369/3796) (P = 0.19).
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Discussion

The results of this study demonstrated the existence of a

sex difference in the epidemiology of bladder cancer in

Japanese patients. Compared with male patients, the

proportion of non-UC was twice as high in female

patients (OR = 2.14, 1.81–2.52), while survival was

poorer in females after adjusting for pathology, age, and

period (HRs for overall and cancer-specific deaths = 1.15

[1.06–1.23] and 1.39 [1.28–1.52], respectively). It was still

Table 3. Five-year overall and cancer-specific survival estimates according to bladder cancer pathology.

Characteristic1

5y-OS (95% CI)

P-value2

5y-CSS (95% CI)

P-value2Female Male Female Male

Overall3

Total 0.49 (0.47–0.51) 0.56 (0.54–0.57) <0.001 0.59 (0.57–0.61) 0.71 (0.70–0.72) <0.001

UC 0.52 (0.50–0.54) 0.57 (0.56–0.58) <0.001 0.62 (0.60–0.65) 0.72 (0.71–0.73) <0.001

Non-UC 0.21 (0.15–0.27) 0.31 (0.26–0.36) 0.002 0.26 (0.20–0.33) 0.43 (0.37–0.48) <0.001

Period 03

Total 0.49 (0.45–0.53) 0.56 (0.54–0.58) <0.001 0.56 (0.52–0.59) 0.66 (0.64–0.68) <0.001

UC 0.53 (0.49–0.57) 0.57 (0.55–0.59) 0.047 0.60 (0.56–0.64) 0.67 (0.65–0.70) 0.001

Non-UC 0.16 (0.09–0.25) 0.32 (0.23–0.40) 0.01 0.20 (0.12–0.30) 0.36 (0.27–0.45) 0.02

Period 13

Total 0.48 (0.44–0.51) 0.56 (0.54–0.58) <0.001 0.58 (0.54–0.62) 0.72 (0.70–0.74) <0.001

UC 0.50 (0.46–0.53) 0.57 (0.55–0.59) <0.001 0.61 (0.57–0.64) 0.73 (0.71–0.75) <0.001

Non-UC 0.24 (0.14–0.35) 0.27 (0.19–0.37) 0.40 0.31 (0.19–0.43) 0.40 (0.29–0.50) 0.15

Period 23

Total 0.51 (0.46–0.55) 0.54 (0.52–0.56) 0.003 0.64 (0.59–0.68) 0.73 (0.71–0.75) <0.001

UC 0.54 (0.49–0.58) 0.56 (0.53–0.58) 0.07 0.67 (0.62–0.71) 0.75 (0.73–0.77) <0.001

Non-UC 0.24 (0.14–0.35) 0.32 (0.23–0.40) 0.04 0.31 (0.19–0.44) 0.52 (0.42–0.61) 0.007

NA, not available; UC, urothelial carcinoma; SCC, squamous cell carcinoma; AC, adenocarcinoma; NET, neuroendocrine tumor; Undiff, undifferen-

tiated carcinoma; non-UC, nonurothelial carcinoma; 5y-OS, 5-year overall survival estimate; 5y-CSS, 5-year cancer-specific survival estimate. Non-

UC includes SCC, AC, NET, Undiff, Sarcoma, and Others.
1Data analyzed by Kaplan–Meier method in 10,712 patients with complete information on sex, pathology, age, period, and observation period.
2P-values for log-rank tests in each period and stratified log-rank tests over all periods, comparing female and male patients with each pathology.
3Period: Total, 1954–2010; Period 0, 1954–1992; Period 1, 1993–2002; Period 2, 2003–2010.

Figure 1. Kaplan–Meier survival estimate curves for overall survival in

male and female patients with bladder cancer. Survival was estimated

using the Kaplan–Meier method in 10,712 patients with complete

information on sex, pathology, age, period, and observation period,

with right censoring at the 5-year point. P-values are for stratified log-

rank test with diagnosis periods. UC, urothelial carcinoma; non-UC,

nonurothelial carcinoma.

Figure 2. Kaplan–Meier survival estimate curves for cancer-specific

survival in male and female patients with bladder cancer. Survival was

estimated using the Kaplan–Meier method in 10,712 patients with

complete information on sex, pathology, age, period, and observation

period, with right censoring at the 5-year point. P-values are for

stratified log-rank test with diagnosis periods. UC, urothelial

carcinoma; non-UC, nonurothelial carcinoma.
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poorer after additional adjustment for pathological stage

and pathological grade (HRs for overall and cancer-spe-

cific deaths = 1.52 [1.09–2.13] and 1.71 [1.14–2.56],
respectively).

We limited the study subjects to those with complete

information for each analysis, because missing informa-

tion would have introduced a random element. The ran-

dom missing information in large-scale samples would

have statistically little impact on the point estimation

because of the central limit theorem. Missing information

would be associated with the requirement for medical

institutions to preserve medical records for 5 years in

Japan; however, this would have little impact on the dif-

ference between the sexes.

In our study population, the number of female patients

with bladder cancer was around a quarter the number of

males, and the adjusted female HR for cancer-specific

death compared with male patients was 1.39, which is

similar to those reported in Caucasians and African

Americans [9]. The percentages of non-UC were 8.2% in

female patients 4.0% in male patients over the whole

study period and all ages, which were higher than those

in Caucasians and lower than those in African Americans

[9], suggesting the existence of a racial difference in blad-

der cancer cell type. The percentage of non-UC in female

patients decreased by period (Period 0: 11.1%, Period 1:

6.9%, Period 2: 7.0%). However, the relevance of diag-

nostic factors to this temporal trend is unclear, given that

no similar trend was observed in male patients.

Sex differences in bladder cancer epidemiology may be

explained by biological, past-historical, and lifestyle stand-

points. First, sex differences in the dominant hormones

and in vascularity around the bladder may be a relevant

factor. From a hormonal perspective, the incidence of

bladder cancer was shown to be higher in postmeno-

pausal than in premenopausal women [15], and aggres-

sive bladder cancers expressed high levels of estrogen

receptor-b and few androgen receptors [16–18]. From a

vascular perspective, bladder cancers with high vascularity

have been associated with poorer survival than those with

low vascularity [19, 20]; similarly, high expression of vas-

cular endothelial growth factor (VEGF) was associated

with poorer survival than low expression of VEGF [21].

Second, a difference in the incidence of cystitis between

the sexes may also help to explain the difference in blad-

der cancer epidemiology. Compared with patients who

had never experienced cystitis, patients who had experi-

enced at least three episodes of cystitis had increased risks

of whole and SCC bladder cancers [22]. Finally, sex dif-

ferences in lifestyle-related risk factors for bladder cancer,

such as smoking [23–25], occupational exposure to par-

ticular aromatic amines [26, 27], nuclear pollution [28,

29], economic status [3], and potential delay in diagnosis

in female patients [30] could also explain the sex differ-

ence.

Our study had several limitations, including some

selection biases, and the fact that the pathological coding

practices for bladder cancer changed over the study per-

iod. Furthermore, we had no information on individual

patient attributes, such as history of cystitis, smoking,

occupational exposure, environmental pollution, eco-

nomic status, and treatment. (1) Selection bias might

Table 4. Hazard ratios for overall death and cancer-specific death

adjusted for available confounders.

Characteristic

Hazard ratio (95% CI)1

Overall death Cancer-specific death

Sex

Male 1.00 (reference) 1.00 (reference)

Female 1.15 (1.06–1.23) 1.39 (1.28–1.52)

Pathology

UC 1.00 (reference) 1.00 (reference)

Non-UC 2.68 (2.41–2.97) 3.13 (2.78–3.52)

Age (y)

<65 1.00 (reference) 1.00 (reference)

≥65 and <75 1.41 (1.29–1.54) 1.21 (1.09–1.34)

≥75 2.50 (2.31–2.72) 1.93 (1.75–2.12)

Period2

Period 0 1.07 (0.99–1.15) 1.26 (1.16–1.38)

Period 1 1.00 (reference) 1.00 (reference)

Period 2 0.97 (0.91–1.05) 0.87 (0.79–0.96)

UC, urothelial carcinoma; SCC, squamous cell carcinoma; AC, adeno-

carcinoma; NET, neuroendocrine tumor; Undiff, undifferentiated carci-

noma; non-UC, nonurothelial carcinoma. Non-UC includes SCC, AC,

NET, Undiff, Sarcoma, and Others.
1Data analyzed by Cox proportional hazards model between the sexes

adjusted for non-UC, age and Period in 10,712 patients with com-

plete information on sex, pathology, age, period, and observation per-

iod.
2Period: Total, 1954–2010; Period 0, 1954–1992; Period 1, 1993–

2002; Period 2, 2003–2010.

Table 5. Hazard ratios for overall death and cancer-specific death in

female patients compared with male patients by age.1,2

Characteristic

Female hazard ratio (95% CI)

Overall death Cancer-specific death

Age (y)

<65 1.15 (0.96–1.36) 1.22 (1.01–1.48)

≥65 and <75 1.06 (0.92–1.22) 1.23 (1.05–1.45)

≥75 1.18 (1.07–1.30) 1.56 (1.38–1.76)

1Data analyzed by Cox proportional hazards model between the sexes

adjusted for non-UC and Period in 10,712 patients with complete

information on sex, pathology, age, period, and observation period.
2Period: Total, 1954–2010; Period 0, 1954–1992; Period 1, 1993–

2002; Period 2, 2003–2010.
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have affected the external validity of this observational

study; however, the quality of the prefecture-wide survey,

with a DCO percentage of 16.2%, suggested that the pre-

cision of the estimates was high and selection bias could

be ignored. (2) The proportion of CIS was around 10%

in the last decade, which was much higher than in pre-

ceding decades; however, this trend is probably associated

with changes in coding practices. Coding changes would

influence the conclusions in the same direction in both

sexes, suggesting that any impact of coding changes could

be ignored after adjusting for periods. (3) Smoking is

related to poor survival in bladder cancer [23]. The Vital

Statistics of Japan (www.e-stat.go.jp) show that the per-

centage of female smokers is about one-third that of male

smokers, suggesting that male patients should have poorer

survival than female patients. We are currently collecting

data on the smoking status of patients in Kanagawa Can-

cer Registry, and these results will be incorporated in a

future study. (4) Lack of socioeconomic information may

represent a weakness of our study because of the impact

of socioeconomic status on mortality; however, the effect

on sex differences would likely be negligible. Japan has a

universal public healthcare system that extensively covers

standardized and recommended examinations and treat-

ments within cancer guidelines, regardless of the patient’s

socioeconomic status. Female and male patients would

thus have equal chances to receive examinations and

treatment, regardless of their socioeconomic status. The

lack of socioeconomic information should therefore not

weaken the conclusions. However, further studies are

needed to address these limitations.

The strength of this study was the fact that it is the first

population-based study to demonstrate sex differences in

both pathology and mortality of bladder cancer in Japan.

Furthermore, survival was significantly poorer in female

patients than male patients after adjusting for either UC

or non-UC. The results thus represent an important step

in reconsidering the treatment strategy for this disease.

Although guideline-based strategies for bladder cancer

treatment have been recommended for many years, they

have not addressed the survival difference between the

sexes. The novel Osaka Medical College regimen [31],

which is based on a new concept outside the guidelines,

suggests that the combination of radiotherapy, extensive

high-dose chemotherapy with balloon-occluded arterial

infusion, and hemodialysis may have a curative effect on

advanced bladder cancer in both female and male patients.

Our results suggest that the main strategy for treating

bladder cancer might take into account the sex of the

patient. In summary, there are sex differences in the epide-

miological characteristics of bladder cancer, and female

patients have unfavorable pathology and poorer survival

compared with male patients. Further studies are needed

to confirm female sex as an independent risk factor for

these unfavorable characteristics.
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