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Abstract

Introduction: The incidence of bladder cancer varies by gender.
Whether differences exist between women and men in extent of
disease, treatment, and outcome is not well-described. We evaluate
gender differences in bladder cancer using a population-based cohort.
Methods: Electronic records of treatment were linked to the pop-
ulation-based Ontario Cancer Registry to identify all patients with
bladder cancer treated with cystectomy or radical radiotherapy
(RT) in Ontario between 1994 and 2008. We compare extent of
disease at time of cystectomy, treatment, and outcomes between
women and men.

Results: In total, 5259 patients with bladder cancer were treated
with cystectomy or radical RT; of these, 25% (n = 1296) were
women. There was no gender difference in the proportion of
patients treated with cystectomy (75% of women [974/1296],
73% of men [2905/3963], p = 0.189). At the time of cystectomy,
women were more likely to have muscle-invasive disease (86%
[836/974] vs. 80% [2335/2905], p < 0.001), but less likely to
have lymph nodes dissected (68% [664/974] vs. 76% [2210/2905],
p <0.001]. Among the 2944 patients with muscle-invasive urothe-
lial carcinoma treated with cystectomy, use of neoadjuvant (5%
vs. 4%, p = 0.419) and adjuvant chemotherapy (18% vs. 20%,
p =0.190) did not differ significantly between genders. Five-year
cancer-specific survival and overall survival of the full cohort did
not differ between women and men (38% vs. 39%, p = 0.522;
33% vs. 33%, p = 0.795).

Conclusions: This population-based cohort did not demonstrate
any substantial differences in extent of disease, treatment, or out-
come between women and men treated with cystectomy or radical
RT for bladder cancer.

Introduction

Bladder cancer is the fifth most common cancer diagnosed
in Canada, with about 8000 new cases and 2220 deaths
each year." It is well-known that the incidence of bladder

cancer varies by gender." About 75% of patients with blad-
der cancer are men and the reasons for this are not well
understood but may relate to gender differences in smok-
ing,%* occupational exposures,®* or hormonal factors.> While
several studies suggest that women with bladder cancer may
have inferior outcomes to men,®? this has not been observed
consistently.’” Women are more likely to have a delay in
diagnosis,'" present with more advanced disease,® and may
have more biologically aggressive disease.'? The existing
literature does not describe to what extent treatment patterns
for bladder cancer might vary between women and men.
The objective of the current study was to describe gender dif-
ferences in extent of disease, treatment, and outcome among
patients treated with cystectomy or radical radiotherapy in
the general population of Ontario, Canada.

Methods

Study design and population

This report represents a sub-study of a larger population-
based, retrospective cohort study that described local
therapy, use of chemotherapy, and outcome of all patients
with muscle-invasive bladder cancer in Ontario, Canada.
Detailed methods and primary results have been report-
ed previously."'* All incident cases of bladder cancer in
Ontario with transitional cell, adenocarcinoma, and squa-
mous cell histology that underwent cystectomy or radical
radiotherapy (RT) between 1994 and 2008 were included.
Ontario has a population of about 13.5 million people and
a single-payer universal health insurance program.

Data sources
The Ontario Cancer Registry (OCR) is a passive, population-

based cancer registry that captures diagnostic and demo-
graphic information on at least 98% of all incident cases
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of cancer in the province of Ontario."” The OCR does not
compile information about extent of disease or treatment.
Accordingly, we obtained surgical pathology reports for
patients with cystectomy. Indicators of the socioeconomic
status (SES) of the community in which patients resided at
diagnosis were linked as described previously.'®

A variety of electronic administrative health databases
were linked to the OCR. Records of hospitalization from the
Canadian Institute for Health Information (CIHI) provided
information about surgical interventions; these records are
known to be consistent and complete.'” The clinical data-
bases of Ontario’s comprehensive cancer centres provided
records of radiotherapy and chemotherapy. These centres
are the only providers of RT in the province. Provincial phy-
sician billing records and treatment records from regional
cancer centres were used to identify chemotherapy utili-
zation. Surgical pathology reports for patients treated with
cystectomy were obtained from OCR and reviewed by a
team of data abstractors.

Definitions of comorbidity, management, and outcomes

Comorbidity was classified using the Charlson Index modified
for administrative data based on all non-cancer diagnoses
recorded during any hospital admission within 5 years prior to
surgery.'® Consultation with a radiation oncologist was identi-
fied based on unique Ontario Health Insurance Program (OHIP)
billing codes used by radiation oncologists. As a proxy meas-
ure of medical oncologists, we identified the 220 physicians
who submitted billing records for muscle-invasive bladder
cancer with neoadjuvant chemotherapy or adjuvant chemo-
therapy in 1994-2008. We have used a similar approach else-
where.'?0 Each surgical case was considered to have been
seen by a radiation oncologist/medical oncologist in the pre-
operative and/or postoperative setting if any of these physi-
cians submitted visit billing codes for that patient within 16
weeks before and/or after surgery. Neoadjuvant chemothera-
py was defined as any chemotherapy administered within 16
weeks prior to surgery. Adjuvant chemotherapy was defined
as any chemotherapy administered within 16 weeks after
surgery. Complete information about vital status in the OCR
was available up to December 31, 2012; cause of death was
available up to December 31, 2010.

Statistical analysis

Comparisons of proportions between study groups were made
using the chi-square test. Cancer-specific (CSS) and overall
(OS) survival were determined from date of surgery/radical RT
using the Kaplan-Meier technique and comparisons between
groups were made using the log-rank test. To account for pos-
sible cause of death miscoding, CSS included death from any
cancer. Factors associated with treatment choices were evalu-

ated by logistic regression. Factors associated with CSS/OS
were evaluated using the Cox proportional hazards regression
model. Statistical significance was set at p < 0.05. All analyses
were performed using SAS version 9.3 (SAS Institute, Cary, NC).

Results

Use of cystectomy and radical radiotherapy

Between 1994 and 2008 in Ontario, we identified 5259
patients with bladder cancer who underwent curative intent
therapy; 3879 (74%) with cystectomy and 1380 (26%) received
primary radiotherapy (Table 1). Among those patients treated
with cystectomy, there was no difference in rates of preopera-
tive referral to radiation oncology: 10% women (100/974), 9%
men (270/2905) (p = 0.371). There was no also no gender dif-
ference in the proportion of patients treated with cystectomy:
75% of women (974/1296) versus 73% of men (2905/3963)
(p = 0.189). These results were consistent on multivariate anal-
ysis controlling for age, comorbidity, socioeconomic status,
treatment era, and geographic region.

Extent of disease and management of cystectomy cases

Among the 3879 patients treated with cystectomy, women
were more likely than men to have non-urothelial histology
(11% vs. 6%, p < 0.001) (Table 1). At the time of cystectomy,
women were more likely to have muscle-invasive disease
(86% [836/974] vs. 80% [2335/2905], p < 0.001), but less
likely to have lymph nodes dissected (68% [664/974] vs.
76% [2210/2905], p < 0.001). There was no significant dif-
ference in the number of nodes in the surgical specimen
by gender. Partial cystectomy rates did not vary between
women and men (7% vs. 6%, p = 0.069). Time between
diagnosis of bladder cancer and cystectomy was slightly
less in women compared to men (65% cystectomy within
6 months vs. 58%, p < 0.001.)

Among the 2944 patients with muscle-invasive urothe-
lial cancer treated with cystectomy, there was no signifi-
cant difference in use of NACT (5% vs. 4%, p = 0.419) or
ACT (18% vs. 20%, p = 0.190) between women and men.
Moreover, referral rates to medical oncology before (17%
women vs. 18% men, p = 0.678) or after surgery (38% vs.
39%, p = 0.757) did not vary by gender.

Outcomes

There were no significant differences in postoperative mor-
tality at 30 or 90 days by gender (Table 2). Moreover, OS and
CSS at 5 years did not differ by gender among cystectomy
cases or radical RT cases. These results were consistent on
adjusted analyses (Fig. 1, Fig. 2).
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In this report we explore whether extent of disease, manage-
ment, and outcomes of patients treated with cystectomy or
radical radiotherapy for bladder cancer differ by gender.
Several important findings have emerged. First, use of cys-
tectomy or radical radiotherapy did not vary by gender.
Second, at time of cystectomy, women were more likely
to have muscle-invasive disease. Third, women were less
likely to have lymph nodes resected at the time of surgery.
Fourth, use of perioperative chemotherapy did not vary by
gender. Finally, we did not observe any substantial differ-
ence in short-term or long-term outcome between women
and men with bladder cancer.

It is worth considering our data within the existing litera-
ture. The EUROCARE Il study used European registry data
from 1985 to 1989 to evaluate differences between men and
women in cancer survival.?' In most cancers the survival of
women was significantly better than men. A notable exception
was bladder cancer, in which the age-standardized 5-year
relative survival for women was 60% and 65% for men. While
the authors hypothesize that the inferior survival of women
might relate to more advanced stage of disease, there are no

Is there a gender effect in bladder cancer?

data included in EUROCARE to test this hypothesis. Fleshner
and colleagues described outcomes of 25 197 patients with
bladder cancer treated in the United States during the 1985—
1988 period.® The 5-year relative survival of women was
worse than men across all stage of disease. Lastly, Mungan
and colleagues explored gender differences in outcomes in
an American Surveillance, Epidemiology, and End Results
(SEER) cohort of 80 305 patients with bladder cancer diag-
nosed between 1973 and 1996.° Five-year relative survival
of men was 79.5% and 73.1% in women. Across all stages,
the 5-year relative survival of men was superior to women.
The lack of survival difference between women and
men observed in our study is not consistent with the studies
described above. The reasons for this are not clear, but may
relate to the fact that our study was restricted to patients under-
going cystectomy or radical radiotherapy for bladder cancer.
As such, while most other studies include all stages of bladder
cancer,”?" including non-invasive disease, our study cohort
is restricted to patients with high-risk disease that requires
cystectomy or radical RT. Other possible explanations for our
discordant results are the fact that other studies do not control
for comorbidity or disease-related characteristics.* The results
of our study and others® suggest that women may be more
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Fig. 1. Survival of 3879 patients with muscle invasive bladder cancer treated with cystectomy in Ontario 1994-2008 by gender. Panel A: cancer specific
survival. Panel B: overall survival. Panel C*: adjusted cancer specific survival. Panel D*: adjusted overall survival. *Covariates adjusted include: age,
socioeconomic status, Charlson comorbidity score, histology, interval from diagnosis to treatment, T stage, N stage, lymphovascular invasion.
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Fig. 2. Survival of 1380 patients with muscle invasive bladder cancer treated with radical radiotherapy in Ontario 1994-2008 by gender. Panel A: cancer
specific survival. Panel B: overall survival. Panel C*: adjusted cancer specific survival. Panel D*: adjusted overall survival. *Covariates adjusted include:
age, socioeconomic status, Charlson comorbidity score, histology, interval from diagnosis to treatment.

likely to have higher stage cancer. As such, it is important
to consider imbalances in stage of disease when comparing
outcomes by gender. Finally, the EUROCARE, Fleshner, and
Mungan studies describe practice and outcome during the
1970s and 1980s, while our study includes patients treated
between 1994 and 2008.5°2'

Several other studies have investigated differences in treat-
ment practices by gender. Schrag and colleagues described
patterns of cystectomy use for muscle-invasive bladder can-
cer in the United States by linking SEER statistics to Medicare
data between 1991 and 1999. Among 4664 patients with
muscle bladder cancer, women were less likely to undergo
cystectomy than their male counterparts (37% vs. 40%,
p < 0.04).22 However, these authors did not separate stage
of disease between the genders (combined Stages [I-1V). In
another review of treatment patterns in the United States
between 1992 and 1999, Konety and colleagues found that
use of cystectomy or RT for stage Il and Il bladder cancer did
not differ by gender when results were adjusted for extent
of disease.” These data are consistent with our finding that
use of cystectomy/RT did not differ between women and
men. Moreover, our study did not find any gender difference
in use of perioperative chemotherapy for bladder cancer.

272

Our study confirms, but does not provide any insight
into, why bladder cancer is 3 times more common in men.
Historically it was thought that excessive exposure to occu-
pational chemicals and higher rates of cigarette smoking
were responsible for this gender difference; however, recent
evidence suggests that even after controlling for these factors
the incidence remains higher in men.> Some more recent
literature has suggested that androgen receptor signals are
involved in bladder cancer development?* and that androgen
deprivation therapy can prolong recurrence-free survival in
bladder cancer.”® However, the reason for the striking gender
difference in disease incidence remains uncertain.

This study is the most current and comprehensive analysis
of gender differences in extent of disease, treatment, and
outcome of bladder cancer. However, several limitations
merit comment. As with all observational studies there is
the potential for the results to be biased by unmeasured
prognostic factors. Moreover, we are only partially able to
control for known patient variables, such as comorbidity.
More importantly, the lack of information about stage of
disease for RT cases makes it difficult to fully interpret the
adjusted survival analyses. Pathology reports from pre-RT
transurethral resection specimens were not available and
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Table 1. Characteristics of patients with bladder cancer treated with cystectomy and radical RT in Ontario 1994-2009 by

gender (N = 5259)

Cystectomy cases (n=3879)

Radical RT cases (n=1380)

Characteristic

Male (n = 2905)

Female (n = 974) Male (n = 1058) Female (n = 322)

Patient-related

Age, years
20-49 102 (4%) 55 (6%) 18 (2%) 6 (2%)
50-59 346 (12%) 125 (13%) 70 (7%) 19 (6%)
60-69 758 (26%) 221 (23%) 163 (15%) 43 (13%)
70-79 1167 (40%) 353 (36%) 374 (35%) 102 (32%)
80+ 532 (18%) 220 (23%) 433 (41%) 152 (47%)
SES by quintile*
1 557 (19%) 192 (20%) 226 (21%) 78 (24%)
2 639 (22%) 241 (25%) 261 (25%) 77 (24%)
3 663 (23%) 200 (21%) 200 (19%) 59 (18%)
4 560 (19%) 178 (18%) 184 (17%) 52 (16%)
5 484 (17%) 163 (17%) 183 (17%) 54 (17%)
Charlson comorbidity score
0 2007 (69%) 714 (73%) 544 (51%) 184 (57%)
1-2 740 (25%) 216 (22%) 363 (34%) 116 (36%)
3+ 158 (5%) 44 (5%) 151 (14%) 22 (7%)

Disease-related histology (Ontario Cancer Registry)
TCC papillary
TCC non-papillary

1402 (48%)
1334 (46%)

380 (39%)
483 (50%)

515 (49%)
493 (47%)

151 (47%)
152 (47%)

Adenocarcinoma 96 (3%) 51 (5%) 32 (3%) 10 (3%)

Squamous carcinoma 73 (3%) 60 (6%) 18 (2%) 9 (3%)
Pathologic T stage¥

<T2 570 (20%) 138 (14%) N/A N/A

T2 640 (22%) 249 (26%) N/A N/A

T3 1047 (36%) 415 (43%) N/A N/A

T4 648 (22%) 172 (18%) N/A N/A
Pathologic lymph node status®

NX 695 (24%) 310 (32%) N/A N/A

Node positive 706 (24%) 218 (22%) N/A N/A

Node negative 1,504 (52%) 446 (46%) N/A N/A
LVI

No 778 (27%) 250 (26%) N/A N/A

Yes 1215 (42%) 433 (44%) N/A N/A

Unstated 912 (31%) 291 (30%) N/A N/A

Interval from bladder cancer diagnosis to radical treatment

1-6 months 1680 (58%) 635 (65%) 515 (49%) 183 (57%)
7-12 months 378 (13%) 109 (11%) 207 (20%) 62 (19%)
12-24 months 280 (10%) 78 (8%) 112 (11%) 20 (6%)

>24 months 567 (20%) 152 (16%) 224 (21%) 57 (18%)

*Percentages may not add up to 100% due to rounding. RT: radiotherapy; SES: socioeconomic status; TCC: transitional cell carcinoma; LVI: lymphovascular invasion; NA: not available; NX:
cannot be evaluated. *Quintile 1 represents the communities where the poorest 20% of the Ontario population resided. ¥T and N stage are pathological stages and based on a review of

cystectomy surgical pathology reports. This information was not available for radiotherapy cases.

therefore we were no able to identify which RT cases did
not have muscle-invasive disease. Moreover, our analysis is
restricted to those patients treated with cystectomy or radi-
cal RT. As such, patients with early-stage superficial disease
and advanced metastatic disease were not included in this
analysis. Despite these limitations, in addition to the very

large sample size, a major strength of the current study is the
fact that by virtue of the Ontario Cancer Registry, our study
population includes all cases of bladder cancer treated with
curative intent within Ontario and is therefore unselected;
this minimizes referral and selection biases that affect tradi-
tional institution-based observational studies.?*?”
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Table 2. Outcomes of patients with bladder cancer treated with cystectomy and radical RT in Ontario 1994-2009 by gender

(N = 5259)

Cystectomy cases (n=3879)

Radical RT cases (n=1380)

Characteristic

Male (n = 2905) Female (n = 974) p value Male (n = 1058) Female (n = 322) p value
30-day mortality 77 (3%) 24 (2%) 0.752 N/A N/A
90-day mortality 246 (8%) 71 (7%) 0.245 N/A N/A
5-year OS (95% Cl) 37% (35-39%) 34% (31-37%) 0.443 25% (22-27%) 29% (24-34%) 0.291
5-year CSS (95% Cl) 44% (42-46%) 40% (37-43%) 0.075 36% (33-40%) 40% (34-46%) 0.896
5-year adjusted OS* 36% (34-37%) 36% (33-38%) 0.896 25% (23-28%) 29% (24-33%) 0.146
5-year adjusted CSS* 42% (41-44%) 41% (38-43%) 0.239 36% (33-39%) 37% (32-42%) 0.695

*Covariates include: age, socioeconomic status, Charlson comorbidity score, histology, interval from diagnosis to treatment, T stage (cystectomy only), N stage (cystectomy only), LVI:
lymphovascular invasion (cystectomy only). RT: radiotherapy; OS: overall survival; CSS: cancer-specific survival; Cl: confidence interval.

Conclusion

We have found that although bladder cancer is more com-
mon in men, there was no substantial gender difference
in the extent of the disease, treatment, or outcome among
patients treated with cystectomy or radical radiotherapy.
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