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Abstract

Purpose To evaluate the association of gender with sur-
vival following radical cystectomy (RC) for patients with
pT4 bladder cancer.

Materials and methods We reviewed our institutional
registry of 2,088 patients treated with RC between 1980
and 2005 to identify 128 with pT4 tumors, including 91
males and 37 females. Survival was estimated using the
Kaplan—Meier method and compared with log-rank test.
Cox hazard regression models were used to analyze the
association of clinicopathologic demographics, including
gender, with outcome.

Results A total of 7 women and 30 men with pT4 tumor
received perioperative chemotherapy. Median postopera-
tive follow-up was 10.5 years, during which time 27
patients experienced local recurrence (LR) and 120 died,
including 90 who died from bladder cancer. Women with
pT4 tumor trended to have higher 5-year LR-free survival
(72 vs. 59 %; p = 0.83), cancer-specific survival (31 vs.
17 %; p = 0.50), and overall survival (19 vs. 11 %;
p = 0.33), although these differences did not reach
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statistical significance. On multivariate analysis, moreover,
gender was not significantly associated with LR (HR 0.96;
p = 0.93), cancer-specific mortality (HR 1.05; p = 0.87),
or all-cause mortality (ACM) (HR 1.14; p = 0.58). Instead,
poor ECOG performance status and pN+ disease were
associated with an increased risk of ACM, while removal
of a greater number of lymph nodes was associated with
decreased ACM.

Conclusion We did not find gender-specific disparities in
survival following RC for pT4 bladder cancer. Prognosis
was instead driven by patient performance status and
lymph node status.

Keywords Bladder cancer - Radical cystectomy -
Cancer-specific survival - Overall survival

Introduction

Bladder cancer is the fourth most common malignancy in
males and ninth most common cancer in females in the
USA with 72,570 new cases and 15,210 deaths estimated
for 2013 [1]. Consistently, tumor stage has been found to
stratify patients’ risk of disease recurrence and mortality
after surgery. Indeed, pT4 tumors have been associated
with approximately 27 % 5-year survival [2]. Nevertheless,
substantial heterogeneity in the natural history of these
patients has been demonstrated. In particular, gender dis-
parities have been reported, with female patients having
been found to experience worse outcome than males with
such locally advanced bladder tumors [3, 4]. The etiology
for this noted difference in outcome by gender remains to
be established but has been postulated to result from
delayed presentation, healthcare disparities, and different
pelvic anatomy [5, 6].
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Since pT4 classification represents the stage for which
gender difference arises in the designation (tumor invading
any of the following: prostatic stroma, seminal vesicles,
uterus, vagina, pelvic wall, and abdominal wall) [7],
studying this subset of locally advanced bladder cancer
patients may provide insight into anatomical variables,
which may influence outcomes. In addition, the natural
history following radical cystectomy (RC) and prognostic
variables predicting outcome of pT4 bladder cancer
remains poorly understood, due to relatively limited num-
ber of patients with this stage of disease who undergo
surgical extirpation and lack of centralized pathology
review.

Here, then, we evaluated gender-specific outcomes for
patients with pT4 bladder cancer from our dataset and
determined clinicopathologic features associated with sur-
vival in these patients.

Materials and methods

After Institutional Review Board approval was obtained,
we reviewed our institutional Cystectomy Registry to
identify 2,088 patients who underwent with RC and bilat-
eral pelvic lymphadenectomy for bladder cancer at Mayo
Clinic between 1980 and 2005. Clinicopathologic features
recorded included age, gender, ECOG performance status,
pathologic tumor stage, lymph node status, histologic
subtype, surgical margin status, and receipt of periopera-
tive (neoadjuvant/adjuvant) chemotherapy. A single geni-
tourinary pathologist (J.C.C.) re-reviewed all pathologic
specimens without the knowledge of patient outcome.
Tumor stage was assigned according to the 2010 AJCC
classification [7].

Radical cystectomy was performed by multiple surgeons
using standard techniques. All patients underwent an open
approach to RC. Postoperative assessments were generally
conducted according to institutional protocol every
3 months in the first 2 years after surgery, biannually for the
next 3 years, and annually thereafter. We defined local
recurrence as tumor recurrence in the soft tissue of the
initial surgical bed or lymph node metastasis within the
dissection template. Vital status for patients in the Cystec-
tomy Registry is updated each year. If a patient has died in
the previous year, a death certificate is ordered to determine
the cause of death. If the death certificate is unclear
regarding cause, the medical history is reviewed by an
urologist to determine the cause of death. If a death certif-
icate cannot be obtained, the cause of death is verified with
the patient’s family or local physician. For patients fol-
lowed elsewhere, the Cystectomy Registry at our institution
monitors outcomes annually by correspondence. The lost-
to-follow-up rate for the Cystectomy Registry is 2.9 %.
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Continuous features were summarized with medians and
interquartile ranges (IQR); categorical features were sum-
marized with frequency counts and percentages.

Comparison of clinical and pathological features
between females and males were made using Wilcoxon test
for continuous variables, and Xz or Fisher’s exact test for
categorical variables. Overall survival (OS), cancer-spe-
cific survival (CSS), local recurrence-free survival (LRFS),
and distant metastases-free survival (DMFS) were esti-
mated using the Kaplan—-Meier method and compared with
the log-rank test. Patients were censored at last follow-up
or death if the end point of interest had not been attained.
Cox proportional hazards models were used to assess the
association of clinicopathologic features with the outcome.

Statistical analysis was done using SAS®, version 9.2.
(SAS Institute, Cary, NC). All tests were two-sided, with
p < 0.05 considered to indicate statistical significance.

Results

We identified a total of 128 (6.1 %) patients with pT4
disease, including 91 males and 37 females. Median age at
surgery was 72 years (IQR 64, 74) for females and
70 years (64, 77) for males (p = 0.83). Table 1 lists the
clinicopathologic features of this cohort. Interestingly, as
can be seen, males were more likely to have lymph node
invasion than females (49.4 vs. 25 %; p = 0.01). Demo-
graphics were otherwise not significantly different between
the genders. In addition, of the patients with pT4a disease,
we noted invasion of the prostate in 50 of the men, invasion
of the vaginal wall in 20 females, involvement of the small
or large bowel in 14 patients, and pathologic evidence of
uterine invasion in 9 women. Of note, four males under-
went orthotopic neobladder reconstruction, while the
remaining male and female patients received an ileal
conduit type of urinary diversion.

Median postoperative follow-up for pT4 patients alive at
last follow-up was 10.5 years (IQR 9.7, 12.1) for the whole
cohort; [female 11.5 years (IQR 10.4, 12.8); males
9.4 years (IQR 6.3, 10.5)]. During this time, 27 patients
experienced local recurrence, 43 developed distant metas-
tases, and 120 died, with 90 dying from bladder cancer.

We then investigated the LRFS, DMFS, CSS, and OS
using the Kaplan—-Meier method, stratified by gender.
Figures 1, 2, 3, and 4 depict the outcomes with the numbers
of patient at risk. We found no statistically significant
difference in 5-year outcomes according to gender. That is,
the 5-year LRFS for females versus males was 71.9 versus
58.2 % (p = 0.83; Fig. 1), while the 5-year DMFS was
52.9 versus 41.8 %, respectively (p = 0.40; Fig. 2). Like-
wise, 5-year CSS (31.1 vs. 17.2 %; p = 0.50; Fig. 3) and
OS (189 vs. 11.0 %; p = 0.33; Fig. 4) were also not
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Table 1 Baseline demographic

and clinical characteristics of ?N:_F§7m)ale (IN:_N;T)C ;F]\?til 128) p value
pT4 patients

ECOG performance status (n = 123) 0.28
0 22 (59.5 %) 61 (70.9 %) 83 (67.5 %)

1 7 (18.9 %) 15 (17.4 %) 22 (17.9 %)
>2 8 (21.6 %) 10 (11.7 %) 18 (33.3 %)

BMI (n = 125) 0.08
<=25 18 (50.0 %) 27 (31.4 %) 45 (36.9 %)
26-30 15 (41.7 %) 37 (43.0 %) 52 (42.6 %)
31-35 1 (2.8 %) 14 (16.3 %) 15 (12.3 %)
>35 2 (5.6 %) 8 (9.3 %) 10 (8.2 %)

Histologic subtype (n = 126) 0.18
Urothelial carcinoma 16 (43.2 %) 50 (56.2 %) 66 (52.4 %)
Non-urothelial carcinoma 21 (56.8 %) 39 (43.8 %) 60 (47.6 %)

pT4 ab stage 0.91
T4a 30 (81.1 %) 73 (80.2 %) 103 (80.5 %)

T4b 7 (18.9 %) 18 (19.8 %) 25 (19.5 %)

Nodal status (n = 125) 0.01
N+ 9 (25.0 %) 44 (49.4 %) 53 (42.4 %)

Positive radial surgical margin (n = 125) 0.15

3 (8.6 %) 17 (18.9 %) 20 (16.0 %)

Number of lymph nodes removed 0.30
Median 6.0 7.0 6.0
IQR 0.0, 14.0 2.0, 15.0 2.0, 15.0

Receipt of perioperative 0.11
(neoadjuvant/adjuvant) chemotherapy

7 (18.9 %) 30 (33.0 %) 37 (28.9 %)

significantly different between women and men. In addi-
tion, no significant difference in the 5-year CSS was noted
among patients undergoing orthotopic neobladder recon-
struction (25 %) compared with patients undergoing con-
duit diversion (22.5 %) (p = 0.40). Similarly, no
significant difference in 5-year OS was noted between
these as well (25 vs. 144 %; p = 0.21). Moreover, we
found no statistically significant difference in the 3-year
CSS for patients with invasion of the bowel (13 %) versus
patients with invasion of the uterus (17 %) (p = 0.69).
Similarly, no significant difference was noted in the 3-year
OS for patients with bowel invasion (7 %) versus patients
with uterine invasion (11 %) (p = 0.94). We also evalu-
ated comparative CSS and OS for pT4a patients with tumor
involvement of the vaginal wall versus prostate. Of note,
we again found no statistically significant differences in
outcomes, as the 3-year CSS for patients with vaginal wall
invasion was 49 versus 24 % for patients with prostate
involvement (p = 0.32). Likewise, the 3-year OS for
patients with vaginal versus prostate invasion was 40 ver-
sus 20 %, respectively (p = 0.31).

Next, we used Cox proportional hazard models to eval-
uate the association of patient age, gender, performance

status, nodal status, soft tissue margin status, total number
of lymph nodes removed, perioperative chemotherapy, and
PT4 stage with all-cause and cancer-specific mortality
(Table 2).

We found that the presence of positive lymph nodes (HR
1.62; p = 0.02) and worse ECOG performance status (HR
1.70; p < 0.001) were associated with a significantly
increased risk of all-cause mortality, while an increase in
total numbers of lymph nodes removed tended to decrease
the risk of death (p = 0.05). Poor ECOG performance
status was also associated with a significantly increased
risk of death from bladder cancer (HR 1.72; p < 0.001),
while the presence of positive lymph nodes tended to
increase the risk of cancer death as well (HR 1.57;
p = 0.07).

Discussion
Here, in a single institutional study of 128 patients with
pT4 bladder cancer and pathologic specimen re-reviewed

and median follow-up for 10.5 years, we did not identify
gender-specific disparities in outcomes following RC.
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Fig. 1 Local recurrence-free
survival following RC for
patients with pT4 disease
stratified by gender
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Fig. 2 Metastases-free survival
following RC for patients with
pT4 disease stratified by gender
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Instead, prognosis in these patients was guided by perfor-
mance status and lymph node involvement.

Of note, the AJCC staging system does not differentiate
between male and female gender in the pT4 stage. How-
ever, the importance of gender in bladder cancer continues
to be debated, with several population-based studies have
demonstrated poor outcomes in females [8—10].

Although the biologic mechanism for this has not been
established [11-13], one of the factors that may be
responsible for the noted difference in outcome by gender
is a difference in stage at presentation, with females

@ Springer

T T T
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Years after cystectomy

46 (14) 42 (8)
59 (11) 53 (7)

presenting with higher stage than males [3]. Indeed,
Mungan et al. [14] utilized the Netherlands Cancer Reg-
istry to evaluate gender-specific stage differences. They
studied 21,795 patients with bladder cancer and found that
females were more likely to present with advanced bladder
cancer than males [14].

These investigators then evaluated gender differences in
CSS after adjusting for stage [5], utilizing the surveillance,
epidemiology, and end results (SEER) database in the USA
and the Comprehensive Cancer Centers database from the
Netherlands. Interestingly, analysis of the SEER database
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Fig. 3 Cancer-specific survival
following RC for patients with
pT4 disease stratified by gender
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Fig. 4 Overall survival
following RC for patients with
pT4 disease stratified by gender
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revealed a significant difference in 5-year CSS (F vs. M,
15.2 vs. 27.1 %); however, the Netherlands database did
not demonstrate a statistically significant difference in
5-year CSS by gender (F vs. M, 9.6 vs. 11.7 %).

With regard to pT4 tumors specifically, May et al. [15]
studied the CSS and predictive variables for 245 patients
followed for 33 months with pT4a disease and noted worse
CSS among females (15 vs. 35 %; p = 0.003). Further-
more, on multivariate analysis, female gender was found to
be an independent predictor of worse CSS (HR 1.83;
p = 0.008) [15]. Similarly, Tilki et al. [4] evaluated 583

T T T
2 3 4 5

Years after cystectomy

19 (17) 11 (10)
35 (13) 19 (7)

patients with pT4 tumors from 12 institutions followed for
55 months. Likewise, on multivariate analysis, female
gender was again associated with worse CSS (HR 1.67;
p = 0.001) [4]. Nevertheless, both of these series were
multicenter studies, lacking a centralized pathology review
and containing shorter follow-up than here.

On the other hand, Dalbagani et al. [16], in a study of
300 patients who underwent RC, of which 38 patients had
pT4 disease, noted no significant difference in survival
according to gender on multivariate analysis (HR 1.15;
p = 0.53). Similarly, Thrasher et al. [17] evaluated 531
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Table 2 Multivariate analysis of factors associated with all-cause and cancer-specific mortality following radical cystectomy for patients with

pT4 disease

Variables Overall survival Cancer-specific survival

Hazard ratio (95 % CI) p value Hazard ratio (95 % CI) p value
ECOG 1.70 (1.33, 2.18) <0.001 1.72 (1.31, 2.27) <0.001
Male gender 1.14 (0.72, 1.79) 0.58 1.05 (0.62, 1.77) 0.87
pT4b (vs. pT4a) 1.26 (0.76, 2.09) 0.38 1.36 (0.76, 2.41) 0.30
pN+ disease 1.62 (1.07, 2.47) 0.02 1.57 (0.97, 2.55) 0.07
Positive tumor margin 1.34 (0.78, 2.29) 0.29 1.35 (0.73, 2.50) 0.33
Total number of nodes removed 0.98 (0.96, 1.00) 0.05 0.98 (0.95, 1.01) 0.13
Receipt of perioperative chemotherapy 0.85 (0.54, 1.35) 0.49 0.93 (0.55, 1.56) 0.78

patients with bladder cancer, of which 61 had pT4 disease
and did not find gender as a significant factor for CSS on
multivariate analysis as well.

Our study extends prior series on pT4 bladder tumors
treated with RC in that: (1) All specimens here underwent
pathologic re-review by a single genitourinary pathologist,
and (2) our dataset contained longer follow-up period
(10.8 years) with <3 % of patients lost to follow-up. We did
not find an association of gender with outcome, suggesting
that in the setting of such locally advanced disease, prog-
nosis is primarily guided by established pathologic predic-
tors such as nodal stage and performance status [18-21]
rather than gender. Therefore, our data validate the current
AJCC system [7] for pT4 stage of bladder cancer by clas-
sifying both male and female gender in pT4a subgroup.

We recognize that our study is limited by its retro-
spective, non-randomized design. We also acknowledge
that the patients evaluated here represent a highly selected
cohort, treated at a single, high-volume academic center.
Lastly, it remains possible that with a larger sample size,
significant differences in survival according to gender may
be determined.

Conclusion

We did not find gender-specific disparities in survival
following radical cystectomy for pT4 bladder cancer.
Prognosis was instead driven by performance status and
lymph node status. These data support the current staging
classification of pT4 disease, which contains gender-spe-
cific designation in the same group.

Conflict of interest None.
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