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Purpose: Radical cystectomy (RC) is the primary treatment strategy for patients with
muscular invasive bladder cancer (MIBC). However, the prognosis is poor and tumor
recurrence is not rare, in particular, urethral recurrence (UR) in male patients who underwent
RC combined with urinary diversion. Here, we have developed and validated a model for
predicting UR in these patients.

Patients and Methods: The development cohort comprised 310 patients who underwent
RC combined with urinary diversion at our center between 1 January 2007 and
31 December 2015. Clinicopathologic data of patients were comprehensively recorded.
Multivariate Cox proportional hazard regression was used for building a predictive model
with regression coefficients and backward stepwise selection applied by utilizing the like-
lihood ratio test with Akaike’s information criterion as the stopping rule. An independent
cohort consisting of 131 consecutive patients treated from 1 January 2016 to
31 December 2017 was used for validation. The performance of this predictive model was
assessed with respect to discrimination, calibration, and clinical usefulness.

Results: The predictors of this model included body mass index, history of transurethral
resection of bladder tumor, tumor grade, tumor stage, and concomitant carcinoma in situ. In
the validation cohort, the model showed good discrimination with a concordance index of
0.777 (95% CI, 0.618 to 0.937) and calibration. Decision curve analysis also demonstrated
the clinical utility of the model.

Conclusion: The predictive model facilitated postoperative individualized prediction of UR
in male patients with MIBC after RC combined with urinary diversion and it may therefore
serve to improve follow-up strategies.

Keywords: male, muscle invasive bladder cancer, radical cystectomy, urethral recurrence,
predictive model

Introduction

Bladder cancer (BC) is the ninth most common cancer type worldwide, showing an
increasing trend of incidence. About 430,000 people are diagnosed with bladder cancer
every year, with a higher incidence in males than females. The worldwide age-
standardised incidence rates for men and women are 9.0 and 2.2 per 100,000 person/
years, respectively." The mortality rate of BC ranks 13th among cancer-related deaths on
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a global scale,” with a BC age-standardised mortality rate of
3.2 per 100,000 person/years for men vs 0.9 for women in
2012.!

BC is classified into non-muscle invasive bladder can-
cer (NMIBC) and muscle invasive bladder cancer (MIBC)
according to depth of tumor invasiveness. While the pro-
portion of MIBC is lower than that of NMIBC, accounting
for only 25% BC, the prognosis of MIBC is poorer than
NMIBC. The 5-year survival rates have been determined
as ~60% for pT2, 45% for pT3, and 16% for pT4 disease.’

Radical cystectomy (RC) combined with urinary diver-
sion or orthotopic substitution are the main treatment strate-
gies for patients with MIBC.®> Despite advancements in
treatment strategies, patients continue to have a high risk of
recurrence and metastasis. In previous studies, the incidence
of urethral recurrence (UR) was 1.3—13.7% after RC and
three times higher in male than female patients.* In male
patients where BC invades the urethra or who has positive
urethral surgical margin, total urethrectomy usually be per-
formed simultaneously.” Nevertheless, risk of UR remains
existent for the rest of BC patients. In addition, risk of UR is
higher in patients subjected to urinary diversion than those
with orthotopic substitutions.® Therefore, UR should be paid
more attention on these patients.

Individualized prediction of UR for patients with BC
following RC could aid in guiding treatment strategies and
follow-up schedules. To our knowledge, no studies to date
have addressed in predicting this issue. The aim of this
study was to develop and validate a predictive model of
UR for male patients with MIBC after RC combined with
urinary diversion.

Patients and Methods

Patients

The development cohort of this study consisted of 310
male patients who underwent radical RC combined with
urinary diversion at our hospital between January 1, 2007
and December 31, 2015. The validation cohort comprised
131 consecutive male patients from January 1, 2016 to
December 31, 2017, who met the same inclusion and
exclusion criteria. A detailed cohort flow chart is presented
in Figure 1A and B. This study has been reported in line
with the STROCSS criteria.’

Inclusion and Exclusion Criteria
Diagnosis of urothelial muscular invasive bladder cancer
was confirmed by pathological examination. Male patients

who underwent open or laparoscopic radial cystectomy
combined with extracorporeal cutaneous ureterostomy or
ileal conduit, and pelvic lymphadenectomy were included;
Urethral margin status at time of surgery are negative.
Patients with urothelial carcinoma invading urethra were
excluded in addition to those with BC combined with
upper urinary tract urothelial carcinoma or history of
upper urinary tract urothelial carcinoma were excluded
either.

Clinicopathological Data

We collected the following data: demographics (age, body
mass index [BMI]), clinical data (Charlson Comorbidity
Index [CCI], history of smoking, history of transurethral
resection of bladder tumor [TURB] due to non-muscle-
invasive bladder cancer, neoadjuvant chemotherapy, adju-
vant chemotherapy, tumor grade, tumor stage, carcinoma
in situ [CIS] in RC specimens, tumor multifocality, lymph
metastasis, bladder neck or prostatic involvement, and
urinary diversion type [cutaneous ureterostomy versus
ileal conduit]).

The definition of CCI was based on that of Charlson
et al.® History of smoking was defined as patients who
smoked continuously or cumulatively for six months or
more during their lifetime.” Patients who received TURB
due to nonmuscle invasive bladder cancer at least once in
the past were classified as those with history of TURB.
Tumor stage was categorized according to the
International Union Against Cancer TNM classification
system'® and tumor grade according to the 2004 World
Health Organization (WHO) classification system.''
Tumor multifocality was defined as two or more patholo-
gically confirmed tumors present synchronously in the
bladder. Lymph node metastasis refers to pathological sta-
ging. Cutaneous ureterostomy (CU) is achieved by con-
necting detached ureters to the skin surface.'> The basic
technique of ileal bladder surgery is to obtain free ileum,
anastomose with ureters on both sides and subsequently
perform abdominal wall skin stoma at the distal end
through which urine is discharged out of the body."

UR was established based on pathologic evidence after
surgery. UR time was defined as time from surgery to the
time of UR confirmation via pathology. Preoperative
neoadjuvant and postoperative chemotherapy both consti-
tute GC (gemcitabine and cisplatin) regimens. Patients
received gemcitabine (1,000 mg/m2) on days 1, 8, and
15 to which cisplatin (70 mg/m2) was added on day 2.
Cycles were repeated every 21 days.'* Patients receiving
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A 348 male patients underwent radical cystectomy
associated with urinary diversion from Jan 1, 2007 to
Dec 31, 2015 in our hospital.

38 patients excluded
16 non urothelial cancer
22 data loss

| 310 patients included in final analysis |

Urethral recurrence

| 280 patients without UR | | 30 patients with UR

148 male patients underwent radical cystectomy
associated with urinary diversion from Jan 1, 2016 to
Dec 31, 2017 in our hospital.

17 patients excluded
5 non urothelial cancer
12 data loss

| 131 patients included in final analysis |

Urethral recurrence

114 patients without UR | | 17 patients with UR

Figure | Flow chart of the study. (A) Development cohort (B) Validation cohort.
Abbreviation: UR, urethral recurrence.

chemotherapy were defined as patients who underwent at
least one cycle of chemotherapy.

Follow-up regimen: oncological evaluations were per-
formed regularly once every 3 months for the first 2 years
after surgery and once every 6 months for the next 2 years,
including assessment of symptoms, physical examination,
urethral wash cytology, computerized tomography (CT)
urogram, bone scan, and imaging of the chest, abdomen,
and pelvis.

Statistical Analysis

Data were analyzed using SPSS 22.0 for Windows (IBM,
Armonk, NY, USA), STATA 16.0. (Stata Corp., College
Station, TX, USA), and R software (version 3.0.1; http://
www.Rproject.org). The packages in R used in this study

were RMS and glmnet. The reported statistical signifi-
cance levels were two-sided, with p<0.05 considered sta-
tistically significant. Normality of continuous variables

was determined using the Shapiro—Wilks test. Normally
distributed continuous variables were presented as means
+ standard deviation (SD) and non-normally distributed
continuous variables as the median (interquartile range).
The Cox proportional hazard regression model was
applied for univariate analysis.

Multivariate Cox proportional hazard regression analy-
sis was used for building a predictive nomogram with
regression coefficients. Backward stepwise selection was
applied by using the likelihood ratio test with Akaike’s
information criterion as the stopping rule.'>'® The perfor-
mance of this model was tested in an independent valida-
tion cohort. The Cox regression formula applied in the
development cohort was used for the validation cohort,
and the probability for each patient at specific time-
points was calculated. To quantify the discrimination per-
formance of this model, Harrell’s concordance index
(c-index) was measured. A c-index of 0.5 indicates no
discrimination, whereas 1.0 indicates perfect discrimina-
tion. Calibration plots were used to assess the calibration
of this model. Perfect calibration is depicted by a slope on
the 45-degree line. Decision curve analysis was performed
to determine the clinical usefulness of this model by
quantifying net benefits at different threshold probabilities
in the validation cohort.

Results

Based on strict inclusion and exclusion criteria, 310
patients were included in the development cohort and
131 in the validation cohort. Overall, UR was diagnosed
in 30 patients (9.68%) in the development cohort and 17
(12.98%) in the validation cohort.

Based on univariate analysis of the development
cohort, history of TURB, tumor stage, tumor grade, CIS
in RC specimens, tumor multifocality, neoadjuvant che-
motherapy, and adjuvant chemotherapy were significantly
associated with UR (Table 1). The multivariate Cox pro-
portional hazard regression model was used for building
a predictive model with regression coefficients. Backward
stepwise selection (p < 0.1) was applied by using the
likelihood ratio test with Akaike’s information criterion
as the stopping rule. Five predictors of UR were identified
in the final model (BMI, history of TURB, tumor stage,
tumor grade, and tumor multifocality). On the basis of
these results, we developed a nomogram for predicting
UR in male patients with MIBC after RC combined with
urinary diversion was generated (Table 2; Figure 2).
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Table | Univariate Analysis of Patients in the Development and Validation Cohort

Development Cohort (n=310)

Validation Cohort (n=131)

Number of Patients Without UR n= 280 | With UR n=30 | p-value | Without UR n= With UR n= 17 p-value
(90.32%) (9.68%) 114 (87.02) (12.98%)
Follow up period 38.00 (22.00, 54.50) 49.00 (40.00, 24.50 (10.00, 35.25) 28.00 (15.00, 35.75)
(months) 60.00)
Demographic
characteristics
Average age (years) 66.17 + 10.84 63.33 + 9.84 0413 66.66 + 10.92 64.18 £ 9.12 0.994
BMI (kg/m?) 23.25 + 401 24.17 + 3.76 0.203 22.73 + 3.80 2543 +2.95 0.003
Comorbidity and past
history
Ccl 3 (24) 3 (24 0.446 3 (24 3(24) 0.089
History of smoking 125 (44.6%) 15 (50%) 0.719 45(39.5%) 9 (16.67%) 0.372
History of TURB due to | 84 (30%) 19 (63.3%) 0.001 34(29.8%) 12(64.9%) 0.004
NMIBC
Perioperative data
Tumor grade (low vs 62 (22.1%)/218 (77.9%) | 3 (10%)/27 (90%) | 0.073 23 (20.2%)/91(79.8%) | 2 (11.8%)/15(88.2%) | 0.269
high)
Tumor stage pT2 236 (84.3%) 13 (43.3%) <0.001 | 95 (83.3%) 7 (41.2%) < 0.001
pT3 17 (6.1%) 6 (20%) 9 (7.9%) 3 (17.6%)
pT4a 27 (9.6%) Il (36.7%) 10 (8.8%) 7 (41.2%)
CIS in RC specimen 46 (16.4%) 16 (53.3%) <0.001 | 21 (18.4%) 7 (41.2%) 0.012
Tumor multifocality 58 (20.7%) 18 (60%) <0.001 | 26 (22.8%) 9 (52.9%) 0.014
Lymph metastasis 28 (10%) 4 (13.3%) 0.295 13 (11.4%) 4 (23.5) 0.053
Bladder neck or prostatic | 28 (10%) 3 (10%) 0.897 11(9.65%) 3 (17.65%) 0.340
involvement (yes)
Urinary diversion type 238 (85.0%)/42 (15%) 28 (93.33%)/2 0.135 100(87.72%) 1 4 15 (88.24%)/2 0.658
(IC vs CU) (6.67%) (12.28%) (11.76%)
Neoadjuvant 8 (2.9%) 1(3.3%) 0.087 4 (3.5%) I (5.9%) 0.085
chemotherapy
Adjuvant chemotherapy 212 (75.7%) 24 (80%) 0.047 84 (73.7%) 13 (76.5%) 0.036

Notes: Continuous variables with normal distribution were reported as the mean # standard deviation (SD); non-normal continuous variables were expressed as median
(interquartile range); categorical variables were reported as number (percentage); P value was obtained by univariate proportional hazard Cox regression.
Abbreviations: RC, radical cystectomy; UR, urethral recurrence; BMI, body mass index; TURB, transurethral resection of bladder tumor; CCI, Charlson Comorbidity
Index; NMIBC, nonmuscle invasive bladder cancer; CIS, carcinoma in situ; RNU, radical nephroureterectomy; IC, ileal conduit; CU, cutaneous ureterostomy.

Table 2 Multivariate Cox Proportional Hazard Regression for UR

Intercept and Variable HR 95% CI P
BMI 1.100 1.005, 1.204 0.039
History of TURB due to NMIBC 3.178 1.457, 6.931 0.004
Tumor grade 3.243 9.475, 11.098 0.061
Tumor stage 1.804 1.389, 2.343 0.000
Tumor multifocality 3.956 1.859, 8.418 0.000
Harrell’s concordance index

Development Dataset 0.829 0.757, 0.901

Validation Dataset 0.777 0.618, 0.937

Notes: The odds ratio, and 95% confidence interval were measured through backward stepwise Cox proportional hazard regression.
Abbreviations: BMI, body mass index; TURB, transurethral resection of bladder tumor; NMIBC, nonmuscle invasive bladder cancer; OR, odds ratio; Cl, confidence

interval; C-index, coordinative-index.
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Figure 2 Nomogram of UR prediction in male MIBC patients after RC combined with urinary diversion.

Each clinicopathologic feature corresponds to a specific
point by drawing a line straight upward to the Points axis. The
sum of the points located on the Total Points axis represents
the probability of UR by drawing straight down to the risk
axis. For example, considering a patient with the following
features: BMI = 22 (40 points), T4 stage (93 points), history of
TURB (60 points), tumor multifocality (72 points), and high-
grade urothelium carcinoma (66 points), total points were 331,
the probability of UR-free rate by month 24 was 25% and that
by month 48 was 8% (details in Supplementary Figure 1). This

calculated outcome could be used in decision making for
follow-up or treatment guidance.

The discrimination efficiency of this model was qualified
using the concordance index. The concordance index was
determined as 0.829 (95% CI, 0.757 to 0.901) in the develop-
ment cohort and 0.777 (95% CI, 0.618 to 0.937) in the valida-
tion cohort. Calibration plots revealed good calibration in the
validation cohort (Figure 3A and B). In the decision curve
analysis, the nomogram provided net benefits for the “treat all”
or “treat none” strategy at a threshold probability of 5—45% at
24 months and 10-50% at 48 months, respectively. Within this
range, net benefit was comparable (Figure 3C and D).

Discussion

Although RC is the main treatment strategy for patients
with MIBC, prognosis remains poor, which carries serious
psychological and living burdens. After RC, the incidence
of UR is not rare, accounting for 1.3—13.7% of cases.* UR
mainly occurs within 24 months after RC,'"'® it high-
lighting the fact that UR is an important oncologic issue.
In previous studies, the incidence of UR in males was
reported to be higher than that in females (5.0% vs
1.4%).> In addition, the UR rate in patients with urinary
diversion was significantly higher than that in patients with
OCD also.'*° However, studies focusing on exploring the
risk factors of UR in patients after RC are less and the
conclusions are inconsistent. Furthermore, no study has
investigated the prediction of UR in male patients with
MIBC
Therefore, in this study, we developed and validated

after RC combined with urinary diversion.

a model for predicting UR in male patients with MIBC
after RC combined with urinary diversion.

In line with previous studies, the incidence of UR after
RC was approximately 10% in this study. This model
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Figure 3 Calibration and DCA in validation cohort. (A) Calibration at 24th month. (B) Calibration at 48th month. (C) DCA at 24th month. (D) DCA at 48th month.

Abbreviation: DCA, decision curve analysis.

ultimately retained five predictors with good discrimina-
tion, calibration, and clinical net benefits, there were tumor
stage, tumor grade, tumor multifocality, BMI, and history
of TURB due to NMIBC.

This study identified tumor stage as a predictor of UR. In
consistent with our findings, in a single center study on 287
patients, 11 had UR after RC, among which two patients had
pT1, one had pT2, and eight had pT4 disease (p <0.001). The
results showed that higher tumor stage is an important risk
factor of UR (P<0.001).%° Conversely, another study reported
higher UR rate in low-stage than high-stage tumors.>' On the
other hand, Kang Su Cho demonstrated that tumor stage is
not an independent risk factor of UR.'® These discrepancies

may be ascribed to that there are no pT1 stage patients and
only male patient included in our study.

Tumor grade was additionally established as a predictor
for UR. Patients with higher tumor grade have a higher
incidence of UR than patients with a lower tumor grade.
This may be because tumor cells are more prone to exfolia-
tion in patients with a high tumor grade.”” However, in
a retrospective review, including a total of 294 patients
among whom 63 had low tumor and 230 had high tumor
grades, tumor grade was not related to UR (p=0.635).'%
These inconsistent findings may be due to the different
inclusion criteria. For instance, we excluded patients with
T1 tumor stage, distinct from the earlier study.
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Another predictor of UR was tumor multifocality.
According to previous reports, multifocality was a risk factor
of UR.Z** A study by Li et al*' disclosed significant differ-
ences between solitary and multifocal BC of UR (RR=2.93;
95% CI: [1.93,4.44]), the mechanism possibly is due to poly-
centric tumor growth. On the contrary, Stein and co-workers
observed that the presence of tumor multifocality tended not to
be associated with increased risk of UR (P = 0.06), however
this finding was borderline statistically significant.®

An earlier population-based study showed that increas-
ing BMI is a risk factor for BC.>> Moreover, overweight
(BMI > 24.9) was associated with shorter time to bladder
tumor recurrence.>’ However, no studies to date have
shown an association between BMI and UR after RC.
Our study indicated that BMI is a predictor of UR. At
present, the biological mechanisms underlying obesity and
tumor recurrence are unclear. Obesity is potentially related
to inflammation of adipose tissue and stimulates the pro-
duction and secretion of inflammatory molecules, which
provide a microenvironment suitable for tumor growth.*’

History of TURB due to NMIBC was another predictor of
UR, possibly because tumor cells have a chance to implant
and grow in the urethra during the process of TURB.
However, no similar findings have been documented to date.

Combined CIS in RC specimens was not determined as
a predictor of UR. In keeping with this finding, in a large-
scale study involving 6,169 patients, HR of CIS for UR was
0.97 (p=0.88).* However, in a large meta-analysis of 9,498
patients,”' BC patients with CIS showed a higher probability
of developing UR than patients without CIS (RR =3.09; 95%
CI: [1.48, 6.47]), which may be attributed to the inclusion of
female patients in this meta-analysis.

We further confirmed that lymph node metastasis is not
a predictor of UR. In a meta-analysis of 9,498 patients, no
significant differences in UR were observed between
lymph node-positive and lymph node-negative cases
(RR=0.57; 95% CI: [0.32, 1.02]).> In general, positive
lymph metastasis is an important predictor of prognosis,
which is closely related with local and systemic recur-
rence. However, this may be less predictive for UR.*®

Urinary diversion was not a predictor of UR. In our
center, IC and CU were the main urinary diversion meth-
ods. Both of these two procedures are urinary diversion,
and displayed no differences in UR predictive ability.

There was no model for predicting the urethral recur-
rence in male patients with bladder cancer after radical
cystectomy. Simone et al found that age, pathologic tumor
stage, lymph node density and extent of pelvic lymph node

dissection were independent predictors of disease-free sur-
vival in patients with RC based on a predictive model with
externally validation in multiple centers. The discrepancy
might be due to different inclusion criteria and primary
study endpoints.?’

This study has a number of limitations that should be
acknowledged. First, data were retrospectively collected
from a single center. Second, the patients underwent OCD
were excluded, so these patients were not suitable for this
model. This study did not include patients with robotic assisted
radical cystectomy (RARC), however, Simone et al found that
disease-free survival (log-rank p= 0.746) was comparable
between patients with RARC and open group in a cohort
from a single-centre series using propensity score matched
study.*® In addition, all the procedures of urinary diversion in
this study were extracorporeal, however, Brassetti et al con-
cluded that long-term oncologic outcomes after RARC with
intracorporeal urinary diversion appeared similar to robotic
series with extracorporeal diversion.*! Third, there was no
either cytology examination before surgery or no urethral
washing cytology examination in our routine follow-up sche-
dule, which might be potential predictors of UR. Fourth, this
study is temporal external validation, which tested a model
from older data on newer data. Further multicenter prospective
studies are warranted to validate this model. Nevertheless, this
study was the first model for predicting UR for male patients
with MIBC after RC combined with urinary diversion. It
facilitated postoperative individualized prediction of UR and

therefore serve to improve follow-up strategies.

Conclusion

The predictive model facilitated postoperative individua-
lized prediction of UR in male patients with MIBC after
RC combined with urinary diversion and it may therefore
serve to improve follow-up strategies.
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