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Abstract

Introduction: We investigated the associations of pre-surgical body
mass index (BMI) with bladder cancer outcomes in patients treated
with radical cystectomy.

Methods: We retrospectively analyzed data from 488 bladder can-
cer patients treated with radical cystectomy between 1994 and
2007 and followed up until 2016. Cox regression with step function
(time-segment analysis) was conducted for overall survival because
the proportional hazard assumption was violated.

Results: Of 488 bladder cancer patients, 155 (31.8%) were nor-
mal weight, 186 (38.1%) were overweight, and 147 (30.1%) were
obese. During the median followup of 59.5 months, 363 (74.4%)
patients died, including 197 (40.4%) from bladder cancer. In adjust-
ed Cox regression analyses, BMI was not significantly associated
with bladder cancer-specific survival for overweight (hazard ratio
[HR] 0.79, 95% confidence interval [CI] 0.57-1.10, p=0.16) or
obese (HR 0.76, 95% Cl 0.52-1.09, p=0.13) patients. In the Cox
regression with step function for overall survival, the time interac-
tion was significant overall (p=0.020) and specifically for over-
weight patients (p=0.006). In the time-segment model, the HR for
overweight during the first 63 months was 0.66 (95% CI 0.49-0.90,
p=0.008), whereas it was 1.41 (95% Cl 0.89-2.23, p=0.14) after
63 months. Although not statistically significant, a similar pattern
was observed for obese patients.

Conclusions: Our findings suggest that overweight and obese blad-
der cancer patients had better outcomes within the first five years
after radical cystectomy; however, there were no differences in
longer-term survival. These data suggest that the obesity paradox
in bladder cancer patients treated with radical cystectomy may
be short-lived.

Introduction

Bladder cancer is the fifth most common cancer in Canada’
and the tenth most common cancer worldwide.? Radical

cystectomy is the main treatment for muscle-invasive bladder
cancer and high-risk non-muscle-invasive bladder cancer.?
Although bladder cancer survival has increased slightly,*
bladder cancer remains the eighth most common cause of
cancer mortality in Canada.' The 90-day mortality rate after
radical cystectomy ranges from 3.2—7.5%° and the five-year
relative survival rate ranges from 16-55% depending on the
tumor stage.”

Overweight and obesity are potential risk factors for devel-
oping bladder cancer because fat mass is related to inflam-
matory processes, alterations in sex hormone metabolism,
abnormal levels of insulin and insulin-like growth factor,
adipokine pathways, and microenvironment perturbations
that contribute to tumor cell growth and proliferation.®* The
association of obesity with bladder cancer survival, however,
is much less clear. Some studies have reported that higher
body mass index (BMI) is associated with a worse progno-
sis,'®"" whereas other studies have found no association.'>"?
Conversely, some studies have reported that higher BMI is
associated with better survival in bladder cancer patients, '
a phenomenon known as the obesity paradox.

Obesity may be linked to cancer treatment-related symp-
toms, treatment tolerance and response, recurrence, and
long-term survival. Understanding the association between
obesity and survival in bladder cancer patients after radical
cystectomy may improve prognosis and guide bladder can-
cer management. The purpose of the present study was to
investigate the association of pre-surgical BMI with bladder
cancer outcomes in patients treated with radical cystectomy.

Methods

Ethics Board of Alberta (HREBA) — Cancer Committee #20-
0294), we analyzed an existing database of bladder cancer
patients undergoing radical cystectomy from the Northern
Alberta Urology Centre in Edmonton, Canada. The data set
was collected retrospectively and included bladder cancer
patients undergoing radical cystectomy between 1994 and
2007 and followed up for mortality outcomes until 2016.
The primary exposure of interest was BMI, defined as weight
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in kilograms divided by the square of height in meters (kg/
m?). BMI was measured objectively during a clinical visit
prior to radical cystectomy and was recorded in the patient
electronic medical record. Eligible patients had to have a
measure of BMI recorded in the data set.

The primary outcomes were length of hospitalization,
90-day mortality, bladder cancer-specific survival (BCSS),
and overall survival (OS). Length of hospitalization was the
number of days hospitalized from the time of radical cystec-
tomy until discharge. Ninety-day mortality was assessed as
death from any cause within 90 days of the radical cystec-
tomy. BCSS was defined as the time from radical cystectomy
to the date of death from bladder cancer or last followup if
the patient had not died of bladder cancer. If the patient died
of other causes, the event was censored at the time of death.
OS was determined as the time from radical cystectomy to
the date of death from any cause. Patients who were still
alive were censored at the date of last followup.

Patients were categorized as normal weight (18.5-24.9
kg/m?), overweight (25-29.9 kg/m?), or obese (=30 kg/m?).
Descriptive statistics were used to summarize the data over-
all and by BMI category. Missing values for covariates (<3 %)
were replaced with the mean for continuous variables and
the mode for categorical variables. Univariable associa-
tions between BMI and clinicopathological variables were
assessed using Pearson Chi-squared for categorical variables
and ANOVA for continuous variables. Life tables were used
to obtain median survival time overall and by BMI category.
Kaplan-Meier curves were used to describe survival prob-
abilities of OS by BMI category. Log-rank tests were used
to assess differences in unadjusted survival probabilities by
BMI category.

Proportional hazard assumption was verified graphically
using the log minus log plot and considered valid if the
curves run in parallel. Cox proportional model was used to
estimate the hazard ratio (HR) and 95% confidence intervals
(Cl) for 90-day mortality and BCSS. We observed evidence

of non-proportionality for OS, indicating that the effect of a
fixed baseline covariate (i.e., BMI) may change over time."”
Therefore, a Cox regression with a step function (time-
segment analysis) was applied to explore the time varying
coefficient." '8 Two separate analyses were conducted based
on a split of the median survival time.’® All the survival
analyses were adjusted for established prognostic factors,
including age, sex, cancer subtype (urothelial vs non-uro-
thelial), lymphovascular invasion, tumor grade, pathological
T stage, pathological N stage, and adjuvant chemotherapy.
All tests were two-sided and statistical significance was set
at p<0.05. All analyses were performed using SPSS (SPSS
Inc., Chicago, IL, U.S.).

Results

A total of 508 patients were initially available in the data set.
Twenty patients were excluded from the analyses due to miss-
ing data on weight or height (n=6), implausible BMI (n=4),
and being underweight (n=10). The final sample included 488
bladder cancer patients who underwent radical cystectomy
and had a valid measure of BMI before surgery.

Table T summarizes the baseline demographic and dis-
ease characteristics of the bladder cancer patients overall
and by BMI category. Mean age at diagnosis was 65.8 years,
BMI was 27.7 kg/m?, and 78.5% were males. Most patients
were diagnosed with urothelial carcinoma (89.8%), high-
grade tumors (88.5%), and =T2 stage (71.1%). Overall, 155
patients (31.8%) were normal weight, 186 (38.1%) were
overweight, and 147 (30.1%) were obese. Sex differed
among the BMI categories, with the overweight and obese
groups having more men (p<0.05). Regarding disease profile,
overweight and obese patients generally had a more favor-
able prognostic profile compared to normal weight patients,
including a significantly lower pathological T stage (p<0.05).

Table 2 summarizes the treatment and survival outcomes
of bladder cancer patients overall and by BMI category.

Table 1. Baseline demographic and disease characteristics of bladder cancer patients, overall and by body mass index

Body mass index (kg/m?)

Variables Overall Normal weight Overweight Obese p
18.5-24.9 25-29.9 =30
(n=488) (n=155) (n=186) (n=147)
Body mass index (kg/m?), M+SD 27.7+4.8 22.6+1.6 27.3+1.4 33.4+3.3 -
Weight (kg), M+SD 81.8+17.1 65.8+9.5 81.4+9.6 99.3+13.5 -
Sex (male), n (%) 383 (78.5) 107 (69.0) 154 (82.8)? 122 (83.0)° 0.002
Age (years), M+SD 65.8+10.0 65.6+10.9 66.7+9.9 64.7+9.1 0.18
Urothelial carcinoma, n (%) 438 (89.8) 138 (89.0) 164 (88.2) 136 (92.5) 0.41
Lymphovascular invasion, n (%) 153 (31.4) 59 (38.1) 55 (29.6) 39 (26.5) 0.08
High-grade, n (%) 432 (88.5) 143 (92.3) 159 (85.5) 130 (88.4) 0.15
Pathologic T stage (=T2), n (%) 347 (71.1) 124 (80.0) 130 (69.9)2 93 (63.3)? 0.005
Pathologic N stage (N+), n (%) 104 (21.3) 41 (26.5) 37 (19.9) 26 (17.7) 0.15

2p<0.05 vs. normal weight. M: mean; SD: standard deviation.
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Table 2. Treatment and survival outcomes of bladder cancer patients, overall and by body mass index
Body mass index (kg/m?)

Variables Overall Normal weight Overweight Obese p
18.5-24.9 25-29.9 =30
(n=488) (n=155) (n=186) (n=147)
Neoadjuvant chemotherapy, n (%) 5(1.0) 2(1.3) 2(1.1) 1(0.7)
Surgical procedure, n (%)
Anterior exenteration (women) 105 (100) 48 (100) 32 (100) 25 (100)
Radical cystoprostate (men) 376 (98.2) 103 (96.3) 152 (98.7) 121 (99.2)
Positive surgical margin, n (%) 60 (12.3) 18 (11.6) 23 (12.4) 19 (12.9) 0.94
Lymph node dissection, n (%)
None/limited 37 (7.6) 18 (11.6) 12 (6.5) 7 (4.8) 0.63
Standard 416 (85.2) 124 (80.0) 161 (86.6) 131 (89.1)
Extended 35(7.2) 13 (8.4) 13 (7.0) 9 (6.1)
Diversion, n (%)
lleal conduit 379 (77.7) 121 (78.1) 147 (79.0) 111 (75.5) 0.62
Neobladder 99 (20.3) 29 (18.7) 36 (19.4) 34 (23.1)
Other 10 (2.0) 5(3.2) 3(1.6) 2(1.4)
Estimated blood loss (ml), M+SD 1.3+0.8 1.3+0.9 1.3+0.8 1.3+0.8 0.74
Hospital stay (days), M+SD 14.7£16.8 13.7£14.5 13.2+:8.4 17.5+£24.9° 0.050
Adjuvant chemotherapy, n (%) 79 (16.2) 30 (19.4) 26 (14.0) 23 (15.6) 0.39
30-day mortality, n (%) 15 (3.1) 7 (4.5) 1(0.5)° 7 (4.8)° 0.039
90-day mortality, n (%) 31 (6.4) 19 (12.3) 2(1.1)2 10 (6.8)° <0.001
Bladder cancer death, n (%) 197 (40.4) 74 (47.7) 74 (39.8) 49 (33.3)? 0.038
Overall death, n (%) 363 (74.4) 117 (75.5) 138 (74.2) 108 (73.5) 0.92

2p<0.05 vs. normal weight. °p<0.05 vs. overweight. M: mean; SD: standard deviation.

Only 1% of patients underwent neoadjuvant chemotherapy.
Surgical procedures did not vary among BMI categories; all
women in the study underwent anterior exenteration and
98.2% of men had a radical cystoprostatectomy; 85.2% of
patients had a standard lymph node dissection; and 77.7%
had ileal conduit diversion. In the 30-day mortality analy-
ses, overweight patients had a lower proportion of deaths
compared to normal and obese patients (p=0.039) but the
overall number of deaths was small (n=15; 3.1%).

Regarding our primary outcomes of interest, obese
patients had a prolonged hospital stay compared to over-
weight patients (17.5+1.4 vs. 13.2+1.3 days, p<0.05). After
adjusting for prognostic factors, hospitalization remained sig-
nificantly longer for obese vs. overweight patients (17.8+1.4
vs. 13.0+1.2 days, p=0.010) and became significantly
longer for obese vs. normal weight patients (17.8+1.4 vs.
14.0+1.4 days, p=0.036). In the 90-day mortality analyses,
overweight patients had a lower proportion of deaths com-
pared to normal and obese patients (p<0.001). The results
remained statistically significant in the multivariable Cox
regression analyses, where overweight patients (HR 0.09,
95% Cl 0.02-0.38, p=0.001) were less likely to die within
90-days after radical cystectomy (Table 3).

During the median followup of 59.5 months (interquar-
tile range 13-144), 363 (74.4%) patients died, including
197 (40.4%) from bladder cancer. Univariable analyses for

bladder cancer-specific mortality showed that being obese
was associated with improved BCSS (p=0.011). After adjust-
ing for established prognostic factors in the multivariable
Cox regression analyses (Table 3), the difference in BCSS
was not significant for either overweight (HR 0.79, 95% ClI
0.57-1.10, p=0.16) or obese (HR 0.76, 95% Cl 0.52-1.09,
p=0.13) patients. The supplementary table provides the mul-
tivariate analysis, including all the covariates for the associa-
tion of BMI with 90-day mortality, bladder cancer-specific
mortality, and all-cause mortality.

Median OS for normal weight, overweight, and obese
patients was 34.4, 88.5, and 70.8 months, respectively.
The OS probability was not significantly different by BMI
category (Figure 1). When assessing the proportional haz-
ard assumption using the graphical model log-log plot, we
observed evidence of non-proportional hazards among the
BMI categories for OS. The violation of the proportional
hazard assumption indicates that the hazard is transient
over time (i.e., time-varying coefficient) and may lead to
biased effect estimates when followup is long. One method
to address the non-proportionality is dividing the Cox model
into time intervals, therefore, we conducted two separate
analyses split at the median survival of 63 months. In this
analysis, BMI was included as a time-varying coefficient
and the overall time interaction was significant (p=0.020).
More specifically, the interaction was significant for over-
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Table 3. Cox proportional HR and 95% CI for the
association of body mass index with 90-day mortality,
bladder cancer-specific mortality, and all-cause mortality

Overall (n=488)
Body mass index (kg/m?) No. of HR (95% ClI) p
deaths/
no. of
person-
years
90-day mortality
Normal weight (18.5-24.9)  19/985 Referent
Overweight (25-29.9) 2/1417 0.09 (0.02-0.38) 0.001

Obese (=30) 10/1071 0.63 (0.29-1.39) 0.25
Per 1-unit increase 0.93 (0.85-1.02) 0.11
Bladder cancer-specific
mortality
Normal weight (18.5-24.9) 74/985 Referent
Overweight (25-29.9) 74/1417 0.79 (0.57-1.10) 0.16
Obese (=30) 49/1071 0.76 (0.52-1.09) 0.13
Per 1-unit increase 0.98 (0.95-1.01) 0.21
All-cause mortality
Normal weight (18.5-24.9) 117/985 Referent
Overweight (25-29.9) 138/1417  0.84 (0.65-1.09) 0.18
Obese (=30) 108/1071  1.00 (0.77-1.31) 1.00
Per 1-unit increase 1.01 (0.98-1.03) 0.70
All-cause mortality with 0.020*
time-varying covariate
<63 months
Normal weight 88/136 Referent
(18.5-24.9)
Overweight (25-29.9) 82/166 0.66 (0.49-0.90) 0.008
Obese (=30) 72/141 0.88 (0.64-1.20) 0.42
>63 months
Normal weight 29/841 Referent
(18.5-24.9)
Overweight (25-29.9) 56/1244 1.41 (0.89-2.23) 0.14
Obese (=30) 36/920 1.38 (0.84-2.28) 0.21

*p-value for time-interaction adjusted for age, sex, cancer subtype, lymphovascular
invasion, tumor grade, pathological T stage, pathological N stage, and adjuvant
chemotherapy. Cl: confidence interval; HR: hazard ratio.

weight (HR 2.13, 95% Cl 1.24-3.66, p=0.006) but not obese
patients, although the interaction was in the same direction
(HR 1.57,95% Cl, 0.87-2.82, p=0.13). In the time-segment
model, the estimated HR for overweight during the first 63
months was 0.66 (95% CI 0.49-0.90, p=0.008), whereas it
was 1.41 (95% Cl 0.89-2.23, p=0.14) after 63 months. The
estimated HR for obese during the first 63 months was 0.88
(95% Cl 0.64-1.20, p=0.42), whereas it was 1.38 (95% Cl
0.84-2.28, p=0.21) after 63 months (Table 3). We conducted
a sensitivity analysis for all survival analyses that excluded
non-urothelial cancers and found no meaningful differences
compared to the overall analyses (data not shown).

In this retrospective analysis of a previously established data-
base, overweight and obese patients had a lower 90-day
mortality rate and a better OS within the first five years of
radical cystectomy. After five years, however, overweight
and obese patients had an increased risk of all-cause mortal-
ity, resulting in no difference in longer-term OS. These data
suggest that the obesity paradox in bladder cancer patients
treated with radical cystectomy may be driven by a lower
90-day mortality rate and fewer early bladder cancer-specific
deaths and, therefore, short-lived. Our findings suggest a
more nuanced interpretation of the obesity paradox for blad-
der cancer survival.

The role of BMI as a predictor of survival outcomes in
bladder cancer patients varies considerably among stud-
ies.’??° A recent systematic review and meta-analysis of BMI
and survival in urothelial cancer patients treated with radical
surgery reported that overweight was associated with better
BCSS (HR 0.793, 95% CI 0.706-0.891, p<0.001) but worse
OS (HR 1.125, 95% CI 1.018-1.244, p=0.021). Conversely,
obesity was significantly associated with both worse BCSS
(HR 1.138, 95% ClI 1.028-1.261, p=0.013) and OS (HR
1.308, 95% Cl 1.192-1.436, p<0.001).2° This review noted
substantial heterogeneity among the studies, although the
source of the variance was not identified. One possible
source of heterogeneity is that the review included Asian
and Western-based studies with varying definitions of the
BMI categories. Moreover, the studies had relatively short
median followup times (from 21-64.1 months), making it
difficult to compare the short-term and long-term survival
experience of overweight and obese bladder cancer patients.

The obesity paradox appears to only hold during the first
five years after radical cystectomy, when most deaths are
due to surgical complications or bladder cancer, and then
dissipates during further followup, when most deaths are due
to other causes. After five years, obesity appears to exert its
usual negative association with survival. This unique finding
in our study was prompted by a violation of the proportional
hazard assumption in our data set, which indicated BMI as a
time-varying coefficient for OS.*' Assessment of the propor-
tionality of hazards is a fundamental step for survival analy-
ses using the Cox model. When the assumption is violated,
a significant effect in the early (or late) followup period may
be missed." The verification of this assumption, however,
is not commonly reported in survival analysis of BMI in
oncology, including investigations in bladder cancer.'-'>%2

It is possible that our observation may provide another
explanation of the inconsistency in the obesity paradox
across different cancers. Petrelli et al observed that the
association between obesity and cancer survival may dif-
fer based on cancer type.?* More specifically, these authors
reported evidence of the obesity paradox in lung, renal, and
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Figure 1. Kaplan-Meier curves for overall survival stratified by body mass index category. BMI: body mass index.

metastatic melanoma cancers — all cancers that generally
have higher rates of surgical complications and more cancer
deaths that occur early in the cancer trajectory. Conversely,
they noted that the traditional negative association of BMI
with survival seemed to hold in patients with breast, colon,
and uterine cancers — all cancers that generally have lower
rates of surgical complications and fewer early cancer-spe-
cific deaths, where patients are more likely to die of other
causes during longer-term followup.

Nevertheless, the obesity paradox, whether short-lived or
not, should be interpreted with caution. Explanations in the
literature include methodological biases, such as unmea-
sured confounding.?* For instance, smoking status was not
assessed in our study and it may confound the association
between BMI and survival in bladder cancer patients. Other
studies have suggested clinical and biological differences
among BMI categories, including body composition and
tumor expression.”*

For example, in patients with clear-cell renal cell car-
cinoma, another malignancy of the genitourinary tract,
differences in gene expression pathways within the tumor
microenvironment might be associated with the obesity
paradox.?>?¢ Sanchez et al reported that obese patients
had significant tumor upregulation angiogenic pathways in
comparison to normal weight patients; therefore, they were
more likely to increase local drug delivery and benefit from
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therapy.” Hakimi et al identified that fatty acid synthase
(FASN) gene expression, an indicator of tumor aggressiveness
and prognosis, differed by BMI categories.”® FASN was sig-
nificantly upregulated in the normal BMI group and down-
regulated in the obese group, suggesting that the tumors of
obese patients may be less aggressive than normal weight
patients with renal cell carcinoma.?® In our sample, over-
weight and obese patients had a more favorable prognostic
profile compared to normal weight patients. The literature
has conflicting findings, however, regarding the associations
of BMI with tumor characteristics in bladder cancer patients
and further investigation is needed.'%??

BMI as a measure of obesity is also questionable since it
fails to distinguish body composition compartments among
individuals in the same BMI range.?” Psutka et al explored
the association of BMI and fat mass index with OS in patients
treated with radical cystectomy and urinary diversion.'®
Increased BMI was associated with improved five-year OS,
however, obesity based on fat-mass index had no association.
In addition, after adjusting for the presence of low skeletal
muscle mass, the association disappeared.'® Skeletal muscle
mass is an important prognostic factor not assessed by BMI.
Bladder cancer patients with lower skeletal muscle mass are at
increased risk of early complications, cancer-specific mortality,
and all-cause mortality.?*** Bladder cancer patients have a high
prevalence of low skeletal muscle mass at diagnosis and post-
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treatment.®° It is plausible that patients in the normal weight
range might have lower muscle mass and, therefore, lower
survival rates compared to overweight and obese patients.

Another possible explanation for better survival rates
among overweight patients relates to the amount of sub-
cutaneous fat. Cancer patients with higher subcutaneous
adipose tissue experience longer survival than those with
low subcutaneous fat.3' The moderate amount of fat allows
patients to survive weight losses that occur with treatment
and may provide nutritional benefits.?*3? These explanations
are only speculations, however, and further research is war-
ranted.

Strengths and limitations

The strengths of our study include a sufficient sample size,
the balanced distribution across the BMI categories, the
relatively long followup time, and the verification of the
proportional hazard assumption for the survival analysis.
The limitations of our study include the exploratory nature
of the analysis, the retrospective design of the study, the
lack of data on potential confounders (e.g., smoking status,
comorbidities), the use of BMI as the measure of obesity,
and the measurement of BMI at only one time point. In
addition, treatment has evolved since the completion of data
collection (1994-2007), which may alter the association of
obesity with survival. For example, our 90-day mortality
rate of 12.3% is higher than that reported in the current
literature, possibly due to changes in treatments and/or the
likely higher rate of normal weight patients in our more
dated sample. Finally, the generalizability of our results is
limited only to patients treated with radical cystectomy.
Future research should collect more sophisticated measures
of obesity at multiple time points and check the proportional
hazard assumption for a potential time-varying interaction
with obesity. Moreover, other measures of health-related
fitness besides body composition (e.g., cardiovascular fit-
ness, muscular strength, physical functioning) may also be
important predictors of clinical outcomes in bladder cancer
patients, as they have been in breast cancer patients.

Conclusions

in bladder cancer patients treated with radical cystectomy
may only apply to postsurgical complications and bladder
cancer deaths that typically occur early in the survival tra-
jectory. With sufficient followup, the benefits of obesity on
bladder cancer survival are reversed by an increased risk of
other deaths, resulting in no long-term survival advantage
for overweight/obese bladder cancer patients. Whether these
associations were due to unmeasured confounding, limita-
tions of BMI, or different tumor expression among the BMI

groups is unknown. Well-designed, prospective studies that
include a direct measure of body composition and tumor
expression pathways are warranted to understand if and how
body composition is associated with survival outcomes in
bladder cancer.
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