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ABSTRACT

INTRODUCTION: A delay beyond |12 weeks from diagnosis to radical cystectomy (RC) is
considered to impart worse oncologic outcomes for patients with muscle-invasive bladder
cancer (MIBC); however, no randomized clinical trials have examined this question. We
therefore emulated a hypothetical target clinical trial using contemporary data to evaluate
the association between time from diagnosis to RC and oncologic outcomes.

METHODS: We conducted observational analyses using the National Cancer Database from
2006—2015 to emulate a hypothetical target trial in adults aged 40—79 years with incident
cT2—4 NO MO urothelial carcinoma of the bladder, treated with RC from 4— 18 weeks after
diagnosis. We evaluated the association of late RC with pathologic upstaging at RC and
overall survival (OS) and conducted exploratory analyses evaluating the association of time
to RC with each outcome modeled flexibly.

RESULTS: A total of 3747 patients were included, of which 2992 underwent early RC.
Median followup was 32.2 months. In adjusted analyses, late RC was not associated with
an increased risk of pathologic upstaging compared to early RC. In addition, there was no
statistically significant difference in adjusted OS for late and early RC, respectively. Similar
findings were observed across categories of cT stage, age, Charlson index, and gender.

CONCLUSIONS: In observational analyses designed to emulate a hypothetical target trial of
early vs. late RC, the timing of RC was not associated with a statistically significant increase in
pathologic upstaging or a difference in OS when performed from 4— 18 weeks after diagnosis.
These results suggest the need to re-examine the traditional recommendations for timing
of RC following diagnosis.
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INTRODUCTION

Bladder cancer is the fourth most
common cancer in the U.S,, with an
annual estimated incidence of 82 290
new cases per year.' Radical cystec-
tomy (RC) is the standard of care
surgical treatment for muscle-inva-
sive disease.? The prompt timing of
RC relative to diagnosis is considered
important in optimizing oncologic
outcomes. Historically, a delay from
diagnosis to RC has been associated
with poorer survival in these patients.
Several studies suggested that delay-
ing RC greater than 12 weeks is
associated with higher pathologic
stage at surgery and poorer clinical
outcomes;*® however, these data
represent historical cohorts, and
notably, the optimal timing of RC has
never been investigated in a random-
ized controlled trial.

We sought to examine the asso-
ciation of time from diagnosis to
RC to evaluate whether a delay is
associated with worse oncologic
outcomes, and to characterize the
magnitude of this association rela-
tive to the timing of surgery. Since
a randomized clinical trial comparing
early vs. delayed RC is both infeasible
and unethical, we emulated a hypo-
thetical target trial using a contem-
porary, nationwide oncology dataset.
Emulating a target clinical trial when
randomized evidence is lacking has
a number of potential advantages,
ultimately leading to improved causal
inferences that have been previously
described.”"?

Herein, we emulate a hypothetical
target trial of early vs. late RC using
the traditional |2-week threshold to
examine the association of timing of
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KEY MESSAGES

B A delay from diagnosis to RC is thought to
impart worse outcomes in patients with MIBC.

B No randomized clinical trial has examined
this question.

B Late RC was not associated with an
increased risk of pathologic upstaging.

B There was no significant difference in OS for
late and early RC across patient groups.

B Traditional guidelines for RC timing need to
be re-examined in contemporary patients.

RC with pathologic upstaging and overall survival (OS).
In addition, we conduct exploratory analyses to flexibly
model the timing of RC to evaluate whether an empiric
threshold for optimizing oncologic outcomes exists.

METHODS

Target clinical trial

This study met institutional review board criteria that it
did not constitute human subjects research. We con-
ducted observational analyses designed to emulate
a hypothetical target trial of early vs. late RC using
a framework for conducting observational analyses
designed to emulate a real or hypothetical target clini-
cal trial described by Hernan and Robins.” The compo-
nents of the hypothetical target trial are described in
Supplementary Table | (available at cugj.ca).

Patient population

We identified adults aged 40—79 vyears with Charlson
score 0—1 who were diagnosed with incident cT2-4
NO MO urothelial carcinoma of the bladder from
2006—2015 in the National Cacer Database (NCDB)
and were treated with RC without neoadjuvant che-
motherapy. We defined two treatment arms of early
or late RC as RC performed from =4—12 weeks or
=|2—18 weeks following diagnosis, respectively. We
excluded patients who received palliative treatment,
had a diagnosis of prior malignancy, or received neo-
adjuvant chemotherapy or preoperative/intraoperative
radiotherapy (Supplementary Figures |, 2; available at
cugj.ca). We also excluded patients who underwent

very early or very late cystectomy, before 4 weeks
or >18 weeks after diagnosis, as these may represent
outlier cases.

Clinicopathologic features and
outcomes
We abstracted the following characteristics from the
NCDB: age, sex, race, Hispanic origin status, Charlson
comorbidity index, insurance status, geographic loca-
tion, rurality, facility type, distance to hospital, zip code
income and educational level, annual RC volume, clinical
and pathologic TNM stage, tumor grade, surgical margin
status, number of lymph nodes removed, number of
positive lymph nodes, and time from diagnosis to RC
The co-primary outcomes were OS and pathologic
upstaging at the time of RC. Pathologic upstaging was
defined according to cT stage at diagnosis: pT3-T4 or
pN+ disease for cT2; pT4 or pN+ for cT3; and pN+
for cT4.

Statistical methods

Baseline characteristics were summarized using medians
and interquartile ranges (IQR) or frequency counts and
percentages, and compared across treatment groups
using the Wilcoxon rank sum or Chi-squared tests.

We modeled early vs. late RC as a point interven-
tion at zero time, which was defined as the date of
diagnosis. We used a propensity score-based approach
to adjust for differences in baseline characteristics
between treatment groups.'® First, we estimated a pro-
pensity score for late RC using a multivariable logistic
regression model that included the covariates listed in
Supplementary Table 2 (available at cugj.ca) except
the post-RC covariates of pT stage, pN stage, surgical
margin status, and number of LNs removed.

We conducted a complete case analysis, excluding
observations with missing data for any of the covariates
included in the PS model. Continuous covariates were
modeled as continuous linear variables, while categori-
cal variables were modeled as shown in Supplementary
Table 2 (available at cugjca). Covariate balance was
assessed using standardized differences (SDs) after re-
weighing by stabilized inverse probability of treatment
weights (sIPWs). The propensity score model was
revised until covariate balance was obtained.

We then estimated absolute and relative measures
of treatment effects for the co-primary outcomes after
reweighing with sIPWs. First, we estimated the associa-
tion of early vs. late RC with pathologic upstaging using
a logistic regression model with reweighing by sIPWs.
Results are reported using odds ratios (OR) with 95%
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confidence intervals (Cl). Next, we estimated OS,
stratified by early vs. late RC, using the Kaplan-Meier
method with reweighing by sIPWs.

We also estimated the association of early vs. late
RC with all-cause mortality using a Cox regression
model with reweighing by sIPWs. Results are reported
using hazard ratios (HR) with 95% Cl. In order to avoid
immortal time bias for the survival analyses performed
herein, we conducted |8-week landmark-time analyses,
excluding patients with less than |8 weeks of followup.

We evaluated for heterogeneity of treatment effects
in separate regression models for each outcome to
examine how treatment effects varied across clinically
relevant covariates that were specified a priori. These
covariates were cT stage, age, Charlson index, and sex.

Since cancer-specific survival is not available in the
NCDB, we also conducted a sensitivity analysis in which
we truncated followup at 60 months in order for OS
to better approximate cancer-specific survival, as blad-
der cancer is the dominant cause of death in the five
years following diagnosis of muscle-invasive bladder
cancer (MIBC). In this sensitivity analysis, we repeated
the analyses for the outcomes of OS and all-cause
mortality above.

To further evaluate the association of time from
diagnosis to RC with oncologic outcomes, we con-
ducted an exploratory analysis in which we modeled
time from diagnosis to RC flexibly using two meth-
ods. First, we performed univariable and multivariable
regression to evaluate the association of time to RC
modeled as a linear continuous variable with pathologic
upstaging (logistic regression) and all-cause mortality
(Cox regression). Second, we repeated the multivari-
able models with time from diagnosis to RC modeled
flexibly using restricted cubic splines with three knots.'
The association of time from diagnosis to RC was visu-
alized graphically using adjusted OR and adjusted HR
ratios for pathologic upstaging and all-cause mortality,
respectively.

Statistical analyses were performed using R version
4.3.0 (R Foundation for Statistical Computing, Vienna,
Austria). All tests were two-sided, and p-values <0.05
were considered statistically significant.

RESULTS

A total of 3747 patients were included in the study
cohort, including 2992 (80%) who underwent RC from
=4—12 weeks following diagnosis (early RC) and 755
(20%) who underwent RC from =12—18 weeks follow-
ing diagnosis (late RC). Baseline characteristics are sum-
marized in Supplementary Table 2 (available at cugj.ca).
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The median age was 67 (IQR 60—73) years, and
24% of the cohort was female. Clinical tumor stage was
cT2in 3,195 (85%), cT3 in 350 (9%), and cT4 in 202
(5%). Compared to patients who underwent early RC,
those who underwent late RC had a statistically signifi-
cantly higher Charlson index (30% vs. 26% Charlson
I, p=0.04), and were more likely to be Hispanic (4%
vs. 2%, p<0.01), insured with Medicaid (7% vs. 4%,
p<0.01), and treated at an academic/research facility
(56% vs. 50%, p=0.01). After sIPW-reweighing, pre-
operative baseline characteristics were well-balanced
(Supplementary Table 3; available at cuaj.ca).

Pathologic upstaging occurred in 1914 (51%) of
the study cohort. Adjusted rates of pathologic upstag-
ing, stratified by treatment group, are summarized in
Supplementary Table 4 (available at cugj.ca). There
was no statistically significant difference in the rate of
pathologic upstaging between patients treated with
late vs. early RC (48% vs. 52%, p=0.07). In adjusted
logistic regression models, late RC was not associated
with a statistically significant difference in pathologic
upstaging in the overall cohort (OR 0.86, 95% ClI
0.73—1.01, p=0.07), nor across categories of cT stage,
age, Charlson score, or gender, except a lower risk of
pathologic upstaging among cT2 patients (OR 0.83,
95% Cl 0.69-0.99, p=0.04) (Figure I).

Baseline characteristics for the survival (i.e., landmark
time) analysis cohort are summarized in Supplementary
Table 5 (available at cugj.ca). After sIPW re-weighing,
preoperative baseline characteristics were well-balanced
(Supplementary Table 6; available at cuaj.ca). Median

Treatment effect estimation
Characteristics Model OR(95% CI)  P-value
Main treatment effects ~ Model 1
Late RC 086 (0.73,1.01) 0.07 .
cT Stage Model 2
oT2 0.83 (0.69,0.99) 004 .
T3 127 (0.73222) 041
cT4 0.78 (0.35,1.70) 053 — e
Age Model 3
Age <60 0.83 (0.59,1.18) 0.30 —
Age 60-70 0.96 (0.73,1.27) 077 —a—
Age >70 0.79 (0.61,1.02) 0.07 ——
Charlson Index Model 4
cs=0 0.86 (0.71,1.05) 0.14 ——
cs=1 0.84 (0.62,1.14) 027 —l
Gender Model 5
Male 0.85 (0.70,1.03) 0.09 —a—

Female 0.89 (0.63,1.26) 0.51 ——
1T T T T

0.35 091 12 15 18 2
EadvRC.. .l ate RC.

Figure 1. Forest plot of adjusted associations of late radical cystectomy (RC) with pathologic
upstaging. CI: confidence inferval; OR: odds ratio.
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Survival Curve stratified by treatment groups- All cause
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Figure 2. Adjusted overall survival stratified by early vs. late radical cystectomy (RC) in the
survival (landmark time) analysis cohort (sIPW-adjusted).

Treatment effect estimation
Characteristics Model HR(95% CI)  P-value
Main treatment effects  Model 1
Late RC 1.09 (0.96,1.24) 017 ——
T Stage Model 2
T2 1.08 (0.94,1.23) 027 —_—
T3 1.10 (0.72,1.69) 067 ——8——————
T4 1.33 (0.83,2.13) 024 —_—
Age Model 3
Age <60 1.05(0.79,1.41) 073
Age 60-70 1.08 (0.89,1.31) 0.44 —_—
Age >70 1.12(0.93,1.36) 023 L —
Charlson Index Model 4
cs=0 1.06 (0.91,1.23) 048 —n—
cs=1 1.18 (0.96,1.46) 011 ——
Gender Model 5
Male 1.05 (0.91,1.21) 050 ——
Female 1.25(0.96,1.61) 009 —_—
T T T

Figure 3. Forest plot of adjusted associations of late radical cystectomy (RC) with overall
survival across selected baseline characteristics in the survival (landmark time) analysis cohort. CI:
confidence interval; HR: hazard ratio.

followup was 32.2 months (IQR 14.7, 60.1). During
followup, a total of 1636 all-cause deaths occurred.
After IPW-reweighing, late RC was not associated with
a statistically significant difference in OS compared to
early RC, with five-year OS of 46% vs. 50%, respec-
tively (p=0.17) (Figure 2, Supplementary Table 7; the
latter available at cugjca). In adjusted Cox regression
models, late RC was not associated with a statistically
significant difference in OS compared to early RC in the
overall cohort (HR 1.09, 95% CI 0.96—1.24, p=0.17),
nor across categories of cT stage, age, Charlson index,
or sex (Figure 3). Similar results were obtained in a

Survival Curve stratified by treatment groups- All cause
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Figure 4. Adjusted overall survival stratified by early vs. lafe radical cystectomy (RC) in the
survival (landmark time) analysis cohort, sensitivity analysis truncating followup at 5 years
(sIPW-adjusted).

sensitivity analysis that truncated followup at five years
to better approximate cancer-specific survival with OS
(HR 1.07, 95% Cl 0.94—1.22, p=0.28) (Figures 4, 5).

We conducted two exploratory analyses to flexibly
model the association of time from diagnosis to RC.
First, when modeled as a continuous linear covariate,
increasing time from diagnosis to RC was associated
with a modest decrease in the odds of pathologic
upstaging (adjusted unit OR 0.98, 95% Cl 0.96—1.00
per week) (Supplementary Table 8; available at cugj.ca);
however, time from diagnosis to RC was not associ-
ated with a statistically significant difference in all-cause
mortality (adjusted unit HR 1.01, 95% CI 1.00—1.03 per
week) (Supplementary Table 9; available at cugj.ca).
Similar results were obtained when time from diagno-
sis to RC was modeled flexibly using restricted cubic
splines. Specifically, there was a modest reduction in
the adjusted risk of pathologic upstaging with a longer
time from diagnosis to RC (Figure 6); however, there
was no statistically significant difference in the risk of
all-cause mortality (Figure 7).

DISCUSSION

In this study, we did not observe a statistically significant
association between early vs. late RC and pathologic
upstaging or OS when using the traditional threshold of
12 weeks from diagnosis. In exploratory analyses that
flexibly modeled time from diagnosis to RC, longer
time to RC was associated with a modest but statis-
tically significant reduction in the odds of pathologic
upstaging, but no difference in all-cause mortality. These
observations suggest the need to re-examine traditional
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Hazard Ratio

08

8 12
Time from TURBT to RC (weeks)

Treatment effect estimation

Characteristics Model HR(95% CI)  P-value

Main treatment effects  Model 1

Late RC 1.07(0.94,1.22) 028 —a—

cT Stage Model 2

cT2 1.05(0.91,1.21) 052 —

T3 1.19 (0.79,1.79) 04 ——

T4 1.32(0.82,2.13) 025 @ ————8 >

Age Model 3

Age <60 1.11(0.83,1.48) 0.49 —

Age 60-70 1.11(0.90,1.36) 033 _—

Age>70 1.03(0.84,1.26) 079 —

Charlson Index Model 4

cs=0 1.02 (0.87,1.20) 077 —a—

cs=1 1.20 (0.96,1.50) 0.10 —_—

Gender Model §

Male 1.02(0.88,1.19) 076 ——

Female 1.26 (0.97,1.64) 008 ——

T T —
075 091 12 15 18 2
<—Early RC— —Late RC—>

Figure 5. Forest plot of adjusted associations of late radical cystectomy (RC) with overall survival
across selected baseline characterisics in the survival (landmark time) analysis cohort, sensitivity
analysis truncating followup at 5 years. CI: confidence interval; HR: hazard ratio.

Odds Ratio

8 12
Time from TURBT to RC (weeks)

Figure 6. Adjusted association of time from diagnosis to radical cystectomy (RC), flexibly mod-
eled using restricted cubic splines with 3 knots, and pathologic upstaging at RC.

recommendations for the optimal timing of RC follow-
ing a diagnosis of MIBC.

The ideal timing of RC after diagnosis of MIBC
remains uncertain due to the lack of randomized clinical
trials. The association between worse clinical outcome
and time to RC >3 months after diagnosis of MIBC was
first described by Sanchez-Ortiz et al in 2003.8 This was
a retrospective, single-institution study, which reported
that a >12-week time from diagnosis to upfront RC
was associated with advanced pathologic stage and
decreased survival. When patients were dichotomized
to <12 weeks vs. > 12 weeks, the latter group had worse
disease-specific survival (HR 2.51, 95% Cl 1.30—4.84,
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Figure 7. Adjusted association of time from diagnosis to radical cystectomy (RC), flexibly mod-
eled using restricted cubic splines with 3 knots, and all-cause mortality.

p=0.006). The latter group was also at higher risk of
pathologic upstaging (zpT3a or N+) (84% vs. 42.9%,
p<0.01). Notably, the study was limited, with only 19
patients who had RC beyond 12 weeks after diagnosis,
and six of these patients waited more than two years
before undergoing RC, which likely introduced bias that
could limit the validity of the results.

Several other historical studies also reported worse
clinical outcomes when RC was performed >3 months
after diagnosis.3-7 In a 2009 Surveillance, Epidemiology,
and End Results (SEER) database study, Gore et al
examined 44| patients with cT2 bladder cancer diag-
nosed between 1992 and 2001, and found that com-
pared to immediate RC, those who had RC delayed
by 12—24 weeks had worse overall survival (HR 1.6,
p<0.01). Other covariates associated with worse out-
come were older age (HR 1.04, p<0.01) and Charlson
comorbidity =3 vs. 0—1 (HR 2.0, p<0.01).6

In another study, Chu et al also examined a SEER
cohort of 1509 patients with cT2 bladder cancer diag-
nosed between 2004 and 2012, and similarly observed
that a delay to RC of 12 weeks was associated with
worse OS, whether patients received neoadjuvant
chemotherapy or not.? In the non-neoadjuvant group,
delayed RC was associated with worse OS, with a HR
of 1.34 (95% ClI 1.03—1.76).?

Still, other evidence does not support an associa-
tion between a |2-week delay to RC and worse clini-
cal outcomes. For example, in one multi-institutional
study, Nielsen and colleagues reported no difference in
pathologic staging, disease-specific, or OS with a delay
to RC of >3 months."”

This is the first study, to our knowledge, to emulate
a hypothetical target trial to evaluate the association of
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the timing of RC with pathologic upstaging and survival.
Conducting such a randomized clinical trial in patients
with recent diagnosis of MIBC would pose ethical and
logistical problems for both the investigators and the
participants; therefore, emulation of a clinical trial repre-
sents one solution in such a setting where a real-world
trial is infeasible.

This approach has a number of methodologic ben-
efits, such as reducing intractable confounding, ensuring
treatment arms are well-defined, and appropriate speci-
fication of time zero with consideration of immortal
time bias. The advantages of the emulation framework
have been described elsewhere in more detail*'®

Limitations

This study has a number of limitations. First, the NCDB
does not capture all potentially relevant covariates, and
therefore, unmeasured confounding may affect the
results of the study. In support of potential confound-
ing by indication, we observed a modest reduction in
risk of pathologic upstaging with longer time to RC in
exploratory analyses.

In addition, we were only able to evaluate OS, as
cancer-specific mortality is not captured in the NCDB;
however, given the aggressive nature of urothelial can-
cer, we hypothesize that the OS within five years of RC
is an appropriate surrogate for cancer-specific survival,
and results were similar in a sensitivity analysis that
examined this.

Finally, we accounted for immortal bias related to
the definition of the treatment groups through land-
mark time analyses, but other methodologic approach-
es exist. Still, the present study benefited from a robust
methodologic framework that required explicit specifi-
cation of the target trial to be emulated.

CONCLUSIONS

In observational analyses designed to emulate a hypo-
thetical target trial of early vs. late RC, timing of RC was
not associated with a statistically significant difference
in pathologic upstaging or OS when performed from
4—18 weeks after diagnosis. These results suggest the
need to examine the traditional recommendation for
timing of RC following diagnosis.

This paper has been peer reviewed.
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