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Abstract

Background: The coronavirus disease 2019 (COVID-19) pandemic has raised concerns about delaying treatment for localized cancer

and its impact on long-term outcomes.

Objective: We aimed to investigate the impact of time to chemoradiation (CRT) on recurrence and survival outcomes for patients with

muscle-invasive bladder cancer (MIBC).

Methods: In the national Veterans Affairs’ database, we identified patients with urothelial histology, MIBC (T2-4a/N0-3/M0) diagnosed

between 2000 to 2018 and treated with definitive CRT. Time to treatment was defined as the number of days between date of diagnosis and

start date of CRT. The cohort was stratified into < 90 (early) or ≥ 90 days (delayed) groups. Endpoints of locoregional failure (LRF), distant

failure (DF), overall survival (OS), and bladder cancer-specific survival (BCS) were evaluated in multivariable Cox and Fine-Gray models.

Results: 305 patients with MIBC underwent CRT − 190 (62.3%) received early CRT, 115 (37.7%) received delayed CRT. Multivariable

analysis (including success of transurethral resection of bladder tumor and type of chemotherapy) revealed no difference in recurrence

between groups − LRF HR 1.12 (95%CI 0.76-1.67, P = 0.56) and DF HR 1.03 (95%CI 0.70-1.53, P = 0.88). Similarly, there were no differ-

ences in survival outcomes. The lack of association was maintained at both earlier and later time cutoffs (60−120 days).
Conclusions: Our findings suggest that a short-term delay in definitive therapy may not affect long-term outcomes for patients with

MIBC undergoing CRT. This study does not endorse delays in therapy, but rather provides information to aid patients and clinicians navi-

gate the unique challenges of MIBC care in both pandemic and non-pandemic times. � 2022 Elsevier Inc. All rights reserved.
Keywords: Muscle-invasive bladder cancer; Chemoradiation; Time to treatment; Veterans affairs (U.S.); COVID-19 pandemic

Abbreviation: MBIC, Muscle-invasive bladder cancer; CRT, Chemoradiation; LRF, Locoregional failure; DF, Distant failure; OS, Overall survival; BCS,

Bladder cancer-specific survival
1. Introduction

Timely definitive therapy is a cornerstone in management of

localized cancer as prompt treatment prevents local growth and

distant spread of the tumor [1−2]. During the coronavirus
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disease 2019 (COVID-19) pandemic, attention has been drawn

to the timing of oncologic treatment given the newfound risk of

virus exposure and increased mortality rate in patients with can-

cer, particularly the elderly [3−6]. For patients with muscle-

invasive bladder cancer (MIBC), the benefits of prompt therapy

to maximize survival must be weighed against the risks of

potential COVID-19 disease and its associated complications.

Contrary to the volume of literature on delay to operative

management (radical cystectomy) for MIBC, there is
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Table 1

Baseline patient, tumor, and treatment characteristics of each time to CRT

cohort, stratified by time cutoff of 90 days.

Variable Early CRT (< 90

days) n = 190

Late CRT (≥ 90

days) n = 115

P value

Age 0.59

Median (range) 76 (53-93) 76 (53-92)

Gender 0.27

Male 188 (98.9%) 115 (100%)

Female 2 (1.1%) 0 (0%)

Race 0.63

White 176 (92.6%) 103 (89.6%)

Black 11 (5.8%) 9 (7.8%)

Other 3 (1.6%) 3 (2.6%)

Charlson Score 0.82

0 49 (25.8%) 31 (27.0%)

1+ 141 (74.2%) 84 (73.0%)

Smoker at

Diagnosis

0.45

Yes 64 (33.7%) 34 (29.6%)

No 126 (66.3%) 81 (70.4%)

Married 0.89

Yes 104 (54.7%) 62 (53.9%)

No 86 (45.3%) 53 (46.1%)

Median Income in

Zip Code

0.39

< 50K 112 (59.0%) 62 (53.9%)

≥ 50K 78 (41.0%) 53 (46.1%)

% Population with

Bachelor’s in

Zip Code

0.45

≤ 15% 99 (52.1%) 65 (56.5%)

> 15% 91 (47.9%) 50 (43.5%)

Creatinine

Clearance

0.20

< 50 75 (39.5%) 37 (32.2%)

≥ 50 115 (60.5%) 78 (67.8%)

T Category 0.10

2 157 (82.6%) 103 (89.6%)

3-4 33 (17.4%) 12 (10.4%)

N Category 0.68

0 182 (95.8%) 109 (94.8%)

1-3 8 (4.2%) 6 (5.2%)

Success of

TURBT

0.35

Yes 167 (87.9%) 105 (91.3%)

No 23 (12.1%) 10 (8.7%)

Chemotherapy

Regimen

0.03*

Preferred 91 (47.9%) 70 (60.9%)

Non-preferred 99 (52.1%) 45 (39.1%)
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limited data on delay to non-operative management (con-

current chemoradiation) [7−8]. Here, we investigate the

impact of time to definitive chemoradiation (CRT) on recur-

rence and survival outcomes for patients with MIBC within

the national Veterans Affairs’ (VA) database.

2. Materials and methods

VA Informatics and Computing Infrastructure (VINCI)

represents a comprehensive informatics platform that ena-

bles access to the database comprised of patient-level elec-

tronic health records and administrative data throughout the

national VA health care system. Our protocol was approved

by the San Diego VA Institutional Review Board.

From VINCI, we identified 332 veterans with urothelial

histology, localized de novo MIBC (T2-4a/N0-3/M0) diag-

nosed between 2000 to 2018 who received definitive che-

moradiation. Definitive CRT was defined as a radiation

regimen lasting at least 4 weeks (or documentation of a

radiation dose of at least 55 Gy) in conjunction with at least

1 cycle of chemotherapy administered within 14 days of the

radiation start date. Patients were excluded if there were no

records of follow up or if cause of death was unknown. The

final cohort consisted of 305 veterans.

Covariables of interest included sociodemographic vari-

ables, Charlson comorbidity index score, creatinine clear-

ance (estimated by the CKD-EPI equation) [9] prior to

CRT, T/N categories, visual success of transurethral resec-

tion of bladder tumor (TURBT) according to operative

reports prior to CRT, and type of concurrent chemotherapy

agent. All covariables and outcomes were manually chart

reviewed if not present within database elements. Preferred

vs nonpreferred concurrent chemotherapy agents were cate-

gorized as per National Comprehensive Cancer Network’s

(NCCN) ‘preferred’ regimens (cisplatin alone, cisplatin and

fluorouracil, cisplatin and paclitaxel, mitomycin and fluoro-

uracil) [10]. All patients were followed until death or last

follow-up with a VA provider before September 1, 2020.

Time to CRT was defined as the number of days between

date of diagnosis (via histologic evidence) and start date of

radiation. The cohort was stratified into patients who initi-

ated therapy < 90 (early) or ≥ 90 days (delayed). For

patients who received delayed CRT, the reasons for delay

were identified from chart review. Given that the 90 day

cutoff might either be too short or too long to impact out-

comes, we repeated the following analyses with separate

cutoffs of 60, 75, 105, and 120 days.

Outcomes included locoregional failure (LRF), distant

failure (DF), overall survival (OS), and bladder cancer-spe-

cific survival (BCS), defined by the date of diagnosis to the

specific endpoint of interest. LRF was defined as any recur-

rence within the bladder (including both non-muscle-inva-

sive and muscle-invasive) or pelvis, whether it be soft

tissue or lymph nodes. DF was defined as any recurrence

that did not meet LRF criteria [11]. Baseline characteristics

were compared between cohorts using Chi Square test and
Wilcoxon’s rank sum test. LRF, DF, and BCS were defined

using a competing risk analysis framework and assessed

with cumulative incidence analysis and Fine-Gray regres-

sion analysis. OS was assessed with Kaplan-Meier analysis

and Cox proportional hazards analysis. All multivariable

models were chosen a priori with the aforementioned cova-

riables of interest. For all recurrence and survival analysis,

hazard ratios (HR) and 95% confidence intervals (CI) were

reported. All statistical analyses were performed using SAS



ig 1. (A). Kaplan-Meier curves for overall survival stratified by early (< 90 days) and delayed (≥ 90 days) time to CRT cohorts, (B). Cumulative incidence

urves for bladder cancer-specific mortality stratified by early (< 90 days) and delayed (≥ 90 days) time to CRT cohorts, (C). Cumulative incidence curves

r locoregional failure stratified by early (< 90 days) and delayed (≥ 90 days) time to CRT cohorts, (D). Cumulative incidence curves for distant failure strat-

ed by early (< 90 days) and delayed (≥ 90 days) time to CRT cohorts.

274.e3 N.V. Kotha et al. / Urologic Oncology: Seminars and Original Investigations 40 (2022) 274.e1−274.e6
F

c

fo

ifi
version 9.4 (SAS Institute, Cary, NC), with two-sided p-val-

ues less than 0.05 considered statistically significant.

3. Results

Of the 305 patients in the final cohort, 190 (62.3%)

patients received early CRT (median 60, range 8−89 days)

and 115 (37.7%) patients received delayed CRT (median

116, range 90−177 days). Most common reason for receiv-

ing delayed CRT was additional workup/clearance and

associated scheduling delays (47 patients, 41%) − repeat (2

−3) TURBTs were performed in 42 patients in the delayed

cohort and in 22 patients in the early cohort. There was no

significant difference between success of TURBT prior to

CRT between the early and delayed cohorts as approxi-

mately 90% of patients received a visually successful

TURBT (Table 1). Other common reasons were delibera-

tion by patient (39 patients, 34%) and hospitalizations for

bladder cancer complications or comorbidities (25 patients,

22%). The only significant difference in baseline character-

istics between the cohorts was that a larger proportion of

the delayed CRT cohort received a preferred chemotherapy

regimen (Table 1).

The median follow up time was 75 months. In the final

cohort, there were 118 patients with a LRF, 121 patients

with a DF, and 260 deaths (138 attributed to bladder can-

cer). There was no difference in OS (P = 0.58) between

early CRT (median OS 31.7 months, 95% CI 25.9-36.8

months) and delayed CRT patients (median OS 33.7

months, 95% CI 23.3-44.7 months) (Fig. 1A). Additionally,

time to CRT was not associated with bladder cancer-
specific mortality (BCM) (P = 0.81), LRF (P = 0.89), and

DF (P = 0.66) (Fig. 1B-1D).

In multivariable analysis, time to CRT was not associ-

ated with LRF (HR 1.12, 95% CI 0.76-1.16, P = 0.56) or

DF (HR 1.03, 95% CI 0.70-1.53, P = 0.88). Similarly, time

to CRT was not associated with OS (HR 1.12, 95% CI

0.86-1.49, P = 0.40) or BCS (HR 1.03, 95% CI 0.72-1.47,

P = 0.87) (Table 2).

Similar multivariable regression analyses was repeated

with 60 days (30.8% early, 69.2% delayed patients),

75 days (48.5% early, 51.5% delayed), 105 days (74.4%

early, 25.6% delayed), and 120 days (84.6% early, 15.4%

delayed) as the time cutoff. For each cutoff, time to CRT

was similarly not associated with any of the endpoints. In

sensitivity analysis, time to CRT as a continuous (rather

than categorical) variable remained unassociated each end-

point.

4. Discussion

In this study of VA patients with MIBC who underwent

definitive CRT, delay to CRT of ≥ 90 days was not associ-

ated with inferior recurrence or survival outcomes. Similar

findings were observed when the time cutoff was set at 60,

75, 105, and 120 days, suggesting a short delay in definitive

therapy may not affect long-term outcomes for MIBC

treated with CRT.

Previous literature has reported mixed results on the

impact of delay to radical cystectomy with or without neo-

adjuvant chemotherapy in the treatment of MIBC [12−14].
Fischer-Valuck et al. were the first to investigate the impact



Table 2

Multivariable a priori regressions on overall survival (OS) and bladder cancer-specific survival (BCS).

OS BCS

Variable HR (95% CI) P Value HR (95% CI) P Value

Time to CRT

< 90 days 1.00 0.40 1.00 0.87

≥ 90 days 1.12 (0.86-1.49) 1.03 (0.72-1.47)

Age 1.00 (0.98-1.01) 0.67 0.97 (0.95-0.99) 0.02*

Gender

Male 1.00 0.96 1.00 0.51

Female 1.06 (0.13-8.65) 1.86 (0.30-11.63)

Race

White 1.00 0.06 1.00 0.46

Black 0.56 (0.30-1.03) 0.14 0.78 (0.39-1.53) 0.04*

Other 2.33 (0.77-7.07) 3.50 (1.09−11.27)
Charlson Score

0 1.00 0.50 1.00 0.26

1+ 0.91 (0.68-1.21) 0.80 (0.54-1.18)

Smoker at Diagnosis

No 1.00 0.96 1.00 0.25

Yes 0.99 (0.73-1.34) 0.77 (0.49-1.20)

Married

No 1.00 0.93 1.00 0.67

Yes 0.99 (0.77-1.28) 1.08 (0.75-1.56)

Median Income in Zip Code

<50K 1.00 0.12 1.00 0.30

≥50K 1.26 (0.94-1.68) 1.26 (0.81-1.95)

% Population with Bachelor’s in Zip Code

≤15% 1.00 0.18 1.00 0.24

>15% 0.83 (0.63-1.10) 0.78 (0.51-1.18)

Creatinine Clearance

≥50 1.00 0.02* 1.00 0.37

<50 1.42 (1.06-1.90) 1.23 (0.79-1.91)

T Category

2 1.00 0.01* 1.00 0.12

3-4 1.68 (1.15-2.44) 1.48 (0.90-2.43)

N Category

0 1.00 0.01* 1.00 0.03*

1-3 2.48 (1.30-4.72) 2.34 (1.07-5.15)

Success of TURBT

Yes 1.00 1.00

No 1.37 (0.96-1.95) 0.08 1.16 (0.67-2.01) 0.61

Chemotherapy Regimen

Preferred 1.00 0.01* 1.00 0.53

Non-preferred 1.43 (1.12-1.83) 0.89 (0.62-1.28)
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of delay to CRT in National Cancer Data Base (NCDB)

patients with MIBC [8]. They reported no association

between treatment delay of 90 days and OS, but did not

investigate the impact on other important endpoints (BCS,

recurrence) and were limited by the lack of granularity in

NCDB (inability to account for success of TURBT, chemo-

therapy agents, etc.). Our current study using the VA data-

base allows for these details, and further provides support

to the hypothesis that a short delay in definitive treatment is

unlikely to have a significant effect on long-term outcomes.

In this real world population of patients with MIBC

treated with CRT, the rates of locoregional failure and dis-

tant failure appear similar to respective rates within the

landmark studies’ populations (BC2001, MGH experience,
etc.) [15−16]. Due to the study’s retrospective design in

conjunction with variable documentation across the nation-

wide centers, we are not able to distinctly report and ana-

lyze the types of local recurrences (e.g. muscle-invasive vs

non-muscle-invasive). However, given that the rate of

locoregional failure in this cohort appears similar to respec-

tive rates within prospective cohorts [15−16], we postulate
a similar pattern of more non-muscle-invasive recurrences

than muscle-invasive recurrences within this cohort. In con-

junction with additional retrospective studies demonstrating

similar outcomes between MIBC treated with RC and

MIBC treated with CRT in appropriately selected individu-

als [17−18], CRT appears to be an efficacious option for

many patients with MIBC. However, during the COVID-19
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pandemic, attention has been brought to the impact of delay

in oncologic treatment as hospital systems react to the fluc-

tuations in COVID-19 burden to minimize risk of spread

and mitigate risk of COVID-19 disease complications in at

risk-individuals [1−2]. In pre-pandemic times, 33% to 50%

of patients with MIBC do not undergo any definitive treat-

ment [19−20]. With the results of this study, we postulate

that treatment of MIBC with CRT should be considered as

a feasible, efficacious option even if there is a treatment

delay due to reasons such as treatment for concomitant con-

ditions or attempt to obtain access to care. In our cohort,

many patients who had a delay to treatment received repeat

TURBTs in attempt to achieve visibly complete TURBT,

an important prognosticator in the CRT paradigm for

MIBC [16,21]. However, given that 12% of patients in the

early cohort also received repeat TURBTs, we hypothesize

that it is possible and would be prudent for institutions to

implement efficient pathways for repeat TURBTs when

indicated. In general, many cases of treatment delay in our

study were due to workup/clearance with associated

scheduling delays or patient deliberation. As such,

detailed studies examining hospital-, physician-, and

patient-centered factors contributing to these treatment

delays are warranted as potential for elucidation of quality

improvement avenues.

Limitations of this study include the inherent drawbacks

of a retrospective design. We aimed to minimize these by

using limited exclusion criteria and thorough multivariable

modeling. However, given that a prospective trial to assess

time to definitive treatment is unlikely to occur for ethical

reasons, the questions of interest will likely rely on retro-

spective studies. Although the national VA database ena-

bles the opportunity to gather relevant variables that are

lacking in peer oncologic databases as previously discussed,

there remains potentially confounding information that is

not accounted for, largely due to variable documentation

across the nationwide centers. Namely, the time from initial

patient reported symptoms to subsequent workup or treat-

ment is not available in our analysis. This is an interesting

variable to investigate in future studies as it holds potential

to identify avenues to diagnose bladder malignancy at an

earlier stage or to identify bladder cancer disparities, espe-

cially in populations that have strained relationships with

the healthcare system. Additionally, caution should be

applied when considering the implications of our findings

for more advanced disease (T3/4 or N1+) given its limited

representation in our cohort. Lastly, a greater proportion of

patients in the delayed cohort received a preferred chemo-

therapy regimen which may suggest that the higher propor-

tion of optimal therapy could offset any detriment from

delayed time to treatment. However, multivariable analysis

demonstrated chemotherapy regimen was associated with

OS but not with BCS, suggesting that this variable was

associated with a patient population at higher risk for non-

bladder cancer-specific mortality rather than inferior treat-

ment for their bladder cancer.
5. Conclusions

In summary, our study suggests that a short-term delay

in definitive therapy was not associated with inferior long-

term outcomes for patients with MIBC undergoing CRT.

Our findings do not endorse delays in therapy, but rather

make the clinical observation that a short delay to CRT for

MIBC may not significantly affect clinical outcomes. Along

with similar studies, our findings should be taken into

account as patients and clinicians navigate the unique chal-

lenges of oncologic treatment amidst a pandemic, or even

navigate the challenges of obtaining definitive treatment

during non-pandemic settings.
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