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Abstract

Purpose: Chemoradiation (CRT) is a definitive treatment option for muscle-invasive bladder cancer (MIBC). Despite its effectiveness,
CRT is underused, in part owing to concerns of tolerability and the need for integrated multidisciplinary care. We investigated factors
associated with and the impact of treatment discontinuation in patients with MIBC treated with CRT.

Methods and Materials: In the US Veterans Affairs’ national database, we identified patients with urothelial histology, MIBC (T2-4a/
NO0-3/M0) diagnosed between 2000 and 2018 and treated with definitive-intent CRT. The primary endpoint of discontinued radiation
was evaluated in a multivariable logistic regression. Secondary endpoints of 30-day and 90-day mortality, overall mortality, and
nonbladder cancer mortality were evaluated in multivariable models.

Results: Of 369 veterans with MIBC who underwent CRT, 30 patients (8.1%) did not complete radiation. The most common reasons
for treatment discontinuation included comorbidities or infections necessitating hospital admission (63.3%) and treatment intolerance
or declining performance status (26.7%). In multivariable logistic regression, variables associated with radiation discontinuation were
creatinine clearance < 50 (odds ratio [OR], 3.93; 95% CI, 1.63-9.50; P = .002), incomplete transurethral resection of bladder tumor
(TURBT) (OR, 3.16; 95% CI, 1.15-8.63; P = .02), and nonpreferred chemotherapy (OR, 3.31; 95% CI, 1.31-8.36; P = .01). In the cohort
that discontinued radiation, 30-day mortality was 33.3% and 90-day mortality was 50.0%, with the majority of deaths attributed to
nonbladder cancer causes. No patient or tumor variables were associated with either endpoint. In the cohort that completed radiation,
30-day mortality was 2.7% and 90-day mortality was 6.8%. In multivariable analysis, radiation discontinuation was associated with
worse overall mortality (hazard ratio [HR], 2.48; 95% CI, 1.36-4.50; P = .003) and worse nonbladder cancer mortality (HR, 2.32; 95%
CI, 1.24-4.34; P = .008).
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Conclusions: With a low rate of treatment discontinuation, CRT is an effective and feasible treatment option for the typically elderly
and comorbid population of patients with MIBC. In addition to identified predictors of treatment discontinuation (poor renal
function, incomplete TURBT, etc.), further research is required to develop evidence-based guidelines for optimal patient selection.

© 2021 The Authors. Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access
article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

Muscle-invasive bladder cancer (MIBC) is an aggres-
sive disease that predominantly affects elderly patients
(60-80 years old) and requires definitive treatment to pre-
vent progression and cancer-related symptoms and death.
Radical cystectomy with or without neoadjuvant chemo-
therapy and radiation therapy with concurrent radiosensi-
tizing chemotherapy (CRT) are definitive treatment
options for MIBC that have been used to varying
degrees."” Concurrent radiosensitizing chemotherapy has
a favorable toxicity profile, especially in relation to the
morbidity and life-altering bladder removal or replace-
ment in radical cystectomy, and may be an ideal treat-
ment strategy for an elderly population with
comorbidities.* Despite these options, 33% to 50% of all
patients with MIBC do not undergo any definitive
treatment,>”® and only 10% of patients with MIBC are
treated with CRT.””

Given that MIBC typically occurs in older individuals
who frequently have concurrent medical comorbidities,
we hypothesized that CRT is not pursued more often in
part owing to concerns for patient tolerance with treat-
ment.” Concurrent radiosensitizing chemotherapy
requires a minimum duration of 4 weeks of daily radia-
tion treatment in conjunction with chemotherapy, which
carries its own inherent risks for toxic effects and tolera-
bility. Furthermore, literature on CRT for MIBC is limited
outside of single-arm studies composed of ideally selected,
healthier patients compared with the respective real-world
population. We investigated radiation treatment comple-
tion rates, the factors associated with discontinuation, and
the impact of treatment discontinuation in patients with
MIBC treated with CRT within the US Veterans Affairs’
(VA) database.

Methods

Data source

Veterans Affairs Informatics and Computing Infra-
structure (VINCI) is a comprehensive informatics plat-
form that enables access to the VA’s national database
composed of patient-level electronic health records and
administrative data. VINCI includes access to more than
21 million veterans’ inpatient and outpatient data across
152 nationwide medical centers.'’ Tumor registry data

are uploaded by trained registrars in accordance with pro-
tocols issued from the American College of Surgeons,
thereby capturing an estimated 90% of incident cancers
within the VA system.'"'> Cause-specific mortality infor-
mation (International Statistical Classification of Diseases
and Related Health Problems, Tenth Revision (ICD-10)
code C67 for bladder cancer) was obtained from the
National Death Index. Our protocol was approved by the
San Diego VA Institutional Review Board. Informed
signed consent was waived by the institutional review
board given that this was a retrospective analysis with
minimal risk to the rights and welfare of participants and
one that could not practically be completed without the
waiver.

Patient selection and covariables

From VINCI, we identified 407 veterans with histolog-
ically confirmed, localized muscle-invasive urothelial car-
cinoma (T2-4a, NO-3, M0) diagnosed between 2000 and
2018 who were treated with definitive-intent CRT. Suc-
cessful definitive CRT was defined as a radiation dose of
at least 55 Gy in conjunction with at least 1 cycle of che-
motherapy administered within 14 days of the radiation
start date. For patients who did not finish definitive radia-
tion, the reason for discontinuation was recorded.
Patients were excluded for absent follow-up records or
unknown cause of death. The final cohort consisted of
369 patients.

Covariables of interest included sociodemographic
variables, Charlson Comorbidity Index, creatinine
clearance (estimated by the Cockcroft-Gault equation)'”
before CRT, T/N categories according to the American
Joint Committee on Cancer eighth edition staging sys-
tem, presence of pretreatment hydronephrosis, visibly
complete or successful resection of tumor after trans-
urethral resection of bladder tumor (TURBT) according
to operative reports before CRT, and type of concurrent
chemotherapy agent. The National Comprehensive
Cancer Network’s recommendations for “preferred”
regimens (cisplatin alone, cisplatin and paclitaxel, cis-
platin and fluorouracil, and mitomycin and fluoroura-
cil) were used for categorization of chemotherapy.'* All
variables and outcomes were manually chart reviewed
if not present within database elements. All patients
were followed until death or the last follow-up with a
VA practitioner before January 1, 2021.
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Outcomes and statistical analysis

The primary endpoint was the discontinuation rate
among patients receiving definitive-intent CRT. Second-
ary endpoints included 30-day and 90-day (posttreat-
ment) mortality, overall mortality (OM), and nonbladder
cancer mortality (NCM), defined using a competing risk
analysis framework with bladder cancer—specific mortal-
ity (BCM) as a competing risk. We calculated OM and
NCM from the date of diagnosis. Discontinued radiation
and 30-day and 90-day mortality were evaluated in multi-
variable logistic regressions. Baseline characteristics were
compared between the cohorts that completed treatment
and discontinued treatment using the x> test and Wil-
coxon rank sum test as appropriate. Overall survival was
assessed with Kaplan-Meier analysis, OM was assessed
with Cox proportional hazards regression analysis, and
NCM was assessed with cumulative incidence analysis
and Fine-Gray regression analysis. All multivariable mod-
els were chosen a priori. All variables in multivariable
models were confirmed to have no collinearity or interac-
tions. Odds ratios (ORs) for logistic analysis or hazard
ratios (HRs) for survival analysis and respective 95% con-
fidence intervals (Cls) are reported. All statistical analyses
were performed using SAS, version 9.4 (SAS Institute,
Cary, North Carolina), with 2-sided P values less than .05
considered statistically significant.

Results

Baseline characteristics

Of 369 patients with MIBC who were planned to
receive definitive-intent CRT, 30 patients (8.1%) did not
complete definitive radiation. In the discontinued treat-
ment cohort, the median radiation dose received was 36.0
Gy (range, 5.4-50.4 Gy).

The most common reason for treatment discontinua-
tion was comorbidities or infections necessitating hospital
admission (19 patients [63.3%]) — 3 cases of urinary tract
infection, 3 cases of pneumonia, 3 cases of sepsis of
unknown origin, 2 cases of Clostridium difficile infection,
2 cases of acute renal failure, 3 cases of cardiopulmonary
problems (heart failure, respiratory failure, and myocar-
dial infarction), and 3 cases of exacerbations of miscella-
neous comorbidities. The next most common reasons for
treatment discontinuation were treatment intolerance or
declining performance status (8 patients [26.7%]), patient
decision (1 patient [3.3%]), proximity of small bowel (1
patient [3.3%]), and discovery of metastases during treat-
ment (1 patient [3.3%]).

For the overall cohort, the median age was 78 years,
with 70.7% of patients older than 70 years and 34.2% of
patients older than 80 years. Compared with the cohort

that completed treatment, patients in the cohort that dis-
continued treatment were less likely to be active smokers
at diagnosis (16.7% vs 35.1%), more likely to have creati-
nine clearance <50 (66.7% vs 36.3%), more likely to have
visibly incomplete TURBT (26.7% vs 12.4%), and more
likely to receive nonpreferred chemotherapy (76.7% vs
46.0%) (Table 1). The rest of the baseline characteristics,
including age and comorbidities, were broadly similar
between the 2 cohorts. Of note, the overall cohort’s active
smokers at diagnosis were younger (median age, 69 vs 78
years; P < .001) and had similar Charlson Comorbidity
Index scores (P = .73) compared with nonactive smokers
at diagnosis.

Radiation discontinuation analysis

In multivariable logistic regression, the variables asso-
ciated with increased odds of radiation discontinuation
were creatinine clearance <50 (OR, 3.93; 95% CI, 1.63-
9.50; P = .002), visibly incomplete TURBT (OR, 3.16; 95%
CI, 1.15-8.63; P = .02), and nonpreferred chemotherapy
(OR, 3.31; 95% CI, 1.31-8.36; P = .01) (Table 2). Being an
active smoker at diagnosis was associated with decreased
odds of radiation discontinuation (OR, 0.30; 95% CI,
0.10-0.91; P = .03). Of note, older age, presence of comor-
bidities, residence in less affluent or less educated zip
codes, presence of advanced T or N category disease, and
presence of pretreatment hydronephrosis were not associ-
ated with radiation discontinuation. In sensitivity analyses
replicating the illustrated multivariable model except with
age classified as categorical (cutoff points of 70, 75, and 80
years), age continued to not be associated with radiation
discontinuation. In sensitivity analyses replicating the
illustrated multivariable model except with the Charlson
Comorbidity Index score classified as 0, 1, or 2+ or as a
continuous variable, the Charlson Comorbidity Index
score continued to not be associated with radiation dis-
continuation.

Survival analysis

The median follow-up time was 77 months. In the
cohort that discontinued radiation, 30-day mortality was
33.3% (10 patients) and 90-day mortality was 50.0% (15
patients), with the majority of deaths attributed to non-
bladder cancer causes. In multivariable models, no
patient, tumor, or treatment variables were associated
with either 30-day or 90-day mortality (data not shown).
In the cohort that completed radiation, these endpoints
were numerically better; 30-day mortality was 2.7% and
90-day mortality was 6.8%.

Improved overall survival (P < .001) was observed for
the cohort that completed radiation (6-year overall sur-
vival, 25.7%; 95% CI, 21.0%-30.6%) compared with the
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Table 1 Baseline patient, tumor, and treatment variables of each treatment cohort
Discontinued treatment, Completed treatment,

Variable no. (%) (n = 30) no. (%) (n = 339) P value

Age, median (range) 78 (62-90) 76 (53-93) .35

Gender .60
Male 30 (100) 336 (99.1)
Female 0(0) 3(0.9)

Race .83
White 27 (90.0) 309 (91.2)
Black, Asian, or Other 3 (10.0) 30 (8.8)

Charlson Comorbidity Index score .36
0 10 (33.3) 87 (25.7)
1+ 20 (66.7) 252 (74.3)

Smoker at diagnosis .04
Yes 5(16.7) 119 (35.1)
No 25 (83.3) 220 (64.9)

Married 34
Yes 14 (46.7) 189 (55.8)
No 16 (53.3) 150 (44.2)

Median income in zip code, US dollars, thousands .50
<50 15 (50.0) 191 (56.3)
>50 15 (50.0) 148 (43.7)

Percentage of population with a bachelor’s degree in zip code 92
<15 16 (53.3) 184 (54.3)
>15 14 (46.7) 155 (45.7)

Creatinine clearance .001
<50 20 (66.7) 123 (36.3)
>50 10 (33.3) 216 (63.7)

T Category .53
2 24 (80.0) 286 (84.4)
3-4 6 (20.0) 53 (15.6)

N Category 73
0 29 (96.7) 323 (95.3)
1-3 1(3.3) 16 (4.7)

Pretreatment hydronephrosis
Yes 13 (43.3) 112 (33.0) .25
No 17 (56.7) 227 (67.0)

Successful TURBT .03
Yes 22 (73.3) 297 (87.6)
No 8 (26.7) 42 (12.4)

Chemotherapy regimen .001
Preferred 7 (23.3) 183 (54.0)
Nonpreferred 23 (76.7) 156 (46.0)

Abbreviation: TURBT = transurethral resection of bladder tumor.

cohort that discontinued radiation (6-year overall sur-
vival, 6.7%; 95% CI, 1.1%-19.1%) (Fig 1). There was a
trend toward significantly worse NCM (P = .08) for the
cohort that discontinued radiation (6-year NCM, 63.3%;
95% CI, 42.3%-78.5%) compared with the cohort that
completed radiation (6-year NCM, 32.2%; 95% CI,
27.2%-37.4%) (Fig 2). No significant difference (P = .22)
in BCM was observed (completed cohort: 6-year BCM,
42.1%; 95% CI, 36.8%-47.3%; discontinued cohort: BCM,
30.0%; 95% CI, 14.4%-47.3%). In multivariable analysis,
radiation discontinuation was significantly associated
with worse OM (HR, 2.48; 95% CI, 1.36-4.50; P = .003)

and worse NCM (HR, 2.32; 95% CI, 1.24-4.34; P = .008)
(Table 3). Radiation discontinuation was not associated
with BCM (HR, 0.56; 95% CI, 0.25-1.25; P = .16).

Discussion

In this study of muscle-invasive bladder cancer treated
with definitive-intent chemoradiation, the vast majority
(> 90%) of patients were able to tolerate and complete a
definitive radiation course. For the small percentage of
patients who were not able to finish definitive radiation,
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Table 2 Logistic regression on radiation treatment
completion
Radiation treatment
completion
Variable OR (95% CI) P value
Age 0.96 (0.90-1.02) .16
Sex 99
Male 1.00
Female <0.01 (0.01-99.99)
Race 92
White 1.00
Black, Asian, or Other 0.93 (0.24-3.65)
Charlson Comorbidity .38
Index score 1.00
0 0.68 (0.29-1.61)
1+
Smoker at diagnosis .03
No 1.00
Yes 0.30 (0.10-0.91)
Married .14
No 1.00
Yes 0.54 (0.24-1.22)
Median income in zip code, 23
US dollars, thousands 1.00
<50 1.81 (0.69-4.75)
>50
Percentage of population with a 49
bachelor’s degree in zip code 1.00
<15 0.72 (0.28-1.86)
>15
Creatinine clearance .002
>50 1.00
<50 3.93 (1.63-9.50)
T Category .73
2 1.00
3-4 1.20 (0.43-3.35)
N Category .64
0 1.00
1-3 0.60 (0.07-5.18)
Pretreatment hydronephrosis .82
No 1.00
Yes 0.91 (0.39-2.13)
Successful TURBT .02
Yes 1.00
No 3.16 (1.15-8.63)
Chemotherapy regimen .01
Preferred 1.00
Nonpreferred 3.31(1.31-8.36)
Abbreviations: CI = confidence interval; OR = odds ratio;
TURBT = transurethral resection of bladder tumor.
factors associated with treatment discontinuation

included decreased creatinine clearance, unsuccessful
TURBT, and receipt of nonpreferred chemotherapy. Con-
versely, older age and comorbidities were not associated
with radiation discontinuation. With a low rate of treat-
ment discontinuation, the findings suggest that CRT is a
feasible and promising definitive treatment option for the

vast majority of the typically elderly and comorbid popu-
lation of patients with MIBC.

The most common reasons for discontinuing radiation
were comorbidities or infections and treatment intoler-
ance or declining performance status. Given that these sit-
uations likely resulted from a combination of MIBC and
increased competing mortality risk, the results of the mul-
tivariable analysis are contextualized. Multivariable mod-
els showed that rather than age or comorbidity score, the
predictors of not completing radiation were those likely
representative of invasive bladder cancer (resulting in
decreased creatinine clearance, unsuccessful TURBT, and
receipt of nonpreferred chemotherapy). However, it is
possible that decreased creatinine clearance and receipt of
nonpreferred chemotherapy were influenced by comor-
bidities in many of the patients. The significant associa-
tion between being an active smoker at diagnosis and
decreased odds of radiation discontinuation may be
explained by the significant difference in age between the
smoking cohorts. However, age was not associated with
radiation discontinuation, and there was no significant
interaction between age and smoking status in the multi-
variable models. Therefore, the observed paradoxical
association between smoking and radiation discontinua-
tion is likely explained by the combination of difference
in age in conjunction with a potential “smoker’s para-
dox”"”"" in this population but this requires further
investigation. Alongside validating the identified variables
in our analysis, additional markers should be sought to
help accurately guide who will likely finish CRT and
should therefore undergo definitive treatment.

In the cohort that discontinued treatment, the majority
of the 30-day and 90-day mortality was attributed to non-
bladder cancer causes. We hypothesize that owing to their
competing mortality risk, either these patients had a mini-
mal reserve of fitness left to tolerate treatment or they
were close to dying before starting CRT. Although this
study’s models did not identify any sociodemographic or
clinical markers predictive of death within 30 or 90 days
after CRT, additional markers should be sought to help
predict noncompeting mortality risk. Stratification tools
may be beneficial to clinical practice by optimizing patient
selection and ensuring treatment for those most likely to
derive benefit. Additionally, although our survival analysis
showed that radiation discontinuation was not associated
with inferior BCM, this was likely owing to the majority
of nonbladder cancer mortality in the discontinuation
cohort and a consequent lack of bladder cancer—specific
deaths. Further examination of local recurrences in this
discontinued radiation cohort is warranted given signifi-
cant literature in other cancer sites showing that radiation
treatment interruption or discontinuation was associated
with inferior recurrence and survival outcomes.'®"
Finally, given the significant association of radiation dis-
continuation with worse OM and NCM, the event of radi-
ation discontinuation could be used as a signal to redefine
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Fig. 1

goals of care and integrate additional multidisciplinary
team members (palliative care, social work, etc.) to best
provide end-of-life care.

Treatment decision making for patients with MIBC is
multifactorial and can be difficult given the typically
elderly and comorbid population in conjunction with the
intensive nature and associated risk of complications with

Kaplan-Meier curves for overall survival stratified by treatment completion.

either radical cystectomy or CRT. Compared with radical
cystectomy, CRT avoids the morbidity of surgery and the
life-altering requirement of bladder removal and
replacement.” However, CRT is not without risk of toxic
effects, because short-term bladder and bowel adverse
effects are common.”™’ In addition, with a minimum
duration of 4 weeks of daily treatments, it is easy to
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Fig.2 Cumulative incidence curves for nonbladder cancer mortality stratified by treatment completion.
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Table 3  Multivariable a priori regressions on overall mortality (OM) and nonbladder cancer mortality (NCM) in the over-
all cohort
OM NCM
Variable HR (95% CI) P value HR (95% CI) P value
Radiation treatment
Completed 1.00 .003 1.00 .008
Discontinued 2.48 (1.36-4.50) 2.32 (1.24-4.34)
Age 1.00 (0.98-1.01) 73 1.01 (0.99-1.04) 24
Gender
Male 1.00 91 1.00 <.001
Female 0.90 (0.13-6.00) 0.00 (0.00-0.00)
Race
White 1.00 49 1.00 .19
Black, Asian, or Other 0.85 (0.54-1.34) 0.64 (0.33-1.24)
Charlson Comorbidity Index score
0 1.00 31 1.00 .95
1+ 1.15 (0.88-1.51) 0.99 (0.69-1.41)
Smoker at diagnosis
No 1.00 71 1.00 21
Yes 0.95 (0.71-1.27) 1.27 (0.88-1.83)
Married
No 1.00 17 1.00 .54
Yes 1.18 (0.94-1.49) 1.11 (0.80-1.54)
Median income in zip code, US dollars, thousands
<50 1.00 .07 1.00 .56
>50 1.26 (0.98-1.62) 1.13 (0.76-1.68)
Percentage of population with a bachelor’s degree in zip code
<15 1.00 17 1.00 .78
>15 0.84 (0.65-1.08) 0.95 (0.63-1.41)
Creatinine clearance
>50 1.00 .01 1.00 .93
<50 1.35 (1.07-1.71) 0.98 (0.69-1.41)
T Category
2 1.00 .13 1.00 74
3.4 1.28 (0.93-1.75) 0.92 (0.58-1.48)
N Category
0 1.00 <.001 1.00 .56
1-3 3.20 (1.99-5.14) 0.75 (0.29-1.94)
Pretreatment hydronephrosis
No 1.00 .003 1.00 27
Yes 1.45 (1.14-1.85) 0.81 (0.56-1.18)
Successful TURBT
Yes 1.00 .69 1.00 .35
No 1.07 (0.77-1.50) 1.25 (0.78-2.02)
Chemotherapy regimen
Preferred 1.00 .10 1.00 .006
Nonpreferred 1.21 (0.96-1.52) 1.62 (1.14-2.29)
Abbreviations: CI = confidence interval; HR = hazard ratio; TURBT = transurethral resection of bladder tumor.

understand physician and/or patient hesitance to undergo
CRT. To our knowledge, this study stands as one of the
largest and most granular multi-institutional analyses to
examine treatment discontinuation in patients with
MIBC undergoing CRT. The results are generally consis-
tent with those in previous literature from small, single-
institution studies."®*'** In the landmark Bladder Cancer
2001 trial investigating the addition of chemotherapy to
radiation therapy for MIBC, 95.1% of the CRT patients

completed a definitive radiation regimen, slightly better
than in this study.”* As expected in patients enrolled to
clinical trials compared with those treated in routine clini-
cal practice,” the median age (72 years) of the trial’s 182
patients was younger than the median age of this study’s
cohort. Also, given the trial’s strict inclusion criteria (per-
formance status 0-2, laboratory cutoff values, etc), the
real-world population with MIBC captured in this study
is likely not well represented in the trial’s population. In
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spite of this, the overwhelming majority of patients in this
study’s cohort were able to complete radiation treatment.
Furthermore, many of the patients in this study possessed
features that are classically not ideal for bladder preserva-
tion treatment as per guidelines.'**® These nonideal fea-
tures include advanced T/N category disease, presence of
hydronephrosis, and poor renal function. Despite the
notable presence of many of these features in this study’s
cohort, more than 90% of patients were able to complete
definitive radiation. Therefore, we posit that although
there are “ideal” candidates for CRT, “nonideal” candi-
dates as per current guidelines should still be considered
for treatment. In light of the fact that 33% to 50% of
patients with MIBC (and as high as 65% in patients aged
80 years or older) in the US and abroad do not undergo
any definitive treatment,””**”** we hope this analysis of
CRT outcomes in a typical, real-world population with
MIBC provides useful information to patients and clini-
cians to discuss CRT as a viable treatment option for
more individuals with MIBC (especially the elderly and
those with comorbidities).

This study retains the inherent limitations of a retro-
spective design but attempted to overcome them as best
as possible with thorough multivariable modeling using
granular details (eg, type of chemotherapy, success of
TURBT, and creatinine clearance) typically not found in
large database studies. Owing to the retrospective nature
of our analysis in conjunction with the variable documen-
tation across VA hospitals and contracting with non-VA
hospitals for radiation and/or chemotherapy administra-
tion, we were not able to report treatment interruptions
or data on toxic effects. Both should be investigated fur-
ther, ideally in a prospective fashion, because it would be
helpful to gauge the effect of treatment interruptions on
recurrence and survival outcomes while better educating
providers and patients on the risks of CRT. Similarly, we
were only able to classify the type of radiosensitizing che-
motherapy and not able to quantify the number of cycles
received. Although all of our patients received at least 1
cycle of chemotherapy, which we were able to subse-
quently classify as preferred or nonpreferred, the effect of
the number of chemotherapy cycles during CRT is an
important question for further research. Finally, although
we do recommend the increased use of CRT, we recognize
that social and economic issues more prominent in the
US’s hybrid-payer health care system compared with the
VA’s equal-access system likely have an additional role in
the underuse of definitive treatment in MIBC and should
be investigated further.®

In summary, this study’s findings suggest that the vast
majority of patients with MIBC treated with definitive-
intent CRT are able to complete a definitive radiation reg-
imen. With a low rate of treatment discontinuation, we
posit that CRT is a feasible and promising definitive treat-
ment option for patients with MIBC, especially the elderly
and those with comorbidities. In addition to our identified

predictors of discontinuation (poor renal function,
incomplete TURBT, etc), further research is required to
develop evidence-based guidelines for optimal patient
selection. This study’s findings, along with those of similar
studies, should be taken into account as patients and clini-
cians navigate the challenges of treatment decision mak-
ing for this aggressive disease.

References

1. Gakis G. Management of muscle-invasive bladder cancer in the
2020s: Challenges and perspectives. Eur Urol Focus. 2020;6:632-638.

2. Patel VG, Oh WK, Galsky MD. Treatment of muscle-invasive and
advanced bladder cancer in 2020. CA Cancer J Clin. 2020;70:404-423.

3. Skinner EC. Treatment of muscle-invasive bladder cancer in older
patients. Am Soc Clin Oncol Educ B. 2016;36:€228-¢233.

4. Ploussard G, Daneshmand S, Efstathiou JA, et al. Critical analysis of
bladder sparing with trimodal therapy in muscle-invasive bladder
cancer: A systematic review. Eur Urol. 2014;66:120-137.

5. Fletcher SA, Harmouch SS, Krimphove MJ, et al. Characterizing trends
in treatment modalities for localized muscle-invasive bladder cancer in
the pre-immunotherapy era. World ] Urol. 2018;36:1767-1774.

6. Washington SL, Neuhaus ], Meng MV, Porten SP. Social determi-
nants of appropriate treatment for muscle-invasive bladder cancer.
Cancer Epidemiol Biomarkers Prev. 2019;28:1339-1344.

7. Kessler ER, Kukreja JB, Geiger CL, Fischer SM. Treating elderly
patients with muscle-invasive bladder cancer. INCCN ] Natl Compr
Cancer Netw. 2020;18:783-790.

8. Chang SS, Bochner BH, Chou R, et al. Treatment of non-metastatic
muscle-invasive bladder cancer: AUA/ASCO/ASTRO/SUO Guide-
line. J Urol. 2017;198:552-559.

9. Rodel C, Tselis N. Radiation Therapy in Bladder Cancer. Radiation
Oncology. Springer International Publishing; 2018:1-12.

10. Health Services Research & Development. Corporate Data Ware-
house (CDW). US Department of Veterans Affiars; 2020. Available
at: https://www.hsrd.research.va.gov/for_researchers/vinci/cdw.cfm.
Accessed December 19.

11. American College of Surgeons. FORDS Facility Oncology Registry
Data Standards: Revised for 2016. Available at: https://www.facs.org/
quality-programs/cancer/ncdb/call-for-data/fordsmanual. Accessed
December 19.

12. Zullig LL, Jackson GL, Dorn RA, et al. Cancer incidence among
patients of the U.S. Veterans Affairs Health Care System. Mil Med.
2012;177:693-701.

13. Cockcroft DW, Gault MH. Prediction of creatinine clearance from
serum creatinine. Nephron. 1976;16:31-41.

14. Flaig TW, Spiess PE, Agarwal N, et al. Bladder Cancer, Version
3.2020, NCCN Clinical Practice Guidelines in Oncology. J Natl
Compr Cancer Netw. 2020;18:329-354.

15. Gupta T, Kolte D, Khera S, et al. Smoker’s paradox in patients with
ST-segment elevation myocardial infarction undergoing primary
percutaneous coronary intervention. ] Am Heart Assoc. 2016;5:
€003370.

16. Ramotowski B, Gurbel PA, Tantry U, Budaj A. Smoking and cardio-
vascular diseases: Paradox greater than expected? Polish Arch Intern
Med. 2019;129:700-706.

17. Usman MS, Siddiqi TJ, Khan MS, et al. Is there a smoker’s paradox
in COVID-19? [e-pub ahead of print] BMJ Evid Based Med. 2020.
https://doi.org/10.1136/bmjebm-2020-111492.

18. Moonen L, Voet H VD, De Nijs R, Horenblas S, Hart AAM, Barte-
link H. Muscle-invasive bladder cancer treated with external beam
radiation: Influence of total dose, overall treatment time, and treat-
ment interruption on local control. Int J Radiat Oncol Biol Phys.
1998;42:525-530.


http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0001
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0001
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0002
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0002
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0003
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0003
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0004
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0004
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0004
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0005
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0005
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0005
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0006
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0006
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0006
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0007
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0007
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0007
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0008
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0008
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0008
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0009
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0009
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0009
https://www.hsrd.research.va.gov/for_researchers/vinci/cdw.cfm
https://www.facs.org/quality-programs/cancer/ncdb/call-for-data/fordsmanual
https://www.facs.org/quality-programs/cancer/ncdb/call-for-data/fordsmanual
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0012
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0012
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0012
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0013
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0013
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0014
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0014
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0014
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0015
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0015
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0015
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0015
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0016
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0016
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0016
https://doi.org/10.1136/bmjebm-2020-111492
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0018
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0018
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0018
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0018
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0018

Advances in Radiation Oncology: January—February 2022

Treatment discontinuation in CRT for MIBC 9

19.

20.

21.

22.

23.

Raphael MJ, Ko G, Booth CM, et al. Factors associated with chemo-
radiation therapy interruption and noncompletion among patients
with squamous cell anal carcinoma. JAMA Oncol. 2020;6:881-887.
Huddart RA, Hall E, Hussain SA, et al. Randomized noninfer-
iority trial of reduced high-dose volume versus standard volume
radiation therapy for muscle-invasive bladder cancer: Results of
the BC2001 Trial (CRUK/01/004). Int J Radiat Oncol Biol Phys.
2013;87:261-269.

Lee Y-T, Wu Y-T, Yen C-C, et al. Concurrent chemoradiotherapy in
elderly patients with muscle-invasive bladder cancer: A single-center
experience. ] Cancer Res Pract. 2016;3:73-76.

Kreofsky CR, Merrell KW, Choo CS, et al. Bladder-preserving radia-
tion therapy for elderly patients with muscle-invasive bladder can-
cer. Int ] Radiat Oncol. 2015;93:E222-E223.

Wujanto C, Tey J, Chia D, et al. Radical radiotherapy in older
patients with muscle invasive bladder cancer. J Geriatr Oncol.
2019;10:292-297.

24.

25.

26.

27.

28.

James ND, Hussain SA, Hall E, et al. Radiotherapy with or without
chemotherapy in muscle-invasive bladder cancer. N Engl ] Med.
2012;366:1477-1488.

Booth CM, Tannock IF. Randomised controlled trials and popula-
tion-based observational research: Partners in the evolution of medi-
cal evidence. Br J Cancer. 2014;110:551-555.

Premo C, Apolo AB, Piyush K, Agarwal PK, Citrin DE. Trimodality
therapy in bladder cancer: who, what, and when? Urol Clin North
Am. 2015;42:169-180.

Gray PJ, Fedewa SA, Shipley WU, et al. Use of potentially cura-
tive therapies for muscle-invasive bladder cancer in the United
States: Results from the National Cancer Data Base. Eur Urol.
2013;63:823-829.

Clinton TN, Wiseman M, Walasek A, Pietzak E. Commentary:
Underutilization of curative-intent therapy for patients with mus-
cle-invasive bladder cancer in Sweden mimics the United States.
Transl Androl Urol. 2019;8(Suppl 5):5542-5545.


http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0019
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0019
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0019
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0020
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0020
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0020
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0020
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0020
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0021
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0021
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0021
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0022
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0022
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0022
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0023
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0023
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0023
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0024
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0024
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0024
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0025
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0025
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0025
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0026
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0026
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0026
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0027
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0027
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0027
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0027
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0028
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0028
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0028
http://refhub.elsevier.com/S2452-1094(21)00194-9/sbref0028

	Treatment Discontinuation in Patients With Muscle-Invasive Bladder Cancer Undergoing Chemoradiation
	Introduction
	Methods
	Data source
	Patient selection and covariables
	Outcomes and statistical analysis

	Results
	Baseline characteristics
	Radiation discontinuation analysis
	Survival analysis

	Discussion
	References


