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Abstract

Objective: Intensity modulated radiation therapy (IMRT) using a volumetric-modulated arc 

therapy technique may offer dosimetric and clinical benefits compared to the historical standard of 

care 3D-conformal radiotherapy (3D-CRT) in definitive treatment of bladder cancer. We 

hypothesized that IMRT with CBCT would reduce dose to the rectum, bowel, and bladder 

compared to 3D-CRT.

Methods: We reviewed nineteen patients treated with maximal transurethral resection of bladder 

tumor followed by concurrent chemotherapy with IMRT. All patients received 45 Gy to the entire 

empty bladder followed by 19.8 Gy tumor boost treated with full bladder. 3D-CRT treatment plans 

were created for the same prescription. Paired t-test or Wilcoxon matched-pairs signed rank test 

analyzed dosimetry and bladder volumes.

Results: The rectum and bowel V40, V45, V50, V55, and V60 were reduced by over 50% in the 

IMRT plans compared to 3D-CRT (p<0.0001). IMRT also reduced volume of bladder irradiated 

compared to 3D-CRT (p<0.01). After CBCT, patients were likely to undergo clinically significant 

shifts ≥ 0.5 cm before boost delivery (p=0.001). Bladder volumes were significantly lower during 
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boost treatments compared to pre-treatment simulation (p=0.002). There were 4 (21%) grade 3 

genitourinary toxicities and 1 (5%) grade 3 gastrointestinal toxicity.

Conclusion: IMRT is superior to 3D-CRT for bladder cancer and spares dose to bowel, rectum, 

and bladder with improved acute toxicity compared to published clinical literature. For boost 

treatment, daily full bladder volume and positioning are not always reproducible, supporting the 

need for CBCT for optimal localization of the primary bladder tumor.
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Introduction

Since the 1980’s, most international clinical trials for muscle-invasive bladder cancer 

(MIBC) that use bladder-preserving radiotherapy have mandated a 3D-conformal radiation 

treatment (3D-CRT) technique and prohibited intensity-modulated radiation therapy 

(IMRT). This historical standard-of-care 3D-CRT approach uses static-positioned fields with 

various beam arrangements including 4-field boxes to cover the bladder and its primary 

tumor while using MLCs to block critical structures. A common prescription established by 

RTOG-8903 involves treating the entire empty bladder to 45 Gy and then boosting an 

additional 19.8 Gy to the partial volume containing the gross tumor within a full bladder [1].

The use of 3D-CRT has been questioned with the advent of modern treatment techniques, 

particularly IMRT [2–7]. IMRT can create high dose gradients using inverse planning to 

customize the positions of MLCs so that a target is treated while sparing surrounding 

structures. Dose algorithms determine the optimized MLC movement via inverse planning 

by fulfilling pre-determined dose constraints. This optimized delivery allows for high 

conformality and coverage of the target volume while reducing dose to critical nearby 

organs [8–11].

Nonetheless, while IMRT is gaining significant traction in clinical trials and in practice, 3D-

CRT likely remains the more common approach for definitive treatment of MIBC, in part 

due to the complexity of treatment planning and dose delivery [12–14]. Appropriate 

anatomical alignment in executing daily MIBC treatment is difficult because of the 

variability of bladder volume and positioning. While patients are instructed to fill the 

bladder to ‘comfortably full’ capacity for boost treatments, genitourinary comorbidities of 

the MIBC patient population, in addition to the accumulating side effects of treatment, often 

challenge optimal reproducible filling during the boost course [15]. Such patient-dependent 

daily variability in the size of the bladder raises significant concerns of highly conformal 

techniques such as IMRT. Although cone beam computed tomography (CBCT) is a common 

technique for image-guided radiation treatment (IGRT), CBCT is underutilized for the 

management of bladder cancer, with little data in the bladder cancer literature [16–19].

Therefore, we sought to evaluate whether IMRT could reduce dose to critical organs and 

reduce toxicities while maintaining adequate tumor coverage. We hypothesized that IMRT 

using a modern volumetric-modulated arc therapy (VMAT) technique would significantly 
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reduce the dose to nearby critical organs, including the bowel, rectum, and bladder 

compared to 3D-CRT. We secondarily explored the importance of using CBCT for tumor 

targeting in MIBC and assessed variability in daily bladder volumes during boost treatments. 

The goal of our study was to generate evidentiary support for recommending IMRT with the 

use of CBCT-based IGRT as an appropriate radiation treatment paradigm for MIBC.

Methods

After IRB approval, we retrospectively evaluated 19 consecutive patients treated at our 

single institution between 2016 and 2019 with maximal transurethral resection followed by 

curative-intent IMRT by the VMAT technique and concurrent chemotherapy for bladder 

cancer. Charlson comorbidity index and Eastern Cooperative Oncology Group (ECOG) 

performance status were scored at consultation [20]. Toxicities were characterized 

retrospectively according to the Common Terminology Criteria for Adverse Events 

(CTCAE) version 5.0. Stage was determined by American Joint Committee on Cancer, 8th 

edition. Overall survival (OS), disease-free survival (DFS), and progression-free survival 

(PFS) were measured from the end of treatment to event or censor.

CT simulation was performed with full bladder followed by an empty bladder at a single 

simulation session. To fill the bladder, patients were provided with 20 oz. of water and 

instructed to finish drinking 40 minutes before CT simulation or treatment. A single 

radiation oncologist (ANK) contoured all structures following RTOG guidelines [21, 22]. 

Briefly, the initial phase clinical target volume was defined by a 1.5 cm expansion of the 

empty bladder, a 1 cm expansion around the prostate or proximal urethra, and the pelvic 

nodes including perivesical, obturator, external iliac, internal iliac, and common iliac regions 

defined by a 7 mm boundary around the presacral, internal and external iliac vessels [21, 

22]. A 7 mm expansion of the clinical target volume was used to create the initial phase 

planning target volume, which was prescribed to 45 Gy using 1.8 Gy fractions for 25 

fractions. The boost clinical target volume was defined as a 1.5 cm expansion of the primary 

gross tumor volume, determined based on the CT simulation scan, prior CT scans, pathology 

reports, and TURBT operative reports, within a full bladder. The boost planning target 

volume included a 5–7 mm expansion of the boost clinical target volume and was treated to 

19.8 Gy using 1.8 Gy per fraction for 11 fractions. In two patients, clinically positive nodes 

were also treated as gross disease and boosted to 64.8 Gy. Bowel was contoured as bowel 

bag.

All patients were treated with IMRT utilizing a VMAT technique planned in Eclipse 

software (Varian Medical Systems, Palo Alto, CA). Primary IMRT plans were created either 

by the AAA version 11 or version 13 dose calculation algorithm. Boost plans were created 

using the same algorithm to treat the primary bladder tumor only within a full bladder. All 

IMRT plans were reviewed at a quality assurance conference consisting of radiation 

oncologists, medical physicists, and dosimetrists.

3D-CRT plans were retrospectively created for each patient with the same prescription of 

treating the empty bladder to 45 Gy followed by a boost of 19.8 Gy with a full bladder. 

Contoured volumes remained identical to the IMRT plans [21, 22]. Fields were designed 
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according to RTOG-8903 and are described in the Supplement [1]. RTOG-8903 constraints 

were also used for organs at risk, including posterior rectum wall constrained to max dose < 

55 Gy, but femoral heads were constrained to max dose < 50 Gy. 100% of the gross tumor 

volume was required to have a minimum coverage at 95% of the prescription. Constraints 

were evaluated by creating plan sums of the primary and boost treatment for both the IMRT 

and 3D-CRT plans.

After confirmation of plan satisfaction, 3D-CRT and IMRT primary and boost plans were 

exported to MIM software (MIM Software Inc., Beachwood, OH). The empty bladder CT 

and full bladder CT with structures were fused with a deformable registration algorithm, and 

dose was accumulated to create a composite plan sum. Dose volume histograms were 

generated from the composite plan sum, and dose-volume data were abstracted.

In the initial whole bladder phase, once weekly CBCT was obtained to ensure the empty 

bladder was properly targeted. In the boost phase, patients with a full bladder underwent kV 

orthogonal paired imaging with alignment to pelvic bony anatomy followed by daily CBCT. 

The patient was shifted based on CBCT alignment to the target bladder wall region and 

treated in that position. The difference between the initial bony alignment and the treated 

bladder target-aligned position by CBCT was determined by the three-dimensional shift 

magnitude, which was calculated by the square-root of the sum of the individual squared 

longitudinal, vertical, and lateral position differences. The full bladder was contoured for 

each daily CBCT during the boost phase.

Survival outcomes were described by fitting Kaplan-Meier curves. Based on the normality 

of the covariate tested by Shapiro-Wilk, paired t-test or Wilcoxon matched-pairs signed rank 

test was used to compare dose-volume relationships between IMRT and 3D-CRT plans; 

pairwise testing was utilized as each patient served as their own control. To account for tied 

values, Wilcoxon matched-pairs signed rank test with Pratt correction compared full bladder 

volumes from initial CT simulation and during each boost treatment CBCT. CBCT shifts 

were analyzed by Wilcoxon matched-pairs signed rank test against an a priori clinically 

relevant shift threshold of 0.5 cm [16–19]. All confidence intervals were reported at 95% 

and all p values were reported as two-sided, with an alpha level of 0.05. All analyses were 

performed using SAS version 9.4 (SAS Institute Inc., Cary, NC); all plots were generated 

using Prism version 7 (GraphPad Software, La Jolla, CA).

Results

A total of 19 patients with median follow-up of 10.3 months (IQR 3.2–20.7) were enrolled 

(Table 1). The most typical patient was an older Caucasian gentleman with comorbidities 

presenting with clinical stage II T2N0M0 high grade muscle-invasive urothelial carcinoma. 

Other rare presentations included one patient with limited-stage non-muscle-invasive small 

cell carcinoma, which by multidisciplinary genitourinary tumor board was considered 

aggressive enough disease to warrant treatment similar to a muscle-invasive bladder cancer. 

Another patient presented with metastatic disease to the para-aortic and retroperitoneal 

lymph nodes. This patient was treated with neoadjuvant gemcitabine and cisplatin with 

complete resolution of lymphadenopathy and partial response of the primary bladder tumor. 
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PET scan post neoadjuvant chemotherapy demonstrated avidity in the external iliac nodes 

without uptake in the retroperitoneal or para-aortic nodes. Given this response, the patient 

elected for bladder-preserving IMRT to the bladder, pelvic nodes, and previously enlarged 

para-aortic nodes.

All patients underwent maximal transurethral resection of bladder tumor prior to 

chemoradiotherapy. Two patients had planned split-course treatments with a four week break 

between the primary and boost for interval cystoscopy in the manner of RTOG-8903; all 

others were treated without planned interruption per Rodel et al [1, 23]. Most patients (79%) 

were treated with mitomycin C and 5-flurouracil during radiotherapy.

Chemoradiotherapy was well-tolerated for most patients with the expected grade 1 and grade 

2 genitourinary, gastrointestinal, and hematologic toxicities (Table 2). Four patients (21%) 

experienced a grade 3 genitourinary toxicity, and 1 patient (5%) experienced a grade 3 

gastrointestinal toxicity. No patients had radiotherapy interruptions due to toxicity; eight 

patients had chemotherapy modifications due to hematologic toxicity.

DFS, PFS, and OS are plotted on Kaplan-Meier curves (Supplement Figure 4). Two patients 

(11%) had local failure, both approximately 1 year after chemoradiotherapy. The first patient 

received intravesical Bacillus Calmette-Guerin and remains disease-free now three years 

post-chemoradiotherapy. The second patient expired due to other comorbidities (not due to 

bladder cancer) within a few months after recurrence. Local control rate was 89%. Two 

patients (11%) failed regionally; locoregional control rate was 79%. The regional failure in 

the first patient was treated definitively with stereotactic body radiation therapy to two para-

aortic lymph nodes followed by 3-months of atezolizumab; currently this patient has no 

evidence of disease now 24 months after regional recurrence. The second patient with 

regional failure concurrently developed distant metastases and initiated pembrolizumab. In 

addition to this patient, three other patients failed distantly, and median PFS was 22 months. 

At last follow-up, 12 patients (63%) remained alive without evidence of disease.

Primary target coverage for both 3D-CRT and IMRT plans was comparable and both 

techniques met or improved upon RTOG-8903 constraints. However, for all doses ≥ 30 Gy, 

IMRT significantly reduced the volume of rectum irradiated versus 3D-CRT (Figure 1a). 

Compared to 3D-CRT, IMRT reduced the volume of rectum receiving between 30 Gy and 60 

Gy (p<0.0001) as well as the volume of rectum receiving greater than 60 Gy (p<0.05) 

(Supplemental Table 1). For example, rectum V50 was 43.4 cc for 3D-CRT versus 5.2 cc 

with IMRT (p<0.0001). Similarly, the mean percent of rectal volume receiving ≥ 45 Gy was 

21.8% with IMRT versus 71.4% with 3D-CRT (p<0.0001).

IMRT also reduced bowel irradiation at all dose levels investigated (Figure 1b). The V40, 

V45, V50 for IMRT were over 50% lower compared to 3D-CRT (p<0.0001) for absolute and 

relative bowel volumes (Supplemental Table 2). For example, the mean V45 for the 3D-CRT 

plan was 239 cc compared to 85.9 cc for the IMRT plan. Higher dose levels showed similar 

results, with IMRT dose reduced by over 50% compared to the 3D-CRT plan. For instance, 

less than 5% of bowel was treated to ≥ 50 Gy by IMRT, compared to 24% of bowel by 3D-

CRT (p<0.0001).
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Dosimetric comparison of the bladder is plotted in Figure 1c. The entire bladder received 45 

Gy by prescription (Supplemental Table 3). From the 50 Gy dose level to the 63.5 Gy level, 

IMRT spared bladder significantly more so than 3D-CRT (p=0.002). At the 95% dose level, 

the V61.56 for 3D-CRT was 113.6 cc while IMRT was 83.6 cc (p<0.0001). Similarly, the 

percentage of bladder irradiated at and above the 98% dose level, 63.5 Gy, was 96.7% by 

3D-CRT and only 50.9% by IMRT and (p=0.003), sparing nearly half of the bladder 

compared to 3D-CRT.

Dose maxima are shown in Figure 1d. Rectum max dose for 3D-CRT was 64.54 Gy (IQR 

61.92–67.95) compared to 62.64 Gy (IQR 59.21–66.28) in IMRT (p<0.05). Bowel had a 

max dose of 68.14 Gy (IQR 66.23–69.31) for 3D-CRT while IMRT max dose was only 

64.56 Gy (63.05–66.79 Gy) (p<0.0001). Max bladder dose was 68.84 Gy (IQR 67.97–69.29) 

for 3D-CRT and 67.43 Gy (IQR 67.11–69.13) for IMRT (p=0.17).

Median three-dimensional shifts determined by CBCT alignment of the target bladder wall 

following initial kV imaging aligned to bony anatomy are plotted in Figure 2a. For 19 

patients with 170 CBCTs, the median three-dimensional shift after the CBCT was 0.62 cm 

(IQR 0.26–1.41). Four patients did not have CBCTs available for analysis. A wide range in 

shift requirements was evident and remained persistent for each fraction (Figure 2b). 

Patients were likely to undergo clinically relevant shifts greater than 0.5 cm at each fraction 

after daily CBCT (p=0.001). Patients underfilled the bladder during the boost phase 

compared to full bladder simulation (p=0.002). Substantial day-to-day variation in bladder 

volumes was evident during treatment (Figure 3).

Discussion

In this study, we demonstrate that IMRT utilizing a modern VMAT technique is 

dosimetrically superior to 3D-CRT by sparing substantial volumes of the rectum and bowel 

above 30 Gy while maintaining appropriate tumor target coverage. IMRT also spares bladder 

at 50 Gy and higher versus 3D-CRT. In fact, bladder volumes receiving 63.5 Gy for IMRT 

are nearly half of 3D-CRT. These data illustrate the versatility of IMRT in sparing tissues 

adjacent to a target is remarkable even though the uninvolved bladder is abutting the primary 

target. Overall, the ability of IMRT to spare rectum, bowel, and bladder from large volumes 

receiving high doses is robust and demands attention in bladder-preservation clinical trials.

The dosimetric advantage afforded by IMRT over 3D-CRT is promising for the reduction of 

acute treatment-related toxicities. For instance, we found that mean bowel volume treated to 

≥ 45 Gy was 239 cc for the 3D-CRT plan and only 85.9 cc for the IMRT plan. This mean 

3D-CRT bowel volume exceeds the QUANTEC value of 195 cc, suggesting that the risk of 

grade 3 toxicity in the 3D-CRT exceeds 10% [24]. Given the direct relationship between 

bowel toxicity and treated bowel volume shown by McDonald and colleagues, the 

dosimetric advantage demonstrated by our study is highly encouraging for clinical 

translation into reduced toxicity [25]. This is corroborated by other authors who reported a 

significant decrease in grade 2+ diarrhea in patients treated with IMRT vs. 3D-CRT [2]. In 

our study, only 1 patient (5%) experienced a grade 3 gastrointestinal toxicity. In contrast, the 

historical 3D-CRT trial RTOG 0712 reported high grade gastrointestinal toxicity in 9% of its 
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study cohort receiving daily radiation and gemcitabine [14]. Similarly, BC2001 reported 

rates of 9.6% high grade gastrointestinal toxicity during 3D-CRT with mitomycin C and 5-

fluorouracil, even with 40% of those patients randomized to hypofractionated dose of 55 Gy 

[26]. The likelihood of rectal toxicity also appears to be significantly reduced with IMRT, as 

the entire dose distribution to the rectum appears markedly improved compared to 3D-CRT 

[27]. Furthermore, the probability of genitourinary toxicity also appears substantially 

reduced given known dose-volume effects of the bladder [15]. BC2001 observed high grade 

genitourinary toxicity in 21% of chemoradiotherapy patients, which appears equivalent to 

our study’s genitourinary toxicity rate of 21% [26]. However, it may be possible that, given 

the dosimetric advantages demonstrated for IMRT in our study, higher patient numbers or a 

comparison 3D-CRT cohort may have yielded more obvious benefits in clinical 

genitourinary toxicity [15]. For instance, one study reported a significant decrease in acute 

urinary toxicity for patients treated with IMRT compared to patients treated with 3D-CRT 

[5]. Finally, while our study did not evaluate late effects, long-term pelvic toxicity after 3D-

CRT is uncommon [28]. Most likely, IMRT affords comparable, if not improved, rates of 

long-term toxicity.

To capitalize on the dosimetric and clinical utility of IMRT, we advocate for daily precision 

imaging with CBCT-based IGRT during the boost phase due to variability of bladder size 

and positioning. After receiving 45 Gy to the bladder, patients often have difficulty 

reproducibly maintaining a full bladder for the subsequent boost phase. Here, we show that 

patients underfill the bladder in approximately 80% of boost fractions compared to 

simulation. Bladder volumes significantly differed from simulation, and this disparity in 

volume may create significant alignment error for primary tumor, and consequently 

underdose to tumor and/or overdose to surrounding organs. Additionally, although our 

approach is to obtain daily CBCT during the boost phase, the use of daily CBCT during both 

the whole bladder phase and boost phase, as some authors suggest, may furnish further 

dosimetric and clinical benefit [29]. With this alternate strategy, target volumes in the whole 

bladder phase can be further decreased via elimination of the CTV margin, although the 

merits of such an approach, as well as drawbacks, require further investigation at this time.

Additionally, we find that patients were shifted on average over 0.6 cm even after alignment 

of bony anatomy with orthogonal kV imaging. The extent of shift was highly variable each 

day. The probability of missing tumor during boost treatments is likely high with conformal 

techniques such as IMRT in the absence of 3D-image guidance, leading to justifiable 

concerns [15]. Although 3D-CRT utilizes larger field sizes, the shifts observed in our study 

were often more than 2 cm, and standard 3D-CRT boost field margins may be insufficient 

for adequate tumor coverage. For remedy, in this study we demonstrate that even though 

bladder position and size vary considerably during each day of partial bladder irradiation, 

the risk of improper tumor coverage or overdosing of native organs can be mitigated by the 

application of daily CBCT. Efforts to improve target localization even further with the use of 

intravesical tumor bed fiducial markers including hydrogels (NCT03125226) are under 

active investigation [30]. At minimum, we strongly recommend daily CBCT-based IGRT 

during partial bladder irradiation.
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Tumor control may be improved by IMRT with CBCT due to improved target accuracy. 

With CBCT, primary target bladder wall of a full bladder can be visualized and aligned for 

precise IMRT targeting. Other techniques for defining the boost target volumes, such as 

MRI, CT-urogram, and/or cystoscopic mapping, may further improve targeting. In our 

IMRT-treated cohort utilizing a CBCT-based approach, local control was 89%, and 

locoregional control was 79% at last follow-up. In the context of BC2001’s locoregional 

control rate of 67% at two years, the potential for IMRT to improve disease control rates 

over 3D-CRT appears promising [26]. IMRT with chemotherapy may even offer 

locoregional control comparable to neoadjuvant chemotherapy and radical cystectomy [31]. 

However, it is unlikely that a head-to-head trial of trimodality therapy versus radical 

cystectomy will be conducted in the near future [32]. Nonetheless, prospective studies 

evaluating locoregional efficacy of IMRT are certainly merited.

Limitations of this study include retrospective nature and sample size. While most patients 

received mitomycin C and 5-fluoruracil, chemotherapy heterogeneity may have introduced 

bias. Additionally, toxicities were retrospectively graded. However, 89% of patients were 

seen during treatment by a single genitourinary radiation oncologist (ANK) who provided 

standardized descriptions of side effects in the medical record. To that extent, all structures 

were contoured by ANK, and all plans were reviewed and approved by ANK. Therefore, the 

application of these techniques may not yet be generalizable outside of tertiary centers. 

Additionally, retrospectively generated plans for research purposes may be biased towards 

less optimal design compared to plans used in patient care, because research-generated plans 

do not undergo departmental peer review. While substantial efforts were made to construct 

3D-CRT plans that would otherwise be suitable for treatment, inherent bias may 

inadvertently favor IMRT plans. Finally, our single-arm study was not designed to analyze 

tumor control rates. SWOG/NRG S1806 (NCT03775265) is a prospective phase III study 

randomizing patients to chemoradiotherapy with or without atezolizumab. This is the first 

large-scale clinical trial to allow physicians to treat MIBC with IMRT at physician 

discretion. S1806 provides considerable flexibility toward treatment volumes (full or partial 

bladder), elective nodal coverage, and chemotherapy regimen; the treatment style reported in 

this manuscript is included as an option in S1806.

While maintaining coverage of the tumor target, IMRT utilizing a modern VMAT technique 

significantly reduces dose to the surrounding rectum, bowel, and bladder as compared to 3D-

CRT for the treatment of bladder cancer. Daily CBCT for partial bladder irradiation during 

the boost phase is essential to account for significant inter-fraction variations in bladder 

volume and positioning. IMRT dose-sparing may reduce toxicities compared to 3D-CRT. 

These findings merit validation in well-powered prospective trials.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
3D-CRT and IMRT mean treatment volumes for organs-at-risk. Doses 30 Gy and higher are 

displayed for (A) rectum and (B) bowel. Doses 45 Gy and higher are shown for (C) bladder. 

(D) Maximum dose is displayed for each structure. Error bars represent 95% confidence 

intervals of the mean.
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Figure 2. 
Daily CBCT translational shifts plotted for each fraction of partial bladder irradiation (A) 

individually and (B) summarized with median and interquartile range.
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Figure 3. 
Bladder volumes for each patient plotted for each fraction of partial bladder irradiation. 

Bladder volumes are displayed as normalized ratios to the simulation full bladder volume.
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Table 1.

Patient clinicopathologic characteristics.

Clinicopathologic Characteristic Mean/Median or Incidence IQR/95% CI or %

Age (years) 78 74–81

Male sex 15 79

Race

 NH White 17 89

 NH Black 2 11

Body Mass Index (kg/m2) 28 25–31

Tobacco Use 12 63

Charlson Comorbidity Index 7 6–9

ECOG Performance Status

 0 5 26

 1 9 47

 2 5 26

Clinical Stage

 I* 1 3

 II 16 84

 III 1 3

 IV 1 3

T2 17 89

N0 16 84

Histology

 Urothelial 17 89

 Squamous 1 5

 Small cell 1 5

Differentiation Pattern

 Papillary 5 26

 Sarcomatoid 2 11

 Plasmacytoid 1 5

 Squamous 4 21

 Not otherwise specified 8 42

Grade

 High 16 84

 Moderate 1 3

MIBC 17 89

Tumor Location

 Dome 2 11

 Lateral Wall 7 37

 Posterior Wall 4 21

 Trigone/Neck 3 16

 Multifocal 3 16
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Clinicopathologic Characteristic Mean/Median or Incidence IQR/95% CI or %

Maximum Tumor Diameter 4.18 3.22–5.12

Chemotherapy

 MMC/5FU 15 79

 Gemcitabine 2 11

 Cisplatin 2 11

*
Small cell carcinoma of the bladder
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Table 2.

Incidence of treatment-related side effects during chemoradiotherapy according to maximal severity per the 

Common Terminology Criteria for Adverse Events version 5.0. Both maximal specific and system toxicities 

are displayed.

Toxicity Grade 0 n (%) Grade 1 n (%) Grade 2 n (%) Grade 3 n (%) Grade 4 n (%)

Genitourinary 1 (5) 10 (53) 4 (21) 4 (21) 0 (0)

 Frequency 5 (26) 11 (58) 2 (11) 0 (0) 0 (0)

 Cystitis Non-Infection 6 (33) 10 (56) 2 (11) 0 (0) 0 (0)

 Urinary Tract Infection 14 (74) 0 (0) 1 (5) 4 (21) 0 (0)

 Urinary Tract Pain 15 (83) 2 (11) 1 (6) 0 (0) 0 (0)

 Urgency 4 (22) 13 (72) 1 (6) 0 (0) 0 (0)

 Bladder Spasm 14 (78) 2 (11) 2 (11) 0 (0) 0 (0)

 Dysuria 9 (50) 8 (44) 1 (6) 0 (0) 0 (0)

Gastrointestinal 5 (26) 9 (47) 4 (21) 1 (5) 0 (0)

 Nausea 16 (84) 1 (5) 2 (11) 0 (0) 0 (0)

 Diarrhea 6 (32) 10 (53) 2 (11) 1 (5) 0 (0)

 Proctitis 16 (84) 1 (5) 1 (5) 1 (5) 0 (0)

 Colitis 17 (89) 1 (5) 0 (0) 1 (5) 0 (0)

Hematologic/Laboratory 4 (21) 2 (11) 3 (16) 6 (32) 4 (21)

 Leukopenia 4 (27) 5 (33) 4 (27) 0 (0) 2 (13)

 Anemia 2 (13) 5 (33) 5 (33) 3 (20) 0 (0)

 Thrombocytopenia 5 (33) 7 (47) 1 (7) 1 (7) 1 (7)

 Neutropenia 10 (71) 0 (0) 3 (21) 0 (0) 1 (7)

 Lymphocytopenia 0 (0) 1 (7) 3 (21) 9 (64) 1 (7)

 Elevated Creatinine 8 (53) 6 (40) 1 (7) 0 (0) 0 (0)
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