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Abstract
Purpose: As an alternative to radical cystectomy, tri-modality treatment (TMT) is an effective treatment approach for selected patients

with muscle-invasive bladder cancer (MIBC). The purpose of this report is to contribute to the literature by summarizing institutional

outcomes of a bladder-preserving TMT approach for patients with MIBC.

Methods and Materials: Patients treated with TMT for MIBC from 1998 to 2019 were identified. Patient, disease, and treatment

factors were recorded. Overall survival (OS), disease-free survival (DFS), and bladder-preserved DFS were estimated with the

Kaplan-Meier method. Prognostic factors were evaluated with Cox proportional hazards regression.

Results: Thirty-two patients treated with TMT to a median dose of 64.8 Gy for T2 (78%), T3 (19%), and T4 (3%) disease were followed

for a median of 19 months (mean, 36; range, 6-213); 31% had associated carcinoma in situ; 25% had associated hydronephrosis. Cisplatin

was the most commonly used chemotherapeutic agent. OS rates were 84% at 1 year and 61% at 5 years. DFS rates were 84% and 61%

and bladder-preserved DFS rates were 84% and 60% at 1 year and 5 years, respectively. Salvage cystectomy rates at 1 year and 5 years

were 4% and 9%, respectively. Four patients had locally invasive recurrences at 8, 11, 34, and 37 months after initial MIBC diagnosis, 2

of whom underwent salvage radical cystectomy. Ten (31%) patients developed distant disease at a median of 13 months after diagnosis.

Unlike local recurrence, distant recurrences were associated with worse OS and hazard ratios of 3.4 (P = 0.039).

Conclusions: OS and DFS were comparable to those of published data. Our outcomes support TMT as an effective option for carefully

selected patients with MIBC.

© 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-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Sources of support: This work had no specific funding.

Disclosures: none.

The data sets used and/or analyzed during the current study are

available from the corresponding author on reasonable request.

*Corresponding author: Sean Sachdev, MD; E-mail: sean.

sachdev@northwestern.edu

https://doi.org/10.1016/j.adro.2021.100718

2452-1094/© 2021 The Authors. Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access article unde

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Bladder cancer was the sixth most common cancer site

in the United States in 2019.1 Muscle-invasive bladder
cancer (MIBC) is disease invasive to at least the muscula-

ris layers of the bladder (stage T2, American Joint Com-

mittee on Cancer Eighth Edition) and may extend to

perivesical tissue or beyond (stage T3 or T4).2 MIBC rep-

resents approximately 25% of all localized bladder cases

and (compared with other lower stages) portends a worse

prognosis with higher rates of metastasis and cancer mor-

tality at 6 months if untreated.3 Treatment options include

radical cystectomy (RC) or organ-preserving tri-modality

treatment (TMT) consisting of maximal transurethral

resection of bladder tumor (TURBT), radiation therapy
r
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(RT), and chemotherapy. With a median presenting

age above 70 years, MIBC treatment should ideally

seek balance between adequate curative therapy and

consideration of patient comorbidities, performance

status, and quality of life. No randomized data exist

adequately comparing RC to TMT to guide manage-

ment decisions. We present a retrospective analysis of

the TMT experience at a large academic medical cen-

ter with the goal of enhancing the bladder preserva-

tion literature.
Methods and Materials
Patient identification and selection

We identified patients with a histologically confirmed

diagnosis of MIBC (staged T2 or greater) who received

curative intent bladder preserving therapy at our institu-

tion from 1998 to 2019. Information on patient, disease,

and treatment characteristics was collected after approval

by the institutional review board.
Table 1 Patient, tumor, and treatment characteristics

Characteristic No. (%)/Median & IQR

Age at diagnosis (y) Median, 73.5; IQR, 64.5-80

Sex

Male 25 (78.1)

Female 7 (21.9)

Clinical stage

T2 25 (78.1)

T3+ 7 (21.9)

Tumor size (cm) Median, 3.5; IQR, 2-5

Tumor histology

Urothelial 26 (81.3)

Other 6 (18.7)

Tumor-associated CIS

Present 10 (31.3)

Absent 18 (56.3)

Unknown 4 (12.5)

Hydronephrosis

Present 8 (25.0)

Absent 23 (71.9)

Unknown 1 (3.1)

Neoadjuvant chemo

Yes 12 (37.5)

No 19 (59.4)

Unknown 1 (3.1)

TURBT

Visibly complete 17 (53.1)

Incomplete 9 (28.1)

Unknown 6 (18.8)

RT dose (Gy) Median, 64.8; IQR, 61.2-64.8

Abbreviations: CIS = arcinoma in situ; IQR = interquartile range;

RT = radiation therapy; TURBT = transurethral resection of bladder

tumor.
Follow-up and disease status evaluation

Follow-up evaluation after completion of treatment

most recently has involved urine cytology and regular

cystoscopy with TURBT (as needed) at 3-month intervals

for the first year with less frequent follow-up afterward.

At the time of this analysis, 5 patients were lost to fol-

low-up, with no record of continued oncologic/palliative

care or death.
Statistical analysis

All survival periods, including overall survival (OS),

were defined from date of histologic confirmation of

MIBC. Disease-free survival (DFS) was defined by date

of invasive local recurrence or distant metastasis. Blad-

der-preserved DFS (bpDFS) was defined as DFS in the

setting of preserved native bladder.

Kaplan-Meier survival analysis was used to calculate

OS, DFS, and bpDFS rates; statistical comparisons

between groups were done with log-rank analysis. Uni-

variate regression was done using Cox proportional haz-

ard regression. A P value of < .05 was considered

statistically significant. All analyses were performed in

STATA software version 14.2 (StataCorp LLC, College

Station, TX).
Results
Patient, tumor, and treatment characteristics

Thirty-two patients with a median age of 74 treated

with TMT for MIBC were identified at our institution

from 1998 to 2019 (Table 1). Median follow-up was 19

months (mean, 36; range, 6-213) for all patients. For the

15 surviving patients with current oncologic care, median

follow-up was 30 months (mean, 50; range, 17-213).

Of the 32 patients, 25 (78%) had T2 disease, 6 (19%)

had T3 disease, and 1 (3%) had T4 disease. Twenty-six

(81%) patients had urothelial histology, 4 (13%) had neu-

roendocrine/small cell, 1 (3%) had adenocarcinoma, and

1 (3%) had sarcomatoid histology. Cisplatin was the

most commonly used neoadjuvant (in 83% of the 12

patients receiving neoadjuvant chemotherapy [NAC];

42% received combination methotrexate, vinblastine,

doxorubicin, and cisplatin [MVAC]) and concurrent

chemotherapeutic agent (33%). Other agents included

gemcitabine in 9 (30%) patients and 5-florouracil in

6 (20%) patients. Two patients did not receive chemo-

therapy. Radiation therapy was to a mean dose of

64.8 Gy using intensity modulated radiation therapy

(including with volumetric modulated arc therapy) in

47% of cases.



Figure 1 Survival rates for muscle-invasive bladder cancer (MIBC).

Advances in Radiation Oncology: XX 2021 TMT for muscle invasive bladder cancer 3
Failure and salvage cystectomy

Four patients had local, invasive recurrences at 8,

11, 34, and 37 months after initial MIBC diagnosis.

Two patients, both with invasive local recurrence,

underwent salvage radical cystectomy at 8 and 15

months after diagnosis; 1 patient was managed nonop-

eratively and 1 patient developed evidence of distant

disease 4 months beyond local recurrence. Initial dis-

tant recurrences were more common, with 10 (31%)

patients developing distant disease at a median of 13

months after diagnosis. Rates of salvage cystectomy

at 1 year and 5 years were 4% and 9%, respectively.

There were no cystectomies or prolonged intervention

for late high-grade (ie, 3 or 4) radiation-induced toxic-

ity or bleeding; unfortunately, graded toxicity was not

uniformly recorded across the timespan covered in

this study period.
Cancer-related outcomes

OS rates were 84% and 61% at 1 year and 5 years,

respectively. DFS rates were 84% and 61% at 1 year

and 5 years, respectively (Fig 1). bpDFS rates were

84% and 60% at 1 year and 5 years, respectively

(Table 2). Any recurrence (local or distant) was non-

significantly associated with poorer OS, with a hazard
Table 2 Survival and bladder preservation rates

Characteristic 1 year 5 year

Overall survival 84% 61%

DFS 84% 61%

Bladder preserved DFS 84% 60%

Cumulative salvage RC 4% 9%

Abbreviations: DFS = disease free survival; RC = radical

cystectomy.
ratio of 2.7 (95% confidence interval [CI], 0.8-9;

P = .098). In comparison to local recurrence, distant

recurrences were significantly associated with OS,

with a hazard ratio of 3.4 (95% CI, 1.1-11; P = .039)

(Fig. 2). Figure 3 shows numerically superior out-

comes with complete TURBT and T2 stage (compared

with T3/T4); however, this was not statistically signif-

icant (P = .16, .34 respectively). No other patient,

tumor, or treatment variables were statistically signifi-

cant predictors of cancer-related outcomes.
Discussion
In this retrospective series, we aimed to summarize

the TMT experiences at our institution and contribute

to the literature regarding the selection and manage-

ment of patients in a bladder-preserving treatment

approach.

The most common curative treatment for MIBC has

historically been RC, with 5-year recurrence-free and OS

rates of 68% and 66%, respectively.4 These results are in

line with and comparable to findings from a large, multi-

trial pooled analysis of 6 Radiation Therapy Oncology

Group studies with 5-year DFS and OS of 71% and

57%.5 Our institutional experience with bladder preserva-

tion yields similar oncologic control rates with 5-year

DFS and OS of 61% (95% CI, 37%-77%) and 61% (95%

CI, 38%-77%), respectively. Further, in our cohort, 22%

of patients had T3 or greater disease and only 53% had

confirmed visibly complete TURBT. Other single-institu-

tional data reveal that TMT may yield DFS rates

approaching 85% at 5 years when examining a more care-

fully selected cohort (with complete TURBT, etc).6

Although distant recurrence was associated with poorer

OS, local recurrence was not; 4 patients have had locally

recurrent disease, none of whom died. This highlights the

importance of close clinical (incorporating cystoscopy

and urine cytology) and radiographic follow-up after



Figure 2 Disease recurrence and survival.
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TMT. These patients may undergo successful surgical

salvage.

Our institutional approach (especially in recent years)

is to use intensity modulation radiation therapy with

inclusion of the draining lymphatics; patients are simu-

lated and treated using an empty bladder geometry that is

confirmed with daily image guidance with cone beam

computed tomography. Almost 40% of patients in our

series received NAC before chemoradiation. Of those

undergoing NAC, more than 80% received cisplatin-

based chemotherapy regimen with 42% getting MVAC.

These factors were not statistically significant predictors

of survival in our analysis. Randomized trial data show

that NAC improves survival rates before RC, but these

findings have not been replicated with TMT.7 An older

study, Radiation Therapy Oncology Group 8903, found

no benefit with the addition of 2 cycles of MVAC before

TMT with 64.8 Gy.8 However, such a strategy has been

undergoing further examination more recently − a large

series of patients receiving NAC followed by chemora-

diation demonstrated that 2 to 4 cycles of gemcitabine

and cisplatin were well tolerated and resulted in 2-year

OS of 74%.9
Figure 3 Transurethral resection of bladder tumor
The largest patient series, from Massachusetts Gen-

eral Hospital, reported 5-year local invasive recur-

rence rates and distant failure rates of 16% and 32%,

respectively.6 A current, ongoing study, SWOG/NRG-

s1806, is slated to become the largest prospective

trial of TMT ever conducted. Although the trial is

testing the addition of immune checkpoint inhibitor

atezolizumab to TMT, it will provide important pro-

spective validation of TMT for a carefully selected

patient population ideal for the therapy.

Our study is limited in that, as a retrospective analysis,

no uniform selection criteria for TMT in patients was

applied. TMT in this cohort was offered to patients who

were not ideal candidates and had other factors such as

T3+ disease, presence of hydronephrosis, carcinoma in

situ, and lack of visibly complete TURBT, all of which

have been shown as predictors of poorer disease control

and OS.6 Although these variables were associated with

poorer outcomes in this cohort, the results were not statis-

tically significant, due in part to the limited number of

patients in this series. Despite the patient heterogeneity,

this cohort’s outcomes are comparable to similar series.

This means that for better-selected patients, TMT could
(TURBT) status, clinical stage, and survival.
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yield even better results and thus represent a very viable

treatment modality for certain patients.

To date, although attempted, no randomized con-

trolled trial has been able to adequately compare out-

comes between RC and TMT.10,11 Multiple challenges

exist when attempting to randomize patients to these very

different treatment modalities, including strong preferen-

ces expressed by patients and providers.12 For these rea-

sons, the decision to pursue either RC or TMT requires a

multidisciplinary approach and elucidation of careful

selection criteria for bladder preservation.
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