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Purpose: The aim of this study was to determine whether escalating the local radiation dose can improve the outcome of residual
bladder cancer after transurethral resection of bladder tumor without increasing treatment-related toxicity.
Methods and Materials: The treatment plans and medical records of patients with bladder cancer treated with curative-intent
radiation therapy between 2008 and 2020 were reviewed. Those who had residual tumors in the computed tomography simulation
images were included. A cumulative radiation dose higher than 6600 cGy was defined as dose escalation. The effect of dose escalation
on 3-year locoregional control, progression-free survival, and overall survival was evaluated.
Results: A total of 149 patients with residual tumors were identified. The median follow-up period was 27.5 months. Among them, 51
patients received an escalated radiation dose, and 98 received a standard dose in the residual tumor area. Patients in the dose-escalation
group had higher 3-year locoregional control (65.6% vs 27.8%; P < .001) and progression-free survival (42.6% vs 18.2%; P < .001) than
the standard-dose group. Overall survival also showed a trend favoring the dose-escalation group (54.9% vs 36.2%; P = .059). In the
multivariate analyses, the differences between the dose-escalation and standard-dose groups were significant in terms of locoregional
control (hazard ratio, 0.32; CI, 0.18-0.59; P = <.001) and progression-free survival (hazard ratio, 0.51; CI, 0.32-0.82; P = .005). There
was no statistical difference in acute and chronic treatment-related toxicities between the 2 groups.
Conclusions: The outcome of residual bladder cancer after transurethral resection of bladder tumor could be improved by dose-
escalated radiation therapy.
© 2023 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/).
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Introduction
Tri-modality therapy with transurethral resection of
bladder tumor (TURBT) and concurrent chemoradiation
has been proposed for organ preservation in muscle-inva-
sive bladder cancer (MIBC).1,2 While using this approach,
r
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the treatment outcome is affected by the completeness of
TURBT. In a previous study, a complete TURBT has been
found to correlate with good tumor response.3

Since maximal TURBT is not always feasible when
considering patient preference, suitability for surgery,
tumor location, and tumor invasiveness, residual tumors
after TURBT were reported in approximately 40% of
patients before radical cystectomy.4 Another retrospective
study revealed pathologic upstaging from clinical staging
in 42% of patients after radical cystectomy, implying the
incompleteness of TURBT as well.5 Furthermore, 1 study
from the Surveillance, Epidemiology, and End Results
registry found that 48% of TURBT sampling did not have
detrusor muscle, which also indicates poor prognoses.6

Therefore, repeat-TURBT is recommended in most
MIBC treatment guidelines.

The effect of radiation dose escalation in the tumor bed in
tri-modal treatment has been investigated. In a National Can-
cer Database study, dose-escalated radiation therapy was
shown to improve overall survival (OS) in elderly patients
receiving bladder-preserving treatment.7 However, regarding
the treatment-related toxicity, the dose-escalation strategy
could have been limited owing to the challenges in preserving
surrounding critical organs in the early radiation therapy era.
Moreover, the efficacy of applying the dose-escalation strategy
to residual tumors after TURBT has not been evaluated. In
this study, we aimed to determine whether escalating radiation
doses usingmodern radiation therapy techniques can improve
treatment outcomes for patients with residual bladder tumors
without increasing the treatment-related toxicities.
Methods and Materials
Patients

Data from the Cancer Registry of Chang GungMemorial
Hospital Linkou branch between March 2008 and Decem-
ber 2020 were reviewed. We included bladder cancer
patients who underwent curative radiation therapy (≥5940
cGy to tumor areas) alone or combined with other treat-
ments. Patients with residual tumors after TURBT were
included, which incorporated incomplete TURBT in the
cystoscope reports, or identified visible remnant tumors on
magnetic resonance imaging or pre-radiation therapy com-
puted tomography (CT) simulation images. The exclusion
criteria were as follows: the presence of distant metastasis,
palliative treatment for bladder cancer, previous radiation
therapy for bladder cancer, or radical cystectomy. Associ-
ated data, including age, sex, comorbidities, body mass
index, TURBT results, tumor grade and differentiation,
tumor status in CT simulation, chemotherapy regimen,
radiation therapy dose, dose-volume histogram of each radi-
ation therapy plan, and post-treatment follow-ups such as
cystoscopy and medical records, were collected. The
protocol for this study has been approved by a suitably con-
stituted ethics committee of the institution, and it conforms
to the provisions of the Declaration of Helsinki by the
Chang Gung Medical Foundation Institutional Review
Board (IRB no. 202200049B0).
Treatment

According to the treatment guideline of the Chang Gung
Memorial Hospital Linkou branch, radiation therapy was
indicated for the purpose of organ preservation or for unre-
sectable bladder tumors. Concurrent chemotherapy was
suggested unless the general condition of patients precluded
treatment, as judged by clinicians. The primary concurrent
chemotherapy regimen was platinum-based. The irradiated
field encompassed the entire urinary bladder and regional
lymphatics. All patients underwent CT simulation for target
volume delineation and radiation therapy treatment plan-
ning. Radiation therapy was delivered using a 6/10 MV x-
ray via linear accelerators (Varian, Palo Alto, CA). Techni-
ques of radiation therapy included 3-dimensional conformal
radiation therapy (3DCRT), intensity modulated radiation
therapy (IMRT), or volumetric-modulated arc therapy.

In the standard-dose group, the total radiation dose was
5940 to 6600 cGy in 30 to 36 fractions (180-200 cGy per
fraction) to the whole bladder, whereas a radiation dose
>6600 cGy was prescribed to residual tumors by either the
simultaneous integrated boost or sequential boost techni-
ques for the dose-escalation group. A minimum dose of
110% to 120% of the prescribed dose was delivered to resid-
ual tumors while using the simultaneous integrated boost
technique. A planning target volume margin of 5 mm was
established around the residual tumors for patients receiving
radiation therapy using the sequential boost technique. Pro-
phylactic lymphatic irradiation was applied with 4500 to
5040 cGy in 25 to 28 fractions. The constraints for both
groups were the same. The regimens of concurrent chemo-
therapy included cisplatin, 5-fluorouracil, or gemcitabine.
Follow-up and treatment-related adverse
events

The follow-up protocol after the completion of treat-
ment included urine cytology, cystoscopy, and physical
examination every 3 months in the first year, and then
every 3 to 6 months. Imaging studies were performed 3 to
6 months after treatment completion and then yearly.

Genitourinary (GU) and gastrointestinal (GI) toxicity was
graded according to the Common Terminology Criteria for
Adverse Events version 4.03 (CTCAE 4.03). The worst treat-
ment-related adverse events during treatment or within 1
month after the end of treatment were graded and categorized
as acute toxicity. Toxicity that happened 1 month after treat-
ment completion was classed as late toxicity.
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Endpoints and statistical analysis

The primary endpoint was the 3-year locoregional
control rate (LRC), which was defined from the initiation
of radiation therapy to the first detection of locoregional
recurrence or death from any cause, whichever occurred
first. The secondary endpoints were 3-year progression-
free survival (PFS) and 3-year OS. PFS was defined as the
time between the initiation of radiation therapy and
tumor progression or death from any cause. OS was
defined as the time from the initiation of radiation ther-
apy to death from any cause. Patients who were lost to fol-
low-up were censored at the time of the last follow-up.

Survival curves were estimated and compared using
the Kaplan-Meier method and the log-rank test, respec-
tively. The univariate and multivariate analyses were con-
ducted using Cox proportional hazards regression.
Pearson’s x2 test was used for the comparison of adverse
event numbers. The calculations were performed using
SPSS Statistics version 22 (IBM, Armonk, NY) and the
statistical programming language and environment R
(version 4.2.2).8 The survival plots were plotted using
GraphPad Prism 9 (GraphPad, San Diego, CA).
Results
Patients

In total, 149 patients were identified with possible
residual bladder tumors using preradiation therapy CT
Table 1 Patients and tumor characteristics at baseline

Characteristic Dose escalation (n = 5

RT dose (cGy), median (range) 6930 (6644-7326)

Age (y), median (range) 74.2 (47.7-92.3)

Male sex 35 (68.6%)

ECOG 0-1 43 (84.3%)

BMI ≥ 25 20 (40.0%)

Multimorbidityy 33 (64.7%)

T1-2z 29 (56.9%)

N−z 46 (90.2%)

Multi foci 24 (47.1%)

Hydronephrosis 18 (35.3%)

Hb (g/dL), median (range) 12.0 (5.1-16.0)

Concurrent chemotherapy 29 (56.9%)

Abbreviations: BMI = body mass index; CCRT = concurrent chemoradiothera
RT = radiation therapy.
*By Pearson’s x2 test.
yCharlson Comorbidity Index ≥3 points.
zAccording to the American Joint Committee on Cancer−Clinical Staging eig
imaging. By examining the dose-volume histograms
and treatment plans, 51 patients were found to receive
doses higher than 6600 cGy for the residual bladder
tumor (the dose-escalation group). The other 98
patients who received less than or equal to 6600 cGy
were categorized as the standard-dose group. Among
those who received concurrent chemotherapy, 90%
(63/70) received platinum-based regimens. The
patient- and tumor-associated characteristics between
the dose-escalation and standard-dose groups were
analyzed. No significant difference in those characteris-
tics was found between these 2 groups. Detailed infor-
mation is presented in Table 1.
Treatment results

The median follow-up time for the 149 patients was
27.5 months. Among them, 73 (49.0%) experienced local
recurrence, and 19 (12.8%) had regional recurrences. Dis-
tant metastases developed in 43 (28.9%) patients. Eighty-
five (57.0%) patients died during the follow-up period.
The overall 3-year LRC, PFS, and OS were 40.0%, 23.0%,
and 33.0%, respectively. The 3-year LRC, PFS, and OS of
the dose-escalation and standard-dose groups were 65.6%
and 27.8%, 42.6% and 18.2%, and 54.9% and 36.2%,
respectively. Compared with the standard-dose group, the
dose-escalation group had significantly higher LRC (P <
.001) and PFS (P < .001) and a trend toward better OS
(P = .059), implying improved outcomes by escalating
radiation dose. The LRC, PFS, and OS of each group are
shown in Fig. 1A-C, respectively.
1) Standard dose (n = 98) P value*

6300 (5940-6600) <.001

77.5 (40.5-93.1) .528

66 (67.3%) .874

84 (85.7%) .819

31 (32.6%) .377

58 (59.2%) .512

62 (63.3%) .447

85 (86.7%) .538

52 (53.1%) .487

34 (34.7%) .942

11.9 (4.4-16.3) .720

41 (41.8%) .081

py; ECOG = Eastern Cooperative Oncology Group; Hb = hemoglobin;

hth edition.



Figure 1 Treatment outcomes for the dose-escalation
and standard-dose groups. These figures show the locore-
gional control (A), progression-free survival (B), and
overall survival (C) of patients in the dose-escalation and
standard-dose groups. The P values calculated by the log-
ranked test were <.001, <.001, and .059 for locoregional
control, progression-free survival, and overall survival,
respectively.
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Univariate and multivariate analyses

In the univariate analysis, the escalated dose and the
presence of hydronephrosis were significantly associated
with LRC. The multivariate analysis further confirmed the
significance of the association of dose escalation and hydro-
nephrosis with LRC (hazard ratio, 0.32; CI, 0.18-0.59; P <
.001 for dose escalation; hazard ratio, 1.99; CI, 1.22-3.23;
P = .005 for hydronephrosis). The details of the univariate
and multivariate analyses of LRC are shown in Table 2.

Regarding PFS, the escalated dose, nodal status, and
presence of hydronephrosis showed statistical significance
in the univariate analysis. The escalated dose and the
presence of hydronephrosis were identified as significant
parameters for PFS in the multivariate analysis. In the
univariate analysis, OS was associated with age, perfor-
mance status, tumor and nodal status, presence of hydro-
nephrosis, and hemoglobin level. The multivariate
analysis also showed the significance of sex, nodal status,
presence of hydronephrosis, and hemoglobin level to OS.
The details of the univariate and multivariate analyses of
PFS and OS are shown in Table E1.
Treatment-related adverse events

Overall, approximately 50% of the study cohort experi-
enced grades 1 to 2 acute GU and GI toxicity. In the dose-
escalation group, no acute GU or GI toxicity higher than
grade 3 was noted. A total of 3.1% (3/98) of the standard-
dose group patients had grade ≥3 acute GU toxicity. No
grade ≥3 acute GI toxicity was developed in the standard-
dose group. No statistical significance in the numbers of
acute toxicity was reached between the dose-escalation
and standard-dose groups.

Regarding late toxicity, 43.1% (22/51) and 40.8% (40/
98) patients had grade 1 to 2 late GU toxicity in the dose-
escalation and standard-dose groups, respectively. Grade
≥3 late GU toxicity were developed in 17.6% (9/51) and
14.3% (14/98) patients in the dose-escalation and stan-
dard-dose groups, respectively. No statistical difference in
the event number of late GU toxicity was found. Grades 1
to 2 late GI toxicities were reported in 5.9% (3/51) and
13.3% (13/98) of the dose-escalation and standard-dose
groups, respectively. Less than 5% of patients had grade
≥3 late GI toxicity. The details of the treatment-related
adverse events are shown in Table 3.
Discussion
Tri-modality therapy has been applied for organ pres-
ervation in bladder cancer.9-11 However, the incomplete-
ness of TURBT hampers the performance of tri-modality
therapy.12 This indicates the need for improving the treat-
ment outcome for patients with residual bladder tumors
after TURBT. The use of radiation dose escalation has
been shown to improve the treatment outcome of muscle-
invasive bladder cancer.13 However, evidence of dose
escalation for residual tumors after TURBT is scarce. This
study demonstrates that the dose escalation strategy
improves LRC and PFS for bladder cancer with incom-
plete TURBT. A dose higher than 6600 cGy also showed a
trend toward better OS, providing an alternative salvage
treatment for residual bladder tumors. Furthermore, the
acute and late GU and GI toxicities were similar between
patients who received escalated radiation doses and those
who received standard doses, indicating the feasibility of
dose escalation in the modern era.

In our study, the overall 3-year LRC, PFS, and OS were
inferior to those in the available literature.1,2,10,14,15 This



Table 2 Univariate and multivariable analysis for locoregional control

Locoregional control
Univariate Multivariable

Characteristic HR 95% CI P value* HR 95% CI P value*

Dose-escalation
(vs standard-dose)

0.35 0.20-0.61 <.001 0.32 0.18-0.59 <.001

Age (y) ≥ 75 (vs <75) 0.83 0.53-1.30 .420 0.82 0.50-1.34 .427

Male (vs female) 1.20 0.72-1.90 .520 1.08 0.62-1.86 .785

ECOG 0-1 (vs ≥ 2) 0.61 0.28-1.30 .210 0.51 0.21-1.24 .138

BMI ≥ 25 (vs <25) 1.20 0.77-2.00 .400 1.50 0.90-2.50 .123

Multimorbidityy 0.74 0.47-1.20 .190 0.81 0.47-1.39 .450

T1-2 (vs T3-4) z 0.78 0.49-1.20 .290 0.82 0.46-1.45 .489

N− (vs N+)z 0.54 0.29-1.00 .064 0.73 0.33-1.60 .432

Multi foci 1.40 0.90-2.30 .130 1.21 0.74-1.97 .457

Hydronephrosis 1.80 1.20-2.90 .009 1.99 1.22-3.23 .005

Hb (g/dL) ≥ 12.5 (vs <12.5) 0.75 0.47-1.20 .230 0.71 0.40-1.24 .226

CCRT (vs RT alone) 0.88 0.56-1.40 .600 0.76 0.44-1.34 .347

Abbreviations: BMI = body mass index; CCRT = concurrent chemoradiotherapy; ECOG = Eastern Cooperative Oncology Group; Hb = hemoglobin;
HR = hazard ratio; RT = radiation therapy.
*By Cox proportional hazards regression.
yDefined by Charlson Comorbidity Index ≥3 points.
zAccording to the American Joint Committee on Cancer−Clinical Staging eighth edition.
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could be related to the study cohort’s characteristics,
including relatively older age, more multimorbidity,
advanced tumor stage, multi foci, more hydronephrosis,
low hemoglobin level, and lack of concurrent
chemotherapy.4,16 The inferior outcomes could be attrib-
uted to the inclusion criterion stipulating that only
patients with residual tumors after TURBT were analyzed
in our study. Nevertheless, despite the unsatisfactory
nature, the treatment outcomes were significantly
improved by increasing the radiation dose, suggesting
Table 3 Treatment-related toxicity

Dose escalation (n = 51)

Acute toxicity

Genitourinary, Gr 1-2 27 (52.9%)

Genitourinary, Gr 3+ 0 (0.0%)

Gastrointestinal, Gr 1-2 30 (58.8%)

Gastrointestinal, Gr 3+ 0 (0.0%)

Late toxicity

Genitourinary, Gr 1-2 22 (43.1%)

Genitourinary, Gr 3+ 9 (17.6%)

Gastrointestinal, Gr 1-2 3 (5.9%)

Gastrointestinal, Gr 3+ 2 (3.9%)

Abbreviations: Gr = grade; NA = not applicable.
*By Pearson’s x2 test.
that the dose escalation strategy holds the potential as a
salvage treatment for patients with residual bladder
tumors after incomplete TURBT.

The strategy of dose escalation has been investigated in
bladder cancer. One study revealed an improved OS in
patients who received radiation doses higher or equal to
6500 cGy. However, another report showed that the esca-
lation of the dose to >6600 cGy was not associated with
OS benefit.7,13 Together with the 12% to 40% rate of
incomplete TURBT,4,7 this implies that the optimal
Standard dose (n = 98) P value*

45 (45.9%) .416

3 (3.1%) .201

51 (52.0%) .430

0 (0.0%) NA

40 (40.8%) .097

14 (14.3%) .846

13 (13.3%) .228

3 (3.1%) .937
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radiation dose would be approximately 6600 cGy for
patients who received complete TURBT or those who had
only microscopic residual tumors. In our study, we pro-
vided evidence that increasing the radiation dose to
higher than 6600 cGy may benefit patients with macro-
scopic residual bladder tumors after TURBT. In the mul-
tivariate analysis, the effect of this dose escalation
remained statistically significant for LRC and PFS after
adjustment for potential confounding factors, such as age,
performance status,17 tumor staging,1,2 the presence of
multiple foci,4 the hydronephrosis status,18,19 and the
hemoglobin level.20

Regarding the possible treatment-related adverse
effect, our study further confirmed the feasibility of deliv-
ering a dose higher than 6600 cGy to gross residual blad-
der tumors in the modern era of radiation therapy. The
BC2001 study has shown that the focally escalated dose to
6400 cGy via 3DCRT was well tolerated, with 16.0% and
2.1% of grade ≥3 acute GU and GI toxicity, respectively.21

When using IMRT, studies also revealed that a tumor bed
boost to 6800 cGy did not significantly correlate with
severe acute or late GU/GI toxicities,22,23 which was con-
sistent with our study.

Given the retrospective nature of this study, selection
and information bias may have occurred, leading to over-
estimations of the oncological outcome and underestima-
tions of the treatment-related toxicity. In addition, the
radiation therapy techniques used in this study included
3DCRT in the earlier years, which might increase the
acute and late toxicities found when compared with the
IMRT technique.
Conclusions
This study demonstrated that a dose escalation higher
than 6600 cGy to gross residual tumors improves the onco-
logical outcome for patients with incomplete TURBT with-
out increasing the treatment-related toxicity. This result
supports integrating the dose escalation strategy into future
studies of tri-modal therapy for bladder cancer.
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