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IMPORTANCE Locoregional failure for patients with locally advanced bladder cancer (LABC)
after radical cystectomy (RC) is common even with chemotherapy and is associated with high
morbidity and mortality. Adjuvant radiotherapy (RT) can decrease locoregional failure but has
not been studied in the chemotherapy era.

OBJECTIVE To investigate if adjuvant sequential RT plus chemotherapy can improve
locoregional recurrence–free survival (LRFS) compared with adjuvant chemotherapy alone.

DESIGN, SETTING, AND PARTICIPANTS A randomized phase 3 trial was opened to compare
adjuvant RT vs sequential chemotherapy plus RT after RC for LABC, but a third arm was added
later as a randomized phase 2 trial to compare chemotherapy plus RT vs adjuvant chemotherapy
alone, an emerging standard. The intent-to-treat phase 2 trial reported herein enrolled patients
from December 2002 to July 2008. Data were analyzed from August 3, 2015, to January 6, 2016.
Routine follow-up and surveillance pelvic computed tomographic (CT) scans every 6 months
during the first 2 years were performed. The setting was an academic center. Patients with
bladder cancer 70 years or younger having 1 or more risk factors (�pT3b, grade 3, or positive
nodes) with negative margins after radical cystectomy plus pelvic lymph node dissection were
eligible. Patients had Eastern Cooperative Oncology Group performance status of 0 to 2, no evidence
of distant metastases on CT scan of the abdomen and pelvis or on chest imaging, and adequate
renal, hepatic, and hematologic function. Ninety-one percent (109 of 120) had � pT3 disease.

INTERVENTIONS Chemotherapy plus RT included 2 cycles of gemcitabine (1000 mg/m2

intravenously on days 1, 8, and 15) and cisplatin (70 mg/m2 intravenously on day 2) before
and after RT to 4500 cGy in 150 cGy twice-daily fractions over 3 weeks using 3-dimensional
conformal techniques. Chemotherapy alone included 4 cycles of gemcitabine and cisplatin.

MAIN OUTCOME AND MEASURE Locoregional recurrence–free survival.

RESULTS The chemotherapy plus RT arm accrued 75 patients, and the chemotherapy-alone arm
accrued 45 patients, with a weighted randomization to speed accrual. Fifty-three percent (64 of 120)
hadurothelialcarcinoma,and46.7%(56of120)hadsquamouscellcarcinomaorother.Thearmswere
balancedexceptforage(median,52vs55years;P = .04)andtumorsize(mean,4.9vs5.8cm;P < .01),
both favoring chemotherapy plus RT. Two-year outcomes and overall adjusted hazard ratios (HRs)
for chemotherapy plus RT vs chemotherapy alone were 96% vs 69% (HR, 0.08; 95% CI, 0.02-0.39;
P < .01) for LRFS, 68% vs 56% (HR, 0.53; 95% CI, 0.27-1.06; P = .07) for disease-free survival, and
71% vs 60% (HR, 0.61; 95% CI, 0.33-1.11; P = .11) for overall survival (OS). Five patients (7%) had
RT-associated late grade 3 gastrointestinal tract adverse effects in the chemotherapy plus RT arm.

CONCLUSIONS AND RELEVANCE Adjuvant chemotherapy plus RT was reasonably well tolerated
and was associated with significant improvements in LRFS and marginal improvements in
disease-free survival vs chemotherapy alone in LABC. The addition of adjuvant RT should be
considered for LABC. This regimen warrants further study in phase 3 trials.
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P atients having bladder cancer with ≥ pT3 disease at the
time of radical cystectomy (RC) have an estimated 5-year
overall survival (OS) of only 10% to 40%.1 Approxi-

mately one-third will develop a pelvic recurrence as the ini-
tial site of failure after surgery.1,2 Perioperative chemo-
therapy does not reduce pelvic recurrence rates,2-4 salvage of
such failures is rarely successful,2,4,5 and the median survival
after locoregional failure (LF) is only approximately 9
months.2,6 Postoperative radiotherapy (RT) has been at-
tempted, and evidence has shown that it reduces local recur-
rence and significantly improves disease-free survival (DFS).7,8

A previous randomized clinical trial of postoperative RT vs ob-
servation conducted in the 1980s at the National Cancer In-
stitute (NCI) in Cairo, Egypt, among 236 patients reported not
only a significant improvement in local control but also a sig-
nificant improvement in DFS for patients treated with RT.7

Eighty percent had squamous cell carcinoma (SCC), and only
20% had urothelial carcinoma, but the outcomes were the same
regardless of histology. That trial, which used older 2-dimen-
sional RT techniques, established adjuvant RT as a standard
treatment for locally advanced disease in Egypt; however, post-
operative RT has no defined role outside of the Middle East,
largely because of the adverse effects reported in several small
series using pre-1980s treatment techniques9,10 and con-
cerns about the applicability of the Egyptian trial for urothe-
lial carcinoma.

A second randomized trial was conducted at the NCI in
Cairo from December 2002 to July 2008 that was initially de-
signed to compare adjuvant RT alone vs sequential sandwich
chemotherapy plus RT using modern 3-dimensional (3-D) con-
formal techniques. After the trial opened, adjuvant chemo-
therapy had emerged as a standard treatment option, and a
third arm, adjuvant chemotherapy alone, was added later as
part of a randomized phase 2 trial comparing adjuvant che-
motherapy plus RT vs chemotherapy alone.11 In this phase 2
trial, we hypothesized that the addition of adjuvant RT would
significantly improve locoregional recurrence–free survival
(LRFS) compared with adjuvant chemotherapy alone in pa-
tients with locally advanced bladder cancer (LABC). Herein,
we report the results of the randomized phase 2 trial.

Methods
Study Design
This NCI in Cairo institutional review board–approved trial
(NCT01734798) enrolled patients with bladder cancer who un-
derwent RC with negative surgical margins and 1 or more of
the following risk factors: stage ≥ pT3b (American Joint Com-
mittee on Cancer's Cancer Staging Manual, Fourth Edition),
grade 3, or positive pathologic lymph nodes (Figure 1). All pa-
tients provided written informed consent. The study was origi-
nally designed as a phase 3 trial comparing sequential adju-
vant chemotherapy plus RT vs adjuvant RT alone. A third arm,
adjuvant chemotherapy alone, was added later as part of a ran-
domized phase 2 trial to compare the emerging standard of ad-
juvant chemotherapy alone vs sequential adjuvant chemo-
therapy plus RT. The chemotherapy plus RT arm received 2

cycles of gemcitabine and cisplatin before and after RT, with
a 1-week break between chemotherapy and RT. The arm re-
ceiving chemotherapy alone had 4 cycles of gemcitabine and
cisplatin (eFigure 1 in the Supplement).

Patients
All patients underwent RC and standard bilateral pelvic lymph-
adenectomy (up to but not including the common iliac nodes)
at the NCI in Cairo from 2002 to 2008. The setting was an aca-
demic center. Inclusion criteria were treatment-naive pa-
tients with bladder cancer 70 years or younger, Eastern Coop-
erative Oncology Group performance status of 0 to 2, and
adequate renal, hepatic, and hematologic function. All pa-
tients had no evidence of distant metastases or second can-
cer on physical examination, computed tomography (CT) scans
of the abdomen and pelvis, or chest imaging (either chest ra-
diograph or CT scan). Patients with neobladders were not
enrolled.

Randomization
Patients (n = 198) were randomly assigned to 1 of the follow-
ing 3 adjuvant treatments: RT alone, sequential sandwich che-
motherapy plus RT, or chemotherapy alone. Participants were
registered within 6 weeks of RC and were randomized within
8 weeks after surgery. The chemotherapy-alone arm was
opened in 2007; to speed accrual, patients were enrolled in a
1:1:4 randomization weighted toward the chemotherapy arm.
Only patients in the chemotherapy plus RT and chemotherapy-
alone arms are included in this analysis.

Procedures
All patients in the chemotherapy plus RT arm underwent CT
scan simulation for RT treatment planning. Intravenous con-
trast was used unless contraindicated. Radiotherapy was de-
livered using 3-D conformal techniques with 6-mV or 14-mV
photons to the cystectomy bed and bilateral pelvic lymph
nodes with the patient supine. Most patients were treated with
a 3-field beam arrangement with 1 anterior beam and 2 poste-
rior oblique beams. The entire true pelvis was included in the
field. Superiorly, the field extended to the top of S2 in most

Key Points
Question Does the addition of adjuvant radiotherapy improve
locoregional recurrence–free survival compared with
chemotherapy alone for locally advanced bladder cancer after
radical cystectomy?

Findings A phase 2 trial randomized patients with locally
advanced bladder cancer with negative margins after radical
cystectomy to adjuvant sequential chemotherapy plus
radiotherapy (n = 75) vs adjuvant chemotherapy alone (n = 45).
The addition of adjuvant radiotherapy significantly improved
locoregional recurrence–free survival compared with
chemotherapy alone.

Meaning Adjuvant chemotherapy plus radiotherapy is associated
with significant improvements in locoregional recurrence–free
survival and favorable cancer control outcomes compared with
chemotherapy alone.
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patients and to the top of S1 in patients thought to be at higher
risk for nodal involvement. Inferiorly, the lower border ex-
tended to the lower two-thirds of the obturator foramen, an-
teriorly to the pubic symphysis, posteriorly to the anterior one-
third of the rectal wall, and laterally 1 to 1.5 cm beyond the edge
of the pelvic brim. Patients were treated to a total dose of 4500
cGy in 150-cGy fractions delivered twice daily over 3 weeks.

Chemotherapy was given in 28-day cycles, including gem-
citabine (1000 mg/m2 intravenously over 30 minutes) on days
1, 8, and 15 and cisplatin (70 mg/m2 intravenously over 30 min-
utes) on day 2. Doses of chemotherapy were adjusted if toxic
effects occurred.

Follow-up
Patients were seen for follow-up every 2 months in the first 2
years and then every 6 months thereafter. Surveillance pel-
vic CT scan was performed every 6 months during the first 2
years and then yearly thereafter unless otherwise clinically in-
dicated. Data were analyzed from August 3, 2015, to January
6, 2016.

Study End Points
The primary end point was LRFS. Secondary end points were
DFS, distant metastasis–free survival (DMFS), OS, and ad-
verse effects. Locoregional recurrence–free survival was de-
fined as the time from RC to any recurrence in the pelvic lymph
nodes or soft tissues before or within 3 months of evidence of
distant failure. Other events were censored. Recurrences cepha-
lad to the iliac bifurcation or within the inguinal nodes were
scored as distant metastases. Acute toxicities observed within
90 days were recorded using the World Health Organization
grading system.12 Late GI tract adverse events potentially as-
sociated with RT and observed more than 90 days after comple-

tion of therapy were scored using European Organization for
Research and the Treatment of Cancer (EORTC) version 3.0 in
both arms. If a potential late GI tract adverse effect was ob-
served cosynchronously with a pelvic recurrence, the effect
was attributed to the disease recurrence.

Statistical Analysis
This study was designed as a randomized phase 2 compari-
son using LRFS to screen the original sequential chemo-
therapy plus RT arm against the chemotherapy-alone arm,
which had emerged as a standard of care. The original 2-arm
study was designed to accrue 75 patients in each arm. With a
1:1:4 weighted accrual in favor of the chemotherapy-alone arm,
the target accrual was 44 patients in the third arm. The trial
was powered to detect a 25% improvement in 5-year LRFS
(α = .05, β = .20) for chemotherapy plus RT (90% vs 65%). The
90% 5-year LRFS was based on the LRFS from the prior NCI
study in Cairo.7 Analysis was intent to treat. Survival end points
were measured from the date of RC. Cox proportional haz-
ards regression models were used to adjust for covariates and
to evaluate interaction terms in which LRFS, DFS, DMFS, and
OS were the end points. Kaplan-Meier analysis was used. A
2-sided P < .05 was considered significant for all end points.
Comparisons were adjusted for covariates that were not bal-
anced between the arms or were associated (P < .10) with the
outcome of interest on univariate analysis. Cox proportional
hazards regression multivariate analysis was performed to
evaluate factors that independently predict LRFS, DFS, DMFS,
and OS. Statistical analysis was performed using R (version 3;
R Foundation). Acute adverse effects were not formally com-
pared because the duration of the treatment period and the
follow-up schedule differed between the 2 arms. Late effects
were not formally compared because there were too few events.

Figure 1. Study Flow Diagram

207 Assessed for eligibility

198 Patients randomly assigned

78 Analyzed
0 Excluded from analysis 

This arm was not analyzed in
the present study

75 Analyzed
0 Excluded from analysis

45 Analyzed
0 Excluded from analysis

2 Lost to follow-up
10 Discontinued intervention

7 Lost to follow-up
8 Discontinued intervention

2 Lost to follow-up
1 Discontinued intervention

9 Excluded
6 Not meeting inclusion criteria
3 Refused to participate
0 Other reasons

75 Allocated to adjuvant
chemotherapy + RT

75 Received allocated intervention
0 Did not receive allocated

intervention

78 Allocated to adjuvant RT
78 Received allocated intervention
0 Did not receive allocated

intervention

45 Allocated to adjuvant chemo-
therapy alone
45 Received allocated

 intervention
0 Did not receive allocated

intervention

RT indicates radiotherapy.
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Results

Patient Characteristics
One hundred twenty patients were enrolled in the chemo-
therapy plus RT (n = 75) and chemotherapy alone (n = 45)
arms. Patient characteristics are summarized in Table 1. Their
median age was 54 years (range, 27-69 years), and the male
to female ratio was 4:1. Fifty-three percent (64 of 120) had
urothelial carcinoma, and 46.7% (56 of 120) had SCC or other.
Ninety-two percent (69 of 75) of patients in the chemo-
therapy plus RT arm and 88.9% (40 of 45) of patients in the

chemotherapy-alone arm had ≥ pT3 disease. Only 3 patients
with grade 3 disease without ≥ pT3 or pN+ disease were
enrolled. The chemotherapy plus RT and chemotherapy-
alone arms were well balanced except for age (median, 52 vs
55 years; P = .04) and tumor size (mean, 4.9 vs 5.8 cm;
P < .01), both favoring chemotherapy plus RT.

Completion of the Prescribed Therapy
Ten of 75 (13.3%) patients in the chemotherapy plus RT arm
did not complete the prescribed treatment. All finished the ini-
tial chemotherapy cycles, but 5 did not complete RT. Of the 5,
one stopped RT owing to grade 4 diarrhea, another received

Table 1. Patient Characteristics in the Chemotherapy Plus Radiotherapy (RT) Arm
and the Chemotherapy-Alone Arm

Variable
Chemotherapy + RT
(n = 75)

Chemotherapy Alone
(n = 45) P Value

Age, median, y 52 55 .04

Sex, No. (%)

Male 60 (80.0) 37 (82.2)
.76

Female 15 (20.0) 8 (17.8)

Tumor histology, No. (%)

Urothelial 41 (54.7) 23 (51.1)
.71

SCC or other 34 (45.3) 22 (48.9)

Tumor grade, No. (%)

1 1 (1.3) 3 (6.7)

.122 40 (53.3) 27 (60.0)

3 34 (45.3) 15 (33.3)

Pathologic T stage, No. (%)

pT2 6 (8.0) 5 (11.1)

.10pT3 61 (81.3) 29 (64.4)

pT4a 8 (10.7) 11 (24.4)

Tumor size, cm

Mean 4.9 5.8 <.01

Median 5 5 NA

Pathologic nodal disease, No. (%)

Positive 35 (46.7) 17 (37.8)
.34

Negative 40 (53.3) 28 (62.2)

No. of involved lymph nodes, mean 1.1 0.9 .29

No. of lymph nodes removed, median 12 12 .17

≥10 Lymph nodes removed, No. (%)

Yes 54 (72.0) 27 (60.0)
.17

No 21 (28.0) 18 (40.0)

Type of urinary tract diversion, No. (%)

Ileal conduit 37 (49.3) 25 (55.6)

.22

Ureterocolic 11 (14.7) 6 (13.3)

Ureterocutaneous 11 (14.7) 3 (6.7)

Rectal bladder 9 (12.0) 10 (22.2)

Ileocecal conduit 7 (9.3) 1 (2.2)

Events, No. (%)

LF 2 (2.7) 13 (28.9)

NA

LF only 1 (1.3) 12 (26.7)

LF and synchronous DM 1 (1.3) 1 (2.2)

DM 15 (20.0) 6 (13.3)

Recurrence or death due to progression 19 (25.3) 18 (40.0)

Death 26 (34.7) 23 (51.1)

Abbreviations: DM, distant
metastasis; LF, locoregional failure;
NA, not applicable; SCC, squamous
cell carcinoma.
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only 30 Gy before resuming chemotherapy, and 3 stopped RT
after only a few fractions because of adverse effects attrib-
uted to surgery or chemotherapy, with one dying of renal fail-
ure. An additional 5 patients completed RT but did not com-
plete the final 2 cycles of chemotherapy, with one dying of
severe dehydration and renal failure and another developing
bone metastasis.

Eight of 45 (17.8%) patients in the chemotherapy arm failed
to complete all cycles. Of these, 4 dropped out at the patient’s
request and were lost to follow-up, 2 after the third cycle and
1 each after the first and second cycles. Of the remaining 4 pa-
tients, 3 died of renal failure during chemotherapy (2 after the
second cycle and 1 after the first cycle), and 1 died of an intes-
tinal obstruction after the second cycle.

Efficacy
The median follow-up for patients who completed treatment
was 24 months after chemotherapy plus RT (range, 5-127
months) and 27 months after chemotherapy alone (range, 3-76
months). There were 2 LFs in the chemotherapy plus RT arm
and 13 LFs in the chemotherapy-alone arm, with one patient
in each arm having synchronous local and distant failure.

On univariate analysis, significant predictors of LRFS in-
cluded treatment with chemotherapy plus RT and the num-
ber of lymph nodes removed (eTable 1 in the Supplement). Mar-
ginal predictors included age and tumor size. Sex, tumor
histology (urothelial vs SCC or other), tumor grade, patho-
logic T stage, pathologic nodal disease, and the number of in-
volved lymph nodes were not predictive. While pathologic
T stage was not a statistically significant covariate, we in-
cluded it as an adjustment factor because of its well-known as-
sociation with the outcome of interest in the literature (LRFS).
In the covariate-adjusted model (Table 2), treatment with che-
motherapy plus RT was a significant independent predictor of
LRFS (hazard ratio [HR], 0.08; 95% CI, 0.02-0.39; P < .01). Age
was also a significant independent predictor of LRFS (HR, 0.93;
95% CI, 0.88-0.98; P = .01). In the post hoc analysis, 2-year
LRFS was significantly improved for the chemotherapy plus
RT arm vs the chemotherapy-alone arm (96%; 95% CI, 91%-
100% vs 69%; 95% CI, 54%-88%; P < .01) (Figure 2A). Eleven
of 15 patients with LF died, with a median survival of 2 months
(range, 0-6 months) from the time of LF. In an unplanned analy-
sis of patients with urothelial-only tumor histology, LRFS was
significantly improved for the chemotherapy plus RT arm
(n = 41) vs the chemotherapy-alone arm (n = 23), with 2-year
LRFS of 100% vs 67% (P < .01) (eFigure 2 in the Supplement).

There were no significant predictors of DFS on univariate
analysis. Marginal predictors included treatment with chemo-
therapy plus RT and age (eTable 2 in the Supplement). In the
covariate-adjusted model, age was a significant predictor of
DFS (HR, 0.97; 95% CI, 0.93-0.97; P < .05). Treatment with che-
motherapy plus RT was a marginal predictor of DFS (HR, 0.53;
95% CI, 0.27-1.06; P = .07) (Table 2). Two-year DFS for the che-
motherapy plus RT arm vs the chemotherapy-alone arm was
68% (95% CI, 56%-81%) vs 56% (95% CI, 38%-73%) (Figure 2B).

There were no significant predictors of DMFS on univari-
ate analysis. Marginal predictors included age and the num-
ber of lymph nodes removed (eTable 3 in the Supplement). In

the covariate-adjusted model, the number of lymph nodes re-
moved was a significant independent predictor of DMFS (HR,
1.08; 95% CI, 1.00-1.16; P = .05). Treatment with chemo-
therapy plus RT was not statistically significant. Two-year
DMFS for the chemotherapy plus RT arm vs the chemotherapy-
alone arm was 73% (95% CI, 62%-86%) vs 79% (95% CI, 65%-
96%) (Figure 2C).

There were no significant predictors of OS on univariate
analysis. Marginal predictors included pathologic T stage (eTable
4 in the Supplement). There were no significant predictors of
OS on multivariate analysis (eTable 5 in the Supplement). Treat-
ment with chemotherapy plus RT (HR, 0.61; 95% CI, 0.33-1.11;
P = .11) and pathologic T stage (HR, 0.18; 95% CI, 0.02-1.34;
P = .10) were not statistically significant. Two-year OS for the
chemotherapy plus RT arm vs the chemotherapy-alone arm was
71% (95% CI, 65%-77%) vs 60% (95% CI, 52%-68%) (Figure 2D).

Adverse Effects
Acute adverse effects for the 2 arms are summarized in Table 3.
Late grade 3 GI tract adverse effects were observed in 5 pa-

Table 2. Multivariate Analysis of Factors Predictive of Locoregional
Recurrence–Free Survival, Disease-Free Survival,
Distant Metastasis–Free Survival, and Overall Survival

Variable Hazard Ratio (95% CI) P Value
Locoregional Recurrence–Free Survival

Treatment with chemotherapy + RT 0.08 (0.02-0.39) <.01

Age 0.93 (0.88-0.98) .01

Tumor size 1.01 (0.72-1.42) .95

No. of lymph nodes removed 0.93 (0.84-1.02) .13

Pathologic T stage

pT2 1.19 (0.12-12.01) .88

pT4 1.59 (0.40-6.38) .51

Disease-Free Survival

Treatment with chemotherapy + RT 0.53 (0.27-1.06) .07

Age 0.97 (0.93-0.99) .04

Tumor size 1.03 (0.83-1.27) .80

Pathologic T stage

pT2 0.24 (0.03-1.78) .16

pT4 1.30 (0.58-2.94) .52

Distant Metastasis–Free Survival

Treatment with chemotherapy + RT 1.01 (0.37-2.76) .99

Age 0.96 (0.92-1.01) .12

Tumor size 0.93 (0.69-1.25) .63

No. of lymph nodes removed 1.08 (1.00-1.16) .05

Pathologic T stage

pT2 1 [Reference] NA

pT4 1.47 (0.48-4.54) .50

Overall Survival

Treatment with chemotherapy + RT 0.61 (0.33-1.11) .11

Age 0.98 (0.95-1.01) .27

Tumor size 0.98 (0.81-1.18) .83

Pathologic T stage

pT2 0.18 (0.02-1.34) .10

pT4 1.29 (0.63-2.64) .49

Abbreviations: NA, not applicable; RT, radiotherapy.
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tients (6.7%) in the chemotherapy plus RT arm, 2 with an in-
testinal obstruction and 1 each with abdominal pain, colitis,
and bowel fistula. Late grade 3 GI tract adverse effects were
observed in 1 patient (2.2%) in the chemotherapy-alone arm
who had an intestinal obstruction. No late grade 4 GI toxicity
was observed in either arm. There was no late grade 3 or higher
obstructive uropathy in either arm.

Discussion
Locoregional failures after RC for patients with LABC are com-
mon. In the Southwest Oncology Group (SWOG) 8710 trial1 of
RC with or without neoadjuvant chemotherapy, the 5-year cu-
mulative incidence of LF for patients with ≥ pT3 urothelial
carcinoma was 32% and was even higher for similarly treated
patients in the Medical Research Council (MRC) trial.13 Inves-
tigators have hypothesized that reducing LFs may lead to im-
proved DFS and OS. This hypothesis is supported by several
lines of evidence. Multiple retrospective surgical series have
demonstrated improved survival with more extensive nodal
dissections even in the absence of nodal metastasis,14 sug-
gesting that eradicating occult nodal disease may improve sur-
vival by decreasing distant and local failure. There is also evi-

dence that locoregional recurrence is an independent predictor
of distant metastases and that LF often precedes, but uncom-
monly follows, the appearance of distant metastases, suggest-
ing that LF may seed distant metastases.15,16

If LFs have a role in the subsequent development of dis-
tant disease, then adjuvant therapy is needed to enhance lo-
cal control. Chemotherapy does not appear to improve pelvic
control. There was no reduction in LF with the addition of che-
motherapy in the SWOG 8710 trial, the MRC trial, or the expe-
rience at the University of Pennsylvania,1,2 suggesting a poten-
tial role for adjuvant local therapy, such as RT, to reduce LF.

The need for adjuvant therapy to diminish LF is more com-
pelling because salvage treatment is rarely successful, with a
median survival of 9 months after the development of locore-
gional recurrence.6 High-dose RT to control grossly recurrent
bladder cancer is usually precluded by the close proximity of
critical normal structures, particularly bowel and the neoblad-
der and urinary tract diversion.17 Even if there is no improve-
ment in survival with adjuvant local therapy, such treatment
can prevent the often substantial morbidity of pelvic recur-
rences, which can cause pain and ureteric, venous, and lym-
phatic obstruction.6,18,19

To our knowledge, the randomized phase 2 trial we re-
port herein is the first study to compare adjuvant RT plus che-

Figure 2. Kaplan-Meier Curves Comparing Adjuvant Sequential Sandwich Chemotherapy Plus Radiotherapy (RT) vs Adjuvant Chemotherapy Alone
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motherapy vs adjuvant chemotherapy alone in LABC, a ques-
tion that has drawn considerable interest recently in the
genitourinary community. The renewed interest in adjuvant
RT has been spurred by an increased awareness of the high rates
of LF for ≥ pT3 disease,1,2,13,20 recent progress to stratify pa-
tients based on their LF risk1,2,21-24 and to map the patterns of
pelvic failure,6,17,24 and improvements in RT treatment tech-
niques that may reduce adverse effects.17,25 Several coopera-
tive group trials of adjuvant RT have opened or are in devel-
opment, including trials from France (GETUG) and the United
Kingdom (NCRI), as well as trials at Tata Memorial Hospital

(Mumbai, India) and Ghent University (Ghent, Belgium). The
National Comprehensive Cancer Network (NCCN) revised its
guidelines in 2016 to include adjuvant RT as an option to con-
sider in patients with LABC.26 While the phase 2 trial herein
also enrolled patients with pN+ or grade 3 disease, the trial was
predominantly a study of ≥ pT3 disease (90.8% [109 of 120]
of patients), which current research suggests is the factor most
predictive of pelvic relapse in urothelial carcinoma.1,2,21-24,27

The present trial provides the only prospective evidence to date
to support the NCCN’s current recommendation to consider
adjuvant RT after R0 resection in patients with ≥ pT3 dis-
ease, positive nodes, or high-grade bladder cancer.28

Locoregional recurrence–free survival was selected as the
primary end point herein owing to the high rate of microme-
tastasis in patients with apparently localized disease.29 The im-
portance of locoregional recurrence as a clinical end point was
leant additional credence by the high mortality after LF and
low reported rates of synchronous distant disease (13.3% [2 of
15 failures] in our study). In the present study, in which most
patients had urothelial carcinoma, the addition of RT was as-
sociated with a statistically significant improvement in LRFS,
with a 27% absolute improvement in 2-year LRFS (96% vs 69%,
P < .01). The magnitude of local control improvement with ad-
juvant RT arguably exceeds that reported for other cancers for
which adjuvant RT is the standard of care, including breast,30,31

rectal,32 and vulvar33,34 cancer. The large benefit in locore-
gional control with the addition of RT translated to a mar-
ginal benefit in 2-year DFS (68% vs 56%, P = .07). Two-year OS
favored chemotherapy plus RT, but the difference was not sta-
tistically significant (71% vs 60%, P = .11).

Most important, the addition of RT was associated with a
statistically significant improvement in LRFS for patients with
urothelial carcinoma in an unplanned subset analysis. The
magnitude of the benefit was comparable to that observed in
the entire cohort. Given the absence of published, random-
ized trials of adjuvant RT in Western populations or retrospec-
tive series, our study presents the best data to date on adju-
vant RT for urothelial LABC.

Unlike the studies from the 1970s and 1980s in the United
States using older RT techniques that reported relatively high
late GI tract adverse effects,9,10 the present trial (the first to use
modern 3-D conformal RT after RC) found that adjuvant RT was
reasonably well tolerated. Acute and late grade 3 GI toxicity
was not appreciably different between the arms, and a com-
parable percentage in each arm completed the prescribed
therapy. Intensity-modulated RT was adopted in the NRG trial
and the other cooperative group trials and may result in even
lower rates of late GI toxicity based on a dosimetric analysis.17

The present study, which excluded patients with positive
margins, demonstrates that the addition of adjuvant RT can
significantly improve local control even for patients with nega-
tive margins. The risk of LF is lower (ceteris paribus) among
those with negative margins based on the University of Penn-
sylvania risk stratification.1,23

Limitations
This study has several important limitations. The weighted ran-
domization when the third arm was added resulted in imbal-

Table 3. Acute Adverse Effects Measured Using World Health
Organization12 Criteria for the Chemotherapy Plus Radiotherapy (RT)
Arm and the Chemotherapy-Alone Arm

Variable

No. (%)
Chemotherapy + RT
(n = 75)

Chemotherapy Alone
(n = 45)

Nausea or vomiting

Grade 2 46 (61.3) 11 (24.4)

Grade 3 28 (37.3) 25 (55.6)

Grade 4 1 (1.3) 0

Diarrhea

Grade 2 44 (58.7) 6 (13.3)

Grade 3 15 (20.0) 9 (20.0)

Grade 4 1 (1.3) 0

Abdominal paina

Grade 2 48 (64.0) NA

Grade 3 2 (2.7) NA

Grade 4 0 NA

Tenesmusa

Grade 2 15 (20.0) NA

Grade 3 6 (8.0) NA

Grade 4 4 (5.3) NA

Liver injury

Grade 2 2 (2.7) 2 (4.4)

Grade 3 0 0

Grade 4 0 0

Kidney injury

Grade 2 2 (2.7) 9 (20.0)

Grade 3 4 (5.3) 0

Grade 4 0 0

Anemia

Grade 2 28 (37.3) 16 (35.6)

Grade 3 20 (26.7) 4 (8.9)

Grade 4 3 (4.0) 0

Neutropenia

Grade 2 9 (12.0) 9 (20.0)

Grade 3 1 (1.3) 4 (8.9)

Grade 4 0 0

Thrombocytopenia

Grade 2 1 (1.3) 0

Grade 3 2 (2.7) 0

Grade 4 0 0

Abbreviation: NA, not applicable.
a Adverse effects not recorded for the chemotherapy-alone arm.
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ances between the chemotherapy plus RT arm and the che-
motherapy-alone arm in terms of age and tumor size, which
required an adjusted analysis to account for potential covar-
iates for each outcome of interest. The small size of the pa-
tient cohort (N = 120) may have limited the ability to detect sig-
nificant DFS and OS differences between the 2 arms. The
heterogeneity of the tumor histology, with a sizable minority
of patients having nonurothelial disease, may limit the appli-
cability of the study to North American and European pa-
tients. The study also involved a standard pelvic lymph node
dissection, rather than an extended dissection that includes
the common iliac and presacral nodes, which may limit the
study’s applicability for patients treated with an extended dis-
section. While the median number of lymph nodes removed
was 12 in both arms, a sizable minority had less than 10 nodes
removed, which has been identified in some series as a risk fac-
tor for pelvic recurrence,1 raising the possibility that adju-
vant RT may be compensating for less extensive surgery. In ad-
dition, there was a time bias, with the chemotherapy plus RT
arm generally treated in earlier years than the chemotherapy-

alone arm. Late GI toxicities may have been underreported: if
a potential late GI toxicity was observed at the same time as a
pelvic recurrence, the effect was attributed to the recur-
rence. Finally, the study did not enroll patients with ortho-
topic neobladders and thus does not offer insight on the ex-
pected toxicity associated with adjuvant RT for patients with
neobladders.

Conclusions
To our knowledge, this is the first prospective study compar-
ing adjuvant chemotherapy plus RT with adjuvant chemo-
therapy alone in LABC. Adjuvant chemotherapy plus RT ap-
pears to be well tolerated and is associated with favorable
cancer control outcomes. While not definitive, these results
suggest that patients with negative margins and locally ad-
vanced disease after RC should be considered for referral to
discuss adjuvant RT. Phase 3 trials of adjuvant RT for patients
with urothelial carcinoma are warranted.
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