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bladder cancer treated on

NRG Oncology RTOG trials
9906 and 0233 were
analyzed. A total of 101 pa-
tients had complete response
to induction chemo-RT, and
18 patients had near-
complete response; all
completed the consolidation
chemo-RT. This analysis
shows similar outcomes in
these 2 groups of patients
and suggests that it is
reasonable to continue with
bladder preservation therapy
to full chemo-RT dose in
patients who achieve near-
complete response to the in-
duction phase.
after induction chemoradiation and then completed bladder-preserving therapy with
chemoradiation therapy (chemo-RT) to full dose (60-64 Gy).
Patients and Methods: A pooled analysis was performed on 119 eligible patients with
muscle-invasive bladder cancer enrolled on NRG Oncology Radiation Therapy
Oncology Group trials 9906 and 0233, who were classified as having a complete
(T0) or near-complete (Ta or Tis) response after induction chemo-RT and completed
consolidation with a total RT dose of at least 60 Gy. Bladder recurrence, salvage cy-
stectomy rates, and disease-specific survival were estimated by the cumulative inci-
dence method and bladder-intact and overall survivals by the Kaplan-Meier method.
Results: Among the 119 eligible patients, 101 (85%) achieved T0, and 18 (15%)
achieved Ta or Tis after induction chemo-RT and proceeded to consolidation. After
a median follow-up of 5.9 years, 36 of 101 T0 patients (36%) versus 5 of 18 Ta or
Tis patients (28%) experienced bladder recurrence (PZ.52). Thirteen patients among
complete responders eventually required late salvage cystectomy for tumor recurrence,
compared with 1 patient among near-complete responders (PZ.63). Disease-specific,
bladder-intact, and overall survivals were not significantly different between T0 and
Ta/Tis cases.
Conclusions: The bladder recurrence and salvage cystectomy rates of the complete
and the near-complete responders were similar. Therefore it is reasonable to recom-
mend that patients with Ta or Tis after induction chemo-RT continue with bladder-
sparing therapy with consolidation chemo-RT to full dose (60-64 Gy).� 2016 Elsevier
Inc. All rights reserved.
Schema for Selective Bladder Preserving Combined Modality Therapy

Maximal TURBT
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Fig. 1. Schema for bladder preservation trimodality
therapy in muscle-invasive bladder cancer. Both NRG
Oncology Radiation Therapy Oncology Group (RTOG)
protocols (9906 and 0233) have included cisplatin-based
adjuvant chemotherapy, if tolerated, after consolidation
chemoradiation therapy (chemo-RT) for patients with
complete response or after early salvage cystectomy for
patient with incomplete response. Abbreviation: TURBTZ
transurethral resection of bladder tumor.
Introduction

The definitive treatments of localized muscle-invasive
bladder cancer (MIBC) can be broadly divided into 2
groups: removal of the bladder and bladder-sparing mo-
dalities. Radical cystectomy remains the standard and most
common treatment offered to patients with MIBC in the
United States. According to contemporary publications (1,
2) cystectomy series for patients with MIBC report 5-year
overall survival (OS) rates ranging from 40% to 60%, ac-
cording to clinical staging. A large body of experience from
institutions in North America and Europe suggests that
bladder-sparing approaches yield favorable results in
appropriately selected patients, with 5-year OS rates of
50% to 60%, and survival rates with an intact bladder of
40% to 45% (3-9). A North American contemporary
radiation-based trimodality bladder-sparing therapy algo-
rithm (Fig. 1) for patients with MIBC who are cystectomy
candidates is based on results of consecutive Radiation
Therapy Oncology Group (RTOG) protocols (10, 11). It
consists of maximal transurethral resection of bladder
tumor (TURBT), induction external beam radiation therapy
(RT) with concurrent chemotherapy, and cystoscopic
assessment of treatment response, with prompt cystectomy
for nonresponders or consolidation external beam RT with
concurrent chemotherapy for complete responders. Active
cystoscopic surveillance with salvage cystectomy at first
sign of invasive recurrence after the bladder-sparing treat-
ment therapy is paramount to achieving excellent out-
comes, as may be cisplatin-based adjuvant chemotherapy, if
tolerated.
Historically, complete response to the induction che-
moradiation, defined as no evidence of primary tumor
(T0) on cystoscopic assessment with biopsy, was required
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for patients to proceed with consolidation chemoradiation.
However, many clinicians felt uncomfortable recom-
mending early salvage cystectomy for a small amount of
noninvasive bladder cancer, in the form of Ta or Tis at this
treatment check point, and this prompted modification of
the most recent NRG Oncology RTOG protocols to allow
patients with near-complete response (Ta or Tis) after the
induction phase to continue with bladder-sparing
modality.

To evaluate the appropriateness of this approach, we
investigated the differences in the outcomes among pa-
tients on NRG Oncology RTOG protocols 9906 and 0233
who achieved complete response and near-complete
response after the induction chemoradiation and then
completed bladder-preserving therapy with chemo-RT to
full dose (60-64 Gy).

Patients and Methods

This analysis was based on patients with MIBC enrolled
on 1 of the 2 prospective bladder-sparing NRG Oncology
RTOG protocols 9906 and 0233. Further details of the
eligibility criteria, chemotherapy, RT technique, doses
and fields, response criteria, and follow-up have been
described previously (12, 13).

Patient eligibility and selection

Eligible patients had cT2-T4a cN0 M0 invasive bladder
cancer and were judged operable candidates for radical
cystectomy, if necessary. After initial evaluation, which
included chest radiograph, intravenous pyelogram (if
indicated), and abdominal and pelvic computed tomog-
raphy scan, a thorough TURBT was performed. Subjects
were then treated as per protocol with induction
chemotherapy and RT. An immediate radical cystectomy
was recommended for all patients who had T1 or greater,
as determined by cystoscopy, cytology, and tumor-site
biopsy 4 weeks after induction chemoradiation. Patients
with complete (T0) or near-complete (Ta or Tis) re-
sponses received consolidation therapy, which started 7
to 14 days after cystoscopic evaluation. Patients were
ineligible for the protocols if there was evidence of
distant spread of disease, which included metastases to
lymph nodes above the bifurcation of the common iliac
vessels, white blood cell count <4000/mL (and absolute
neutrophil count <1800/mL), platelet count <100,000/
mL, a serum creatinine level >1.5 to 1.7 mg/mL, and a
24-hour creatinine clearance <60 mL/min. Both pro-
tocols excluded patients with tumor-related hydro-
nephrosis. All institutional, state, and federal guidelines
were followed. All institutions obtained institutional re-
view board approval before patient recruitment, and all
patients signed approved informed consent forms before
trial enrollment.
Study design and treatment

NRG Oncology RTOG 9906
After TURBT induction therapy involved 13 days of
concomitant-boost RT. In the morning patients were treated
with 1.6 Gy to the pelvis for all 13 days, and in the evening
they received 1.5 Gy to the bladder for the first 5 sessions,
and 1.5 Gy to the tumor for the last 8 sessions (20.8 Gy to
the pelvis, 28.3 Gy to whole bladder, and 40.3 Gy to the
bladder tumor). Minimal interval between treatments was
4 hours. Patients received paclitaxel 50 mg/m2 on days 1, 8,
and 15 and cisplatin 20 mg/m2 on days 1-2, 8-9, and 15-16.
Patients who achieved a complete response or near-
complete response (defined as T0, Ta, or Tis) received
consolidation chemoradiation consisting of 1.5-Gy pelvic
RT delivered twice daily for 8 days to 24 Gy (total dose:
64.3 Gy to the tumor and 44.8 Gy to the pelvic lymph
nodes) with the same chemotherapy regimen. Patients who
were found to have �T1 after the induction phase were
treated with cystectomy. Adjuvant chemotherapy began
12 weeks after consolidation chemo-RT or 8 weeks after
cystectomy. It consisted of gemcitabine 1000 mg/m2 on
days 1, 8, and 15 and cisplatin 70 mg/m2 on day 1, repeated
every 21 days for 4 cycles, with appropriate dose modifi-
cation based on toxicity.

NRG Oncology RTOG 0233
After TURBT, patients were stratified by T stage and ran-
domized to 2 arms. Induction therapy involved 13 days of
concomitant-boost RT. In the morning patients were treated
with 1.6 Gy to the pelvis for all 13 days, and in the evening
they received 1.5 Gy to the bladder for the first 5 sessions,
and 1.5 Gy to the tumor for the last 8 sessions (20.8 Gy to
the pelvis, 28.3 Gy to whole bladder, and 40.3 Gy to the
bladder tumor). Minimal interval between treatments was
4 hours. Patients on arm 1 received paclitaxel 50 mg/m2 on
days 1, 8, and 15 and cisplatin 15 mg/m2 in days 1-3, 8-10,
and 15-17. Patients on arm 2 received 5-fluorouracil
400 mg/m2 and cisplatin 15 mg/m2 on days 1-3, 8-10,
and 15-17. Patients who achieved a complete response or
near-complete response (defined as T0, Ta, or Tis) received
consolidation chemoradiation consisting of 1.5-Gy pelvic
RT delivered twice daily for 8 days to 24 Gy (total dose:
64.3 Gy to the tumor and 44.8 Gy to the pelvic
lymph nodes) with the following chemotherapy regimens:
on arm 1 paclitaxel 50 mg/m2 on days 1 and 8 and cisplatin
15 mg/m2 on days 1, 2, 8, and 9; on arm 2 5-fluorouracil
400 mg/m2 on days 1-3 and 8-10 with cisplatin 15 mg/m2

on days 1, 2, 8, and 9. Patients who were found to
have �T1 after the induction phase were treated with
cystectomy. Adjuvant chemotherapy began 12 weeks after
consolidation chemo-RT or 8 weeks after cystectomy. It
consisted of gemcitabine 1000 mg/m2, paclitaxel 50 mg/m2,
and cisplatin 35 mg/m2 given on days 1 and 8 and repeated
every 21 days for 4 cycles, with appropriate dose modifi-
cation based on toxicity.
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Follow-up

Patients with conserved bladders were actively followed
with cystoscopy, biopsy of the tumor site, bimanual ex-
amination under anesthesia, and urine cytology every
3 months in the first year, every 3 to 4 months in the second
year, every 6 months for 3 years, and then annually. Patients
were promptly considered for intravesical therapy for non-
MIBC recurrences and salvage radical cystectomy for
MIBC recurrence.

Data collection/analysis

For the purposes of this analysis, patients were included if
they met the following criteria: they were eligible for 1 of
the 2 protocols, they have achieved a complete (T0) or
near-complete (Ta or Tis) responses to induction chemo-
RT, and they have received at least 60 Gy to bladder tumor
in the course of their RT (Fig. 2).

Endpoint definitions

For OS, failure was defined as death due to any cause. For
bladder-intact survival, failure was defined as bladder
removal (cystectomy) or death due to any cause. For
disease-specific survival, failure was defined as death due to
bladder cancer. For bladder-intact disease-specific survival,
failure was defined as bladder removal (cystectomy) or
death due to bladder cancer. For bladder recurrence sur-
vival, failure was defined as a tumor recurrence in the
bladder after consolidation therapy or death due to any
Assessed for eligi
on RTOG 9906 (n=

0233 (

Eligible pa
(n=11

Achieved T0 after induction chemo-RT 
(n=101)

Compariso
groups

Fig. 2. CONSORT diagram. Eligible patients on clinical tr
(RTOG) 9906 and 0233 analyzed according to response to indu
cause. All efficacy endpoints were measured from study
entry to date of first failure or last follow-up for censored
patients.

Statistical methods

Bladder-intact survival and OS were calculated using the
Kaplan-Meier method (14), and T-stage subgroups were
compared by way of the log-rank test (15). Disease-specific
survival was calculated using cumulative incidence, and
subgroups were compared by Gray test (15, 16). Associa-
tion between response to induction chemo-RT and subse-
quent bladder recurrence was evaluated using Fisher exact
test (17, 18).

Results

Pretreatment characteristics

Between 1999 and 2002, 84 eligible patients were entered
on NRG Oncology RTOG trial 9906 at 26 participating
institutions, with 65 patients completing the trial. Between
2002 and 2008, 97 eligible patients were entered on NRG
Oncology RTOG trial 0233 at 18 participating institutions,
with 78 patients completing the trial. Of 181 patients who
entered the 2 trials, 143 underwent the entire combined-
modality bladder-sparing therapy, and 119 were analyzable,
as per the CONSORT diagram in Figure 2. Median age was
65 years (range, 36-90 years); 88% were male, 94% had
Zubrod performance score 0, and 93% had clinical T2 stage.
Pretreatment characteristics are presented in Table 1.
bility all patients 
84) and RTOG 
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Excluded (n=62)
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•

•
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Did not meet primary analysis  
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After induction chemo-RT had T1 or 
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complete consolidation chemo-RT, as 
per study protocols (n=11)
Did  not received a minimum of 60.7 
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both induction and consolidation CRT  
(n=21)
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biopsy after induction chemo-RT 
(n=23)
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Treatment variables

Of 119 patients, 111 (93%) had a visibly complete TURBT
before starting the induction chemoradiation phase of the
bladder-preservation protocol, with no difference between
the 2 groups of patients (PZ.59). The median number of
days between completing induction chemoradiation and
undergoing cystoscopic evaluation with the biopsy was
28 days (range, 14-57 days), with no difference between the
groups (PZ.47). Treatment variables are presented in
Table 1.

Follow-up

Median follow-up for all 119 patients was 5.9 years (range,
0.44-11.3 years) and for patients still alive at the time of
Table 1 Pretreatment characteristics and treatment variables
of 119 analyzable patients on NRG Oncology Radiation
Therapy Oncology Group protocols 9906 and 0233

Characteristic
T0

(nZ101)
Tis/Ta
(nZ18) P*

Pretreatment characteristics
Age (y)
Median 65 70
Range 41-90 36-82
Q1-Q3 59-71 60-78

Gender 1.0
Male 89 (88) 16 (89)
Female 12 (12) 2 (11)

Zubrod performance score .29
0 96 (95) 16 (89)
1 5 (5) 2 (11)

Clinical T stage 1.0
cT2 94 (93) 17 (94)
cT3-cT4 7 (7) 1 (6)

Treatment variables
Maximal complete
TURBT

.59y

Yes 93 (97) 18 (100)
No 3 (3) 0 (0)
Unknown 5 0

Days elapsed between
completing induction
chemo-RT and
cystoscopic
evaluation/biopsy

.47z

Mean 28.5 30.3
Median 28 28
Minimum 15 14
Maximum 51 57

Abbreviations: Q1 Z first quartile; Q3 Z third quartile;

RT Z radiation therapy; TURBT Z transurethral resection of bladder

tumor.

Values in parentheses are percentages.

* Fisher exact test is used.
y Compares yes versus no only.
z t test is used.
analysis 7.0 years (range, 0.55-11.3 years). For 54 patients
enrolled on NRG Oncology RTOG trial 9906 the median
follow-up was 8.0 years (range, 0.44-11.3 years) and for 65
patients enrolled on NRG Oncology RTOG trial 0233 the
median follow-up was 5.0 years (range, 0.55-8.22 years).
Bladder tumor recurrence

Of the 119 patients, 41 (34%) experienced bladder tumor
recurrence. Among these 41 recurrences, 14 were invasive
(34%) and required salvage cystectomies. Among 23 pa-
tients with initial noninvasive recurrence, 5 patients sub-
sequently had an invasive failure, with the interval between
noninvasive and invasive recurrences ranging from 5 to
22 months. Four patients experienced recurrence that was
indeterminate for invasiveness. There was no difference
between complete responders and near-complete re-
sponders in terms of any bladder recurrence rates (PZ.52)
or invasive bladder recurrence rates (PZ.63), as detailed in
Table 2.

Survival

At 5 years OS was 72% (95% confidence interval [CI]
63%-81%) for patients with complete response to induction
chemo-RT, versus 61% (95% CI 39%-84%) with near-
complete response (PZ.12) (Fig. 3a). On univariate anal-
ysis, hazard ratio (HR) for death was 1.8 (95% CI 0.9-3.8,
PZ.125) when analyzed by response completeness.
Disease-specific survival at 5 years was 85% (95% CI 78%-
92%) among complete responders, versus 67% (95% CI
44%-89%) among non-complete responders (PZ.11)
(Fig. 3b), with HR of 2.1 (95% CI 0.9-5.3, PZ.10) on
univariate analysis by response completeness. Bladder
recurrence-free survival at 5 years was 68% (95% CI 58%-
77%) among complete responders, versus 72% (95% CI
51%-94%) among non-complete responders (PZ.70)
(Fig. 3c), with HR of 0.8 (95% CI 0.3-2.1, PZ.66) on
univariate analysis by response completeness. Table 3
summarizes the clinical outcomes at 5 years for patients
Table 2 Rates of bladder tumor recurrence among 119
analyzable patients on NRG Oncology Radiation Therapy
Oncology Group protocols 9906 and 0233

Variable T0 (nZ101) Tis/Ta (nZ18) P*

Any bladder recurrence .52
No 65 (64) 13 (72)
Yes 36 (36) 5 (28)

Recurrence T0 (nZ32y) Tis/Ta (nZ5) .63
Invasive 13 (41) 1 (20)
Noninvasive 19 (59) 4 (80)

Values are presented as number (percentage).

* Fisher exact test is used.
y Excluded 4 patients whose recurrence was indeterminate for

invasiveness.
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Fig. 3. Overall survival (a), disease-specific survival (b),
and bladder recurrence-free survival (c) among 101 patients
with T0 and 18 patients with Ta/Tis after induction che-
moradiation for muscle-invasive bladder cancer on NRG
Oncology Radiation Therapy Oncology Group protocols
9906 and 0233.

Table 3 Summary of outcomes at 5 years for 101 patients
who achieved complete response (T0) and 18 patients who
achieved non-complete response (Ta or Tis) after induction
chemoradiation and proceeded to consolidation chemo-
radiation on NRG Oncology Radiation Therapy Oncology
Group protocols 9906 and 0233

Outcome at 5
years (95% CI) T0 (nZ101) Ta/Tis (nZ18) P

Overall survival (%) 72 (63-81) 61 (39-84) .12
Disease-specific
survival (%)

85 (78-92) 67 (44-89) .11

Bladder
recurrence-free
survival (%)

68 (58-77) 72 (51-94) .70

Abbreviation: CI Z confidence interval.
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with complete response and near-complete response to the
induction phase of bladder-preservation NRG Oncology
RTOG protocols.
Discussion

The key to the success of bladder-preserving trimodality
therapy is a close and indefinite cystoscopy surveillance of
the bladder, with prompt cystectomy for those who develop
invasive recurrence. However, noninvasive recurrences
presented a greater management dilemma to patients and
clinicians, and broadly speaking, they may be grouped
according to their timing. The first group is those who
develop Ta, T1, or Tis recurrence months or years after the
completion of trimodality therapy. The second group, and
the feature of this article, is those who show persistent
disease at the mid-trimodality therapy “checkpoint.”

Historically, many have advocated a salvage cystectomy
for any bladder recurrence other than low-grade Ta after
bladder-sparing treatments for MIBC, although that has not
been the case at Massachusetts General Hospital. Of 190
patients treated at Massachusetts General Hospital between
1986 and 1998, 32 (26%) experienced a superficial relapse
(19). Salvage cystectomy became necessary in 10 of these
32 patients (31%), either because of additional superficial
recurrences (7 patients) or progression to invasive disease
(3 patients). Patients with superficial recurrences in this
series had similar 5- and 8-year overall and disease-specific
survival, but a substantially lower rate of bladder-intact
survival. Over time, most institutions have become
comfortable with conservative management of superficial
recurrences (19-21) and delaying salvage cystectomy until
invasive recurrence, on the basis of evidence that survival
was not compromised.

The remaining question, and one that has not been
previously evaluated until this report, is the consequence on
long-term outcomes of persistent noninvasive bladder
cancer after the induction phase of chemo-RT. Using data
from 2 consecutive NRG Oncology RTOG protocols that
allowed patients with near-complete responses to induction
chemoradiation to proceed with bladder-sparing approach
without immediate cystectomy, no differences were found
in bladder recurrence rates and important clinical outcomes
such as OS, disease-specific survival, and bladder
recurrence-free survival at 5 years, among patients who
achieved a complete response (defined as no tumor, or T0)
and those who achieved a near-complete response (defined
as Ta or Tis) at the time of the cystoscopic evaluation and
biopsy after the induction phase of a bladder-sparing tri-
modality treatment protocol. These findings suggest that
approximately 15% of patients who begin with trimodality
therapy, including a maximum TURBT, several weeks after
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completing the induction chemoradiation phase may have
noninvasive bladder tumor present during the cystoscopic
evaluation. It seems safe to recommend that these patients
continue with bladder-sparing therapy and avoid immediate
salvage cystectomy, because their local failure rates are not
different from those who achieve complete response to the
induction chemo-RT.

It is important to note that many institutions in Europe
do not inspect the bladder between the induction and
consolidation phases and instead give an uninterrupted
course of concurrent chemo-RT. The invasive local failure
rate at 2 years on the chemoradiation arm of the BC2001
trial in the United Kingdom was 11%, with patients
receiving the full treatment without any mid-course cysto-
scopic evaluation. This rate is remarkably similar to the
finding in this analysis of an invasive recurrence rate of
13% at 5 years, if one considers that the majority of inva-
sive recurrences occur in the first few years.

This analysis is based on prospectively gathered data on
formal multi-institutional protocols with a clinical follow-
up of >5 years to allow for capture of most local re-
currences. The main limitation of this analysis is a small
number of patients who achieved an incomplete response
after the induction phase of chemo-RT. This significantly
limits the strength of the conclusions and requires confir-
matory analysis by other investigators. In fact, Figure 3
plots may show a separation of curves, which is not sta-
tistically significant, perhaps due to the small number of
patients in the near-complete response group. The high rate
of cure and bladder preservation in this analysis is only
applicable to analyzable patients who have achieved com-
plete or near-complete responses after induction chemo-RT
and completed the consolidation phase.

The European Association of Urology accepts bladder
preservation for select patients with MIBC (22), and the US
National Comprehensive Cancer Network has updated the
2012 guidelines (23) to reflect the growing evidence sup-
porting the use of the bladder-preservation treatment mo-
dality in select patients with clinical T2 and T3 disease.
Some healthcare systems have embraced bladder-sparing
treatment modalities; for example, in the United Kingdom
many eligible patients receive multimodality therapy, with
surgery reserved as a salvage option. At the same time in
other countries, such as the United States, only a minority
of patients have been offered this strategy. Detailed analysis
of outcomes, such as presented in this article, and stepwise
modification of bladder sparing protocols will lead to
improved outcomes with fewer unnecessary treatments and
better quality of life for patients with muscle-invasive
bladder cancer.

In conclusion, this analysis shows that the outcomes are
similar between patients who achieve a complete response
(T0) or near-complete response (Ta or Tis) after the in-
duction phase of bladder-preservation trimodality therapy,
and suggests that it is reasonable to continue with bladder-
preservation therapy in patients who achieve near-complete
response to the induction phase.
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