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ABSTRACT

Radical cystectomy with bilateral pelvic lymph node dissection is the standard of care for muscle invasive
bladder cancer (MIBC). The role of neoadjuvant and adjuvant therapy has evolved over the last 3—4 decades,
and neoadjuvant chemotherapy (NACT) has now become the standard recommended treatment. However,
there are many nuances to this and the utilization of chemotherapy has not been universal. The optimum
chemotherapy regimen is still debated. Adjuvant radiation has a role in high-risk patients although not
established and immunotherapy has shown promising results. We reviewed the evidence on NACT and adjuvant
chemotherapy (ACT) regimens, NACT versus ACT, and the role of adjuvant radiotherapy and immunotherapy

in MIBC.

INTRODUCTION

Cancers of urothelial lining can arise anywhere
from renal pelvicalyceal system to proximal urethra.
Nearly all cases of urothelial carcinoma (UC) are
urinary bladder cancers (BCs), whereas upper
tract urothelial cancer accounts for 5%-10% of
all urothelial malignancies. Worldwide, BC is the
10*" most-common cancer, sixth most-common
cancer in men, and ninth most-common cause of
cancer-related deaths.!! Radical cystectomy (RC)
and bilateral pelvic lymph node dissection are the
standard of care for muscle invasive BC (MIBC).
While the surgical management of this cancer has
remained the same for the last 3—4 decades, evidence
exploring the role of perioperative therapy has been
evolving. This article compiles the established
and evolving evidence favoring neoadjuvant and
adjuvant systemic (chemo and immuno) therapy,
trends and hurdles in its utilization, and rationale
and ongoing research exploring the role of adjuvant
radiotherapy (RT) in urothelial cancer.
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METHODOLOGY

The literature search was performed for a narrative review.
The electronic search included a PubMed database using MeSH
terms: “bladder cancer,” “urothelial cancer,” “neoadjuvant
chemotherapy,” “adjuvant chemotherapy,” “immunotherapy,”
and “radiotherapy.” The inclusion criteria were randomized
controlled trials, ongoing trials, systematic reviews and
meta-analyses, and selected retrospective analyses related to
the above terms. The exclusion criteria were articles that were
not in English. From the articles retrieved in the first round of
search, additional references were identified by a manual search
among the cited references. Each article was critically evaluated
for key results, limitations, quality of the results, interpretation
of the results, and impact of the conclusions in the field.

» «

DRUG REGIMENS FOR NEOADJUVANT
CHEMOTHERAPY

The choice of regimen differs across institutions and depends
primarily on the patients’ performance status and glomerular
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filtration rate (GFR) [Table 1]. For cisplatin-ineligible
candidates, there are no data to support a recommendation
for perioperative chemotherapy. Carboplatin should
not be substituted for cisplatin in the perioperative
setting.””) Neoadjuvant chemotherapy (NACT) is preferred
over adjuvant chemotherapy (ACT) with a higher level of
evidence. Dose-dense methotrexate, vinblastine, doxorubicin,
and cisplatin (dd-MVAC) regimen is preferred over classic
MVAC based on evidence from metastatic or advanced
disease where it was better tolerated and more effective than
classic MVAC.B4 Gemcitabine-Cisplatin (GC) regimen isan
alternative to dd-MVAC based on evidence from metastatic
or locally advanced disease which showed equivalence to
classic MVAC.5¢ The preliminary results of a recently
conducted phase III trial (GETUG/AFU V05 VESPER trial)
were presented in ASCO GU 2020."! The trial compared four
cycles of GC with six cycles of dd-MVAC as perioperative
chemotherapy for MIBC patients. The trial showed that
pathological complete responses (pCRs) and organ-confined
diseases were more frequently observed in the dd-MVAC
arm (42% vs. 36% [ P=0.02]). However, it should be noted that
the primary end point of this study is 3-year progression-free
survival (PFS), which has not been reported yet. The toxicities
were manageable in both the groups with more severe
asthenia and gastrointestinal side effects in the dd-MVAC
arm. The results are intriguing, but we need to wait for the
final results before changing our practice.

NEOADJUVANT CHEMOTHERAPY IN MUSCLE
INVASIVE BLADDER CANCER

The risk of local recurrence and distant failures in BC is
dependent on the grade and stage of the tumor. In case of

Table 1: Chemotherapy regimens

Agents Schedule
Classic Methotrexate (30 mg/m?on D1, D15, and D22)
MVAC Vinblastine (3 mg/m? on D2, D15, and D22)
Doxorubicin (30 mg/m? on D2)
Cisplatin (70 mg/m? on day D2)
Repeated every 28 days for three cycles
DD-MVAC Methotrexate (30 mg/m? on D1)

Vinblastine (3 mg/m?2 on D2)

Doxorubicin (30 mg/m? on D2)

Cisplatin (70 mg/m? on D2)

Filgrastim (240 mcg/m? subcutaneously on D4-D 10)

Repeated every 14 days, if toxicity permits, for 3-4 cycles
GC Gemcitabine (1000 mg/m? on D1, D8, D15)

Cisplatin (70 mg/m? on D2)

Given every 28 days for a maximum of six cycles
CMV Methotrexate (30 mg/m?)

Vinblastine (4 mg/m?) on D1 and D8

Cisplatin (100 mg/m?2on D2)

Leucovorin (15 mg every 6 h for four doses) on D2 and

D9

Repeated every 28 days for three cycles

MVAC=Methotrexate, vinblastine, doxorubicin, and cisplatin,
DD-MVAC=Dose-dense MVAC, GC=Gemcitabine and cisplatin,
CMV=_Cisplatin-methotrexate and vinblastine
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MIBC, the predominant cause of distant failures is occult
micrometastatic disease. NACT has advantages through
treatment of occult micrometastatic disease, downstaging
and making local therapy more effective, increase in pT0
rates which translates into survival benefit, assessing disease
biology and response to chemotherapy, and assessing
patient’s tolerance to chemotherapy.

Randomized control trials

SWOG-8710 Study, JCOG-0209 Study,
International Collaboration of Trialists Study!
were three multicenter phase III randomized control
trials (RCTs) [Supplementary Table 1] that evaluated the
role of NACT in MIBC. The SWOG-8710 Study showed
that NACT was associated with overall survival (OS) and
Disease-Specific Survival (DSS) benefit, and it reduced the
risk of death by 33%. The JCOG-0209 Study® concluded
that NACT is associated with OS and PFS benefit, significant
PCR rates, and less lymphatic leaks and acceptable toxicity.
However, the trial was terminated early due to slow accrual.
The International Collaboration of Trialists Study!® showed
that NACT was associated with statistically nonsignificant
improvement in 3-year OS. Patients with NACT had 15%
and 13% decrease in risk of death and locoregional disease,
respectively. There was statistical significant improvement
in 3-year metastasis-free survival (21% decrease in risk
of metastases). NACT arm had higher pCR rates with no
increase postoperative complications.

and
8-10]

Griffiths et al. published the long-term results of
International Collaboration of Trialists Study! in 2011. The
data had matured with a median follow-up of 8 years. The
authors concluded that NACT was associated with 3-year
and 10-year OS benefit (50% vs. 56% and 30% vs. 36%,
respectively), with 16% reduction in risk of death (hazard
ratio: 0.84; 95% confidence interval: 0.72-0.99; P = 0.037),
18% reduction in risk of disease (P = 0.008), 23% reduction
in risk of metastases (P = 0.001), 13% reduction in local
disease (P =0.067) and 4% reduction in risk of locoregional
relapse (P = 0.632), and median survival improvement of
7 months (37-44 months).

Meta-analysis

Advanced Bladder Cancer (ABC) meta-analysis collaboration
group'? analyzed 3005 individual patients’ data (IPD)
from 11 RCTs that compared NACT and local treatment
versus local treatment alone. They found a statistically
significant 5-year OS and DFS benefit with platinum-based
combination NACT; 5% and 9% absolute improvement in
OS (from 45% to 50%) and DFS, and 14% reduction in the
risk of death with NACT. There was a statistically significant
difference in the effect of chemotherapy between groups of
single-agent (SA) and platinum-based combination NACT
regimen favoring combination NACT (P = 0.024). The
evidence was not sufficiently reliable to determine the effect
of SA cisplatin on survival.
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Winquist et al.'¥ identified 3315 patients from 16 RCTs, and
four review articles (which included three meta-analyses)
on NACT for locally advanced BC. The stage of the
disease varied from T1G3 to T4b (majority had T2-T4a),
Nx to N2. The NACT regimens used were SA cisplatin,
cisplatin-methotrexate (CM), cisplatin-doxorubicin, CMV,
or MVAC, and the number of planned cycles ranged from
2 to 4. The local therapy included cystectomy, definitive
RT, RT + cystectomy, or chemoradiation (CTRT). The
largest among the 16 RCTs was the one published by the
International Collaboration of Trialists.!” The authors
concluded that NACT was associated with statistical
significant improvement in OS (P = 0.02) and PFS with
5% absolute improvement in OS (50%-55%) and 10%
decrease in risk of death. Combination NACT had significant
OS benefit (P = 0.006) with 13% decrease in the risk of
death and 6.5% absolute improvement in OS (50%-56.5%).
SA chemotherapy did not show significant survival
benefit (P=0.41). The pCR rates with combination NACT was
14%—38% while pathological “major response” (pTO, pTis,
pTa/pT1) was seen in 33.9% (SA chemo) to 43.1% (MVACQC)
patients.

ADJUVANT CHEMOTHERAPY

The data on ACT are less robust; trials have been either
inadequately powered, closed prematurely due to slow
accrual or remained unpublished. The theoretical advantages
of ACT over NACT include early definitive treatment,
availability of accurate pathological staging and prognostic
factors, and avoiding overtreatment to clinically over-staged
patients.

Disadvantage of adjuvant chemotherapy

Only 50% of patients who are proposed to receive ACT
actually receive it due to low GFR, older age, poor ECOG
status, comorbidities, and refusals.

Randomized controlled trials

EORTC-30994 Intergroup Trial, Italian Trial, and
Spanish (SOGUG-99/01) Trial'*!® were three phase III
RCTs evaluating the role of cisplatin-based combination
chemotherapy (CCC) ACT [Supplementary Table 2]. The
EORTC-30994 trial showed that ACT benefits patients who
have not received NACT with nonsignificant improvement in
OS and significant improvement in PFS. Combining the analysis
of this trial with two other trials (Italian™ and Spanish!®!
Cooperative Groups) and with the updated results of Leow
et al.,''") there was an overall benefit with ACT (P = 0.002).

Meta-analysis

Advanced BC meta-analysis'® analyzed IPD from six
trials (491 patients) which represented 90% of all patients
randomized in CCC trials. All the patients were administered
CCC and the choice oflocal treatment was cystectomy. The
meta-analysis concluded that ACT was associated with 25%
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decrease in the risk of death (29% for CCC) (P=0.019), 9%
absolute improvement in 3-year OS (11% for CCC), 32%
decrease in risk of recurrence (38% for CCC) (P = 0.004),
and 12% absolute improvement in 3-year DFS. This
meta-analysis had analyzed IPD and was hence able to
answer some criticism of the individual trials, as all the
individual trials were underpowered with major criticism
against their design, analysis, and reporting.

Ruggeri et al." analyzed five phase IIl RCTs and extracted
data to analyze OS (350 patients) and DFS (273 patients).
The authors found a significant OS and DFS benefit with
ACT. The absolute benefit in 5-year OS and DFS was 11%
and 16%, respectively. For OS and DFS benefit of one
patient, the number needed to treat (NNT) was nine and
six, respectively. The limitations of this meta-analysis
were that trials analyzed were old, with problems in their
design, accrual, and when analyzed individually, all trials
had questionable conclusions. The numbers were too
small to sustain ACT as a standard practice (required data
of >1000 patients to be reliable). Chemotherapy given in few
trials was not standard and was inferior in terms of response
rates and survival. There was clinical heterogeneity among
trials with respect to surgical technique, chemotherapy
regimen, and patient selection (i.e., lymph node status).

The 2013 Updated Systemic Review and Meta-analysis
of Randomized Trials!"”! was built on the 2005 Cochrane
meta-analysis,?® which previous published as ABC
meta-analysis!®! and incorporated additional RCTs
published after 2005 (ACT arm: 475 patients, control arm:
470 patients). The inclusion criteria were >pT2, NO/N+ MO,
except the RCT by Stadler et al.?) and Studer et al.? which
included pT1 patients also. The primary and secondary
outcomes were OS and DFS, respectively. The meta-analysis
concluded that ACT was associated with 23% decrease
in risk of death (P = 0.049), 34% decrease in risk of
recurrence (P =0.014), and greater absolute DFS benefit in
pN+ (hazard ratio HR =0.39). This updated meta-analysis
had greater statistical power due to inclusion of additional
trials and improved statistical methods. The flaws of this
meta-analysis were small sample size across nine trials with
heterogeneity among them (n=945), methodological flaws in
their trials, difference in chemotherapy regimens, eligibility
criteria, DFS definitions and time to randomization across
trials, and lack of information on the T stage across trials.?!??

The 2017 Systematic Review and Network Meta-analysis
of Randomized Clinical Trials®! assessed the optimal
ACT regimen for improving survival outcomes with data
obtained from 1546 patients from 11 RCTs (1995-2015).
The primary and secondary end points were PFS and OS,
respectively. The authors found that ACT improved PFS and
OS by 36% and 21%, respectively. Among ACT regimens,
CMV and Paclitaxel-Gemcitabine-Cisplatin (PGC) had
significant PFS benefit and PGC had significant better
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OS as compared to controls. The positive aspects of these
trials were that it included only prospectively designed
RCTs with consistent number and dose-specific regimens.
However, it was limited by enrolling studies across
several decades (1990s—2010s), resulting in different ACT
regimens, different baseline characteristics (pT1-pT2/NO to
pT3-pT4/N+), and hence different survival outcomes. Some
trials were underpowered (small sample size, difficult patient
accrual, early termination, and statistical flaws).

The 2019 Systematic Review and Meta-Analysis of
Randomized Trials® evaluated the role of ACT in locally
advanced MIBC (pT3/pT4 and/or pN+) from four RCTs.["2>%7]
The meta-analysis concluded that ACT was associated with
significant PFS and OS benefit. There was 17% and 10% absolute
increase in PFS (NNT =5.9; P < 0.00001) and OS (NNT = 10;
P =0.0009), respectively, and 52% and 48% relative risk
reduction in progression and death, respectively. However,
when pT2 was included, ACT had marginal OS benefit (4%
increase; NNT = 25). The strength of this meta-analysis was
that it focused only on locally advanced disease, whereas
it was limited by flaws in methodology and design of the
trials (definitions of PFS and OS, early termination).

TRENDS IN UTILIZATION OF PERIOPERATIVE
CHEMOTHERAPY

Despite statistical significant survival benefit, the utilization

of perioperative chemotherapy has historically been poor

due to the following commonly cited reasons:25-3

i. Lack of knowledge and motivation physicians and
surgeons

ii. Treatment in low-volume centers and nonacademic
facilities

iii. Lack of multidisciplinary tumor (MDT) clinics

iv. Patients’ ineligibility for cisplatin, poor performance
status (PS), advanced age.

v. Patients declining chemotherapy

vi. Geographical location, accessibility, and socioeconomic
status.

Booth et al.’® studied the uptake of perioperative
chemotherapy (NACT and ACT) and medical oncology (MO)
referral patterns among 5582 MIBC patients who had
undergone cystectomy. The use of NACT increased
significantly from 4% (1994-2008) to 27% (2013). The use
of ACT has remained constant between 19% (1994-2008)
and 20% (2009-2013). There was increase in referral rates
to MO during 2009-2013 as compared to 1994-2008 (32%
vs. 11%) and continued to increase in recent years (44%
in 2013). The proportion of referred patients treated with
NACT increased significantly, from 32% (1994-1998) to
54% (2009-2013) (P < 0.001).

Duplisea et al.® examined the trends of utilization of NACT
among 18,188 patients who underwent cystectomy from the
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National Cancer Database from 2006 to 14. 21.7% of patients
received NACT and its use increased from 9.7% (2006) to
32.2% (2014). Reardon et al.® studied the temporal changes
inutilization of perioperative chemotherapy from 5692 MIBC
patients’ data who underwent RC for > cT2NOMO between
2006 and 2010. The use of perioperative chemotherapy
increased from 29.5% (2006) to 39.8% (2010) and the use
of NACT significantly increased from 10.1% (2006) to
20.8% (2010). The use of ACT remained stable between
18.1% and 21.3% (P = 0.68).

Martini et al.®" prospectively analyzed 235 patients’ data
from the PROMETRICS 2011 database.Only 2.2% of patients
received NACT; in 69% of cases the decision was made by
individual clinicians, and only 29% of cases were discussed
in MDT. Sixty-nine percent of urologists declared that tumor
stage cT3-T4/N1MO was the best indication for NACT.

Data from Tata Memorial Hospital®” showed that the
utilization of NACT has increased from 27.7% (2014) to
60% (2019) (P < 0.01). These figures show that the utilization
of NACT has increased than that in Western literature.

NEOADJUVANT CHEMOTHERAPY VERSUS
ADJUVANT CHEMOTHERAPY

Retrospective data comparing the outcomes of NACT
and ACT® of 687 patients from single institution (1988
2009) showed that the utilization of perioperative
chemotherapy was 21%. Out of 146 patients who received
chemotherapy (50% NACT/ACT each) for locally
advanced MIBC, CCC was given to 83.6% of patients,
while remaining received carboplatin-based chemotherapy.
Majority of patients on CCC received MVAC (64.8%), while
remaining received GC (35.2%). The median follow-up
was 12.8 months for NACT and 14 months for ACT. The
primary end points analyzed were DSS and OS. The study
concluded that there was no significant difference in
DSS (P=0.46) and OS (P=0.76). In CCC group, there were
no significant differences in DSS and OS. There was no
significant difference in DSS (P = 0.555) and OS (P =0.573)
between NACT-MVAC and ACT-MVAC (median survival:
16 months vs. 22 months). There was significant difference
in DSS between NACT-GC and ACT-GC (P = 0.049), with
no significant difference in OS (median survival 11 months
vs. 16 months) (P=0.607). In carboplatin-based group, there
was no significant difference between NACT and ACT with
respect to DSS and OS and CCC was a significant predictor
of improved OS and DSS (P < 0.001). The drawbacks of
this study were retrospective nature, single-center data,
heterogeneous population, different chemotherapy regimen,
no record of comorbidity, performance status, complication
rates, recurrence, and the follow-up period being short.
There are some data to suggest that ACT post-NACT and
RC might lead to OS benefit in patients with pT3/T4 and/
or pN+.B4 However, such strategy is not suggested to be a
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routine clinical practice as there are no randomized data to
support the same.

RADIOTHERAPY

The 5-year survival rates post-RC + PLND for pT2 and
pT3 diseases are 60% and 10%-50%, respectively.! Pelvic
recurrences in locally advanced MIBC range from 32% to
58%.®1 Locoregional recurrence (LRR) is associated with
metastasis and locoregional control improves oncologic
end points.**¥ Salvage treatment is rarely successful with
a median survival of only 9 months.?*¥ Perioperative
chemotherapy does not reduce LRR. Factors affecting
LRR are pT3, N+, PLND, number of nodes dissected, positive
surgical margin, hospital volume, and risk groups.®*’ The
University of Pennsylvania developed a risk stratification
model to predict LRR®” and subsequently has been validated
in several studies.*"*] These facts suggest a potential role
of adjuvant RT in high-risk MIBC patients. The data on
adjuvant RT are not yet robust and await the results from
ongoing trials (NRG, GETUG-AFU, Tata Memorial Hospital,
NCRI, University of Ghent, and NCI Cairo). At present, the
NCCN guidelines recommends adjuvant RT for >pT3 and
N+ disease.”

Number of RCTs conducted by Zaghloul et al.l5* has
evaluated the role of postoperative RT (PORT) for MIBC or
locally advanced disease [Supplementary Table 3]. Studies
have concluded that in high-risk patients, PORT or adjuvant
CTRT reduces LR and DFS without significant improvement

Table 2: ABACUS and PURE-01 studies

Salient Features ABACUS study!®

in OS. However, these studies included majority of
squamous carcinoma patients and their applicability to
UC (the most common type worldwide) needs further study.
A retrospective multicenter study for adjuvant RT in MIBC
was conducted by Orré et al.®® [Supplementary Table 3F].
The study concluded that PORT is feasible in high-risk
MIBC with oncological benefits and acceptable toxicities,
and neobladders can tolerate moderate doses of RT without
significant morbidity.

In a systematic review and meta-analysis on RT with
RC, McAlpine et al.P" evaluated the efficacy and safety
of RT as neoadjuvant and adjuvant modality in MIBC
patients undergoing RC. The study concluded that there was
statistically nonsignificant improvement in OS with NART
and there was improved OS with PORT in locally-advanced
disease. This article had numerous limitations at individual
study level and review level which is beyond the scope of
our discussion.

Adjuvant RT to bladder bed and nodal basins renders the
bowel at risk of radiation-induced injury, a condition
called pelvic radiation disease (PRD) which encompasses
radiation enteritis and radiation proctitis. PRD can present
in three clinical phases: acute, chronic, and delayed (latent).
PRD increases the risk of bowel wall strictures, adhesions,
fissures, bleeding, and perforation. PRD may also cause
acute or subacute small bowel obstruction. Concurrent
chemotherapy can delay the reparative process, thus
aggravating the condition.®”

PURE-01 study'®®!

Study design Single-arm Phase Il RCT to establish efficacy, safety and  Single-arm Phase Il
biomarker signals
Method 2 cycles atezolizumab (1200 mg) x3 weekly followed by RC 3 cycles pembrolizumab (200 mg) every 3 weeks
followed by RC
Sample size 95 50
Eligibility criteria cT2-T4aNOMO cT2-T3bNOMO
ECOG 0-1 ECOG 0-2
Adequate hematologic and end-organ function GFR 20 ml/min

Ineligible or refusal of cisplatin-based NACT

Duration May 2016-June 2018
Median follow-up (months) 13.1
Primary endpoint pCR

Secondary endpoint
Median time to surgery
Overall pCR rate

Safety, RFS and biomarker analysis
5.6 weeks
27/88 (31%)

1 year RFS 79%
Grade 3/4 surgical complications  15/87 (17%)
Grade 3/4 AEs 10/95 (11%)

PD-L 1-positive patients 35/88 (40%)

No significant correlation between PD-L1 expression and
outcome, on either immune cells or tumor cells (P>0.05)
TMB The pCR rate was not increased in TMB-high ( 10

mutations/Mb; 31%) tumors

Regardless of their cisplatin eligibility
February 2017-March 2018

6.2

pCR

Down-staging to<pT2

22 days

21/50 (42%)

Down-staging to<pT2: 27/50 (54%)

15/50 (30%)

3/50 (6%)

35/50 (70%)

54.3% patients with PD-L1 CPS 10% had pTO compared
to 13.3% patients with CPS<10% (P=0.001)

TMB score 15 mutations/Mb in pretreatment
tumors predicted high pCR rate

RFS=Relapse-free survival, CPS=Combined positive score, TMB=Tumor mutational burden, RCT=Randomized control trials, RC=Radical
cystectomy, NACT=Neoadjuvant chemotherapy, GFR=Glomerular filtration rate, p.CR="Pathological complete responses, AE=Adverse events,
PD-L1=Programmed cell death-1 protein ligand, ECOG=Eastern Cooperative Oncology Group
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Table 3: International Guideline Recommendations

Guidelines

Recommendations

NACT
EAU 2019 guidelines!¢!

NCCN guidelines Version 5.2020%!

AUA guidelines 20172

Offer NACT for T2-T4a, cNOMO disease. Always use cisplatin-based combination therapy (strong)

Do not offer NACT to patients who are ineligible for cisplatin-based combination chemotherapy (strong)

Only offer neoadjuvant immunotherapy to patients within a clinical trial setting (strong)

Neoadjuvant cisplatin-based combination chemotherapy followed by radical cystectomy (Category 1)

OR

Radical cystectomy alone for those not eligible to receive cisplatin-based chemotherapy

OR

Concurrent chemoradiatherapy (Category 1)

Offer cisplatin-based NACT to eligible radical cystectomy patients prior to cystectomy (strong recommendation;
evidence level: Grade B)

Clinicians should not prescribe carboplatin-based NACT for clinically resectable stage cT2-T4aNO BC.
Patients ineligible for cisplatin-based NACT should proceed to definitive locoregional therapy (expert

opinion)

ACT
EAU 2019 guidelinest¢”
NACT has been given (strong)

Offer adjuvant cisplatin-based combination chemotherapy to patients with pT3/T4 and/or pN+disease if no

Offer immunotherapy with a checkpoint inhibitor only in a clinical trial setting (strong)

NCCN guidelines Version 3.2020%!

Based on pathologic risk (pT3-4, or positive nodes or positive margins), consider adjuvant cisplatin-based

chemotherapy or consider adjuvant RT (Category 2B) if no neoadjuvant treatment given

AUA guidelines 2017162

Eligible patients who have not received cisplatin-based NACT and have nonorgan confined (pT3/T4and/

or N+) disease at cystectomy should be offered adjuvant cisplatin-based chemotherapy. (moderate
recommendation; evidence level: Grade C)

NACT=Neoadjuvant chemotherapy, RT=Radiotherapy, BC=Bladder cancer, ACT=Adjuvant chemotherapy, EAU=European Association of Urology,
NCCN=National Comprehensive Cancer Network, AUA=American Urological Association

IMMUNOTHERAPY IN BLADDER CANCER

Programmed cell death-1 protein (PD-1)/PD-1 ligand
checkpoint inhibitors have promising role in treating
locally advanced and metastatic UC as the first-line
therapy and also have potential in for neoadjuvant
setting.*5¢ Further clinical trials with longer follow-up
are required to define their role as first-line therapy in
cisplatin-eligible patients. Based on level 1 evidence,
atezolizumab and pembrolizumab have been approved
by the US Food and Drug Administration for locally
advanced and metastatic UC patients who are cisplatin
ineligible.”!

Neoadjuvant immunotherapy

Two phase II studies, PURE-015% and ABACUS,* [Table 2]
evaluated the role immunotherapy in neoadjuvant setting.
ABACUS study® is yet to complete with final results;
however, the clinical efficacy and biomarker analysis have
been published.”

Adjuvant immunotherapy

Adjuvant immunotherapy is experimental and is not
indicated outside of a clinical trial setting. Based on the results
in patients with advanced disease, three phase III trials are in
progress; Atezolizumab versus observation (NCT02450331),
Nivolumab versus placebo (NCT02632409), and
Pembrolizumab versus observation (NCT03244384).

The current international guidelines recommendations are
summarized in Table 3.
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CONCLUSIONS

NACT is strongly recommended for cT2-T4aNOMO disease
with cisplatin-based combination chemotherapy regimens.
ACT is advisable to pT3/T4 and/or pN+ disease if NACT
has not been given. Adjuvant RT can be considered in
pT3/T4 and/or pN+ and/or positive margin patients.
Immunotherapy should only be used under trial setting
and awaits further results.

REFERENCES

1. BrayF Ferlay ], Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global
cancer statistics 2018: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer ] Clin
2018;68:394-424.

2. National Comprehensive Cancer Network. Bladder Cancer
(Version 5.2020); 2020. Available from: https:/www.nccn.org/
professionals/physician_gls/pdf/bladder.pdf. [Last accessed on
2020 Mar 08].

3. Sternberg CN, de Mulder PH, Schornagel JH, Théodore C, Fossa SD,
van Oosterom AT, et al. Randomized phase IlI trial of high-dose-intensity
methotrexate, vinblastine, doxorubicin, and cisplatin (MVAC)
chemotherapy and recombinant human granulocyte colony-stimulating
factor versus classic MVAC in advanced urothelial tract tumors:
European Organization for Research and Treatment of Cancer Protocol
no. 30924. J Clin Oncol 2001;19:2638-46.

4.  Sternberg CN, de Mulder P, Schornagel JH, Theodore C, Fossa SD,
van Oosterom AT, et al. Seven year update of an EORTC phase IlI trial
of high-dose intensity M-VAC chemotherapy and G-CSF versus classic
M-VAC in advanced urothelial tract tumours. Eur ] Cancer 2006;42:50-4.

5.  vonder Maase H, Hansen SW, Roberts JT, Dogliotti L, Oliver T, Moore MJ,
et al. Gemcitabine and cisplatin versus methotrexate, vinblastine,
doxorubicin, and cisplatin in advanced or metastatic bladder cancer:
Results of a large, randomized, multinational, multicenter, phase IlI

231



Chatterjee, et al.: Perioperative therapy in muscle invasive bladder cancer

232

study. J Clin Oncol 2000;18:3068-77.

von der Maase H, Sengelov L, Roberts JT, Ricci S, Dogliotti L, Oliver T,
et al. Long-term survival results of a randomized trial comparing
gemcitabine plus cisplatin, with methotrexate, vinblastine,
doxorubicin, plus cisplatin in patients with bladder cancer. ] Clin Oncol
2005;23:4602-8.

Stephane Culine GG, Hospital Saint-Louis P, Institut Paoli-Calmettes M,
Departement of Medical Oncology CL, B and #xE9 O, Rard L, et al.
Randomized Phase Il Trial of Dose-Dense Methotrexate, Vinblastine,
Doxorubicin, and Cisplatin (dd-MVAC) or Gemcitabine and Cisplatin (GC)
as Perioperative Chemotherapy for Muscle Invasive Urothelial Bladder
Cancer (MIUBC): Preliminary Results of the GETUG/AFU V05 VESPER
trial on Toxicity and Pathological Responses; 2020 Feb 14. Available
from: https:/meetinglibrary.asco.org/record/184106/abstract#search/
ddMVAC+/_blank. [Last accessed on 2020 Jul 28].

Grossman HB, Natale RB, Tangen CM, Speights VO, Vogelzang NJ,
Trump DL, et al. Neoadjuvant chemotherapy plus cystectomy compared
with cystectomy alone for locally advanced bladder cancer. N Engl |
Med 2003;349:859-66.

Kitamura H, Tsukamoto T, Shibata T, Masumori N, Fujimoto H, Hirao Y,
et al. Randomised phase 11l study of neoadjuvant chemotherapy with
methotrexate, doxorubicin, vinblastine and cisplatin followed by radical
cystectomy compared with radical cystectomy alone for muscle-invasive
bladder cancer: Japan Clinical Oncology Group Study JCOG0209. Ann
Oncol 2014;25:1192-8.

Neoadjuvant cisplatin, methotrexate, and vinblastine chemotherapy
for muscle-invasive bladder cancer: A randomised controlled trial.
International Collaboration of Trialists. Lancet 1999;354:533-40.
International Collaboration of Trialists on behalf of the Medical
Research Council Advanced Bladder Cancer Working Party (now the
National Cancer Research Institute Bladder Cancer Clinical Studies
Group); the European Organisation for Research and Treatment of
Cancer Genito-Urinary Tract Cancer Group; the Australian Bladder
Cancer Study Group; the National Cancer Institute of Canada Clinical
Trials Group; Finnbladder; Norwegian Bladder Cancer Study Group; and
Club Urologico Espanol de Tratamiento Oncologic. International phase
111 trial assessing neoadjuvant cisplatin, methotrexate, and vinblastine
chemotherapy for muscle-invasive bladder cancer: Long-term results
of the BA06 30894 trial. JCO 2011;29:2171-7.

Advanced Bladder Cancer (ABC) Meta-analysis Collaboration.
Neoadjuvant chemotherapy in invasive bladder cancer: Update of
a systematic review and meta-analysis of individual patient data
advanced bladder cancer (ABC) meta-analysis collaboration. Eur Urol
2005;48:202-6.

Winquist E, Kirchner TS, Segal R, Chin ], Lukka H; Genitourinary Cancer
Disease Site Group; Cancer Care Ontario Program in Evidence-based
Care Practice Guidelines Initiative. Neoadjuvant chemotherapy for
transitional cell carcinoma of the bladder: A systematic review and
meta-analysis. ] Urol 2004;171:561-9.

Sternberg CN, Skoneczna I, Kerst JM, Albers P, Fossa SD, Agerbaek M,
et al. Immediate versus deferred chemotherapy after radical cystectomy
in patients with pT3-pT4 or N+MO urothelial carcinoma of the
bladder (EORTC 30994): An intergroup, open-label, randomised phase
3 trial. Lancet Oncol 2015;16:76-86.

Cognetti F, Ruggeri EM, Felici A, Gallucci M, Muto G, Pollera CF,
et al. Adjuvant chemotherapy with cisplatin and gemcitabine versus
chemotherapy at relapse in patients with muscle-invasive bladder
cancer submitted to radical cystectomy: An Italian, multicenter,
randomized phase IlI trial. Ann Oncol 2012;23:695-700.

Paz-Ares LG, Solsona E, Esteban E, Saez A, Gonzalez-Larriba J, Anton A,
et al. Randomized phase III trial comparing adjuvant paclitaxel/
gemcitabine/cisplatin (PGC) to observation in patients with resected
invasive bladder cancer: Results of the Spanish Oncology Genitourinary
Group (SOGUG) 99/01 study. JCO 2010;28 Suppl 18:LBA4518.

17.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

Leow JJ, Martin-Doyle W, Rajagopal PS, Patel CG, Anderson EM,
Rothman AT, et al. Adjuvant chemotherapy for invasive bladder cancer:
A 2013 updated systematic review and meta-analysis of randomized
trials. Eur Urol 2014;66:42-54.

Advanced Bladder Cancer (ABC) Meta-analysis Collaboration. Adjuvant
chemotherapy in invasive bladder cancer: A systematic review and
meta-analysis of individual patient data Advanced Bladder Cancer (ABC)
Meta-analysis Collaboration. Eur Urol 2005;48:189-99.

Ruggeri EM, Giannarelli D, Bria E, Carlini P, Felici A, Nelli F, et al. Adjuvant
chemotherapy in muscle-invasive bladder carcinoma: A pooled analysis
from phase IlI studies. Cancer 2006;106:783-8.

Vale CL, Advanced Bladder Cancer Meta-analysis Collaboration.
Adjuvant Chemotherapy for Invasive Bladder Cancer (individual
patient data). Cochrane Urology Group, editor. Cochrane Database
of Systematic Reviews; 2006 Apr 19. Available from: http:/doi.wiley.
com/10.1002/14651858.CD006018. [Last accessed on 2020 Feb 09].
Stadler WM, Lerner SP, Groshen S, Stein JP, Shi SR, Raghavan D, et al.
Phase III study of molecularly targeted adjuvant therapy in locally
advanced urothelial cancer of the bladder based on p53 status. J Clin
Oncol 2011;29:3443-9.

Studer UE, Bacchi M, Biedermann C, Jaeger P, Kraft R, Mazzucchelli L,
et al. Adjuvant cisplatin chemotherapy following cystectomy for bladder
cancer: Results of a prospective randomized trial. ] Urol 1994;152:81-4.
Kim HS, Jeong CW, Kwak C, Kim HH, Ku JH. Adjuvant chemotherapy
for muscle-invasive bladder cancer: A systematic review and
network meta-analysis of randomized clinical trials. Oncotarget
2017;8:81204-14.

Kim DK, Lee JY, Jung JH, Hah YS, Cho KS. Role of adjuvant cisplatin-based
chemotherapy following radical cystectomy in locally advanced
muscle-invasive bladder cancer: Systematic review and meta-analysis
of randomized trials. Investig Clin Urol 2019;60:64-74.

Freiha F, Reese J, Torti FM. A randomized trial of radical cystectomy
versus radical cystectomy plus cisplatin, vinblastine and methotrexate
chemotherapy for muscle invasive bladder cancer. ] Urol 1996;155:495-9.
Lehmann J, Franzaring L, Thiiroff ], Wellek S, Stockle M. Complete
long-term survival data from a trial of adjuvant chemotherapy vs.
control after radical cystectomy for locally advanced bladder cancer.
BJU Int 2006;97:42-7.

Skinner DG, Daniels JR, Russell CA, Lieskovsky G, Boyd SD, Nichols P,
et al. The role of adjuvant chemotherapy following cystectomy for
invasive bladder cancer: A prospective comparative trial. J Urol
1991;145:459-64.

Booth CM, Karim S, Brennan K, Siemens DR, Peng Y, Mackillop WJ.
Perioperative chemotherapy for bladder cancer in the general
population: Are practice patterns finally changing? Urol Oncol
2018;36:89.e13-89.e20.

Duplisea JJ, Mason RJ, Reichard CA, Li R, Shen Y, Boorjian SA, et al.
Trends and disparities in the use of neoadjuvant chemotherapy for
muscle-invasive urothelial carcinoma. Can Urol Assoc J 2019;13:24-8.
Reardon ZD, Patel SG, Zaid HB, Stimson CJ, Resnick MJ, Keegan KA,
et al. Trends in the use of perioperative chemotherapy for localized and
locally advanced muscle-invasive bladder cancer: A sign of changing
tides. Eur Urol 2015;67:165-70.

Martini T, Gilfrich C, Mayr R, Burger M, Pycha A, Aziz A, et al. The use
of neoadjuvant chemotherapy in patients with urothelial carcinoma of
the bladder: Current practice among clinicians. Clin Genitourin Cancer
2017;15:356-62.

Dholakia K, Prakash G, Pal M, Joshi A, Bakshi G. Abstracts-USICON 2020.
Indian Journal of Urology. 2020 Jan 1;36 (5):1.

Wosnitzer MS, Hruby GW, Murphy AM, Barlow LJ, Cordon-Cardo C,
Mansukhani M, et al. A comparison of the outcomes of neoadjuvant
and adjuvant chemotherapy for clinical T2-T4aN0-N2MO bladder cancer.
Cancer 2012;118:358-64.

Seisen T, Jamzadeh A, Leow JJ, Rouprét M, Cole AP, Lipsitz SR, et al.

Indian Journal of Urology, Volume 37, Issue 3, July-September 2021



35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Chatterjee, et al.: Perioperative therapy in muscle invasive bladder cancer

Adjuvant chemotherapy vs observation for patients with adverse
pathologic features at radical cystectomy previously treated with
neoadjuvant chemotherapy. JAMA Oncol 2018;4:225-9.
Christodouleas JP, Baumann BC, He J, Hwang WT, Tucker KN,
Bekelman JE, et al. Optimizing bladder cancer locoregional failure
risk stratification after radical cystectomy using SWOG 8710. Cancer
2014;120:1272-80.

Pollack A, Zagars GK, Cole CJ, Dinney CP, Swanson DA, Grossman HB.
The relationship of local control to distant metastasis in muscle invasive
bladder cancer. J Urol 1995;154:2059-63.

Skinner EC, Stein JP, Skinner DG. Surgical benchmarks for the treatment
of invasive bladder cancer. Urol Oncol 2007;25:66-71.

Baumann BC, Sargos P, Eapen LJ, Efstathiou JA, Choudhury A, Bahl A,
et al. The rationale for post-operative radiation in localized bladder
cancer. Bladder Cancer 2017;3:19-30.

Baumann BC, Guzzo TJ, He |, Keefe SM, Tucker K, Bekelman JE, et al.
Anovel risk stratification to predict local-regional failures in urothelial
carcinoma of the bladder after radical cystectomy. Int ] Radiat Oncol
Biol Phys 2013;85:81-8.

Sargos P, Baumann BC, Eapen L, Christodouleas J, Bahl A, Murthy V,
et al. Risk factors for loco-regional recurrence after radical cystectomy
of muscle-invasive bladder cancer: A systematic-review and framework
for adjuvant radiotherapy. Cancer Treat Rev 2018;70:88-97.

Baumann BC, He ], Hwang WT, Tucker KN, Bekelman JE, Herr HW, et al.
Validating a local failure risk stratification for use in prospective studies
of adjuvant radiation therapy for bladder cancer. Int ] Radiat Oncol Biol
Phys 2016;95:703-6.

Novotny V, Froehner M, May M, Protzel C, Hergenrother K, Rink M, et al.
Risk stratification for locoregional recurrence after radical cystectomy
for urothelial carcinoma of the bladder. World J Urol 2015;33:1753-61.
Ku JH, Kim M, Jeong CW, Kwak C, Kim HH. Risk prediction models of
locoregional failure after radical cystectomy for urothelial carcinoma:
External validation in a cohort of korean patients. Int ] Radiat Oncol
Biol Phys 2014;89:1032-7.

Froehner M, Novotny V, Wirth MP, Brookman-May S, Aziz A, May M.
External validation of a model to predict locoregional failure after
radical cystectomy. Cancer 2014;120:3584.

Zaghloul MS, Awwad HK, Akoush HH, Omar S, Soliman O, el Attar I.
Postoperative radiotherapy of carcinoma in bilharzial bladder:
Improved disease free survival through improving local control. Int J
Radiat Oncol Biol Phys 1992;23:511-7.

Zaghloul MS, Khaled HM, Lotayef M, William H. Adjuvant
chemoradiotherapy after radical cystectomy in advanced
high risk bladder cancer: A prospective randomized trial. JCO
2006;24 Suppl 18:4545.

Zaghloul MS, Christodouleas JP, Smith A, Abdallah A, William H,
Khaled HM, et al. Adjuvant sandwich chemotherapy plus radiotherapy
vs adjuvant chemotherapy alone for locally advanced bladder cancer
after radical cystectomy: A randomized phase 2 trial. JAMA Surg
2018;153:e174591.

ASCO 2019: Randomized Trial of Adjuvant Chemotherapy vs
Adjuvant Radiation Therapy for Locally Advanced Bladder
Cancer after Radical Cystectomy. Available from: https:/www.
urotoday.com/conference-highlights/asco-2019-annual-meeting/
asco-2019-bladder-cancer/113067-asco-2019-randomized-trial-of-ad
juvant-chemotherapy-vs-adjuvant-radiation-therapy-for-locally-advan
ced-bladder-cancer-after-radical-cystectomy.html. [Last accessed on
2020 Mar 08].

ASCO GU 2019: Randomized Phase Il Trial of Adjuvant Sequential
Chemotherapy plus Radiotherapy versus Adjuvant Radiotherapy Alone
for Locally Advanced Bladder Cancer after Radical Cystectomy: Urothelial
Carcinoma Subgroup Analysis. Available from: https:/www.urotoday.

Indian Journal of Urology, Volume 37, Issue 3, July-September 2021

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

com/conference-highlights/asco-gu-2019/asco-gu-2019-bladder-canc
er/110297-asco-gu-2019-randomized-phase-iii-trial-of-adjuvant-sequ
ential-chemotherapy-plus-radiotherapy-versus-adjuvant-radiotherap
y-alone-for-locally-advanced-bladder-cancer-after-radical-cystectomy-
urothelial-carcinoma-subgroup-analysis-2.html. [Last accessed on
2020 Mar 08].

Orré M, Latorzeff I, Fléchon A, Roubaud G, Brouste V, Gaston R, et al.
Adjuvant radiotherapy after radical cystectomy for muscle-invasive
bladder cancer: A retrospective multicenter study. PLoS One
2017;12:e0174978.

McAlpine K, Fergusson DA, Breau RH, Reynolds LF, Shorr R, Morgan SC,
et al. Radiotherapy with radical cystectomy for bladder cancer:
A systematic review and meta-analysis. CUAJ 2018;12:351-60.

Morris KA, Haboubi NY. Pelvic radiation therapy: Between delight and
disaster. World ] Gastrointest Surg 2015;7:279-88.

Balar AV, Castellano D, O’Donnell PH, Grivas P, Vuky J, Powles T,
et al. First-line pembrolizumab in cisplatin-ineligible patients
with locally advanced and unresectable or metastatic urothelial
cancer (KEYNOTE-052): A multicentre, single-arm, phase 2 study. Lancet
Oncol 2017;18:1483-92.

Fradet Y, Bellmunt ], Vaughn DJ, Lee JL, Fong L, Vogelzang NJ, et al.
Randomized phase Il KEYNOTE-045 trial of pembrolizumab versus
paclitaxel, docetaxel, or vinflunine in recurrent advanced urothelial
cancer: Results of >2 years of follow-up. Ann Oncol 2019;30:970-6.
Bellmunt J, de Wit R, Vaughn DJ, Fradet Y, Lee JL, Fong L, et al.
Pembrolizumab as second-line therapy for advanced urothelial
carcinoma. N Engl ] Med 2017;376:1015-26.

Rosenberg JE, Hoffman-Censits J, Powles T, van der Heijden MS,
Balar AV, Necchi A, et al. Atezolizumab in patients with locally
advanced and metastatic urothelial carcinoma who have progressed
following treatment with platinum-based chemotherapy: A single-arm,
multicentre, phase 2 trial. Lancet 2016;387:1909-20.

Suzman DL, Agrawal S, Ning YM, Maher VE, Fernandes LL, Karuri S,
et al. FDA approval summary: Atezolizumab or pembrolizumab for the
treatment of patients with advanced urothelial carcinoma ineligible
for cisplatin-containing chemotherapy. Oncologist 2019;24:563-9.
Necchi A, Anichini A, Raggi D, Briganti A, Massa S, Luciano R, et al.
Pembrolizumab as neoadjuvant therapy before radical cystectomy in
patients with muscle-invasive urothelial bladder carcinoma (PURE-01):
An open-label, single-arm, phase Il study. JCO 2018;36:3353-60.
Preoperative MPDL3280A in Transitional Cell Carcinoma of the
Bladder — Full Text View — ClinicalTrials.gov. Available from:
https:/clinicaltrials.gov/ct2/show/NCT02662309. [Last accessed on
2020 Apr 16].

Powles T, Kockx M, Rodriguez-Vida A, Duran I, Crabb SJ, Van
Der Heijden MS, et al. Clinical efficacy and biomarker analysis of
neoadjuvant atezolizumab in operable urothelial carcinoma in the
ABACUS trial. Nat Med 2019;25:1706-14.

EAU Guidelines. Edn. Presented at the EAU Annual Congress Barcelona
2019. ISBN 978-94-92671-04-2. Avaialble from: https:/uroweb.org/
guideline/upper-urinary-tract-urothelial-cell-carcinoma/. [Last accessed
on 2020 Mar 25].

Treatment of Non-Metastatic Muscle-Invasive Bladder Cancer:
AUA/ASCO/ASTRO/SUO Guideline (2017) — American Urological
Association. Avaialble from: https:/www.auanet.org/guidelines/
bladder-cancer-non-metastatic-muscle-invasive-guideline. [Last
accessed on 2020 Jun 23].

How to cite this article: Chatterjee A, Bakshi G, Pal M, Kapoor A, Joshi A,
Prakash G. Perioperative therapy in muscle invasive bladder cancer. Indian
J Urol 2021;37:226-33.

233



Supplementary Table 1: Neoadjuvant chemotherapy trials

Supplementary Table 1 (A): SWOG-8710 Study
Multicenter Phase Il RCT (1987-1998) across 126 institutions
T2-T4aNOMO - AJCC 4 edition
Upfront RC+BPLND versus 3 cycles of NACT (MVAC) followed by RC+BPLND
Primary end-point: OS
Secondary end-point: Tumor down-staging

Salient Features RC-arm NACT-arm P

Sample size (n=307) 154 153

Median follow-up (years) 8.4 8.7

5-year OS (%) 43 57 0.06

Median OS (months) 46 77

DSS 77 deaths 54 deaths 0.002 (HR: 1.66; 95% Cl: 1.22-2.45)
pCR (%) 15 38 <0.001

Postoperative complications No statistical significant difference

NACT was a/w OS and DSS benefit and reduced risk of death by 33% (HR: 1.33; 95% Cl 1.00-1.76)
Increased pCR rates translated into survival benefit (85% pTO patients were alive at 5-year)
MVAC did not adversely affect chance to undergo RC and did not increase risk of death or complications
33% Grade 4 granulocytopenia with MVAC
Limitations

No ACT in RC-arm

Uniform central pathologic review

18% and 19% patients in NACT- and RC-arm did not undergo RC respectively

Supplementary Table 1 (B): JCOG-0209 Study

Multicenter Phase Il RCT (2003-2009) across 28 Japanese institutions
T2-T4aNOMO
Upfront RC versus 2 cycles of NACT (MVAC) followed by RC
Primary end-point: OS
Secondary end-point: PFS, surgery-related complications, AEs during chemotherapy, pCR and QOL

Salient Features RC-arm NACT-arm P

Sample size (n=130) 66 64

Median follow-up 55 months

5-year OS (%) 62.4 72.3 0.07 (HR: 0.65; multiplicity adjusted 99.99% Cl:
0.19-2.18)

Median OS (months) 82 102

5-year PFS (%) 56.4 67.9 0.054 (HR: 0.64; 95% Cl: 0.37-1.11)

Median PFS (months) 78 99

pCR (pTO) (%) 9.4 34.4 0.0011

pNO (%) 65.6 79.7 0.11

Anastomotic leaks (%) 1.5 121 0.026

Lymph leak (%) 12.3 1.7 0.035

Limitations

Small numbers resulting in low power to show benefit

Better OS in both arms attributed to more T2 cases

Lack of GC regimen

Supplementary Table 1 (C): International Collaboration of Trialists Study

Multicenter RCT (1989-1995) across 106 institutions in 20 countries
T2G3, T3, T4aN0/NxMO
Upfront definitive treatment versus 3 cycles of NACT (CMV) followed by definitive treatment
Choice of definitive treatment (surgery, RT, or NART and cystectomy) according to patient or physician

Salient Features No NACT-arm NACT-arm P

Sample size (n=976) 485 491

Median follow-up 4 years

3-year OS (%) 50 5058 0.075 (HR: 0.85; 95% Cl: 0.71-1.02)
Median OS (months) 37.5 44

3-year DFS (%) 39 46 0.019 (HR: 0.82; 95% Cl: 0.70-0.97)
Median DFS (months) 16.5 20

3-year LR-DFS (%) 42 47 0.087 (HR: 0.87; 95% Cl: 0.73-1.02)
Median LR-DFS (months) 20 288

3-year MFS (%) 45 58 0.007 (HR: 0.79; 95% Cl: 0.66-0.93)
Median MFS (months) 25 32

pCR (%) 12 325

Contd...



Supplementary Table 1: Contd...
Supplementary Table 1 (C): International Collaboration of Trialists Study
Limitations
Tumors >7 cm were ineligible
20% in NACT-arm did not receive chemotherapy and 20% received <3 intended cycles
All patients did not undergo RC (60 underwent total cystectomy) and two underwent partial cystectomy

23% patient did not receive the full dose RT as planned

RT=Radiotherapy, MVAC=Methotrexate, vinblastine, doxorubicin, and cisplatin, 0S =0verall survival, DSS =Disease-specific survival,
pCR="Pathological complete response, ACT=Adjuvant chemotherapy, CMV=_Cisplatin, methotrexate, and vinblastine, NART=Neoadjuvant RT,
PFS=Progression-free survival, AE=Adverse events, QOL=Quality of life, RCT=Randomized control trials, BPLND=Bilateral pelvic lymph node
dissection, RC=Radical cystectomy, NACT=Neoadjuvant chemotherapy, HR=Hazard ratio, GC=Gemcitabine and cisplatin, DFS=Disease-free
survival, LR-DFS=Local recurrence-DFS, MFS=Metastasis-free survival, CI=Confidence interval



Supplementary Table 2: Adjuvant chemotherapy trials

Supplementary Table 2 (A): EORTC 30994 trial
Open-label, multicenter, Phase Ill RCT conducted between 2002 and 2008
pT3-T4/pN+MO0 (AJCC 5 ed..ition)
RO resection and 15 LNs dissected
Four cycles ACT (within 90 days) versus 6 cycles deferred-chemotherapy i.e., no treatment until relapse
Regimens: MVAC, high-dose MVAC or GC
Primary end point: OS
Secondary end points: PFS

Salient Features ACT-arm Deferred-chemo-arm P

Sample size (n=284) 141 143

Median follow-up 7 years

5-year OS (%) 53.6 477 0.13 (HR: 0.78; 95% Cl: 0.56-1.08)
Median OS (years) 6.74 4.60

5-year PFS (%) 47.6 31.8 <0.0001 (HR: 0.54; 95% CI: 0.40-0.73)
Median PFS (years) 3.1 0.99

5-year BC mortality (%) 38.6 43.5 0.22

Percent progressed (%) 45 62

Limitations

Underpowered to detect OS and DFS benefit with slow accrual and premature termination

pT2 patients were not enrolled

No central pathology review

Patient reported outcomes were not recorded

Supplementary Table 2 (B): Italian Multicenter Trial

Phase Ill trial across 45 Italian centers between 2001 and 2007 75 years, ECOG 0-2, pT2G3-T4N0O-N2/pN+RO resection and 10 LNs dissected
Observation (treatment on relapse - Arm A), or ACT (Arm B)
Arm B further randomized to two different schedules (B2, B15) total 4 cycles every 28 days

Salient Features Arm-A Arm-B P

Sample size (n=194) 92 102

Median follow-up 35 months
5-year OS of the entire study 48.5%
5-year OS (%) 53.7 43.4 0.24 (HR: 1.29; 95% CI: 0.84-1.99)
B2:46.6 B15: 39.9 0.88

5-year DFS of the entire study (%) 39.5
5-year DFS (%) 42.3 37.2 0.70 (HR: 1.08, 95% Cl: 0.73-1.59)
Grade 3/4 thrombocytopenia (%) B2:25.6 B15: 4.3 0.006
Grade 3/4 leukopenia (%) B2:9.3 B15: 15.2
Grade 3/4 neutropenia (%) B2: 21 B15: 34.8
Arm B2: Gemcitabine 1000 mg/m2 i.v. on D1, D8 and D5 and cisplatin 70 mg/m2 i.v. on D2
Arm B15: Same gemcitabine schedule as in arm B2, with same dose cisplatin on D15
Limitations

Underpowered to detect OS benefit due to low accrual rate

Small sample size and premature termination

Poor compliance to ACT

No central pathologic review

Supplementary Table 2 (C): SOGUG-99/01 Trial

Published as abstract only
pT3-4/pN+, ECOG 1, CrCI>50 ml/min, 8 weeks postcystectomy, no relevant co-morbidities
4 cycles of ACT PGC versus observation
Salient Features ACT-arm Observation-arm P
Sample size (n=142) 68 74
Median follow-up 30 months
5-year OS (%) 60 31 <0.0009
5-year DFS NA NA <0.0001
TTP NA NA <0.0001
DSS NA NA <0.0002
Limitations

Small sample size
Premature closure due to poor accrual
Firm conclusions cannot be drawn

PGC=Paclitaxel +gemcitabine+cisplatin, TTP=Time to tumor progression, LNs=Lymph nodes, ACT=Adjuvant chemotherapy, MVAC=Methotrexate,
vinblastine, doxorubicin and cisplatin, GC=Gemcitabine and cisplatin, 0S=0verall survival, CI=Confidence interval, HR=Hazard ratio,
PFS=Progression-free survival, BC=Bladder cancer, DFS=Disease-free survival, ECOG=Eastern Cooperative Oncology Group, i.v.=Intravenous,
NA=Not available



Supplementary Table 3: Adjuvant radiotherapy in muscle invasive bladder cancer

Supplementary Table 3 (A): Postoperative RT for carcinoma in bilharzial bladder**!
Randomized 236 patients in two phases (first phase: 1981-1984, second phase: 1984-1988) into three arms
Post-RC pT3a-pT4a disease (TNM 3™ edition)
MDF: Three fractions daily of 1.25 Gy each, total dose 37.5 Gy in 12 days
CF: Total dose 50 Gy/5 weeks

Salient Features RC-alone RC+PORT (MDF) RC+PORT (CF) P
Sample size (n=236) 83 75 78

5-year DFS (%) 25 49 44 <0.0001
5-year LRC (%) 50 87 93 <0.0001
Conclusions

No difference in the two PORT arms
Therapeutic benefit of PORT was preserved across different grades and stage
Nodal involvement did not show DFS benefit with PORT
PORT led to higher local control in all histologic types, grades, stages, irrespective of LN involvement
Factors affecting DFS: PORT, LN status, stage, and grade
Limitations
Conducted in 1980s and the RT techniques cannot be extrapolated in present time
80% had SCC which is common in middle east, only 20% patients had UC
Small sample size in each arm
Supplementary Table 3 (B): Adjuvant CTRT after RC+PLND!“*!
Prospective randomized trial at NCI, Cairo, Egypt
Post-RC+PLND, advanced high risk patients (pT3b-pT4a, G3/N*)
Arm |: PORT 45 Gy/30 fractions/3 weeks
Arm Il: 2 GC+RT+2 GC

Salient Features Arm | Arm Il P
Sample size (n=142) 71 71

2-year DFS (%) 61.5+7.4 70.9+6.1 0.2
2-year DFS (%) 67.6+5.9

Conclusions

Factors affecting DFS: PS, stage, tumor type, nodal involvement, number of risk factors

Patients with one risk factor, low pathological stage, or no nodal involvement in Arm Il had better DFS thanin Arm | (P=0.07, P=0.08, and P=0.09, respectively)
Limitations

Small sample size

Proportion of SCC/UC not mentioned

Published as abstract only in ASCO 2006
GC: Gemcitabine 1 g/m?i.v. D1 and D8 and cisplatin 70 mg/m?i.v.

Supplementary Table 3 (C): Adjuvant sandwich CTRT versus ACT alone!*’!

Phase Il study at NCI, Cairo, from 2002 to 2008
Inclusion criteria: Age 70 years, ECOG 0-2, post-RC+PLND with RO resection, locally advanced disease ( pT3bG3/N+AJCC 4" Edition)
Third arm opened later and hence randomization weighted toward ACT-alone arm (1:1:4)
Only patients in the CTRT and ACT-alone arm were included in this analysis (n=120)
PORT: 45 Gy/twice daily/3 weeks at cystectomy bed+bilateral pelvic nodes
Chemotherapy regimen: GC
Primary end point: LRFS
Secondary end points: DFS, DMFS, OS, and adverse effects

Salient Features PORT-alone Sandwich CTRT ACT-alone P
Sample size (n=198) 78 75 45

Median follow-up 24-27 months

2-year LRFS (%) - 96 69 <0.001
2-year DFS (%) - 68 56 0.07
2-year OS (%) - 71 60 0.1
Conclusions

First prospective study to compare CTRT with ACT alone in locally advanced disease
Statistical significant improvement in 2-year LRFS with RT
Chemotherapy and RT act synergistically to reduce local and distant recurrence
Study used 3D conformal RT techniques
Limitations
Imbalances between CTRT and ACT-alone arms
Small sample size
Sizable patients with non-UC histology (46.7%)
PLND included up to but not common iliac nodes (recurrences cephalad to iliac bifurcation or in inguinal nodes were labeled as distant metastases)
<10 LNs dissection in many patients - raising the possibility that PORT compensated for less extensive surgery
Patient being treated in different time-lines
GC: Gemcitabine 1 g/m?i.v. D1, D8, and D15 and cisplatin 70 mg/m?i.v. on D2

Contd...



Supplementary Table 3: Contd...
Supplementary Table 3 (D): PORT-alone versus ACT-alone of the above study®*”! presented in ASCO 201948

Aim: Whether PORT is noninferior to ACT for DFS with a noninferiority margin of 10% at 2 years
Results

Non-significant improvement in 2-year DFS favoring PORT by 7% (54% vs. 47%)

No significant difference in DMFS, and OS

Significant improvement in LRFS with PORT

For LRFS: PORT, age, and number of LNs removed had a statistically significant association
Conclusion

For patients who cannot tolerate ACT, PORT with different contraindications may be a good option to reduce recurrence
Limitations

Study was not designed as a non-inferiority trial

Imbalances between the arms

Heterogeneity of histology (UC: 51%, SCC: 49%)

Supplementary Table 3 (E): Adjuvant sequential chemotherapy plus radiotherapy versus adjuvant radiotherapy alone!*”!

Phase Il RCT at NCI, Cairo from 2002 to 2008
Post-hoc subgroup analysis of patients with urothelial histology only
Inclusion criteria: Age 70 years, post-RC+PLND RO resection, locally advanced disease ( pT3bG3/N+)
PORT: 45 Gy/1.5 Gy BD
Chemotherapy: GC
Primary end point: DFS
Secondary end point: OS, late Gl toxicity

Salient Features PORT Sequential chemo+PORT P
Sample size (n=81) 40 41

Median follow-up (months) 15 21

2-year DFS (%) 48 62 0.031
2-year OS (%) 51 71 0.048
Late Grade-3 Gl toxicity (%) 8 7

Conclusions

Chemo+PORT was significant predictor of improved DFS (P=0.016) and OS (P=0.039)
20% absolute benefit in 2-year OS
Supplementary Table 3 (F): Retrospective study: Adjuvant radiotherapy after radical cystectomy!s!
Retrospective study on 57 patients across three institutions from 2000 to 2013
Majority patients were pT3 (43.9%), N+ (68.4%), RO resection (73.3%), and received perioperative chemotherapy (84.2%)
Patients classified into: low-risk, intermediate-risk, and high-risk
The most common site of LRR was pelvic nodes

Salient Features Low-risk Intermediate-risk High-risk

pT2 pT3 pT3
Extended LND i.e., 10 LNs dissected Limited LND i.e., <10 LNs dissected
RO resection R1 resection

Percentage of patients (%) 19 26 58

Median follow-up (months) 40.4

3-year LRR-free survival (%) 45

MFS (%) 37

0S (%) 49

LRR (%) 9 27 7

Expected LRR (%)(35) 8 22 50

Limitations

Retrospective design, small sample size, lack of events, heterogeneous study population, and mixed histology
Most patients did not receive NACT

Heterogeneous RT technique

Lack of consensus in indications of concurrent CTRT

RT=Radiotherapy, LND=Lymphnode dissection, TN M=Tumor, node, metastasis, MDF=Multiple daily fractions, CF=Conventional fraction,
RC=Radical cystectomy, PORT: Postoperative RT, DFS: Disease-free survival, LRC=Locoregional control, LN=Lymph node, SCC=Squamous
cell carcinomas, UC=Urothelial cancer, GC=Gemcitabine and cisplatin, PS=Performance status, CTRT=RT+cystectomy, or chemoradiation,
PLND=Pelvic LND, ACT=Adjuvant chemotherapy, DMFS=Distant metastasis-free survival, LRFS: Local recurrence free survival, 0S=0verall
survival, GI=Gastrointestinal, LRR=Locoregional recurrence, NACT=Neoadjuvant chemotherapy





