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ABSTRACT

Introduction: Programmed cell death-1/programmed cell death ligand-1 (PD-1/PDL-1) inhibitors are the newest class
of approved drugs for advanced urothelial cancer (AdUC). This review aims to collate the evidence for their efficacy
and safety in various treatment settings.

Methods: Extensive search of databases was performed (updated May 2018) and the protocol was registered on
PROSPERO (CRD42017081568). The review was conducted according to the Preferred Reporting Items for Systematic
reviews and Meta-Analysis statement. STATA (v12) and Revman 5.3.5 were used for data analysis.

Results: Ten nonrandomized, open-label clinical trials were included in this review. PD-1/PD-L1 inhibitors were
used as second-line, stand-alone in eight trials and as first-line in cisplatin-ineligible in two trials. Heterogeneity
was observed for study design, PDL-1 testing methods, cutoff criterias used and translational markers evaluated. The
pooled objective response rate (ORR) was 18.2% (95% confidence interval [CI] 15.1-21.2, n = 1785) with PD-1/PDL-1
inhibitors in second-line settings as compared to 12.6% (95% CI 10.3-14.9, n = 736) with second-line chemotherapy
and 23.7% (95% CI 19.9-27.4, n = 489) with PD-1/PDL-1 inhibitors as first-line therapy in cisplatin-ineligible
patients. The median progression-free survival and overall survival was similar with PD-1/PD-L1 inhibitors in both
second- and first-line treatment settings (1.5-2.9 vs. 2.0-2.7 months and 7.9-18.2 vs. 15.9 months) and second-line
chemotherapy (3.3-4.0 months and 7.4-8 months). Odds of achieving ORR was 0.10 (95% CI 0.03-0.31, n = 229) in the
second-line, stand-alone setting with a combined positive score (CPS) cutoff of 25% and was 0.34 (95% CI 0.19-0.62,
n = 265) with a CPS cut-off of 10% in first-line setting in the cisplatin-ineligible.

Conclusions: PD-1/PDL-1 inhibitors appear to be promising in the treatment of AdUC and CPS may be a potentially
reliable biomarker for predicting response but needs validation. Caution needs to be exercised until more data are
available on imAEs and further studies are required to prove their worth as the standard of care.

approved three decades ago.** The median overall
survival (OS) with cisplatin-based therapy is 12-15 months

Urothelial cancer (UC) is the ninth-most common
malignancy reported worldwide."? Advanced
UC is highly lethal. The current standard of care,
platinum-based combination chemotherapy, was

Access this article online

Quick Response Code:

Website:

www.indianjurol.com

DOI:
10.4103/iju.lJU_357_18

and is about 9 months for carboplatin-based treatment.
B) Patients who do not respond to the first-line treatment
have a median OS of only 5-7 months with the available
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second-line treatment options.[ The commonly used
second-line chemotherapy, paclitaxel or docetaxel are
effective in about 10% of the patients, and the response is
often partial and short-lived.”'” Therefore, there has been
an unmet need to develop new therapies for these patients.

With years of research, it was found that the malignant cells
might escape immune detection by exploiting the immune
checkpoint, programmed cell death-1/programmed cell
death ligand-1 (PD-1/PDL-1) pathway that suppresses T-cell
responses. Therefore, it was conceptualized that blocking
PD-1/PDL-1 pathway may cause prolonged T-cell activation
and tumor rejection.'"¥) Monoclonal antibodies against
PD-1 and PDL-1 are the newest class of drugs available for
the treatment of advanced urothelial malignancy (AdUC).
The first drug in this class, Atezolizumab, was approved by
the US-Food and Drug Administration (FDA) in May 2016.
Subsequently, four others, namely nivolumab, durvalumab,
avelumab, and pembrolizumab have been approved. All of
them have been labeled as second-line agents to be used
if disease progresses with platinum-based regimens. Only
atezolizumab and pembrolizumab are indicated for use as
first-line agents when cisplatin use is contraindicated.!"¥
These drugs are expected to change the treatment landscape
of AdUC. Therefore, it is essential to critically examine the
extent of therapeutic benefit and the predictive markers of
response as well as the adverse treatment outcomes with
this class of agents. The objective of this systematic review
is to synthesize the existing evidence assessing the overall
efficacy and safety of the currently approved PD-1/PDL-1
inhibitors in AdUC.

METHODS

The protocol was registered on PROSPERO (International
Prospective Register of Systematic Reviews,
CRD42017081568) and is available on the University of York
website. Identified reports were reviewed according to the
Consolidated Standards of Reporting Trials. The Preferred
Reporting Items for Systematic Reviews and Meta-analysis
were adopted for conducting the review.

Literature search

Three authors SD, RR, and NJ independently performed
the electronic database searches starting from January 1,
1980 to December 31, 2017 and were updated through
May 2018. The databases included the Cochrane Central
Register of Controlled Trials (CENTRAL; Wiley Cochrane
Library), MEDLINE (Ovid®), EMBASE® (Elsevier), and
Science Citation Index Expanded through Web of Science™.
The clinical trial registries, namely ClinicalTrials.gov and
World Health Organization International Clinical Trials
Registry Platform (http://apps.who.int/trialsearch) were also
searched. The search terms included both text and medical
subject heading (MeSH terms) [Supplementary Table]. Hand
searching of the cross-references of the important studies was
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conducted to ensure that all relevant studies were identified.
Google scholar and the conference proceedings were
searched for additional information. The studies obtained
by searching the literature were collated using the reference
manager (EndNote X8), and duplicates were removed.

Selection criteria

We included studies meeting the following criteria: (1) adult
patients with metastatic or locally advanced UC with Eastern
Cooperative Oncology Group performance status <2; (2)
intervention trials evaluating the efficacy and safety of PD-1
or PDL-1 inhibitors used alone but not in combination with
other treatments; (3) noncomparative or comparative clinical
studies; (4) i — At least one of the outcomes was assessed:
objective response rate (ORR), median progression-free
survival (PFS) and OS,"® ii — Additional efficacy outcomes
such as median time to response, median doses of the drug
required for response, median duration of response, disease
control rate, PFS rate, and OS rate have been assessed,
iii — Adverse events (AE) especially immune-mediated
AEs (imAE) have been assessed for evaluating the safety
of PD-1/PDL-1 inhibitors; and (5) the median follow-up
duration was 5 months or more.

Subgroups

The subgroup analyses were conducted for outcomes as per
the PDL-1 expression status on the tumor cells or immune
cells or both.

Data extraction

Two authors SD and RR independently reviewed the
manuscripts and abstracted the data against the predefined
inclusion criteria. Data abstraction from the eligible
studies was performed using a pilot-tested standardized
data abstraction form. The extracted information included
study identification, authors, phase of clinical trial, location,
duration, design, participant characteristics, clinical
setting, details of the intervention, sample size, duration of
follow-up, outcome measures for both safety and efficacy,
diagnostic tests employed to assess PDL-1 positivity status,
translational biomarkers investigated and the sub-group
analyses. All the information was compiled in standardized
tables and disagreements were resolved by consensus. The
analysis was finalized after thorough discussion among the
review authors (SP, RM, AKM, and SKS).

Assessment of risk of bias

We searched for an appropriate tool to assess the risk of
bias for the nonrandomized, noncomparative, single-arm
studies.['® We also reviewed the studies based on the
published data, nature of the outcomes assessed and the
method of assessment. The heterogeneity in participant
characteristics, interventions, and the PDL-1 diagnostic tests
used were also noted. The Cochrane risk of bias tool (RoB 2)
was used to evaluate the quality of randomized controlled
trials (RCT).l'"]
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Data synthesis and analysis

The Cochrane Handbook was consulted for data
extraction.'® STATA (v12; StataCorp, USA) and Revman
5.3.5 (The Nordic Cochrane Centre, Copenhagen,
Denmark)!"”! were used to analyze the data. The observed
treatment effect was reported as pooled mean with 95%
confidence interval (CI). I? statistics was used to assess
for heterogeneity amongst the included studies and a
value > 50% was considered significant for using random
effect model. However, we used random effect model for
all pooled analysis considering the clinical heterogeneity
between the studies. The reported means for the treatment
arms were pooled in STATA to calculate the median effect
size with 95% CI. Categorical outcomes were analyzed
using Cochrane Mantel-Haenszel method in Revman. The
observed probability of achieving treatment response was
reported as odds ratios (OR) with 95% CI. The data were
presented in a descriptive manner when the computation
of a pooled effect size was not feasible. The subgroup
analysis was performed for only ORR but not others due
to nonavailability of adequate data. Egger’s plot was used
to assess publication bias and Galbraith plot to investigate
for heterogeneity.

RESULTS

Quantity of evidence identified

One thousand two hundred and eighty-four relevant studies
were identified by systematic search of the databases, and the
full texts of 115 studies were examined for eligibility. A total
of 10 clinical trials including 3010 participants, conducted
in 11 countries in North America and Europe were included

in this systematic review. The systematic process of study
selection is described in Figure 1.

Characteristics of the included studies

Two treatment categories were recognized (1) PD-1/PDL-1
inhibitors as second-line standalone treatment after
disease progression with platinum-based chemotherapy:
eight studies?>?® (2) PD-1/PDL-1 inhibitors as first-line
treatment in cisplatin-ineligible: two studies,®*". Studies
were excluded if combination therapies were evaluated®"
or the outcomes of interest were not reported, or the data
for urothelial malignancy could not be retrieved from
a basket type of trial design.®” Adaptive and pragmatic
trials with shorter follow-up were also excluded.! The
summary information for the included studies is presented
in Table 1.

Majority (8/10) of the included studies were non-randomized,
open-label, single-arm, early phase clinical trials
(I/IT).20-2629301 Two of the studies were phase-1II open label
randomized controlled trials (RCT) for pembrolizumab®®”!
and atezolizumab,™ comparing them with second-line
chemotherapy. The trials included participants with
lymph node, viscera, and liver metastases but excluded
the participants with brain metastasis. The major criterion
for cisplatin ineligibility was poor renal function (>70% of
the participants); others were hearing loss and peripheral
neuropathy. The median duration of treatment reported
in five out of ten included studies was 2.8-3.6 months
(minimum of 0 to a maximum of 35.1 months). The median
follow-up period for the trials evaluating these therapies
ranged from 5.8 to 17.3 months. Response Evaluation

MEDLINE EMBASE ® CENTRAL Web of Science ™ Clinicaltrials.gov &
©vid® & (Elsevier) | | (Wiley Cochrane Library) (WOS) SEDRCIRE
PubMed) N=356 N=89 N-262 N-24
N-553
v
Total sumber of micle:s identified through database Duplicates removed
g m"’ N=378
Records after duplicates removed Records exclnded after screening
N- 909 > of the title
l N=-794
. A Full text articles excluded
Full text articles assessed for eligibility N-105
N=115
Review articles- 42
Rescarch articles-§
Different target disease, population and
Included in qualitative synthesis drug- 22
wnthm Commentary, abstract and conference
reports- 3§
Case report- 1

Figure 1: Study flow diagram programmed cell death-1/programmed cell death ligand-1 in advanced urothelial cancer
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§§8§§E§8§ of a RCT.
¥288, 585/
> « . . . . . . .
B 5 i £ f:_’, § ";2(75 & PD-1/PDL-1 inhibitors as first-line treatment in cisplatin
Ss3E3238% g ineligible: There were two studies in this group.”> The
: “Eeooexad s estimated pooled ORR was 23.7% (95% CI 19.9-27.4,
] & :
] £ n = 489) [Figure 2].
S a )
Q >
- = L Progression-free survival
(] - . I .
e X T 2 PD-1/PDL-1 inhibitors as second-line standalone treatment:
© = . . . .
= < S=2 Seven out of eight studies in this group®***2! (n = 1612)
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reported the median PFS, which ranged from 1.5 to
2.9 months [Table 2]. The reported median PFS with
second-line chemotherapy in two RCTs ranged from 3.3 to
4 months (n = 736).27-28]

Neither atezolizumab (2.1 months [95% CI 2.1-2.2] vs.
4.0 months [95% CI 3.4-4.2])*®! nor pembrolizumab
(2.1 months [95% CI 2.0-2.,2] vs. 3.3 months [95% CI
2.3-3.5])*" demonstrated advantage over the second-line
chemotherapy for PFS in the RCT settings.

PD-1/PDL-1 inhibitors as first-line treatment in cisplatin
ineligible: The reported median PFS in the two clinical
trials!®3% ranged from 2.0 to 2.7 months (n = 310)
[Table 2].

Overall survival

PD-1/PDL-1 inhibitors as second-line standalone treatment: Six
out of the eight studies (n = 1612) reported median OS.2*22%]
The upper limit of survival was not reached till the completion
of the study in three trials,**?**! hence was not estimable (NE).
The median OS reported in the studies ranged from 7.9 to
18.2 months, and the quality of evidence was low [Table 2].
The median OS reported with second-line chemotherapy in
both the RCTs was 7.4 to 8 months (n = 736).1272%

OS did not significantly differ between atezolizumab and
second-line chemotherapy (11.1 months [95% CI 8.6-15.5]

vs. 10.6 months [95% CI 8.4-12.2]) in RCT settings®®®) whereas
pembrolizumab was reported to have a better median OS
than second-line chemotherapy (10.3 months [95% CI
8.0-11.8] vs. 7.4 months [95% CI 6.1-8.3]).12")

PD-1/PDL-1 inhibitors as first-line in cisplatin ineligible:
OS was reported only for atezolizumab (n = 119) but
not for pembrolizumab.®” The reported median OS was
15.9 months (95% CI 10.4 to NE) [Table 2].

Other measures related to efficacy

The median time to response was reported in six out of eight
trials in the second-line setting, and it ranged from 1.4 to
3.2 months.?%3 Similarly, it was reported in both the trials
in the first-line setting and ranged from 2 to 2.1 months.***
None of the trials reported the median doses required to
achieve the response. The median duration of response was
not reached in eight out of ten trials, thereby meaning, an
ongoing response in a subset of participants at trial closure.

Disease control rate data could be retrieved from seven out
of eight trials in the second-line treatment setting.?**% The
average disease control rate at 12 weeks was 42.1% +8.8%.
Out of the two RCTs, onel? reported the disease control rate
with second-line chemotherapy as 48% at 12 weeks. In the
first-line treatment setting, atezolizumab*” was reported to
have the disease control rate of 46.7% at 12 weeks, but for
pembrolizumab, this data was unavailable.?”!

Study
ID

Sharma 2016; Nivolumab
Sharma 2017; Nivolumab
Rosenberg 2016; Atezolizumab
Powels 2018; Atezolizumab
Bellmunt 2017; Pembrolizumab
Massard 2016; Durvalumab
Powles 2017; Durvalumab
JAVELIN tumor study; Avelumab
Subtotal

Balar 2017a; Atezolizumab
Balar 2017b; Pembrolizumab
Subtotal

Overall

NOTE: Weights are from random effects analysis

PD-1/PDL-1 inhibitors used as second line standalonelagen(s

PD-1/PDL-1 inhibitors used as first line agents in cisplatin-irieligible

%
ES (95% Cl) Weight
—— 24.36 (14.83,33.88) 6.2
f 19.62 (14.84, 24.40) 11.34
- 14.52 (10.59, 18.44)  12.48
- 13.42(10.31, 16.53)  13.51
- 21.43 (16.50, 26.36)  11.15
—s—  31.15(19.53,4277)  4.80
o 17.58 (12.05,23.11)  10.37
- 16.15(10.46, 21.83)  10.18
Q 18.20 (15.11,21.29)  80.05

- 2269 (15.16,30.21)  8.05
- 24.05(19.70, 28.41)  11.91
(¥ 23.71 (19.94, 27.48)  19.95

19.41 (16.35, 22.46) 100.00

T T
010 60

Figure 2: Summary of forest plot for the objective response rate achieved with programmed cell death-1/programmed cell death ligand-1 treatment in advanced

urothelial cancer
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The PFS and OS rates were not reported uniformly
across the clinical trials. In the second-line setting, PFS
rate was 21% (nivolumab),?"’ 16% (durvalumab),?®! and
19.1% (avelumab)®! at 12 months. The OS rate at 12 months
was 46%, 55%, 54.3%, 46.2%, and 41.2% with nivolumab,
durvalumab, avelumab, atezolizumab, and second-line
chemotherapy, respectively. None of the trials in the first
line treatment setting reported PFS outcomes.

Subgroup analysis as per the programmed cell death-1/
programmed cell death ligand-1 positivity status in the
tumor tissue

Three out of ten studies assessed the expression of PDL-1
on tumor cells only,??"»! three on tumor-infiltrating
immune cells only,?>%! and the rest on both types of cells
and macrophages and expressed it as the combined positive
score (CPS).?3242729 Studies used different cutoff criteria for
PDL-1 positivity.

Programmed cell death ligand-1 expression on tumor cells
Cutoff as 1%

Nivolumab, evaluated in second-line setting, with PDL-1
expression cut-off of 1%.2°21 The ORR was achieved in
25.7% (95% CI 20.2-31.7) of the participants with PDL-1
expression of >1% as compared to 16.9% (95% CI 11.3-22.6)
with <1% expression [Figure 3]. However, the odds of
achieving objective response were similar (OR =0.65, 95%
CI 0.35-1.53, n = 413) in both the groups [Figure 4]. The
median PFS was 5.5 months in >1% group as compared to
2.8 months in <1% group.?! The median OS was 11.3 to
16.2 months in >1% group but 5.9 to 9.9 months in <1%
group.?* No differences were observed in the outcomes
when assessing atezolizumab in first-line setting with
PDL-1 expression cut-off of 1% (23% vs. 21% in >1%
PDL-1 expression group and <1% expression group,
respectively).B

Cutoff as 5%

Avelumab evaluated in second-line standalone setting
with PDL-1 expression of 5% as cutoff.’® ORR was
achieved in 53.8% (95% CI 26.4-81.1) participants
with >5% expression as compared to 4.2% (95% CI 0.8-7.6)
in <5% expression [Figure 3]. The odds of achieving ORR
were found to be marginally higher with higher PDL-1
expression (OR = 0.04, 95% CI 0.0-0.36, n = 37) [Figure 4].
The median PFS (12.1 months, 95% CI 2.8-NE vs.
1.7 months, 95% CI 1.5-3.0) and OS (NE, 95% CI 8.5-NE
vs. 12.1 months, 95% CI 2.7-NE) were higher in participants
with PDL-1 expression >5% as compared to <5%.%! However,
no differences in ORR (28% vs. 23%), median OS (12.3 vs.
19.1 months) and OS rate at 12 months (52% vs. 59%) were
observed for atezolizumab in the first line setting in >5%
compared to <5% expression group.’”

Programmed cell death ligand-1 expression on
tumor-infiltrating immune cells

Cutoff 1%

Atezolizumab evaluated in the second-line® and first-line
treatment setting® using 1% expression as cutoff. The
ORR was achieved in 17.9% (95% CI 13-24) participants
with >1% expression as compared to 8% (95% CI 3-15)
with <1% expression in the second-line setting whereas
the corresponding numbers were 23.7% (95% CI 15-35)
and 20.5% (95% CI 9-36) in the first-line setting. The
odds of achieving ORR with >1% PDL-1 expression was
found to be better (OR = 0.39, 95% CI 0.17-0.86, n = 310)
in second-line but not in the first-line setting (OR = 0.44,
95% CI 0.16-1.22) [Figure 4]. The PFS and OS data were
not available for this sub-group.

Cutoff 5%
Data were available for atezolizumab evaluated in the
second-line standalone setting**?® as well as first-line

Table 2: Median progression-free survival and overall survival with programmed cell death-1/programmed cell death ligand-1

inhibitor use in Advanced Urothelial Cancers

Study ID Study drug Number of participants  Median PFS (months) 95% Cl  Median OS (months)  95% CI
PD-1 inhibitors as second-line standalone agent
Sharma et al., 201629 Nivolumab 78 2.8 1.9-2.6 11.3 8.7-NE
Sharma et al., 201711} Nivolumab 270 2.0 1.5-5.9 9.7 7.3-16.2
Bellmunt et al., 2017?71 Pembrolizumab 270 2.1 2-2.2 10.3 8-11.8
PDL-1 inhibitors as second-line standalone agent
Rosenberg et al., 2016122 Atezolizumab 310 2.1 2.1-4.1 7.9 6.6-9.3
Powles et al., 2018128 Atezolizumab 467 21 21-2.2 11.1 8.6-15.5
Apolo et al., 20172% Avelumab 44 2.9 1.5-4.4 13.7 8.5-NE
Massard et al., 2016124 Durvalumab 61 NR - NR -
Powles et al., 20171 Durvalumab 191 1.5 1.4-1.9 18.2 8.1-NE
PD-1 inhibitors as first-line agent in cisplatin-ineligible
Balar et al., 2017 (a)? Pembrolizumab 370 2.0 2.0-3.0 NR -
PDL-1 inhibitors as first-line agent in cisplatin-ineligible
Balar et al., 2017 (b)i*® Atezolizumab 119 2.7 2.1-4.2 15.9 10.4-NE

NE=Not estimable, thereby meaning that the endpoint was not reached for some of the patients who were surviving at the closure of the
study, NR=Not reported, PFS=Progression-free survival, CI=Confidence interval, NE=Not estimable, PD-1=Programmed cell death-1,

PDL-1=Programmed cell death ligand-1, 0S=0verall survival
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setting using 5% PDL-1 expression as the cutoff.% In
the second-line setting, ORR was achieved in 24.3%
(95% CI 18.5-30.1) participants with >5% expression as
compared to 9.8% (95% CI 7.3-12.2) in <5% expression
group [Figure 3] and the odds of achieving ORR was 0.34
(95% CI 0.22-0.52, n = 772) [Figure 4]. However, in the
first-line treatment setting, the ORR (28% vs. 21%) and the
odds of response were similar (OR =0.67, 95% CI 0.26-1.69,
n = 71).5% The median PFS and OS were reported only by
Rosenberg et al.?? There was no difference in PFS between
the groups. However, the median OS appeared to be longer
with PDL-1 expression >5% (11.4 months, 95% CI 9-NE) as
compared to <5% (6.6 months, 95% CI 4.4-8.8).

Combined positive score

Cutoff 10%

This data wasobtained from the study by Balar et al® The
ORR achieved with pembrolizumab, in the first-line setting,
was 39% versus 20% and the odds of attaining ORR was also
marginally higher in the group with CPS >10% compared
to <10% (OR = 0.34, 95% CI 0.19-0.62, n = 265) [Figure 4].
The PFS and OS data were not available for this subgroup.

Cutoff 25%
Two trials evaluating durvalumab!?®?4 used this cutoff
criterion. The pooled ORR in the second-line treatment

setting was 28.8% (95% CI 21.1-36.4) with CPS >25%
compared to 4.4% (95% CI-0.4-8.6) in <25% group
[Figure 3]. The odds of achieving ORR was somewhat higher
in participants with high CPS (OR =0.10, 95% CI 0.03-0.31,
n = 229)%24 [Figure 4]. Only Powles et al.®® reported
median PFS and OS. The median PFS was 2.1 months
(95% CI 1.4-2.8) versus 1.4 months (95% CI 1.3-1.5) and
the median OS was 20 months (95% CI 11.6 to NE) versus
8.1 months (CI 3.1 to NE) in CPS expression >25% as
compared to <25%.

Safety outcomes

The safety analysis included all the 2268 participants
from 10 studies. None of the studies reported the safety
outcomes by PDL-1 expression status but only for the total
cohort of participants treated. A mean of 69.1% +7.9%
participants experienced treatment-related AE, out of which
14.0% + 5.8% were serious (Grade 3/4/5) in nature. Three
studies reported no treatment-related deaths?**! and
the average number of death was 0.8% + 0.8%. The mean
rate of treatment discontinuation was 4.6% +2.5%, and the
most common reason was AEs due to the study drug. Dose
disruption or delay in treatment administration was reported
to be as high as 34%.?*) The most common treatment-related
AE was fatigue (21.5% =+ 7.7%). The other common AEs
were pruritus (12% +7.5%), skin rash (7.1% + 5.1%),

Study %
D ES (95% Cl) Weight
PD-1/PDL-1 inhibitors in second line setting (POL-1 on <1% tymour celis)
Sharma 2016; Nivolumab R — 24.00 (7.26, 40.74) 11.45
Sharma 2017; Nivolumab — 16.08 (10.06, 22.11)88.55
Subtotal (l-squared = 0.0%, p = 0.383) <> 16.99 (11.32, 22.66) 100.00
PD-1/PDL-1 inhibitors in second line setting (PDL-1 on >1% tymour celis)
Sharma 2016; Nivolumab e 26.19 (12.89, 39.49) 16.94
Sharma 2017; Nivolumab —— 25.62 (19.61, 31.62)83.06
Subtotal (l-squared = 0.0%, p = 0.938) <> 25.71 (20.24, 31.19)100.00
PD-1/PDL-1 inhibitors in second line setting (PDL-1 on <5% irhmune celis)
Rosenberg 2016; Atezolizumab - 9.05 (5.17, 12.893) 40.35
Powels 2017a; Atezolozumab - 10.32 (7.12, 13.51) 59.65
Subtotal (l-squared = 0.0%, p = 0.621) <O 9.80 (7.34, 12.27) 100.00
PD-1/PDL-1 inhibitors in second line setting (PDL-1 on >5% irhmune celis)
Rosenberg 2016; Atezolizumab —_— 26.00 (17.40, 34.60)44.90
Powels 2017a; Atezolozumab —_—— 23.01 (15.25, 30.77)55.10
Subtotal (l-squared = 0.0%, p = 0.613) <> 24.35 (18.59, 30.11) 100.00
PD-1/PDL-1 inhibitors in second line setting (CPS <25%)
Powles 2017; Durvalumab —— 4.11 (0.44,8.86) 100.00
Massard 2016; Durvalumab (Exciuded) 0.00
Subtotal (l-squared = %, p =.) o 4.11 (0.44,8.66) 100.00
PD-1/PDL-1 inhibitors in second line setting (CPS >25%)
Massard 2016; Durvalumab —lp————  32.50 (17.99, 47.01)27.62
Powles 2017; Durvalumab —_— 27.37 (18.40, 36.33)72.38
Subtotal (l-squared = 0.0%, p = 0.556) = 28.79 (21.16, 36.41) 100.00
NOTE: Weights are from random effects analysis
T T
0 10 50

Figure 3: Summary of forest plot for the objective response rate achieved with programmed cell death-1/programmed cell death ligand-1 treatment in advanced

urothelial cancer by programmed cell death ligand-1expression status
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Lower PDL-1 expression  Higher PDL-1 expression
Study or Subgroup Events Total Events

Total Weight M-H, Random, 95% Cl Year

0Odds Ratio Odds Ratio

M-H, Random, 95% CI

1.1.1 PDL1 expression on the tumour cells (cut off 1%); setting: second-line

Heterogeneity. Tau? = 0.04; Chi? = 1.17, df = 1 (P = 0.28); I’ = 15%
Test for overall effect: Z = 1.43 (P = 0.15)

1.1.2 PDL-1 expression on tumour cells (cut off 5%); setting: second-line

Heterogeneity. Not applicable
Test for overall effect: Z = 2.83 (P = 0.005)

1.1.3 PDL1 expression on Immune cells (cut off 1%); setting: second-line

Heterogeneity. Not applicable
Test for overall effect: Z = 2.31 (P = 0.02)

1.1.4 PDL1 expression on Immune cells (cut off 5%); setting: second-line

Heterogeneity: Tau? = 0.00; Chi® = 0.49, df = 1 (P = 0.48); I = 0%
Test for overall effect: Z = 5.03 (P < 0.00001)

1.1.5 PDL-1 expression on tumour and/or immune cells (cut off 25%); setting: second-line

Heterogeneity: Tau? = 0.00; Chi? = 0.32, df = 1 (P = 0.57); ¥ = 0%
Test for overall effect: Z = 3.96 (P < 0.0001)

1.1.6 PDL1 expression on Immune cells (cut off 1%) setting: first-line

Heterogeneity: Not applicable
Test for overall effect: Z = 1.58 (P = 0.12)

1.1.7 PDL-1 expression on tumour and/or immune cells (cut off 10%) setting: first-line

Heterogeneity. Not applicable
Test for overall effect: Z = 3.57 (P = 0.0004)

Sharma 2017; Nivolumab 11 42 6 25 23.2%
Sharma 2016; Nivolumab 23 143 52 203 76.8%
Subtotal (95% CI) 185 228 100.0%
Total events 34 58

Apolo 2017; Avelumab 1 24 7 13 100.0%
Subtotal (95% CI) 24 13 100.0%
Total events 1 7

Rosenberg 2016; Atezolizumab 8 103 37 207 100.0%
Subtotal (95% CI) 103 207 100.0%
Total events 8 37

Rosenberg 2016; Atezolizumab 19 210 26 100 42.4%
Powles 2018; Atezolizumab 36 349 26 113 57.6%
Subtotal (95% CI) 559 213 100.0%
Total events S5 52

Massard 2016; Durvalumab 0 21 13 40 15.7%
Powles 2017, Durvalumab 3 73 26 96 84.3%
Subtotal (95% CI) 94 136 100.0%
Total events 3 39

Balar 2017b; Atezolizumab 9 36 15 35 100.0%
Subtotal (95% CI) 36 35 100.0%
Total events 9 15

Balar 20173a; Pembrolizumab 33 185 31 80 100.0%
Subtotal (95% CI) 185 80 100.0%
Total events 33 31
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Figure 4: Forest plot for the odds of achieving objective response with programmed cell death-1/programmed cell death ligand-1 inhibitors in advanced urothelial

cancer by programmed cell death ligand-1 expression status

diarrhea (8.6% +3.3%), nausea (9.3% + 3.1%), decreased
appetite (8.2% = 3.7%), arthralgia (3.9% + 4.2%), and
asthenia (5.1% =+ 4.6%). No infusion-related AEs were
reported for nivolumab, atezolizumab. These were 0.8%
for pembrolizumab; 1%-3.2% for durvalumab and highest
with avelumab (20.4%) [Table 3].

All the trials specifically looked for immune-related
AE (imAE) induced by the PD-1/PDL-1 inhibitors. The
onset of such imAE was reported to range from within
a few weeks from the start of the treatment to several
months after the end of the treatment. Skin and skin
related AEs were the most common imAE [Table 4] and
first ones to appear as reported in these trials. The other
common imAE were hepatitis (4%-21.6%; 7/10 trials),
pneumonitis (2.3%-12%; 9/10 trials), arthralgia (2.2%—12%;
6/10 trials), and thyroiditis or parathyroiditis (0.54%—
8%; 5/10 trials). An immune-mediated inflammatory
change in the central nervous system was reported
with nivolumab (2%), atezolizumab (4%), and
pembrolizumab (1.2%-1.8%). Uveitis was reported with

110

avelumab (2.3%) and pembrolizumab (0.3%). The other
imAE were infections, myalgia and hypersensitivity, and
multi-organ dysfunctions [Table 4].

We tried to analyze the dose-response relationship
between the drugs and the AE. The individual
PD-1/PDL-1 inhibitor drugs were used as per the doses and
intervals recommended by the manufacturers irrespective
of second-line or first-line setting. The dosing schedule of
nivolumab (3 mg/kg 1-h intravenous [IV] infusion every
2 weeks), pembrolizumab (200 mg IV every 3 weeks),
atezolizumab (1200 mg IV administered every 3 weeks),
avelumab (10 mg/kg 1-h IV infusion every 2 weeks), and
durvalumab (10 mg/kg 1-h IV infusion every 2 weeks) varied
significantly. As reported in majority of the clinical trials,
the dose discontinuation, reductions and the change in the
intervals were at the discretion of the treating physician.
These are not described in sufficient detail so as to understand
the type of AE leading to alteration in dosing. Therefore, the
available evidence is insufficient to provide any meaningful
insight in this regard.
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Table 4: Immune-related adverse events reported in the included clinical trials of programmed cell death-1/programmed cell death ligand-1 inhibitors in advanced urothelial malignancy
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Pancreatitis/ Colitis Mucositis vasculitis Peripheral Hematological

Liver Kidney Adrenal
(hepatitis)/ (nephritis) insufficiency autoimmune

Breathing

Thyroiditis/

Eye

CNS
(encephalitis/ Uvitis parathyroiditis difficulty/

Drug

Study ID

(anemia,

neuritis/

thrombocy

diabetes/
rheumatoid

pneumonitis autoimmune

aseptic
meningitis/

hypophysitis/)

topenia,
neutropenia)

hepatitis)

arthritis

PD-1 inhibitors as second-line standalone agent

NR NR NR

NR

NR

NR

NR

NR

Nivolumab
Nivolumab
266) Pembrolizumab

270)
78)

Sharma et al., 20162 (n

15
0.4

NR NR

NR

NR
0.8

24
NR

NR

NR

Sharma et al., 20172 (n

NR 1.2

NR

3.4

1.6 NR

6.4

11

NR

1.2

Bellmunt et al., 2017?71 (n

NR

NR NR

NR

NR NR NR

PDL-1 inhibitors as second-line standalone agent
12

NR NR

=310) Atezolizumab NR

Rosenberg et al., 201612 (n
Powles et al., 201828 (n

6.2

NR

NR

NR NR NR NR

NR

NR

NR

Atezolizumab
Avelumab

=459)
44)

6.8 NR NR 2.3 NR NR NR NR NR
NR

2.3
NR

2.3 6.8

NR

NR

Apolo et al., 2017 (n

NR

NR NR NR

NR

1.6 NR

NR
21.6

NR

NR

Durvalumab

61)
191)

Massard et al., 2016124 (n
Powles et al., 2017 (n

1.5

NR NR NR NR

NR

NR

3.6

NR
PD-1 inhibitors as first-line agent in cisplatin-ineligible

NR

NR

Durvalumab

0.27 NR 2.27

1.35

14.16 3.89 1.54 6.08 2.27

2.54

1.81
PDL-1 inhibitors as first-line agent in cisplatin-ineligible

0.27

1.8

Pembrolizumab

-370)

Balar et al., 2017 (a)?" (n

1

NR NR

NR

NR

14

NR 10

NR

Atezolizumab

119

Balar et al., 2017 (b)% (n

Figures are expressed are in percentages of the total participants; Miscellaneous AEs include: hypersensitivity, multiple organ dysfunction syndrome, infection (Influenza-like illness, upper respiratory tract infection,

pneumonia, urinary tract infection), muscle spasm, muscle weakness, back pain, facial paralysis, lichen planus, hyperhidrosis, tumor flare, stomatitis, myalgia, abdominal pain, decreased weight. PD-1

Programmed

Central nervous system

Not reported, CNS

Programmed cell death ligand-1, NR=

cell death-1, PDL-1

respectively compared to that of chemotherapy) and in the
first-line setting in cisplatin ineligible (ORR in PD-1/PDL-1
treatment group was 23.78%; no comparative data for
alternative chemotherapy).

We also evaluated the OS and PFS, since ORR is not
universally regarded as the best indicator of anti-cancer
drug efficacy, even though the FDA recognizes it as a
valid surrogate marker for drug approvals in short-term
single-arm clinical trial when there is an unmet need.” The
median PFS does not appear to be better with PD-1/PDL-1
inhibitors compared to the second-line chemotherapy
(1.5-2.9-3.3-4.0 months). The median PFS was found to
be similar with PD-1/PDL-1 inhibitors, in first-line and
second-line setting (1.5-2.9 vs. 2.0-2.7 months) in the
single arm studies. However, the available data indicates
that the median OS may be longer with use of these agents
as compared to second-line chemotherapy (7.9-18.2 vs.
7.4-8.0 months). Nevertheless, we consider the evidence as
weak as it was inconsistent across the studies.””*! Moreover,
the possibility of a selection bias in an open label single arm
early phase clinical trials cannot be ruled out. Of the two
RCTs, Powles et al. did not find any difference between
PFS and OS,® but Bellmunt et al. did report a marginal
increase in OS with PD-1/PDL-1 inhibitors although the
PFS was similar to chemotherapy™®.. This could be due to the
non-stringent entry criteria (the patients in the PD-1/PDL-1
treatment groups did not have a cutoff for tumor PDL-1
expression to enter into the clinical trial) or a purely drug
specific effect. Overall, there was a notable heterogeneity
in the clinical response to the drugs.

Itis also unclear at this point, whether the short-term benefit
with PD-1/PDL-1 inhibitors would translate into long-term
survival benefit if the patients are treated irrespective of
the PDL-1 expression status in the tumor tissue. Further,
the remaining period of survival beyond the PFS (till the
total period of survival, which is reported be 6-16 months
or more), may be burdened with the long-term imAE
induced by these drugs, further compromising the quality
of life. These drugs are expensive; hence a modest gain
in PFS with an extended OS with poor quality of life, is
likely to reduce quality-adjusted life years (QALY) gained
along with an added cost of treatment. None of the clinical
trials included in this systematic review and meta-analysis
addressed this issue. The QOL as well as QALY are important
outcomes which need to be considered before these drugs
are designated as the standard of care.

In terms of efficacy outcomes when stratified by PDL-1
expression status, PDL-1 expression on the tumor cells
alone or immune cells alone with a cutoff of 1% failed
to predict ORR consistently. Even when the cutoff for
expression was increased to 5%, there was an inconsistent
indication for predictability of response.*>*28] CPS seems to
have emerged as a better predictor of response to treatment
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with PD-1/PDL-1 inhibitors in all settings.*****) However,
this biomarker was employed only in studies evaluating
pembrolizumab but not the other agents. None of the
studies mentioned how many of the patients had null
expression status, and their outcomes. Currently, it is
believed that lack of expression of PDL-1 should not
preclude treatment with these agents as some of the patients
with negative expression have also exhibited responses.’**
It could have been interesting to compare the outcomes
in PD-1/PDL-1-negative versus positive patients, with
respect to safety and survival. Another limitation is that
four different testing methods have been developed parallel
to the development of PD-1/PDL-1 inhibitors either as
companion or complementary diagnostic test. However,
skepticism has been expressed over the interchangeability
of the tests, as they may differ in their sensitivities.['>3%]
In addition, there are concerns over the dynamic and
heterogeneous nature of the PDL-1 expression, which may
vary in different regions of the tumor and between the
primary tumor and the metastatic lesions.***¥ The data on
PDL-1 testing as a prognostic and predictive biomarker are
still evolving. Although there is no consensus at present
regarding the best PDL-1 testing method and the cutoff
to define positivity, CPS as a predictive biomarker needs
further validation in a larger cohort of patients and across
all the approved agents.

PD-1/PDL-1 inhibitors have been proposed to be better
tolerated due to their targeted action unlike the other
immune checkpoint inhibitors such as CTLA-4. CTLA-4
targets the cytotoxic T-lymphocyte antigen reducing the
T-cell function at a proximal step unlike the PD-1/PDL-1,
which inhibit the T-lymphocyte function at a later stage,
which may explain their better tolerability.® In this
systematic review, approximately 70% of the patients
reported treatment-related AEs and about one-fourth of
them were serious in nature, though the rate of treatment
discontinuation was only 5%—-10%. It is worth appreciating
that the median duration of treatment was as short as
2.8-3.6 months (reported only in 5 studies); but the total
duration of treatment ranged from 0 to 35.5 months.
Thereby meaning that the majority of the patients could
not tolerate the drug beyond 3—4 months, which itself
indicates poor tolerability. Some of the patients could
tolerate therapy for as long as 35.5 months, however,
it is unclear whether it is the general health of the
patients (ECOG performance status) or PDL-1 positivity
status or the response to the disease that determines
tolerability to the drug. These details have not been
reported in the published literature. Similarly, it is unclear
at this time that if a dose-response relationship exists for
the AEs.

The imAEs were as high as 21% and included several
organ systems. Skin rash was the commonest and first

to appear, but other more severe ones affecting critical
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neuroendocrine organs appeared over a period of weeks to
months. The course of these imAEs and their association
with dose of PD-1/PDL-1 inhibitors is unknown. There
is no consensus at this time, whether their onset is an
indication to stop further treatment. The available evidence
is also inadequate to suggest whether the imAEs have a
bearing with the extent of PDL-1 expression similar to
efficacy or not. Moreover, there is no data on the adverse
effects in tumors without PD-1/PDL-1 expression, which
could have helped us to understand the true expression of
imAEs. The iatrogenic AEs such as arthralgia and myalgia
may also potentially compromise the quality of life during
the extended period of survival. Further research is also
required to characterize the imAEs and define strategies
to manage them effectively. Moreover, all the included
studies involved management of UCs as a whole, while
tumors at specific sites such as upper tract urothelial tumors
or bladder urothelial tumors might have differential effects
and efficacy and this could also be one of the future areas
of further investigation.

Several biomarkers like the TCGA subtypes (basal subtype-1
and luminal-II); higher tumor mutation load and higher
expression of CD8, CXCL9, CXCL10, interferon-/| seem
to predict better response to the PD-1/PDL-1 inhibitors.
However, the data are available from limited number
of studies and only for two of the agents. Therefore,
further exploration of molecular markers is required to
generalize the use of biomarkers for this class of agents.
There are several ongoing studies with combination of
targeted therapies; concurrent radiotherapy; with extensive
biomarker evaluation that may reveal some interesting
findings in the future.[*#

In this systematic review, we were unable to apply Grading
of Recommendation Assessment, Development, and
Evaluation®” to rate the quality of evidence since the risk
of bias for eight of the ten included studies could not be
assessed due to unavailability of a validated tool. Drugs
and biologic agents being developed for advanced stages of
malignancy are invariably tested in nonrandomized single
arm interventional studies, where there is no control arm.
This is a more intuitive study design in this scenario than a
RCT. Since the new drug approvals and subsequent treatment
of patients are based on the data obtained from such studies,
there is an unmet need to devise an instrument (tool) and
validate it to assess the of risk of bias in randomized single
arm interventional studies to improve the robustness of
systematic review process.

Future research is required to address several aspects
of PD-1/PDL-1 inhibitor use in AdUC. Assays for the
assessment of PD1/PD-L1 expression on both tumor cells
and immune cells need to be standardized. It is imperative to
characterize the responder profile with biomarkers upfront
before therapy initiation to maximize the benefits obtained.
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The optimum duration of therapy, discontinuation criteria
and imAEs also need more investigation. The impact on
the quality of life of the patients who respond to therapy
and have long OS even with disease progression need more
clarity to make an informed choice about the treatment.
The health economics aspects of treatments also need to be
better understood.

CONCLUSIONS

PD-1/PDL-1 inhibitors appear to be promising in the
treatment of AdUCs with higher PDL-1 expression and
the concept of a cutoff value for the same is still evolving.
CPS may be considered as a potentially reliable biomarker
for predicting response to these agents but need further
validation as a universal biomarker for making treatment
decisions. Caution needs to be exercised until more data
are available on the long-term imAEs and further studies
are required to prove their worthiness as a standard of care.
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Supplementary Figure 1: Risk of bias
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Supplementary Figure 2: Egger’s plot for publication bias
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Supplementary Figure 3: Galbraith plot for heterogeneity

Supplementary Table: Search strategy

1. PubMed

Search ((((((((urothelial carcinoma) OR metastatic urothelial
carcinoma) OR urinary bladder carcinoma) OR bladder
cancer) OR metastatic bladder cancer)) AND ((((programmed
death ligand 1 inhibitors) OR PD-L1 inhibitors) OR
programmed death receptor 1 inhibitors) OR PD-1
inhibitors)) AND (((((((((((((((((nivolumab) OR atezolizumab) OR
pembrolizumab) OR durvalumab) OR avelumab) OR OPDIVO)
OR ONO-4538) OR BMS-936558) OR MDX1106) OR
TOCENTRIQ) OR MPDL3280A) OR IMFINZI) OR MEDI4736)
OR BEVANCIO) OR MSB0010718C) OR KEYTRUDA) OR
MK-3475)) AND ((clinical trial) OR trials)

Search (clinical trial) OR trials

Search ((((((((((((((((nivolumab) OR atezolizumab) OR
pembrolizumab) OR durvalumab) OR avelumab) OR OPDIVO)
OR ONO-4538) OR BMS-936558) OR MDX1106) OR
TOCENTRIQ) OR MPDL3280A) OR IMFINZI) OR MEDI4736)
OR BEVANCIO) OR MSB0010718C) OR KEYTRUDA) OR
MK-3475

Search (((programmed death ligand 1 inhibitor) OR PD-L1
inhibitors) OR programmed death receptor 1 inhibitor) OR
PD-1 inhibitors

Search ((((urothelial carcinoma) OR metastatic urothelial
carcinoma) OR urinary bladder carcinoma) OR bladder
cancer) OR metastatic bladder cancer

Search metastatic bladder cancer

Search bladder cancer

Search urinary bladder carcinoma

Search metastatic urothelial carcinoma

Search urothelial carcinoma

The searches were updated on May 22, 2018

2. The Cochrane Library

ID Search Hits

#1 wurothelial carcinoma

#2 metastatic urothelial carcinoma

#3 urinary bladder carcinoma

#4 bladder cancer

#5 metastatic bladder cancer

#6 #1 or #2 or #3 or #4 or #5

#7 programmed death ligand 1 inhibitors
#8 PD-L1 inhibitors

#9 programmed death receptor inhibitors
#10 PD-1 inhibitors

.630576




#11 #7 or #8 or #9 or #10
#12 nivolumab

#13 atezolizumab

#14 pembrolizumab

#15 durvalumab

#16 avelumab

#17 OPDIVO

#18 ONO-4538

#19 MDX 1106

#20 TECENTRIQ

#21 BMS 936558

#22 MPDL 3280A

#23 IMFINZI

#24 MEDI 4736

#25 BEVANCIO

#26 MSB 0010718C

#27 KEYTRUDA

#28 MK-3475

#29 #12 or #13 or #14 or #15 or #16 or #17 or #18 or #19 or #20 or #21 or #22 or #23 or #24 or #25 or #26 or #27 or #28
#30 clinical trial

#31 trials

#32 #30 or #31

#33 #6 and #11 and #29 and #32

The searches were updated on 22/05/2018



3. OVID

33 6and 11and 29 and 32

32 or/30-31

31 trial {Including Limited Related Terms}

30  clinical trial {Including Limited Related Terms}
29  or/12-28

28  MK-3475 {Including Limited Related Terms}

27  KEYTRUDA {Including Limited Related Terms}
26  MSB 0010718C {Including Limited Related Terms}
25  BEVANCIO {Including Limited Related Terms}
24 MEDI 4736 {Including Limited Related Terms}
23 IMFINZI {Including Limited Related Terms}

22 MPDL 3280A {Including Limited Related Terms}
21 BMS 936558 {Including Limited Related Terms}
20  TECENTRIQ {Including Limited Related Terms}
19 MDX 1106 {Including Limited Related Terms}

18 ONO-4538 {Including Limited Related Terms}
17 OPDIVO {Including Limited Related Terms}

16 Avelumab {Including Limited Related Terms}

15 Durvalumab {Including Limited Related Terms}
14 Pembrolizumab {Including Limited Related Terms}
13 Atezolizumab {Including Limited Related Terms}
12 Nivolumab {Including Limited Related Terms}

1 or/7-10

10 PD-1 inhibitors {Including Limited Related Terms}

9 Programmed death receptor inhibitors {Including Limited Related
Terms}

8 PD-L1 inhibitors {Including Limited Related Terms}

Programmed death ligand inhibitors {Including Limited Related
Terms}

or/1-5

Metastatic bladder cancer {Including Limited Related Terms}
Bladder cancer {Including Limited Related Terms}

Urinary bladder carcinoma {Including Limited Related Terms}
Metastatic urothelial carcinoma {Including Limited Related Terms}
'Urothelial carcinoma'.mp. [mp=tx, bt, ti, ab, ct, sh, ot, nm, hw,
fx, kf, px, rx, an, ui, ds, on, sy]|

The searches were updated on 22/05/2018

~N

N WP oo

1)EMBASE:

#8 AND #13 AND #31 AND #34

#34

#32 OR #33

#33

'trial'/exp OR 'trial'

#32

'clinical trial'/exp OR 'clinical trial'

#31

#14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27 OR #28 OR
#29 OR #30

#30

'mk-3475'/exp OR 'mk-3475'

#29

'keytruda'/exp OR 'keytruda’

#28

'msb 0010718c'/exp OR 'msb 0010718c'

#27

‘bevancio’



#26
'medi 4736'/exp OR 'medi 4736

#25

'imfinzi'/exp OR 'imfinzi'

#24

'mpdl 3280 a'/exp OR 'mpdl 3280 a'
22

#23

'tecentriq'/exp OR 'tecentriq'

#22

'mdx 1106'/exp OR 'mdx 1106'

#21

'bms-936558'/exp OR 'bms-936558'
#20

'ono-4538'/exp OR 'ono-4538'

#19

'opdivo'/exp OR 'opdivo'

#18

'avelumab'/exp OR 'avelumab’

#17

'durvalumab'/exp OR 'durvalumab'
#16

'‘pembrolizumab'/exp OR 'pembrolizumab’
#15

'atezolizumab'/exp OR 'atezolizumab'
#14

'nivolumab'/exp OR 'nivolumab'

#13

#9 OR #10 OR #11 OR #12

#12

'pd-1 inhibitors'

#11

'‘programmed death receptor inhibitors'
#10

'pd-11 inhibitors'

#9

'‘programmed death ligand inhibitors'
#8

#2 OR #4 OR #5 OR #6 OR #7

#7

'metastatic bladder cancer'/exp OR 'metastatic bladder cancer'
#6

'bladder cancer'/exp OR 'bladder cancer'

#5

‘urinary bladder carcinoma'/exp OR 'urinary bladder carcinoma'
#4

'metastatic urothelial carcinoma'/exp OR 'metastatic urothelial carcinoma’
#3

'urothelail carcinoma'

#2

'urothelial carcinoma'/exp OR 'urothelial carcinoma'

urothelial AND ('carcinoma'/exp OR carcinoma) #1

The searches were updated on 22/05/2018





