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Abstract

Context: Several anti-programmed death-1 (anti-PD-1) and anti-programmed death ligand-1 (anti-
PD-L1) antibodies have been approved by regulatory authorities for treatment of platinum-resistant
metastatic urothelial cancer (mUC). The impact of these therapies on survival, and comparability of
PD-1 versus PD-L1 blockade are unknown.
Objective: To determine the restricted mean survival time (RMST) of patients with platinum-
resistant mUC treated with PD-1/PD-L1 inhibitors and to compare RMSTs in patients treated with
PD-1 versus PD-L1 inhibitors.
Evidence acquisition: We searched for phase 1, 2, and 3 clinical trials that assessed PD-1 or PD-L1
inhibition for patients with platinum-resistant mUC. Literature review and study selection, data
abstraction, and risk of bias assessment were performed by two reviewers. Survival data were
reconstructed using an algorithm that derives individual time-to-event data from published Kaplan-
Meier curves. The RMST with 95% confidence interval (CIs) was calculated.
Evidence synthesis: From 836 references, six clinical trials were included. Survival data were
reconstructed for 1315 and 736 patients treated with PD-1/PD-L1 inhibitors and chemotherapy,
respectively. The RMSTswith PD-1/PD-L1 blockade up to 12 and 18 mo of follow-upwere 7.8 mo (95%
CI 7.6, 8.1) and 10 mo (95% CI 9.7, 10.5), respectively. A network meta-analysis of two randomized
trials revealed no significant difference in the RMST up to 18 mo with PD-1 versus PD-L1 blockade
(1.0 mo; 95% CI �0.5, 2.3 mo). Using reconstructed survival data from all six trials, the RMSTs with
PD-1 versus PD-L1 blockade up to 12 and 18 mo follow-upwere 7.8 mo (95% CI 7.7, 8.2) versus 7.8 mo
(95% CI 7.5, 8.2) and 10.1 mo (95% CI 9.6, 10.7) versus 10 mo (95% CI 9.5, 10.6), respectively.
Conclusions: Our RMST estimates may be used as benchmarks to contextualize survival outcomes
and inform future trial design with PD-1/PD-L1 inhibitors. PD-1 versus PD-L1 blockade in patients
with mUC yields comparable survival outcomes.
Patient summary: In this study, we found that outcomes for patients withmetastatic bladder cancer
treated with programmed death-1 and programmed death ligand-1 inhibitors, who received prior
platinum-based chemotherapy, were similar.
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1. Introduction

Platinum-based chemotherapy is the standard first-line
treatment for metastatic urothelial cancer (mUC) [1]. While
mUC is a relatively chemosensitive disease, response
durations are generally short and the vast majority of
patients ultimately experience disease progression
[2,3]. Treatment options for patients with mUC progressing
despite first-line chemotherapy have historically been
limited. However, the therapeutic landscape has recently
experienced a dramatic shift with the development of
immune checkpoint inhibitors (CPIs). The European Com-
mission approved two programmed death-1 (PD-1) inhi-
bitors (nivolumab and pembrolizumab) and one
programmed death ligand-1 (PD-L1)[2_TD$DIFF] inhibitor (atezolizu-
mab) for the treatment of platinum-resistant mUC in 2017
[4–6], while the United States Food and Drug Administra-
tion approved two PD-1 inhibitors (nivolumab and pem-
brolizumab) and three PD-L1 inhibitors (atezolizumab,
durvalumab, and avelumab) for the treatment of platinum-
resistant mUC between 2016 and 2017 [7–15].

The rapid introduction of five new therapies into the
treatment armamentarium for mUC has raised several
questions regarding their use highly unlikely to be
addressed in randomized clinical trials. Among these key
clinical and scientific questions is whether there are
differences between therapeutic blockades of the ligand
PD-L1 versus the receptor PD-1. While these subclasses of
immune CPIs disrupt different aspects of the same ligand-
receptor interaction, both mechanistic (eg, blockade of
additional ligand-receptor interactions such as PD-L2-PD-1
with PD-1, but not with PD-L1, inhibitors) and pharmaco-
logical considerations could theoretically lead to a differ-
ence in patient outcome.

Establishing the efficacy of novel therapies for the
treatment of cancer has historically focused on demon-
strating improvements in median survival or hazard rates
relative to another therapy. However, these traditional
measures are limited by (1) suboptimal characterization of
the potential clinical benefit of therapies with atypical
response kinetics and/or response proportions insufficient
to impact the median, and (2) reliance of interpretation of
hazard ratios on the distribution of events over time and
satisfying the proportional hazard assumption [16]. PD-1/
PD-L1 blockade in mUC and other advanced solid tumors is
characterized by prolonged responses in a small subset of
patients, and trials randomizing patients to PD-1/PD-L1
blockade versus cytotoxic chemotherapy consistently dem-
onstrate violation of the proportional hazard assumptions,
with early crossing of the survival curves limiting the
validity of hazard ratios and producing treatment effects
that are difficult to interpret. The restricted mean survival
time (RMST), which involves measurement of average life
expectancy until a predefined follow-up time (ie, area under
the survival curve), is an alternative approach to survival
analysis that may overcome these limitations [17]. In an
attempt to establish benchmarks for survival outcomes
with PD-1/PD-L1 blockade in patients with platinum-
resistant mUC to inform future trials and to contextualize
the efficacy of PD-1 versus PD-L1 blockade, we performed a
meta-analysis utilizing reconstructed survival data derived
from clinical trials with PD-1/PD-L1 blockade and a network
meta-analysis of randomized phase 3 trials to indirectly
compare PD-1 versus PD-L1 blockade, with a focus on the
RMST.

2. Evidence acquisition

2.1. Endpoint and objectives

The primary endpoint of the analysiswas the RMST,which is
a measure of average survival time to a specific time point
and may be estimated by the area under the survival curve
[17,18]. The primary objectives were to estimate RMSTs up
to 6, 12, and 18 mo of follow-up in patients with mUC
treated with PD-1 or PD-L1 blockade by performing ameta-
analysis of all trials using reconstructed survival data, and to
compare the RMST of patients with mUC treated with PD-1
versus PD-L1 blockade by performing a network meta-
analysis of randomized phase 3 trials.

2.2. Study eligibility and identification

We used a defined protocol and conducted our systematic
review following Methodological Expectations of Cochrane
Intervention Reviews, and reported according to the
Preferred Reporting Items for Systematic Reviews and
Meta-analyses criteria [19,20]. Experts from clinical epide-
miology, medical oncology, and urology designed the
protocol and conducted the review. We searched PubMed,
MEDLINE, and SCOPUS databases, and the Cochrane
Register for Controlled Trials for phase 1, 2, and 3 clinical
trials reporting on PD-1 or PDL-1 inhibition inmUC from the
inception of each database until May 31, 2018. We included
articles published in the English language using the
following terms: phase 1, phase 2, phase 3, PD-1, PD-L1,
urothelial, transitional cell, bladder, cancer, neoplasm,
tumor, atezolizumab, avelumab, cemiplimab, durvalumab,
pembrolizumab, and nivolumab.

To be eligible for the analysis, clinical trials must have
evaluated PD-1 or PD-L1 blockade in patients with mUC
progressing despite prior platinum-based chemotherapy.
Further, given our approach utilizing reconstructed survival
data (described below) studies must have included Kaplan-
Meier (KM) curves for overall survival. Reconstructed
survival data refer to the use of published KM curves to
“reverse engineer” individual data points regarding the
survival and follow-up of patients analyzed in the respec-
tive trial [21]. Given the heterogeneity in PD-L1 assays,
including various diagnostic PD-L1 antibodies, cellular
populations scored (ie, tumor cells, immune cells, or both),
and cut-points defining “positive” testing, coupled with the
lack of routine clinical use of PD-L1 testing in the platinum-
resistant mUC setting and paucity of published KM curves
stratified by PD-L1 testing, we did not focus our analysis on
subpopulations of patients with tumors harboring in-
creased PD-L1 expression but performed an exploratory
analysis of the “PD-1-high” population.
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2.3. Data extraction

For each publication, we extracted data on the following
parameters: trial name, author, phase, sample size, inter-
vention, baseline patient and tumor characteristics, pro-
gression-free survival, and overall survival. Two authors
(S.N. and S.R.) extracted data independently, and any
disagreement was resolved by consensus among reviewers.
We digitally scanned KM curves from each publication and
reconstructed survival data using an algorithm that maps
from digitized published KM curves back to individual data
by finding numerical solutions to the inverted KM equa-
tions, using information, where available, on the number of
events and number of patients at risk [22]. The intraclass
correlation coefficient was calculated to assess agreement
among the pairs of available reconstructed and published
data on median survival time and number of deaths.

2.4. Study quality, publication bias, and heterogeneity

Methodological quality of included trials was independent-
ly assessed by two authors (S.N. and V.P.) using themodified
Downs and Black checklist for the assessment of the
methodological quality of both randomized and nonran-
domized studies [23,24]. The following categories for study
quality scores have been suggested: excellent (26–28), good
(20–25), fair (15–19), and poor (�14) [25,26].

To assess for publication bias, we constructed a funnel
plot of the estimated RMST versus the estimated RMST
precision, that is, reciprocal of standard error, based on
patients with PD-1 or PD-L1 blockade across all trials. Tests
for funnel plot asymmetry and study heterogeneity were
not performed due to caution provided in literature against
underpowered tests for publication bias [27].

2.5. Statistical analysis

To estimate RMSTs up to 6, 12, and 18 mo of follow-up in
patients receiving PD-1/PD-L1 blockade using survival data
from all trials, we employed a reconstructed survival
data meta-analysis method to derive the pooled survival
probability curve [28]. This method assumes that the
number of deaths in each prespecified unit of follow-up
time (0.5 mo) follows a negative binomial distribution.
Furthermore, it models the correlation of the number of
events across time units within each study and heteroge-
neity between studies by a gamma frailty process. For
determining RMSTs over the three prespecified time
intervals, we estimated the area under the survival pro-
bability curve using the trapezoidal rule. We obtained 95%
confidence intervals (CIs) using the bootstrap method.

For the randomized phase 3 trials comparing PD-1 or PD-
L1 blockade versus chemotherapy, we tested the propor-
tional hazard assumption using the Grambsch and Ther-
neau [29] test on the reconstructed datasets to support the
use of the RMST as the primary endpoint of the network
meta-analysis. An indirect comparison of RMSTs between
PD-1 blockade-treated and PD-L1 blockade-treated patients
was made using the randomized phase 3 trials with
chemotherapy as the common comparator within a
triangular-shaped network meta-analysis [30]. A linear
regression model was fit on the arm-level RMST estimates
with fixed study effects. The standard errors of arm-level
RMSTs in each study were estimated using pseudovalue
methods as implemented in the “survRM2” package to
account for censoring [31,32]. As 18 mo was the common
maximum follow-up time across the four study arms, we
chose to estimate the 18-mo arm-level RMST to allow the
pairwise comparison of treatment effects over the maxi-
mum common study period [33]. Given longer follow-up
available for IMVigor 211, we additionally estimated the
delta-RMSTof atezolizumab relative to chemotherapy up to
24 mo.

All analyses were performed using R software with the
“survRM2” and “metafor” packages [34].

3. Evidence synthesis

3.1. Study eligibility and identification

We identified 836 references from electronic database
searches, from which we selected 30 potentially relevant
publications for full-text evaluation. The reasons for study
exclusion are outlined in Fig.1. The final dataset included six
trials encompassing 1315 patients with platinum-resistant
mUC treated with PD-1 or PD-L1 blockade and 736 patients
treated with chemotherapy.

3.2. Trial and patient characteristics

Characteristics of the included trials are detailed in
Table 1. Among the six included trials, there was one phase
IB, two phase I/II, one single-arm phase II, and two phase
3 trials reporting objective response rates with PD-1/PD-L1
blockade ranging from 13% to 25%. Eligibility criteria for
the six included trials were highly similar, as shown in
Supplementary Table 1. Baseline patient and tumor
characteristics are summarized in Table 2. Compared with
randomized studies, early-phase studies enrolled more
heavily pretreated patients and patients with higher
Eastern Cooperative Oncology Group performance status
scores (chi-square test for testing equality of distribution
yield p < 0.001 for each risk factor) [35].

3.3. Study quality, publication bias, and heterogeneity

According to themodified Downs and Black checklist for the
assessment of methodological quality, four studies were
scored as fair quality and two as good quality. Results of
scoring are provided in Supplementary Table 2. The funnel
plot demonstrating the estimated RMST versus the esti-
mated RMST precision is shown in Supplementary Figure 1.

3.4. Reconstructed versus published survival data

The survival data reconstructed from the KM curves from
each publication demonstrated excellent agreement with
the data reported in each publication (Supplementary
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Fig. 1 – Flow diagram of systematic literature review and included versus excluded studies. KM = Kaplan-Meier; PD-L1 = programmed death ligand-1.

Table 1 – Characteristics of included trials

Trial Phase Treatment Target N Median
follow-up (mo)

Objective response rate
(95% CI)

All PD-L1 “high”

Javelin Solid Tumor [11] IB Avelumab 10 mg/kg IV every 2 wk PD-L1 44 16.5 18% (8–33) 54% (25–81)
Checkmate 032 [15] I/II Nivolumab 3 mg/kg IV every 2 wk PD-1 78 15 24% (15–35) 24% (9–45)
Study 1108 [12] I/II Durvalumab 10 mg/kg IV every 2 wk PD-L1 191 5.8 18% (13–24) 28% (19–38)
Checkmate 275 [14] II Nivolumab 3 mg/kg IV every 2 wk PD-1 265 7 20% (15–25) 28% (19–40)
IMVigor 211 [10] III Atezolizumab 1200 mg IV every 3 wk a PD-L1 467b 17 13% (10–17) 23% (16–32)
Keynote-045 [13] III Pembrolizumab 200 mg IV every 3 wka PD-1 270c 14 21% (16–27) 22% (13–33)

CI = confidence interval; IV = intravenous; PD-1 = programmed death-1; PD-L1 = programmed death ligand-1.
a Standard of care chemotherapy was at treating physician’s discretion and could include paclitaxel (175 mg/m2), docetaxel (75 mg/m2), or vinflunine
(320 mg/m2), all administered intravenously every 3 wk.
b IMVigor2 11: atezolizumab, n = 467; chemotherapy, n = 464.
c Keynote-045: pembrolizumab, n = 270; chemotherapy, n = 272.
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Table 2 – Baseline characteristics of patients in included trials

Characteristic Trial
(Drug)

Javelin [11]
(Avelumab)

Checkmate 032 [15]
(Nivolumab)

Study 1108 [12]
(Durvalumab)

Checkmate 275 [14]
(Nivolumab)

IMVigor 211 [10]
(Atezolizumab)

Keynote-045 [13]
(Pembrolizumab)

Median age (yr) 68 66 67 66 67 67
ECOG PS (%)
0 43 54 33 54 47 44
�1 57 46 67 46 53 53

Sites of metastases (%)
Visceral metastases 75 78 93 84 77 89
Liver metastases NR 26 43 28 30 34
LN-only metastases NR 17 7 16 12 NR

�2 Prior therapies (%) 54 67 33 29 19 20
Hemoglobin <10 g/dl (%) NR 14% 22 18 14 16

ECOG PS = Eastern Cooperative Oncology Group performance status; LN-only = lymph node only; NR = not reported.

[(Fig._2)TD$FIG]

Fig. 2 – Overall survival of patients with platinum-resistant mUC using reconstructed survival data derived from (A) six individual studies with PD-1/
PD-L1 blockade and (B) summary survival curve for the six studies (shaded area representing the 95% confidence bands based on 1000 bootstrap
simulations). mUC = metastatic urothelial cancer; PD-1 = programmed death-1; PD-L1 = programmed death ligand-1.
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Table 3). The intraclass correlation coefficient for interob-
server agreement on calculated and reported median
survival time and number of events as continuous variables
was >0.99 (95% CI 0.99, 1).

3.5. RMST with PD-1/PD-L1 blockade

The KM curves of patients with platinum-resistant mUC
enrolled in individual trials with PD-1 or PD-L1 blockade,
using reconstructed survival data, are shown in Fig. 2A,
and the summary KM curve representing all 1315 patients
treatedwith either PD-1/PD-L1 blockade is shown in Fig. 2B.
Overall survival probabilities with PD-1/PD-L1 blockade at
6, 12, and 18 mo were 62% (95% CI 59%, 65%), 42% (95% CI
40%, 46%), and 31% (95% CI 28%, 35%), respectively. The
RMSTs with PD-1/PD-L1 blockade up to 6, 12, and 18 mo of
follow-up were 4.8 mo (95% CI 4.7, 4.9), 7.8 mo (95% CI 7.6,
8.1), and 10 mo (95% CI 9.7, 10.5), respectively.

Additional analyses were performed in subsets of
patients based on the type of trial or based on PD-L1
expression. The KM curves of patients enrolled in phase I/II
versus phase III trials, using reconstructed survival data, are
shown in Supplementary Figure 2.
3.6. PD-1 versus PD-L1 blockade

The Grambsch and Therneau [29] test on the reconstructed
datasets from the two randomized trials comparing PD-1
or PD-L1 blockade versus chemotherapy (Keynote-045 and
IMVigor 211) yielded p values of 0.009 and <0.001,
respectively, confirming violation of the proportional
hazard assumption.

A networkmeta-analysis was performed using data from
the two randomized trials comparing PD-1 or PD-L1
blockade (n = 270 and n = 467, respectively) with chemo-
therapy (n = 736). There was no significant difference in the
RMST up to 18 mo for patients treated with PD-1 versus
PD-L1 blockade (Table 3). The KM curves obtained using
reconstructed data from each of the study arms are shown
in Supplementary Figure 4.

Reconstructed survival patient data from the three trials
exploring PD-1 blockade (n = 613 patients) versus data from
the three trials exploring PD-L1 blockade (n = 702 patients)
confirmed highly similar survival outcomes with PD-1 and
PD-L1 blockade. Using reconstructed survival data from all
six trials, the RMSTs with PD-1 versus PD-L1 blockade up to
12 and 18 mo follow-up were 7.8 mo (95% CI 7.7, 8.2) versus



Table 3 – Network meta-analysis of Keynote-045 [13] and IMVigor
211 [10] trials

Arms DRMST up to
18-mo follow-up (95% CI)

PD-1 blockade vs chemotherapy 1.6 (0.4, 2.7) mo
PD-L1 blockade vs chemotherapya 0.6 (�0.2, 1.4) mo
PD-1 blockade vs PD-L1 blockade 1 (�0.5, 2.3) mo

CI = confidence interval; PD-1 = programmed death-1; PD-
L1 = programmed death ligand-1; RMST = restricted mean survival time.
a DRMST (mo) at maximum available follow-up for IMVigor 211 [10], 24 mo,
with PD-L1 blockade versus chemotherapy was 1.3 mo (95% CI 0.2–2.3;
p = 0.02).
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7.8 mo (95% CI 7.5, 8.2) and 10.1 mo (95% CI 9.6, 10.7) versus
10 mo (95% CI 9.5, 10.6), respectively.

4. Conclusions

The European regulatory approval of three PD-1/PD-L1
inhibitors and US regulatory approval of five PD-1/PD-L1
inhibitors for the treatment of platinum-resistant mUC has
rapidly expanded the treatment armamentarium for this
disease. However, availability of several immune CPIs,
representing two therapeutic subclasses, has raised uncer-
tainties about the optimal treatment approach, appropriate
backbones for further drug development, and benchmarks
for future trial design. A key question, relevant to both the
laboratory and the clinic, is whether there are differences
between therapeutic blockade of PD-1 and PD-L1 in patients
with mUC. Herein, we performed a meta-analysis to define
survival outcomeswith PD-1/PD-L1 blockade inmUC and to
facilitate the design of future clinical trials. Further, we
performed a networkmeta-analysis and a pooled analysis of
reconstructed survival data from six trials, demonstrating
comparable survival outcomes with PD-1 versus PD-L1
blockade.

There are several potential strengths to our analysis. A
critical, yet underexplored, issue in contextualizing the
survival impact of immune checkpoint blockade in mUC
and other advanced solid tumors is how to optimally
measure the treatment effect of such therapies. While the
ratio of hazards between two treatment groups using a Cox
regression model is most commonly utilized, the validity of
this approach is dependent on the hazards being propor-
tional to one another over time. Survival curves that cross
and/or demonstrate late separation, such as those routinely
encountered in comparisons of immune checkpoint block-
ade versus chemotherapy in advanced solid tumors, are not
adequately summarized by hazard ratios. Indeed, the
primary analysis and reporting of both Keynote-045 and
IMVigor 211 centered on hazard ratios despite both datasets
violating the proportional hazard assumption. Therefore,
we focused on the RMST as the endpoint and established
benchmarks for this endpoint for future trial design. The
RMST not only surmounts the limitations of conventional
survival analyses in the setting of nonproportional hazards,
but has also been considered a more intuitive and clinically
meaningful interpretation of treatment effect [17]. To
overcome the lack of publicly available actual individual
patient data from contemporary cancer clinical trials, we
used a novel approach to reconstruct survival data from
published KM curves and demonstrated excellent agree-
ment with survival data reported in each publication. Of
note, a network meta-analysis of CPI trials in non-small cell
lung cancer, although using a very different methodology in
a different disease, also did not find a significance difference
in survival of patients treated with PD-1 versus PD-L1
blockade [36].

There are potential limitations to our analysis. Of primary
importance, there have been only two completed random-
ized trials comparing PD-1/PD-L1 inhibitors versus other
therapies in mUC, limiting the data available for inclusion in
the network meta-analysis. Salanti et al. [37] previously
reported a framework for evaluating the quality of evidence
from network meta-analyses; while complete application of
this framework is limited by the small number of studies in
our network meta-analysis, the two randomized trials
included in our network meta-analysis had highly similar
enrollment criteria (Supplementary Tables 4 and 5), repre-
senting the only two randomized trials in this setting
completed to date, and involved a single intermediate
treatment (ie, standard chemotherapy) to facilitate an
indirect comparison. Further, we strengthened the results
of the network meta-analysis with a pooled analysis,
including single-arm trials exploring PD-1 and PD-L1
inhibitors in mUC, which, notwithstanding the limitations
of cross trial comparisons, demonstrated similar survival
outcomes between the therapeutic subclasses. A small
difference in outcomes with PD-1 versus PD-L1 blockade
cannot be excluded based on our analysis. However, a
randomized trial of PD-1 versus PD-L1 blockade is unlikely to
occur, and because only a minority of patients responds to
these treatments, resourcesare likelymuchbetter focusedon
strategies to more meaningfully extend the benefits of
immune checkpoint blockade to broader groups of patients.
We acknowledge that there could be subtle differences
among different drugs within the therapeutic subclasses of
PD-1 and PD-L1 inhibitors, but we were unable to address
such potential differences with the available data. Our
subgroup analyses based on PD-L1 expression was limited
by the substantial heterogeneity to the assays utilized in the
individual trials; however, there is currently no defined role
for PD-L1 testing in the platinum-resistant setting.

Using a novel approach to generate reconstructed
survival data and an approach to survival analysis that
may overcome the limitations of nonproportional hazards,
we establish benchmarks for the RMST in patients with
platinum-resistant mUC treated with PD-1/PD-L1 blockade
and demonstrate highly similar survival outcomes with
PD-1 versus PD-L1 blockade. These findings may have
important implications regarding clinical practice and
clinical trial design.
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