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1. Introduction

Patients with advanced urothelial carcinoma (UC) have
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Abstract  Introduction: Platinum-based combination chemotherapy is the standard treatment
for patients with chemotherapy-eligible metastatic urothelial carcinoma (mUC). Immune-
checkpoint inhibitors (ICIs) are currently assessed in this setting. This review aimed to assess
the role of ICIs alone or in combination as first-line treatment in chemotherapy-eligible pa-
tients with mUC.

Methods: Multiple databases were searched for articles published until November 2020.
Studies were deemed eligible if they compared overall survival (OS), progression-free survival
(PFS), objective response rates (ORRs), complete response rates (CRRs), durations of
response (DORs) and adverse events (AEs) in chemotherapy-eligible patients with mUC.
Results: Three studies met our eligibility criteria. ICI combination therapy was associated with
significantly better OS and PFS, higher CRR and longer DOR than chemotherapy alone (haz-
ard ratio [HR]: 0.85, 95% confidence interval [CI]: 0.76—0.94, P = 0.002; HR: 0.80, 95% CI:
0.71-0.90, P = 0.0002; odds ratio [OR]: 1.48, 95% CI: 1.12—1.96, P = 0.006; and mean dif-
ference: 1.39, 95% CI: 0.31-2.46, P = 0.01, respectively). ICI-chemotherapy combination
therapy was also associated with significantly better OS and PFS, higher ORR and
CRR and longer DOR than chemotherapy alone. Although OS and PFS benefits of ICI com-
bination therapy were larger in patients with high expression of programmed death-ligand 1
(PD-L1), PD-L1 low expression patients also had a benefit; HR for OS (high PD-L1: HR
0.79 versus low PD-L1: HR 0.89) and PFS (high PD-L1: HR 0.74 versus low PD-L1: HR
0.82). ICI monotherapy was not associated with better oncological outcomes but was associ-
ated with better safety outcomes than chemotherapy alone.

Conclusions: Our analysis indicates a superior oncologic benefit to first-line ICI combination
therapies in patients with chemotherapy-eligible mUC over standard chemotherapy. In
contrast, ICI monotherapy was associated with favorable safety outcomes compared with
chemotherapy but failed to show its superiority over chemotherapy in oncological benefits.
PD-L1 status alone cannot help guide treatment decision-making. However, caution should
be exercised in interpreting the conclusions drawn from this study, given that there is the het-
erogeneity of the population of interest, risk of bias and the nature of the studies evaluated
whose data remain immature or unpublished.

© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC
BY license (http://creativecommons.org/licenses/by/4.0/).

programmed death 1 (PD-1) agents nivolumab and
pembrolizumab, are approved for the second-line
treatment after platinum-based chemotherapy of

poor prognoses with 5-year survival rates of <5% for
those with metastatic, stage IV disease [1]. The current
standard of care for the first-line treatment of advanced
UC (locally advanced or metastatic, stage IV disease) is
platinum-based combination chemotherapy [1,2].
Moreover, the Javelin 100 trial led to maintenance
therapy with avelumab being established as the standard
of care for patients with UC whose disease had not
progressed on first-line chemotherapy [3]. However, the
role of immunotherapy in the first-line setting as mon-
otherapy or in combination remains unclear.

Based on the results of single-arm, phase II studies
[4,5], recent treatment guidelines have included atezoli-
zumab and pembrolizumab for the first-line treatment of
cisplatin-ineligible patients with metastatic UC (mUC)
and high tumour programmed death ligand 1 (PD-L1)
expression [1]. The anti—PD-L1 agents atezolizumab,
avelumab, and durvalumab, as well as the anti-

locally advanced UC or mUC, regardless of PD-LI
status [6—11]. Based on these developments of
immune-checkpoint inhibitors (ICIs), they are now
being tested as first-line treatments, alone or in combi-
nation with another ICI or standard chemotherapy, for
platinum-based chemotherapy (including cisplatin)-
eligible mUC patients. In the IMvigor130 trial [12],
atezolizumab as add-on to platinum-based chemo-
therapy as a first-line treatment prolonged progression-
free survival (PFS) in mUC patients. However, the
IMvigor 130 trial failed to meet its coprimary efficacy
endpoint, overall survival (OS). Similarly, the KEY-
NOTE361 [13] and DANUBE trials [14] failed to meet
their primary endpoints, thus leaving the role of ICI
combination as first-line treatment in chemotherapy-
eligible mUC patients unsolved.

To date, no direct comparisons have been made be-
tween these agents to inform optimal treatment
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decisions and guideline recommendations. Therefore, we
conducted a systematic review of all clinical trials that
assessed first-line ICI therapy, as monotherapy or
combination therapy, for the treatment of mUC using
standard chemotherapy as the control arm. We also
conducted a meta-analysis and network meta-analysis of
the first-line treatment options to directly and indirectly
compare their efficacy and safety.

2. Material and methods

The protocol has been registered in the International
Prospective Register of Systematic Reviews database
(PROSPERO: CRD42020218162).

2.1. Search strategy

The systematic review, meta-analysis and network meta-
analysis of randomized controlled trials in
chemotherapy-eligible mUC patients treated with first-
line ICIs was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) statement [15]. A completed
PRISMA 2009 checklist was used to describe the
methodology of our study (Supplementary Table 1).
PubMed, Web of Science and Scopus were searched to
identify reports published up to November 2020 that
investigated first-line systemic therapy for platinum-
based chemotherapy-eligible mUC. The following key-
words were used in our search strategy: (urothelial car-
cinoma OR bladder cancer OR bladder carcinoma OR
urothelial cancer) AND (metastatic OR advanced)
AND (Randomized). Furthermore, we also reviewed
relevant abstracts presented in major conferences
including the American Society of Clinical Oncology
and the European Society for Medical Oncology. The
primary outcomes of interest were OS and PFS, and the
secondary outcomes were objective response rate
(ORR), complete response rate (CRR), duration of
response (DOR) and adverse event (AE). Objective
response was defined as the proportion of enrolled and
randomly assigned patients who achieved the best
response of complete or partial response based on
investigator assessment. DOR was defined as time from
date of first response to progression or death. Initial
screening was performed independently by two in-
vestigators based on the titles and abstracts of the article
to identify ineligible reports. Reasons for exclusions
were noted. Potentially relevant reports were subjected
to a full-text review, and the relevance of the reports was
confirmed after the data extraction process.

2.2. Inclusion and exclusion criteria

Studies were included if they investigated platinum-
based chemotherapy-eligible mUC patients (Patients)
who had undergone ICI therapy as first-line treatment

(Intervention) compared with those treated with
chemotherapy as first-line treatment (Comparison) to
assess the differential effects on OS, PFS, ORR, CRR,
DOR and AE (Outcome) in phase III randomized
studies only. We excluded observational studies, re-
views, letters, editorials, replies from authors, case re-
ports and articles not published in English. References
of all articles included were scanned for additional
studies of interest.

2.3. Data extraction

Two investigators independently extracted the following
information from the included articles: study name,
publication year, number of patients, treatment com-
pound, age, sex, performance status, primary tumour
site, disecase status, PD-L1 status, cisplatin eligibility,
subsequent therapy, oncologic outcomes, AE outcomes
and follow-up. Subsequently, the hazard ratios (HRs)
and 95% confidence intervals (CIs) associated with PFS
and OS were retrieved.

2.4. Risk-of-bias assessment

The ‘risk-of-bias’ (RoB) evaluation of each study was
assessed according to The Cochrane Collaboration’s
tool for assessing risk of bias [16]. This tool assesses
selection bias (random sequence generation and alloca-
tion concealment), performance bias, detection bias,
attrition bias, reporting bias and other sources of bias
(Supplementary Fig. 1). The RoB of each study was
assessed independently by two authors. Disagreements
were resolved by consultation with the coauthors.

2.5. Statistical analyses

2.5.1. Meta-analysis

First, forest plots were used to assess the HRs and to
describe the relationships between treatment and sur-
vival outcomes (ICI therapy versus chemotherapy).
Second, forest plots were used as the summary variables
for dichotomous outcomes and to describe the re-
lationships between treatment and ORR, CRR and AE
(ICT therapy versus chemotherapy). Dichotomous vari-
ables are presented as proportions and compared with
odds ratios (ORs) and 95% ClIs. Third, forest plots were
used as the summary variables for continuous outcomes
and to describe the relationships between treatment and
DOR (ICI therapy versus chemotherapy). Continuous
variables are presented as mean + standard deviation
and compared with mean differences (MDs). Subgroup
analyses of OS and PFS were performed among
high—PD-L1 and low—PD-L1 status patients. Subgroup
analyses of OS and PFS were performed for patients
with high— and low—PD-L1 status, as well for cisplatin-
eligible and cisplatin-ineligible patients. Heterogeneity
among outcomes of included studies in this meta-
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analysis was evaluated by using Cochrane’s Q test and
the I? statistic. Significant heterogeneity was indicated
by a P = 0.05 in Cochrane’s Q tests and a ratio = 50%
in I? statistics. We used fixed effects models for calcu-
lation for non-heterogeneous results [17—19]. Random
effect models were used in cases of heterogeneity.

2.5.2. Network meta-analysis

We conducted network meta-analysis with random and
fixed effect models using a Bayesian approach for the
comparison of direct and indirect treatments, with
chemotherapy as the common comparator arm [20,21].
In the assessment for OS, contrast-based analyses were
applied with estimated differences in the log HR and the
standard error calculated from the published HR and CI
[22]. The relative treatment effects were presented as HR
and 95% credible interval (CrI) [20]. For the assessment
of the ORR, arm-based analyses were performed to es-
timate ORs and 95% Crl from raw data presented in the
selected manuscripts [20]. With regard to OS, analyses
were conducted among high—PD-L1 and low—PD-L1
patients. We also estimated the relative ranking of
different treatments for each outcome using the P-score,
which can be considered a frequentist analog to the
surface under the cumulative ranking curve [23,24].
Network plots were used to illustrate the connectivity of
the treatment networks in terms of OS and ORR. All
statistical analyses were performed using R 3.6.3 (The R
Foundation for Statistical Computing, Vienna, Austria)

and Review manager 5.3 (The Cochrane Collaboration,
Copenhagen, Denmark); statistical significance was set
at P < 0.05.

3. Results
3.1. Study selection and characteristics

Our initial search identified 2,014 publications, and after
the elimination of duplicates, a total of 1,263 publica-
tions remained. A further 1,245 articles were excluded
after screening the titles and abstracts, and full-text re-
views were performed for the remaining 18 articles
(Supplementary Fig. 2). In accordance with the selection
criteria, we identified three articles comprising 3,255
patients for the systematic review, meta-analysis and
network meta-analysis. The data extracted from these
three studies are outlined in Table 1. Two studies,
published between 2019 and 2020, involved an assess-
ment of first-line therapy and compared ICI-
chemotherapy combination therapy and ICI mono-
therapy with chemotherapy alone [12,13]. The remaining
study, published in 2020, involved an assessment of first-
line therapy and compared ICI—ICI combination ther-
apy and ICI monotherapy with chemotherapy [14]. In
these three RCTs, a total of 3,255 patients were treated
with ICI monotherapy (n = 1,015, 31%) or ICI-based
combination therapy (n = 1,144, 35%), or chemo-
therapy alone (n = 1,096, 34%). PD-L1 expression on

Table 1

Study demographics.

Study IMvigor130 DANUBE KEYNOTE361

Year 2019 2020 2020

Compound Atezo Atezo Chemo Durva Durva Chemo Pembro Pembro Chemo
Chemo Treme Chemo

Number 451 362 400 342 346 344 351 307 352

Age 69 (62—75) 67 (62—74) 67 (61-73) 68 (60—73) 67 (60—73) 68 (60—73) 69 (41-91) 68 (29—89) 69 (36—90)

Male 75% 7% 75% 75% 72% 80% 78% 74% 74%

ECOG PS 2 13% 9% 10% 0% 0% 0% 7% 8% 6%

Primary tumour (lower tract) 71% 75% 75% 78% 82% 75% 82% 79% 77%

Disease status (metastatic) 89% 88% 92% 96% 97% 94% NR NR NR

Lymph node only 18% 19% 17% 21% 18% 22% 23% 21% 27%

Visceral meta 57% 56% 60% 78% 82% 77% 74% 78% 72%

High PD-L1 24% 24% 23% 60% 60% 60% 45% 52% 45%

Antibodies SP142 SP263 22¢3

Platform Ventana Ventana Dako

Cell type 1C IC/TC TC

Cut-off =5% =25% CPSz10

Cisplatin eligible 42% 47% 44%, 57% 57% 56% NR NR NR

Chemotherapy (Cisplatin) 30% 37% 34% NR NR NR 46% 45% 46%

Subsequent therapy 26% 40% 41% 45% 47% 54% 35% 41% 61%

Subsequent ICI therapy 5% 2% 20% 3% 5% 32% 7% 5% 48%

Follow up 11.8 months 41.2 months NR

Abbreviation: Atezo (Atezolizumab), Chemo (Chemotherapy), CPS (Combines positive score), Durva (Durvalumab), IC (Immune cell), ICI
(Immune checkpoint inhibitor), NR (Not reported), PD-L1 (Programmed death ligand 1), Pembro (Pembrolizumab), PS (Performance status), TC

(Tumour cell), Treme (Tremelimumab).



K. Mori et al. | European Journal of Cancer 151 (2021) 35—48 39

tumour cells, tumour-infiltrating immune cells or both
was examined immunohistochemically. Among the pa-
tients with quantifiable PD-L1 expression, high PD-L1
expression was present in 60% of patients in the DAN-
UBE study, 24% of patients in the IMvigor130 study
and 47% of patients in the KEYNOTE361 trial.

4. Meta-analysis
4.1. ICI-combination therapy versus chemotherapy alone

4.1.1. Overall survival

The forest plot (Fig. 1A) revealed that ICI combination
therapy is associated with significantly longer OS than
chemotherapy alone (pooled HR: 0.85, 95% CI:
0.76—0.94, P = 0.002). The Cochrane’s Q test
(P = 0.96) and I” test (I> = 0%) revealed no significant
heterogeneity. The forest plot (Fig. 1B) revealed ICI-
chemotherapy combination therapy is associated with
significantly longer OS than chemotherapy alone
(pooled HR: 0.85, 95% CI: 0.75—0.96, P = 0.009). The
Cochrane’s Q test (P = 0.78) and I? test (I = 0%)
revealed no significant heterogeneity.

4.1.2. Progression-free survival

The forest plot (Fig. 1C) revealed that ICI combination
therapy is associated with significantly longer PFS than
chemotherapy alone (pooled HR: 0.80, 95% CI:
0.71—0.90, P < 0.001). The Cochrane’s Q test (P = 0.68)
and I? test (I’ = 0%) revealed no significant
heterogeneity.

4.1.3. Objective response rate

The forest plot (Fig. 1D) revealed that ICI combination
therapy is not different to chemotherapy alone
regarding ORR. The Cochrane’s Q test (P < 0.001) and
I test (I = 90%) revealed significant heterogeneity. The
forest plot (Fig. 1E) revealed ICI-chemotherapy com-
bination therapy is associated with significantly better
ORR than chemotherapy alone (pooled OR: 0.77, 95%
CI: 0.63—0.94, P = 0.01). The Cochrane’s Q test
(P = 0.23) and I” test (I* = 32%) revealed no significant
heterogeneity.

4.1.4. Complete response rate

The forest plot (Fig. 1F) revealed that ICI combination
therapy is associated with significantly better CRR than
chemotherapy alone (pooled OR: 0.68, 95% CI:
0.51-0.89, P = 0.006). The Cochrane’s Q test
(P = 0.35) and I° test (I> = 5%) revealed no significant
heterogeneity. The forest plot (Fig. 1G) revealed ICI-
chemotherapy combination therapy is associated with
significantly better CRR than chemotherapy alone
(pooled OR: 0.64, 95% CI: 0.47—0.88, P = 0.007). The
Cochrane’s Q test (P = 0.19) and I? test (I = 41%)
revealed no significant heterogeneity.

4.1.5. Duration of response

The forest plot (Fig. 1H) revealed that ICI combination
therapy is associated with significantly longer DOR than
chemotherapy alone (pooled MD: 1.39, 95% CI:
0.31-2.46, P = 0.01). The Cochrane’s Q test (P = 0.07)
and 1% test (I> = 61%) revealed no significant hetero-
geneity. The forest plot (Fig. 1I) revealed that ICI
combination therapy is associated with significantly
longer DOR than chemotherapy alone (pooled MD:
1.13, 95% CI: 0.03—2.23, P = 0.04). The Cochrane’s Q
test (P = 0.74) and I” test (I = 0%) revealed no sig-
nificant heterogeneity.

4.1.6. Adverse events

The forest plot (Supplementary Fig. 3A) revealed that
ICI combination therapy is associated with significantly
better any AFEs than chemotherapy alone. The
Cochrane’s Q test (P = 0.07) and I? test (I> = 63%)
revealed no significant heterogeneity. The forest plot
(Supplementary Fig. 3B and Supplementary Fig. 3C)
revealed that ICI combination therapy is not associated
with significantly worse grade 3= AEs or AEs leading to
treatment discontinuation compared with chemotherapy
alone. The Cochrane’s Q test (P < 0.001 and P = 0.01)
and I? test (I> = 96% and 77%) revealed significant
heterogeneity.

The forest plot (Supplementary Fig. 3D, 3E, and 3F)
revealed that ICI plus chemotherapy is not associated
with significantly worse any AEs, grade 3= AFEs or AEs
leading to treatment discontinuation compared with
chemotherapy alone but chemotherapy tended to be
better than ICI plus chemotherapy in all these AE
outcomes.

4.2. ICI-monotherapy versus chemotherapy alone

4.2.1. Overall survival

The forest plot (Fig. 2A) revealed no difference between
ICI monotherapy and chemotherapy alone with regards
to OS (pooled HR: 0.97, 95% CI: 0.87—1.08, P = 0.60).
The Cochrane’s Q test (P = 0.73) and I? test (I = 0%)
revealed no significant heterogeneity.

4.2.2. Objective response rate

The forest plot (Fig. 2B) revealed that ICI monotherapy
is associated with significantly worse ORR compared
with chemotherapy alone (pooled OR: 2.40, 95% CI:
2.00—2.89, P < 0.001). The Cochrane’s Q test (P = 0.18)
and I? test (I’ = 42%) revealed no significant
heterogeneity.

4.2.3. Complete response rate

The forest plot (Fig. 2C) revealed no difference between
ICI monotherapy and chemotherapy alone with regards
to CRR (pooled OR: 1.02, 95% CI. 0.75—1.39,
P = 0.91). The Cochrane’s Q test (P = 0.65) and I? test
(I = 0%) revealed no significant heterogeneity.
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Fig. 1. Forest plots showing the association between treatment and oncological outcomes in metastatic urothelial carcinoma (immune-
checkpoint inhibitors (ICI) combination therapy versus chemotherapy). (A) Overall survival, (B) overall survival (ICI-chemotherapy
combination only), (C) progression free survival, (D) objective response rate, (E) objective response rate (ICI-chemotherapy combination
only), (F) complete response rate, (G) complete response rate (ICI-chemotherapy combination only), (H) duration of response, (I)
duration of response (ICI-chemotherapy combination only).
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Fig 1. (continued)

4.2.4. Adverse event

The forest plot (Supplementary Fig. 4A) revealed that
ICI monotherapy is associated with significantly better
any AEs than chemotherapy alone. The Cochrane’s Q
test (P = 0.78) and I? test (I’ = 0%) revealed no sig-
nificant heterogeneity. The forest plot (Supplementary
Fig. 4B) revealed that ICI monotherapy is associated
with significantly better grade 3=AEs than chemo-
therapy alone. The Cochrane’s Q test (P < 0.001) and I?
test (I = 94%) revealed significant heterogeneity. The
forest plot (Supplementary Fig. 4C) revealed that ICI
monotherapy is not associated with significantly worse
AEs leading to treatment discontinuation compared

with chemotherapy alone. The Cochrane’s Q test
(P < 0.001) and I? test (I* = 95%) revealed significant
heterogeneity.

4.3. Association of PD-LI status with oncological
outcomes

4.3.1. OS (ICI combination therapy versus chemotherapy
alone)

The forest plot (Fig. 3A) revealed that ICI combination
therapy is associated with significantly longer OS than
chemotherapy alone in patients with high PDL1 status
(pooled HR: 0.79, 95% CI: 0.68—0.93, P = 0.004). The
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Fig. 2. Forest plots showing the association between treatment and oncological outcomes in metastatic urothelial carcinoma (immune-
checkpoint inhibitors (ICI) monotherapy versus chemotherapy). (A) Overall survival, (B) objective response rate, (C) complete response

rate.
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Fig. 3. Forest plots showing the association between treatment and survival outcomes in metastatic urothelial carcinoma. (A) Overall
survival (OS) in patients with high programmed death ligand 1 (PD-L1) status (immune-checkpoint inhibitors (ICI) combination therapy
versus chemotherapy), (B) OS in patients with low PD-L1 status (ICI combination therapy versus chemotherapy), (C) progression free
survival (PFS) in patients with high PD-L1 status (ICI combination therapy versus chemotherapy), (D) PFS in patients with low PD-L1
status (ICI combination therapy versus chemotherapy), (E) OS in patients with high PD-L1 status (ICI monotherapy versus

chemotherapy).

Cochrane’s Q test (P = 0.52) and I test (I*> = 0%)
revealed no significant heterogeneity. In contrast, in low
PD-L1 status, the forest plot (Fig. 3B) revealed that ICI
combination therapy is not associated with significantly
longer OS (pooled HR: 0.89, 95% CI. 0.77—1.01,
P = 0.08). The Cochrane’s Q test (P = 0.59) and I° test
(I = 0%) revealed no significant heterogeneity.

4.3.2. PFS (ICI combination therapy versus
chemotherapy alone)

The forest plot (Fig. 3C) revealed that ICI combination
therapy is associated with significantly longer PFS than
chemotherapy alone in patients with high PDL1 status

(pooled HR: 0.74, 95% CI: 0.60—0.92, P < 0.001). The
Cochrane’s Q test (P = 0.50) and I? test (I = 0%)
revealed no significant heterogeneity. Similarly, in
low—PD-L1 status, the forest plot (Fig. 3D) revealed
that ICI combination therapy was associated with
significantly longer PFS (pooled HR: 0.82, 95% CI:
0.71-0.94, P = 0.005). The Cochrane’s Q test
(P = 0.71) and I” test (I> = 0%) revealed no significant
heterogeneity.

4.3.3. OS (ICI monotherapy versus chemotherapy alone)
The forest plot (Fig. 3E) revealed no difference between
ICI monotherapy and chemotherapy alone with regards
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to OS in high—PD-L1 patients (pooled HR: 0.94, 95%
CI: 0.79—1.11, P = 0.45). The Cochrane’s Q test
(P = 0.51) and I” test (I> = 0%) revealed no significant
heterogeneity.

4.4. Association of chemotherapy with oncological
outcomes

4.4.1. OS (ICI combination therapy versus chemotherapy
alone)

The forest plot (Supplementary Fig. SA) revealed that
ICI combination therapy is associated with significantly
longer OS than chemotherapy alone in patients with cis-
eligible (pooled HR: 0.82, 95% CI. 0.70—0.97,
P = 0.02). The Cochrane’s Q test (P = 0.37) and I° test
(I = 0%) revealed no significant heterogeneity. In cis-
ineligible patients, the forest plot (Supplementary
Fig. 5B) revealed that ICI combination therapy is not
associated with significantly longer OS (pooled HR:
0.87, 95% CI: 0.76—1.00, P = 0.05). The Cochrane’s Q
test (P = 0.86) and I? test (I’ = 0%) revealed no sig-
nificant heterogeneity.

4.4.2. PFS (ICI combination therapy versus
chemotherapy alone)

The forest plot (Supplementary Fig. 5C) revealed that
ICI combination therapy is associated with significantly
longer PFS than chemotherapy alone in patients with
cis-eligible (pooled HR: 0.70, 95% CI: 0.57—0.85,
P < 0.001). The Cochrane’s Q test (P = 0.67) and I test
(I = 0%) revealed no significant heterogeneity. Simi-
larly, in cis-ineligible patients, the forest plot
(Supplementary Fig. 5D) revealed that ICI combination
therapy was associated with significantly longer PFS
(pooled HR: 0.84, 95% CI: 0.73—0.98, P = 0.03). The
Cochrane’s Q test (P = 0.85) and I? test (I*> = 0%)
revealed no significant heterogeneity.

4.5. Network meta-analysis

Networks of eligible comparisons were graphically rep-
resented in network plot with respect to OS and ORR
(Supplementary Fig. 6).

4.5.1. Overall survival

A network meta-analysis of seven treatments was per-
formed with regards to OS. Of the three ICI combina-
tion therapies, none was associated with improved OS
among patients with mUC in the overall, high—PD-L1
or low—PD-L1 cohorts (Supplementary Table 2). Ac-
cording to the analysis of treatment ranking, atezolizu-
mab plus chemotherapy had the highest likelihood of
providing the maximal OS (P score: 0.68), closely fol-
lowed by the other two ICI combination therapies (P
score: 0.64 and 0.62) (Supplementary Table 3).

4.5.2. Objective response rate

A network meta-analysis of seven treatments was per-
formed with regards to ORR. Compared with chemo-
therapy alone, pembrolizumab plus chemotherapy
resulted in significantly higher ORRs (OR: 1.48, 95%
Crl: 1.10—2.00; Supplementary Table 4). In contrast,
durvalumab plus tremelimumab resulted in significantly
lower ORRs than chemotherapy alone among patients
with mUC (OR: 0.59, 95% Crl: 0.43—0.80,
Supplementary Table 4). According to the analysis of
treatment ranking, pembrolizumab plus chemotherapy
had the highest likelihood of providing the maximal
ORR (P score: 0.98), followed by atezolizumab plus
chemotherapy (P score: 0.83) (Supplementary Table 5).

5. Discussion

We conducted a systematic review and meta-analysis to
assess the impact of first-line ICI therapy in platinum-
based chemotherapy (including cisplatin)-eligible mUC
patients. We also performed a network meta-analysis to
indirectly compare ICI treatment options thought to
have clinical relevance. This approach led to several
findings of interest. First, ICI combination therapy was
associated with significantly improved OS, PFS, CRR
and DOR compared with chemotherapy alone in
chemotherapy-eligible mUC patients. ICI-
chemotherapy combination therapy was also associ-
ated with significantly improved OS, PFS, ORR, CRR
and DOR compared with chemotherapy alone. While
there was no difference in grade 3=AEs and AEs
leading to treatment discontinuation between ICI com-
bination therapy and chemotherapy alone, any AEs
were significantly more frequent in patients treated with
chemotherapy. However, chemotherapy tended to be
associated with better safety outcomes than ICI plus
chemotherapy, while this difference was not statistically
significant. Second, ICI monotherapy did not signifi-
cantly improve OS or CRR; it resulted even in worse
ORR than chemotherapy alone. In mUC patients with
high—PD-L1 status, OS outcomes remained similar be-
tween ICI monotherapy and chemotherapy alone.
However, ICI monotherapy was associated with better
safety outcomes than chemotherapy. Third, although
the OS and PFS benefits of ICI combination therapy
were even larger in patients with high—PD-L1 status
than in those with a low—PD-L1 status, the HR for OS
(high PD-L1: HR 0.79 versus low PD-L1: HR 0.89) and
PFES (high PD-L1: HR 0.74 versus low PD-L1: HR 0.82)
indicated that the treatment effect was not much
different between those with high—PD-L1 status and
those with low—PD-L1 status. Thus, PD-L1 status ap-
pears to have limited value for the prediction of survival
benefits in chemotherapy-eligible mUC patients treated
with ICI combination therapy. Fourth, sub-analyses of
OS and PFS performed for cis-eligible and cis-ineligible
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patients showed that while ICI combination therapy was
associated with a slightly more favorable HR for cis-
eligible patients than for cis-ineligible patients, this was
not much difference, suggesting the superiority of ICI
combination therapy over chemotherapy, regardless of
chemotherapeutic agents.

In our analysis, ICI combination therapy was asso-
ciated with significantly superior OS and PFS
compared with chemotherapy alone, despite being
similar to chemotherapy in ORR. The underlying cause
of this discrepancy between survival outcomes and
ORR in patients who received ICI combination therapy
remains unclear; however, ICI combination therapy
was associated with a significant increase in both CR
and DOR, which likely contributed to improved sur-
vival outcomes. Moreover, if we excluded ICI-ICI
combination therapy, ICI-chemotherapy combination
was associated with significantly better ORR than
chemotherapy alone. Hence, the reason for the lack of
efficacy in terms of ORR might be the absence of
chemotherapy in ICI-ICI combination therapy. Again,
the precise mechanism through which ICI combination
therapy leads to better oncological outcomes remains
unclear. In addition to having a direct cytotoxic effect
on cancer cells, chemotherapy also reportedly promotes
antitumour immune responses by inducing the release
and presentation of cancer antigens and by decreasing
regulatory immune cells [25]. In addition, an in vitro
analysis of bladder cancer cells demonstrated that
cisplatin led to a reduction in the proportion of gran-
ulocytic myeloid-derived suppressor cells (MDSCs) as
well as an increase in the proportion of CD8" T cells
[26]. Gemcitabine and cisplatin also reportedly decrease
the proportion of regulatory immune cells in other
cancer types [27,28]. These findings suggest that gem-
citabine- and/or cisplatin-containing regimens may
reduce the proportion of MDSC suggestive of poor
prognosis, thereby contributing to antitumour immune
responses in UC [29]. Thus, one hypothesis for the
superior survival benefits observed in patients under
ICI combination therapy may be from an ICI-induced
enhancement of these chemotherapeutic effects. More-
over, the combination of these treatments could confer
an added benefit because of the absence of cross-
resistance [30]. Furthermore, only a subset of patients
with mUC are reportedly able to receive subsequent
therapy after failing first-line therapy; together with the
convincing efficacy data, this supports the benefits of
combination therapy in the first-line approach to mUC
[31,32].

While ICI combination therapy is associated with
favourable outcomes, it presents a safety concern. While
all ICI combination regimens, including ICI-ICI regi-
mens, were shown to be similar in safety profile to
chemotherapy, this may only reflect the good safety
profile of ICI-ICI regimens. In fact, a comparison of
AEs between ICI plus chemotherapy and chemotherapy

showed that chemotherapy was associated with better
safety outcomes than ICI plus chemotherapy, while this
difference was not statistically significant. Thus, in
considering ICI plus chemotherapy, attention should be
given not only to its favorable efficacy profile but also to
its slightly unfavorable safety profile. There are other
factors than just survival or AE that could influence the
choice of treatments for patients with mUC and there-
fore the decision should still be individually tailored to
each patient. For example, the treatment cost that varies
from ICIs to chemotherapy is among the factors to
consider in the decision-making process. Indeed, the
cost-effectiveness analysis of IMvigor130 trial indicated
that atezolizumab and chemotherapy would likely not
be cost-effective for the first-line treatment of mUC [33].
Thus, while too high a cost may be a barrier to the
spread of these treatments, unfortunately, cost-analysis
was not part of the trials included in this analysis and
made it difficult to address the cost considerations in the
current work.

The value of PD-L1 as a biomarker to guide thera-
peutic decision-making in patients with mUC remains
unclear, specifically in the setting of additive ICI or not
[34,35]. In the current era of personalized medicine, the
identification of prognostic and predictive biomarkers is
crucial for determining whether patients are more likely
to benefit from ICIs than from other available and
effective therapeutic options, thereby avoiding unnec-
essary AEs in patients who are unlikely to respond to
ICIs [35,36]. Moreover, these new treatments impose a
high economic burden on the health-care systems, and
better treatment selection based on biomarkers may help
to reduce treatment-related costs. To date, PD-L1 has
been the most promising biomarker for ICI response
across multiple cancer types [37]. In UC, the first-line
use of atezolizumab and pembrolizumab is restricted
to PD-L1—positive patients with mUC who are ineli-
gible for cisplatin-based chemotherapy [1]. Importantly,
the use of ICIs being tested in other clinical settings is
not based on PD-LI status, but rather on the patients’
clinical characteristics. Thus, the value of PD-LI1
expression to predict ICI treatment response in mUC
patients remains controversial. In our analysis, there
was no notable difference in OS and PFS among pa-
tients treated with ICI combination therapy compared
with chemotherapy alone when stratified by PD-LI
status. However, it is interesting to note that unlike
ICI-chemotherapy combination therapy, ICI-ICI
combination therapy was associated with more favor-
able OS (high PD-L1: HR 0.74 versus low PD-L1: HR
1.04) and ORR (OR, 3.43; 95% CI, 2.08—5.64) out-
comes in patients with high—PD-L1 status than in those
with low—PD-L1 status, suggesting that PD-L1 status
may have the potential room to guide treatment
decision-making in patients receiving ICI—ICI combi-
nation therapy.
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PD-L1 expression, in general, has significant chal-
lenges. PD-L1 expression within the same lesion is
highly heterogeneous and can change over time [38,39].
Moreover, PD-L1 expression may vary between
spatially separated metastases [40]. Performing multiple
biopsies to overcome this, in clinical practice, is very
difficult. Furthermore, the ideal cutoff to define high
PD-L1 remains unclear. Another caveat is that, in
clinical practice, there are multiple different anti—PD-
L1 antibodies (e.g. 22C3, SP263 and SP142) and plat-
forms (Ventana and Dako) available, which are further
affected by specimen type and origin (current versus
archival tissue), scoring system used (immune cells
versus tumour cells) and threshold of PD-L1 positivity
used [41]. Although PD-L1 status may be used as a
potential predictive marker, it alone may be insufficient
to guide clinical decision-making. More complex pre-
dictive biomarkers, such as immune gene signatures,
tumour mutational burden and intratumoural CD8"
and CD4" T-cells are currently under investigation. The
future of clinical efficacy and survival prediction appears
to lie in the use of different biological variables that
capture the full biological and clinical behavior of tu-
mours, rather than a single time-sensitive biomarker
snapshot [37].

Despite the comprehensive nature of this systematic
review, some limitations should be considered. First, the
differences in patient characteristics at study enrollment
among the DANUBE, IMvigor130 and KEYNOTE361
trials should be considered despite similar study design,
treatment line and target disease. Indeed, while all these
trials included patients with performance status (PS) of
0—2, the DANUBE trial [14] included far fewer patients
with PS 2. The IMvigor130 trial [12] included not only
far fewer patients with visceral metastasis but also more
cisplatin-ineligible patients, which led to carboplatin
being used in as many as 63%—70% of patients enrolled
in the trial. Therefore, these differences in patient
characteristics may have affected not only oncological
outcomes but also AEs. Sub-analyses of OS and PFS
performed for cis-eligible and cis-ineligible patients
showed that while ICI combination therapy was asso-
ciated with a slightly more favourable HR for cis-eligible
patients than for cis-ineligible patients, this was not
significant. While this suggests the superiority of ICI
combination therapy over chemotherapy, regardless of
chemotherapeutic agents, further study is required to
validate this finding. Moreover, 48% of patients
receiving chemotherapy alone received subsequent ICI
treatment in the KEYNOTE361 trial [13], a much larger
proportion than in the other trials. This likely contrib-
uted to the favorable OS outcomes in the chemotherapy-
alone arm and caused pembrolizumab to be under-
estimated in those receiving ICI combination therapy.
Second, significant heterogeneity was detected in the
ORR and AE analyses, thus limiting the value of these
findings. Although the random effects model was used

to address heterogeneity among studies, our conclusions
should still be interpreted with caution. The fact that
ICI-ICI and ICI-chemotherapy combinations were
analyzed as distinct categories of ICI combinations may
have contributed to heterogeneity in treatment out-
comes between the included studies. Indeed, when ana-
lyses were confined to ICI-chemotherapy combination
studies alone, the heterogeneity in ORRs and AEs ten-
ded to decrease; ICI-chemotherapy remained superior to
chemotherapy in all oncological outcomes. Third, it is a
major limitation of this study that the RCTs evaluated
in this analysis included risk of bias. Therefore, the re-
sults should not be overinterpreted. Fourth, we included
ORR as a secondary endpoint in our network meta-
analysis. While there are a few studies available to
suggest a correlation between OS and ORR in both ICI
therapy and chemotherapy [42,43], at present, the val-
idity of ORR as an endpoint remains unclear, and it is
not an established surrogate for OS particularly in ICI
combination therapy. Fifth, the OS data from the
IMvigor130 trial were immature at the time of this re-
view, and the study outcomes may vary considerably,
pending their final analyses. Moreover, the KEY-
NOTE361 trial results have yet to be published as a full
article, and we did not have access to the detailed data.
Given that KEYNOTE361 contributed to more
frequent AE rates in ICI combination therapy, we could
not draw any conclusions regarding AEs. Furthermore,
considering the CheckMate 901 and NILE trials being
underway, the role of ICI combination therapy in pa-
tients with mUC may vary depending on the forth-
coming outcomes. Sixth, the Javelin 100 trial
contributed to maintenance therapy with avelumab
being established as the standard of care for those whose
disease had not progressed on first-line chemotherapy
[3]. Thus, ICI combination therapy remains yet to be
evaluated for its superiority in the first-line setting with
this maintenance strategy in mind. In this light, PFS2
data have been made available from a sub-analysis of
the KEYNOTE-361 trial [44], showing that of the pa-
tients treated with pembrolizumab plus chemotherapy in
the first line, those treated with anti-PD-(L)-1 therapy in
the second line setting had a median PFS2 of 17.2
months compared with 13.8 months in those treated
with non—anti-PD-(L)-1 therapy in the second line
setting, suggesting a role for ICI therapy after ICI
combination therapy. However, it remains to be further
investigated whether maintenance therapy is preferable
to first-line combination therapy.

In summary, our analyses demonstrated the superi-
ority of ICI combination therapy over chemotherapy.
However, our study has a number of limitations, in that
only 3 RCTs, including those whose data remained
immature or unpublished, were available for inclusion in
our analyses and that results will be made available from
such ongoing RCTs as Checkmate 901 and NILE in the
years to come. Moreover, maintenance therapy with
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avelumab, which has now become the standard of care,
was not considered in our analyses. Thus, while our
findings are not construed as paradigm-shifting and
need to be interpreted with caution, we believe they do
provide clinically relevant insight into how ICI combi-
nation therapy may fit into the current therapeutic
algorithm.

6. Conclusions

Our analysis indicates that first-line ICI combination
therapies confer a superior oncological benefit
compared  with  standard  chemotherapy in
chemotherapy-eligible mUC patients. This superiority
over chemotherapy remained intact even in our analyses
focused on ICI-chemotherapy combination studies
alone. In contrast, ICI monotherapy does not seem as
an attractive alternative to chemotherapy alone in these
patients when it comes to efficacy. However, ICI mon-
otherapy offers a better safety profile than chemo-
therapy alone. Moreover, PD-L1 status alone is not a
sufficiently robust, reliable and reproducible biomarker
to guide treatment decision-making in chemotherapy-
eligible mUC. These findings may be valuable in deter-
mining  personalized  treatment  strategies for
chemotherapy-eligible mUC patients. However, the
conclusions drawn from this study should be interpreted
with caution, given that there is the heterogeneity of the
population of interest, risk of bias and the nature of the
RCTs evaluated whose data remain immature or
unpublished.
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