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Article info Abstract

Article history: Context: Immune-checkpoint inhibitors (ICIs) are a mainstay treatment of metastatic

Accepted October 9, 2020 renal cell carcinoma (mRCC). As not all patients benefit from ICIs, a biomarker-driven
clinical decision-making strategy is desirable.

Associate Editor: Objective: To assess the predictive value of programmed death ligand 1 (PD-L1) in mRCC

patients treated with ICIs.

Evidence acquisition: Multiple databases were searched for articles published up to
April 2020 according to the Preferred Reporting Items for Systematic Reviews and Meta-
Keywords: analyses statement. Studies comparing objective response rate (ORR), complete re-
Renal cell carcinoma sponse rate (CRR), progressive disease rate (PDR), or progression-free survival (PFS)
Meta-analysis based on tumor PD-L1 status in mRCC patients were eligible.

. Evidence synthesis: Six studies matched our eligibility criteria. Treatment with ICIs was
Immune-checkpoint inhibitor associated with significantly higher ORRs and CRRs, and lower PDRs in patients with PD-
Programmed death ligand 1 L1-positive tumors than in those with PD-L1-negative status (odds ratio [OR] 1.84, 95%
confidence interval [CI] 1.48-2.28; OR 3.11, 95% CI 2.04-4.75; and OR 0.43, 95% CI 0.31-
0.60, respectively). ICI treatment was associated with significantly better PFS in PD-L1-
positive patients than in sunitinib-treated patients (hazard ratio 0.65, 95% CI 0.57-0.74),
whereas this was not found in patients with PD-L1-negative tumors. Compared with
sunitinib, ICI combination therapy improved ORRs and PFS significantly in PD-L1-
positive patients of all examined ICIs. Nivolumab plus ipilimumab had the highest
likelihood of providing the highest ORR and longest PFS in PD-L1-positive patients.
Conclusions: PD-L1 positivity of the tumor is associated with improved ORRs and
prolonged PFS in mRCC patients receiving ICI treatment and thus helps identify mRCC
patients most likely to benefit from ICI treatment.
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Patient summary: The use of an immune-checkpoint inhibitor for the treatment of
metastatic renal cell carcinoma (mRCC) improved oncological outcomes, and the status
of programmed death ligand 1 could contribute to guiding patients and clinicians when
determining personalized treatment strategies for mRCC.

© 2020 The Author(s). Published by Elsevier B.V. on behalf of European Association of

Urology. This is an open access article under the CC BY license (http://creativecommons.

org/licenses/by/4.0/).

1. Introduction

Renal cell carcinoma (RCC) is among the 10 most frequently
diagnosed cancers worldwide [1-3]. Approximately 25% of
patients with RCC initially present with metastatic disease
and typically require systemic therapy. Moreover, a signifi-
cant proportion of patients with localized disease will
develop metastatic RCC (mRCC) despite local therapy [1-
3]. The advent of immune-checkpoint inhibitors (ICIs) has,
nevertheless, transformed the treatment landscape of
mRCC. ICIs exert their effect via suppression of the
inhibitory effects of T-cell activation by a set of cell surface
receptors, termed as immune checkpoints, which upregu-
late their receptors, such as programmed cell death 1 (PD-
1), programmed cell death ligand 1 (PD-L1), and cytotoxic T-
lymphocyte-associated protein 4 (CTLA-4), to protect the
host from an excessive immune response [4]. Therefore, ICIs
allow the adaptive immune system to mount an effective
antitumor response.

Unlike many other solid tumors, RCC is an immunogenic
and immune-responsive tumor, given the high expression
of immunosuppressive ligands on tumor cells and the
ability of tumors to upregulate immunosuppressive recep-
tors on T lymphocytes and natural killer cells [5-7]. In
recent clinical trials, ICI-based combination therapies, such
as nivolumab plus ipilimumab, atezolizumab plus bevaci-
zumab, pembrolizumab plus axitinib, and avelumab plus
axitinib, have improved overall survival (OS) and/or
progression-free survival (PFS) in patients with mRCC
compared with the previous standard of care sunitinib
[8-12].

Despite statistically significant benefits provided by ICI-
based therapy in mRCC, patients exhibit highly variable
responses to treatment, ranging from rapid disease
progression to sustained complete remissions [ 13]. Current-
ly, the proportion of patients experiencing clinical benefit
from ICIs is still comparatively limited, with some patients
showing a better response to treatment with tyrosine
kinase inhibitors (TKIs) [7,14]. Thus, in the present era of
personalized medicine, identification of prognostic and
predictive biomarkers is crucial with respect to determining
whether patients are more likely to benefit from ICIs than
from other available and effective therapeutic options, and
unnecessary adverse events in patients who are unlikely to
respond could be avoided [15,16]. Although these new
treatments bring a high economic burden to the healthcare
system, better treatment selection based on biomarkers
may help reduce treatment-related costs. To date, PD-L1 has
been the most promising biomarker of response to ICIs,
including in RCC [17]. PD-L1 exhibits a prognostic value for
various malignancies; notably, research suggests that PD-L1

has not only a predictive, but also a prognostic value in ICI
treatment for non-small-cell lung cancer (NSCLC), which
has led to PD-L1 expression being included as an indication
for pembrolizumab administration in case of NSCLC [18-
20]. Furthermore, previous studies have also shown that,
among all patients who received ICI treatment for melano-
ma, those with high PD-L1 expression tended to fare better
[18,21,22], with the caveat that clinical trials of ICIs
conducted to date have employed a wide range of cutoff
points for PD-L1 expression in determining PD-L1 “positivi-
ty” versus “negativity”, from as low as 1% in most phase
3 trials of RCC and 5% in most melanoma trials, to as high as
50% in the phase 3 trial of pembrolizumab in case of NSCLC
[18,23].

RCC patients with high PD-L1 expression have been
found to have lower survival after TKI treatment [24]. How-
ever, the predictive value of PD-L1 expression for response
to ICI treatment in mRCC remains contentious. Therefore,
we conducted a systematic review and meta-analysis of all
clinical trials that included an assessment of the predictive
value of PD-L1 in mRCC patients treated with ICIs. Our aim
was to assess the predictive value of PD-L1, based on a
biomarker assessment of prospective randomized clinical
trials (RCTs) of ICIs. We thus hypothesized that PD-L1 status
of the tumor might be associated with oncological out-
comes in patients with mRCC treated with ICls.

2. Evidence acquisition
2.1. Search strategy

The systematic review, meta-analysis, and network meta-
analysis of RCTs for mRCC treated with ICIs were conducted
according to the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) extension statement
[25]. A completed PRISMA 2009 checklist was used to
describe the methodology of our study (Supplementary
Table 1). The PubMed, Web of Science, and Scopus databases
were searched to identify reports published until April
2020, which investigated the PD-L1 expression and
oncological outcomes of patients with mRCC treated with
ICIs. The following keywords were used in our search
strategy: (renal cell carcinoma OR renal cell cancer OR
kidney carcinoma OR kidney cancer) AND (metastatic OR
advanced) AND (Randomized). The primary outcome of
interest was objective response rate (ORR), and the
secondary outcomes were complete response rate (CRR),
progression disease response (PDR), and PFS. Initial
screening was performed independently by two investiga-
tors based on the titles and abstracts of the articles to
identify ineligible reports, and the reasons for exclusions
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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. Disagreements
were resolved via consensus with the coinvestigators.

2.2. Inclusion and exclusion criteria

Studies were included if they investigated metastatic clear
cell RCC patients with PD-L1-positive tumor (patients) who
received ICIs (intervention), compared with those with PD-
L1-negative tumor (comparator), to assess ORR, CRR, PDR,
and PFS (outcome) in randomized design. We excluded
observational studies, reviews, letters, editorials, meeting
abstracts, replies from authors, case reports, and articles not
published in English. In cases of multiple publications on
the same cohort, either the higher-quality or the most
recent publication was selected. References of all papers
included were scanned for additional studies of interest.

2.3. Data extraction

Two investigators independently extracted the following
information from the included articles: first author's name,
publication year, period of patient recruitment, number of
patients, treatment dosage, age, sex, study design, risk
group, component of RCC, oncological outcomes (ORR, CRR,
and PDR), survival outcomes, and PD-L1 status. Subse-
quently, hazard ratios (HRs) and 95% confidence intervals
(CIs) associated with PFS were retrieved. All discrepancies
regarding data extraction were resolved by consensus with
the coinvestigators.

24. Risk of bias assessment

The “risk of bias” (RoB) evaluation of each study was
assessed according to the Cochrane Collaboration's tool
[26]. This tool assesses selection bias (random sequence
generation and allocation 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. Dis-
agreements were resolved by consultation with coauthors.

2.5. Statistical analyses

2.5.1. Meta-analysis

First, forest plots were used as the summary variables for
dichotomous outcomes and for describing the relationships
between PD-L1 status and ORR, CRR, and PDR. Second,
forest plots were used to assess the HRs and to describe the
relationships between treatment and PFS based on PD-L1
status (ICI vs sunitinib). PFS was defined as the time from
randomization to the first radiographic progression or death
due to any cause. ORR was defined as the proportion of
enrolled and randomly assigned patients, who achieved the
best complete or partial response based on investigator
assessment. Regarding PFS, subgroup analyses were per-
formed among favorable- and intermediate/poor-risk
patients with PD-L1-positive tumors (defined according

to the Memorial Sloan Kettering Cancer Center [MSKCC] or
International mRCC Database Consortium [IMDC] risk
categorization) [27,28]. All study outcomes included in this
meta-analysis were evaluated for heterogeneity by using
Cochrane's Q test. Significant heterogeneity was indicated
by p <0.05 in Cochrane's Q tests. We used fixed-effect
models for calculation of pooled HRs and odds ratios (ORs)
[29-31].

2.5.2. Network meta-analysis

We conducted a network meta-analysis using random and
fixed-effect models for direct and indirect treatment
comparisons with sunitinib as the common comparator
arm [32,33]. In the assessment for PFS, contrast-based
analyses were applied, with estimated differences in the log
HR and the standard error calculated from the published HR
and CI values [34]. The relative treatment effects were
presented as HRs and 95% credible intervals (Crls) [32]. For
the assessment of the ORR, arm-based analyses were
performed to estimate ORs of ORR (and 95% Crl) from raw
data presented in selected manuscripts [32]. With regard to
PFS and ORR, analyses were conducted among PD-L1-
positive and PD-L1-negative patients. We also estimated the
relative ranking of different treatments for each outcome by
using the p score, which can be considered a frequentist
analog to the surface under the cumulative ranking curves
[35,36]. Network plots were utilized to illustrate the
connectivity of the treatment networks in terms of PFS
and ORR. All statistical analyses were performed using R
3.6.3 (R Foundation for Statistical Computing, Vienna,
Austria) and RevMan 5.3 (Cochrane Collaboration, London,
UK); statistical significance was set at p < 0.05.

3. Evidence synthesis
3.1. Study selection and characteristics

Our initial search identified 4116 publications, and after
eliminating duplicates, a total of 3667 publications were
available. A further 3635 articles were excluded after
screening the titles and abstracts, and full-text reviews
were performed for the remaining 32 articles (Fig. 1). In
accordance with the selection criteria, we identified six
articles comprising 4866 patients for the systematic review,
meta-analysis, and network meta-analysis [8-11,37,38]. Ex-
traction of data from these six studies is outlined in Figure 2,
Table 1, and Supplementary Table 2. Five studies, published
from 2018 to 2019, involved assessment of first-line therapy
and compared ICI-based combination therapy with suniti-
nib monotherapy [8-12,37]. The remaining study, published
in 2015, investigated second- and third-line therapies by
comparing the ICI nivolumab with the mTOR inhibitor
everolimus [38]. In these six RCTs, a total of 2492 patients
were treated with an ICI alone (n =513, 21%) or ICI-based
combinations (n = 1979, 79%). All six RCTs included patients
diagnosed with mRCC with a predominant clear cell
component. Clinical trials evaluating atezolizumab plus
bevacizumab and the CheckMate 214 trial also included
patients with at least a minor component of clear cell
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Fig. 1 - The Preferred Reporting Items for Systematic Reviews and Meta-analyses flow chart, detailing the article selection process. Papers evaluating
the programmed death ligand 1 (PD-L1) status in metastatic renal cell carcinoma treated with immune-checkpoint inhibitors were included.

histology and/or sarcomatoid histology [8,9,37]. PD-L1
expression on tumor cells, tumor-infiltrating immune cells,
or both was examined immunohistochemically. Among the
patients with quantifiable PD-L1 expression, 26-61%
showed PD-L1 expression >1%.

3.2. Meta-analysis

3.2.1.  Association of PD-L1 status with ORR

Four studies on first-line ICIs provided data regarding the
association between PD-L1 status and ORR among patients

7
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Fig. 2 - Immune-checkpoint inhibitor demographics. CTLA-4 = cytotoxic T-lymphocyte antigen-4; PD-1 = programmed death 1 receptor; PD-
L1 = programmed death ligand 1; TKI = tyrosine kinase inhibitor; VEGF = vascular endothelial growth factor; VEGFR = VEGF receptor.
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Table 1 - Study demographics regarding the programmed death ligand 1 (PD-L1)

Study

Treatment (n)

CheckMate 214

Nivo + Ipi (550)

IMmotion150

Atezo +Bev (101)  Atezo (103)

IMmotion151

Atezo + Bev (454)

JAVELIN Renal 101

Ave + Axi (442)

KEYNOTE-426

Pembro + Axi (432)

Control (n) Sunitinib (546) Sunitinib (101) Sunitinib (461) Sunitinib (444) Sunitinib (429)
Target PD-1 + CTLA-4 PD-L1 + VEGF PD-L1 PD-L1 + VEGF PD-L1 + TKI PD-1 + TKI
Antibodies 28-8 (rabbit) SP142 (rabbit) SP142 (rabbit) SP263 (rabbit) 22C3 (mouse)
Platform Dako Ventana Ventana Ventana Dako

Cell type TC IC IC IC TC/IC

Cutoff >1% >1% >1% >1% CPS >1

PD-L1 positivity (%) 26 50 52 39 61 59
Treatment

PD-L1 positivity (%) 29 59 40 65 62

Control

ORR (PD-L1+; %) 58 46 28 43 55 NR
Treatment

ORR (PD-L1+; %) 22 27 35 26 NR

Control

ORR (PD-L1—; %)T 37 18 22 33 45 NR

reatment

ORR (PD-L1—; %) 28 32 32 26 NR

Control

Median follow-up (mo) 324 20.7 15 9.9 (treatment) 12.8

8.4 (control)

Atezo = atezolizumab; Ave = avelumab; Axi = axitinib; Bev = bevacizumab; CPS =combined positive score; CTLA-4 = cytotoxic T-lymphocyte antigen-4;
IC=immune cell; Ipi=ipilimumab; Nivo = nivolumab; NR=not reported; ORR=objective response rate; PD-1=programmed death 1 receptor;
Pembro = pembrolizumab; TC = tumor cell; TKI = tyrosine kinase inhibitor; VEGF = vascular endothelial growth factor.

with mRCC [8,9,11,37]. The forest plot in Figure 3A revealed
a significantly improved ORR in patients with PD-L1-
positive tumors than in patients with PD-L1-negative
tumors (OR 1.84, 95% CI 1.48-2.28; p < 0.001). Cochrane's
Q test (p = 0.09) revealed no significant heterogeneity.

3.2.2. Association of PD-L1 status with CRR

Four studies on first-line ICIs provided data on the
association between PD-L1 status and CRR among patients
with mRCC [8,9,11,37]. The forest plot in Figure 3B revealed
that patients with PD-L1-positive tumors had significantly
higher CRRs than patients with PD-L1-negative tumors (OR
3.11, 95% CI 2.04-4.75; p < 0.001). Cochrane's Q test (p=1)
revealed no significant heterogeneity.

3.2.3.  Association of PD-L1 status with PDR

Two first-line ICI studies provided data on the association
between PD-L1 status and PDR among patients with mRCC
[9,11]. The forest plot in Figure 3 C revealed a significantly
lower PDR in patients with PD-L1-positive tumors than in
patients with PD-L1-negative tumors (OR 0.43, 95% CI1 0.31-
0.60; p=0.009). Cochrane's Q test (p =0.05) revealed no
significant heterogeneity.

3.2.4. Association of PD-L1 status with PFS

Five studies on first-line ICIs provided data on the
association between PD-L1 status and PFS in patients with
mRCC [8-11,37]. The forest plot in Figure 4A revealed that
ICI treatment was associated with significantly longer PFS
among patients with PD-L1-positive tumors than among
patients having sunitinib treatment (HR 0.65, 95% CI 0.57-
0.74; p < 0.001). Cochrane's Q test (p =0.19) revealed no
significant heterogeneity. In contrast, ICI treatment was
not associated with significantly better PFS in patients

with PD-L1-negative tumors (HR 0.95, 95% CI 0.82-1.09;
p=0.4; Fig. 4B). Cochrane's Q test (p=0.8) revealed no
significant heterogeneity.

3.2.5. Association of risk group with PFS (in patients with PD-L1-
positive tumors)

The forest plot in Supplementary Figure 2A revealed that ICI
treatment was associated with significantly longer PFS in
favorable-risk patients with PD-L1-positive tumors than in
patients undergoing sunitinib treatment (HR 0.60, 95% CI
0.39-0.94; p = 0.027). Cochrane's Q test (p = 0.4) revealed no
significant heterogeneity. The forest plot in Supplementary
Figure 2B revealed that ICI treatment was associated with
significantly longer PFS in the intermediate/poor-risk
patients with PD-L1-positive tumors than in sunitinib-
treated patients (HR 0.69, 95% CI 0.56-0.83; p < 0.001).
Cochrane's Q test (p = 0.6) revealed no significant heteroge-
neity.

3.3. Network meta-analysis

Networks of eligible comparisons were graphically repre-
sented in network plots with respect to ORR (Supplemen-
tary Fig. 3A and 3B) and PFS (Supplementary Fig. 3C and 3D).

3.3.1.  Objective response rate

A network meta-analysis of six treatments was performed
to determine the primary outcome of ORR. Compared with
sunitinib, combinations of avelumab plus axitinib, nivolu-
mab plus ipilimumab, and atezolizumab plus bevacizumab
resulted in significantly higher ORRs among patients with
mRCC with PD-L1-positive tumors (OR 3.59, 95% Crl 2.22-
5.82; OR 4.92, 95% Crl 2.50-9.68; and OR 1.61, 95% Crl 1.02-
2.54, respectively; Supplementary Table 3). According to



788

EUROPEAN UROLOGY 79 (2021) 783-792

V)

Study or subgroup

Odds Ratio
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Motzer 2019 (Avelumab plus axitinib) 149 270 78 172 35.1% 1.48 (1.01, 2.18) -
Rini 2019 (; plus b 76 178 920 276 33.3% 1.54 (1.04, 2.27) ——
Total (95% Cl) 665 934 100.0% 1.84 (1.48, 2.28) L 2
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0.01 0.1 10 100
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McDermott 2018 (Atezolizumab) 8 54 3 49 11.1%  2.67(0.67, 10.69) ]
Motzer 2018 (Nivolumab plus ipilimumab) 24 13 32 386 47.2%  2.98(1.67,5.32) ——
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ICI Sunitinib 0Odds ratio 0Odds ratio
Study or subgroup Events Total Events Total Weight M-H,fixed, 95% CI M-H, fixed, 95% CI
Motzer 2019 (Avelumab plus axitinib) 30 270 51 172 52.2% (0.30 0.18, 0.49)
Rini 2019 (Atezolizumab plus bevacizumab) 34 178 80 276 47.8% (0.58 0.37,0.91) ——
Total (95% Cl) 448 448 100.0%  (0.43 0.31, 0.60) L 2
Total events 64 131
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Fig. 3 - Forest plots showing the association of programmed death ligand 1 (PD-L1) status with tumor response in metastatic renal cell carcinoma
treated with immune-checkpoint inhibitors: (A) Objective response rate, (B) complete response rate, and (C) progressive disease rate. CI = confidence
interval; M-H = Mantel-Haenszel.

the analysis of treatment ranking,
nivolumab plus ipilimumab yielded the highest ORR
(p score: 0.95; Supplementary Table 4). In contrast, none
of the four ICIs was associated with better ORRs among
patients with mRCC with PD-L1-negative tumors (Supple-

mentary Table 3).

it appears that 3.3.2.  Progression-free survival

A network meta-analysis of six different treatments was
conducted for the secondary outcome of PFS. Compared
with sunitinib, combinations of avelumab plus axitinib,
nivolumab plus ipilimumab, and pembrolizumab plus
axitinib improved PFS significantly among patients with

@A)
ICI  Sunitinib Hazard ratio Hazard ratio
Study or subgroup log(Hazard ratio) SE_Total Total Weight 1V, fixed, 95% CI IV, Fixed, 95% CI|
McDermott 2018 (A b plus b b -0.4463 0.266 50 60 6.3% (0.64 0.38,1.08) =
McDermott 2018 (Atezolizumab) 0.0296 0.2508 54 60 7.1% (1.03 0.63, 1.68) T
Motzer 2018 (Nivolumab plus ipilimumab) -0.7765 0.2014 100 114 11.0% (0.46 0.31,0.68) S
Motzer 2019 (Avelumab plus axitinib) -0.4943 0.133 270 290 25.2% (0.61 0.47,0.79) -
Rini 2019 (Al i b plus b -0.3147 0.1262 178 184 28.0% (0.73 0.57,0.93) -
Rini 2019 (Pembrolizumab plus axitinib) -0.478 0.1413 243 254 22.4% (0.62 0.47,0.82) -
Total (95% Cl) 895 962 100.0% 0.65 (0.57, 0.74) ¢
001 01 1 10 100
Favors (ICI)  Favors (Sunitinib)
(B)
ICI  Sunitinib Hazard ratio Hazard ratio
Study or subgroup log(Hazard ratio) SE_Total Total Weight IV, fixed, 95% ClI IV, fixed, 95% CI

Motzer 2018 (Nivolumab plus ipilimumab)
Rini 2019 (Atezolizumab plus bevacizumab)

Rini 2019 (Pembrolizumab plus axitinib)

Total (95% Cl)

0 0.1159 284 278 39.0% 1.00(0.80, 1.26)
-0.0726 0.1098 276 277 43.5% 0.93(0.75, 1.15)
-0.1393 0.1728 167 158 17.5% 0.87(0.62, 1.22)

727 713 100.0% 0.95 (0.82, 1.09)

001 01 1 10 100
Favors (ICl)  Favors (Sunitinib)

Fig. 4 - Forest plots showing the association of treatment with progression-free survival (PFS) based on programmed death ligand 1 (PD-L1) status in
metastatic renal cell carcinoma (mRCC): (A) PFS in mRCC patients with PD-L1-positive tumors, (B) PFS in mRCC patients with PD-L1-negative tumors.
CI = confidence interval; ICI = immune-checkpoint inhibitor; IV = inverse variance; SE = standard error.
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mRCC with PD-L1-positive tumors (HR 0.81, 95% Crl 0.69-
0.95; HR 0.71, 95% Crl 0.60-0.85; and HR 0.81, 95% Crl 0.69-
0.96, respectively; Supplementary Table 5). According to the
analysis of treatment rankings, nivolumab plus ipilimumab
had the highest likelihood of providing the maximal PFS
(p score: 0.90; Supplementary Table 6). In contrast, none of
the three ICIs was associated with longer PFS among
patients with PD-L1-negative tumors (Supplementary
Table 5).

34. Discussion

We conducted a systematic review and meta-analysis of the
predictive value of PD-L1 for response to ICIs in RCTs
including patients with mRCC. We also performed a
network meta-analysis and indirectly compared clinically
relevant ICI treatment options. This approach generated
several important findings.

First, in the first-line setting, mRCC patients with PD-L1-
positive tumors showed significantly improved ORRs and
CRRs, and lower PDRs compared with those with PD-L1-
negative tumors. Second, treatment with ICIs, compared
with treatment with sunitinib, was associated with
significantly improved PFS in patients with PD-L1-positive
tumors. In contrast, ICI treatment did not improve PFS in
patients with PD-L1-negative tumors compared with
sunitinib treatment. Third, compared with sunitinib, all
ICI combination therapies resulted in significantly higher
ORRs and improved PFS in patients with mRCC with PD-L1-
positive tumors, based on a network meta-analysis.
However, these differences were not seen for mRCC patients
with PD-L1-negative tumors. Fourth, for patients with PD-
L1-positive tumors, the combination of nivolumab plus
ipilimumab represented an excellent treatment option
among evaluated alternatives, in terms of ORR and PFS,
even though we were unable to include ORR data of
KEYNOTE-426 trial in this network meta-analysis. Selection
of an appropriate first-line treatment is crucial, given that
data obtained in the targeted therapy era indicate that only
50% of patients receive second-line treatment and only 20%
of patients receive third-line treatment [39].

PD-1 is an immunoregulatory receptor expressed on
CD4+ and CD8+ T cells, natural killer cells, B cells, and
monocytes in response to immunological activation
[40]. Tts expression is induced by several cytokines
including interleukin (IL)-2, IL-7, IL-15, and IL-21. To date,
two PD-1 ligands have been described, namely, PD-L1 (also
referred to as B7-H1) and PD-L2 (also referred to as B7-DC).
Although PD-L1 is expressed on a number of cell types,
including resting T cells, B cells, macrophages, dendritic
cells, vascular endothelial cells, and pancreatic islet cells,
PD-L2 is expressed only on macrophages and dendritic
cells. Both PD-L1 and PD-L2 inhibit T-cell proliferation,
adhesion, and cytokine production, and also modulate T-
cell function in peripheral tissues. In addition, PD-L2
regulates immune T-cell activation in the lymphoid organs
[41]. As a consequence, the expression of PD-L1 by tumor
cells, including RCC cells, may allow them to escape
immune surveillance. Indeed, multiple studies have shown

that PD-L1 expression is associated with a poor prognosis
in RCC [42,43]. In a previous meta-analysis of studies
examining the association between PD-L1 expression and
mortality in RCC prior to the widespread adoption of ICI
therapy, the adjusted HR for cancer-specific death was
found to be 1.81 (95% CI 1.31-2.49) among patients with
tumoral PD-L1 expression compared with PD-L1-negative
patients [44]. Our analyses have revealed that among
patients receiving first-line treatment, ICIs are more
effective for the treatment of patients with PD-L1-positive
tumors than for the treatment of patients with PD-L1-
negative tumors. These data thus indicate that PD-L1 could
be used as a predictive biomarker for patients with mRCC
treated with ICIs and may contribute to identifying those
mRCC patients who are most likely to benefit from ICIs. The
reason why nivolumab plus ipilimumab appeared to be an
excellent treatment option with respect to ORR and PFS is
not yet fully understood. However, the expression of PD-L1
is associated with a poor treatment response and shorter
PFS in patients receiving TKI therapy compared with those
with a PD-L1-negative status [24]. Thus, the combination
of ICI and TKI therapy may be less effective in mRCC
patients with PD-L1-positive status than nivolumab plus
ipilimumab, the only approved dual-ICI combination for
mRCC [8].

Although our findings support the predictive value of
tumoral PD-L1 expression in mRCC treated with ICIs, several
points regarding PD-L1 expression require consideration.
Routinely, PD-L1 is investigated in primary nephrectomy
specimens. However, approximately 20% of individual
patients with mRCC show discordance in PD-L1 expression
between primary tumor and metastatic sites [45]. Further-
more, PD-L1 expression within the same lesion is highly
heterogeneous and can change over time [46,47]. Moreover,
PD-L1 expression may vary between spatially separated
metastases. However, performing multiple biopsies is
deemed unacceptable in clinical practice. The ideal cutoff
to define PD-L1 positivity is still unclear, and concurrent or
prior cancer treatment such as TKIs or radiotherapy can
alter PD-L1 expression [14]. Another caveat is the technical
issues in clinical practice, with the availability of several
anti-PD-L1 antibodies (eg, 22C3, 28-8, SP263, and SP142)
and platforms (Ventana and Dako), analysis of different
tumor specimens (current vs archival tissue), use of various
scoring systems (immune cells vs tumor cells), and defined
thresholds of positivity [ 14,17]. Furthermore, tumoral PD-L1
positivity is associated with a poor response to treatment
and decreased PFS compared with patients with PD-L1-
negative tumors when treated with vascular endothelial
growth factor receptor (VEGFR) targeting TKIs. Therefore,
whether its expression is more likely to be a positive or a
negative predictive biomarker is debatable among
patients treated with VEGFR TKI plus ICI combinations
[42-44]. Although PD-L1 status can be used as a potential
predictive marker, more complex predictive biomarkers,
such as genomic signatures of angiogenesis or immunoge-
nicity, are currently under investigation. The future of
predicting clinical efficacy and survival lies in the use of
different biological variables capturing the full biological
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and clinical behavior of the tumors rather than a single-time
sensitive biomarker snapshot.

Despite the comprehensive nature of the systematic
review undertaken, some limitations of this study need to
be considered. First, although indirect treatment compari-
son analyses have been used for the network meta-analysis
and validated for comparing outcomes from RCTs, this
approach falls short of a head-to-head treatment compari-
son. Thus, well-designed comparative trials are required to
validate the findings of this study. Second, this meta-
analysis was based on the quality of reporting of the
reviewed trials. In consequence, several types of biases
inherent to the original studies may limit the validity of the
overall findings. Third, although the p value was nonsignifi-
cant, close to significant heterogeneity (p = 0.09 and 0.05,
respectively) was detected in the analysis of ORR and PDR.
This could be due to large differences shown in PD-L1
positivity rate and thus in treatment outcome between the
studies included in the meta-analysis. In addition, as the
number of studies included was small, the Cochrane's Q test
had low power as a test for heterogeneity in this meta-
analysis. Fourth, patient characteristics may have differed
significantly between studies, which limit the comparabili-
ty of the evaluated trials. Notably, caution should be
exercised in assessing data on nivolumab plus ipilimumab
from the CheckMate 214 trial. Whereas most of the RCTs
enrolled patients from all risk strata, the CheckMate 214 trial
enrolled patients with intermediate- and poor-risk disease
in primary analysis, even though secondary analysis
included all-risk patients, suggesting a biased estimate of
the efficacy of nivolumab plus ipilimumab in comparison
with the other systemic treatment. Moreover, the benefits
of treatment regarding OS were not evaluated in some trials
that assessed PFS as the primary endpoint, which accord-
ingly did not permit a comprehensive evaluation of OS
among all existing treatments. Given the limitations of the
published data, it was not possible to perform a meta-
analysis of adjusted-effect estimates. Finally, the recom-
mendation of first-line mRCC therapy is based on IMDC risk
classifications. In PD-L1-positive patients, analysis of the
interactions between risk groups and PD-L1 status revealed
significantly improved PFS for patients in all risk groups
when treated with ICIs compared with sunitinib. It must be
noted, however, that only two studies were included in the
favorable-risk group analysis and that only insufficient data
for PD-L1-negative patients and ORR were available to
allow further analyses.

4. Conclusions

ICI or ICI combination therapies for mRCC have been approved
independently of the tumor's PD-L1 status, while our analysis indicates
a superior benefit for first-line ICI-based therapies in patients with PD-
L1-positive tumors. Findings of our analysis suggest that the negative
prognostic impact of PD-L1 expression for treatment with TKI can be
overcome by ICI-based therapies for patients with mRCC. These findings
could contribute to guiding patients and clinicians when determining
biomarker-driven personalized treatment strategies for mRCC. Further
research is needed to evaluate whether patients with PD-L1-negative

tumors derive a similar or greater response with non-ICI-based
therapies in the first-line settings.
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