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Abstract

Purpose Management of metastatic renal cell cancer (mRCC) has undergone a paradigm shift with immune-checkpoint
inhibitors (ICI) in the first-line setting. However, direct comparative data are inadequate to inform treatment decisions.
Therefore, we aimed to assess first-line therapy for mRCC and indirectly compare the efficacy and safety of currently avail-
able treatments.

Materials and methods Multiple databases were searched for articles published before June 2020. Studies that compared
overall and/or progression-free survival (OS/PFS) and/or adverse events (AEs) in mRCC patients were considered eligible.
Results Six studies matched our eligibility criteria. For OS, pembrolizumab plus axitinib [hazard ratio (HR) 0.85, 95%
credible interval (Crl) 0.73-0.98] and nivolumab plus ipilimumab (HR 0.86, 95% CrlI 0.75-0.99) were significantly more
effective than sunitinib, and pembrolizumab plus axitinib was probably the best option based on analysis of the treatment
ranking. For PFS, pembrolizumab plus axitinib (HR 0.86, 95% CrI 0.76-0.97) and avelumab plus axitinib (HR 0.85, 95%
Crl 0.74-0.98) were statistically superior to sunitinib, and avelumab plus axitinib was likely to be the preferred option based
on analysis of the treatment ranking, closely followed by pembrolizumab plus axitinib. Nivolumab plus ipilimumab had
significantly lower rates of serious AEs than sunitinib.

Conclusion Pembrolizumab plus axitinib seemed to be the most efficacious first-line agents, while nivolumab plus ipilimumab
had the most favorable efficacy—tolerability equilibrium. These findings may facilitate individualized treatment strategies and
inform future direct comparative trials in an expanding treatment options without direct comparison between approved drugs.
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Introduction higher survival benefits have become the mainstay of treat-

ment for mRCC and multiple targeted therapies, such as

Renal cell carcinoma (RCC) is among the top 10 most fre-
quently diagnosed cancers worldwide [1]. Approximately
25% of patients with RCC who present with metastatic
tumors at the time of initial diagnosis typically require sys-
temic treatment. Moreover, another 20-50% of RCC patients
with localized disease eventually develop metastatic RCC
(mRCC) [2—4]. Targeted therapies with lesser toxicity and
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tyrosine kinase inhibitors (TKI), mammalian target of rapa-
mycin pathway inhibitors, and vascular endothelial growth
factor (VEGF) monoclonal antibody, have been approved
as first-line systemic treatments for mRCC [4—-6]. More
recently, immune-checkpoint inhibitors (ICI) have been
provided as a further therapeutic option.

The selection of an appropriate first-line treatment is
absolutely crucial, especially because data from the tar-
geted therapy era suggest that only 50% of patients receive
second-line treatment, and that only 20% receive third-
line treatment [7]. Beyond targeted therapies, various ICI
have been tested as novel first-line treatments for mRCC.
In recent clinical trials, ICI-based combination therapies
including nivolumab plus ipilimumab, atezolizumab plus
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bevacizumab, pembrolizumab plus axitinib, and avelumab
plus axitinib exhibited significant benefits in terms of overall
survival (OS) and/or progression-free survival (PFS) benefit
for mRCC compared with sunitinib as a standard first-line
treatment for mRCC [8—11]. Moreover, updating result of
the KEYNOTE-426 trial was recently reported [12]. How-
ever, there are scant direct comparative data between these
agents to inform optimal treatment decisions and guideline
recommendations. Therefore, a systematic review was con-
ducted in all clinical trials assessing first-line systemic ther-
apy of mRCC with sunitinib as the control arm, and network
meta-analyses were also conducted to indirectly compare the
efficacy and safety of the first-line treatment options.

Materials and methods

The protocol has been registered in the International Pro-
spective Register of Systematic Reviews database (PROS-
PERO: CRD42020170483).

Search strategy

The systematic review and network meta-analysis of phase
III randomized controlled trials (RCT) comparing at least
two first-line systemic therapies for mRCC (with sunitinib
monotherapy as the control arm) were conducted according
to the preferred reporting items for systematic reviews and
meta-analyses (PRISMA) extension statement for network
meta-analysis [13]. A completed PRISMA 2009 checklist
was used to describe the methodology of our study (Supple-
mentary Table 1). The PubMed, Web of Science, and Scopus
databases were searched to identify reports published until
June 2020 in first-line systemic therapy for mRCC. The fol-
lowing 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 OS and
PFS, and the secondary outcomes were objective response,
and adverse events (AEs). Initial screening was performed
independently by two investigators based on the titles and
abstracts of the article to identify ineligible reports. Rea-
sons 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.
Disagreements were resolved via consensus with a separate
committee of investigators.

Inclusion and exclusion criteria
Studies were included if they investigated metastatic clear-

cell RCC patients (Patients) who had undergone systemic
therapy as first-line treatment (Intervention) compared with
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those treated with sunitinib as first-line treatment (Compari-
son) to assess the differential effects on PFS, OS, objective
response, and AEs (Outcome) in phase III randomized stud-
ies only. We excluded observational studies, reviews, letters,
editorials, 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. As the focus
of this study was the first-line efficacy of these agents in
patients who had no history of systemic therapy, studies
involving patients who had a history of systemic therapy or
studies in which this subset could not be excluded from the
overall cohort were excluded from this analysis. As TKIs
are widely accepted as the standard of care, studies were
excluded if they included interferon or placebo as the control
arms. Studies were included only if they involved patients
who received sunitinib 50 mg as the control arm.

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, oncologic outcomes, and AE
outcomes. Subsequently, the hazard ratios (HR) and 95%
confidence intervals (CI) associated with PFS and OS,
objective response rate, and AE rate were retrieved. All HRs
were derived from Cox models. All discrepancies regarding
data extraction were resolved by consensus with the com-
mittee of investigators.

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 [14]. This tool assesses selection bias
(random sequence generation and allocation concealment),
performance bias, detection bias, attrition bias, report-
ing 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.

Statistical analyses

PFS was defined as the time from randomization to the first
radiographic progression or death due to any cause. Objec-
tive response was defined as the proportion of enrolled and
randomly assigned patients who achieved the best response
of complete response (CR) or partial response based on
investigator assessment. For each outcome, we conducted
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Progression-free survival

A network meta-analysis of seven different agents was
conducted for the primary outcome of PFS. Compared
with sunitinib, avelumab plus axitinib and pembrolizumab
plus axitinib resulted in significantly improved PFS (HR
0.85, 95% Cr1 0.74-0.98 and HR 0.86, 95% CrlI 0.76-0.97,
respectively) (Fig. 1a). Based on analysis of the treatment
ranking, avelumab plus axitinib had the highest likeli-
hood of providing the maximal PFS (P score: 0.8255)
(Table 2). Pembrolizumab plus axitinib was likely to be
similarly deemed as the preferred treatment choice (P
score: 0.8022).

Overall survival

A network meta-analysis of seven different agents was
conducted for the primary outcome of OS. Compared with
sunitinib, nivolumab plus ipilimumab, and pembrolizumab
plus axitinib resulted in significantly improved OS (HR 0.86,
95% Crl 0.75-0.99 and HR 0.85, 95% CrlI 0.73-0.98, respec-
tively) (Fig. 1b). Based on analysis of the treatment rank-
ing, pembrolizumab plus axitinib had the highest likelihood
of providing the maximal OS (P score: 0.8052) (Table 2).
Nivolumab plus ipilimumab was likely to be similarly
deemed as the preferred treatment choice (P score: 0.7625).

Adverse events

Rates of grade 3 2 AEs were examined as a measure of
toxicity of treatment. A network meta-analysis of six differ-
ent agents was conducted for the outcome of serious AEs.
Compared with sunitinib, nivolumab plus ipilimumab (OR
0.50, 95% Crl 0.39-0.64) was associated with a significantly
lower likelihood of toxicity (Fig. 1¢). Based on analysis of
the treatment ranking, it was highly likely that nivolumab
plus ipilimumab had the lowest rate of serious AEs (P score:
0.9999) (Table 2).

Objective response

A network meta-analysis of six agents was performed for the
outcome of objective response rates. Compared with suni-
tinib, avelumab plus axitinib and nivolumab plus ipilimumab
and pazopanib, and pembrolizumab plus axitinib resulted in
significantly higher objective response rates (Fig. 2a). Based
on analysis of the treatment ranking, it was highly likely that
avelumab plus axitinib had the highest objective response
rate (P score: 0.9855), closely followed by pembrolizumab
plus axitinib (P score: 0.8132) (Supplementary Table 2).
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Complete response

A network meta-analysis of six agents was conducted for
the outcome of CR rates. Compared with sunitinib, atezoli-
zumab plus bevacizumab and nivolumab plus ipilimumab,
and pembrolizumab plus axitinib resulted in significantly
higher CR rates (Fig. 2b). Based on analysis of the treatment
ranking, it was highly likely that Nivolumab plus ipilimub
had the highest CR rate (P score: 0.9742), followed by pem-
brolizumab plus axitinib (P score: 0.6998) (Supplementary
Table 2).

Intermediate/poor-risk subgroup

Based on analysis of the treatment ranking, in patients with
intermediate/poor-risk mRCC, pembrolizumab plus axitinib
had the highest likelihood of providing the maximal OS (P
score: 0.8220), closely followed by nivolumab plus ipili-
mumab (P score: 0.7677). Based on Bayesian analysis and
analysis of the treatment ranking, avelumab plus axitinib
had the highest likelihood of providing the maximal PFS
(P score: 0.7582), closely followed by pembrolizumab plus
axitinib (P score: 0.7293) (Supplementary Fig. 3 and Sup-
plementary Table 3).

Favorable-risk subgroup

Based on analysis of the treatment ranking, in patients
with favorable-risk mRCC, IMA901 plus sunitinib had the
highest likelihood of providing the maximal OS (P score:
0.6136). Based on Bayesian analysis and analysis of the
treatment ranking, avelumab plus axitinib had the highest
likelihood of providing the maximal PFS (P score: 0.8480)
(Supplementary Fig. 3 and Supplementary Table 3).

Discussion

A systematic review was conducted on systemic therapy
agents that have been evaluated in RCTs for patients with
mRCC in comparison with sunitinib in the first-line setting;
we also performed a network meta-analysis and indirectly
compared clinically relevant first-line treatment options.
This approach generated several important findings. First,
pembrolizumab plus axitinib was probably the best treat-
ment option with regard to survival, and statistically more
effective than most available treatments. Second, avelumab
plus axitinib and nivolumab plus ipilimumab were prob-
ably the second best options with regard to survival. Third,
nivolumab plus ipilimumab was the best tolerated of all the
agents evaluated. The ICI-based combination treatments
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Fig. 1 Forest plots showing the association of systemic therapy in metastatic renal cell carcinoma. a progression-free survival (PFS), b overall

survival (OS), ¢ adverse event (AE)

(nivolumab plus ipilimumab, pembrolizumab plus axitinib,

and avelumab plus axitinib) were associated with fewer
similar high-grade AEs than sunitinib.

These developments are of particular interest, as pre-

or  vious network meta-analyses did not include recently
reported data and/or analyzed heterogeneous populations
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Table 2 Analysis of the treatment ranking

Treatment P score (fixed) P score (random)

Progression free survival

Avelumab plus axitinib 0.8255 0.8255
Pembrolizumab plus axitinib 0.8002 0.8002
Atezolizumab plus bevaci- 0.5679 0.5679
zumab
Nivolumab plus ipilimumab 0.5316 0.5316
IMA901 plus sunitinib 0.3122 0.3122
Sunitinb 0.2377 0.2377
Pazopanib 0.2249 0.2249
Overall survival

Pembrolizumab plus axitinib 0.8052 0.8052
Nivolumab plus ipilimumab 0.7625 0.7625
Avelumab plus axitinib 0.6141 0.6141
Pazopanib 0.433 0.433

Atezolizumab plus bevaci- 0.4094 0.4094

zumab
Sunitinb 0.2721 0.2721
IMA901 plus sunitinib 0.2038 0.2038
Adverse events

Nivolumab plus ipilimumab 0.9999 0.9999
Sunitinb 0.5985 0.5985
Avelumab plus axitinib 0.5944 0.5944
Pazopanib 0.4817 0.4817
Pembrolizumab plus axitinib 0.2517 0.2517
IMA901 plus sunitinib 0.0737 0.0737

[25, 26]. Therefore, we focused only on phase-3 studies
which included sunitinib as the control arm and included
recently published data, such as updated results from the
KEYNOTE-426 trial [12]. As a result, this design may be
more reasonable compared with an already published paper
by Hahn et al. [25]. In addition, this network meta-analysis
included AE outcomes. This is of greater relevance to clini-
cal practice than the recent study by Monteiro et al. [26].
On these points, current paper may more readily facilitate
individualized treatment selection.

In this meta-analysis, pembrolizumab plus axitinib,
a combination of an anti-programmed death 1 (PD-1)
monoclonal antibody and VEGF receptor (VEGFR) TKI,
appeared to be the best therapeutic option based on its ben-
efit for OS and PFS. Blockade of immune checkpoints, such
as cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4)
and PD-1, that are negative regulators which inhibit T-cell
proliferation and activity, could result in tumor eradication
through reactivation and enhancement of the internal T-cell
response [27]; moreover, VEGF inhibition has been shown
to suppress angiogenesis as well as increase the recruitment
and tumor infiltration of T cells [28, 29]. Indeed, it has been
shown in mouse models that simultaneous inhibition of the
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VEGEF and PD-1 pathways not only reduced tumor neovas-
cularization and upregulation of pro-inflammatory cytokines
but also inhibited tumor growth [30, 31]. Thus, the finding
that the combination of ICI and VEGF axis inhibitors could
play a key role in the treatment of mRCC led to a large num-
ber of clinical trials to test such combinations. Our pooled
analysis of the effects of these combinations revealed that
pembrolizumab plus axitinib represented the best treatment
with regard to OS and PFS, despite major concerns over
toxicity from previous studies combining PD-1 inhibitors
nivolumab and pembrolizumab with sunitinib or pazopanib
[32, 33]. However, in this analysis, pembrolizumab plus
axitinib resulted in similar high-grade AEs to those with
sunitinib; this may be because axitinib is a highly selective
inhibitor of VEGFR, while sunitinib and pazopanib have a
broader range of targets [34].

The use of nivolumab in combination with ipilimumab,
a dual checkpoint inhibitor with selective affinity for
immune cells that express PD-1 and CTLA-4 molecules,
produced impressive results in mRCC patients [8, 22].
While nivolumab plus ipilimumab may not be as effective
as pembrolizumab plus axitinib according to our network
meta-analysis, this combination was superior to sunitinib,
both with regard to PFS/OS and its safety profile, as it was
associated with fewer serious AEs. Thus, nivolumab plus
ipilimumab appears to provide the most favorable-risk/ben-
efit treatment.

Despite the comprehensive nature of the systematic
review undertaken, there are some limitations that need to
be considered. First, although indirect treatment compari-
son analyses have been used and validated for comparing
outcomes from RCTs, this approach falls short of a head-
to-head treatment comparison. Thus, direct well-designed
comparative trials are required to validate the findings of
this study. Second, this network meta-analysis was based
on the reporting quality of the trials we reviewed and may
have been affected by several types of bias, thus limit-
ing the validity of the overall findings. Third, the patient
characteristics may have differed significantly between
the studies, limiting the comparability of the trials evalu-
ated. Moreover, the OS benefits of the treatments were not
evaluated in some of the trials that assessed PFS as the
primary endpoint, which did not allow the comprehen-
sive evaluations of OS benefits of all existing treatments.
While not being an individual patient data meta-analy-
sis, this study demonstrated no major differences in the
patient characteristics, suggesting that some confounding
factors, such as prognostic risk categories and PD-L1 sta-
tus, may have influenced the systemic treatment benefit;
this was not ascertainable at the individual patient level.
Moreover, because of the limitations of published data,
performing a meta-analysis of adjusted effect estimates
proved to be impossible. Fourth, the doses and methods
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Fig.2 Forest plots showing the association of systemic therapy in metastatic renal cell carcinoma. a Objective response, b complete response

of administration of each systemic treatment in the stud-
ies included may differ from those in real-world clinical
practice, and therefore, the efficacy and toxicity may have
differed according to the dose and method of administra-
tion. Most notably, while individualized dose adjustment
of sunitinib has been shown to improve its efficacy and
tolerability, the studies included in this analysis employed
the standard dose regimen only [35, 36]. Fifth, some of
the treatments evaluated here are least likely to reach
the clinic and/or remain of only relative interest (e.g.,
sunitinib +IMA901). Finally, differences in subsequent
therapies received across the treatment arms in the trials
evaluated may have possibly influenced the OS results.
In addition, the OS data from some trials were imma-
ture; thus, the study outcomes could change in their final
analysis. Nevertheless, the current network meta-analysis
suggests that pembrolizumab plus axitinib appears to be
the best option in the first-line setting. This could help
improve clinical decision making, while the present meta-
analysis is not intended to replace the need for head-to-
head clinical trials of contemporary first-line therapies.

Conclusion

In this systematic review and network meta-analysis of
first-line systemic therapies for patients with mRCC, based
on an indirect comparison of data from phase-3 clinical
trials, pembrolizumab plus axitinib was identified as hav-
ing a high likelihood of providing the maximum PFS
and OS benefits. In addition, nivolumab plus ipilimumab
appeared to have the most favorable tradeoff between effi-
cacy and tolerability. These findings may provide guidance
to patients and clinicians for treatment decisions, when
considered with other aspects that drive personalized
medicine strategies for mRCC.
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