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Abstract.

BACKGROUND: Combination or multi-agent therapy including immune checkpoint inhibitors has shifted the landscape
of the treatment of advanced/metastatic renal cell carcinoma. There are several approved immune checkpoint inhibitor (ICI)
combinations featuring antibodies against programmed cell death protein 1 (PD-1) receptor or its ligand 1 (PD-L1) combined
with other immune checkpoint inhibitors, multi-targeted tyrosine kinase inhibitors (TKIs), or other agents active in renal cell
carcinoma.

OBJECTIVE: This study aims to compile the evidence of available first-line combination therapies compared to sunitinib
monotherapy in advanced renal cell carcinoma.

METHODS: A systematic literature search was conducted according to the PRISMA statement to identify all randomized
Phase I1I clinical trial data in previously untreated metastatic renal cell carcinoma featuring an immune checkpoint inhibitor
combination compared against sunitinib. A two-stage selection process was utilized to determine eligible studies. Of a total
of 124 studies and 94 additional abstracts, 6 studies were considered for final analysis. These studies were evaluated for
progression free survival (PFS), overall survival (OS), Grade III or higher adverse events (AEs), objective response rate
(ORR), and complete response rate (CRR).

RESULTS: 6 studies with 5,121 patients met our search criteria. For OS, ICI combination therapy was favored over sunitinib
with an estimated combined hazard ratio of 0.74 (0.67-0.81 95%CI). For PFS, ICI combination therapy was favored over
sunitinib with an estimated combined hazard ratio of 0.65 (0.52—0.82, 95% CI). The combination of nivolumab and ipilimumab
had the longest duration of response and less incidence of grade III or higher adverse events compared to the combination of
anti-PD-1/PD-L1 with TKI. The combination of anti-PD-1/PD-L1 with TKI had higher rates of overall response and longer
PFS than the combination of nivolumab/ipilimumab.

CONCLUSIONS: This meta-analysis supports the recommendation of immune checkpoint inhibitor combination therapy
over sunitinib monotherapy for previously untreated advanced renal cell carcinoma by virtue of improved PFS and OS. The
choice of which ICI combination therapy to use may be guided by patient-specific characteristics including IMDC risk status,
adverse effect profile, and need for early response.
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INTRODUCTION

The treatment landscape for advanced or meta-
static renal cell carcinoma (aRCC) has shifted con-
siderably in the past five years. With increased
understanding of the pathophysiology of the most
common histologic variant, clear cell renal cell car-
cinoma, targeted therapies have been developed and
studied with improvements in overall survival [1].
Targeting vascular endothelial growth factor (VEGF)
and other angiogenic signals through monoclonal
antibodies or multi-targeted tyrosine kinase inhibitors
(TKIs) led to improved outcomes in aRCC [2-4].
Identified mutations in the mammalian target of
rapamycin (mTOR) pathway led to studies featur-
ing mTOR inhibitors, which were also approved
for the systemic treatment of aRCC [5]. Lastly, the
immunogenic nature of kidney cancer has allowed
for the use immunotherapies including interferon-
alfa, IL-2, and immune checkpoint inhibitors (e.g.,
antibodies against programmed cell death protein 1
(PD-1) receptor or its ligand 1 (PD-L1) or cytotoxic
T-lymphocyte-associated protein 4 (CTLA-4)) [6-9].

The standard of care therapy for much of the
past two decades has generally been monotherapy
with one of the aforementioned agents, typically a
multi-targeted TKI such as sunitinib, pazopanib, or
cabozantninib. More recently, randomized, phase I11
trials have shifted the paradigm of front-line treat-
ment to combination therapies including immune
checkpoint inhibitors (ICI) [9—14]. The combinations
feature a PD-1/PD-L1 inhibitor paired with either a
CTLA-4 inhibitor, an anti- VEGF antibody, or a multi-
targeted VEGF TKI. With new phase III data on novel
ICI combinations being published, a significant clin-
ical question has become not just whether to use
ICI combinations in the first-line setting, but which
combination should be preferred. In the absence of
direct comparisons, a systematic review may be able
to identify patterns to help guide future head-to-head
studies. Thus, we aimed to summarize the available
evidence for ICI combinations in the first line set-
ting and perform a meta-analysis that may generate
additional hypotheses and studies.

MATERIAL AND METHODS
Search strategy

We sought to identify all English-language, ran-
domized Phase III clinical trial data in previously
untreated metastatic renal cell carcinoma featuring
an immune checkpoint inhibitor combination com-

pared against sunitinib. A systematic literature search
was conducted in accordance with PRISMA rec-
ommendations [15]. PubMed search terms included
combinations of advanced and/or metastatic renal
cell carcinoma as well as the phrase “previously
untreated”. Full search terms are available in the
appendix. A supplementary search was performed
manually to identify congress abstracts published
in American Society of Clinical Oncology (ASCO)
Annual Meeting, ASCO Genitourinary Cancers Sym-
posium (ASCO-GU) and European Society for
Medical Oncology (ESMO) Annual Meeting from
January 2020 to February 2021.

Inclusion criteria necessitated that studies inves-
tigated advanced/metastatic clear-cell renal cell
carcinoma patients undergoing first-line treatment
with an immunotherapy combination compared to
patients undergoing first-line treatment with suni-
tinib. Included studies needed to report PFS, OS,
objective response, and AEs in phase III randomized
clinical trials only.

Exclusion criteria for records included non-
English studies, non-original articles (reviews, meta-
analyses), letters, editorials, and case reports. In cases
of multiple publications on the same cohort, the most
recent publication was selected. References of all
papers included were scanned for additional studies
of interest.

Outcome measures and statistical analyses

Multiple outcomes were extracted for the purposes
of this study, including progression-free survival
(PFS), overall survival (OS), objective response rate
(ORR), complete response rate (CRR) and adverse
events (AE).

PFS was defined as time from randomization to
first radiographic progression or death due to any
cause, censoring individuals without progression at
the last disease evaluation. OS was defined as time
from randomization to death due to any cause, censor-
ing individuals at the date last known alive. Objective
response was defined as the percentage of enrolled
patients who achieved either a complete or partial
response, based on investigator assessment. Adverse
events were defined by the total incidence of any or
treatment-related grade 3 or higher adverse event as
defined in the respective study.

For PFS and OS, estimated log HRs and stan-
dard errors were calculated from the published HRs
and CIs. Outcomes for OS and PFS are presented
as HR with 95% confidence interval (CI). Subgroup
analyses on PFS and OFS were additionally per-
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formed for favorable and intermediate/poor-risk
disease as categorized by the International mRCC
Database Consortium risk categorization (IMDC)
[16]. For evaluation, of AE, ORR, and CRR, odds
ratios (with 95% confidence intervals) were calcu-
lated from the available summarized data presented
in the selected studies.

Review Manager (RevMan) software version 5.4
(The Nordic Cochrane Centre, The Cochrane Col-
laboration, Copenhagen) was utilized for this meta-
analysis. Fixed and random effect models were used
according to the /> value of heterogeneity; for I> <
50%, a fixed effect model was applied, whereas for
I?>50% a random model was used. A two-tailed p-
value < 0.05 was considered statistically significant.

RESULTS

A CONSORT diagram for the selection process of
included studies is provided in Fig. 1. Initial database
search identified 124 records of interest with an addi-
tional 94 records coming from abstract search of the
most recent relevant genitourinary oncology confer-
ences, summing 218 records initially screened. After
screening per the above inclusion and exclusion crite-
ria, 6 prospective, randomized Phase III clinical trials
were analyzed and compiled for meta-analysis. In
sum, the 6 studies included 5,121 subjects. The most
recent published or presented update to the study was
used for the purposes of analysis [14, 17-21]. The
included studies evaluated nivolumab (anti-PD-1)
with ipilimumab (anti-CTLA-4), atezolizumab (anti-
PD-L1) with bevacizumab (anti-VEGF), avelumab
(anti-PD-L1) with axitinib (TKI), pembrolizumab
(anti-PD-1) with axitinib, nivolumab with cabozan-
tinib (TKI), and pembrolizumab with lenvantinib
(TKI). Study demographics and design are presented
in Table 1.

Notable results from each of the included studies
are presented in Table 2 including median OS, median
PFS, ORR, CRR, duration of response, and median
follow up.

Intention to treat population: Overall survival

A meta-analysis comparing OS between patients
treated with an ICI combination therapy versus
sunitinib was performed (Fig. 2). ICI combination
therapy resulted in improved OS compared to suni-
tinib with an estimated combined hazard ratio of 0.74
(0.67-0.81 95%CI).

124 studies 94 additional
identified studies
through identified
database through other
searching sources

ASCOGU
Abstracts = 7

ASCO Abstracts

ESMO Abstracts
=12

—
N T

218 studies
screened

124 full-text
articles assessed
for eligibility

6 studies
included in
qualitative
synthesis

6 studies
included in
quantitative
synthesis
(meta-analysis)

Fig. 1. CONSORT Diagram outlining the selection process of
included studies.

Intention to treat population: Progression free
survival

A meta-analysis comparing PFS between patients
treated with immune checkpoint inhibitor (ICI) com-
bination therapy versus sunitinib was performed
(Fig. 3). The results favored the use ICI combi-
nation therapy over sunitinib for progression free
survival with an estimated combined hazard ratio
of 0.65 (0.52-0.82, 95% CI). Of the treatment
options, the combination of two checkpoint inhibitors
nivolumab + ipilimumab was the only option whose
hazard ratio did not reach statistical significance.

Intention to treat population: Objective response
rate

A meta-analysis comparing objective response rate
between patients treated with an ICI combination
therapy versus sunitinib was performed (Fig. 4).
Patients receiving ICI combination had a higher



Table 1
Study Demographics

CheckMate 214 IMmotion151 JAVELIN 101 KEYNOTE-426 CheckMate 9ER CLEAR
Year 2018 2019 2019 2019 2020 2021
Treatment Nivolumab 3 mg/kg Atezolizumab 1200 mg Avelumab 10 mg/kg Pembrolizumab 200 mg Nivolumab 240 mg Pembrolizumab 200 mg

Ipilimumab 1 mg/kg Bevacizumab 15 mg/kg Axitinib 5 mg Axitinib 5 mg Cabozantinib 40 mg Lenvatinib 20 mg
Control Sunitinib 50 mg Sunitinib 50 mg Sunitinib 50 mg Sunitinib 50 mg Sunitinib 50 mg Sunitinib 50 mg
N (T/C) 550/546 550/546 442/444 432/429 323/328 355/357
Median Age (T/C) 62/62 62/62 62/61 62/61 62/61 64/61
% Male (T/C) 75172 75172 71.5/717.5 71.3/74.6 77171 71.8/77.0
Favorable (T/C) 125/124 (23%/23%) 125/124 (23%/23%) 94/96 (21.3%/21.6%) 138/131 (31.9%/30.5%) 74172 (23%/122%) 110/124 (31%/34.7%)
Intermediate (T/C) 334/333 (61%/61%) 334/333 (61%/61%) 271/276 (61.3%/62.1%) 238/246 (55.1%/57.3%) 187/187 (58%/57%) 210/192 (59.2%/53.8%)
Poor (T/C) 91/89 (17%/16%) 91/89 (17%/16%) 72/71 (16.2%/16.0%) 56/52 (13%/12.1%) 61/69 (19%/21%) 33/37 (9.3%/10.4%)
T indicates treatment arm, C indicates control arm.
Table 2
Notable results from the 6 included studies
CheckMate 214 IMmotion 151 JAVELIN 101 KEYNOTE-426 CheckMate 9ER CLEAR
(Nivo/Ipi), (Atezo/Bev), (Ave/Axi), (Pembro/Axi), (Nivo/Cabo), (Pembro/Len),
(n=550 vs n=546) (n=454 vs n=461) (n=442 vs n=444) (n=432 vs n=429) (n=323 vs n=328) (n=355vs n=357)

mOS, months NR vs 38.4 33.6 vs 34.9 NR vs NR NR vs 35.7 NR vs NR NR vs NR
HR (CI) 0.69 (0.59-0.81) 0.93 (0.76-1.14) 0.80 (0.62-1.03) 0.68 (0.55-0.85) 0.66 (0.40-0.89) 0.66 (0.49-0.88)
mPFS, months 12.2vs 12.3 11.2vs 8.4 13.3 vs 8.0 154 vs11.1 16.6 vs 8.3 23.9vs9.2
HR (CI) 0.89 (0.76-1.05) 0-83 (0.70-0.97) 0.69 (0.57-0.83) 0.71 (0.60-0.84) 0.51 (0.41-0.64) 0.39 (0.32-0.49)
ORR % (CI) 39.1% (35 to 43) 37% (32 to 41) 52.5% (47.7-57.2) 60% (55.4-64.8) 55.7% (50.1-61.2) 71.0% (66.3-75.7)
CRR, % 10.7% 5% 3.8% 9% 8.0% 16.1%
Duration of Response, months (CI) NR (49.5 - NR) 16.6 (15— NR) 18.5 (17.8-NR) 23.5(19.4-29.0) 20.2 (not reported) 25.8 (22.1-27.9)
Median Follow up, months 55 24 19.3 30.6 18.1 26.6

Nivo: nivolumab, Ipi: ipilimumab, Atezo: atezolizumab, Bev: bevacizumab, Ave: avelumab, Axi: axitinib, Pembro: pembrolizumab, Cabo: cabozantinib, Len: lenvantinib, NR: not reached. All

confidence intervals are 95%.
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objective response rate than those receiving suni-
tinib with a combined estimated odds ratio of 2.30
(1.51-3.49, 95% CI).

Intention to treat population: Complete response
rate

A meta-analysis comparing complete response rate
between patients treated with an ICI combination
therapy versus sunitinib was performed (Fig. 5).
Patients receiving ICI combination had a higher com-
plete response rate than those receiving sunitinib with
a combined estimated odds ratio of 3.07 (2.36-4.01,
95% CI).

Intention to treat population: Adverse events

A meta-analysis comparing incidence of Grade 3
or higher adverse events between patients treated
with an ICI combination therapy versus sunitinib
was performed (Fig. 6). In this analysis, an OR > 1
measures an increase in the likelihood of adverse
events for immune checkpoint combination. Over-
all, the incidence of grade 3 or higher adverse events
was comparable between sunitinib and ICI combina-
tion therapy with a combined estimated odd ratio of
1.01 (0.67-1.52 95%CI). Therapies including a TKI
appeared to have similar or more incidence of grade 3
adverse events compared to sunitinib alone (OR < 1).
Meanwhile, therapies without a VEGF TKI demon-
strated less likelihood of adverse effects compared to
sunitinib (OR > 1).

IMDC favorable risk population: PFS and OS

Meta-analyses comparing PFS and OS in patients
receiving ICI combination versus sunitinib was per-
formed specifically on the IMDC favorable risk
subgroup. Although subgroup analysis of PFS was
reported in IMmotion 151, it did not include reported
confidence intervals and so was not included in the
metanalysis of PFS. Subgroup analysis of OS was
not reported in IMmotion151. Progression-free sur-
vival seems to favor ICI combination therapy as
a group with a combined estimated HR of 0.75
(0.45-1.26, 95%CI) compared to sunitinib (Fig. 7).
The effect is driven by the combination of ICI and
TKI, as sunitinib demonstrated longer PFS compared
to nivolumab/ipilimumab in CheckMate 214. Exclud-
ing CheckMate 214 from the analysis adjusted the
HR to 0.6 (0.45-0.81, 95%CI) in studies comparing
immune checkpoint inhibitor with TKI to sunitinib
alone.

Meta-analysis of overall survival in the favorable
risk group treated with either ICI combination or suni-

tinib did not reveal a significant difference with a
combined estimated HR of 0.96 (0.73-1.26, 95%CI)
favoring ICI combination (Fig. 8). The true effect on
OS may be elucidated as the data matures from these
recent trials.

IMDC intermediate/poor risk population: PFS
and OS

Meta-analyses comparing PFS and OS in patients
receiving ICI combination versus sunitinib was
performed specifically on the IMDC intermedi-
ate and poor risk subgroup. CheckMate 214 and
KEYNOTE-426 reported PFS and OS in a combined
intermediate/poor risk group. Javelin 101, Check-
Mate 9ER, and CLEAR reported PFS and OS in
distinct intermediate and poor subgroups. Although
subgroup analysis of PFS was reported in IMmotion
151, it did not include reported confidence intervals
and so was not included in the metanalysis of PFS.
Subgroup analysis of OS was not reported in IMmo-
tion151. Overall, treatment with immune checkpoint
combination therapy demonstrated an improved PFS
compared to sunitinib with an overall estimated HR
of 0.67 (0.61-0.73) in intermediate and poor risk
patients (Fig. 9).

Overall survival was improved with ICI com-
bination therapy compared to sunitinib in this
patient population with a combined estimated HR of
0.63 (0.54-0.72, 95%C1I) favoring ICI combination
(Fig. 10).

DISCUSSION

Recent advances in the treatment of aRCC have
seen the study and approval of multiple immune
checkpoint inhibitors in combination with other
immune checkpoint inhibitors or multi-targeted
VEGF TKIs in the first-line treatment setting. A
rapid systematic review and meta-analysis was per-
formed to evaluate and compile the most recent
data regarding the use of ICI combination therapy
compared against sunitinib. Other reviews and meta-
analyses have previously established the efficacy and
preference for ICI combination therapies, but with the
recent publication of several new trials, an up-to-date
evaluation of the most commonly used combinations
in previously untreated aRCC is justified [22-25].
The findings of this study confirm the superiority
of ICI combination therapy over sunitinib and sug-
gests that a combination option be selected ahead of
TKI monotherapy for untreated aRCC. While some
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ICI Combination Sunitinib Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Total Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
CheckMate 214 (ipi/nivo) -0.3692 0.0808 550 546 33.6% 0.69[0.59, 0.81] -
IMmotion151 (atezo/bev) -0.0717 0.1034 454 461 20.5% 0.93 [0.76, 1.14] —
Javelin 101 {(ave faxi) -0.2289 0.1304 442 444 12.9% 0.80 [0.62, 1.03] -
KEYNOTE-426 (pembro/axi) -0.3802 0.1111 432 429 17.8% 0.68 [0.55, 0.85] —_—
CheckMate 9ER (nivo/cabo) -0.5164 0.204 323 328 5.3% 0.60 [0.40, 0.89]
CLEAR (pembroy/len) -0.4206 0.1494 355 357 9.8% 0.66[0.49, 0.88] —_—
Total (95% CI) 2556 2565 100.0% 0.74 [0.67, 0.81] <»
Heterogeneity: Chi® = 8,19, df = 5 (P = 0.15); I = 39% D:Z 0?5 + i
Test for overall effect: Z = 6.50 (P < 0.00001) Favours [ICI Combination] Favours [Sunitinib]
Fig. 2. Forest plot of comparison Immunotherapy Combinations versus Sunitinib (ITT), outcome: Overall Survival.
ICI Combination Sunitinib Hazard Ratio Hazard Ratio
Study or Subgrou [Hazard Ratio] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
CheckMate 214 (ipi/nivo) -0.1128 0.0825 550 546 17.2% 0.89 [0.76, 1.05]
IMmotion151 (atezo/bev) -0.1936 0.0832 454 461 17.1% 0.82 [0.70, 0.97] -
Javelin 101 (ave/axi) -0.3737 0.0925 442 444 16.8%  0.69[0.57, 0.82] —
KEYNOTE-426 (pembro/axi) -0.3426 0.0858 432 429 17.0% 0.71 [0.60, 0.84] —
CheckMate 9ER (nivo/cabo) -0.6689 0.1136 323 328 15.9% 0.51[0.41, 0.64] —_—
CLEAR (pembro/len) -0.9327 0.1119 355 357 16.0%  0.39[0.32,0.49] —_—
Total (95% CI) 2556 2565 100.0% 0.65 [0.52, 0.82] ‘
Heterogeneity: Tau? = 0.07; Chi* = 46.52, df = 5 (P < 0.00001); I* = 89% 0:2 :5 1 é é
Test for overall effect: Z = 3.69 (P = 0.0002) " Favours [ICI comb 1 Favours [S: bl
Fig. 3. Forest plot of comparison Immunotherapy Combinations versus Sunitinib (ITT), outcome: Progression Free Survival.
ICI combination Sunitinib 0Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Rand 95% Cl M-H, Rand 95% Cl
CheckMate 214 (ipi/nivo) 215 550 177 546 17.0% 1.34 [1.04, 1.71] —
IMmotion151 (atezo/bev) 166 454 153 461 16.8% 1.16 [0.88, 1.52] T
Javelin 101 (ave/axi) 232 442 121 444 16.7% 2.95 [2.23, 3.90] i
KEYNOTE-426 (pembro/axi) 260 432 171 429 16.8% 2.28[1.74, 3.00] —_—
CheckMate 9ER (nivo/cabo) 180 323 89 328 16.3% 3.38 [2.44, 4.69] e —
CLEAR (pembro/len) 252 355 129 357 16.4% 4.32 [3.16, 5.92] —_—
Total (95% CI) 2556 2565 100.0% 2.30 [1.51, 3.49] -‘—
Total events 1305 840
Heterogeneity: Tau? = 0.25; Chi? = 65.10, df = 5 (P < 0.00001); I* = 92% 50 1 0?2 0=5 t } 10:
Test for overall effect: Z = 3.91 (P < 0.0001) Favours [Sunitinib] Favours [ICI combination]
Fig. 4. Forest plot of comparison Immunotherapy Combinations versus Sunitinib (ITT), outcome: Objective Response Rate.
ICI Combination Sunitinib Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
CheckMate 214 (ipi/nivo) 59 550 14 546 18.0% 4.57 [2.52, 8.28] 2018 —_—
IMmotion151 (atezo/bev) 24 454 10 461 13.5% 2,52 [1.19,5.33] 2019
Javelin 101 (ave/axi) 17 442 9 444 12.4% 1.93 [0.85, 4.38] 2019 =
KEYNOTE-426 (pembro/axi) 38 432 14 429 18.4% 2.86 [1.53, 5.36] 2019 -
CheckMate 9ER (nivo/cabo) 26 323 15 328 19.7% 1.83 [0.95, 3.52] 2020
CLEAR (pembro/len) 57 355 15 357 18.0% 4.36 [2.42, 7.86] 2021 —_—
Total (95% CI) 2556 2565 100.0%  3.07 [2.36, 4.01] i
Total events 221 77
. 2 p— = v 12 = : : I 1 :
Heterogeneity: Chi* = 7.03, df = 5 (P = 0.22); I’ = 29% o1 ) )

Test for overall effect: Z = 8.28 (P < 0.00001)

0.5
Favours [sunitinib] Favours [ICI combination]

Fig. 5. Forest plot of comparison Immunotherapy Combinations versus Sunitinib (ITT), outcome: Complete Response Rate.

ICI Combination Sunitinib Odds Ratio (Non-event) 0dds Ratio (Non-event)
Study or Subgroup Events Total Events Total Weight M-H, 95% Cl _Year M-H, Rand 95% CI
CheckMate 214 (ipi/nivo) 262 547 343 535 17.1% 1.94 [1.52, 2.48] 2018 —_—
IMmotion151 (atezo/bev) 182 451 240 446 16.9% 1.72 [1.32, 2.24] 2019 —_—
Javelin 101 (ave/axi) 309 434 314 439 16.7% 1.02 [0.76, 1.36] 2019 e
KEYNOTE-426 (pembro/axi) 287 429 265 425 16.8% 0.82 [0.62, 1.09] 2019 —_—
CheckMate 9ER (nivo/cabo) 196 323 167 328 16.5% 0.67 [0.49, 0.92] 2020 —_—
CLEAR (pembro/len) 290 352 244 340 16.0% 0.54 [0.38, 0.78] 2021 —_—r
Total (95% Cl) 2536 2513 100.0% 1.01 [0.67, 1.52]
Total events 1526 1573
Heterogeneity: Tau? = 0.24; Chi? = 60.67, df = 5 (P < 0.00001); I* = 92% 052 + 'y

Test for overall effect: Z = 0.06 (P = 0.95)

0.5 1
Favours [Sunitinib] Favours [ICI Combination]

Fig. 6. Forest plot of comparison Immunotherapy Combinations versus Sunitinib (ITT), outcome: Adverse Events (Grade 3 or higher).
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ICI Combination Sunitinib Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Total Total Weight IV, Random, 95% Cl _Year IV, Random, 95% CI
CheckMate 214 (ipi/nivo) 0.6089 0.1808 125 124 20.6% 1.84 [1.29, 2.62] 2018 —_—
Javelin 101 (ave/axi) -0.469 0.2321 94 96 19.4% 0.63 [0.40, 0.99] 2019 —_—
KEYNOTE-426 (pembro/axi) -0.238 0.1654 138 131 20.9% 0.79 [0.57, 1.09] 2019 _—
CheckMate 9ER (nivo/cabo) -0.4788 0.2494 74 72 18.9% 0.62 [0.38, 1.01] 2020 e |
CLEAR (pembro/len) -0.8755 0.2028 110 124 20.1%  0.42[0.28, 0.62] 2021 —_—
Total (95% CI) 541 547 100.0% 0.75 [0.45, 1.26) e
Heterogeneity: Tau? = 0.30; Chi® = 33.71, df = 4 (P < 0.00001); I* = 88% + O:S 4 é

Test for overall effect: Z = 1.07 (P = 0.28)

0.2 3
Favours [ICI Comb ion] Favours

Fig. 7. Forest plot of comparison Immunotherapy Combinations versus Sunitinib (IMDC Favorable Risk), outcome: Progression Free

Survival.
ICI Combination Sunitinib Hazard Ratio Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Total Total Weight IV, Fixed, 95% Cl Year IV, Fixed, 95% CI
CheckMate 214 (ipi/nivo) -0.0708 0.2078 125 124  44.3% 0.93 [0.62, 1.40] 2018 —a—
Javelin 101 (ave/axi) -0.2088 0.4499 94 96 9.4% 0.81(0.34, 1.96] 2019 I E—
KEYNOTE-426 (pembro/axi) 0.0549 0.2886 138 131 22.9% 1.06 [0.60, 1.86] 2019 I —
CheckMate 9ER (nivo/cabo) -0.1859 0.4408 74 72 9.8% 0.83[0.35, 1.97] 2020 I E—
CLEAR (pembro/len)} 0.1388 0.3759 110 124 13.5% 1.15[0.55, 2.40] 2021 -_—
Total (95% CI) 541 547 100.0% 0.96 [0.73, 1.26]

Heterogeneity: Chi® = 0.61, df = 4 (P = 0.96); I = 0%
Test for overall effect: Z = 0.27 (P = 0.78)

0.2 0.5 1
Favours [ICI Combination] Favours [Sunitinib]

Fig. 8. Forest plot of comparison Immunotherapy Combinations versus Sunitinib (IMDC Favorable Risk), outcome: Overall Survival.

ICI Combination Sunitinib Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Total Total Weight IV, Fixed, 95% Cl_Year IV, Fixed, 95% CI
3.3.1 Intermediate/Poor Risk
CheckMate 214 (ipi/nivo) -0.3029 0.0893 425 422 27.8% 0.74[0.62, 0.88] 2018 —
KEYNOTE-426 (pembro/axi) -0.3771 0.1034 294 298 20.7% 0.69 [0.56, 0.84] 2019 —_—
Subtotal (95% CI) 719 720 48.5% 0.72 [0.63, 0.82] -
Heterogeneity: Chi® = 0.29, df = 1 (P = 0.59); I* = 0%
Test for overall effect: Z = 4.95 (P < 0.00001)
3.3.2 Intermediate Risk
Javelin 101 (ave/axi) -0.2796 0.1154 271 276 16.6% 0.76 [0.60, 0.95] 2019 —_—
CheckMate 9ER (nivo/cabo) -0.6224 0.1499 188 188 9.9% 0.54 [0.40, 0.72] 2020 _—
CLEAR (pembro/len) -0.3552 0.1331 238 246 12.5% 0.70[0.54, 0.91] 2021 —
Subtotal (95% CI) 697 710 39.0% 0.68 [0.58, 0.78] -
Heterogeneity: Chi® = 3.39, df = 2 (P = 0.18); I = 41%
Test for overall effect: Z = 5.18 (P < 0.00001)
3.3.3 Poor Risk
Javelin 101 (ave/axi) -0.6646 0.2084 72 71 5.1% 0.51([0.34, 0.77] 2019 —_—
CheckMate 9ER (nivo/cabo) -1.0072 0.236 61 68 4.0% 0.37[0.23, 0.58] 2020 —_—
CLEAR (pembro/len) -0.5558 0.252 56 52 3.5% 0.57[0.35, 0.94] 2021 ————
Subtotal (95% CI) 189 191 12.6% 0.48 [0.37, 0.62] -
Heterogeneity: Chi’ = 1.95, df = 2 (P = 0.38); I* = 0%
Test for overall effect: Z = 5.59 (P < 0.00001)
Total (95% CI) 1605 1621 100.0% 0.67 [0.61, 0.73] &
Heterogeneity: Chi* = 13.22, df = 7 (P = 0.07); I* = 47% 4 + i g

Test for overall effect: Z = 8.66 (P < 0.00001)
Test for subgroup differences: Chi* = 7.59, df = 2 (P = 0.02), I* = 73.7%
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Fig. 9. Forest plot of comparison Immunotherapy Combinations versus Sunitinib (IMDC Intermediate/Poor Risk), outcome: Progression

Free Survival.

national guidelines (i.e., Society for Immunotherapy
in Cancer) clearly rank ICI combinations ahead of
TKI monotherapy, others (National Comprehensive
Center Network) only show a preference for ICI com-
bination in the poor/intermediate risk group [26, 27].

In the intention to treat population, ICI combi-
nation therapy demonstrated improved progression
free survival and overall survival over sunitinib.
An interesting observational trend is the temporal
improvement in PES in the studies since 2018. With
respect to overall survival, the two combinations with
a PD-L1 monoclonal antibody did not meet statisti-
cal significance: atezolizumab with bevacizumab and
avelumab with axitinib. The other combinations fea-
turing an anti-PD-1 monoclonal antibody (nivolumab

or pembrolizumab) met the threshold for statistically
significant improvement in OS.

In the meta-analysis, there was no significant dif-
ference in the incidence of grade 3 or higher adverse
events. However, there appeared to be a dichotomy
between combinations including a multi-targeted
TKI and those that did not. All therapies featuring
a TKI either had similar toxicity or worse toxicity
compared to TKI monotherapy with sunitinib. The
combinations of nivolumab with ipilimumab and ate-
zolizumab with bevacizumab had lower likelihood of
grade 3 or higher adverse events compared to suni-
tinib. Objective response rates and complete response
rates favored ICI combination therapy over sunitinib.
In particular, combinations including a TKI trended
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Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE_Weight IV, Random, 95% Cl _Year 1V, Random, 95% CI
3.4.1 Intermediate/Poor Risk
CheckMate 214 (ipi/nivo) -0.4323 0.0938 28.9% 0.65 [0.54, 0.78] 2018 -
KEYNOTE-426 (pembro/axi) -0.4519 0.1231 21.2% 0.64 [0.50, 0.81] 2019 —_—
Subtotal (95% CI) 50.1%  0.64 [0.56, 0.75] <
Heterogeneity: Tau? = 0.00; Chi? = 0.02, df = 1 (P = 0.90); I = 0%
Test for overall effect: Z = 5.89 (P < 0.00001)
3.4.2 Intermediate Risk
Javelin 101 (ave/axi) -0.1511 0.171 13.4% 0.86 [0.61, 1.20] 2019 -_—
CheckMate 9ER (nivo/cabo) -0.3544 0.2154 9.2% 0.70 [0.46, 1.07] 2020 -_—
CLEAR (pembro/len) -0.6241 0.2172 9.1% 0.54 [0.35, 0.82] 2021 _—
Subtotal (95% CI) 31.7% 0.70 [0.54, 0.92] i
Heterogeneity: Tau? = 0.02; Chi? = 2.94, df = 2 (P = 0.23); I = 32%
Test for overall effect: Z = 2.52 (P = 0.01)
3.4.3 Poor Risk
Javelin 101 (ave/axi) -0.5621 0.2302 8.2% 0.57 [0.36, 0.90] 2019 ——
CheckMate 9ER (nivo/cabo) -0.9881 0.2921 5.4% 0.37[0.21, 0.66] 2020 —
CLEAR (pembro/len) -0.8402 0.3212 4.5% 0.43 [0.23, 0.81] 2021 -_—
Subtotal (95% CI) 18.2% 0.47 [0.35, 0.64] e
Heterogeneity: Tau? = 0.00; Chi® = 1.41, df = 2 (P = 0.49); I* = 0%
Test for overall effect: Z = 4.78 (P < 0.00001)
Total (95% CI) 100.0% 0.63 [0.54, 0.72] <
Heterogeneity: Tau? = 0.01; Chi? = 9.03, df = 7 (P = 0.25); I* = 22% 052 u t g'

Test for overall effect: Z = 6.56 (P < 0.00001)
Test for subgroup differences: Chi* = 4.11, df = 2 (P = 0.13), I = 51.4%
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Fig. 10. Forest plotof comparison Immunotherapy Combinations versus Sunitinib (IMDC Intermediate/Poor Risk), outcome: Median Overall

Survival.

toward higher objective response rates. The evidence
suggests that for previously untreated patients with
advanced renal cell carcinoma a combination fea-
turing an immune checkpoint inhibitor should be
considered first-line over monotherapy with a multi-
targeted TKI.

In the IMDC favorable risk subgroup analysis,
treatment with an ICI combination therapy trended
towards, but did not show statistically significant
improved progression-free survival over sunitinib.
However, a meta-analysis of exclusively the com-
bination PD-L1 blockade and TKI did yield a
significant hazard reduction. This correlates with cur-
rent approvals in which the combination of nivolumab
and ipilimumab does not have FDA approval for first-
line treatment in favorable risk aRCC. Meta-analysis
of overall survival was not statistically different
between treatment with all ICI combination thera-
pies or sunitinib in the favorable risk group. Much
of the data for overall survival remains immature and
may further reach significance with extended follow
up. In favorable risk aRCC patients, many clinicians
may favor a combination of immune checkpoint inhi-
bition combined with a TKI given the advantage of
improved PFS, consistent with published guidelines.

In the IMDC intermediate/poor risk subgroup
analysis, treatment with an ICI combination ther-
apy improved both PFS and OS when compared to
sunitinib. Without clear efficacy differences among
the ICI combination therapies, it can be diffi-

cult to select the optimal therapy. We can glean
some information from the above meta-analyses that
guides this challenging dilemma. It appears that
immune checkpoint inhibition with a PD-1/PD-L1
inhibitor combined with a TKI generates more early
responses by virtue of higher overall response rates
and longer median PFS. This may be the opti-
mal choice for patients needing early response on
account of symptomatic metastases. At the same
time, the combination of two checkpoint inhibitors,
anti-PD-1 nivolumab and anti-CTLA-4 ipilimumab
had less objective response rate, but a significantly
longer duration of said response. Additionally, the
combination of nivolumab and ipilimumab had less
Grade 3 or higher toxicity as compared to sunitinib.
Thus, for asymptomatic IMDC intermediate/poor
risk patients or those looking to minimize adverse
events of TKI, the combination of ipilimumab and
nivolumab could provide long-term response. In fact,
the 4-year follow up of CheckMate 214 demon-
strates the feasibility of treatment-free survival,
defined as time between protocol therapy discontin-
uation until subsequent therapy initiation. Long-term
follow up data for studies with immune check-
point inhibitors with TKI will likely inform further
clinical decision making. A clinical trial directly
comparing nivolumab with ipilimumab against an
anti-PD-1 with TKI combination would allow defini-
tive evidence for selection of the optimal first-line
therapy.
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This systematic review and meta-analysis feature
the most recent published phase III studies for previ-
ously untreated aRCC all compared against sunitinib
monotherapy. The meta-analyses herein demonstrate
the superiority of ICI combination therapy over suni-
tinib and begin to address the current clinical dilemma
facing physicians: which ICI combination therapy
should be considered first-line? This study is lim-
ited in its ability to answer the question given the
absence of comparative trials or access to patient level
data. This study is purposefully limited in its scope
to focus on the most recent advances in front-line
treatment of aRCC. Other limitations include those
common to systematic reviews and include report-
ing bias, differences in patient characteristics among
the studies, and reliance on published as opposed to
patient-level data.

Ultimately, the optimal sequencing of therapies in
the aRCC armamentarium can only be decided by
direct comparison in clinical trials. Ongoing stud-
ies have begun to use ICI combination therapy as
the standard of care control arm. The COSMIC-
313 trial is investigating the combination of nivo-
lumab, ipilumab, and cabozantninib compared to
the combination of nivolumab and ipilimumab [28].
The PDIGREE trial is investigating the sequenc-
ing of nivolumab with ipilumab followed by either
nivolumab or nivolumab with cabozantinib [29].
In the absence of randomized clinical trials, fur-
ther information may be gathered by centralized
collection and analysis of patient level data from
the available studies. Furthermore, the study and
development of certain biomarkers may further elu-
cidate subsets of aRCC that respond more favorably
to antiangiogenic medications or immune check-
point inhibition [30, 31]. This systematic review
and meta-analysis cannot replace head-to-head anal-
ysis but may allow for more informed clinical
decision making. Specifically, this study supports
the use of ICI combination therapy over that of
TKI monotherapy in previously untreated aRCC
patients.

CONCLUSIONS

This meta-analysis supports the recommenda-
tion of immune checkpoint inhibition combination
therapy (anti-PD-1/PD-L1 +either anti-CTLA-4 or
TKI) over sunitinib monotherapy for previously
untreated advanced renal cell carcinoma by virtue
of improved PFS and OS. The choice of which

ICI combination therapy to use may be guided
by patient-specific characteristics including IMDC
risk status, adverse effect profile, and need for
early response. Direct comparative trials are further
needed to define the optimal sequencing of available
therapies.
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APPENDIX: SEARCH TERMS

((’carcinoma, renal cell” [MeSH Terms] OR (“car-
cinoma” [All Fields] AND “renal” [All Fields]
AND “cell” [All Fields]) OR “renal cell carcinoma”
[All Fields] OR (“renal” [All Fields] AND “cell”
[All Fields] AND “carcinoma” [All Fields]) OR
(“carcinoma, renal cell” [MeSH Terms] OR (‘“car-
cinoma” [All Fields] AND “renal” [All Fields]
AND “cell” [All Fields]) OR “renal cell carci-
noma” [All Fields] OR (“renal” [All Fields] AND
“cell” [All Fields] AND “cancer” [All Fields]) OR

“renal cell cancer” [All Fields]) OR (“carcinoma,
renal cell” [MeSH Terms] OR (“carcinoma” [All
Fields] AND “renal” [All Fields] AND “cell” [All
Fields]) OR “renal cell carcinoma” [All Fields]
OR (“kidney” [All Fields] AND “carcinoma” [All
Fields]) OR “kidney carcinoma” [All Fields]) OR
(“kidney neoplasms” [MeSH Terms] OR (“kidney”
[All Fields] AND “neoplasms” [All Fields]) OR
“kidney neoplasms” [All Fields] OR (“kidney” [All
Fields] AND “cancer” [All Fields]) OR “kidney
cancer” [All Fields])) AND (“advance” [All Fields]
OR “advanced” [All Fields] OR ‘“advancement”
[All Fields] OR “advancements” [All Fields] OR
“advances” [All Fields] OR ““advancing” [All Fields]
OR (“metastatically” [All Fields] OR “metastatics”
[All Fields] OR “metastatization” [All Fields]
OR “metastatize” [All Fields] OR “metastatized”
[All Fields] OR “metastatizing” [All Fields] OR
“secondary” [MeSH Subheading] OR “‘secondary”
[All Fields] OR “metastatic” [All Fields])) AND
“clinical trial” [Publication Type] AND “previously
untreated” [All Fields]) AND (clinicaltrial[Filter])

=124.

ASCO GU search “Advanced renal cell carcinoma” =7
ASCO search “Advanced renal cell carcinoma” =75
ESMO search “Advanced renal cell carcinoma” =12
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