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ARTICLE INFO ABSTRACT

Keywords: Background: Recently, immune checkpoint inhibitor (ICI)-combination therapies have radically altered the
Cytore_duftlve nephrectomy treatment landscape in metastatic renal cell carcinoma (mRCC). No phase 3 trials have assessed the impact of
Combination therapy cytoreductive nephrectomy (CN) for efficacy in mRCC patients treated with ICI-combination therapy. We aimed

Immune-combination therapy to assess the role of ICI-combination therapy based on CN status.

Methods: Multiple databases were searched for articles published until June 2021. Studies comparing overall
and/or progression-free survival (OS/PFS) in mRCC patients treated with ICI combination-therapy were deemed
eligible.

Results: Six studies met the eligibility criteria. ICI-combination therapy was associated with significantly better
OS/PFS than sunitinib in patients who had undergone CN (hazard ratio [HR], 0.67; 95% confidence interval [CI],
0.59-0.77/HR, 0.57; 95% CI, 0.44-0.74, respectively; both P < 0.001), and in those who had not (HR, 0.69; 95%
CI, 0.57-0.85/HR, 0.63; 95% CI, 0.52-0.77, respectively; both P < 0.001). Although the OS and PFS benefits of
ICI-combination therapy were larger in those undergoing CN, the HR for OS and PFS indicated that ICI-
combination therapy’s treatment effect did not differ substantially with or without CN. In network meta-ana-
lyses, nivolumab plus cabozantinib was the most effective regimen in those undergoing CN, and pembrolizumab
plus lenvatinib for those not undergoing CN.

Conclusion: The effect of ICI combination therapy did not differ between mRCC patients undergoing and not
undergoing CN. As each ICI combination regimen varied widely in its effect in patients undergoing and not
undergoing CN, CN may contribute to better treatment decision-making for ICI-combination therapy recipients.

* Corresponding author at: Wahringer Giirtel 18-20, 1090, Vienna, Austria.
E-mail addresses: morikeiichiro29@gmail.com, keiichiro.mori@meduniwien.ac.at (K. Mori).

https://doi.org/10.1016/j.intimp.2022.108720
Received 19 December 2021; Received in revised form 5 March 2022; Accepted 17 March 2022

Available online 24 March 2022
1567-5769/© 2022 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


mailto:morikeiichiro29@gmail.com
mailto:keiichiro.mori@meduniwien.ac.at
www.sciencedirect.com/science/journal/15675769
https://www.elsevier.com/locate/intimp
https://doi.org/10.1016/j.intimp.2022.108720
https://doi.org/10.1016/j.intimp.2022.108720
https://doi.org/10.1016/j.intimp.2022.108720
http://crossmark.crossref.org/dialog/?doi=10.1016/j.intimp.2022.108720&domain=pdf
http://creativecommons.org/licenses/by/4.0/

K. Mori et al.
1. Introduction

The role of cytoreductive nephrectomy (CN) in patients with meta-
static renal cell carcinoma (mRCC) is yet to be established. Historically,
CN has played a key role in the management of patients with mRCC ever
since randomized trials demonstrated significant improvement in sur-
vival of patients receiving CN and interferon (IF)-a compared to those
receiving IFa alone [1,2]. With the advent of targeted therapy (TT) as
primary therapy for mRCC, the value of CN was readdressed.

Two recent prospective randomized trials, CARMENA and SURTIME,
changed the treatment paradigm for mRCC [3,4]. The CARMENA trial
investigated whether TT alone is inferior to CN followed by TT in terms
of overall survival (OS) in patients with intermediate and poor risk
features [3]. The SURTIME trial studied the role of immediate versus
deferred CN in patients receiving sunitinib [4]. The CARMENA trial met
its primary endpoint, demonstrating that sunitinib alone did not result in
inferior survival when compared to upfront CN followed by sunitinib in
intermediate-poor risk patients [3]. The SURTIME trial did not meet its
primary (modified) endpoint (progression free survival [PFS] rate at 28
weeks). The investigators initially sought to accrue 458 patients
with its primary endpoint defined as PFS, but the trial failed to
achieve its objectives because of not only a poor accrual rate but a
high 18% ineligibility rate, resulting in early trial termination after
enrolling 99 patients. To salvage the study and make it somewhat
interpretable, however, the primary endpoint was later revised as a
28-week PFS survival rate. However, the OS analysis suggested that
upfront CN, thereby postponing systemic therapy, may be detrimental
for patients who need a rapid control of their disease [4]. The results of
these two trials suggest that CN is not appropriate for all patients, but
that some may benefit from either immediate or delayed surgery; careful
patient selection is required to determine whether and when CN is
appropriate in patients with mRCC.

Immunotherapy has revolutionized the treatment of mRCC [5-7].
Immune checkpoint inhibitor (ICI) combination therapies have become
the standard of first-line treatment of mRCC [6-9]. Despite the results of
the CARMENA tiral, patients undergoing CN continue to account for a
large proportion of patients enrolled in ICI combination randomized
trials. Unlike in the TT era, no Phase III trial has assessed the effect of CN
in patients receiving ICIs. Therefore, the value of CN remains unclear in
the era of ICI combination therapy. We sought to assess the role of ICI
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combination therapy based on CN status through a systematic re-
view, meta-analysis, and network meta-analysis of all available
data to date. Additionally, we discussed the value of CN in an era of
ICI combination therapy.

2. Methods

The protocol has been registered in the International Prospective
Register ~ of  Systematic =~ Reviews database = (PROSPERO:
CRD42021262348).

2.1. Search strategy

A systematic review, meta-analysis, and network meta-analysis of
randomized controlled trials in mRCC patients treated with first-line ICI
combination therapies was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-analyses (PRISMA)
statement [10]. 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 May 2021 that investigated first-line systemic therapy
for mRCC. 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).
Furthermore, we also reviewed relevant abstracts presented in major
conferences including the American Society of Clinical Oncology, the
European Society for Medical Oncology, and International Kidney
Cancer Symposium. The primary outcome of interest was OS and the
secondary outcome was PFS. Initial screening based on the titles and
abstracts of the article was performed independently by two in-
vestigators 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 had investigated mRCC patients with/

without CN (patients) who had undergone ICI combination therapy as a
first-line treatment (intervention) compared with patients treated with

Table 1
Study demographics.
Study IMmotion151 JAVELIN Renal CheckMate 214 KEYNOTE 426 CheckMate 9ER CLEAR
101
Year 2019 2019 2018 2019 2021 2021
Compound Atezolizumab plus Avelumab plus Nivolumab plus Pembrolizumab plus Nivolumab plus Pembrolizumab plus
bevacizumab axitinib ipilimumab axitinib cabozantinib lenvatinib

Control Sunitinib Sunitinib Sunitinib Sunitinib Sunitinib Sunitinib

Number (treatment/ 178/184 442/444 425/422 432/429 323/355 355/357
control)

Age (treatment/control) 62/59 62/61 62/61 62/61 62/61 64/61

Male (treatment/ 67%/79% 72%/78% 74%/71% 71%/75% 77%/71% 72%/77%
control)

Poor risk (treatment/ 11%/11%19vs20 12%/10% 21%/21% 91vs89 13%/12% 56vs52 19%/21% 61vs68 9%/10% 32vs32
control) 72vs71

Nephrectomy 84%/83% 80%/80% 80%/76% 83%/83% 69%/71% 74%/77%
(treatment/control)

PD-L1 positivity 100%/100% 61%/65% 26%/29% 59%/62% 26%/25% 30%/33%

Median OS (treatment/ 34.0/32.7 NRE/NRE NRE/26.0 NRE/35.7 NRE/NRE NRE/NRE
control)

Median PFS (treatment/ 11.2/7.7 13.3/8.4 11.6/8.4 15.4/11.1 16.6/8.3 23.9/9.2
control)

Median ORR (treatment/  43%/35% 51%/26% 42%/27% 60%/40% 56%/27% 71%/36%
control)

Subsequent treatment 44%/55% 21%/39% 39%/54% 54%/69% 19%/33% 33%/58%

Median follow up 15 months 10.8/8.6 months 25.2 months 30.6 months 18.1 months 26.6 months

Abbreviation: NR (not reported), NRE (not reached), ORR (objective response rate), OS (overall survival), PD-L1 (programmed death ligand 1), PFS (progression free

survival)
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sunitinib as a first-line treatment (comparison) to assess the differential
effects on OS and PFS (outcome) in Phase III randomized studies only.
We excluded observational studies, reviews, letters, editorials, replies
from authors, case reports, and articles not published in English. Studies
were excluded if they had included no analysis of OS and PFS in patients
undergoing and not undergoing CN. All references included in the
relevant papers were scanned for additional studies of interest.

2.3. Data extraction

Two investigators independently extracted the following informa-
tion from the included articles: study name, publication year, number of
patients, treatment compound, age, sex, risk group, component of RCC,
programmed death ligand 1 (PD-L1) status, subsequent treatment,
oncological 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 ac-
cording to The Cochrane Collaboration’s tool for assessing RoB [11].
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 consulting with the coauthors.

2.5. Statistical analyses
2.5.1. Meta-analysis

First, forest plots were used to assess the HRs and describe the re-
lationships between treatment (ICI combination therapy versus

A) With cytoreductive nephrectomy

Hazard Ratio
IV, Fixed, 95% CI

Study or Subgroup log[Hazard Ratio] SE Weight
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sunitinib) and survival outcomes in patients with CN. Second, forest
plots were used to assess the HRs and describe the relationships between
treatment (ICI combination therapy versus sunitinib) and survival out-
comes in patients without CN. Regarding PFS, subgroup analysis was
conducted in PD-L1-positive patients. Heterogeneity among outcomes of
included studies in this meta-analysis was evaluated using Cochrane’s Q
test and the I? statistic. Significant heterogeneity was indicated by a
P<0.05 in Cochrane’s Q test and a ratio>50% in the I? statistic. We used
fixed-effects models to calculate non-heterogeneous results [12-14].
Random-effects models were used in cases of heterogeneity.

2.5.2. Network meta-analysis

A network meta-analysis was conducted with random- and fixed-
effects models using a frequentist approach to compare treatments,
with sunitinib as the common comparator arm [15,16]. In the assess-
ment for OS, contrast-based analyses were applied with estimated dif-
ferences in the log HR and the standard error calculated from the
published HRs and CIs [17]. Relative treatment effects were presented as
HRs and 95% credible intervals (Crls) [15]. Also, for each outcome, the
different treatments were assessed for relative ranking using the P-score,
which can be considered a frequentist analog to the surface under the
cumulative ranking curve [18,19]. All statistical analyses were per-
formed using R 3.6.3 (The R Foundation for Statistical Computing,
Vienna, Austria; package ‘netmeta’) 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 5,171 publications, of which 4,456
remained following the elimination of duplicates. A further 4,389

Hazard Ratio
IV, Fixed, 95% CI

CheckMate 214 -0.3711 0.1317 27.7% 0.69[0.53, 0.89] —u—
CheckMate 9ER -0.7133 0.2079 11.1% 0.49[0.33, 0.74) —
CLEAR -0.3425 0.1892 134% 0.71[0.49, 1.03] —
IMmotion 151 0 0 Not estimable
JAVRLIN Renal 101 -0.3682 0.1567 19.5% 0.69[0.51,0.94] —
KEYNOTE 426 -0.3425 0.1303 28.3% 0.71[0.55, 0.92] —=—
Total (95% Cl) 100.0% 0.67 [0.59, 0.77] <
ez = _ _ o , , \ . , ,
Heterogeneity: Chi? = 2.65, df =4 (P = 0.62); I’ = 0% '0.1 0.'2 0f5 1 é "5 10‘

Test for overall effect: Z = 5.72 (P < 0.00001)

B) Without cytoreductive nephrectomy

Hazard Ratio
IV, Fixed, 95% CI

Study or Subgroup log[Hazard Ratio] SE Weight

Favours [ICI combination] Favours [Sunitinib]

Hazard Ratio
IV, Fixed, 95% CI

CheckMate 214 -0.462 0.2044 26.2% 0.63[0.42, 0.94] - &
CheckMate SER -0.2357 0.251 17.4% 0.79[0.48, 1.29] —
CLEAR -0.6539 0.259 16.3% 0.52[0.31, 0.86] - =
IMmotion 151 0 0 Not estimable
JAVRLIN Renal 101 0.108 0.239 19.2% 1.11[0.70, 1.78)] —
KEYNOTE 426 -0.5621 0.2288 20.9% 0.57[0.36, 0.89] L
Total (95% ClI) 100.0% 0.69 [0.57, 0.85] <>
. . 2 - - - .12 - 0, ! 1 Il 1 1 1
Heterogeneity: Chi* = 6.39, df =4 (P =0.17); = 37% '0'1 sz 055 é é 10'

Test for overall effect: Z = 3.49 (P = 0.0005)

Favours [ICI combination] Favours [Sunitinib]

Fig. 1. Forest plots showing the association between treatment and overall survival in metastatic renal cell carcinoma (immune checkpoint inhibitor combination
therapy versus sunitinib). With cytoreductive nephrectomy. (B) Without cytoreductive nephrectomy.
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articles were excluded after screening the titles and abstracts, and full-
text reviews were performed for the remaining 67 articles (Supple-
mentary Fig. 2). Based on the selection criteria, six randomized
controlled trials (RCTs) were identified for systematic review, meta-
analysis, and network meta-analysis [20-27]. The data extracted from
these six RCTs are listed in Table 1. In these RCTs, 4,346 patients were
treated with ICI combination therapy (n = 2,155; 49.6%) or sunitinib (n
= 2,191; 50.4%). All six RCTs included patients with mRCC with a
predominant clear cell component, with 9-21% of the patients treated
with ICI combination therapy being in the poor risk category. The pro-
portion of patients undergoing CN ranged from 69 to 84% among those
receiving ICI combination therapy. The median follow-up ranged be-
tween 10.8 and 30.6 months.

3.2. Meta-analysis

3.2.1. Os

ICI combination therapy was associated with significantly longer OS
than sunitinib among patients who had undergone CN (pooled HR, 0.67;
95% CI, 0.59-0.77; P < 0.001) (Fig. 1A). Cochrane’s Q test (P = 0.62)
and the I test (I2 = 0%) revealed no significant heterogeneity.

ICI combination therapy was associated with significantly longer OS
than sunitinib among patients who did not undergo CN (pooled HR,
0.69; 95% CI, 0.57-0.85; P < 0.001) (Fig. 1B). Cochrane’s Q test (P =
0.17) and the I test (I> = 37%) revealed no significant heterogeneity.

3.2.2. Pfs

ICI combination therapy was associated with significantly longer PFS
than sunitinib among patients who had undergone CN (pooled HR, 0.57;
95% CI, 0.44-0.74; P < 0.001) (Fig. 2A). Cochrane’s Q test (P < 0.001)
and the I? test (I = 84%) revealed significant heterogeneity.

A) With cytoreductive nephrectomy
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ICI combination therapy was associated with significantly longer PFS
than sunitinib among patients who did not undergo CN (pooled HR,
0.63; 95% CI, 0.52-0.77; P < 0.001) (Fig. 2B). Cochrane’s Q test (P =
0.45) and the I? test (I2 = 0%) revealed no significant heterogeneity.

3.2.3. mRCC patients with PD-L1 positive tumors (ICI-combination therapy
versus sunitinib)

ICI combination therapy was associated with significantly longer PFS
than sunitinib among patients with PD-L1-positive tumors who had
undergone CN (pooled HR, 0.70; 95% CI, 0.59-0.83; P < 0.001) (Sup-
plementary Figure 3A). Cochrane’s Q test (P = 0.91) and the 12 test (I2 =
0%) revealed no significant heterogeneity. In contrast, ICI combination
therapy was not associated with significantly longer PFS than sunitinib
in patients with PD-L1-positive tumors who had not undergone CN
(pooled HR, 0.72; 95% CI, 0.45-1.15; P = 0.17) (Supplementary
Figure 3B). Cochrane’s Q test (P = 0.62) and the 1% test (I2 = 0%)
revealed no significant heterogeneity.

3.3. Network meta-analysis

3.3.1. mRCC patients with CN

A network meta-analysis of five treatments was performed for OS.
Compared with sunitinib, all five ICI combination therapies resulted in
significantly improved OS among patients having been treated with CN
(Supplementary Table 2). Analysis of treatment ranking revealed that
nivolumab plus cabozantinib had the highest likelihood of providing the
maximal OS (P score: 0.99) (Supplementary Table 3).

3.3.2. mRCC patients not undergoing CN
Pembrolizumab plus lenvatinib, pembrolizumab plus axitinib, and
nivolumab plus ipilimumab resulted in significantly improved OS

Hazard Ratio

Hazard Ratio

Study or Subgroup  log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
CheckMate 214 0 0 Not estimable
CheckMate 9ER -0.7765 0.138 19.0% 0.46 [0.35, 0.60] —a—
CLEAR -0.9943 0.1243 19.8% 0.37 [0.29, 0.47] —
IMmotion 151 -0.3425 0.1425 18.8% 0.71[0.54, 0.94] — =
JAVRLIN Renal 101 -0.3624 0.1031 21.0% 0.70 [0.57, 0.85] -
KEYNOTE 426 -0.3567 0.0942 21.4% 0.70 [0.58, 0.84] —
Total (95% CI) 100.0% 0.57 [0.44, 0.74] <>
e 2=  Chi? = = |12 = 849 F + t + + d
:ientan;ogeneltyl.I Tzu : 2(374 ;hn . <23.ggb(1ﬂ 4 (P <0.0001); I* = 84% 01 0.2 05 1 2 s 10
est for overall effect: Z = 4.27 ( : ) Favours [ICI combination] Favours [Sunitinib]
B) Without cytoreductive nephrectomy
Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight |V, Fixed, 95% CI IV, Fixed, 95% CI
CheckMate 214 0 0 Not eslimable
CheckMate SER -0.462 0.1949 255% 0.63[0.43,0.92) —
CLEAR -0.821 0.2234 194% 0.44[0.28,0.68] — &
IMmotion 151 -0.2231 0.3168 9.6% 0.80[0.43, 1.49] - =1
JAVRLIN Renal 101 -0.3299 0.2019 23.7% 0.72[0.48, 1.07] — &
KEYNOTE 426 -0.3857 0.2106 21.8% 0.68[0.45, 1.03] — &
Total (95% ClI) 100.0% 0.63[0.52, 0.77] P
» . 2 = = = .12 - 0, ! 1 1 1 1 1
Heterogeneity: Chiz = 3.71, df =4 (P=0.45); I’ = 0% 10.1 sz 015 é 5'; 10.

Test for overall effect: Z = 4.68 (P < 0.00001)

Favours [ICI combination]

Favours [Sunitinib]

Fig. 2. Forest plots showing the association between treatment and progression free survival in metastatic renal cell carcinoma (immune checkpoint inhibitor
combination therapy versus sunitinib). (A) With cytoreductive nephrectomy. (B) Without cytoreductive nephrectomy.
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among patients having not been treated with CN (HR, 0.52; 95% CrI,
0.40-0.68/HR, 0.63; 95% CrI, 0.49-0.82) compared to sunitinib (Sup-
plementary Table 2). Analysis of treatment ranking demonstrated that
pembrolizumab plus lenvatinib had the highest likelihood of providing
the maximal OS (P score: 0.89), closely followed by pembrolizumab plus
axitinib and nivolumab plus ipilimumab (P score: 0.78 and 0.65,
respectively) (Supplementary Table 3).

4. Discussion

Herein, a systematic review and meta-analysis was conducted to
assess the role of ICI-combination therapy based on CN status in
mRCC patients. We also conducted a network meta-analysis to indi-
rectly compare available ICI treatment options in mRCC patients who
have or have not undergone CN. This study yielded several findings of
interest. First, ICI combination therapy was shown to be associated with
significantly improved OS and PFS compared with sunitinib in mRCC
patients, regardless of whether or not the patients had undergone CN.
Second, while the OS and PFS benefits of ICI combination therapy were
larger in those who underwent CN than in those who did not, the HR for
OS (HR for those who underwent CN versus those who did not, 0.67
versus 0.69) and PFS (HR, 0.57 versus 0.63) indicated that the treatment
effect did not differ much between mRCC patients who underwent CN
and those who did not. Therefore, it can be deduced that CN offers
limited survival benefits in mRCC patients receiving ICI combination
therapy. Third, of the four ICI combinations compared, those who
received nivolumab plus cabozantinib combination seemed to have
benefitted from previous CN. Conversely, pembrolizumab plus lenvati-
nib seemed to give better OS benefits in patients who did not have CN.

CN was still being recommended despite a large shift in systemic
therapeutic modalities and a lack of evidence that supports its use in
mRCC patients receiving state-of-the-art therapies. Several hypotheses
have been advanced to explain the potential benefit of CN. First, the
resection of the primary tumor might help eliminate immunosuppres-
sive cytokines and other bio-humoral events that may interfere with an
otherwise effective anti-tumor immune response [28]. It is also known
that RCC develops an immunosuppressive tumor microenvironment in
which proinflammatory cytokines and chemokines serve to promote
tumorigenesis. Several growth factors and distinct immune cell subsets
have also been shown to contribute to the predominantly suppressive
immune background in RCC [29]. It has been demonstrated that
myeloid-derived suppressor cells are elevated in patients with RCC and
that their levels increase with the metastatic tumor burden [30]. These
suppressor cells lead to the downregulation of the immune responses
coupled with the expression of specific molecules such as CTLA-4, B7-
H1, B7-H3, B7-H4 and PD-1, on the surface of tumor cells and effector T
cells [31,32]. Therefore, there appears to be a biological rationale for the
use of CN in mRCC, specifically in the ICI era, given the close immu-
nosuppressive interplay.

To address the lack of evidence, two recent trials (CARMENA and
SURTIME) sought to assess the role and sequential use of CN in mRCC
patients receiving TT [3,4]. However, caution should be exercised in
interpreting these results. First, both the CARMENA and SURTIME trials
experienced difficulties in patient recruitment; neither met the planned
inclusion of their calculated sample size, while the CARMENA trial
recruited substantially more patients than the SURTIME trial [33].
Second, the CARMENA trial included only those with intermediate- or
poor-risk disease based on the MSKCC prognostic model, with 43% of
patients being in the poor-risk category who typically do not benefit
from CN [34,35]. Therefore, the use of CN in this poor-risk population
may have led to the non-inferiority endpoint being met in this trial.
Third, there was significant crossover in the two arms with 17% of pa-
tients randomized to sunitinib alone having undergone subsequent CN
and 7% assigned to upfront CN not having undergone CN. In a non-
inferiority trial, this tends to exhibit a bias towards non-inferiority.
Finally, a study using the national cancer data base found that the
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CARMENA trial recruited those with a higher metastatic tumor burden
than those in a real-world population [36,37]. Therefore, patients ran-
domized in this trial may not truly reflect ideal candidates for CN in a
real-world setting.

Despite the recent evidence from the CARMENA and SURTIME trials,
the value of CN in patients with mRCC remains unclear, specifically in
those receiving ICI combination therapy. In our analysis, there was no
notable difference in the HR for OS and PFS between those receiving ICI
combination therapy and those receiving sunitinib alone, when strati-
fied by the presence of CN. In other words, the data suggests that CN may
not have a role in mRCC patients receiving ICI combination therapy as
was the case in those receiving TT. However, analysis of overall pop-
ulations alone (to the exclusion of the CheckMate 214 trial which
enrolled many poor-risk patients) depicted a slightly larger difference
between those receiving CN and those not receiving CN in HR for OS and
PFS when treated with ICI combination therapy versus sunitinib alone,
suggesting the importance of patient selection for CN (data not shown).
Interestingly, in our network meta-analysis, the efficacy of each ICI
combination regimen varied greatly depending on whether or not the
patients had undergone CN, with nivolumab plus cabozantinib probably
best in those who had been treated with CN, and pembrolizumab plus
lenvatinib probably best in those who did not receive CN. These findings
may provide biologic and clinical clues in the understanding and se-
lection of ICI combination regimens in mRCC patients.

PD-L1 status is one of the most promising biomarkers for predicting
the response to ICI therapies [38,39]. In our subgroup analyses based on
PD-L1 status, ICI combination therapy was associated with significantly
longer PFS than sunitinib in PD-L1-positive mRCC patients who had
undergone CN, but it was not associated with PFS compared to sunitinib
in PD-L1-positive mRCC patients who did not undergo CN. In patients
without previous CN and PD-L1 positive tumors, ICI combinations
did better than sunitinib (while non-significantly) with an HR of
0.72, which was almost similar to that for patients with previous
CN and PD-L1 positive tumors. In other words, even though our
sub-analysis suggests that PD-L1 status may help in the selection of
patients who may benefit from ICI combinations, they had limited
statistical power and validity, given no significant difference in HR
regardless of the presence of CN and given the limited number of
patients evaluated from as few as 2 studies included. As a conse-
quence, any meaningful conclusions may be difficult to draw from
these analyses alone. Furthermore, all study populations need to
be adjusted for IMDC risk, which is a crucial factor in the clinical
decision-making for patients with mRCC [7]. However, given the
paucity of data, CN was not evaluable across the different IMDC
risk categories. This was a major limitation of this study.

Despite the comprehensive nature of the systematic review under-
taken, this study has limitations. First, the most significant limitation
of our analysis was that its basis, described as the presence or
absence of CN, was strictly the presence or absence of a priori ne-
phrectomy, and that not all a priori nephrectomies were CN. This
meant that all patients undergoing cytoreductive nephrectomy and
a priori nephrectomy were lumped together in our analysis and
therefore that the study findings need to be interpreted with
caution. Second, despite being similar in design, treatment lines, and
target disease, attention should be paid to the differences in patient
characteristics at study enrollment between the included trials. Further,
the follow-up durations, proportions of poor-risk patients, PD-L1 status,
and subsequent treatment differed greatly between the RCTs evaluated.
These differences might have affected the survival outcomes. Notably,
caution should be exercised in assessing nivolumab plus ipilimumab
data from the CheckMate 214 trial. Whereas most RCTs enrolled patients
from all risk strata, the CheckMate 214 trial enrolled patients with in-
termediate- and poor-risk disease in its primary analysis, while all-risk
patients were included in its secondary analysis, suggesting a biased
estimate of the efficacy of nivolumab plus ipilimumab compared with
the other systemic treatment [21]. Moreover, only PD-L1-positive
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patients were included for analyses in the IMmotion 151 trial [25].
Third, significant heterogeneity was detected in the PFS analyses,
thereby limiting the value of findings pertaining to this endpoint.
Despite the use of a random-effects model to address heterogeneity be-
tween the studies, our conclusions should be interpreted with caution.
Fourth, although indirect comparative analyses have been used for
network meta-analysis and validated for reliability in comparing out-
comes from RCTs, this approach falls short of a head-to-head treatment
comparison. Therefore, well-designed comparative trials are required to
validate the findings of this study. Fifth, at the time of this review, the
JAVELIN Renal 101 trial included only immature OS data, which may
differ in the final analyses [24,40]. In addition, this analysis included
only fist publication of the most selected studies. Sixth, due to a
paucity of data, the current meta-analysis only inadequately evaluated
the impact of heterogeneity in patient populations and selection criteria
among the RCTs on the outcomes of the meta-analysis. In our analysis of
OS, there was a trend toward a larger difference in the hazard ratio
between those undergoing CN and those not undergoing CN before and
after excluding the CheckMate 214 trial from analysis (intermediate-
and poor-risk disease in the primary analysis), suggesting that IMDC risk
is an important factor likely affecting the current meta-analysis (data not
shown). On the other hand, our inclusion criteria (inclusion of Phase III
randomized studies only, sunitinib as the only control, and first-line
treatments only) may have contributed to the reduction of heterogene-
ity in the patient populations. Finally, in light of recently published post
hoc analyses from the CARMENA trial, CN may need to make way for
more effective systemic therapies in the evolving treatment paradigm
for mRCC depending on the disease volume and the number of IMDC risk
factors involved, and careful patient selection remains the key for
upfront or deferred CN based on these criteria [41,42]. The current meta-
analysis suffers from lack of data that made it rather difficult to assess
the role of CN based on careful patient selection, particularly IMDC risk-
based stratification. Therefore, it is eagerly hoped that CN will be
assessed for its role in mRCC patients receiving ICI treatment, based on
IMDC risk stratification and careful patient selection.

There are some clinical trials underway to help guide the use of CN
and ICIs in mRCC. The PROBE trial will evaluate the sequential use of
upfront CN followed by systemic therapy (ICI alone or tyrosine kinase
inhibitor [TKI] + ICI) for mRCC as opposed to systemic therapy alone
with ICI or TKI + ICI [43]. The NORDIC-SUN trial will evaluate the role
of deferred CN in patients receiving an ICI combination regimen
(nivolumab plus ipilimumab) [44]. The results of these trials directly
evaluating the role of CN combined with ICI-based therapy are eagerly
awaited.

5. Conclusions

Our analyses suggest that the effect of ICI combination therapy
did not differ between mRCC patients who underwent CN and those
who did not. CN may not improve survival in mRCC patients receiving
ICI combination therapy as was the case in those receiving TT. This may
provide a rationale for treating mRCC patients who require systemic
therapy with drug therapy first, followed by deferred CN at a later stage
if deemed beneficial. Careful patient selection is still paramount. Each
ICI combination therapy differs greatly in efficacy depending on
whether the included patients had undergone CN, suggesting that the
use or non-use of CN may help with decision-making pertaining treat-
ment in RCC patients. Due to a rapidly evolving treatment landscape, it
appears difficult to re-assess the role of CN in this setting, suggesting the
need for preplanned subgroup analyses in drug trials. Therefore, these
data may help set up hypotheses and facilitate further discussion on the
role of CN in the era of ICI combination therapy. However, study
limitations, i.e., the fact that the rate of patients in different
prognostic groups varied between the RCTs evaluated and that
patients undergoing cytoreductive nephrectomy and a priori ne-
phrectomy were lumped together for analysis, need to be taken
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into account in interpreting the study results.
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