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Abstract

Purpose Few data are available regarding the nephrotoxicity of immune checkpoint inhibitor (ICI) combination therapy in
advanced renal cell carcinoma (RCC). This study aimed to investigate the nephrotoxicity of ICI-based combination therapy
versus standard of care sunitinib in patients with advanced RCC.

Methods We searched Embase/PubMed/Cochrane Library for relevant randomized controlled trials (RCTs). Treatment-
related nephrotoxicities including increase of creatinine and proteinuria were analyzed by Review Manager 5.4 software.
Results Seven RCTs involving 5239 patients were included. The analysis showed that ICI combination therapy had simi-
lar risks of any grade (RR=1.03, 95% CI: 0.77-1.37, P=0.87) and grade 3-5 (RR=1.48, 95% CI: 0.19-11.66, P=0.71)
increased creatinine compared with sunitinib monotherapy. However, ICI combination therapy was associated with signifi-
cantly higher risks of any grade (RR=2.33,95% CI: 1.54-3.51, P <0.0001) and grade 3-5 proteinuria (RR =2.25, 95% CI:
1.21-4.17, P=0.01).

Conclusions This meta-analysis suggests that ICI combination therapy shows more nephrotoxicity of proteinuria than suni-
tinib in advanced RCC, which deserves a high attention in the clinic.

Keywords Combination immunotherapy - Immune checkpoint inhibitor - Renal cell carcinoma - Meta-analysis -
Nephrotoxicity

Abbreviations Introduction

PD-1 Programmed cell death protein-1

PD-L1 Programmed cell death 1 ligand 1 Kidney cancer is among the 10 most common cancers in both
ICI Immune checkpoint inhibitor men and women, representing 3.7% of all new cancer cases.
CTLA-4 Cytotoxic T lymphocyte antigen 4 RCC is the most common form of kidney cancer and is respon-
RR Relative risk sible for up to 85% of cases [1]. The treatment landscape of
RCT Randomized controlled trial advanced RCC has undergone a revolution. For more than
AKI Acute kidney injury 10 years, single-agent therapy with antiangiogenic tyrosine
RCC Renal cell carcinoma kinase inhibitors (TKIs), including sunitinib or pazopanib, was

an unchallenged gold-standard first-line approach for advanced
RCC. However, with the advent of immunotherapies, immune
checkpoint inhibitor (ICI) alone, double-agent ICI, or ICI com-
bined with TKIs, has shown superior efficacy compared with
TKI monotherapies [2]. A meta-analysis based on a compre-
hensive evaluation of current clinical trials (KEYNOTE-426,
JAVELIN Renal101, CheckMate 9ER, CLEAR, CheckMate
214, Immotion151, Immotion150) reported that ICI combina-
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factor (VEGF) inhibitor combinations, including nivolumab
plus cabozantinib, pembrolizumab plus axitinib, lenvatinib
plus pembrolizumab, and dual checkpoint blockade with ipili-
mumab plus nivolumab, represent new standards of treatment
for treatment-naive advanced RCC patients, and were recom-
mended by the most updated international guidelines [4].

Despite ICI combination therapy have shown superior
efficacy in patients with advanced RCC, treatment-related
toxicity has also attracted increasing attention from cli-
nicians. Both VEGF ligand-inhibiting agents (bevaci-
zumab, aflibercept) and the small molecule antiangiogenic
TKIs are associated with proteinuria, which is rarely in
the nephrotic range (> 3.5 g/24 h) and even more rarely
associated with the nephrotic syndrome. Hypertension fre-
quently accompanies proteinuria [5]. Not only VEGF inhibi-
tors, but also ICIs cause kidney-related toxicity. A previ-
ous study noted that acute kidney injury (AKI) is a rare
but potentially serious complication of checkpoint inhibi-
tor immunotherapy [6]. The estimated incidence of ICI-
associated AKI is approximately 1.5 to 5 percent [7]. Since
anti-VEGF inhibitors (such as axitinib, sunitinib, pazopanib,
cabozantinib, lenvatinib, and bevacizumab) and ICIs (such
as pembrolizumab, nivolumab, atezolizumab, avelumab,
and ipilimumab) are both associated with varying degrees
of nephrotoxicity, the combination of these two different
types of agents may have the potential to exacerbate the
nephrotoxicity.

Because of the number of different therapeutic options
available for clinicians and the absence of head-to-head
comparisons between these combinations, currently,
treatment decision-making for advanced RCC represents
a major challenge. Beyond efficacy data on survival out-
comes derived from trials, a comprehensive evaluation of
treatment-related nephrotoxicity should also be taken seri-
ously, and this is even more important in palliative therapy.
Several previous studies had reported the common toxicity
of ICI alone, double-agent ICI, or ICI combined with TKIs
in cancer patients [6, 8—19]. However, there is no report
aimed at systematically evaluating the nephrotoxicity of ICI
combination therapy for advanced RCC. Thus, we conducted
a meta-analysis of randomized controlled trials (RCTs) to
investigate the nephrotoxicity of ICI combination therapy
versus standard of care sunitinib in patients with advanced
RCC.

Methods
Literature search
A systematical search of literature was performed in data-

bases including Embase, PubMed, and Cochrane Library for
eligible studies from inception until August 2022. Studies
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were identified using search terms as follows: “immune ther-
apy OR immunotherapy OR immune checkpoint inhibitors
OR immune checkpoint blockade OR PD-1 OR PD-L1 OR
nivolumab OR pembrolizumab OR cemiplimab OR dostar-
limab OR atezolizumab OR avelumab OR durvalumab OR
ipilimumab OR tremelimumab OR toripalimab OR sintili-
mab OR camrelizumab OR tislelizumab” AND “renal cell
carcinoma OR renal carcinoma OR kidney cancer OR renal
cancer”. To avoid missing the relevant studies, the search
initially involved randomized or non-randomized trials.

Inclusion and exclusion criteria

According to the prespecified protocol, the inclusion criteria
were as follows: (1) participants—patients diagnosed with
advanced RCC; (2) intervention—treated with ICI combina-
tion therapy; (3) comparison—standard of care sunitinib; (4)
outcomes—reporting data of treatment-related nephrotoxic-
ity; (5) RCTs; (6) studies published in English. Exclusion
criteria were as follows: (1) studies less than 10 patients in
either the experimental or the control group; (2) conference
abstracts without published full-text original articles, com-
mentaries, letters, reviews, editorials, duplicate reports and
unfinished studies; (3) trials which not related to the subject
of our study. If multiple publications reporting on the same
study, the article with the most updated was selected.

Data extraction

The clinical outcomes evaluated in this analysis were all-
grade and grade 3-5 treatment-related nephrotoxicity.
Two authors (J.T. and D.M.) independently extracted data
concerning study details. The following information was
extracted from all eligible studies: first author, publication
year, trial name, age, intervention and dosage in experimen-
tal and control arms, numbers of included patients in each
studies, number of patients occurring all-grade and grade
3-5 treatment-related nephrotoxicity. This work was per-
formed according to the Preferred Reported Items for Sys-
tematic Reviews and Meta-analyses (PRISMA) statement
[20]. The selection of literature and data extraction were
performed independently by two authors (J.T. and D.M.).
Discrepancies were adjudicated by a third reviewer (K.W.)
and resolved by consensus.

Risk of bias and quality assessments

The risk of bias of RCTs and methodological quality were
evaluated with the Cochrane Collaboration’s risk of bias
tool [21], completed by Review Manager 5.4 software. Two
authors (J.T. and D.M.) independently performed this pro-
cess, and disagreements were resolved by a third investigator
(K.W).
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Statistical analysis

In our analysis, the outcomes of interesting included
all-grade and grade 3-5 renal adverse events (including
proteinuria, increase of creatinine, and AKI in advanced
RCC patients treated with ICI combination therapy).
Meta-analysis was conducted using statistical software
of Review Manager 5.4 software. The pooled relative
risk (RR) and 95% confidence interval (CI) was used
to assess incidences of all-grade and grade 3-5 renal
adverse events. Subgroup analyses were performed
according to ICI agent types. Heterogeneity among stud-
ies was assessed according to the I-squared (/) test in
the meta-analysis. The heterogeneity was considered as
high if I>>50%, and then the randomized-effects model
was applied; otherwise, the fixed-effects model was used.
P <0.05 would be treated as statistically significant.

Results
Search results and study characteristics

The flowchart of the selection process and detailed iden-
tification is shown in Fig. 1. We identified a total of 2097
related studies by the initial search strategy, and these were
subsequently restricted to 7 following independent evalua-
tions performed by 2 authors (J.T. and D.M.). We excluded
2090 studies that did not fulfill our criteria, such as non-
RCTs, retrospective studies, case reports, review articles,
meta-analyses, and phase I trials.

All studies included in the analysis were published
between 2018 and 2022, and were judged to have a low risk
of bias in separate assessments performed by two authors
(J.T. and D.M.). A total of 5239 patients (ICI combinations:
3634; sunitinib monotherapy: 2605) were included in the
analysis [22-28]. All patients were diagnosed with RCC
by pathology and were adults with advanced disease, and

Fig.1 Flow diagram of arti- )
cles identified, included and Records removed before
excluded c screening:
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reasons (n = 20)
A4
"
R d d Records excluded(n =32 )
efor S screene — | Not relevant to the subject of this
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Y
Reports sought for retrieval L‘\:]egggts) not refrieved
(o)) =
£ (n=41) Nephrotoxicities were not
= reported
5
& v
Reports assessed for eligibility
(n=9) Reports excluded:
The same trials (n =2 )
—
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(n=7)

Studies included in review
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received ICI combination therapy in the experimental group
and sunitinib in the control group.

All the seven studies included in the analysis were ran-
domized, multicenter, open-label RCTs, comparing ICI
combination therapy (pembrolizumab plus lenvatinib [25],
nivolumab plus cabozantinib [23], pembrolizumab plus axi-
tinib [28], atezolizumab plus bevacizumab [24, 26], ave-
lumab plus axitinib [22], and nivolumab plus ipilimumab
[27]) with sunitinib monotherapy. Among the seven trials,
six were phase 3 studies and another was phase 2 study. The
main characteristics and details about the included studies
are shown in Table 1.

Treatment-related nephrotoxicity

Data of proteinuria were reported in six trails, and data of
creatinine increase was reported in two trails. Since the data
of AKI were reported in only one trail [27], no meta-analysis
was available concerning this outcome. The forest plot of
these outcomes is shown in Figs. 2, 3 4 and 5.

The overall analysis indicated that the risks of all-grade
and grade 3-5 increase of creatinine were similar between
the ICI combination therapy and the sunitinib monother-
apy groups (RR=1.03, 95% CI: 0.77-1.37, P=0.87 and
RR=1.48, 95% CI: 0.19-11.66, P=0.71, respectively)
(Figs. 4, 5).

In terms of proteinuria, ICI combination immunotherapy
significantly increased the risks of any grade (RR =2.33,
95% CI: 1.54-3.51, P<0.0001) and grade 3-5 proteinuria
(RR=2.25,95% CI: 1.21-4.17, P=0.01) compared with
sunitinib monotherapy (Figs. 2, 3). Subgroup analysis
showed that either PD- L1 plus VEGEF inhibitors or PD-1
plus VEGEF inhibitors increased the risks of any grade
(RR=3.37,95% CI: 1.96-5.78, P<0.0001 and RR=1.75,
95% CI: 1.26-2.42, P=0.0009, respectively) (Fig. 2) and
grade 3-5 proteinuria (RR=3.92, 95% CI: 1.66-9.23,
P=0.002 and RR=1.55, 95% CI: 0.83-2.87, P=0.17,
respectively) (Fig. 3).

Quality of the included studies

The risks of bias of the included studies in this meta-analysis
are summarized in Fig. 6. The methodological quality was
assessed as high in all the seven RCTs.

Discussion

For patients with renal cancer, the nephrotoxicity of treat-
ment regimens is a very important and worthy indicator for
physicians to pay attention to. This meta-analysis compared
the nephrotoxicity of ICI combination therapy versus suni-
tinib monotherapy in treatment-naive patients with advanced
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RCC. To the best of our knowledge, this is the first meta-
analysis to systematically evaluate the incidence and risk
of treatment-related renal adverse events in advanced RCC
patients receiving novel immune combinations versus tar-
geted agent monotherapy.

In our study, three combined strategies (PD-1 plus
VEGF inhibitors, PD-L1 plus VEGF inhibitors, and PD-1
plus CTLA-4 inhibitors) were available for analysis. The
meta-analysis shows that combination immunotherapy was
associated with higher risks of all-grade and grade 3-5
proteinuria compared with sunitinib monotherapy. These
result are consistent with the previous study reported that
the combination of ICI and an anti-VEGF inhibitor may spe-
cifically cause hypertension and proteinuria [18]. Notably,
proteinuria is one of the most common manifestations of
renal function impairment. Although patients with mild pro-
teinuria may have no symptoms or mild symptoms, severe or
persistent proteinuria often leads to the obvious symptoms,
such as hypertension, edema and foamy urine for patients.
Despite corticoid treatment or deferral of therapy may allevi-
ate these symptoms, in severe cases, renal insufficiency or
even renal failure may occur, leading to the interruption of
treatment or deaths of patients. Ning et al. [29] reported that
targeted therapy was associated with a significant increase
in proteinuria level for patients with advanced RCC, and the
use of ICIs further aggravated proteinuria for these patients.
Moreover, proteinuria appears to be an effect common to all
agents targeted at the VEGF pathway. VEGF ligand inhibi-
tors (bevacizumab), and the small molecule antiangiogenic
TKIs (sunitinib, sorafenib, pazopanib, ponatinib, axitinib,
cabozantinib, vandetanib) produce asymptomatic albuminu-
ria, occasionally causing the nephrotic syndrome [5]. Hyper-
tension frequently accompanies proteinuria. However, the
factors associated with the occurrence and severity of pro-
teinuria are unknown. Preexisting renal disease (including
higher baseline urine protein levels and hypertension) and
RCC as compared to other malignant diseases may be predis-
posing factors [29]. ICI can also cause renal injury, and AKI
is a rare but potentially serious complication of checkpoint
inhibitor immunotherapy [14]. Since both anti-VEGF inhibi-
tors and ICI have been associated with renal adverse effects,
the combination of these two different classes of agents has
the potential to aggravate the nephrotoxicity, especially in
patients with advanced RCC. Therefore, proteinuria is of
great significance for patients who received targeted or ICI
therapies. Due to the wide application of targeted agents
and ICI immunotherapy, the renal toxicity of proteinuria for
RCC patients treated with ICI combination therapy deserves
our special attention. In the current study, we found that ICI
combination therapy showed more nephrotoxicity of protein-
uria than sunitinib in advanced RCC. Therefore, our findings
suggests that the incidence and risk of treatment-related pro-
teinuria should always be considered when evaluating the
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Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H. Random. 95% CI M-H. Random, 95% CI
1.1.1 PD-L1 plus VEGF inhibitors
IMmotion150 2018 36 101 9 100 13.5% 3.96 [2.01, 7.79] -
IMmotion151 2022 144 451 31 446 18.3% 4.59 [3.19, 6.62] -
JAVELIN Renal101 2020 26 434 14 439 14.1% 1.88 [0.99, 3.55] -
Subtotal (95% Cl) 986 985  46.0% 3.37 [1.96, 5.78] .
Total events 206 54
Heterogeneity: Tau? = 0.15; Chi? = 5.76, df = 2 (P = 0.06); I* = 65%
Test for overall effect: Z = 4.41 (P < 0.0001)
1.1.2 PD-1 plus VEGF inhibitors
CheckMate 9ER 2021 33 320 25 320 16.3% 1.32[0.80, 2.17] T
CLEAR 2021 104 352 43 340 18.9% 2.34 [1.69, 3.23] -
KEYNOTE-426 2020 81 429 51 425 18.9% 1.57 [1.14, 2.17] -
Subtotal (95% CI) 1101 1085 54.0% 1.75[1.26, 2.42] ‘
Total events 218 119
Heterogeneity: Tau? = 0.05; Chi? = 4.67, df =2 (P = 0.10); > = 57%
Test for overall effect: Z = 3.33 (P = 0.0009)
Total (95% CI) 2087 2070 100.0% 2.33 [1.54, 3.51] ‘
Total events 424 173
Heterogeneity: Tau? = 0.21; Chi2 = 27.04, df = 5 (P < 0.0001); |2 = 82% ’0_05 sz j 5 20‘

Test for overall effect: Z = 4.03 (P < 0.0001)
Test for subarouo differences: Chiz = 4.16. df =1 (P = 0.04). 12 = 76.0%

Favours [experimental] Favours [control]

Fig.2 Forest plot for all-grade proteinuria that compared ICI combination therapy with sunitinib

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H. Random, 95% CI M-H. Random, 95% CI
2.1.1 PD-L1 plus VEGF inhibitors
IMmotion150 2018 8 101 2 100 10.5% 3.96 [0.86, 18.19] -
IMmotion151 2022 35 451 5 446 17.7% 6.92 [2.74, 17.51] - =
JAVELIN Renal101 2020 7 434 4 439 13.7% 1.77 [0.52, 6.00] - -
Subtotal (95% CI) 986 985 41.9% 3.92 [1.66, 9.23] ——
Total events 50 1"
Heterogeneity: Tau? = 0.21; Chi? = 3.10, df =2 (P = 0.21); I = 36%
Test for overall effect: Z=3.12 (P = 0.002)
2.1.2 PD-1 plus VEGF inhibitors
CheckMate 9ER 2021 9 320 7 320 17.0% 1.29[0.48, 3.41] -
CLEAR 2021 27 352 10 340 21.2% 2.61[1.28, 5.30] - =
KEYNOTE-426 2020 12 429 12 425 19.9% 0.99 [0.45, 2.18] - T
Subtotal (95% CI) 1101 1085 58.1% 1.55[0.83, 2.87] .
Total events 48 29
Heterogeneity: Tau? = 0.12; Chi? = 3.44, df =2 (P = 0.18); I?=42%
Test for overall effect: Z=1.38 (P = 0.17)
Total (95% CI) 2087 2070 100.0% 2.25[1.21, 4.17] g
Total events 98 40
Heterogeneity: Tau? = 0.34; Chi? = 12.16, df = 5 (P = 0.03); I2 = 59% ‘0.05 sz ] 5 20‘

Test for overall effect: Z = 2.57 (P = 0.01)
Test for subaroup differences: Chi2 = 2.98. df = 1 (P = 0.08). I = 66.4%

Favours [experimental] Favours [control]

Fig. 3 Forest plot for g3-5 proteinuria that compared ICI combination therapy with sunitinib

risk—benefit balance, bearing in mind that treatment-related
nephrotoxicity of anti-VEGF agents and ICIs may overlap.
When using combination of VEGF inhibitors and ICIs, close
monitoring and early recognition of proteinuria may protect
patients from greater treatment-related harm.

Among the seven included trials, only CheckMate
214 reported that nivolumab plus ipilimumab may be
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associated with increased incidence of AKI when com-
pared with single-agent sunitinib (2.19% vs 1.68%)
(Table 1). Nivolumab plus ipilimumab was approved
by the US Food and Drug Administration (FDA) for
treatment-naive patients with intermediate- or poor-
risk advanced RCC, with improved overall survival and
complete response rates across all patient subgroups
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Experimental Control Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl

Risk Ratio
M-H, Random, 95% ClI

CheckMate 214 2019 40 547 36 535 454% 1.09 [0.70, 1.68]
CheckMate 9ER 2021 42 320 43 320 54.6% 0.98 [0.66, 1.45]
Total (95% Cl) 867 855 100.0% 1.03 [0.77, 1.37]
Total events 82 79

Heterogeneity: Tau? = 0.00; Chi? = 0.13, df =1 (P = 0.72); I = 0%

0.2 1 5

o _ 20
Test for overall effect: 2= 0.17 (P = 0.87) Favours [experimental] Favours [control]
Fig.4 Forest plot for all-grade increase of creatinine that compared ICI combination therapy with sunitinib
Experimental Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H. Random, 95% CI M-H. Random, 95% CI
CheckMate 214 2019 1 547 2 535 47.2% 0.49 [0.04, 5.38] L
CheckMate 9ER 2021 4 320 1 320 52.8% 4.00 [0.45, 35.59] L
Total (95% Cl) 867 855 100.0% 1.48 [0.19, 11.66]
Total events 5 3

[P 2 — . 2 = = - . |12 = 380, k t T + |
Heterogeneity: Tau? = 0.85; Chi? = 1.62, df = 1 (P = 0.20); I> = 38% 0.02 0.1 1 10 50

Test for overall effect: Z=0.38 (P = 0.71)

Favours [experimental] Favours [control]

Fig.5 Forest plot for g3-5 increase of creatinine that compared ICI combination therapy with sunitinib

CheckMate 214 2019

CheckMate 9ER 2021

. . Other bias

CLEAR 2021

. . . Blinding of outcome assessment (detection bias)

-~

IMmotion150 2018

-~

IMmotion151 2022

JAVELIN Renal101 2020

' . . . . . ' Blinding of participants and personnel (performance bias)

. . . . . . . Random sequence generation (selection bias)
QO 0 O O O ® O ~ocation conceaiment (selection bias)

KEYNOTE-426 2020

. ‘ . . . . . Incomplete outcome data (attrition bias)

. . . . . . . Selective reporting (reporting bias)

Fig. 6 Quality evaluation of included articles

compared with sunitinib [30]. In 2016, Cortazar et al.
analyzed renal toxicity of ICIs in different cancers involv-
ing 3695 patients, and they found that AKI occurred more
frequently in patients who received combination therapy
with ipilimumab and nivolumab than those who received
monotherapy with ipilimumab, nivolumab, or pembroli-
zumab [9]. Despite more focused on efficacy, AKI caused
by ICI combination therapy should also be taken seriously,
because it may induce serious and fatal events if doctors
do not recognize and treat it promptly.

Although nephrotoxicity due to ICI combination ther-
apy is less common than other toxicities (such as hyperten-
sion, palmar-plantar erythrodysesthesia, diarrhea, hypo-
thyroidism, and fatigue) [15] in advanced RCC patients, it
can be serious and even fatal. Therefore, timely identifica-
tion and treatment are very important.

This meta-analysis has both strengths and limitations.
Among the strengths of this study, it used the most recent
and accurate results of high-quality RCTs in terms of all-
grade and grade 3-5 renal adverse events. In addition, the
meta-analysis comprised a large number of treatment-naive
advanced RCC patients (n=5239). However, our study
also has several limitations. First, the number of included
studies is relatively small. In the PD-1 plus CTLA-4 inhib-
itors group, there was only one study included, which may
lead to a limitation in the evaluation of subgroup results in
this study. Second, patients in each study received different
combination regimens, and the anti-tumor mechanisms of
ICIs (including PD-1/PD-L1 and CTLA-4 inhibitors) are
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different, which add heterogeneity to our analysis. Third,
only two treatment-related nephrotoxicities (increase of
creatinine and proteinuria) were available for meta-anal-
ysis, and AKI was reported in only one trial. Because of
limited available data, we could only analyze these two
main nephrotoxicities based on the results of current
research. Data on creatinine increase were included only
in two trials, which might also lead to a heterogeneity in
this study. However, despite not a high level of evidence,
we believe that our research results are very important
and instructive for the safety of clinical use of ICI combi-
nation therapy for patients with advanced RCC. Finally,
besides creatinine increase and proteinuria, some other
low incidence or unreported nephrotoxicities, such as renal
failure, hyperuricemia and hepatorenal syndrome could
not be extracted and further analyzed. However, we think
that these nephrotoxicity indicators are also very important
for the analysis of drug safety, which need to be pay more
attention to in future studies. Therefore, more research is
needed to further evaluate the nephrotoxicity of ICI com-
bination therapy for patients with advanced RCC.

Conclusion

The current meta-analysis indicated that, compared with
sunitinib monotherapy, ICI combination therapy was asso-
ciated with similar risk of increase of creatinine, but with
significantly higher risk of proteinuria for patients with
advanced RCC. The toxicity of proteinuria should be fully
considered when selecting therapeutic schedule for these
patients, especially those with poor renal function reserve
at the baseline.
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