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Abstract.

Background: The nephrotoxicity profile of contemporary first-line regimens for treatment of metastatic renal cell carcinoma
(mRCC) has not been systematically studied in published clinical trials.

Objective: To assess the rates of nephrotoxic events of contemporary first-line regimens for treatment of mRCC in comparison
to vascular endothelial growth factor tyrosine kinase inhibitor (VEGF-TKI) mono-therapy.

Methods: We performed a systematic search of the literature looking for randomized clinical trials that contemplated National
Comprehensive Cancer Network (NCCN) recommended first-line regimens for treating mRCC in which the control arm was
a VEGF-TKI. Selected trials could either include an experimental arm of immune checkpoint inhibitor (ICI) plus VEGF-TKI
combination or ICI-ICI combination. Nephrotoxic events were defined as proteinuria, hypertension, blood creatinine increase,
acute kidney failure or nephritis, which were all described separately.

Results: Five studies satisfied our inclusion criteria. Combination of ICI with VEGF-TKI showed a statistically significant
higher degree of proteinuria compared to VEGF-TKI alone. There was no statistically significant difference in rates of
hypertension between ICI-TKI and VEGF-TKI alone, but VEGF-TKI alone was statistically significantly more associated
with hypertension than immunotherapy alone. Other renal toxicities, such as an increase in creatinine, acute kidney injury
(AKI) and nephritis, were uncommon and not consistently reported in each trial.

Conclusions: Contemporary regimens for first-line treatment of mRCC are associated with a higher grade of proteinuria
than VEGF-TKI alone, while VEGF-TKI is more associated with hypertension than an ICI-ICI combination. Description of
many renal toxicities across the studies reported have been diverse and a standardized definition across clinical trials would
be helpful to reliably interpret the data regarding nephrotoxicity in the setting of treatment of renal cell carcinoma.
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BACKGROUND

The treatment landscape of metastatic renal cell
carcinoma (mRCC) has considerably evolved in the
last decade. With the advent of immune checkpoint
inhibitors (ICI), several combinations of tyrosine
kinase inhibitors (TKI) targeting mainly vascular
endothelial growth factor (VEGF) with ICI have
shown superior outcomes in clinical trials com-
pared to single agent VEGF-TKI. Sunitinib was
replaced as preferred option for first-line ther-
apy for the combinations of a PD-1 inhibitor
with a VEGF-TKI represented by pembrolizumab-
lenvatinib, pembrolizumab-axitinib and nivolumab-
cabozantinib, which are now the contemporary
standard of care [1-3]. VEGF targeting agents in
combination with PD-L1 inhibitors have failed to
show clear benefits over sunitinib and therefore
were not approved or equally endorsed by clini-
cal guidelines, such as atezolizumab-bevacizumab
and avelumab-axitinib [4, 5]. The ICI-ICI combina-
tion including the PD-1 inhibitor nivolumab and the
CTLA-4 inhibitor ipilimumab has also shown con-
siderable advantage compared to sunitinib alone and
is a standard option for IMDC intermediate or poor
risk disease [6].

Toxicity profile is a major factor among others for
deciding on which specific combination to choose
from for first-line therapy. VEGF-TKIs share similar
adverse events such as fatigue, hypertension, protein-
uria, gastrointestinal disturbances and skin toxicity,
all of which can be dose limiting [7]. The toxic-
ity profile of ICI drugs is generally different, but it
can overlap with those of VEGF-TKIs, mostly con-
cerning hepatotoxicity and fatigue [8]. Nevertheless,
immune-related adverse events can present with a
variety of clinical scenarios and when used in com-
bination with VEGF-TKT’s, it can be challenging to
ascribe which drug may be causing the adverse event
of concern [9]. For instance, proteinuria is a common
complication of VEGF-TKI use, but it can also be
a presenting feature of immune-mediated nephritis
[10].

Nephrotoxic events are also common for mRCC
patients, predisposed by age (a median age of 64
years) at diagnosis and who have more likely than
not undergone nephrectomy during their disease
course [11]. Nephrotoxic events in the interest of
this review are described as hypertension, protein-
uria, creatinine increase, acute kidney injury (AKI) or
nephritis. Previous studies have individually reported
on the occurrence of these adverse events result-

ing from either VEGF-TKI therapy or ICI therapy
[12-16]. However, to our knowledge, no prior report
has comprehensively examined nephrotoxic events
within the context of contemporary first-line regi-
mens for mRCC. Thus, we conducted a systematic
literature review to assess the frequency of renal-
related adverse events documented in clinical trials
involving modern first-line regimens for mRCC in
order to better understand the safety profile of
the newer combination therapies with respect to
nephrotoxicity.

METHODS

Inclusion and exclusion criteria

The research question was structured in alignment
with the PICO framework. The primary focus was
on determining the incidence of nephrotoxicity asso-
ciated with modern treatment regimens for patients
diagnosed with advanced or metastatic clear cell renal
cell carcinoma (ccRCC). This assessment was under-
taken in comparison to the utilization of VEGF-TKI
as a standalone therapy. Nephrotoxicity, the key out-
come of interest, was operationalized to encompass
various manifestations, including hypertension, pro-
teinuria, creatinine increase, acute kidney injury, and
immune-related nephritis.

We attempted to identify (1) clinical trials that
involved NCCN category 1 list of recommended first-
line combination therapy for advanced or metastatic
ccRCC patients, which (as of July 2023) were
pembrolizumab-axitinib, pembrolizumab-lenvatinib,
nivolumab-cabozantinib for all-risk disease and
nivolumab-ipilimumab for intermediate or poor-risk
disease only. (2) Only the most updated and published
in English study report which included an adverse
event section was selected. (3) Clinical trials with no
comparison arm, a comparison arm not comprised of
VEGF-TKI or less than 100 patients were excluded.
(4) Adjuvant or neoadjuvant trials for RCC or trials
involving other cancer histologies were not accepted.
All procedures undertaken in this systematic review
were done according to Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
guidelines [17].

Search strategy
The literature review process was conducted using

the PubMed and Embase databases on July 13, 2023,
without any restrictions on publication dates. The
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search strategy employed for PubMed included the
following terms: “Kidney Neoplasms” OR “Renal
Cell Carcinoma” OR “metastatic kidney cancer”
OR “metastatic renal cell carcinoma” and (”pem-
brolizumab” OR “Cabozantinib” OR “nivolumab”
OR “Ipilimumab” OR “Lenvatinib” OR “Axitinib”).
A similar strategy was implemented for Embase, uti-
lizing the term entries: ‘kidney cancer’/de OR ‘renal
cell carcinoma’/de OR ‘kidney cancer’/exp OR ‘renal
cell carcinoma’/exp) AND (‘pembrolizumab’/exp
OR ‘cabozantinib’/exp OR ‘nivolumab’/exp OR
‘ipilimumab’/exp OR ‘lenvatinib’/exp OR ‘axi-
tinib’/exp). Filters were applied to include only
clinical trials in both databases. The literature review
was conducted by two independent authors (AD and
MZ), and any discrepancies were resolved by a third
author (SP).

Data collection

Additional clarity regarding the definition of
nephrotoxic events, specifically encompassing “cre-
atinine increase’ and “AKI,” is essential. As outlined
by Common Terminology Criteria (CTCAE) version
5.0, “blood creatinine increase” is categorized from
grade 1 to 4. Grade 1 entails a creatinine level up to
1.5 times the upper limit of normal (ULN), whereas
grade 2 encompasses a range of 1.5-3.0 times the
ULN or 1.5-3.0 times the baseline. For grade 3, the
threshold is considered to be >3.0 times the ULN or
baseline, while grade 4 signifies a value exceeding
>6.0 times the ULN [18].

Conversely, according to CTCAE guidelines, the
grading of AKI begins from grade 3 onwards. Grade 3
entails a circumstance necessitating hospitalization,
grade 4 denotes life-threatening consequences or the
necessity to undergo dialysis, and grade 5 signifies a
fatal outcome [18]. Despite the potential for overlap
in patients experiencing either “creatinine increase”
or “AKI”, their separate reporting led to the decision
to treat them as distinct events.

Another frequently encountered term is “nephri-
tis,” which is not included in the CTCAE. However,
the ASCO and Society for Immunotherapy of Can-
cer (SITC) guidelines for managing immune-related
adverse events in patients undergoing ICI therapy do
provide a definition. In these guidelines, nephritis
is defined by the Kidney Disease Improving Global
Outcomes (KDIGO) acute kidney injury parameters,
coupled with the exclusion of other plausible causes
for renal failure aside from ICI use [19, 20]. As such,
the reporting of nephritis in the trials was contin-

gent on AKI being directly attributed to ICI use, thus
warranting separate documentation.

In addition to these definitions, other pertinent data
retrieved from all the included trials encompassed
author names, publication years, study designs, num-
ber of participants, characteristics of treatment arms,
as well as the numbers of treatment-related nephro-
toxic events of any grade and those classified as grade
3-5. Data collection was undertaken by two indepen-
dent reviewers (AD and MZ), with any discrepancies
resolved by a third reviewer (SP).

Statistical analysis

In this meta-analysis, we calculated the pooled
odds ratios (ORs) with 95% confidence intervals
(CIs) for dichotomous outcomes of nephrotoxicity.
The degree of heterogeneity was assessed by the Chi-
square test and 12 statistics. If there was no significant
heterogeneity (P >0.10, 12 <50%), a fixed-effects
model was used; if not, a random-effects model was
used. Sensitivity analysis by excluding one trial at a
time was performed to evaluate whether the overall
results could be significantly affected by this trial.
We performed a descriptive analysis if data could not
be combined. All statistical analyses were performed
with R Statistical Software, version 4.3.1.

RESULTS
Literature search

The systematic literature search identified a total
of 910 study reports. Utilizing an automation tool,
199 duplicates were effectively eliminated. Subse-
quently, 711 reports underwent assessment, leading
to the exclusion of 693 based on screening of titles and
abstracts [21]. Ultimately, 17 articles were targeted
for retrieval and examination of the full text. Among
these, 4 articles represented trials that were still
in the recruiting phase, lacking preliminary results.
Furthermore, 2 articles focused on non-clear cell pop-
ulations, while 3 articles were excluded due to their
small sample sizes. An additional 2 studies involved
trials that were not situated in the first-line ccRCC
setting. Another study was excluded based on the
absence of same comparator arm. Consequently, a
total of 5 trials were selected for inclusion in the
analysis, comprising 4 phase 3 randomized controlled
trials and 1 phase 2 trial. The detailed selection pro-
cess is visually depicted in Fig. 1.
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Fig. 1. PRISMA flow diagram.

Study characteristics

The sum of all patients included for analysis from
the 5 selected trials comprised 3416 individuals. A
total of 1750 patients received an experimental arm,
which for 1104 patients it consisted of an ICI-TKI
combination and for 648 patients an ICI-ICI combi-
nation. There were 1664 patients who were recruited
to the control arms and received VEGF-TKI single-
agent as first-line treatment. Across the experimental
arms of the trials, 3 different VEGF-TKIs were
employed alongside nivolumab or pembrolizumab as
the ICI backbone. All included studies are described
in Table 1.

In the CLEAR trial, data from arms 1 and 3 were
utilized for analysis, specifically involving the pem-
brolizumab plus lenvatinib combination in arm 1 and

sunitinib monotherapy in arm 3. The arm combin-
ing lenvatinib with everolimus was excluded from
the analysis.

Two trials shared the same experimental arm, con-
sisting of ipilimumab plus nivolumab. These trials
are the phase 3 Checkmate-214 trial and the phase 2
BIONIKK trial. Notably, the analysis did not incor-
porate the single-agent nivolumab arm within the
BIONIKK trial.

Within the BIONIKK trial, the control arm
involved a single-agent VEGF-TKI, either sunitinib
or pazopanib. Among the 40 patients in this arm, 33
were administered sunitinib, while the remaining 7
received pazopanib.

Adverse event data were sourced from adverse
events tables in the primary articles and supplemen-
tary materials of each paper.



Table 1
Study characteristics
Study Author Study Name Study interventions Sample Size Median Age Male (%) IMDC score Previous
(Year), Journal Nephrec-
tomy
(%)
Experimental Control Total Experimental Control F 1 P
Choueiri et al. Checkmate-9ER ~ Nivolumab 240 mg every ~ Sunitinib 50 mg daily for 640 320 320 62 (28-90) 73.8 224 5777 198 698
(2021), NEIM 2 weeks + Cabozantinib 4 weeks every 6 week
40 mg daily cycle
Motzer et al. CLEAR Pembolizumab 200mg +  Sunitinib 50 mg daily for ~ 692 352 340 62 (29-88) 74.4 328 639 9.8 83.0
(2021), NEJM Lenvatinib 4 weeks every 6 week
cycle
Powles et al. Keynote-426 Pembrolizumab 200 mg Sunitinib 50 mg daily for 861 432 429 62 (53-68) 72.9 312 562 125 83.0
(2020), Lancet every 3 weeks + Axitinib 4 weeks every 6 week
Oncology 5 mg twice a day cycle
Motzer et al. Checkmate-214 Nivolumab 3 mg/kg + Sunitinib 50 mg daily for 1082 547 535 62 (21-85) 73.7 227 608 164 81.2
(2019), Lancet Ipilimumab 1 mg/kg 4 weeks every 6 week
Oncology every 3 weeks for 4 doses cycle
followed by Nivolumab
3 mg/kg every 2 weeks
Vano et al. (2020), BIONIKK Nivolumab 3 mg/kg + VEGF-TKI (Sunitinib + 141 101 40 65 (54-73) 71.3 326 51.7 156 744

Lancet Oncology

Ipilimumab 1 mg/kg
every 3 weeks for 4 doses
followed by Nivolumab

3 mg/kg every 2 weeks

Pazopanib)

IMDC: International Metastatic RCC Database Consortium. F: favorable-risk, I: intemediate-risk, P: poor-risk.
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Experimental Control Weight Weight
Study Events Total Events Total Odds Ratio OR 95%-Cl (common) (random)
Checkmate-9ER 111 320 119 320 - 0.90 [0.65; 1.24] 311%  324%
CLEAR 195 352 141 340 —*— 1.75 [1.30;2.37] 256%  33.2%
Keynote-426 188 432 191 429 — 0.96 [0.73; 1.26] 433%  34.4%
Common effect model 1104 1089 é 1.14 [0.97;1.35] 100.0% -
Random effects model 1.15 [0.76; 1.74] - 100.0%
Heterogeneity: /* = 83%, t* = 0.1116, p < 0.01 L ! ]
05 1 2
Experimental Control Weight Weight
Study Events Total Events Total Odds Ratio OR 95%-Cl (common) (random)
Checkmate-9ER 40 320 42 320 —-*+ 0.95 [0.59; 1.50] 246%  26.4%
CLEAR 97 352 64 340 —— & 1.64 [1.15,2.35] 315%  353%
Keynote-426 95 432 84 429 — 1.16 [0.83;1.61] 439%  38.3%
Common effect model 1104 1089 -:::::— 1.26 [1.02; 1.56] 100.0% -
Random effects model I 1.24 [0.92; 1.68] - 100.0%
Heterogeneity: 12 = 47%, t° = 0.0334, p = 0.15 J
05 1 2

Fig. 2. Hypertension, all-grade and grade >3, for ICI-TKI vs VEGF-TKI trials. ICI-TKI: Immune checkpoint inhibitor and tyrosine kinase
inhibitor combination; VEGF-TKI: vascular endothelial growth factor tyrosine kinase inhibitor.

Hypertension

Regarding hypertension, there was no statistically
significant difference observed between ICI plus
VEGEF-TKI versus VEGF-TKI alone, both for all-
grade and grade >3 (Fig. 2). Despite no statistical
significance, the trial that incorporated lenvatinib in
its treatment regimen displayed a higher numerical
incidence of both all-grade and grade >3 hyper-
tension compared to sunitinib (55.4% vs 41.5% for
all-grade and 27.6% vs 18.8% for grade >3). On
the other hand, cabozantinib and axitinib exhibited
no clear numerical distinction in the occurrence of
hypertension across all grades when compared to
sunitinib. For cabozantinib the rates of all-grade
hypertension were 34.4% vs 37.2% of sunitinib
while for grade >3 they were 12.5% vs 13.1%.
For axitinib, the incidence rates of all-grade hyper-
tension were 44% vs 45% of sunitinib and for
grade >3 hypertension there were 22% vs 20%
cases.

The utilization of VEGF-TKI monotherapy
demonstrated a greater prevalence of hypertension in
contrast to the Ipilimumab plus nivolumab (Ipi-Nivo)
combination, which was statistically significant for
both all-grade and grade >3 (Fig. 3). In the context
of the Checkmate-214 trial, treatment-related cases
of all-grade hypertension accounted for 2.2% (12 out
of 547), while the use of sunitinib in the same trial
was associated with 40.9% (218 cases) occurrence of
all-grade hypertension.

Within the BIONIKK trial, the ICI-ICI arm show-
cased a single case (1%) of grade 3 hypertension. In
contrast, the VEGF-TKI arm exhibited a total of 6
cases (15%) of all-grade hypertension, all of which
were grade 3 or more severe.

Proteinuria

Significant statistical differences were observed in
the occurrence of all-grade, but not grade >3, protein-
uria between the combinations of VEGF-TKI plus
ICI and the administration of sunitinib alone (Fig. 4).

The combination of axitinib plus pembrolizumab
exhibited a reported 19% (81 cases) occurrence of
all-grade proteinuria, of which 3% (12 cases) were
classified as grade 3 or higher. Similarly, the lenva-
tinib plus pembrolizumab arm was associated with
29.5% (104 cases) occurrence of all-grade protein-
uria, of which 7.7% (27 cases) were of grade 3 or
higher. In the case of cabozantinib plus nivolumab,
there were 10.3% (33 cases) instances of proteinuria,
with 2.8% (9 cases) categorized as grade 3 or more
severe. Across these 3 trials, sunitinib was associated
with a total of 119 cases of proteinuria, out of which
29 were classified as grade 3 or more severe.

In the context of the ICI-ICI combination as
opposed to sunitinib, there could not be found any
reported data for proteinuria in the Checkmate-
214. In the BIONIKK trial, there were no cases of
proteinuria reported in association with ICI-ICI com-
bination. Because of this, it was opted to exclude
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Experimental Control Weight Weight
Study Events Total Events Total Odds Ratio OR  95%-Cl (common) (random)
Checkmate-214 12 547 218 535 - 0.03 [0.02; 0.06] 959%  959%
BIONIKK 0 101 6 40 —":r— 0.03 [0.00;0.48] 41% 41%
Common effect model 648 575 <5‘ 0.03 [0.02;0.06] 100.0% -
Random effects model <> 0.03 [0.02; 0.06] - 100.0%
Heterogeneity: £= 0%, f= 0,p=088

001 014 1 10 100

Experimental Control Weight Weight
Study Events Total Events Total Odds Ratio OR 95%-Cl (common) (random)
Checkmate-214 5 547 89 535 0.05 [0.02;0.11] 913% 849%
BIONIKK 1 101 6 40 —E'— 0.06 [0.01;0.49] 8.7% 15.1%

]
Common effect model 648 575 -=:"‘—> 0.05 [0.02; 0.11] 100.0% -
Random effects model - 0.05 [0.02; 0.11] - 100.0%
Heterogeneity: 1> = 0%, t° = 0, p = 0.86 ! J J ! !
001 01 1 10 100

Fig. 3. Hypertension, all-grade and grade >3, for ICI-ICI vs VEGF-TKI trials. ICI-ICI: Immune checkpoint inhibitor combination; VEGF-

TKI: vascular endothelial growth factor tyrosine kinase inhibitor.

Experimental Control Weight Weight
Study Events Total Events Total Odds Ratio OR 96%-Cl (common) (random)
Checkmate-9ER 33 320 25 320 ﬁﬁ-'H*r- 1.36 [0.79,234) 236%  281%
CLEAR 104 352 43 340 290 [195 429 32 5% 356%
Keynote-426 81 432 51 429 —a_— 1.71 [1.17,2.50) 439%  363%
Common effect model 1104 1089 <> 2.01 [1.58; 2.66) 100.0% -
Random effects model - 1.93 [1.25; 2.99] - 100.0%
Heterogeneity: 1 = 67%, 1° = 0.0979, p = 0.05
05 1 2
Experimental Control Weight Weight
Study Events Total Events Total Odds Ratio OR 956%-Cl (common) (random)
Checkmate-9ER 9 320 7 320 ~+ 1.29 [0.48,352) 244%  272%
CLEAR 27 352 10 340 274 [131,575) 337% 381%
Keynote-426 12 432 12 429 —— 099 [0.44,224) 420% 347%
Common effect model 1104 1089 -it‘.:’ 1.66 [1.04, 2.66) 100.0% -
Random effects model T 1.67 [0.82; 3.02) - 100.0%
Heterogeneity: 1° = 43%, t* = 0.1477, p = 0.17 ! ! ! L
02 05 1 2 5

Fig. 4. Proteinuria, all-grade and grade >3 for ICI-TKI vs TKI trials. ICI-TKI: Immune checkpoint inhibitor and tyrosine kinase inhibitor
combination; VEGF-TKI: vascular endothelial growth factor tyrosine kinase inhibitor.

these studies from the calculated meta-analysis for
proteinuria.

Creatine increase, acute kidney injury and
nephritis

Creatinine increase, AKI and nephritis were
uncommon. Despite the possibility of overlap, these
events were considered separate entities and added
for a combined analysis shown in Fig. 5. There was

no statistically significant difference of kidney events
between the contemporary regimens and VEGF-TKI
alone. Also, Table 2 shows the collected data for each
of these entries.

Nephritis was not always included in the adverse
events list, including the Checkmate-214 study,
where there was no report of nephritis. Although,
in this study, there were 40 (7.3%) cases of cre-
atinine increase and 12 (2.2%) cases of AKI. In
the BIONIKK study, there were 2 cases of AKI
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Experimental Control
Study Events Total Events Total
Checkmate-9ER 45 320 45 320
CLEAR 132 352 94 340
Keynote-426 8 432 1 429
Checkmate-214 52 547 56 535
BIONIKK 2 10 1 40
Common effect model 1762 1664
Random effects model
Heterogeneity: I = 54%, t° = 0.0650, p = 0.07

Experimental Control
Study Events Total Events Total
Checkmate-9ER 5 320 1 320
CLEAR 28 352 10 340
Keynote-426 3 432 1 429
Checkmate-214 5 547 9 535
BIONIKK 0 101 0 40
Common effect model 1752 1664
Random effects model

Heterogeneity: I* = 58%, ©* = 0.6160, p = 0.07
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Fig. 5. Creatinine increase, acute kidney injury and nephritis, any grade and grade >3 for all studies.

with the ICI-ICI combination, both of grade 1-2, but
there was also no report of nephritis or creatinine
increase.

Creatinine increase was not reported in Keynote-
426, which tested the combination of pembrolizumab
plus axitinib, while it was reported on all other trials.

AKI was not always equally reported across
the studies. In Checkmate-9ER it could have been
described both as AKI or renal failure. In the CLEAR
trial, adverse events were classified in a broader cat-
egory of “renal events”. Although it is not clear if
all “renal events” could be interpreted as “AKI”,
for the purpose of this review, they were analyzed
together. In Keynote-426, there was no report of AKI
events.

Except for Checkmate-214 and BIONIKK, all
other trials reported on the rate of “nephritis”. Taking
in consideration only the experimental arm of these
3 trials, there were 15 (1,3%) reported cases of all-
grade nephritis, of which 7 were grade 3 or higher.
There was also 1 case of nephritis reported with the
use of sunitinib, in Keynote-426.

Grade 5 events

There were 16 reported deaths in the ICI-TKI com-
bination arms compared to 10 in the sunitinib arm
and there were 9 reported deaths in the ICI-ICI com-
bination arms compared to 6 in the VEGF-TKI arm

of those trials. From these 16 reported deaths in all
VEGF-TKI plus ICI combination trials, 2 (12.5%)
were caused by nephrotoxic events. Both cases were
reported in the CLEAR trial, of lenvatinib plus pem-
brolizumab. One case was reported to be secondary
to AKI and the other due to uncontrolled hyperten-
sion. Also in the CLEAR study, sunitinib was related
to the occurrence of 1 (16.6%) nephrotoxic related
death, reported as secondary to both respiratory fail-
ure and AKI. There were no ICI-ICI nephrotoxic
related deaths reported. One patient of the BIONIKK
VEGF-TKI arm had a thrombotic microangiopathy
grade 5 event, which was not counted as a nephrotoxic
event.

DISCUSSION

This systematic review and meta-analysis repre-
sents the first evaluation of nephrotoxic events linked
with modern systemic treatments for ccRCC. The
study adopted an inclusive definition of nephrotoxic
events, encompassing a range of distinct terms. Sig-
nificantly, a substantial portion of the compiled data
was exclusively available within the supplementary
materials, particularly when it was absent from the
information provided in the main articles.

There was a statistically significant higher rate of
grade >3 proteinuria associated with the ICI-TKI
combinations when compared to VEGF-TKI alone.



Table 2
Rates of all-grade and grade >3 creatinine increase, acute kidney injury (AKI) and nephritis
Study name Intervention Sample Size TRAE Experimental arm Control
Total Experimental Control Any grade (%) >grade 3 (%) Any grade (%) >grade 3 (%)
Checkmate-9ER Nivolumab + 640 320 320 Creatinine 42 (13.1) 4(1.2) 43 (13.4) 1(0.3)
Cabozantinib increase
AKI/Renal failure 2 (0.6) 1(0.3) 2 (0.6) 0
Nephritis 1(0.3) 0 0 0
CLEAR Pembolizumab + 692 352 340 Creatinine 48 (13.6) 4(1.1) 34 (10.0) 2 (0.6)
Lenvatinib increase
AKI/*“Renal 78 (22.2) 20 (5.7) 60 (17.6) 8(2.4)
events”
Nephritis 6(1.7) 4(1.1) 0 0
Keynote-426 Pembrolizumab + 861 432 429 Creatinine NR NR NR NR
Axitinib increase
AKI NR NR NR NR
Nephritis 8(2) 3 (<) 1(<1) 1(<1)
Checkmate-214 Nivolumab + 1082 547 535 Creatinine 40 (7.3) 1(<1) 47 (8.8) 6(1.1)
Ipilimumab increase
AKI 12 (2.2) 4 (<1) 9(1.7) 3(<1)
Nephritis NR NR NR NR
BIONIKK Nivolumab + 141 101 40 Creatinine NR NR NR NR
Ipilimumab increase
AKI 2 0 1 0
Nephritis NR NR NR NR

TRAE: treatment related adverse event, AKI: Acute kidney injury, NR: not reported.
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However, this observation might not necessarily indi-
cate a synergistic effect between immunotherapy and
VEGF-TKI leading to an increased incidence of pro-
teinuria. Notably, the presence of proteinuria induced
by ICI alone, particularly in ICI-ICI combinations,
was notably less pronounced than when using VEGF-
TKI as a monotherapy. An alternative explanation
could be that the high VEGF receptor affinity of
lenvatinib and axitinib, as compared to other VEGF-
TKIs, could potentially contribute to their propensity
for inducing higher rates of proteinuria. These drugs
have previously demonstrated elevated occurrences
of proteinuria, a factor frequently linked to dose mod-
ifications or interruptions in their administration [13,
22,23].

Hypertension did not exhibit any statistically sig-
nificant difference in occurrence between ICI-TKI
combinations and VEGF-TKI alone. Nevertheless,
there was a tendency of a higher frequency of grade
>3 hypertension cases within the ICI-TKI combi-
nation group compared to VEGF-TKI alone. If a
distinction were to emerge, it might potentially be
attributed to the same rationale as previously men-
tioned for proteinuria: the heightened potency of
axitinib and lenvatinib, which could make them more
prone to inducing hypertension [9, 24].

The ICI-ICI combination arms showcased only
minimal instances of hypertension specifically asso-
ciated with immunotherapy treatment and it was both
evident and statistically significant that VEGF-TKI
causes more instances of hypertension than the use
of immunotherapy alone.

It is important to note that the limited usage
of pazopanib in the BIONIKK trial is unlikely to
exert a significant influence on the studied outcomes.
Although pazopanib and sunitinib might be inter-
changeable in terms of efficacy, they undoubtedly
exhibit distinct profiles of adverse events. In the
COMPARZ trial, of first-line setting ccRCC, 548
patients received sunitinib and 554 patients were
treated with pazopanib [25]. Within this context,
pazopanib yielded 3% (17 cases) of proteinuria,
while sunitinib presented 1% (6 cases). For all-
grade hypertension, the incidence was 46% (257
cases) with pazopanib and 41% (223 cases) with
sunitinib [25]. Consequently, the COMPARZ trial
indicated a different profile of adverse events for
pazopanib and sunitinib. However, concerning hyper-
tension and proteinuria, the differentiation between
the two agents appears less pronounced [26]. In any
scenario, the influence of pazopanib on the outcomes
of our study is likely to be minimal due to the rela-

tively small size of the group under consideration, in
relation to the overall study population.

The descriptions of various renal abnormalities
leading to an eventual increase in creatinine were
notably diverse across the different trials. The ter-
minology employed encompassed a wide spectrum,
ranging from the broadest term “creatinine increase”
to more specific terms like “nephritis,” which denotes
a kidney injury with an immune-related mechanism.
When reviewing the reports, it remains challenging
to estimate the extent of overlap that might exist
among these different categories. Notably, a grade 3
increase in creatinine could likely result in hospital-
ization due to acute kidney injury (AKI), essentially
making them equivalent adverse events. Certain trials
opted for an even broader classification, employing
the term “renal and urinary disorders,” a broader
category from CTCAE. This category encompasses
various adverse events, including those included here,
but also extends to conditions like “chronic kid-
ney disease,” “hematuria,” and “nephrotic syndrome”
[18]. For clinical trial investigators, reporting on
nephrotoxic events can prove particularly challeng-
ing, especially in contexts where these events are
infrequent. Furthermore, fluctuations in participants’
creatinine levels may not always be solely attributable
to the treatment administered, and such variations
might not necessarily warrant major changes in their
management. On the other hand, in patients with
underlying chronic kidney disease (CKD), minor
increases in serum creatinine could represent a major
complication. Therefore, although measurement of
serum creatinine alone is not a reliable marker of kid-
ney function, it is still the main form of assessment
either for including or excluding patients in clinical
trials or during the study’s follow-up [27]. This lack
of harmonization of kidney function assessment and
report has been previously noticed as it encompasses
both early phase and phase III clinical trials [28, 29].
Consequently, our ability to properly interpret how
toxic novel oncologic treatments are to the kidney and
how to manage them adequately is quite limited [30].
The IRMA study has previously shown the preva-
lence of CKD in patients with cancer undergoing
treatment, although this retrospective analysis was
mostly limited to cytotoxic agents and did not include
various cancer types [31]. Despite these complexities,
future trials could aim to enhance the reporting of
nephrotoxic events, potentially incorporating a clas-
sification system for different types of injuries, akin
to the approach taken with nephritis and reporting
baseline kidney function by creatine clearance esti-
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mates with the proper formulas. Further insight could
be gained with the inclusion of nephrologists as part-
ners in the planning and conduction of oncological
clinical trials [32].

Nephritis unequivocally signifies a type of kid-
ney injury that would not likely manifest without the
use of immune checkpoint inhibitors (ICIs) [33]. It
is estimated that these ICIs can directly contribute
to acute kidney injury (AKI) in approximately 2.2%
of treated patients [15, 34]. In our data, we found
a 1,3% rate of all-grade nephritis, which is not dis-
tant from other reports. Moreover, previous data have
indicated a correlation between the potential height-
ened risk of AKI development in patients undergoing
ICI therapy, particularly if they are concurrently
taking proton pump inhibitors or non-steroidal
anti-inflammatory drugs [35]. The predominant man-
ifestation of immune-related kidney injury typically
takes the form of acute tubulo-interstitial nephritis
(ATIN) [36, 37]. Instances of immune-related ATIN
may present with sterile pyuria, mild proteinuria, and
eosinophilia. Empirical corticosteroid treatment is
often considered for suspected cases; however, pru-
dent consideration should be given to conducting a
kidney biopsy. Such a biopsy not only aids in confirm-
ing the cause of AKI but also assists in differentiation
from other types of immune-related injuries, beyond
ATIN, that can lead to nephritis [38—40].

Nephrotoxic events constituted a considerable
proportion of all fatalities attributed to the interven-
tions studied. The emergence of immune checkpoint
inhibitor (ICI) combinations and their expanded
application across various tumor types has height-
ened investigators’ awareness of adverse events,
prompting proactive interventions to avert fatal
consequences [20]. However, it is important to
underscore that nephrotoxic events stemming from
ICI-TKI combinations can indeed lead to lethal out-
comes.

CONCLUSIONS

Combination of ICI with VEGF-TKI has statis-
tically higher degree of proteinuria compared to
VEGF-TKI alone. No statistically significant differ-
ence in rates of hypertension was observed in the trials
included in our study between ICI-TKI and VEGF-
TKI alone. On the other hand, VEGF-TKI alone is
associated with higher rates of all grade and grade
>3 hypertension, compared to immunotherapy alone.
Renal injury (increase in creatinine, AKI and nephri-

tis) were uncommon. Description of renal injuries
(increase in creatinine, AKI and nephritis) in the
studies we report here have been diverse and a stan-
dardized definition of this term across clinical trials
will be helpful to reliably interpret the data regarding
nephrotoxicity in the setting of treatment of renal cell
cancer.
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