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ABSTRACT

Background. Immune checkpoint inhibitors (ICPIs) are a novel therapeutic approach to cancer treatment that have
changed the landscape of cancer therapy but also have some considerable drawbacks. Acute kidney injury (AKI) is one of
these potential complications that may have effects on patient outcomes. In this review, we assessed the effect of AKI on
mortality outcomes in cancer patients receiving this immunotherapy.

Methods. We performed a systematic review and meta-analysis of prospective, retrospective, randomized and
non-randomized studies, which examined the effects of AKI in cancer patients receiving immune checkpoint inhibitors.
We searched through PubMed, Medline, Web of Science, Scopus and Cochrane Library databases.

Results. Seven studies were included in the final analysis, with a total number of patients of 761. Overall, the risk of
death was higher in patients that developed AKI during ICPI treatment [hazard ratio (HR) 1.42, 95% confidence interval
(CI) 1.05-1.92, P = 0.02; heterogeneity x? = 11.68, I> = 66%, P = 0.02] compared with patients that did not develop AKI In
addition, there was a trend to a better survival in those with less severe AKI patients compared with those with more
severe AKI (HR 1.35, 95% CI 0.99-1.83, P = 0.05). Lastly, it was seen that patients with persistent kidney dysfunction
(non-recovery) had an increased risk for all-cause mortality (HR 2.93, 95% CI 1.41-6.08, P = 0.004; heterogeneity x? = 0.53,
12 = 0%, P = 0.47).

Conclusions. Development of AKI in patients with cancer receiving immune checkpoint inhibitors is associated with
increased risk of mortality.
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Immune checkpoint inhibitors are a novel therapeutic approach to cancer treatment that have changed the
landscape of cancer therapy but also have some considerable drawbacks. Acute kidney injury (AKI) is one of these
potential complications that may have effects on patient outcomes. In this review, development of AKI in patients
with cancer receiving immune checkpoint inhibitors is associated with increased risk of mortality.

Keywords: acute kidney injury, acute renal failure, immune checkpoint inhibitors, immunotherapy, nephrotoxicity

INTRODUCTION

Immune checkpoint inhibitors (ICPIs) act primarily to inhibit
the down-regulatory immune system pathways that suppress
the host’s immune response. The immune checkpoints involved
in this balance of stimulatory and inhibitory pathways include
the programmed cell death 1 (PD-1) receptors or its ligand
(PD-L1), and cytotoxic T-lymphocyte antigen 4 (CTLA-4) recep-
tors [1, 2]. The implementation of ICPIs has been subsequently
shown to improve cancer therapy in terms of the treatment
outcomes including progression-free survival and overall sur-
vival [3, 4]. Despite being primarily a supportive approach to
mainstay treatments (chemotherapy, targeted therapies and
radiotherapy), immunotherapy is a beacon of hope for many
patients and ICPIs have already become one of the main pillars
in cancer treatment [5-7].

The use of ICPIs in the treatment of certain malignancies
contributes greatly to improved patient prognosis; however, ac-
tivation of the immune system has potential drawbacks which
are referred as immune-related adverse events (IRAEs) [8]. This
concept is similar to autoimmune diseases, which are the di-
rect result of the overactivation of immune system by ICPIs [3, 8,
9]. Skin, gastrointestinal tract and liver are the sites most com-
monly affected by IRAEs; nevertheless, nearly all tissues and
organs including the lungs, nervous system, endocrine organs,
joints, heart, pancreas and the kidneys may be involved at any
time point during or after immunotherapy [8, 9]. Although most
IRAEs are mild and reversible with the discontinuation of the re-
sponsible agent, life-threatening IRAEs have also been reported
(8, 9]

Acute kidney injury (AKI) that develops in cancer patients in
the setting of ICPI has been investigated, though most of the
published data are limited to case reports, case series and a
small number of cohort studies. Biopsy-proven acute interstitial
nephritis, which is the most commonly observed lesion along
with acute tubular injury/necrosis, and a variety of glomerular
diseases have been reported in a small number of studies. The
prognostic importance of AKI in the treatment of many medi-
cal conditions has been well established in large-scale studies
[10-12], whereas the true incidence of AKI and its effect on mor-
tality in patients receiving immunotherapy is unclear due to lack
of comprehensive studies and meta-analysis. With this back-
ground, this systematic review and meta-analysis aims to as-
sess the impact of AKI in patients with cancer receiving ICPIs on
long-term prognosis focusing on mortality.

MATERIALS AND METHODS

In this systematic analysis and meta-analysis, guidelines of
the Cochrane Collaboration and Meta-Analysis of Observational
Studies in Epidemiology (MOOSE), Quality of Reporting of Meta-

Analyses (QUOROM) and the Preferred Reporting Items for Sys-
tematic Review and Meta-Analyses (PRISMA) guidelines were
followed [13-15].

Data source and strategy

The literature search has been performed through five databases
including PubMed, Medline, Web of Science, Scopus and
Cochrane Library databases by utilizing the listed terms or
their combinations: ‘acute kidney injury’, ‘acute kidney failure’,
‘acute renal failure’, ‘nephrotoxicity’, ‘immune checkpoint’, ‘im-
mune checkpoint inhibitors’, ‘immunotherapy’, ‘atezolizumab’,
‘nivolumab’, ‘pembrolizumab’, ‘iplimumab’, ‘avelumab’, ‘dur-
valumab’, ‘cemiplimab’, ‘PD-1 inhibitor’, ‘PD-L1 inhibitor’ and
‘CTLA-4 inhibitor’ (Supplementary data, Table S1). Three inves-
tigators (A.B.Y,, M.B,, S.C.) screened abstracts and titles of the
studies that were reached through the search platforms men-
tioned above. Bibliographies of the reviews and studies were
additionally screened for relevant publications. The selected
studies were further investigated by three investigators (A.B.Y,,
M.B,, S.C) in full text, for relevance of the specified criteria.
Furthermore, references listed on selected studies and reviews
were assessed manually for additional relevant studies. After
the preliminary selection, full texts of the selected studies
were independently evaluated by the authors. Details of study
selection procedures are depicted in Supplementary data, Table
S1. Data extraction was performed by three authors (A.B.Y.,, M.B,,
S.C.), with the extracted properties being study characteristics
(year, author, study design), inclusion/exclusion criteria, popu-
lation characteristics (age, sex, ICPi distribution), ICPI therapy
length, follow-up length, AKI incidence, outcomes of AKI and
non-AKI patients and severity of AKI. Relevant information
extracted according to these properties is demonstrated in
Tables 1 and 2. The study selection and assessment process has
been evaluated in detail through PRISMA flowchart on Fig. 1.

Most studies included in this meta-analysis study utilized
the Kidney Disease: Improving Global Outcomes (KDIGO) criteria
and staging for AKI, whereas differences in terms of such defini-
tions exist across individual studies such as inclusion of biopsy
as a diagnostic criteria or clinical diagnosis of AKI etiology.

Inclusion and exclusion criteria

All cohort studies conducted on patients with cancer receiving
ICPIs and reported the outcomes of patients both developing or
not developing AKI are included in this meta-analysis regard-
less of their randomization process or being prospective or ret-
rospective. Outcomes are considered as death rate, overall recov-
ery rate and also severity according to the AKI stage.

Duplicates of the studies, repetitive results, reviews, case
studies and meta-analyses were excluded. Studies with patient
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Figure 1: Flow diagram of the study selection process.

without malignancies, patients not receiving ICPi, no reported
AKI, AKI patients with not reported outcomes or patients <18
years of age were excluded.

Quality assessment

Quality assessment of the studies included in the meta-analyses
was assessed according to the Newcastle-Ottawa Scale, which
uses the selection of study groups, assessment of outcomes, and
comparability of the groups [16]. According to the Newcastle-
Ottawa Scale, a study can earn up to nine stars, representing
the highest quality research. The assessment results are demon-
strated in Supplementary data, Table S2.

Ethical approval

This article does not contain any studies with human partici-
pants or animals performed by any of the authors.

Statistical analysis

Extracted hazard ratios (HR) from the included study protocols
were pooled using the random-effects model. We assessed for
heterogeneity in the treatment estimates using the CochranQ
test and the I? statistic (with substantial heterogeneity defined
as values >50%) [17]. All statistical analyses were performed

using Review Manager (RevMan) Version 5.3 (The Cochrane
Collaboration 2012).

RESULTS

Seven studies were included in our final analysis, with a total
number of patients of 3767 (895 with AKI and 2872 without AKI),
ranging from a minimum of 152 [18] to a maximum of 858 [19].
There were three trials from North America [20-22], two from
Europe [23, 24] and one from Asia [18]; the last one included pa-
tients from North America, Europe and Asia [19]. The average age
of the included patients varied between 61 [21] and 67 years [18];
the proportion of male patients included in the studies was be-
tween 50% [22] and 75% [18]. Chronic kidney disease prevalence
was between 10.1% [23] and 30% [18]; additionally, hypertension
and diabetes were present in 34% [21] to 59.9% [20] and 9.3% [23]
to 19% [22], respectively.

Lung cancer was the most frequent neoplasia in five of the
studies [18-20, 24, 25], while melanoma was most common in
the remaining two [21, 23]. The use of different ICPIs varied
between studies: anti CTLA-4 between 1% [18] and 61.9% [21];
anti PD-1 between 25.4% [21] and 91.1% [20]; anti PD-L1 be-
tween 5.6% [20] and 27.3% [24]; and combination of ICPIs be-
tween 1% [18] and 20.3% [19]. The anti PD-L1 drugs were not used
in two studies [21, 23] and Seethapathy et al. used only anti PD-1
ICPi [22].

AKI and recovery definition

The KDIGO guideline for AKI definition and staging was em-
ployed in all the studies included. Cortazar et al. included only
patients with at least stage 2 AKI [20]. The incidence of AKI
stages 1, 2 and 3 and the need of renal replacement therapy
(RRT) varied between 17.9% [19] and 76% [23], 16.7% [23] and
43% [20], 7.3% [23] and 57% [20], and 0% [23] to 9% [20], re-
spectively; two studies did not mention the proportion of AKI
stages [22, 24].

Cortazar et al. defined complete kidney recovery as serum
creatinine <0.35 mg/dL above baseline values and partial recov-
ery serum creatinine >0.35 mg/dL, but less than twice, or liber-
ation from RRT [20]. Full and partial kidney recovery rates were
40% and 45%, respectively [20]. Shimamura et al. defined as re-
covery of the serum creatinine concentration to <0.35 mg/dL
above the baseline serum creatinine concentration and recov-
ery rate was 73% [18].

All-cause mortality

Five studies compared the all-cause mortality outcome between
patients with and without AKI [18, 21-24]. Overall, the risk of
death related to AKI was higher in patients that developed AKI
during ICPI treatment [HR 1.42, 95% confidence interval (CI) 1.05-
1.92, P = 0.02; heterogeneity x? = 11.68, 1> = 66%, P = 0.02] (Fig. 2).
Two studies analyzed the association of severity of AKI with all-
cause mortality [19, 20]. Overall, there was only a trend to a better
survival in those with less severe AKI (HR 1.35, 95% CI 0.99-1.83,
P = 0.05; heterogeneity x2 =0.11,1? = 0%, P = 0.74) (Fig. 3). Finally,
there were two studies that evaluated the association of recov-
ery from the AKI episode with survival [18, 20]. Overall, those
patients with persistent kidney dysfunction (non-recovery) had
an increased risk for all-cause mortality (HR 2.93, 95% CI 1.41-
6.08, P = 0.004; heterogeneity x%= 0.53, I>’= 0%, P = 0.47)
(Fig. 4).
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Figure 2: Forest plot of association between outcomes of AKI and non-AKI in patients on ICPL.

Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
4.1.1 Stage 3 vs. Stage 2
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Subtotal (95% CI) 25.2% 1.23 [0.67, 2.27] ——

Heterogeneity: Not applicable
Test for overall effect: Z = 0.68 (P = 0.50)

4.1.2 Stage 3 vs. Stage 1 and 2

Gupta 2021 0.33 0.18 74.8%
Subtotal (95% CI) 74.8%

Heterogeneity: Not applicable
Test for overall effect: Z=1.83 (P = 0.07)

Total (95% CI) 100.0%
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Test for overall effect: Z=1.93 (P = 0.05)

1.39[0.98, 1.98]
1.39 [0.98, 1.98]

b b

1.35[0.99, 1.83]

05 07 1 15 2
AKI Stage 1/2 AKI Stage 3

Test for subgroup differences: Chiz2 =0.11, df =1 (P = 0.74), I? = 0%

Figure 3: Forest plot of association between Stage 1, 2 AKI and Stage 3 AKI in patients on ICPL

Hazard Ratio Hazard Ratio
Study or Subgroup  log[Hazard Ratio] SE Weight IV, Random, 95% CI Year IV, Random, 95% CI
Cortazar 2020 0.99 0.39 91.4% 2.69 [1.25, 5.78] 2020
Shimamura 2021 1.96 1.27 8.6% 7.10 [0.59, 85.55] 2021 >
Total (95% CI) 100.0% 2.93 [1.41, 6.08] ——l

Heterogeneity: Tau? = 0.00; Chi* = 0.53, df = 1 (P = 0.47); I? = 0%
Test for overall effect: Z = 2.88 (P = 0.004)

02 05 1 2 5
Recovery Non-recovery

Figure 4: Forest plot of association between recovery and non-recovery of AKI patients in patients on ICPI.

DISCUSSION

Our meta-analysis including seven studies with a total of 3767
patients demonstrates that ICPl-associated AKI is of mild to
moderate severity in most cases. The results of our meta-
analysis demonstrate high rates of AKI, with incidence rates up
to 76% for stage 1 AKI and lower incidence rates for higher stages
and for the requirement of RRT. Despite considerable discrepan-
cies amongindividual studies included in this systematic review,
the presence and severity of AKI has an impact on all-cause mor-
tality. Additionally, persistence of AKI further worsens the prog-
nosis. Even though these results are not definitive, they empha-

size the need for clear management guidelines for AKI during
the course of immune checkpoint inhibitor therapy. Moreover,
the early recognition and proper management may improve the
clinical outcome.

Another meta-analysis including 13 studies and investigat-
ing the association between AKI and PD-1 inhibitors demon-
strated a statistically significant higher risk for AKI in pa-
tients receiving PD-1 inhibitors compared with non-nephrotoxic
controls (relative risk 4.19, 95% CI 1.57-11.18). However, this
meta-analysis did not investigate the long-term impact of ICPI-
associated AKI on outcomes such as recovery from AKI or all-
cause mortality [26].
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Figure 5: Pathways of AKI development. Blockage of inhibitory pathways allows aberrant T-cell response against self-tissues. Checkpoint blockage also leads to
development of autoantibodies and causes damage via several mechanisms. DC, dendritic cells.

Even though studies investigating the exact cause and type
of ICPI-associated AKI are limited in number and in extent with
lack of adequate biopsy-proven diagnosis, acute tubulointersti-
tial nephritis appears to be the most common clinical entity
which is closer to the entity observed in autoimmune diseases
rather than drug-hypersensitivity reactions [27-30]. Such con-
ditions are hypothesized to be caused by ICP-activated T-cells
which secrete pro-inflammatory cytokines, and results in loss of
tolerance against self-antigens which may result in off-target ef-
fects [31]. Other biopsy-proven lesions include granulomas, min-
imal change disease and thrombotic microangiopathy (Fig. 5) [32,
33]. Management includes temporary or permanent discontinu-
ation of ICPI therapy, supportive therapy and immunosuppres-
sive therapy with intravenous corticosteroids [34].

Major limitations of our meta-analysis include the low
number of large-scale prospective cohort studies, variations in
the definition of AKI and persistent renal dysfunction across
individual studies, and the absence of randomized controlled
trials investigating the renal outcomes of immunotherapy in
cancer patients which lead to a decline in the power of the meta-
analysis. Additionally, variations among the individual studies
including the type of malignancy, stage of the disease, comor-
bidities of the patients involved in those studies, choice for im-
munotherapeutic medication and basic demographics limit the
reproducibility of the results in future studies. Furthermore, the
studies included in this meta-analysis, in most cases, do not in-
clude the potential confounding conditions that may result in

AKI in cancer patients such as volume depletion (prerenal AKI),
use of other potentially nephrotoxic medications and infections
that may cause AKI. Similarly, in some studies, the diagnosis of
AKI is based on the KDIGO guidelines, while biopsy-proven re-
sults, which could illustrate the non-immunotherapy related eti-
ologies for AKI in those patients, are lacking. Lack of a nephrol-
ogist in the diagnosis and treatment process in most of the in-
cluded studies further raises the suspicion for other underlying
etiologies. Lastly, our meta-analysis study is unable to reach for
a definitive conclusion regarding the effect of AKI stage on mor-
tality due to limited number of studies and variations between
studies.

On the other hand, this systematic review and meta-analysis
is crucial since it is among the first meta-analysis studies [26, 35]
investigating the association between ICPI therapy and kidney
injury and its association with clinical outcome such as need
for persistence of kidney dysfunction and all-cause mortality.
Moreover, these results implicate the need for a clearer manage-
ment guideline for patients developing AKI during the course of
therapy.

In conclusion, the development of AKI in cancer patients re-
ceiving ICPIs is an important complication with a potential to
increase patient mortality. Therefore, future large-scale random-
ized studies investigating the incidence of AKIin cancer patients
receiving ICPIs along with therapeutic alternatives and the effect
of AKI on clinical prognosis are needed for better understanding
of this issue.
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