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Abstract

Background: Cancerimmunotherapy, such as anti-cytotoxic
T-lymphocyte-associated protein 4 (CTLA-4) and anti-pro-
grammed death 1 (PD-1), has revolutionized the treatment
of malignancies by engaging the patient’s own immune sys-
tem against the tumor rather than targeting the cancer di-
rectly. These therapies have demonstrated a significant ben-
efit in the treatment of melanomas and other cancers.
Summary: In order to provide an extensive overview of the
renal toxicities induced by these agents, a Medline search
was conducted of published literature related to ipilimum-
ab-, pembrolizumab-, and nivolumab-induced kidney toxic-
ity. In addition, primary data from the initial clinical trials of
these agents and the FDA adverse reporting system data-
base were also reviewed to determine renal adverse events.
Acute interstitial nephritis (AIN), podocytopathy, and hypo-
natremia were toxicities caused by ipilimumab. The main ad-

verse effect associated with both the PD-1 inhibitors was
AIN. The onset of kidney injury seen with PD-1 inhibitors is
usually late (3—-10 months) compared to CTLA-4 antagonists
related renal injury, which happens earlier (2-3 months).
PD-1 as opposed to CTLA-4 inhibitors has been associated
with kidney rejection in transplantation. Steroids appear to
be effective in treating the immune-related adverse effects
noted with these agents. Key Message: Although initially
thought to be rare, the incidence rates of renal toxicities
might be higher (9.9-29%) as identified by recent studies. As
a result, obtaining knowledge about renal toxicities of im-
mune checkpoint inhibitors is extremely important.

© 2017 S. Karger AG, Basel

Introduction

Immune checkpoint inhibitors (ICI) are increasingly
being used in the treatment of several malignancies. Im-
mune surveillance of cancer occurs through the activity
of both the innate and adaptive immune systems, where-
by malignant cells are detected and eliminated in their
earliest stages [1]. However, tumors escape this process
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Fig. 1. CTLA-4 and PD-1 signaling networks at homeostasis.  feedback process to prevent overstimulation, T-cell activation
Integration of both positive and negative costimulatory signals  leads to the upregulation of the CTLA-4 molecule, which com-
during and after the initial T-cell activation will determine the fate  petes with the B7-CD28 ligand and in turn leads to T-cell arrest,
and intensity of the alloimmune response. The first step in antigen  thus providing brakes to the immune system. Similarly, binding
(Ag) recognition is the binding of the antigen to major histocom-  of the PD-1 molecule with PD-L1 and PD-L2 leads to an inhibi-
patibility complex (MHC) molecules on the antigen presenting  tory signal with decreased effector T-cell function, suppressing
cell (APC) and creating a complex with the T cell receptor (TCR)  immune surveillance and permitting neoplastic growth. It has to
located on the T cell. This is followed by the interaction of the be noted that the majority of data supports the role of increased
CD28 molecule with B7 (CD 80/86) initiating a co-stimulatory =~ PD-L1 expression in human tumors and serves as the biomarker
signal leading to further T-cell stimulation (this is in addition to  to consider PD-1 inhibitors for treatment. The role of PD-L2 in
other co-stimulatory molecules not depicted here). As a negative  specific tumor immunology in humans is not well defined.

by employing several mechanisms to avoid or actively —ecule CD28 mediates a positive co-stimulatory signal to
suppress anticancer immune responses [2, 3]. Enhancing  the T cell via interaction with B7 receptors on the APC.
anti-tumor T-cell immunity with checkpoint inhibitor = The CTLA-4 is then upregulated on the T cell, which in
antibodies such as anti-cytotoxic T-lymphocyte-associ- turn competes with the B7-CD28 ligand molecule.
ated protein 4 (CTLA-4) and anti-programmed death CTLA-4 upregulation leads to an inhibitory signal and
1 (PD-1) has shown significant clinical benefits in tumor  induces T-cellarrest. CTLA-4activation puts the “brakes”
regression and prolonged stabilization of many solid tu-  on the immune system [4]. Ipilimumab is a monoclonal
mors and is now FDA approved for use in non-small cell ~antibody that has anti-tumor activity by targeting CTLA-
lung cancer, melanoma, and renal cell cancer. Figure 1 4 and activating the immune system. The inhibitory re-
describes CTLA-4 and PD-1 signaling networks in ho- ceptor PD-1 is a cell surface molecule with a single
meostasis and Figure 2 summarizes the mechanism of immunoglobulin super-family domain. It is expressed
action of CTLA-4 and PD-1 antagonists in malignancy. on activated T cells, B cells, natural killer T cells, mono-
The T-cell receptor (TCR) interacts with the major his- cytes, and dendritic cells [5-7]. PD-1 has 2 ligands:
tocompatibility complex in association with antigen on  PD-ligand-1 (L1) and ligand-2 (L2). Tumor expression
the antigen presenting cell (APC). The cell surface mol-  of PD-L1 is thought to be one mechanism of immune
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Fig. 2. Ipilimumab or CTLA-4 antagonist binds to the CTLA-4
molecule and prevents it from binding to B7, leading to the sus-
tained activation of the T cell (lifting the foot off the brakes). PD- 1
inhibitors bind to the PD-1 molecule preventing its interaction
with PD-L1/L2, thus leading to continued T-cell stimulation

evasion by cancer cells. The role of PD-L2 in cancer im-
munology is far less clear [6, 7]. Monoclonal antibodies
directed against PD-1 prevent the engagement of PD-1
with its ligands, leading to T-cell stimulation. They assert
anti-neoplastic activity by rescuing the T cell from apop-
totic death, thus allowing it to continue its attack on tu-
mor cells [5]. Nivolumab and pembrolizumab are 2
monoclonal antibody therapies designed to directly
block the interaction between PD-1 and its ligands and
have been successfully used in treatment of melanoma,
lung cancer, renal cancer, and hematological malignan-
cies since 2014 [8-10].

Immune-related toxicities (colitis, dermatitis, pneu-
monitis, hepatitis, and thyroiditis) are common with ICI
[4, 5]. This narrative review summarizes all published
contributions related to ipilimumab-, pembrolizumab-,
and nivolumab-induced renal toxicities. In addition, pri-
mary data from clinical trials, and FDA adverse reporting
system was reviewed [11].
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(pressing on the accelerator). It has to be noted that the majority
of data supports the role of increased PD-L1 expression in human
tumors and serves as the biomarker to consider PD-1 inhibitors
for treatment. The role of PD-L2 in specific tumor immunology in
humans is not well defined.

Incidence

To better understand recently published contributions
related to ipilimumab-, pembrolizumab-, and nivolum-
ab-induced renal toxicities, a Medline, Embase, and
Scopus search of indexed manuscripts was conducted. A
total of 17 articles and original investigations that includ-
ed over 100 patients with renal outcomes secondary to the
3 agents were reviewed. In addition, details of all case re-
ports reviewed can be found in online supplementary
Tables 1-5 (for all online suppl. material, see www.karger.
com/doi/10.1159/000455014).

Cortazar et al. [12] analyzed data from published
phase 2 and 3 clinical trials of patients with adverse renal
outcomes and found the overall incidence of acute kid-
ney injury (AKI) to be 2.2% among a total of 3,695 pa-
tients. The incidence of grade III or IV (National Cancer
Institute Common Terminology Criteria for adverse
events) AKI or need for dialysis was 0.6% [12]. AKI oc-
curred more frequently in patients who received combi-
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nation therapy with ipilimumab and nivolumab (4.9%)
than in patients who received mono-therapy with ipili-
mumab (2.0%), nivolumab (1.9%), or pembrolizumab
(1.4%) [12]. A recent abstract reported an incidence of
renal events as high as 13.9% with the use of these agents
in routine practice in the United States, being associated
with the highest toxicity-induced costs ($8,854) [13].
Our unpublished data [14] analyzed 211 patients who
received ipilimumab, nivolumab, or pembrolizumab.
Ninety-nine patients had a serum creatinine available for
analysis. AKI stage 1 (based on AKI network criteria)
developed in 29% (11/38) of patients who were given
ipilimumab and in 24.5% (15/61) of patients who were
given PD-1 inhibitors. AKI stage 2 developed in 5%
(2/38) of patients who were given ipilimumab and 10%
(6/61) of patients who were given PD-1 inhibitors. In
summary, while initial studies had quoted a small inci-
dence of AKI with ICI use, recent unpublished emerging
data suggest a higher incidence rate of AKI (9.9-29%
range) with ICL.

Ipilimumab

Ipilimumab is a monoclonal antibody that has anti-
tumor activity by targeting CTLA-4 and activating the
immune system. Cell-mediated immune response lead-
ing to inflammatory cell infiltrates with and without
granulomas has been reported [15, 16]. Cases of acute in-
terstitial nephritis (AIN) in the initial trials, arising
2-12 weeks post drug administration have been reported
and one of them demonstrated granulomas [12, 17-22].
The largest series of biopsy-proven cases of AKI was re-
ported by Cortazar et al. [12]. Pathology revealed AIN in
most cases with varying degrees of foot process efface-
ment. In addition, cases of nephrotic syndrome [7, 19] in
the form of minimal change disease and membranous ne-
phropathy have been reported. Out of a total of 13 cases
that were noted to have renal injury associated with ipili-
mumab, there was no specific gender predilection noted
(online suppl. Table 1). Most of the AKI occurred 6-12
weeks following the start of treatment, with the longest
interval being 26 weeks. Eleven out of 13 patients who had
AIN or podocytopathy received steroids. Two patients
did not receive steroids and had no renal recovery. Of the
11 patients treated, 2 had complete recovery of renal
function, 7 patients had partial improvement in renal
function, and 2 patients remained dialysis dependent
with no improvement. Steroids administered differed in
their forms and dosages. Patients who developed AKI
earlier in the course responded to steroids in a better way
and needed less dialysis.

Adverse Renal Effects of ICIs

Ipilimumab has also been associated with electrolyte
disturbances. Two cases of ipilimumab-induced hypona-
tremia [23, 24] due to panhypopituitarism from ipilim-
umab related hypophysitis have been reported. The inci-
dence of hypophysitis in patients treated with this agent
is close to 17% in clinical trials [23]. Mechanistically, a
loss of adrenocorticotrophic hormone-secreting cortico-
trophs leads to a secondary adrenal insufficiency and loss
of regulatory effects of cortisol on arginine vasopressin.
This could be the mechanism leading to the hyponatre-
mia. In summary, anti CTLA-4 antagonists may result in
AIN, podocytopathy, or hyponatremia related to panhy-
popituitarism.

Pembrolizumab

Pembrolizumab [25] is a humanized monoclonal im-
munoglobulin G4 (IgG4) kappa antibody directed
against the PD-1. Initial reports did not mention any re-
nal toxicity [26] associated with pembrolizumab. In re-
cent phase 1 [27] and phase 2 trials [28], AKI in the form
of nephritis was reported with an incidence as high as
6.7% [27]. In the KEYNOTE] trial, AKI was reported to
be present in 2 out of 495 patients and hyperkalemia in 4
patients [10]. A recent study using this agent in lung can-
cer reported an increase in creatinine in 1.7% of the pa-
tients who received 2 mg/kg of pembrolizumab and 2%
in patients who received the higher dose, but none of the
patients on standard chemotherapy (docetaxel) [29] de-
veloped AKI. Online supplementary Table 2 summarizes
more recent case reports of renal toxicities caused by this
agent [12, 30, 31]. Overall, the 4 cases [12, 31] of biopsy-
proven AIN reported with this agent were in the time
frame of 1-12 months. There was no gender preference.
Three patients responded to steroids with complete re-
mission and 1 patient required dialysis and had partial
remission with steroids. Steroids used were variable from
intravenous forms to oral steroids for 1-3 months time
frame.

Nivolumab

In the early phase I trials, nivolumab was thought to be
innocuous from a renal standpoint [9, 32, 33]. As report-
ed events accumulated, it is now thought that renal ad-
verse events are frequently associated [34] with nivolum-
ab. In a phase I dose-escalation cohort expansion trial in
patients with advanced NSCLC, adverse renal events
were reported to be present in 3% of the cases [35]. Two
additional phase 2 trials also reported several renal ad-
verse events [8, 36]. In another phase 3 study, nivolumab
monotherapy was compared with docetaxel monothera-
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Fig. 3. a, b A 70-year-old Caucasian female who had completed
chemotherapy 6 months ago for metastatic non-small cell lung
cancer, 3 months ago was given a Pd1 inhibitor (Nivolumab), now
presented with AKI where the baseline creatinine of 1.0 rose to
5.0 mg, urinalysis showed microhematuria and less than 1 g pro-
teinuria with some white cell casts. There was no peripheral eo-

py in patients in whom disease had progressed during or
after one prior platinum-containing chemotherapy regi-
men. Among treatment-related select adverse events, 3%
of the patients on nivolumab had an increase in creatinine
as compared to 2% of the patients on docetaxel. Further-
more, one case of interstitial nephritis was also reported
in the nivolumab group [9]. Regarding trials in patients
with melanoma, both AKI and hyponatremia have been
reported [37-43]. Online supplementary Table 3 summa-
rizes the recent case reports of renal toxicities with this
agent. Four cases were reported in 2 recent publications
[12, 31]. All 4 cases showed biopsy-proven AIN (most
within 6-10 months following initiation of treatment).
Figure 3 illustrates the pathology noted in a case of
nivolumab-associated AIN. In summary, similar to pem-
brolizumab, AKI appears to develop late during the treat-
ment phase, usually in the 6-12 months period. No gen-
der preferences were noted and steroid treatment nor-
malized renal function in 75% of the cases.

Combined CTLA-4 and PD-1 Inhibitor Therapy

Combination therapy with ipilimumab and nivolum-
ab appears to increase the incidence and severity of ad-
verse events as compared to the use of nivolumab alone.
In a randomized, double-blind phase 1 dose-escalation
study, comparing nivolumab in combination with ipili-
mumab with standard-of-care ipilimumab monotherapy
as a first-line treatment in patients with advanced mela-
noma, 4 adverse renal events among 94 patients that re-
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sinophilia, rash or fever a, b H&E staining showing x200 and x600
magnification, respectively, illustrating renal cortical tissue show-
ing diffuse, mild to moderate, active interstitial inflammation,
mild edema, and frequent tubulitis and tubular epithelial injury,
composed of activated lymphocytes, a few macrophages, and fre-
quent eosinophils.

ceived the combination therapy were reported, including
a grades 3-4 event. Three of them who were managed
with immunomodulatory therapy achieved complete
resolution. No renal events were reported in the ipilim-
umab monotherapy group [39]. In another phase 1 trial
where these 2 drugs were combined in patients with ad-
vanced melanoma, and administered either concurrently
or sequentially, a rise in creatinine was noted in 7 out of
the 53 patients who received the concurrent therapy.
Conversely, none of the patients who received the se-
quential therapy developed an adverse renal event [40].
In a randomized, double-blind, multicenter, phase 3 tri-
al (CheckMate 067) that was conducted to evaluate the
safety and efficacy of nivolumab alone or nivolumab
combined with ipilimumab in comparison with ipilim-
umab alone in patients with previously untreated meta-
static melanoma, 3 out of the 313 (0.9%) patients treated
with nivolumab alone developed a renal adverse event as
compared to 17 out 313 (5%) treated with ipilimumab
and nivolumab and 8 out of 311 (2.5%) treated with ipi-
limumab alone [41]. Cortazar etal. [12], Shiralietal. [31],
and Murakami et al. [42] reported a total of 6 cases of
ipilimumab and nivolumab combination therapy used in
melanoma treatment, leading to biopsy-proven granulo-
matous or diffuse AIN. All were male, and 4 of the 6 pa-
tients had only partial recovery with steroids while 1 pa-
tient had complete recovery. The time frame ranged
from 5 to 33 weeks. It appears that the injury might be
more severe due to granuloma formation and perhaps

Wanchoo et al.
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Table 1. Common reported renal adverse events to the FDA adverse reporting database (FAERS) from 2011 3rd quarter to 1st quarter of 2015

Drug name Renal Hypokalemia Hyponatremia Hypomagnesemia Hyperkalemia Hypophosphatemia Hypernatremia Grand
impairment* total
Ipilimumab 220 64 159 8 19 13 0 483
Nivolumab 20 5 14 2 4 0 44
Pembrolizumab 16 3 19 0 1 0 0 39

The numbers in the cell represent the total number of events of each category for the 3 immune check point inhibitors.
* Renal impairment comprises proteinuria, renal failure acute, acute kidney injury, elevated creatinine, hypercreatinemia, and nephritis.

** Bolded numbers represents most common reported reaction.

*** The search terms used for the FAERS database were “renal impairment, proteinuria, renal failure acute, acute kidney injury, elevated creatinine,
hypercreatinemia nephritis, hyponatremia, hypokalemia, hypernatremia, hyperkalemia, hypophosphatemia, hypocalcemia, hypercalcemia,
hypomagnesemia, and hypertension.” There are important limitations with the FAERS database. The events are reported by providers and/or patients
and there could be a reporting bias. In addition, not all demographic and comorbidity information is available to help identify if other nephrotoxic risk

factors are present.

less responsive to steroids, and 1 patient required dialy-
sis. Online supplementary Table 4 summarizes the renal
effects of combined therapy.

FDA Adverse Event Reporting System Database

Review of Renal Toxicities with ICI

As part of this review, we evaluated all renal toxicities
with the above-mentioned ICI reported to the FDA ad-
verse event reporting system from the 3rd quarter of 2011
to the 2nd quarter of 2015. Table 1 summarizes our find-
ings. Renal failure was the most commonly reported
event followed by hyponatremia consistent with the re-
viewed literature findings. Renal failure and hyponatre-
mia were also reported with PD-1 inhibitors. Ipilimumab
has been in use since 2011 and PD-1 inhibitors since 2014
possibly confounding the increased rate of renal events
seen with ipilimumab.

Clinical Features and Mechanism of Injury

While hematuria (16%), eosinophilia (21%), and wors-
ening HTN (11%) were noted in some patients, rising se-
rum creatinine (100%) and pyuria (68%) [12, 31] may be
the only clinical clue in a large majority of the cases. As
noted above, nephrotic syndrome is a rare finding in
CTLA-4 antagonists.

CTLA-4 regulates peripheral tolerance by modulating
the interaction between APC and T cells in secondary
lymphoid organs. CTLA-4 deficiency was reported to
trigger the early onset of severe lymphoproliferative au-
toimmune syndromes both in human and mouse via tis-
sue self-antigen-specific T-cell activation [1]. With
CTLA-4 blockade, regulatory T cells (Tregs) lose their
suppressive capacity and an uncontrolled activation of

Adverse Renal Effects of ICIs

auto-reactive T cells occurs. Those cells then migrate and
infiltrate the kidney. On the other hand, PD-1 contrib-
utes to tolerance primarily at the level of target organs.
In the renal tissue, there is upregulation of PD-L1 by re-
nal cells, which will bind and signal through PD-1 ex-
pressed by T cells, trying to prevent those cells from pro-
liferating and damaging the tissue. However, when the
self-reactive T cells have their PD-1 receptor blocked by
the antibody, the PD-1/PD-L1 signaling will be inter-
rupted and T cells will further proliferate and cause cy-
totoxic injury to the kidney [43]. In addition, PD-L1- and
L2-deficient mice have also accelerated ischemic reper-
fusion renal injury [44]. PD-Ligands are essential in pre-
venting inflammatory responses of the immune system
in the target organs such as the kidney [45, 46]. Also, PD-
1-knockout mice spontaneously developed glomerulo-
nephritis [47, 48]. The heterogeneity of the time course
and delayed response are suggestive of a mechanism dis-
tinct from typical drug-induced AIN. It is possible that
ICIs-induced AIN may be due to “reprogramming” of
the immune system, leading to the loss of tolerance
against endogenous kidney antigens, as opposed to a de-
layed type hypersensitivity reaction [12]. This might be
why some of the cases had a long latency time period be-
fore AIN occurred. Thus, anti-PD-1 therapy may drive
an autoimmune variant of interstitial nephritis, similar
to the induction of autoimmune diabetes, possibly medi-
ated by the loss of peripheral tolerance to self-reactive T
cells [49]. The disruption of PD-1 signaling might also
break tolerance to drug-specific effector T cells that are
critical to the pathogenesis of AIN [50]. As a result, anti-
PD-1 therapy reactivates exhausted drug-specific T cells
primed by the exposure to nephritogenic drugs, includ-
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Table 2. Renal effects of cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) antagonists and the programmed death-1 (PD-1) in-

hibitors

Agents CTLA-4 antagonists (ipilimumab) PD-1 inhibitors (nivolumab and pembrolizumab)

Mechanistic 1. Limits T-cell response early in the immune response in 1. Limits T-cell response later in the immune response,

differences lymphoid tissues primarily in peripheral tissues
2. Expressed by T cells 2. Expressed by T cells and other immune cells
3. CTLA-4 ligands expressed by antigen-presenting cells 3. PD-1 ligands expressed by antigen-presenting cells and

other immune cells and can be inducibly expressed in
non-immune cells including tumor cells

Cancer Metastatic melanoma**, lung cancer*, renal cell cancer*, = Metastatic melanoma**, non small cell lung cancer **,
prostate cancer*, cervical cancer*, colorectal cancer*, gastric cancer®, head and neck cancer*, urothelial
pancreatic cancer®, ovarian cancer®, urothelial cancer* cancer*, colorectal cancer*, gliobastoma*, pancreatic

cancer*, hematologic malignancies™

Onset of AIN  AIN appears 6-12 weeks after initiation of therapy, with ~ AIN appears 3-12 months after initiation of therapy
longest duration being 26 weeks. Late onset associated with
more severe AKI requiring renal replacement therapy

Glomerular ~ Podocytopathy (membranous nephropathy and minimal ~ No cases of podocytopathy reported

findings change disease) and thrombotic microangiopathy reported

Gender No gender preferences No gender preferences

Electrolyte Hyponatremia cases related to hypophysitis (secondary Hyponatremia is rare

disorders adrenal insufficiency)

Transplant In renal transplant patients, 2 cases reported no rejection ~ When given- patients had rejection especially following

when given as a solo agent

use with CTLA-4 inhibitors (4 cases reported), likely due
to loss of tolerance

AIN, acute interstitial nephritis.
** FDA approved, * in phase 2 or 3 clinical trials.

ing proton pump inhibitors and nonsteroidal anti-in-
flammatory drugs but subsequently inhibited by PD-1
signaling. Either scenario resulted in increased effector
T-cell migration and function, leading to clinically sig-
nificant renal injury. Shirali et al. [31] and Cortazar et al.
[12] had the largest series of AIN reported with both the
PD-1 inhibitors. In the Shirali et al. [31] study, all 6 pa-
tients (4 on nivolumab and 2 on pembrolizumab) were
also on other drugs (proton pump inhibitors, nonsteroi-
dal anti-inflammatory drugs) linked to AIN, but in most
cases, the use of these drugs preceded anti-PD-1 anti-
body therapy. It is possible that PD-1 inhibitor therapy
may release the suppression of T-cell immunity that nor-
mally permits renal tolerance to drugs known to be as-
sociated with AIN. Dual PD-1/CTLA-4 blockade syner-
gistically might break the tolerance by unleashing the
quiescent, tissue-specific, self-reactive T cells, which ex-
press high levels of PD-1. Table 2 summarizes the differ-
ences in the 2 classes of agents.
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ICIs in Kidney Transplantation

Several cases of kidney injury have now been reported
when the 3 agents discussed above were used in kidney
transplant patients. Although Lipson et al. [51] had ini-
tially reported the successful administration of ipilimum-
ab to 2 kidney transplantation patients with metastatic
melanoma without any signs of rejection, they recently
reported a case of tumor regression but allograft rejection
after administration of pembrolizumab [52]. In addition,
3 cases of rejection were reported with the use of nivolum-
ab in kidney transplant patients with melanoma [53-55].
Online supplementary Table 5 summarizes all 6 cases.
Based on the 6 cases, it appears that PD-1 inhibitors could
be more prone to causing rejection in the transplanted
kidney compared to CTLA-4 antagonists, especially when
the patients have received anti CTLA-4 agents prior to
PD-1 inhibitor treatment. This may be because PD-1-PD
L1 interaction in the kidney tubular cells leads to the in-
duction of FOXP3+ regulatory T cells, which play an es-
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sential role in maintaining graft tolerance and minimizing
the chance of rejection [44]. In a recently published case
[56], we presented a novel strategy to prevent rejection in
the transplant patients receiving PD-1 inhibitors using
preemptive steroids and sirolimus. The organ transplant
community should be aware of the potential risk of rejec-
tion in kidney transplant recipients with the use of ICI.

CKIN Recommendations

In our opinion and based on available clinical trial data,
AKI is a known complication of ICI. A renal consultation
should be sought early and a kidney biopsy performed, if
the risk associated with the procedure is low. All potential
causes of AKI (pre renal, ATN, obstruction) should be
evaluated. If AKI is confirmed on a kidney biopsy as AIN
or a podocytopathy, we recommend the discontinuation of
the checkpoint inhibitor and a course of corticosteroids.
However, we cannot recommend a definitive dose and du-
ration of steroid therapy. Based on cases reported, predni-
sone 1 mg/kg tapered over a period of 1-2 months may be
sufficient. We additionally recommend close monitoring
of the serum creatinine. Rechallenge with ICI therapy may
be reasonable if other potentially offending agents (nonste-
roidal anti-inflammatory drugs, proton pump inhibitors)
are withdrawn and AIN has resolved. With this approach,
serum creatinine should be monitored bi-weekly, with the
reinstitution of steroids at the first sign of AKI from AIN
without another cause. For patients on ipilimumab, renal
function monitoring should be more frequent in the first 3
months, as the injury appears to happen earlier in the treat-
ment course. For the PD-1 inhibitors, the injury usually
happens later, so monitoring serum chemistries on a more
frequent basis might be more prudent.

In kidney transplant recipients who develop malig-
nancy post transplantation, these agents should be used
with caution. It is important to consult with a transplant
nephrologist before modifying immunosuppressive
agents. The moderate reduction of immunosuppression
may be warranted along with close monitoring of renal
function. Conversion of tacrolimus to sirolimus and
higher prednisone dose may be a reasonable treatment
regimen to prevent rejection, and at the same time does
not appear to minimize the efficacy of CTLA-4 or PD-1
antibodies against malignancy. The authors reiterate that
there are no substantial data available to support this pre-
ventive strategy and more evidence is needed. A close col-
laboration between oncologists, hematologists, and trans-
plant nephrologists is strongly encouraged in this setting.

Adverse Renal Effects of ICIs

Summary

Checkpoint inhibitor-related renal toxicity is an im-
mune-mediated process. While initial studies noted a
small incidence of AKI (2-3%), recent data suggest a high-
er incidence rate closer to 13-29% with ICI [12-14]. AIN
is the most common biopsy finding reported. Ipilimumab
has been associated with AIN and podocytopathies such
as lupus like nephritis, minimal change disease, and TMA.
Hyponatremia related to hypophysitis has been reported
as well. The time of onset is 2-3 months in a majority of
the cases. Most cases are responsive to steroids if identified
early in the course of renal injury. Few patients may re-
main dialysis dependent. The renal injury related to anti
PD-1 therapyis AIN. It usually appears later, 3-10 months
into treatment. Steroids are also effective in the treatment
of this immune-mediated adverse effect. When both
CTLA-4 and PD-1 inhibitor drugs are combined, granu-
lomatous or diffuse AIN can be found on kidney biopsy
with partial response to steroids. While biopsy-proven in-
terstitial nephritis related to these drugs is a complication
associated with some degree of morbidity, one must keep
in mind common causes of AKI in cancer patients such as
volume depletion, dehydration, and sepsis. On the con-
trary, there is a potential for the under-recognition of ne-
phritis due to the use of steroids for other non-renal com-
plications such as dermatitis and colitis associated with
these agents. Based on the 6 cases in the transplant litera-
ture, it appears that PD-1 inhibitors could be more prone
to causing rejection in the transplanted kidney compared
to CTLA-4 antagonists. This is especially true when the
patients have received anti CTLA-4 agents prior to PD-1
inhibitor treatment. These cases have been successfully
managed with either discontinuation of the drug and sim-
ple observation and/or with use of systemic steroids. In
organ transplant patients, a preventive strategy might be
needed to minimize the chance of rejection when these
agents are used for treatment of post-transplant cancers.

A close collaboration between oncologists, hematolo-
gists, and nephrologists is strongly encouraged. More in-
vestigation and database creation might be necessary to
better understand the mechanism behind the renal dis-
ease associated with ICIs.
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