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ARTICLEINFO ABSTRACT

Article Type: Chemotherapy-associated renal injury is considered one of the major concerns among nephrological

Review and oncological practice. The use of novel anti-neoplastic therapies that target carcinomas has

helped in the detection of this form of renal injury. Immune checkpoint inhibitors (ICPIs) are
Article History: a group of monoclonal antibodies targeting inhibitory receptors that exist on tumor cells and T
Received: 5 April 2021 cells. ICPIs are able to suppress tumors that might have escaped from the immune surveillance.
Accepted: 14 May 2021 Meanwhile, although ICPIs have shown promising efficacy in cancer treatment, their immune-
Published online: 1 June 2021 related side effects limit their widespread use in cancer therapy schedules. One of the major side

effects limiting ICPIs’ usage is nephrotoxicity. Glomerular disease, acute interstitial nephritis

(AIN), and acute tubular necrosis (ATN) are considered different infusion-related adverse events.
Keywords: Infiltration of eosinophils, T lymphocytes, and plasma cells, as well as interstitial inflammation
Immunotherapy and edema, leading to acute tubulointerstitial nephritis (ATIN). It is conceivable that the rupture
Glomerular filtration rate of self-tolerance by ICPIs induces an autoimmune reaction against some specific self-antigens in
Checkpoint inhibitors the organs including kidneys. The exact nature of the antigen is unclear; however, it is possible that
Glomerulonephritis itis found in the renal tubular cells, as indicated by a greater frequency of ATIN in kidney biopsies.
Acute interstitial nephritis The current review paper discusses the relationship between ICPIs therapy and kidney disorders or
Acute tubular necrosis more specifically, their possible role in renal damage along with renal toxicity profile in the setting
Acute renal failure of ICPIs treatment.

Immune-related adverse events
Acute tubulointerstitial nephritis

Implication for health policy/practice/research/medical education:

Patients treating with immune-checkpoint-inhibitors presenting with acute tubulointerstitial nephritis display a lengthy latency
phase following initiation of these substances. Studies showed a milder form of acute kidney injury with milder serum creatinine
improvement in contrast to acute tubulointerstitial nephritis in the background of other drugs.
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Introduction important in maintaining a balance between T cell
Malignant cells overcome the cytotoxic immune cells’ activation and suppression and are required to prevent
attack by downregulating their extracellular antigens, or over-activation of the immune system against self-cells and
expressing ligands that bind to the inhibitory receptors resultant autoimmune disease and host organ damage (7).
of T-cells, the immune checkpoints, and suppress T cells Immune checkpoint inhibitors (ICPIs) are a group
(1-6). Immune checkpoints are the regulatory molecules of monoclonal antibodies that are being utilized in the
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treatment of several malignancies, such as melanoma,
lung, and kidney cancer. ICPIs prevent the binding of
inhibitory receptors of T-cells and their partner ligands on
tumor cells and facilitate the immune system’s antitumor
response (8). ICPIs are shown to have a significant clinical
efficacy and currently, they are administered in the
adjuvant setting for the treatment of various tumor types
9).

However, negative regulation of inhibitory checkpoints
has several immune-related adverse events (irAEs),
including acute kidney injury (AKI) that can progress to
chronickidney disease (CKD), hepatitis, endocrinopathies,
autoimmune colitis, and numerous cutaneous eruptions
(2-5). Some studies have reported granulomatous
reactions, such as sarcoidosis-like reactions, that may be
misdiagnosed and the significance of which is not clear
yet (1,9-11).

Gupta et al estimated that the incidence of AKI in a
pooled data of 3695 patients treated with ICPIs, within
clinical trials was 3.3% (8). Other investigators have also
reported more or less similar rates (9-11). However, a
retrospective study by Leon, reported that 272 of 920
(29.5%) patients in a “real-world” population who
received a minimum of a single dose of ICPIs developed
AKT within six months of ICPIs initiation, regardless of the
origin and duration of therapy (12). Leon’s study showed
that AKT usually presented at the 12 to 14" week (around
three months) after initiation of therapy. However, its
presentation was delayed many months to a year after
ICPI therapy cessation in some cases. Additionally,
other studies showed that the mortality of patients was
correlated with failure of recovery from disturbed kidney
function after ICPI-induced AKI (10).

Most of the biopsied kidneys of patients with ICPI
usage showed acute tubulointerstitial nephritis (ATIN)
as the pathology leading to AKI. ATIN may be caused
by a variety of agents including IgG-4-related kidney
disorders, infections, medications, and autoimmune
diseases (14). Previous literature showed that ATIN
provoked by ICPIs could be due to drug-specific T-cells
(14) as a result of programmed cell death protein-1 (PD-
1) pathway inhibition followed by changing of T-cell
immune tolerance (15). The current review article focuses
on ICPIs’ administration and the mechanisms by which
they cause renal damage. Furthermore, it highlights the
possible risk factors of renal toxicity in patients treated
with ICPIs, as well as treatment of such cases (16).

Renal toxicity, acute renal failure, proteinuria, and
electrolyte imbalance are the foremost drug-induced
complications of ICPIs usage in melanoma, colorectal
cancer, renal cell carcinoma, and cutaneous squamous cell
carcinoma (10). Renal damage is also caused by traditional
chemotherapeutic agents (11).

The time needed for symptoms to appear from the
beginning of the therapy was around three months (13-
16).

Materials and Methods

The information provided in this review is mainly gathered
from international databases including the keywords;
immune checkpoint inhibitors, acute kidney injury, acute
tubular necrosis, acute renal failure, glomerular filtration
rate, immune-related adverse events, immunotherapy,
acute tubulointerstitial nephritis, glomerulonephritis,
acute kidney failure, acute interstitial nephritis, proton
pump inhibitors and risk factors.

Molecular mechanisms of immune checkpoint inhibitors
Immune system cells possess immune checkpoints
enabling them to limit overwhelming or unrestrained
activation of the immune system. Malignant tumors utilize
immune checkpoints to escape from immune system
attacks by binding to the inhibitory receptors of immune
cells and deactivating the antitumor response. ICPIs are
monoclonal antibodies that were introduced to interrupt
the attachment of inhibitory receptors with ligand partners
on tumor cells; therefore, increasing the function of the
immune system and boosting the antineoplastic function
of T-cells (8,17).

The Food and Drug Administration (FDA) has approved
two classes of ICPIs for use in clinical studies, cytotoxic
T-cell lymphocyte-associated protein-4 (CTLA-4), and
the programmed death protein-1 (PD-1)/ programmed
death-ligand 1 (PD-1L) inhibitors (1). CTLA-4, PD-1, and
PD-L1 are classified as inhibitory receptors of ICPIs. By
inhibiting these receptors, ICPIs are capable of overcoming
resistant malignant cells by boosting host immune cells to
identify and get rid of tumor cells (7).

An overview of renal injury by ICPIs

The kidney is thought to be one of the most important
organs affected by ICPIs. Although early reports
presented a lower prevalence of renal disturbances after
ICPIs administration (at around 2%), newer studies show
a 29% incidence which is considered to be relatively high
(18-21). Seethapathy et al evaluated 1016 individuals with
an average age of 63 +13 years (61% were men), with a
mean serum creatinine of 0.9 +0.4 mg/dL at baseline.
The results revealed that a total of 169 individuals (16%)
manifested acute kidney impairment. Based on this study,
the initial AKI attack developed 106 + 85 days after ICPIs
administration (22). A retrospective study examined renal
biopsies on 16 out of 6412 cancer patients with a mean age
of 64 years for 10 years after ICPI therapy. They observed
that the AKI manifestations were detectable from the 6"
to 56 weeks after the start of ICPI therapy with a median
of 14 weeks. ATIN was the most common morphologic
finding on renal biopsies (14 out of 16). The glomerular
disorders included pauci-immune glomerulonephritis,
C3 glomerulonephritis, IgA nephropathy, immune
complex-mediated glomerulonephritis, and membranous
glomerulopathy (9). In another study investigating the
kidney biopsies of 23 metastatic melanoma patients
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with renal immune-related adverse effects (irAEs),
92% displayed ATIN. One case of an anti-glomerular
basement membrane disease (anti-GBM) disease was
also diagnosed. Additionally, kidney impairment was
diagnosed at a median time period of four months in
individuals with renal irAEs (20).

Cortazar et al examined laboratory features and renal
biopsies of 13 patients with ICPIs-induced AKI and
discovered that 12 patients out of 13, showed ATIN
(19). The majority of cases presented proteinuria in a
sub-nephrotic range and around half of the individuals
manifested pyuria. No significant correlation was found
between the peak creatinine with kidney recovery,
inflammation, or fibrosis in patients affected by
tubulointerstitial injury (19).

Above all, ICPI-associated acute renal failure treatment
signifying severe renal injury displayed a higher mortality
rate, independently (19).

Interestingly, concomitant use of proton pump
inhibitors (PPIs) with ICPIs was associated with sustained
acute renal impairment (22).

Risk factors for ICPI-related AKI

Risk factors for ICPI-induced kidney injury include
conditions such as low-baseline glomerular filtration
rate (GFR), chronic obstructive pulmonary disease,
diabetes mellitus, and chronic heart disease. Moreover,
some medications predispose patients to AKI upon
ICPI administration, of which antibiotics, angiotensin-
converting enzyme inhibitors, angiotensin-receptor
blockers (ARBs), and non-steroidal anti-inflammatory
drugs are the most common (21).

Seethapathy et al discovered that PPI therapy was
associated with sustained renal impairment in patients
treated with ICPIs (22). Cortazar et al also showed that the
use of PPIs concurrently with ICPIs therapy and a lower
baseline GFR were each independently associated with an
increased risk of ICPI-associated AKI (19).

The mechanisms of renal toxicity due to ICPI treatment
Various hypotheses have been suggested to explain the
pathophysiological mechanisms of irAEs of ICPIs therapy.
Cross-reactivity is one of the possible pathways. During
cross-reaction, due to low selectivity, ICPI enhanced
T-cells cross-react with self-antigens present on healthy
tissues which may be similar to tumoral antigens (17).
In addition to that, PD-1/PD-L1 appears to play a role in
regulating the immune responses that help in maintaining
the self-tolerance. Furthermore, ICPI therapy might
disturb the immune system balance, giving rise to the
production of autoantibodies that were not pathogenic
in the normal state. Besides, a higher concentration
of inflammatory cytokines may contribute to some
morphologic lesions detected as an outcome of ICPIs
therapy including podocyte foot process effacement
identified in podocytopathies. Finally, direct binding of

Immune checkpoint inhibitors

an ICPI to its specific receptor present on normal tissues
will activate complement-mediated inflammation. This
condition may deteriorate lesions that are already present
in healthy tissue (18) since numerous antigens present on
cancer cells are also expressed on normal tissues (17).

The immune-related adverse renal effects

By enhancement of immune system activity, ICPIs can lead
to inflammatory complications, named as “irAEs”. Skin,
liver, kidneys, gastrointestinal, and endocrine systems are
some organs that are affected by irAEs (21). According
to previous literature, the most common ICPIs-induced
irAEs are skin diseases, manifesting as rash, vitiligo, and
dermatitis, followed by pneumonitis, hypophysitis, colitis,
and hypothyroidism.

irAEs incidence ranges from 15% to 90% (10). However,
renal toxicity of ICPIs is relatively less common. The
reported incidence of ICPIs-associated AKI varies from
2.2% to 29% in previous reports (16). The most common
histopathological finding in patients who present with AKI
due to ICPIs is ATIN with infiltration of T lymphocytes,
eosinophils, and plasma cells into the interstitium,
together with interstitial edema (10).

Self-reactive T cells are detected in a significant number
of healthy individuals. The blockage of PD-1 or CTLA-
4 with ICPIs may jeopardize the self-tolerance state and
stimulate an autoimmune reaction against some specific
self-antigens in the organs including kidneys. Although
the nature of antigens is not fully known, it is probable
that the antigens exist on renal tubular cells considering
the principal presentation of ATIN in the kidney biopsy
specimens (8).

ICPI-induced AKI demonstrates relatively similar
clinical and laboratory characteristics to AKI caused by
other substances such as sub-nephrotic range proteinuria,
bland urinalysis or sterile pyuria. However, active urine
sediment can be seen if there is glomerular or vascular
involvement (16,23-25).

In order to evaluate the differences between ICPI-
inducted AIN and non-ICPI-related AIN based on the
clinical features and the renal function recovery, Draibe
et al investigated 47 individuals diagnosed with AIN, of
which 13 patients presented with ICPI-induced AIN, while
34 patients were diagnosed with AIN as a result of other
cancer therapies. Patients diagnosed with ICPI-related
AlIN revealed a lower plasma creatinine level accompanied
by higher urinary leucocyte counts compared with the
classical AIN. The serum creatinine decrement was also
lower in cases of ICPI administered patients compared to
non-ICPI-related ones (26).

The morphological features of AIN were shown to be
similar to those diagnosed with classical drug-induced
hypersensitivity reactions (27). However, the time frame
between AIN presentation and initiation of anti-cancer
treatment was longer in patients with ICPI-related AIN
compared to the classical AIN. AIN has been shown to
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occur up to 22 months after the administration of ICPIs
and in some cases more than eight weeks after receiving
the last immunotherapy dosage, which is in contrast to the
conventional 7-10 days in classical acute tubular necrosis
(ATN) (18). Another distinct feature of ICPI-associated
AIN is that re-initiation of ICPIs does not consistently
cause recurrence of renal damage (27). Based on a case
report, AIN relapsed one month after corticosteroid
discontinuation while other studies showed no further
event after receiving ICPIs (18).

AIN is not the only pathology seen with ICPIs-
associated AKI. Glomerular abnormalities have
been observed with ICPIs including focal segmental
glomerulosclerosis, minimal change disease, anti-
GBM disease, C3 glomerulonephritis, anti-neutrophil
cytoplasmic antibody-negative pauci-immune crescentic
glomerulonephritis, and IgA nephropathy (16). In a case
study by Gallan et al three cases of kidney vasculitis and
one case of pauci-immune crescentic glomerulonephritis
were observed (23). A more recent case study revealed a
case of renal endothelialitis during ICPIs therapy (24).

In a systematic review and meta-analysis on all
published biopsy-proven cases/series, Kitchlu et al
showed that pauci-immune glomerulonephritis and
renal vasculitis (27%) were the most frequent forms of
glomerular disease followed by, podocytopathies (24%),
and C3 glomerulonephritis (11%) (13).

In another study, ATN was observed in 12 cases
receiving pembrolizumab treatment. Their study showed
that seven of 12 renal biopsies presented ATN, and the
remaining four patients presented with ATIN, while one
had minimal change disease alone (28).

It is possible that the drug acts as an exogenous antigen
or hapten and triggers an immune reaction when attached
to the tubular antigens. It is also plausible that ATN is
caused by failure of tolerance of the effector T cells primed
during ICPIs exposure (8).

Conclusion

The efficacy of immunotherapy treatment does not relate
to the structure or dosing of the medication only. Much
attention is now directed to the cellular characteristics
of the malignant cells as well as their interaction with
immune cells and patients’ tolerance.

Side effects of ICPIs, especially high incidence of AKI
should be considered by oncologists and nephrologists
when prescribing these agents. Early detection of ICPI-
associated nephrotoxicity, including with kidney biopsy if
required, will assist guaranteed and suitable management
of patients with AKI after ICPI therapy.

Finally, due to the fact that patients developing ICPI-
induced AIN display a lengthy latency phase following
ICPIs administration, and a milder type of AKI with a
mild serum creatinine improvement, it is a distinct feature
and should be distinguished from the ATIN due to other
drugs.
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