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Introduction

As early as the 18th century, physicians noticed that some cancer patients
went into remission after developing fevers from infections. This led to the
idea that the immune system, which protects from infection, might also
fight cancer. What is now known as “immunotherapy” is a treatment that
targets the immune system to recognize and eradicate cancer cells. Modern
immunotherapy has focused on “checkpoint” proteins, such as cytotoxic
T-lymphocyte-associated-protein-4 (CTLA-4) and programmed death-1
protein (PD-1), which are receptors on the surface of immune cells that act
like a brake, or checkpoint, preventing the development of autoimmunity.!
The CTLA-4 receptor has homology to the T-cell activator co-stimulatory
molecule CD28 and prevents T-cell activation by outcompeting CD28 for
its ligand, the B7 receptor on antigen presenting cells (APCs).? Likewise,
binding of PD-1 with programmed death ligand 1 (PD-L1) — a protein
expressed by immune, endothelial, and neoplastic cells — results in T-cell

anergy.’ In both cases, an unwanted inflammatory response is suppressed.
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Tumors can evade immune surveillance, however, by co-opting
these checkpoints. PD-L1, for example, is overexpressed across
several cancer cell types. The end result is the inactivation of

T cells infiltrating the tumor, thereby avoiding cancer cell
death.! This discovery has led to the emergence of a novel type
of immunotherapy — immune checkpoint inhibitors (CPIs) —
which are monoclonal antibodies that target inhibitory proteins
such as CTLA-4,PD-1, and PD-L1*In essence, CPIs enhance
tumor killing by blunting the braking mechanism that blocks
T-cell activation, thereby augmenting the patient’s immune
response. CPIs are currently considered among the most

innovative and promising agents in the treatment of cancer.>®

Four CPIs are currently approved by the FDA — ipilimumab,
nivolumab, pembrolizumab, and atezolizumab — to treat
melanoma, lung, renal, bladder, lymphoma, and head and neck
cancers. Ipilimumab, a CTLA-4 inhibitor, was the first agent
to enter the market with FDA approval in 2011. It drastically
changed the landscape for melanoma treatment, extending
overall survival in patients with unresectable stage IIT and

IV melanoma®

By the end of 2014, nivolumab and pembrolizumab, both PD-1
inhibitors, also were approved. Nivolumab now is used as a
first-line treatment for unresectable or metastatic melanoma
in combination with ipilimumab if the cancer does not have

a BRAF mutation.’ Nivolumab also has been shown to be
effective in the second-line setting in patients with advanced
renal cell carcinoma, as well as non-small cell lung cancer
(NSCLC) that has progressed during or after platinum-based
chemotherapy.’"! Pembrolizumab is now the first immuno-
therapy to be approved for first-line use in metastatic NSCLC
if the cancer overexpresses PD-L1.* It also has indications

in the treatment of metastatic melanoma and head and

neck squamous cell carcinoma.'*

The most recent CPI to be introduced is atezolizumab, which

blocks PD-L1. Atezolizumab was recently granted accelerated

approval by the FDA for use in advanced urothelial carcinoma
that has progressed on platinum-containing regimens.'>'¢
This represents a significant milestone in urothelial cancers
after a void of more than 30 years. While the role of immuno-
therapy was first established in nonmuscle invasive bladder
cancer in the 1970s, no systemic immunotherapy was

approved for advanced disease until atezolizumab.

New indications for CPIs are being approved on a regular
basis, and as their use has increased, so too has the incidence
of their unique side effects — termed immune-related adverse
events.'® Their pathophysiology is still not fully understood
but may be similar to that of autoimmune disease, wherein
activated lymphocytes target self-antigens.’ The most
specific immune-related adverse events of ipilimumab are
colitis and endocrinologic complications (hypothyroidism
and hypophysitis); adverse events associated with pembrolizu-
mab and nivolumab are pneumonitis and hypothyroidism.*°
This review will focus on renal immune-related adverse
events related to the use of ipilimumab, nivolumab, and
pembrolizumab, as well as combination therapy. Acute
kidney injury (AKI) is the most commonly reported event,
followed by hyponatremia.® It is likely that nephrologists

will increasingly have to diagnose and manage these side

effects as the use of CPIs continues to expand.

Case Report

A 59-year-old man with a history of hypertension and
metastatic renal cell carcinoma (RCC) of clear cell type was
admitted with a 3-week history of intermittent fevers. RCC
had been diagnosed 5 months prior, and he had already failed
treatment with pazopanib, a tyrosine kinase inhibitor. Three
weeks prior to presentation, he had been started on second-
line treatment with a PD-1 inhibitor, nivolumab 0.3 mg/kg.
Blood and urine cultures, as well as a chest x-ray, were
negative from when he had seen his oncologist 5 days prior.
Review of systems was negative for any localizing symptoms

of infection. Home medications did not include any antibiotics,
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NSAIDs, or proton pump inhibitors. On physical examination,
the patient was afebrile, with a blood pressure of 118/74 mmHg,
a pulse of 89 bpm, and oxygen saturation of 95% on room air.
Lungs were clear to auscultation bilaterally. Precordial exam
revealed a regular rhythm and normal heart sounds, without
murmurs or rubs. The abdomen was soft and nontender, with
a palpable mass on the right side. Back exam revealed no
costovertebral angle tenderness. He had no focal neurological
deficits. Skin exam revealed no rash. He had trace edema in
his lower extremities bilaterally. Laboratory results were
notable for an elevated serum creatinine of 2.8 mg/dL. This
peaked to 4.0 mg/d1, 3 days later despite aggressive volume
expansion. His serum creatinine was 0.9 mg/dL when
measured 3 weeks prior at the time of his first nivolumab
dose. No peripheral eosinophilia was present, but urinalysis
revealed 2+ protein, 8 WBC/hpf, and 9 RBC/hpf. Ultrasound
revealed a known right kidney mass measuring 12.5 cm x

13.1 cm x 2.6 cm, associated with mild right hydronephrosis.

Nephrology was consulted to address the patient’s AKI. It was
thought unlikely to be due to unilateral hydronephrosis, and
the patient was diagnosed with acute tubulointerstitial
nephritis (ATIN) secondary to nivolumab exposure. He was
started on solumedrol (80 mg IV the first day, 50 mg IV daily
thereafter) 3 days after admission, when serum creatinine was
4.0 mg/dL. Six days later, creatinine had fallen to 3.09 mg/dL,

and the patient was discharged on prednisone 60 mg PO daily.

The patient was seen in our nephrology clinic 9 days after
discharge, and his creatinine was noted to have further
improved to 2.56 mg/dL. Of note, his urine sediment exam

at this time revealed numerous WBC casts (Figure 1). The
patient completed a prednisone taper over the next 4 weeks
and was noted to have near full recovery to a creatinine of
1.09 mg/dL, measured 33 days after the initiation of steroids.
His oncologist rechallenged him with nivolumab at this time,

and creatinine measurements thereafter increased to a new

baseline of 1.3 mg/dL. The patient also started experiencing
intermittent fevers again and was briefly admitted for
pneumonitis. Prednisone was restarted at a maintenance
dose of 10 mg PO daily, but ultimately nivolumab was
discontinued due to ongoing adverse effects resulting in
noncompliance. He has since been started on cabozantinib,

another tyrosine kinase inhibitor.

Figure 1: Urine Microscopy Examination.
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Incidence

Despite not being very common, CPI-induced renal toxicity
causes excess morbidity and, in some cases, treatment
discontinuation. Cortazar et al. analyzed data from all
published phase IT and III clinical trials that included at least
100 patients treated with CPIs. The overall incidence of AKI
was 2.2% among a total combined analysis of 3,695 patients.
AKI occurred more frequently in patients who received
combination therapy with ipilimumab and nivolumab (4.9%)
than in patients who received monotherapy with ipilimumab
(2.0%), nivolumab (1.9%), or pembrolizumab (1.4%). The
incidence of grade ITI or IV AKI, defined as an increase in
creatinine > 3-fold above baseline, an increase in creatinine to
alevel > 4.0 mg/dL, or the need for renal replacement therapy,
was 0.6%.%* This data suggests that AKI is a relatively scarce
event with the use of CPIs.

UPMCPhysicianResources.com/Kidney | Consults and referrals: 1-866-884-8579


http://UPMCPhysicianResources.com/Kidney

UPMC RENAL GRAND ROUNDS

A recent meta-analysis analyzed eight randomized clinical
trials involving CPIs, amounting to a total of 4,070 patients.
All grade immune-related renal toxicity ranged from 0.7% to
6%, while high-grade immune-related renal toxicity ranged
from 0% to 2%. The findings also showed that compared with
chemotherapy control (docetaxel and dacarbazine), the four
evaluated immune checkpoint inhibitors (ipilimumab,
nivolumab, pembrolizumab, and ipilimumab/nivolumab

combination) carried a higher risk of all-grade renal toxicity.?*

Ipilimumab

Since CTLA-4 is expressed on virtually all T cells, ipilimumab
has the potential to induce immune-related adverse events

in a wide variety of tissues and organs. Cases of difficult-to-
treat or even fatal side effects have been reported, including
sarcoidosis, Guillain-Barré syndrome, and drug reaction

with eosinophilia and systemic symptoms (DRESS).?426
Notably, it was the first CPI recognized to be associated

with kidney disease.

The first case described of ipilimumab-induced AKI involved
the development of an immune-complex-mediated glomerulo-
nephritis. A patient with metastatic melanoma was treated
with ipilimumab and developed nephrotic syndrome after
two injections. Circulating anti-double-stranded DNA
antibodies appeared concomitantly but regressed 3 months
after ipilimumab was discontinued. Renal biopsy was
suggestive of lupus nephritis.?” A separate case of nephrotic
syndrome in the form of minimal change disease (MCD)

also has been reported.?®

More common, however, are cases of acute tubulointer-
stitial nephritis (ATIN), as was seen in the initial clinical
trials.?62729-31 The first reported case of ipilimumab-induced
ATIN after FDA approval was not biopsy-proven, but renal
function improved rapidly with steroid therapy — highly
suggestive of an immune phenomenon.*° Seven cases of
ipilimumab-associated ATIN were subsequently reported in

the literature and recently reviewed by Izzedine et al 26272033

Most patients presented with AKI and subnephrotic range

proteinuria 6 to 12 weeks after initiation of ipilimumab.

The largest case series of biopsy-proven ATIN related to CPI
administration was reported by Cortazar et al. Pathology
revealed ATIN to be the primary pathology in 12 of 13 patients
who developed AKI while on CPI therapy. In those taking
ipilimumab monotherapy (n = 6), ATIN occurred 3 to 35
weeks following the start of treatment. CPIs were discon-
tinued in all patients because of AKI, except for one who
remained on ipilimumab monotherapy and never recovered
renal function. Glucocorticoids were given to 10 of the 12
patients with ATIN, and nine had complete (n = 2) or partial
(n="7) renal recovery. The two patients treated conservatively
had no recovery and became dialysis dependent. Steroids
were tapered over 4 to 12 weeks in a majority of the cases.
Interestingly, eight patients were also taking medications

commonly associated with ATIN.??

Nivolumab

AKIwas reported in most of the nivolumab trials in patients
with melanoma.?**° A recent meta-analysis suggests, though,
that ipilimumab monotherapy carries a higher risk of all-
grade renal toxicity compared to nivolumab monotherapy.?*
Shirali et al. recently published six cases of biopsy-proven
ATIN following CPI therapy for lung cancer. Three were
treated with nivolumab monotherapy, and all had discontin-
uation of their therapy due to AKI. Biopsies showed diffuse
ATIN. The delay between nivolumab initiation and
development of ATIN was 40 to 64 weeks, much later than
what was seen with ipilimumab. All except one patient
received glucocorticoid therapy as a 4-week taper, and
notably, all recovered renal function to or near baseline.

The one patient not treated with steroids was continued on
nivolumab for the next 8 months and recovered to baseline
creatinine after 6 months. Like the Cortazar et al. study,
several of the patients were taking medications known to

cause ATIN before starting CPI therapy: five out of the six
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patients were taking proton pump inhibitors (PPIs), while
two of the three on nivolumab monotherapy were taking

nonsteroidal anti-inflammatory drugs (NSAIDs) #

Pembrolizumab

A recent meta-analysis has found pembrolizumab to carry a
higher risk of all-grade renal toxicity than either ipilimumab
or nivolumab monotherapies, though this was not consistent
with the analysis by Cortazar et al.*® To date, there have been
four reported cases of biopsy-proven ATIN attributed to
pembrolizumab. The time from pembrolizumab initiation

to ATIN onset was between 4 to 54 weeks. Three patients
responded to steroids with complete remission, while one
patient required dialysis and had partial remission with
steroids. The duration of steroid taper varied from 4 to 12
weeks. Of note, one of the patients receiving pembrolizumab
initially achieved partial renal recovery with CPI and PPI
discontinuation, as well as a 4-week steroid taper. Two weeks
after completing the taper, however, serum creatinine
worsened dramatically. The patient reported resuming
omeprazole therapy in the meantime. Prednisone was

restarted and tapered over a 12-week period.?**

Yet another report on pembrolizumab details the development
of AKI due to rhabdomyolysis. After failing treatment with
ipilimumab and an alkylating agent, temozolomide, a patient
with advanced mucosal melanoma developed lung and spinal
metastases. He was started on anti-PD-1 therapy with
pembrolizumab 43 weeks later, and upon presentation prior
to the sixth dose, he complained of myalgia and was found

to have a creatine kinase (CK) of > 30,000 units per liter
(reference range 55-170). AKI subsequently developed
despite aggressive volume expansion. Further laboratory
testing revealed a thyroid-stimulating hormone (TSH) of 187
mIU per liter (reference range 0.5-5) with undetectable free
thyroxine. Normalization of thyroid function tests (TEFTs)
with just thyroxine replacement was accompanied by

normalization of his CK*? Thyroiditis is a well-established

side effect of CTLA-4 blockade. In fact, recommendation for
TFETs before each ipilimumab infusion are included in the

ipilimumab package insert.

Ipilimumab and Nivolumab Combination

The combination of two checkpoint inhibitors, ipilimumab
and nivolumab, was approved by the FDA in 2015 as a first-
line treatment in metastatic melanoma.*® The major limiting
factor of using these agents together is a high level of toxicities.
A recent study of ipilimumab and nivolumab combination
therapy for melanoma showed higher rates of severe adverse
events (Common Terminology Criteria for Adverse Events
grade 3 or 4) for dual therapy (55%) compared with ipilimumab
or nivolumab alone (27% and 16.3%, respectively). However,
severe renal toxicity (grade 3 or 4 adverse events) was still
relatively rare in the combination group, though there was a
clear stepwise increase in the risk of developing AKI: 3 out

0f 313 (0.9%) patients on nivolumab, 8 out of 311 (2.5%) on
ipilimumab, and 17 out of 313 (6%) on combination therapy.*®
In support of this, a recent meta-analysis noted that for all-
grade renal toxicity, the ipilimumab/nivolumab combination
still carried a higher risk than either ipilimumab or nivolumab
monotherapies. No statistically significant difference in
all-grade renal toxicity was detected between pembrolizumab

and ipilimumab/nivolumab combination.?®

Overall, there are six reported cases of biopsy-proven ATIN
due to combination therapy for melanoma treatment.?*3%4
Biopsies have shown either focal or diffuse ATIN, as well as
more granulomatous ATIN compared to other CPIs. Time
to ATIN onset in these cases ranged from 5 to 33 weeks. In
the Shirali et al. case series, one of the patients receiving
combination therapy responded initially to CPI withdrawal
and solumedrol pulse followed by daily prednisone, but 2 weeks
later developed worsening serum creatinine, necessitating the
addition of mycophenolate mofetil (MMF) and an increase
in prednisone dose. Only one of the six cases reported so far

achieved complete renal recovery with glucocorticoid therapy.
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Mechanisms of Injury

Although the mechanism of CPI-induced ATIN is not
completely understood, it is speculated that there are two
possible mechanisms. First, as the CTLA-4 and PD-1
pathways normally operate to limit autoimmunity, inter-
ference with these pathways can lead to unwanted immune
effects. This is supported by murine models, wherein CTLA-4
knockout mice develop diffuse lymphocytic invasion in
multiple tissues and die at 3 to 4 weeks of age.**** Comparable
findings have also been found in human studies*>*¢ Specific to
the kidney, PD-1 signaling limits CD8-positive T-cell-mediated
inflammatory injury, and PD-1 knockout mice spontaneously
develop interstitial nephritis and a lupus-like glomerulo-
nephritis.**® Similar findings were observed in mice treated
with an anti-PD-1 monoclonal antibody, supporting the
importance of PD-1 signaling in minimizing T-cell-mediated
renal inflammation*® Thus, CPI-induced ATIN may be due to
the loss of tolerance against endogenous kidney antigens, as
opposed to the delayed-type hypersensitivity response

characteristic of more conventional ATIN.*

To some extent, this may explain why the aforementioned
patient on combination ipilimumab and nivolumab therapy
relapsed, necessitating high-dose immune suppression and
MMEF to control disease. CTLA-4 regulates peripheral
tolerance by modulating the interaction between APCs

and T cells in secondary lymphoid organs; PD-1 contributes
to tolerance primarily at the level of the target organs.
Blocking both pathways could synergistically potentiate
antigen recognition and T-cell proliferation at the lymph
nodes, as well as provoke unwanted cytotoxic T-cell effects

in the periphery.®

The other mechanism suggested is that CPIs reduce tolerance
to concomitant medications known to cause ATIN. Tt is
noteworthy that in the Cortazar et al. and Shirali et al. case
series, 14 of the combined 19 patients were on culprit drugs

associated with ATIN, mostly PPIs and NSAIDs. This

suggests that CPIs may disrupt the CTLA-4 and PD-1 signaling
that is critical to maintaining tolerance to medications like
NSAIDs and/or PPIs — resulting in clinically significant
ATIN. In this scenario, CTLA-4 and PD-1 inhibitor therapy
reactivate exhausted drug-specific effector T cells previously
primed by exposure to nephritogenic drugs.®® This would
have significant implications for this population, as rechallenge
with CTLA-4 or PD-1 inhibitor therapy would seem reasonable
if other potentially offending agents are withdrawn and

ATIN has resolved.

Clinical Features

Like ATIN from other etiologies, eosinophilia, rash, and fever
are absent in the majority of cases of CPI-induced ATIN.*
Eosinophilia was present in 21% of the patients from the
larger case series. Some patients also presented with new

or worsened hypertension (11%) and hematuria (16%).22*
When measured, complement levels were normal. Most had
subnephrotic range proteinuria (median 048 g/g; range
0.12-0.98 g/g).?* So far, nephrotic syndrome is a rare finding

only associated with ipilimumab.?"?®

Most patients will present with rising serum creatinine and
pyuria; these appeared to be the only clinical clues in a large
majority of the cases. In the Cortazar et al. study, median peak
creatinine during AKI was 4.5 (3.6-7.3) mg/dL.?* Two of the
patients in the Shirali et al. case series were found to have

WBC casts.!

Renal manifestations of more typical ATIN generally occur
within 3 weeks of starting the offending drug in 80% of the
cases, where the average delay is about 10 days with
antibiotics.® A unique feature of CPI-induced ATIN is the
much more heterogeneous time course from drug exposure to
the development of AKI. As noted above in the Cortazar et al.
series, the interval from initiation of CPI to AKI ranged from
3 to 35 weeks (median 13 weeks), while in Shirali et al., the

interval was between 40 to 64 weeks.***! The heterogeneity
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of time course suggests that the time from drug exposure to
disruption in tolerance — to endogenous kidney antigens
and/or to possible co-offending medications — is variable

across patients.

Another unique feature is the development of extrarenal
immune-related adverse events. In the Cortazar et al. series,
at least one extrarenal adverse event was documented prior
to AKI onset in seven patients and concurrently with AKI
in one additional patient. These adverse events were mostly
hypophysitis and colitis.?® Thus, the development of current
or prior immune-related adverse events should raise suspicion
of CPI-induced ATIN in a patient presenting with AKI.
However, this may prove difficult since CPI-induced
immune-related adverse events can affect virtually any
organ system. Therefore, the difficult situation may arise
wherein physicians may need to consider all symptoms

as potentially CPI-associated.

Pathology

Most authors have concluded that only renal biopsy is
definitively diagnostic in CPI-induced ATIN.* Histological
examination will reveal tubulitis and interstitial inflammation,
consisting primarily of activated lymphocytes with varying
degrees of macrophages and eosinophils.?**® Noncaseating
granulomas were noted in three of the patients from the
Cortazar et al. study.** Granulomatous interstitial nephritis
that is nonnecrotizing has often been associated with
sarcoidosis and drugs such as sulfonamides, penicillins,
fluoroquinolones, NSAIDs, hydrochlorothiazide, and
allopurinol. CPIs can most likely be added to this list of
offenders.”® Of note, it has been shown that drug-induced
granulomatous interstitial nephritis has more diffuse inter-
stitial involvement with a higher concentration of eosinophils
and neutrophils.’” Immunofluorescence examination will
generally reveal no deposits.® Electron microscopy will be

notable for the absence of electron-dense deposits.?

Management

The mainstay of management of immune-related adverse
events is immunosuppression, including high-dose steroids,
MMTF, and potentially, TNF-a inhibitors. The management
of CPI-induced ATIN follows this general management
strategy.’® For a creatinine increase that is 1.5 to 2.0 times
above baseline, close observation has been suggested. For
higher-grade toxicity, CPI therapy should be withheld and
steroids intitiated.?® Authors of the Shirali et al. study
tentatively suggest prednisone 1 mg/kg with a 1-month taper.
The use of other immune-modulatory agents, like MMF, have
been used, but only rarely.***** Furthermore, concomitant
medications commonly associated with ATIN should be
discontinued.?® Given the limited sample size and observa-
tional nature of the studies, it must be stressed that the
optimal steroid dose and treatment duration is currently
unknown. This is hardly unique to CPIs though, as the use of

steroids in the treatment of ATIN is largely controversial.®®

There should also be close monitoring of serum creatinine
while on CPI therapy. For patients on ipilimumab, pembro-
lizumab, and ipilimumab/nivolumab combination therapy,
creatinine monitoring should be more frequent in the first
3 months, as the injury appears to happen earlier in the
treatment course. Weekly creatinine monitoring for at least
1 month after completing steroid taper has also been

suggested given the incidence of AKI relapse.*!

Particularly worth investigating in this population is whether
patients who develop CPI-induced ATIN can safely restart
CPI therapy after ATIN has resolved. Early data suggests
that nivolumab may be safely tolerated among patients who
suffer high-grade immune-related adverse events while on
ipilimumab, though the number of ATIN cases in this study
was small.®° In the case series by Cortazar et al., two patients
were retreated with different CPI agents after partial renal
recovery with steroids, while one restarted the same agent —

all maintained relatively stable renal function on rechallenge

UPMCPhysicianResources.com/Kidney | Consults and referrals: 1-866-884-8579


http://UPMCPhysicianResources.com/Kidney

UPMC RENAL GRAND ROUNDS

without AKI recurrence.?? On the other hand, one patient emerged describing ipilimumab-induced hyponatremia due
from the Shirali et al. series redeveloped AKI after being to hypocortisolemia.f?%® Mechanistically, aloss of ACTH-
restarted on ipilimumab/nivolumab therapy, but this outcome secreting corticotrophs leads to aloss of corticotropin-

was confounded by ongoing PPI use.*! releasing hormone, which has regulatory effects on arginine

vasopressin. In the hyponatremic patient presenting with
Most experts would recommend permanent discontinuation

bifrontal headaches described by Barnard et al., urine sodium
of the CPI if it leads to grade 3 or 4 toxicity.®* As noted above,

was > 100 mEq/24h, urine osmolality was > 400 mOsm/kg,
this would mean an increase in creatinine > 3-fold above

and ACTH and cortisol were both relatively low. MRI of the
baseline, an increase in creatinine to a level > 4.0 mg/dL, or

brain showed enlargement of the anterior pituitary gland with
the need for renal replacement therapy. Otherwise, based

an area of necrosis consistent with hypophysitis. Of note,
on the limited data presented above, rechallenging with CPI

after withdrawal of ipilimumab therapy, these radiographic
therapy may be reasonable if ATIN has been treated and

findings resolved and the patient was treated successfully
other culprit medications are discontinued.

with hydrocortisone.®

Hyponatremia

In contrast to ipilimumab, agents acting on PD-1 (nivolumab
Ipilimumab in particular is a well-recognized cause of

and pembrolizumab) are more commonly associated with
several endocrine immune-related adverse events, such as

thyroid dysfunction.’* Although hypophysitis induced by
hypophysitis, hypopituitarism, and very rarely, diabetes

nivolumab has also been reported, its incidence (< 1%)
insipidus. Pituitary dysfunction occurred in 4.5% of patients

appears to be lower than that observed with ipilimumalb 545
in the largest ipilimumab trial” Of note, case reports have

Table 1: CTLA-4 antagonists and PD-1 inhibitors compared

CTLA-4 antagonists PD-1inhibitors

FDA approval for Metastatic melanoma, NSCLC

Risk of all-grade renal Higher risk compared to nivolumab Pembrolizumab: higher risk than either
toxicity monotherapy. ipilimumab or nivolumab monotherapies.

Time course of ATIN Mostly 6 to 12 weeks after CPI initiation, Nivolumab: 40 to 64 weeks after CPI initiation.
onset but as early as 3 weeks and as late as 35 Pembrolizumab: 4 to 54 weeks.
weeks.

ATIN pathology Tubulitis and interstitial inflammation. Tubulitis and interstitial inflammation.
Lupus glomerulonephritis and minimal No glomerulonephritis reported.
change disease reported butrare.

Associated electrolyte Hyponatremia due to hypophysitis/ Hyponatremialess common, but rare cases

disorders secondary adrenal insufficiency. reported due to hypophysitis/secondary
adrenal insufficiency and primary adrenal
insufficiency with adrenalitis.
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Another case has been reported of nivolumab-induced
adrenalitis resulting in primary adrenal failure presenting
with hyponatremia. The hyponatremia failed to resolve
entirely with hydrocortisone alone, but serum sodium
promptly normalized with the addition of fludrocortisone.%
Interestingly, long-term follow-up of endocrine immune-
related adverse events suggests that on occasion thyroid
function may recover, but that dysfunction of the cortico-
steroid axis is likely to be permanent.®” None of the cases

reviewed, however, described open-ended steroid therapy.

The bigger point here may be that not all cases of hyponat-
remia in malignancy are due to the syndrome of inappropriate
antidiuretic hormone (SIADH), as is often the assumption.
Hypocortisolemia must always be excluded as a potential
cause of hyponatremia with immune checkpoint inhibitor

therapy, especially in the case of ipilimumab.

Conclusions

Although clinical studies show relatively small incidence,

it is also possible that cases of CPI-induced ATIN were
undetected or erroneously attributed to another etiology
given the novelty of this entity. One must consider, however,
that even if emerging data later suggests a higher incidence,
the risk of AKT is likely outweighed by the benefits of

CPI therapy in a patient population that often has few

therapeutic options.

CPI-induced ATIN shares some characteristics with typical
ATIN but is unique in its proposed mechanism of action,
variable time course, and association with extrarenal
immune-related adverse events. Due to the heterogeneous
time course, all patients on CPI therapy probably need
prolonged and regular creatinine monitoring. It is likely
that early recognition of this entity is important to avoid

development of significant fibrosis in the kidney.

There should be alow threshold to perform kidney biopsy

in these patients. Clinical features tend to be nonspecific, so
biopsy should be considered in cases of AKI in the setting of
CPI therapy to confirm ATIN, or more rarely, glomerulopathy.
This especially holds true in the cancer population, as making
the wrong diagnosis could lead to unnecessary discontinuation
of'life-saving therapy, while initiating steroids could nullify
the tumor-killing benefits provided by CPIs in the first place.
One report, however, found that the use of steroids in patients
treated with ipilimumab did not negatively affect survival or
time-to-treatment failure.®® Furthermore, several large studies
have reported increased efficacy in patients affected by immune-
related adverse events, with therapeutic response in 26% of
patients experiencing any immune-related adverse event
compared to 2% in patients who did not.° This suggests that
the potentially life-threatening side effects of CPIs, like ATIN

and hyponatremia, are also markers of therapeutic success.

No definitive treatment algorithm exists. When it comes

to management of CPI-induced ATIN, the mainstay of
treatment is discontinuing the CPI and all possible offending
medications, as well as possibly initiating immune
suppression. The latter consists of high-dose steroids and
possibly MMF. Of course, the potential benefits of CPI
therapy need to be weighed heavily against the risk of AKI.
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