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Abstract
Background The objective of this case cohort study was to describe our experience in the care of patients with
immune checkpoint inhibitor–related acute interstitial nephritis (ICI-AIN) including rechallenge.

MethodsA descriptive case series of patients that received an ICI and had an AKI (defined as a$1.5-fold increase
in serum creatinine) as an immune-related adverse event (irAE), with biopsy-proven or clinically suspected
ICI-AIN from January 1, 2014 to December 1, 2018 at Mayo Clinic, Rochester. We studied details regarding
diagnosis, clinical course, management, and outcomes of rechallenge of immunotherapy. Complete response (CR)
was defined as return of kidney function back to baseline or ,0.3 mg/dl above baseline creatinine; partial
response (PR) was defined as creatinine.0.3mg/dl from baseline, but less than twofold above the baseline by the
end of steroid course.

Results A total of 14 cases of biopsy-proven (35%) or clinically suspected (65%) ICI-AIN was identified. All
patients had their ICI withheld and 12 patients received steroids. Steroid regimens were highly variable. The
starting equivalent dose of prednisone was higher in those that had a CR versus a PR (median 0.77 mg/kg versus
0.66 mg/kg). Proton pump inhibitors (PPIs) were used in 11 patients and were stopped in eight (73%) patients at
the time of the AKI event. A CR was seen in five (63%) of the eight patients who discontinued PPIs. Rechallenge
was attempted in four of the 14 patients: three were successful with no recurrence of AKI, but one patient had
recurrent AKI and fatal pneumonitis.

Conclusions Careful review, withholding ICI and concomitant known AIN-inducing medications, along with
prompt initial steroid management were the key in complete renal kidney recovery. A kidney biopsy should be
strongly considered. Rechallenge of immunotherapy after a kidney irAE, although challenging, is possible and
would need careful evaluation on an individual basis.
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Introduction
Cancer therapies with immune checkpoint inhibitors
(ICIs) have reached remarkable clinical response rates
and have thereby substantially improved the progno-
sis for patients with various advanced malignancies.
ICIs are monoclonal antibodies that exert inhibitory
effects on surface molecules that serve as important
breaks (or checkpoints) of the adaptive immune
response like cytotoxic T lymphocyte–associated pro-
tein 4 (CTLA-4), programmed cell death protein 1
(PD-1), and programmed death-ligand 1 (PDL-1). The
untoward side effects of such an approach are immune-
related adverse events (irAEs) in a variety of organs.
The incidence of irAEs in patients receiving ICIs can be
as high as 59%–85%, depending on the target and the
use of mono- or combination therapy (1–3). The most
commonly affected organs are skin, endocrine glands,

gastrointestinal tract, lungs, and liver (4). Kidney tox-
icity is less common, but the incidence is rising as
therapy with these agents continues to increase.
Although severe kidney irAEs spur concern among

providers, smaller rises in creatinine may not be appre-
ciated or may be attributed to other causes because the
differential diagnosis of AKI in patients with cancer is
broad. In the kidney, the most commonly reported
irAE is acute interstitial nephritis (AIN) (5), although a
few cases of GN have been observed (6,7). AIN is
classically described as the triad of fever, rash, and
eosinophilia in association with elevated serum creat-
inine, but this triad is present in only 5%–10% of cases
(8). Histologically, AIN is characterized by the pres-
ence of inflammatory infiltrates and edema in the
kidney interstitium (9). In kidney biopsy registries,
AIN accounts for 1%–3% of cases and in as many as
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20% of patients undergoing kidney biopsy for AKI (10,11).
The incidence of AKI as an irAE has been reported in 2%
and 5% of patients with AKI while on PD-1 inhibitors or
combination ICI therapy, respectively, with AIN being the
predominant pathologic lesion (5,12). However, this is likely
an underestimation because many patients do not undergo
a kidney biopsy in the setting of mild AKI, or the diagnosis
is masked by steroid therapy for other irAEs.
Herein we present our experience with cases of ICI-AIN

as an irAE in the setting of therapy with the CTLA-4 in-
hibitor, ipilimumab, and the PD-1 inhibitors, pembrolizumab
and nivolumab. We reviewed the clinical and histologic
characteristics, concurrent medication profiles, AKI man-
agement, and the outcomes of rechallenge of ICI in these
patients at our institution.

Materials and Methods
Study Population
This is a single center, retrospective, observational study.

We performed a search of our electronic medical records
for all patients that received an ICI and had an AKI from
January 1, 2014 to December 1, 2018 at Mayo Clinic (Rochester,
Minnesota). We reviewed the following ICIs: the CTLA-4
inhibitor, ipilimumab, and the PD-1 inhibitors, pembrolizu-
mab and nivolumab. AIN cases as a possible kidney irAE
were identified either by clinical documentation by a con-
sulting nephrologist or after mutual consensus by the
authors S.M. and S.M.H. performing the retrospective chart
review. Patients that did not provide research authorization
were excluded. This study was approved by Mayo Clinic
Institutional Review Board.

Data Collection
Clinical characteristics; details of the cancer type; comor-

bidities; and concurrent medications including proton pump
inhibitors (PPIs), nonsteroidal anti-inflammatory drugs
(NSAIDs), steroid use, and prior ICI drug use were col-
lected. Information of prior and concurrent nonkidney
irAEs as documented by care providers was collected.
Baseline creatinine was defined as the last stable serum
creatinine value before initiating on the ICI. ICI-related
AKI cases were included if attributed directly to the ICI by
the treating provider with a $1.5-fold increase in serum
creatinine from baseline (grade 1 kidney toxicity) (13). If a
kidney biopsy was done, the histologic diagnosis was used
for confirmation of ICI-AIN. Data was collected on the man-
agement of AIN with details regarding the use of intra-
venous (IV) versus oral steroids, steroid dose, duration,
and taper regimen used.
Data on kidney and overall outcomes were recorded.

AKI severity was staged according to the Kidney Disease
Improving Global Outcomes Work Group criteria (14). By
definition, all cases were at minimum an AKI stage 1 ($1.5-
fold increase in serum creatinine). Complete response (CR)
was defined as return of kidney function back to baseline or
,0.3 mg/dl of baseline creatinine by the end of steroid
course. Partial response (PR) was defined as creatinine
.0.3 mg/dl from baseline, but less than twofold from
baseline, despite the completion of steroid regimen. No
response was indicated if kidney function continued to
deteriorate or was unchanged with therapy.

Statistical Analysis
All continuous variables were reported as medians (min-

imum [min]–maximum [max]). All categoric variables were
reported as counts with proportions. JMP statistical soft-
ware (version 13 SAS Institute) was used to perform the
analysis. No statistical comparisons were done because the
event rate was low.

Results
Patient Population
A total of 1173 unique patients received ICI in our study

period, with 608 patients receiving pembrolizumab, 304
patients on nivolumab, and 261 patients on ipilimumab.
Of these, we found 303 patients who received ICI therapy
and had an AKI (ipilimumab, 50; nivolumab, 104; pembro-
lizumab, 149). We excluded ten patients who did not pro-
vide research authorizations. Of the 293 patients with AKI,
14 cases with clinically suspected AIN were included in our
review. The baseline characteristics are detailed in Table 1.
Our patients had a median age of 68 (min–max, 41–81)

years. About 57% (eight of 14) were females. Single agent
therapy with pembrolizumab was used in seven of 14
patients (50%). We found that three (21%) patients had
received single agent nivolumab, whereas four (28%)
patients had received a combination of ipilimumab and
nivolumab before their ICI-AIN event. We found no cases
of PDL-1–related AIN. The time from drug initiation to ICI-
AIN had a wide range, with the median time being 3.5
(1–46) months. The predominant underlying cancer was
metastatic melanoma (64%). Six (42%) of the patients had
concurrent nonkidney irAEs, with rash (dermatitis) being
the most common.

Clinical Presentation
At the time of presentation, the median serum creatinine

was 2.75 (min–max, 1.4–6.5) mg/dl, with a peak serum
creatinine of 3.25 (1.5–7.31) mg/dl. We found that 13 of
the 14 (92%) patients had at least a doubling of creatinine.
Seven patients (50%) had AKI stage 3 and six (43%) had AKI
stage 2. Only one of the patients (patient 13) hadAKI stage 1,
creatinine increased from 0.8 to 1.5 mg/dl while she was on
prednisone 30 mg daily for a skin rash at the time of the
kidney event. The median random urine protein/osmolality
ratio was 0.69 (0.6–12.3) mg/mOsm. We found that 71% of
patients had sterile pyuria on the urinalysis at the time of the
AKI event, but the remaining three patients had no white
cells on urine microscopy and these were patients already
on steroids for a nonkidney irAE.
We found that only five (35%) of the 14 patients under-

went kidney biopsy. The kidney biopsies showed diffuse
interstitial inflammatory infiltrate with interstitial edema
and tubulitis. The infiltrating cells were mononuclear cells
only (n51), mononuclear cells plus eosinophils (n52), mon-
onuclear and plasma cells (n51), and all three types of cells
(n51). The reasons for not doing a kidney biopsy in the
remaining nine patients were high bleeding risk due to
concurrent drugs (n52), already on steroids with improving
kidney function at the time of nephrology evaluation (n52),
biopsy was considered to not change plans for management
(n53), and no documentation of reason (n52). One of the
patients (patient 6), who presented with AKI stage 3, had a
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Table 1. Baseline characteristics before development of AKI/acute interstitial nephritis

Patient Drug Age/
Gender Cancer Hypertension Diabetes CKD Medications

before AKI
Extrarenal irAE
before AKI/AIN

Extrarenal irAE
with AKI/AIN

On Steroids
before AKI Steroid Dose

No. 1 Nivolumab 73/F Lung
AdenoCa

Yes No Yes PPI No No No —

No. 2 Nivolumab 79/F Lung
AdenoCa

Yes Yes Yes PPI No No No —

No. 3 Nivolumab 64/F Melanoma No No No PPI and
NSAIDs

Colitis Colitis Yes Prednisone
1 mg/kg dose

No. 4 Nivolumab and
ipilimumab

54/M Melanoma No No No NSAIDs No No No —

No. 5 Nivolumab and
ipilimumab

71/M Melanoma Yes No No PPI and
NSAIDs

Rash and uveitis Colitis No —

No. 6 Nivolumab and
ipilimumab

67/F Melanoma Yes No No PPI Rash No No —

No. 7 Nivolumab and
ipilimumab

62/M Melanoma No No No — Pneumonitis/
thyroiditis

Hypothyroidism No —

No. 8 Pembrolizumab 41/F Melanoma No No No PPI Colitis and iritis No Yes Dexamethasone
4 mg daily

No. 9 Pembrolizumab 74/F Breast
cancer

No No Yes PPI No No No —

No. 10 Pembrolizumab 69/M Lung
AdenoCa

No No No PPI No No Yes Dexamethasone
1 mg daily

No. 11 Pembrolizumab 80/M Melanoma Yes No No PPI Rash and
scleroderma rash

Scleroderma
rash

Yes Prednisone
20 mg daily

No. 12 Pembrolizumab 49/M Melanoma Yes Yes Yes PPI Thyroiditis No No —
No. 13 Pembrolizumab 81/F Melanoma Yes No No PPI Rash, pancreatitis,

and arthralgias
Rash Yes Prednisone

30 mg daily
No. 14 Pembrolizumab 60/M CLL Yes No Yes PPI No Rash,

pneumonitis
No —

irAE, immune-related adverse event; AIN, acute interstitial nephritis; F, female; AdenoCa, adenocarcinoma; PPI, proton pump inhibitor; NSAID, nonsteroidal anti-inflammatory drug; M, male;
CLL, chronic lymphocytic leukemia.
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positron emission tomography–computed tomography scan
that was suggestive of AIN. In the two patients that had no
initial documentation of biopsy, the diagnosis of AIN was
made retrospectively when a concurrent irAE was being
treated with subsequent improvement in kidney function.
Patient 5 also had concurrent enterocolitis and the initial
AKI was thought to be from acute tubular injury. The
patient was started on dialysis for a couple of days and
after aggressive steroid therapy, initially with IV methyl-
prednisolone, he had improvement in his kidney function
with CR. Patient 12 had underlying diabetic nephropathy
with CKD stage 4 at baseline and the worsening kidney
function was initially believed to be from natural progres-
sion of diabetic kidney disease, but the patient’s melanoma
progressed on pembrolizumab and, when the therapy was
discontinued, he had a some improvement and stabiliza-
tion of kidney function.
Patient 14 had AKI, fever, significant rash, and pneumo-

nitis. He required dialysis for 2 days and improved with IV
steroids. Additional details are outlined in Table 2.

Management of Patients with Suspected and/or Confirmed
AIN
All of the 14 patients were closely followed and the details

of themanagement of their kidney irAEs are noted in Table 3.
Possible Offending Medications. All 14 patients had

their ICI withheld. We looked at the medication lists and
identified any drugs associated with AIN. PPIs were the
most commonly used drugs in our series. Out of 14 patients,
11 were on a PPI at the time of the AKI. Of these 11 patients,
eight (73%) stopped their PPI at the time of kidney injury

event. Of those that stopped the PPI, five of eight (63%) had
a CR and the other three (38%) had a PR. Only three patients
(patients 3, 4, and 5) were intermittently taking NSAIDs
prior the AKI, two of them were on PPIs as well. Only one
patient (patient 11) was on sulfa for infection prophylaxis in
the setting of steroid use for a skin rash irAE and this patient
was also on a PPI at the time of the AKI.
Steroid Regimen. Two of the 14 patients did not receive

any steroids at the time of AKI. The first (patient 7) had a PR
with drug holiday alone; whereas in the second patient
(patient 12), the diagnosis of ICI-AIN was not considered
initially and AKI was presumed to be a progression of
primary diabetic kidney disease. Steroids were later not
initiated due to uncontrolled diabetes and creatinine
improved slightly and stabilized with stage 5 CKD.
For the remaining 12 patients, the steroid regimen used to

treat ICI-AIN was highly variable. IV pulse steroids were
used in seven of the 12 patients (58%), the median peak
serum creatinine for those patients was 5.9 (min–max,
2.5–6.8) mg/dl. Five of the seven patients who received IV
pulse steroids had a complete recovery of kidney function.
For the five patients that did not receive IV pulse steroids,
the median peak serum creatinine was 2.3 (1.79–3.25) mg/dl.
Overall, the starting dose of prednisone was higher in

those that had a CR compared to those that had a PR:
median 0.77 (0.66–1.11) mg/kg versus 0.66 (0.37–1.07)
mg/kg. Because the steroid taper regimens were very het-
erogeneous as well, we used the total prednisone dose
received (in milligram per kilogram) per month for anal-
yses. At the end of the first month, patients who had a
CR received higher steroid doses than those that had only
a PR (median 2.79 [1.45–3.2] mg/kg per month versus

Table 2. Clinical characteristics at the time of AKI/acute interstitial nephritis

Patient Drug
Baseline
Creatinine
(mg/dl)

Drug
Duration
before

AKI (mo)

Creatinine
at AKI
(mg/dl)

Peak
Creatinine
at AKI
(mg/dl)

Urine
WBC/
hpf at
AKI

Proteinuria/
Osmolality
Ratio (mg/
mOsm)

Kidney
Biopsy

Initiation
of

Dialysis

No. 1 Nivolumab 1 4 4.2 5.6 1–3 0.64 Yes,
AIN

No

No. 2 Nivolumab 1.1 4 2.3 2.3 21–30 1.8 No No
No. 3 Nivolumab 0.8 12 3.27 3.4 No 0.76 Yes,

AIN
No

No. 4 Nivolumab and
ipilimumab

0.9 1 6.5 6.5 No 0.54 No No

No. 5 Nivolumab and
ipilimumab

0.9 1 5.3 6.8 1–3 4.78 No Yes

No. 6 Nivolumab and
ipilimumab

1 3 5.2 5.9 31–40 1.16 No No

No. 7 Nivolumab and
ipilimumab

0.6 3 1.7 1.7 1–3 0.56 No No

No. 8 Pembrolizumab 0.8 46 2.4 2.5 11–20 0.57 Yes,
AIN

No

No. 9 Pembrolizumab 1.3 1 2.7 3.1 21–30 0.75 Yes,
AIN

No

No. 10 Pembrolizumab 0.9 3 1.89 1.89 4–10 0.37 No No
No. 11 Pembrolizumab 0.8 6 1.6 1.7 No 0.86 No No
No. 12 Pembrolizumab 3 13 6 7.31 11–20 12.3 No No
No. 13 Pembrolizumab 0.8 4 1.4 1.5 1–3 0.16 Yes,

AIN
No

No. 14 Pembrolizumab 1.7 1 2.8 6.8 NA 0.64 No Yes

WBC, white blood cell; hpf, high power field; AIN, acute interstitial nephritis; NA, not available.
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Table 3. Management of patients with AKI from suspected/confirmed immune checkpoint–related acute interstitial nephritis

Patient Drug ICI
Withheld

PPI
Withheld

Steroids
Initiated

IV
Pulse

Steroids

Total IV
Steroids

(g)

Prednisone
Starting
Dose
(mg)

Prednisone
Starting Dose

(mg/kg)

Approximate
Weekly
Steroid
Taper

Regimen (mg)

Renal
Response

Nadir
Creatinine
(mg/dl)

Cancer
Outcome

Patient
Outcome

No. 1 Nivolumab Yes Yes Yes Yes 0.75 60 1.0 60–60–40–
20–10–5–X

PR 1.6 Progression Hospice

No. 2 Nivolumab Yes Yes Yes No — 60 0.9 60–80–40–
20–20–20–
20–20–20–
20–hospice

CR 1.2 Unknown Deceased

No. 3 Nivolumab Yes Yes Yes No — 40 0.5 40–30–20–
15–7.5–5-4–
3-2–1–X

PR 1.22 Complete
response

Alive

No. 4 Nivolumab and
ipilimumab

Yes NA Yes Yes 1 60 0.7 60–60–60–
60–40–40–
40–40–20–
10–5–4–3–
2–1–X

CR 1.3 Progression Deceased

No. 5 Nivolumab and
ipilimumab

Yes No Yes Yes 9.75 100 1.1 100–80–60–40–
30–20–

10–7.5–5–
2.5–X

CR 1.1 Complete
response

Alive

No. 6 Nivolumab and
ipilimumab

Yes Yes Yes Yes 3 80 0.79 80–60–40–
30–20–10–
20–40–30–
20–10–5–X

PR 1.5 Complete
Response

Alive

No. 7 Nivolumab and
ipilimumab

Yes NA No No — — — — PR 1 Progression Alive on
therapy

No. 8 Pembrolizumab Yes Yes Yes Yes 0.25 40 0.77 40–30–30–
30–30–20–

15–15–10–7.5–
7.5–5–2.5–X

CR 1 Progression Deceased

No. 9 Pembrolizumab Yes Yes Yes No — 60 0.78 60–50–40–
30–40–40–
35–30–25–
20–15–10–

5–X

CR 1.5 Complete
response

Alive

No. 10 Pembrolizumab Yes Yes Yes No — 60 0.66 60–40–20–
20–15–10–.

CR 1.1 Progression Deceased

No. 11 Pembrolizumab Yes No Yes No — 30 0.38 30–20–10–
5-65–60–
50–40–30–
20–10–7.5–
5–2.5–X

PR 1.5 Progression Deceased

No. 12 Pembrolizumab Yes No No No — — — — NR 6.4 Progression Deceased
No. 13 Pembrolizumab Yes Yes Yes Yes 2 60 1.0 60–40–30–

30–20–10–
5–X

CR 1.1 Complete
response

Alive

No. 14 Pembrolizumab Yes NA Yes Yes 5 60 0.68 60–40–20–
10–5–2.5–X

CR 1.1 Stable Alive on
therapy

ICI, immune checkpoint inhibitor; PPI, proton pump inhibitor; IV, intravenous; X, stopped;., dose continued at the time of last follow up; PR, partial response (creatinine improved from peak
but did not return to within 0.3 mg/dl of baseline); CR, complete response (creatinine improved to a value within 0.3 mg/dl of baseline creatinine); NA, not applicable; NR, no response
(creatinine unchanged or worsened).
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1.74 [0.8–3.2] mg/kg per month). Head-to-head compar-
isons of taper regimens were difficult, but there appeared
to be a trend to suggest that higher initial steroid doses
had improved recovery of kidney function. See Figure 1
for a representative first month on steroid doses stratified
by their kidney response.

Rechallenge of Immunotherapy After Suspected/Confirmed
AIN
Four of the 14 patients had to be rechallenged with the

same immunotherapy (Table 4). Median time of rechallenge
from the initial AKI event was 95 days (range 53–511). Two
of the patients (patients 4 and 7) had developed AIN on
combination therapy with ipilimumab and nivolumab.
These two patients were rechallenged after return of kidney
function close to baseline with nivolumab alone without
recurrence of AKI (one patient remained on low-dose ste-
roids). The two patients with AIN on pembrolizumab were
rechallenged while still on prednisone of 10 mg daily
(patient 10) or 20 mg daily (patient 11). Patient 10 was on
a PPI at the time of rechallange. Patient 11 had recurrent
AKI, also in part secondary to obstructive uropathy initially
and pneumonitis within one month of rechallenge, subse-
quently patient did deteriorate clinically despite steroids
and eventually transitioned to comfort care.

Discussion
Among 293 patients with AKI while on ICI therapy at our

institution, we report 14 cases (5%) of ICI-AIN. We have
described our experience in clinical features, diagnostic
challenges, management, and response to treatment. We
have also described our experience with rechallenging the
ICI in four of the 14 patients. Although the incidence of AIN
is lowwith ICI (12), patients who do developAIN as an irAE
are in a unique predicament, especially if their cancer has
been responding appropriately to the ICI. We had previ-
ously described that medications were the etiology of AIN
in 70% of the patients (15), with antibiotics being the most
common followed by PPIs. However, as compared with the
AIN from “routine”medications, ICI-AIN has other aspects
to be considered including mechanistic differences, time of
onset, and duration between other drugs to name a few. ICI-
AINmust prompt us to think differently about this disorder
and we must manage it unlike a “regular” AIN because this
may affect the cancer-related prognosis of the patient.
Our findings are consistent with other prior studies show-

ing AIN as the most common cause of ICI-AKI, although
AIN is not the sole etiology of AKI associated with ICIs,
different kidney irAEs have been described in recent
reports. Recently, Izzedine et al. (16) reported the occurrence
of acute tubular injury/necrosis (ATI/ATN) in approxi-
mately 40% of their patients, and AIN in 30%, followed
by two cases of minimal change disease. One can argue that
the patients reported by Izzedine et al. were biopsied early
because the median serum creatinine was 1.1 (min–max,
0.8–1.6) mg/dl. These patients could have had AKI related
to hemodynamics or concurrent chemotherapies. In our
series, we only included patients with at least a 50% increase
of creatinine from baseline and those in which the authors
were clinically suspicious of AKI related to ICIs. This may

have led to the predominant renal pathology identified to
be AIN.
Glomerular diseases associated with ICIs have been

described (6,7,17). MD Anderson recently published a case
series of 16 patients that had undergone a kidney biopsy
while on ICIs. Interestingly, only five of their patients
had AIN alone, whereas the remaining nine patients had
simultaneous presentation of AIN with a glomerulopathy
(pauci-immune vasculitis, membranous nephropathy, IgA
nephropathy, C3 glomerulopathy, FSGS, and AA amyloido-
sis) (7). Furthermore, tubular damage by ICIs may also cause
electrolyte abnormalities and some ICIs have been reported
in associationwith renal tubular acidosis in the setting of AIN
(18,19). Mechanistically, this is believed to be an autoimmune
process causing an alteration ofH1-ATPase or Cl-/HCO3- in
in the type A intercalated cells (19).
Clinically, the classic drug-induced AIN symptoms of

low-grade fever, rash, fatigue, and peripheral eosinophilia
are rarely seen and we did not see them as a feature in our
cases either. In our study, we found sterile pyuria inmany of
the ICI-AIN cases but it was not a consistent presenting
feature. Cortazar et al. (5) reported on 12 cases with similar
findings of pyuria and subnephrotic range proteinuria as the
most common manifestations, whereas Shirali et al. (20)
found no common clinical presentation in their six cases
of ICI-induced AIN. Extrarenal irAE was not present in
almost 60% of our patients at the time of the AKI, therefore
absence of irAE does not exclude ICI-AIN.
The AIN infiltrate is predominantly composed of T lym-

phocytes, macrophages, and eosinophils as well as neutro-
phils on occasion. Spanou et al. (21) very eloquently demon-
strated that patients with drug-induced AIN harbor drug-
specific T cells. The possibility that ICIs may lead to a loss of
tolerance in drug-specific T cells and thereby result in AIN
has been speculated upon (5,20). In our study, although we
noted that many of the patients had been on PPIs, there was
no clear pattern to suggest this was the offending drug, but it
certainly could be a potential trigger. With polypharmacy
being common among patients with cancer who are immu-
nosuppressed, their medications have to be reviewed.
It is possible that some of the patients in our series that did

not undergo a kidney biopsy could have had another cause
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Figure 1. | Trend of prednisone dose used in the first 4 weeks
stratified according to complete response at the end of 3 months.
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for AKI such as ATI/ATN, but our clinical suspicion was
high for AIN as the etiology of AKI. The absence of other
etiologies of AKI, in conjunction with the time line from the
time of initiation of ICIs, the rapidity of renal function
decline, presence of concurrent nonrenal irAEs, and the
response to empirical steroids led to our strong clinical
suspicion for ICI-AIN.
If we do try to apply the lessons learned from drug-

induced AIN to the management of ICI-related AIN, then
understanding the role of steroids is also important. Early
steroid initiation in addition to drug withholding is recom-
mended because delays are associated with poorer kidney
outcomes (22,23). Therefore, we should strongly consider
kidney biopsy when in doubt because delaying diagnosis
may affect kidney recovery. Furthermore, it would help to
differentiate AIN or glomerular diseases from other causes
such as ATI/ATN, which would influence the decision on
whether or not to continue with ICI therapy. Our experience
has been to start patients on steroids fairly quickly, but the
initial dose and duration of high-dose steroid, as well as the
subsequent tapering rate, are quite heterogeneous. Interest-
ingly, we found that the patients who had complete recov-
ery of kidney function had received higher doses of steroids
in the first 1–2 months (2.79 mg/kg per month; min–max,
1.45–3.2) compared with those that had a partial recovery
(1.74 mg/kg per month; 0.8–3.2). Five of seven patients who
received IV pulse steroids initially had complete recovery of
kidney function. Although this pattern is suggestive, the
patient’s clinical status can limit one’s ability to give high
doses of steroids for a prolonged period of time.
The American Society of Clinical Oncology (ASCO)

guidelines recommend starting steroids for a grade 2 kidney
irAE (creatinine of two to three times above baseline) and,
once it improves to grade 1 or less, to start a taper over
4–6 weeks (4,24). Our experience has been that a rapid taper
over 4 weeks has led to rebound AKI and a slow taper over
the course of at least 8–12 weeks has been better tolerated.
The key is to closely monitor creatinine levels during the
taper. We also noted that, in our cohort, five of the 14
patients (patients 3, 8, 10, 11, and 13) were already on some
type of steroids for either nonrenal irAE or another reason.
The patients that had an increase in the prescribed steroid
dose at the time of the AKI had a CR, whereas those
that were left on the same dose or continued tapering only
had a PR to steroids. This cautions the oncologists who,
per ASCO guidelines, may start patients on steroids for a
nonrenal irAE: they must be watchful for a concurrent
kidney (or other organ) injury that may need additional
immunosuppression.
Rechallenge is another uncharted territory that requires

close attention. Additional AKI events can result in further
loss of kidney function and may influence the overall prog-
nosis (25). Rechallenge after a severe irAE has been attempted
with mixed experience in the literature (26,27), but we had an
overall favorable outcome except in one patient (patient 11)
that rapidly deteriorated due to recurrent pneumonitis.
His case was challenging because he had extensive meta-
static disease that had failed multiple lines of treatment
and the only drug to which he had shown a reasonable
response was pembrolizumab. Although ASCO guidelines
(24) would not recommend a rechallenge in his case, the
decision to try pembrolizumab was a mutual one between
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the patient and his oncologist because the alternative was a
referral to hospice. Simonaggio et al. (28) described, in their
French cohort of 93 patients that had recently had recovered
from a grade 2 or higher irAE, that a rechallenge led to
recurrence of a second adverse event in 55% of patients
within a median follow-up time of 14 months. Out of those
55% patients, 13% had a different irAE than their initial event.
There are two patients with renal failure in the cohort, but
details regarding their rechallenge experience were not
described in their paper. Overall the authors believed that
the severity of the second event was not greater than the first
(28). A similar study by Abu-Sbeih et al. (29) looked at
recurrence of immune-related diarrhea and colitis after
rechallenge of ICI and found that this was less severe in
PD-1 drugs as compared to CTLA-4 inhibitors.
We chose to challenge a few of our patients while on low-

dose steroids. Although there is concern that being on a
higher baseline dose of steroids at the time of ICI therapy
may affect the response to ICI, there has not been any
change in progression-free survival or overall survival when
the prednisone dose has been kept,10mg/d (30).Whenwe
review the risk/benefit ratio of baseline steroids we recom-
mend, based on our small experience, that the patient
recovering from a ICI-AIN be rechallenged while on low-
dose prednisone (10mg/d). There is a need for collaboration
of nephrologists and oncologists to guide the community on
managing this unique clinical conundrum.
Our study has several limitations. First, it is a retrospec-

tive, single-center study. Second, we may not have captured
all of the AKI/AIN events that have occurred. Our aim was
to capture all of the clinically significant cases of AKI by
restricting our inclusion criteria to a 50% increase in serum
creatinine from baseline, therefore we may have missed
milder AKI events. Third, we limited our search to patients
with biopsy-proven AIN or a high clinical level of suspicion
for ICI-AIN. Hence, we may have not captured all of the
patients who had AKI by the search strategies we used. We
attempted to minimize this potential confounder by having
two investigators independently search and procure cases.
Fourth, we had many cases that were treated for AIN with-
out a kidney biopsy and, based on their response to steroids,
we presumed a diagnosis of ICI-related AIN and one could
argue that these patients had acute tubular injury and the
response to steroids was merely coincidental. Fifth, we had
few events to report and this limited our ability to perform
statistical analysis for associations or correlations. Lastly,
because the AIN and other irAEs were managed by pro-
viders of varied specialties, the treatment was not consis-
tent, stressing the importance of dedicated onco-nephrology
teams in the care of these patients. Our study highlights the
need for future prospective studies to accurately identify
and characterize kidney irAEs and response to immune
suppression, in addition to obtaining an early nephrology
consult and kidney biopsy when indicated.
In conclusion, we provide a summary of our experience

with ICI-AIN. An attempt must be made to have a prompt
diagnosis of the cause of AKI, including a strong consid-
eration of a kidney biopsy, in addition to stopping concur-
rent medications that have AIN as a known adverse event.
An increase in serum creatinine, evidence of abnormal-
ities of urine sediment, or even persistent electrolyte abnor-
malities should be recognized and prompt early referral to

nephrology providers. We believe that having a baseline
serum creatinine, electrolyte, and urinalysis evaluation
before initiation and during each ICI treatment is para-
mount to identify the occurrence of kidney irAE early on,
but also that a kidney biopsy is necessary to understand the
lesion being treated. Use of high doses of steroids (at least
0.8 mg/kg) in the initial period for patients with AKI stage
1/2 and consideration of the use of IV steroids for patients
with more severe kidney dysfunction (AKI stage 3) with a
slow taper is recommended, if there are no other contra-
indications. Rechallenge of immunotherapy after recovery
from a kidney irAE can be attempted in the right setting
and would need to take into account the severity of prior
irAEs. In our small experience, rechallenge while on low-
dose steroids may help reduce the risk of recurrence of kid-
ney irAE. We need more experience to know if this is a
consistent benefit and the effect on overall patient outcome.
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