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ABSTRACT
Background  Immune checkpoint inhibitor-associated 
acute kidney injury (ICPi-AKI) has emerged as an important 
toxicity among patients with cancer.
Methods  We collected data on 429 patients with 
ICPi-AKI and 429 control patients who received ICPis 
contemporaneously but who did not develop ICPi-AKI from 
30 sites in 10 countries. Multivariable logistic regression 
was used to identify predictors of ICPi-AKI and its recovery. 
A multivariable Cox model was used to estimate the effect 
of ICPi rechallenge versus no rechallenge on survival 
following ICPi-AKI.
Results  ICPi-AKI occurred at a median of 16 weeks (IQR 
8–32) following ICPi initiation. Lower baseline estimated 
glomerular filtration rate, proton pump inhibitor (PPI) use, 
and extrarenal immune-related adverse events (irAEs) 
were each associated with a higher risk of ICPi-AKI. Acute 
tubulointerstitial nephritis was the most common lesion 
on kidney biopsy (125/151 biopsied patients [82.7%]). 
Renal recovery occurred in 276 patients (64.3%) at 
a median of 7 weeks (IQR 3–10) following ICPi-AKI. 
Treatment with corticosteroids within 14 days following 
ICPi-AKI diagnosis was associated with higher odds 
of renal recovery (adjusted OR 2.64; 95% CI 1.58 to 
4.41). Among patients treated with corticosteroids, early 
initiation of corticosteroids (within 3 days of ICPi-AKI) was 
associated with a higher odds of renal recovery compared 
with later initiation (more than 3 days following ICPi-AKI) 
(adjusted OR 2.09; 95% CI 1.16 to 3.79). Of 121 patients 
rechallenged, 20 (16.5%) developed recurrent ICPi-AKI. 
There was no difference in survival among patients 
rechallenged versus those not rechallenged following ICPi-
AKI.

Conclusions  Patients who developed ICPi-AKI were more 
likely to have impaired renal function at baseline, use 
a PPI, and have extrarenal irAEs. Two-thirds of patients 
had renal recovery following ICPi-AKI. Treatment with 
corticosteroids was associated with improved renal 
recovery.

BACKGROUND
Immune checkpoint inhibitors (ICPis) have 
become some of the most widely prescribed 
anticancer treatments in current use.1 Despite 
their proven efficacy across a wide range 
of malignancies, ICPis can cause a unique 
spectrum of autoimmune toxicities known 
as immune-related adverse events (irAEs). 
These irAEs can affect virtually any organ in 
the body, including the kidneys.

Direct renal toxicity from ICPis, referred 
to here as ICPi-associated acute kidney 
injury (ICPi-AKI), occurs with an estimated 
incidence of 3%–5%.2–9 ICPi-AKI can have 
serious consequences for patients including 
dose delay or permanent discontinuation of 
ICPi therapy, irreversible loss of kidney func-
tion (which can impact eligibility to receive 
other anticancer treatments), and prolonged 
courses of immunosuppression. Additionally, 
when a patient undergoing treatment with 
ICPis develops AKI, there is often uncer-
tainty regarding its etiology, since AKI occurs 
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commonly in patients with cancer and can be due to a 
variety of causes.10 11

Despite these challenges in diagnosing and treating 
ICPi-AKI, existing data are largely limited to case reports 
and small single-center case series.5 6 12–15 Key ques-
tions, therefore, remain unanswered regarding the risk 
factors, clinical features, histopathological findings, renal 
outcomes, and overall survival in patients with ICPi-AKI. 
Further, very limited data are available regarding the safety 
of rechallenging patients with ICPis after an episode of 
ICPi-AKI. To address these and other critical knowledge 
gaps, we conducted an international multicenter cohort 
study of patients with ICPi-AKI.

METHODS
Study design and oversight
We conducted a multicenter cohort study of adults diag-
nosed with ICPi-AKI between 2012 and 2020. We contacted 
nephrologists and oncologists at 40 major academic 
cancer centers across North America, Europe, and Asia to 
identify cases of ICPi-AKI, 30 of which provided data on 
429 patients with ICPi-AKI (online supplemental table S1 
and figure S1). Of the 429 patients with ICPi-AKI in this 
study, 100 (23.3%) were described previously in 12 publi-
cations (online supplemental appendix).

Data collection
Study personnel at each site collected data by detailed 
chart review. Data were entered into a standardised case 
report form using a secure, web-based platform (online 
supplemental appendix),16 and included the following: 
demographics and comorbidities; concomitant treat-
ment with nephrotoxic chemotherapies and medica-
tions associated with acute tubulointerstitial nephritis 
(ATIN), including proton pump inhibitors (PPIs), non-
steroidal anti-inflammatory drugs, and antibiotics; prior 
or concomitant extrarenal irAEs; laboratory data at base-
line and at the time of ICPi-AKI; kidney biopsy data; treat-
ments received for ICPi-AKI; and data on renal recovery, 
ICPi rechallenge, and overall survival.

Definition of ICPi-AKI
Patients were eligible for inclusion if they had AKI that was 
directly attributed to the ICPi by the treating provider and 
if they met either of the following criteria: (1) an increase 
in serum creatinine (SCr) ≥100% from baseline or treat-
ment with renal replacement therapy (RRT); (2) an 
increase in SCr ≥50% from baseline and at least one of the 
following: ATIN on kidney biopsy; ICPi therapy held for at 
least once cycle due to concern for ICPi-AKI; or treatment 
with corticosteroids due to concern for ICPi-AKI (online 
supplemental table S2). Baseline SCr was defined as the 
closest value prior to ICPi initiation. We excluded kidney 
transplant patients and those with end stage kidney disease.

Definitions of AKI severity, renal recovery, and recurrent ICPi-
AKI
AKI severity was based on the maximum SCr achieved 
in the 4 weeks following ICPi-AKI and staged according 

to the Kidney Disease: Improving Global Outcomes 
criteria (online supplemental table S3).17 Renal recovery 
was defined as a nadir SCr ≤1.5 times the baseline value 
within 90 days following ICPi-AKI.18 Recurrent ICPi-AKI 
after ICPi rechallenge was defined as an increase in SCr 
≥50% from the new baseline (at the time of rechallenge) 
and attributed to the ICPi by the treating provider.

Patients without ICPi-AKI
To identify risk factors for ICPi-AKI, we also collected 
data on control patients who received ICPis contempo-
raneously but who did not develop ICPi-AKI (defined 
as absence of an increase in SCr ≥50% from baseline or 
treatment with RRT that was definitely or probably ICPi 
related). Each collaborating institution provided data on 
one control patient for every patient with ICPi-AKI from 
that site to maintain a 1:1 ratio of cases:controls. Control 
patients were selected at random to preserve the ability to 
investigate all characteristics as potential risk factors for 
ICPi-AKI.

Statistical analyses
Continuous and categorical data were compared using 
the Wilcoxon rank-sum and Fisher’s exact test, respec-
tively. Multivariable logistic regression was used to iden-
tify risk factors for ICPi-AKI, and a sensitivity analysis was 
performed in patients with stage 2 or 3 ICPi-AKI.

Multivariable logistic regression was also used to iden-
tify predictors of renal recovery in patients with ICPi-AKI, 
including treatment with corticosteroids within 14 
days following ICPi-AKI. A sensitivity analysis limited to 
patients treated with corticosteroids at any time following 
ICPi-AKI was conducted to assess the effect of early corti-
costeroid initiation (within 3 days following ICPi-AKI) 
versus later corticosteroid initiation (anytime after 3 days 
following ICPi-AKI) on renal recovery. To minimize the 
potential for confounding due to terminal illness, which 
could affect the decision to prescribe corticosteroids, each 
of these analyses were limited to patients who survived at 
least 14 days following ICPi-AKI.

Kaplan-Meier curves and multivariable Cox regres-
sion models were used to assess the association between 
ICPi-AKI stage, treatment with corticosteroids within 14 
days following ICPi-AKI, and other factors with survival, 
with ICPi-AKI diagnosis serving as time 0. Similar to the 
analyses above, these analyses were also limited to those 
who survived at least 14 days following ICPi-AKI.

Kaplan-Meier curves and multivariable Cox regression 
models were used to estimate the effect of ICPi rechal-
lenge versus no ICPi rechallenge on survival. To elimi-
nate the potential for immortal time bias, we limited this 
analysis to patients who survived at least 90 days after the 
initial ICPi-AKI event, and we compared the survival of 
patients rechallenged in the first 90 days to those not 
rechallenged in the first 90 days. We repeated this anal-
ysis in patients who survived at least 180 days following the 
initial ICPi-AKI event.
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Table 1  Baseline characteristics

Variable ICPi-AKI (n=429) No ICPi-AKI (n=429) P value

Age at ICPi initiation, years, median (IQR) 68 (59–75) 65 (58–73) 0.02

Male, n (%) 266 (62.0) 251 (58.5) 0.32

Race, n (%) 0.99

 � White 351 (81.8) 350 (81.6)

 � Black 27 (6.3) 24 (5.6)

 � Asian 21 (4.9) 21 (4.9)

 � Other/unknown 30 (7.0) 34 (7.9)

Comorbidities, n (%)

 � Hypertension 251 (58.5) 229 (53.4) 0.15

 � Diabetes 77 (17.9) 61 (14.2) 0.16

 � CHF 17 (4.0) 9 (2.1) 0.16

 � COPD 45 (10.5) 46 (10.7) 0.99

 � Cirrhosis 11 (2.6) 10 (2.3) 0.99

Body mass index, median (IQR) 26 (23–30) 26 (22–29) 0.12

Baseline SCr, mg/dL, median (IQR) 0.97 (0.80–1.21) 0.88 (0.73–1.07) <0.001

Baseline eGFR,*(mL/min per 1.73 m2

 � Median (IQR) 73 (57–90) 83 (66–97) <0.001

 � eGFR categories, n (%) <0.001

  �  ≥90 111 (25.9) 168 (39.2)

  �  60–89 192 (44.8) 189 (44.1)

  �  45–59 72 (16.8) 44 (10.3)

  �  30–44 43 (10.0) 23 (5.4)

  �  <30 11 (2.6) 5 (1.2)

Autoimmune disease, n (%) 42 (9.8) 56 (13.1) 0.16

Extrarenal irAE,† n (%) 201 (46.9) 123 (28.7) <0.001

Malignancy, n (%) 0.01

 � Melanoma 104 (24.2) 93 (21.7)

 � Lung 126 (29.4) 133 (31.0)

 � Genitourinary 100 (23.8) 70 (16.7)

 � Other 99 (23.6) 133 (31.7)

PPI,‡ n (%) 208 (45.5) 115 (26.8) <0.001

Concomitant nephrotoxic chemotherapy,§ n (%)

 � Cisplatin 7 (1.6) NA

 � VEGF/TKI 23 (5.4) NA

 � Other¶ 43 (10.0) NA

ICPi class, n (%)

 � Anti-CTLA-4 103 (24.0) 95 (22.1) 0.57

 � Anti-PD-1 347 (80.9) 355 (82.8) 0.54

 � Anti-PD-L1 42 (9.8) 30 (7.0) 0.18

 � Combo anti-CTLA-4+ anti-PD-1/PD-L1 99 (23.1) 75 (17.5) 0.05

Data are shown as median (IQR) and n (%).
Data on body mass index are missing in one patient with ICPi-AKI and one without ICPi-AKI. Data on PPI use are missing in two patients without ICPi-AKI. All other 
data are complete.
*Baseline eGFR calculated based on Chronic Kidney Disease-Epidemiology Collaboration equation.33

†Extrarenal irAEs were assessed prior to (>14 days) or concomitant (within 14 days before or after) with ICPi-AKI diagnosis among patients with ICPi-AKI, and at any 
time after ICPi initiation among patients without ICPi-AKI.
‡PPIs were assessed in the 14 days preceding AKI among patients with ICPi-AKI, and were assessed at ICPi initiation in patients without ICPi-AKI.
§Concomitant chemotherapies were assessed in the 30 days preceding ICPi-AKI.
¶Includes pemetrexed (n=28), carboplatin (n=23), BRAF inhibitors (n=2), and paclitaxel (n=1).
AKI, acute kidney injury; BRAF, v-raf murine sarcoma viral oncogene homolog B1; CHF, congestive heart failure; Combo, combination therapy; COPD, chronic 
obstructive pulmonary disease; CTLA-4, cytotoxic T lymphocyte-associated antigen 4; eGFR, estimated glomerular filtration rate; ICPi, immune checkpoint inhibitor; 
irAEs, immune-related adverse events; NA, not assessed; PD-1, programmed cell death 1; PD-L1, programmed death-ligand 1; PPI, proton pump inhibitor; SCr, 
serum creatinine; TKI, tyrosine kinase inhibitor; VEGF, vascular endothelial growth factor.
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For each of the multivariable analyses above, covariate 
selection was based on univariate associations, biolog-
ical plausibility, prior knowledge,3 4 and parsimony. 
Missing data were not imputed, as less than 1% of data 
were missing for all variables. Rather, missing data cate-
gories were used in multivariable models. Analyses were 
performed using SAS V.9.5 (SAS Institute), R V.3.6.3 (R 
Foundation), and GraphPad PRISM V.9.1.0 (GraphPad 
Software). All comparisons are two tailed, with p<0.05 
considered significant.

RESULTS
Baseline characteristics
In total, 429 patients with ICPi-AKI and 429 without 
ICPi-AKI from 30 institutions were included. Baseline char-
acteristics are shown in table 1. Patients with ICPi-AKI were 
older, had lower baseline estimated glomerular filtration 
rate (eGFR), and were more likely to have genitourinary 
cancer, PPI exposure, and to have received combination 
ICPi therapy compared with patients without ICPi-AKI 
(table  1). The temporal distribution of ICPi initiation 
was similar in patients with and without ICPi-AKI (online 
supplemental figure S2). Baseline characteristics among 
biopsied (n=151) and non-biopsied patients (n=278) with 
ICPi-AKI were largely similar, though biopsied patients 
were more likely to have more severe AKI and less likely 
to have extrarenal irAEs (online supplemental table S4).

Risk factors for ICPi-AKI
Lower baseline eGFR, PPI use, and prior or concomitant 
extrarenal irAEs were each associated with a higher risk 
of ICPi-AKI in multivariable models (figure  1). When 
limited to patients with stage 2 or 3 ICPi-AKI, PPI use 
and extrarenal irAEs remained associated with ICPi-AKI, 
whereas baseline eGFR did not (online supplemental 
figure S3).

Clinical features of ICPi-AKI
ICPi-AKI developed at a median of 16 weeks (IQR 8–32) 
after ICPi initiation, with 49 of 429 patients (11.4%) 
developing ICPi-AKI more than a year after ICPi initiation 
(figure 2A). Patients developed ICPi-AKI at a median of 
3 weeks (IQR 1–4) after the last ICPi cycle (figure 2B). A 
total of 77 of the 429 patients (17.9%) with ICPi-AKI had 
stage 1 AKI, 144 (33.6%) had stage 2, and 208 (48.5%) 
had stage 3, including 33 who received RRT (15.8% of 
those with stage 3 AKI; 7.7% overall) (figure 2C). SCr at 
baseline, at ICPi-AKI diagnosis, the peak level within 4 
weeks of ICPi-AKI, and the nadir within 90 days following 
ICPi-AKI are shown in figure  2D. Prior or concomitant 
extrarenal irAEs occurred in 243 patients (56.6%), with 
rash and hepatitis being the most common (figure 2E). 
Among patients who underwent kidney biopsy, ATIN 
was the most common primary lesion (125/151; 82.7%) 
(figure 2F).

Additional clinical features of ICPi-AKI stratified by AKI 
stage are shown in figure  2G–L. At the time of ICPi-AKI, 
62% of patients were receiving concomitant medications 
associated with ATIN, with PPIs being the most common 
(figure 2G); 39.7% had ≥1+ blood on urinalysis (figure 2H); 
41.3% had ≥1+ leukocyte esterase on urinalysis (figure 2I); 
56.2% had pyuria (≥5 white blood cells per high power 
field) (figure 2J); 58.7% had a urine protein-to-creatinine 
ratio ≥0.3 g/g (figure 2K); and 16.5% had ≥500 eosinophils 
/µL (figure  2L). Patients with higher stages of AKI were 
more likely to be receiving concomitant medications asso-
ciated with ATIN and to have hematuria, proteinuria, and 
leukocyte esterase on urinalysis.

Treatment of ICPi-AKI
ICPi therapy was held for at least one cycle in 390 of the 429 
patients (90.9%) with ICPi-AKI. Most patients (350/429 
[81.6%]) were treated with corticosteroids (figure  3A), 
including 100 patients treated with intravenous pulse 

Figure 1  Risk factors for ICPi-AKI. Total n=856, of whom 429 had ICPi-AKI and 427 did not have ICPi-AKI. All model 
covariates are shown in the figure. *Denotes PPI use in the 14 days preceding ICPi-AKI among those with ICPi-AKI, and PPI 
use at the time of ICPi initiation among patients without ICPi-AKI. **Extrarenal irAEs were assessed prior to (>14 days) or 
concomitant (within 14 days before or after) with ICPi-AKI diagnosis among patients with ICPi-AKI, and at any time after ICPi 
initiation among patients without ICPi-AKI. eGFR, estimated glomerular filtration rate; ICPi, immune checkpoint inhibitor; irAEs, 
immune-related adverse events; PPI, proton pump inhibitor.

https://dx.doi.org/10.1136/jitc-2021-003467
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dose corticosteroids (figure  3B). Patients were initiated 
on corticosteroids at a median of 4 days (IQR 1–13) 
following ICPi-AKI diagnosis, and 273 of the 350 patients 
treated with corticosteroids (78.0%) initiated this treat-
ment in the first 14 days following ICPi-AKI (figure 3C). 
The median initial corticosteroid dose was 60 mg in pred-
nisone equivalent units (IQR 50–80) (figure 3D). Patients 
were treated with corticosteroids for a median of 41 days 
(IQR 26–75) before tapering to  ≤10 mg of prednisone 
(or the equivalent). A total of 22 patients (5.1%) were 
treated with additional or alternative immunosuppressive 
agents, most commonly mycophenolate mofetil (online 
supplemental table S5).

Renal recovery
Renal recovery occurred in 276 patients (64.3%) 
overall, including 90.9% of patients who initially had 
ICPi-AKI stage 1, 70.8% with stage 2, and 50.0% with 
stage 3 (figure 4A). Renal recovery occurred at a median 
of 7 weeks (IQR 3–10) following ICPi-AKI diagnosis 
(figure  4B). The characteristics of patients with versus 
without renal recovery are shown in online supplemental 
table S6). In a multivariable model, higher baseline eGFR, 
lung cancer, and stage 3 AKI were each associated with a 
lower odds of renal recovery, whereas concomitant treat-
ment with ATIN-causing medications was associated with 
higher odds of renal recovery (figure 4C). Importantly, 

Figure 2  (Continued)

https://dx.doi.org/10.1136/jitc-2021-003467
https://dx.doi.org/10.1136/jitc-2021-003467
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6 Gupta S, et al. J Immunother Cancer 2021;9:e003467. doi:10.1136/jitc-2021-003467

Open access�

Figure 2  Clinical features of ICPi-AKI. (A) The number of weeks between ICPi initiation and ICPi-AKI diagnosis. (B) The number 
of weeks between the last ICPi cycle and ICPi-AKI diagnosis. (C) Distribution of AKI severity. (D) Serum creatinine trend (median, 
IQR). (E) Frequency of extrarenal irAEs occurring before (>14 days) or concomitant (within 14 days before or after) with ICPi-
AKI diagnosis. Other irAEs include hypophysitis (0.7% prior, 1.4% concomitantly), adrenalitis (0.2% prior, 1.4% concomitantly), 
type 1 diabetes mellitus (0% prior, 0.5% concomitantly), and myocarditis (1.2% prior, 0.2% concomitantly). (F) Distribution of 
pathologies among the 151 patients who underwent biopsy. Other includes 2 patients with FSGS and one patient with each of 
the following: reactive amyloidosis, AA amyloidosis, focal proliferative glomerulonephritis with C3 deposits, immune complex 
deposition disease not otherwise specified, mesangial proliferative immune complex mediated glomerulonephritis, pauci-
immune glomerulonephritis, minimal change disease and thrombotic microangiopathy. (G) Frequency of potential ATIN-causing 
medications taken within 14 days before ICPi-AKI diagnosis. (H) Frequency of blood on UA at the time of ICPi-AKI. (I) Frequency 
of leukocyte esterase on UA at the time of ICPi-AKI. (J) Frequency of pyuria on UA at the time of ICPi-AKI. (K) Frequency of 
proteinuria at the time of ICPi-AKI. (L) Frequency of eosinophilia at the time of ICPi-AKI. AKI, acute kidney injury; ATIN, acute 
tubulointerstitial nephritis; ATN, acute tubular necrosis; FSGS, focal segmental glomerulosclerosis; HPF, high-power field; ICPi, 
immune checkpoint inhibitor; MN, membranous nephropathy; UA, urinalysis; UPCR, urine protein-to-creatinine ratio; WBCs, 
white blood cells.
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treatment with corticosteroids within 14 days following 
ICPi-AKI was also associated with a higher odds of renal 
recovery (OR 2.64; 95% CI 1.58 to 4.41; figure 4C). In a 
sensitivity analysis limited to patients treated with corti-
costeroids at any time following ICPi-AKI, initiation of 
corticosteroids within 3 days of ICPi-AKI was associated 
with a higher odds of renal recovery compared with later 
initiation (OR 2.09; 95% CI 1.16 to 3.79; online supple-
mental figure S4).

Survival in patients with ICPi-AKI
During a median follow-up of 30 weeks (IQR 15–66) 
from ICPi-AKI diagnosis, 168 of 429 patients (39.2%) 
died. Survival was lower in patients with ICPi-AKI stage 
3 compared with those with stages 1 and 2 in univariate 
analyses (figure 5A). In a multivariable model, only lower 
baseline eGFR was associated with a higher risk of death 
(figure 5B).

ICPi rechallenge
A total of 121 of the 429 patients (28.2%) with ICPi-AKI 
were rechallenged with an ICPi, including 93 (76.9%) 
who had renal recovery and 28 (23.1%) who did not 
(online supplemental figure S5). Rechallenge occurred 
at a median of 1.9 months (IQR 1.1–4.0) after the initial 

ICPi-AKI episode (online supplemental figure S6). Rechal-
lenged patients were less likely to have had ICPi-AKI 
stage 3 initially compared with non-rechallenged patients 
(34.7% vs 53.9%, respectively) and were more likely to 
have had renal recovery following the initial ICPi-AKI 
episode (76.8% vs 59.4%, respectively) (online supple-
mental table S7). Survival was similar among patients 
rechallenged versus not rechallenged in the first 90 days 
(online supplemental figure S7, panels A and B) and 
in the first 180 days following ICPi-AKI (online supple-
mental figure S7, panels C and D).

Recurrent ICPi-AKI after rechallenge
Of the 121 patients rechallenged, 20 (16.5%) devel-
oped recurrent ICPi-AKI, including 4 patients (20%) 
who developed AKI stage 1, 8 (40%) who developed AKI 
stage 2, and 8 (40%) who developed AKI stage 3 (online 
supplemental figure S8). Recurrent ICPi-AKI occurred at 
a median of 10 weeks (IQR 3–17) following rechallenge. 
There were no significant differences in the character-
istics of rechallenged patients who developed recurrent 
ICPi-AKI versus those who did not, including receipt of 
corticosteroids at the time of rechallenge (online supple-
mental table S8).

Figure 3  Treatment of ICPi-AKI. (A) Frequency of treatment with oral or intravenous corticosteroids by stage of initial ICPi-
AKI. (B) Frequency of treatment with intravenous pulse dose corticosteroids by stage of initial ICPi-AKI. (C) Distribution of 
days between ICPi-AKI diagnosis and initiation of corticosteroids. (D) Distribution of initial corticosteroid dose (in prednisone 
equivalent units [mg]). AKI, acute kidney injury; ICPi, immune checkpoint inhibitor.
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All patients with recurrent ICPi-AKI had their ICPi 
therapy held, and most (14/20 [70%]) were treated with 
corticosteroids (online supplemental table S8). A total of 
12 of the 20 patients (60%) with recurrent ICPi-AKI had 
renal recovery (online supplemental figure S5), which 
occurred at a median of 34 days (IQR 27–38) following 
diagnosis of recurrent ICPi-AKI. Patients who developed 
recurrent ICPi-AKI had higher mortality compared with 
those who did not (12/20 [60%] vs 32/101 [31.7%]; 
p=0.02).

DISCUSSION
In this international multicenter cohort study of over 400 
patients with ICPi-AKI treated at 30 sites, we identified 
key risk factors, clinical features, and outcomes associated 
with ICPi-AKI. First, we found that lower baseline eGFR, 
PPI use, and extrarenal irAEs are each independently 

associated with a higher risk of ICPi-AKI. Second, we 
expand on initial observations by our group3 19 and 
others5–7 12–15 20 regarding the clinicopathological features 
of ICPi-AKI, including the variable and often prolonged 
delay between ICPi initiation and ICPi-AKI, the high 
frequency of extrarenal irAEs in patients with ICPi-AKI, 
and ATIN as the most common histopathological lesion. 
Third, we found that renal recovery occurs in approxi-
mately two thirds of patients, and that early initiation of 
corticosteroids is associated with a higher likelihood of 
renal recovery. Fourth, among patients with ICPi-AKI who 
are rechallenged, fewer than one in five develop recur-
rent ICPi-AKI, half of whom subsequently have renal 
recovery.

Our findings regarding risk factors for development 
of ICPi-AKI, including lower baseline eGFR, PPI use, 
and extrarenal irAEs, are consistent with and expand 

Figure 4  Characteristics of renal recovery among patients with ICPi-AKI. (A) Renal recovery overall and according to initial 
ICPi-AKI stage. (B) Time (in weeks) from ICPi-AKI diagnosis to renal recovery. (C) Predictors of renal recovery (total n=405, of 
whom 270 (66.7%) had renal recovery and 135 (33.3%) did not). Renal recovery was defined as a return of serum creatinine 
to ≤50% of the baseline value within 90 days of ICPi-AKI. Patients who died within 14 days of ICPi-AKI (n=24) were excluded. 
All model covariates are shown in the figure. *Denotes receipt of NSAIDs, PPIs, or antibiotics in the 14 days preceding ICPi-
AKI. **Extrarenal irAEs were assessed concomitantly (within 14 days before or after) with ICPi-AKI diagnosis. ***Refers to oral 
or intravenous corticosteroids initiated within 14 days following ICPi-AKI. AKI, acute kidney injury; ATIN, acute tubulointerstitial 
nephritis; eGFR, estimated glomerular filtration rate; ICPi, immune checkpoint inhibitor; irAEs, immune-related adverse events; 
NSAIDs, non-steroidal anti-inflammatory drugs; PPI, proton pump inhibitor; UPCR, urine protein-to-creatinine ratio.
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on prior studies.3–5 We previously reported an associ-
ation between lower baseline eGFR and higher risk of 
ICPi-AKI.3 However, it is unclear whether the risk of 
immunological injury to the kidneys from ICPis is truly 
increased in patients with underlying chronic kidney 
disease, or if lower renal reserve simply facilitates the 
crossing of a threshold increase in SCr (eg, ≥50%) consid-
ered to be ‘AKI’ in response to an insult such as ATIN. 
Our finding that baseline eGFR was no longer associated 
with ICPi-AKI when limited to patients with moderate-
to-severe kidney injury suggests the latter. PPIs have 

been recognised as an important cause of drug-induced 
ATIN in both the general population21–23 and in patients 
receiving ICPis.3 4 PPIs and other medications associated 
with ATIN may predispose to ICPi-AKI through loss of 
tolerance via activation or reactivation of drug-specific T 
cells. Thus, PPIs should be used with caution in patients 
receiving ICPi therapy. Finally, prior or concomitant 
extrarenal irAEs were present in over half of the patients 
with ICPi-AKI in our cohort. Thus, the presence of extra-
renal irAEs should raise clinical suspicion for ICPi-AKI in 
patients receiving ICPi therapy who develop AKI.24

Figure 5  Risk factors for death in patients with ICPi-AKI. (A) Survival among patients with stages 1 and 2 ICPi-AKI versus 
stage 3. (B) Multivariable Cox regression model showing predictors of death among patients with ICPi-AKI (total n=405, of 
whom 144 (35.6% (died)). Patients who died within 14 days of ICPi-AKI (n=24) were excluded. All model covariates are shown in 
the figure. *Denotes receipt of NSAIDs, PPIs, or antibiotics in the 14 days preceding ICPi-AKI. **Extrarenal irAEs were assessed 
prior to (>14 days) or concomitant (within 14 days before or after) with ICPi-AKI. ***Refers to oral or intravenous corticosteroids 
initiated within 14 days following ICPi-AKI. AKI, acute kidney injury; ATIN, acute tubulointerstitial nephritis; eGFR, estimated 
glomerular filtration rate; ICPi, immune checkpoint inhibitor; irAEs, immune-related adverse events; NSAIDs, non-steroidal anti-
inflammatory drugs; PPI, proton pump inhibitor.
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We did not identify any clinical features that were reli-
ably present or absent in patients with ICPi-AKI. The 
latency period between ICPi initiation and ICPi-AKI was 
highly variable, with some patients developing ICPi-AKI 
more than a year after ICPi initiation, suggesting that 
clinicians should remain vigilant regarding ICPi-AKI even 
when it occurs late. The finding that ICPi-AKI occurred 
at a median of 16 weeks suggests there is a longer latency 
period with ICPi-AKI than extrarenal irAEs.25–27 Urinary 
findings such as pyuria, hematuria, and proteinuria were 
present in only 30%–60% of the patients in our cohort, 
and thus cannot be used in isolation to differentiate 
ICPi-AKI from other causes of AKI. Among the patients 
biopsied, ATIN was by far the most common lesion 
(occurring in 83% of patients), as has been described in 
previous reports.3 4 12 19 However, one in six patients had 
an alternative primary lesion, including glomerulone-
phritis and other lesions that have been described previ-
ously.14 28 The lack of clinical features that distinguish 
ICPi-AKI from other causes of AKI, as well as the wide 
spectrum of histopathological findings in patients with 
ICPi-AKI, underscores the importance of performing 
renal biopsy in patients without contraindications, partic-
ularly in patients with atypical features (eg, nephrotic 
range proteinuria) or those who do not respond to 
corticosteroids.24

We found that approximately two-thirds of patients with 
ICPi-AKI have renal recovery, occurring at a median of 7 
weeks. Patients taking concomitant ATIN-causing medi-
cations had a higher rate of renal recovery, consistent 
with our previous findings.3 This may be a reflection of 
T-cell reactivity to the exogenous drug, whereby cessation 
of the causative agent in conjunction with corticosteroids 
can rapidly attenuate the immune response. We para-
doxically found that higher baseline eGFR was associated 
with a lower likelihood of renal recovery. One possible 
explanation for this finding is that patients with more 
renal reserve would need to sustain a greater renal insult 
in order to achieve the same relative increase in SCr as 
a patient with less renal reserve.29 We also found that 
patients with higher stages of ICPi-AKI were less likely to 
have renal recovery, highlighting the importance of early 
recognition and treatment of ICPi-AKI. This is further 
supported by the finding that early initiation of corticoste-
roids (within 3 days of ICPi-AKI diagnosis) was associated 
with a higher rate of renal recovery. Similar findings have 
been observed with extrarenal irAEs, including myocar-
ditis,30 as well as with other forms of drug-induced AKI.31

Data on renal and overall outcomes in patients with 
ICPi-AKI who are rechallenged are sparse.4 15 32 A total 
of 121 patients in the current study were rechallenged, 
and fewer than one in five developed recurrent ICPi-AKI. 
We did not detect a survival difference in patients 
rechallenged versus those not rechallenged; however, 
patients with more aggressive malignancies may have 
been preferentially selected for rechallenge, which could 
have obscured our ability to identify a survival benefit. 
Given the low incidence of recurrent ICPi-AKI, it seems 

reasonable to consider rechallenge in patients for whom 
ICPis are the optimal therapy.

Although this is the largest study of ICPi-AKI to date, we 
acknowledge several limitations. First, not all patients had 
a kidney biopsy to confirm the diagnosis, which reflects 
clinical practice in which patients are often treated empiri-
cally. Second, our outcomes analyses were focused on renal 
recovery and overall survival, and we did not collect data on 
tumor response to ICPi therapy. We, therefore, do not have 
data on cancer status at the time of ICPi-AKI or rechallenge. 
Third, patients in our cohort were disproportionately treated 
at sites in the USA, which may affect the generalizability of 
our findings.

In this international multicenter cohort study, we identi-
fied risk factors, clinical features, and histopathological find-
ings associated with ICPi-AKI, predictors, rates, and timing 
of renal recovery following ICPi-AKI, and the incidence of 
recurrent ICPi-AKI after rechallenge. Future studies with 
longitudinal biospecimen collection are needed to provide 
additional insight into the mechanisms of ICPi-AKI, and to 
aid clinicians in differentiating it from other causes of AKI. 
Further, randomized clinical trials are needed to evaluate the 
efficacy and safety of different corticosteroid dosing regimens 
and other forms of immunosuppression for optimal manage-
ment of ICPi-AKI.
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