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Immune checkpoint inhibitors (ICPis) have revolution-
ized the treatment of cancers by engaging the patient’s
own immune system against the tumor (1–3). Check-
point pathways are innatemechanisms to put the brakes
on immune activation. Approved agents target check-
point pathways mediated by cytotoxic T lymphocyte–
associated antigen 4 (CTLA4), programmed cell death
protein 1 (PD-1), and programmed death ligand 1 (PDL-1)
(1,4–7). Releasing the breaks on the immune system
enhances destruction of tumor cells, but can lead to
immune-related adverse effects (8,9), including renal
toxicity (1,2,10–13).

The incidence of renal toxicity with ICPis ranges
from 1% to 5% (12). This risk is higher in patients that
are on combination therapy with both anti-CTLA4 and
anti–PD-1/PD-L1 with an odds ratio of 3.88 (95% CI,
2.21 to 6.81) (14). Further, a lower baseline GFR before
therapy increases risk of kidney injury with an odds
ratio of 1.99 (95% CI, 1.43 to 2.76) for every 30 ml/min
per 1.73 m2 decline (14). The time to prevent kidney
injury starts at the time of ICPi initiation. Based on a
recent multicenter review of 138 patients, risk of ICPi-
associated AKI (ICPi-AKI) was higher with concom-
itant use of proton pump inhibitors (PPIs) with an odds
ratio of 2.85 (95% CI, 1.81 to 4.48) (14). Cortazar et al.
describe that 70% of patients with ICPi-AKI were on
potential acute interstitial nephritis (AIN)–causing
medications including PPIs (15,16), nonsteroidal anti-
inflammatory drugs (NSAIDs) (17), and antibiotics (18)
where PPI was present on .50% of patients’ medica-
tion lists. Baseline use of PPIs was also associated with
ICPi-AKI in a large study by Seethapathy et al. (1),
particularly 2.5 months after being on ICPi. Appropri-
ate counseling to stop or substitute these medications
should be given before ICPi initiation and these med-
ications should certainly be discontinued in patients
with ICPi-AKI.

In patients that develop ICPi-AKI, the most common
pathologic finding identified to date is AIN (10–12,19).
In 2016, Shirali et al. (11) reviewed six patients on PD-
L1 inhibitor therapy and all six patients had AIN on
kidney biopsy. Notably, all patients were also receiv-
ing either PPIs or NSAIDs. Similarly, Cortazar et al. (12)
describe 13 patients on ICPis where AINwas present in
12 of the 13 (92%) patients, and Mamlouk et al. (10)

describe 16 patients on ICPis with AIN identified in 14
of the 16 (86%) patients. These case series emphasize
that it is reasonable to assume that AIN is the cause for
ICPi-AKI in the majority of cases. Finally, in a recent
multicenter study of AKI in this setting, 60 patients
underwent a kidney biopsy and 93% of samples were
consistent with AIN (14).
Glomerular disease is less common in ICPi-AKI and,

in the majority of glomerular cases reported, patients
had nephrotic range proteinuria of .3 g/g (10,13).
Izzedine et al. (13) reported two cases with minimal
change disease: one with 3.5 g/g and the other with
6 g/g. Mamlouk et al. (10) identified two cases of IgA
nephropathy: one with 7.7 g/g and the other with no
protein and IgA as part of the pathology interpretation
with a comment that no pathologic indication of active
disease present. Of note, the latter patient also had
interstitial inflammation on the biopsy report (10). The
same case series also identified one case of membra-
nous nephropathy with 9.7 g/g (10).
Acute tubular necrosis (ATN) is another finding

reported after biopsy in patients with ICPi-AKI
(13,19). Izzedine et al. (13) report ATN in five out of
12 cases and highlight that without kidney biopsy
patients would have been inappropriately treated with
steroids. However, investigation into these cases sug-
gests other reasons for ATN on kidney biopsy. As an
example, two of five patients underwent prior plati-
num therapy which is nephrotoxic and known to cause
ATN (20,21). Further, themajority of these patients had
more cardiovascular risk factors andmarked histologic
vascular lesions on kidney biopsy (13). It would have
been interesting to decipher ATN and AIN cases based
on proteinuria or oliguria, but these clinical features
were not included in the paper. In the case series by
Cassol et al. (13), six of 15 patients had ATN on kidney
biopsy. One of these patients had nephrotic range
proteinuria of 13.1 g/g which would have prompted
a glomerular indication for kidney biopsy. More pa-
tients in the ATN group were exposed to antibiotics,
raising the possibly of infection-associated hypoten-
sion leading to the development of ATN. There was
also an increased exposure to iodinated contrast in the
ATN group. Additionally, authors do not specify if
other causes of AKI were ruled out before the kidney
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biopsy to characterize kidney dysfunction related to immu-
notherapy. In themore recent multicenter study by Cortazar
et al. (14), only one case of ATN was reported in 60 biopsied
cases. ATNwas also not the sole diagnosis, but in the setting
of minimal change disease. Given the low incidence of ATN
in this larger study, it is unlikely to be a major cause of ICPi-
AKI.
Presence of new hematuria should also flag concern for

the treating provider. To date, three cases of pauci-immune
GN have been identified during workup for ICPi-AIN (10).
All three cases had presence of red blood cells on urinal-
ysis ranging from 7 to 320 cells/high power field. We
therefore recommend new hematuria to be part of the
consideration for kidney biopsy. Oliguria in the setting of
more severe kidney injury is also concerning and was a
clinical finding in a patient later found to have thrombotic
microangiopathy (12).
Along with careful review of the clinical data, consider-

ation for kidney biopsy should always include whether
management would be affected. Typically, during cases
of suspected ICPi-AKI, treatment includes steroids along
with consideration for stopping ICPis. The majority of case
series show that patients with ICPi-AKI have complete/
partial recovery with steroids (10–13). Izzedine et al. (13)

showed renal recovery of 50% renal function in six of seven
patients that received steroids, where one patient died.
Shirali et al. (11) showed return of creatinine to baseline
in four of five patients treated with steroids. Mamlouk et al.
(10) showed renal recovery in 12 of 15 patients treated with
steroids. In the largest multicenter study to date, Cortazar
et al. (14) described complete or partial recovery in 85% of
patients. The same study also showed that the rates of
complete and partial kidney recovery after a course of
steroids in the biopsy group and no-biopsy group were
remarkably similar as well. These findings highlight the
benefit of steroids in most cases of ICPi-AKI, even if tissue
diagnosis is lacking.
With the expanding use of ICPis (22), it is essential that we

establish guidelines to approach ICPi-AKI. Given the
increased incidence of ICPi-AKI in patients on agents that
cause AIN (14), initial steps must include appropriate coun-
seling to avoid NSAIDs and PPIs while on ICPi therapy.
If ICPi-AKI occurs, we suggest an algorithmic approach
(Figure 1) to minimize use of kidney biopsy and help
risk stratify patients that are more likely to have a non-
AIN–mediated ICPi-AKI. The suggested algorithm incor-
porates the case reports above and is in accordance with the
2018American Society of Clinical Oncology Clinical Practice

Clinical Suspicion for ICPi-AKI
(2x baseline serum Cr)

High risk features present: CKD;
Combination ICPI therapy; PPls, NSAIDs

Nephrotic Range Proteinuria? >3g/g
Or Oliguria? <500ml urine/day

Or Hematuria w/ dysmorphic features?

Empirical trial of
Steroids

Prednisone 1mg/kg/day
for 1-2 weeks duration

*Complete or **partial
recovery?

Consider Kidney
Biopsy

Consider Kidney Biopsy

*Complete recovery: Return of SCr to < 0.35mg/dl above baseline **Partial recovery:
Return of SCr to > 0.35mg/dl but less than twice baselile. Abbreviations: CKD; Chronic
Kidney Disease, Cr; Creatinine, PPI; Proton Pump lnhibitor, NSAIDs;
Nonsteroidal anti-inflammatory drugs

Continue to monitor kidney
function; ICPi rechallenge on

individual basis with
oncologist.

Figure 1. | Algorithm for management of patients with clinical suspicion for immune check point inhibitor–associated AKI (ICPi-AKI).
*Complete recovery: return of serum creatinine (SCr) to ,0.35 mg/dl above baseline. **Partial recovery: return of SCr to .0.35 mg/dl but less
than twice baseline. Cr, creatinine; NSAIDs, nonsteroidal anti-inflammatory drugs; PPI, proton pump inhibitor.
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Guideline for management of immune-related adverse events
in patients on ICPi therapy (23).
Based on our review of the literature, more unusual

causes of ICPi-AKI such as glomerular or vascular etiologies
would be recognized with either nephrotic-range protein-
uria (.3 g/g), presence of new hematuria (especially with
dysmorphic features), or oliguria (,500 ml urine per day)
during evaluation of AKI. The absence of these features
makes AIN most likely, as described in the majority of case
series.
Laboratory features, however, should not be used inde-

pendently given that proteinuria, eosinophilia, and py-
uria were not different in patients with and without
biopsy-proven AIN in a multicenter study (14). We there-
fore emphasize the use of clinical features in conjunc-
tion with consideration of the underlying risk factors
described above.
Patients that are selected to undergo an empirical trial of

steroids should have complete or partial recovery assessed
based on Cortazar et al.’s (14) definition of return of serum
creatinine to,0.35 mg/dl above baseline or return of serum
creatinine to .0.35 mg/dl but less than twice baseline,
respectively. If no recovery occurs, kidney biopsy should
be pursued at this point. Partial recovery may also prompt
consideration for kidney biopsy given the possibility of an
underlying lesion other than AIN. However, decision to
proceed to the biopsy in this setting should be made after
careful assessment of risk and benefits in this patient pop-
ulation with advanced malignancies and possibly limited
life expectancy.
Our goal with the suggested algorithm is to minimize

reflexive ordering of kidney biopsies in patients with ICPi-
AKI. Kidney biopsies carry risk of bleeding complications
(24), apprehension for patients, and increased risk in pa-
tients with solitary kidneys. This algorithm should not
replace the individual patients shared decision with their
treatment team. Rather, we hope this algorithm serves as an
accompanying guide to help clinicians risk stratify patients
that are more likely to have a rare cause of ICPi-AKI and to
determine whether a kidney biopsy would truly change
management.
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