


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.

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 bA). 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).

Rechallenged 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).
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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.

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 group® ' and
others™ 7121220 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
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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.

on prior studies.”” We previously reported an associ-
ation between lower baseline eGFR and higher risk of
ICPi-AKI.? 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, 250%) 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 population?l_23 and in patients
receiving ICPis.® * 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.**
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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.**" 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 #1219 However, one in six patients had
an alternative primary lesion, including glomerulone-
phritis and other lesions that have been described previ-
ously."* *® 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.”*

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.” 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.”” 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,” as well as with other forms of drug-induced AKI.*'

Data on renal and overall outcomes in patients with
ICPi-AKI who are rechallenged are sparse.* ” ** 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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