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ABSTRACT
Background: The incidence of renal immune-related adverse events (irAEs) is reported to be 3.8%, with 
varied definitions of acute kidney injury (AKI). This study reports a 10-year experience at MD Anderson 
Cancer Center of patients diagnosed with melanoma and treated with immune checkpoint inhibitors (ICIs) 
and evaluated the incidence of AKI, associated factors, and its association with overall survival.
Methods: A retrospective chart review (2010–2019) of all patients with melanoma treated with ipilimu
mab, nivolumab, pembrolizumab, or atezolizumab was performed. All available serum creatinine data 
were extracted and used to calculate the estimated GFR (eGFR) using the CKD Epi equation, and to 
diagnose AKI using the two KDIGO (Kidney Disease: Improving Global Outcomes) criteria for defining 
stage I AKI in 1664 unique patients. Cumulative incidence rates of AKI after initiation of ICIs were 
calculated in the presence of death as a competing risk. The effects of covariates on the cumulative 
incidence function of AKI were evaluated in a univariant and multivariable analysis. Overall survival was 
estimated by Kaplan–Meier method in accordance to the occurrence of AKI.
Results: The incidence of AKI by definitions 1a and 1b were 3.49% and 3.33%, respectively. After 
adjudication, AKI attributable to ICI was 58% and 65% of the overall incidence of AKI in each definition 
respectively. Increasing age was associated with decreased risk of AKI. Asian race was associated with 
a higher risk of AKI. Comorbidities were not associated with increased risk of AKI while use of proton pump 
inhibitors (PPI), ipilimumab or ICI combinations were significantly associated with AKI. AKI was not 
significantly associated with overall survival.

Immune-related adverse events (irAEs) occurred in 30% of patients with AKI but their incidence was not 
different in patients with AKI attributable to ICI versus other AKI.
Conclusions: In a large population of patients with melanoma treated with ICIs, an accurate documenta
tion of AKI in setting of ICI use and predictors associated is presented. AKI following ICI use is infrequent, 
not associated with mortality, and associated with the use of ipilimumab, ICI combinations and PPIs.
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Introduction
Immune checkpoint inhibition (ICI) has had major success in 
cancer treatment and has changed the treatment paradigm in 
many cancers. ICIs act by releasing the natural regulators of the 
immune system thereby leading to overall immune activation 
and specifically activation of the immune system against anti
gens in tumors.1 ICIs targets several immune checkpoint inhi
bitors, such as cytotoxic T lymphocyte–associated antigen 4 
(CTLA-4), programmed cell death protein 1 (PD-1), and pro
grammed death ligand 1 (PD-L1).2 With antitumor effects 
come side effects. The challenge is to maximize the antitumor 

effects while avoiding deleterious off-target effects,3 although 
some adverse off-target effects have been associated with 
improved survival4,5 or tumor response.6 Skin, gut, endocrine, 
lung, and musculoskeletal systems are the most commonly 
involved in immune-related adverse events (irAE’s), whereas 
cardiovascular, hematologic, renal, neurologic, and ophthal
mologic effects are less common.7

With increasing use of ICIs, there have been increased 
reports of adverse renal effects. Understanding the mechanism 
of these ICI-related adverse renal effects is lacking. Other drugs 
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such as nonsteroidal anti-inflammatory drugs (NSAIDs) and 
proton pump inhibitors (PPIs) have been shown to be asso
ciated with an increased risk of acute interstitial nephritis, 
which appears to be the predominant ICI – related form of 
renal injury.8–11The incidence of ICI associated AKI is uncer
tain and has been cited as occurring in 1.4% to 16.5%.11–14 

However, in two recent studies where the attribution of AKI to 
ICI therapy was carefully adjudicated the overall incidence of 
AKI in one study was 17% (with only 3% attributed to ICI 
therapy)13 and in the other study the overall incidence of AKI 
was 17.4% with only 4.2% attributable to ICIs.12 Predictors of 
AKI have been reported as lower baseline estimated glomerular 
filtration rate (eGFR), combination ICI therapy, other irAEs, 
and PPI use.11–13,15 In addition, it has not been demonstrated 
that a specific type of malignancy is more frequently associated 
with AKI.

AKI associated with the use of ICIs was not always asso
ciated with an increased risk of mortality.12,14,15 However, 
failure to recover from AKI was demonstrated to be an inde
pendent predictor of increased mortality.11 Many of the refer
enced studies describing the incidence of ICI associated AKI or 
the risk factors predictive of AKI with ICI treatment have had 
heterogenous populations and have defined AKI either as 
a 50% increase from baseline creatinine, a twofold or more 
increase in serum creatinine or the need for dialysis11–14 Recent 
work has demonstrated that patients with AKI defined as an 
absolute increase in serum creatinine of 0.3 mg/dl within 
48 hours and patients with AKI defined as a 50% relative 
increase in serum creatinine within 7 days had statistically 
significant differences in length of stay and mortality.16

In the current study, we sought to evaluate the incidence of 
AKI in a large, more uniform population of patients with 
melanoma, using the two definitions of Stage I AKI, with 
a focus on predictors of AKI and its association with survival.

Materials & methods

Study design and patient population

This retrospective study was approved by the institutional 
review board at the University of Texas MD Anderson 
Cancer Center, and the procedures followed were in accor
dance with the principles of the Declaration of Helsinki. 
Patients were identified by querying the MD Anderson phar
macy data from January 1, 2010, to November 12, 2019, to 
identify all patients with melanoma (metastatic or adjuvant) 
treated with ipilimumab, nivolumab, pembrolizumab, atezoli
zumab, durvalumab, and avelumab. From 1920 unique 
patients, 256 patients were excluded for: only one record, 
missing start and end drug data, or AKI occurring prior to 
ICI exposure-leaving 1664 evaluable patients.

Data collection and definitions

Detailed demographic information for each patient, including 
age, sex, and race/ethnicity (Black, Hispanic, Asian, and White) 
were attained from MD Anderson Epic medical record system. 
In addition, exposure to NSAIDS and/or PPI collected during 
the study period. Comorbidities were congestive heart failure 

(CHF), coronary artery disease (CAD), peripheral vascular 
disease (PVD), hypertension (HTN), and liver disease. All 
available creatinine values and survival data were collected. 
Creatinine values were recalculated for eGFR using the CKD- 
EPI Creatinine Equation. Baseline eGFR was the first available 
eGFR prior to starting ICI and categorized as eGFR greater 
than or equal to 60cc/min/1.73 m2vs Stage III–V (eGFR less 
than 60cc/min/1.73m2) based on KDIGO guidelines.17

AKI was identified by the two following definitions from the 
Kidney Disease: Improving Global Outcomes guidelines:17,18 

1a) an absolute increase in serum creatinine of ≥0.3 mg/dl 
within 48 hours, and 1b) a relative increase in serum creatinine 
of ≥50% within 7 days. By either of the 2 AKI definitions, if 2 
consecutive AKIs occurred within 3 weeks, the second episode 
was counted as the same episode as the previous one. All cases 
of AKI were reviewed by two nephrologists (A.A. and OM.). 
Attribution of AKI to ICI required that there was no antece
dent hypotension, sepsis, volume depletion or use of nephro
toxic drugs. Over the entire study period, of the 1664 patients, 
1453 (87%) received one period of ICI therapy, 210 received 
two periods and one patient received 3 periods of ICI therapy. 
Only the records for the first treatment period of each patient 
were used for the analyses related to AKI.

Statistical analysis

Time to first AKI was defined as time from ICI treatment 
initiation to time of first AKI. Cumulative incidence rates of 
AKI after initiation of ICIs were calculated in the presence of 
death as a competing risk. The effects of covariates on the 
cumulative incidence function of AKI were evaluated in the 
univariable setting using Gray’s test.19 In the multivariable 
setting, Fine and Gray’s method was used to model the prob
ability of sub-distribution function of AKI by applying decreas
ing weights to patients who died before experiencing AKI.20,21 

Validity of the proportional cause-specific hazards and sub- 
distribution hazards assumptions were assessed using the pro
portionality test on time-varying covariates.

Overall survival (OS) was defined as from the time of 
initiation of ICI therapy to the time of death. OS time for the 
surviving patients was right censored at the time of the end of 
the first treatment period. The distribution of OS was estimated 
by the Kaplan–Meier method in accordance to the occurrence 
of AKI using landmark analysis.22 Log-rank test was performed 
to test the difference in survival between patients with and 
without AKI 6 months post ICI initiation.23 Regression ana
lyses of survival data based on the Cox proportional hazards 
model24 were conducted. Since AKI is not an exogenous time- 
dependent covariate to OS as it is also the output of a stochastic 
process generated by the same patient, which is directly related 
to the failure mechanism, a joint modeling approach is 
required.25 We used the joint models built in an R package, 
JMbayes, developed by Dimitris Rizopoulos25 to assess the 
association of the longitudinally measured AKI with OS. The 
JMbayes package was developed to fit shared parameter models 
for the joint modeling of longitudinal responses and event 
times under a Bayesian approach.26 We first fitted a mixed 
effect model of the longitudinal measured AKI, and a Cox 
proportional hazards model of OS adjusting for patient age at 
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the initiation of ICI therapy, sex, race/ethnicity, and type of 
ICIs. We then fitted a joint model of AKI and OS. SAS version 
9.4, R version 3.5.3 (R Foundation for Statistical Computing), 
and S-Plus version 8.2 were used to carry out the computations 
for all analyses.

Results

Data for 1664 patients diagnosed with melanoma and 
treated with the selected ICIs over the period studied 
were analyzed. Patient characteristics are summarized in 
Table 1. The median follow-up time was 9 months and 
duration of treatment was 88 days. Of the cohort, 66% 
were male and 99% were White, with median age of 
63 years. Single-agent usage was the most common regi
men: Ipilimumab (28.49%), pembrolizumab (26.20%), 
nivolumab (19.89%) atezolizumab (1.32%); with the fol
lowing combinations accounting for the remaining regi
mens: ipilimumab/pembrolizumab (14.54%); ipilimumab/ 
nivolumab (9.56%). Due to small numbers CAD, CHF, 
and PVD were not evaluated. Immune-related adverse 
events (irAEs) occurred in 30% (22 out of 72 patients) of 
patients with AKI but their incidence was not different in 
patients with AKI attributable to ICI versus other AKI 
most common being dermatitis, transaminitis, thyroiditis, 
and colitis. Among patients with AKI, 25 cases had under
gone a kidney biopsy with acute tubulointerstitial nephri
tis (ATIN) as the predominate diagnosis. Other 
pathologies were IgA nephropathy, vasculitis, acute tubu
lar necrosis and hypertension-related changes.

Incidence and predictors of AKI according by definition 1a 
(≥0.3 mg/dl increase in creatinine over 48 hours)

Using the definition 1a, AKI was identified in 58 (3.5%) 
patients in the study period. Of the 58 patients with AKI, 40 
(2.4%) had 1 episode of AKI, 17 (1.0%) had 2 episodes of AKI, 
and 1 (0.06%) had 3 episodes of AKI with a median time to first 
AKI of 2 months. Overall cumulative incidence rate of AKI 
12 months posttreatment initiation was 4.21%. The corre
sponding 12-month cumulative incidence rates were 4.62%, 

6.82%, 7.8% and 1.8% for ipilimumab-, ipilimumab/nivolu
mab-, ipilimumab/pembrolizumab- and nivolumab-treated 
patients, respectively (Figure 1a & 1b). The median increase 
in creatinine in the AKI cases was 0.42 mg/dl over 48 hours 
with a minimum increase of 0.33 mg/dl and a maximum of 
2.22 mg/dl with only one patient experiencing the maximum 
change in AKI. Of the episodes of AKI 58.6% were adjudicated 
as attributable to ICI. In a univariable analysis (Table 2), 
patients receiving ipilimumab were at increased risk of having 
AKI compared to those receiving pembrolizumab (hazard ratio 
[HR], 3.402; 95% confidence interval [95% CI], 1.260–9.186; 
P = .0002). In addition, patients receiving combinations of 
ipilimumab/nivolumab (HR, 4.713; 95% CI, 1.542–14.404; 
P = .0065) and ipilimumab/pembrolizumab (HR, 6.281; 95% 
CI, 2.413–16.349; P = .0002) were at increased risk of AKI 
when compared to pembrolizumab. Neither hypertension nor 
liver disease was associated with an increased risk of AKI in 
a univariable analysis. Based on baseline eGFR, less than or 
equal to 60cc/min when compared to greater than 60cc/min 
were not significantly associated with AKI. In a multivariable 
analysis (Table 3), use of ipilimumab and use of ICI combina
tions were independent predictors of AKI (ipilimumab: HR, 
3.281; 95% CI, 1.213–8.873; P < .0001; ipilimumab/nivolumab: 
HR, 3.725; 95% CI, 1.144–12.134; P = .0291; and ipilimumab/ 
pembrolizumab: HR, 6.305; 95% CI, 2.436–16.318; P = .0001). 
Compared to White patients, Asian patients had higher risk of 
experiencing AKI (HR, 4.182; 95% CI, 1.090–16.043; P = 
.0370). In addition, PPI use was a significant independent 
predictor of AKI (HR, 2.387; 95% CI, 1.328–4.291; P = 
.0036). NSAID use was not a significant predictor of AKI in 
either univariable or multivariable analysis.

Incidence and predictors of AKI definition 1b (≥50% 
increase in creatinine over 7 days)

Using definition 1b, AKI was identified in 72 (4.33%) patients 
in the study period. Of the 72 patients with AKI (3.49%), had 
1 episode of AKI; and 14 (0.84%), had 2 episodes of AKI with 
a median time to first AKI of 1.7 months. Overall cumulative 
incidence rate of AKI 12 months posttreatment initiation was 
5.48%. The corresponding 12-month cumulative incidence 

Figure 1. Cumulative incidence plots of AKI (Definition 1a: (≥0.3 mg/dl increase in creatinine over 48 hours). (a) Whole cohort. (b) Subgroups by type of ICI.
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rates were 5.03%, 8.72%, 11.06% and 3.21% for ipilimumab-, 
ipilimumab/nivolumab-, ipilimumab/pembrolizumab- and 
nivolumab-treated patients, respectively (Figure 2a & 2b). 
The median increase in creatinine in the AKI cases was 
1.59 mg/dl over 7 days with a minimum increase of 
1.50 mg/dl and a maximum of 3.50 mg/dl with only one 
patient experiencing the maximum change in AKI. Of these 
cases of AKI, 65% were adjudicated as attributable to ICI. In 
a univariable analysis (Table 2), increased risk of AKI was 
seen in patients treated with ipilimumab when compared with 
those treated with pembrolizumab (HR, 4.932; 95% CI 1.
695–14.346; P = .0034). In addition, patients receiving com
binations of ipilimumab/nivolumab (HR, 7.384; 95% CI, 
2.328–23.417; P = .0007), ipilimumab/pembrolizumab (HR, 
9.559; 95% CI, 3.37–37.112; P < .0001) and nivolumab alone 
(HR, 3.242; 95% CI, 1.002–10.49; P = .0496) were at increased 
risk of AKI when compared to pembrolizumab. Use of 
NSAIDS and use of PPIs were associated with increased risk 
of AKI (NSAIDs: HR, 2.730; 95% CI, 1.436–5.194; P = .0022; 
PPIs: HR, 2.359; 95% CI, 1.424–3.905; P = .0009). Increased 
age (per year increase) was associated with AKI, while Asian 
race was more likely to experience AKI (HR, 5.970; 95% CI, 
2.164–16.470; P = .0006). As for the definition 1a of AKI, liver 
disease, hypertension, and baseline eGFR were not signifi
cantly associated with AKI.

In a multivariable analysis (Table 3), again the use of ipili
mumab and combinations were independent predictors of AKI 
(ipilimumab: HR, 4.096; 95% CI, 1.415–11.856; P = .0093; 
ipilimumab/nivolumab: HR, 5.101; 95% CI, 1.554–16.745; P= 
.0072; and ipilimumab/pembrolizumab: HR, 9.041; 95% CI, 

3.246–25.177; P < .0001). Increased age (per year increase) 
was negatively associated with AKI (HR, 0.981; 95% CI, 0.
966–0.996; P = .0152). As with the definition 1a, Asian patients 
were more likely than White patients to develop AKI after ICI 
exposure (HR, 4.387; 95% CI, 1.519–12.664; P = .0063). PPI 
exposure was associated with increased risk of AKI using 
definition 1b (HR, 2.355; 95% CI, 1.393–3.983; P = .0014), 
but use of NSAIDs was not.

AKI and overall survival

Median OS of the entire study cohort was 19 months with 
a 95% confidence interval of (17.3, 20.3) months. Using either 
definition of AKI while adjusting for the other covariates in 
a joint model no association of AKI with overall survival was 
seen (, P = .14; and, P = .12 definitions 1a and 1b, respectively) 
(Table 4, Figure 3a & b). In addition, age, race, sex, ICI type, 
and use of PPI were not associated with overall survival.

Discussion

Immune-related adverse events have been noted with the use of 
immunotherapies and especially ICIs, such as anti-CTLA-4, 
anti-PD-L1 and anti-PD-1. There has been increasing research 
on ICI toxicity since it can affect any organ in the body and at 
times leads to cessation of ICI use, thereby limiting the 
patient’s cancer treatment, or leading to fatal outcomes.27,28 

ICIs have proven effective in advanced melanoma treatment 
and have become a standard of care.29 The associated irAEs 

Table 1. Distribution of the patients (N = 1664) by demographic and clinical characteristics and AKI definition.

Covariate Levels

Patient Characteristics AKI by Definition 1a, n (%) AKI by Definition 1b, n (%)

Frequency(n) Percent ofTotal Yes No Yes No

Sex Female 566 34.01 17 (3%) 549 (97%) 25 (4.4%) 541 (95.6%)
Male 1098 65.99 41 (3.7%) 1057 (96.3%) 47 (4.3%) 1051 (95.7%)

Race/ethnicity Asian 12 0.72 2 (16.7%) 10 (83.3%) 3 (25%) 9 (75%)
Black or African American 10 0.60 0 (0%) 10 (100%) 0 (0%) 10 (100%)
White or Caucasian 1642 98.68 56 (3.4%) 1586 (96.6%) 69 (4.2%) 1573 (95.8%)

Drug Atezolizumab 22 1.32 0 (0%) 22 (100%) 0 (0%) 22 (100%)
Ipilimumab 474 28.49 18 (3.8%) 456 (96.2%) 21 (4.4%) 453 (95.6%)
Ipilimumab/nivolumab 159 9.56 8 (5%) 151 (95%) 10 (6.3%) 149 (93.7%)
Ipilimumab/pembrolizumab 242 14.54 23 (9.5%) 219 (90.5%) 28 (11.6%) 214 (88.4%)
Nivolumab 331 19.89 4 (1.2%) 327 (98.8%) 9 (2.7%) 322 (97.3%)
Pembrolizumab 436 26.20 5 (1.1%) 431 (98.9%) 4 (0.9%) 432 (99.1%)

Coronary artery disease (CAD) No 1661 99.82 58 (3.5%) 1603 (96.5%) 72 (4.3%) 1589 (95.7%)
Yes 3 0.18 0 (0%) 3 (100%) 0 (0%) 3 (100%)

Congestive heart failure (CHF) No 1658 99.64 58 (3.5%) 1600 (96.5%) 72 (4.3%) 1586 (95.7%)
Yes 6 0.36 0 (0%) 6 (100%) 0 (0%) 6 (100%)

Hypertension No 1213 72.90 49 (4%) 1164 (96%) 58 (4.8%) 1155 (95.2%)
Yes 451 27.10 9 (2%) 442 (98%) 14 (3.1%) 437 (96.9%)

Liver disease/cirrhosis No 1653 99.34 57 (3.4%) 1596 (96.6%) 71 (4.3%) 1582 (95.7%)
Yes 11 0.66 1 (9.1%) 10 (90.9%) 1 (9.1%) 10 (90.9%)

PVD No 1658 99.64 58 (3.5%) 1600 (96.5%) 71 (4.3%) 1587 (95.7%)
Yes 6 0.36 0 (0%) 6 (100%) 1 (16.7%) 5 (83.3%)

NSAIDs No 1531 93.81 52 (3.3%) 1479 (96.6%) 61 (3.9%) 1470 (96%)
Yes 101 6.19 6 (5.9%) 95 (94.1%) 11 (10.9%) 90 (89.1%)

No. of PPIs 0 1366 83.70 41 (2.9%) 1350 (97.1%) 50 (3.7%) 1316 (96.3%)
1 266 16.30 17 (6.4%) 249 (93.6%) 22 (8.3%) 244 (91.7%)

Baseline eGFR ≥60 ml/min/1.73 m2 1383 84.74 51 (3.7%) 1332 (96.3%) 65 (4.7%) 1318 (95.3%)
<60 ml/min/1.73 m2 249 15.26 7 (2.8%) 242 (97.2%) 7 (2.8%) 242 (97.2%)

AKI, acute kidney injury; CAD, coronary artery disease; CHF, congestive heart failure; GFR, glomerular filtration rate; NSAID, nonsteroidal anti-inflammatory drug; PPI, 
proton pump inhibitor; PVD, peripheral vascular disease.
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and improved response in melanoma have been noted in 
several studies.30,31 In this retrospective analysis of 10 years 
of experience at MD Anderson Cancer Center, reports the 
incidence, risk factors and outcomes of AKI in the largest 
cohort of a single malignancy treated with ICIs. Unlike pre
vious reports, the definition of AKI was standardized according 
to the KDIGO criteria and cases were adjudicated for attribu
tion of AKI to ICI therapy. The overall incidence of AKI 
according to KDIGO definition 1a (an increase in the serum 
creatinine by >0.3 mg/dl above baseline within 48 h) was 
3.48%, and by definition 1b (a 50% increase in the serum 
creatinine from baseline within 7 days) was 4.32%. AKI adju
dicated to be attributable to ICI’s in the larger of the two 
groups (1b) was only 2.82%, thus both the overall incidence 
of AKI and AKI attributable to ICI encountered in the present 
series were lower than in prior reports.11–13 The onset of AKI 
in this cohort (2 months definition 1a; 1.7 months definition 
1b) is consistent with prior reports.1112,13

Among the risk factors for AKI that were considered, 
comorbidities including hypertension, liver disease, and CVD 
were not significantly associated with AKI by multivariable 
analysis. In previous studies, hypertension, diabetes mellitus, 
congestive heart failure (CHF), chronic obstructive pulmonary 
disease, cirrhosis, and coronary artery disease (CAD) have 
been considered as possible risk factors for AKI and in only 
one of these studies was one of these risk factors, hypertension, 
identified as an independent predictor of ICI-induced 
AKIs.12,13,32 In agreement with other published data, the pre
sent study demonstrated no association between sex and AKI 
after ICI exposure.12,13,32 A recent multicenter study demon
strated that lower baseline eGFR is an independent predictor of 
AKI after ICI exposure.11 In contrast, a recent retrospective 
cohort, reported that baseline eGFR was not an independent 
predictor of AKI.12 In agreement with the latter study, in the 
present study, preexisting CKD III–V was not associated with 
increased risk of AKI, and therefore the use of ICI should not 
be withheld in patients with impaired kidney function, parti
cularly given the very low incidence of AKI in these patients.

An interesting observation in the present study was the 
reduced risk of AKI with increasing age, and the increased 
risk of AKI in Asian patients, both of which require further 
validation. The latter finding should be interpreted with 

caution, however, since the reported cohort lacked racial diver
sity: 1642 patients were White, 10 patients were Black, and only 
12 patients were Asian. As far as increase in age and impact of 
AKI after ICI there have been limited data about irAEs asso
ciated with older age, but in a study of 858 melanoma patients 
aged 65 years and older (mean age at ICI treatment, 74.8 years), 
60% of the patients experienced irAEs, with 20.7% experien
cing severe irAEs such as colitis, hypothyroidism, dermatitis, 
and hypophysitis. Patients in that study who developed non- 
severe irAEs had improved OS compared to those with severe 
irAEs; the latter were 28% more likely to die than patients with 
no irAEs.33 However, there was no mention of renal-associated 
irAEs; therefore, renal function may be unique as far as age and 
ICI exposure and needs to be further investigated and the 
findings in the present report confirmed.

In this multivariable model, looking at both definitions 
of AKI, the use of PPIs, CTLA-4 antibody ipilimumab, and 
ICIs in combination were associated with an increased risk 
of AKI, as has been previously published.11–13 A possible 
hypothesis of PPI induced AIN is that PPI’s work by 
activating effector T cells and this effect becomes additive 
when T cells become primed by use of ICI medications 
thereby increasing the risk of AKI.34 This explanation sug
gests that AKI attributable to ICI may itself be considered 
an irAE. The pathogenesis of ICI induced AKI either by 
anti-PD1 or anti-CTLA4 is poorly understood. It is more 
commonly associated with AIN and rarely induction of 
autoimmune disease such as vasculitis and 
glomerulonephritis.10,35–39 In the present study, however, 
the incidence of irAEs was not significantly different 
between those with AKI due to other causes versus those 
with ICI-attributable AKI. Several papers have evaluated 
irAEs, and further studies of genetic predisposition and 
perturbations in microbiota environment are under 
way.40,41 However, in relation to comorbidities associated 
with other irAEs, autoimmune disease has been well recog
nized as a risk factor for irAEs;35

The lower incidence of AKI herein reported, compared 
to previous reports may be attributable to the fact that this 
study population was uniform in cancer type (melanoma 
only); therefore, with less likely exposure to other nephro
toxic agents such as platinum drugs or tyrosine kinase 

Figure 2. Cumulative incidence plots of AKI (Definition 1b: (≥50% increase in creatinine over 7 days). (a) Whole cohort. (b) Subgroups by type of ICI.
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inhibitors (lung cancers and renal cell cancer). The impetus 
for using the two different definitions for KDIGO stage 1 
AKI was the report that these two definitions identified 
patients with AKI with different outcomes (length of stay 
and mortality).16 In the present study, however, a joint 
model analysis identified that AKI was not associated with 
worse overall survival with either definition. These are 
consistent with the findings of another recent study invol
ving 309 patients which included majority melanoma (84%) 
patients.12 Recently published data, however, have demon
strated that patients without kidney recovery from AKI do 
have a higher mortality rate than those with complete or 
partial kidney recovery.11 In addition, a recent study of 821 
patients exposed to ICI concluded that a single episode of 
AKI was an independently associated with increased mor
tality where only 10% of their study population were mel
anoma patients.14

Our study has several limitations: being a retrospective 
study in a large population, it is possible that the use of 
nephrotoxic agents, other irAEs, or conditions other than 
ICI exposure that would have led to AKI may have been 
missed. In addition, our study is a single center study and 
some of our findings will need further validation in 
a multicenter cohort. We also lack data on American 
Joint Committee on Cancer (AJCC) staging and further 
details on melanoma subtypes evaluated. However, the pre
sent results are in line with what has been published as far 
as incidence, predictors, and lack of impact on overall 
survival, which confirms the value of the present data in 
a uniform population of patients with melanoma irrespec
tive of how AKI is defined.

AKI in patients with melanoma treated with ICIs is 
infrequent, and infrequently directly attributable to ICI. 
Traditional risk factors for AKI did not appear to be asso
ciated with AKI in this homogeneous cancer population. 
Consistent with prior reports, PPI usage, ipilimumab, and 
combination ICI therapy were significantly associated with 
AKI by either definition of KDIGO stage 1 AKI. IrAEs 
occurred in 30% of patients with AKI but did not occur 
more frequently in patients with ICI-attributable AKI. 
Unlike other forms of AKI, there was no association of 

AKI associated with ICI therapy and mortality in 
a multivariable analysis. The present study adds to and 
confirms published data about the incidence, risk factors, 
and survival associated with AKI and ICI exposure. More 
evidence-based guidelines and biomarkers, early detection, 
or predictors to optimize patient treatments while under
going immunotherapy to accomplish effective cancer care 
and preserve renal function would be the ultimate goal.
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