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Abstract
Background and objectives Immune checkpoint inhibitor use in oncology is increasing rapidly. We sought to
determine the frequency, severity, cause, and predictors of AKI in a real-world population receiving checkpoint
inhibitors.
Design, setting, participants, & measurements We included all patients who received checkpoint inhibitor therapy
from May 2011 to December 2016 at Massachusetts General Hospital. Baseline serum creatinine, averaged
6 months before checkpoint inhibitor start date, was compared with all subsequent creatinine values within
12 months of starting therapy. AKI was deﬁned by Kidney Disease: Improving Global Outcomes criteria for fold
changes in creatinine from baseline. Sustained AKI events lasted at least 3 days and was our primary outcome. The
cause of sustained AKI was determined by chart review. Cumulative incidence and subdistribution hazard models
were used to assess the relationship between baseline demographics, comorbidities, and medications, and
sustained AKI and potential checkpoint inhibitor–related AKI.
Results We included 1016 patients in the analysis. Average age was 63 (SD 13) years, 61% were men, and 91% were
white. Mean baseline creatinine was 0.9 mg/dl (SD 0.4 mg/dl), and 169 (17%) had CKD (eGFR,60 ml/min per
1.73 m2) at baseline. A total of 169 patients (17%) experienced AKI, deﬁned by an increase in creatinine at least
1.5 times the baseline within 12 months; 82 patients (8%) experienced sustained AKI and 30 patients (3%) had
potential checkpoint inhibitor–related AKI. The ﬁrst episode of sustained AKI occurred, on average, 106 days
(SD 85) after checkpoint inhibitor initiation. Sixteen (2%) patients experienced stage 3 sustained AKI and four
patients required dialysis. Proton pump inhibitor use at baseline was associated with sustained AKI.
Conclusions AKI is common in patients receiving checkpoint inhibitor therapy. The causes of sustained AKI in this
population are heterogenous and merit thorough evaluation. The role of PPI and other nephritis-inducing drugs in
the development of sustained AKI needs to be better deﬁned.
CJASN 14: 1692–1700, 2019. doi: https://doi.org/10.2215/CJN.00990119

Introduction
Immune checkpoint inhibitors act by releasing the
natural breaks on immune activation and enhancing
the immune system’s ability to destroy tumor cells.
Approved agents target checkpoint pathways mediated by cytotoxic T lymphocyte–associated antigen 4
(CTLA4), programmed cell death protein 1 (PD1), and
programmed death ligand 1 (PDL1) (1–10). Checkpoint inhibitors have produced durable responses in a
subset of patients with cancer, but the beneﬁt comes
at a cost. Unchecked activation of the immune system may cause multisystem, immune-related adverse
events, which can be fatal (11,12). Acute interstitial
nephritis (AIN) is the most common biopsy-proven
diagnosis in patients on checkpoint inhibitors who
develop AKI (13–16). The mechanism is not well deﬁned. Checkpoint inhibitors may provoke unregulated
1692

Copyright © 2019 by the American Society of Nephrology

Division of
Nephrology,
Department of Internal
Medicine, 2Division of
Hematology and
Oncology,
Department of Internal
Medicine,
4
Department of
Medicine, Center for
Immunology and
Inflammatory
Diseases, and 5Center
for Cancer Research,
Massachusetts
General Hospital,
Boston,
Massachusetts; and
3
Division of Renal
Medicine, Brigham
and Women’s
Hospital, Boston,
Massachusetts
Correspondence:
Dr. Meghan E. Sise,
Division of
Nephrology,
Department of Internal
Medicine,
Massachusetts
General Hospital,
165 Cambridge Street,
Suite 302, Boston, MA
02114. Email: msise@
partners.org

T cell responses and proliferation in the tubulointerstitium; however, it is also possible that checkpoint inhibitors lead to loss of immune tolerance
and activation of memory T cells previously primed
by other haptens that cause AIN, including medications (12). Supporting the latter theory, two of the
larger series found that 73% (14 of 19) of patients on
immune checkpoint inhibitors with biopsy-proven
AIN had exposure to other drugs associated with
AIN, such as proton pump inhibitors (PPIs) or nonsteroidal anti-inﬂammatory drugs (NSAIDs) (13,14).
Currently, the American Society of Clinical Oncology guidelines recommend interrupting checkpoint
inhibitor therapy and evaluating any patient whose
serum creatinine rises 1.5-fold above baseline i.e.,
$stage 1 AKI (17). An empirical course of steroids is
recommended for a patient with stage 2 AKI when an
www.cjasn.org Vol 14 December, 2019
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alternate cause cannot be identiﬁed. However, little
is known about how common AKI is in the setting of
checkpoint inhibitor use, nor how frequently AKI is attributed to checkpoint inhibitor use. We sought to determine
the frequency, severity, cause, and predictors of AKI in a
real-world population receiving checkpoint inhibitors.

or obstruction. “Hemodynamic AKI/ATN” included AKI
that occurred in the context of dehydration (poor oral
intake, diarrhea, vomiting), tumor lysis syndrome, septic or
ischemic ATN, or nephrotoxin exposure. “Obstructive AKI”
included all causes of conﬁrmed bilateral ureteral or urinary
outlet obstruction. The cause of sustained AKI was listed
as “undetermined cause” if the patient did not undergo
speciﬁc diagnostic workup, did not have another concurrent immune-related adverse event, and did not have
checkpoint inhibitor therapy interrupted or receive steroids.
Potential checkpoint inhibitor–related AKI was our secondary
outcome.

Materials and Methods
Patient Population
This is a retrospective observational cohort study of all
patients who received checkpoint inhibitors for malignancies at the Massachusetts General Hospital Cancer Center
between May 2011 and December 2016. Patients received
either (1) CTLA4 inhibitor (ipilimumab), (2) PD1 inhibitor (pembrolizumab and nivolumab), (3) PDL1 inhibitor
(atezolizumab, avelumab, and durvalumab), or (4) a combination of CTLA4 and PD1 (ipilimumab and nivolumab).
Initial administration date of the ﬁrst checkpoint inhibitor administered, chosen as the exposure, was determined
from oncology infusion billing records. The Research Patient
Data Repository at Partners Healthcare System was queried
to obtain laboratory data, medications, and diagnosis codes.
Use of concomitant medications that have been reported
to cause AIN, such as NSAIDs, allopurinol, and PPIs were
recorded at the start date. We recorded exposure to potentially nephrotoxic chemotherapeutic agents (listed in Table 1)
in the 6 months before or anytime during the 12-month study
period.
Determination of AKI Events
Laboratory studies obtained as a part of routine care
before, during, and after checkpoint inhibitor treatment
were analyzed. Baseline creatinine was determined by averaging all serum creatinine measurements in the 6 months
before therapy initiation. Patients without a baseline creatinine or on dialysis were excluded. eGFR was calculated using
the CKD Epidemiology Collaboration equation (18). AKI
was deﬁned as a $1.5-fold increase in creatinine from baseline
within 12 months of checkpoint inhibitor initiation (19–21).
The Kidney Disease: Improving Global Outcomes criteria
were used to grade AKI severity by fold change in creatinine
from baseline (22,23). To evaluate events most likely to be
associated with checkpoint inhibitor toxicity, our primary
outcome was “sustained AKI” episodes rather than “transient
AKI” episodes. Sustained AKI meant the creatinine remained
$1.5 times the baseline for at least 3 days and could occur in
an inpatient or outpatient setting. Urinalyses obtained within
1 week of meeting criteria for sustained AKI were reviewed.
All cases of sustained AKI were chart reviewed by two
nephrologists (H.S. and M.E.S.). A third nephrologist (F.C.)
resolved diagnostic disagreements (n54). The cause of sustained AKI was divided into four categories: potential
checkpoint inhibitor–related AKI, hemodynamic AKI/
acute tubular necrosis (ATN), urinary tract obstruction,
and AKI of undetermined cause. “Potential checkpoint
inhibitor–related AKI” was deﬁned as AKI attributed
to checkpoint inhibitor on the basis of kidney biopsy or
subspecialist evaluation, or unexplained sustained AKI
experienced at the same time as another immune-related
adverse event; these patients did not have evidence for an
alternative cause for AKI, such as hemodynamic AKI/ATN
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Statistical Analyses
Baseline characteristics were described using means
and SD for continuous variables, and counts and percentages for categorical variables. Baseline characteristics
of patients who had sustained AKI and those who did not
were compared using a t test, chi-squared test, or Fisher
exact test, as appropriate. Rates of AKI events were calculated and stratiﬁed by checkpoint inhibitor type and by
malignancy type.
Survival analyses were conducted to evaluate the effect
of baseline risk factors and medication use on the ﬁrst
occurrence of sustained AKI as well as potential checkpoint
inhibitor–related AKI. Data were censored at the time of
death, loss of follow-up, or at the end of the 12-month
observation period, whichever happened ﬁrst. Death was
determined from the electronic medical records or assumed
when all laboratory studies ceased. Given that patients who
died were no longer at risk of developing sustained AKI,
we generated ﬁgures for the cumulative incidence function
(CIF) for the outcomes, taking into account the competing
risk of death (24). Speciﬁcally:
CIFk ðtÞ5PrðT # t; D5kÞ;
where T is time, and D represents the type of events that
occurred. When the kth event is sustained AKI, CIF is the
probability (Pr) of sustained AKI before time t and before a competing event of death. Fine and Gray subdistribution hazard
function was used to estimate the risk of sustained AKI in
patients with advanced malignancies given their baseline
characteristics (25,26). Adjusted hazard ratios (aHR) for ﬁrst
occurrences of sustained AKI with 95% conﬁdence intervals
(95% CIs) are reported. Age, sex, race, checkpoint inhibitor
class, and baseline eGFR groups were chosen a priori as exposures of interest for the multivariable regression analysis.
In addition, baseline variables with a P value ,0.1 in the
univariable analysis were included. Since the proportional
hazard assumption does not hold for baseline PPI, we
added an interaction term between time (before or after
2.5 months of follow-up) and baseline PPI in the model.
Descriptive analyses were repeated for our secondary outcome, the ﬁrst occurrence of checkpoint inhibitor–related
AKI; multivariable survival analyses was not performed
for this outcome because of the small number of events.
All analyses were performed using SAS version 9.4
and STATA version 13. A two-sided P value of ,0.05 was
considered to indicate statistical signiﬁcance. The Institutional Review Board at Partners Healthcare System approved
this study.
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Table 1. Baseline characteristics of patients receiving immune checkpoint inhibitor therapy
All Patients

No Sustained AKI

Sustained AKI

Characteristics

Immune Checkpoint
Inhibitor–Related AKI

Mean6SD or n (%)
No. of patients
Age, yr
Baseline creatinine, mg/dL
eGFR, ml/min
Men
Women
Race
White
Black
Hispanic
Asian
Other/unknown
Cirrhosis
Hypertensiona
Diabetes
Drugs
NSAIDs
Allopurinol
PPIsa
H2 blockers
ACE/ARB
Baseline kidney function (eGFR group)
,60 ml/min per 1.73 m2
60–90 ml/min per 1.73 m2
$90 ml/min per 1.73 m2
Immune checkpoint inhibitor class
PD1 agents
CTLA4 agents
PDL1 agents
Combined therapy
Prior exposure to nephrotoxic chemotherapya
Malignancy
Melanoma
Lung
Head and neck
Luminal
Liquid
Glioblastoma multiforme
Hepatobiliary
Renal cell carcinoma
Other

1016
63613
0.960.3
82622
616 (61)
400 (39)

934
63614
0.960.4
82622
566 (61)
368 (39)

82
63612
0.960.3
85620
50 (61)
32 (39)

30
65612
0.960.3
83622
18 (60)
12 (40)

920 (91)
19 (2)
16 (1)
27 (3)
34 (3)
17 (2)
513 (50)
171 (17)

844 (90)
19 (2)
13 (1)
25 (3)
33 (4)
15 (2)
463 (50)
156 (17)

76 (93)
0
3 (4)
2 (2)
1 (1)
2 (2)
50 (61)a
15 (18)

27 (90)
0
2 (7)
0
1 (3)
0
22 (73)
7 (23)

358 (35)
74 (7)
607 (60)
396 (39)
403 (40)

332 (36)
68 (7)
549 (59)
367 (39)
364(39)

26 (32)
6 (7)
58 (71)a
29 (35)
39 (48)

13 (43)
1 (3)
23 (77)
12 (40)
15 (50)

169 (17)
441 (43)
406 (40)

159 (17)
406 (43)
369 (40)

10 (12)
35 (43)
37 (45)

4 (15)
10 (39)
12 (46)

701 (69)
249 (24)
37 (4)
29 (3)
309 (30)

650 (69)
223 (24)
34 (4)
27 (3)
276 (30)

51 (62)
26 (32)
3 (4)
2 (2)
33 (40)a

16 (53)
12 (40)
1 (4)
1 (3)
10 (33)

438 (43)
310 (30)
58 (6)
38 (4)
36 (3)
29 (3)
23 (2)
26 (3)
58 (6)

396 (42)
293 (31)
53 (6)
34 (4)
33 (4)
26 (3)
19 (2)
23 (2)
57 (6)

42 (51)
17 (21)
5 (6)
4 (5)
3 (4)
3 (4)
4 (5)
3 (3)
1 (1)

18 (60)
6 (20)
3 (10)
0
0
1 (3)
0
2 (7)
0

The baseline characteristics for “All patients” are shown as a percentage of the overall cohort n51016. For the outcomes, sustained AKI
and immune checkpoint inhibitor–related AKI, the percentage of events in each subgroup is presented. First sustained AKI event was
speciﬁed as the outcome in each patient. Comorbid conditions, including hypertension and cirrhosis, were determined by International
Classiﬁcation of Diseases, Ninth or Tenth Revision codes appearing at least twice in the electronic medical record. Diagnosis of diabetes
was determined by either a hemoglobin A1c $6.5% or by prescription of a glucose-lowering medication and a diagnosis code for
diabetes. Other than the race being unknown in a few patients, there were no missing demographic or comorbidities data. NSAIDs,
nonsteroidal anti-inﬂammatory drugs; PPIs, proton pump inhibitors; H2, Histamine H2-receptor Antagonists; ACE/ARB, Angiotensin
Converting Enzyme inhibitors/Angiotensin Receptor Blockers; PD1, Programmed cell death protein 1; CTLA4, Cytotoxic
T lymphocyte–associated antigen 4; PDL1, programmed death ligand 1; Combined, ipilimumab (CTLA4) and nivolumab (PD1).
a
In univariable models comparing demographic and clinical characteristics of patients who experienced sustained AKI with those who
did not, only baseline proton pump inhibitor exposure (0.03), nephrotoxic chemotherapy exposure (0.04), and hypertension (0.05) were
signiﬁcant to a P value of ,0.10. These were included in the multivariable model for sustained AKI along with other clinically important
variables that were determined a priori to be exposures of interest. Nephrotoxic chemotherapies included carboplatin, cisplatin,
oxaliplatin, gemcitabine, capecitabine, cyclophosphamide, methotrexate, topotecan, irinotecan, vemurafenib, and bortezomib.

Results
Between May 2011 and December 2016, 1843 patients
were started on checkpoint inhibitors. 1016 patients had
at least one creatinine measured in the 6-month baseline period, had at least one creatinine measured within
12 months after starting checkpoint inhibitor therapy,

and were not on dialysis at baseline (Figure 1). The average
age was 63 years (SD 13), 61% were men, and 91% were
white. The mean baseline creatinine was 0.9 mg/dl (SD,
0.3 mg/dl), and 169 (17%) had eGFR,60 ml/min per
1.73 m2 (Table 1). Patients had, on average, ten (SD 11)
creatinine measurements in the 6-month baseline period.
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Patients who received ICPI therapy at
MGH between 5/2011 and 12/2016
N=1843

N=1016 had a baseline Scr in the 6 months before initiation, at
least 1 Scr within 12 months after initiating ICPI therapy and
were not on dialysis at initiation of therapy

‘Any AKI’ (N=169 patients ,17%) = Scr elevation ≥ 1.5 x baseline
N=87 patients had ‘Transient AKI’ resolving ≤ 48 hours
‘Sustained AKI’ (N=82 patients, 8% of cohort)
110 episodes of sustained AKI

Etiology of 110 ‘Sustained AKI’ episodes
ICPI-related
(41 episodes)*
ICPI-related AKI definition
- AKI attributed to ICPI-AKI
either by biopsy or
subspecialist evaluation
- AKI without alternative
cause** occurring in the
context of concurrent irAE

Hemodynamic AKI/ATN
(57 episodes)
Hemodynamic AKI/ATN definition
- Prerenal AKI or ATN in the
context of poor oral intake,
nausea, vomiting, diarrhea,
sepsis, contrast exposure,
tumor lysis syndrome, or
nephrotoxin exposure

AKI of undetermined cause
(9 episodes)

Urinary tract obstruction
(3 episodes)

AKI of undetermined cause definition

Urinary tract obstruction
definition

- AKI occurred without an adequate
diagnostic evaluation to
determine cause
- AKI was not attributed to ICPI
- No concurrent irAE

- AKI attributed to bilateral
ureteral obstruction or
bladder outlet obstruction

Figure 1. | Patient flow and causes of sustained AKI events. Eighty-two patients (8.1% of the total cohort n51016) experienced 110 episodes of
sustained AKI between them. *The 41 immune checkpoint inhibitor–related sustained AKI events occurred in 30 patients, (3% incidence).
**Patient did not have sepsis, nephrotoxin exposure, or a hemodynamic cause, and they did not improve with an intravenous fluid challenge.
ICPI, immune checkpoint inhibitor; irAE, immune-related adverse event; MGH, Massachusetts General Hospital; Scr, serum creatinine.

Incidence of AKI, Sustained AKI, and Potential Immune
Checkpoint Inhibitor–Related Sustained AKI, and Mortality
A total of 169 patients (17%) experienced an AKI event
within the 12-month study period; 87 patients (9%) only
experienced transient AKI (lasting #48 hours). A total of
82 patients (8% of the total cohort) experienced a sustained
AKI event that lasted at least three consecutive days. There
were no cases of potential checkpoint inhibitor–related AKI
in patients with transient AKI events (Supplemental Figure 1,
Supplemental Table 1). The rate of AKI per 100 person-years
was 28.7 (95% CI, 24.7 to 33.3) for any AKI, 13.4 (95% CI, 10.8
to 16.6) for sustained AKI and 4.8 (95% CI, 3.4 to 6.9) for
potential checkpoint inhibitor–related AKI.
The distributions of AKI stages among patients with any
AKI and sustained AKI are shown in Figure 2, A and B.
Of the 82 patients with sustained AKI, 19 had multiple
sustained AKI events, resulting in a total of 110 sustained
AKI events (Figure 1). The ﬁrst episode of sustained AKI
occurred, on average, 106 days (SD 85) after checkpoint
inhibitor initiation. A total of 56 events (51%) occurred in
the context of inpatient hospitalization, whereas 54 events
(49%) were managed exclusively in the outpatient setting.
Only 26% were evaluated by a nephrologist.
Of the 110 sustained AKI events, chart review determined that 41 (37%) events were potentially checkpoint inhibitor–related, and these occurred in 30 patients
(3% incidence) (Figure 1). Fourteen (47%) patients had AKI

stage 1, 11 (37%) had stage 2, and ﬁve (16%) had stage 3;
only one patient (3%) required dialysis. Of the remaining
52 patients with sustained AKI, the majority experienced
hemodynamic AKI/ATN. Urinary tract obstruction and
AKI due to an undetermined cause were rare (Figure 1).
The majority of patients with potential checkpoint inhibitor–
related AKI had a concurrent immune related adverse event
(26 of 30 patients, 87%), with 13 (47%) experiencing immunemediated toxicity in multiple other organs. Thyroiditis and
colitis were the most common coexisting immune-related
adverse events (Supplemental Table 2). The ﬁrst episode
of potential checkpoint inhibitor–related AKI occurred
105 days (SD 81) after therapy initiation. Only 12 patients
with potential checkpoint inhibitor–related AKI (40%) saw
a nephrologist in consultation. Urinalysis was obtained in
23 patients (77%), of which ten (43%) demonstrated leukocyturia (.5 white blood cells/high power ﬁeld). No
patients had substantial proteinuria (all were #11 on
urinary dipstick). Only one patient underwent a kidney biopsy,
which showed AIN; of note, this patient had 0–2 white blood
cells seen on urinalysis obtained at the time of kidney biopsy.
A total of 21 (70%) patients received high-dose steroids (at
least 0.5 mg/kg per day). Seventeen (57%) were rechallenged
with checkpoint inhibitors. Deidentiﬁed case summaries of
the 30 patients with potential checkpoint inhibitor–related
sustained AKI are shown in in Supplemental Table 3.
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Figure 3. | Cumulative incidence curve for death and sustained AKI.
Patients were censored at the time of sustained AKI or their last serum
creatinine measurement, which served as a proxy for death if laboratory testing suddenly ceased. The breakdown of sustained AKI by
those who died and those who were alive at 1 year is shown in Supplemental Figure 4.

60
50

Percent

0

40
30
20
10
0
Stage 1
Sustained AKI
N=30

Stage 2
Sustained AKI
N=36

Stage 3
Sustained AKI *
N=16

Figure 2. | Proportion of AKI stages among patients experiencing any
and sustained AKI. (A) Any AKI: 169 patients (16.6% of the total cohort
n51016) experienced an AKI event within 12 months of immune
checkpoint inhibitor start date. Among these patients, the highest
grade of AKI experienced was stage 1 (1.5–2 times the baseline creatinine) in 97 (57%) patients, stage 2 (two to three times the baseline
creatinine) in 54 (32%) patients, and stage 3 (more than three times
the baseline creatinine) in 18 (11%) patients. (B) Sustained AKI:
82 patients (8% of the total cohort n51019) experienced a sustained
AKI event within 12 months of immune checkpoint inhibitor start
date. Among these patients, the highest grade of AKI experienced
was stage 1 (1.5–2 times the baseline creatinine) in 30 (37%) patients, stage 2 (two to three times the baseline creatinine) in 36 (44%)
patients, and stage 3 (more than three times the baseline creatinine)
in 16 (19%) patients. *Of the 16 patients with stage 3 AKI, four required
dialysis.

Overall 1-year mortality was extremely high in this
cohort with advanced malignancies. Approximately 55% of
the cohort died within the 1-year follow-up period. Supplemental Table 4 displays the timing of death by month
follow-up. Of the 82 patients with sustained AKI, 54 (67%)
died in the follow-up period and death occurred a median
of 22 days (interquartile range, 6–84) after the sustained
AKI episode. Figure 3 shows the cumulative incidence of
death and sustained AKI in our cohort.
Predictors of Sustained AKI and Potential Checkpoint
Inhibitor–Related AKI
There were no signiﬁcant differences in the distribution of age, sex, or race between those who experienced

an episode of sustained AKI versus those who did not
(Table 1). Baseline eGFR was not associated with the risk of
sustained AKI (Table 2). When cumulative incidence rates
of sustained AKI and time to immune checkpoint inhibitor–
related AKI were evaluated by baseline eGFR, we did
not detect a statistical difference between the three eGFR
groups (Supplemental Figure 2, A and B). The rate per 100
person-years was 10.0 (95% CI, 5.4 to 18.7) for those with
eGFR,60 ml/min per 1.73 m2, 12.5 (95% CI, 9.0 to 17.5) for
those with eGFR 60–90 ml/min per 1.73 m2, and 15.8 (95% CI,
11.4 to 21.8) for those with baseline eGFR.90 ml/min per
1.73 m2.
PPI use was associated with sustained AKI in the
univariable comparison (Table 1; P50.03). A similar trend
was detected between PPI and potential checkpoint
inhibitor–related AKI in an unadjusted analysis (hazard
ratio, 2.24; 95% CI, 0.96 to 5.21; P50.06). Evaluation of the
multivariable model, which accounted for the interaction with time, demonstrated that exposure to PPI was
a strong risk factor for sustained AKI after 2.5 months
of follow-up (aHR, 2.85; 95% CI, 1.34 to 6.08; P,0.007)
(Table 2). Figure 4 shows the cumulative incidence of
sustained AKI in PPI users versus nonusers at the time
of beginning checkpoint inhibitor therapy. The rate per
100 person-years was 17 (95% CI, 13 to 21) for those
prescribed PPI at baseline, compared with 9 (95% CI, 6 to
14) for those not on PPI. Other medications associated
with AIN, such as allopurinol and NSAIDs, and other
gastric acid–lowering medications (H2 blockers) were
not signiﬁcantly associated with either sustained AKI
or potential checkpoint inhibitor–related AKI (Table 1).
The risk of sustained AKI in patients who had exposure to
nephrotoxic chemotherapy did not reach statistical significance (aHR, 1.52; 95% CI, 0.95 to 2.44; P50.08) (Table 1).
With regard to the classes of checkpoint inhibitors used,
PD1 use was most common. A total of 701 patients (69%)
received nivolumab (n5433) or pembrolizumab (n5269),
249 (24%) received a CTLA4 inhibitor (ipilimumab), 37 (4%)
received a PDL1 inhibitor (atezolizumab n515, avelumab

CJASN 14: 1692–1700, December, 2019

AKI in Patients on Checkpoint Inhibitor Therapy, Seethapathy et al.

1697

Table 2. Multivariable Fine and Gray subdistribution hazard regression of sustained AKI
Characteristics

Hazard Ratio

95% CI

P Value

Age
Men
Race (nonwhite versus white)
Hypertension
Baseline PPI exposure (before follow-up time of 2.5 mo)a
Baseline PPI exposure (after follow-up time of 2.5 mo)a
Nephrotoxic chemotherapy exposure
Immune checkpoint inhibitors class
CTLA4 versus PD1
PDL1 versus PD1
Combined versus PD1
Baseline eGFR group
60–90 versus $90 ml/min per 1.73 m2
,60 versus $90 ml/min per 1.73 m2

0.99
1.10
0.68
1.57
0.82
2.85
1.52

0.98 to 1.02
0.69 to 1.75
0.29 to 1.60
0.97 to 2.55
0.40 to 1.67
1.34 to 6.08
0.95 to 2.44

0.89
0.69
0.38
0.07
0.58
0.007
0.08

1.85
1.38
1.17

1.05 to 3.27
0.43 to 4.45
0.26 to 5.23

0.21

0.88
0.65

0.51 to 1.53
0.31 to1.36

0.52

In this multivariable model, baseline demographics (age, race, sex), immune checkpoint inhibitor group, and baseline eGFR were
selected a priori for inclusion. Additionally, baseline variables with a P value ,0.1 in the univariable model (Table 1) were included.
Medication exposure was deﬁned by inclusion in the active medication list at the time that immune checkpoint inhibitor therapy began.
PD1 inhibitors were used as the reference group for the immune checkpoint inhibitors class comparison in this model because they were
associated with the lowest risk of sustained AKI. Normal eGFR $90 ml/min per 1.73 m2 was chosen as reference for eGFR groups. Time to
ﬁrst sustained AKI event (n582) was the outcome. 95% CI, 95% conﬁdence interval, PPI, proton pump inhibitor, CTLA4, cytotoxic T
lymphocyte–associated antigen 4; PD1, Programmed cell death protein 1; PDL1, programmed death ligand 1; Combined, ipilimumab
(CTLA4) and nivolumab (PD1).
a
Interaction of PPI and follow-up time P value 50.01. Derived from the main effect of PPI and the interaction effect between PPI and
follow-up time.

n52, or durvalumab n520), and 29 (3%) received combination therapy (ipilimumab and nivolumab). Frequency
of sustained AKI was numerically higher, but not statistically signiﬁcant, in patients receiving CTLA4 therapy
(10%) compared with patients receiving PD1 inhibitors
(7%), PDL1 inhibitors (8%), or combined therapy (7%)

Cumulative Incidence of Sustained AKI

0.10

(Table 2). Figure 5 shows the proportion of grades of
sustained AKI and potential checkpoint inhibitor–related
AKI by checkpoint inhibitor class. Although there were
changes in the annual trends in which checkpoint inhibitors
were administered, AKI rates remained stable (Supplemental
Table 5).

P = 0.04 by Gray’s Test

PPI

0.08

0.06
No PPI
0.04

0.02

0.00
0

1

2

3

4

5

6

7

8

9

10

11

12

277
220

258
207

251
200

242
196

231
184

Time (months)
Number at risk
PPI
No PPI

607
409

524
374

455
333

413
302

386
285

350
266

318
249

300
232

Figure 4. | Cumulative incidence curve for sustained AKI by PPI use. There was a significant difference in the cumulative incidence of sustained
AKI by baseline PPI, which began after 2.5 months of follow- up. There was a significant interaction of PPI and follow-up time (P50.01). Data were
censored at the time of death, loss of follow-up, or at the end of the 12-month observation period, whichever happened first. A breakdown of
events (death, AKI) is provided in Supplemental Table 5C.
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Figure 5. | Proportion of KDIGO stages of sustained AKI and immune
checkpoint inhibitor-related AKI by immune checkpoint inhibitor
type. (A) Sustained AKI: A total of 80% of stage 1 AKI occurred in
patients receiving PD1 inhibitors (nivolumab, pembrolizumab),
whereas 56% of stage 3 AKI occurred in patients receiving the
CTLA4 inhibitor ipilimumab. (B) Immune checkpoint inhibitorrelated AKI: A total of 73% of stage 1 AKI occurred in patients
receiving PD1 inhibitors (nivolumab, pembrolizumab), whereas
60% of stage 3 AKI occurred in patients receiving the CTLA4 inhibitor
ipilimumab.

Incidence of AKI (any, sustained, and potential checkpoint inhibitor–related AKI) did not statistically differ by
malignancy type (Supplemental Figure 3); however, this
study was not powered to detect differences in the rates of
AKI by malignancy type.

Discussion
This is the largest retrospective cohort study evaluating
AKI in patients receiving checkpoint inhibitors for cancer.
We evaluated more than 1000 patients receiving a variety of
different checkpoint inhibitors for a wide range of malignancy types and found that AKI and sustained AKI events
were common (17% and 8%, respectively) within 12 months
of initiating therapy. This is the ﬁrst report to deﬁne the
incidence of checkpoint inhibitor–related AKI using a consistent approach and deﬁnition; we found that it affects
3% of patients and occurs a median of 15 weeks after
starting therapy. This is slightly higher than the reported
treatment-related incidence of 2% from clinical trials data
and consistent with the previously described timing of AKI

(13,15). As the clinical spectrum of checkpoint inhibitor
use continues to grow, the study of associated toxicities
becomes increasingly important (27). This and other reports
all conﬁrm that there are no consistent symptoms, nor
urinary ﬁndings, to facilitate a noninvasive diagnosis of
immune checkpoint inhibitor–related AIN (13,14,28). None
of our patients had signiﬁcant proteinuria and we suspect
that the majority of potential immune checkpoint inhibitor–
related events were secondary to varying degrees of tubular
and interstitial inﬂammation and injury. However, it is
important to note that there have been recent reports of
glomerular diseases, including lupus nephritis, vasculitis,
and podocytopathies, and consideration of these diagnostic
possibilities is warranted should signiﬁcant proteinuria be
detected in patients on checkpoint inhibitors (15,29–31).
Given the risks associated with kidney biopsy, clinicians are
often left with the dilemma of whether to empirically treat
for checkpoint inhibitor–induced AIN without a deﬁnitive
diagnosis. However, a misdiagnosis of AIN and empirical corticosteroid treatment are not without risk and may
compromise treatment of the underlying cancer. Although
some studies suggest the treatment of immune-related events
with high-dose steroids does not adversely affect cancer
outcomes, others have shown higher mortality with the
use of high-dose steroids in patients with immune-related
hypophysitis resulting from immunotherapy (32,33). As
such, establishing the cause of AKI to the greatest extent
of certainty possible is vital.
Baseline characteristics, such as age, race, sex, malignancy
type, or baseline eGFR, were not associated with sustained
AKI or checkpoint inhibitor–related AKI; therefore, the use
of these agents should not be withheld in patients with
CKD who are otherwise good candidates for therapy, with
the caveat that very few patients in this cohort had an
eGFR,30 ml/min per 1.73 m2. In this cohort, we did not
ﬁnd a statistically signiﬁcant association between sustained
AKI events and checkpoint inhibitor type; however, it should
be noted that only a small number (n529, 3%) were treated
with combination therapy. Our cohort included patients with
many tumor types, and the overall 1-year mortality was high.
PPI use at the time of checkpoint inhibitor initiation was a
risk factor for sustained AKI after prolonged exposure to
checkpoint therapy. This correlates with the typical timing
of checkpoint inhibitor–related AKI reported in this and
other cohorts, which occurs, on average, 2–4 months after
starting therapy (13,15). If other datasets validate PPI use
as a risk factor, it may have important treatment implications. For instance, it may be beneﬁcial to switch patients
without a strong indication for PPIs to H2 blocker therapy
before starting checkpoint inhibitors. In our cohort, PPI use
was also more common in patients experiencing potential checkpoint inhibitor–related AKI. Other case series have
noted a high proportion of patients with checkpoint-inhibitor
induced AIN were on culprit AIN medications (including
PPIs and NSAIDs) at the time of diagnosis; it is possible that
checkpoint inhibitors may induce loss of tolerance of memory
T cells that have previously been primed to a drug or other
hapten. Drug hapten–speciﬁc T cell responses that drive
hypersensitivity reactions affecting the skin and internal
organs are regulated by PD1 and CTLA4 pathways (34);
blocking these pathways may inadvertently lead to activation of T cells to drug antigens. Further study into the
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mechanism of checkpoint inhibitor–related AIN is desperately needed, and may provide insight into AIN from other
common causes.
Our study has several limitations. Although the cohort is
large, it was sourced from a single health care system and
was a predominantly white population, raising concerns
about the generalizability to other populations. Another
limitation was the retrospective nature of the data collection. It is possible that patients had AKI events managed
at hospitals outside our health care network, resulting in
an underestimation of AKI frequency. We only included
patients who had at least one creatinine measured in the
12-month follow-up period to ensure that patients getting
the majority of their care outside our health care system
were not included in the analysis. Furthermore, on average, our cohort had .15 creatinine measurements in the
12 months after starting checkpoint inhibitors, suggesting they were followed closely. The ability to determine the
timeline and acuity of AKI precisely may have been affected
in the patients with sustained AKI who were not admitted
to the hospital; in these cases, laboratory tests were not
performed daily. Because this was a retrospective cohort,
concluding with administrations that took place until the
end of 2016, PDL1 use and combination checkpoint inhibitor therapy were less commonly used than in current
practice. Since we used the ﬁrst checkpoint inhibitor
administered as the exposure, we may have misattributed some AKIs because some patients switched to a
second checkpoint inhibitor later in their treatment course.
However, chart review of the 110 episodes of sustained AKI
conﬁrmed that only seven episodes (6%) had exposure to a
second checkpoint inhibitor class before the sustained AKI
episode. Our primary model was for sustained AKI and
any associations with potential checkpoint inhibitor–related
AKI is mainly descriptive and should be interpreted in
the context of a limited number of cases. Finally, there was
limited phenotyping of some cases of potential checkpoint
inhibitor–related AKI, with only one undergoing biopsy;
this is likely because of low nephrology referral and limited understanding of spectrum of the effects of immune
checkpoint inhibitors on the kidney, especially given that
the report by Cortazar et al. (13) ﬁrst describing 13 cases of
checkpoint inhibitor–related AIN was only published in 2016,
the ﬁnal year of this cohort study.
Nephrologists must be aware of the high frequency of
sustained AKI after checkpoint inhibitor therapy and the
chances that such events are checkpoint inhibitor–related
(approximately one in three). With a high frequency of AKI
events being related to prerenal azotemia or ATN, a thorough
assessment is required to rule out other causes of AKI before
starting immunosuppression. Accurately diagnosing these
events, including the use of kidney biopsy when needed, will
help ensure appropriate management of patients with AKI
after checkpoint inhibitor administration.
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