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Background: Programmed cell death receptor ligand 1 (PD-L1) inhibitors are immune checkpoint in-
hibitors (ICIs) with a side effect profile that may differ from other classes of ICls such as those directed
against cytotoxic T-lymphocyte—associated protein 4 (CTLA-4) and programmed cell death 1 receptor
(PD-1). Being the more recently approved class of checkpoint inhibitors, there are no studies investi-
gating the frequency, etiology and predictors of acute kidney injury (AKI) in patients receiving PD-L1
inhibitors.

Methods: This was a retrospective cohort study of patients who received PD-L1 inhibitors during 2017 to
2018 in our healthcare system. AKl was defined by a =1.5-fold rise in serum creatinine from baseline. The
etiology of all cases of sustained AKI (lasting >48 hours) and clinical course were determined by review of
electronic health records.

Results: The final analysis included 599 patients. Within 12 months of ICl initiation, 104 patients (17%)
experienced AKI, and 36 (6%) experienced sustained AKI; however, only 5 (<1%) experienced suspected
PD-L1-related AKI. The PD-L1-related AKI occurred a median of 99 days after starting therapy. All patients
concurrently received another medication known to cause acute interstitial nephritis (proton pump in-
hibitors, nonsteroidal anti-inflammatory drugs, or antibiotics) at the time of the suspected PDL1-related
AKI.

Conclusion: Although AKI is common in patients receiving PD-L1 therapy, the incidence of suspected PD-
L1-related AKl is low (<1%) and may be less common when compared to other classes of ICls. This cohort
provides further validation that other drugs associated with acute interstitial nephritis may be involved in
the pathogenesis of ICl-related AKI.
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A cute interstitial nephritis (AIN) has been increas- a recently published study, we determined the inci-
ingly recognized as an important immune-related dence of sustained AKI to be 8% in patients receiving
adverse event (irAE) that may complicate treatment ICIs, with suspected ICI-related AKI occuring in 3% of
with immune checkpoint inhibitor (ICI) therapy.' * In patients.” Other meta-analyses summarizing clinical

trial data have estimated ICI-related AKI to occur in
1.4%—-2.2% of patients receiving CTLA-4 or PD-1
monotherapy, and up to 4.9% % of patients receiving
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607 Patients received first-line PD-L1 inhibitor at
Partners Healthcare Jan 2017-Dec 2018

1 =P Excluded: No baseline or follow-up creatinine (5), ESRD (3)

599 patients treated with atezolizumab (347), durvalumab (153) or avelumab (99)
For lung (255), genitourinary (117), gynecologic (67), gastrointestinal (64), breast (38), or
other (58) advanced malignancies

1 P No AKI within 1 year (n = 495)

| ‘Any AKI’ (n = 104,17%) had an SCr elevation 21.5 x baseline |

—pp Transient AKI resolving < 48 hours (n = 68)

(47% inpatient / 53% outpatient*)

| ‘Sustained AKI (n = 36, 6% of cohort) |

s

~

Etiology of ‘Sustained AKI'
PD-L1-related (n =5, 14%)
Hemodynamic AKI/ATN (n = 23, 64%)
Urinary tract obstruction (n = 5, 14%)

Severity of ‘Sustained AKI’

KDIGO stage 1 (n =17, 47%)
KDIGO stage 2 (n = 10, 28%)
KDIGO stage 3 (n =9, 25%)**

Undetermined cause (n = 3, 8%)

Figure 1. Patient flow and acute kidney injury (AKI) outcomes among patients treated with programmed death ligand-1 (PD-L1) inhibitors. Overall,
17% of the included cohort developed AKI. *Among patients with transient AKI (lasting <48 hours), 36 (53%) occurred in outpatients; the majority
did not have creatinine measurements immediately repeated, but it normalized by the following clinic visit (mean: 14 days, SD: 9 days until next
check). Among those with AKI that was confirmed to have been sustained AKI, lasting for >48 hours, the etiology and Kidney Disease: Improving
Global Outcomes (KDIGO) severity stage are shown. **0f the 9 patients with KDIGO grade 3 AKI, 4 patients had progressive kidney failure and died
during the hospital stay, and none underwent renal replacement therapy. ATN, acute tubular necrosis; SCr, serum creatinine.

use is rapidly increasing.” Because they are a relatively
new class of ICIs, clinical experience with these agents is
limited. Prior studies evaluating AKI in patients on
checkpoint inhibitors have included a very limited
number (<40) of patients receiving PD-L1I inhibitors."*"
Clinical trials have shown that the rate of hypothy-
roidism and pneumonitis are lower in patients receiving
PD-L1 inhibitors than other ICI classes.” It is not known
whether this lower risk extends to nephrotoxicity as
well. Hence, we sought to define the incidence, etiology,
and clinical features of AKI in a large, unselected cohort
of patients receiving PD-L1 inhibitors.

METHODS

We performed a retrospective cohort study of all patients
who received a PD-L1 inhibitor (durvalumab, atezolizu-
mab, or avelumab) as first-line therapy for advanced
malignancies from 2017 to 2018 at Mass General Brigham
(Boston, MA) to evaluate changes in kidney function
from baseline up to 1 year. The Research Patient Data
Repository at Partners Healthcare System was used to
collect data on baseline demographics, comorbidities,
medications, and laboratory studies. Baseline use of
medications known to be associated with acute interstitial
nephritis (AIN), such as proton pump inhibitors (PPIs),
nonsteroidal anti-inflammatory drugs (NSAIDs), and an-
tibiotics, was defined by active prescriptions at the ICI
start date. AKI was defined by a =1.5-fold rise in creat-
inine from baseline, and staged by Kidney Disease:
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Improving Global Outcomes (KDIGO) criteria.” Sustained
AKI was defined as AKI that lasted >48 hours; all cases
were chart reviewed for etiology by 2 nephrologists (HS,
MES), with a third (SG) available for disagreement. The
etiology of sustained AKI was divided into the following:
(i) suspected PD-Ll-related AKI diagnosed by a kidney
biopsy, or subspecialist determination with corticosteroid
treatment, or unexplained sustained AKI occurring
simultaneously with another irAE without an alternative
cause for AKI identified; (i) hemodynamic AKI (prerenal
azotemia or acute tubular necrosis); (iii) obstruction; or
(iv) AKI of undetermined cause if insufficient diagnostic
workup was pursued. Detailed review of electronic
medical records was used to obtain clinical information
on all patients with sustained AKI. Death date was
determined by manual chart review or was assumed at
the time of last encounter for patients enrolled in hospice.

Baseline characteristics were described using means
and SDs for continuous variables and counts and per-
centages for categorical variables. Descriptive analyses
are reported for suspected PD-Ll-related AKI, given
the small number of events. The Institutional Review
Board approved this study and waived the need for
informed consent.

RESULTS

Between 1 January 2017 and 31 December 2018, a
total of 607 patients were started on a PD-LI in-
hibitor (Figure 1). Five patients were excluded
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Table 1. Baseline characteristics of patients receiving PD-L1 inhibitor therapy

All patients® No sustained AKI Sustained AKI PD-L1 inhibitor-related AKI
Characteristic Mean = SD or n (%)
Patients, n 599 563 36 5
Age, yr 65 + 13 63 + 14 63 + 12 65 + 12
Baseline creatinine, mg/dl 1.0+ 03 1.0+ 03 1.0+ 03 1.0+ 03
eGFR, ml/min 88 + 26 89 + 26 82 + 26 80 + 20
Male 298 (60) 281 (60) 17 (47) 2 (40)
Female 301 (60) 282 (60) 19 (63) 3 (60)
Race
White 554 (92) 521 (92) 33 (91) 5 (100)
Black 16 (3) 15 (3) 1@ 0
Asian 112 10 (2) 1@ 0
Other/unknown 18 (3) 17 (3) 1(3) 0
Cirrhosis 7(@) 7() 0 0
Hypertension 242 (40) 229 (41) 13 (36) 2 (40)
Diabetes 113 (19) 103 (18) 10 (28) 0
Baseline medications
PP 210 (35) 192 (34) 18 (50)° 1 (20)
H2 blockers 113 (19) 104 (18) 9 (25) 0
NSAIDs 103 (17) 95 (17) 8 (22) 1 (20)
Allopurinol 12 (2) 11 (2) 1(3) 0
ACEI/ARB 135 (23) 128 (23) 7(19) 0
Baseline kidney function, eGFR group
<60 mi/min per 1.73 m? 99 (17) 92 (16) 7 (19) 1 (20)
60—90 mi/min per 1.73 m? 208 (35) 192 (34) 16 (44) 3 (60)
>90 mi/min per 1.73 m? 292 (49) 179 (60) 13 (36) 1 (20)
PD1 inhibitor type
Atezolizumab 347 (568) 322 (57) 25 (69) 4 (80)
Avelumab 99 (16) 93 (17) 6 (17) 0
Durvalumab 153 (26) 148 (26) 54 1 (20)
Malignancy
Thoracic 255 (43) 244 (43) 11 @31) 2 (40)
Genitourinary 117 (19) 106 (19) 11 @1) 3 (60)
Gynecological 67 (11) 61 (11) 6 (17) 0
Gastroinfestinal 64 (11) 61 (11) 3 (8) 0
Breast 38 (6) 36 (6) 2 (5) 0
Other 58 (10) 55 (10) 38 0

ACEI, angiotensin-converting enzyme inhibitor; AKI, acute kidney injury; ARB, angiotensin receptor blocker; eGFR, estimated glomerular filtration rate, NSAID, nonsteroidal anti-
inflammatory drug; PD1, programmed cell death 1 receptor; PD-L1, programmed cell death ligand 1.

#Baseline characteristics for ‘All patients’ are shown as a percentage of the overall cohort (N = 599). For the outcomes, sustained AKI and immune checkpoint inhibitor—related AKI, the
percentage of events in each subgroup is presented. The first sustained AKI event was specified as the outcome for 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 Alc = 6.5% or by prescription of a glucose-lowering medication and a diagnosis code for diabetes. Other than race being unknown in a few patients,
there were no missing demographic or comorbidities data.

®In univariable models comparing demographic and clinical characteristics of patients who experienced “sustained AKI” vs. those who did not, only baseline proton pump inhibitor
exposure (0.05) was significant at a P value of <0.10. This was included in the multivariable model for “sustained AKI” along with other clinically important variables that were
determined a priori to be exposures of interest.

because they did not have a baseline or a follow-up In total, 104 patients (17%) experienced AKI within

creatinine measurement within the 12-month follow-
up period, and 3 patients were excluded because
they were on hemodialysis at the time of PD-LI
initiation. In total, 599 patients had adequate creat-
inine measurements and were included in this study.
The mean age was 65 (SD: 13) years, 50% were male,
and 92% were white. The mean baseline creatinine
value was 1.0 (SD: 0.3) mg/dl; 99 (17%) had an
estimated glomerular filtration rate of <60 ml/min
per 1.73 m’. Underlying malignancy types and in-
dividual PD-L1 inhibitors prescribed are shown in
Table 1.
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the 1-year follow-up period, of whom 68 had transient
AKI (lasting =48 hours) and the other 36 had sustained
AKI (Figure 1). Baseline characteristics of patients with
and without sustained AKI are shown in Table 1. Use of
PPIs was more common among patients who developed
sustained AKI.

Hemodynamic AKI (including prerenal azotemia and
acute tubular necrosis) was the most common cause of
sustained AKI, occurring in 23 patients (64% of sus-
tained AKI). Urinary tract obstruction occurred in 5
patients (14% of sustained AKI), suspected PD-L1
inhibitor—related AKI occurred in 5 (14% of sustained
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Figure 2. Overall incidence of all acute kidney injury (AKI), sustained AKI, and programmed death ligand-1 (PD-L1)-related AKI in patients
receiving atezolizumab, durvalumab, and avelumab. Among the 347 patients who received atezolizumab, 64 patients (18%) experienced any AKI,
25 (7%) had sustained AKI, and 4 (1%) had PD-L1-related AKI. Among the 153 patients who received durvalumab, 21 (14%) experienced any AKI,
5 (3%) had sustained AKI, and 1 (1%) experienced PD-L1-related AKI. Among the 99 patients who received avelumab, 19 (19%) experienced any

m Sustained AKI (%)

AKI, 6 (6%) had sustained AKI, and none had PD-L1-related AKI.

AKI), and the etiology of sustained AKI had an unde-
termined cause in 3 (8% of sustained AKI). De-identified
case summaries of all 36 patients with sustained AKI are
shown in Supplementary Table S1. The overall inci-
dence and severity stages of sustained AKI for the in-
dividual PD-L1 inhibitor types are shown in Figure 2.
The overall of PD-Ll-related AKI
was <1% of the overall cohort; the rate per 100 person-
years was 1.2 (95% confidence interval: 0.5-3.0). The
presence of AIN was confirmed by biopsy in 1 of the 5
cases. The clinical features of the 5 patients are sum-
marized in Table 2. Three of the 5 patients (60%) with
suspected PD-Ll-related AKI had a concurrent extra-
renal irAE. Urinalysis was obtained in 3 patients with
suspected PD-Ll-related AKI; each had leukocyturia
(>5 white blood cells per high-power field), including
the patient with biopsy-proven AIN. None had

incidence

hematuria or proteinuria (all =1+ on urinary dipstick).
None had eosinophilia (<500 cells/jll). The median la-
tency period from PD-L1 initiation to suspected PD-L1—
related AKI was 99 days (interquartile range: 3-79
days). All patients were receiving a concomitant
medication known to cause AIN (PPIs, NSAIDS, or
antibiotics) at the time of suspected PD-L1-related AKI.
The PD-L1 inhibitors were permanently discontinued
in all 5 patients. Three patients received high-dose
steroids (=0.5 mg/kg per day in prednisone equiva-
lents) tapered over 6 to 10 weeks; 2 of these patients
experienced remission, whereas the third patient had
persistently elevated creatinine. One patient transi-
tioned to hospice without steroid treatment. The final
patient had PD-L1 permanently discontinued with
resolution of AKI. Only 1 patient was re-challenged
with a different class of drug, a PD-1 inhibitor

Table 2. Clinical characteristics of patients with suspected PD-L1-related AKI

Age/ Cancer PD-L1 drug Time to  KDIGO AKI Concurrent AIN-associated

race/sex  type type AKI, mo stage medications

65 WF SCLC  Atezolizumab 2 1 PPI

65 WF RCC  Atezolizumab 6 2 PPI, NSAIDs, amoxicillin

50 WM Bladder Atezolizumab 8 1 Ciprofloxacin
cancer

65 WM  Bladder Atezolizumab 4 3 Levofloxacin
cancer

55 WF  NSCLC  Durvalumab 4 1 SAIDs

Kidney
Concurrent irAE  biopsy Steroids Outcome Re-challenge
Hypothyroidism No No  Transitioned to hospice No
and died
Colitis No Yes  Partial recovery buf not No
fo baseline
0 Yes (AIN)  Yes No recovery No
0 No Yes  Full recovery to baseline No
Immune-related No No  Full recovery to baseline Yes
cytopenias Nivolumab 11 mo later without

recurrence of AKI

AIN, acute interstitial nephritis; AKI, acute kidney injury; irAE, immune-related adverse event; NSAIDs, nonsteroidal anti-inflammatory drugs; NSCLC, non—small cell lung cancer; PD-L1,
programmed cell death receptor ligand 1; PPI, proton pump inhibitor; RCC, renal cell cancer; SCLC, small cell lung cancer; WF, white female; WM, white male.
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Figure 3. Incidence of programmed death ligand-1 (PD-L1)-related acute kidney injury (AKI) compared to historical estimates of cytotoxic T-lym-
phocyte—associated protein 4 (CTLA-4), programmed cell death 1 receptor (PD-1), and CTLA-4/PD-1 combination therapy-related AKI. The incidence of
immune checkpoint inhibitor (ICl)-related AKI from clinical trial data was gathered in 2 meta-analyses (Cortazar et al’ [2016] and Manohar et al° [2019])
and 1 observational real-world study (Seethapathy et al* [2019]). The incidence of CTLA-4—related AKI was 2% in Cortazar et al. and 4.8% in Seethapathy
et al. The incidence of PD-1 related AKI was 1.9% in Cortazar et al, 2.2% in Manohar et al, and 2.3% in Seethapathy et al. The incidence of ICI-AKI with
combination CTLA-4 and PD-1 therapy was 4.9% from Cortazar et al. In comparison, the incidence of PD-L1-related AKI was 0.8% in our study.

(nivolumab) 11 months after PD-Ll-related AKI; that
patient did not experience recurrent AKI.

Overall, the 1-year mortality in the cohort was high:
311 patients (52%) died. Of the patients with sustained
AKI, mortality was 58%, and the median time to death
after sustained AKI in those 21 patients was 10 days
(interquartile range: 3—79 days). However, only 1 of the
5 patients (20%) with suspected PD-Ll-related AKI
died within 12 months.

DISCUSSION

This is the largest cohort study evaluating kidney
function in patients receiving PD-L1 inhibitors, the
most recently approved class of ICIs used to treat
advanced malignancies. Because durvalumab, avelu-
mab, and atezolizumab were approved only in 2016 to
2017, prior studies describing AKI in patients receiving
these drugs have been extremely limited. We found a
lower incidence of suspected PD-L1l-related AKI than
in prior reports; those studies predominantly included
patients on CTLA-4 inhibitors (ipilimumab) and PD-1
inhibitors (pembrolizumab and nivolumab;
Figure 3). Our findings support recent pooled ana-
lyses of clinical trial data suggesting that irAEs may be
lower in patients receiving PD-L1 inhibitors compared
to other ICIs; this may be due to the selective blockade
of the PD-L1 and not the PD-L2 ligand; sparing of the
PD-1/PD-L2 interaction may be important for immune
tolerance in certain organs.” ' Although the number of
cases of PD-Ll-related AKI was small, the clinical
features of suspected PD-L1-related AKI appear to be

2,4,5
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consistent with those in prior studies of patients with
PD-1 and CTLA-4-related AKI; the majority had
concomitant irAEs, and the mean onset was approxi-
mately 3 months after ICI initiation.”"'* In this study,
all patients with suspected PD-L1-related AKI were on
medications associated with AIN at the time of diag-
nosis, which strengthens the evidence that use of other
concomitant medications associated with AIN may
trigger nephritis in patients treated with ICIs. Drug-
hapten—specific T-cell responses that drive type 4 hy-
persensitivity reactions affecting the skin and kidneys
are regulated by PD-1/PDL-1 pathways; ICIs may
inadvertently lead to activation of T cells that have
previously been primed to a drug.'’ Further research is
needed to identify whether drug-specific T-cells are
activated in patients with ICI-nephritis, and to deter-
mine whether minimizing exposure to potential AIN
drugs that act as haptens can lower the rate of ICI-
related AKI and other irABs.'*"’

Similar to AKI in patients on other ICIs, the most likely
etiology of sustained AKI in patients receiving PD-LI
inhibitors was hemodynamic AKI (prerenal azotemia or
acute tubular necrosis). This cohort also had a substantial
fraction of AKI due to urinary obstruction; this is likely
explained by the higher prevalence of urothelial cancers
in this cohort. This highlights the importance of full
diagnostic workup, including imaging and kidney biopsy
when needed to exclude alternative etiologies, in order to
prevent a misdiagnosis of ICI-related AKI that could lead
to unnecessary delays of future PD-L1 doses or cortico-
steroid treatment, both of which could compromise
treatment of the underlying cancer.'*"”

Kidney International Reports (2020) 5, 1700-1705
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Our study has several limitations. The generaliz-
ability of this study may be reduced, given the limited
racial diversity in this cohort. In addition, we may
have underestimated the frequency of AKI if patients
had AKI events managed at hospitals outside of our
healthcare network. The retrospective nature of data
collection and small number of cases limited our ability
to phenotype all cases of sustained AKI; misdiagnosis of
even a few cases could have significantly influence on
the calculations of PD-Ll-related AKI incidence.
Finally, only 1 patient with PD-Ll-related AKI un-
derwent a kidney biopsy; thus, we were not able to
exclude alternative pathologic lesions explaining AKI.
However, other studies have shown that AIN is found
in >90% of biopsied patients, and the absence of
proteinuria in our patients argues against less common
glomerular diseases leading to AKI.

Oncologists and nephrologists should be aware that
PD-Ll-related AKI may be less common than in pa-
tients treated with PD-1 or CTLA-4 inhibitors. Future
multicenter studies are needed to precisely determine
the incidence and predictors of PD-Ll-related AKI, as
well as to identify noninvasive biomarkers of ICI-AKI
to enable more precise diagnosis.
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