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ABSTRACT

Aim: To determine the incidence of renal adverse events in patients treated with checkpoint inhibitors (CPI) and the outcomes of renal

insufficiency events. To determine the risk factors predisposing patients to renal insufficiency in patients treated with CPI.

Design and methods: A prospective single arm cohort study was designed. All patients aged above 18 with solid organ malignancies
starting therapy with CPI from April 2020 were observed at baseline and followed up for a period of one year. Patients with Chronic
kidney disease (CKD) 4 and above were excluded. Demographic data, concurrent medical conditions, medications, malignancy type,
CPI type were recorded at baseline and during follow up. Two renal physicians determined the aetiology of renal insufficiency as CPI
related or unrelated. Univariate logistic regression was performed to identify patient characteristics associated with development of
acute kidney injury (AKI). Kaplan-Meier was used to determine survival differences between those who did and did not develop AKI

Results: The incidence of CPI induced AKI was 2.9%. Multivariate analysis showed proton pump inhibitor (PPI) use to be associated
with high risk of CPI induced all-cause AKI. There was a trend towards increased mortality in patients who developed all-cause AKI.
However, there was no mortality in patients with CPI induced AKI.

Conclusion: Our single centre study showed that the incidence of renal insufficiency events is minimal in patients treated with CPI. PPI
use increased risk of all-cause AKI in these patients. CPI associated AKI is not associated with increased mortality.

Keywords: Acute kidney injury; CTLA-4 antigen; Immune checkpoint inhibitors; Proton pump inhibitors; renal Insufficiency

Summary at a Glance: This prospective single arm cohort study identified the incidence of immune checkpoint inhibitor (CPI) induced AKI
was 2.9%. Proton pump inhibitor (PPI) use was found to increase the risk of CPI induced AKI and there was a trend towards increased
mortality in patients who developed AKI.
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INTRODUCTION

Immune checkpoint inhibitors (CPIs) are monoclonal antibodies
increasingly being used in the management of solid organ and
haematological malignancies.!> CPIs enhance the immune
response by blocking immune checkpoints, most commonly
cytotoxic T-lymphocyte associated antigen 4 (CTLA-4),
programmed cell death protein 1 (PD-1) and programmed cell
death protein ligand 1 (PD-L1).">* CPI use is associated with
the development of immune-related adverse events (IRAE),
including renal IRAE.>® Information regarding risk factors for
renal IRAE is limited. This highlights the need for investigation
into predisposing factors such that patients at risk can be
monitored and managed to prevent or reduce renal IRAE

OCCl.lI‘I‘EIICE.7’8

Renal IRAE are uncommon, where Cortazar et al reported a
2.2% incidence of CPI-related acute kidney injury (AKI) in
patients on CPI monotherapy.! Acute interstitial nephritis (AIN)
is the most common renal IRAE, however, disease
manifestations are broad, including IgA nephropathy,
membranous nephropathy and renal vasculitis."*”%1% Kidney
biopsy reveals marked T cell infiltration, establishing the key
role of T cells in renal IRAE pathogenesis.>>!!? Despite
histological findings, the exact mechanism of renal IRAE is
unknown. Murakami et al proposed CPI use enables activation
of dormant autoreactive T cells that escaped thymic deletion
resulting in selective kidney injury.'> Koda et al proposed an
alternative hypothesis, suggesting CPI therapy disrupts the
longstanding immunological tolerance to potentially nephrotoxic
drugs, enabling immune attack on the kidney.'* However, renal
IRAE development in select patients suggests these mechanisms
interact further with patient-specific factors.

CPI-related AKI have variable clinical presentations, where
Koks et al found patients presented with variable leukocyturia,
haematuria and proteinuria and were otherwise asymptomatic.'
Furthermore, Izzedine et al determined the median time to onset
of CPI-related AKI was nine months but presentation occurred
between one- and twenty-four-months following CPI initiation.®
Most epidemiological information on renal IRAE development is
currently formed from retrospective observational studies which
have limited ability to detect asymptomatic and mild cases that
develop outside of the data collected.'®'” Therefore, the limited
information on the broad clinical patterns of renal IRAE
emphasises the importance of active renal function monitoring in
patients at risk of developing renal IRAE to ensure detection.

There is currently no standard treatment for renal IRAE,
guidelines recommend CPI and concomitant

drug  cessation and administration  of
corticosteroids.'®!® CPI-related AKI are not associated with
increased patient mortality, however, tumour regrowth during
CPI cessation period and partial or incomplete recovery of
kidney function have been observed.'>!”1® Therefore, it is
important to identify high risk patients with predisposing
demographic features, medications, comorbidities, cancer type
and CPI type to guide monitoring and management of at risk
patients in a clinical setting to prevent or reduce renal IRAE

however,
nephrotoxic

occurrence to ensure CPI therapy can continue.

The study aimed to identify the incidence and outcomes of renal
IRAE in cancer patients following initiation of CPI therapy.

MATERIALS AND METHODS

Ethics Statement
The research study was approved by the Nepean Blue Mountains

Local Health District Human Research Ethics Committee, ethics
approval #2020/ETH00076.

Study Design and Patient Population

The current study is a prospective observational single arm
cohort  study with solid organ and
haematological malignancies who initiated CPI therapy from the
1st of April 2020 to the 1st of April 2021 at the Nepean Cancer
Care Centre. The study involved collection of baseline data prior
to CPI therapy and visit data following commencement of CPI
therapy. Participants who commenced CPI therapy between the
1st of April 2020 and the 1st of March 2021 were followed for
twelve months and participants who commenced therapy from
the 2nd of March 2021 to the 1st of April 2021 were followed for
eleven months.

involving patients

Inclusion criteria required participants to be aged eighteen years
and above and attend Nepean Cancer Care Centre and/or be
admitted to Nepean Hospital to receive CPI therapy for
malignancy management. The study excluded patients with
chronic kidney disease (CKD) stage 4 and above and patients on
dialysis. Participants were identified through Nepean Cancer
Care Centre pharmacy.

Data collection and Outcome Definitions

Participant data was collected by medical student from paper
medical records and electronic medical records accessed through
PowerChart and Mosaiq systems. Data was de-identified and
stored in RedCap. Data collected at baseline and for visits is
summarised in Table 1. The primary outcome was the incidence
of AKI and CKD due to CPI and non CPI related causes. The
secondary outcome of the study examined the one-year survival
with and without renal impairment following treatment.

Data analysis

The incidence of AKI and CKD was determined by medical
student. The aetiology of the AKI and CKD were determined as
CPI or non-CPI related by two renal physicians. (The criteria for
determining CPI induced AKI was based on the presence of new
onset proteinuria or leucocyturia and the absence of any other
precipitating event for AKI including sepsis, prerenal causes and
nephrotoxic medications) A comparison between
participants who did and did not develop AKI was performed.
Baseline characteristics were presented as means and standard
deviations for normally distributed continuous variables,
medians and interquartile range for non-normally distributed
continuous variables and counts and percentages for categorical
variables. Normally distributed variables were determined by

other

skewness on a histogram. Univariate logistic regression was
performed to identify patient characteristics associated with
development of AKI. Univariate cox proportional hazard model
was used to identify factors influencing time to AKI
development. Multivariate logistic regression and multivariate
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cox proportional hazard model was performed a priori using
significant findings from literature; PPI, NSAID, sex, age and
CPI agent, and using characteristics with p-value <0.25 from
univariate analysis.>”%!420-2  Kaplan-Meier was used to
determine survival differences between those who did and did
not develop AKI and those who developed CPI-induced AKI and
non-CPI-induced AKI. Data analysis was performed using SPSS
version 27.

RESULTS

3.1 Baseline characteristics

A total of 105 patients with solid organ or haematological

malignancies were included in the
characteristics of the participants are summarised in Table 3. The
mean age of participants was 67.3 + 10.7 years, 62.9% were
male and 90.5% were Caucasian (Table 1). The median baseline
creatinine and eGFR were 75.0 (61.5-90.0) pmol/L. and 84.0
(68.5-90.0) mL/min/1.73m?, respectively, and no patients had
proteinuria at baseline. Hypertension (44.8%) and ACEi/ARBs

(34.3%) were the most common underlying medical condition

study. The baseline

and medication used at baseline, respectively. Lung cancer
(56.2%) was the most prevalent malignancy type followed by
melanoma (17.1%) and head and neck malignancy (7.6%).
Monotherapy was the most common where PD-1 agents were
used by 60.9% of participants and pembrolizumab (38.1%) was
the most used CPI agent, followed by combination
nivolumab/ipilimumab (16.2%) (Table 3). Total underlying
medical conditions and medications prior to first AKI are shown
in Appendix 1.

3.2 Incidence and outcomes of AKI, CKD and proteinuria

A total of 26 (24.8%) participants developed at least one AKI
over the eleven-twelve-month follow-up period (Table 3).
Complete recovery occurred in 17 (65.4%) patients with AKI,
partial recovery occurred in 6 (23.1%) and data was unavailable
in 3 (11.5%) patients. The median time to development of the
first AKI was 12 (5.8-33.8) weeks with a range of 0 to 51 weeks
from baseline. Of the 26 participants who developed AKI, 3
(11.5%) developed CPI-related AKI, leading to an overall
incidence of CPI-related AKI of 2.9% (Table 3). Complete
recovery occurred in 1 (33.3%) of patients and 2 (66.7%) did not
recover. The median time to development of CPI-related AKI
was 8 weeks with a range of 8 to 14 weeks. Interquartile range
for time to development of CPl-related AKI could not be
calculated due to small population size.

New-onset CKD occurred in 2 (1.9%) participants and new-
onset proteinuria occurred in 4 (3.8%) participants. The mean
time to development of CKD and proteinuria was 22 weeks
(range 21-23) and 7 (3.5-10) weeks, respectively. Of the 2
patients who developed new-onset CKD, 1 (50%) was found to
have CPI-related CKD, leading to an overall incidence of 1.0%.
This case developed 21 weeks from the onset of CPI therapy.

A total of 71 MSUs were performed over the twelve-month
period, where 20 (28.2%) confirmed haematuria and 35 (49.3%)
confirmed leukocyturia. Of the 26 participants who developed
AKI, 4 (16%) had haematuria, 5 (20%) had leukocyturia and 1
(4%) had proteinuria associated with the event. Haematuria and

leukocyturia were not significantly associated with AKI in
patients tested, with p-values of 1.00 and 0.46, respectively, from
Fisher-exact test.

3.3 Risk factors for AKI

A univariate logistic regression of patients with AKI showed no
significant association between AKI and patient characteristics
(Table 4). PPI was found to be slightly non-significant with HR
2.86 (CI 95% 0.98-8.4), p-value 0.06 (Table 4). Multivariate
logistic regression found PPI to be significant with HR 3.04 (CI
95% 0.99-9.33), p-value 0.05 (Table 5), in causing all-cause
AKI. Of the 3 participants who developed CPI-related AKI, the
mean age was 70.0 £ 6.5 years and 100% were male and
Caucasian. Diabetes and NSAID use were present in 1 (33.3%)
participant each, respectively. Melanoma was the predominant
malignancy (66.7%) followed by lung cancer (33.3%). PD-1
agents were taken by 2 (66.7%) participants, pembrolizumab and
nivolumab, and a PD-L1 agent was taken by 1 (33.3%) patient,
atezolizumab (Table 3).

Among patients who developed all-cause AKI, univariate and
multivariate Cox proportional hazard test did not identify any
significant factors contributing to time to development of AKI
(Table 6 and 7). PPI was found to be slightly non-significant
with HR 2.41 (CI 95% 0.91-6.40), p-value 0.08, and HR 2.52
(CI 95% 0.92-6.91), p-value 0.07, for univariate and multivariate
analysis respectively (Table 6 and 7).

No significant factors were identified on multivariate logistic
regression and multivariate Cox proportional hazard test a priori
(Appendix 2 and 3).

3.4 Mortality

Of the 105 participants, 73.0 (69.5%) survived and 32.0 (30.5%)
died during the eleven-twelve-month follow-up period. The
median time to death was 24.5 (14.3-32.0) weeks. In patients
with AKI, 15 (60%) survived and 10 (40%) died during the
eleven-twelve-month follow-up period. All 3 patients with CPI-
related AKI survived the eleven-twelve-month follow-up period.
Cox proportional hazard model showed no significant difference
in survival for patients with and without AKI, p-value 0.21
(Figure 1). Similarly, no significant difference was observed in
survival of patients with and without CPI-related AKI, p-value
0.20 (Figure 2).

DISCUSSION

The current study investigated 105 patients with solid organ and
haematological malignancies who received CPI therapy over an
eleven-twelve-month period to determine the incidence and
identify risk factors of renal IRAE. CPIl-related AKI was
observed in 2.9% of patients, correlating with existing findings
of 2-5% incidence."'”**#%> The current study did not observe a
significant association between CPI agent and development of
AKI. All patients who developed CPI-related AKI received
monotherapy, contrasting previous studies which observed
higher incidence of AKI in patients on combined agent
therapy.?>24 The discrepancy can be attributed to the present
study not being powered to determine the association between
patient characteristics and incidence of AKI due to the small
participant number. Additionally, the median time to CPI-related
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AKI onset was earlier than all-cause AKI at 8 and 12 weeks,
respectively. Isik et al similarly reported significantly earlier
onset of CPI-related AKI compared to non-CPI-induced AKI, at
4 and 8.5 months respectively, suggesting earlier onset AKI
during treatment is more likely to be CPI-related.?®

Previously reported risk factors for AKI include older age, male
sex, low baseline eGFR, NSAIDs, PPIs and combination
nivolumab/ipilimumab CPI therapy.>”*%142%-23 The current study
identified PPI use (p-value 0.05) significantly increased the risk
of all-cause AKI on multivariate analysis. The association of PPI
use with AKI during CPI treatment is well documented.>”-1417:27
Koda et al explains this association by suggesting CPIs disrupt
immunological tolerance to potentially nephrotoxic drugs, like
PPIs, enabling attack of kidney tissue.'* Additionally, PPI use
was found to be just outside the level of significance for
association to time of development of AKI. Further investigation
with a larger study population is required to determine the
significance as there is limited investigation into factors
influencing time to AKI onset. Currently, Chen et al identified
type of CPI agent is significant in time to AKI, however, other

studies have not observed significance.?%?

Atezolizumab and cemiplimab monotherapy were found to trend
towards increased risk of AKI development on univariate
analysis. Atezolizumab has previously been identified by Chen et
al to have the highest association with renal IRAE compared to
other CPI  monotherapies in a 10-year real-world
pharmacovigilance study, however, the present study would
larger number to determine
significance.?’ Furthermore, due to the small population size, the

require a of participants
current study was limited to examination of risk factors for all-
cause AKI and unable to identify characteristics associated with
CPI-related AKI.

The present study identified a trend towards increased mortality
in patients who developed AKI which correlates with existing
findings where Koks et al identified a 2.13-fold increase in
mortality with all-cause AKIL' This could be due to poorer
general health of the patients and underlying medical conditions.
Additionally, the current study observed a trend towards
increased survival in patients with CPI-related AKI compared to
non-CPI-related AKI. This association can be attributed to IRAE
being a manifestation of effective immune activation by CPI
therapy and thus, associated with improved survival.?®3° A
larger sample size is required to elucidate this significance as
many studies have not reported improved survival with renal
IRAE.'>?42> However, Koks et al observed no increased risk of
mortality in patients with CPI-related AKI and previous studies
have shown improved survival and enhanced anti-tumour
response with development on non-renal IRAE.'>?%30 Further,
Patel et al observed a prolonged response to CPI therapy in renal
cell carcinoma patients with renal IRAE, suggesting renal IRAE
were associated with improved oncological outcomes and
therefore, better survival.?® Although, the improved outcomes
were attributed to shared antigenic epitopes between normal and
RCC renal tissue and therefore, may not be applicable to

different cancer types.?®

The small participant number was the main limitation of this
study, preventing analysis of AKI-, CKD- and proteinuria-related
events. Further, a larger population would power the study to
detect all significant associated with AKI
development. Kidney biopsy was not performed to confirm
suspected CPI-related AKI and therefore, incidence may be over-
estimated. However, the current study is beneficial as a scoping
study for renal IRAE and forms the foundation for a future
multicentre study with a larger study population. Due to the
waiver of consent, there was no recruitment bias, enabling

risk factors

inclusion of all patients who met the inclusion criteria. The
prospective nature of the study also enabled all available patients
to be followed over the eleven-twelve-month period.

CONCLUSION

There is limited evidence of risk factors for renal IRAE and
variable reports of incidence. The current single-centre study
determined the incidence of renal IRAE and identified PPI use as
a risk factor for all-cause AKI in patients on CPIs. The study
identified a trend for increased mortality with all-cause AKI and
improved survival in patients with CPI-related AKI. In the
future, a larger multi-centre observational study would be
performed to provide further evidence regarding the incidence
of CPI-related AKI. This
identification of at-risk patients to ensure appropriate monitoring
and management of predisposed patients throughout CPI therapy.

and outcomes would enable
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