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Abstract
Introduction. Immune checkpoint inhibitors (ICIs) are monoclonal antibodies that target inhibitory receptors expressed 
on T cells and are associated with a variety of immune-related adverse events (irAE) including the kidneys. This study at-
tempted to determine the factors, incidence, electrolyte and urine abnormalities, clinical outcomes, and development of 
chronic kidney disease (CKD) among patients who developed immune checkpoint inhibitor-associated acute kidney injury 
(ICI AKI).

Methodology. Single-center retrospective cohort study of cancer patients receiving ICI between January 2018 and De-
cember 2024 at St. Luke’s Medical Center Quezon City, Philippines. To be included, patients must have cancer, at least 18 
years old, and had to receive ≥ 1 dose of ICI. They were excluded if they are already on renal replacement therapy (RRT), 
no baseline serum creatinine (sCr) prior to giving the first dose of ICI, or sCr after the 1st dose or ≥ 3 months after admin-
istration of ICI.

Results. Among the 210 patients treated with ICI, 8 (3.8%) developed ICI AKI. Among the patients treated with ICI, a total 
of 14.29% (30) patients developed AKI. Among those who developed AKI, 53.33% (16) of patients progressed to chronic 
kidney disease and in patients who developed ICI AKI, 37.5% progressed to CKD. Urinalysis also showed that 39.52% (83) 
of patients had hematuria and 44.76% (94) had proteinuria. Moreover, 34.3% (72) of patients had electrolyte abnormalities 
with the most common electrolyte abnormality being hyponatremia at 25.7%.

Conclusion and Recommendation. This study showed that the incidence of ICI AKI was at 3.8%. The most common 
electrolyte abnormality was hyponatremia and among patients who developed ICI AKI, 37.5% progressed to CKD. No 
statistically significant risk factor was associated with the development of ICI-AKI. However, interpretation of these findings 
should be approached with caution given the small number of ICI-AKI events (n = 8), which limited the statistical power of 
the analysis and resulted in wide confidence intervals for several estimates. A prospective multicenter cohort study may be 
done in the future.
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Introduction

Immune checkpoint inhibitors (ICI) are monoclonal 
antibodies that target inhibitory receptors expressed on T 
cells and represent an emerging class of immunotherapy 
but are also associated with a variety of immune-related 
adverse events (irAE) including the kidneys.1,2 The 

incidence of immune checkpoint inhibitor-associated 
acute kidney injury (ICI-AKI) occurs in 7.1% of patients 
treated with anti-PD1 monotherapy being the most 
commonly used ICI.3,4 In addition, in cancer patients 
treated with ICI, development of acute kidney injury 
(AKI) can be due to multiple factors since occurrence 
is common among this population.2 AKI can lead to 
multiple consequences including increased mortality 
and length of hospital stay but long term consequences 
are highly variable and factors such as severity of illness, 
age, and functional status can contribute to the prognosis 
of these patients.5
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Among patients who were treated with ICI and 
developed AKI, little is still known regarding those who 
developed chronic kidney disease (CKD). Despite the 
increasing recognition of the true burden of CKD, there 
is still lacking consensus as to the utility of population 
screening especially its cost effectiveness among people 
with hypertension and diabetes which are the two 
most common causes of CKD.6,7 Identification of these 
population can improve access to appropriate healthcare, 
knowledge, and adherence to recommended lifestyle 
modification and avoidance, if possible, of medications 
that may accelerate progression of CKD.

This study attempted to determine the factors among 
cancer patients who developed ICI AKI such as clinico-
demographic profile of patients receiving immune 
checkpoint inhibitors including age, sex, cancer type, 
functional status, comorbidities, body mass index (BMI), 
chemotherapy use, and medications that may cause 
nephrotoxicity. The incidence, electrolyte and urine 
abnormalities, clinical outcomes, and progression to 
CKD among patients who developed ICI AKI were also 
determined.

Methods

Study design, setting and patient selection

This was a single-center retrospective cohort study of 
cancer patients receiving ICI between January 2018 and 
December 2024 at St. Luke’s Medical Center Quezon 
City. To be included, patients must have cancer, at least 
18 years old, and had to receive ≥ 1 dose of ICI. They 
were excluded if they are already on renal replacement 
therapy (RRT), no baseline serum creatinine (sCr) prior to 
giving the first dose of ICI, or sCr after the 1st dose or ≥ 3 
months after administration of ICI.

Variables

Primary outcome was to determine the factors related with 
ICI AKI such as clinico-demographic profile of patients 
receiving ICI including age, sex, cancer type, functional 
status, comorbidities, BMI, history of chemotherapy use, 
and medications that may cause nephrotoxicity. Other 
outcomes measured were incidence of AKI and ICI AKI, 
electrolyte and urine abnormalities, and progression of 
CKD among those who developed ICI AKI.

AKI, ICI AKI, and renal recovery

AKI was defined as at least 50% increase in sCr from 
baseline within 3 months of ICI initiation.8 Urine output 
was not used as a diagnostic criterion in this study because 
measurement of urine volume may be influenced by 
several factors. ICI-AKI in this study was defined as and 
increase in sCr of ≥ 50% or need for RRT not attributable 
to alternative causes.9 Recovery of renal function was 
defined by a decrease in SCr to < 1.5 times the baseline 
value within 90 days after AKI.10, 11

Adjudication of ICI-AKI:

ICI-AKI was defined as an increase in serum creatinine 
of at least 50% from baseline that was not attributable 

to an alternative cause of acute kidney injury.9 Potential 
alternative causes were assessed through chart review 
of the patient’s clinical history, medication exposure, 
laboratory results, volume status, hemodynamic status, 
infectious workup, and relevant imaging studies. 
Potential nephrotoxic exposures, including nonsteroidal 
anti-inflammatory drugs, antibiotics, contrast agents, 
and other medications associated with kidney injury, 
were also reviewed. Other potential causes, including 
volume depletion, sepsis, urinary tract obstruction, and 
hemodynamic kidney injury, were considered based on 
the available clinical data. A limitation in this study was no 
renal biopsy was done on patients who developed AKI 
and ICI-AKI, and the number of cycles of ICI received was 
not included in the study. The determination of whether 
AKI was attributable to immune checkpoint inhibitor 
therapy was made by the study investigators based on the 
overall clinical presentation and available diagnostic data.

CKD, CKD staging, and CKD progression

Patients with CKD were identified based on baseline 
glomerular filtration rate (GFR) of < 60 ml/min/1.73m2. 
Among patients treated with ICI AKI, those who 
progressed to CKD were also identified. Progression 
to CKD was defined as decreased GFR persisting for ≥ 
3 months with GFR of < 60 ml/min/1.73m2 or presence 
of proteinuria among patients with GFR ≥60 ml/
min/1.73m2.6,12 For the staging of CKD, it was defined as 
follows: G1 – CKD with eGFR of > 90ml/min/ 1.73 m2, G2 - 
CKD with eGFR of 60-89 ml/min/ 1.73 m2, G3A - CKD with 
eGFR of 45-59 ml/min/ 1.73 m2, G3B - CKD with eGFR 
of 30-44 ml/min/ 1.73 m2, G4 - CKD with eGFR of 15-29 
ml/min/1.73 m2, and G5 - CKD with eGFR < 15mL/min/ 
1.73 m2

Data collection

In coordination with the medical oncology service, patients 
who received ICI were identified. From there, a thorough 
chart review was conducted. The clinico-demographic 
data such as age and gender, cancer type and stage, 
functional status, comorbidities, BMI, and medications 
that may cause nephrotoxicity were reviewed using the 
electronic medical record (EMR). Laboratory studies 
including sCr prior to initiation of ICI, peak sCr, and ≥ 
3 months after treatment with ICI were also analyzed. 
Urinalysis was checked to assess for hematuria and 
proteinuria. Urinalysis with signs of infection (i.e., nitrites 
positive, significant bacteriuria, or pyuria) were excluded. 
Presence of electrolyte abnormalities were also reviewed 
among patients who received ICI. Clinical outcome 
measured was development of ICI AKI and progression 
to CKD among those who developed ICI AKI.

Study size

Sample size was calculated based on test of hypothesis 
for the difference in the incidence of ICI AKI among 
patients who were given antibiotics versus those not given 
antibiotics. Assuming that the incidence of ICI AKI among 
patients given with antibiotics is 29.4% and among those 
not given, 6.6%, (Ji et al, 2022) with an alpha error of 5%, 
power 90% and one tailed alternative hypothesis, initial 
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sample size calculated is 47 per group or 94 for 2 groups. 
A total enumeration of all eligible cases was done.

Data analysis

Data were processed and encoded using Microsoft 
Excel. Statistical analysis was performed using SPSS 
version 27. Risk factors for ICI-AKI were assessed using 
univariate analysis. The Chi-square test was used to 
assess associations between categorical variables, while 
univariate logistic regression was performed to estimate 
odds ratios (ORs) with corresponding 95% confidence 
intervals (CIs). A p-value of <0.05 was considered 
statistically significant. The clinico-demographic 
characteristics of cancer patients receiving immune 
checkpoint inhibitors (ICIs) were summarized using 
frequency and percentage for categorical variables 
and mean and standard deviation for continuous 
variables. Median and range were also calculated, as 
appropriate. The incidence of ICI-AKI was determined 
using frequency and percentage, with the corresponding 
95% CI. Electrolyte abnormalities and renal outcomes 
were summarized using frequency and percentage for 
categorical variables and mean and standard deviation 
for continuous variables, with median and range also 
reported as appropriate.

Results

Participants

During the study period, 215 patients treated with ICI at 
our institution were screened. 5 patients were excluded 
in the study because they had incomplete data regarding 
repeat sCr after at least 3 months of ICI initiation. A total 
of 210 patients who fulfilled the inclusion criteria were 
further analyzed (Figure 1).

Descriptive data

Among the 210 patients treated with ICI, 107 (51.0%) 
were between 60 and 75 years of age, and 118 (56.2%) 
were male. Lung cancer was the most common cancer 
type, occurring in 62 (29.5%) patients, followed by non-
colorectal, gastrointestinal cancers in 57 (27.1%). Most 
patients had stage 4 disease (117, 55.7%), while 139 
(66.2%) had an Eastern Cooperative Oncology Group 
(ECOG) performance status of 1. The majority were non-
smokers (124, 59.0%). Hypertension was present in 138 
(65.7%) patients, while 76 (36.2%) had diabetes mellitus. 
Concurrent chemotherapy with ICI was administered to 
160 (76.2%) patients. Among concomitant medications, 
proton pump inhibitors (PPIs) were used by 52 (24.8%) 
patients. Anti-PD-1 therapy was the most commonly 
administered ICI, received by 151 (71.9%) patients. 
Regarding body mass index (BMI), 69 (32.9%) patients 
had a normal BMI. Additionally, 23 (11.0%) patients 
developed an immune-related adverse event (irAE) other 
than ICI-AKI. (Table 1). 

Risk factors associated with ICI AKI

Univariate analysis did not identify any statistically 
significant demographic, clinical, cancer-related, 

or medication-related factors associated with the 
development of ICI-AKI. However, interpretation of 
these findings should be approached with caution 
given the small number of ICI-AKI events (n = 8), which 
limited the statistical power of the analysis and resulted 
in wide confidence intervals for several estimates. 
Male sex was associated with higher odds of ICI-AKI 
compared with female sex, although this did not reach 
statistical significance (OR 2.411, 95% CI 0.475–12.233; 
p = 0.274). Similarly, no significant associations were 
observed for hypertension, diabetes mellitus, concurrent 
chemotherapy, PPI use, or cancer type. Although former 
smoking was associated with higher estimated odds of 
ICI-AKI (OR 4.575, 95% CI 0.901–23.233), this finding did 
not reach statistical significance (Table 2).

Renal parameters of patients treated with ICI

At baseline, patients who subsequently developed ICI-
AKI had a mean serum creatinine of 1.11 ± 0.87 mg/dL 
and mean estimated glomerular filtration rate (eGFR) 
of 84.25 ± 39.96 mL/min/1.73 m², compared with 0.88 
± 0.27 mg/dL and 87.53 ± 19.88 mL/min/1.73 m², 
respectively, among those who did not develop ICI-AKI. 
Overall, 30 (14.3%) patients developed AKI, of whom 8 
(26.7%) met criteria for ICI-AKI and 22 (73.3%) had AKI 
attributable to other causes. Among patients with ICI-AKI, 
three (37.5%) required hemodialysis. No patients with 
ICI-AKI demonstrated recovery of kidney function during 
the study period. At least 3 months after AKI, the mean 
serum creatinine was 2.48 ± 2.40 mg/dL among patients 
with AKI overall and 1.01 ± 0.75 mg/dL among those with 
ICI-AKI. Progression to CKD was observed in 3 (37.5%) 
patients with ICI-AKI, while 3 (37.5%) did not progress to 
CKD and 2 (25.0%) had pre-existing CKD. (Table 3).

Urinalysis and electrolyte abnormalities in patients 
treated with ICI

Urinalysis showed that 83 (39.52%) patients had 
hematuria while 94(44.76%) had proteinuria. No 
urinalysis was done on 13 (6.2%) patients. 72 (34.3%) 
patients had electrolyte abnormalities. The most common 
electrolyte abnormality was hyponatremia (25.7%). Other 
electrolyte abnormalities include hypokalemia (9.5%), 
hypomagnesemia (4.8%), hyperkalemia (1.9%), and 
hypocalcemia (1.9%) (Table 4).

Discussion

This single center cohort study attempted to identify the 
incidence, risk factors and renal outcomes of patients 
who received ICI. Among the 210 patients who were 
given ICI, 8 (3.8%) patients developed ICI AKI. In patients 
who developed AKI, 53.33% progressed to CKD with 
37.5% patients who developed ICI AKI progressing to 
CKD. Urinalysis revealed that 39.52% of the patients had 
hematuria, 44.76% had proteinuria and 34.3% patients 
had electrolyte abnormalities which may be due to 
tubular dysfunction among patients who were given ICI. 
Lastly, the most common electrolyte abnormality among 
cancer patients treated with ICI was hyponatremia. 
Although this study did not find association with the 
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risk factors and development of ICI AKI, this may be 
due to the low number of patients who developed ICI 
AKI in our study although based on other studies. This 
study also showed that patients who developed ICI 
AKI have a higher baseline sCr and repeat sCr at least 
after 3 months than those who did not have ICI AKI. 
This finding may have occurred because these patients 
have less renal reserve and have lower threshold for 
renal insult than dose who have a lower baseline sCr.2,13 
In patients who developed AKI, majority progressed to 
CKD. The occurrence of AKI is an established risk factor 
for development of CKD.14 Some data suggest that 

inflammation carries an important role in the acute and 
recovery phase following the initial insult, increasing the 
likelihood for its progression to CKD.15,16 Interestingly, 
in this study, 65.7% and 36.2% of patients who received 
ICI had hypertension and diabetes as their comorbidity, 
which were also the two most common causes of CKD.6,7 
Proteinuria and hematuria were observed in 44.76% 
and 39.52% of patients treated with ICI, respectively. 
These findings are comparable to those reported in 
previous studies, in which urinary abnormalities have 
been described among patients receiving ICI therapy 
and may occur in the setting of acute interstitial nephritis 

Figure 1.  Flow chart of patient selection.
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(AIN).17 In another study, the development of proteinuria 
during ICI treatment was observed more frequently 
among patients who received a greater number of anti-
PD-1 treatment cycles and higher cumulative doses.18 
However, proteinuria and hematuria are nonspecific 
findings and may have multiple alternative etiologies in 
a heterogeneous oncology population. In our cohort, the 
high prevalence of comorbidities such as hypertension 
and diabetes, as well as concurrent chemotherapy 
and exposure to medications including proton pump 
inhibitors, antibiotics, and diuretics, may have contributed 
to these urinary abnormalities and kidney injury. 
Furthermore, proteinuria and hematuria were based on 
single measurements and were not specific to patients 
with biopsy-proven interstitial nephritis. Therefore, 
these findings should be interpreted cautiously and 

should not be considered independently diagnostic of 
ICI-associated interstitial nephritis. Anti-PD-1 therapy 
was the most commonly administered ICI in our cohort 
(71.9%). However, the number of ICI treatment cycles and 
cumulative ICI exposure were not accounted for in our 
analysis, representing a limitation of the present study. 
This may be relevant given previous findings suggesting 
that the occurrence of proteinuria may increase with 
greater cumulative ICI exposure.18 Prospective studies 
with standardized and serial assessment of urinary 
findings and detailed documentation of ICI exposure 
are warranted to further clarify this association. Clinically, 
the identification of proteinuria remains important, as it 
may serve as an indicator of underlying or early kidney 
disease.19 Recognition of patients with persistent or 
clinically significant proteinuria may facilitate timely 

Table 1. Baseline characteristics of patients treated with ICI N=210 (%)

Age group Smoking status

20-39 11(5.2) Former 86(41)

40-59 60(28.6) Non-smoker 124(59)

60-75 107(51) Comorbidities

75 & above 32(15.2) With hypertension 138(65.7)

Gender With Diabetes Mellitus 76(36.2)

Male 118(56.2) Concurrent use of chemotherapy 160(76.2)

Female 92(43.8) Use of medications

Cancer Type Antibiotics 22(10.5)

Breast 17(8.1) Diuretics 20(9.5)

Colorectal 12(5.7) Proton pump inhibitors 52(24.8)

Non-colorectal, Gastrointestinal 57(27.1)
Non-steroidal anti-inflammatory 
drugs

4(1.9)

Lung 62(29.5) Immune checkpoint inhibitor

Head & Neck 13(6.2) Anti-PD1 151(71.9)

Gynecologic 13(6.2) Anti-PDL1 59(28.1)

Others 29(13.8) Body mass index

Cancer stage Underweight 22(10.5)

Stage 1 16(7.6) Normal 69(32.9)

Stage 2 20(9.5) Overweight 48(22.9)

Stage 3 57(27.1) Obese I 55(26.2)

Stage 4 117(55.7) Obese II 16(7.6)

ECOG Performance status
Development of other immune 
related adverse event (IRAE)

23(11)

ECOG 0 46(21.9) Smoking status

ECOG 1 139(66.2) Former 86(41)

ECOG 2 24(11.4) Non-smoker 124(59)

ECOG 3 1(0.5)

ECOG 4 0(0)
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evaluation and appropriate management, with the 
potential to delay progression of chronic kidney disease 
and kidney failure. In the kidney, the most commonly 
reported irAE is AIN;20,21 although, it is also important to 
acknowledge that renal biopsy was not done in these 

patient who developed AKI and ICI AKI. ICIs may also 
cause renal tubular damage with acid-base/electrolyte 
abnormalities without significant change in kidney 
function.22 Hyponatremia is the most common electrolyte 
disorder observed in a wide variety of malignancies which 

Table 2. Univariate Analyses of the Risk factors associated with ICI AKI

ICI AKI Univariate analysis

Yes, n=8
n(%)

No, n=202 n(%)
Odds ratio
(95% CI)

p-value

Age (Mean ± SD)
64.75
± 18.7

63.21
± 12.7

0.741
(0.954-1.068)

0.267

Gender

Male 6(5.1) 112(94.9)
2.411
(0.475-12.233)

0.274

Female 2(2.2) 90(97.8) -

Cancer Type 0.708

Breast 1(5.9) 16(94.1)
0.893
(0.071-10.064)

Colorectal 1(8.3) 11(91.7)
0.872
(0.101-14.962)

Non-colorectal 1(1.8) 56(98.2)
0.254
(0.21-2.777)

Lung 3(4.8) 59(95.2)
0.690
(0.108-4.349)

Head & Neck 0(0) 13(100)
0.999
(0.000)

Gynecologic 0(0) 20(100)
0.998
(0.000)

Others 2(6.9) 27(93.1) -

Smoking status

Former 6(7) 80(93)
4.575
(0.901-23.233)

0.66

Non-smoker 2(1.6) 122(98.4) -

Comorbidities

With hypertension 4(2.9) 134(97.1)
0.507
(0.123-2.092)

0.340

With Diabetes Mellitus 2(2.6) 74(97.4)
OR 0.577
(0.113-2.930)

0.502

Concurrent use of chemotherapy 6(3.8) 154(96.2)
0.935
(0.183-4.786)

0.936

Use of medications

Antibiotics 0(0) 22(100)
1.044
(1.013-1.076)

0.324

Diuretics 0(0) 20(100)
1.044
(1.013-1.076)

0.349

PPI 3(5.8) 49(94.2)
1.873
(0.432-8.124)

0.395

NSAID 1(25) 3(75)
9.476
(0.872-102.941)

0.145
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was also consistent in this study. 23,24 It is important to 
recognize the underlying process for hyponatremia since 
presence of hyponatremia can also be a poor prognostic 
factor among cancer patients.25

Summary, Conclusion, Limitations, and 
Recommendations

This study showed that the incidence of ICI AKI was at 
3.8%. The most common electrolyte abnormality was 
hyponatremia and among patients who developed ICI 
AKI, 37.5% progressed to CKD. A limitation in this study 

was no renal biopsy was done on patients who developed 
AKI and ICI-AKI, and the number of cycles of ICI received 
was not included in the study. No statistically significant 
risk factor was associated with the development of ICI-
AKI. However, interpretation of these findings should be 
approached with caution given the small number of ICI-
AKI events (n = 8), which limited the statistical power of 
the analysis and resulted in wide confidence intervals for 
several estimates. A prospective multicenter cohort study 
may be done in the future.

Table 3. Renal Parameters of Patients Treated with Immune Checkpoint Inhibitors (ICI)

Variable Total N = 210 n (%) ICI-AKI Yes (n = 8) n (%) ICI-AKI No (n = 202) n (%)

Baseline SCr, mean ± SD — 1.11 ± 0.87 0.88 ± 0.27

Baseline eGFR, mean ± — 84.25 ± 39.96 87.53 ± 19.88

Baseline eGFR Category

G1 102 (48.6) 4 (50.0) 98 (48.5)

G2 93 (44.3) 2 (25.0) 91 (45.1)

G3a 12 (5.7) 1 (12.5) 11 (5.4)

G3b 1 (0.5) 0 (0.0) 1 (0.5)

G4 2 (1.0) 1 (12.5) 1 (0.5)

G5 0 (0.0) 0 (0.0) 0 (0.0)

Baseline CKD 15 (100.0) 2 (13.3) 13 (86.7)

SCr after first ICI dos — 1.27 ± 0.92 0.90 ± 0.35

Peak SCr, mean ± SD — 2.61 ± 2.34 1.07 ± 0.73

Development of AKI

Yes 30 (14.3) 8 (26.7) 22 (73.3)

Other Causes of AKI

Prerenal 17 (77.3) 0 (0.0) 17 (77.3)

Renal 2 (9.1) 0 (0.0) 2 (9.1)

Postrenal 3 (13.6) 0 (0.0) 3 (13.6)

AKI Requiring Hemodialysis

Yes 15 (7.1) 3 (37.5) 12 (5.9)

No 195 (92.9) 5 (62.5) 190 (94.1)

Recovery from AKI

Yes 1 (3.3) 0 (0.0) 1 (4.5)

No 29 (96.7) 8 (100.0) 21 (95.5)

SCr ≥ 3 Months After AKI, mean ± SD — 2.48 ± 2.40 1.01 ± 0.75

Progression to CKD

Yes 16 (53.3) 3 (37.5) 13 (59.1)

No 9 (30.0) 3 (37.5) 6 (27.3)

Not Applicable (pre-existing CKD) 5 (16.7) 2 (25.0) 3 (13.6)

Table Footnote: Data are presented as n (%) unless otherwise specified. Continuous variables are reported as mean ± SD. Per-
centages in the Other Causes of AKI section are based on patients with non-ICI AKI (n = 22). Percentages in the Recovery from AKI 
section are based on all AKI cases (n = 30). Percentages in the Progression to CKD section are based on patients with AKI who had 
evaluable follow-up renal function. Abbreviations: AKI, acute kidney injury; CKD, chronic kidney disease; eGFR, estimated glomeru-
lar filtration rate; ICI, immune checkpoint inhibitor; ICI-AKI, immune checkpoint inhibitor-associated acute kidney injury; SCr, serum 
creatinine; SD, standard deviation.
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