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Risk factors for cisplatin-induced acute kidney injury:
A pilot study on the usefulness of genetic variants for
predicting nephrotoxicity in clinical practice
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Abstract. Several studies have reported risk factors for
predicting cisplatin-induced acute kidney injury (AKI),
including old age, female sex, smoking, hypoalbuminemia,
hypokalemia, hypomagnesemia, a high body surface area,
advanced cancer and the total dose of cisplatin administered.
Recently, some studies have focused on the associations
between genetic alterations in the genes coding for renal drug
transporters, such as organic cation transporter 2 (OCT?2), and
the nephrotoxicity of cisplatin. However, genetic variants have
not been fully elucidated for clinical use. Patients who had
received cisplatin (=50 mg/m?)-containing chemotherapy as a
first-line treatment were considered as eligible for the present
study. The occurrence of AKI and its associations with baseline
characteristics, conventional biomarkers and single-nucle-
otide variants (SNV) were assessed. AKI was defined as an
increase in the serum creatinine level of >0.3 mg/dl or to
1.5-2 times the baseline level. Genotyping was conducted
using the DMET platform (DMET Plus), which characterizes
1,936 genetic variants (1,931 SNV and 5 copy number varia-
tions) in 231 genes. Between April 2014 and June 2016, a total
of 28 patients (22 men and 6 women) were enrolled. AKI
occurred in 8 of the 28 enrolled patients (28.6%). Univariate
analyses demonstrated that the urinary 2-microglobulin level
and body surface area were significantly higher in the AKI
group (P<0.05). As regards the associations between AKI and
SNV, none of the examined SNV were found to be associated
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with cisplatin-induced AKI. The findings of the present study
suggested that certain clinical factors were associated with the
onset of AKI, but no associations were identified with genetic
factors, including OCT2. Although this was a small pilot study,
the findings indicated that genetic factors may not be of value
for predicting AKI in clinical practice.

Introduction

Cisplatin is a cytotoxic agent, which is used to treat a variety
of neoplasms. While the toxicities of cisplatin include emesis,
loss of appetite, ototoxicity and peripheral neuropathy, the
main dose-limiting side effect of cisplatin is nephrotoxicity.
Several studies have reported risk factors for predicting
cisplatin-induced acute kidney injury (AKI), such as old
age, female sex, smoking, hypoalbuminemia, hypokalemia,
hypomagnesemia, a high body surface area, the frequency of
cisplatin treatment, the combined use of cisplatin and pacli-
taxel, advanced cancer, the total dose of cisplatin administered,
cardiovascular disease and diabetes mellitus (1-6).

Recently, some studies have focused on the associations
between genetic alterations in the genes coding for renal drug
transporters, such as organic cation transporter 2 (OCT2), and
the nephrotoxicity of cisplatin (7-10). One of the problems
with these studies on genetic variants is that their analyses are
based on several different definitions of renal injury. In clinical
practice, the measurement of serum creatinine concentration is
widely used for the detection of AKI. Therefore, the usefulness
of genetic information must also be verified using a widely
accepted definition of renal damage, such as that included in
the National Cancer Institute-Common Terminology Criteria
for Adverse Events (NCI-CTCAE).

The aim of the present pilot study was to elucidate the
usefulness of genetic variants in predicting AKI using serum
creatinine measurements.

Materials and methods

Study design and participants. This was a single-center
pilot study. Patients were selected for this study according
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to the following criteria: i) Administration of cisplatin
(=50 mg/m?)-containing chemotherapy as first-line treatment;
ii) creatinine clearance rate (CCR) of =50 ml/min and a normal
serum creatinine level; iii) Eastern Cooperative Oncology
Group (ECOG) performance status score of 0-2; iv) adequate
organ function, and v) age =20 years. The exclusion criteria
were as follows: Uncontrolled hypertension, diabetes mellitus,
hyperuricemia, pleural effusion and/or ascites that required
drainage to reduce the associated symptoms, and a history of
previous treatment with cisplatin-containing chemotherapy.

The present study was conducted in accordance with the
principles outlined in the Declaration of Helsinki and the
International Conference on Harmonization and Good Clinical
Practice guidelines. The study protocol was approved by the
Institutional Ethics Committee of Mie University Hospital
(approval no. 2721). All the patients provided written informed
consent.

Procedures. All the cisplatin-containing regimens were
administered in the inpatient setting. Cisplatin was administered
in 500 ml of 0.9% normal saline over 2 h. All patients were
pre- and posthydrated with infusions of =1,000 ml of saline. For
antiemetic prophylaxis, 5-HT}; serotonin receptor antagonists and
dexamethasone were administered 15-30 min before the start of
the cisplatin treatment, and a neurokinin 1 receptor antagonist
was administered 60 min before the start of cisplatin treatment
in all cases. Laboratory testing (hematological, serological and
urological tests) were conducted at baseline (days -5-0) and on
days 2-4,7-9, 12-18 and 19-25 after chemotherapy.

For the genetic analysis, genomic DNA samples were
isolated from blood samples using the Qiagen DNA isolation
kit (Qiagen GmbH) and quantified using a NanoDrop spec-
trophotometer at 260 nm (Thermo Fisher Scientific, Inc.). The
samples were genotyped using the DMET platform (DMET™
Plus, Affymetrix; Thermo Fisher Scientific, Inc.) according
to the standard protocol described by the manufacturer. The
DMET Plus GeneChip enables the genotyping of 1,936 func-
tionally significant genetic variants [1,931 single-nucleotide
variants (SNV) and 5 copy number variations] in 231 genes,
including phase I and II drug-metabolizing enzyme-coding
genes and drug transporter-coding genes. The DMET Plus plat-
form examines various types of genetic variations, including
biallelic and triallelic SNV, copy number variations and
insertions/deletions, and includes efficient and comprehensive
molecular inversion probe technology. Then, a genotype profile
for the 1,931 SNV was generated using the DMET™ console,
v1.3 (Affymetrix; Thermo Fisher Scientific, Inc.).

Outcomes. In accordance with previous studies (1-14),
cisplatin-induced nephrotoxicity was evaluated based on two
definitions.

AKI as defined by CTCAE v4.0. In terms of the clinical-prac-
tical aspects, AKI is defined as an increase in the serum
creatinine level of >0.3 mg/dl or to 1.5-2 times the baseline
level with reference to the NCI-CTCAE v4.0.

Changes in estimated glomerular filtration rate (eGFR).
Several previous studies on genetic factors have adopted
changes in the eGFR as outcomes (7,11,12). Therefore, regarding

genetic variants that are considered to be associated with renal
impairment, we evaluated not only their associations with AKI
(CTCAE v4.0), but also their effect on the mean changes from
baseline eGFR after the first cycle of chemotherapy.

Statistical analysis. The patients' baseline characteristics,
including information on age, sex, ECOG performance status,
height, weight, body mass index, body surface area, compli-
cations, smoking history, site of the primary tumor, tumor
histology, clinical stage, combination chemotherapy, concur-
rent radiotherapy, laboratory data and SNV, were recorded.
Two-sided Student's t-test, Mann-Whitney U test, or Fisher's
exact test were used to compare the baseline characteristics
of the groups with and without cisplatin-induced AKI. All
statistical analyses were performed with IBM SPSS statistics
v23.0 (IBM Corp.). All P-values were two-sided, and P<0.05
was considered to indicate statistically significant differences.

To identify genetic variants that were associated with the
changes in eGFR, each genotype of every genetic variant was
first converted to numerical values as follows: A/A to 1, A/C to
2,A/Gto3,A/Tto4,C/Cto5,C/Gto6,C/Tto7,G/Gto8,G/T
to 9 and T/T to 10. We then converted the quantitative values
to Z scores, based on the mean and standard deviation values
for patients with each SNV. The changes in eGFR (difference
between the minimum value and the baseline value) were also
converted to Z scores based on the mean and standard deviation
values for each endpoint. The SN'Vs associated with the changes
in eGFR were identified using Pavlidis Template Matching in
the TM4 MeV package (15,16) using P<0.05 as a threshold.

Results

Baseline characteristics. A total of 28 patients (22 men and
6 women) were enrolled in this trial between April 2014 and
June 2016. The baseline characteristics of the patients are listed
in Table I. Their median age was 65 years (range, 55-77 years).
All the patients had a good performance status (0 or 1)
according to the ECOG scale. A total of 13 patients (46.4%)
had hypertension and 8 (28.6%) patients had diabetes mellitus.
A total of 23 (82.1%) patients had a history of smoking. The
predominant primary tumor site was the esophagus (75%).
The other primary tumor sites included the stomach in 4 cases
(14.3%), the lungs in 2 cases (7.1%) and the pancreas in 1 case
(3.6%). The predominant histological type was squamous cell
carcinoma (60.7%). There were 7 cases (25%) of adenocarci-
noma, and 4 cases (14.3%) of neuroendocrine carcinoma. A
total of 11 patients (39.3%) received cisplatin as neoadjuvant or
adjuvant chemotherapy, 15 (53.6%) received cisplatin as pallia-
tive chemotherapy and 2 (7.1%) received cisplatin as concurrent
chemoradiotherapy. The median serum creatinine level was
0.73 mg/dl, the median eGFR was 82.3 ml/min/1.73 m?, and
the median CCR was 88.1 ml/min.

Incidence of AKI. AKI, as defined by CTCAE v4.0, occurred in
10/28 patients (35.7%). Of these 10 patients with AKI, 2 suffered
ileus or vomiting during chemotherapy. As such adverse events
can cause pre-renal injuries, these 2 patients were excluded
from our analysis. In total, 8 patients (28.6%) developed cispl-
atin-induced AKI, whereas 18 patients (64.2%) had no indications
of cisplatin-induced AKI. A comparison of various parameters in
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Table I. Baseline characteristics of the patients.

Characteristics No. (%)
Age (years), median (range) 65 (55-77)
Sex

Male 22 (78.6)

Female 6(21.4)
ECOG performance status score

0 9(32.1)

1 19 (67.9)
Predominant primary tumor site

Esophagus 21 (75.0)

Stomach 4(14.3)

Pancreas 1(3.6)

Lung 2(7.1)
Predominant histological type

Squamous cell carcinoma 17 (60.7)

Adenocarcinoma 7(39.3)

Neuroendocrine carcinoma 4 (14.3)
Setting

Neoadjuvant/adjuvant 11 (39.3)

Metastatic 15 (53.6)

Concurrent chemoradiotherapy 2(2.7)
Co-administered drugs

Fluorouracil 20 (71.4)

Etoposide 4(14.3)

S-1 3(10.7)

Pemetrexed 1(3.6)
Cisplatin dose (mg/m?), median (range) 70 (60-80)

Creatinine (mg/dl), median (range)
eGFR (ml/min/1.73 m?), median (range)
Creatinine clearance (ml/min),

median (range)

0.73 (0.40-0.99)
82.3 (61.2-142.5)
88.1 (50.0-206)

Comorbidities

Hypertension 13 (46.4)

Diabetes 8 (28.6)
History of smoking

Yes 23 (82.1)

No 5(17.9)
eGFR, estimated glomerular filtration rate; ECOG, Eastern

Cooperative Oncology Group.

terms of the presence or absence of AKI is presented in Table II.
The patients' median age and the median dosage of cisplatin were
similar between the two groups. The pretreatment CCR of the
patients with AKI was similar to that of patients without AKI. In
the present study, the majority of the patients developed AKI on
days 7-9. Among the 8 patients with AKI, the serum creatinine
levels of 6 patients subsequently returned to normal, whereas
2 patients developed irreversible renal failure.

Risk factors
Clinical factors. Univariate analyses were used to identify
clinical risk factors for cisplatin-induced AKI. The results

Table II. Comparison of the baseline characteristics of the
patients with and without AKI.

Characteristics AKIT* (n=8) AKI (n=18)
Age (years), 66 (57-76) 63 (55-77)
median (range)
Sex, n (%)
Male 7 (87.5) 13 (72.2)
Female 1(12.5) 5(27.8)
ECOG performance
status score, n (%)
0 4 (50.0) 4(22.2)
1 4 (50.0) 14 (77.8)
Tumor location, n (%)
Esophagus 5(62.5) 15 (83.3)
Stomach 2(250) 1(5.6)
Pancreas 1(12.5) 0(0)
Lung 0(0.0) 2(11.1)
Co-administered
drugs, n (%)
Fluorouracil 4 (50.0) 15 (83.3)
Etoposide 2(25.0) 2 (11.1)
S-1 2(250) 0(0.0)
Pemetrexed 0(0.0) 1(5.6)
Cisplatin dose (mg/m?), 80 (60-80) 80 (75-80)

median (range)
Creatinine (mg/dl),
median (range)
CCR (ml/min),
median (range)

0.79 (0.40-093)  0.68 (0.40-0.99)

81.7 (61.2-116.9) 89.2 (50-206.2)

AKI, acute kidney injury; CCR, creatinine clearance rate; ECOG,
Eastern Cooperative Oncology Group.

of the univariate analyses demonstrated that the baseline
urinary 2-microglobulin level and body surface area were
significantly higher in the AKI group (P<0.05; Table III). In
addition, the baseline serum cystatin C level and the base-
line urinary levels of N-acetyl-f-D-glucosaminidase and
chloride were slightly higher in patients with AKI compared
with those in patients without AKI. Other clinical factors,
such as the serum levels of albumin, potassium and magne-
sium, as well as age, which have previously been reported
as risk factors for cisplatin-induced AKI, were not found to
be significantly associated with cisplatin-induced AKI in the
present study.

Genetic factors. In genetic analysis of the associations between
AKI and genetic variants, none of the examined genetic vari-
ants were found to be associated with cisplatin-induced AK.
OCT?2 rs316019, which was considered to be representative of
renal injury-related genetic factors, was not associated with
cisplatin-induced AKI (P=0.667, Fisher's exact test). Similarly,
none of the other examined OCT?2 gene variants were found to
be associated with AKI.
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Table III. Clinical risk factors for AKI.

AKI* AKT
Factors (mean * SD) (mean * SD) P-value
Urinary 2-microglobulin, p g/l 730.0+£888.0 150.7+189.5 0.016
Body surface area, m? 1.6+0.11 1.5+0.12 0.022
Cystatin C, mg/1 1.1+£0.26 0.93+0.12 0.075
Urinary chloride, mEq/1 134.5+540 101.0+41.6 0.097
Urinary NAG, U/gCrea 1521222 12.5+£15.1 0.107
Uric acid, mg/dl 5.5+1.3 45+13 0.114
Urinary sodium, mEq/1 132.6£34.5 105.5+38.8 0.134
Creatinine, mg/dl 0.76+0.16 0.67+0.16 0.203
Sodium, mEq/1 141.1+1.1 139.2+3.8 0.208
eGFR, ml/min 78.6£16.04 88.5+£19.7 0.226
Urinary ol-microglobulin, mg/1 7.8+6.7 52+5.0 0.289
Chloride, mEq/1 104.5+2.5 102.7+£3.6 0.300
Age, years 66.2+5 4 64.0+£5.5 0.347
Urinary albumin, mg/gCrea 175.2+469.5 17.1+£39.6 0.373
Creatinine clearance, ml/min 84.8+22.3 9524338 0487
Phosphorus, mg/dl 3.3+0.47 3.1£0.49 0.546
Urinary potassium, mEq/1 38.8+29.0 33.7+19.8 0.602
Potassium, mEq/1 4.0+0.34 414042 0.628
Magnesium, mg/dl 2.0+0.21 2.0+0.17 0.64
Urinary creatinine, mg/dl 106.1+54.8 122.8+121.6 0.717
Blood urea nitrogen, mg/dl 12.1+4.3 12.6+5.2 0.804
Calcium, mg/dl 9.4+0.85 9.3+0.98 0.865
Albumin, g/dl 3.6+0.50 3.5+0.35 0.975
Urinary calcium, mg/dl 13.6+6.7 15.4+13.3 1.000

AKI, acute kidney injury; SD, standard deviation; NAG, N-acetyl-f3-D-glucosaminidase; eGFR, estimated glomerular filtration rate.

By contrast, as regards the associations between the mean
changes in eGFR and SNV, 5 SNVs (ABCC4 rs3742106,
CYP7A11s13251066,CYP39A1 157761731, MAT1A 1517102596
and UGT1A3"4 rs45625338) were found to be associated with
the mean changes in eGFR (Fig. 1).

Discussion

Cisplatin has been widely used as a cytotoxic agent to treat
several solid tumors, such as esophageal, gastric, ovarian and
lung cancer. However, other platinum-based drugs, such as
carboplatin and oxaliplatin, have recently become standard
treatments for these diseases; therefore, cisplatin is used less
frequently than before. The main reason for avoiding to use
cisplatin is its adverse effects, particularly because it is highly
emetic and nephrotoxic. Nausea and vomiting are serious
adverse events that affect the quality of life of patients during
treatment with cisplatin-containing regimens (17). However,
recent advances in antiemetic therapies, such as 5-HT;
antagonists, aprepitant and olanzapine, appear to have resolved
these problems (17). With regards to carboplatin and oxali-
platin, there appear to be three main limitations to their use:
Hypersensitivity reactions, thrombocytopenia and peripheral
neuropathy (18). Thus, determining the risk factors for cisplatin
nephrotoxicity would assist clinicians in selecting patients for

cisplatin-based chemotherapy among those who are not medi-
cally fit to receive carboplatin or oxaliplatin, which would be
clinically significant.

In the present study, univariate analyses revealed signifi-
cant differences in body surface area and pretreatment urinary
p2-microglobulin levels between the patients who did and did
not develop AKI. By contrast, none of the SN'Vs that were
previously described as risk factors for renal injuries, including
OCT?2, were found to be associated with AKI (CTCAE 4.0).
Although this is a small pilot study, the results indicate that
genetic factors may not be useful for predicting AKI as defined
by CTCAE in clinical practice.

Previous studies investigating the associations between
genetic variants and renal injuries, defined changes in
eGFR (7,11,12), cystatin C (8) and KIM-1 (13) as kidney
injury. In the present study, we found that some gene variants,
including ABCC4, which is involved in drug transport in
kidney tubular cells, were significantly associated with mean
changes in eGFR. Cystatin C and KIM-1 may be useful for
early and accurate detection of kidney injury; however, these
novel biomarkers require further investigation.

To apply nephrotoxicity-related genetic information
to clinical decision-making, a study with an appropriate
definition of nephrotoxicity, such as that defined by the
CTCAE, is required. Another approach is to construct a risk
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Figure 1. Associations between SNV and mean changes in the eGFR. (A) The mean change in the eGFR was significantly associated with rs3742106; ABCC4
¢.’38T>G (TT vs. GG, P=0.048), (B) rs13251066; CYP7AI ¢.-5096T>C (TT vs. CC, P=0.002), (C) rs7761731; CYP39A1 c.972T>A (TT vs. TA, P=0.034),
(D) 1s17102596; MAT1A ¢.769-218A>G (AA vs. AG, P<0.001), and (E) rs45625338; UGT1A34 ¢.133C>T (CC vs. TT, P<0.001). Asterisks indicate extreme
outliers (greater than three times the height of the boxes). SNV, single-nucleotide variant; eGFR, estimated glomerular filtration rate.

prediction model that combines genetic variants with clinical
factors. Several studies on genetic factors associated with
adverse drug reactions to various antitumor drugs have been
reported (19-21). Unfortunately, the prediction of adverse
events based on genetic variants has not been sufficiently
incorporated into daily clinical practice; however, there are
some exceptions, such as the association between variants in
the UGT1AL1 gene and the effects of irinotecan. Considering

the current situation, a risk prediction model that integrates
clinical and genetic factors may be a practical approach to
using genetic information in daily clinical practice.

In summary, we herein performed a pilot study to elucidate
the clinical usefulness of genetic factors for predicting renal
damage, with the intend of examining the associations between
cisplatin-induced AKI and genetic factors in a large-scale
study with an appropriate definition of nephrotoxicity.
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