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Abstract

Purpose The aim of this study was to determine the frequency and the risk factors of acute and chronic nephrotoxicity in
patients who received cisplatin due to malignancy.

Materials and methods Medical records of all patients who received cisplatin-based chemotherapy regimen between January
2013 and July 2019 were retrospectively evaluated. The data of 203 patients who met the study criteria were examined. The
patients were evaluated for acute nephrotoxicity at 48 h and late nephrotoxicity at 3rd month after first course of cisplatin.
Early and late nephrotoxicity were defined by NCI CTCAE Version 4.0 criteria.

Results The mean age of the study patients was 56.44 +12.69 years, 78.8% were males and 21.2% were females. It is revealed
that the incidence of cisplatin-induced acute nephrotoxicity was 9.2% and chronic nephrotoxicity was 37.9%. While the
development of acute nephrotoxicity was associated with female gender, history of diabetes mellitus, history of ischemic
heart disease and use of antiplatelet drug, the development of chronic nephrotoxicity was associated with older age, female
gender and using of diuretics. High serum creatinine, urea and low eGFR value before treatment were found to be associated
with both early and late nephrotoxicity (p <0.05). There was no statistically significant relationship between acute or chronic
nephrotoxicity and cumulative dose of cisplatin, hydration or intravenous magnesium supplementation.

Conclusion High initial serum creatinine value and low initial eGFR are the most important determinants of both early and
late nephrotoxicity.

Keywords Cisplatin - Cisplatin-induced acute nephrotoxicity - Cisplatin-induced chronic nephrotoxicity

Introduction

Cisplatin, a platinum-based drug, is widely used in treatment
of many cancers, such as lung, testicular, ovarian, genitou-
rinary and gastrointestinal system cancers. Nephrotoxicity
associated with cisplatin administration is common and

4 Giilay Kogak
gulaykad @hotmail.com

Department of Internal Medicine, Okmeydani Training
and Research Hospital, University of Health Sciences,
Istanbul, Turkey

Department of Nephrology, University of Health Sciences,
Okmeydani Training and Research Hospital, Anka sokak,
Mashattan bloklari, B3 blok, no 59, Maslak, Sartyer,
Istanbul, Turkey

Department of Medical Oncology, University of Health
Sciences, Okmeydani Training and Research Hospital,
Istanbul, Turkey

unwanted adverse effect which has significantly restricted
its clinical use [1]. Both acute and chronic nephrotoxicities
associated with cisplatin tend to occur more frequently at
higher doses or especially after repeated administration [2].
The prevalence of cisplatin-induced nephropathy (CIN) has
been reported as 7-42% [3, 4]. The aim of this study is to
determine the frequency of acute and chronic CIN in patients
with any kind of cancer and risk factors related to develop-
ment of nephropathy.

Materials and methods

Patients and study setting

Medical records of all patients who received cisplatin-based
chemotherapy regimen at the medical oncology department

between January 2013 and July 2019 were retrospectively
evaluated. The patients who had available laboratory and
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clinical data during the study period and age 18 and over
were included in the study. Written informed consent was
obtained from all subjects after receiving an explanation of
the study. The investigated period included the period from
the first application of cisplatin to the 3rd month of cisplatin-
based chemotherapy regardless of cisplatin therapy continu-
ation. The study was conducted with the approval of the
Clinical Research Ethics Committee of our local hospital,
dated 24/07/2019 and numbered 48670771-514.10.

Data collection and assessment

All data were obtained from the medical file of patients and
electronic medical records. We collected information about
patient gender, age, body mass index (BMI), smoking, past
medical history, concurrent radiation therapy, initial and
cumulative dose (after the 3th month of chemotherapy) of
cisplatin, amount of fluids being infused, use of analgesics,
diuretics, antihypertensive and antiplatelet drugs, adminis-
tration of magnesium and baseline and following laboratory
data performed during the investigated period. The base-
line laboratory data were obtained from samples drawn on
the day before chemotherapy. Laboratory data at 48 h and
3 months were recorded as a following laboratory data. We
divided patients into two groups according to amount of
fluid infusion where 2000 ml was accepted as the cut-point.
Given the treatment strategies, the limit for high-dose cis-
platin is accepted as 75 mg/m? and above, we divided the
patients into standard-dose and high-dose cisplatin groups.
Renal function was evaluated by the serum creatinine (sCr)
and the estimated glomerular filtration rate (¢eGFR) value
calculated using the CKD-EPI formula. Acute and chronic
CINs were defined according to the National Cancer Insti-
tute Common Terminology Criteria for Adverse Events (NCI
CTC AE, version 4.0) after first chemotherapy cycle [5].
We first evaluated patients for acute nephrotoxicity at 48
h and chronic nephrotoxicity at 3rd month after first course
of cisplatin. Then, we defined the severity of acute kidney
injury (early nephrotoxicity) and the severity of chronic kid-
ney injury (late nephrotoxicity) according to NCI CTC AE,
version 4.0 criteria. According to acute kidney injury sever-
ity criteria, stage 1 was defined as a>0.3 mg/dl rise in sCr or
increase of 1.5- to 2-fold from baseline, stage 2 was defined
as a sCr increase > 2.0- to 3.0-fold from baseline, stage 3
was defined as a SCr increase > threefold from baseline or
a sCr >4 mg/dl, stage 4 was defined as a life-threatening
conditions or need for renal replacement therapy, stage 5 was
defined as death in the patients by acute CIN. According to
chronic kidney injury severity criteria/staging, stage 1 was
defined as eGFR (estimated Glomerular Filtration Rate) or
CrCl (creatinine clearance) > 60 ml/min/1.73 m? or proteinu-
ria 2 + present; urine protein/creatinine > 0.5, stage 2 was
defined as eGFR or CrCl 59—30 ml/min/1.73 m?, stage 3
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was defined as eGFR or CrCl 29—15 ml/min/1.73 m?, stage
4 was defined as eGFR or CrCl < 15 ml/min/1.73 m? or need
for renal replacement therapy and transplantation, stage 5
was defined as death in the patients by chronic CIN. Finally,
we tried to explore the clinical and laboratory factors in rela-
tion with development of nephrotoxicity.

Statistical analysis

Continuous variables are presented as mean (standard devia-
tion) or median (interquartile range [IQR]), whereas cat-
egorical variables are described by frequency. The suitabil-
ity of quantitative data to normal distribution is evaluated
with the Shapiro—Wilk test and graphical analysis. Student’s
t test was used to compare quantitative variables between
two groups that were normally distributed. If the quantita-
tive variables did not showed normal distribution, we used
Mann—Whitney U test. Pearson’s Chi-square test, Fisher’s
exact test and Fisher—Freeman—Halton tests were used in
the comparison of qualitative data. A value of p <0.05 was
considered statistically significant. Analysis was performed
using NCSS (Number Cruncher Statistical System) 2007
(Kaysville, Utah, USA).

Results

Medical records and files of 1008 patients with malignancy
who were followed up at the medical oncology department
of our hospital between January 2013 and July 2019 were
reviewed to determine those who received a cisplatin-based
chemotherapy regimen. Among them, 228 were found to be
treated with cisplatin.

Twenty-five of cisplatin treated patients were excluded
from the study because of lack of adequate laboratory or
clinical data or refusal to participate in the study. Of the
remaining 203 patients, 184 patients had all data necessary
to evaluate acute cisplatin nephrotoxicity and 167 was eli-
gible for evaluation of chronic nephrotoxicity.

The mean age of the study patients was
56.44 +12.69 years, 78.8% were males and 21.2% were
females. The distribution of the patients by malignancy
types, their initial and total cisplatin doses (3 months dose),
and other therapies simultaneously received with cisplatin,
and the treatments administered to prevent nephrotoxicity
are given in Table 1.

A total of 184 patients with complete data were analyzed
to evaluate cisplatin-induced acute nephrotoxicity. Of these
184 patients, 17 (9.2%) developed cisplatin-induced acute
kidney injury. Among patients with cisplatin-induced acute
kidney injury, 13 (76.5%) patients had stage 1 patient injury,
1 (5.9%) patient had stage 3 injury and 3 (17.6%) patients
had stage 5 injury according to NCI CTC AE. There was no
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Table 1 Evaluation of the cancer types, doses of cisplatin and preven-
tive strategies of cisplatin-related nephrotoxicity

Table 2 Evaluation of acute and chronic cisplatin-related nephrotox-
icity

n (%) n (%)
Cancer types Acute nephrotoxicity (n=184)

Non-small cell lung cancer 71 (35.0) Non-AKI 167 (90.8)

Small cell lung cancer 29 (14.3) AKI 17 (9.2)

Head and neck cancer 33 (16.3) Stage 1 13 (76.5)

Gastrointestinal cancer 20 (9.9) Stage 3 1(5.9)

Testicular cancer 12 (5.9) Stage 5 3(17.6)

Other genitourinary cancer 18 (8,9) Chronic nephrotoxicity (n=161)

Others 20 (9.9) Non-CKD 100 (62.1)
Concurrent radio-therapy 120 (59.1) CKD 61 (37.9)
Initial dose of cisplatin (mg) Stage 1 46 (75.4)

Min-max (median) 30-162 (100) Stage 2 11 (18.1)

Mean (+SD) 98.59+33.34 Stage 3 1(1.6)
Cumulative dose of cisplatin (mg) Stage 4 1(1.6)

Min-max (median) 35-2400 (400) Stage 5 2(3.3)

Mean (+SD) 429.57 +267.05
The use of high-dose cisplatin (mg/m?)

Min-max (median) 20-100 (75)

Mean (+SD) 60.84+19.13

<75 mg/m? 93 (45.8)

>75 mg/m? 110 (54.2)
Hydration (n=198)

<2000 ml 58 (29.3)

> 2000 ml 140 (70.7)
Administration of magnesium (n=199) 159 (79.9)

Min minimum, Max maximum, SD standard deviation

patient who developed stage 2 injury. Actually all patients
from stage 5 was defined as stage 4 at beginning of the treat-
ment with cisplatin but since these patients died, the severity
of the injury was accepted as stage 5 injury.

Of the 161 patients whose post-treatment 3-month follow-
up records could be obtained to evaluate cisplatin-induced
chronic nephrotoxicity showed that 61 (37.9%) developed
develop chronic nephrotoxicity. Of the patients who devel-
oped nephrotoxicity, 46 (75.4%) patients had grade 1 injury,
11 (18.1%) patients had grade 2 injury, 1 (1.6%) patient had
grade 3 injury, 1 (1.6%) patient had grade 4 injury, and 2
(3.3%) had grade 5 injury (Table 2).

After the evaluation of the baseline demographic and
clinical characteristics of the patients with cisplatin-induced
acute nephrotoxicity, we found that female gender, pres-
ence of comorbidities, such as diabetes and ischemic heart
disease, and using anti-aggregant drugs were significantly
increasing the incidence of acute nephrotoxicity (p <0.05).
Although the incidence of cisplatin-induced acute nephro-
toxicity was increased in advanced age, the difference was
not statistically significant. Considering the baseline labo-
ratory values of the patients, the cisplatin-induced acute

AKI acute kidney injury, CKD chronic kidney disease

nephropathy group had statistically significantly lower
albumin and eGFR values and significantly higher urea,
creatinine and uric acid levels than the group without acute
nephropathy (p <0.05) (Table 3).

After the evaluation of the demographic and clinical
characteristics of the patients with cisplatin-induced chronic
nephrotoxicity, we found that advanced age and female gen-
der were significantly increasing the incidence of chronic
nephrotoxicity (p <0.001 and p < 0.048, respectively). There
was no correlation between comorbid diseases and chronic
nephrotoxicity. Apart from diuretics, there was no correla-
tion between other drugs and the development of chronic
nephrotoxicity (p =0.048; p <0.05). Those using diuretic
drugs had 2.476 times higher risk compared to those who
did not use diuretics (OR: 2.476; 95% CI 0.976-6.285). In
terms of baseline laboratory values, high baseline urea and
creatinine value, and low eGFR value were the main predic-
tors of chronic nephrotoxicity (p <0.001) (Table 4).

While there was no difference in terms of the risk of
developing cisplatin-induced acute nephrotoxicity by cancer
types, the risk of developing chronic nephrotoxicity showed
a statistically significant difference (p=0.017; p <0.05).
The difference was due to the high incidence of chronic
nephrotoxicity in the group with genitourinary cancer (12
of 16 patients, 75%). There was no correlation between ini-
tial cisplatin dose, high-dose administration (>75 mg/m?),
simultaneous radio-therapy, other chemotherapeutics admin-
istration, amount of fluid infusion, intravenous magnesium
replacement and cisplatin-induced acute and chronic nephro-
toxicity. Interestingly, the total dose of cisplatin was signifi-
cantly lower in the chronic nephrotoxicity group (p =0.06,
p<0.5).
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Table 3 Baseline clinical characteristics and laboratory evaluation of
patients with cisplatin-induced acute nephrotoxicity

Non-AKI AKI P
(n=167) (n=117)
Age (years)

Mean (+SD) 56.44+12.07 62.06+12.07 0.069?
Gender

Female 32 (80.0) 8 (20.0) 0.013%*

Male 135 (93.8) 9(6.3)

BMI (kg/m?)

Mean (+SD) 25.44+4.94 27.00+5.63 0.253%
Smoking 99 (92.5) 8 (7.5) 0.283°
Co-morbidities

Diabetes 24 (80.0) 6 (20.0) 0.038",*

Hypertension 40 (83.3) 8 (16.7) 0.077°

Ischemic heart disease 21 (75.0) 7(25.0) 0.006P,

Heart failure 1(50.0) 1 (50.0) 0.177°
Co-administered drugs

NSAIDs 43 (89.6) 5(10.4) 0.777°

Antihypertensive 43 (84.3) 8 (15.7) 0.086°

Anti-aggregant 22 (75.9) 7(24.1) 0.007°

Diuretics 22 (84.6) 4(154) 0.269°
Hemoglobin (gr/dl)

(n=182)

Mean (+SD) 12.60+2.13 11.79+1.59 0.131%
Glucose (mgr/dl) (n=178)

Mean (+SD) 115.17+£42.78 115.17+42.78 0.841°
Albumin (gr/dl) (n=92)

Mean (+SD) 3.65+0.56 3.14+0.65 0.044° *
Uric acid (mgr/dl) (n=71)

Mean (+SD) 4.46+1.27 6.37+1.96 0.005¢,**
Baseline urea (mgr/dl) (n=182)

Mean (+SD) 33.79+14.04 42.82+17.87 0.026*
At 48 h urea (mgr/dl) (n=181)

Mean (+SD) 36.80+14.73 91.94+41.86 0.001¢,**
At 3rd month urea (mgr/dl) (n=148)

Mean (+SD) 40.21+£20.01 5531+61.32 0.916°
Baseline Cr (mgr/dl) (n=184)

Mean (+SD) 0.75+0.19 0.85+0.21 0.048%,*
At 48 h Cr (mgr/dl) (n=184)

Mean (+SD) 0.75+0.18 1.77+1.03 0.001%,%**
At 3rd month Cr (mgr/

dl)

(n=149)

Mean (+SD) 0.87+0.46 1.36+1.04 0.002%
Baseline eGFR (ml/dk/1.73 m?) (n=184)

Mean (+SD) 100.82+16.38 85.75+15.72  0.001%**
At 48 h eGFR
(ml/dk/1.73 m?) (n=184)

Mean (+SD) 100.88 +£15.89 46.89+20.96 0.001%**
At 3rd month eGFR
(ml/dk/1.73 m?) (n=149)

Mean (+SD) 93.67+22.84 66.79+27.60 0.001%**
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Table 3 (continued)

AKI Acute kidney injury, SD standard deviation, BMI Body mass
index, Cr Creatinine, eGFR estimated glomerular filtration rate,
NSAIDs non-steroidal anti-inflammatory drugs

*p <0.05

*#p <0.01

#Student’s ¢ test
PFisher’s Exact Test
‘Mann—Whitney U Test

Discussion

In our study, the retrospective evaluation of patients who
received cisplatin-based chemotherapy regimens revealed
that the incidence of cisplatin-induced acute nephrotoxic-
ity was 9.2% and chronic nephrotoxicity was 37.9%. The
most important predictor of cisplatin-induced both acute and
chronic nephrotoxicity was baseline kidney functions. The
presence of diabetes mellitus and ischemic heart disease was
a risk factor for acute nephrotoxicity, but was not correlated
with chronic nephrotoxicity. Cancer type was not a predictor
of cisplatin-induced acute or chronic nephrotoxicity, while
the incidence of cisplatin-induced chronic nephrotoxicity
was observed to increase only in genitourinary malignancies.
There was no correlation between administration dose of
cisplatin and the development of acute and chronic nephro-
toxicity. It was found that cisplatin-induced nephrotoxicity
could not be reduced with intravenous administrations of
hydration and magnesium.

Reviewing the literature, the incidence of cisplatin-
induced acute nephrotoxicity has been reported between 6
and 31.5% [6-9]. Our study is in line with the literature
in terms of the incidence of acute nephrotoxicity. In the
literature, there are limited data about cisplatin-induced
chronic nephrotoxicity. In our study, we found that 37.9%
of the patients developed late nephrotoxicity. The majority
of these patients were found to have stages 1 and 2 sever-
ity of nephrotoxicity. Large retrospective study in USA
was evaluated 821 patients according to acute and chronic
nephrotoxicity after cisplatin treatment. The incidence of
acute nephrotoxicity was 31.5% and the chronic nephrotoxic-
ity was less than <3% [9]. In their study, the low incidence
of chronic nephrotoxicity was associated with the aggressive
hydration protocol and the method of eGFR measurement.

In our study, female gender was correlated with an
increase in both acute and chronic nephrotoxicity frequen-
cies. Jong et al. [10] reported that women had twofold
increased risk of cisplatin-induced nephrotoxicity. The
study by Faig et al. [11] that was including only head
and neck tumors showed that the incidence of cisplatin-
induced nephrotoxicity was significantly increased in
female gender. In an another study, the authors showed
that renal clearance of unbound form of cisplatin being
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Table 4 Baseline clinical characteristics and laboratory evaluation of
patients with cisplatin-induced chronic nephrotoxicity

Non-CKD CKD P
(n=100) (n=61)
Age (years)

Mean (+SD) 52.68+11.58 61.92+11.81 0.001%%*
Gender

Female 19 (48.7) 20 (51.3) 0.048°,*

Male 81 (66.4) 41 (33.6)

BMI (kg/m?)

Mean (+SD) 25.68+4.78 25.37+4.66 0.709*
Smoking 61 (64.9) 33 (35.1) 0.827¢
Co-morbidities

Diabetes 15 (55.6) 12 (44.4) 0.441°

Hypertension 22 (52.4) 20 (47.6) 0.131°¢

Ischemic heart disease 10 (50.0) 10 (50.0) 0.233¢

Heart failure 1 (50.0) 1 (50.0) 1.000°
Co-administered drugs

NSAIDs 26 (66.7) 13 (33.3) 0.489°

Antihypertensive 22 (50.0) 22 (50.0) 0.068¢

Anti-aggregant 13 (61.9) 8 (38.1) 0.983°¢

Diuretics 9(42.9) 12 (57.1) 0.048°,*
Hemoglobin (gr/dl) (n=159

Mean (+SD) 12.71+2.18 12.45+1.84 0.437%
Glucose (mgr/dl) (n=155)

Mean (+SD) 118.00+41.00 117.38+50.81 0.327¢
Albumin (gr/dl) (n="75)

Mean (+SD) 3.69+0.55 3.59+0.60 0.437%
Uric acid (mgr/dl) (n=56)

Mean (+SD) 4464147 4.77+1.57 0.440°
Baseline urea (mgr/dl) (n=159)

Mean (+SD) 30.93+15.01 36.32+13.60 0.0019, %
At 48 h urea (mgr/dl) (n=147)

Mean (+SD) 34.19+15.83 48.32+25.95 0.001¢ %
At 3rd month urea (mgr/dl) (n=160)

Mean (+ SD) 33.26+13.54 53.52+35.00 0.001¢
Baseline Cr (mgr/dl) (n=160)

Mean (+SD) 0.71+0.17 0.81+0.19 0.001%,%**
At 48 h Cr (mgr/dl) (n=150)

Mean (+SD) 0.71+0.16 0.93+0.41 0.001%%*
At 3rd month Cr (mgr/dl) (n=161)

Mean (+SD) 0.70+0.16 1.24+0.73 0.001%,%*
Baseline eGFR (ml/dk/1.73 m?) (n=160)

Mean (+SD) 106.23+12.86 90.60+15.67 0.001%,%*
At 48 h eGFR (ml/dk/1.73 m?) (n=150)

Mean (+SD) 105.93+13.15 83.74+22.12 0.001%%*
At 3rd month eGFR (ml/dk/1.73 m?) (n=161)

Mean (+SD) 107.21+11.41 67.55+19.99 0.001%%*

CKD chronic kidney disease, SD standard deviation, BMI Body mass
index, Cr Creatinine, eGFR estimated glomerular filtration rate,
NSAIDs non-steroidal anti-inflammatory drugs

*p<0.05

**p<0.01
aStudent’s 7 test
YFisher’s Exact Test

“Pearson’s Chi-Square Test

Table 4 (continued)
dMann—Whitney U Test

15% lower in women than in men [12]. Female gender
is associated with a reduced nephron number and there-
fore might bring about increase in cisplatin nephrotoxicity
[13]. The reason for difference in cisplatin nephrotoxicity
between genders may be explained with this pathophysi-
ological mechanism.

In our study, advanced age was correlated with both cis-
platin-induced acute and chronic nephrotoxicity; however,
the difference was only significant for cisplatin-induced
chronic nephrotoxicity. There are many studies in the litera-
ture showing an association between advanced age and the
increased incidence of cisplatin-induced nephrotoxicity [9,
10, 14]. The increase in the incidence of nephrotoxicity in
elderly patients has been attributed to age-related changes
in renal vascularity, filtration and tubular functions [15, 16].
However, there is also a study indicating that age is not a risk
factor for cisplatin-induced nephrotoxicity [8]. The study by
Liu et al. [14] found the incidence of cisplatin-induced acute
kidney injury as 9.4% in the group over 60 years of age and
as 3.3% in the group fewer than 60 years of age. They evalu-
ated the patient’s kidney functions 30 days after the first dose
of cisplatin. However, in our study, cisplatin-induced acute
kidney injury was evaluated at 48 h after the administration.
The different results may be attributed to the difference in
the evaluation method.

There are many studies in the literature showing the rela-
tionship between hypoalbuminemia and cisplatin-induced
acute kidney injury [6, 7, 10]. Similar to the results of these
studies, we also observed that hypoalbuminemia signifi-
cantly increased the incidence of cisplatin-induced acute
kidney injury. Hypoalbuminemia may increase acute kidney
injury by increasing the level of free (non-protein bound)
cisplatin and the renal clearance of the drug or by causing a
change in its half-life [7, 17].

In our study, the patients with cisplatin-induced acute
and chronic nephrotoxicity were found to have significantly
higher baseline creatinine and urea values and a lower basal
eGFR value. Similar to our study, Liu et al. [14] showed
that, the mean baseline serum creatinine was higher in the
cisplatin-induced acute kidney injury group, while it was
lower in the group without acute kidney injury. Moreover,
in our study, the incidence of chronic kidney failure was
increased in the acute kidney injury group. Von der Vorst
et al. showed that the cisplatin-induced acute kidney injury
group had significantly higher creatinine value at 3 and
12 months compared to those without acute kidney injury.
However, this study included only patients with head and
neck cancer, who received radio-therapy in addition to cis-
platin, and high-dose cisplatin (100 mg/m?) [18].
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Given the comorbidities of the patients, the cisplatin-
induced acute kidney injury group had significantly higher
rates of diabetes and ischemic heart disease. There was no
such correlation in the group with chronic kidney disease.
In the literature, some of the studies suggested that diabetes
and/or coronary artery diseases pose a risk for cisplatin-
induced nephrotoxicity [6, 8, 19, 20]. Diabetes mellitus and
coronary artery disease may increase the incidence of cis-
platin-induced nephrotoxicity by increasing atherosclerosis
and associated glomerulosclerosis [21].

A limitation of our study is that it was a retrospective
analysis of the patients. In addition, blood pressure, vol-
ume status, accompanying nausea-vomiting history, which
may particularly contribute to the development of cisplatin-
induced acute nephropathy (CIN), were not evaluated.

In conclusion, cisplatin-induced nephrotoxicity is still
an important issue today. Before administration of cisplatin
treatment, the physician should be alert in patients with
advanced age, female gender and comorbidities including
diabetes mellitus and ischemic heart disease. However, base-
line kidney functions are the most important risk factor for
the development of nephrotoxicity. The prevention of acute
kidney injury in patients with high baseline kidney functions
will also protect the development of chronic kidney disease.
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