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Abstract: Although cisplatin is one of the most widely used anticancer drugs, nephrotoxicity remains a major dose-
limiting side effect. To reduce the incidence of cisplatin-induced nephrotoxicity, we analyzed possible risk factors 
in 349 patients who received cisplatin (15-120 mg/m2) for the first cycle of chemotherapy between April 2011 and 
March 2014. Nephrotoxicity was defined as serum creatinine elevation > 1.5 times that at baseline (grade ≥ 2) from 
4 to 7 days after injection, according to the Common Terminology Criteria for Adverse Events Version 4.0. Dose of 
cisplatin > 20 mg/m2 significantly increased serum creatinine concentration and caused nephrotoxicity in a dose-
dependent manner, with a 13.7% incidence of nephrotoxicity (30/219) at doses > 40 mg/m2. A multivariate logistic 
regression analysis revealed the following as significant risk factors for cisplatin-induced nephrotoxicity: age ≥ 65 
years, low serum albumin (≤ 3.5 g/dl), high doses (≥ 80 mg/m2) of cisplatin and the use of mannitol. Risk factors of 
cisplatin nephrotoxicity were old age, low serum albumin, high dose of cisplatin, and inclusion of mannitol in transfu-
sion. Mannitol should therefore not be included in intravenous hydration. In addition, as the number of risk factors 
increased, so did the incidence of cisplatin-induced nephrotoxicity.
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Introduction

Cisplatin is an antineoplastic drug that is classi-
fied as a platinum compound and is used to 
treat a variety of solid tumors such as lung car-
cinoma, head and neck cancer, germ cell tumor, 
ovarian cancer and breast cancer [1-3]. 
However, cisplatin administration induces a 
number of adverse effects such as nephrotoxic-
ity, nausea and vomiting, ototoxicity, alopecia, 
myelosuppression, and allergic reactions [4, 5], 
of which nephrotoxicity is a major dose-limiting 
factor [6, 7]. Nephrotoxicity is dose dependent, 
particularly when dose exceeds 50 mg/m2 [3, 
8]. Prevention of cisplatin-induced nephrotoxic-
ity is therefore required to avoid discontinua-
tion of chemotherapy.

Given that cisplatin is predominantly excreted 
into urine, a high concentration of this com-

pound accumulates in the renal proximal 
tubules, where it causes necrosis [9]. Although 
the precise mechanisms underlying cisplatin-
induced nephrotoxicity are unknown, reactive 
oxygen species are reportedly involved in cispl-
atin-induced renal cell injury [10]. We previously 
reported that generation of reactive oxygen 
species following exposure to cisplatin mark-
edly increases the production of tumor necrosis 
factor-α (TNF-α) via phosphorylation of p38 
mitogen-activated protein kinase (MAPK), 
which leads to renal tubular cell necrosis [11-
14]. Reduced renal blood flow and the resulting 
decrease in glomerular filtration rate are also 
implicated in the pathophysiology of cisplatin-
induced nephrotoxicity [15]. In addition, serum 
creatinine (Scr) levels reportedly peak at 6 to 7 
days after cisplatin administration [16, 17]. To 
our knowledge, however, volume expansion 
with sodium chloride and diuresis remains the 
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only means of reducing incidence of cisplatin-
induced nephrotoxicity [16], although moderate 
increases in Scr persist in a significant propor-
tion of patients regardless of hydration with 
diuresis [18, 19]. 

Kidera et al [20]. recently analyzed 401 patients 
receiving their first course of cisplatin-based 
chemotherapy and identified cisplatin dose, 
performance status, and regular use of nonste-
roidal anti-inflammatory drugs as risk factors of 
nephrotoxicity. These authors also identified an 
association between magnesium supplemen-
tation and reduced risk of nephrotoxicity [20]. 
In the present study, we conducted a logistic 
regression analysis to determine risk factors 
for cisplatin-induced nephrotoxicity in patients 
receiving their first course of chemotherapy. 

Patients and methods

Study design and subjects

Factors affecting the incidence of cisplatin-
induced nephrotoxicity during the first course 

of chemotherapy were retrospectively ana-
lyzed. Data were obtained from electronic med-
ical records. A total of 371 patients received a 
first course of chemotherapy containing various 
doses of cisplatin at Gifu University Hospital 
between April 2011 and March 2014. Of these 
patients, 22 were excluded for the following 
reasons: aged < 18 years (n=7), receiving daily 
administration of cisplatin (n=14), and creati-
nine clearance (Ccr) < 30 ml/min (n=1). 
Consequently, 349 patients were eligible for 
inclusion. 

Evaluation of renal function and nephrotoxicity

Renal function was assessed based on Scr and 
Ccr estimated from Scr using the Cockcroft-
Gault equation [21]. Scr was determined before 
(baseline) and 4 to 7 days after the first course 
of chemotherapy containing cisplatin. Nephro- 
toxicity was defined as an Scr value more than 
1.5 times that at baseline (grade ≥ 2 event), 
according to the Common Terminology Criteria 
for Adverse Events (CTCAE, National Cancer 
Institute, MD, USA) version 4.0.

Risk analysis for cisplatin-induced nephrotoxic-
ity 

Before risk analysis, the following characteris-
tics were statistically compared between 219 
patients with and without nephrotoxicity who 
received > 40 mg/m2 of cisplatin: age, height, 
body weight, body surface area, serum albumin 
level, Ccr, cisplatin dose, and use of antidiuretic 
agents. Cut-off values of age, serum albumin 
level, and cisplatin dose were determined from 
the Youden index maximum (sensitivity + speci-
ficity - 1) by receiver operating characteristic 
(ROC) curve analysis. Subsequently, any patient 
characteristics that significantly differed be- 
tween the two groups underwent risk analysis. 
Univariate and multivariate logistic regression 
analyses were conducted to determine risk fac-
tors for cisplatin-induced nephrotoxicity. 

Statistical analyses 

Data were analyzed using SPSS version 11 
(SPSS Inc., Chicago, IL, USA). Parametric data 
were analyzed using the t-test, while non-para-
metric data were compared using the Mann-
Whitney U-test or Chi-square test. Changes in 
Scr were statistically analyzed before and after 
cisplatin injection using the paired t-test. 
Incidence of nephrotoxicity was compared with 
respect to the number of risk factors using the 

Table 1. Patient demographics
Number (Male/Female) 349 (228/121)
Age (range) 62.3 (24-86)
Height (cm) 161.8 ± 8.5
Body weight (kg) 56.1 ± 10.8
Serum albumin (g/dl) 3.86 ± 0.56
Serum creatinine (g/dl) 0.70 ± 0.18
Creatinine Clearance (ml/min) 86.97 ± 29.37
Cisplatin dose (mg/m2) 54.27 ± 20.37
Hydration volume (ml)
    Day 0 414.7 ± 621.3
    Day 1 2,730.9 ± 892.5
    Day 2 1,206.8 ± 914.3
    Day 3 327.8 ± 567.1
Diuretuc agents (N, %)
    Furosemide 171 (49.0)
    Mannitol 98 (28.1)
Magnesium (N, %) 104 (29.8)
Tumor type (N, %)
    Gastrointestinal cancer 178 (51.0)
    Head and neck cancer 56 (16.0)
    Uterus cancer 47 (13.5)
    Lung cancer 37 (10.6)
    Other 31 (8.9)
Values represent the mean ± S.D. (range) unless other-
wise stated.
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Kruskal-Wallis test followed by Scheffe’s test 
for multiple comparisons. P-values less than 
0.05 were considered significant. 

Ethical statement 

The study was conducted in accordance with 
the guidelines for human studies determined 
by the ethics committee of Gifu University 
Graduate School of Medicine and the Go- 
vernment of Japan and was approved by the 
institutional review board (Approval No. 
25-185).

Results

Changes in Scr, Ccr and the incidence of neph-
rotoxicity after cisplatin injection

Patient demographics are shown in Table 1. Gastroin- 
testinal cancer was the most common type of 
tumor (n=178), followed by cancer of the head 
and neck (n=56), uterus (n=47) and lung 
(n=37). As shown in Figure 1, Ccr decreased 
but Scr increased after treatment with cisplatin 
in a dose-dependent fashion. Incidence of 
nephrotoxicity was > 10%, when the dose of 
cisplatin was > 40 mg/m2. Subsequently, risk 
analysis for cisplatin-induced nephrotoxicity 
was conducted in patients who received > 40 
mg/m2 of cisplatin.

± 22.6, P=0.001), and rate of mannitol use 
(32.8% vs. 56.7%, P=0.011) (Table 2).

Logistic regression analysis for risk of cisplat-
in-induced nephrotoxicity 

Univariate analysis indicated that the following 
were associated with high incidence of nephro-
toxicity (Table 3): age ≥ 65 years (odds ratio: 
2.725; 95% confidence interval [CI]: 1.210-
6.138, P=0.016), serum albumin level ≤ 3.5 g/
dl (odds ratio: 2.428; 95% CI: 1.056-5.580, 
P=0.037), cisplatin dose ≥ 80 mg/m2 (odds 
ratio: 3.486; 95% CI: 1.548-7.852, P=0.003), 
and use of mannitol (odds ratio: 2.658; 95% CI: 
1.224-5.863, P=0.014). Multivariate analysis 
identified the following as significant risk fac-
tors for cisplatin-induced nephrotoxicity: age ≥ 
65 years (odds ratio: 3.702; 95% CI: 1.481-
9.257, P=0.005), serum albumin level ≤ 3.5 g/
dl (odds ratio: 3.317; 95% CI: 1.324-8.311, 
P=0.011), cisplatin dose ≥ 80 mg/m2 (odds 
ratio: 4.144; 95% CI: 1.591-10.793, P=0.004), 
and use of mannitol (odds ratio: 2.449; 95% CI: 
1.022-5.872, P=0.045). 

Notably, nephrotoxicity increased near linearly 
with number of risk factors, as follows (Figure 
2): 4.4% for no risk factors, 3.6% for 1 factor, 
19.1% for 2 factors, 38.5% for 3 factors (P 
<0.001 by Kruskal-Wallis test).

Figure 1. Dose-dependent decrease in Ccr, increase in Scr, and the incidence 
of nephrotoxicity in patients who received cisplatin. Ccr was calculated from Scr 
using the Cockcroft-Gault equation. Nephrotoxicity was defined as Scr elevated 
above 1.5 times as baseline (Grade ≥ 2 event) according to the Common Ter-
minology Criteria for Adverse Events Version 4.0. *P < 0.01 compared to basal 
values by paired t-test. 

Comparison of characteris-
tics between patients with 
and without renal toxicity

Characteristics of 219 pa- 
tients who received > 40 
mg/m2 of cisplatin were 
compared between those 
with nephrotoxicity (30, 
13.7%) and those without 
(189, 86.3%). Cut-off age 
was 64.5 years as asse- 
ssed from the Youden index 
maximum by the ROC curve 
for age vs. nephrotoxicity. 
Significant differences be- 
tween the two groups were 
found in proportion of 
patients aged ≥ 65 years 
(41.8% in group without 
nephrotoxicity vs. 66.7% in 
group with nephrotoxicity, 
P=0.019), serum albumin 
levels (3.90 ± 0.5 vs. 3.73 
± 0.49, P=0.043), cisplatin 
dose (60.3 ± 16.5 vs. 68.3 
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Table 2. Comparison of characteristics between patients with and without nephrotoxicity after cispla-
tin (> 40 mg/m2) treatment

Without nephrotoxicity With nephrotoxicity P-value
Number of patients (male/female) 189 (130/59) 30 (21/9 ) 0.937a)

Age (range) 61.4 (30-83) 63.5 (24-82) 0.256b)

Age > 65 year-old (%) 41.8 66.7 0.019b)

Height (cm ) 162.4 ± 8.7 161.1 ± 8.0 0.455c)

Body weight (kg) 56.3 ± 10.3 55.7 ± 10.8 0.950c)

Body surface area (m2) 1.60 ± 0.20 1.57 ± 0.16 0.195c)

Serum albumin (g/dl) 3.90 ± 0.50 3.73 ± 0.49 0.043c)

Serum creatinine (mg/dl) 0.70 ± 0.17 0.65 ± 0.12 0.062c)

Creatinine clearance (ml/min) 87.5 ± 28.6 89.7 ± 30.2 0.327c)

Cisplatin dose (mg/m2) 60.3 ± 16.5 68.3 ± 22.6 0.001c)

Hydration volume (ml)
    Day 0 497.4 ± 661.9 482.0 ± 526.7 0.903c)

    Day 1 2,926.7 ± 939.1 3,242.3 ± 983.2 0.091c)

    Day 2 1,495.4 ± 781.6 1,531.3 ± 793.7 0.816c)

    Day 3 415.9 ± 579.4 644.5 ± 655.4 0.053c)

Diuretuc agents (N, %)
    Furosemide 102 (54.0) 16 (53.3) 0.948a)

    Mannitol 62 (32.8) 17 (56.7) 0.011a)

Magnesium (N, %) 71 (37.6) 10 (33.3) 0.656a)

a)Mann-Whitney U-test, b)Chi-square test, c)t-test.

Table 3. Univariate logistic regression analysis for risk factors involving acute renal failure after treat-
ment with high doses of cisplatin (> 40 mg/m2)

Univariate analysis Multivariate analysis
95% Confidence  

interval
95% Confidence  

interval
Odds ratio Lower Upper P-value Odds ratio Lower Upper P-value

Age (> 65 years) 2.725 1.210 6.138 0.016 3.702 1.481 9.257 0.005
Serum albumin (< 3.5 g/dl) 2.428 1.056 5.580 0.037 3.317 1.324 8.311 0.011
Cisplatin dose (> 80 mg/m2) 3.486 1.548 7.852 0.003 4.144 1.591 10.793 0.004
Mannitol 2.679 1.224 5.863 0.014 2.449 1.022 5.872 0.045
Furosemide 0.975 0.450 2.110 0.948
Magnesium 0.831 0.368 1.876 0.656

Discussion

In the present study, we revealed that risk fac-
tors of cisplatin nephrotoxicity were old age, 
low serum albumin, high dose of cisplatin and 
inclusion of mannitol in transfusion. Mannitol 
should therefore not be included in intravenous 
hydration. In addition, the incidence of cisplat-
in-induced nephrotoxicity increased along with 
the number of risk factors.

Nephrotoxicity is a major problem when using 
cisplatin in cancer chemotherapy and is a dose-
limiting factor that might interfere with continu-

ation of chemotherapy [6, 7, 18, 19]. In the 
present study, the incidence of nephrotoxicity 
associated with cisplatin was retrospectively 
investigated in 349 patients. Administration of 
cisplatin dose-dependently decreased Ccr, with 
a significant decrease at doses > 20 mg/m2. 
The incidence of moderate to severe increases 
in Scr (grade ≥ 2 by CTCAE v4.0) increased with 
cisplatin dose, exceeding 10% when cisplatin 
dose was > 40 mg/m2. The rate of cisplatin-
induced nephrotoxicity at each dose level was 
as follows: > 40 mg/m2, 13.7% (30/219); > 60 
mg/m2, 16.2 (23/143) and > 80 mg/m2, 27.7 
(13/47). Our data on the rate of nephrotoxicity 
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closely resembled findings from other reports 
in Japanese patients [20, 22, 23]. Ouchi et al. 
investigated the efficacy of a short hydration 
regimen and reported that the incidence of 
grade ≥ 2 elevation of Scr in 30 patients treat-
ed with > 60 mg/m2 of cisplatin was 13.3% 
[23]. Similarly, 23.5% of patients who received 
75 to 80 mg/m2 of cisplatin exhibited increased 
Scr for grade ≥ 2 in a historical prospective 
cohort study [22]. Finally, Kidera et al. reported 
that 32% (127/401) of patients who received ≥ 
60 mg/m2 of cisplatin as first-line therapy 
exhibited increased Scr for grade ≥ 2 in a retro-
spective study of the efficacy of magnecium 
[20].

In the present study, patients with cisplatin-
induced nephrotoxicity were slightly but not sig-
nificantly older than those without (mean age 
of 63.5 vs. 61.4 years). On an ROC curve plot-
ted for age vs. nephrotoxicity presence, the cut-
off age was 64.5 years, as determined from the 
Youden index maximum. Notably, the percent-
age of patients aged ≥ 65 years old was signifi-
cantly higher in those with nephrotoxicity than 
in those without (66.7% vs. 41.8%, P=0.019). 
Further, patients with nephrotoxicity exhibited 
significantly lower serum albumin levels than 
those without. Subsequently, both univariate 
and multivariate logistic regression analyses 
were conducted to determine the risk factors 
for nephrotoxicity associated with cisplatin, 
and the following were identified as significant 
risk factors: high dose of cisplatin (≥80 mg/m2 

), old age (≥ 65 years), low serum albumin lev-
els (≤ 3.5 g/dl), and use of mannitol. Multivariate 
analysis found the odds ratio to be highest 

(4.144) for high doses of cisplatin, followed by 
3.702 for old age, 3.317 for low serum albumin 
levels, and 2.449 for use of mannitol. 
Interestingly, the incidence of cisplatin-induced 
nephrotoxicity increased with the number of 
risk factors. 

Regarding age as a risk factor for nephrotoxici-
ty, Sekine et al. reported that patients with 
nephrotoxicity are older than those without 
(mean age 65 vs. 59 years, P=0.041) [24]. In 
general, elderly patients carry a number of risk 
factors for drug-induced nephropathy, including 
decreased glomerular filtration rate, concentra-
tion of serum albumin and body fluid contents, 
and hepatic metabolic dysfunction [25].

Our finding that a higher dose of cisplatin is a 
risk factor for nephrotoxicity is generally consis-
tent with other studies [9, 26, 27]. A high peak 
plasma concentration of free platinum is also 
associated with increased risk of nephrotoxici-
ty [28, 29]. Low serum albumin concentration 
has also been reported as a significant risk fac-
tor for cisplatin-induced nephrotoxicity [19]. 
Reduction in plasma albumin concentration 
might be associated with elevated free plati-
num concentration, leading to enhanced renal 
toxicity. 

In the present study, the incidence of cisplatin-
induced nephrotoxicity was markedly high in 
patients receiving mannitol but not in those 
receiving furosemide. Further, mannitol, but 
not furosemide, was a significant risk factor for 
nephrotoxicity. The efficacy of diuretics such as 
mannitol and furosemide for prevention of cis-
platin-induced nephrotoxicity is controversial. 
Hayes et al. [30] reported a protective effect of 
mannitol diuresis in humans, whereas Morgan 
et al. [31] reported that the incidence of neph-
rotoxicity increased following the addition of 
mannitol. Santoso et al. [32] also reported that 
hydration with saline and mannitol increased 
the incidence of nephrotoxicity compared to 
hydration with saline alone or saline and furo-
semide. However, the beneficial effect of furo-
semide is also controversial, with Sekine et al. 

[24] reporting that the incidence of nephrotox-
icity did not significantly differ between patients 
who received furosemide and those who did 
not (8.3% vs. 4.7%, P=0.14). Of note: the medi-
an total dose of furosemide is significantly high-
er in patients with nephrotoxicity than in those 
without (26 mg vs. 0 mg, P=0.024). In addition, 
Sekine et al. [24] also demonstrated that total 

Figure 2. Relationship between number of risk fac-
tors and incidence of cisplatin-induced nephrotoxic-
ity. a)P < 0.01 vs. 1 risk factor, b)P < 0.05 vs. 2 risk 
factors by Kruscal-Wallis followed by Scheff’s test.
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furosemide dose is a significant risk factor for 
cisplatin-induced nephrotoxicity (odds ratio: 
1.21, 95% CI: 1.11-1.33, P < 0.001). 

Hypomagnesemia due to urinary magnesium 
wasting reportedly occurs in over half of cases 
of cisplatin-induced nephrotoxicity, potentially 
exacerbating cisplatin toxicity [33]. In addition, 
several investigators have reported that mag-
nesium supplementation is effective in pre-
venting cisplatin-induced nephrotoxicity [20, 
34]. Unfortunately, we did not measure the 
serum magnesium concentration during the 
course of chemotherapy with cisplatin. 

In conclusion, a retrospective chart review of 
349 patients receiving the first course of can-
cer chemotherapy was performed to determine 
the risks for cisplatin-induced nephrotoxicity. A 
multivariate logistic regression analysis indi-
cated that old age (≥ 65 years), low serum albu-
min level (≤ 3.5 g/dl), high dose of cisplatin (≥ 
80 mg/m2), and the use of mannitol were sig-
nificant risk factors for cisplatin-induced neph-
rotoxicity. In addition, as the number of risk fac-
tors increased, so did the incidence of 
cisplatin-induced nephrotoxicity. 
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