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Abstract

Nephrotoxicity is a well-known side effect of cisplatin for cancer treatment. Various regimens

have been developed to treat cancer based on the type and severity of the tumor. We focus

on the docetaxel, cisplatin, and 5-fluorouracil regimen, which is called the TPF regimen,

where the standard dose of cisplatin is 60 mg/m2. The aim of this study is to examine the

relationship of the dosage of cisplatin that causes nephrotoxicity and back ground factors of

patients using information about the dose of cisplatin actually administered to patients. It is

shown that nephrotoxicity may be caused by a substantially smaller dosage than the stan-

dard dose of cisplatin in the TPF regimen, indicating the need for dose adjustment, taking

into account the patient’s background factors in the treatment of a cancer.

Introduction

Cisplatin is an anticancer agent administered to patients with various types of cancer. Nephro-

toxicity is one of the well-known major side effects of cisplatin. The pathophysiological mecha-

nisms of cisplatin nephrotoxicity involve proximal tubular injury, oxidative stress, inflammation,

and vascular injury of the kidney. In the proximal tubular injury, several different mechanisms

are involved; these include apoptosis, autophagy, dysregulation of cell-cycle proteins, activation

of the mitogen-activated protein kinase (MAPK) signaling pathways, direct toxic effects on renal

epithelial cells, DNA damage, and mitochondrial dysfunction. It has been reported that 20–30%

of patients treated with cisplatin develop nephrotoxicity after 1 to 2 weeks of administration

[1–4]. Although various approaches have been developed to prevent cisplatin nephrotoxicity,

such as adequate hydration with saline and urinary output by diuretics [5–8], renal damage still

occurs.

Currently, various regimens are administered for the treatment of a cancer, based on cancer

type and the severity of the disease. We focus in this study on the docetaxel, cisplatin, and

5-fluorouracil regimen, which is called the TPF regimen, where the standard dose of cisplatin

is 60 mg/m2. Medical doctors often skip or discontinue the administration of cisplatin accord-

ing to the patient’s condition [9, 10], but treatment is generally administered based on specific

regimens where the dose of cisplatin is fixed. We may obtain the record of actual dose of cis-

platin administered to each patient from the electric medical record system in the university
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hospital. The aim of this study is to examine the relationship of the dosage of cisplatin and

background factors of patients using information about the dose of cisplatin actually adminis-

tered to patients. First, we identified background factors of patients that were related to neph-

rotoxicity based on 87 patients who received the TPF regimen between January 1, 2013 and

December 31, 2013 at the Kurume University Hospital. The baseline serum creatinine, body

mass index (BMI), administration of non-steroidal anti-inflammatory drugs (NSAIDs),

administration of magnesium oxide (MgO), and dose of cisplatin were identified. Next, risk

groups were constructed by combining categories of those identified factors, except dose of

cisplatin, and the dose of cisplatin at which nephrotoxicity was estimated to develop was com-

puted in each risk group. We found that nephrotoxicity could be caused by a substantially

smaller dose of cisplatin than the fixed standard dose of cisplatin in the TPF regimen. For

example, patients who belonged to the risk group characterized by a baseline serum creatinine

level of 0.56 mg/mL, BMI of 22.27 kg/m2, and with administration of NSAIDs and without

administration of MgO were estimated to develop nephrotoxicity at about 27 mg/m2 cisplatin,

much less than the 60 mg/m2 prescribed in the TPF regimen.

This study was approved by the ethical committee of Kurume University (No.14078). All

data were fully anonymized before we accessed them and the ethics committee waived off the

requirement for informed consent because this was a retrospective study, which used data that

were stored in the electronic medical record system. The data set is available upon request to

the first author of this manuscript.

Materials and methods

Patients

Clinical data of 418 patients who underwent cisplatin-based chemotherapy between January 1,

2013 and December 31, 2013 at the Kurume University Hospital were reviewed. Patients 18

years of age or younger, treated with arterial injection of cisplatin, treated with cisplatin as a

radiation sensitizer, or who had no clinical data essential for the assessment of renal function

were excluded. Since the incidence of nephrotoxicity depends on the cisplatin regimen [11–

13], we focused on patients who received the TPF regimen, which was the most frequent regi-

men in our study. Sixty-nine patients were finally included.

TPF regimen is an induction chemotherapy regimen that generally involves administration

of a single fixed dose of cisplatin before a surgical procedure. If the dose is found to be effec-

tive, another dose of cisplatin is often administered before the surgical procedure to enhance

the effect. Eighteen of the 69 patients received the second dose and the average interval

between the first and second dose was 60.2 days. Since the interval is long and the study was

conducted by a pre-post design, we did not discriminate between the first and second drug

doses and treated the data as if they were obtained from 87 patients (Table 1).

Nephrotoxicity evaluation

The ratio of serum creatinine after cisplatin administration with respect to baseline serum cre-

atinine was used for evaluating nephrotoxicity according to previous studies [14–16]. Follow-

ing the U.S. National Cancer Institute Common Terminology Criteria for Adverse Events

version 4.0 [17], a ratio� 1.5 was defined as nephrotoxicity. Baseline serum creatinine was

denoted by pre_scr. Post-treatment serum creatinine was defined as the maximum value of the

values of creatinine measured in blood samplings during the course of cisplatin chemotherapy

and denoted by post_scr. The distribution of ratios of post_scr to pre_scr had a tail skewed to

the right; logarithmic transformation was performed to approximate it to a normal distribu-

tion and was denoted by log_rate_scr. Nephrotoxicity was equivalent to log_rate_scr� 0.4.

Dose of cisplatin causing nephrotoxicity
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Cisplatin dose

The actual dose of cisplatin administered to each of the 87 patients was extracted from the elec-

tronic medical record system of Kurume University Hospital. Dividing it by the body surface

area of the patient, the dose of cisplatin in mg per body surface area (mg/m2) of each patient

was established.

Data

The following patient information was collected from the electronic medical record system:

age, gender, height, weight, dose of cisplatin, type of cancer, stage of cancer, chemotherapy

regimen, white blood cell count, platelet count, hemoglobin, serum creatinine, serum albumin,

serum sodium, serum potassium, and serum chloride. The following variables that are poten-

tial risk factors of renal function were also considered: history of smoking, complications of

cardiovascular disease, diabetes, hypertension, hyperlipidemia, hyperuricemia, and adminis-

tration of NSAIDs, MgO, calcium channel blockers, renin-angiotensin system inhibitor, other

antihypertensive agents, antibiotics, and contrast medium [14–16, 18–24].

Statistical analysis

The endpoint of this study was log_rate_scr. Identification of risk factors related to cisplatin

nephrotoxicity was carried out in the following two steps. First, univariate regression analysis

was conducted using log_rate_scr as the response variable and the background factors of

patients as explanatory variables; variables whose level of significance was less than 20% were

selected as potential risk factors. Second, a multiple regression model was constructed by using

log_rate_scr as the response variable and the potential risk factors selected in the first step as

explanatory variables. Although cancer stage was not selected in the first step, we added it to

the multiple regression model since it was considered clinically important. Explanatory vari-

ables in the model were selected by applying a stepwise regression technique with a 15%

Table 1. Regimens of cisplatin-based chemotherapy.

Regimen N (%)

TPF: Docetaxel, cisplatin, 5-flurouracil 87 (16.4)

CDDP+PEM: Cisplatin, pemetrexed 68 (12.8)

GC: Gemcitabine, cisplatin 67 (12.6)

AP: Doxorubicin, cisplatin 48 (9.0)

CDDP+VNR: Cisplatin, vinorelbine 40 (7.5)

CDDP+S1+TRT: Oral S-1, cisplatin, thoracic radiation therapy 37 (7.0)

CDDP+CPT-11: Cisplatin, irinotecan for cervical cancer 31 (5.8)

DCF: Docetaxel, cisplatin, 5-flurouracil for gastric cancer 31 (5.8)

CDDP+CPT-11: Cisplatin, irinotecan for lung cancer 28 (5.3)

CDDP+S1: Oral S-1, cisplatin, 24 (4.5)

CDDP+VP-16: Cisplatin, etoposide 23 (4.3)

CDDP+DTX+TRT: Cisplatin, docetaxel, thoracic radiation therapy 14 (2.6)

CDDP+5FU+Cet: Cisplatin, 5-flurouracil, cetuximab 9 (1.7)

M-VAC: Methotrexate, vinblastine, doxorubicin, cisplatin 7 (1.3)

CDDP+CPT-11: Cisplatin, irinotecan for gastric cancer 6 (1.1)

SPT: Oral S-1, cisplatin, trastuzumab 6 (1.1)

CDDP: Cisplatin 4 (0.8)

CDDP+GEM: Gemcitabine, cisplatin 2 (0.4)

Total 532 (100)

https://doi.org/10.1371/journal.pone.0215757.t001
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significance level. Selected variables were called risk factors. The dose of cisplatin causing

nephrotoxicity was computed as follows. First, risk groups were established by combining cat-

egories of selected risk factors in the stepwise regression, and then the dose of cisplatin that

attained log_rate_scr = 0.4 was computed in each risk group. Statistical analysis was performed

with the use of SAS software version 9.4 (SAS Institute, Cary, NC, USA).

Results

Background factors of patients treated with the TPF regimen

The study patients were treated with 18 regimens and received 532 courses of cisplatin. Table 1

lists the regimens of cisplatin-based chemotherapy. The table shows that the most frequent

regimen was the TPF regimen (N = 87). Table 2 shows the background of patients treated with

the TPF regimen and the results of univariate analysis. All of the patients were treated during

hospitalization. The mean (± standard deviation) patient age was 62.9 ± 8.3 years old, the

mean BMI was 19.9 ± 2.8 kg/m2, and 87.4% of the patients were men. The most common diag-

nosis was head and neck cancer (92%), and the most common complication was hypertension

(32.2%). Thirty patients were treated with NSAIDs for pain management (34.5%), and 58

patients had stage 4 disease (66.7%).

Univariate analysis

The following eight potential risk factors were selected from the background factors in the uni-

variate regression analysis: pre_scr (p< 0.001), NSAIDs (p< 0.01), cisplatin dose (p = 0.02),

white blood cell count (p = 0.03), hyperuricemia (p = 0.04), hyperlipidemia (p = 0.05), BMI

(p = 0.19), and MgO (p = 0.20). Tumor stage was not a significant risk factor (p = 0.23).

Multivariable analysis

The risk factors selected in the stepwise regression analysis were pre_scr (p< 0.0001), BMI

(p = 0.003), NSAIDs (p = 0.009), MgO (p = 0.039), and cisplatin dose (p = 0.019). Table 3 lists

the regression coefficients, standard error, t-value, and p-value of the selected risk factors. The

predictive model of log_rate_scr was established as follows:

log rate scr ¼ � 0:130 � 0:849 � pre scrþ 0:029 � BMIþ 0:147 � NSAIDs � 0:190 �MgO
þ 0:008 dose

where

pre scr ¼

0:56 if pre scr is in the first quartileð0 � 25%Þ
0:63 if pre scr is in the second quartile ð25 � 50%Þ
0:78 if pre scr is in the second quartile ð25 � 50%Þ
0:89 if pre scr is in the fourth quartile ð75 � 100%Þ

8
>><

>>:

BMI ¼
22:27 if BMI is above the median
17:47 if BMI is below the median

�

NSAIDs ¼
1 if NSAIDs were administered
0 if NSAIDs were not administered

�

MgO ¼
1 if MgO was administered
0 if MgO was not administered

�

Note that the values of pre_scr and BMI shown above are the median in each class.

Dose of cisplatin causing nephrotoxicity
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Estimation of cisplatin dose necessary for nephrotoxicity using the

predictive model

Table 4 lists the 32 risk groups that were constructed by combining categories of the risk fac-

tors in Table 3. Dose levels that attained log_rate_scr = 0.4 in each group were computed using

the predictive model and are listed in the sixth column in the table. The "#" in the table shows

the risk groups whose computed dose levels were less than 60 mg/m2, that is, the fixed dose

level of the TPF regimen. In other words, patients in the risk groups with "#" could have a

Table 2. Results of univariate analysis: Means, number, and p-values of background factors of patients treated

with the TPF regimen (N = 87).

Background factors Mean ± SD p-value

Age (years) 62.9 ± 8.3 0.78

BMI (kg/m2) 19.9 ± 2.8 0.19

Cisplatin dose (mg/m2) 52.6 ± 8.2 0.02

Clinical data

White blood cell (×103/μL) 66.2 ± 30.1 0.03

Hemoglobin (g/dl) 13.0 ± 2.0 0.29

Platelet (×103/μL) 24.3 ± 9.3 0.38

Creatinine (mg/dL) 0.7 ± 0.1 < 0.001

Albumin (g/dL) 3.8 ± 0.5 0.81

Sodium (mg/dL) 140.2 ± 2.2 0.34

Potassium (mg/dL) 4.1 ± 0.4 0.32

Chlorine (mg/dL) 103.2 ± 2.8 0.27

Background factors No. (%) p-value

Male gender 76 (87.4) 0.78

History of smoking 64 (74.4) 0.91

Diagnosis

Diabetes mellitus 8 (9.2) 0.25

Hypertension 28 (32.2) 0.77

Hyperlipidemia 10 (11.5) 0.05

Hyperuricemia 2 (2.3) 0.04

Cardiovascular disease 12 (13.8) 0.84

Use of drug with nephrotoxicity

NSAIDs 30 (34.5) <0.01

Antibiotics 5 (5.8) 0.83

MgO 8 (9.2) 0.20

Contrast media 0 (0.0)

Calcium channel blockers 24 (27.6) 0.46

RAS inhibitors 12 (13.8) 0.38

Other antihypertensive agents 3 (3.5) 0.91

Cancer type

Head and neck 80 (92.0) 0.32

Esophageal 7 (8.0) 0.32

Cancer stage

1 / 2 / 3 / 4 1(1.2) / 12(13.8) / 16(18.4) / 58(66.7) 0.23

TPF, docetaxel, cisplatin, and 5-fluorouracil; BMI, body mass index; NSAIDs, nonsteroidal anti-inflammatory drugs;

MgO, magnesium oxide; RAS, renin-angiotensin system.

https://doi.org/10.1371/journal.pone.0215757.t002
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strong possibility of developing nephrotoxicity below the fixed dose of cisplatin in the TPF

regimen.

Discussion

The negative correlation between pre_scr and log_rate_scr (coefficient, -0.849; p< 0.001) in

the predictive model can be explained as follows. The patients in the present study were cancer

patients; in particular, 66.7% of them had stage 4 disease. It is known that cancer patients with

higher stage have less muscle mass [25–30]. Furthermore, there are several studies that have

reported that reduced muscle mass was related to low serum creatinine [31, 32]. Thirty

patients (34.5%) had creatinine levels below the lower limit in this study, and there was no

patient who exceeded the upper limit of the serum creatinine level; therefore, the negative cor-

relation could be reasonably interpreted as patients with less muscle mass having a higher pos-

sibility of developing nephrotoxicity. Note that patients with chronic kidney disease were not

included in this study.

Administration of MgO was also negatively correlated with log_rate_scr (coefficient,

-0.190; p = 0.039). This is reasonable when we recall that magnesium injection has been rec-

ommended in recent years as a supportive treatment for renal protection in patients receiving

cisplatin [22, 33, 34]; the magnesium injection was not included in the TPF regimen in 2013,

the time the study data were collected.

The administration of NSAIDs as concomitant medication was shown to increase log_ra-

te_scr. This is unsurprising, as NSAIDs are known to cause nephrotoxicity [16, 22, 35].

There are no previous studies that report BMI to be associated with cisplatin nephrotoxi-

city. However, it is well known that physiological functions greatly affect drug absorption,

metabolism, and excretion, and correlate with body surface area [36]. Furthermore, as body

surface area is correlated with BMI (Pearson’s correlation coefficient: 0.58), the association

would be natural.

The negative coefficients of pre_scr and MgO in the predictive model indicates that patients

who have less muscle mass and are not administered MgO could have an elevated possibility

of developing nephrotoxicity at doses of cisplatin lower than the fixed standard dose. In con-

trast, the positive coefficients of NSAIDs and BMI in the predictive model indicate that

patients who are not administered NSAIDs and those with a BMI below the median could

have the possibility of developing no nephrotoxicity at the standard dose. Precise values of the

cisplatin dose required for the development of nephrotoxicity in risk groups constructed by

combining the categories pre_scr, MgO, NSAIDs, and BMI are shown in Table 4. The

Table 3. Results of multivariate analysis: The regression coefficients, standard error, t-value, and p-value of the selected risk factors.

Risk Factor Coefficient Standerd error t-value p-value

Intercept -0.130 0.272 -0.48 0.633

Pre_scra -0.849 0.190 -4.48 < 0.0001

BMIb 0.029 0.010 3.03 0.003

NSAIDsc 0.147 0.055 2.69 0.009

MgOd -0.190 0.091 -2.10 0.039

Cisplatin dose 0.008 0.003 2.39 0.019

abaseline serum creatinine,
bbody mass index,
cnon-steroidal anti-inflammatory drugs,
dmagnesium oxide.

https://doi.org/10.1371/journal.pone.0215757.t003
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variation of doses that could lead to development of nephrotoxicity in risk groups is large,

from 26.58 mg/m2 to 120.61 mg/m2, with a median of 71.74 mg/m2, but the lower values were

concentrated mostly in patients with pre_scr in the first and second quartiles and who were

administered NSAIDs.

In summary, the findings in this paper indicate the importance of adjusting the dose of

cisplatin administered to cancer patients, taking into account their background factors. The

findings should be an important message to the medical society when treating patients with cis-

platin. We suggest adjusting the dose of cisplatin and providing support care for nephrotoxicity

in each regimen, taking into account background factors of patients. If the dose of cisplatin,

Table 4. Dose of cisplatin estimated to cause nephrotoxicity in 32 risk groups.

Group Pre_scra(mg/dL) BMIb (kg/m2) MgOc NSAIDsd Cisplatin dose estimated to cause nephrotoxicity (mg/m2)

1 0.56

first quartile

(0–25%)

22.27

above the median

with with 50.33#

2 without 68.70

3 without with 26.58#

4 without 44.95#

5 17.47

below the median

with with 67.73

6 without 86.10

7 without with 43.98#

8 without 62.35

9 0.63

second quartile

(25–50%)

22.27

above the median

with with 57.77#

10 without 76.14

11 without with 34.02#

12 without 52.39#

13 17.47

below the median

with with 75.17

14 without 93.54

15 without with 51.42#

16 without 69.79

17 0.78

third quartile

(50–75%)

22.27

above the median

with with 73.68

18 without 92.06

19 without with 49.93#

20 without 68.31

21 17.47

below the median

with with 91.08

22 without 109.46

23 without with 67.33

24 without 85.71

25 0.89

fourth quartile

(75–100%)

22.27

above the median

with with 84.83

26 without 103.21

27 without with 61.08

28 without 79.46

29 17.47

below the median

with with 102.23

30 without 120.61

31 without with 78.48

32 without 96.86

abaseline serum creatinine,
bbody mass index,
cmagnesium oxide,
dnonsteroidal anti-inflammatory drugs.

https://doi.org/10.1371/journal.pone.0215757.t004
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when reduced by the background factors is found to be weak on clinical assessment, then, it

might be better to encourage the patients to seek alternative treatments, such as non-cisplatin

regimen.

The sample size in this study is not large, mainly because we concentrated on patients

receiving the TPF regimen. However, by doing so, the schedule of administration of anticancer

drugs, the amount of hydration, and the type of diuretic and antiemetic drugs were all unified.

Within the unified form, we could get reliable real-world background data of patients, as well

as reliable clinical dose levels actually administered to patients. These data enabled us to iden-

tify risk factors, construct risk groups by combining categories of identified risk factors, and

assess dose levels that may cause nephrotoxicity in each risk group. We hope this research is

useful to decrease the incidence of cisplatin-induced nephrotoxicity in cisplatin treatment.

Supporting information

S1 Table. The background factors of patients treated with the TPF regimen.

(PDF)

Author Contributions

Conceptualization: Kyouko Higuchi, Takashi Yanagawa.

Data curation: Kyouko Higuchi, Takashi Yanagawa.

Formal analysis: Kyouko Higuchi, Takashi Yanagawa.

Funding acquisition: Kyouko Higuchi, Takashi Yanagawa.

Investigation: Kyouko Higuchi, Takashi Yanagawa.

Methodology: Kyouko Higuchi, Takashi Yanagawa.

Project administration: Kyouko Higuchi, Takashi Yanagawa.

Resources: Kyouko Higuchi, Takashi Yanagawa.

Software: Kyouko Higuchi, Takashi Yanagawa.

Supervision: Kyouko Higuchi, Takashi Yanagawa.

Validation: Kyouko Higuchi, Takashi Yanagawa.

Visualization: Kyouko Higuchi, Takashi Yanagawa.

Writing – original draft: Kyouko Higuchi, Takashi Yanagawa.

Writing – review & editing: Kyouko Higuchi, Takashi Yanagawa.

References
1. Miller RP, Tadagavadi RK, Ramesh G, Reeves WB. Mechanisms of Cisplatin nephrotoxicity. Toxins

(Basel). 2010; 2(11):2490–518. Epub 2011/11/10. https://doi.org/10.3390/toxins2112490 PMID:

22069563

2. Ozkok A, Edelstein CL. Pathophysiology of cisplatin-induced acute kidney injury. Biomed Res Int. 2014;

2014:967826. Epub 2014/08/29. https://doi.org/10.1155/2014/967826 PMID: 25165721

3. Peres LA, da Cunha AD Jr., Acute nephrotoxicity of cisplatin: molecular mechanisms. J Bras Nefrol.

2013; 35(4):332–40. Epub 2014/01/10. https://doi.org/10.5935/0101-2800.20130052 PMID: 24402113.

4. Pabla N, Dong Z. Cisplatin nephrotoxicity: mechanisms and renoprotective strategies. Kidney Int. 2008;

73(9):994–1007. Epub 2008/02/15. https://doi.org/10.1038/sj.ki.5002786 PMID: 18272962.

Dose of cisplatin causing nephrotoxicity

PLOS ONE | https://doi.org/10.1371/journal.pone.0215757 April 25, 2019 8 / 10

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0215757.s001
https://doi.org/10.3390/toxins2112490
http://www.ncbi.nlm.nih.gov/pubmed/22069563
https://doi.org/10.1155/2014/967826
http://www.ncbi.nlm.nih.gov/pubmed/25165721
https://doi.org/10.5935/0101-2800.20130052
http://www.ncbi.nlm.nih.gov/pubmed/24402113
https://doi.org/10.1038/sj.ki.5002786
http://www.ncbi.nlm.nih.gov/pubmed/18272962
https://doi.org/10.1371/journal.pone.0215757


5. Cornelison TL, Reed E. Nephrotoxicity and hydration management for cisplatin, carboplatin, and orma-

platin. Gynecol Oncol. 1993; 50(2):147–58. Epub 1993/08/01. https://doi.org/10.1006/gyno.1993.1184

PMID: 8375728.

6. Yao X, Panichpisal K, Kurtzman N, Nugent K. Cisplatin nephrotoxicity: a review. Am J Med Sci. 2007;

334(2):115–24. Epub 2007/08/19. https://doi.org/10.1097/MAJ.0b013e31812dfe1e PMID: 17700201.

7. dos Santos NA, Carvalho Rodrigues MA, Martins NM, dos Santos AC. Cisplatin-induced nephrotoxicity

and targets of nephroprotection: an update. Arch Toxicol. 2012; 86(8):1233–50. Epub 2012/03/03.

https://doi.org/10.1007/s00204-012-0821-7 PMID: 22382776.

8. Hartmann JT, Kollmannsberger C, Kanz L, Bokemeyer C. Platinum organ toxicity and possible preven-

tion in patients with testicular cancer. Int J Cancer. 1999; 83(6):866–9. Epub 1999/12/22. PMID:

10597214.

9. Kintzel PE, Dorr RT. Anticancer drug renal toxicity and elimination: dosing guidelines for altered renal

function. Cancer Treat Rev. 1995; 21(1):33–64. Epub 1995/01/01. PMID: 7859226.

10. Lichtman SM, Wildiers H, Launay-Vacher V, Steer C, Chatelut E, Aapro M. International Society of Geri-

atric Oncology (SIOG) recommendations for the adjustment of dosing in elderly cancer patients with

renal insufficiency. Eur J Cancer. 2007; 43(1):14–34. Epub 2007/01/16. https://doi.org/10.1016/j.ejca.

2006.11.004 PMID: 17222747.

11. Ahmadzadeh A, Shahbazian H, Safapour N, Tulabi M, Zandifar S. Comparison between the effects of

one-day treatment regimen with cisplatin on renal function and various biochemical parameters in

patients with gastric and lung cancer compared with two-days divided cisplatin treatment regimen. J

Renal Inj Prev. 2015; 4(3):87–91. Epub 2015/10/16. https://doi.org/10.12861/jrip.2015.17 PMID:

26468480

12. Ikeda K, Terashima M, Kawamura H, Takiyama I, Koeda K, Takagane A, et al. Pharmacokinetics

of cisplatin in combined cisplatin and 5-fluorouracil therapy: a comparative study of three different

schedules of cisplatin administration. Jpn J Clin Oncol. 1998; 28(3):168–75. Epub 1998/06/06. PMID:

9614438.

13. Forastiere AA, Belliveau JF, Goren MP, Vogel WC, Posner MR, O’Leary GP Jr., Pharmacokinetic and

toxicity evaluation of five-day continuous infusion versus intermittent bolus cis-diamminedichloroplati-

num(II) in head and neck cancer patients. Cancer Res. 1988; 48(13):3869–74. Epub 1988/07/01.

PMID: 3378222.

14. Bhat ZY, Cadnapaphornchai P, Ginsburg K, Sivagnanam M, Chopra S, Treadway CK, et al. Under-

standing the Risk Factors and Long-Term Consequences of Cisplatin-Associated Acute Kidney Injury:

An Observational Cohort Study. PLoS One. 2015; 10(11):e0142225. Epub 2015/11/12. https://doi.org/

10.1371/journal.pone.0142225 PMID: 26556481

15. Komaki K, Kusaba T, Tanaka M, Kado H, Shiotsu Y, Matsui M, et al. Lower blood pressure and risk of

cisplatin nephrotoxicity: a retrospective cohort study. BMC Cancer. 2017; 17(1):144. Epub 2017/02/22.

https://doi.org/10.1186/s12885-017-3135-6 PMID: 28219368

16. Sato K, Watanabe S, Ohtsubo A, Shoji S, Ishikawa D, Tanaka T, et al. Nephrotoxicity of cisplatin combi-

nation chemotherapy in thoracic malignancy patients with CKD risk factors. BMC Cancer. 2016;

16:222. Epub 2016/03/17. https://doi.org/10.1186/s12885-016-2271-8 PMID: 26979596

17. Common Terminology Criteria for Adverse Events (CTCAE) Version 4.0. May 28, 2009. https://evs.nci.

nih.gov/ftp1/CTCAE/CTCAE_4.03/CTCAE_4.03_2010-06-14_QuickReference_5x7.pdf. Cited 31 Jul

2018.

18. de Jongh FE, van Veen RN, Veltman SJ, de Wit R, van der Burg ME, van den Bent MJ, et al. Weekly

high-dose cisplatin is a feasible treatment option: analysis on prognostic factors for toxicity in 400

patients. Br J Cancer. 2003; 88(8):1199–206. Epub 2003/04/17. https://doi.org/10.1038/sj.bjc.6600884

PMID: 12698184

19. Stewart DJ, Dulberg CS, Mikhael NZ, Redmond MD, Montpetit VA, Goel R. Association of cisplatin

nephrotoxicity with patient characteristics and cisplatin administration methods. Cancer Chemother

Pharmacol. 1997; 40(4):293–308. Epub 1997/01/01. https://doi.org/10.1007/s002800050661 PMID:

9225947.

20. Lagrange JL, Medecin B, Etienne MC, Pivot X, Cassuto-Viguier E, Renee N, et al. Cisplatin nephrotoxi-

city: a multivariate analysis of potential predisposing factors. Pharmacotherapy. 1997; 17(6):1246–53.

Epub 1997/12/17. PMID: 9399607.

21. Mathe C, Bohacs A, Duffek L, Lukacsovits J, Komlosi ZI, Szondy K, et al. Cisplatin nephrotoxicity aggra-

vated by cardiovascular disease and diabetes in lung cancer patients. Eur Respir J. 2011; 37(4):888–

94. Epub 2010/07/24. https://doi.org/10.1183/09031936.00055110 PMID: 20650984.

22. Kidera Y, Kawakami H, Sakiyama T, Okamoto K, Tanaka K, Takeda M, et al. Risk factors for cisplatin-

induced nephrotoxicity and potential of magnesium supplementation for renal protection. PLoS One.

2014; 9(7):e101902. Epub 2014/07/16. https://doi.org/10.1371/journal.pone.0101902 PMID: 25020203

Dose of cisplatin causing nephrotoxicity

PLOS ONE | https://doi.org/10.1371/journal.pone.0215757 April 25, 2019 9 / 10

https://doi.org/10.1006/gyno.1993.1184
http://www.ncbi.nlm.nih.gov/pubmed/8375728
https://doi.org/10.1097/MAJ.0b013e31812dfe1e
http://www.ncbi.nlm.nih.gov/pubmed/17700201
https://doi.org/10.1007/s00204-012-0821-7
http://www.ncbi.nlm.nih.gov/pubmed/22382776
http://www.ncbi.nlm.nih.gov/pubmed/10597214
http://www.ncbi.nlm.nih.gov/pubmed/7859226
https://doi.org/10.1016/j.ejca.2006.11.004
https://doi.org/10.1016/j.ejca.2006.11.004
http://www.ncbi.nlm.nih.gov/pubmed/17222747
https://doi.org/10.12861/jrip.2015.17
http://www.ncbi.nlm.nih.gov/pubmed/26468480
http://www.ncbi.nlm.nih.gov/pubmed/9614438
http://www.ncbi.nlm.nih.gov/pubmed/3378222
https://doi.org/10.1371/journal.pone.0142225
https://doi.org/10.1371/journal.pone.0142225
http://www.ncbi.nlm.nih.gov/pubmed/26556481
https://doi.org/10.1186/s12885-017-3135-6
http://www.ncbi.nlm.nih.gov/pubmed/28219368
https://doi.org/10.1186/s12885-016-2271-8
http://www.ncbi.nlm.nih.gov/pubmed/26979596
https://evs.nci.nih.gov/ftp1/CTCAE/CTCAE_4.03/CTCAE_4.03_2010-06-14_QuickReference_5x7.pdf
https://evs.nci.nih.gov/ftp1/CTCAE/CTCAE_4.03/CTCAE_4.03_2010-06-14_QuickReference_5x7.pdf
https://doi.org/10.1038/sj.bjc.6600884
http://www.ncbi.nlm.nih.gov/pubmed/12698184
https://doi.org/10.1007/s002800050661
http://www.ncbi.nlm.nih.gov/pubmed/9225947
http://www.ncbi.nlm.nih.gov/pubmed/9399607
https://doi.org/10.1183/09031936.00055110
http://www.ncbi.nlm.nih.gov/pubmed/20650984
https://doi.org/10.1371/journal.pone.0101902
http://www.ncbi.nlm.nih.gov/pubmed/25020203
https://doi.org/10.1371/journal.pone.0215757


23. Arunkumar PA, Viswanatha GL, Radheshyam N, Mukund H, Belliyappa MS. Science behind cisplatin-

induced nephrotoxicity in humans: a clinical study. Asian Pac J Trop Biomed. 2012; 2(8):640–4. Epub

2013/04/10. https://doi.org/10.1016/S2221-1691(12)60112-9 PMID: 23569986

24. Miyoshi T, Misumi N, Hiraike M, Mihara Y, Nishino T, Tsuruta M, et al. Risk Factors Associated with Cis-

platin-Induced Nephrotoxicity in Patients with Advanced Lung Cancer. Biol Pharm Bull. 2016; 39

(12):2009–14. Epub 2016/12/03. https://doi.org/10.1248/bpb.b16-00473 PMID: 27904042.

25. Wallengren O, Iresjo BM, Lundholm K, Bosaeus I. Loss of muscle mass in the end of life in patients with

advanced cancer. Support Care Cancer. 2015; 23(1):79–86. Epub 2014/07/01. https://doi.org/10.1007/

s00520-014-2332-y PMID: 24975045.

26. Blauwhoff-Buskermolen S, Versteeg KS, de van der Schueren MA, den Braver NR, Berkhof J, Langius

JA, et al. Loss of Muscle Mass During Chemotherapy Is Predictive for Poor Survival of Patients With

Metastatic Colorectal Cancer. J Clin Oncol. 2016; 34(12):1339–44. Epub 2016/02/24. https://doi.org/

10.1200/JCO.2015.63.6043 PMID: 26903572.

27. Prado CM, Sawyer MB, Ghosh S, Lieffers JR, Esfandiari N, Antoun S, et al. Central tenet of cancer

cachexia therapy: do patients with advanced cancer have exploitable anabolic potential? Am J Clin

Nutr. 2013; 98(4):1012–9. Epub 2013/08/24. https://doi.org/10.3945/ajcn.113.060228 PMID:

23966429.

28. Lieffers JR, Mourtzakis M, Hall KD, McCargar LJ, Prado CM, Baracos VE. A viscerally driven cachexia

syndrome in patients with advanced colorectal cancer: contributions of organ and tumor mass to whole-

body energy demands. Am J Clin Nutr. 2009; 89(4):1173–9. Epub 2009/02/27. https://doi.org/10.3945/

ajcn.2008.27273 PMID: 19244378

29. Bruggeman AR, Kamal AH, LeBlanc TW, Ma JD, Baracos VE, Roeland EJ. Cancer Cachexia: Beyond

Weight Loss. J Oncol Pract. 2016; 12(11):1163–71. Epub 2016/11/20. https://doi.org/10.1200/JOP.

2016.016832 PMID: 27858548.

30. Muscaritoli M, Anker SD, Argiles J, Aversa Z, Bauer JM, Biolo G, et al. Consensus definition of sarcope-

nia, cachexia and pre-cachexia: joint document elaborated by Special Interest Groups (SIG) "cachexia-

anorexia in chronic wasting diseases" and "nutrition in geriatrics". Clin Nutr. 2010; 29(2):154–9. Epub

2010/01/12. https://doi.org/10.1016/j.clnu.2009.12.004 PMID: 20060626.

31. Patel SS, Molnar MZ, Tayek JA, Ix JH, Noori N, Benner D, et al. Serum creatinine as a marker of muscle

mass in chronic kidney disease: results of a cross-sectional study and review of literature. J Cachexia

Sarcopenia Muscle. 2013; 4(1):19–29. Epub 2012/07/11. https://doi.org/10.1007/s13539-012-0079-1

PMID: 22777757

32. Kim SW, Jung HW, Kim CH, Kim KI, Chin HJ, Lee H. A New Equation to Estimate Muscle Mass from

Creatinine and Cystatin C. PLoS One. 2016; 11(2):e0148495. Epub 2016/02/06. https://doi.org/10.

1371/journal.pone.0148495 PMID: 26849842

33. Willox JC, McAllister EJ, Sangster G, Kaye SB. Effects of magnesium supplementation in testicular can-

cer patients receiving cis-platin: a randomised trial. Br J Cancer. 1986; 54(1):19–23. Epub 1986/07/01.

PMID: 3524645

34. Zarif Yeganeh M, Vakili M, Shahriari-Ahmadi A, Nojomi M. Effect of Oral Magnesium Oxide Supplemen-

tation on Cisplatin-Induced Hypomagnesemia in Cancer Patients: A Randomized Controlled Trial. Iran

J Public Health. 2016; 45(1):54–62. Epub 2016/04/09. PMID: 27057522

35. Zhang X, Donnan PT, Bell S, Guthrie B. Non-steroidal anti-inflammatory drug induced acute kidney

injury in the community dwelling general population and people with chronic kidney disease: systematic

review and meta-analysis. BMC Nephrol. 2017; 18(1):256. Epub 2017/08/03. https://doi.org/10.1186/

s12882-017-0673-8 PMID: 28764659

36. Kaestner SA, Sewell GJ. Chemotherapy dosing part I: scientific basis for current practice and use of

body surface area. Clin Oncol (R Coll Radiol). 2007; 19(1):23–37. Epub 2007/02/20. PMID: 17305252.

Dose of cisplatin causing nephrotoxicity

PLOS ONE | https://doi.org/10.1371/journal.pone.0215757 April 25, 2019 10 / 10

https://doi.org/10.1016/S2221-1691(12)60112-9
http://www.ncbi.nlm.nih.gov/pubmed/23569986
https://doi.org/10.1248/bpb.b16-00473
http://www.ncbi.nlm.nih.gov/pubmed/27904042
https://doi.org/10.1007/s00520-014-2332-y
https://doi.org/10.1007/s00520-014-2332-y
http://www.ncbi.nlm.nih.gov/pubmed/24975045
https://doi.org/10.1200/JCO.2015.63.6043
https://doi.org/10.1200/JCO.2015.63.6043
http://www.ncbi.nlm.nih.gov/pubmed/26903572
https://doi.org/10.3945/ajcn.113.060228
http://www.ncbi.nlm.nih.gov/pubmed/23966429
https://doi.org/10.3945/ajcn.2008.27273
https://doi.org/10.3945/ajcn.2008.27273
http://www.ncbi.nlm.nih.gov/pubmed/19244378
https://doi.org/10.1200/JOP.2016.016832
https://doi.org/10.1200/JOP.2016.016832
http://www.ncbi.nlm.nih.gov/pubmed/27858548
https://doi.org/10.1016/j.clnu.2009.12.004
http://www.ncbi.nlm.nih.gov/pubmed/20060626
https://doi.org/10.1007/s13539-012-0079-1
http://www.ncbi.nlm.nih.gov/pubmed/22777757
https://doi.org/10.1371/journal.pone.0148495
https://doi.org/10.1371/journal.pone.0148495
http://www.ncbi.nlm.nih.gov/pubmed/26849842
http://www.ncbi.nlm.nih.gov/pubmed/3524645
http://www.ncbi.nlm.nih.gov/pubmed/27057522
https://doi.org/10.1186/s12882-017-0673-8
https://doi.org/10.1186/s12882-017-0673-8
http://www.ncbi.nlm.nih.gov/pubmed/28764659
http://www.ncbi.nlm.nih.gov/pubmed/17305252
https://doi.org/10.1371/journal.pone.0215757

