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Abstract

Background

Cisplatin is a highly effective chemotherapeutic agent. However, acute kidney injury (AKI)

limits its subsequent use, resulting in poor cancer prognosis. Dipeptidyl peptidase-4 (DPP-

4) inhibitors have been reported to attenuate cisplatin-induced AKI in animal models, but the

effect in human patients remains to be clarified. We hypothesized that DPP-4 inhibitors can

prevent cisplatin-induced AKI in diabetic-cancer patients.

Methods

We retrospectively reviewed all consecutive cancer patients who were treated with a first

cycle of cisplatin-containing regimen between January 2011 and October 2019. We ana-

lysed data of diabetic-cancer patients treated with high-dose cisplatin (> 50 mg/m2)-contain-

ing regimens. The change of estimated glomerular filtration rate (eGFR) within 2 weeks after

cisplatin treatment was compared between the patients treated with DPP-4 inhibitors and

those treated without DPP-4 inhibitors.

Results

A total of 455 patients were treated with cisplatin during the period. Of these, 34 patients

were eligible for the analysis. The change of eGFR was significantly less in the patients

treated with DPP-4 inhibitors, compared to those without DPP-4 inhibitors [the percentages

of eGFR decline (mean ± SD) was 23.6 ± 20.3% vs 43.1± 20.1%, respectively; P = 0.010].

Furthermore, the incidence of AKI was significantly less in the patients treated with DPP-4

inhibitors (25% vs 64%, respectively; P = 0.026).

Conclusions

DPP-4 inhibitors may decrease the risk of cisplatin-induced AKI in diabetic patients.
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Introduction

Cisplatin is one of the widely used chemotherapeutic agents for many types of malignancies,

but frequently induces acute kidney injury (AKI). The adverse effect of AKI limits subsequent

dosing, which deprives patients of an effective treatment for their malignancies [1]. Indeed,

long-term survival of patients who experienced cisplatin-induced AKI was worse despite con-

tinuation of reduced dose of cisplatin afterward [2]. Hydration of saline, co-administration of

mannitol and magnesium preloading are clinically used for the prevention of cisplatin-

induced AKI [3], however, these preventive effects are still insufficient.

Dipeptidyl peptidase-4 (DPP-4) inhibitors, which are commonly used to control blood glu-

cose levels, exert pleiotropic effects beyond its prescribed use for diabetic patients. Experimen-

tally, DPP-4 inhibitors have been reported to attenuate cisplatin-induced AKI in mice and rats

via inhibition of tubular cell death [4, 5]. It has also been reported that DPP-4 inhibitors can

prevent AKI induced by ischemia-reperfusion and chronic kidney injury in several animal

models [6–10]. However, it remains to be investigated whether DPP-4 inhibitors can attenuate

kidney injury in human patients.

We hypothesized that DPP-4 inhibitors can attenuate acute phase of cisplatin-induced

nephrotoxicity in human patients as same as rodent models. This study aims to compare the

change of kidney function and the incidence of AKI in diabetic-cancer patients treated with

cisplatin combined with or without DPP-4 inhibitors.

Patients and methods

Patients

We retrospectively reviewed all consecutive cancer patients who were treated with a first cycle

of cisplatin-containing regimen between January 2011 and October 2019 at Iwata city hospital

(Iwata, Japan). A total of 455 patients were treated with cisplatin during the period (Fig 1). Of

these, 76 patients (16.7%) had diabetes mellitus. As the nephrotoxicity of cisplatin is dose-

dependent [11], we included patients treated with high- dose cisplatin (> 50 mg/m2) for the

analysis [12, 13]. To evaluate the effect of DPP-4 inhibitors on cisplatin-induced nephrotoxi-

city, patients were divided into 2 groups, users or non-users of DPP-4 inhibitors (DPP-4 inhib-

itor group and non-DPP-4 inhibitor group, respectively). This study was approved by the

ethics committee of the Iwata city hospital, and the research was conducted in accordance

with the ethical principles stated by the Declaration of Helsinki. The requirement for obtaining

informed consent was waived by the research ethics committee based on the retrospective

design of this study. Instead, a detailed disclosure of this study contents was published on the

website of the research ethics committee. Patient records/information was anonymized and

de-identified prior to analysis.

Data collection

The following patient information during hospitalization was documented: sex, age, type of

cancer, chemotherapy regimen, performance status, hemoglobin, glycated hemoglobin, serum

albumin, estimated glomerular filtration rate (eGFR), serum creatinine (SCr), mean blood

pressure, body mass index (BMI), C-reactive protein, the dose of cisplatin, the volume of

hydration after the cisplatin administration in the same day, concurrent radiation therapy, and

drugs associated with kidney function such as nonsteroidal anti-inflammatory drugs, magne-

sium, mannitol, renin-angiotensin system inhibitor and organic cation transporter 2 inhibitor

(histamine H2 receptor antagonist or proton pump inhibitor) [14–16].
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Nephrotoxicity evaluation

We used the changes of eGFR before and after cisplatin administration for the evaluation of

nephrotoxicity. The lowest eGFR from day 3 to 14 was applied as the peak of kidney injury at

acute phase:

Change of eGFR %ð Þ ¼ 1 �
eGFR at the peak of kidney injury
eGFR just before cisplatin treatment

� �� �

� 100

The eGFR was obtained using the Japanese GFR calculation formulas prepared by the Japa-

nese Society of Nephrology as following [17]:

eGFR ðmL=min=1:73 m2Þ ¼ 194� SCr� 1:094 � Age� 0:287 � 0:739 ðif femaleÞ

The definition of AKI was also referred to the criteria of the KDIGO classification based on

the changes of SCr levels [18]:

Stage 1: increase in SCr> 0.3 mg/dL or 1.5 to 1.9 multiplied by baseline; Stage 2: 2.0 to 2.9

multiplied by baseline SCr; Stage 3: 3.0 or more multiplied by baseline SCr or increase in

SCr> 4.0 mg/dL.

Statistical analysis

Differences in categorical outcomes were evaluated using the Fisher’s exact test. Differences

between two groups were assessed using an unpaired t-test or Mann-Whitney U test, as

Fig 1. Flowchart demonstrating the inclusion process. Abbreviations: DM, diabetes mellitus. DPP-4, dipeptidyl peptidase-4.

https://doi.org/10.1371/journal.pone.0229377.g001
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appropriate. All statistical analyses were performed using GraphPad Prism version 6 (Graph-

Pad Software, San Diego, CA, USA). A p-value < 0.05 was accepted as statistically significant.

Results

Patient characteristics

A total of 34 patients were eligible for the analysis (Fig 1). The clinical characteristics and treat-

ment methods of the patients were summarized in Table 1. The mean age of the patients was

65 (47–78) years old including 28 men (82%) and 6 women (18%). Most patients had a good

performance status of 0–1. All patients received dexamethasone and 5-HT3 receptor antago-

nist as antiemetics. BMI was significantly lower in DPP-4 inhibitor group, compared to non-

DPP-4 inhibitor group (P = 0.020), but other parameters were not different between 2 groups.

In DPP-4 inhibitor group, 30% of patients had been prescribed anti-diabetic drugs which

induce weight gain such as insulin, sulfonylurea and thiazolidine. On the other hand, 42.9% of

patients had been prescribed such drugs in non-DPP4 inhibitor group. In DPP-4 inhibitor

group, 40% of patients had been prescribed metformin which induces slight weight loss [19],

while none of the patients had been prescribed metformin in non-DPP-4 inhibitor group.

Evaluation of the renal parameters

The eGFR decline at acute phase was significantly less in DPP-4 inhibitor group, compared to

non-DPP-4 inhibitor group (Fig 2 and Table 2; P = 0.010). Furthermore, the incidence of AKI

was significantly less in DPP-4 inhibitor group (25% vs 64%, respectively; P = 0.026), suggest-

ing that DPP-4 inhibitors can attenuate cisplatin-induced AKI (Table 2).

Discussion

In the present study, we investigated whether DPP-4 inhibitors might affect AKI outcomes in

diabetic-cancer patients treated with high-dose cisplatin. Our data demonstrate that (i) the

kidney function in diabetic-cancer patients treated with cisplatin is significantly preserved by

using DPP-4 inhibitors, and (ii) the incidence of AKI is reduced by these drugs. Katagiri and

we have shown that DPP-4 inhibitors attenuated cisplatin-induced kidney injury in mice and

rats, respectively [4, 5]. Katagiri and others have also revealed that the effect of DPP-4 inhibitor

was mediated by glucagon-like peptide-1 (GLP-1) [4], suggesting that any medicines which

increase the level of GLP-1 could prevent cisplatin-induced kidney injury. In other words, it

suggests that any kind of DPP-4 inhibitors could attenuate cisplatin-induced kidney injury. In

this regard, our data revealed for the first time that DPP-4 inhibitors had a potential to attenu-

ate cisplatin-induced kidney injury in human patients. As there were no patients using GLP-1

receptor agonist in the present study, further studies to investigate whether GLP-1 receptor

agonist also can attenuate cisplatin nephrotoxicity in human patients should be performed.

The mechanism of action could not be evaluated in this study. The pathophysiology of cis-

platin nephrotoxicity is thought to be induced by multiple mechanisms such as proximal tubu-

lar injury, oxidative stress, inflammation, and vascular injury in the kidney [20]. The

renoprotective effects of DPP-4 inhibitors on chronic kidney disease have been reported in

several clinical trials, and recently reviewed by some researchers [21, 22]. Some of clinical trials

have shown the reduction of albuminuria [23–26], but the improvement of kidney function

has been limited [27]. The underlying mechanisms of the effect is thought to be mostly related

to the reduction of oxidative stress and inflammation, resulting in endothelial protection [28].

DPP-4 inhibitors decreased pro-inflammatory cytokines such as tumor necrosis factor-α,

interleukin-1 beta and interleukin-6 [29, 30], and increased anti-oxidants [31]. It has also been
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Table 1. Patient characteristics just before cisplatin administration and other treatment methods in user or non-user of DPP-4 inhibitors.

Characteristics DPP-4 inhibitor group non-DPP-4 inhibitor group P value

Number of patients 20 14

Male; number (%) 17 (85) 11 (79) 0.827

Age, years; mean (range) 65 (49–73) 65 (47–78) 0.672

Performance status; number (%)

0–1 19 (95) 13 (100) 1.000�1

2–4 1 (5) 0

Type of cancers; number (%)

Lung (NSCLC) 12 (60) 5 (36)

Lung (SCLC) 0 (0) 1 (7)

Tongue 1 (5) 1 (7)

Esophagus 4 (20) �2 3 (21)

Stomach 4 (20) �2 4 (29)

Hemoglobin (g/dl); mean (range) 12.4 (9.9–15.6) 12.2 (7.3–14.5) 0.931

Glycated hemoglobin (%); mean (range) 7.4 (5.3–10.5) �3 7.1 (6.5–8.9) �4 0.452

Serum albumin (g/dl); mean (range) 3.6 (2.3–4.5) 3.5 (2.1–4.2) 0.775

eGFR (ml/min./1.73m2); mean (range) 91 (51–128) 85 (62–134) 0.397

Serum creatinine (mg/dl); mean (range) 0.68 (0.49–1.11) 0.70 (0.51–0.93) 0.737

Mean blood pressure (mmHg); mean (range) 88 (68–128) 85 (70–98) 0.599

Body Mass Index; mean (range) 20.8 (17.6–27.1) 23.2 (19.1–30.0) 0.020

C-reactive protein (mg/dl); mean (range) 1.72 (0–8.50) 3.30 (0–20.9) 0.320

Regimen; number (%)

Cisplatin + Pemetrexed 2 (10) 1 (7)

Cisplatin + Pemetrexed + Bevacizumab 1 (5) 0

Cisplatin + Pemetrexed + Pembrolizumab 1 (5) 0

Cisplatin + Tegafur/gimeracil/oteracil 3 (15) 3 (21)

Cisplatin + Docetaxel 3 (15) 1 (7)

Cisplatin + Etoposide 2 (10) 2 (14)

Cisplatin + 5-FU 4 (20) 3 (21)

Cisplatin + Vinorelbine 1 (5) 1 (7)

Cisplatin + Gemcitabine 0 1 (7)

Cisplatin + Irinotecan 2 (10) 0

Cisplatin + Trastuzumab 0 1 (7)

Cisplatin only 1 (5) 1 (7)

Dose of cisplatin (mg/m2); mean (range) 70.6 (58–100) 70.5 (56–80) 0.967

Hydration dose after cisplatin (ml); mean (range) 1467 (750–2500) 1613 (500–2000) 0.443

Concurrent radiation therapy; number (%) 8 (40) 8(57) 0.487

Co-administrated NSAIDs; number (%) 2 (10) 3 (21) 0.627

Co-administrated magnesium sulfate; number (%) 9 (45) 3 (21) 0.275

Co-administrated mannitol; number (%) 16 (80) 9 (64) 0.435

Use of renin-angiotensin system inhibitor; number (%) 4 (20) 2 (14) 1.000

Use of organic cation transporter 2 inhibitor; number (%) 5 (25) 6 (43) 0.458

Other diabetic treatment; number (%)

Insulin 0 3 (21)

Metformin 4 (20) 0

Sulfonylurea 0 2 (14)

Thiazolidine 0 1 (7)

Glucagon-like peptite-1 agonist 0 0

(Continued)
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reported that DPP-4 inhibitors decreased oxidative stress and inflammation in the kidney after

cisplatin administration in animal models [4, 5]. In addition, it has been reported that GLP-1

receptor agonists reduced oxidative stress and inflammation in the kidney in ischemia-reper-

fusion injury, and protected endothelial cells from oxidative stress-induced injury [32, 33].

Regarding tubular protection with DPP-4 inhibitors, to the best of our knowledge, there have

Table 1. (Continued)

Characteristics DPP-4 inhibitor group non-DPP-4 inhibitor group P value

Glinide 0 0

α-glucosidase inhibitor 0 1 (7)

Sodium-glucose transport protein 2 inhibitor 0 1 (7)

Metformin + insulin 2 (10) 0

Metformin + sulfonylurea 1 (5) 0

Sulfonylurea + thiazolidine 1 (5) 0

Sulfonylurea + α-glucosidase inhibitor 1 (5) 0

Metformin + sulfonylurea + α-glucosidase inhibitor 1 (5) 0

No other treatment 10 (50) 6 (42)

Abbreviation: eGFR, estimated glomerular filtration rate. NSCLC, non-small-cell lung carcinoma. NSAIDs, non-steroidal anti-inflammatory drugs.

�1: A case does not have information about Performance status.

�2: A case had double cancers.

�3: A case did not check the level near chemotherapy.

�4: Three cases did not check the level near chemotherapy.

https://doi.org/10.1371/journal.pone.0229377.t001

Fig 2. The change of eGFR at acute phase after cisplatin administration. An unpaired t-test was performed to

compare the percentages of eGFR decline in users and non-users of DPP-4 inhibitors. Data are presented as

mean ± SD.

https://doi.org/10.1371/journal.pone.0229377.g002
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been no reports in human patients yet. In in vitro experiments, we found that pretreatment of

DPP-4 inhibitor or GLP-1 receptor agonist could not attenuate cisplatin cytotoxicity in proxi-

mal tubular cells (unpublished data), suggesting that the renoprotective effect of DPP-4 inhibi-

tors/GLP-1 is not due to the direct protection of proximal tubular cells. DPP-4 cleaves many

substrates. Of these DPP-4 substrates, stromal cell-derived factor (SDF)-1α has been reported

to attenuate kidney injury induced by ischemia-reperfusion [34]. In in vitro experiment, we

showed that treatment of SDF-1α decreased cisplatin cytotoxicity in mouse proximal tubular

cells [5]. Hence, the increase of SDF-1α by DPP-4 inhibitors might contribute to the tubular

protection in human patients. However, it should be noted that DPP-4 inhibitor did not

change the plasma level of SDF-1α at least in mice model of cisplatin-induced AKI [4]. Addi-

tionally, it has been reported that GLP-1 increased heme oxygenase-1 [35], whose overexpres-

sion in proximal tubular cells inhibited cisplatin cytotoxicity [36]. Further studies are required

to clarify the precise mechanism of DPP-4 inhibitors on cisplatin nephrotoxicity in human

patients.

In our study, approximately 40% of patients who were treated with high-dose cisplatin

experienced AKI. The incidence was consistent with the recent report which contained

patients treated with similar dose of cisplatin [37]. On the other hand, it has been reported that

diabetes mellitus may be a risk factor of cisplatin-induced AKI [38]. Our data show that the

usage of DPP-4 inhibitors to diabetic-cancer patients could reduce the incidence of cisplatin-

induced AKI from 64% to 25%, but its preventive measure is still insufficient. A variety of

mechanisms have been reported to prevent cisplatin-induced AKI in pre-clinical studies [20].

Further clinical studies using the medicines which mediate these uninvestigated mechanisms

are required to resolve cisplatin nephrotoxicity.

In this study, BMI in patients treated with DPP-4 inhibitors was lower, compared to those

without DPP-4 inhibitors. It has been reported that DPP-4 inhibitors per se did not influence

the body weight [39]. On the other hand, insulin, sulfonylurea and thiazolidine are known to

induce weight gain [39]. On the contrary, it has been reported that metformin decreased body

weight, and inhibited the weight gain by insulin and sulfonylurea [19, 40, 41]. In fact, 42.9% of

the patients were prescribed insulin, sulfonylurea and thiazolidine in non-DPP-4 inhibitor

group, but 30% of patients in DPP-4 inhibitor group. Furthermore, 40% of the patients were

prescribed metformin in DPP-4 inhibitor group, but none of the patients in non-DPP-4 inhib-

itor group. Therefore, the lower BMI in DPP-4 inhibitor group could be caused by fewer use

of insulin, sulfonylurea and thiazolidine and the use of metformin.

Several limitations in this study should be described. Firstly, this study was a retrospective

design with small sample size. Secondly, cisplatin was combined with other various chemo-

therapeutic agents in most of the patients. Thirdly, the effect of DPP-4 inhibitors on the tumor

response was difficult to evaluate because patients in this study included a variety types of

Table 2. Cisplatin nephrotoxicity in user or non-user of DPP-4 inhibitors.

Characteristics DPP-4 inhibitor group non-DPP-4 inhibitor group P value

% decline of eGFR; mean (SD) 23.6 (20.3) 43.1 (20.1) 0.010

AKI incidence; number (%) 5 (25) 9 (64) 0.026

AKI Stage; number

1 2 5 0.043

2 2 2 0.328

3 1 2 0.210

Abbreviations: eGFR, estimated glomerular filtration rate. AKI, acute kidney injury.

https://doi.org/10.1371/journal.pone.0229377.t002
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cancer with different stages. Of note, it has been reported that anti-DPP-4 monoclonal anti-

body or vildagliptin, a DPP-4 inhibitor, suppressed cancer cell growth and metastasis in both

in vitro and in vivo studies [42–44]. A prospective/randomized study with greater number of

patients, a uniform protocol and adjustment of patients’ background are needed to confirm

the beneficial effects of DPP-4 inhibitors. In fact, Baek et al. opened a study protocol of ran-

domized double-blind, placebo-controlled trial to examine the effect of DPP-4 inhibitor in

cancer patients [12], but the results are not yet reported.

Conclusion

The use of DPP-4 inhibitors could improve the renal outcome after cisplatin treatment in dia-

betic-cancer patients. Therefore, the use of DPP-4 inhibitors may be one of supportive thera-

pies for cancer patients treated with high-dose cisplatin.
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S1 Fig. The raw data of eGFR change, cisplatin dose and incidence of AKI. The raw data are
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S2 Fig. The raw data of Table 1. The raw data of each parameter are shown separately.

(PZF)

Acknowledgments

The authors express their gratitude to Naoki Ohta (Medical information Center, Iwata city

hospital, Iwata, Japan) for his valuable assistance to extract patients.

Author Contributions

Conceptualization: Takamasa Iwakura.

Data curation: Takamasa Iwakura, Atsushi Kitamura.

Formal analysis: Takamasa Iwakura.

Investigation: Takamasa Iwakura.

Methodology: Takamasa Iwakura.

Project administration: Ryuichi Furuya.

Visualization: Takamasa Iwakura.

Writing – original draft: Takamasa Iwakura.

Writing – review & editing: Hirotaka Fukasawa, Kento Ishibuchi, Hideo Yasuda, Ryuichi

Furuya.

References
1. Siddik ZH. Cisplatin: mode of cytotoxic action and molecular basis of resistance. Oncogene. 2003;

22:7265–7279. https://doi.org/10.1038/sj.onc.1206933 PMID: 14576837

2. Ishitsuka R, Miyazaki J, Ichioka D, Inoue T, Kageyama S, Sugimoto M, et al. Impact of acute kidney

injury defined by CTCAE v4.0 during first course of cisplatin-based chemotherapy on treatment out-

comes in advanced urothelial cancer patients. Clin Exp Nephrol. 2017; 21: 732–740. https://doi.org/10.

1007/s10157-016-1327-z PMID: 27565169

Effect of dipeptidyl peptidase-4 inhibitors on cisplatin-induced acute nephrotoxicity

PLOS ONE | https://doi.org/10.1371/journal.pone.0229377 February 21, 2020 8 / 11

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0229377.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0229377.s002
https://doi.org/10.1038/sj.onc.1206933
http://www.ncbi.nlm.nih.gov/pubmed/14576837
https://doi.org/10.1007/s10157-016-1327-z
https://doi.org/10.1007/s10157-016-1327-z
http://www.ncbi.nlm.nih.gov/pubmed/27565169
https://doi.org/10.1371/journal.pone.0229377


3. Duffy EA, Fitzgerald W, Boyle K, Rohatgi R. Nephrotoxicity: Evidence in Patients Receiving Cisplatin

Therapy. Clin J Oncol Nurs. 2018; 22: 175–183. https://doi.org/10.1188/18.CJON.175-183 PMID:

29547601

4. Katagiri D, Hamasaki Y, Doi K, Okamoto K, Negishi K, Nangaku M, et al. Protection of glucagon-like

peptide-1 in cisplatin-induced renal injury elucidates gut-kidney connection. J Am Soc Nephrol. 2013;

24: 2034–43. https://doi.org/10.1681/ASN.2013020134 PMID: 24092928

5. Iwakura T, Zhao Z, Marschner JA, Devarapu SK, Yasuda H, Anders HJ. Dipeptidyl peptidase-4 inhibitor

teneligliptin accelerates recovery from cisplatin-induced acute kidney injury by attenuating inflammation

and promoting tubular regeneration. Nephrol Dial Transplant. 2019; 34: 1669–1680. https://doi.org/10.

1093/ndt/gfy397 PMID: 30624740

6. Glorie LL, Verhulst A, Matheeussen V, Baerts L, Magielse J, Hermans N, et al. DPP4 inhibition

improves functional outcome after renal ischemia-reperfusion injury. Am J Physiol Renal Physiol. 2012;

303: F681–8. https://doi.org/10.1152/ajprenal.00075.2012 PMID: 22718884

7. Nistala R, Habibi J, Aroor A, Sowers JR, Hayden MR, Meuth A, et al. DPP4 inhibition attenuates filtra-

tion barrier injury and oxidant stress in the zucker obese rat. Obesity (Silver Spring). 2014; 22: 2172–9.

8. Tsuprykov O, Ando R, Reichetzeder C, von Websky K, Antonenko V, Sharkovska Y, et al. The dipepti-

dyl peptidase inhibitor linagliptin and the angiotensin II receptor blocker telmisartan show renal benefit

by different pathways in rats with 5/6 nephrectomy. Kidney Int. 2016; 89: 1049–1061. https://doi.org/10.

1016/j.kint.2016.01.016 PMID: 27083282

9. Tanaka Y, Kume S, Chin-Kanasaki M, Araki H, Araki SI, Ugi S, et al. Renoprotective effect of DPP-4

inhibitors against free fatty acid-bound albumin-induced renal proximal tubular cell injury. Biochem Bio-

phys Res Commun. 2016; 470: 539–545. https://doi.org/10.1016/j.bbrc.2016.01.109 PMID: 26802469

10. Uchida T, Oda T, Matsubara H, Watanabe A, Takechi H, Oshima N, et al. Renoprotective effects of a

dipeptidyl peptidase 4 inhibitor in a mouse model of progressive renal fibrosis. Ren Fail. 2017; 39: 340–

349 https://doi.org/10.1080/0886022X.2017.1279553 PMID: 28118775

11. Razzaque MS, Koji T, Kumatori A, Taguchi T. Cisplatin-induced apoptosis in human proximal tubular

epithelial cells is associated with the activation of the Fas/Fas ligand system. Histochem Cell Biol. 1999;

111: 359–65. https://doi.org/10.1007/s004180050368 PMID: 10403114

12. Baek SH, Kim SH, Kim JW, Kim YJ, Lee KW, Na KY. Effects of a DPP4 inhibitor on cisplatin-induced

acute kidney injury: study protocol for a randomized controlled trial. Trials. 2015; 16: 239. https://doi.

org/10.1186/s13063-015-0772-4 PMID: 26021829

13. Szturz P, Wouters K, Kiyota N, Tahara M, Prabhash K, Noronha V, et al. Low-Dose vs. High-Dose Cis-

platin: Lessons Learned From 59 Chemoradiotherapy Trials in Head and Neck Cancer. Front Oncol.

2019; 9: 86. https://doi.org/10.3389/fonc.2019.00086 PMID: 30847300

14. Higuchi K, Yanagawa T. Evaluating dose of cisplatin responsible for causing nephrotoxicity. PLoS One.

2019; 14: e0215757. https://doi.org/10.1371/journal.pone.0215757 PMID: 31022233

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: 144. https://doi.org/10.

1186/s12885-017-3135-6 PMID: 28219368

16. Hamroun A, Lenain R, Bigna JJ, Speyer E, Bui L, Chamley P, et al. Prevention of Cisplatin-Induced

Acute Kidney Injury: A Systematic Review and Meta-Analysis. Drugs. 2019; 79: 1567–1582. https://doi.

org/10.1007/s40265-019-01182-1 PMID: 31429065

17. Matsuo S, Imai E, Horio M, Yasuda Y, Tomita K, Nitta K, et al. Revised equations for estimated GFR

from serum creatinine in Japan. Am J Kidney Dis. 2009; 53: 982–92. https://doi.org/10.1053/j.ajkd.

2008.12.034 PMID: 19339088

18. Kellum JA, Lameire N, Aspelin P, Barsoum RS, Burdmann EA, Goldstein SL, et al. Kidney disease:

Improving global outcomes (KDIGO) acute kidney injury work group. KDIGO clinical practice guideline

for acute kidney injury. Kidney International Supplements. 2012; 2: 1–138.

19. Bailey T. Options for combination therapy in type 2 diabetes: comparison of the ADA/EASD position

statement and AACE/ACE algorithm. Am J Med. 2013; 126(9 Suppl 1): S10–20.

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

2014: 967826. https://doi.org/10.1155/2014/967826 PMID: 25165721

21. Coppolino G, Leporini C, Rivoli L, Ursini F, di Paola ED, Cernaro V, et al. Exploring the effects of DPP-4

inhibitors on the kidney from the bench to clinical trials. Pharmacol Res. 2018; 129: 274–294 https://doi.

org/10.1016/j.phrs.2017.12.001 PMID: 29223646

22. Williams DM, Nawaz A, Evans M. Renal Outcomes in Type 2 Diabetes: A Review of Cardiovascular

and Renal Outcome Trials. Diabetes Ther. 2019. https://doi.org/10.1007/s13300-019-00747-3 [Epub

ahead of print] PMID: 31863343

Effect of dipeptidyl peptidase-4 inhibitors on cisplatin-induced acute nephrotoxicity

PLOS ONE | https://doi.org/10.1371/journal.pone.0229377 February 21, 2020 9 / 11

https://doi.org/10.1188/18.CJON.175-183
http://www.ncbi.nlm.nih.gov/pubmed/29547601
https://doi.org/10.1681/ASN.2013020134
http://www.ncbi.nlm.nih.gov/pubmed/24092928
https://doi.org/10.1093/ndt/gfy397
https://doi.org/10.1093/ndt/gfy397
http://www.ncbi.nlm.nih.gov/pubmed/30624740
https://doi.org/10.1152/ajprenal.00075.2012
http://www.ncbi.nlm.nih.gov/pubmed/22718884
https://doi.org/10.1016/j.kint.2016.01.016
https://doi.org/10.1016/j.kint.2016.01.016
http://www.ncbi.nlm.nih.gov/pubmed/27083282
https://doi.org/10.1016/j.bbrc.2016.01.109
http://www.ncbi.nlm.nih.gov/pubmed/26802469
https://doi.org/10.1080/0886022X.2017.1279553
http://www.ncbi.nlm.nih.gov/pubmed/28118775
https://doi.org/10.1007/s004180050368
http://www.ncbi.nlm.nih.gov/pubmed/10403114
https://doi.org/10.1186/s13063-015-0772-4
https://doi.org/10.1186/s13063-015-0772-4
http://www.ncbi.nlm.nih.gov/pubmed/26021829
https://doi.org/10.3389/fonc.2019.00086
http://www.ncbi.nlm.nih.gov/pubmed/30847300
https://doi.org/10.1371/journal.pone.0215757
http://www.ncbi.nlm.nih.gov/pubmed/31022233
https://doi.org/10.1186/s12885-017-3135-6
https://doi.org/10.1186/s12885-017-3135-6
http://www.ncbi.nlm.nih.gov/pubmed/28219368
https://doi.org/10.1007/s40265-019-01182-1
https://doi.org/10.1007/s40265-019-01182-1
http://www.ncbi.nlm.nih.gov/pubmed/31429065
https://doi.org/10.1053/j.ajkd.2008.12.034
https://doi.org/10.1053/j.ajkd.2008.12.034
http://www.ncbi.nlm.nih.gov/pubmed/19339088
https://doi.org/10.1155/2014/967826
http://www.ncbi.nlm.nih.gov/pubmed/25165721
https://doi.org/10.1016/j.phrs.2017.12.001
https://doi.org/10.1016/j.phrs.2017.12.001
http://www.ncbi.nlm.nih.gov/pubmed/29223646
https://doi.org/10.1007/s13300-019-00747-3
http://www.ncbi.nlm.nih.gov/pubmed/31863343
https://doi.org/10.1371/journal.pone.0229377


23. Cooper ME, Perkovic V, McGill JB, Groop PH, Wanner C, Rosenstock J, et al. Kidney Disease End

Points in a Pooled Analysis of Individual Patient-Level Data From a Large Clinical Trials Program of the

Dipeptidyl Peptidase 4 Inhibitor Linagliptin in Type 2 Diabetes. Am J Kidney Dis. 2015; 66: 441–9.

https://doi.org/10.1053/j.ajkd.2015.03.024 PMID: 25960304

24. Hattori S, Sitagliptin reduces albuminuria in patients with type 2 diabetes. Endocr J. 2011; 58: 69–73.

https://doi.org/10.1507/endocrj.k10e-382 PMID: 21206136

25. Mori H, Okada Y, Arao T, Tanaka Y. Sitagliptin improves albuminuria in patients with type 2 diabetes

mellitus. J Diabetes Investig. 2014; 5: 313–9. https://doi.org/10.1111/jdi.12142 PMID: 24843780

26. Kawasaki I, Hiura Y, Tamai A, Yoshida Y, Yakusiji Y, Ikuno Y, et al. Sitagliptin reduces the urine albu-

min-to-creatinine ratio in type 2 diabetes through decreasing both blood pressure and estimated glomer-

ular filtration rate. J Diabetes. 2015; 7: 41–6. https://doi.org/10.1111/1753-0407.12153 PMID:

24661437

27. Kim YG, Byun J, Yoon D, Jeon JY, Han SJ, Kim DJ, et al. Renal Protective Effect of DPP-4 Inhibitors in

Type 2 Diabetes Mellitus Patients: A Cohort Study. J Diabetes Res. 2016; 2016: 1423191 https://doi.

org/10.1155/2016/1423191 PMID: 28119930

28. Bolignano D, Cernaro V, Gembillo G, Baggetta R, Buemi M, D’Arrigo G. Antioxidant agents for delaying

diabetic kidney disease progression: A systematic review and meta-analysis. PLoS One. 2017; 12:

e0178699. https://doi.org/10.1371/journal.pone.0178699 PMID: 28570649

29. Atkin SL, Katsiki N, Banach M, Mikhailidis DP, Pirro M, Sahebkar A. Effect of dipeptidyl peptidase-4

inhibitors on circulating tumor necrosis factor-α concentrations: A systematic review and meta-analysis

of controlled trials. J Diabetes Complications. 2017; 31: 1458–1464 https://doi.org/10.1016/j.jdiacomp.

2017.05.016 PMID: 28647512

30. Ta NN, Schuyler CA, Li Y, Lopes-Virella MF, Huang Y. DPP-4 (CD26) inhibitor alogliptin inhibits athero-

sclerosis in diabetic apolipoprotein E-deficient mice. J Cardiovasc Pharmacol. 2011; 58: 157–66.

https://doi.org/10.1097/FJC.0b013e31821e5626 PMID: 21558879

31. Vaghasiya J, Sheth N, Bhalodia Y, Manek R. Sitagliptin protects renal ischemia reperfusion induced

renal damage in diabetes. Regul Pept. 2011; 166: 48–54. https://doi.org/10.1016/j.regpep.2010.08.007

PMID: 20728477

32. Chen YT, Tsai TH, Yang CC, et al. Exendin-4 and sitagliptin protect kidney from ischemia-reperfusion

injury through suppressing oxidative stress and inflammatory reaction. J Transl Med. 2013; 11: 270.

https://doi.org/10.1186/1479-5876-11-270 PMID: 24161164

33. Cai X, She M, Xu M, et al. GLP-1 treatment protects endothelial cells from oxidative stress-induced

autophagy and endothelial dysfunction. Int J Biol Sci. 2018; 14: 1696–170823. https://doi.org/10.7150/

ijbs.27774 PMID: 30416384

34. Stokman G, Stroo I, Claessen N, Teske GJ, Florquin S, Leemans JC. SDF-1 provides morphological

and functional protection against renal ischaemia/reperfusion injury. Nephrol Dial Transplant. 2010; 25:

3852–9. https://doi.org/10.1093/ndt/gfq311 PMID: 20519232

35. Chen YT, Tsai TH, Yang CC, Sun CK, Chang LT, Chen HH, et al. Exendin-4 and sitagliptin protect kid-

ney from ischemia-reperfusion injury through suppressing oxidative stress and inflammatory reaction. J

Transl Med. 2013; 11: 270. https://doi.org/10.1186/1479-5876-11-270 PMID: 24161164

36. Bolisetty S, Traylor A, Joseph R, Zarjou A, Agarwal A. Proximal tubule-targeted heme oxygenase-1 in

cisplatin-induced acute kidney injury. Am J Physiol Renal Physiol. 2016; 310: F385–94 https://doi.org/

10.1152/ajprenal.00335.2015 PMID: 26672618

37. Yamamoto Y, Watanabe K, Tsukiyama I, Yabushita H, Matsuura K, Wakatsuki A. Hydration with 15

mEq Magnesium Is Effective at Reducingthe Risk for Cisplatin-induced Nephrotoxicity in Patients

Receiving Cisplatin (�50 mg/m2) Combination Chemotherapy. Anticancer Res. 2016; 36: 1873–7.

PMID: 27069173
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