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Abstract

Background: Cisplatin-induced nephrotoxicity (CIN) is a major dose-limiting adverse event that can lead to both acute and
chronic kidney injury. The formation of thiol-cisplatin conjugates within renal tubular cells has been implicated as a key mechanism
underlying CIN. Flopropione is an inhibitor of cysteine conjugate β-lyase 1, an enzyme that catalyzes the formation of the
thiol-cisplatin conjugate, which might prevent CIN.

Objective: We designed a clinical trial to evaluate the safety of flopropione in patients receiving cisplatin-based chemotherapy
and explore its efficacy in preventing CIN.

Methods: This is a phase 1 and 2a, single-center, randomized, open-label trial conducted in patients undergoing cisplatin therapy.
Participants are randomized in a 5:2 ratio per cohort to receive either flopropione or no treatment. On the day of cisplatin
administration, the flopropione group receives oral flopropione twice daily (80 mg in cohort 1, 160 mg in cohort 2, and 240 mg
in cohort 3). On the following day, all cohorts receive 3 doses of 80 mg of oral flopropione. A step-up dose escalation design is
adopted, progressing from cohort 1 to 3 after confirming safety at each level. The primary end point is the safety of flopropione
use in combination with cisplatin; the secondary end points include changes in the levels of urinary biomarkers of nephrotoxicity
such as neutrophil gelatinase-associated lipocalin, liver-type fatty acid-binding protein, and kidney injury molecule-1. Blood and

JMIR Res Protoc 2026 | vol. 15 | e87907 | p. 1https://www.researchprotocols.org/2026/1/e87907
(page number not for citation purposes)

Koseki et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

mailto:tkoseki@fujita-hu.ac.jp
http://www.w3.org/Style/XSL
http://www.renderx.com/


urine samples are collected within 48 hours before cisplatin administration and at 24 hours, 48 hours, and 1 week after its initiation
for safety and efficacy assessments.

Results: The first participant was registered in July 2024. As of January 2026, participant registration is ongoing. The final
participant will complete the study by March 2026. Publication of results is expected by March 2027.

Conclusions: This study is expected to contribute to advances in preventive strategies for CIN by providing evidence that
inhibition of cysteine conjugate β-lyase 1 by flopropione may attenuate CIN.

Trial Registration: Japan Registry of Clinical Trials jRCTs041220021; https://jrct.mhlw.go.jp/en-latest-detail/jRCTs041220021

International Registered Report Identifier (IRRID): DERR1-10.2196/87907

(JMIR Res Protoc 2026;15:e87907) doi: 10.2196/87907
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Introduction

Background
Nearly 5 decades have passed since cisplatin was approved in
the United States in 1978, and it remains one of the most widely
used and effective anticancer drugs worldwide [1]. Cisplatin
exerts potent antitumor effects primarily through the formation
of DNA cross-links, thereby inhibiting DNA replication and
transcription. However, because its cytotoxic activity is not
selective for cancer cells, cisplatin damages normal tissues and
causes adverse effects, such as myelosuppression, ototoxicity,
neurotoxicity, and nephrotoxicity, which often limit its clinical
use [2]. Among these toxicities, nephrotoxicity is particularly
significant as it can result in both acute and chronic kidney
injury [3]. Cisplatin-induced nephrotoxicity (CIN) reportedly
occurs in approximately 30% of the patients receiving
cisplatin-based chemotherapy [4,5].

Hydration therapy can reduce the intratubular concentration of
cisplatin, thereby lowering renal toxicity, and it is recognized
as the globally established preventive method for CIN [6,7].
Particularly, recently developed short hydration protocols have
offered comparable protective effects to conventional hydration
while reducing patient burden and improving safety [8,9]. In
addition, magnesium supplementation is used for preventing
hypomagnesemia and mitigating the subsequent aggravation of
renal dysfunction [10,11]. Use of osmotic diuretics, such as
mannitol, has also been reported as a preventive strategy;
however, their use might increase risk of nausea, vomiting, and
potential deterioration in renal function, particularly in patients
with comorbid diabetes mellitus or hypertension [12]. Although
emerging preclinical evidence in animal and in vitro studies
suggests that antioxidant-based agents, including riociguat,
JP4-039, and amentoflavone, exert renoprotective effects against
CIN, robust clinical data supporting their efficacy and safety
are still lacking [13-15]. Thus, in addition to preventive
strategies such as hydration therapy and magnesium
supplementation, the development of novel prophylactic
approaches for CIN is warranted.

One proposed mechanism underlying CIN involves the
formation of a highly reactive thiol-cisplatin complex catalyzed
by cysteine conjugate-β lyase 1 (CCBL1) in renal tubular cells
[16 ,17] .  We  p rev ious ly  r epor t ed  tha t
2′,4′,6′-trihydroxyacetophenone, a CCBL1 inhibitor, dose
dependently suppressed cisplatin-induced increases in blood
urea nitrogen (BUN) and serum creatinine levels and tubular
cell damage and apoptosis in a CIN mouse model [18].
Flopropione (2′,4′,6′-trihydroxypropiofenone), identified
concurrently with 2′,4′,6′-trihydroxyacetophenone as a CCBL1
inhibitor, exhibits comparable inhibitory activity in renal tubular
cells and animal models (Koseki, T, unpublished data, April
2022). Flopropione was approved in Japan in 1978 for its
antispasmodic effects in hepatobiliary and pancreatic diseases
and urinary calculi [19]. Given its known safety profile and
potential to inhibit CCBL1, flopropione may also confer
protective effects against CIN.

Therefore, for the first time, a phase 1 and 2a clinical trial has
been designed for patients initiating cisplatin therapy to obtain
proof of concept for the efficacy and safety of flopropione in
preventing CIN.

Objective
This phase 1 and 2a clinical trial aims to primarily evaluate the
safety of flopropione in patients receiving cisplatin-based
chemotherapy while exploring preliminary efficacy and
generating proof-of-concept evidence for its potential protective
effect against CIN.

Methods

Study Design and Setting
This is a single-center, randomized, open-label trial conducted
at Fujita Health University Hospital (Toyoake, Japan) in patients
undergoing cisplatin therapy.

Eligibility Criteria
Patients who meet all inclusion criteria and none of the exclusion
criteria are eligible for enrollment (Textbox 1).
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Textbox 1. Inclusion and exclusion criteria.

Inclusion criteria

• Provision of written informed consent before participation after receiving an adequate explanation

• Aged 18 years or older at the time of consent acquisition

• No previous exposure to cisplatin-containing chemotherapy

• Scheduled to receive cisplatin monotherapy or cisplatin in combination with up to 2 other anticancer agents (concurrent radiotherapy permitted)
under inpatient care

• Diagnosed with lung cancer, head and neck cancer, or other malignancies scheduled to receive a cisplatin dose of 75 mg/m2 or higher

Exclusion criteria

• Renal impairment (estimated glomerular filtration rate <60 mL/min/1.73 m2)

• Pregnancy or possibility of pregnancy

• Breastfeeding

• Known hypersensitivity to flopropione

• Any other condition deemed inappropriate for study participation by the principal investigator or subinvestigator

No predefined criteria are established for using preventive
measures against CIN, including hydration, magnesium
supplementation, or mannitol administration. However, at the
participating institution, hydration is routinely implemented for
managing patients undergoing cisplatin regimens at doses of

75 mg/m2 or higher. In addition, magnesium supplementation
and mannitol administration are implemented, involving many
of the applicable regimens.

Intervention

Intervention Procedure
Eligible participants are randomized in a 5:2 ratio per cohort to
receive either flopropione (flopropione group) or no treatment
(control group). Participants in the flopropione group receive
oral flopropione twice on day 1 (30 minutes before cisplatin
administration and at least 4 hours after) and 3 times on day 2.

To ensure participant safety, a step-up dosing approach is
applied. The single-dose levels are 80 mg in cohort 1, 160 mg
in cohort 2, and 240 mg in cohort 3 on day 1. Progression to
the next cohort will occur only after confirming safety in the
preceding cohort. On day 2, all participants in the flopropione
group will receive 80 mg per dose 3 times daily at intervals of
at least 4 hours. Blood and urine samples will be collected within
48 hours before cisplatin initiation and at 24 hours, 48 hours,
and 1 week after initiation. Participants in the control group
undergo the same procedures as those in the flopropione group
and receive standard cisplatin-based chemotherapy but without
receiving flopropione. Regarding the analysis, participants
assigned to the control group among all cohorts will be pooled
for evaluation, whereas participants in the flopropione group
will be evaluated according to their assigned dose level. An
overview of the study procedure is shown in Figure 1; the
step-up dosing approach diagram is shown in Figure 2.

Figure 1. Overview of the study procedure.
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Figure 2. Step-up dosing approach diagram.

Criteria for Discontinuation of the Protocol Treatment
Treatment will be discontinued if any of the following occur:
(1) withdrawal of consent by the participant, (2) inability to
continue follow-up, and (3) investigator’s judgment that
discontinuation is necessary for safety or other reasons.

Prohibited Concomitant Drugs
The concomitant use of nonstudy flopropione is prohibited from
1 day before cisplatin initiation until the 1-week
postadministration evaluation.

End Points

Primary End Point
Because this is the first clinical use of flopropione in patients
treated with cisplatin, the primary end point is safety. Safety

will be assessed by the incidence of adverse events, including
abnormal laboratory test results, occurring from study treatment
initiation (or 30 minutes before cisplatin initiation in the control
group) until 1 week after cisplatin administration. Adverse
events will be graded according to the Common Terminology
Criteria for Adverse Events (CTCAE; version 4.0), while serious
adverse events will be defined based on predefined seriousness
criteria.

Secondary End Points
Secondary end points include changes in urinary biomarkers of
nephrotoxicity—neutrophil gelatinase-associated lipocalin
(N-GAL), liver-type fatty acid-binding protein (L-FABP),
k i d n e y  i n j u r y  m o l e c u l e - 1  ( K I M - 1 ) ,
N-acetyl-β-d-glucosaminidase (NAG), β2-microglobulin, and
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α1-microglobulin—from baseline to 24 hours, 48 hours, and 1
week after cisplatin administration.

Exploratory End Points
Exploratory end points include the following:

• Changes in serum creatinine, BUN, and estimated
glomerular filtration rate from baseline to 24 hours, 48
hours, and 1 week after cisplatin initiation

• Proportion of participants meeting the CTCAE grade 1 or
higher acute kidney injury criteria (increase in serum
creatinine of >0.3 mg/dL or 1.5 times above baseline) at
24 hours, 48 hours, and 1 week

• Nontargeted metabolomic analyses of serum and urine
samples at each time point

Study Schedule
The schedule for informed consent, registration, randomization,
observations, and assessments is presented in Table 1.

Table 1. Study schedule.

After cisplatin administrationBefore cisplatin administrationItems

1 wk later
(visit 4)

48 h later
(visit 3)

24 h later
(visit 2)

Cisplatin administration day
(visit 1)

From 28 d before cisplatin admin-
istration (before visit)

–36 h to +36
h

–2 h to +2 h–2 h to +2 h——aAllowable visit windows

✓b✓bConsent acquisition and registra-
tion

✓b✓bPatient background

✓Cisplatin administration

✓c✓cFlopropione treatment

✓✓✓✓b,d✓b,dBlood and urine collection

✓e✓e✓e✓e✓eRegimen name and concomitant
therapy

✓f✓f✓f✓fAdverse events

aNot applicable.
bConduct at either the before visit or visit 1.
cThe first dose is taken 30 minutes before starting cisplatin administration. On the day of administration, a second dose is taken at least 4 hours apart.
On the second day, 3 doses of 80 mg are taken at least 4 hours apart.
dData are collected from 48 hours before cisplatin administration until before starting the regimen.
eData collection period is from registration to 1 week after cisplatin administration.
fData are collected from the start of flopropione treatment (or 30 minutes before starting cisplatin administration in the control group) until the 1-week
evaluation point or until discontinuation. As much data as possible are collected at the discontinuation point. If adverse events persist, observation is
continued until recovery or until the principal investigator or equivalent determines follow-up is unnecessary.

Eligibility Assessment
Eligibility will be confirmed within 28 days before cisplatin
initiation. Baseline characteristics, including age, sex, height,
weight, and comorbidities, will be recorded at registration.

Registration and Random Allocation
After confirming eligibility, registration and randomization will
be performed through an electronic data capture system,
assigning participants in a 5:2 ratio (flopropione:control) within
each cohort.

Flopropione Treatment
Flopropione (80 mg per tablet) will be administered orally 30
minutes before cisplatin initiation. Doses are as follows: 80 mg
in cohort 1, 160 mg in cohort 2, and 240 mg in cohort 3. A
second dose of the same amount will be given at least 4 hours
later on day 1, followed by 80 mg 3 times daily on day 2 at
intervals of at least 4 hours.

Blood and Urine Collection
Blood and urine samples will be collected at the time points
defined as the secondary and exploratory end points. The details
of each test item are summarized in Table 2.
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Table 2. Laboratory test items.

ItemsClassification

White blood cell count, neutrophil count, lymphocyte count, monocyte count, eosinophil count, basophil count, red blood
cell count, hemoglobin, hematocrit, and platelet count

Hematological tests

Total cholesterol, triglycerides, total protein, albumin, albumin/globulin ratio, blood urea nitrogen, uric acid, creatinine,
total bilirubin, aspartate aminotransferase, alanine aminotransferase, γ-glutamyl transpeptidase, alkaline phosphatase,
lactate dehydrogenase, creatinine kinase (creatine phosphokinase), calcium, phosphorus, sodium, potassium, chlorine,
and C-reactive protein

Blood biochemical tests

Hematuria, glucose, protein, creatinine, neutrophil gelatinase-associated lipocalin, liver-type fatty acid-binding protein,
kidney injury molecule-1, N-acetyl-β-d-glucosaminidase, β2-microglobulin, and α1-microglobulin

Urinalysis

Biomarker Measurements
The collected urine samples will be centrifuged at 400×g or
higher for 5 minutes. Thereafter, the supernatants will be stored
at –80 °C until analysis. The samples will be sent to LSI
Medience Corporation for N-GAL, L-FABP, KIM-1, NAG,
β2-microglobulin, and α1-microglobulin measurement. N-GAL
will be measured by a chemiluminescent immunoassay;
L-FABP, β2-microglobulin, and α1-microglobulin will be
measured by latex agglutination turbidimetry; KIM-1 will be
measured by an enzyme-linked immunosorbent assay; NAG
will be measured by the artificial substrate MPT method.

Adverse Events
All adverse events, including abnormal laboratory findings, will
be collected and recorded in the electronic medical records with
information on severity, seriousness, outcome, and the presence
or absence of a causal relationship. The seriousness criteria for
serious adverse events are (1) death, (2) life-threatening
complication, (3) patient requires inpatient hospitalization or
prolongation of hospitalization, (4) persistent or significant
disability or incapacity, (5) risk of persistent or significant
disability or incapacity, (6) congenital anomaly or birth defect,
(7) and important medical event.

Sample Size
The planned sample size includes 21 participants: 5 (24%) each
in the 80 mg, 160 mg, and 240 mg flopropione cohorts and 6
(29%) in the control group. On the basis of the number of
eligible patients in the previous year, anticipated consent rate,
and screening dropouts, 21 participants are considered feasible
to complete enrollment within 1 to 1.5 years.

Given the early-phase pilot nature of this study, the sample size
is selected to balance between exploratory evaluation of
potential dose-response trends, safety assessment, ethical
considerations, and feasibility. Although not powered for
statistical significance, 5 participants per dose level is considered
appropriate for an initial exploration of a proof-of-concept study.
Participants assigned to the control group will be enrolled among
all cohorts and pooled for assessment, providing a common
reference group for comparisons with each dose level. This
approach allows for efficient use of control data while
minimizing unnecessary patient exposure to the investigational
intervention.

Statistics

Analysis Set

Full Analysis Set

Patients in the control group are those who receive cisplatin,
and participants in the flopropione group are those who receive
flopropione. Data of participants in the flopropione group who
do not receive flopropione are not included in the analysis.

Per Protocol Set

This is the subset of the full analysis set that excludes
participants who have deviations in drug administration or those
who use prohibited concomitant medications.

Safety Analysis Set

This set is the same as the full analysis set. The control group
is evaluated as 1 group, and the flopropione group is stratified
by dose.

Analysis Method
As this is an exploratory pilot study, no formal hypothesis testing
is planned. Descriptive and exploratory analyses will be
conducted as mentioned subsequently.

The changes in urinary N-GAL, L-FABP, KIM-1, NAG,
β2-microglobulin, and α1-microglobulin as well as serum
creatinine, BUN, and estimated glomerular filtration rate from
baseline to 24 hours, 48 hours, and 1 week after cisplatin
administration will be assessed. Summary statistics will be
calculated for the change amount, change rate, and observed
values at each time point (24 hours, 48 hours, and 1 week after
administration) relative to the baseline for each marker.
Additionally, between-group differences will be estimated using
mixed-effects models for repeated measures if feasible,
following an assessment of the data distribution before database
lock.

The proportion of participants meeting the CTCAE grade 1 or
higher acute kidney injury criteria (creatinine level increase of
0.3 mg/dL or higher; creatinine 1.5 times above baseline) at 24
hours, 48 hours, and 1 week after cisplatin administration will
be calculated. The number of participants meeting this criterion
at each time point will be analyzed using Fisher exact test.

Nontargeted metabolome analysis will be conducted on serum
and urine samples collected at each time point, following
previously described protocols [20,21]. Briefly, metabolites
will be extracted from the samples and analyzed using capillary
electrophoresis coupled with time-of-flight mass spectrometry
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(Agilent 6210, Agilent Technologies). Metabolite identification
will be performed by matching accurate mass-to-charge ratios
(m/z) and migration times to the reference annotation table
provided by Human Metabolome Technologies Inc. Peak areas
obtained from the capillary electrophoresis coupled with
time-of-flight mass spectrometry analysis will be normalized
and expressed as relative concentrations to enable comparative
evaluation across samples. Statistical analyses will include both
univariable approaches and multivariable methods to identify
significant temporal changes in the metabolome.

Differences in cancer type, cisplatin dose, renal function, and
comorbidities may potentially influence the study end points.
Therefore, to explore the impact of these baseline characteristics
and clinical variables, subgroup analyses may be considered
when deemed necessary.

Data Management
The data will be collected using an electronic data capture
system. All data and materials obtained in this study will be
managed under the responsibility of the principal investigator.
Digital data will be encrypted with passwords, and paper-based
materials will be securely stored in locked cabinets. Data will
be retained for 5 years following the completion of this clinical
study. Upon disposal, all materials will be destroyed in an
irreversible manner through methods such as shredding or
incineration to ensure destruction.

Ethical Considerations
This study will be conducted in accordance with Japan’s Clinical
Trials Act and the Declaration of Helsinki. The protocol was
reviewed and approved by the clinical research review board
of Fujita Health University (CR22-002). At Fujita Health
University Hospital, the principal investigator or subinvestigator
will screen patients under their care to identify those who may
meet the eligibility criteria for participation in this study. Written
informed consent will be obtained from eligible patients by the
principal investigator or subinvestigator using an explanatory
document approved by the clinical research review board, within
28 days before cisplatin administration. All participant data will
be deidentified and maintained confidentially. Data will be
stored securely with restricted access. Data will be retained for
5 years after study completion. For adverse events, the principal
investigator or subinvestigator will provide appropriate medical
treatment. For severe adverse events, clinical research insurance
will provide appropriate compensation to participants.

Dissemination
The results will be disseminated through peer-reviewed
publications, conference presentations, and the Japan Registry
of Clinical Trials (jRCTs041220021).

Monitoring and Auditing
On-site monitoring will be performed to ensure compliance
with the study protocol, participant safety, and data accuracy.
No formal audit is planned.

Trial Registration
This trial was registered in the Japan Registry of Clinical Trials
(jRCTs041220021).

Results

This study was approved by the clinical research review board
of Fujita Health University in April 2022. This study was
subsequently funded by the Japan Agency for Medical Research
and Development in April 2024, with the first case registered
in July 2024. As of January 2026, participant registration is
ongoing. The final participant will complete the study by March
2026. Publication of results is expected by March 2027.

Discussion

Anticipated Findings
CIN is a critical concern about initiating or continuing
cisplatin-based chemotherapy. Although hydration therapy is
widely implemented, its preventive effects against CIN remain
limited. Various pharmacological agents have been investigated
for potential protective effects; however, none have yet been
successfully translated into clinical practice, and an unmet
medical need persists [22]. In addition to currently recommended
preventive strategies, such as hydration, the development of
mechanism-based pharmacological interventions targeting the
pathogenesis of CIN not only reduces the incidence and severity
of CIN but also enables cisplatin therapy continuation,
potentially leading to improved overall treatment outcomes.
Therefore, we designed a clinical trial to evaluate the safety of
flopropione, a CCBL1 inhibitor, and obtain proof of concept
for its preventive effect against CIN. If proof of concept for the
preventive effect of flopropione can be demonstrated in this
study, subsequent clinical trials would be able to further verify
its efficacy. Such evidence would support the potential of
flopropione as an adjunctive therapy to existing preventive
strategies, including hydration, with the expectation of achieving
greater suppression of CIN incidence compared with those
currently available. Furthermore, if its clinical benefit is
confirmed, future studies should also consider comparative trials
against hydration-based protocols to evaluate whether
flopropione could serve as a simpler and more convenient
alternative preventive approach to CIN.

In designing this study, several measures are implemented to
ensure participant safety while obtaining proof of concept. No
previous studies have evaluated the concomitant use of
flopropione with cisplatin; therefore, a step-up dosing approach
was adopted in the participants who were hospitalized. This
design allows for sequential confirmation of safety across
cohorts while gradually increasing the flopropione dose. Given
that hydration may reduce plasma concentrations of orally
administered drugs, we have set the maximum single dose of
flopropione on cisplatin administration day 1 at 240 mg,
consistent with the previously reported dose administered to
healthy adults [19].

N-GAL, L-FABP, and KIM-1 were selected as urinary
biomarkers for detecting early renal injury. All have been
reported as useful indicators for early detection of CIN [23-25].
Furthermore, urinary KIM-1 levels reportedly continue to rise
for up to 10 days after the initial administration of cisplatin [26].
Therefore, urinary biomarkers will be measured at 24 hours, 48
hours, and 1 week after cisplatin initiation.
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Limitations
This study has several limitations. First, it is an open-label study
using a nontreated control group rather than a placebo control.
Although the primary focus is on safety and biomarker
evaluation, the potential for participant- or investigator-related
bias cannot be completely eliminated. Therefore, a future pivotal
study should adopt a randomized, double-blind,
placebo-controlled design. Second, this study does not assess
the impact of flopropione on cisplatin efficacy. Because this is
the first clinical investigation of flopropione used in combination
with cisplatin, it is limited to the first cisplatin administration
(cycle 1) with an observation period of 1 week. Evaluation of
potential effects on antitumor efficacy will require a longer
observation period. Third, several studies have suggested that
nephrotoxicity develops in a cumulative, dose-dependent manner
[27,28]. Therefore, CIN may not necessarily occur after a single
cisplatin administration. Accordingly, future studies involving

multiple cycles of cisplatin and repeated treatment of
flopropione will be necessary for comprehensively assessing
its safety and preventive efficacy.

Conclusions
Cisplatin continues to be one of the most important anticancer
agents. However, prevention of CIN is crucial for expanding
therapeutic options in patients with cancer and enhancing
treatment sustainability. This study is a proof-of-concept trial
designed to evaluate flopropione, a CCBL1 inhibitor, with a
focus on the pathophysiological mechanisms underlying CIN.
It occupies an important position in generating evidence that
will inform subsequent clinical trials. Through this study and
the following clinical trials, we aim to demonstrate the
preventive efficacy of flopropione against CIN and establish it
as a prophylactic agent capable of further reducing the incidence
of CIN.
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regulatory requirements, but are available from the corresponding author on reasonable request, subject to approval by the
institutional review board.

Funding
This clinical trial was entirely supported by the Japan Agency for Medical Research and Development (grants 24lk0221187h0001
and 24lk0221187h0002).

Authors' Contributions
Investigation: MK (principal investigator), YO, NT, K Kawada, YG, NH, KI
Project administration: TK, MK, K Kikuchi, HK
Supervision: KS, HS
Writing—original draft: TK, HF
Writing—review and editing: MK, HF, K Kikuchi, YO, HK, TM, NT, K Kawada, YG, NH, KI, AK, HY, KS, HS

Conflicts of Interest
None declared.

References

1. Rottenberg S, Disler C, Perego P. The rediscovery of platinum-based cancer therapy. Nat Rev Cancer. Jan 2021;21(1):37-50.
[FREE Full text] [doi: 10.1038/s41568-020-00308-y] [Medline: 33128031]

2. Elmorsy EA, Saber S, Hamad RS, Abdel-Reheim MA, El-Kott AF, AlShehri MA, et al. Advances in understanding
cisplatin-induced toxicity: molecular mechanisms and protective strategies. Eur J Pharm Sci. Dec 01, 2024;203:106939.
[FREE Full text] [doi: 10.1016/j.ejps.2024.106939] [Medline: 39423903]

3. Tang C, Livingston MJ, Safirstein R, Dong Z. Cisplatin nephrotoxicity: new insights and therapeutic implications. Nat Rev
Nephrol. Jan 2023;19(1):53-72. [FREE Full text] [doi: 10.1038/s41581-022-00631-7] [Medline: 36229672]

4. Latcha S, Jaimes EA, Patil S, Glezerman IG, Mehta S, Flombaum CD. Long-term renal outcomes after cisplatin treatment.
Clin J Am Soc Nephrol. Jul 07, 2016;11(7):1173-1179. [FREE Full text] [doi: 10.2215/CJN.08070715] [Medline: 27073199]

5. Madias NE, Harrington JT. Platinum nephrotoxicity. Am J Med. Aug 1978;65(2):307-314. [FREE Full text] [doi:
10.1016/0002-9343(78)90825-2] [Medline: 99034]

6. Jantarat A, Thamlikitkul L, Thephamongkhol K, Setakornnukul J, Phisalprapa P, Kositamongkol C, et al. Efficacy and
safety of short intravenous hydration for preventing nephrotoxicity from high-dose cisplatin: a randomized, open-label,
phase II trial. JCO Glob Oncol. Jan 11, 2025;11:e2400515. [doi: 10.1200/GO-24-00515] [Medline: 39819128]

7. Sikking C, Niggebrugge-Mentink KL, van der Sman AS, Smit RH, Bouman-Wammes EW, Beex-Oosterhuis MM, et al.
Hydration methods for cisplatin containing chemotherapy: a systematic review. Oncologist. Mar 02, 2024;29(2):e173-e186.
[FREE Full text] [doi: 10.1093/oncolo/oyad297] [Medline: 37995306]

8. Tiseo M, Martelli O, Mancuso A, Sormani MP, Bruzzi P, Di Salvia R, et al. Short hydration regimen and nephrotoxicity
of intermediate to high-dose cisplatin-based chemotherapy for outpatient treatment in lung cancer and mesothelioma.
Tumori. 2007;93(2):138-144. [FREE Full text] [doi: 10.1177/030089160709300205] [Medline: 17557559]

JMIR Res Protoc 2026 | vol. 15 | e87907 | p. 8https://www.researchprotocols.org/2026/1/e87907
(page number not for citation purposes)

Koseki et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://doi.org/10.1038/s41568-020-00308-y
http://dx.doi.org/10.1038/s41568-020-00308-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33128031&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0928-0987(24)00252-5
http://dx.doi.org/10.1016/j.ejps.2024.106939
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39423903&dopt=Abstract
https://doi.org/10.1038/s41581-022-00631-7
http://dx.doi.org/10.1038/s41581-022-00631-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36229672&dopt=Abstract
https://europepmc.org/abstract/MED/27073199
http://dx.doi.org/10.2215/CJN.08070715
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27073199&dopt=Abstract
https://doi.org/10.1016/0002-9343(78)90825-2
http://dx.doi.org/10.1016/0002-9343(78)90825-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=99034&dopt=Abstract
http://dx.doi.org/10.1200/GO-24-00515
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39819128&dopt=Abstract
https://europepmc.org/abstract/MED/37995306
http://dx.doi.org/10.1093/oncolo/oyad297
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37995306&dopt=Abstract
https://doi.org/10.1177/030089160709300205
http://dx.doi.org/10.1177/030089160709300205
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17557559&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


9. Hase T, Miyazaki M, Ichikawa K, Yogo N, Ozawa N, Hatta T, et al. Short hydration with 20 mEq of magnesium
supplementation for lung cancer patients receiving cisplatin-based chemotherapy: a prospective study. Int J Clin Oncol.
Nov 2020;25(11):1928-1935. [FREE Full text] [doi: 10.1007/s10147-020-01755-1] [Medline: 32740717]

10. Ilhan Y, Onder AH, Ozbay MF, Karakaya G, Sezgin Goksu S, Ozturk B, et al. Protective effect of magnesium preloading
on cisplatin-induced nephrotoxicity: which dose is more suitable? Eur Rev Med Pharmacol Sci. May 2024;28(9):3403-3413.
[FREE Full text] [doi: 10.26355/eurrev_202405_36185] [Medline: 38766796]

11. Li J, Wu Y, Chen C, Zhang W, Yue L, Liu T. A systematic review for prevention of cisplatin-induced nephrotoxicity using
different hydration protocols and meta-analysis for magnesium hydrate supplementation. Clin Exp Nephrol. Jan 02,
2024;28(1):1-12. [doi: 10.1007/s10157-023-02386-2] [Medline: 37530867]

12. Li S, He X, Ruan L, Ye T, Wen Y, Song Z, et al. Protective effect of mannitol on cisplatin-induced nephrotoxicity: a
systematic review and meta-analysis. Front Oncol. Dec 16, 2021;11:804685. [FREE Full text] [doi:
10.3389/fonc.2021.804685] [Medline: 34976843]

13. Al Suleimani YM, Nomeir Y, Al Maskari R, Ali H, Manoj P, Abdelrahman AM. Riociguat alleviates cisplatin-caused
kidney injury by suppressing oxidative stress and inflammation. Biology (Basel). Oct 02, 2025;14(10):1346. [FREE Full
text] [doi: 10.3390/biology14101346] [Medline: 41154749]

14. Airik M, Clayton K, Wipf P, Airik R. JP4-039 mitigates cisplatin-induced acute kidney injury by inhibiting oxidative stress
and blocking apoptosis and ferroptosis in mice. Antioxidants (Basel). Dec 15, 2024;13(12):1534. [FREE Full text] [doi:
10.3390/antiox13121534] [Medline: 39765862]

15. Zhang Y, Hu J, Zhang Y, Ci X. Amentoflavone protects against cisplatin-induced acute kidney injury by modulating
Nrf2-mediated oxidative stress and ferroptosis and partially by activating Nrf2-dependent PANoptosis. Front Pharmacol.
Mar 5, 2025;16:1508047. [doi: 10.3389/fphar.2025.1508047] [Medline: 40110131]

16. Bushau-Sprinkle A, Barati M, Zheng Y, Watson W, Gagnon K, Khundmiri S, et al. Na/H exchange regulatory factor 1
deficient mice show evidence of oxidative stress and altered cisplatin pharmacokinetics. Antioxidants (Basel). Jun 28,
2021;10(7):1036. [FREE Full text] [doi: 10.3390/antiox10071036] [Medline: 34203453]

17. McSweeney KR, Gadanec LK, Qaradakhi T, Ali BA, Zulli A, Apostolopoulos V. Mechanisms of cisplatin-induced acute
kidney injury: pathological mechanisms, pharmacological interventions, and genetic mitigations. Cancers (Basel). Mar 29,
2021;13(7):1572. [FREE Full text] [doi: 10.3390/cancers13071572] [Medline: 33805488]

18. Sukeda N, Fujigaki H, Ando T, Ando H, Yamamoto Y, Saito K. Identification of 2',4',6'-trihydroxyacetophenone as promising
cysteine conjugate beta-lyase inhibitor for preventing cisplatin-induced nephrotoxicity. Mol Cancer Ther. Jul 05,
2023;22(7):873-881. [doi: 10.1158/1535-7163.MCT-22-0564] [Medline: 37163384]

19. Cospanon tablets. Daiichi Sankyo. URL: https://www.pmda.go.jp/PmdaSearch/iyakuDetail/ResultDataSetPDF/
170033_1249007F1032_1_09 [accessed 2025-11-16]

20. Umehara H, Numata S, Watanabe SY, Hatakeyama Y, Kinoshita M, Tomioka Y, et al. Altered KYN/TRP, Gln/Glu, and
Met/methionine sulfoxide ratios in the blood plasma of medication-free patients with major depressive disorder. Sci Rep.
Jul 07, 2017;7(1):4855. [FREE Full text] [doi: 10.1038/s41598-017-05121-6] [Medline: 28687801]

21. Watanabe Y, Kasuga K, Tokutake T, Kitamura K, Ikeuchi T, Nakamura K. Alterations in glycerolipid and fatty acid
metabolic pathways in Alzheimer's disease identified by urinary metabolic profiling: a pilot study. Front Neurol. Oct 27,
2021;12:719159. [FREE Full text] [doi: 10.3389/fneur.2021.719159] [Medline: 34777195]

22. Fang CY, Lou DY, Zhou LQ, Wang JC, Yang B, He QJ, et al. Natural products: potential treatments for cisplatin-induced
nephrotoxicity. Acta Pharmacol Sin. Dec 2021;42(12):1951-1969. [FREE Full text] [doi: 10.1038/s41401-021-00620-9]
[Medline: 33750909]

23. Szumilas D, Owczarek AJ, Brzozowska A, Niemir ZI, Olszanecka-Glinianowicz M, Chudek J. The value of urinary NGAL,
KIM-1, and IL-18 measurements in the early detection of kidney injury in oncologic patients treated with cisplatin-based
chemotherapy. Int J Mol Sci. Jan 16, 2024;25(2):1074. [FREE Full text] [doi: 10.3390/ijms25021074] [Medline: 38256147]

24. Yanishi M, Kinoshita H. Urinary L-type fatty acid-binding protein is a predictor of cisplatin-induced acute kidney injury.
BMC Nephrol. Mar 31, 2022;23(1):125. [FREE Full text] [doi: 10.1186/s12882-022-02760-4] [Medline: 35361160]

25. Ichimura T, Hung CC, Yang SA, Stevens JL, Bonventre JV. Kidney injury molecule-1: a tissue and urinary biomarker for
nephrotoxicant-induced renal injury. Am J Physiol Renal Physiol. Mar 2004;286(3):F552-F563. [FREE Full text] [doi:
10.1152/ajprenal.00285.2002] [Medline: 14600030]

26. George B, Wen X, Mercke N, Gomez M, O'Bryant C, Bowles DW, et al. Time-dependent changes in kidney injury biomarkers
in patients receiving multiple cycles of cisplatin chemotherapy. Toxicol Rep. 2020;7:571-576. [FREE Full text] [doi:
10.1016/j.toxrep.2020.04.003] [Medline: 32382514]

27. Miller R, Tadagavadi R, Ramesh G, Reeves W. Mechanisms of cisplatin nephrotoxicity. Toxins (Basel). Nov
2010;2(11):2490-2518. [FREE Full text] [doi: 10.3390/toxins2112490] [Medline: 22069563]

28. Chovanec M, Abu Zaid M, Hanna N, El-Kouri N, Einhorn LH, Albany C. Long-term toxicity of cisplatin in germ-cell
tumor survivors. Ann Oncol. Nov 01, 2017;28(11):2670-2679. [FREE Full text] [doi: 10.1093/annonc/mdx360] [Medline:
29045502]

JMIR Res Protoc 2026 | vol. 15 | e87907 | p. 9https://www.researchprotocols.org/2026/1/e87907
(page number not for citation purposes)

Koseki et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://doi.org/10.1007/s10147-020-01755-1
http://dx.doi.org/10.1007/s10147-020-01755-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32740717&dopt=Abstract
https://www.europeanreview.org/article/36185
http://dx.doi.org/10.26355/eurrev_202405_36185
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38766796&dopt=Abstract
http://dx.doi.org/10.1007/s10157-023-02386-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37530867&dopt=Abstract
https://europepmc.org/abstract/MED/34976843
http://dx.doi.org/10.3389/fonc.2021.804685
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34976843&dopt=Abstract
https://www.mdpi.com/resolver?pii=biology14101346
https://www.mdpi.com/resolver?pii=biology14101346
http://dx.doi.org/10.3390/biology14101346
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=41154749&dopt=Abstract
https://www.mdpi.com/resolver?pii=antiox13121534
http://dx.doi.org/10.3390/antiox13121534
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39765862&dopt=Abstract
http://dx.doi.org/10.3389/fphar.2025.1508047
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40110131&dopt=Abstract
https://www.mdpi.com/resolver?pii=antiox10071036
http://dx.doi.org/10.3390/antiox10071036
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34203453&dopt=Abstract
https://www.mdpi.com/resolver?pii=cancers13071572
http://dx.doi.org/10.3390/cancers13071572
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33805488&dopt=Abstract
http://dx.doi.org/10.1158/1535-7163.MCT-22-0564
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37163384&dopt=Abstract
https://www.pmda.go.jp/PmdaSearch/iyakuDetail/ResultDataSetPDF/170033_1249007F1032_1_09
https://www.pmda.go.jp/PmdaSearch/iyakuDetail/ResultDataSetPDF/170033_1249007F1032_1_09
https://doi.org/10.1038/s41598-017-05121-6
http://dx.doi.org/10.1038/s41598-017-05121-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28687801&dopt=Abstract
https://europepmc.org/abstract/MED/34777195
http://dx.doi.org/10.3389/fneur.2021.719159
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34777195&dopt=Abstract
https://europepmc.org/abstract/MED/33750909
http://dx.doi.org/10.1038/s41401-021-00620-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33750909&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijms25021074
http://dx.doi.org/10.3390/ijms25021074
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38256147&dopt=Abstract
https://www.biomedcentral.com/1471-2369/23/125
http://dx.doi.org/10.1186/s12882-022-02760-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35361160&dopt=Abstract
https://journals.physiology.org/doi/10.1152/ajprenal.00285.2002?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1152/ajprenal.00285.2002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14600030&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2214-7500(19)30630-4
http://dx.doi.org/10.1016/j.toxrep.2020.04.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32382514&dopt=Abstract
https://www.mdpi.com/resolver?pii=toxins2112490
http://dx.doi.org/10.3390/toxins2112490
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22069563&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0923-7534(19)34585-5
http://dx.doi.org/10.1093/annonc/mdx360
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29045502&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Abbreviations
BUN: blood urea nitrogen
CCBL1:  cysteine conjugate-β lyase 1
CIN: cisplatin-induced nephrotoxicity
CTCAE: Common Terminology Criteria for Adverse Events
KIM-1: kidney injury molecule-1
L-FABP: liver-type fatty acid-binding protein
NAG:  N-acetyl-β-d-glucosaminidase
N-GAL: neutrophil gelatinase-associated lipocalin
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