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Background: Diuretics are commonly used to reduce renal dysfunction during cisplatin-based chemo-
therapy; however, reports suggest that renal function is unaffected when diuretics are not administered.
This phase II trial evaluated the effectiveness and safety of a short hydration method without diuretics.
Methods: Patients were included if they were aged 20-74 years, had a thoracic malignancy for which a
cisplatin-based regimen (dose: 260 mg/m®) was indicated, and had adequate renal function. All patients
received cisplatin-based chemotherapy using a short hydration method without diuretics. The primary
endpoint was the proportion of patients without grade 2 or higher elevations in creatinine levels during
the first cycle of cisplatin.

Results: Forty-six patients were enrolled between June 2019 and April 2022. The patients included 38
men and 8 women with a median age of 64 years (range: 45-74 years). Of these, 13 patients received
adjuvant chemotherapy, 19 received chemoradiotherapy, 1 received chemotherapy for post-surgical re-
currence, and 13 received chemotherapy for advanced disease. The median number of chemotherapy
cycles was 3 (range: 1-4). A total of 93.5% (43/46) of the patients completed cisplatin-based chemother-
apy without grade 2 or higher creatinine elevation during the first cycle, and 84.8% (39/46) of partici-
pants, including those who discontinued treatment, did not show grade 2 or higher creatinine elevation
after all cycles of cisplatin-based chemotherapy.

Conclusions: Short hydration without diuretics is safe for patients receiving cisplatin-containing chemo-
therapy. Randomized trials with or without diuretics in this setting are warranted.

(J Nippon Med Sch 2025; 92: 188-195)
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Introduction
Cisplatin is an anticancer drug used to treat malignant
tumors, including thoracic malignancies™. Treatments
based on driver gene mutations are progressing for some
cancers, and the effectiveness of chemotherapy regimens
containing cisplatin has been demonstrated, even in pa-
tients with gene mutations”. However, nephrotoxicity
and gastrointestinal toxicity are common complica-
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tions” ™. Cisplatin-containing regimens typically involve

administering large volumes of fluid to mitigate nephro-
toxicity, but the timing of administration, decline in qual-
ity of life, and difficulty of outpatient treatment must be
considered. Recently, many studies have described the ef-
ficacy and safety of short hydration, a commonly used
method that reduces the volume and duration of infu-
sion®”. Although there are some differences in the
amount of hydration, the method of the present study

was based on that described by Horinouchi et al. (2013)".
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Cisplatin Chemotherapy without Diuretics

Forced diuresis is generally performed using diuretics
like mannitol or furosemide to reduce nephrotoxicity
during cisplatin administration. Mannitol lowers the cis-
platin concentration in the kidneys and reduces renal

damage™"”

. A randomized controlled trial comparing
mannitol and furosemide in a small patient group re-
ported comparable renal damage”. Another study com-
paring 24-hour creatinine clearance changes before and
after cisplatin use among three groups—patients receiv-
ing no diuretic (normal saline only), furosemide, and
mannitol—found that the no-diuretic and furosemide
groups experienced less renal dysfunction than the man-
nitol group®. Thus, although diuretics had demonstrated

1”® and human studies, renal function

benefits in anima
may not deteriorate with cisplatin treatment, even in the
absence of diuretics. Given the disadvantages of diuretics
such as mannitol, which require administration time and
can cause vascular pain, it is crucial to investigate the ef-
fects on renal function in the absence of diuretics. In ad-
dition, furosemide increases the risks of dehydration and
electrolyte abnormalities and may induce nephrotoxicity
and ototoxicity when combined with cisplatin®®. We
therefore examined the effectiveness and safety of a short

hydration method without diuretics.

Materials and Methods

Patients

The eligibility criteria were as follows: histologically or
cytologically confirmed thoracic malignancy; suitability
for platinum-based chemotherapy (including combination
therapy with immune checkpoint inhibitors and molecu-
larly targeted therapeutics) or chemoradiotherapy with
cisplatin (=60 mg/m’®); no previous treatment with cis-
platin; age 20-74 years; Eastern Cooperative Oncology
Group (ECOG)* performance status of 0 or 1; satisfactory
bone marrow function (white blood cell count >3.0 x
10°/L, neutrophil count >1.5 x 10°/L, hemoglobin >9.0
g/dL, and platelet count >100 x 10°/L); satisfactory liver
function (total bilirubin <1.5mg/dL and transaminase <
100 IU/L); satisfactory renal function (serum creatinine <
1.07 mg/dL for male patients, <0.79 mg/dL for female
patients, and creatinine clearance >60 mL/min); and
SpO: 295%.

Patients were excluded if they had dysphagia due to
recurrent nerve paralysis, large mediastinal masses, un-
controlled malignant pleural or pericardial effusion, or
serious concomitant illnesses (such as angina pectoris,
myocardial infarction within the past 6 months, heart

failure, infection, or any other condition contraindicating
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chemotherapy or radiotherapy). Written informed con-
sent was obtained from all patients. This trial was con-
ducted in accordance with the declaration of Helsinki
and Ethical Guideline for Clinical Studies of the Ministry
of Health, Labor, and Welfare of Japan. This trial was
also approved by the Ethics Committee of Nippon Medi-
cal School Hospital, Tokyo (approval number: 2018-215)
and registered with UMIN (No. UMIN000053657).

Treatment

Patients received cisplatin-based chemotherapy with a
cisplatin dose of 260 mg/m* every 3-4 weeks. Common
antiemetic medication included palonosetron (0.75 mg on
day 1) and dexamethasone (9.9 mg on day 1) dissolved
in 50 mL of normal saline solution and infused, along
with oral aprepitant (125 mg on day 1, 80 mg on days 2-
3) and dexamethasone (8 mg on days 2-4). Cisplatin was
dissolved in 250 mL of normal saline solution and in-
fused over 1 hour. Prehydration with magnesium sulfate
(8 mEq) dissolved in 500 mL of 1/4 saline solution and
posthydration with 500 mL of 1/4 saline solution were
administered before and after cisplatin administration, re-
spectively. Other anticancer agents combined with cis-
platin included tegafur-gimeracil-oteracil potassium (5-1,
80-120 mg/body, Fig. 1), irinotecan (60 mg/m?), pe-
metrexed (500 mg/m’), pemetrexed (500 mg/m’) plus
pembrolizumab (200 mg/body weight), etoposide (100
mg/m’), or etoposide (100 mg/m? plus durvalumab
(1,500 mg/body).

Assessment of Toxicities and Treatment Modification

Toxicities were graded according to the National Can-
cer Institute Common Terminology Criteria for Adverse
Events (CTCAE), version 5.0 (2017). In the CTCAE ver-
sion 5.0, “creatinine increased” is assessed based on the
upper limit of the normal range (ULN). For creatinine,
the worst value of each cycle was used. Chemotherapy
cycles were delayed if the following toxicities were ob-
served on day 1: WBC <3.0 x 10°/L, neutrophil count <
1.5 x 10°/L, platelet count <100 x 10°/L, serum creatinine
level >1.4 mg/dL, hepatic transaminase level >100 IU/L,
or a performance status of two or higher. The cisplatin
dose was reduced by 25% in all subsequent cycles if the
serum creatinine level increased to grade 2 or higher
(greater than 1.5x ULN). Treatment was discontinued in
cases of clear clinical worsening, grade 3 creatinine in-
crease, or at the discretion of the physician.

Statistical Analysis

This nonrandomized, single-center, phase II trial pri-
marily measured the proportion of patients without renal

dysfunction, defined as the absence of grade 2 or higher
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Medicine Dose

Antiemetics-1 Aprepitant (oral) 125 mg (day )
80 mg (days 2-3)
. . Palonosetron 0.75 mg

(AII;H;TSUCS_Z Dexamethasone 9.9 mg

0.9% Saline 50 mL
Pre-hydration 1/4 Saline solution 500 mL
(1 hour) Magnesium sulfate 8 mEq
Diuresis none diuretic agent
Cisplatin Cisplatin 75 mg/m’
(1 hour) 0.9% Saline 250 mL
Posthydration -y ) g line solution 500 mL

(1 hour)

Anti-cancer agent ~ S-17

80-120 mg/body
(days 1-14 or 21, per oral)

* S-1: tegafur-gimeracil-oteracil

Fig. 1 A representative chemotherapy regimen (cisplatin and tegafur-

gimeracil-oteracil).

creatinine elevation based on the ULN during the first
cycle of cisplatin. Similar to previous studies’, the sample
size was estimated by using a Simon two-stage design,
with a minimum acceptable response probability of
<70% and a maximum unacceptable response probability
of >88% at a power of 90%. With a type I error of 0.05,
44 patients were required”. Successful completion of
stage I required 24 patients without renal dysfunction
among the first 30 who received the first cycle of cis-
platin. The primary endpoint was met if 36 out of 44 pa-
tients completed the first cycle without grade 2 or higher
creatinine elevation. Secondary endpoints included the
number of chemotherapy cycles, adverse events, and
overall response rate in patients with measurable lesions
according to RECIST criteria (Ver. 1.1)”. Statistical analy-
ses were performed using IBM SPSS Statistics for Win-
dows, version 20.0 (IBM Corp., Armonk, NY, USA).

Results

Patient Characteristics

Forty-six patients were enrolled between June 2019 and
April 2022. The patient demographics were as follows: 38
male patients and 8 female patients, median age 64 years
(range: 45-74 years), and an ECOG performance status of
0 or 1 in 22 and 24 patients, respectively. Of these, 13 pa-
tients received adjuvant chemotherapy, 19 underwent

chemoradiotherapy, 1 received chemotherapy for post-
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surgical recurrence, and 13 were treated with chemother-
apy for advanced disease. Regarding histology, 26 pa-
tients had lung adenocarcinoma, 4 had non-small cell
lung cancer (NSCLC) not otherwise specified, 7 had
squamous cell carcinoma, 6 had small cell carcinoma, 2
had large cell neuroendocrine carcinoma, and 1 had ma-
lignant pleural mesothelioma. The following agents were
used in combination with cisplatin: tegafur-gimeracil-
oteracil potassium (n=27), pemetrexed plus pembrolizu-
mab (n=8), etoposide (n=5), irinotecan (n=4), pemetrexed
(n=1), and etoposide plus durvalumab (n=1). Pretreat-
ment renal function (median [range]) was as follows: se-
rum creatinine, 0.73 (0.48-1.04) mg/dL, and estimated
creatinine clearance, 84 (63-122) mL/min (Table 1).
Post-Treatment Renal Function and Other Toxicities
Only 2 out of 30 patients experienced grade 2 or
higher creatinine elevation at stage I, allowing the study
to proceed to stage II. Ultimately, 93.5% (43/46) of pa-
tients had no grade 2 or higher creatinine elevations dur-
ing the first treatment cycle, thus achieving the primary
endpoint of the trial. Three patients showed a grade 2
creatinine increase during the first cycle; 2 of these pa-
tients received cisplatin plus pemetrexed and pembroli-
zumab. In both cases, treatment was discontinued after
the first cycle for reasons other than renal damage: 1 pa-
tient had disease progression due to pericardial effusion,

and the other developed drug-induced lung disease. The

J Nippon Med Sch 2025; 92 (2)
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Table 1 Patient characteristics

n =46

Age (years)

Median 64

Range 45-74
Sex

Male 38

Female 8
Performance status

0 22

1 24
Treatment setting, n (%)

Adjuvant therapy 13 (28.3)

Chemoradiotherapy 19 (41.3)

Postoperative recurrence 1(2.2)

Advanced disease 13 (28.3)
Histology, n (%)

Adenocarcinoma 26 (56.5)

Squamous cell carcinoma 7 (15.2)

NSCLC* 4(8.7)

Small cell carcinoma 6 (13.0)

Large cell neuroendocrine carcinoma 2 (4.3)

Malignant pleural mesothelioma 1(2.2)
Treatment regimen, n (%)

CDDP+5-1 27 (58.7)

Pembrolizumab+CDDP+PEM 8 (17.4)

CDDP+ETP 5 (10.9)

CDDP+CPT 4(8.7)

CDDP+PEM 1(2.2)

Durvalumab+CDDP+ETP 1(2.2)
Comorbidities, n (%)

Hypertension 18 (39.1)

Diabetes mellitus 8 (17.4)

Pulmonary disease 5(10.9)

Cardiac disease 12 (26.1)
Serum creatinine (mg/dL)

Median 0.73

Range 0.48-1.04
Estimated creatinine clearance (mL/min) **

Median 84

Range 63-122
Calculated eGFR (mL/min 1.73 m?2) ***

Median 77

Range 58-116

*Non-small cell lung cancer, not otherwise specified.
**Creatinine clearance calculated using the Cockcroft-
Gault equation.

***Estimated glomerular filtration rate calculated using
Japanese equations.

CDDP, cisplatin; S-1, tegafur-gimeracil-oteracil potassi-
um; PEM, pemetrexed; ETP, etoposide; CPT, irinotecan

remaining patient received cisplatin plus etoposide and
discontinued the second cycle because of acute kidney
injury. Post-treatment renal function test results (median

[range]) were serum creatinine, 0.88 (0.57-2.27) mg/dL,
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and estimated glomerular filtration rate, 71 (25-131) mL/
min (Table 2, Fig. 2). The proportion of patients without
grade 2 or higher creatinine elevation after all treatment
cycles (including discontinued cases) was 84.8%. The pro-
files of toxicities other than renal dysfunction are sum-
marized in Table 3.

Treatment Delivery and Efficacy

Twenty-seven patients (58.7%) received cisplatin com-
bined with S-1, the most common treatment regimen.
Thirty-six patients (78.3%) completed 2-4 planned cycles
of cisplatin-containing chemotherapy. The reasons for
early termination of chemotherapy were as follows: 2 pa-
tients (4.3%) discontinued treatment because of acute kid-
ney injury, 5 patients (10.9%) because of side effects other
than renal dysfunction (myelosuppression, drug eruption,
hyponatremia, drug-induced lung disease, nausea/ano-
rexia), and 3 patients (6.5%) because of disease progres-
sion (pericardial effusion, leptomeningeal carcinomatosis,
brain infarction). Thirteen patients received intravenous
hydration, and 6 patients required a dose reduction of
cisplatin, mainly because of gastrointestinal toxicities (Ta-
ble 4). The objective response rate was 69.7% among pa-
tients who received chemoradiotherapy, had a postopera-
tive recurrence, and had advanced NSCLC with measur-
able lesions according to the RECIST criteria (V.1.1, Table
5).

Discussion
In this prospective trial of short hydration without diu-
retics, 93.5% (43/46) of patients did not show grade 2 or
higher creatinine levels during the first treatment cycle.
Additionally, 84.8% (39/46) of the patients, including
those who discontinued treatment, did not show grade 2
or higher creatinine elevation after all cycles of cisplatin-
based chemotherapy. Cisplatin nephrotoxicity primarily
affects the proximal tubules, especially the S3 segment
situated in the outer stripe of the outer medulla®. The
pathophysiological mechanism for renal injury is not
fully understood; however, high-volume hydration and
hyperdiuresis are usually employed to prevent cisplatin
nephrotoxicity™”. These strategies aim to lower the cis-
platin concentration and shorten the duration of direct
cisplatin exposure. Tiseo et al.” retrospectively examined
patients receiving magnesium supplementation and
forced diuresis with short hydration and found that this
method could be adapted to outpatient settings. Cur-
rently, the National Comprehensive Cancer Network pro-
vides chemotherapy order templates recommending the

short hydration method for many cancers, including lung
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Table 2 Renal function after cisplatin administration

After first cycle

Maximum grade of creatinine elevation, n (%)

Serum creatinine (mg/dL)

Normal 34 (73.9)
Grade 1 9 (19.6)
Grade 2 3(6.5)

Median 0.88
Range 0.57-2.27

Estimated creatinine clearance (mL/min) *

Calculated eGFR (mL/min 1.73 m2) **

After all cycles

Maximum grade of creatinine elevation, n (%)

Serum creatinine (mg/dL)

Median 71
Range 25-131
Median 69
Range 23-106
Normal 29 (63.0)
Grade 1 10 (21.7)
Grade 2 6 (13.0)
Grade 3 1(2.2)
Median 0.96

Range 0.57-3.32

Estimated creatinine clearance (mL/min) *

Calculated eGFR (mL/min 1.73 m2) **

Median 70
Range 20-141

Median 62
Range 16-104

* Creatinine clearance calculated using the Cockcroft-Gault equation.

** Estimated glomerular filtration rate calculated using Japanese equa-

tions.

cancer, to improve the safety of drugs and biologics in
cancer care. In Japan, numerous reports have demon-
strated the effectiveness and safety of this short hydra-
tion method, which is now commonly used'"”.

Although short hydration periods reduce the burden
on patients, opinions vary on the necessity and type of
diuretic administration. To examine the need for diuret-
ics, we conducted a study on cisplatin chemotherapy
without diuretics. Our initial goal was for 44 patients to
complete their first cycle of cisplatin without experienc-
ing a grade 2 or higher increase in creatinine levels,
which was achieved by 36 out of 44 patients. These re-
sults suggest that short cisplatin hydration without diu-
retics is safe.

However, 2 other studies conducted in Japan using
short hydration methods with diuretics reported that
97.8% of patients did not experience a grade 2 or higher

increase in creatinine levels after all cycles, which was
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higher than in our study'®”. One possible reason is the
choice of regimen. Four out of 7 patients who experi-
enced a grade 2 or higher increase in creatinine levels af-
ter all cycles were treated with cisplatin plus pemetrexed
and pembrolizumab. The KEYNOTE-189 study, which in-
vestigated the efficacy and safety of adding pembrolizu-
mab to cisplatin plus pemetrexed or carboplatin plus pe-
metrexed in patients with previously untreated metastatic
non-squamous lung cancer without driver mutations, re-
ported that the incidence of acute kidney injury was
higher in the pembrolizumab plus chemotherapy group
than in the chemotherapy alone group (5.2% vs. 0.5%).
When patients treated with immune checkpoint inhibi-
tors were excluded, the proportions of patients without a
grade 2 or higher increase in creatinine levels during the
first cycle and all cycles were 97.3% (36/37) and 91.9%
(34/37), respectively.

J Nippon Med Sch 2025; 92 (2)
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24

2.2

1.8
1.6
1.4

1.2

Creatinine (mg/dL)

0.8

0.6

0.4
Before cisplatin At 1st cycle of cisplatin

Fig. 2 Change in creatinine values in the participants.

Table 3 Adverse events other than renal toxicities

Grade 1 Grade 2 Grade 3 Grade 4 Grade 3/4

Number of patients, n (%)

Fever 8 (17) 0 0 0 0
Fatigue 10 (22) 2(4) 0 0 0
Body weight loss 0 0 0 0 0
Anorexia 15 (33) 9 (20) 0 0 0
Constipation 17 (37) 6 (13) 1(2) 0 1(2)
Diarrhea 6 (13) 3(7) 2 (4) 0 2 (4)
Stomatitis 5(11) 0 0 0 0
Nausea 16 (35) 7 (15) 0 0 0
Vomiting 0 0 0 0 0
Febrile neutropenia 0 0 3(7) 0 3(7)
Alopecia 6 (13) 3(7) 0 0 0

Table 4 Treatment summary

n=46 Percentage or range

Number of chemotherapy cycles, n (%)

1 6 13

2 17 37

3 3 6.5

4 20 43.5
Additional intravenous hydration*

Number of patients 13 28.3

Total number of days (median, range) 5 2-15
Dose reduction of cisplatin (number) 6

*Intravenous hydration on days other than cisplatin administration.

J Nippon Med Sch 2025; 92 (2) 193
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Table 5 Anti-Tumor Response

n=233 Percentage
Objective response* 23 69.7
Complete response 6 18.2
Partial response 17 51.5
Stable disease 5 15.2
Progressive disease 2 6.1
Not evaluable 3 9.1

*Responses were evaluated in patients who re-
ceived chemoradiotherapy, experienced post-
operative recurrence, or had advanced disease
with target lesions.

Limitations
This study has limitations. It was performed at a single
center, the sample size was small, cisplatin dosing dif-
fered, and there was a single treatment arm. Future stud-
ies should enroll a larger number of patients and include
multiple arms to identify which patients and regimens
require diuretics, such as those in combination with im-

mune checkpoint inhibitors.

Conclusion
In summary, our results suggest that a short hydration
method without diuretics is safe for regimens containing
cisplatin. Randomized trials comparing regimens with

and without diuretics in this setting are thus warranted.
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