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Abstract

Background S-1 plus weekly split-dose cisplatin dem-

onstrated promising results in previous phase I and II

studies for advanced gastric cancer (AGC) patients.

Methods In this randomized phase II study, the efficacy

and safety of S-1 plus weekly split-dose cisplatin (SWP,

S-1 daily oral dose of 80–120 mg according to body sur-

face area on days 1–14, and cisplatin 20 mg/m2 i.v. on days

1 and 8 every 3 weeks) were compared with those of S-1

plus standard-dose cisplatin (SP) as first-line chemotherapy

for AGC patients. The primary endpoint was 1-year sur-

vival rate.

Results Patients were randomized into two groups: 18 in

the SWP arm and 19 in the SP arm. This trial was terminated

early because of low patient enrollment. The 1-year survival

rate was 61 % [95 % confidence interval (CI), 36–86 %]

and 53 % (95 % CI, 30–75 %) in the SWP and SP arms,

respectively. However, the median survival time was

12.3 months (9.9–14.6 months) and 15.7 months

(4.0–27.4 months), respectively (P = 0.064). Progression-

free survival was significantly shorter in the SWP arm than

in the SP arm (P = 0.047). Toxicity tended to be milder in

the SWP arm than in the SP arm. For approximately 40 % of

patients in the SWP arm, cisplatin was omitted on day 8 and

treatment delayed because of prolonged myelosuppression.

Conclusions No clear benefits of adding cisplatin to S-1

in the SWP arm were demonstrated in this study. At this

point, split-dose cisplatin combined with S-1 cannot be

recommended for use in clinical practice.

Keywords Gastric cancer � S-1 � Cisplatin � Split dose �
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Background

The incidence of gastric cancer is relatively high in Asia,

but the prognosis for patients in the advanced stages of

disease remains poor. In Western countries, the standard

chemotherapy for advanced gastric cancer involves the use

of 5-fluorouracil (5-FU) or capecitabine plus cisplatin with

or without epirubicin or docetaxel [1, 2]. An oral 5-FU

derivative, S-1 (a drug combining tegafur, 5-chloro-2,4-

dihydroxypyridine, and potassium oxonate) plus cisplatin

has been recognized as standard chemotherapy based on

the results of phase III studies (the JCOG9912 and SPIR-

ITS trials) in Japan [3, 4]. No clear advantage of using S-1
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plus cisplatin over 5-FU plus cisplatin was demonstrated in

one global study (FLAGS trial) [5]. However, S-1 was

approved in Europe because S-1 plus cisplatin was dem-

onstrated to be not inferior in efficacy to 5-FU plus cis-

platin in that study.

In the SPIRITS trial, overall survival (OS) and pro-

gression-free survival (PFS) for patients who received S-1

plus cisplatin were 13 and 6 months, respectively, at a dose

of cisplatin of 60 mg/m2 every 5 weeks. A moderate to

high dose of cisplatin is usually administered every

3–5 weeks to patients with advanced gastric cancer [4–10];

however, excessive hydration is vital to prevent renal

toxicity at this dose. To reduce the necessity for excessive

hydration and decrease renal toxicity, split- or low-dose

cisplatin combined with S-1 has been investigated in sev-

eral phase I and II studies [11–15] using various doses and

schedules (S-1 administered at 80 mg/m2 for 14–28 days

and cisplatin infused at 10 mg/m2/day twice a week [11],

25 mg/m2/day once a week [12, 13], or 4 mg/m2/day for 5

consecutive days/week [14]). In a phase I study, we

determined the optimal split-dose of cisplatin when com-

bined with S-1 at 70 mg/m2/day for 14 days every 3 weeks

to be 20 mg/m2 on days 1 and 8 [15]. In that study, no

adverse nonhematological events of grade 3 or more and no

renal toxicity of grade 2 or more without forced hydration

occurred in the majority of patients. The response rate was

58 % (7 of 12 patients). The results of these previous

studies therefore suggested that S-1 plus split- or low-dose

cisplatin is a less toxic but equally effective possible

treatment for patients with advanced gastric cancer.

In the present study, we compared the efficacy and

safety of S-1 plus split-dose cisplatin with those of S-1 plus

standard-dose cisplatin to determine if a phase III study

involving this treatment for patients with advanced gastric

cancer is required.

Patients and methods

Patients

Eligibility criteria were as follows: age, 20–75 years; un-

resectable or recurrent gastric cancer histologically con-

firmed as adenocarcinoma; measurable or assessable

disease; no previous chemotherapy for unresectable or

recurrent disease; no adjuvant or neoadjuvant chemother-

apy within 6 months before randomization; Eastern

Cooperative Oncology Group (ECOG) performance status

(PS) score of 0 or 1; and adequate bone marrow, hepatic,

and renal functions. Main exclusion criteria included

inability to receive oral administration and presence of

massive ascites or pleural effusion. All patients provided

written informed consent before entry.

Study design

This randomized multicenter phase II study was conducted

in seven Japanese institutions and was coordinated by the

NPO Tsukuba Cancer Clinical Trial Group (TCTG). This

study was performed in accordance with the Declaration of

Helsinki and the Japanese Clinical Research Guidelines

and was approved by the ethics committee of each partic-

ipating hospital. This study was registered with the Uni-

versity Hospital Medical Information Network (No. UMIN

000001858).

Eligible patients were randomly assigned at a 1:1 ratio

to receive either S-1 plus weekly split-dose cisplatin (SWP

arm) or S-1 plus standard-dose cisplatin (SP arm). Ran-

domization was centrally performed (TCTG data center) by

a minimization method using the following stratification

factors: unresectable/recurrent disease, measurable/non-

measurable lesion, and institution.

Treatment

Treatments commenced within 7 days of randomization.

Patients in the SWP arm received a 3-week regimen of S-1

(calculated according to the patient’s body surface area as

follows: B1.25 m2, 40 mg; 1.25–1.5 m2, 50 mg;

C1.50 m2, 60 mg) orally twice daily for the first 2 weeks

and 20 mg/m2 cisplatin intravenously on days 1 and 8.

Patients in the SP arm received a 5-week regimen of S-1

(calculated similarly to the SWP arm) orally twice daily for

the first 3 weeks and cisplatin (60 mg/m2) intravenously on

day 8. In this multicenter, randomized, phase II study, the

standard dose of S-1 already mentioned (corresponding to

approximately 80 mg/m2/day), which was different from

that used in the previous phase I study (70 mg/m2/day),

was adopted in both arms to avoid confusion and errors by

mistake of a daily S-1 dose. Chemotherapy was postponed

if blood cell counts before initiation of each cycle were as

follows: neutrophil count, \1,500/mm3; white blood cell

count, \3,000/mm3; or platelet count, \75,000/mm3. Cis-

platin was also omitted on day 8 for patients with blood cell

counts within these same ranges. During the treatment

cycle, S-1 was discontinued if counts for neutrophils, white

blood cells, or platelets were\1,000/mm3,\2,000/mm3, or

\50,000/mm3, respectively. S-1 treatment was resumed if

patients recovered from these adverse events. Nonhema-

tological toxicities (except for alopecia, peripheral neu-

ropathy, and pigmentation) before cycle initiation were

required to be grade 0 or 1. S-1 and cisplatin doses were

reduced for patients in whom grade 4 neutropenia, grade 4

leukocytopenia, febrile neutropenia, grade 4 thrombocyto-

penia, grade C3 nonhematological toxicities, and discon-

tinuation of S-1 for more than 5 days in the SWP arm and

for 7 days in the SP arm were evident. The dose of S-1 was
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reduced by 20 mg/day from 120 to 100 mg/day, from 100

to 80 mg/day, and from 80 to 60 mg/day in both groups.

The dose of cisplatin was reduced by 5 mg/m2 up to

10 mg/m2 in the SWP arm and by 10 mg/m2 up to 40 mg/

m2 in the SP arm. Treatment was continued until disease

progression, development of unacceptable toxicity, with-

drawal of consent, or termination of treatment at the phy-

sician’s discretion.

Efficacy and safety assessments

OS was defined as the time from the date of randomization

to death from any cause. PFS was defined as the time from

the date of randomization to disease progression or death

from any cause. Time to treatment failure (TTF) was

defined as the time from the date of randomization to the

date of discontinuation of the protocol treatment, disease

progression, or death from any cause. Tumors were

assessed via computed tomography at baseline and at every

8 weeks after randomization. Tumor response was evalu-

ated according to the Response Evaluation Criteria in Solid

Tumors (RECIST, version 1.0). Adverse events were

assessed according to the National Cancer Institute Com-

mon Terminology Criteria for Adverse Events (NCI-

CTCAE, version 3.0). Relative dose intensity (RDI) was

calculated using the data up to a maximum of 6 months

from initiation of treatment.

Statistical analysis

The primary endpoint was the 1-year survival rate, and

secondary endpoints included overall survival (OS), PFS,

overall response rate (ORR), TTF, safety, and the RDI of

S-1 and cisplatin. The survival rate of patients with only

nontarget tumors or peritoneal metastasis in the SP arm

demonstrated a better trend than that in the S-1 arm in the

subgroup analysis of the SPIRITS trial [4]. Therefore,

1-year survival rate was adopted as the primary point rather

than ORR or PFS for proper evaluation of treatment effi-

cacy in both arms. Efficacy and safety were analyzed in

eligible patients who received the treatment in this study.

OS, PFS, and TTF were analyzed using the Kaplan–Meier

method. ORR was calculated using best tumor response in

eligible patients with target lesions. The sample size was

calculated using the parallel screening design. In previous

studies, the 1-year survival rate was 54 % for S-1 plus

standard-dose cisplatin and 36–47 % for S-1 alone [4, 16].

Based on these findings, the required sample size was

calculated at 32 patients per arm with 80 % power

(b = 0.2) and a two-sided significance level of 5 %

(a = 0.05), assuming a target 1-year survival rate of 60 %

with a minimum margin of 40 %. We predicted a 10 %

follow-up loss; thus, 35 patients per arm were required for

the final analysis. Fisher’s exact test was used to assess

differences in patient background, ORR, and toxicity.

As a post hoc analysis, adjusted hazard ratios (HR) for

death and 95 % confidence intervals (CI) were calculated

using a multivariate Cox proportional hazard model with

covariates in patient background, including age (\64 ver-

sus C64 years), sex, ECOG PS (0 versus 1), disease status

(unresectable versus recurrent disease), adjuvant chemo-

therapy (yes versus no), histological type (intestinal versus

diffuse type), number of metastatic organs (\3 versus C3),

measurable lesions (yes versus no), and metastatic sites.

Adjusted HR for disease progression was calculated in the

same way. Differences in survival between treatment arms

were analyzed using the log-rank test. All statistical anal-

yses were performed with a 5 % P value of significance

using SPSS software version 18.0 (IBM, Tokyo, Japan).

Results

Patient characteristics

Between October 2008 and July 2011, 39 patients were

enrolled, but this study was prematurely terminated because

of low patient enrollment. In the SWP arm, 1 patient was

ineligible because of the histology of gastric small cell car-

cinoma. In the SP arm, treatment was not administered to 1

patient because of rapid disease progression. As a result, 18

patients were evaluated in the SWP arm and 19 in the SP arm.

Patient characteristics are shown in Table 1. Unresectable

disease was detected in the majority of patients in both arms.

Because of the low number of patients enrolled in this study,

some imbalances were present between the SWP and SP arms,

including age (median, 68 versus 60 years, P = 0.029), sex

(male, 67 % versus 90 %, P = 0.099), ECOG PS (PS 1, 44 %

versus 26 %, P = 0.209), and the number of involved organs

(C3, 28 % versus 11 %, P = 0.180).

Efficacy

The date for data cutoff was July 2012 (12 months after the

last patient enrollment). Death occurred in all patients in the

SWP arm and in 12 patients (63 %) in the SP arm. Disease

progression was detected in all patients in the SWP arm and

17 (89 %) in the SP arm. The median follow-up time was

12.4 months (range, 2.7–37.7 months). The 1-year survival

rate was 61 % (95 % CI, 36–86 %) in the SWP arm and 53 %

(95 % CI, 30–75 %) in the SP arm. The median OS was

12.3 months (95 % CI, 9.9–14.6 months) for the SWP arm

and 15.7 months (95 % CI, 4.0–27.4 months) for the SP arm

(Fig. 1a). The unadjusted HR for OS was 1.94 (95 % CI,

0.89–4.21; P = 0.064) and the adjusted HR was 2.63 (95 %

CI, 0.83–8.30; P = 0.10). The median PFS was 4.1 months

356 T. Moriwaki et al.

123



(95 % CI, 0.9–7.3) for the SWP arm and 5.9 months (95 %

CI, 3.5–8.3) for the SP arm (Fig. 1b). The unadjusted HR for

PFS was 2.02 (95 % CI, 1.00–4.11; P = 0.047) and the

adjusted HR was 4.06 (95 % CI, 1.31–12.6; P = 0.015).

Both the adjusted and unadjusted HR indicated statistically

significant inferiority of the SWP treatment to the SP

treatment. The median TTF was 3.8 months (95 % CI,

1.9–5.8 months) for the SWP arm and 5.4 months (95 % CI,

3.2–7.6 months) for the SP arm (HR, 1.49; 95 % CI,

0.76–2.94; P = 0.24). Sixteen patients in each arm had

measurable lesions. Partial response was achieved in 6

patients in each arm, and stable disease was established in 6

patients in the SWP arm and 5 patients in the SP arm. ORR

was 38 % (95 % CI, 15–65 %) in each arm.

Toxicity

Most common toxicities are shown in Table 2. Most tox-

icities tended to be milder in the SWP arm than in the SP

arm. The frequency of general fatigue (P = 0.046) and

nausea (P = 0.013) was significantly lower in the SWP arm

than in the SP arm. Grade 3 or 4 nonhematological adverse

events occurred in 5.6 % of patients in the SWP arm and

26 % of patients in the SP arm (P = 0.087). The main

reason for treatment discontinuation was disease progres-

sion (89 % in each arm). Discontinuation of treatment

caused by adverse events (grade 2 creatinine increase) was

observed in only 1 patient in the SP arm. The median

number of treatment cycles was 5 (range, 2–15) in the SWP

arm and 4 (range, 1–11) in the SP arm. Reduction in the

dose of cisplatin was required in 8 (44 %) patients in the

SWP arm and 4 (21 %) in the SP arm. For 7 (39 %) patients

in the SWP arm and 0 in the SP arm, cisplatin was omitted

on day 8. Cycle delay was observed in 7 (39 %) patients in

the SWP arm and 3 (16 %) in the SP arm. Cisplatin omis-

sion and cycle delay occurred because of neutropenia or

leukocytopenia in all cases (10 patients in the SWP arm and

4 in the SP arm). No treatment-related death occurred.

Treatment exposure

The median total doses of S-1 and cisplatin up to a maxi-

mum of 6 months were 5,288 (range 1,987–7,901) mg/m2

and 202 (range 58–280) mg/m2 in the SWP arm, respec-

tively, and 5,217 (range 1,007–7,768) mg/m2 and 238

(range 59–299) mg/m2 in the SP arm, respectively. The

median RDI of S-1 was 0.79 (range 0.62–0.98) in the SWP

arm and 0.78 (range 0.41–0.97) in the SP arm (P = 0.518).

The median RDI of cisplatin was 0.74 (range 0.56–1.10) in

the SWP arm and 0.95 (range 0.76–1.00) in the SP arm

(P = 0.010).

Post-study treatment

Fourteen (78 %) patients in the SP arm and 15 (83 %) in

the SWP arm received subsequent chemotherapy. One

patient in the SWP arm received radiotherapy alone for

bone metastasis. Three patients in each arm received only

best supportive care.

Table 1 Patient characteristics

SWP arm

(n = 18)

SP arm

(n = 19)

P value*

Median age, year (range) 68 (49–75) 60 (38–75) 0.029

Sex 0.099

Male 12 (66.7) 17 (89.5)

Female 6 (33.3) 2 (10.5)

ECOG PS 0.209

0 10 (55.6) 14 (73.7)

1 8 (44.4) 5 (26.3)

Initial diagnosis 0.643

Unresectable 15 (83.3) 16 (84.2)

Recurrent 3 (16.7) 3 (15.8)

Histological differentiation 0.446

Intestinal type 8 (44.4) 7 (36.8)

Diffuse type 10 (55.6) 12 (63.2)

Target lesions 0.527

With 16 (88.9) 16 (84.2)

Without 2 (11.1) 3 (15.8)

Metastatic sites

Lymph node 15 (83.3) 14 (73.7) 0.379

Liver 9 (50.0) 6 (31.6) 0.210

Lung 2 (11.1) 1 (5.3) 0.479

Peritoneal 5 (27.8) 5 (26.3) 0.605

Bone 4 (22.2) 2 (10.5) 0.303

Other 1 (5.6) 2 (10.5) 0.521

Number of involved sites 0.180�

1 6 (33.3) 10 (52.6)

2 7 (38.9) 7 (36.8)

3 4 (22.2) 2 (10.5)

C4 1 (5.6) 0

Prior therapy

Gastric operation 5 (27.8) 6 (31.6) 0.543

Adjuvant chemotherapy 2 (11.1) 2 (10.5) 0.677

Adjuvant chemoradiotherapy 0 0

Kind of adjuvant chemotherapy

5-Fluorouracil 1 (5.6) 0

Tegafur/uracil 0 0

S-1 1 (5.6) 2 (10.5)

SWP S-1 plus weekly split-dose cisplatin, SP S-1 plus standard-dose

cisplatin, ECOG PS Eastern Cooperative Oncology Group perfor-

mance status

* P values were determined by Fisher’s exact test, except median age,

which was by Mann–Whitney’s test
� Number of sites involved was tested between B2 and C3
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Discussion

Administration of split- or low-dose cisplatin has been

suggested to enhance the clinical efficacy of treatment,

resulting in mild to moderate toxicities when added to S-1

for patients with advanced gastric cancer [11–15]. How-

ever, in the present study, OS in the SWP arm tended to be

inferior to that in the SP arm. Median OS was shorter in the

SWP arm (12.3 months) than in the SP arm (15.7 months),

and better HR was observed in the SP arm (1.94,

P = 0.064), although the 1-year survival rate was higher in

the SWP arm (61 %) than in the SP arm (53 %). Moreover,

PFS was significantly shorter in the SWP arm than that in

the SP arm (P = 0.047). This result was similar to that

reported in patients treated with S-1 alone [3, 4, 16, 17].

In this study, the results were assessed using multivari-

ate analysis for OS and PFS because of inconsisten-

cies in background between patients. Nevertheless, no

Fig. 1 Kaplan–Meier survival

curves for overall survival

(a) and progression-free

survival (b). OS overall

survival, SP S-1 plus standard-

dose cisplatin, SWP S-1 plus

weekly split-dose cisplatin, PFS

progression-free survival
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improvement was evident in the adjusted HR in the SWP

arm, suggesting that treatment in the SWP arm was inferior

in efficacy to that in the SP arm.

One possible reason for the shorter OS and PFS in the

SWP arm compared with the SP arm is the low RDI of

cisplatin. The planned dose intensity of cisplatin in the

SWP arm was comparable with that in the SP arm (13

versus 12 mg/m2/week, respectively). However, the actual

dose intensity of cisplatin in the SWP arm was 9.6 mg/m2/

week. On day 8, cisplatin intolerance was detected in

approximately 40 % of the patients in the SWP arm, as

indicated by grade 2 neutropenia. Thus, cisplatin was

omitted twice or more often over the entire treatment cycle

in these patients. In addition, a delay in the next treatment

cycle occurred once or more often during treatment for

approximately 40 % of the patients in the SWP arm.

Omission of cisplatin and cycle delay may have been

caused by the short interval of cisplatin administration,

which limited the amount of time available for patients to

recover from neutropenia.

The dose of S-1 may also have contributed to the shorter

OS and PFS in the SWP arm compared with the SP arm. In

this multicenter, randomized study, the standard daily dose

of S-1 was used in both the SWP and SP arms to avoid

confusion and error. This dose of S-1 corresponded to

nearly the dose of 80 mg/m2/day and was slightly higher

than that (70 mg/m2) used in our previous phase I study

[15]. If the dose of S-1 in the SWP arm had been 70 mg/

m2, drug omission and treatment delay may have been

avoided to some extent.

The incidence of toxicities in the SWP regimen in this

study was similar to or less frequent than those in previous

Table 2 Toxicity

Adverse event SWP arm (n = 18) SP arm (n = 19)

Grade Grade

1 2 3 4 Any grade

(%)

Grade 3, 4

(%)

1 2 3 4 Any grade

(%)

Grade 3, 4

(%)

Hematological abnormality

Any events 2 7 6 1 89 39 3 8 7 1 100 42

Leukocytopenia 4 5 1 0 56 6 4 5 0 1 53 5

Neutropenia 4 4 3 0 61 17 3 4 3 1 58 21

Anemia 3 6 5 1 83 33 6 7 6 0 100 32

Thrombocytopenia 5 1 2 0 44 11 5 1 0 0 32 0

Chemistry abnormality

Aspartate

aminotransferase

2 1 0 0 17 0 5 0 0 0 26 0

Alanine aminotransferase 1 0 0 0 6 0 6 0 0 0 32 0

Creatinine 3 1 0 0 22 0 9 1 0 0 53 0

Nonhematological adverse event

Any events 11 6 1 0 100 6 6 8 5 0 100 26

General fatigue 1 1 1 0 17 6 3 5 1 0 47* 5

Anorexia 5 2 1 0 44 6 2 8 3 0 68 16

Mucositis 2 0 0 0 11 0 3 2 0 0 26 0

Nausea 4 3 0 – 39 0 8 5 2 – 79� 0

Vomiting 5 2 0 0 39 0 2 2 0 0 21 0

Diarrhea 2 3 0 0 28 0 5 3 2 0 53 11

Skin-related toxicities 4 3 0 0 39 0 3 0 0 0 16 0

Dysgeusia 1 1 – – 11 – 0 2 – – 11 –

Febrile neutropenia 0 0 0 0 0 0 0 0 2 0 11 11

Infection 0 0 0 0 0 0 0 2 1 0 16 5

Peripheral sensory 1 0 0 0 6 0 1 0 0 0 5 0

Eye-related toxicities 2 0 0 0 11 0 1 0 0 0 5 0

SWP S-1 plus weekly split-dose cisplatin, SP S-1 plus standard-dose cisplatin

* P = 0.049

� P = 0.015
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studies of split- or low-dose cisplatin [11–15]. The toxici-

ties in the SWP arm were milder than those in the SP arm,

particularly with regard to general fatigue and nausea.

Grade C3 nonhematological toxicities were observed in

only approximately 5 % of the patients in the SWP arm.

The mildness of these toxicities may have been partly

related to the low dose intensity of cisplatin and S-1

administered in the SWP arm, as previously discussed. The

SP regimen in our study was well tolerated, similar to the

results in previous studies [4, 6–10].

One of the aims in this study using split-dose cisplatin

was to reduce excessive hydration for the prevention of

renal toxicity while still maintaining treatment efficacy.

Reported toxicities of SP in this study were quite accept-

able. However, split-dose cisplatin has been most often

studied for its potential to reduce severe toxicities in toxic

regimens such as the DCF regimen (docetaxel plus cis-

platin plus fluorouracil) [1] and the irinotecan plus cisplatin

regimen [3]. Randomized and nonrandomized phase II

studies have demonstrated that these regimens hold some

promise in treatment of metastatic gastroesophageal/gastric

cancer [18, 19]. However, the survival benefit of these

modified regimens remains unclear, despite their ability to

alleviate toxicities and improve treatment compliance.

Split- or low-dose cisplatin regimens have also been

investigated in treatment of other cancers for their efficacy

and safety [20–24]. However, in most of these studies, no

clinical benefit of a modified dose and schedule of cisplatin

has been demonstrated compared with high- to moderate-

dose cisplatin schedules. The superiority of weekly split-

dose cisplatin plus gemcitabine over gemcitabine alone has

been demonstrated in advanced biliary tract cancer [24].

However, the efficacy of split-dose cisplatin treatment

compared with a high- to moderate-dose regimen remains

controversial, although toxicities may be reduced by the

split-dose regimen, because no comparative study has been

done until now.

Patient enrollment in the present study was very difficult

because of the frequent hospital visits required for patients

in the SWP arm. Many factors, including the time com-

mitment and transportation required, have been reported as

barriers to participation in cancer-related trials [25]. These

problems have been frequently reported in patient recruit-

ment in studies of split- or low-dose cisplatin administra-

tion [14, 26]. Recently, 5-FU plus oxaliplatin has been

accepted as an alternative to 5-FU plus cisplatin for treat-

ment of advanced gastric cancer based on the results of

phase III studies [2, 27]. Furthermore, a phase III study (the

G-SOX trial) demonstrated the noninferiority of S-1 plus

oxaliplatin to standard SP in terms of PFS for advanced

gastric cancer [28]. This regimen may therefore be a new

alternative to the standard regimen, because it does not

require frequent hospital visits and prolonged hydration.

Conclusions

SWP may be inferior to standard SP in chemo-naı̈ve patients

with advanced gastric cancer, although the results of this

trial are not conclusive because it was terminated prema-

turely. At this time, split-dose cisplatin combined with S-1

cannot be recommended for use in clinical practice.

Acknowledgments This study was supported by the NPO Tsukuba

Cancer Clinical Trial Group. We thank all patients who participated

in this study. We thank Miss Mizuki Aida for data management.

Conflict of interest T.M. and I.H. received research funding from

Taiho Pharmaceuticals. S.H. received lecture fees from Taiho Phar-

maceuticals. All other authors state that they have no conflict of

interest.

References

1. Van Cutsem E, Moiseyenko VM, Tjulandin S, Majlis A, Cons-

tenla M, Boni C, et al. Phase III study of docetaxel and cisplatin

plus fluorouracil compared with cisplatin and fluorouracil as first-

line therapy for advanced gastric cancer: a report of the V325

Study Group. J Clin Oncol. 2006;24:4991–7.

2. Cunningham D, Starling N, Rao S, Iveson T, Nicolson M, Coxon

F, et al. Capecitabine and oxaliplatin for advanced esophagoga-

stric cancer. N Engl J Med. 2008;358:36–46.

3. Boku N, Yamamoto S, Fukuda H, Shirao K, Doi T, Sawaki A,

et al. Fluorouracil versus combination of irinotecan plus cisplatin

versus S-1 in metastatic gastric cancer: a randomised phase 3

study. Lancet Oncol. 2009;10:1063–9.

4. Koizumi W, Narahara H, Hara T, Takagane A, Akiya T, Takagi

M, et al. S-1 plus cisplatin versus S-1 alone for first-line treatment

of advanced gastric cancer (SPIRITS trial): a phase III trial.

Lancet Oncol. 2008;9:215–21.

5. Ajani JA, Rodriguez W, Bodoky G, Moiseyenko V, Lichinitser

M, Gorbunova V, et al. Multicenter phase III comparison of

cisplatin/S-1 with cisplatin/infusional fluorouracil in advanced

gastric or gastroesophageal adenocarcinoma study: the FLAGS

trial. J Clin Oncol. 2010;28:1547–53.

6. Baba E, Esaki T, Ariyama H, Mitsugi K, Morikita T, Fujishima

H, et al. Phase II study of sequential treatment with S-1 and

cisplatin for metastatic gastric cancer. Cancer Chemother Phar-

macol. 2011;68:611–7.

7. Lee JL, Kang HJ, Kang YK, Ryu MH, Chang HM, Kim TW,

et al. Phase I/II study of 3-week combination of S-1 and cisplatin

chemotherapy for metastatic or recurrent gastric cancer. Cancer

Chemother Pharmacol. 2008;61:837–45.

8. Lenz HJ, Lee FC, Haller DG, Singh D, Benson AB 3rd, Strum-

berg D, et al. Extended safety and efficacy data on S-1 plus

cisplatin in patients with untreated, advanced gastric carcinoma in

a multicenter phase II study. Cancer (Phila). 2007;109:33–40.

9. Sato Y, Kondo H, Honda K, Takahari D, Sumiyoshi T, Tsuji Y,

et al. A phase I/II study of S-1 plus cisplatin in patients with

advanced gastric cancer: 2-week S-1 administration regimen. Int

J Clin Oncol. 2005;10:40–4.

10. Iwase H, Shimada M, Tsuzuki T, Horiuchi Y, Kumada S, Haruta

J, et al. A phase II multicentric trial of S-1 combined with 24-h

infusion of cisplatin in patients with advanced gastric cancer.

Anticancer Res. 2005;25:1297–301.

11. Nakata B, Tsuji A, Mitachi Y, Taenaka N, Kamano T, Oikawa K,

et al. Phase II trial of S-1 plus low-dose cisplatin for unresectable

360 T. Moriwaki et al.

123



and recurrent gastric cancer (JFMC27-9902 Step 2). Oncology.

2010;79:337–42.

12. Kondo K, Kinoshita M, Kataoka M, Shimoyama S, Yamamura K,

Ohshima Y, et al. A phase I study of TS-1 and weekly cisplatin in

patients with advanced gastric cancer (in Japanese). Gan To Kagaku

Ryoho. 2005;32:637–9.

13. Shimoyama S, Imamura K, Hiki N, Yamaguchi H, Mafune K,

Kaminishi M. Performance of outpatient regimen of S-1 in

combination with fractional cisplatin for advanced or recurrent

gastric cancers: a phase I study. Int J Clin Oncol. 2005;10:251–5.

14. Nakata B, Mitachi Y, Tsuji A, Yamamitsu S, Hirata K, Shirasaka

T, et al. Combination phase I trial of a novel oral fluorouracil

derivative S-1 with low-dose cisplatin for unresectable and

recurrent gastric cancer (JFMC27-9902). Clin Cancer Res.

2004;10:1664–9.

15. Hyodo I, Nishina T, Moriwaki T, Endo S, Terao T, Hirao K, et al.

A phase I study of S-1 combined with weekly cisplatin for

metastatic gastric cancer in an outpatient setting. Eur J Cancer.

2003;39:2328–33.

16. Sakata Y, Ohtsu A, Horikoshi N, Sugimachi K, Mitachi Y,

Taguchi T. Late phase II study of novel oral fluoropyrimidine

anticancer drug S-1 (1 M tegafur-0.4 M gimestat-1 M otastat

potassium) in advanced gastric cancer patients. Eur J Cancer.

1998;34:1715–20.

17. Narahara H, Iishi H, Imamura H, Tsuburaya A, Chin K, Imamoto

H, et al. Randomized phase III study comparing the efficacy and

safety of irinotecan plus S-1 with S-1 alone as first-line treatment

for advanced gastric cancer (study GC0301/TOP-002). Gastric

Cancer. 2011;14:72–80.

18. Shah MA, Shibata S, Stoller RG, Kemeny M, Ritch PS, Krish-

namurthi SS, et al. Random assignment multicenter phase II study

of modified docetaxel, cisplatin, fluorouracil (mDCF) versus DCF

with growth factor support (GCSF) in metastatic gastroesopha-

geal adenocarcinoma (GE). J Clin Oncol 2010;28(suppl): abstract

4014.

19. Koizumi W, Kurihara M, Satoh A, Takiuchi H, Tanabe S, Shi-

mada K, et al. Phase 1/11 study of bi-weekly irinotecan plus

cisplatin in the treatment of advanced gastric cancer. Anticancer

Res. 2005;25:1257–62.

20. Ryu SY, Lee WM, Kim K, Park SI, Kim BJ, Kim MH, et al.

Randomized clinical trial of weekly vs. triweekly cisplatin-based

chemotherapy concurrent with radiotherapy in the treatment of

locally advanced cervical cancer. Int J Radiat Oncol Biol Phys.

2011;81:e577–81.

21. Tsan DL, Lin CY, Kang CJ, Huang SF, Fan KH, Liao CT, et al.

The comparison between weekly and three-weekly cisplatin

delivered concurrently with radiotherapy for patients with post-

operative high-risk squamous cell carcinoma of the oral cavity.

Radiat Oncol. 2012;7:215.

22. Nishimura Y, Mitsumori M, Hiraoka M, Koike R, Nakamatsu K,

Kawamura M, et al. A randomized phase II study of cisplatin/5-

FU concurrent chemoradiotherapy for esophageal cancer: short-

term infusion versus protracted infusion chemotherapy

(KROSG0101/JROSG021). Radiother Oncol. 2009;92:260–5.

23. Fruscio R, Garbi A, Parma G, Lissoni AA, Garavaglia D, Bonazzi

CM, et al. Randomized phase III clinical trial evaluating weekly

cisplatin for advanced epithelial ovarian cancer. J Natl Cancer

Inst. 2011;103:347–51.

24. Valle J, Wasan H, Palmer DH, Cunningham D, Anthoney A,

Maraveyas A, et al. Cisplatin plus gemcitabine versus gemcita-

bine for biliary tract cancer. N Engl J Med. 2010;362:1273–81.

25. Ford JG, Howerton MW, Lai GY, Gary TL, Bolen S, Gibbons

MC, et al. Barriers to recruiting underrepresented populations to

cancer clinical trials: a systematic review. Cancer (Phila).

2008;112:228–42.

26. Morita S, Nakata B, Tsuji A, Mitachi Y, Shirasaka T, Saji S, et al.

A phase I study of combination therapy of the oral fluorinated

pyrimidine compound S-1 with low-dose cisplatin twice-a-week

administration (JFMC27-9902 Step 2) in patients with advanced

gastric cancer using a continual reassessment method. Jpn J Clin

Oncol. 2007;37:924–9.

27. Al-Batran SE, Hartmann JT, Probst S, Schmalenberg H, Holler-

bach S, Hofheinz R, et al. Phase III trial in metastatic gastro-

esophageal adenocarcinoma with fluorouracil, leucovorin plus

either oxaliplatin or cisplatin: a study of the Arbeitsgemeinschaft

Internistische Onkologie. J Clin Oncol. 2008;26:1435–42.

28. Higuchi K, Koizumi W, Yamada Y, Nishikawa K, Gotoh M, Fuse

N, et al. Randomized phase III study of S-1 plus oxaliplatin

versus S-1 plus cisplatin for first-line treatment of advanced

gastric cancer. J Clin Oncol 2012;30(suppl 34): abstract 60)

S-1 ? split-dose CDDP in gastric cancer 361

123


	A randomized phase II study comparing S-1 plus weekly split-dose cisplatin with S-1 plus standard-dose cisplatin as first-line chemotherapy for advanced gastric cancer
	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Patients and methods
	Patients
	Study design
	Treatment
	Efficacy and safety assessments
	Statistical analysis

	Results
	Patient characteristics
	Efficacy
	Toxicity
	Treatment exposure
	Post-study treatment

	Discussion
	Conclusions
	Acknowledgments
	References


