
Original Paper

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

Y. Sakata,1 A. Ohtsu,2 N. Horikoshi,3 K. Sugimachi,4 Y. Mitachi5 and T. Taguchi6

1Department of Gastroenterology, Aomori Prefectural Central Hospital, Aomori; 2Department of Internal

Medicine, National Cancer Centre Hospital, East, Chiba; 3Chemotherapy Cancer Centre, Cancer Institute

Hospital, Japanese Foundation for Cancer Research, Tokyo; 4Department of Surgery II, Faculty of Medicine,

Kyushu University, Fukuoka; 5Department of Gastroenterology and Medical Oncology, Sendai Kosei Hospital,

Miyagi; and 6Japan Society for Cancer Chemotherapy, Osaka, Japan

S-1 is a novel oral anticancer drug, composed of tegafur (FT), gimestat (CDHP) and otastat potas-

sium (Oxo) in a molar ratio of 1:0.4:1, based on the biochemical modulation of 5-¯uorouracil (5-FU).

CDHP inhibits dihydropyrimidine dehydrogenase (DPD), an enzyme which degrades 5-FU, and

maintains prolonged 5-FU concentrations in the blood and tumours. Oxo is distributed in the gastro-

intestinal tract at a high concentration after oral administration and alleviates gastrointestinal toxicity

due to 5-FU. S-1 improves the tumour-selective toxicity of 5-FU by the actions of two modulators,

CDHP and Oxo. We conducted a late phase II clinical trial of S-1 as an open trial in patients with

advanced gastric cancer, to con®rm its antitumour eVect and adverse reactions. 51 patients with

advanced gastric cancer were enrolled in the trial. S-1 was administered orally twice daily after meals,

at a standard dose of 80 mg/m2/day. One course consisted of consecutive administration for 28 days

and 14 days' rest. Administration was repeated over four courses. A complete response was obtained

in 1 patient and partial responses in 24 patients, producing a response rate of 49% (25/51) (95% con-

®dence interval (CI) 35.9±62.3%). The incidence of adverse reactions was 78% (40/51) and that of

adverse reactions of grades 3 and 4 was 20%. Adverse reactions of grades 3 and 4 included a decrease

in the haematocrit, leucopenia, granulocytopenia, diarrhoea, malaise and proteinuria. No serious

unexpected adverse reactions were observed. In conclusion, S-1 was eVective and well tolerated in

patients with advanced gastric cancer. # 1998 Elsevier Science Ltd. All rights reserved.
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INTRODUCTION

Fluoropyrimidine anticancer drugs have been widely used

for the treatment of solid tumours since 5-¯uorouracil (5-

FU) was ®rst synthesised in 1957. However, gastrointestinal

cancers are considered less sensitive to chemotherapy despite

the fact that many chemotherapeutic agents and administra-

tion methods have been reported, and limited clinical eYcacy

has been attained [1±3].

5-FU is currently widely used for the treatment of gastro-

intestinal cancers, and the clinical merits of administration by

continuous intravenous (i.v.) infusion have been reported [4].

Its plasma concentration values reported in various studies

have exhibited signi®cant disparities and no consistent con-

clusion can be drawn [5, 6]. Dihydropyrimidine dehy-

drogenase (DPD), a 5-FU catabolising enzyme, is considered

to contribute to the disparities [6]. Approximately 90% of 5-

FU administered is metabolised by DPD to �-¯uoro-�-ala-

nine prior to exerting its antitumour eVect [6]. The circadian

rhythm of DPD activity may change the catabolism of 5-FU

within a 24-h period [7]. DPD activity can exhibit diVerences

of up to 100-fold, depending on the particular human cancer

cells, and it is considered to be one of the main factors

aVecting the sensitivity of tumours to 5-FU [8].
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The dose-limiting toxicities with long-term continuous i.v.

infusion methods are mucositis and diarrhoea [5]. Animal

experiments have indicated that these toxicities are the result

of phosphorylation of 5-FU by orotate pyrimidine phosphor-

ibosyl transferase (ORTC) in the digestive tract [9]. There-

fore, the concomitant administration of 5-FU and a DPD

inhibitor may lead to a maximal antitumour eVect of 5-FU. If

phosphorylation of 5-FU is inhibited speci®cally in the

digestive tract, the therapeutic index of 5-FU could possibly

be enhanced.

S-1 is a novel oral antimalignant tumour drug, based on a

biochemical modulation of 5-FU, and containing tegafur

(FT), gimestat (CDHP) and otastat potassium (Oxo) in a

molar ratio of 1:0.4:1 [10]. This drug was developed to

improve the tumour-selective toxicity of 5-FU by means of

modulating the actions of CDHP and Oxo [11, 12]. FT, a

prodrug of 5-FU, is absorbed well after oral ingestion and is

converted into 5-FU. In vitro, CDHP has been shown to

exert DPD inhibition activity 180-fold higher than that of

uracil, which has been con®rmed to be a DPD inhibitor in

the form uracil/tegafur (UFT) [13]. Concomitant use of

CDHP with FT, a prodrug of 5-FU, enables high 5-FU

concentrations to be maintained in blood for long periods of

time [11]. Oxo, which inhibits ORTC, decreases the levels of

5-¯uorouridine 50-monophosphate (FUMP) and 5-FU incor-

porated into RNA (F-RNA) by approximately 70% only in

the small intestine, while the decrease is limited to 0±20% in

bone marrow and tumour regions [14]. This suggests that

Oxo is distributed at high levels in the digestive tract after oral

administration and, thus, reduces the gastrointestinal toxicity

of 5-FU [14].

Phase I [15] and early phase II clinical trials [16] have

already been conducted. In a phase I clinical study, it was

deduced that the maximum tolerable dose was 150 mg/day

once daily and 75 mg/body twice daily (as FT) and the dose-

limiting factor was myelosuppression, mainly leucopenia

[15]. In an early phase II clinical trial, a course consisted of

administration at 75 mg/body or 50 mg/body twice daily for

28 consecutive days followed by 14 days' rest. The response

rate was 53.6% (15/28) and the median survival period was

298 days for advanced gastric cancer patients. Major adverse

reactions were gastrointestinal symptoms and myelosuppres-

sion. The incidence of adverse reactions of grades 3 and 4

was 35.7% (10/28) [16]. The rate of discontinuation of

administration due to adverse reactions was markedly lower

for patients given doses of 90 mg/m2/day or less. Thus, 80 mg/

m2/day was recommended as the standard dose.

We conducted two pivotal late phase II trials in patients

with advanced gastric cancer to con®rm the eYcacy and

safety observed in the early phase II trial. The results of one

of these studies are described below, the other will be descri-

bed elsewhere.

PATIENTS AND METHODS

Patients

All patients from the sites shown in the Appendix had to

have histologically proven gastric cancer with measurable or

evaluable lesions. Additional criteria included age � 20 years,

but < 75 years, performance status (PS) of WHO grade � 2,

life expectancy � 3 months, adequate marrow function (white

blood cells (WBC) � 4000/mm3 but less than 12 000/mm3;

platelets � 100 000/mm3; haemoglobin � 9.0 g/dl), adequate

liver function (total bilirubin � 1.5 mg/dl; transaminases

� 100 U/l; alkaline phosphate (Al-P)� 2� the upper limit of

normal range) and adequate renal function (serum creatinine

� upper limit of normal range). Patients were excluded if

there was a history of drug hypersensitivity, serious compli-

cations, symptoms attributable to brain metastasis and active

secondary cancer. Patients with experience of prior che-

motherapy, radiation therapy and hormone therapy were not

permitted to enrol in the study. Patients who had completed

adjuvant chemotherapy 6 months or more before study entry

were included. Pregnant or lactating women were excluded.

This study was approved by the institutional review board at

each site, and all patients provided written informed consent.

Methods

S-1 (Taiho Pharmaceutical Co., Tokyo, Japan) was admi-

nistered orally at 40 mg/m2 (standard dose) twice daily after

meals. Three initial doses of S-1 were established according

to body surface area (BSA) as follows: BSA< 1.25 m2;

80 mg/day; 1.25 m2�BSA< 1.5 m2, 100 mg/day; and

1.5 m2�BSA, 120 mg/day (Table 1). One course consisted

of consecutive administration for 28 days followed by 14

days' rest. This therapy was administered for four courses in

repeated administration, if there was no disease progression.

The patients in whom eYcacy was observed, at the time of

completion of the fourth course, were transferred to the long-

term administration study. Dose modi®cations were eVected

in accordance with the following guidelines: when adverse

reactions at grades 2±4 appeared, the dose was reduced from

120 to 100 mg/day, from 100 to 80 mg/day, respectively, or

administration was temporarily discontinued. When no

adverse reactions appeared, the dose was increased gradually

in steps from 80, 100, 120, to 150 mg/day (Table 1). The rest

period was shortened to 1 week, unless adverse reactions

appeared, and was extended to 4 weeks at the longest, if

adverse reactions appeared. If a rest period of longer than 4

weeks was required, the patient was withdrawn from the

study. The number of patients to be enrolled in this study

was calculated at 50, which was required for dismissing the

assumption that the 95% con®dence interval (CI) would be

20% under the conditions of a= 0.05 (one side) and b= 0.2,

assuming an expected response rate of 40%.

The measurement and evaluation of lesions were con-

ducted repeatedly by X-ray, computed tomography (CT),

and ultrasonography. During the administration period,

haematological tests, such as WBC counts, biochemical tests,

such as liver and renal function tests and urinalysis were

conducted repeatedly. Responses and safety were reviewed by

external authorities. The major endpoints of this study were

Table 1. Dosage schedule

Body surface

area (m2)

Initial dosage

(mg/body/day)

Dose modi®cation

Reduced* Increasedy

±<1.25 80 Rest 100

1.25� ±<1.50 100 80 120

1.50� ± 120 100 150

The patients were assigned on the basis of body surface area. S-1 was

administered orally after breakfast and dinner twice daily for 28 days,

followed by 2 weeks of no treatment. *In patients with grade 3 hae-

matological or grade 2 non-haematological toxicity. yIn patients with

no toxicity.
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response rates (ratio of patients attaining response (complete

response (CR) + partial response (PR)) and incidence of

adverse reactions. The antitumour eVects and adverse reac-

tions were evaluated in accordance with the criteria of the

Japan Society for Cancer Therapy [17], which were estab-

lished based on criteria established by the WHO. The criteria

for the evaluation of antitumour eVects were as follows: CR,

eradication of all cancers and maintenance of the condition

for 4 weeks or more; PR, 50% or more reduction in size of

lesions and maintenance of the condition for 4 weeks or

more; no change (NC), less than 50% reduction in size of

lesions or enlargement of lesions within 25% and main-

tenance of the condition for 4 weeks or more; progressive

disease (PD), 25% or more enlargement of lesions or

appearance of new lesions. Primary gastric lesions can be

classi®ed into three types as follows; (a) measurable lesions;

(b) evaluable but not measurable lesions; (c) diVused in®l-

trating lesions. Measurable lesions can be measured during a

gastrographic examination of the same position. Evaluable

but not measurable lesions can be evaluated by improve-

ments of gastrographic and/or endoscopic ®ndings that can

clearly diVer from those in the pretreatment examinations,

e.g. showing a marked regression of tumours and ulcerations

or marked ¯attening of elevated lesions which can be esti-

mated to be a regression of more than 50%. DiVused in®l-

trating lesions can be evaluated by the expansion of the

aVected gastric lumen and can be measured by planimeter

during a gastrographic examination or computer image ana-

lysis, which compares the image before and after treatment.

The gastrographic examination must be performed in the

same position using the same volume of barium and ingested

air. In a comparison with the data before treatment, a PR can

be con®rmed by the enlargement of 50% or more of the

aVected area [18]. The survival rate was calculated by statis-

tical analysis using the Kaplan±Meier method.

RESULTS

Response rate

Between July 1995 and July 1996, 51 patients with

advanced gastric cancer were enrolled in this study. All

patients were eligible and subjected to evaluation for anti-

tumour eVects and adverse reactions. The patients' char-

acteristics are shown in Table 2. Evaluation was made for

primary lesions in 4 patients, for both primary and metastatic

lesions in 32 and for only metastatic lesions in 15. The num-

ber of patients who completed the ®rst course was 46/51

(90%) and the second course was 44/45 (98%). Patients'

compliance during all the courses was 95%. The doses were

modi®ed in 11 patients. Two doses were reduced, ®ve were

increased and four were increased initially and then reduced.

Figure 1. Overall survival.

Table 2. Patients' characteristics

Patients n 51

Median age, years (range) 62 (30±74)

Male/female 37/14

Performance status

0 27

1 22

2 2

Median ®rst dose, mg/m2 (range) 72.9 (64.5±79.8)

Extent of disease

Locoregional 4

Primary not excised, metastatic 32

Primary excised, metastatic 15

Sites of primary disease 36

Sites of metastatic disease*

Distant lymph nodes 37

Liver 16

Other 10

*Some patients had more than one site of metastasis.

Table 3. Response

Response: n patients (%)

CR PR NC PD NE Total

All patients 1 (2.0) 24(47.1) 11 (21.7) 13 (25.5) 2 51

Extent of disease

Locoregional 0 1 2 1 0 4

Primary not excised, metastatic 1 14 8 8 1 32

Primary excised, metastatic 0 9 1 4 1 15

Sites of primary disease 1 13 15 6 1 36

Sites of metastatic disease*

Distant lymph nodes 2 19 11 2 3 37

Liver 0 4 5 6 1 16

Other 1 3 3 2 1 10

CR, complete response; PR, partial response; NC, no change; PD, progressive disease; NE, not evaluable. *Some patients had more than one

site of metastasis.
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The reasons for reduced doses were adverse events. The

responses to the therapy are shown in Table 3. A CR was

obtained in 1 patient and PRs in 24, with a response rate of

49% (25/51) and 95% CI of 35.9±62.3%. As to eYcacy by

sites, the response rate was 39% (14/36) for primary lesions;

and 25% (4/16) for liver metastases and 57% (21/37) for

distant lymph node metastases. 17 patients were transferred

to the long-term administration study. In 1 patient, who pre-

viously exhibited a PR, this response changed to a CR after

the ®fth course. The median response period was 68 (29±

330) days and the median total response period (from the

start of administration to the onset of progression) was 158

(64±372) days. The median survival period was 250 days

(95% CI 171±376 days). 19 patients (37%) survived for 1

year or more (Figure 1).

Adverse reactions

Major adverse reactions are shown in Table 4. Adverse

reactions appeared in 78% (40/51) of the patients. The inci-

dence of adverse reactions at grades 3 and 4 was 20% (10/

51). The incidences of major adverse reactions were 31% for

decreased haemoglobin level, 39% for leucopenia, 12% for

diarrhoea, 24% for stomatitis, 12% for nausea/vomiting, 16%

for dermatitis, 22% for pigmentation and 12% for malaise.

The incidences of adverse reactions at grades 3 and 4 were

6% for a reduction in haemoglobin level, 2% for a decrease in

leucocyte counts, 6% for a decrease in granulocyte counts,

2% for diarrhoea and 2% for malaise. Proteinuria at grade 4

was observed in 1 patient, but no nephrosis or renal func-

tional disorders were observed in the patient. It was judged

not to be serious. Hand±foot syndrome was observed in 1

patient. There were no irreversible adverse reactions at grades

3 and 4 nor any serious unexpected adverse reactions. There

were no toxic deaths. In all other patients, adverse reactions

were within the acceptable range (grade 2 or less).

DISCUSSION

In this study, responses were observed in 25 patients (1 CR

and 24 PRs), with a response rate of 49% (25/51) and 95%

CI of 35.9±62.3%. This is considered to satisfy the conditions

assumed prior to the study that the response rate should not

be lower than 40% and the 95% CI not lower than 20%. The

response rate was 54% (15/28) in the early phase II clinical

trial. A similar response rate was obtained in this trial, so the

eYcacy observed in the early phase II clinical trial was con-

®rmed. The response rates of major drugs used alone have

been reported to be 21% for 5-FU, 30% for mitomycin C

(MMC), 17% for doxorubicin (DOX), 19% for cisplatin

(CDDP) [1], 18% for irinotecan hydrochloride (CPT-11)

[19] and 22% for docetaxel (Taxotere) [20]. The response

rates of combination therapy in gastric cancer have been

reported to be 9±42% for 5-FU + DOX + MMC (FAM)

[1, 2, 21, 22], 33±59% for 5-FU + DOX + methotrexate

(FAMTX) [1, 2, 21, 23], 33±64% for etoposide + DOX +

CDDP (EAP) [1, 2, 23], 41±43% for 5-FU + CDDP (FP)

[2, 24], and 11±48% for 5-FU/leucovorin [1, 2, 25]. The

response rate in administration of S-1 alone indicated that it

had eYcacy comparable with that of combination therapy

and the eYcacy of 5-FU was considered to be able to be

adequately demonstrated by S-1.

The median survival period was 8 months. Median survival

periods of patients with advanced gastric cancer were 3±4

months under best supportive care [2], 7 months for 5-FU

[22, 26], 6±7 months for FAM [1, 2, 21, 22], 6±10 months for

FAMTX [1, 2, 21, 23], 6±10 months for EAP [1, 2, 23], 7±

10.6 months for FP [2, 24] and 5.5±7 months for 5-FU/leu-

covorin [1, 2, 25]. In this study, despite the fact that 71% of

patients (36/51) had a primary lesion, the survival period was

comparable with that achieved by combination therapy.

In Japan, oral anticancer drugs are frequently administered

in out-patient departments. The response rates of major

drugs for gastric cancer have been 28% (52/188) for UFT

[27] and 14% (20/140) for 50-deoxy-5-¯uorouridine (50-
DFUR) [28]. The response rates of combination regimens

have been 25% (20/79) for UFT + MMC [29] and 50% (14/

28) for 50-DFUR + CDDP [30]. The median survival periods

were 6 months for UFT [27], 6 months for UFT + MMC

[29] and 8.3 months for 50-DFUR + CDDP [30]. Even

compared with the above, S-1 exhibited remarkable results.

Therefore, S-1 is expected to be a drug for induction therapy

rather than a drug used as part of combination therapies. A

study on the eVects in combination study will be required in

the future.

In this study, the incidence of adverse reactions was 78%

and that of adverse reactions at grades 3 and 4 was 20%. In

the early phase II clinical trial, the incidence of adverse reac-

tions was 82% and that of adverse reactions at grades 3 and 4

was 36% [16]. The incidence was reduced in this study. This

was considered to be due to the adoption of a standard

dosage of 80 mg/m2/day compared with 150 or 100 mg/body/

day in the early phase II clinical trial. The incidence of major

adverse reactions in long-term continuous i.v. infusion of 5-

FU for gastric cancer have been reported as 86% for leuco-

penia and 43% for diarrhoea, and adverse reactions at grades

3 and 4 were 35% for leucopenia and 3% for diarrhoea

(n = 69) [26]. In addition, there is a study which reports the

incidence of adverse reactions at grades 2±4 as 1.2% for leu-

copenia (cycles = 426) and 5.3% for diarrhoea (n = 94) [22].

The incidences of major adverse reactions associated with the

administration of UFT in the phase II trials in various carci-

nomas were 4% for leucopenia and 11% for diarrhoea

(n = 551) [27]. Therefore, the incidence of adverse reactions

in our S-1 study was lower than that observed in continuous

i.v. infusion of 5-FU, but phase III trials should be conducted

Table 4. Adverse reaction

Grade Incidence of grades 3±4

1 2 3 4 (%) n

Haematological

Haemaglobin 5 8 3 0 6 (3/51)

Leucocytes 15 4 1 0 2 (1/51)

Granulocytes 6 9 3 0 6 (3/51)

Gastrointestinal

Diarrhoea 5 0 1 0 2 (1/51)

Stomatitis 10 2 0 0

Nausea/vomiting 6 0 0 0

Skin

Dermatitis* 5 3 0 0

Pigmentation 11 0 0 0

Renal

Proteinuria 0 0 0 1 2 (1/51)

Malaise 4 1 1 0 2 (1/51)

*Hand±foot syndrome indicated 1 case at grade 2.
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to con®rm this result. Further, the incidence of diarrhoea in

our study was similar to that for oral UFT, although the

incidence of myelosuppresion was higher. In total, there was

only 1 case of grade 4 toxicity which was not serious, indi-

cating acceptable safety in the administration of S-1.

1. Kelsen DP. Cancer of the Stomach, Cancer, Principles and Practice of
Oncology, 4th edn. Philadelphia, J.B. Lippincott, 1993, 838±848.

2. Wils J. The treatment of advanced gastric cancer. Semin Oncol
1996, 23, 397±406.

3. Sakata Y, Suzuki H. Do we have a strategy for gastrointestinal
cancers at present and in the future? Cancer Chemotherapy, 10.
Tokyo, Japan, Excerpta Medica, 1995, 169±180.

4. Moynihan T, Hansen R, Anderson T, et al. Continuous 5-¯uor-
ouracil infusion in advanced gastric carcinoma. Am J Clin Oncol
1988, 11, 461±464.

5. Spicer DV, Ardalan B, Daniels JR, et al. Re-evaluation of the
maximum tolerated dose of continuous venous infusion of 5-
¯uorouracil with pharmacokinetics. Cancer Res 1988, 48, 459±
461.

6. Heggie GD, Sommadossi JP, Diasio RB, et al. Clinical pharma-
cokinetics of 5-¯uorouracil and its metabolites in plasma, urine,
and bile. Cancer Res 1987, 47, 2203±2206.

7. Zhang R, Lu Z, Diasio RB, et al. Relationship between circadian-
dependent toxicity of 5-¯uorodeoxyuridine and circadian
rhythms of pyrimidine enzymes. Cancer Res 1993, 53, 2816±2822.

8. Beck A, Etienne MC, Milano G, et al. A role for dihydro-
pyrimidine dehydrogenase and thymidylate synthase in tumour
sensitivity to ¯uorouracil. Eur J Cancer 1994, 30A, 1517±1522.

9. Houghton JA, Houghton PJ, Wooten RS. Mechanism of induc-
tion of gastrointestinal toxicity in the mouse by 5-¯uorouracil, 5-
¯uorouridine and 5-¯uoro-20-deoxyuridine. Cancer Res 1979, 39,
2406±2413.

10. Shirasaka T, Nakano K, Fukushima M, et al. Antitumor activity
of 1M tegaful±0.4 M 5-chloro-2,4-dihydroxypyridine±1 M potas-
sium oxonate (S-1) against human colon carcinoma orthotopi-
cally implanted into nude rats. Cancer Res 1996, 56, 2602±2606.

11. Shirasaka T, Shimamoto Y, Fukushima M, et al. Development of
a novel form of an oral 5-¯uorouracil derivative (S-1) directed to
the potentiation of the tumor selective cytotoxicity of 5-¯uor-
ouracil by two biochemical modulators. Anti-Cancer Drugs 1996,
7, 548±557.

12. Takechi T, Nakano K, Shirasaka T, et al. Antitumor activity and
low intestinal toxicity of S-1, a new formulation of oral tegafur,
in experimental tumor models in rats. Cancer Chemother Phar-
macol 1997, 39, 205±211.

13. Tatsumi K, Fukushima M, Shirasaka T, et al. Inhibitory eVects
of pyrimidine, barbituric acid and pyridine derivatives on 5-
¯uorouracil degradation in rat liver extracts. Jpn J Cancer Res
(Gann) 1987, 78, 748±755.

14. Shirasaka T, Shimamoto Y, Fukushima M. Inhibition by oxonic
acid of gastrointestinal toxicity of 5-¯uorouracil without loss of
its antitumor activity in rats. Cancer Res 1993, 53, 4004±4009.

15. Taguchi T, Inuyama Y, Kanamaru R, et al. Phase I study of S-1,
Jpn J Cancer Chemother 1997 24, 2253±2264 (in Japanese with
English Abstract).

16. Horikoshi N, Mitachi Y, Sakata Y, et al. S-1, new oral ¯uor-
opyrimidine is very active in patients with advanced gastric can-
cer (early phase II study). Proc Am Soc Clin Oncol 1996, 15, 466.

17. Japan Society for Cancer Therapy. Criteria for the evaluation of
the clinical eVects of solid cancer chemotherapy. J Jpn Soc Can-
cer Ther 1993, 28, 101±130.

18. Japanese Research Society for Gastric Cancer. Response assess-
ment of chemotherapy for gastric carcinoma. Japanese Classi®ca-
tion of Gastric Carcinoma, 1st English edn. Tokyo, Kanehara,
1995, 90±104.

19. Kambe M, Wakui A, Nakao I, et al. A late phase II study of iri-
notecan (CPT-11) in patients with advanced gastric cancer. Proc
Am Soc Clin Oncol 1993, 12, 584.

20. Sulkes A, Smyth J, Sessa C, et al. Docetaxel (Taxotere2) in
advanced gastric cancer: results of a phase II clinical trial. Br J
Cancer 1994, 70, 380±383.

21. Wils JA, Klein HO, Wagener DJT, et al. Sequential high-dose
methotrexate and ¯uorouracil combined with doxorubicinÐa

step ahead in the treatment of advanced gastric cancer: a trial of
the EORTC Gastrointestinal Tract Cooperative Group. J Clin
Oncol 1991, 9, 827±831.

22. Kim NK, Park YS, Heo DS, et al. A phase III randomized study
of 5-¯uorouracil and cisplatin versus 5-¯uorouracil, doxorubicin,
and mitomyein C versus 5-¯uorouracil alone in the treatment of
advanced gastric cancer. Cancer 1993, 71, 3813±3818.

23. Kelsen D, Atiq OT, Saltz L, et al. FAMTX versus etoposide,
doxorubicin, and cisplatin: a random assignment trial in gastric
cancer. J Clin Oncol 1992, 10, 541±548.

24. Ohtsu A, Shimada Y, Yoshida S, et al. Phase II study of pro-
tracted infusional 5-¯uorouracil combined with cisplatinum for
advanced gastric cancer: report from the Japan Clinical Oncol-
ogy Group (JCOG). Eur J Cancer 1994, 30A, 2091±2093.

25. Louvet C, Gramont A, Demuynck B, et al. High-dose folinic
acid, 5-¯uorouracil bolus and continuous infusion in poor-prog-
nosis patients with advanced measurable gastric cancer. Ann
Oncol 1991, 2, 229±230.

26. Cullinan SA, Moertel CG, Wieand HS, et al. Controlled evalua-
tion of three drug combination regimens versus ¯uorouracil
alone for the therapy of advanced gastric cancer. J Clin Oncol
1994, 12, 412±416.

27. Ota K, Taguchi T, Kimura K. Report on nationwide pooled data
and cohort investigation in UFT phase II study. Cancer Che-
mother Pharmacol 1988, 22, 333±338.

28. Wakui A. Phase II trial of 50-deoxy-5-¯uorouridine in the treat-
ment of gastric cancerÐa multicentre cooperative study. J Int
Med Res 1988, 16, 17B±18B.

29. Kurihara M, Izumi T, Yoshida S, et al. A cooperative rando-
mized study on tegaful plus mitomycin C versus combined tega-
ful and uracil plus mitomycin C in the treatment of advanced
gastric cancer. Jpn J Cancer Res 1991, 82, 613±620.

30. Koizumi W, Kurihara M, Sasai T, et al. A phase II study of
combination therapy with 50-deoxy-5-¯uorouridine and cisplatin
in the treatment of advanced gastric cancer with primary foci.
Cancer 1993, 72, 658±662.

AcknowledgementsÐWe thank K. Iizuka, T. Tahara, M. Dantsuji,
K. Hoashi, H. Anbe and K. Okabe for assistance in data collection and
analysis. We are also grateful to Drs K. Ohta, S. Tukagoshi, I. Nakao,
H. Furue, for their helpful advice and Drs W. Koizumi, J. Ohta,
N. Hirabayashi, Y. Maehara, for extramural review during the study.

APPENDIX

The following doctors assisted in this study: H. Majima, Depart-
ment of Cancer Chemotherpy, Nikko Memorial Hospital, Hokkaido;
H. Suzuki, Y. Hatada, T. Kubo, Department of Gastroenterology,
Aomori Prefectural Central Hospital, Aomori; M. Kon, Y. Mikami,
Department of Surgery II, School of Medicine, Hirosaki University,
Aomori; S. Maeda, Department of Internal Medicine I , Hachinohe
City Hospital, Aomori; K. Saito, M. Terashima, Department of
Surgery I, School of Medicine, Iwate Medical University, Iwate; H.
Oikawa, Department of Internal Medicine I, Ishinomaki Redcross
Hospital, Miyagi; R. Kanamaru, Department of Cancer Chemo-
therapy, Institute of Development, Aging and Cancer, Tohoku Uni-
versity, Miyagi; T. Uchida, Department of Surgery, Nagai City
Hospital, Yamagata; T. Fukuda, Department of Surgery, Tohmou
Hospital, Gunma Cancer Centre, Gunma; T. Fujii, N. Boku,
Department of Internal Medicine, National Cancer Centre Hospital,
East, Chiba; M. Fujii, Department of Surgery III, Itabashi Hospital,
Nihon University School of Medicine, Tokyo; Y. Nakano, S. Uno, Y.
Yamada, C. Kato, Chemotherapy Cancer Centre, Cancer Institute
Hospital, Japanese Foundation for Cancer Research, Tokyo; M.
Makuuchi, T. Konishi, A. Katayama, Department of Surgery II,
Tokyo University School of Medicine, Tokyo; Y. Kuraishi, Depart-
ment of Internal Medicine III, Tokyo Jikeikai Medical University,
Tokyo; J. Inagaki, Department of Clinical Oncology, Nagoya Mem-
orial Hospital, Aichi; Y. Watanabe, K. Ohmura, Department of Sur-
gery I, Kanazawa University School of Medicine, Ishikawa; K. Hioki,
Y. Nakane, Department of Surgery II, Kansai Medical University,
Osaka; M. Monden, Department of Surgery II, Osaka University
School of Medicine, Osaka; S. Ohshima, Department of Surgery,
Kansai Rosai Hospital, Osaka; Y. Maehara, Y. Fuji, Department of
Surgery II, Faculty of Medicine, Kyushu University, Fukuoka; Y. Hara,

Late Phase II Study of S-1 in Advanced Gastric Cancer 1719



A. Ohkubo, Department of Internal Medicine, Kyushu Rosai Hospi-
tal, Fukuoka; K. Okamura, M. Tomikawa, Department of Surgery,
Shakaihoken Nakabaru Hospital, Fukuoka; T. Saito, H. Baba,
Department of Surgery, National Kyushu Cancer Centre, Fukuoka;
D. Korenaga, S. Maekawa, Department of Surgery, Fukuoka City
Hospital, Fukuoka; M. Saku, Y. Emi, Department of Surgery,

National Kyushu Medical Centre, Fukuoka; R. Kanou, Department
of Surgery, National Fukuoka East Hospital, Fukuoka; H. Isomoto,
Y. Tsuji, Department of Surgery, Kurume University Medical Cen-
tre, Fukuoka; N. Oka, A. Watanabe, Department of Surgery, Koh-
seikan, Saga Prefectual Hospital, Saga; K. Miyanaga, R. Hasuda,
Department of Surgery, Saiseikai Karatsu Hospital, Saga, Japan.

1720 Y. Sakata et al.


