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Abstract

Purpose To evaluate the efficacy, safety and pharmaco-

kinetic profiles of S-1, which composed of tegafur (FT, a

prodrug of 5-FU), 5-chloro-2,4-dihydroxypyridine and

potassium oxonate (Oxo), in Taiwanese advanced gastric

cancer (AGC) patients.

Methods Patients with chemo-naı̈ve, histologically con-

firmed AGC were eligible. S-1 was given orally at dose of

40, 50 or 60 mg, twice daily for patients with body surface

\1.25, 1.25–1.5 and [1.5 m2, respectively, on day 1–28

every 42 days/cycle.

Results Thirty-four patients were included. On intent-to-

treat analysis, the overall response rate, median progres-

sion-free and overall survival were 35.3% [95% confidence

interval (CI): 19.2–51.3%], 2.9 (95% CI: 2.4–5.8) months

and 9.8 (95% CI: 6.1–NA) months, respectively. The most

common grade 3–4 toxicities were anemia 23.5% and

neutropenia 11.8%. There were two treatment-related

mortality, which occurred in patients with suboptimal renal

function underestimated by serum creatinine level at study

entry. Single-dose pharmacokinetic study showed trend

toward lower AUC5–FU, and higher AUCFT and AUCOxo

comparing to most Western reports.

Conclusions The efficacy, toxicity and pharmacokinetic

profiles of S-1 in current study are compatible with those

from other Asian populations. Accurate renal function

assessment and more closely monitoring is mandatory for

S-1 therapy in patients with low body mass. Literature

review suggests that, besides AUC5–FU, AUCOxo may also

attribute to the difference in the compliance to S-1 between

Asian and Caucasian populations.
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Introduction

Gastric cancer is the fourth most common cancer, with an

estimated more than one million new cases diagnosed in

2007, and the second most common cause of cancer death

(more than 800,000 deaths annually) worldwide [1]. In

Taiwan, gastric cancer ranks the fifth of all cancer-related

mortality and is responsible for approximately 2,400 deaths

per year in 2006 [2]. One-third or more of patients presented

with unresectable locally advanced or metastatic diseases at

time of diagnosis, while many patients who were able to

receive curative surgical resection would eventually relapse

[3]. Thus, majority of gastric cancer patients require pallia-

tive treatment at certain time-points. 5-fluorouracil (5-FU) is

one of the most active and least toxic chemotherapeutic

agents for advanced gastric cancer (AGC). Protracted

intravenous infusion at dose of 200–300 mg/m2/day or

5-days infusion at dose of 800–1,000 mg/m2/day every

3 weeks, or 24–48 h infusion of 2,400–3,000 mg/m2 every

1–2 weeks are the favorable schedules for 5-FU adminis-

tration. These infusional 5-FU regimens, with and without

folinic acid modulation, can achieve up to 15–30% of

objective response and are commonly used as the backbone

of current ‘‘standard’’ combination regimens in AGC [4, 5].

Several randomized trials have demonstrated that infusion

5-FU—based chemotherapy could significantly improve the

quality of life and overall survival of AGC patients com-

paring to best supportive care [4].

S-1 is a third generation of oral fluoropyrimidine com-

posed of tegafur (FT, a prodrug of 5-FU), 5-chloro-2,4-

dihydroxypyridine (CDHP) and potassium oxonate (Oxo) in

1:0.4:1 M ratio [6]. Tegafur is converted to 5-FU by cyto-

chrome CYP2A6 enzyme, which then rapidly catabolized by

dihydropyrimidine dehydrogenase (DPD) in the liver and

certain types of tumor. CDHP, a competitive antagonist of

DPD, may enhance the concentration of 5-FU in both plasma

and tumor tissues to potentate the antitumor activity of 5-FU,

as demonstrated in subcutaneous xenograft animal model

[6]. Oxo is a potent biochemical modulator of pyrimidine

phosphoribosyl transferase, an enzyme responsible for the

phosphorylation of 5-FU. Because preferentially localizes in

the gut after absorption, Oxo may selectively inhibit the

formation of 5-FU nucleotides in the gut and theoretically

reduce gastrointestinal side effects of S-1 [6].

In two late phase II clinical studies, S-1 monotherapy at

mean dose of 35–40 mg/m2 achieved 44.6% (45/101) of

objective response rate (ORR), 244 days of median overall

survival (OS) time and 37% of 1-year survival rate, and a

low incidence of grade 3–4 toxicities [7, 8]. Recent ran-

domized 3-arm trial (JCOG9912) showed that S-1 mono-

therapy, 5-day infusion of 5-FU and irinotecan/cisplatin

combination could achieve compatible overall survival

time in AGC patients [9]. However, earlier studies showed

there were potential ethnic differences for S-1 in AGC

patients, in terms of pharmacokinetic parameters, toxicity

profile and maximum tolerated dose [10–15]. The recom-

mended dose of S-1 for Caucasians was 30–35 mg/m2

twice daily when compared to the 35–40 mg/m2 twice

daily for Asians [7–10, 16]. Herein, we reported the results

of a phase II study evaluating the efficacy, safety and

pharmacokinetics of S-1 in Taiwanese AGC patients.

Patients and methods

Patient eligibility

Patients with histologically or cytologically confirmed

unresectable locally advanced, recurrent or metastatic gas-

tric adenocarcinoma, age C20 years, Eastern Cooperative

Oncology Group (ECOG) performance status score B2, at

least 4 weeks from prior surgery or radiotherapy, measur-

able lesion(s) defined by Response Evaluation Criteria in

Solid Tumors (RECIST) Guidelines [17], no prior chemo-

therapy except postoperative adjuvant chemotherapy that

was associated with tumor relapse [6 months after end of

treatment and adequate hematologic, hepatic and renal

functions, i.e., absolute neutrophil counts (ANC) C1,500/ll,

hemoglobin C9 g/dl, platelets C100,000/ll, and serum level

of creatinine B1.5 9 upper limit of normal (ULN), total

bilirubin B1.5 9 ULN were eligible. The eligible criterion

for serum level of creatinine was amended to B1.0 9 ULN

after the occurrence of two treatment-related mortality.

L.-T. Chen

Department of Internal Medicine, National Cheng Kung

University Hospital, No. 138, Sheng-Li Road,

Tainan 70428, Taiwan

L.-T. Chen

Department of Internal Medicine, Kaohsiung Medical

University Hospital, Kaohsiung Medical University,

No. 100, Tz-You 1st Road, Kaohsiung 807, Taiwan

L.-T. Chen (&) � J. Whang-Peng

National Institute of Cancer Research, National Health Research

Institutes, No. 367, Sheng-Li Road, Tainan 70456, Taiwan

e-mail: leochen@nhri.org.tw

J. Whang-Peng (&)

Cancer Center Wan Fang Hospital, Taipei Medical University,

No. 111, Section 3. Hsing-Long Road, Taipei 116,

Taiwan ROC

e-mail: jqwpeng@nhri.org.tw

1282 Cancer Chemother Pharmacol (2011) 67:1281–1289

123



Exclusion criteria included life expectancy less than

3 months, evidence of central nervous system metastasis,

pregnancy or breast feeding, active infection, history of

active cardiac diseases (e.g., angina or myocardial disease)

within 6 months before study entry, history of other

malignancy except for curatively treated non-melanoma

skin cancer or cervical carcinoma in situ, mental status

unfit for clinical trials or intestinal obstruction, mal-

absorption or any other condition that precluded taking oral

study medication. This study has been approved by the

institutional review board of each participating hospital and

Department of Health, Executive Yuen, Taiwan, and

signed informed consent was obtained from all patients.

Treatment schedule

S-1 capsules (Taiho Pharmaceutical Co., Ltd., Tokyo,

Japan) in the forms of 20 and 25 mg capsule containing 20

and 25 mg tegafur, respectively. S-1 was given orally twice

daily (bid) on day 1–28 in a 42-day cycle. For patient

whose body surface area (BSA) was \1.25, 1.25–1.5 and

[1.5 m2 would receive S-1 at dose of 40, 50 and 60 mg

bid, respectively. In the presence of ANC \1,000/ll,

platelet \50,000/ll, creatinine [1.59 ULN and/or any

grade 3–4 non-hematologic toxicity after treatment, the

dose of S-1 would be reduced by one level in subsequent

cycle of treatment. If a patient with BSA \1.25 m2 expe-

rienced the above toxicities, or who required a more than

4 week rest to recover toxicities, then the patient would be

of-studied. We monitored patients’ compliance by their

diaries. The treatment was repeated until disease progres-

sion, intolerable toxicity, consent withdrawal or death.

Evaluation of response and toxicity

Physical examination and symptoms, as well as complete

blood count with differential count, serum biochemistry and

electrolytes, prothrombin time/activated partial thrombo-

plastin time (PT/aPTT), and urine analysis were evaluated

before each treatment cycle. Adverse effect was assessed

according to National Cancer Institute Common Toxicity

Criteria, version 3.0 (NCI-CTC version III, 2003), from

study entry until 30 days after the last dose of study medi-

cation. Computed tomography (CT) scan and/or magnetic

resonance imaging (MRI) examination was conducted after

every 6 weeks (one cycle) of treatment to evaluated tumor

response according to RECIST criteria [17].

Pharmacokinetic measurements

Blood sampling for pharmacokinetics (PK) evaluation was

obtained at before dosing and 0.5, 1, 2, 4, 6, 8, 12, 24 and

48 h after drug administration on day 1 and day 28 during

the first cycle of treatment. Peripheral blood samples were

collected into a heparinized tube at a volume of 5 ml at

each sampling time and centrifuged, and the plasma was

frozen at -20�C. The plasma concentrations of S-1 com-

ponents (FT, CDHP and Oxo) and 5-FU were determined

by either high-performance liquid chromatography (HPLC)

or gas chromatography with mass spectrometric detection

(GC–MS), in FALCO Biosystems Ltd., Kyoto, Japan. The

following PK parameters were determined, including

maximum plasma concentration (Cmax), time to maximum

plasma concentration (Tmax), half-life (T1/2), the area under

the serum concentration–time curve from time 0 to infinity

(AUC0–inf) and time 0 to the last quantifiable concentration,

(AUC0–last) and (AUC0–last,ss). The AUC were computed

from the raw concentration–time data by the linear trape-

zoidal method.

Statistical methods

This was an open-label, non-comparative phase II and

pharmacokinetic study with primary endpoint of objective

response rate. Secondary endpoints were progression-free

and overall survival, toxicity profiles and PK. The Simon

optimal two-stage design was used [18]. The response rate

of interest and non-interest was P1 30% and P0 10%,

respectively. If objective tumor responses were observed

in more than two of 10 evaluable patients in the first stage,

an additional 19 evaluable patients would be enrolled in

the second stage. If there were more than six responders at

the end of the second stage, this treatment would be

considered as effective and deserving further investigation,

with an a-value of 0.05 and a b-value of 0.20. Progression-

free survival was defined as the duration from the date of

starting protocol treatment to the date of disease pro-

gression or any cause of death, while the data of patients

who loss of follow-up before progression would be cen-

sored at the date of last follow-up. Overall survival rep-

resented the duration from the date of starting protocol

treatment to the date of death from any cause. Survival

was estimated by Kaplan–Meier analysis [19]. Signifi-

cance level was defined as P \ 0.05. All statistics were

two-sided and performed using SAS software (version

9.1.3, SAS Inc., Cary, NC).

Results

Patient and demographic characteristics

Between February 2006 and November 2006, a total of 34

patients were enrolled from at six participating centers.
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There were 9 women and 25 men (median age, 66.5 years;

range, 37–84), 31 with ECOG performance status of 0–1

and 15 with prior history of gastrectomy. Patient charac-

teristics were as shown in Table 1.

Efficacy

The median treatment cycle was 2 cycles (range, 1–17).

Three patients were not evaluable for tumor responses

because of protocol violation in one, and early death in

two. Among the 31 evaluable patients, best tumor response

was complete response (CR) in 1, partial response (PR) in

11, stable disease (SD) in 4 and progressive disease (PD) in

15. On an intent-to-treat analysis, the ORR was 35.3%

(95% CI: 19.2–51.3%). Upon the end of December 2008,

the median follow-up time of ITT population was 7.1

(range: 0.7–28.4) months. The median PFS and OS were

2.9 (95% CI: 2.4–5.8) months and 9.8 (95% CI: 6.1–NA)

months, respectively. The median duration of response of

the 12 responders was 11.0 (95% CI: 5.8–NA) months and,

the cumulative 12-month survival rate was 40%. The

Kaplan–Meier estimated PFS and OS curves are shown in

Fig. 1.

Safety

The median initial actual dose and median relative dose

intensity per patients of S-1 were 37.0 mg/m2 (range,

32.4–39.7) bid and 94.6% (range, 48.6–100), respectively.

Adverse events (AE) were assessed in all 34 patients

(Table 2). The major grade III/IV of hematologic toxicity

were anemia in 23.5%, neutropenia in 11.7% and throm-

bocytopenia in 8.8%, while of non-hematologic toxicity

were anorexia 17.6%, creatinine increased 5.9%, stomatitis

5.9%, hand–foot syndrome 5.9%, diarrhea 5.9%, asthenia

5.9% and nausea 2.9%. There were three deaths while on

protocol treatment: one died of cerebrovascular events and

the other two deaths were caused by treatment-related

grade 4 neutropenia and concomitant infection. Both

patients were men and thin with body mass index of 15.8

and 15.6 kg/m2, respectively. Despite serum creatinine

level fulfilled eligibility criteria B1.5 9 ULN at study

entry, both patients were found to have moderate to severe

renal function impairment with calculated glomerular fil-

tration rate (GFR) of 27.8 and 44.8 ml/min, respectively,

by Cockcroft-Gault equation [GFR = (140 - age) 9

body weight/(72 9 serum creatinine level)] in retrospec-

tive safety monitoring. After the two events, the protocol

was amended to change the inclusion criterion for renal

function from creatinine B1.5 9 ULN to B1.0 9 ULN,

and there were no more grade 4 neutropenia afterward.

There toxicity profiles were not significantly different

between gastrectomy and non-gastrectomy subgroups (data

not shown).

Pharmacokinetics study

Twelve patients had single-dosing pharmacokinetic study on

day 1, while 7 of them participated multiple dosing PK study

on day 28. The changes of plasma 5-FU, FT, CDHP and Oxo

levels after single dosing of S-1 were shown in Fig. 2, while

their PK parameters after single and multiple dosing were

listed in Table 3. PK parameters of plasma 5-FU after single

administration were Cmax 143.8 ± 49.5 ng/ml, Tmax 2.83 ±

1.03 h, AUC0–inf 846.4 ± 330.0 ng 9 h/ml and T1/2

2.52 ± 0.89 h, while the Cmax and AUC0–inf of FT

were 2,551.8 ± 589.1 ng/ml and 32,126.2 ± 6,352.7 ng 9

h/ml, respectively. The corresponding parameters for CDHP

and Oxo were 347.2 ± 165.8 ng/ml and 1,719.7 ±

773.6 ng 9 h/ml, and 78.1 ± 79.9 ng/ml and 471.0 ±

343.2 ng 9 h/ml, respectively. The PK parameters of 5-FU,

CDHP and Oxo after multiple dosing at day 28 were nearly

coincident with those after single-dose administration, as

shown in Table 3. The results indicated the steady-state PK

of 5-FU, CDHP and Oxo could be predicted from single-

dose PK study. Furthermore, the PK parameters were not

significantly different between patients with and without

Table 1 Patient characteristics

Characteristic No. of patients

(N = 34)

Gender, n (%)

Male 25 (73.5)

Female 9 (26.5)

Age (years)

Median (range) 66.5 (37–84)

Performance status, n (%)

0 3 (8.8)

1 28 (82.4)

2 3 (8.8)

Prior gastrectomy, n (%)

Yes 15 (44.1)

No 19 (55.9)

Site of disease involvement, n (%)

Regional lymph nodes 19 (55.9)

Distant lymph nodes 11 (32.4)

Liver 16 (47.1)

Peritoneum 5 (14.7)

Lung 2 (5.9)

Mediastinum 1 (2.9)

Bilateral ovary 1 (2.9)

Previous adjuvant therapy, n (%)

No 31 (91.2)

Yes 3 (8.8)
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prior gastrectomy (six patients in each subgroup, supplement

table 1).

Discussion

In this study, S-1, at median initial dose of 37.0 mg/m2

twice daily, could achieved 35.3% (95% CI: 19.8–53.5%)

of response rate, 9.8 (95% CI: 6.1–NA) months of median

OS time and 40% of 1-year survival rate in Taiwanese

AGC patients. The results are comparable with previously

reported phase II studies with the corresponding parameters

being 19.3–49.0%, 250–265 days and 34–37%, respec-

tively [7–10]. With similar median initial actual dose of

S-1, ranged from 36.5–40 mg/m2, the incidence of grade

3–4 non-hematologic toxicity of S-1 monotherapy in our

study were generally \10% (except anorexia) and largely

compatible with the phase II reports from Japan and Korea

[6–8, 10]. However, the incidence of grade 3–4 anemia in

our study was 23.5%, when compared to the 8.5 and 16.1%

reported from Japan and Korea, respectively [6, 10]. The

mechanism for the higher incidence of anemia in

Taiwanese and Korean populations was not clear. How-

ever, Jeung et al. ever performed a micro-array-based

comparative genomic hybridization study and suggested

that baseline hemoglobin level combined with three genetic

copy number variations (HIST1H2BL, C10orf127, and

XPNPEP2) may provide a predictive model for the

development of severe hemoglobin reduction in patients

receiving S-1 monotherapy. Unfortunately, such pharma-

cogenetic study was not preplanned in our study, and we

were not able to validate the findings of our Korean

colleagues [10].

The 11.8% of grade 3–4 neutropenia in our study was

similar to the 4.8–11.1% observed in other Asian studies

[6, 9]. However, the cause of grade 4 neutropenia in two of

Fig. 1 Kaplan–Meier analysis

estimated survival curves of

a progression-free survival

b overall survival
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our patients who experienced and died of severe neutro-

penia with concomitant infection in early study period was

considered to result from underestimation of renal func-

tional impairment by serum creatinine level in patients with

low body mass. Such events were ameliorated after pro-

tocol amendment to include only patients with more ade-

quate serum creatinine level. Although both of the patients

did not participate PK study, however, earlier reports had

shown that impaired renal function would reduce CDHP

clearance to result in prolonged exposure to high concen-

tration of plasma 5-FU and thus more severe myelosup-

pression [7, 11]. These findings highlight that accurate

renal function assessment is critical for patients going to

receive S-1 and concurs with the report of Ikeda et al. that

patients with impaired renal function may need individu-

alized dosing of S-1 and pharmacokinetic monitoring [20].

In this study, the PK study showed trend toward lower

AUC5–FU and higher AUCFT comparing to the PK data from

Western countries [12–15, 21], as did in reports from other

Asian studies, as shown in Table 4 [10–15]. The incidence of

grade 3–4 diarrhea in our study was 5.9%, which are also

comparable with that observed in other Asian studies [9, 10,

22, 23]. On the other hand, diarrhea has been the major

principal dose-limiting toxicity of S-1 in Caucasian popu-

lation [12–15]. In the studies of Ajani et al. and Van Gron-

ingen et al., the occurrence of severe diarrhea was

significantly correlated with AUC5–FU, with P values of

0.004 and 0.034, respectively [12, 24]. Based on the results,

the discrepancy in incidence of severe diarrhea between the

Asian and Caucasian has been considered to result from the

higher AUC5–FU/AUCFT ratio secondary to higher incidence

of CYP2A6 extensive metabolizer phenotype in Caucasian

Table 2 Treatment-related toxicity (n = 34)

Adverse event, n (%) All Grade 3–4

Hematologic

Leukopenia 11 (32.3) 1 (2.9)

Neutropenia 14 (41.2) 4 (11.8)

Anemia 27 (79.4) 8 (23.5)

Thrombocytopenia 10 (29.4) 3 (8.8)

Non-hematologic

AST 15 (44.1) 4 (11.8)

ALT 11 (32.3) 1 (2.9)

Creatinine 4 (11.8) 2 (5.9)

Anorexia 28 (82.4) 6 (17.6)

Fatigue 22 (64.7) 2 (5.9)

Diarrhea 15 (44.1) 2 (5.9)

Abdominal distention 15 (44.1) 2 (5.9)

Asthenia 8 (23.5) 2 (5.9)

Nausea 12 (35.3) 1 (2.9)

Vomiting 7 (20.6) –

Stomatitis 12 (35.3) 2 (5.9)

Hand-foot syndrome 4 (11.8) 2 (5.9)

Evaluated according to NCI-CTCAE, version 3; ALT alanine ami-

notransferase, AST aspartate aminotransferase
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in 12 advanced gastric cancer patients. Bars SD
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population [24]. However, recent data suggested that eth-

nicity and AUC5–FU might not be the only factors attributed

to the high incidence of severe diarrhea observed in some

Western studies. Of the three phase I studies of S-1 mono-

therapy conducted in Europe and US, all achieved compa-

rable AUC5–FU (ranging from 894 ± 151 to 1,134 ±

332 ng 9 h/ml) [12–15]. In the studies of Zhu et al. and Hoff

et al., the MTD of S-1 for pretreated cancer patients in US

was 30 mg/m2 bid [14, 15]. In the latter study, grade 3–4

diarrhea was the major DLT and observed in 50 and 100% of

patients receiving 35 mg/m2 and 40 mg/m2 bid, respectively

[15]. On the other hand, in an EORTC phase I study, van

Groningen et al. showed the MTD of patients with chemo-

naı̈ve and heavily pretreated advanced solid tumor was 40

and 35 mg/m2 bid, respectively [12]. In subsequent EROTC

phase II study, Chollet et al. showed that grade 3–4 diarrhea

in AGC patients receiving 35–40 mg/m2 bid of S-1 was 5 out

of 30 (16.7%) patients [16]. It appears that factor(s) other

than AUC5-FU may be attributed to the intra-ethnic differ-

ence in the incidence of severe diarrhea after S-1 in Cauca-

sian population.

In the study of Adjani et al., the occurrence of severe

diarrhea was significantly correlated with AUC5–FU but not

AUCOxo [18]. However, comparing the pharmacokinetic

data after S-1 monotherapy, we noted that the mean AUCOxo

in European, Asian (including current study) and US studies

was 566, 337–471 and 206–280 ng 9 h/ml, respectively.

Since the role of Oxo, an inhibitor of orotate phosphoribosyl

Table 3 Pharmacokinetic parameters on day 1 and day 28

Cmax (ng/ml) Tmax (h) AUC0–inf (ng 9 h/ml) T1/2 (h)

Single dosing (n = 12), day 1

Tegafur 2,552.0 ± 589 0.84 ± 0.57 32,126.2 ± 6,352.7 13.48 ± 2.23

5-fluorouracil 143.8 ± 49.5 2.83 ± 1.03 846.4 ± 330 2.52 ± 0.89

CDHP 347.2 ± 165.8 1.26 ± 0.58 1,719.7 ± 773.6 6.55 ± 5.02

Oxo 78.1 ± 79.9 1.42 ± 0.97 471.0 ± 343.2 5.86 ± 4.41

Multiple dosing (n = 7), day 28

Tegafur 5,152 ± 1,828 0.62 ± 0.21 40,708 ± 15,730 16.32 ± 3.02

5-fluorouracil 147.4 ± 30.2 2.57 ± 0.98 837.3 ± 167.8 3.44 ± 0.79

CDHP 373.5 ± 111.3 1.15 ± 0.38 1,643.1 ± 462.6 4.42 ± 2.08

Oxo 141.8 ± 105.3 1.98 ± 1.03 716.0 ± 494.8 5.64 ± 4.84

Data were presented as mean ± SD

AUC0last the area under the plasma concentration–time curve to the last quantifiable concentration after single administration, AUC0last,ss the area

under the plasma concentration–time curve to the last quantifiable concentration after multiple administrations, AUC0inf the area under the serum

concentration–time curve from time 0 to infinity, Cmax maximum measured single-dose plasma concentration, CBmax,ss maximum measured

multiple-dose plasma concentration, Tmax time to Cmax (maximum measured single-dose plasma concentration). T1/2 terminal half-life, AF
accumulation factor calculated as (Cmax/Cmax,ss) or (AUC0–t,ss)/(AUC0–inf)

Table 4 Pharmacokinetics of tegafur (FT), 5-fluorouracil (5-FU), and potassium oxonate (Oxo) after S-1 administration in selected studies

Hirata et al. [11] Jeung et al. [10]* Current study Hoff et al. [15] Zhu et al. [14] Peter et al. [20]

n 12 3 12 4 3 5

S-1 dose 35.9 35.0 37.5 35.0 35.0 35.0

Tegafur

Cmax 1,971 ± 269 4,484 ± 1,231 2,552 ± 589 1,943 ± 365 2,507 ± 490 1,501 ± 320

AUC 28,217 ± 7,771 99,907 ± 38,999 32,126 ± 6,353 18,863 ± 2,190 10,322 ± 612 12,377 ± 3,099

5-FU

Cmax 128 ± 42 91 ± 23 143 ± 50 176 ± 22 156 ± 32 182 ± 39

AUC 724 ± 273 750 ± 120 846 ± 330 1,004 ± 57 894 ± 151 1,134 ± 332

Oxo

Cmax 78 ± 58 33.1 ± 1.0 78 ± 80 43 ± 28 69 ± 57 98 ± 98

AUC 366 ± 249 337 ± 80 471 ± 343 206 ± 228 280 ± 246 566 ± 595

AUC area under the plasma concentration–time curve (ng 9 h/ml); Cmax maximum measured plasma concentration (ng/ml)

* Data of Korean study were after 28 days of treatment
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transferase, as a component of S-1 is to reduce the phos-

phorylation of 5-FU in gastrointestinal tissues and hence to

reduce the gastrointestinal toxicity of S-1. The impact of

AUCOxo on the occurrence of S-1 associated severe diarrhea

still deserves exploration in future study [10, 25, 26].

Sakuramoto et al. recently showed that adjuvant S-1

therapy could effectively prolong the overall survival of

patients with D2 dissected stage II-III gastric cancer [27].

However, among the 517 patients in S-1 arm, 143 (27.6%)

patients could not complete the 12 months assigned treat-

ment due to poor compliance and/or adverse events.

Furthermore, dose reduction was required in 46.5% of

patients who received S-1 for 12 months. These observa-

tions raised the concern regarding the effect of gastrectomy

on the pharmacokinetics of 5-FU after oral administration

of S-1. Our data, as shown in supplement Table 1, concurs

with most of previous reports to show the pharmacokinetics

of 5-FU and S-1 components were not significant different

between patients with and without prior gastrectomy

[15, 28–30]. The finding indicates that S-1 can be safely

administered in adjuvant setting.

Recently, two large-scale, multinational, randomized

phase III trials demonstrated that, while in combination with

cisplatin alone (ML 17032) or with epirubicin plus one

platinum analogue (REAL-2 study), capecitabine is signifi-

cantly non-inferior to infusional 5-FU in advanced gastric

cancer [31, 32]. On the other hand, JCOG 9912 and SPIRITS

trials from Japan showed that S-1 is non-inferior to infu-

sional 5-FU alone and S-1/cisplatin combination is signifi-

cantly superior to S-1 monotherapy for AGC, respectively

[9, 22]. It appears oral fluoropyrimidine plus either cisplatin

or oxaliplatin would be the standard or backbone for future

chemotherapy in AGC. Lee et al. prospectively compared

the activity and safety of capecitabine/cisplatin and

S-1/cisplatin combinations in a randomized phase II in

elderly AGC patients in Korea [23]. The therapeutic effica-

cies, in terms of overall response rate, median TTP and

overall survival, and hematologic and non-hematologic

toxicity profiles in the two study arms are largely compati-

ble. However, the relative dose intensity of capecitabine

steadily decreased during treatment, which was mainly

caused by treatment delays or dose reductions secondary to

hand–foot syndrome, whereas that of S-1 remained steady

(86.7 vs. 96.3%, P = 0.003) [23]. The higher incidence of

hand–foot syndrome after capecitabine/cisplatin comparing

to S-1/cisplatin combination has also been reported in

one retrospective study [33]. However, the better tolerability

of S-1/cisplatin versus capecitabine/cisplatin may require

further validation in prospective randomization trials.

In conclusion, our study demonstrated that the efficacy,

toxicity and pharmacokinetics profiles of S-1 in Taiwanese

AGC population are compatible with those reported from

other Asian studies. The findings support the use of S-1 as

an alternative for 5-FU, either alone or in combination

with platinum analogue, in the management of AGC in

Taiwan. However, accurate renal function assessment and

cautious administration with more closely monitoring of

adverse events in patients with low body mass are

mandatory.
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