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Abstract
Purpose S-1 is a novel oral Xuoropyrimidine that com-
bines tegafur with CDHP and oxonic acid. To decrease
the incidence of late onset, severe diarrhea observed in
a previous study, a phase I study was conducted to
determine the maximum tolerated dose (MTD) of S-1
utilizing a 14-day schedule, repeated every 21 days, in
patients with chemotherapy–refractory upper gastroin-
testinal malignancies. 
Methods S-1 was administered orally, twice-daily, at an
initial dose level of 30 mg/m2/dose; doses were esca-

lated by 5 mg/m2 at each level. A minimum of three
patients were enrolled at each dose level. S-1 toxicity,
antitumor activity, and pharmacokinetics were
assessed. The MTD was based on the dose limiting tox-
icity (DLT) during the Wrst treatment cycle.
Results At 30 mg/m2 no DLT was observed in the Wrst
three evaluable patients. Two of the Wrst three patients
at the 35 mg/m2 dose level developed DLTs (grade 3
rash and dehydration). An additional nine patients were
subsequently treated at 30 mg/m2 without DLT and this
dose was established as the MTD. Common toxicities at
30 mg/m2 included diarrhea, nausea, skin rash, anorexia,
and fatigue. No grade 4 toxicities were observed. One
partial response was seen in a patient with gemcitabine-
refractory pancreatic adenocarcinoma and ten patients
with pancreatic, gastric, or gallbladder carcinomas
achieved stable disease as their best response to therapy.
The AUC(0–8) of 5-FU at the 30 and 35 mg/m2 dose lev-
els were 875 § 212 and 894 § 151 h ng/ml, respectively. 
Conclusions In a 14-day dosing schedule, the MTD of
S-1 was 30 mg/m2 and preliminary evidence of antitu-
mor activity was seen in a North American population
with refractory upper gastrointestinal malignancies.

Keywords S-1 · 5-Fluorouracil (5-FU) · 
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Introduction

5-Fluorouracil (5-FU) remains one of the most com-
monly used chemotherapeutic agents for upper gastro-

Supported in part by a grant from Taiho Pharma USA Inc.,
Princeton, NJ, USA.

A. X. Zhu (&) · J. W. Clark · D. P. Ryan · E. Regan
Massachusetts General Hospital, 100 Blossom Street, 
Cox 640, Boston, MA 02114, USA
e-mail: azhu@partners.org

J. A. Meyerhardt · P. C. Enzinger · C. C. Earle · C. S. Fuchs · 
M. H. Kulke (&)
Dana-Farber Cancer Institute, 44 Binney St,  
Boston, MA 02481, USA
e-mail: matthew_kulke@dfci.harvard.edu

A. X. Zhu · J. W. Clark · D. P. Ryan · J. A. Meyerhardt · 
P. C. Enzinger · C. C. Earle · C. S. Fuchs · M. H.Kulke
Harvard Medical School,  Boston, MA, USA

C. S. Fuchs
Channing Laboratory, Brigham and Women’s Hospital,  
Boston, MA, USA

H. Anbe · M. Houghton · J. Zhang · P. Urrea
Taiho Pharma, Princeton, NJ, USA
123



286 Cancer Chemother Pharmacol (2007) 59:285–293
intestinal malignancies. Unfortunately, response rates
associated with single agent 5-FU are low, and it is
more commonly used in combination with other cyto-
toxic drugs for many of these malignancies. While such
combination regimens have been associated with
higher response rates, they have also been associated
with more toxicity and only marginal improvements in
overall survival [5, 23, 24, 39, 40].

S-1 is an oral Xuoropyrimidine in which Tegafur (FT)
[5-Xuoro-1-(tetrahydro-2-furanyl)-2,4(1H,3H) pyrimid-
inedione] is combined with two classes of modulators,
Gimeracil (CDHP) [5-chloro-2,4-dihydroxypyridine]
and oteracil potassium (Oxo) [monopotassium 1,2,3,4-
tetrahydro-2,4-dioxo-1,3,5-triazine-6-carboxylate] [30].
Tegafur is converted to 5-FU in the liver by cyto-
chrome P450 (CYP) 2A6 after oral administration [14,
16]. CDHP inhibits the dihydropyrimidine dehydroge-
nase (DPD)-dependent catabolism of 5-FU, resulting
in enhanced and prolonged tumor concentrations of 5-
FU in blood and tumor tissue [34]. Another compo-
nent of S-1, Oxo, blocks phosphorylation of 5-FU and
has been shown to reduce 5-FU-induced gastrointesti-
nal toxicity [29, 33].

S-1 has demonstrated promising activity with gastric,
colorectal, head and neck, and non-small cell lung and
breast cancer in phase I and II studies performed in
Japan [8, 13, 15, 17–19, 21, 25, 31, 32]. Subsequent stud-
ies have also suggested diVerences in S-1 metabolism
and toxicity between Japanese and North American or
European populations [4, 6, 12, 37, 38]. SpeciWcally,
late onset of diarrhea tended to occur more commonly
in North American and European populations,
whereas hematologic toxicity was more common in
Japanese populations.

Most prior studies with S-1 have utilized a 28-day
schedule of S-1, repeated every 35 days. To limit the
potential toxicity of S-1 in a North American population,
we explored a dosing schedule in which S-1 was given
twice daily for 14 consecutive days every 21 days. The
primary objective of this phase I clinical trial was to
determine the maximum tolerated dose (MTD) of S-1
with this schedule. Secondary objectives were to charac-
terize the pharmacokinetics of S-1 components (FT,
CDHP, Oxo) and their metabolites, and to describe any
evidence of antitumor activity in this population.

Patients and methods

Patient selection

The protocol for this clinical trial and the informed
consent document were approved by the Dana-Farber/

Partners Cancer Care ScientiWc Review Committee
and Institutional Review Board. All patients were
required to provide written, informed consent to par-
ticipate in the trial. Eligibility criteria for this trial
included histologically conWrmed, advanced upper gas-
trointestinal malignancies, including esophageal, gas-
tric, pancreatic and biliary tract cancers that were
refractory to conventional treatment or for which no
standard therapy exists. Patients at least 18 years of age
with Karnofsky Performance Status ¸ 50% and life
expectance ¸ 12 weeks were included in the study. In
addition, all patients had adequate bone marrow func-
tion (absolute neutrophil count ¸ 1,500 cells/�l,
hemoglobin > 9.0 g/dL, and platelet count ¸ 100,000
cells/�l); adequate hepatic function (total bilirubin
· 1.5 £ the upper limit of normal, and alanine amino-
transferase/aspartate aminotransferase · 2.5 £ the
upper limit of normal [ULN] or · 5 £ the ULN if liver
metastasis present); and, adequate renal function
(serum creatinine · 1.25 £ the ULN). Prior chemo-
therapy for advanced disease, including prior therapy
with Xuoropyrimidines, was allowed. Conditions result-
ing in exclusion from the study included the following:
known brain metastasis, history of DPD deWciency, any
serious uncontrolled medical disorder or active infec-
tion, uncontrolled or clinically signiWcant cardiovascu-
lar disease (as indicated by a myocardial infarction
within 6 months, atrial or ventricular arrhythmias),
congestive heart failure, gastrointestinal disorders that
would interfere with absorption, and females who were
either pregnant or lactating. Adequate contraception
was required for fertile patients. 

Treatment plan

S-1 was supplied by Taiho Pharma USA Inc. (Prince-
ton, NJ, USA) in capsules containing 20 or 25 mg
Tegafur (FT). Individual doses were calculated based
on body surface area and rounded as closely as possible
to the calculated dose for the number of capsules to be
dispensed. At each dose level, S-1 was administered
orally, twice daily for 14 consecutive days followed by a
7-day recovery period in a 21-day cycle. Patients were
instructed to take S-1 1 h before or at least 1 h after
meals to avoid food eVects [22].

Three dose levels were planned in the dose escala-
tion schema. The initial dose level (Level 1) was
started at 30 mg/m2, based on our prior clinical experi-
ence with other schedules. At dose levels 2 and 3, the
dose of S-1 was planned at 35 and 40 mg/m2, respec-
tively. Patients at each administered dose level contin-
ued to receive S-1 until disease progression, intolerable
toxicity or withdrawal of consent.
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S-1 dose was delayed if patients experienced unac-
ceptable drug-related hematologic and non-hemato-
logic toxicity. There was no replacement of a missed
S-1 dose. No extension of S-1 treatment into the recov-
ery period (day 15 to day 21) was allowed. If patients
required more than 4 weeks to resume the next cycle of
S-1, they were discontinued from the study. The lowest
dose allowed for dose reduction was 25 mg/m2/dose in
5 mg/m2 steps. Supportive treatment such as antiemet-
ics, antidiarrheals, analgesics, and blood products were
permitted at the investigator’s discretion.

Toxicity classiWcations

All toxicities were graded according to Common Ter-
minology Criteria for Adverse Events (CTCAE) Ver-
sion 3.0 [3]. Dose limiting toxicity (DLT) was deWned
as the following during the Wrst cycle: Grade 3 or worse
nonhematologic toxicity excluding nausea/vomiting
and diarrhea; Grade 3 or worse nausea/vomiting and
diarrhea uncontrolled by antiemetic or antidiarrheal
treatment; Grade 4 neutropenia lasting more than
3 days; Grade 4 thrombocytopenia (Grade 3 thrombo-
cytopenia associated with bleeding and requiring trans-
fusion); febrile neutropenia. Other DLT standards
included a patient’s inability to take more than 75% of
the planned chemotherapy dose during the treatment
cycle or toxicity which required more than a 14-day
delay of a therapeutic cycle. The MTD of S-1 in this
dosing regimen was deWned as the highest dose level at
which less than 33% of the patients experienced a
DLT.

Evaluation of response

Computed tomography produced a baseline assess-
ment of all measurable disease within a 28-day time
frame before the Wrst cycle of therapy. Over the course
of the trial, therapeutic response was evaluated by
computer tomography after the completion of every
second cycle (6-week intervals). We performed
response conWrmation studies at least 4 weeks after
documentation of initial response. Patient response
was classiWed according to RECIST criteria [35].

Pharmacokinetic analysis 

During the Wrst cycle of therapy we studied blood sam-
ples in order to deWne the plasma pharmacokinetics
(PK) of S-1. Samples (8 ml each) were drawn from a
peripheral vein directly into EDTA coated Vacutainer
before dosing, and at 0.5, 1.0, 2.0, 4.0, 6.0 and 8.0 h after
S-1 dosing on Day 1, as well as prior to and 2 h after the

S-1 morning dose on Days 8 and 14. Sample tubes were
mixed by inversion and placed on wet ice until centri-
fuged (2,000g, 10 min, 4°C) within 15 min. The plasma
was removed and stored at ¡70°C until assayed. The
concentrations of FT, 5-FU, CDHP, cyanuric acid
(CA), Oxo, �-Xuoro-�-alanine (FBAL), and uracil
were measured (at the designated laboratory, Tandem
Lab, Ewing, NJ, USA) in plasma by validated bioana-
lytical methods using liquid chromatographic-tandem
mass spectrometry (LC/MS/MS), based on Matsu-
shima’s method [20]. For the S-1 components (FT,
CDHP, and Oxo) and 5-FU, FBAL, CA, and uracil
plasma concentration, PK parameters (AUC0–8 h, Cmax,
and Tmax) were derived for each analyte using noncom-
partmental methods with WinNonlin Professional Ver-
sion 5.0 (Pharsight Corp, Mountain View, CA, USA).
Since sample collection on Day 1 did not exceed 8 h,
the terminal elimination rate constant was not studied
in this protocol.

Results

Patient population and characteristics

A total of 16 patients, 12 (75%) men and 4 (25%) women,
were enrolled in this study. The median age of the patient
population was 58.5 years (range, 46–70 years). Thirteen
(81%) patients were Caucasian, two (13%) were Hispanic
and one (6%) was African American. The majority of
patients (n = 15, 94%) had a Karnofsky performance sta-
tus of 70% or above. Esophageal and gastric cancers
(n = 9, 56%), as well as pancreatic cancer (n = 5, 31%)
were the most common tumor types. All but one patient
had received prior chemotherapy, Wve patients (31%) had
received deWnitive surgery and nine (56%) had received
prior radiotherapy. The characteristics of patients
enrolled in this study are listed in Table 1.

Assessment of the maximum tolerated dose

One patient withdrew consent after receiving only 6 days
of treatment at the Wrst dose level, and was considered
nonevaluable. Three patients completed treatment at the
30 mg/m2 dose level. No dose limiting toxicities were
observed in the Wrst 3 DLT evaluable patients treated at
the 30 mg/m2 dose level. At the next dose level of 35 mg/
m2, 2 of the 3 patients developed dose-limiting toxicities.
One patient experienced grade 3 skin rash and grade 3
dehydration during the Wrst cycle of treatment, which
resolved without sequelae. The second patient experi-
enced grade 3 abdominal pain, nausea, anorexia, stomati-
tis and dehydration during the Wrst cycle of treatment.
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There were no grade 4 toxicities observed in the 35 mg/m2

dose level. Because of these DLTs in the 35 mg/m2 dose
level, an additional nine patients were subsequently
treated at the 30 mg/m2 dose level. None of the additional
patients experienced a DLT at the original dose level.
Therefore, the MTD was deWned as 30 mg/m2.

Dose intensity

Dose intensity was summarized for 13 patients at the
deWned MTD (30 mg/m2). An average of 5.3 cycles of S-1
were initiated at this dose level (range 1–17 cycles). Five of
13 (38.5%) patients received more than 4 cycles of treat-
ment. At the 30 mg/m2 dose level, S-1 administration was
withheld in three patients during cycle 1. During the entire
treatment period, S-1 dose was reduced in 4 (30.8%)
patients at the 30 mg/m2 dose level. Six of 13 (46.2%)
patients received more than 75% of the target S-1 dose
during the entire treatment period at this dose level.

Toxicity

A total of 13 patients were treated at the 30 mg/m2

dose level, with the most common toxicities being diar-
rhea (n = 9, 69.2%), nausea, and skin rash (each n = 8,

61.5%). Less common toxicities included anorexia and
fatigue, which occurred in six (46%) patients, and pyr-
exia and abdominal pain, which occurred in Wve (39%)
patients. Vomiting occurred in four (31%) patients and
stomatitis and hand–foot syndrome occurred in three
(23%) patients as a result of the S-1 dosing. No patient
developed neutropenia; however, four (31%) patients
developed mild anemia and three (23%) patients
developed thrombocytopenia. Toxicities reported in at
least three patients in either dose level are summarized
in Table 2.

No grade 4 toxicities were reported as adverse
events at the 30 mg/m2 dose level. At the 30 mg/m2

dose level, grade 3 elevated transaminase levels were
observed for two (15.4%) patients during treatment,
grade 3 elevated creatinine was noted in one patient,
and one patient experienced grade 3 decreased serum
sodium. One patient in the 30 mg/m2 cohort discontin-
ued treatment due to grade 3 elevated serum creatinine
that was considered by the investigator to be unrelated
to S-1. No patients died due to an adverse event during
study treatment. All other patients who discontinued
the study treatment did so as a result of disease pro-
gression or withdrawal of consent.

Antitumor activity

One pancreatic cancer patient at the 30 mg/m2 dose
level experienced a conWrmed partial response (PR)
for 5 months. This patient had failed prior therapy with
gemcitabine. Ten of the 15 evaluable patients experi-
enced stable disease (by RECIST criteria) as their best
response to therapy. Of these ten patients, Wve patients
had minor responses with radiographic shrinkage of
target lesions of 11–25%. The medium duration of sta-
ble disease was 3.8 months (range, 1.7–11.9 + months).
Four of these patients had esophageal cancer, three
gastric cancer, two pancreatic cancer, and one biliary
tract cancer. Notably, the two patients with pancreatic
cancer, both of whom had failed prior gemcitabine-
based therapy, continued to experience stable disease
for 10 months or more on S-1 treatment.

Pharmacokinetics

All 16 patients were evaluable for pharmacokinetics on
day 1. The PK parameters, Cmax, Tmax and AUC(0–8) for
FT, 5-FU, CDHP, Oxo, FBAL, CA, and uracil are
summarized in Table 3 and are compared with S-1 PK
data from other studies. The AUC(0–8) of 5-FU at the
30 and 35 mg/m2 dose level were 875 § 212 and
894 § 151 h ng/ml, respectively. The predose and 2-h
postdose plasma concentrations of 5-FU, CDHP and

Table 1 Patient characteristics (N = 16)

Age (years)
Median 58.5
Range 46–70

Gender n (%)
Male 12 (75)
Female 4 (25)

Race n (%)
Caucasian 13 (81.3)
African American 1 (6.3)
Hispanic 2 (12.5)

Karnofsky performance score n (%)
100% 6 (37.8)
90% 3 (18.8)
80% 3 (18.8)
70% 3 (18.8)
50% 1 (6.3)

Primary tumor site n (%)
Esophagus 4 (25.0)
G–E junction 1 (6.3)
Stomach 4 (25.0)
Pancreas 5 (31.3)
Biliary tract (extrahepatic) 2 (12.5)

Prior chemotherapy n (%)
Yes 15 (93.8)
No 1 (6.3)

Prior surgery n (%)
Yes (resected) 5 (31.3)
No 11(68.8)

Prior radiotherapy n (%)
Yes 9 (56.3)
No 7 (43.8)
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Oxo on days 8 and 14 of the Wrst cycle at 30 mg/m2 dose
level were summarized in Table 4. The predose
(trough) and 2-h postdose (Cmax in steady-state) levels
of 5-FU were similar on days 8 and 14, indicating that
5-FU concentration in plasma reached the steady-state
on day 8. Comparably, the steady-state was reached on
day 8 for CDHP and Oxo.

The plasma concentration–time relationship of 5-FU,
CDHP and FBAL are plotted in Fig. 1. During a standard
intravenous infusion of 5-FU, 5-FU is quickly degraded
into metabolites, including FBAL. FBAL is believed to
be the main source of 5-FU-related toxicity such as hand-
foot syndrome as well as neurologic and cardiac toxicities.
With the administration of S-1, 5-FU appears to be main-
tained at relatively high levels. CDHP increases initially,
peaks at 2 h, and decreases afterwards following S-1
administration. FBAL levels slowly accumulate approxi-
mately 2 h after S-1 administration.

Discussion

This study demonstrates that S-1, when administered on
a 14-day schedule every 21 days, is safe and associated

with preliminary evidence of antitumor activity in
patients with chemotherapy refractory upper gastroin-
testinal malignancies. The recommended dose of S-1 on
this schedule is 30 mg/m2. The common toxicities
observed at this dose level were relatively mild, and
included diarrhea, nausea and skin rash. One patient
with gemcitabine-refractory pancreatic cancer achieved
a partial response and an additional ten patients with
upper gastrointestinal malignancies achieved stable dis-
ease as their best response to therapy.

Previous studies of S-1 in North America and
Europe have utilized prolonged dosing regimens and
have been associated with high rates of both diarrhea
and hand–foot syndrome. In two phase I studies con-
ducted in the United States, S-1 was given twice daily
for 28 consecutive days in one study and once daily for
21 days in another, followed by a 1-week rest [6, 12].
The dose limiting toxicity in both of these studies was
grade 3–4 diarrhea, observed at doses of 70 mg/m2/day
in one study and at 60 mg/m2/day in the other study. In
a European phase I study, S-1 was administered on a
28-day schedule for 3 weeks out of every four. The
dose limiting toxicity was again diarrhea, which was
observed at a dose of 45 mg/m2/day [38].

Table 2 Common toxicities of any grade occurring in at least three patients in either dose group

a Grade 3 toxicity occurring in cycle 1 indicated in parenthesis

Toxicity Level 1: 30 mg/m2 (n = 13) Level 2: 35 mg/m2 (n = 3)

Any grade (%) Grade Any grade (%) Grade

3 (in Cycle 1)a 4 3 (in Cycle 1)a 4

Diarrhea 9 (69.2) 2 (1) – 2 (66.7) 1 –
Nausea 8 (61.5) 1 (1) – 2 (66.7) 1 (1) –
Skin rash 8 (61.5) 1 – 1 (33.3) 1(1) –
Anorexia 6 (46.2) 1 (1) – 2 (66.7) 1(1) –
Fatigue 6 (46.2) 1 – 2 (66.7) – –
Pyrexia 5 (38.5) – – 1 (33.3) – –
Abdominal pain 5 (38.5) – – 2 (66.7) 1(1) –
Anemia 4 (30.8) – – 1 (33.3) – –
Vomiting 4 (30.8) 1 – 1 (33.3) – –
Constipation 4 (30.8) – – 3 (100.0) – –
Pruritus 4 (30.8) – – 2 (66.7) – –
Hand–foot syndrome 3 (23.1) 1 – 2 (66.7) 1 –
Stomatitis 3 (23.1) – – 2 (66.7) 1 (1) –
Alanine 

aminotransferase 
increased

3 (23.1) 2 (1) – – – –

Aspartate 
aminotransferase 
increased

3 (23.1) 1 – – – –

Weight decreased 3 (23.1) – – 1 (33.3) – –
Cough 3 (23.1) – – – – –
Epistaxis 3 (23.1) – – – – –
Thrombocytopenia 3 (23.1) – – 1 (33.3) – –
Hyponatraemia 3 (23.1) 1 – – – –
Dizziness 3 (23.1) 1 – 1 (33.3) – –
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Two subsequent phase II studies [4, 37], which were
conducted by the European Organization for Research
and Treatment of Cancer (EORTC) in patients with
gastric and colorectal cancer, evaluated an S-1 dose
regimen of 35 mg/m2 twice daily for 28 days every
5 weeks. Toxicity was a concern in both studies, with
high rates of both diarrhea and hand–foot syndrome
observed. The development of late diarrhea in these
studies was a primary factor in our choice of a short-
ened, 2-week dosing schedule for the current phase I
study. Despite our eVorts to develop a new schedule
with less dose intensity and decreased severe diarrhea,
we were unable to escalate the dose further. The rec-
ommended MTD dose in this study at 30 mg/m2 admin-
istered twice daily is consistent with prior studies.

In this study, nine patients, in addition to the initial
four patients, were treated at the recommended MTD
of 30 mg/m2 BID, allowing us to obtain additional data
on the potential toxicities of this regimen. Gastrointes-
tinal toxicity was both mild and manageable at this
dose level. Only two patients developed grade 3 diar-
rhea at this dose level, and all were subsequently man-
aged without dose reduction with initiation of
antidiarrheals and other supportive care. Hematologic
toxicity was also mild: no patients developed grade 3–4

neutropenia and there were no instances of grade 3–4
anemia or thrombocytopenia. Skin rash, though rela-
tively common, was generally eVectively treated with
topical steroids.

Pharmacokinetic data for this study are compared in
Table 3 with data from three previous studies in which S-1
was administered at a dose of 30 or 35 mg/m2. In Japanese
studies, S-1 has routinely been administered at higher
dose levels with less associated toxicity than in North
American or European studies. These diVerences in toxic-
ity proWles appear to be explained by diVerences in 5-FU
PK proWles between the patient populations. In a Japa-
nese PK study evaluating an average S-1 dose of 35.9 mg/
m2, the Cmax and AUC for 5-FU derived from tegafur
were 128.5 § 41.5 ng/ml and 723.9 § 272.7 ng h/ml,
respectively [11]. In a US study, a corresponding dose of
35 mg/m2 resulted in a higher Cmax (176 § 21.9 ng/ml) and
a higher AUC (1,004 § 56.7 ng h/ml) [12]. In our study
the three patients in the 35 mg/m2 dose cohort had simi-
larly elevated 5-FU levels, with a mean Cmax of 156 ng/ml
and a mean AUC of 894 ng h/ml.

An S-1 dose of 30 mg/m2 was associated with a Cmax
of 168 § 43 ng/ml and an AUC(0–8) of 875 § 211 ng h/
ml. These levels are in fact higher than levels obtained
with a higher average dose of 35.9 mg/m2 in a Japanese
population (Table 3) [11]. Our pharmacokinetic data
with the 30 mg/m2 dose are comparable to two other
US phase I studies in which S-1 was either adminis-
tered alone or in combination with cisplatin [1, 12].

The diVerences in PK proWle between Japanese and
Western populations observed in these studies suggest
signiWcant ethnic variation in S-1 metabolism. These eth-
nic diVerences in 5-FU PK proWles appear to be related
to genetic polymorphisms in the detoxifying enzyme
CYP2A6, which mediates the conversion of tegafur to 5-
FU. In one study, both CYP2A6 and coumarin

Fig. 1 Inhibitory eVect of 5-
chloro-2,4-dihydroxypyridine 
(CDHP) in S-1 (30 mg/m2) on 
dihydropyrimidine dehydro-
genase (DPD) activity as 
measured by median plasma 
levels of CDHP, 5-Xuoroura-
cil (5-FU), and its metabolites 
�-Xuoro-�-alanine (FBAL) 
and uracil. N = 13

0

50

300

0 1 2 3 4 5 6 7 8 9
Time (hours) after 1st dose

0

150

200

250

1

M
ed

ia
n

 C
o

n
ce

n
tr

at
io

n
 (

n
g

/m
l)

: 
5-

F
U

, F
B

A
L

, C
D

H
P

100

200

300

400

500

600

700

800

900

M
ed

ia
n

 C
o

n
ce

n
tr

at
io

n
 (

n
g

/m
l)

: 
U

ra
ci

l5FU

FBAL

CDHP

uracil

Table 4 Plasma concentrations of 5-FU, CDHP and Oxo on day
8 and day 14 at 30 mg/m2 level

Analytes Day 8 (ng/ml) Day 14 (ng/ml)

Predose 2-h 
Postdose

Predose 2-h 
Postdose

Mean SD Mean SD Mean SD Mean SD

5-FU 76.9 57.9 192.5 83.5 65.6 40.9 204.0 53.4
CDHP 69.9 73.4 256.7 148.1 54.4 57.0 261.1 68.6
Oxo 9.2 7.39 44.4 36.3 11.7 11.0 71.79 65.6
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7-hydroxylation activity, an indicator of CYP2A6
activity, were found to be higher in Caucasian than in
Japanese populations [27]. Conceivably, some of the
PK parameters of S-1 may be related to the occurrence
of toxicities, however, our study failed to establish this
correlation (data not shown).

S-1 has previously been shown in Japanese studies to
be active against a broad range of malignancies. In
advanced gastric cancer, S-1 monotherapy has been asso-
ciated with an overall response rate of 44%, leading to its
current widespread use as a Wrst line therapy for Japanese
patients with advanced gastric cancer [18, 25]. Japanese
studies have further demonstrated that S-1 monotherapy
is associated with an overall response rate of 22% in non-
small cell lung cancer and 37.5% in advanced pancreatic
cancer [9, 17]. S-1 is also active in squamous cell carci-
noma of the head and neck, colorectal cancer, cholangio-
carcinoma, and breast cancer [7, 10, 26, 28, 36]. In a phase
II study of S-1 in combination with cisplatin conducted in
the US, it appeared that antitumor activity was associated
with clinical beneWt in patients with advanced gastric car-
cinoma [2]. Although assessment of antitumor activity
was not a primary objective of this study, we did observe
preliminary evidence of such activity. Among four
patients with gemcitabine-refractory metastatic pancreatic
cancer, one patient achieved a PR and two patients
achieved stable disease. Other patients with stable disease
included those with gastric, esophageal, or biliary tract
cancer resistant to prior regimens.

We conclude that S-1 administered on 14-day schedule
every 21 days is safe and is associated with preliminary
evidence of antitumor activity in patients with advanced
upper gastrointestinal cancer in North America. In these
patients, the recommended dose level for this schedule is
30 mg/m2, administered twice daily for 14 days every
21 days. We further note that the MTD in our study is
lower than the MTD in similar Japanese studies; this
diVerence appears to be related to diVerences in drug
metabolism in diVerent patient populations. Phase II stud-
ies with this regimen have already been initiated.
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