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(CDHP), which inhibits dihydropyrimidine dehydroge-
nase (DPD) activity, and potassium oxonate (Oxo),
which reduces gastrointestinal toxicity. Two late phase
II studies of S-1 in advanced gastric cancer conducted in
Japan showed overall response rates of 44% and 49%,
times to progression of 135 and 158 days, and overall
survival times of 207 and 250 days, respectively [1,2].
There were no cases of grade 4 hematological toxicities
or nonhematological toxicity, and 5% or fewer patients
were affected by grade 3 toxicities.

At present, S-1 is widely used in single-agent or com-
bination therapies in the setting of palliative, adjuvant,
or neo-adjuvant chemotherapy of gastric cancer [3]. S-1
has a larger area under the curve for peritoneal dissemi-
nation and ascites than for plasma [4], and thus might be
effective for prolonging the survival of gastric cancer
patients with peritoneal dissemination [5–7].

We evaluated the effectiveness of S-1 for chemo-
naive patients with advanced gastric cancer in the
outpatient setting and analyzed the pretreatment fac-
tors related to the response.

Patients and methods

A total of 119 patients with advanced or recurrent gas-
tric cancer were treated with S-1 alone, as first-line che-
motherapy from September 1999 to March 2003 at the
National Cancer Center Hospital. From among these
patients, we selected patients as subjects for the present
study if they fulfilled the following eligibility criteria:
(1) a diagnosis of histologically or cytologically proven
gastric cancer; (2) no previous chemotherapy or
radiotherapy; (3) adequate bone marrow and organ
functions (leukocytes, �3000/µl; neutrophils, �1500/µl;
hemoglobin, �8.0g/dl; platelets, �100 000/µl, total
bilrubin, �2.0mg/dl; aspartate aminotransferase [AST],
�100IU/l; alanine aminotransferase [ALT], �100 IU/l;
serum creatinine, �1.5 mg/dl); and (4) all patients were
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Background. Despite the fact that there are only a few reports
of phase II studies, S-1 is widely used in single-agent or com-
bination therapies for patients with advanced gastric cancer in
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single-agent chemotherapy for patients with advanced gastric
cancer.
Methods. A total of 119 patients with advanced or recurrent
gastric cancer were treated with S-1 as first-line mono-
chemotherapy from September 1999 to March 2003 at the
National Cancer Center Hospital. S-1 was administered orally
twice daily, at a standard dose of 80 mg/m2 per day for 28 days,
followed by a 14-day rest.
Results. One hundred and eleven patients were analyzed ret-
rospectively. The overall response rate was 26.1% (29/111;
95% confidence interval [CI], 17.8% to 34.1%). Median time
to progression and median overall survival were 141 days
(95% CI, 108 to 175 days) and 378 days (95% CI, 310 to 447
days), respectively. The response rate of ascites, according to
the Japanese classification of gastric carcinoma, was 36.8%
(14/38; 95% CI, 25.4% to 56.6%). Among all of the pretreat-
ment variables examined, hemoglobin level and the presence
of lymph node metastasis were related to the response.
Conclusion. Single-agent chemotherapy of S-1 for chemo-
naïve patients with advanced gastric cancer was modestly
effective and well-tolerated in the outpatient setting.
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Introduction

S-1 is an oral antitumor agent that combines three phar-
macological agents: tegafur, which is a prodrug of 5-
fluorouracil (5-FU), 5-chloro-2-4,-dihydroxypyridine
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required to provide written informed consent for
treatment.

S-1 was administered orally at a standard dose of
80mg/m2 per day by administering the following dos-
ages, twice daily, after breakfast and dinner: body sur-
face area less than 1.25m2, 40mg; 1.25 to 1.5 m2, 50mg;
more than 1.5m2, 60mg. One cycle of therapy consisted
of S-1 treatment twice daily for 28 days, followed by a
2-week off-treatment period. The dosage was reduced
in patients with evidence of hematological toxicity
of grade 3 or greater or nonhematological toxicity of
grade 2 or greater. This cycle was repeated unless
disease progression, patient refusal, or unacceptable
toxicity occurred.

The responses to treatment of metastatic lesions
were assessed according to World Health Organization
(WHO) criteria [8]. Metastatic lesions were evaluated
by radiographic examination. Primary lesions and bone
metastases were not considered as measurable sites.
Patients without measurable lesions were classified as
“not evaluable (NE)”.

The response of ascites was evaluated by abdominal
computed tomography (CT), based on the following
specific criteria according to the Japanese classification
of gastric carcinoma [9]: (1) disappearance of ascites:
disappearance of ascites visualized by CT scan for
at least 4 weeks; (2) decrease of ascites: apparent de-
crease of ascites visualized by CT scan for at least 4
weeks; and (3) no response of ascites: no change of
ascites volume visualized by CT scan [9]. Toxicity was
evaluated according to the National Cancer Institute
common toxicity criteria (NCI-CTC) version 2.0. Time
to progression (TTP) was measured from the first day of
treatment until disease progression or the last day of the
follow-up period without disease progression, and over-
all survival (OS) time was measured from the first day of
treatment until death or the last day of the follow-up
period. Median time to progression and median overall
survival were estimated using the Kaplan-Meier
method. Data were analyzed using SPSS 11.0J (SPSS,
Tokyo, Japan).

Factors analyzed

Eleven pretreatment variables were investigated for
their relationship to tumor response. The pretreatment
variables examined were chosen by considering possible
effects on the clinical course, as indicated by previous
investigations [10–13], as well as those suggested from
our own experience. The relationship of response to
the following 11 categorized variables was studied: (1)
Eastern Cooperative Oncology Group (ECOG) perfor-
mance status (PS; 0 or 1); (2) histology (differentiated
type or undifferentiated type); (3) macroscopic classifi-
cation [9] (infiltrating type [type 4] or other types); (4)

site of disease (classified as follows: primary lesion
[present or absent]); (5) lymph node metastasis (present
or absent); (6) liver metastasis (present or absent); (7)
peritoneal disease, which included peritoneal dissemi-
nation and ascites (present or absent); (8) hemoglobin
level (hemoglobin; male, �13.7 g/dl or �13.7 g/dl;
female, �11.3 g/dl or �11.3 g/dl); (9) serum C-reactive
protein (CRP; �1.0mg/dl or �1.0mg/dl); (10) serum
lactate dehydrogenase (LDH; �230 U/l or �230 U/l);
and (11) serum carcinoembryonic antigen (CEA;
�5.0ng/ml or �5.0ng/ml).

Statistical analysis

We determined the pretreatment predictive factors for
clinical response to S-1 therapy using the univariate �2

test and multivariate logistic regression analysis. Vari-
ables with a univariate P value of less than 0.1 were
included in the multivariate analysis. A P value of less
than 0.05 was considered significant. Regression co-
efficients were estimated by the maximum likelihood
method and model; addition was performed stepwise,
using the likelihood ratio test for calculating the prob-
ability of a patient being a responder.

Results

One hundred and eleven of the 119 patients were
enrolled in the present analysis. Eight patients were
excluded from the study according to the eligibility cri-
teria, on the basis of inadequate bone marrow and or-
gan functions. Median follow-up time was 347 days, and
follow-up time ranged from 42 to 1107 days. Patients’
demographics are listed in Table 1. The median age was
61 years (range, 30 to 84 years). All patients had an
ECOG performance status of 0 or 1. Most patients
(67.6%) showed the undifferentiated type of histo-
logy. Eighteen patients (16.2%) had infiltrating-type
macroscopic classification. Ninety-four patients were
evaluable for the response according to WHO criteria.
Fifty-nine patients had primary gastric tumor and 52
patients had peritoneal disseminaton with or without
ascites. Thirty-eight patients were evaluated for the re-
sponse of ascites according to the Japanese classification
of gastric carcinoma [9].

The median number of courses of treatment was 3
(total number of courses, 546; range, 1 to 20). The re-
sponse rates of all patients, and of evaluable patients,
were 26.1% (2 complete response [CR] and 27 partial
response [PR] in 111 patients); 95% confidence interval
(CI), 17.8% to 34.1%) and 30.8% (2 CR and 27 PR in 94
patients), respectively. The median time to progression
(TTP) was 141 days (Fig. 1; 95% CI, 108 to 175 days).
The median overall survival (OS) was 378 days (95%
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After disease progression, 60 patients (54.0%) had
second-line chemotherapy, as follows: irinotecan (CPT-
11)-containing combination chemotherapy (26%; 29/
111), taxane single-agent chemotherapy (21%; 23/111),
and 5-fluorouracil (5-FU)-containing chemotherapy
(7.2%; 8/111). Third-line, fourth-line, and fifth-line che-
motherapy regimens were administered in 23, 7, and 3
patients, respectively.

In the univariate analysis, the hemoglobin level was
significantly associated with tumor responsiveness to

Table 1. Patient demographics

No. and percentage (%) of patients

Number 111
Male/Female 79/32
Median age, years (range) 61 (30 to 84)
ECOG performance status

0 48 (43.2%)
1 63 (56.8%)

Histology
Differentiated type 36 (32.4%)
Undifferentiated type 75 (67.6%)

Infiltrating type of macroscopic classification 18 (16.2%)
Site of disease

Primary lesion 59 (53.2%)
Lymph nodes 68 (61.3%)
Peritoneal disease 52 (46.8%)
Liver metastasis 37 (33.3%)
Lung metastasis 7 (6.3%)
Bone metastasis 4 (3.6%)
Other 9 (8.1%)

Number of involved sites
4 10 (9%)
3 29 (26.1%)
2 35 (31.5%)
1 37 (33.3%)

ECOG, Eastern Cooperative Oncology Group

Fig. 1. Kaplan-Meier analysis of time to progression
(n � 111)

CI, 310 to 447 days), with a 2-year survival rate of 20%
(Fig. 2). The response rate of ascites was 36.8% (14/38;
95% CI, 25.4% to 56.6%).

The toxicity profiles are listed in Table 2. Major
adverse reactions included myelosuppression and
gastrointestinal toxicities, and the incidence of grade 3
adverse reactions was 21.6% (24/111). No grade 4
toxicities observed. Twelve patients required dose re-
duction due to toxicities. There were no treatment-
related deaths.

Fig. 2. Kaplan-Meier analysis of overall survival (n � 111)



K. Yonemori et al.: S-1 alone in advanced gastric cancer 207

S-1 therapy (Table 3). Pretreatment variables were sub-
sequently analyzed using the multivariate logistic re-
gression model, and we found that normal hemoglobin
level and the presence of lymph node metastasis were
independently related to the response (P � 0.006 and P
� 0.026, respectively).

Discussion

In advanced gastric cancer, systemic chemotherapy us-
ing 5-FU increases the median survival to 7–10 months,
from 3–4 months with the best supportive care [3]. A
randomized controlled trial recently conducted in Japan
revealed that the response rate, TTP, and OS with 5-
FU alone were 11%, 1.9 months, and 7.1 months, res-
pectively, and that these values were not significantly
different from those obtained with 5-FU-based combi-
nation chemotherapy [14]. Therefore, 5-FU alone was
considered the reference chemotherapy in this disease
for the current investigation in Japan.

We retrospectively analyzed 111 consecutive patients
with advanced gastric cancer treated with S-1 as first-
line chemotherapy in the clinical setting. In this analysis,
the response rate was 26%, which was lower than that
previously reported. We think that this may have been
due to selection bias, because the two late phase II
studies excluded patients without measurable lesions
[1,2]. Also, those trials had strict eligibility requirements
for bone marrow and organ functions because of the use

of a novel agent for therapy. In the clinical setting, there
were many patients who did not meet the eligibility
criteria of the phase II trial. Therefore, selection bias
may explain why the response rate in this study was
lower than that in the two late phase II trials.

Several reports have demonstrated that S-1 was
effective against peritoneal disease and undifferentiated
type of histology, such as poorly differentiated, muci-
nous, and signet-ring cell carcinoma [2,4–7]. However,
histological type did not have a significant influence
on the responsiveness to S-1 therapy on either
univariate or multivariate analysis in the present study.
On the other hand, the median OS of 378 days in the
present study was slightly longer than the OS values
determined in the previous phase II studies. These dif-
ferences may have been due to differences of popula-
tion demographics and the salvage chemotherapy after
S-1 failure.

In the phase II trials of S-1, Sakata et al. [1] reported
that adverse reactions appeared in 78% of the patients,
and the frequency of adverse reactions of grades 3 and
4 was 20%, and Koizumi et al. [2] did not describe the
frequency of toxicity per patient in detail. Thus, we
think that the frequency of severe toxicity of grades 3
and 4 in this study was similar to that found in the late
phase II trial [1]. The overall frequency of the maximum
grade of toxicity per patient in the present study was
higher than that in the late phase II trial. This may have
been because the present study consisted of 546 courses
in 111 patients, including 12 patients with potential

Table 2. Toxicity per patient (546 courses in 111 patients)

Maximum grade (NCI-CTC ver 2.0);
percentage of patients

1 2 3 4

Leukocytes 27 13 1 0
Neutrophils 20 15 7 0
Hemoglobin 49 32 2 0
Platelets 2 0 0 0
Bilirubin 39 8 3 0
SGOT 41 5 1 0
SGPT 35 8 1 0
Creatinine 4 0 1 0
Appetite loss 47 15 5 0
Nausea 40 5 1 —
Diarrhea 32 9 5 0
Fatigue 61 8 0 0
Stomatitis 32 2 1 —
Hand-foot syndrome 25 2 1 —
Pigmentation 45 2 — —
Rash 25 4 1 —
Fever 7 1 — —
Maximum toxicity per patienta 27 51 22 0
a Frequency of maximum grade of toxicity per patient
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organ impairment (who would have been ineligible for
late phase II trials) and 38 patients with ascites. In
patients with ascites, third-space retention of an
administered drug is associated with prolongation of the
terminal drug half-life in plasma, presumably owing to
the slow reentry of the sequestered drug into the blood-
stream [15]. This effect may intensify the toxicities in
patients with ascites, who frequently show more severe
toxicities than patients without ascites [16,17].

In the present study, the frequency of hand-foot syn-
drome was higher than that in previous studies [1,2].
The frequency of skin reaction (rash) was 8% to 16% in
those previous studies, and it is difficult to distinguish
rash from hand-foot syndrome, particularly that of
grade 1 toxicity. Obvious hand-foot syndrome of grade
2 or greater occurred in only three patients in present
study, and this frequency may be similar to that in those
previous studies [1,2].

In any case, it was clear that S-1 single-agent therapy
was well-tolerated in the outpatient setting and that the
frequency of severe toxicity in S-1 therapy might be
lower than that seen in intravenous infusion treatment
for patients with advanced gastric cancer in clinical
practice [10].

It was interesting that normal hemoglobin level and
the presence of lymph node metastasis were predictive
factors for the response to S-1 on the multivariate analy-
sis. As far as we know, no reports are currently available
describing the hemoglobin level as a possible predictive
factor for the clinical outcome in gastric cancer patients
receiving chemotherapy [10,14,18]. Although the etiol-
ogy is not well understood, anemia is a strong predictor
of poorer survival in cancer patients with solid tumors
or hematological malignancies [13,19]. In gastric cancer,
anemia is frequently seen in patients with ulcerative
primary lesions [20]. Moreover, S-1 was less effective in

Table 3. Univariate analysis of response to chemotherapy according to patient
characteristics

Variables Number Response rate (%) P value

Performance status
1 63 28.6 0.523
0 48 22.9

Histology
Undifferentiated type 75 25.3 0.820
Differentiated type 36 27.8

Macroscopic type
Infiltrating type 18 16.7 0.393
Other types 93 28.0

Site of disease
Primary lesion

Present 59 32.1 0.195
Absent 52 20

Lymph nodes
Present 68 32.4 0.077
Absent 43 16.3

Liver metastasis
Present 37 27.0 1.00
Absent 74 25.7

Peritoneal disease
Present 52 21.2 0.287
Absent 59 30.5

Hemoglobin levela

Normal 33 42.4 0.017
Low 78 19.2

CRP
�1.0 mg/dl 34 29.4 0.643
�1.0 mg/dl 77 24.7

LDH
�230 U/l 27 33.3 0.327
�230 U/l 84 23.8

CEA
�5.0 ng/ml 43 23.3 0.661
�5.0 ng/ml 68 27.9

CRP, C-reactive protein; LDH, lactate dehydrogenase; CEA, carcinoembryonic antigen
a Normal, �13.7g/dl in males and �11.3g/dl in females; low, �13.7g/dl in males and �11.3g/dl in
females
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patients with low hemoglobin level in the present study.
In the literature, normal hemoglobin level was reported
to be an independent predictor of response to chemo-
therapy [21,22]. It is possible that hemoglobin level may
be related to tumor burden [18]. In addition, low hemo-
globin level is a major contributing factor to tumor hy-
poxia, which occurs when the tumor growth exceeds the
ability of the local microvasculature to supply oxygen to
the tumor cells [23]. Hypoxia renders solid tumors resis-
tant to low-level radiation, chemotherapy, and photody-
namic therapy [23].

Another positive predictor of response was the pres-
ence of lymph node metastasis, a category including all
patients with lymph node metastasis. This categorized
factor included 15 patients with lymph node metastasis
as the only lesion. Thus, this factor included patients
with low tumor burden compared to other categorized
factors such as the presence of primary lesion, or liver
metastasis. In the late phase II trials of S-1, the response
rate in patients with metastatic lymph nodes was 44.8%
to 57.0%, depending on the organ. This was higher than
the response rates of in patients with other disease sites
[1,2]. These considerations may have influenced the
analysis of predictors of response. However, it cannot
be denied that the predictors of response may have
been positive in our patient group by chance. Therefore,
our findings need verification in an independent group
of patients.

Although our study is not strictly comparable with
previously reported studies, and provides insufficient
evidence for S-1 as first-line chemotherapy, the rela-
tively longer overall survival time and mild toxicity pro-
files observed in the present study lead us to consider
that it may be important to examine combination
therapy of S-1 and other drugs having different me-
chanisms of action and different efficacy spectra. To
obtain clear evidence about first-line chemotherapy in
advanced gastric cancer, we have joined the Japan
Clinical Oncology Group (JCOG) 9912, three-arm
randomized trial, which is comparing 5-FU alone, S-1
alone, and irinotecan plus cisplatin combination
therapy, and we hope that the results of the JCOG 9912
will be conclusive.

In conclusion, single-agent chemotherapy of S-1 is
effective and well-tolerated for chemo-naïve patients
with advanced gastric cancer in the outpatient setting.
Hemoglobin level and presence of lymph node metasta-
sis were positive predictors of response.
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