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Abstract

Background. A multicenter phase II study was conducted to
evaluate the efficacy and safety of a combination regimen of
weekly paclitaxel plus S-1 in patients with advanced gastric
cancer.

Methods. Patients with previously untreated metastatic or
recurrent gastric cancer received intravenous paclitaxel 50 mg/
m’ on days 1, 8, and 15, plus oral S-1 40 mg/m’ b.i.d. on days
1 to 14 followed by 2 weeks off, in a 28-day cycle.

Results. A total of 54 patients were registered. All of them
had measurable disease and were determined to be eligible
for the present study. Two complete responses and 23 partial
responses were confirmed, giving an overall response rate of
46.3%. At a final follow up of 3 years, the median progression-
free survival and median overall survival were 6.0 and 14.3
months, respectively. Grade 3 neutropenia occurred in 14
patients, and grade 4 in 1 patient (total, 27.8%). The most
serious nonhematological toxicity was diarrhea, where grade
3 occurred in 5 patients (9.3%). There were no treatment-
related deaths.

Conclusion. A combination of weekly paclitaxel plus S-1 was
found to be well tolerated and effective in patients with
advanced gastric cancer. Further investigation with compara-
tive trials is needed for confirmation.
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Introduction

Gastric cancer remains one of the most common causes
of cancer-related deaths in the world [1]. Although the
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prognosis of advanced gastric cancer is still poor, che-
motherapies were reported to improve the overall sur-
vival compared to the best supportive care in several
studies [2-4]. Among the various active chemothera-
peutic agents, cisplatin-based chemotherapy is the most
commonly used worldwide. The V-325 study demon-
strated that adding docetaxel (D) to a frequently used
regimen of cisplatin and 5-fluorouracil (CF) provided
benefits with regard to overall survival, response rate,
time to disease progression, clinical benefit, and health-
related quality of life [5]. Although the DCF regimen
provides these advantages, it is accompanied by an
increase in toxicity compared with the doublet regimen.
The toxicity profile of DCF is acceptable only with
appropriately selected patients and comprehensive
toxicity management strategies [6]. In this regard, the
development of less toxic new combination chemother-
apy has still been considered necessary to properly treat
those patients with advanced gastric cancer.

Paclitaxel, (Taxol; Bristol-Myers Squibb, Princeton,
NJ, USA), which is derived from the bark of the Pacific
yew, Taxus brevifolia, is one of the most active antican-
cer drugs for the treatment of solid tumors, effectively
blocking cancer cells in the G2/M phase through the
inhibition of microtubular depolymerization [7, 8]. An
administration schedule at doses of 175-225 mg/m’ by
intravenous infusion every 3 weeks has been widely
accepted [9]. In addition, several phase II studies have
shown that paclitaxel, alone or in combination with cis-
platin or 5-fluorouracil (5-FU), is also active against
advanced gastric cancer [10-13]. However, a relatively
high incidence of grade 3 or 4 neutropenia (14%-35%)
is one of the major adverse effects.

Paclitaxel is known to be a cell-cycle-specific agent,
and in vitro experiments have suggested that prolonged
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exposure to paclitaxel, through either continuous infu-
sion schedules or weekly administration, can lead to
enhanced cytotoxicity [14-16]. Furthermore, recent clin-
ical studies have demonstrated that weekly schedules of
intravenous paclitaxel have promising antitumor activ-
ity with tolerable safety profiles for several types of
solid tumors, including lung, breast, and ovarian cancers
[17, 18].

S-1 (TS-1; Taiho Pharmaceutical, Tokyo, Japan) is an
oral pyrimidine fluoride-derived anticancer agent which
is combined with two classes of modulators to enhance
antitumor effects and decrease gastrointestinal toxicity
[19, 20]. The response rate after treatment with S-1
alone was 20%-50% in patients with advanced gastric
cancer when it was administered for 4 weeks with 2
weeks off [21-25]. The main side effects of S-1 treatment
were diarrhea, fatigue, anemia, and neutropenia.

Because paclitaxel has synergistic antitumor effects
with 5-FU, according to clinical trials as well as preclini-
cal studies, and it has a different spectrum of side effects
from that of S-1, a combination of paclitaxel and S-1,
one of the most potent fluorinated pyrimidines, was
considered to be promising for the treatment of gastric
cancer [26, 27]. Several clinical trials of S-1 and pacli-
taxel combination therapy have been conducted in
Japan [28-33]. The response rate has been reported to
be 40%-60% with the schedule of S-1 80 mg/m” for 14
days plus paclitaxel 50-60 mg/m’ on days 1 and 8 or days
1 and 15. We have also conducted a phase I clinical trial
of 2 weeks S-1 plus weekly paclitaxel on days 1, 8, and
15 of a 4-week cycle [34]. Based on the data from that
trial, a multicenter phase II study was conducted by
the Kyoto Gastrointestinal Cancer Chemotherapy
Study Group in order to assess the efficacy of S-1 and
weekly paclitaxel administered every 4 weeks as first-
line treatment for patients with advanced or metastatic
gastric cancer.

Patients and methods

Eligibility

All patients registered in the present study had histo-
logically confirmed advanced or recurrent gastric cancer
— (1) gastric adenocarcinoma diagnosed by endoscopic
biopsy, or (2) unresectable metastatic or recurrent
tumors diagnosed by clinical findings. The primary end-
point of this study was the objective response rate
induced by treatment with weekly paclitaxel plus S-1 in
these patients. Eligibility criteria consisted of at least
one unidimensionally measurable lesion (i.e., diameter
>1 cm, as assessed by spiral computed tomography). The
patients were 20-80 years of age with a performance

status of 0-2 on the Eastern Cooperative Oncology
Group (ECOG) scale. Plus, adequate hematological
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(absolute neutrophil count > 1.5 x 10”/1, platelet count >
100 x 10%1, hemoglobin > 9 g/dl), renal (serum creati-
nine < 1.5 mg/dl and creatinine clearance > 50 ml/min),
and hepatic (total bilirubin <2.0 mg/dl and serum trans-
aminase level < 3 times the upper limit of the normal
range) levels were also required. Patients who had
received adjuvant chemotherapy using neither taxanes
nor S-1, completed 4 weeks before entry, were eligible.
Patients were ineligible if they had previously received
palliative chemotherapy or radiation therapy, or had
other severe medical illnesses, central nervous system
(CNS) metastasis, another active malignancy, or a
history of anaphylactic reaction to drugs. The institu-
tional review board of each author’s institution approved
the protocol, and written informed consent was obtained
from all patients before enrollment.

Treatment plan and dose modification

Paclitaxel, 50 mg/m’, was administered through a 1-h
intravenous infusion on days 1, 8, and 15. S-1, 40 mg/m2
b.i.d. (80 mg/m’ per day), was administered for 14 con-
secutive days. The chemotherapy was given in a 4-week
cycle and was continued until disease progression,
patient refusal, or the occurrence of an unacceptable
toxicity. All patients were premedicated with a dexa-
methasone 20 mg, ranitidine 150 mg, and diphen-
hydramine 50 mg intravenous injection 30 min before
paclitaxel administration to prevent hypersensitivity
reactions. Granulocyte colony-stimulating factor was
permitted if a patient developed grade 4 neutropenia;
primary prophylaxis was not allowed. Antiemetic treat-
ment was allowed at the discretion of the treating
physician.

Adverse events were graded according to National
Cancer Institute Common Toxicity Criteria (NCI-CTC)
version 3.0. The dose of S-1 was to be reduced to 50 mg/
m” per day in the event of any of the following toxicities
occurring during the previous treatment cycle: grade 4
leukopenia or neutropenia; grade 3 febrile neutropenia;
thrombocytopenia > grade 3; and nonhematological tox-
icity > grade 3, except for anorexia, nausea, and vomit-
ing. There were no dose reductions for paclitaxel. The
next course of treatment was only allowed to begin
when the neutrophil count was >1.5 x 107/, platelet
count was >100 x 10%/1, and any other treatment-related
toxicities were less than or equal to grade 1; otherwise,
treatment was withheld for up to 2 weeks. If adverse
events did not improve to grade 0 or 1 after 2 weeks,
the patients were excluded from the study.

Study assessments

A screening assessment, including a medical history,
physical examination, ECG, chest X-ray, and tumor
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assessment, was conducted within 2 weeks before the
patient started treatment. Further assessments, con-
ducted within 7 days before starting treatment, included
vital signs, ECOG performance status, and laboratory
tests. Complete blood counts were performed weekly
during the first cycle and every cycle thereafter, and
biochemical tests were performed before each cycle.
Tumor markers, including carcinoembryonic antigen
and carbohydrate antigen (CA) 19-9, were also moni-
tored before each cycle. Tumors were measured every
two cycles until the tumor progressed. The tumor
responses were classified according to the response
evaluation criteria in solid tumors (RECIST) guidelines
[35]. Patients with a complete response (CR) or partial
response (PR) required a confirmatory disease assess-
ment at least 4 weeks later.

Statistical analysis

The present trial used a two-stage optimal design, as
proposed by Simon, with an 80% power to accept the
hypothesis and 5% significance to reject the hypothesis
[36]. Plus, the present trial was designed to detect a
response rate of 40% as compared to a minimal, clini-
cally meaningful response rate of 20%. Allowing for a
follow-up loss rate of 10%, the total sample size was 48
patients with a measurable disease. All enrolled patients
were included in the intention-to-treat analysis of effi-
cacy. The duration of response, time to progression
(TTP), and survival analyses were all estimated using
the Kaplan—-Meier method. The duration of response
was defined as the interval from the onset of a CR or
PR until evidence of disease progression was found.
Meanwhile, the TTP was calculated from the initiation
of chemotherapy to the date of disease progression,
while overall survival was measured from the initiation
of chemotherapy to the date of the last follow up or
death. The data were analyzed statistically using an
SPSS software package (SPSS 11.0; SPSS, Chicago, IL,
USA).

Results

Patient characteristics

From November 2003 to November 2005, a total of 54
patients were registered. All of them had “measurable
disease” by the RECIST criteria and were determined
to be eligible for the present study. The median age was
61 years (range, 38-78 years), with 42 males and 12
females. Most of the patients (98.1%) had a good per-
formance status (ECOG 0 or 1). Thirty-nine (72.2%)
patients had a metastatic disease, while 15 patients had
a recurrent disease after surgical resection (total or sub-
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Table 1. Patient characteristics (n = 54)

Sex (male/female)

Age, years, median (range)

PS (0/1/2)

Resected primary tumor (yes/no)

Histology (differentiated/

undifferentiated)

Metastatic sites
Lymph node 44
Liver 16
Lung 2
Peritoneum 1
Total 268

No. of treatment cycles
Median 5.0
Range 1-14

42 (78%)/12 (22%)
61 (38-78)

47/6/1

15/39

2727

PS, performance status

Table 2. Best overall response (n = 54)

Complete response (CR) 2
Partial response (PR) 23
Stable disease (SD) 21
Progressive disease (PD) 6

Not evaluable (NE) 2
Response rate (RR) 25/54 (46.3%)
Liver 8/16 (50.0%)

Lymph node 21/44 (47.7%)
Lung 1/2 (50.0%)

total gastrectomy) of the primary tumor. Distal lymph
nodes and the liver were the most common sites of the
metastases (Table 1).

Response and survival

Among the 54 patients who received the combination
chemotherapy, 2 patients were not evaluable for
response owing to early dropout in the middle of the
first cycle of chemotherapy; these 2 patients withdrew
their consent. Two cases of CR and 23 cases of PR were
confirmed, giving an overall response rate of 46.3%
according to an intent-to treat analysis. The response
characteristics are shown in Table 2. Complete responses
were observed in a patient with liver metastases and a
patient with lymph node metastases. The median pro-
gression-free survival for all the patients was 6.0 months
(95% confidence interval [CI], 4.7-8.4 months) at the
final follow-up duration of 36 months (Fig. 1). More
than half of the patients received second-line therapies
including agents such as irinotecan or cisplatin after
disease progression. Twenty-five patients had died at the
time of the present evaluation. The estimated median
overall survival was 14.3 months (95% CI, 12.1-17.4
months) with an estimated 1-year survival rate of 64.2%

(Fig. 2).
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Toxicity

The hematological and nonhematological toxicities that
occurred during the present study are summarized in
Table 3. A total of 268 cycles (median, 5; range, 1-14)
were administered in the 54 patients assessable for tox-
icity. The most frequently observed severe hematologi-
cal adverse event was neutropenia, which occurred with
grade 3 intensity in 14 patients (25.9%) and in 27 cycles
(10.1%). In addition, grade 4 neutropenia was observed
in 1 patient. Grade 3 anemia was observed in 7 patients
(13.0%). Thrombocytopenia > grade 3 was not observed.
Nonhematological toxicities were generally mild in
severity and no grade 4 cases were observed. The most
common grade 3 nonhematological toxicities were diar-
rhea (9.3%), anorexia (7.4%), and nausea (7.4%), but
no grade 4 nonhematological toxicity was observed.
Four patients (7.4%) were hospitalized due to treat-
ment toxicities (1 due to neutropenia and 3 due to
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Table 3. Toxicity (n = 54)°

Grade
Type 1 2 3 4  3and 4 (%)
Hematological
Leukopenia 1219 5 0 9.3
Neutropenia 5 8§ 14 1 27.8
Anemia 24 18 7 0 13.0
Thrombocytopenia 17 2 0 0 0
Nonhematological
Anorexia 19 6 4 0 7.4
Nausea 18 4 4 0 7.4
Vomiting 4 1 1 0 1.8
Stomatitis 3 4 2 0 3.7
Diarrhea 7 4 5 0 9.3
Fatigue 20 6 2 0 3.7
Alopecia 24 1 - — —
Allergic reaction 2 0 1 0 1.8
Neuropathy 3 1 0 0 0
Arthralgia 3 1 0 0 0

*National Cancer Institute Common Toxicity Criteria (NCI-CTC)
Ver. 3

general weakness); however, all treatment-related tox-
icities resolved with appropriate care and no treatment-
related deaths occurred during this study. The dose of
S-1 was reduced to 50 mg/m* per day in 6 patients
(11.1%) and 16 (6.0%) cycles according to the dose
reduction criteria.

Discussion

Many clinical trials of S-1 plus other chemotherapeutic
agents such as cisplatin or docetaxel have been carried
out in patients with gastric cancer [37-39]. Some prom-
ising results have been reported with response rates of
40%-70% and median survivals of 11-14 months with
these combination regimens. Among such trials, the
SPIRITS randomized phase III trial recently verified
that overall survival was better in patients treated with
S-1 plus cisplatin than in those treated with S-1 alone
[39]. Thus, an S-1 plus cisplatin regimen, which consists
of oral S-1 (80 mg/m’ per day) for 3 consecutive weeks
and intravenous cisplatin (60 mg/m®) on day 8, is
regarded as a standard treatment for gastric cancer in
Japan now. However, although promising results were
reported in such S-1 plus cisplatin combination trials, a
significant level of grade 3—4 gastrointestinal toxicities
occurred. For example, 30% of the patients in the
SPIRITS trial experienced grade 3-4 anorexia, and
almost all the patients needed short-term hospitaliza-
tion for hydration to avoid renal toxicity caused by
intravenous cisplatin [38, 39]. As is well known, the final
aim of cancer chemotherapy is to prolong the survival
of patients with good quality of life (QOL), but
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these nonhematological toxicities spoil patients’ QOL
significantly.

In the present study, the weekly paclitaxel plus S-1
combination had very tolerable gastrointestinal toxici-
ties as well as active antitumor effects. All grade 3—4
gastrointestinal toxicities, including anorexia, nausea,
and diarrhea developed in fewer than 10% of the
patients. The mild neurotoxicity, which was also reported
by Kawabata et al. [31], could be attributable to the
super-low dosage of paclitaxel in our regimen. In addi-
tion, the hematological toxicities in our present study
were also milder than those observed in patients treated
with cisplatin/S-1, docetaxel/S-1, or DCF [6, 37, 39].
These mild toxicities allowed more than half of the
patients to receive second-line chemotherapies includ-
ing agents such as cisplatin or irinotecan, and this may
have contributed to enhancing the overall survival.
Future studies are needed to determine which combina-
tion with S-1 would be best, on the basis of treatment
efficacy and toxicity.

So far, two other phase II studies of weekly paclitaxel
plus S-1 for gastric cancer that used the same schedule
as ours (paclitaxel, 3 weeks on and 1 week off; S-1, 2
weeks on and 2 weeks off) have been reported. In these
studies, Mochiki et al. used 60 mg/m’ weekly paclitaxel
[32] and Kawabata et al. [31] used 50 mg/m* weekly
paclitaxel, which was the same dose as ours. Both of
these groups reported response rates a little higher than
ours and overall survivals similar to ours. However,
their studies were combined phase I/II studies and the
numbers of patients enrolled in the phase II portions
were very small (n = 18 and n = 24, respectively, in the
two studies). Thus, our present study might be the most
reliable phase II study of a weekly paclitaxel plus S-1
combination for gastric cancer.

In conclusion, the results of the present phase II study
demonstrated that the combination of weekly paclitaxel
plus S-1 was safe and effective, with a favorable toxicity
profile. The present combination regimen at this sched-
ule is a novel option for the initial treatment of patients
with advanced or metastatic gastric cancer. Further
investigation with comparative trials is needed for
confirmation.
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