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prognosis, but the associated mortality is still second
highest next to lung cancer [1]. This mortality is due to
the lack of an effective treatment for inoperable or re-
current gastric cancer, and it is very important to de-
velop an effective treatment, especially in regard to
chemotherapy.

A number of agents are active in advanced, meta-
static gastric cancer, and chemotherapy has been seen
to provide a significant benefit in the duration and qual-
ity of life over best supportive care alone [2]. However,
for most trials with different combinations, including
the most active single agents, median survival times
remain low, ranging from 6 to 11 months, and several
phase III studies show no differences in response or
survival among different combinations [3–10]. While no
one combination treatment regimen is recognized as the
standard for gastric cancer, continuous infusion of 5-
fluorouracil (FU) with cisplatin is currently considered
to be a suitable reference treatment worldwide.

Recently several agents have emerged as potential
new options for advanced gastric cancer. Promising data
have been generated with docetaxel (TXT; Taxotere;
Aventis Pharma, Schiltigheim, France) [11,12],
paclitaxel (TXL; Taxol; Bristol-Myers Squibb, New
York, NY, USA) [13], irinotecan hydrochloride (CPT-
11) [14], and tegafur · gimeracil · oteracil potassium (TS-
1) [15].

TXT is a novel semisynthetic taxoid obtained from
10-deaceryl baccatin III, a precursor extracted from the
needles of the European yew, Taxus baccata. It works as
an antimitotic agent, enhancing microtubule assembly
and inhibiting the depolymerization of tubulin, result-
ing in the inability of cells to divide [16]. A late phase II
study of TXT in advanced or recurrent gastric cancer
was conducted in Japan [11,12]. The overall response

Abstract
Background. Both docetaxel (TXT) and irinotecan (CPT-11)
are active chemotherapeutic agents for gastric cancer. We
designed a biweekly administration regimen of TXT com-
bined with CPT-11 for 4 weeks as one cycle in patients with
inoperable or recurrent gastric cancer, and conducted a dose-
escalation study.
Methods. Patients with histologically confirmed gastric cancer
were treated with the regimen. The dosage levels of TXT and
CPT-11 were as follows: level 1, 30mg/m2 and 50 mg/m2; level
2, 35 and 50 mg/m2; level 3, 40 and 50mg/m2; level 4, 40 and
60 mg/m2; and level 5, 50 and 60 mg/m2. The dose escalation
was based on the dose-limiting toxicity (DLT) observed dur-
ing the first cycle.
Results. Grade 4 neutropenia was observed at level 3, but no
other DLT was observed at less than level 4 during the first
cycle. However, three patients at level 3 could not continue
treatment without a decrease in the dosage after the second
cycle. Based on these results, level 2 was considered to be the
clinically recommended dosages.
Conclusion. Biweekly TXT and CPT-11 was well tolerated.
The recommended dosages of TXT and CPT-11 for a phase II
trial are 35mg/m2 and 50 mg/m2, respectively.
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Introduction

Gastric cancer continues to be one of the most common
malignancies in Japan. The development of diagnostic
modalities and surgical techniques has improved the
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rate for the 129 eligible patients was 17.1%. Of the
96 patients previously treated with chemotherapy,
16.7% responded, compared with 18.2% of the 33
chemotherapy-naïve patients. Primary lesions and
metastatic lesions in the liver and abdominal cavity
responded in 6%, 19.6%, and 41.2% of cases, respec-
tively. The incidences of grade 3/4 toxicities were: neu-
tropenia, 84.6%; leukopenia, 65.3%; alopecia, 16.7%;
anorexia, 10.9%; general fatigue, 8.7%; anemia, 7.7%;
nausea and/or vomiting, 6.9%; thrombocytopenia,
3.2%; and diarrhea, 2.9% [11,12].

CPT-11 (7-ethyl-10-[4-(1-piperidino)-1-piperidino]
carbonyloxy-camptothecin) is a semisynthetic, water-
soluble derivative of camptothecin (CPT), a plant alka-
loid obtained from Camptotheca acuminate. CPT shows
potent antitumor activity but intolerable toxicity. CPT-
11, which retains the original antitumor activity of CPT
but with less toxicity, was subsequently synthesized in
Japan. After conversion to its active metabolite, SN-38,
CPT-11 acts by inhibiting the eukaryotic enzyme DNA-
topoisomerase I [17,18]. A late phase II study of CPT-11
in advanced or recurrent gastric cancer patients com-
pared two intravenous dosage schedules: 100mg/m2

once a week, and 150mg/m2 once every 2 weeks [14].
The overall response rate for the 76 eligible patients was
18%. Of the 56 patients previously treated with chemo-
therapy, 16% responded, compared with 25% of the
20 chemotherapy-naïve patients. Primary lesions and
metastatic lesions in the lymph nodes, lungs, and liver
responded in 4.5%, 36.4%, 33.3%, and 17.4% of cases,
respectively. The incidences of grade 3/4 toxicities ob-
served in the 76 eligible patients were: leukopenia,
42.1%; nausea and/or vomiting, 11.8%; alopecia, 15.8%;
anorexia, 19.7%; diarrhea, 22.4%; anemia, 28.9%; and
thrombocytopenia, 6.6% [14].

We designed a biweekly (once every 2 weeks) admin-
istration regimen of TXT and CPT-11 in patients
with inoperable or recurrent gastric cancer. The ratio-
nale for this combination is that the drugs have different
action mechanisms and safety profiles. The biweekly
administration of TXT might make it possible to
avoid neutropenia, which is the dose-limiting toxicity
(DLT) of TXT, without the need to administer granulo-
cyte colony-stimulating factor (GCS-F). For chemo-
therapy in patients with gastric cancer, 5-FU derivatives
and 5-FU based regimens are generally used. Our com-
bination of TXT and CPT-11 may potentially be used in
patients who are resistant to those regimens.

We performed a dose-escalation study of biweekly
administration of TXT combined with CPT-11 in pa-
tients with inoperable or recurrent gastric cancer. The
objectives of this study were to assess the safety and
toxicity profiles of this regimen and to determine the
DLT and the maximum-tolerated dose (MTD), or rec-
ommended dose, for a phase II study.

Patients and methods

Patient selection

Patients with histologically confirmed inoperable or re-
current gastric cancer with measurable or evaluable le-
sions who had been administered less than one regimen
as previous chemotherapy, except for adjuvant therapy,
were eligible to participate in this study. Other eligi-
bility criteria included an Eastern Clinical Oncology
Group (ECOG) scale performance status of 2 or less;
age between 20 and 75 years; life expectancy of at least
3 months; provision of written informed consent in ac-
cordance with government and institutional guidelines;
and adequate organ function (defined by a WBC count
of �4000/mm3 and �12000/mm3, an absolute neutrophil
count of �2000/mm3, a platelet count of �10 � 104/
mm3; hemoglobin, �9.0g/dl; total bilirubin, �1.5mg/dl;
GOT and GPT levels �1.5 times the upper limit of
normal or 3 times the upper limit of normal if liver
metastases were present; alkaline phosphatase �2.5
times the upper limit of normal except in the presence
of bone metastases; and serum creatinine and blood
urea nitrogen levels � the upper limits of normal). Ex-
clusion criteria included the following: chemotherapy
within 4 weeks before study entry (2 weeks for oral
antimetabolic and biological response modifiers (BRM)
agents); prior chemotherapy with TXT, TXL, or CPT-
11; past history of allergic reactions to agents including
polysorbate 80; peritoneal dissemination with unre-
solved bowel obstruction/subobstruction or a large
amount of ascites; concomitant uncontrolled, nonmalig-
nant disease (malignant hypertension, cardiac, pulmo-
nary, renal, or hepatic disease; active infection); motor
paralysis or peripheral neuropathy; the retention of
pleural effusion or pericardial effusion that should be
treated; diarrhea more than four times per day; active
double cancer; pregnancy; brain metastases with any
symptoms; steroid usage; or a prior history of the treat-
ment of psychiatric diseases. Patients with obvious in-
terstitial pneumonitis or pulmonary fibrosis on chest
X-rays or computed tomographic (CT) scans were also
excluded. The protocols were approved by the ethics
committee of each institution.

Treatment regimens

TXT was diluted in 250ml of 5% glucose or saline and
administered as a 90-min IV infusion. CPT-11 (Daiichi
Pharmaceutical, Tokyo, Japan and Yakult Honsha,
Tokyo, Japan), diluted in 250ml of 5% glucose or saline,
was administered as a 90-min IV infusion just after
completion of TXT administration. Both were adminis-
tered on days 1 and 15, and this treatment course was
repeated every 4 weeks with allowance for a delay in
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treatment if toxicity was seen. The starting doses of
TXT and CPT-11 were 30mg/m2 and 50mg/m2, respec-
tively. These doses were based on our preliminary data
(unpublished). The escalation procedure is shown in
Table 1.

For the purposes of determining the MTD, only
DLTs occurring during the first cycle of therapy were
considered. DLTs were defined as any of the following:
grade 4 neutropenia lasting at least 3 days or grade 3 or
4 neutropenia associated with fever of 38.0°C or more;
grade 4 thrombocytopenia; grade 2 or higher renal dys-
function; grade 3 or 4 liver dysfunction; grade 3 or 4
nonhematologic toxicity, except for nausea, vomiting,
appetite loss, or alopecia; or delay of more than 14 days
in initiating the second cycle of therapy because of not
fulfilling the same organ function criteria as those at the
initiation of treatment or because of persistent toxicity
of grade 2 or higher, except for nausea, vomiting, and
alopecia. If one or more patients at a dose level experi-
enced DLT, then three additional patients were treated
at that dose level. The MTD was defined as the dose
level that resulted in at least three of six patients devel-
oping the same DLT. The recommended dose was to be
the dose immediately below the MTD.

Pretreatment and follow-up studies

Before the initiation of therapy, all patients had their
history taken, and physical examination, assessment of
ECOG scale performance status, chest X-rays, and a 12-
lead electrocardiogram were performed. The extent of
disease was determined by gastrointestinal X-rays,
endoscopic examination of the upper gastrointestinal
tract, abdominal ultrasonography, and a CT scan.
Urinalysis; examination of tumor markers such as
carcinoembryonic antigen (CEA), carbohydrate anti-
gen (CA)-19–9, and α-fetoprotein; and routine labora-
tory studies that included a complete blood count with
the differential WBC count, total protein, albumin, total
bilirubin, GOT, GPT, alkaline phosphatase, lactate de-
hydrogenase, blood urea nitrogen, serum creatinine,
electrolytes, and calcium levels were also performed.
History, physical examination, a complete blood count,
liver function tests, renal function tests, electrolytes,

and urinalysis were assessed at least once per week
during treatment. Before each course, appropriate in-
vestigations were repeated as necessary to evaluate the
sites of marker lesions. The tumor responses of meta-
static lesions were evaluated by CT scans according
to the “response evaluation criteria in solid tumors
(RECIST)” guidelines [19]. A complete response (CR)
was defined as the disappearance of all target and
nontarget lesions without any new lesions for at least
4 weeks. A partial response (PR) was defined as the
disappearance of target lesions and the persistence of
one or more nontarget lesions and/or the maintenance
of a tumor marker level above the normal limits for at
least 4 weeks, or at least a 30% decrease in the sum of
the longest diameters of target lesions and no appear-
ance of one or more new lesions, and/or unequivocal
progression of existing nontarget lesions without new
lesions for at least 4 weeks. Stable disease (SD)
was defined as less than a 30% decrease and less than a
20% increase in the sum of the longest diameters of
target lesions and no appearance of one or more new
lesions, and/or no unequivocal progression of existing
nontarget lesions for at least 4 weeks. Progressive dis-
ease (PD) was defined as at least a 20% increase in the
sum of the longest diameters of target lesions, or the
appearance of one or more new lesions, and/or un-
equivocal progression of existing nontarget lesions, or
the appearance of any new lesions. Tumor responses
of the primary site were evaluated by the X-ray
and endoscopic evaluation criteria proposed by the
Japanese Research Society for Gastric Cancer [20],
but, in this study, the primary sites were managed as
nontarget lesions according to RECIST. ECOG com-
mon toxicity criteria were applied for evaluation of the
toxicity of this therapy [21].

Results

The characteristics of the 12 patients enrolled in this
study are listed in Table 2. The median age was 67 years
(range, 42 to 73 years) and five patients showed perfor-
mance status 0, while six patients showed performance
status 1. Six patients had received previous chemo-

Table 1. Dosage levels

Dosage level TXT (mg/m2) CPT-11 (mg/m2) No. of enrolled patients

1 30 50 3
2 35 50 3
3 40 50 6
4 40 60 None
5 50 60 None

TXT, docetaxel; CPT-11, irinotecan
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therapy, and all those regimens had included 5-FU or its
derivatives (Table 2).

All patients completed the first cycle of therapy and
were assessable for toxicity. All of the toxicities ob-
served during the first cycle of chemotherapy are listed
in Tables 3 and 4. On level 3, one patient met the
protocol-specified criteria for DLT, and that was grade
4 neutropenia lasting at least 3 days. This patient recov-
ered from neutropenia with the administration of G-
CSF, and the chemotherapy was able to be continued at
the dosages of level 2 from the next cycle of therapy, for
four courses. Three other patients enrolled at level 3
developed grade 3 neutropenia in the second cycle. In
two of the three patients, the drug administrations were
delayed for less than 7 days, beginning again on day 15
of the second cycle in one patient, and on day 1 of the
third cycle in another patient.

In this study, dose-escalation of TXT and CPT-11 was
conducted to level 3, and the MTD had not yet been
decided due to the absence of DLTs during the first
cycle of therapy. On level 3, however, therapy after the
second cycle was not carried out according to the sched-
ule in about half of the patients. We concluded that the
recommended dosages of TXT and CPT-11 were those
of level 2.

In this phase I study, the efficacy of the therapy was
also evaluated, and the results are shown in Table 5.
This combination therapy was effective in one-third of
the patients on levels 2 and 3. The overall response rate
was 25%. Moreover, the response rate in the patients
with previous chemotherapy was 50%, and all of the
previous chemotherapies included 5-FU or its deriva-
tives (Table 2).

Discussion

Both TXT and CPT-11 are anticancer drugs with unique
mechanisms of action, compared with other drugs used
in the treatment of gastric cancer, such as 5-FU, doxoru-
bicin, cisplatin, and mitomycin C. TXT is a mitotic
spindle poison that promotes tubulin polymerization
and inhibits depolymerization of microtubules [16].
CPT-11 is converted to SN-38, and SN-38 inhibits DNA
topoisomerase I and the division of cancer cells [17,18].
TXT and CPT-11 have different mechanisms of action,
and the combination of both drugs is expected to have
additional or synergic effects. The toxicity common to
both drugs is neutropenia, and it is severe in every 3-
week schedule of TXT which is recommended, in terms
of the dose intensity as the standard regimen [11,12,14].
Recently, Burstein et al. [22] reported that the adminis-
tration of TXT on a weekly schedule was effective and
well tolerated in women with metastatic breast cancer.
Their data show that decreasing the amount of the drug
and shortening the interval between administrations

Table 2. Patient characteristics

Characteristic No. of patients

Patients enrolled 12
Male 10
Female 2

Age (years)
Median 67
Range 42–73

PS
0 5
1 6
2 1

Prior chemotherapy
No 6
Yes 6

5�-DFUR 1
TS-1 3
CDDP � TS-1 1
FP 1

PS, performance status; 5� DFUR, doxifluridine; TS-1, tegafur ·
gimeracil · oteracil potassium; CDDP, cisplatin; FP, combination
therapy of 5-fluorouracil (FU) and cisplatin

Table 3. Hematologic adverse reactions

Grade (ECOG)

Dosage No. of
of adverse reaction

Incidence of
Toxicity level patients 1 2 3 4 grade 4 (%)

Leukopenia 1 3 1 0 0 0 0
2 3 0 1 1 0 0
3 6 3 0 1 0 0

Neutropenia 1 3 0 1 0 0 0
2 3 0 1 1 0 0
3 6 1 1 1 1 16.6

Thrombocytopenia 1 3 0 0 0 0 0
2 3 0 0 0 0 0
3 6 0 0 0 0 0

ECOG, Eastern Clinical Oncology Group
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makes it possible to maintain the efficacy but avoid the
neutropenia. For these reasons, we designed a biweekly
administration of TXT and CPT-11 in patients with
inoperable or recurrent gastric cancer.

In this dose-escalation study, the MTD could not be
determined, due to the absence of DLTs. There was
also no grade 3 or 4 nonhematologic toxicity, but some
patients could not continue the treatment after the
second cycle according to the administration schedule
(level 3). Moreover, the efficacy of the treatment was
observed on level 2. It might be possible to escalate the
dosage of CPT-11, fixing TXT at 35mg/m2, but this
should be studied in another trial in future. Therefore,
we decided that 40mg/m2 of TXT and 50mg/m2 of CPT-
11 was a nontolerable dose for continuing the treat-
ment, and we recommend 35mg/m2 of TXT and 50mg/
m2 of CPT-11 for the phase II study of this combination
therapy.

Recent treatment regimens under development for
advanced gastric cancer include the following combina-

tions: cisplatin/5-FU (FP) [3], sequential high-dose
methotrexate and 5-FU/doxorubicin (FAMTX) [4],
etoposide/leucovorin/5-FU (ELF) [5], epi-doxorubicin/
cisplatin/5-FU (ECF) [6], and variants of these regi-
mens. Wils et al. [7] reported that FAMTX had signifi-
cant clinical benefits in terms of response and survival
compared with doxorubicin/mitomycin C/5-FU (FAM),
which is a classical regimen. Kim et al. [8] reported that
FP had a significant benefit in terms of response com-
pared with FAM and 5-FU only, but there was no differ-
ence in survival. In the European Organization for
Research and Treatment of Cancer (EORTC) phase III
study comparing FAMTX, ELF, and FP, no significant
differences in response or survival have been found to
date between the three treatment regimens [9]. Webb et
al. [10] reported that ECF showed significant clinical
benefits in terms of response and survival compared
with FAMTX. At present no one combination treat-
ment regimen is recognized as the standard for gastric
cancer, but all candidates include 5-FU or its deriva-

Table 4. Nonhematologic adverse reactions

Grade (ECOG)

Dosage No. of
of adverse reaction

Incidence of
Toxicity level patients 1 2 3 4 grade 4 (%)

Nausea 1 3 1 0 0 0 0
2 3 1 1 0 0 0
3 6 2 1 0 0 0

Vomiting 1 3 0 0 0 0 0
2 3 1 0 0 0 0
3 6 2 0 0 0 0

Diarrhea 1 3 0 0 0 0 0
2 3 1 0 0 0 0
3 6 0 1 0 0 0

Appetite loss 1 3 1 1 0 0 0
2 3 0 0 1 0 33.3
3 6 2 0 1 0 16.6

Neuropathy (sensory) 1 3 0 0 0 0 0
2 3 1 0 0 0 0
3 6 0 0 0 0 0

Table 5. Objective response

No. of patients with

Previous No. of
each clinical response

Dosage level chemotherapy patients CR PR SD PD Response rate (%)

1 3 0 0 2 1 0
2 3 0 1 2 0 33.3
3 6 0 2 1 3 33.3

No 6 0 0 3 3 0
Yes 6 0 3 2 1 50

Overall 12 0 3 5 4 25

CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease
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tives. Our combination treatment does not include 5-
FU or its derivatives, and in spite of the very small study
population, our combination treatment showed a high
response rate in patients with previous chemotherapy
that involved 5-FU or its derivatives. This result shows
that the combination of TXT and CPT-11 has potential
as a second-line treatment for patients who have failed
to respond to regimens including 5-FU.

In conclusion, we conducted biweekly administration
of TXT and CPT-11, and the recommended dosages
were 35mg/m2 of TXT and 50mg/m2 of CPT-11. This
combination seems to have potential as a second-line
treatment in patients with inoperable or recurrent gas-
tric cancer. A phase II study of this combination has
been started.
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