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ABSTRACT

Peritoneal metastasis is the most frequent and life-threatening type of
metastasis in patients with advanced gastric cancer. Despite recent
advances in chemotherapeutic agents, any treatment, if adminis-
tered only via the intravenous (IV) route, cannot satisfactorily control
peritoneal metastasis in gastric cancer. Although intraperitoneal (IP)
chemotherapy has been proposed as a treatment option, the clinical
efficacy of IP chemotherapy for peritoneal lesions has not been ex-
amined in gastrointestinal cancer. One hundred patients with gastric
cancer received combination chemotherapy of S-1 plus IV (50 mg/
m2) and IP (20 mg/m2) paclitaxel (PTX) via a subcutaneously im-
planted peritoneal access port. S-1 was administered at 80 mg/m2

per day for 14 consecutive days, followed by 7 days’ rest. Radical
gastrectomy was performed in a salvage setting when macroscopic
curative resection was made feasible by the downstaging achieved
by the combined chemotherapy. The median survival time (MST) of
the patient sample was 23.6 months, with a 1-year survival of 80%.
Combination chemotherapy of S-1 plus IV and IP PTX is well tolerated
and very effective in patients with gastric cancer and peritoneal
metastasis. Systemic chemotherapy combined with repeated IP ad-
ministration of paclitaxel is a promising strategy for peritoneal carci-
nomatosis in gastrointestinal cancer.
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Recently, systemic chemotherapy for unre-
sectable or recurrent gastric cancer has

progressed steadily, and 5-FU-based or cis-
platin-based regimens are generally ac-
cepted as the standard worldwide.1,2 How-
ever, regarding the efficacy of the treatment
against peritoneal metastasis, only a few
phase II studies have been reported, and
no large-scale trials have been performed,
presumably because of the difficulty of
evaluating the response for diffusely dis-
seminated and unmeasuarable peritoneal
lesions. Sequential MTX/5-FU therapy has
been reported to be effective for treating
gastric cancer patients with malignant as-
cites,3 with a 1-year survival rate of 16.2%
in 37 patients. Another study has shown
the efficacy of modified FOLFOX-4, with a
1-year survival of 27.2% in 48 patients with
gastric cancer with malignant ascites.4 Ac-
cording to the low survival rates in these
phase II studies, neither of these regimens
is acceptable as a standard protocol.

Paclitaxel (PTX) is an effective drug for
various types of cancer. It inhibits cell divi-
sion by accelerating the polymerization of
microtubule proteins, followed by stabiliza-
tion and excessive microtubule formation.5

In unresectable or recurrent gastric cancer,
including cases with malignant ascites,
PTX showed good response rates.6–8 Intra-
peritoneal (IP) administration of PTX was
developed to enhance antitumor activity
against peritoneal metastasis by maintain-
ing high concentrations of the drug in the
peritoneal cavity over a long period, and its
clinical effectiveness has been verified by
convincing clinical trials in ovarian cancer
with peritoneal metastasis.9,10 The regimen
including IP PTX was shown to prolong
survival in a recent phase III study11 and
was approved as the recommended regi-
men of the NCI. On the other hand, no
clinical trial has been performed to deter-
mine the effects of PTX on peritoneal me-
tastasis due to gastric cancer, which is

biologically more malignant, although sev-
eral individual cases with dramatic results
have been reported.4,12
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Figure 1. Overall survival of all (n � 100) patients
with peritoneal metastasis due to gastric cancer.
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These facts strongly inspired us to ex-
plore the use of IP PTX in chemotherapy for
the treatment of peritoneal metastasis in
gastric cancer, and thus we developed a
new regimen to add weekly IP PTX to an
established regimen of systemic S-1 and IV
PTX. First, we examined the safety of the
regimen and determined 20 mg/m2 as the
recommended dose (RD) of IP PTX in a
phase I dose-escalation study.13 We then
performed a phase II study of weekly IV and
IP PTX combined with S-1, to evaluate
efficacy and tolerability in gastric cancer
patients with peritoneal metastasis.14 In this
study, we report the results in 100 cases of
peritoneal dissemination due to gastric
cancer treated with this method.

PATIENTS AND METHODS
From 2004 through 2009, macroscopic
peritoneal metastasis was confirmed by
laparotomy or investigative laparoscopy in
100 patients with gastric cancer (80 with
primary tumors, 10 after palliative gastrec-
tomy, and 10 with peritoneal recurrence).
Subcutaneous peritoneal access ports were
implanted in the patients, and a combina-
tion chemotherapy of S-1 plus IV and IP
PTX was administered. The patients re-

ceived 50 mg/m2 IV and 20 mg/m2 IP on
days 1 and 8, respectively. S-1 was admin-
istered at 80 mg/m2 per day for 14 consec-
utive days, followed by 7 days’ rest. The
response was evaluated by CT image for
measurable lesions and additionally by se-
rum tumor marker or peritoneal lavage cy-
tology for unmeasurable lesions. In cases
with a good response, we performed sec-
ond-look laparoscopy and then radical gas-
trectomy in a salvage setting when macro-
scopic curative resection was made
feasible after downstaging by the combined
chemotherapy.

RESULTS
The median number of courses of chemo-
therapy was eight (range, 1–48). The MST
of 100 patients was 23.6 months with a
1-year survival of 80% (Figure 1). As shown
in Figure 2, survival among the 71 patients
with apparent malignant ascites was worse
than that of the 29 patients with no ascitic
fluid (MST; 19.0 months vs. 39.3 months).
However, ascites disappeared completely
in some cases (Figure 3). Similarly, the
MST of 10 patients in whom metastasis was
confined to the adjacent peritoneum (P1)
was 49.6 months, which was significantly

better than that in the other 90 patients, in
whom metastasis was observed in the dis-
tant peritoneum (19.7 months; n � 90).
Partial response was obtained in 17 (59%)
of 29 cases with measureable lesions, and
peritoneal cytology was negative in 86%.

In some cases, the peritoneal nodules
were confirmed to be significantly reduced
in size and appearance by second-look lap-
aroscopy (Figure 4). In those cases, gas-
trectomy was considered and performed in
52 patients. Grade 3/4 neutropenia, leuko-
penia, and anemia were observed in 36%,
20%, and 8% of the cases, respectively,
while nonhematologic toxicities, including
abdominal pain, were rare.

DISCUSSION
Peritoneal dissemination due to gastric
cancer is a grave disease with a short sur-
vival time, and effective treatment strate-
gies are urgently needed. IP administration
of anticancer drugs is an effective method
of treating peritoneal metastasis, as it
brings high concentrations of drugs into
direct contact with the target cancer lesions
in the peritoneal cavity. It has been re-
ported that IP administration of mitomycin
or cisplatin yields no successful therapeutic

Figure 2. Overall survival of patients with or without malignant ascites and different extents of peritoneal dissemination. Ascites was detected in 71 patients by CT scan.
The severity of dissemination was classified by Japanese criteria. P1: metastasis confined to the peritoneum adjacent to the stomach. P2–P3: metastasis detected all over
the abdominal cavity.
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Figure 3. CT images before and after combination chemotherapy in three cases.

Figure 4. Laparoscopic images before and after combination chemotherapy in three cases.
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effect against peritoneal metastasis of gas-

tric cancer, because of immediate absorp-

tion through the peritoneum.15 In contrast,
because of its large molecular size and fat
solubility, PTX is known to be absorbed
slowly through the lymphatic system after
IP administration. Thus, IP PTX was ex-
pected to demonstrate high efficacy against
peritoneal metastasis, because its antitu-
mor effect has been shown to depend on its
concentration and exposure time in exper-
iments in vitro.16

In our series of 100 cases, we found
good response of peritoneal lesions to the
combination of IV and IP administration of
PTX combined with oral S-1 and a signifi-
cant prolongation of survival. In particular,
salvage gastrectomy was performed in 52
patients who showed significant response
to this combination chemotherapy, and the
median survival of those patients was
around 3 years. Since most of the pati-
ents were categorized in relatively severe
cases of peritoneal metastasis, the survival
was much better than that of patients in
recent reports.17,18 Moreover, toxicity was
relatively low, even after the protocol had
continued for months, and port-related
trouble was rare. From our experience, we
conclude that systemic chemotherapy
combined with repeated IP administration
of paclitaxel is a promising strategy for peri-
toneal carcinomatosis in gastrointestinal
cancer.
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