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A Preliminary Study of Single Intraperitoneal Administration
of Paclitaxel Followed by Sequential Systemic
Chemotherapy with S-1 plus Paclitaxel for Advanced
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Abstract. Aim: A preliminary study with the aim of evaluating
the safety and efficacy of a single intraperitoneal
administration of paclitaxel, combined with intravenous
administration of paclitaxel plus S-1, was carried out in gastric
cancer patients with peritoneal metastasis. Patients and
Methods: Paclitaxel was administered intraperitoneally at 80
mg/mz. After one to two weeks, S-1 was administered at 80
mg/mz/day for 14 consecutive days, followed by seven days’
rest. Paclitaxel was administered intravenously at
50 mg/m2 on days 1 and 8. The safety, pharmacokinetic
analysis and efficacy of this therapy were investigated. Results:
Fifteen patients were enrolled in this study. The toxic effects of
the intraperitoneal chemotherapy were mild. The toxic effects
with the systemic chemotherapy were acceptable. The ratio of
(AUC peri)/(AUC pla) was 1065:1 in the pharmacokinetic
analysis. The one-year overall survival rate was 10/15 (66.7%).
Conclusion: A single intraperitoneal administration of
paclitaxel combined with intravenous administration of
paclitaxel plus S-1 is a well-tolerated and feasible treatment
for patients with gastric cancer with peritoneal metastasis.

Gastric cancer (GC) is one of the leading causes of cancer
deaths worldwide (1), and one of the most frequent causes of
death from gastric cancer is peritoneal metastasis (PM) (2).
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In a multicenter prospective study of patients with GC with
PM, the median survival time was only 3.1 months (2); no
standard therapy has been established for such patients (3, 4).

Intraperitoneal (i.p.) administration of paclitaxel was
developed to enhance antitumor activity against PM. The
clearance of paclitaxel from the peritoneal cavity is delayed
due to its high molecular weight and bulky structure, and the
advantage of intraperitoneal exposure to paclitaxel has been
demonstrated through high intraperitoneal/plasma ratios by
investigations looking at the area under the drug
concentration -time curve (AUC) (5, 6).

However, this treatment has two problems. One concerns
the antitumor effect on disseminated lesions in the
peritoneum, because penetration of i.p. paclitaxel into the
peritoneal surfaces is limited and the effective diffusion
distance into the tissues has been reported to be just 100 pm
(7). Therefore, i.p. paclitaxel is less effective in treating large
disseminated lesions. The other disadvantage concerns the
antitumor effects on the primary tumor or the metastatic
lesions. i.p. paclitaxel is not effective against such neoplasms
because the clearance of paclitaxel from the peritoneal cavity
is delayed. Therefore, to enhance the therapeutic effect of
paclitaxel, combination therapy with systemic chemotherapy
would be required.

S-1 is a combination of tegafur, gimeracil and oteracil at a
molar ratio of 1:0.4:1, and is designed to have an enhanced
antitumor effect and to reduce gastrointestinal toxicity (8).
In recent phase III studies on unresectable and/or recurrent
GC, S-1 demonstrated significant activity and led to a
response rate (RR) of 27-31% and median survival times
(MST) of 10.5-11.4 months (9, 10). Paclitaxel has been
administered to patients with GC, and the RR was reported
to be 22-40%, with an MST of 8.0-8.6 months (11, 12).
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Paclitaxel and S-1 have two favourable characteristics for
the treatment of PM, namely a high efficacy against diffuse-
type adenocarcinomas that can easily disseminate into the
peritoneum, and a high penetration rate into the peritoneal
cavity (13, 14). Additionally, several clinical trials have
already reported on the safety and efficacy of S-1 plus
paclitaxel combination therapy (15, 16). Therefore, combined
treatment with i.p. paclitaxel and systemic S-1 plus paclitaxel
has the potential to overcome the problems associated with
i.p. paclitaxel monotherapy.

In this preliminary study, the safety and efficacy of our
new regimen (a single i.p. paclitaxel administration followed
by systemic chemotherapy of S-1 plus intravenous paclitaxel)
were evaluated for the treatment of PM of GC.

Patients and Methods

Patients. Patients were enrolled in this study between May 2003 and
December 2004. During this period, we performed staging
laparoscopy for the patients in whom the presence of PM was
suspected, but who lacked non-curative factors, such as distant
metastasis to liver, lung, or lymph nodes except for the possibility of
PM. In these patients, the eligibility criteria required for enrolment
in this study included: i) adequate bone marrow function (leucocyte
count of 3,000-12,000 mm3, neutrophil count >1500/mm3, and
platelet count >100,000/mm3); ii) adequate liver function (total
serum bilirubin <1.5 mg/dl and serum transaminase <two times the
normal upper limit); iii) adequate renal function (serum creatinine
<1.5 mg/dl); iv) Eastern Clinical Oncology Group scale
performance status of 1 or less; v) age 20-75 years; vi) no other
severe medical conditions or active malignancies; and vii) no
previous systemic chemotherapy.

In accordance with the ethical standards of the committee
responsible for human experimentation and with the Helsinki
Declaration of 1975, as revised in 1983, written informed consent
was obtained from patients before the initiation of treatment. Patients
who were expected to be eligible were informed before treatment
about the therapeutic strategy, emphasizing its potential benefits as
well as the possible risks of mortality and morbidity. Informed
consent was obtained from all patients at the time of laparocsopy.

Treatment. For the patients with PM, paclitaxel diluted in 1 I of normal
saline was administered intraperitoneally at a dose of 80 mg/m? at the
end of staging laparoscopy (5). After one to two weeks, S-1 was
administered orally twice, daily at a dose of 80 mg/m?/day for 14
consecutive days, followed by seven days’ rest. Paclitaxel was
administered intravenously at a dose of 50 mg/m2 on days 1 and 8
(15). The cycle was repeated every three weeks until observation of
unacceptable toxicity or disease progression.

Evaluation of toxicity. Toxicity was measured using the common
toxicity criteria of the National Cancer Institute, Version 2.0 (17).

Pharmacokinetic analysis. Pharmacokinetic studies were performed
on 8 patients who gave informed consent. Peritoneal samples and
plasma samples were obtained during drug administration and 0.5,
1,2, 3,4, 6,24 and 48 h after drug instillation. Samples were
collected in heparinised tubes, centrifuged, and the supernatants
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Table 1. Patients’ characteristics.

Characteristic Value
Median age, years (range) 60 (22-75)
Male/female 9/6
ECOG performance status 0/1 13/2
Histological type (n=15)
Intestinal 3
Diffuse 12

ECOG: Eastern Cooperative Oncology Group; histopathologic typing:
based on Lauren’s system.

were stored at —20°C, until required. Paclitaxel concentrations were
measured using a high-performance liquid chromatography assay,
as previously described (18). The AUC from 0-48 h in the peritoneal
fluid (AUC peri, 0-48 h) and in plasma (AUC pla, 0-48 h) was
estimated using the trapezoidal method.

Progression onset regions (POR). PORs were determined as initial
progressive regions and/or new occurrence of metastatic lesions on
multi-detector row computed-tomography.

Survival analysis. Survival analyses were performed using the
Kaplan -Meier method. The follow-up period was determined from
the date of staging laparoscopy to death. Survival analysis was
conducted using the statistical software GraphPad Prism 5
(GraphPad Software Inc., San Diego, CA, USA).

Results

Patients’ characteristics. Between May 2003 and December
2004, we performed staging laparoscopy in 22 patients. Of
these patients, 15 were enrolled in this study and fully
evaluated for toxicity, and the overall survival (OS) rate was
calculated. Follow-up time was 5.25 years (to March 2010)
after the end of registration. Patients’ characteristics are
listed in Table I.

Safety. The patients underwent a median of eight cycles, with
a range from 2 to 20, and systemic chemotherapy was
discontinued in all patients due to disease progression.

Hematological and non-hematological toxic effects are listed
in Table II. The incidence of grade 3 hematological and non-
hematological effects of i.p. chemotherapy was 13.3% and 0%,
respectively, and these effects included anemia (6.6%) and
leucopenia (6.6%). No grade 4 toxic effects were observed.
Furthermore, in systemic chemotherapy, the incidence of grade
3 or 4 hematological and non-hematological effects was 53.3%
and 0%, respectively, and such effects included anemia (20%),
leucopenia (20%), neutropenia (26.6%) and elevated aspartate
aminotransferase and alanine aminotransferase (6.6%). None
of the patients experienced abdominal pain (Table II). No
treatment-related death occurred.
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Table II. Adverse events associated with intraperitoneal and systemic chemotherapy.

No. of patients (%)

Intraperitoneal chemotherapy

Systemic chemotherapy

Grade (CTCAE v2.0) 1 2 3 4 3/4 1 2 3 4 3/4

Hematological toxicity
Anemia 2(133) 1(6.6) 1(66) 0(0) 1 (6.6) 1 (6.6) 3 (20) 2 (13.3) 1(6.6) 3 (20)
Leucopenia 1 (6.6) 0 (0) 0(0) 0 (0) 0(0) 2(133)  3(20) 3 (20) 0 (0) 3 (20)
Neutropenia 1 (6.6) 0 (0) 1(66) 0(0) 1(66) 3(20) 2(13.3) 3 (20) 1 (6.6) 4 (26.6)
Thrombocytopenia 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
AST elevation 3 (20) 0(0) 0 (0) 0 (0) 0 (0) 4(26.6) 0(0) 1 (6.6) 0 (0) 1 (6.6)
ALT elevation 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (6.6) 1 (6.6) 0 (0) 1 (6.6)
Biliburin 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1(6.6) 2 (13.3) 1(6.6) 0 (0) 1(6.6)
Creatinine 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 2(133)  0(0) 0 (0) 0 (0) 0 (0)

Non-hematological toxicities
Fatigue 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 2 (13.3) 0(0) 0 (0) 0 (0) 0 (0)
Anorexia 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 4(26.6) 0(0) 0 (0) 0 (0) 0 (0)
Nausea/vomiting 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 2 (13.3) 0(0) 0 (0) 0 (0) 0 (0)
Diarrhea 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 2 (13.3) 0(0) 0 (0) 0 (0) 0 (0)
Abdominal pain 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Neuropathy-sensory 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 3 (20) 0 (0) 0 (0) 0 (0) 0 (0)

AST: Asparatate aminotransferase; ALT:alanine aminotransferase.

Pharmacokinetic analysis. High i.,p. drug concentrations
were observed over a long period. The maximal ip.
concentration was, on average, 238.3-times higher than the
maximal plasma concentration, which was reached after 2 h.
The ratio of AUC peri/AUC pla was 1065:1. Figure 1 shows
the curves of mean (£SD) i,p. and plasma paclitaxel
concentrations versus time in these patients.

Overall survival (OS). The OS was calculated for all 15
patients, and the one-year OS rate was 10/15 (66.7%), the
two-year OS rate was 4/15 (26.7%), and the median survival
time (MST) was 15.8 months (Figure 2).

PORs. Most region as POR was the primary tumor (8/15,
53.3%). Surprisingly, the patients who had malignant ascites
as POR only comprised 33.3% (5/15). The remaining two
patients had liver metastasis as POR.

Discussion

In this study, since grade 3 hematological toxic effects were
only observed in two patients (anemia and neutropenia) with a
single i.p. paclitaxel, and because no grade 4 toxicity occurred,
we consider a single administration of i.p. paclitaxel to be a
safe treatment option. With systemic chemotherapy,
neutropenia had been the main toxicity. Previous studies have
reported higher incidence rates of neutropenia and occurrences
of more severe toxicities (15, 16). Additionally, non-
hematological toxicity in the present study was relatively mild,

and no patients discontinued their participation due to severe
adverse events. Thus, we consider this regimen to be a feasible
treatment for patients with advanced GC with PM.

In our study, high i.p. drug concentrations were observed
over a long period and mean peak plasma levels reached the
cytotoxic threshold level of 0.1 pmol/l in pharmacokinetic
analysis. In our previous study on the i.p. chemotherapy after
gastrectomy with en-bloc D2 lymph node dissection, mean
peak plasma levels did not reach the cytotoxic threshold
level. Additionally, the ratio of AUC peri/AUC pla was
reduced by half, compared with the present study (5). The
reason behind these phenomena might be due to
omentectomy. The omentum is the principal site where
ascites are absorbed (19, 20). In brief, absorption of
paclitaxel might be encouraged by the presence of omentum.

Our new regimen led to a one-year OS rate of 66.7% with
an MST of 15.8 months. Recent studies on unresectable
cases or in patients with recurrent GC found one-year OS
rates of about 50% (9, 10). Moreover, because patients with
GC with PM generally have a particularly poor prognosis,
our results are considered encouraging.

In patients with ovarian and gastric cancer with PM, the
clinical efficacy of i.p. paclitaxel has been verified by clinical
trials (21, 22). However, within these trials, it was necessary to
implant a peritoneal access port for multiple i.p. paclitaxel
administrations. In the Gynecological Oncology Group study,
Walker et al. reported that 41.5% of patients (85/205 eligible
patients) had catheter complications or possible i.p. infusion-
or catheter-related problems, and such patients were unable to
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Figure 1. Pharmacokinetic analysis of the intraperitoneal and plasma concentrations of paclitaxel. High intraperitoneal concentrations were
maintained for 48 h, during which time the mean plasma peak levels reached the cytotoxic threshold. The intraperitoneal maximum drug
concentration (Cmax) was, on average, 238.3-times higher than the plasma Cmax. AUC: Area under the blood concentration time curve, T1/2: half-

life period, Cmax: maximum drug concentration.

undergo the full number of i.p. paclitaxel cycles (23). In our
study, a single i.p. administration of paclitaxel, which does not
require a peritoneal access port and has been shown to be
efficacious against free intraperitoneal cancer cells (5) was
used, For these reasons, our new regimen might be excellent.

For our results, the most common POR was the primary
tumor, and not malignant ascites. These patients had an
obstructed stomach due to the increased size of the primary
lesion. Heartgrink et al. stated that palliative gastrectomy
may be beneficial for patients where the tumor load is
restricted to one metastatic site (24). Based on these results
we consider that for these patients, the use of gastrectomy
might improve their prognosis.

Conclusion

In conclusion, our novel regimen was well-tolerated by
patients with GC with PM. A phase II study of its utility
should be conducted.
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Figure 2. Overall survival. Kaplan-Meier survival curves for 15 eligible
patients.
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