
Abstract. The response of gastric cancer with peritoneal
dissemination to systemic chemotherapy may be negatively
affected by poor drug delivery due to the blood-peritoneal
barrier. However, S-1 has been reported to be effective. We
examined the pharmacokinetics of S-1 in 14 patients who had
gastric cancer with peritoneal dissemination. S-1 was given
from the morning of the day before surgery to the morning of
surgery. Concentrations of 5-fluorouracil (5-FU) and gimeracil
(CDHP) were measured in the serum, ascites, disseminated
peritoneal nodes, and normal peritoneum. There was a strong
correlation between 5-FU and CDHP concentrations in
peritoneal tissues. The concentrations of 5-FU and CDHP in
the serum were similar to those in ascites. The concentration
of 5-FU was significantly higher in disseminated nodes than
in the normal peritoneum. After administration of S-1 to
gastric cancer patients with peritoneal dissemination, 5-FU
and CDHP in the serum linearly pass through the peritoneum
and enter the ascites. High concentrations of 5-FU selectively
penetrate disseminated peritoneal cells.

Introduction

Peritoneal dissemination is the most frequent cause of death
from gastric cancer (1). Although systemic chemotherapy (2-5),
intraperitoneal chemotherapy (6-8), and thermochemotherapy
(9-12) have been used to manage peritoneal dissemination,
the response rate has fallen short of expectations. A poor
response rate has been attributed to the inadequate passage of
systemically administered anticancer drugs to peritoneal
tissues (13) and the prompt absorption of intraperitoneally
administered drugs from the peritoneum, resulting in low
drug concentrations in the peritoneal cavity (14). 

S-1 was developed as an oral anticancer drug for the
treatment of gastric cancer. S-1 consists of tegafur (a prodrug

of 5-FU), CDHP (an inhibitor of 5-FU metabolizing enzymes),
and oteracil potassium, which specifically reduces gastro-
intestinal toxicity due to 5-FU, in a molar ratio of 1.0:0.4:1.0
(15). S-1 has proved to be clinically effective (16-18). Studies
have demonstrated that S-1 maintains the quality of life of
patients who have gastric cancer with peritoneal dissemination
(19-22). The response of peritoneal dissemination from gastric
cancer to systemic chemotherapy may be negatively affected
by poor drug delivery due to the intraperitoneal blood-
peritoneal barrier (13). Available evidence indicates that S-1
is more effective than conventional chemotherapy against
peritoneal dissemination. Experiments using a model of
peritoneal dissemination from gastric cancer in nude mice
have shown that S-1 penetrates the peritoneum and prolongs
survival (23,24). We undertook this study to determine whether
S-1 penetrates disseminated peritoneal nodes in patients with
gastric cancer.

Materials and methods

Patients. We studied 14 adults younger than 75 years who
had no complications and underwent surgery for a preoperative
diagnosis of advanced gastric cancer invading the serosa (T3)
or deeper by Japanese Classification of Gastric Carcinoma (25)
between April 2003 and March 2004 (Table I). The study
protocol was reviewed and approved by the Medical Ethics
Committee of the Yokohama City University, School of
Medicine. Fully informed consent was obtained from all
patients participating in the study.

Sample collection. S-1 was given in a dose of 80-120 mg/day
in two divided doses, calculated on the basis of body surface
area, on the day before surgery and about 3.5 h before the
scheduled time of surgery. During surgery, samples of the
serum, ascites, disseminated parietal peritoneal nodes,
disseminated mesenteric nodes, normal parietal peritoneum,
normal mesentery, and greater omentum were obtained,
approximately 4 h after the administration of S-1. In patients
who underwent gastrectomy, samples of gastric cancer tissue
and normal gastric mucosa were obtained. All specimens
were stored at -80˚C immediately after collection.

Measurement of 5-fluorouracil (5-FU) and gimeracil (CDHP).
Tissues were homogenized in 3 volumes of ice-cold saline
and centrifuged at 10000 x g for 20 min. The obtained super-
natants were considered crude extracts containing 5-FU and
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CDHP. To 0.1 ml of known amounts of the internal standard
(ID) solution, 1 ml of the serum, ascites or crude extracts was
added, and the mixture was shaken with 5 ml of chloroform.
The mixture was then centrifuged at 3000 rpm for 10 min,
and the organic layer was removed. The aqueous layer
containing 5-FU or CDHP was treated twice with 4 ml of
ethyl acetate, and the two organic extracts were combined
and evaporated at 50˚C under a gentle stream of nitrogen gas.
The residue was dissolved in distilled water and passed
through a 0.45-micron filter. The 5-FU content of the filtrates
was determined by reverse-phase high-performance liquid
chromatography (Gulliver HPLC System, Jasco Co. Ltd.,
Tokyo, Japan). Aliquots of the samples were then applied to
a column (4.6 ID x 250 mm) of Chemcosorb 300-5C18
(Chemco Co. Ltd., Osaka, Japan) under the following
chromatographic conditions: monitoring wavelength, 270 nm;
flow rate, 1 ml/min; and mobile phase, 20 mM monopotassium
phosphate solution (pH 4.5).

Variables. We compared concentrations of 5-FU and CDHP
in serum and gastric cancer tissue with those in normal
gastric mucosa, and concentrations of 5-FU with those of
CDHP in the parietal peritoneum, mesentery, and greater
omentum; sites at risk of peritoneal dissemination from gastric
cancer. We also examined the correlation between 5-FU and
CDHP concentrations in peritoneal tissues and compared 5-FU
and CDHP concentrations in the peritoneum and disseminated
nodes. 

Statistical analysis. The Wilcoxon signed-rank test was used
to compare 5-FU and CDHP concentrations in gastric cancer
tissue and normal gastric mucosa, and 5-FU and CDHP
concentrations among the parietal peritoneum, mesentery,
and greater omentum. The Student's t-test was used to
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Table I. Patient characteristics by Japanese Classification of Gastric Carcinoma.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Age/ Conclusive
Patient Gender Microscopic and surgical findings stage
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
1 71 M t3 n2 P0 H0 M0 IIIb
2 59 M t3 n3 P1 H0 M0 IV
3 66 M t4 n1 P0 H0 M0 IV
4 73 F T4 N3 P1 H0 M0 IV
5 55 M t3 n3 P0 H0 M1 IV
6 72 M t3 n1 P0 H0 M0 IIIa
7 68 F t3 n1 P0 H0 M0 IIIa
8 75 M t3 n2 P0 H0 M0 IIIb
9 62 F t3 n0 P0 H0 M0 IIIa

10 72 M t3 n2 P0 H0 M0 IIIb
11 70 M t4 n2 P0 H0 M0 IV
12 74 M t3 n3 P1 H0 M0 IV
13 58 M t3 n2 P0 H0 M0 IIIb
14 45 M t3 n2 P0 H0 M0 IIIb
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 

Figure 1. Concentrations of 5-FU and CDHP in serum. Serum concentrations
of 5-fluorouracil (a) and CDHP (b) were 100.8±48.5 and 164.8±80.7 ng/ml,
respectively, 4 h after oral administration of S-1. 5-FU, 5-fluorouracil;
CDHP, gimeracil. Figure 2. Concentrations of 5-FU and CDHP in gastric cancer tissue and

normal gastric mucosa. (a) The 5-FU concentration in gastric cancer tissue
was significantly higher than that in normal gastric mucosa (p=0.049). (b) The
CDHP concentration did not differ significantly between gastric cancer tissue
and normal mucosa. 
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compare concentrations of 5-FU or CDHP in the peritoneum
and disseminated nodes. A p-value of <0.05 was considered
significant. The Pearson correlation-coefficient analysis was
used to assess the association between 5-FU and CDHP
concentrations in peritoneal tissues. The data were analyzed
with StatView 5.0. 

Results

Concentrations of 5-FU and CDHP in serum. Serum
concentrations of 5-FU and CDHP, 4 h after the oral admin-
istration of TS-1 were 100.8±48.5 and 164.8±80.7 ng/ml,
respectively. The serum 5-FU concentration was above
50 ng/ml, which was considered the minimal effective level
of 5-FU (Fig. 1).

Comparison of 5-FU and CDHP concentrations in gastric
cancer tissue and normal gastric mucosa. Concentrations of
5-FU and CDHP were compared in gastric cancer tissue
and normal gastric mucosa in 12 patients who underwent
gastrectomy. CDHP concentrations did not differ significantly
between gastric cancer and normal mucosa. The 5-FU
concentration in gastric cancer was significantly higher than

that in normal mucosa (p=0.049), suggesting that 5-FU
selectively penetrated gastric cancer tissue  (Fig. 2).

Comparison of 5-FU and CDHP concentrations among the
parietal peritoneum, mesentery, and greater omentum.
Concentrations of both 5-FU and CDHP were highest in the
parietal peritoneum, followed by the mesentery, and greater
omentum. The differences among all three sites were significant
for both 5-FU and CDHP concentrations (Fig. 3). 

Correlation between 5-FU and CDHP concentrations in the
peritoneum. There was a strong correlation between 5-FU and
CDHP concentrations in the peritoneum (r=0.918), suggesting
that the concentration of 5-FU in peritoneal tissues depended
on the concentration of CDHP (Fig. 4).

Comparison of 5-FU and CDHP concentrations in the serum
and ascites. We measured concentrations of 5-FU and CDHP
in 12 patients in whom an adequate volume of ascites for
assay was obtained. Concentrations of 5-FU and CDHP in
serum were similar to those in the ascites of all patients,
suggesting that 5-FU and CDHP linearly passed from serum
to ascites (Fig. 5).

Comparison of 5-FU and CDHP concentrations in dis-
seminated nodes and the nearby peritoneum. We measured the
concentrations of 5-FU and CDHP in 5 sites of disseminated
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Figure 3. Comparison of 5-FU and CDHP concentrations among the parietal
peritoneum, mesentery, and greater omentum. Concentrations of 5-FU (a)
and CDHP (b) were highest in the parietal peritoneum, followed by the
mesentery and greater omentum; sites at risk for peritoneal dissemination. 

Figure 4. Correlation between 5-FU and CDHP concentrations in the
peritoneum. There was a strong correlation between the 5-FU and CDHP
concentrations in peritoneal tissue (r=0.918).

Figure 5. Comparison of 5-FU and CDHP concentrations in the serum and ascites. The concentrations of 5-FU and CDHP in serum were similar to those in
the ascites of all patients, suggesting that 5-FU and CDHP linearly passed from serum to ascites.
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nodes and the nearby peritoneum in 3 patients in whom
disseminated peritoneal nodes were obtained. The CDHP
concentration did not differ significantly between disseminated
peritoneal nodes and nearby peritoneum. In contrast, the
5-FU concentration was significantly higher in disseminated
nodes than in the nearby peritoneum (p=0.0496), suggesting
that 5-FU selectively penetrated disseminated peritoneal
nodes (Fig. 6).

Discussion

Peritoneal dissemination is the most frequent cause of death
from gastric cancer, accounting for death in 20-40% of
patients (1). The management of peritoneal dissemination
from gastric cancer is thus an important determinant of out-
come. Various treatments including systemic chemotherapy
(2-5), intraperitoneal chemotherapy (6-8) and thermo-
chemotherapy (9-12) have been attempted.

Yomemura et al reported that combination chemotherapy
with cisplatin, mitomycin C, UFT, and etoposide had a high
overall response rate (55%), but a low response rate for
peritoneal dissemination (28%) (2). That study and a study of
combination chemotherapy with etoposide, adriamycin, and
cisplatin by Wilke et al showed no improvement in survival
with either regimen in patients with peritoneal dissemination
(3). A phase II study of sequential methotrexate and 5-FU
chemotherapy against peritoneally disseminated gastric
cancer had a low response rate (5.7%) (5). Sugarbaker
et al ascribed the poor therapeutic response of peritoneal
dissemination to systemic chemotherapy to the blood-
peritoneal barrier, consisting of the endothelium, mesentery,
and intervening stromal tissue, which separates the
cardiovascular system from the peritoneal cavity (13). This
barrier negatively affects drug delivery via the bloodstream
in patients receiving systemic chemotherapy.

One advantage of intraperitoneally administered anti-
cancer agents was formerly believed to be direct exposure of
peritoneal dissemination to high drug concentrations.
However, subsequent studies have shown that anticancer

drugs are rapidly absorbed by the peritoneum, resulting in a
short duration of active drug concentrations in the peritoneal
cavity (14). To solve this problem, Takahashi et al proposed
a drug delivery system in which mitomycin C bound to
activated carbon particles is intraperitoneally injected (7).

Techniques for thermochemotherapy have been developed
to take advantage of synergistic effects of thermotherapy and
chemotherapy against cancer cells. Koga et al reported that
continuous hyperthermic peritoneal perfusion (CHPP) with
mitomycin C immediately after surgery improves survival and
reduces the rate of recurrence from peritoneal dissemination
(9). A randomized, controlled trial by Yonemura et al showed
that the rate of survival at 5 years was significantly improved
by CHPP (10). However, Hamazoe et al and Kunisaki et al
found no significant improvement in the survival rate
(11,12). Thus, the therapeutic effectiveness of CHPP remains
controversial.

Fujimura et al suggested that subtotal peritoneotomy
plus CHPP is significantly more effective than CHPP alone
for gastric cancer with peritoneal dissemination (26).
However, given the difficult surgical procedure, high risk of
complications, and patients' postoperative quality of life,
subtotal peritoneotomy plus CHPP falls short of the require-
ments for standard therapy for gastric cancer with peritoneal
dissemination. 

Since the late 1990s, several new anticancer drugs have
been developed. S-1 was developed as an oral anticancer
drug for the treatment of gastric cancer. S-1 consists of
tegafur (a prodrug of 5-FU), CDHP (an inhibitor of 5-FU
metabolizing enzymes), and oteracil potassium, which
specifically reduces gastrointestinal toxicity due to 5-FU, in a
molar ratio of 1.0:0.4:1.0 (15). Several studies have reported
that S-1 is effective against advanced and recurrent gastric
cancer, including cases with peritoneal dissemination (16-22).
S-1 is characterized by high therapeutic effectiveness, without
compromising patient quality of life. Systemic chemotherapy
with conventional anticancer drugs is considered of limited
value for the treatment of peritoneal dissemination from
gastric cancer because of poor drug penetration of the blood-
peritoneal barrier (13). However, S-1 promises to be more
effective than conventional systemic chemotherapy against
peritoneal dissemination. Yoshikawa et al and Yamagata et al
reported that S-1 prolonged survival in a model of gastric
cancer with peritoneal dissemination in nude mice (23,24).
Those studies also showed high penetration of ascites by 5-FU.
We therefore conducted this study to examine the penetration
of S-1 to disseminated peritoneal nodes in patients with gastric
cancer.

Our study group comprised patients with tumor invasion
of the serosa or deeper on preoperative examination, and a
high risk of peritoneal dissemination. On the basis of serum
concentrations of 5-FU after the oral administration of S-1
and the fact that the peak concentration of 5-FU in tissue was
reached approximately 4 h after treatment, S-1 was given 4 h
before tissue collection on the day of surgery (16).

In our study, the serum 5-FU concentration 4 h after oral
administration of S-1 was maintained at 50 μg/ml, the minimal
effective concentration of 5-FU. After oral administration of
S-1, the peak concentration of 5-FU in serum is reached in
approximately 1 h, followed by a gradual decline in the serum
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Figure 6. Comparison of 5-FU and CDHP concentrations in disseminated
nodes and nearby peritoneum. The concentration of 5-FU was significantly
higher in disseminated nodes than in the nearby peritoneum (p=0.0496)
suggesting that 5-FU selectively penetrated disseminated nodes (a).
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drug level. Effective serum concentrations of 5-FU are
maintained for a longer time after oral S-1 than after other oral
5-FU derivatives because CDHP inhibits 5-FU metabolism
by dihydropyrimidine dehydrogenase (DPD) (16). 

Comparison of 5-FU and CDHP concentrations between
gastric cancer tissue and normal gastric mucosa revealed no
significant difference in the concentration of CDHP. In
contrast, the concentration of 5-FU was significantly higher
in gastric cancer tissue than in normal mucosa, suggesting
that 5-FU selectively penetrated gastric cancer tissue and was
present in effective concentrations.

Concentrations of 5-FU and CDHP were highest in the
parietal peritoneum, followed by the mesentery and greater
omentum. The observed differences in drug concentrations
might be related to the blood flow distribution and cell density
of each type of tissue. There was a strong correlation between
5-FU and CDHP concentrations in peritoneal tissues (r=0.918),
suggesting that the passage of 5-FU through the peritoneum
depends on the concentration of CDHP.

We next examined the passage of 5-FU and CDHP from
blood to ascites. Concentrations of 5-FU and CDHP in ascites
were similar to those in serum, indicating that 5-FU and
CDHP linearly passed from serum to ascites via the
peritoneum. Thus, the theory that the delivery of systemically
administered anticancer agents is negatively affected by the
blood-peritoneal barrier does not apply to S-1. After the
administration of S-1, 5-FU and CDHP directly pass from
blood to ascites through the peritoneum, acting as a ‘sieve.’
After systemic administration of conventional 5-FU derivatives,
5-FU is metabolized by DPD in peritoneal tissues on passage
from capillaries supplying the peritoneum to the peritoneal
cavity. In contrast, after oral administration of S-1, CDHP
passes through the peritoneum with 5-FU, inhibiting its
metabolism. Both 5-FU and CDHP are linearly transferred to
the ascites. This mechanism may contribute to the effective-
ness of S-1 for peritoneal dissemination. Intraperitoneally
administered anticancer drugs are rapidly absorbed, resulting
in a low drug concentration in the peritoneal cavity. However,
previous studies showing prolonged effective concentrations
of 5-FU and CDHP in serum after oral S-1 (16), and our
results demonstrating similar concentrations of 5-FU and
CDHP in serum and ascites, suggest that high intraperitoneal
concentrations of 5-FU are maintained for a prolonged time
after the oral administration of S-1.

When we compared 5-FU and CDHP concentrations
between disseminated nodes and the nearby peritoneum, the
5-FU concentration was significantly higher in disseminated
nodes than in nearby peritoneum, whereas the CDHP
concentration did not differ. This may be attributed to the
fact that the metabolism of 5-FU, which has a high affinity
for gastric cancer cells, was inhibited by CDHP uptake in
disseminated nodes, resulting in prolonged, high concentrations
of 5-FU in disseminated nodes.

In conclusion, our results show that 5-FU in blood linearly
passes through the peritoneum and enters ascites after oral
administration of S-1 to patients who have gastric cancer
with peritoneal dissemination. CDHP-induced inhibition of
5-FU metabolism by DPD has an important role in the
delivery of 5-FU to peritoneal tissues. High concentrations of
5-FU are selectively transferred to peritoneal disseminated

cells, contributing to the effectiveness of S-1 for gastric
cancer with peritoneal dissemination.
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