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Abstract. Background: A highly specific antibody against
recombinant human dihydropyrimidine dehydrogenase (DPD)
has been developed to immunohistochemically assess DPD
expression in tumors. A new oral DPD inhibitory
fluoropyrimidine (DIF), S-1, is reportedly effective against
gastric scirrhous carcinoma. Patients and Methods: In this
study, the relationship between immunoreactivity to DPD in
biopsy specimens and the effects of chemotherapy were
investigated in 61 patients treated with first-line
fluoropyrimidine-based chemotherapy (S-1:DIF, 5-FU:nonDIF) for gastric scirrhous carcinoma. Results: The response rate
was significantly higher in patients with DPD-positive tumors
than in those with DPD-negative tumors in the S-1 group
(45.5%, 10.0% : p<0.05), as compared to the 5-FU group
(0%, 5.6%: p=0.398). According to the median survival time,
there was no significant difference between patients with DPDpositive tumors (364 days) and those with DPD-negative
tumors (406 days; p=0.626) in either the S-1 group or the
5-FU group (181 days and 256 days, respectively; p=0.543).
Conclusion: This study indicates that S-1 may be effective even
in gastric scirrhous carcinoma with a high level of DPD activity.
Borrmann-type-4 gastric cancer, clinically synonymous with
gastric scirrhous carcinoma, is generally resistant to systemic
chemotherapy. This type of gastric cancer is characterized
by diffuse malignant lesions with indistinct borders, and is
usually diagnosed at a very advanced stage. High rates of
lymph node metastasis, invasion of neighboring structures
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and peritoneal dissemination pose a great challenge for
medical care. The outcome is usually poor, with 5-year
survival rates ranging from 0% to 20% (1). Although most
gastric scirrhous carcinomas are resistant to conventional
5-fluorouracil (5-FU)-based regimens, several recent case
studies have reported a good response to S-1 (2, 3) Many
studies have demonstrated that dihydropyrimidine
dehydrogenase (DPD) is a biomarker for response in
patients treated with 5-FU-based chemotherapy (4-7). DPD
is a rate-limiting enzyme in the metabolism of 5-FU, and its
expression by tumors is thought to attenuate the response
to 5-FU (8-10). Since more than 80% of the administered
dose of 5-FU is degraded in the liver by DPD to fluorinated
‚-alanine, the level of DPD activity is also a major
determinant of 5-FU toxicity (11).
Recently, encouraging clinical results have led to the
development of a new generation of oral fluoropyrimidines,
commonly referred to as DPD inhibitory fluoropyrimidines
(DIF) (12, 13). S-1 is a combined preparation consisting of
1 M tegafur, 0.4 M 5-chloro-2,4-dihydroxypyridine (CDHP),
and 1 M potassium oxonate (Oxo). CDHP is a potent
inhibitor of DPD, approximately 180 times more active than
uracil in inhibiting DPD in vitro, and maintains prolonged
5-FU concentrations in plasma and tumors (14-16) Oxo
protects against 5-FU-induced gastrointestinal toxicity. Two
phase II studies of S-1 monotherapy in patients with
metastatic gastric cancer yielded response rates of about
50%, with minimal toxicity (17-19). S-1 is now used to treat
advanced gastric cancer as a single agent or in combination
with other anticancer agents, including cisplatin, CPT-11,
paclitaxel and docetaxel (20).
A technique using highly specific antibodies against
recombinant human DPD (rhDPD) has been developed to
immunohistochemically assess DPD expression in tumors
(21-23) and thereby predict the clinical response to 5-FUbased chemotherapy. Several studies have examined the
relationship between the DPD immunoreactivity of tumors
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and the response to oral fluoropyrimidines, but the clinical
impact of DPD activity on response remains unclear for new
drugs such as S-1, and there are no reports on the treatment
of gastric scirrhous carcinoma. In this study, intra-tumoral
levels of DPD were assessed immunohistochemically using
anti-DPD polyclonal antibodies, and the relationship
between the immunoreactivity of DPD and the antitumor
effects of S-1 were investigated. We propose that S-1 might
circumvent the resistance to 5-FU in gastric scirrhous
carcinoma with a high level of DPD activity. Our aim was
to clarify the differences between the antitumor activities
and mechanisms of action of S-1 as a DIF and 5-FU as a
non-DIF.

Patients and Methods
Patients. Sixty-one patients with Borrmann-type-4 gastric scirrhous
carcinoma, who received S-1 or 5-FU as first-line chemotherapy at
the National Cancer Center Hospital (Tokyo, Japan) between
February 2000 and January 2003, were studied retrospectively.
Thirty-one patients were given S-1 and 30 were given 5-FU. Tumor
biopsy specimens were obtained from all patients before
chemotherapy.
Treatment schedule and evaluation of response. S-1 was administered
at a dose of 40 mg/m2 of body surface area (BSA) twice daily in
one of the following doses: 40 mg (BSA<1.25 m2), 50 mg
(1.25 m2≤BSA <1.50 m2), or 60 mg (BSA ≥1.50 m2). S-1 was given
for 28 consecutive days, followed by a 14-day rest period. This
period was defined as one course of treatment. S-1 was purchased
from Taiho Pharmaceutical Co., Ltd. (Tokyo, Japan) in the form of
20 and 25 mg capsules. 5-FU (800 mg/m2/day) was administered as
a 5-day (120 h) intravenous continuous infusion, repeated every
28 days, comprising one course of treatment.
Both treatments were continued until tumor progression,
unacceptable toxicity, or refusal by the patient to continue further
therapy. The response of measurable target lesions to
chemotherapy was objectively evaluated according to the WHO
criteria after each course of treatment. The response of primary
lesions was also evaluated according to the roentgenographic and
endoscopic criteria proposed by the Japanese Research Society of
Gastric Cancer for "c-lesions" (24). Complete response (CR) was
defined as the disappearance of all invasive findings. Partial
response (PR) was defined as a decrease of 50% or greater in the
affected area on X-ray films after barium administration, obtained
in the same position as that before treatment. Progressive disease
(PD) was defined as a 25% or greater increase in lesions or the
appearance of new lesions. Responses not falling into any of these
categories were classified as stable disease (SD). The survival time
was calculated from the start date of the first course of treatment
to the date of death or to the final date of confirmed survival.
Immunohistochemical examination. DPD immunoreactivity in the
tumor biopsy specimens was examined with the use of an antirecombinant human DPD polyclonal antibody (diluted at 1:1000, The
Second Cancer Laboratory, Taiho Pharmaceutical Co., Ltd., Saitama,
Japan). The tissues were routinely fixed in 10% formalin and
embedded in paraffin wax. Sections 3 Ìm thick were cut and mounted
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Table I. Patient characteristics in both regimen (S-1 : DIF, 5-FU : nonDIF) groups.
p-value

Characteristics

S-1

5-FU

Total noumber of patients
Age, years, median (range)
Gender (men/women)
ECOG performance status
0
1
2
Histological type
Intestinal type
Diffuse type
Number of organs involved
1
2
3
Site of metastatic disease
Peritoneum
Distant lymph nodes
Liver
Lung
Others
Surgery (total gastrectomy)
yes
no
Treatment duration,
days, median (range)
Number of chemotherapy
cycles, mean (range)

31
53.7 (30-73)
16/15

30
58.2 (39-70)
18/12

10
20
1

4
22
4

0.214

2
29

1
29

0.978

8
17
6

12
11
7

0.151

29
17
9
2
3

16
20
12
2
5

0.117
0.672
0.867
0.978
0.330

17
14

11
19

0.126

76 (25-258)

0.006

2.4 (1-5 )

0.045

217 (27-767)
5.0 (1-16)

0.387
0.592

on aminopropyltriethoxysilane-coated slides, and were deparaffinized
with xylene and rehydrated in graded ethanol. Endogenous
peroxidase activity was quenched with 0.3% hydrogen peroxidase in
methanol for 30 min at room temperature. Representative specimens
were evaluated by the following antigen retrieval procedure. Three
types of soaking solutions were employed: 10 mM citrate buffer, pH
6.0, 10 mM citrate buffer, pH 7.0 and 1mM EDTA solution, pH 8.0.
After pressure cooking, the sections were left at room temperature
for 30 min. The sections were incubated with polyclonal antibody
against DPD overnight at room temperature. The specificity of this
antibody has been reported previously (21). After rinsing in
phosphate-buffered saline (PBS), pH 7.2, the sections were
incubated with universal immunoperoxidase polymer, anti-mouse
and rabbit (Histofine Simple Stain MAX PO, Nichirei, Tokyo,
Japan), at room temperature for 30 min. The reaction products were
visualized in 50 mM Tris-HCI buffer, pH 7.6, containing 50 mg/dl
diaminobenzidine tetrahydrochloride and 0.006% hydrogen
peroxidase. The nuclei were lightly counterstained with Mayer’s
hematoxylin, and the specificity of immunostaining with the
polyclonal antibody was checked by preabsorption experiments using
representative samples. Before immunostaining, the diluted antibody
was combined with recombinant human DPD (Taiho Pharmaceutical
Co., Ltd.) at final concentrations of 0.01, 0.1, 1.0 and 10 Ìg/ml, at 37ÆC
for 1 h. As a positive control, we employed tumor tissue obtained from
a xenograft of the human pancreatic cancer cell line MIAPaCa-2 in
nude mice, established to have high DPD expression. Negative
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controls were prepared by substituting PBS for the primary antibody
(Rabbit Immunoglobulin Fraction: DAKO ENVISION). The slides
were counterstained with hematoxylin.

differ significantly between patients with DPD-positive
tumors and those with DPD-negative tumors in either
treatment group.

Evaluation of immunostaining. Immunohistochemical staining
intensity was semiquantitatively graded (– to 3+) on the basis of
the proportion of positively-stained cancer cells in the lesions: –,
negative; 1+, less than 1/3 of cancer cells positive; 2+, from 1/3
to less than 2/3 of cancer cells positive; 3+, 2/3 or more of cancer
cells positive. A staining intensity of – to 1+ was considered
negative, and that of 2+ to 3+ was considered positive.
Immunohistochemical staining was evaluated independently by
four investigators blinded to clinical outcomes. Any disagreement
was resolved by consensus.

Discussion

Statistical analysis. The statistical significance of the relationships
of DPD immunoreactivity and TS immunoreactivity to the patients’
responses to chemotherapy was evaluated with ¯2-tests. Survival
curves were calculated with the Kaplan-Meier method and
analyzed with the use of log-rank tests.

Results
Patients’ characteristics. Δhe patients’ characteristics are
provided in Table π. Thirty-four men and 27 women, with a
median age of 55 years (range, 30-73 years) were included.
Fifty-six patients (91.8 %) had a performance status of 0 or 1
on the Eastern Cooperative Oncology Group scale, and all
patients received S-1 or 5-FU chemotherapy as first-line
treatment, including preoperative neoadjuvant chemotherapy.
DPD immunoreactivity. DPD immunoreactivity was diffusely
distributed in the cytoplasm of tumor cells, with some
differences in staining intensity within a given tumor. All
grading patterns of DPD immunoreactivity using antirecombinant human DPD polyclonal antibody are shown in
Figure 1 .
Immunoreactivity and response to chemotherapy. The overall
response rate was 22.6% (7/31) in the S-1 group and 3.3%
(1/30) in the 5-FU group. Positive rates for DPD were,
respectively, 35.5% (11/31) in the S-1 group and 40.0%
(12/30) in the 5-FU group. Response rates were 45.5%
(5/11) in patients with DPD-positive tumors and 10% (2/20)
in those with DPD-negative tumors (p=0.044) in the S-1
group, as compared with 0% (0/12) and 5.6 % (1/18)
(p=0.398), respectively, in the 5-FU group.
Relationship between survival and DPD activity. The median
survival time of all patients was 340 days (S-1: 393 days,
5-FU: 226 days). The median survival times were 364 days
in patients with DPD-positive tumors and 406 days in those
with DPD-negative tumors in the S-1 group (p=0.626), as
compared with 181 days and 256 days, respectively, in the
5-FU group (p=0.543). The median survival time did not

Our study indicates that S-1 may be effective in the treatment
of gastric scirrhous carcinoma with higher DPD activity.
Several studies focusing on human cancer cell lines have
suggested that intratumoral DPD levels, assessed on the basis
of either enzymatic activity or mRNA expression, are good
predictors of the response to 5-FU-based chemotherapy (2527). Previous studies have also shown that inhibition of intratumoral DPD increases sensitivity to 5-FU, and that
thymidylate synthase (TS) overexpression plays a major role
in the resistance. Here, we focused on the antitumor effect
of S-1 as a newly-developed DIF, and examined the
correlation with a DIF antitumor effect and a biomarker
(DPD). Immunohistochemical analysis has several important
advantages over measuring protein and mRNA levels, since it
is labor-saving, low-cost and can be used for tissue specimens
fixed in formalin. We believe that it would be valuable to
establish a simple and reliable method to assess DPD
expression in biopsy specimens, since this is the only available
material capable of providing information on the biological
properties of tumors before chemotherapy. Antibodies
against DPD have recently become available for
immunohistochemical analysis, and studies have shown that
DPD immunoreactivity correlates with DPD activity and the
level of mRNA expression in cancer tissue. Cancer cells that
express higher levels of DPD are considered more resistant
to 5-FU and may be unresponsive to chemotherapy.
However, our findings suggest that S-1 may be effective
against gastric scirrhous carcinoma with higher DPD activity.
Although there was no significant difference in median
survival time between DPD-positive patients and -negative
patients in the S-1 group (p=0.626) as compared with those
of the 5-FU group (p=0.528), S-1 showed a higher response
rate in tumors with a high DPD activity (p<0.05). These
results indicates that S-1 could be more effective in gastric
scirrhous carcinoma patients resistant to 5-FU only and with
high DPD activity. One remarkable point was that all patients
who responded to S-1 in the DPD-positive group showed
shrinkage of primary lesions. Although DPD has been
documented as an important determinant of chemosensitivity
to 5-FU, most previous studies have found that the levels of
DPD mRNA, protein and activity in tumors are unrelated to
outcome. Our results, which showed no correlation of the
DPD score in biopsy specimens with survival or time to
progression, are in agreement with these findings.
In tumors with low DPD activity, inhibition of DPD by
CDHP did not enhance cytotoxicity, even if tumor DPD
activity was further reduced. In contrast, maximum

2999

ANTICANCER RESEARCH 25: 2997-3002 (2005)

Figure 1. All grading pattern of immunohistochemical staining for DPD with polyclonal antibody (x400 magnification). Positive staining for DPD is
observed in the cytoplasm of cancer cells, with some differences in staining intensity within a given tumor. (a. DPD -, b. DPD 1+, c. DPD 2+, d. DPD
3+). A staining intensity of – to 1+ was considered negative, and that of 2+ to 3+ was considered positive.

enhancement of the antitumor effect of S-1 would be
expected in patients whose tumors have high DPD activity
(28). Although the proportion of intratumoral DPD
activity inhibited by CDHP is not clinically known, S-1 is
expected to show antitumor effects, regardless of the
status of intratumoral DPD. Similar to our results, several
recent case studies have reported that S-1 is associated
with shrinkage of primary lesions of Borrmann-type-4
gastric scirrhous carcinoma (2, 3). Although the
mechanism of the response of primary lesions to S-1
remains unclear, strong inhibition of DPD, resulting in
prolonged active concentrations of 5-FU in plasma and
tumors, may be responsible for the shrinkage of these
lesions.
In conclusion, our results suggest that S-1 may be effective
against gastric scirrhous carcinoma, even in tumors with high
levels of DPD activity. The relationship between DPD and
the clinical response to other chemotherapeutic regimens
should be investigated to determine whether intra-tumoral
DPD activity is useful for selecting the best suited
chemotherapeutic regimen. Further immunohistochemical
studies on DPD with larger numbers of patients will
hopefully contribute to the development of tailor-made DIFbased regimens designed to optimize response.

3000

Acknowledgements
The authors thank Ms H. Morita for technical assistance with the
immunostaining. We are also grateful to the Taiho Pharmaceutical
Company, Ltd. (Tokyo, Japan) for kindly providing the anti-human
DPD antibody and sections from the MIAPaCa-2 xenografts in
nude mice.

References
1 Maehara Y, Moriguchi S, Orita H, Kakeji Y, Haraguchi M,
Korenaga D and Sugimachi K: Lower survival rate for patients
with gastric carcinoma of Borrmann type IV following gastric
resection. Surg Gynecol Obstet 175: 13-16, 1992.
2 Kawai H, Ohtsu A, Boku N, Hamamoto Y, Nagashima F, Muto
M, Sano Y, Mera K, Yano T, Doi T and Yoshida S: Efficacy
and safety profile of S-1 in patients with metastatic gastric
cancer in clinical practice: results from a post-marketing survey.
Gastric Cancer 6: S19-S23, 2003.
3 Kinoshita T, Konishi M, Nakagohri T, Inoue K, Oda T,
Takahashi S, Boku N, Ohtsu A and Yoshida S: Neoadjuvant
chemotherapy with S-1 for scirrhous gastric cancer: a pilot
study. Gastric Cancer 6: S40-S44, 2003.
4 Fischel JL, Etienne MC, Spector T, Formento P, Renee N
and Milano G: Dihydropyrimidine dehydrogenase: a tumoral
target for fluorouracil modulation. Clin Cancer Res 1: 991996, 1995.

Shimizu et al: Immunoreactivity of DPD in Gastric Scirrhous Carcinoma

5 Beck A, Etienne MC, Chevadame S, Fischel JL, Formento P,
Renee N and Milano G: A role for dihydropyrimidine
dehydrogenase and thymidylate synthase in tumour sensitivity
to fluorouracil. Eur J Cancer 30A: 1517-1522, 1994.
6 Etienne MC, Cheradame S, Fischel JL Formento P, Dassonville
O, Renee N, Schneider M, Thyss A and Demard F: Response
to fluorouracil therapy in cancer patients: the role of tumoural
dihydropyrimidine dehydrogenase activity. J Clin Oncol 13:
1663-1670, 1995.
7 Takechi T, Fujioka A, Matsushima E and Fukushima M:
Enhancement of the antitumour activity of 5-fluorouracil (5FU) by inhibiting dihydropyrimidine dehydrogenase activity
(DPD) using 5-chloro-2,4-dihydroxypyridine (CDHP) in human
tumour cells. Eur J Cancer 38: 1271-1277, 2002.
8 Guimbaud S, Guichard S, Dusseau C, Bertrand V, Aparicio T,
Lochon I, Chatelut E, Cunturier D, Bugat R, Chaussade S and
Canal P: Dihydropyrimidine dehydrogenase activity in normal,
inflammatory and tumour tissues of colon and liver in humans.
Cancer Chemother Pharmacol 45: 477-482, 2000.
9 Milano G and Etienne MC: Dihydropyrimidine dehydrogenase
(DPD) and clinical pharmacology of 5-fluorouracil (review).
Anticancer Res 14: 2295-2297, 1994.
10 Diasio RB: The role of dihydropyrimidine dehydrogenase
(DPD) modulation in 5-FU pharmacology. Oncology 12: S23S27, 1998.
11 Milano G, Etienne MC, Pierrefite V, Barberi-Heyob M, DeporteFety R and Renee N: Dihydropyrimidine dehydrogenase and
fluorouracil-related toxicity. Br J Cancer 79: 627-630, 1999.
12 Hoff PM and Pazdur R: Dihydropyrimidine dehydrogenase
inhibitory fluoropyrimidines: a novel class of oral antineoplastic
agents. Semin Oncol 26: 52-61, 1999.
13 Fischel JL, Formento P, Etienne MC, Spector T, Renee N and
Milano G: Dual modulation of 5-fluorouracil cytotoxicity using
folinic acid with a dihydropyrimidine dehydrogenase inhibitor.
Biochem Pharmacol 53: 1703-1709, 1997.
14 Fukushima M, Satake H, Uchida J, Shimamoto Y, Kato T,
Takechi T, Okabe H, Fujioka A, Nakano K, Ohshima H,
Takeda S and Shirasaka T: Preclinical antitumour efficacy of S1: a new oral formulation of 5-fluorouracil on human tumour
xenografts. Int J Oncol 13: 693-698, 1998.
15 Shirasaka T, Shimamoto Y, Ohshimo H, Yamaguchi M, Kato T,
Yonekura K and Fukushima M: Development of a novel form of
an oral 5-fluorouracil derivative (S-1) directed to the potentiation
of the tumour selective cytotoxicity of 5-fluorouracil by two
biochemical modulators. Anticancer Drugs 7: 548-557, 1996.
16 Yamada Y, Hamaguchi T, Goto M, Muro K, Matsumura Y,
Shimada Y, Shirao K and Nagayama S: Plasma concentration of
5-fluorouracil and F-‚ alanine following oral administration of S1, a dihydropyrimidine dehydrogenase inhibitory fluoropyrimidine,
as compared with protracted venous infusion of 5-fluorouracil. Br
J Cancer 89: 816-820, 2003.
17 Sugimachi K, Maehara Y, Horikoshi N, Shimada Y, Sakata Y,
Mitachi Y and Taguchi T: An early Phase II study of oral S-1, a
newly developed 5-fluorouracil derivative for advanced and
recurrent gastrointestinal cancers. Oncology 57: 202-210, 1999.
18 Sakata Y, Ohtsu A, Horikoshi N, Sugimachi K, Mitachi Y and
Taguchi T: Late phase II study of novel oral fluoropyrimidine
anticancer drugs S-1 (1 M tegafur-0.4 M gimestat-1 M otastat
potassium) in advanced gastric cancer patients. Eur J Cancer
34: 1715-1720, 1998.

19 Koizumi W, Kurihara M, Nakano S and Hasegawa K: Phase II
study of S-1, a novel oral derivative of 5-fluorouracil, in advanced
gastric cancer. For the S-1 Cooperative Gastric Cancer Study
Group. Oncology 58: 191-197, 2000.
20 Koizumi W, Tanabe S, Saigenji K, Ohtsu A, Boku N,
Nagashima F, Shirao K, Matsumura Y and Gotoh M: Phase I/II
study of S-1 combined with cisplatin in patients with advanced
gastric cancer. Br J Cancer 89: 2207-2212, 2003.
21 Kamoshida S, Shiogama K, Matsuoka H, Matsuyama A,
Shimomura R, Inada K, Maruta M and Tsutsumi Y:
Immunohistochemical demonstration of dihydropyrimidine
dehydrogenase in normal and cancerous tissues. Acta
Histochem Cytochem 36: 471-479, 2003.
22 Okabe H, Arakawa K, Takechi T and Fukushima M: Expression
of recombinant human dihydropyrimidine dehydrogenase and its
application to the preparation of anti-DPD antibodies for
immunochemical detection. Jpn J Cancer Chemother 27: 891898, 2000.
23 Honda T, Inagawa H, Fukushima M, Moriyama A and Soma G:
Development and characterization of a monoclonal antibody
with cross-reactivity towards uracil and thymine, and its
potential use in screening patients treated with 5-fluorouracil
for possible risks. Clin Chim Acta 322: 59-66, 2002.
24 Japanese Gastric Cancer Association: Japanese classification of
gastric carcinoma (2nd English edition). Gastric Cancer 1: 1024, 1998.
25 Ishikawa Y, Kubota T, Otani Y, Watanabe M, Teramoto T,
Kumai K, Takechi T, Okabe H, Fukushima M and Kitajima M:
Dihydropyrimidine dehydrogenase and messenger RNA levels
in gastric cancer: possible predictor for sensitivity to 5fluorouracil. Jpn J Cancer Res 91: 105-112, 2000.
26 Ishikawa Y, Kubota T, Otani Y, Watanabe M, Teramoto T,
Kumai K, Takechi T, Okabe H, Fukushima M and Kitajima M:
Dihydropyrimidine dehydrogenase activity and messenger RNA
level may be related to the antitumor effect of 5-fluorouracil on
human tumor xenografts in nude mice. Clin Cancer Res 5: 883889, 1999.
27 Takenoue T, Kitayama J, Takei Y, Umetani N, Matsuda K, Nita
ME, Hatano K, Tsuruo T and Nagawa H: Characterization of
dihydropyrimidine dehydogenase on immunohistochemistry in
colon carcinoma, and correlation between immunohistochemical
score and protein level or messenger RNA expression. Annal
Oncol 11: 273-279, 2000.
28 Fujiwara H, Terashima M, Irinoda T, Takagane A, Abe K,
Nakaya T, Yonezawa H, Oyama K, Takahashi M, Saito K,
Takechi T, Fukushima M and Shirasaka T: Superior antitumor
activity of S-1 in tumours with a high dihydropyrimidine
dehydrogenase activity. Eur J Cancer 39: 2387-2394, 2003.

Received February 1, 2005
Accepted May 4, 2005

3001

