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Introduction

Recently, the actions of various enzymes involved in the
pharmacokinetics of fluoropyrimidines have been at-
tracting attention [1–6]. Dihydropyrimidine dehydroge-
nase (DPD) is one of these enzymes, and is known to
play a key role in the catabolism of 5-fluorouracil
(5-FU) [1]. Accordingly, DPD activities in a tumor
could be very closely related to the antitumor effect of
fluoropyrimidines. DPD inhibitory fluoropyrimidines
(DIF) are drugs developed to increase the effect of
antitumor drugs by inhibiting DPD activity, and
include tegafur � uracil (UFT) [7], ethynyluracil [8],
tegafur � gimeracil � osteracil (S-1) [9], and 6-
dihydroxypyrimidine � ethoxymethyl-5-fluorouracil
(BOF-A2) [10,11]. Of these drugs, only UFT and S-1
have been approved in Japan and are now widely used
in clinics. Gimeracil, contained in S-1, is believed to be
approximately 180 times as potent as uracil in terms of
DPD inhibitory activity [12], so that UFT and S-1 must
be considered separately, although both are DIF prepa-
rations, and their effects are, presumably, closely re-
lated to DPD activity within the tumor. In the present
study of the relationship between DPD activity in the
tumor and the efficacy of DIF preparations, a compari-
son was made between DIF and other fluoropyrimi-
dines (non-DIF), as well as between UFT and S-1.

Patients and methods

Patients

In 74 patients who underwent resection of gastric cancer
between 1999 and 2001 in our department, DPD activity
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in the resected tumor was determined after their in-
formed consent was obtained. Fluoropyrimidines were
administered as adjuvant chemotherapy following gas-
trectomy in 58 of these patients. DIF were used in 42
patients (UFT in 23; S-1 in 19), and non-DIF (leucov-
orin � 5-FU) in 16 patients.

Measurement of DPD

The tissue specimens used for measuring DPD activity
were collected from the tumor margins of the resected
materials immediately after gastrectomy. The speci-
mens were frozen in liquid nitrogen immediately after
collection, and stored in a deep freezer at �85 °C. DPD
activity was measured quantitatively by an enzyme-
linked immunosorbent assay using a DPD monoclonal
antibody [13].

Evaluation

Comparisons were made between the 42 patients
treated with DIF and the 16 patients treated with non-
DIF, with respect to background, curative potential
(based on the Japanese classification of gastric carci-
noma [14]), and survival rate. In patients treated with
DIF, a similar comparison was made between those
treated with UFT and those treated with S-1.

All patients examined for DPD activity were divided
into high and low populations according to a median
value of DPD activity of 40U/mg protein or more and
under 40U/mg protein, respectively. The curative po-
tential and survival rate were compared between the
group treated with DIF and the non-DIF group in each
population of DPD activity.

Similarly, in those treated with DIF, curative poten-
tial and survival rate were compared between the
patients treated with UFT and those treated with S-1
in each population of DPD activity.

In patients with curative potential C, the responses to
chemotherapy were classified according to WHO crite-
ria, and analyzed according to the DPD activity and
factors limiting curative potential.

Statistics

Relationships between the drug administered and the
patient’s background were analyzed using the �2 test,
and a significance level of P � 0.05 was used to test for
correlation. Survival rate was calculated by the Kaplan-
Meier method, and differences between two groups
were tested by log rank analysis, with a significance level
of P � 0.05.

Results

Patients’ characteristics

Table 1 lists the histological type, depth of tumor inva-
sion, lymph node metastasis, liver and peritoneal
metastases, and curative potential of surgery in the 58
patients, according to the drug administered. There
were no significant differences in the patients’ charac-
teristics, except that S-1 was used more frequently in
patients with positive peritoneal metastasis and curative
potential C, while UFT was used more frequently in
patients with curative potential A.

Efficacy

Survival
Correlation to drug administered. No difference in sur-
vival rate was observed between the 42 patients treated
with DIF and the 16 treated with non-DIF, although
patients with curative potential C were more frequent in
the former group than in the latter (Fig. 1). Comparing
the 23 patients treated with UFT and the 19 treated with
S-1, although those with a curative potential of C were
significantly more frequent in the latter group, there
was no difference in survival rate between the two
groups (Fig. 2). No difference was detected in survival
rate between the 23 patients treated with UFT and the
16 treated with non-DIF, either (Fig. 3).

Correlation to DPD activity. In the 26 patients with low
DPD activity, the survival rate was the same in the 19
treated with DIF and the 7 treated with non-DIF. Al-
though the number of cases was limited, curative poten-
tial tended to be lower in the former group than in the
latter, indicating the efficacy of DPD inhibition by DIF

Fig. 1. Comparison of survival curves between the patients
who received dihydropyrimidine dehydrogenase (DPD)
inhibitory fluoropyrimidines (DIF) and the patients who
received other kinds of fluoropyrimidine. N.S. Not significant
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Table 1. Patients’ characteristics

Chemotherapy

Tegafur � uracil (UFT) Tegafur � gimeracil � osteracil (S-1) Non-DIF

Number of patients 23 19 16
Histological type NS

Tub 1 2 3 3
Tub 2 5 4 4
Pap 2 0 1
Por 10 11 8
Other 4 1 0

Depth of infiltration NS
M, SM 1 0 0
MP 4 1 2
SS 10 4 4
SE � SI 8 14 10

Lymph node metastasis NS
N0 9 2 3
N1 4 3 4
N2 4 7 6
N3 3 2 2
M 2 1 1

Liver metastasis P � 0.0712
H0 23 18 13
H1 0 1 3

Peritoneal dissemination P � 0.0005
P0 21 8 14
P1 2 11 2

Curability P � 0.0002
A 11 0 3
B 7 3 7
C 5 16 6

Lymph node status could not be observed in one of the patients with UFT and 4 of the patients with S-1.
Tub1, Well-differentiated tubular adenocarcinoma; tub2, moderately differentiated tubular adenocarcinoma; pap, papillary adenocarcinoma;
por, poorly differentiated adenocarcinoma; M, mucosa; SM, submucosa; MP, muscularis propria; SS, subserosa; SE, serosa-exposed; SI, serosa-
infiltrating; DIF, dihydropyrimidine dehydrogenase inhibitory fluoropyrimidines; NS, not significant

Fig. 2. Comparison of survival curves between the patients
who received tegafur � uracil (UFT) and the patients who
received tegafur � gimeracil � osteracil (S-1)

Fig. 3. Comparison of survival curves between the patients
who received UFT and the patients who received other kinds
of fluoropyrimidine
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(Fig. 4). However, in the 32 patients with high DPD
activity, this tendency was not observed.

Comparison of UFT and S-1. In the population with
high DPD activity, prognosis tended to be better in the
seven patients treated with S-1 than in the nine treated
with UFT (P � 0.098), although those with a curative
potential of C were significantly (P � 0.036) more fre-
quent in the former than in the latter group (Fig. 5). In
the population with low DPD activity, such a tendency
was not observed.

Response
In 27 patients with measurable lesions, a partial re-
sponse (PR) or higher response occurred in 33% (5/15)
and NC or higher in 53% (8/15) of those with low DPD
activity; however, a PR or higher response occurred in
17% (2/12) and an NC or higher response in 33% (4/12)
of those with high DPD activity. In the patients with low

Fig. 4. Comparison of survival curves between the patients
who received DIF and the patients who received other kinds
of fluoropyrimidine in the group with low DPD activity

Fig. 5. Comparison of survival curves between the patients
who received S-1 and the patients who received UFT in the
group with high DPD expression and curability B and C

DPD activity, non-DIF induced no change (NC) in 17%
(1/6), and progressive disease (PD) in the rest. UFT
induced PD in all 5 patients, while S-1 induced a re-
sponse rate of 43.8% (7/16), with NC in 25.0% (4/16). In
the patients with high DPD activity, on the other hand,
non-DIF (n � 3) and UFT (n � 3) induced PD in all the
patients, while S-1 induced PR in 33.3% (2/6) and NC or
a higher response in 66.7% (4/6).

Discussion

Fluoropyrimidines have been used since the early days
as chemotherapeutic agents for solid tumors, including
gastric cancer. Their oral preparations in particular
have been widely used in postoperative adjuvant
chemotherapy conducted on an ambulatory basis [15].
Because various enzymes are involved in the in-vivo
conversion of 5-fluorouracil (5-FU) to fluorodeoxy-
uridine monophosphate (FdUMP), which directly
participates in the impairment of DNA synthesis and
repair, and because drugs such as doxifluridine are con-
verted to 5-FU by the enzyme activity in vivo, the rela-
tionship between the effect of fluoropyrimidines and
the enzyme activities in the host and tumor has been
arousing wide interest recently [1–6]. We focused our
attention on dihydropyrimidine dehydrogenase (DPD)
among these enzymes, and studied the utility of
fluoropyrimidines with DPD-inhibiting activity (DIF) in
cancer chemotherapy, with other fluoropyrimidines as
controls.

The results showed that, though DIF were used for
patients with lower curative potential when compared
with other fluoropyrimidines, the survival rate in the
patients treated with DIF was comparable to that in
those treated with non-DIF. DIF which have been ap-
proved and are widely used in Japan are UFT and S-1.
However, because gimeracil, contained in S-1, is ap-
proximately 180 times more potent than uracil in terms
of DPD inhibitory activity [12], UFT and S-1 cannot be
lumped together. Actually, no difference was detected
in the survival rate in those treated with UFT and those
treated with non-DIF, though the former did not have
lower curative potential than the latter. Accordingly,
UFT, with its antitumor effect enhanced by the DPD
inhibitory activity of uracil, was not more useful when
compared with other fluoropyrimidines, such as leucov-
orin � 5FU (which is intended to supply 5,10-methylene
tetrahydrofolate needed to form a ternary complex to-
gether with FdUMP and thymidylate synthase (TS) [4–
6]), doxifluridine (which is considered to be effective
against tumors with high thymidine phosphorylase [TP]
activity [2,3]), and cisplatin � 5-FU (which is intended
to provide biochemical modulation [BCM], and is
widely used in Japan [16]. In the patients treated with S-
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1, although the curative potential was C in the majority
of these patients, the survival rate was comparable to
that in patients treated with non-DIF or UFT, which
suggested that the strong DPD inhibitory activity of
gimeracil allowed S-1 to surpass other drugs whose an-
ticancer effect was enhanced by BCM. This was particu-
larly conspicuous in patients with high DPD activity,
which demonstrated the potent antitumor effect of S-1.
The same tendency was detected in a comparison of
response rate. In patients with low DPD activity, on the
other hand, S-1 was not overwhelmingly more useful
than other drugs. In other words, in patients with low
DPD activity, the DPD inhibitory activity of uracil con-
tained in UFT might be sufficiently useful, and drugs
showing enhancement of the 5-FU effect by other meth-
ods were almost as effective as S-1. Such enhancement
of effects seemed insufficient for patients with high
DPD activity.

From the above results, we suggest the use of S-1,
rather than UFT or other fluoropyrimidines, in patients
with high DPD activity. It may also be beneficial to use
S-1 not only for patients with a curative potential of C,
who are the main targets of S-1 therapy at present, but
also for patients with a curative potential of B. In pa-
tients with low DPD activity, S-1 also appeared useful,
but when we are planning the drug treatment, the activi-
ties of other 5-FU-related enzymes, such as TS and TP,
should be considered, and perhaps a sensitivity test
should be added. Whatever the situation, measurement
of DPD was considered useful for selecting S-1, which,
in our patients, has shown favorable effects in the treat-
ment of advanced gastric cancer.

The utility of S-1 should, of course, be verified in a
randomized, controlled study. Nevertheless, to realize
the concept of personalized cancer chemotherapy, we
intend to continue studying the selection of anticancer
drugs based not only on DPD activity but also on the
activities of other enzymes as well, and we intend to
study sensitivity tests for anticancer drugs, including
drugs unrelated to fluoropyrimidines.
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