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Abstract
Purpose Although the prognosis in patients with pancre-
atic cancer has been poor, we recently reported unusually
high response rate and survival beneWt of S-1 treatment in
patients with pancreatic cancer. The aim of this study was
to reveal genetic background of this unique activity of S-1
against pancreatic cancer. S-1 is a novel oral Xuoropyrimidine
derivative consisting of Tegafur (FT) and dihydropyrimi-
dine dehydrogenase (DPD) inhibitor (5-chloro-2,4-dihydr-
oxypyridine; CDHP). Accordingly, intratumoral DPD
mRNA expression level was measured to reveal whether
the level in pancreatic cancer was diVerent from other GI
cancer and whether it was relevant to chemosensitivity.
Methods Thirty-three recurrent pancreatic cancer patients
treated with S-1 were studied. We obtained 15 responders
and 13 non-responders according to the change of serum
CA19-9. The mRNA was extracted from paraYn-embedded
surgical specimens using laser captured microdissection,
and relative expression levels of each DPD/�-actin were
measured using a quantitative reverse transcription

polymerase chain reaction (RT-PCR) (Taqman) system.
Forty-four colorectal cancer patients and 20 gastric cancer
patients treated with S-1 were enrolled as control groups.
Thymidylate synthase (TS) mRNA expression levels were
also measured.
Results Intratumoral DPD mRNA expression level was
signiWcantly higher in pancreatic cancer than that in
colorectal cancer (P = 0.0003; median level, 1.38 vs. 0.44)
and gastric cancer (P = 0.0061; 1.38 vs. 0.82). No diVer-
ence in TS mRNA expression levels was observed among
cancer types. DPD expression among responded pancreatic
cancer was signiWcantly lower than non-responded.
(P = 0.012, Mann–Whitney U test).
Conclusions Intratumoral DPD mRNA expression level
in pancreatic cancer was signiWcantly higher than the
other malignancies. This result may elucidate possible
reasons for the high eVectiveness of S-1 in pancreatic
cancer.
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Introduction

The outcomes of patients with pancreatic cancer remain
very poor. Even after curative resection, the 5-year survival
rate is only 7% [19]. 5-Fluorouracil (5-FU) had been the
mainstay of treatment for pancreatic cancer, although, its
response rate as a single agent is less than 20% [9]. Clinical
trials have shown that 5-FU-based combination chemother-
apy is no more eVective than single-agent treatment, with
greater toxicity [4, 5, 7]. In recent studies, gemcitabine
showed a survival beneWt over 5-FU [3] and is now used as
a standard treatment for pancreatic cancer.
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S-1 is a novel oral Xuoropyrimidine derivative consisting
of tegafur (FT) and two modulators, 5-chloro-2,4-dihy-
doxypyridine (CDHP) and potassium oxonate (Oxo) [24].
Antitumor eVect is provided by the 5-FU prodrug FT.
CDHP competitively inhibits the 5-FU degradative enzyme
dihydropyrimidine dehydrogenase (DPD), resulting in pro-
longed active concentrations of 5-FU in blood [12, 26].
Nowadays, S-1 is widely used to treat many types of can-
cer, including gastric cancer [23], colorectal cancer [20],
breast cancer [22], and head and neck cancer [18].

We have used S-1 in patients with pancreatic cancer and
obtained a high response rate and prolonged survival [10].
Although, our previous study was small and retrospective,
the response rate was 20% in patients given S-1 alone, as
compared with 57.1% in those given S-1 plus cisplatin. To
elucidate possible reasons for the high eVectiveness of S-1
in pancreatic cancer, which is generally resistant to 5-FU-
based therapy, we studied intratumoral DPD expression.
We hypothesized that DPD expression levels were higher
in pancreatic cancer than in other types of gastrointestinal
cancers. We measured the DPD gene expression levels of
pancreatic cancers by real-time reverse-transcriptase poly-
merase chain reaction (RT-PCR) and compared the results
with the levels in colorectal cancer and gastric cancer.
Since thymidylate synthase (TS) is the other key enzyme
for 5-FU metabolism, TS gene expression levels were also
measured in these samples.

Patients and samples

Thirty-three patients with recurrent pancreatic cancer were
studied (21 men and 11 women; median age 61.5 years,
range 37–80). All patients had undergone surgical resection
between 1998 and 2001 at the Department of Gastroenter-
ology, Tokyo Women’s Medical University, Tokyo, Japan.
Diagnoses were individually conWrmed by histopatholo-
gical examination. All patients received S-1 and cisplatin
after conWrmation of recurrence. S-1 was given orally twice
daily for 21 days, and cisplatin 30 mg/m2 was given on
days 1 and 8, followed by a 2 week period of no treatment.
The dose of S-1 was based on body surface area (BSA) as
follows: BSA < 1.25 m2, 40 mg; BSA > 1.25 but < 1.5 m2,
50 mg; and BSA > 1.5 m2, 60 mg. All of the patients were
Japanese, and written informed consent was obtained from
each patient according to institutional regulations. No
patient had preoperatively received neoadjuvant chemo-
therapy. Serum CA19–9 tumor marker levels were mea-
sured every 2 weeks during chemotherapy. Forty-four
patients with advanced colorectal cancer and 20 with
advanced gastric cancer were studied as controls.

Microdissection

FFPE tumor specimens were cut into serial sections
10 �m in thickness. For pathological diagnosis, one
slide was stained with hematoxylin and eosin and evalu-
ated by a pathologist. Other sections were stained with
nuclear fast red (NFR, American MasterTech ScientiWc
Inc., Lodi, CA) to facilitate visualization of histologic
features. All tumor samples underwent laser capture
microdissection (P.A.L.M. Microlaser Technologies
AG, Munich, Germany) to ensure that only tumor cells
were dissected.

RNA isolation and cDNA synthesis

RNA was extracted and cDNA was prepared from each
sample as described previously [15, 16].

Reverse transcription-PCR

QuantiWcation of TS, DPD and an internal reference gene
(�-actin) was done using a Xuorescence-based real-time
detection method (ABI PRISM 7900 Sequence Detection
System [Taqman]; Applied Biosystems, Foster City, CA)
as described previously [11]. The primers and probe
sequences used are listed in Table 1. The PCR reaction
mixture consisted of 1,200 nM of each primer, 200 nM
probe, 0.4 U of AmpliTaq Gold Polymerase, 200 nM each
of dATP, dCTP, dGTP, and dTTP, 3.5 mM MgCl2 and 1£
Taqman BuVer A containing a reference dye, to a Wnal vol-
ume of 20 �l (all reagents from PE Applied Biosystems,
Foster City, CA, USA). Cycling conditions were 50°C for
2 min, 95°C for 10 min, followed by 46 cycles at 95°C for
15 s and 60°C for 1 min. Gene expression values (relative
mRNA levels) are expressed as ratios (diVerences between
the Ct values) between the gene of interest (TS, DPD) and
an internal reference gene (�-actin), which provides a nor-
malization factor for the amount of RNA isolated from a
specimen.

Statistical analysis

Median DPD mRNA levels were compared among pancre-
atic, colorectal, and gastric cancers by the Mann–Whitney
U test, and multiple testing was corrected using the Benja-
mini and Hochberg False Discovery Rate. Median DPD
mRNA levels were compared between responders and non-
responders with the use of Mann–Whitney’s U test. TS
mRNA levels were compared by the Kruskal–Wallis test.
P-values of less than 0.05 were considered to indicate sta-
tistical signiWcance. All values were two-sided.
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Results

DPD mRNA expression levels in pancreatic, gastric, and
colorectal cancers are shown in Table 2 and Fig. 1. The
median DPD mRNA level in pancreatic cancer was signiW-
cantly higher than the levels in colorectal cancer
(P = 0.0003; median level, 1.38 vs. 0.44) and gastric cancer
(P = 0.0061; 1.38 vs. 0.82). The median DPD mRNA level
also signiWcantly diVered between gastric cancer and colo-
rectal cancer (P = 0.0025; 0.82 vs. 0.44). No signiWcant
diVerence in TS mRNA levels was observed among pancre-
atic, colorectal, and gastric cancer (P = 0.10) (Table 2).

The serum CA19-9 tumor marker level was above the
upper limit of normal (37 U/ml) in 28 of the 33 patients
with pancreatic cancer. During chemotherapy the serum
CA19-9 level fell by at least 50% in 18 patients (64.3%,
responders) and either decreased by less than 50% or
increased in 10 (35.7%, non-responders). The median DPD
mRNA level in the responders was signiWcantly lower than
that in the non-responders (P = 0.02; 1.25 vs. 2.20) (Fig. 2).

None of the demographic and clinicopathological vari-
ables were signiWcantly associated with the tumor response
to S-1 chemotherapy at a P-value of 0.10 on Fisher’s exact
test (data not shown).

Discussion

In our study, the DPD mRNA expression levels was signiW-
cantly higher in pancreatic cancer than in colorectal cancer
or gastric cancer, although no diVerence was seen in TS
mRNA expression levels. This diVerence in DPD expres-
sion may explain the discrepancy between the high resis-
tance to 5-Xuorouracil and the high sensitivity to S-1 in
patients with pancreatic cancer. In patients with colorectal
cancer, treatment with 5-Xuorouracil alone or a combina-
tion of 5-Xuorouracil and leucovorin is somewhat eVective
[1, 6, 8, 21] and had been used as standard therapy before
the advent of irinotecan. The response rate of pancreatic
cancer is only 7% with 5-Xuorouracil alone [5] and is not
much higher with 5-Xuorouracil plus leucovorin [4]. Ohtsu
et al. [20] reported that S-1 had a response rate of 35% in

Table 1 Primers and probes
Thymidylate synthase (TS) 

Gen bank accession: NM_001071

Forward primer TS-764F 5�-GCCTCGGTGTGCCTTTCA-3�

Reverse primer TS-830R 5�-CCCGTGATGTGCGCAAT-3�

Probe TS-785T 5�-TCGCCAGCTACGCCCTGCTCA-3�

Dihydropyrimidine dehydrogenase (DPD)

Gen bank accession: NM_000110

Forward primer DPD-51F 5�-AGGACGCAAGGAGGGTTTG-3�

Reverse primer DPD-134R 5�-GTCCGCCGAGTCCTTACTGA-3�

Probe DPD-71Tc 5�-CAGTGCCTACAGTCTCGAGTCTGCCAGTG-3�

�-actin
Gen bank accession: NM_001101

Forward primer �-actin-592F 5�-TGAGCGCGGCTACAGCTT-3�

Reverse primer �-actin-651R 5�-TCCTTAATGTCACGCACGATTT-3�

Probe �-actin-611T 5�-ACCACCACGGCCGAGCGG-3�

Table 2 Intratumoral DPD mRNA levels in various types of cancer

Cancer type 

Gastric Pancreatic Colorectal

Number of samples 20 33 44

DPD mRNA levels (median) 0.82 1.38 0.44

Range 0.17–2.21 0.21–4.16 0–2.64

TS mRNA levels (median) 3.26 2.38 2.47

Range 1.69–10.99 0.04–6.68 0.49–19.23

Fig. 1 DPD mRNA expression levels in pancreatic, colorectal, and
gastric cancer. DPD expression in pancreatic cancer was signiWcantly
higher that that in colorectal [16] and gastric cancer [3]
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phase II clinical trials of patients with colorectal cancer.
This rate was not appreciably higher than the response rate
with conventional 5-Xuorouracil-based combination ther-
apy. In pancreatic cancer, however, we previously obtained
a response rate of higher than 50% with a combination of S-
1 and cisplatin, which was considerably better than the
response rate with conventional 5-Xuorouracil treatment.
Takechi et al. demonstrated that the in vitro antitumor
activity of 5-FU against tumor cells with low DPD expres-
sion levels is not appreciably aVected by the addition of
CDHP. Against tumor cells with high DPD expression,
however, the 50% inhibitory concentration diVered by
about twofold [25]. In tumors with low DPD expression
such as colorectal cancer, the presence of CDHP provides
no beneWt, and the response to S-1 is similar to that with 5-
Xuorouracil. In tumors with high DPD expression such as
pancreatic cancer, S-1 may be more eVective than 5-Xuoro-
uracil.

Studies of DPD expression in patients with pancreatic
cancer are scarce. Mori et al. used enzyme-linked immuno-
sorbent assay [17] to measure DPD protein expression in
various types of tumors and reported that pancreatic cancer
had high DPD expression levels, similar to cancer of the
neck, liver, esophagus, and breast [17]. Kamoshida et al.
[14] used immunostaining to measure DPD levels in vari-
ous types of tumors. They found that DPD expression was
high in pancreatic cancer and low in colorectal cancer. To
our knowledge, expression of DPD mRNA has not been
assessed previously in pancreatic cancer. Uetake et al.
reported that DPD gene expression correlated with DPD
enzyme activity in colorectal cancer [27]. Mori et al. [17]

showed that DPD enzyme activity strongly correlated with
DPD protein expression as measured by ELISA. They
found that the level of DPD protein expression was about
threefold higher in pancreatic cancer and twofold higher in
gastric cancer than in colorectal cancer, consistent with the
mRNA levels measured by RT-PCR. These results suggest
that the mRNA, protein, and activity levels of the DPD
gene strongly correlate. DPD mRNA levels can be mea-
sured even in small specimens obtained by endoscopy or
needle biopsy. The concomitant use of laser-captured
microdissection allows DPD mRNA expression of tumors
to be assessed quantitatively and objectively, providing
clinically signiWcant advantages over conventional proce-
dures.

In our study, DPD levels were signiWcantly lower in the
responders to S-1 as assessed by the change in tumor
marker levels than in the non-responders (1.25 vs. 2.20;
P = 0.02). The median DPD level in the non-responders
was 2.20, equivalent to about twofold that in the respond-
ers and fourfold that in colorectal cancer. Ichikawa et al.
measured DPD mRNA levels in patients with gastric can-
cer and reported that the anticancer activity of S-1 does
not depend on the level of DPD expression because
CDHP inhibits DPD [13]. Although, the median DPD
level did not diVer signiWcantly between responders and
non-responders to S-1 in their study, patients in whom
DPD expression exceeded a certain level did not respond
to S-1. The inhibitory activity of CDHP against DPD is
about 130-fold higher than that of uracil. However, in
patients whose tumors have very high levels of DPD, the
inhibitory eVect of CDHP on DPD may be limited. In
patients with such tumors, more potent DPD inhibitors
should be used, or drugs with other mechanisms of action,
such as gemcitabine, should be used instead of Xuoropyr-
imidines. As for the former, eniluracil, a new, more potent
DPD inhibitor, was developed and evaluated in clinical
trials. Eniluracil decreases DPD enzyme activity by more
than 99% in the liver and reduces 5-Xuorouracil clearance
by more than 18-fold [2]. In a phase II study of eniluracil
combined with 5-Xuorouracil in patients with pancreatic
cancer, the median survival was only 3.6 months, indicat-
ing an unsatisfactory outcome. Moreover, 68% of the
patients had grade 3 or higher toxicity. Subsequent clini-
cal development was therefore terminated Rothenberg,
2002. Because eniluracil itself is free of serious toxicity,
the toxic eVects in clinical trials were attributed to pro-
longed, high serum concentrations of 5-Xuorouracil.
These results suggested the limitations of combination
therapy with 5-Xuorouracil and DPD inhibitors.

Our data may provide a molecular biologic basis for the
high antitumor activity of S-1 in patients with pancreatic
cancer. Gemcitabine has been shown to be somewhat eVec-
tive against pancreatic cancer [3], but its anticancer activity

Fig. 2 DPD mRNA expression levels between responders and non-
responders. Responders are deWned as the serum CA19-9 level fell by
at least 50% (18 patients), and non-responders are deWned as their se-
rum CA19-9 either decreased by less than 50% or increased (10 pa-
tients). DPD expression levels in responders were signiWcantly lower
than those in non-responders
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is far from satisfactory. Further studies of S-1, in patients
with pancreatic cancer are awaited.
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