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Implication of thymidylate synthase in the outcome of
patients with invasive ductal carcinoma of the pancreas
and e⁄cacy of adjuvant chemotherapy using 5-£uorouracil
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Thymidine synthase (TS) is a key enzyme in the synthesis of
pyrimidine in the de novo pathway of DNA synthesis and a major
target of 5-£uorouracil (5-FU), but the implications of TS regard-
ing human pancreatic cancer have not been reported. We as-
sessed the expression of TS in invasive ductal carcinoma (IDC)
of thepancreasby immunostainingandevaluated its clinicopatho-
logical signi¢cance, especially its implications regarding the
e⁄cacy of chemotherapy with 5-FUor its derivatives.The expres-
sion of TS in the nuclei of pancreatic cancer cells in 72 primary
lesions of resectable IDC and 30 distant metastases of unresect-
able IDC was examined by immunostaining using anti-TSpolyclo-
nal antibody and immunoreactivity was classi¢ed into three
categories: negative (�), low (+) and high (2+). HighTS immuno-
reactivity was detected in 43% (31of 72) of the primary lesions of
the resectable IDCs and in 47% (18 of 38) of themetastatic lesions
of the unresectable IDCs.ThehighTS in primary lesions showed a
signi¢cantly inverse correlation with the level of nodal involve-
ment. HighTS immunoreactivity had a signi¢cant in£uence on the
outcome of patientswith resectable IDC and the rate of survival of
the highTS immunoreactivity group was signi¢cantly higher than
that of the negative or low reactivity groups, although high TS
immunoreactivity did not have a signi¢cant in£uence on survival
of the patients with unresectable IDC. The implications of
TS immunoreactivity regarding the e⁄cacy of 5-FU-based
adjuvant chemotherapy (ACT) was also assessed. The high TS
immunoreactivity group showed signi¢cantly better survival in
both the patients who received ACT and those who were
treated by surgery alone, in the resectable IDC among patients
with resectable IDC. In cases of unresectable IDC, there were
no di¡erences in survival between the high and low TS groups
among thepatientswho received ACTand thosewhowere treated
by surgery. In conclusion, highTS immunoreactivity was found to
be cogent in predicting the prognosis of patients with pancreatic
IDC, but its implicationsregarding thee⁄cacyof 5-FU-basedACT
are still unclear. [r 2002 Lippincott Williams &Wilkins.]
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Introduction

Invasive ductal carcinoma (IDC) of the pancreas
grows rapidly and is very resistant to a variety of
cancer therapies, including surgery, radiation and
chemotherapy. The prognosis of patients with
pancreatic IDC is very poor and 85% of the patients
with unresectable pancreatic IDC die within 1 year
due to liver metastasis or peritoneal dissemination.1

Even among patients who undergo curative surgery,
50% die within 1 year.2,3 The malignant potential of
pancreatic IDC is very high and the efficacy of
surgical treatment is very poor. Accordingly, in order
to improve the outcome of treatment for pancreatic
IDC, a multimodal approach is essential and che-
motherapy may play an important role in this
approach. A variety of agents have been applied
as chemotherapeutic agents in pancreatic IDC and
5-fluorouracil (5-FU) has been the most important
agent, although the response rate of pancreatic IDC
to 5-FU-based chemotherapy is still low.4 Recently,
the role of various enzymes associated with the
efficacy of chemotherapy with 5-FU has been clarified
and thymidylate synthase (TS) is one such enzyme.

TS is an enzyme which catalyzes the reductive
methylation of 20-deoxyuridine-50-monophosphate
(dUMP) by 5,10-methylene-5,6,7,8-tetrahydrofolate
(CH2H4 folate) to produce thymidine-5-monopho-
sphate (dTMP) and 7,8-dihydrofolate (H2 folate). TS
is a dimer of identical 30–35 kDa subunits.5,6 Two
major pathways are known in the metabolism of
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pyrimidine in DNA synthesis: the de novo pathway
and the salvage pathwayFTS is a key enzyme in the
de novo pathway of pyrimidine synthesis. TS also
seems to play a very important role in tumor growth;
however, previous studies have reported conflicting
results with respect to the clinicopathological signi-
ficance of TS. Some reports have indicated that
overexpression of TS in a tumor is a significant
indicator for poor prognosis of patients with
colorectal cancer,7,8 ovarian cancer9 and gastric
cancer,10–13 while others have reported that high
TS activity is not always associated with a poor
prognosis in colon cancer,14 breast cancer15 and
gastric cancer.16

TS is a very important target for chemotherapy
with fluoropyrimidines, such as 5-FU.17 After 5-FU is
metabolized to fluoro-deoxyuridine monophosphate
(FdUMP), FdUMP forms a ternary complex with TS
and folic acid, resulting in the inhibition of TS
activity. With regard to the role of TS in the efficacy of
5-FU-based chemotherapy, although early studies
indicated that TS inhibition was significantly corre-
lated with the response to 5-FU,18,19 these studies
were controversial. Many studies indicated that low
TS levels in the tumor were an indicator for a favo-
rable response to 5-FU-based chemotherapy in colo-
rectal or gastric cancer,10,20–22 and head and neck
cancer.23 Other reports, however, indicated that the
benefits of 5-FU-based chemotherapy were most
evident in the high TS group in colorectal cancer7,8

and breast cancer patients,15,24 or that TS levels had
no influence on the efficacy of 5-FU-based chemo-
therapy in gastric cancer12,13 and in colorectal cancer.25

Although TS levels appear to be related to the efficacy
of cancer chemotherapy, especially therapy with 5-FU
or its derivatives, this suggestion remains controver-
sial. To our knowledge, there have been no reports
of TS expression in human pancreatic cancers. In the
present study, we examined the expression of TS in
primary and metastatic lesions of human pancreatic
IDC using immunohistochemical methods, and its
correlation with clinicopathological factors including
clinical stage, patient survival and the efficiency of
adjuvant chemotherapy including 5-FU or its deriva-
tives after surgery.

Materials andmethods

Patients

The present study included 102 patients with
pancreatic cancers. Patient profiles are summarized
in Table 1. All patients underwent surgery from
October 1980 to December 2000 and have been
followed in our department. Seventy-two patients
with resectable pancreatic IDC underwent pancrea-
tectomy, 37 pancreatoduodenectomy, 22 distal and
10 total pancreatectomy with lymphadenectomy; 35
patients had nodal involvement. Thirty patients with
unresectable cancer underwent palliative surgery (30
bypass surgeries and eight exploratory laparotomies)
and the specimens of distant metastases were
obtained during surgery. The clinical stage of
pancreatic cancer was classified according to the
UICC (TNM) stage classification.26

Table 1. Pro¢le of thepancreatic cancer patients

Resectable (n=72) Unresectable (n=38)

Gender
male 34 (47.2%) 25 (65.8%)
female 38 (52.8%) 13 (34.2%)

Age 65.079.9 (35^80) 67.379.4 (47^86)
Stage

I 10 (13.9%)
II 4 (5.6%)
III 36 (50.0%) 1 (2.6%)
IV 22 (30.6%) 37 (97.4%)

Histologicalgrade
1 (well di¡erentiated) 35 (48.6%) 0 (0%)
2 (moderatelydi¡erentiated) 32 (44.4%) 35 (92.1%)
3 (poorly di¡erentiated) 5 (6.9%) 3 (7.9%)

Surgery
pancreatoduodenectomy 37 (51.4%) ^
distal pancreatectomy 22 (30.5%) ^
totalpancreatectomy 13 (18.1%) ^
bypass ^ 30 (78.9%)
exploratory laparotomy ^ 8 (21.1%)
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Adjuvant chemotherapy (ACT)

In Japan, under the universal coverage of the health
insurance system, the use of anticancer agents is
strictly restricted by the Japanese Ministry of Health
and Welfare. Accordingly, ACT mainly involves
approved agents including 5-FU, mitomycin C
(MMC), adriamycin (ADR), cyclophosphamide (CPA)
and UFT [a mixture of uracil and ftrafur (FT) at 4:1],
as summarized in Table 2. In the patients, who
underwent pancreatectomy, 47 patients received
ACT including fluoropyrimidines; 5-FU or its deriva-
tives such as UFT, furutulon (50-DFUR) and carmofur
(HCFU). Twenty-five patients did not receive any
ACT. Out of 30 patients with unresectable cancer, 22
patients did not receive any ACT and 16 patients
received ACT using 5-FU or UFT. In Japan, gemcita-
bine has been approved for the treatment of
pancreatic cancer since 2001; however, the present
series did not include patients who received this
chemotherapeutic drug.

Anti-humanTSpolyclonalantibody (pAb)

The anti-TS pAb was kindly supplied by Taiho
Pharmaceutical (Tokyo, Japan). This anti-TS pAb
was prepared from the serum of male New Zealand
White rabbits immunized with recombinant human
TS protein, which was prepared in a human placenta
and human lung cancer cell line (Lu-99).27 The
anti-TS pAb (55 mg/ml) was diluted at 1000:1 for
immunostaining.

Immunohistochemical staining

The specimens were fixed in 10% formalin and
embedded in paraffin blocks. The specimens were
sliced to 3 mm thickness with a microtome and
prepared on the silanized slides (Dako, Tokyo,
Japan). The specimens were deparaffinized in xylene
for 5 min, 3 times and rehydrated in 90% ethanol for
5 min, 3 times. The specimens were then treated with
0.2% trypsin solution (0.2% trypsin and 0.2% CaCl2 in
50 mM Tris–HCl buffer solution) for 15 min at room
temperature. After washing in distilled water, the
endogenous peroxidase was blocked with a metha-
nol solution containing 0.3% H2O2 for 5 min. The
specimens were washed twice in phosphate-buffered
saline (PBS; Gibco, Biocult, Glasgow, UK). After
washing with PBS, non-specific reaction was blocked
with 10% normal rabbit serum (Nichirei, Tokyo,
Japan) in a moist chamber for 10 min. The specimens
were then incubated with anti-TS pAb in a moist
chamber at 81C for 12 h. After washing 3 times with
PBS for 5 min each time, the specimens were
incubated with anti-rabbit IgG+IgA+IgM antibody
(Nichirei) diluted at 10 mg/ml for 20 min at room
temperature. After washing 3 times with PBS for
5 min each time, the specimens were incubated
with streptoavidin-conjugated peroxidase (Nichirei)
diluted at 100 mg/ml for 10 min. The specimens were
incubated with 3,3-diaminobenzidine-tetra-hydro-
chloride solution (Nichirei) for 20 min. The slides
were then counterstained with veronal acetate-
buffered 1 cm3 methyl green solution (pH 4.0) for
1 h. After washing with 100% ethanol twice, the

Table 2. Adjuvant chemotherapy for pancreatic cancer

Surgery

Pancreatectomy (n=72) Palliative surgery (n=38)

(I) Surgeryonly 25 22
(II) Adjuvant chemotherapy 47 16

(a) Oral £uoropyrimidine alone 23 4
UFT 20 3
5-FU 1 1
50 -DFUR 1 0
HCFU 1 0

(b) Oral UFT combinedwith 24 12
oral CPA 18 7
oral CPA + 5-FU + cisplatin 2 0
oral CPA + 5-FU + MMC + ADR 1 1
oral CPA + cisplatin 0 2
oral CPA + MMC + cisplatin 0 1
5-FU + cisplatin 1 0
5-FU + MMC 1 0
5-FU + MMC + ADR 1 0
5-FU + CPA + ADR 0 1
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specimens were dehydrated with 100% xylene. The
slides were covered with coverglasses in mounting
medium Entellan neu (Merck, Rahway, NJ). After
drying, the slides were examined with an optic
microscope.

Evaluation of immunoreactivityof TS

The total number of cells including both stained and
unstained cells were counted in three different fields
of the specimen and the mean values were used for
the calculation of the positive rate of TS expression.
The cells which showed strong cytoplasmic staining
of TS were evaluated as positive staining and
equivocally weak staining was evaluated as negative
staining. In accordance with the previous studies
using the same anti-TS pAb,11,28 TS expression
was classified into the categories; three degrees:
(�) 0–10%, (1+) 11–25% and (2+) 25–100%. The
(�) or (1+) expression was classified as low TS
expression and (2+) was classified as high TS
expression (Figure 1).

Statistics

A w2-test and Student’s t-test were applied for
comparison of the patients’ clinicopathological back-

grounds. The survival curves of the patients were
calculated using the Kaplan–Meier method and were
compared by the Cox–Mantel test. The correlation
between TS staining and clinicopathological factors
was examined using Pearson’s correlation analysis.
Cox’s proportional hazard risk model was applied for
multivariate analysis. A p value of o0.05 was
considered to be significant.

Results

High TS immunoreactivity was detected in 43% (31
of 72) of the primary lesions and in 47% (18 of 38) of
the metastatic lesions, and there were no differences
in the level of TS immunoreactivity between the
primary lesions and the metastatic lesions. The
correlations between TS immunoreactivity and clin-
icopathological factors are summarized in Tables 3
and 4. Overall, high TS immunoreactivity was
significantly correlated with age and with female
gender. Immunoreactivity was not correlated with
the clinical stage or histological grade of disease. In
the patients with resectable IDC, high TS immuno-
reactivity showed a significantly inverse correlation
with the level of nodal involvement.

TS immunoreactivity had a significant influence on
the outcome of patients with resectable IDC and

Figure 1. RepresentativeTS expression. (a) LowTS expression. (b) HighTS expression.
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Figure 2. TS immunoreactivity and survival after surgery. High TS indicates (2+) immunoreactivity and low TS
indicates (+) or (^) immunoreactivity. Resectable IDC (n=72): high TS (n=31) versus low TS (n=41), p=0.0078.
Unresectable IDC (n=38): highTS (n=18) versus lowTS (n=20), p=0.4970.

Table 3. TS expression in IDCsof the pancreas

Numbers of highTS expression (%)

Resectable (n=72) Unresectable (n=38) Overall (n=110)

Overall 31/72 (43.1) 18/38 (47.4) 49/110 (44.5)
Gender

male 11/34 (32.3) 9/25 (36.0) 20/59 (33.9)
female 20/38 (52.6) 9/13 (69.2) 29/51 (56.9)

Age
470 18/47 (38.3) 8/25 (32.0) 26/72 (36.1)
471 13/25 (52.0) 10/13 (76.9) 23/38 (60.5)

Stage
I 6/10 (60.0) ^ 6/10 (60.0)
II 3/4 (75.0) ^ 3/4 (75.0)
III 13/36 (36.1) 1/1 (100) 14/37 (37.8)
IV 9/22 (40.9) 17/37 (45.9) 26/59 (44.1)

Histologicalgrade
1 (well di¡erentiated) 15/35 (42.9) 0 (0) 15/35 (42.9)
2 (moderatelydi¡erentiated) 12/22 (54.5) 15/35 (92.1) 27/57 (47.4)
3 (poorly di¡erentiated) 1/5 (20.0) 3/3 (100) 4/8 (50.0)

Surgeryalone 11/25 (44.0) 11/22 (50.0) 11/47 (46.8)
Adjuvant chemotherapy 20/47 (42.6) 7/16 (43.8) 27/63 (42.9)

Table 4. CorrelationbetweenTS expression and clinicopathological factors

Correlation coe⁄cient (pvalue)

Overall (n=110) Resectable (n=72) Unresectable (n=38)

Age 0.216 (0.0235) 0.154 (0.1978) 0.314 (0.0662)
Gender ^0.230 (0.0152) ^0.204 (0.0850) ^0.318 (0.0626)
Histologicalgrade 0.128 (0.1827) 0.087 (0.4688) 0.315 (0.0650)
TNM stage ^0.079 (0.4132) ^0.129 (0.2809) ^0.176 (0.3131)
pT ^ ^0.076 (0.5287) ^
pN ^ ^0.451 (o0.0001) ^
M ^ ^0.041 (0.7337) ^
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survival of the high TS immunoreactivity group was
significantly better than that of the low TS reactivity
group (p=0.0078) (Figure 2). However, in the
patients with unresectable IDC, there were no
significant differences in survival between the high
TS group and low TS group ( p=0.4970).

In the present study, ACT improved the survival
after surgery in comparison with surgery alone in
both the patients with resectable IDC ( p=0.0081)
and those with unresectable IDC ( po0.0001)

(Figure 3). Furthermore, the influence of TS expres-
sion on the efficacy of ACT was analyzed. In the
patients with resectable IDC, the survival of the high
TS expression group was significantly higher than
that of the low TS group both in the patients who
received ACT ( p=0.0353) and those who were
treated with surgery alone ( p=0.0208) (Figure 4).
By contrast, in the patients with unresectable IDC,
the survival of the high TS immunoreactivity group
tended to be better than that of the low TS group in

Figure 3. Adjuvant chemotherapyandsurvivalafter surgery.ACT, adjuvant chemotherapygroup; SA, surgeryalone
group.Resectable IDC (n=72):ACT (n=47) versusSA (n=25),p=0.0081.Unresectable IDC (n=38):ACT (n=16) versus
SA (n=22), po0.0001.

Figure 4. TS expression and the e¡ect of adjuvant chemotherapy in resectable IDC. ACT group (n=47): high TS
(n=20) versus lowTS (n=27), p=0.0353.Surgeryalone group (n=25): highTS (n=11) versuslowTS (n=14), p=0.0208.
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the patients who received ACT ( p=0.0844), but there
were no differences in survival between the high
TS group and the low TS group among patients
who were treated with surgery alone ( p=0.4082)
(Figure 5).

The significance of TS immunoreactivity in relation
to patient outcome was analyzed by multivariate
analysis and the results are summarized in Table 5.

Overall, resection, ACT, histological grade, TS
immunoreactivity and clinical stage were significant
variables affecting patient outcome. In the
patients with resectable IDC, clinical stage, histolo-
gical grade and TS immunoreactivity were the
significant variables, and in the patients with un-
resectable IDC, the ACT was the only significant
variable.

Figure 5. TS expression and the e¡ect of adjuvant chemotherapy in unresectable IDC. ACT group (n=16): highTS
(n=7) versus low TS (n=9), p=0.0844.Surgeryalone group (n=22): highTS (n=11) versus low TS(n=11), p=0.4082.

Table 5. Relationship betweenvarious clinicopathological factors, includingTS expressionandprognosis of patients
with pancreatic IDC (multivariate analysisby Cox’sproportionalhazard riskmodela)

Variables Conditional risk ratio (95% con¢dence limit ) pvalue (w2)

Overall cases
resection 0.275 (0.152(0.499) o0.0001
adjuvant chemotherapy 0.282 (0.177(0.450) o0.0001
histologicalgrade 2.135 (1.350^3.377) 0.0012
TS expression 0.489 (0.311(0.771) 0.0020
stage 1.551 (1.132^2.124) 0.0062
age 0.998 (0.976^1.020) 0.8692
gender 0.837 (0.524^1.337) 0.4567

Resectable cases
stage 1.698 (1.225^2.355) 0.0015
histologicalgrade 2.046 (1.261^3.319) 0.0034
TS expression 0.484 (0.266(0.882) 0.0177
adjuvant chemotherapy 0.589 (0.313^1.108) 0.1005
age 1.014 (0.982^1.048) 0.3934
gender 0.998 (0.554^1.798) 0.9938

Unresectable cases
adjuvant chemotherapy 0.102 (0.037(0.279) o0.0001
stage 0.147 (0.014^1.571) 0.1127
gender 0.553 (0.231^1.323) 0.1831
TS expression 0.588 (0.254^1.359) 0.2136
histologicalgrade 2.291 (0.562^9.349) 0.2479
age 0.995 (0.960^1.031) 0.7683

aDependent variable=month, censoringvariable=death due to pancreatic cancer.
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Discussion

Various methods have been developed to evaluate
the activity of TS in tumors. TS activity was first
determined by PCR or Western blotting. These
methods, however, are costly and time consuming,
and cannot be widely applied. Recently, anti-TS
antibodies have become available and it was reported
that the level of TS gene expression, which was
evaluated by PCR, was correlated with the expression
of TS protein, which was evaluated by immunohis-
tochemical methods.21,28 Therefore, immunohisto-
chemical methods have become the most popular
techniques for evaluating the expression and dis-
tribution of TS in tumors.

Regarding the significance of high TS high im-
munoreactivity in the prognosis of the patients with
IDC and the response to 5-FU-based chemotherapy,
the present results were contradictory. The present
study demonstrated that high TS immunoreactivity
was associated with a better prognosis in the patients
with resectable pancreatic IDC, but not in the
patients with unresectable IDC. Furthermore, high
TS tended to improve the response to 5-FU-based
ACT in unresectable IDC, but not in resectable IDC.
The previous reports have also been contradictory as
summarized in Table 6.

Regarding the clinicopathological significance of
TS, the present study demonstrated that high TS
immunoreactivity was correlated with age and female
gender, and also correlated with less frequent nodal
involvement. These correlations remain controver-
sial. In gastric cancer, high TS immunoreactivity was

reported to be correlated with male gender and low-
grade histology,16 while other reports have found no
correlation between TS immunoreactivity and pa-
tient gender, age or histology.11,13 On the other
hand, high TS immunoreactivity has been correlated
with nodal involvement,13 while others have re-
ported no correlation between TS immunoreactivity
and nodal involvement.11,16 In colorectal cancer, no
correlation has been found between the level of TS
expression and the clinicopathological factors. In
breast cancer, it was reported that high TS levels
were correlated with advanced disease stages and
nodal involvement,29 but other reports have indi-
cated no correlation.24,30 Therefore, correlations
between the level of TS expression and clinicopatho-
logical factors remain unclear.

The influence of TS expression on prognosis is
also controversial and unclear in colorectal cancer,
although several studies have agreed with the early
publications by Johnston’s group that high TS is a
significant indicator for poor prognosis.8,31 However,
some recent publications have disagreed, reporting
that TS status did not have any significant influence
on survival,22 but that TS immunointensity was
correlated with the Dukes disease stage and the
prognosis of the low TS group was significantly
poorer than that of the high TS group.14 In studies of
gastric cancer, many reports have indicated that high
TS was associated with rapid disease progression and
poor prognosis,10–13 while one report indicated that
the level of TS expression had no influence on the
prognosis of patients with gastric cancer.16 In lung
cancer and ovarian cancer, high TS was an indicator

Table 6. Implicationsof intratumoral TS expression invarioussolidmalignancies

Malignancy Prognosis of highTS group Response of highTS to chemotherapy Reference

Colorectal no di¡erences ^ 22
^ poor 31

good ^ 14
poor good 8

^ poor 25
^ poor 35

Rectal poor good 7
Gastric poor no di¡erences 13

^ no di¡erences 16
poor no di¡erences 12
poor ^ 11

^ poor 10
Headandneck poor ^ 23
Breast good good 15

^ poor 33
poor good 24

Lung poor ^ 32
Ovarian poor ^ 9
Pancreatic good good This study
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for poor prognosis.9,32 However, in breast cancer it
was reported that high TS activity was associated with
slow disease progression.15 In contrast, another
study reported that extremely high TS levels were
accompanied by an unfavorable prognosis.33 There-
fore, the implications of intratumoral TS levels in
prognosis remain very controversial.

Regarding the role of TS in the efficacy of 5-FU-
based chemotherapy, the results of many studies
have similarly been contradictory: although several
studies have indicated that high TS levels are
responsible for resistance to TS inhibitors such as
fluoropyrimidines or antifolates, but other studies
have demonstrated that high TS levels were asso-
ciated with a favorable response to 5-FU-based
chemotherapy. The early publications following the
original reports by Johnston’s group indicated that
low TS levels in a tumor were an indicator of
favorable response to 5-FU-based chemotherapy in
colorectal or gastric cancer,10,20,21 and head and neck
cancer.23 On the other hand, Johnston also reported
contradictory results that the benefits of 5-FU-based
chemotherapy are most evident in the high TS group
in Dukes’ B and C rectal cancer.7 Recent studies of TS
report similarly controversial results. Some studies
indicated that low TS was an indicator for favorable
response to 5-FU or its derivatives in colorectal
cancer,22,34,35 but others indicated that high TS
activity was a predictor of responsiveness to 5-FU-
based chemotherapy in colon cancer8 and in breast
cancer.15 Furthermore, TS has been reported to have
no significant influence on the efficacy of chemother-
apy in gastric cancer13 and that TS had no predictive
value for the response of colorectal cancer to
chemotherapy.25 In the present study different
results were demonstrated between resectable IDC
and unresectable IDC. Moreover, the implications of
TS level in the efficacy of 5-FU-based chemotherapy
were also controversial.

Several factors may account for these conflicting
results regarding the implication of TS status in the
progression of malignant disease and the response to
chemotherapy. Differences in the antibodies used for
immunostaining, the criteria delineating the cut-off
point for TS overexpression and the chemotherapy
regimens are all possible factors. One of the most
important factors, however, is likely the heterogeneic
distribution of TS in primary and metastatic lesions.
TS expression has been reported to differ between
the primary lesions, the corresponding metastases
and the recurrent lesions in the same patients.25,30,33

The designs of previous studies have varied and have
involved different subjects: some studies have eval-
uated curatively resected cases, while others have

studied metastatic diseases. If the primary tumors are
completely removed by surgery, the prognosis of the
patients will be affected by the progression of
metastatic tumors. In contrast, prognosis in patients
with unresectable primary tumors will be affected by
the progression of primary tumors. Accordingly, if
5-FU-based chemotherapy is applied on the basis of
TS activity, the TS activity should be assessed in the
target lesions. This may be one of the factors
responsible for the dissociated results between the
resectable and unresectable IDC cases in the present
study. In unresectable IDC, TS expression in the
metastatic lesions may reflect prognosis, but in
resectable IDC, the possible presence of residual
lesions after surgery may mask any influence of TS
overexpression.

Furthermore, it is not clear whether TS activity
really reflects the growth ability of tumors. While TS
is one of the key enzymes in the de novo pathway of
DNA synthesis, its activity does not reflect DNA
synthesis in the salvage pathway. Accordingly, even if
TS activity is low or disturbed, DNA synthesis via the
salvage pathway may be activated and may work as
the main pathway of DNA synthesis. Accordingly, it
may be useful to co-evaluate the activity of TS with
the activity of thymidine phosphorylase, which is a
key enzyme for the phosphorylation of pyrimidine in
the salvage pathway of DNA synthesis.

Another important factor is that the sensitivity of
tumor cells to fluoropyrimidines is not affected by TS
alone and other factors such as a dihydropyrimidine
dehydrogenase (DPD), an enzyme that catabolizes
5-FU to 5-fluoro-dihydrouracil, are also involved in
5-FU metabolism. DPD activity has been reported to
more accurately reflect 5-FU sensitivity than TS
activity.36 Accordingly, co-evaluation of intratumoral
TS and DPD has been reported to be useful in the
accurate prediction of responsiveness to 5-FU-based
chemotherapy.32 Furthermore, the metabolism of 5-
FU is affected by the amount of uracil in the tissue. In
previous experiments using murine tumors, we
demonstrated that the percent inhibition of TS activity
by fluoropyrimidines was not correlated with the
tumor-inhibitory effects, and that uracil in the tumor
played an important role in both antitumor mechan-
isms and the metabolism of fluoropyrimidines.37

Differences in the chemotherapy regimens are also
important factors. In Japan, 5-FU-based chemother-
apy differs from that in Western countries, because
oral fluoropyrimidines such as UFT are widely used
for adjuvant chemotherapy. As such, most of the
patients in the adjuvant chemotherapy group in the
present study were administered oral UFT, which
is the only oral fluoropyrimidine approved for
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pancreatic cancer under coverage of the health
insurance system in Japan. Intravenous 5-FU results
in relatively high concentrations in the tumor, but the
retention time of the drug is short. Accordingly, i.v.
5-FU may inhibit intratumoral TS rapidly, but tem-
porarily. Furthermore, i.v. 5-FU has also been
administered in various regimens using different
doses, intervals and methods (bolus or continuous),
and for different purposes (adjuvant or salvage) or in
different combinations with other agents. Accord-
ingly, these variations may also affect the efficacy of
chemotherapy. By contrast, oral UFT results in
continuous accumulation of FT and FT is metabolized
into 5-FU within the tumor. Accordingly, oral UFT
inhibits TS slowly but continuously. Our previous
study demonstrated that preoperative administration
of oral UFT in patients with gastric cancer resulted in
the accumulation of higher concentrations of 5-FU in
cancerous tissue than in normal tissue, and over a
3-week administration period the average 5-FU
concentration was 0.04–0.07mg/g in the gastric cancer
tissue and 0.01�0.04mg/g in non-malignant stomach
tissue.38 The clinical effects of oral UFT have been
recently studied in Western countries and oral UFT in
combination with leucovorin (LV) resulted in a
relatively high response compared to i.v. 5-FU in
colorectal cancer.39,40 In pancreatic cancer, the
standard regimen for the last decade has been i.v.
administration of 5-FU and LV in combination with
radiotherapy.4 Some recent new regimens for pan-
creatic cancer have included gemcitabine as well as
oral UFT.41,42 The influence of intratumoral TS activity
on the antitumor efficacy of UFT remains unclear;
however, the results of the present study may
contribute to clarification of this issue.

In conclusion, the present study demonstrated
conflicting results regarding the implication of high
TS immunoreactivity in patient prognosis and re-
sponse to 5-FU-based ACT in human pancreatic IDC.
It is not clear whether the conflicting results derive
from the different biologic characteristics of pancrea-
tic IDC compared to other digestive organ cancers or
not. This is the first report of TS expression in human
pancreatic IDC and subsequent studies of human
pancreatic IDC may clarify the role of TS in treatment
and progression of this disease.
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