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Thymidylate synthase expression in resectable
and unresectable pancreatic cancer: role
as predictive or prognostic marker?

Abstract Background and aims:
Thymidylate synthase (TS) is an im-
portant enzyme for DNA synthesis and
the target for 5-fluorouracil (5-FU). Its
expression may determine the out-
come of patients with gastrointestinal
cancers. We examined the prognostic
and predictive value of TS-protein
expression in patients with ductal
adenocarcinoma of the pancreas.
Methods: TS expression from 131
patients with ductal adenocarcinoma
of the pancreas was analyzed by
immunohistochemistry in paraffin-
embedded primary tumour specimens
or biopsies. Results: The median
disease-specific survival among all
patients (n=131) was 13 months. The
invasion depth, the presence of me-
tastases, grading and Union Interna-
tionale Contre le Cancer [International
Union Against Cancer] (UICC) stage
were associated with survival. Among
resected patients (n=98), a difference
in median survival was seen in the
group receiving postoperative
adjuvant treatment (21.1 months)
compared with the group treated by
surgery alone (12.4 months)
(»=0.025). Low- and high-TS immu-

Introduction

Human pancreatic cancer is an aggressive and devasting
disease with 1- and 5-year survival rates of 24 and 4%,
respectively, combined for all stages [1]. The disease is
mostly diagnosed at an advanced stage precluding opera-
tive treatment and is generally resistant to chemotherapeu-

noreactivity was present in 74 (56%)
and 56 (43%) of the cancers, respec-
tively. One sample was not evaluable.
No difference in median survival was
observed among low- and high-TS-
expressing tumours. Among patients
undergoing resection and receiving
postoperative intra-arterial chemo-
therapy (n=23), a marked trend to a
longer median survival was seen for
the group with low-TS-expressing
tumours compared with the corre-
sponding high-TS group (25.0 vs 16.0
months) (p=0.3834). There was no
difference in survival among all pal-
liative treated patients with low- and
high-TS-expressing tumours.
Conclusion: Especially patients un-
dergoing tumour resection with low-
TS values seemed to have taken
advantage from an intensified postop-
erative chemotherapeutic protocol.
However due to the heterogeneous
group of patients in the present report,
larger trials of more homogenous
patient populations will be necessary
to confirm this hypothesis.

Keywords Pancreatic cancer -
Thymidylate synthase - 5-fluorouracil

tic agents. But even for patients diagnosed with small and
resectable primary tumours, the 5-year survival rate is only

17% [1, 2]. Systemic gemcitabine is actually considered
the current standard of palliative treatment for patients with
locally advanced and metastatic pancreatic cancer,
although 5-fluorouracil (5-FU) for decades was the most
widely used chemotherapeutic agent in this setting [3].
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After surgery with curative intent, patients seem to benefit
from systemic treatment with 5-FU, whereas no survival
advantage was seen when radiation was added to chemo-
therapy over surgery alone [4]. Chemotherapy of pancreatic
cancer was also attempted via the celiac axis using 5-FU-
based treatment combinations. Using this regional
approach, no significant survival benefit could be demon-
strated, but a suppression of hepatic disease progression [5].

Fluoropyrimidines like 5-FU act by blocking thymidylate
synthase (TS) after conversion to S5-fluorodeoxyuridine-
monophosphate (5-FAUMP) [6]. TS catalyzes the methylation
of deoxyuridine-monoposphate (dUMP) to deoxythymidine-
monoposphate (dTMP) with 5,10 methylenetetrahydrofolate
as a cofactor. As this reaction provides the sole intracellular de
novo source of thymidylate, it is one of the rate-limiting steps
of DNA synthesis. TS expression in tumours has attracted
considerable attention because of its potential role as
prognostic factor for survival and response to 5-FU-based
chemotherapy regimens. Thus, pre-clinical studies have
shown that high intracellular TS levels correlate with
resistance to fluoropyrimidine treatment. These data were
confirmed by several clinical studies demonstrating that high-
TS levels were associated with 5-FU resistance in metastatic
colorectal cancer limiting response rates to less than 25%,
while response was observed in up to 67%, when low-TS
levels were present [7, 8]. Similar observations have also been
made for other gastrointestinal malignancies, including gastric
cancer [9] and secondary liver tumours [10]. The value of TS
as prognostic factor for patients with gastrointestinal malig-
nancies undergoing potential curative surgery, particularly for
colorectal cancer, was also examined. Several studies reported
that high-TS levels were associated with poor survival after
tumour resection in colorectal [ 11-14] and gastric [15] cancer.
However, the role of intratumoral TS expression in the
outcome of adjuvant fluoropyrimidine-based treatment after
surgical resection in patients with gastrointestinal malignan-
cies remains controversial [16]. Moreover, very little is known
about TS expression in pancreatic cancer [17, 18].

In view of the recently published data favouring adjuvant
5-FU treatment for resected pancreatic cancer [European
Study Group for Pancreatic Cancer-Trial 1 (ESPAC 1
Study)] [4], the aim of the present study was to determine
the possible role of TS as a prognostic and predictive marker
for patients with resectable and unresectable pancreatic
cancers treated at our institution.

Patients and methods
Patients and tissue acquirement

We retrospectively analyzed paraffin-embedded primary
tumour specimens from patients with ductal adenocarcinoma
of the pancreas who were treated at our institution.
Eventually, paraffin blocks from 131 patients were available.
Clinical and pathological information was obtained from a

review of physician charts or from the hospital tumour
registry. The study was approved by the Ethics Committee of
the University of Ulm (Nr. 105/98). Depending on several
clinical studies running at our institution, patients with
resectable and unresectable cancers were included into
different chemotherapeutic trials including 5-FU-based
regimens given as (1) intravenous infusion (5-FU, 425 mg/
m” + folinic acid, 20 mg/m? delivered on days 1-5 and
repeated every 4 to 6 weeks) or as (2) intra-arterial infusion
via the celiac axis (5-FU, 600 mg/m~ + folinic acid, 170 mg/
m? on days 2—4 in combination with mitoxanthrone, 10 mg/
m? on day 1 and cisplatin, 60 mg/m” on day 5 delivered
every 4-6 weeks). Thirty-three patients received external
beam radiation up to a dose of 54 Gy in addition to intra-
arterial chemotherapy. Later on, also gemcitabine was
administered as intravenous chemotherapy at a dose of
1,000 mg/m? delivered once a week.

TS immunohistochemistry

Paraffin-embedded 5-pm tissue sections were stained using
the streptavidin—peroxidase technique as described pre-
viously [19]. After deparaffinization and blocking endog-
enous peroxidase activity, the sections were incubated for
20 min at 23°C with 1% normal horse serum and for 24 h at
4°C with the mouse monoclonal antibody against TS (4 pg/
ml). This antibody has been shown to specifically recog-
nize TS [20, 21]. Bound antibodies were detected with
biotinylated horse universal secondary antibodies and
streptavidin—peroxidase complex, using diaminobenzidine
tetrahydrochloride as the substrate. Sections were counter-
stained with Mayer’s haematoxylin. Omission of primary
antibodies did not yield any immunoreactivity.

Evaluation of TS immunoreactivity

The slides were examined independently by two observers
blinded to both clinical and pathological data. TS expres-
sion of the tumor cells was quantified arbitrarily using a
visual grading system based on the intensity of staining
from 0 to 3 [13]. The highest staining intensity found in a
tumour was used for classification of the tumour. The
agreement of TS intensity reached by the two independent
observers was >80%, and in case of disagreement, intensity
was determined by consensus. According to the intensity of
staining, cancers were classified as low-TS- (0—1) or high-
TS- (2-3) expressing tumours.

Statistical analysis
For descriptive statistical analysis, absolute and relative

frequencies and median, minimum and maximum were
calculated. Disease-specific survival time was defined as
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the time from the day of operation to tumour-related death
(failure), to death from other reasons (censored), or until
data evaluation for the patients being alive or lost to follow-
up (censored). Survival data were analyzed using the
Kaplan—Meier method and log-rank test. Multiple Cox
regression analysis was performed to simultaneously assess
the influence of several prognostic factors on survival.
Backward elimination with a selection level of 5% was
used for variable selection. The hazard ratio with
corresponding 95% CI and the p-value were computed.
Statistical analysis was performed using SAS Version 8
(SAS Institute, Carry, NC).

Results
Patients characteristics and treatment

Histological examination revealed in all patients a ductal
adenocarcinoma of the pancreas (PDAC). The presence of
metastases was not stated in one patient. Operative
procedures consisted of resection with curative intention
in 98 (75%) and palliative procedures in 33 (25%) patients.
Patients’ characteristics including age, gender, UICC
staging, tumour grading and operative procedures are
summarized in Table 1.

Treatment consisted of surgery alone in 29 of the 131
(22%) patients. In addition to surgery 62 (47%) patients
received chemotherapy alone and 33 (25%) patients received
combined chemoradiation. One patient (1%) received
radiotherapy alone. In six (5%) patients, no information
could be acquired concerning postoperative treatment.
Chemotherapeutic treatments are summarized in Table 2.

The median disease-specific survival among all patients
(n=131) was 13 months. The 1-, 2-, 3- and 5-year survival
rates for this population of patients were 0.58 (95%
confidence interval: 0.49; 0.67), 0.26 (0.18; 0.34), 0.17
(0.10; 0.24) and 0.11 (0.05; 0.17), respectively. Kaplan—
Meier curves for age (<60 vs >60 years), sex and lymph
node status (NO vs N+) showed no association with disease-
specific survival, whereas the invasion depth of the tumour
(T1+T2 vs T3+T4) (p=0.026), the presence of distant
metastases (MO vs M1) (p<0.001), histological grading
(G142 vs G3+4) (p=0.002), UICC-tumour stage (p=0.003)
and the surgical treatment (resection with curative intention
vs palliative procedures) (p<0.001) were associated with
disease-specific survival (data not shown). Among the 98
patients with resected cancers, a difference in survival was
seen in the group receiving postoperative adjuvant treat-
ment (n=68; median survival: 21.1 months) compared with
the group which was treated by surgery alone (n=26;
median survival: 12.4 months) (p=0.025). Interestingly,
68% (46/68) of patients in the former group but only 54%
(14/26) of patients in the latter group had an UICC stage II1
tumour. A similar analysis for the palliative treated group
(n=33) was not performed because only three patients were

Table 1 Characteristics of the pancreatic cancer patients

Patients (n=131)

Median age (years) 64 years (33-81)

<60 43
>60 88
Gender

Male 67
Female 64
Stage (UICC)

I 13
I 28
I 74
v 16
Histological grading®

1-2 81
34 50
Surgical treatment

Resection 98
Palliative procedures 33
Operative procedures
Pancreatoduodenectomy 85
Distal pancreatectomy 13
Total pancreatectomy 4
Bypass 14
Exploratory laparotomy 13
None 2

*Histological grading: / Well differentiated, 2 moderately differ-
entiated, 3 poorly differentiated, 4 undifferentiated

treated by surgery alone whereas 28 patients received
chemotherapy or chemoradiation.

Immunohistochemical analysis of TS protein
expression

TS immunoreactivity was localized in the cytoplasm of the
tumour cells and appeared in the form of a granular staining
pattern. There were large variations in the TS expression
levels of 131 tumours (Fig. 1). Thus, low-TS immunore-
activity was present in 74 (56%) of the cancers and high-TS
immunoreacitivity in 56 (43%). In one sample, TS staining
could not be determined because no tumour cells were
present in the sections evaluated. In the normal pancreas
surrounding the pancreatic cancer areas, faint to moderate
TS immunoreactivity was present in the islet cells and in
some acinar cells (data not shown).

Association of TS protein expression and prognosis

In the first step, we analyzed survival and TS protein
expression in all patients with available TS (n=130). No
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Table 2 Adjuvant and palliative treatments for pancreatic cancer

Treatment Tumour Palliative Total
resection treatment (n=131)
(n=98 ) (n=33)
Surgery alone 26 3 29
Surgery + intravenous
chemotherapy
5-Fluorouracil + folinic 6 - 6
acid
Gemcitabine 12 9 21
Others 1 1 2
Surgery + intra-arterial 23 10 33
Chemotherapy
Surgery + intra-arterial che- 25 8 33
motherapy + radiotherapy
Surgery + radiotherapy 1 - 1
Not stated 4 2 6

difference in median survival time was observed among
low- (n=74) and high- (n=56) TS-expressing tumours. In a
subsequent analysis, we separately compared TS expres-
sion in the group of resected tumours and in the group
which only received palliative procedures.

Patients undergoing tumour resection

In the group of patients undergoing tumour resection
(n=98), high-TS expression was associated with decreased
patient survival. Median disease specific survival among
all resected patients with low-TS-expressing tumours
(n=53) was longer than that among patients with high-
TS-expressing cancers (n=44) (18.9 vs 16.0 months). This
difference was more marked when considering patients
receiving postoperative adjuvant chemo- or radioche-
motherapy. Thus, median survival time was 21.4 months
for patients with low- (n=37) vs 17.1 months for patients
with high- (n=31) TS-expression. In contrast, no difference
in median disease specific survival was seen for the
corresponding groups of patients treated by surgery alone.
Interestingly, the analysis of TS expression and survival
according to the form of treatment received, revealed that,
among patients receiving intra-arterial chemotherapy
(n=23), a trend to better survival was seen for the group
with low-TS-expressing tumours treated by intra-arterial
chemotherapy alone compared with the corresponding
high-TS group (median survival: 25.0 vs 16.0 months)
although these results were not statistically significant
(p=0.3834). It should be noted that 80% (8/10) of patients
in the low-TS group, but 62% (8/13) of patients in the high-
TS group had an UICC-stage III cancer. For patients
receiving radiotherapy in addition to intra-arterial chemo-
therapy (n=25) median survival was 20.0 months in the
group with low-TS-expressing tumours (n=14) vs 19.2

months in the group with high-TS-expressing tumours
(n=11). No difference was seen among low- and high-TS-
expressing tumours for patients receiving systemic che-
motherapy (n=19; both median survival: 22 months).
Results are summarized in Table 3.

Patients undergoing palliative procedures

There was no difference in survival among all palliative
treated patients with low- (n=21) and high- (n=12) TS-
expressing pancreatic cancers (7.2 vs 8.2 months).
Similarly, no survival benefit was seen when analyzing
patients according to the treatment received.

Association of TS protein expression
and clinicopathological parameters

Afterwards, a multiple Cox regression analysis was
performed to identify the important risk factors and to
assess their effect simultaneously. The following variables

0

Fig. 1 TS protein expression in human pancreatic cancer. Moderate
to strong granular (2—3) cytoplasmatic TS immunoreactivity (a) was
observed in almost all cancer cells of this sample. In contrast, in
several samples faint or no TS immunoreactivity was present in the
cancer cells (b). The arrows depict the area of magnification of each
inset. Original magnification: x100, inset x400
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Table 3 Disease-specific median survival of patients undergoing tumour resection (n=98) according to the postoperative adjuvant
treatment, TS-protein expression and with reference to UICC stage distribution

Postoperative treatment n TS UICC Median survival TS UICC Median survival P

high stage (months) low stage (months)

I 11 I [ 1I I

Surgery alone 26 12 147 12.0 (4-64) 13 34 6 13.0(3-34 0.624
Surgery + intra-arterial chemotherapy 23 13 328 16.0(7-115) 10 20 8 250 (5-68) 0.383
Surgery + intra-arterial chemotherapy + radio- 25 11 038 192 (6-81) 14 11 12 20.0 (6-39) 0.242
therapy
Surgery + intravenous chemotherapy (all pa- 19 6 123 222(1-56) 13 06 7 223(1-62) 0.900
tients)
Surgery + intravenous chemotherapy (only 6 4 112 225(14-56) 2 01 1 —(10; 62) 0.895
5FU + FS)

TS was not evaluable in 1 patient

were included: age (< 60 vs >60 years), gender (male vs
female), stage (UICC I vs II vs III vs IV), histological
grading (G3—4 vs 1-2), surgical treatment (palliative
procedures vs resection), postoperative treatment (no
therapy vs adjuvant therapy) and TS expression (high vs
low). Owing the missing values in the covariates
considered, 121 patients were studied altogether. The
results of variable selection are presented in Table 4
demonstrating that stage and grading were independent
prognostic factors in this group.

Discussion

TS plays a key role in fluoropyrimidine resistance and
catalyses the rate-limiting step of DNA de novo synthesis
[22]. High intratumoral TS expression is believed to confer
5-FU resistance due to inefficient TS inhibition [23]. The
value of TS as a prognostic factor has been most widely
studied in colorectal cancer. In advanced unresectable
colorectal cancer and other advanced gastrointestinal
malignancies, numerous studies have shown the predictive
value of intratumoral TS for the response to palliative 5-FU
treatment. A meta-analysis including 13 studies and a total
of 887 cases of advanced colorectal cancer has shown that
patients with high-TS-expressing tumours have a poorer
prognosis than those with low-TS-expressing tumours

Table 4 Multiple regression analysis of prognostic factors

Risk factor RR (95% p
CI
Histological grading® (3-4 vs 1-2) 1.8 0.004
(1.2;2.8)
Surgical procedure (palliative procedure vs 2.9 <0.001
resection) (1.8; 4.7)

*Histological grading: / Well differentiated, 2 moderately differ-
entiated, 3 poorly differentiated, 4 undifferentiated

[24]. Furthermore, high-TS levels were associated with 0—
24% response rate to 5-FU chemotherapy regimens, while
response was observed in 49-67% when low-TS levels
were present [7]. There is also evidence for TS as
prognostic marker for survival after complete surgical
tumour removal. This might be explained by the fact that
TS catalyses the rate-limiting step of DNA de novo
synthesis, which is essential for rapid cell proliferation
[23]. Several studies showed that high-TS levels were
associated with poor postoperative outcome after resection
of colorectal and gastric cancer [16]. However, in contrast
to palliative treatment of unresectable disease, patients with
high-TS-expressing primary tumours seem to be the ones
that benefit from adjuvant treatment after tumour resection,
while patients with low TS might not or might even be
harmed [16]. The hypothesis that high TS might predict the
increased efficiency of adjuvant treatment contrasts with
the inverse correlation of TS expression and response to
palliative fluoropyrimidine treatment in metastasized co-
lorectal cancer. There is no definitive explanation for that,
but unlike treatment of advanced disease, the survival
benefit of adjuvant therapy is due to the eradication of
circulating tumour cells, an obviously different situation to
that of an established tumour. High-TS levels in circulating
tumour cells may render them more susceptible to chemo-
therapy through still unknown mechanisms or pathways
different from TS inhibition [11, 14, 23].

In this study, we observed that patients who undergo
resection of pancreatic cancer and have a low-TS-
expressing tumour tend to have, even if marginally, a
longer median survival time. This is more evident for
patients receiving adjuvant postoperative treatment and
particularly in the form of 5-FU-based intra-arterial
chemotherapy. No benefit was seen for patients receiving
5-FU-based intra-arterial chemotherapy plus radiotherapy
or systemic chemotherapy. These results, although ob-
served on a relatively small number of patients receiving
heterogeneous treatments, are consistent with reports on
colorectal [11-14] and gastric [15] cancer but are in
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contrast with previous results on colorectal [11, 12, 21, 25,
26], gastric [15] and pancreatic cancer [17, 18] reporting a
benefit of postoperative adjuvant 5-FU-based chemother-
apy for high-TS-expressing tumours only. Our results are
consistent with the hypothesis of the inhibition of growth in
tumour cells expressing low-TS levels. The reason for the
lack of the survival advantage, at least theoretically
expected, when radiotherapy is added to intra-arterial
chemotherapy is not known but is consistent with the data
of the recent published multicentre, randomized study
ESPAC-1 [4], showing no benefit for patients receiving
intravenous chemotherapy (5-FU + folinic acid) plus
external beam irradiation vs intravenous chemotherapy
alone with survival in the former group being even harmed.
As for patients receiving intravenous chemotherapy, there
was no difference among high- and low-TS-expressing
tumours. This might be explained by the fact that some
patients in this group received gemcitabine as an adjuvant
drug, and only a relatively small number of patients were
treated by a 5-FU-containing regimen. It has also been
reported that pancreatic cancer is known to express high
dihydropyrimidine-dehydrogenase (DPD) levels, which
can rapidly inactivate 5-FU [27]. Concerning patients
with unresectable cancers, our results did not show any
differences in survival and response to chemotherapy in
terms of survival between high- and low-TS-expressing
tumours. This is in contrast with the studies on advanced
colorectal cancer [7, 24] but in agreement with the data of
Takamura et al. [18] on unresectable pancreatic cancer.
To our knowledge only two studies examined TS
expression and its correlation with clinical outcome in
pancreatic cancer so far. Takamura et al. [18] examined the
expression of TS and its correlation with the clinicopatho-
logical features of 102 patients with resectable and
unresectable tumours. In the group with resectable cancer,
overall survival was significantly better for patients with
high-TS-expressing tumours and for patients receiving
adjuvant 5-FU-based chemotherapy. Considering TS ex-
pression and response to 5-FU-based chemotherapy, a
significant improvement of survival was seen for resected
cancers with high-TS expression. In the group with
unresectable cancer, overall survival was significantly
different for patients with palliative surgery plus chemo-
therapy vs those receiving palliative surgery alone.
Concerning TS expression and response to 5-FU-based

chemotherapy, a trend to better survival was seen for
unresectable cancers with high-TS expression. The authors
concluded that high-TS immunoreactivity is a prognostic
factor for patients with pancreatic cancer but its implica-
tions regarding the efficacy of 5-FU-based chemotherapy
remains unclear. Hu et al. [17] studied the immunohisto-
chemical expression of TS in a series of 132 patients, who
underwent resection for pancreatic ductal adenocarcinoma
with and without postoperative adjuvant treatment. High-
TS expression was associated with decreased patient
overall survival. Similar to the previous report, overall
survival was significantly increased in patients receiving
postoperative chemotherapy vs surgery alone. Adjuvant
treatment significantly improved survival in patients with
high-TS-expressing tumours, whereas no difference was
observed for patients with low-TS-expressing tumours
managed with resection vs resection plus chemotherapy.
Authors concluded that high-TS expression is a marker of
poor prognosis in resected pancreatic cancer, whereas
patients with high intratumoral TS expression benefit from
adjuvant therapy. In addition to these two studies, a recent
report investigated the presence of TS promotor tandem
repeats of patients participating in an adjuvant trial,
however, without demonstrating differing frequencies of
the three possible repeats compared to non-pancreatic
cancer populations, suggesting that TS promoter heteroge-
neity may not play a role in the etiology of this disease [28].

In conclusion, the present study demonstrated conflicting
results regarding the implication of TS protein expression
in patients with pancreatic cancer for prognosis and
response to 5-FU-based chemotherapy. Despite the hetero-
geneous group of patients receiving several chemothera-
peutic protocols, our results suggest that TS expression may
also play a role in the prognosis and chemosensitivity of
patients with resectable pancreatic cancer. Especially,
patients with low TS receiving intra-arterial 5-FU-based
chemotherapy after tumour resection seem to have taken
advantage from this postoperative treatment. To further
address this topic, subsequent studies including more
patients are needed to clarify the role of TS in the treatment
and progression of human pancreatic cancer.
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