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Abstract Background and aims:
Many studies have been published
that report an association between
thymidylate synthase (TS) and re-
sponse to fluoropyrimidine-based
chemotherapy and the overall out-
come of patients with gastrointestinal
cancer. The results have given rise to
the possibility that, by determination
of TS levels, the physician may de-
cide if the patient has a potential
benefit from fluoropyrimidine-based
treatment, similar to measurements of
oestrogen receptors in breast cancer.
The purpose of this review is to
summarize critically the reports on
TS measurement in gastrointestinal
cancer, focusing on the adjuvant flu-
oropyrimidine treatment situation.
Methods: We reviewed more than 20
studies that reported the association
of TS with the clinical outcome in
patients with gastrointestinal cancer
who had undergone complete resec-
tion of the primary tumour only or
were receiving additional adjuvant
chemotherapy. Results: Patients with
metastasized disease who expressed
high TS levels display a low proba-
bility of responding to fluoropyrimi-

dine-based treatment and have a
poorer survival rate. Patients with
high TS levels who undergo complete
surgical resection of the primary tu-
mour also have a poorer prognosis
than those with tumours with low TS
expression. In contrast to advanced
disease and to surgery alone, patients
with high TS levels appear to benefit,
especially, from adjuvant fluoropy-
rimidine-based chemotherapy after
complete primary tumour resection,
while patients with low TS levels do
not. Conclusion: Patients with gas-
trointestinal cancers that express high
TS levels have a poor prognosis with
regard to fluoropyrimidine-based
palliative chemotherapy or complete
primary tumour resection. In contrast,
patients with high TS levels might
benefit from adjuvant fluoropyrimi-
dine-based treatment after primary
tumour resection. However, addi-
tional prospective studies are
mandatory to define the precise role
of TS in adjuvant therapy.
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Introduction

Gastrointestinal malignancies remain a significant health
problem in the western world [1]. Advances in early de-
tection, surgery and multi-modal treatment have con-
tributed to the constantly decreasing death rates during
the past decades [1]. Despite complete surgical clearance

of the primary tumour (R0 resection), a great portion of
patients suffer local or distant recurrence at the onset
of their disease, presumably due to disseminated micro-
metastases present at the time of surgery [2, 3].

It is well established that adjuvant strategies can im-
prove the outcome of patients with several gastrointesti-
nal malignancies when compared with surgery alone. For
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instance, adjuvant treatment of colon and rectal cancer,
using 5-fluorouracil (5-FU)-based adjuvant chemotherapy
regimens alone and in combination with local irradiation,
respectively, significantly reduces recurrence rates and
improves survival [4–6]. With 5-FU-based regional che-
motherapy after pancreatic cancer resection, a benefit
with regard to the incidence of liver metastases could be
demonstrated without impact on the prognosis [7]. A re-
cent large multi-centre European trial revealed a signifi-
cant benefit from the use of adjuvant 5-FU treatment in
comparison to surgery alone or chemo-radiation in pa-
tients with pancreatic and peri-ampullary cancers [8]. In
contrast, the possible beneficial role of adjuvant treatment
in oesophageal and gastric cancers is still discussed con-
troversially [9–12].

Despite the positive impact of adjuvant therapy on the
outcome, compared with surgery alone, the majority of
patients are treated unnecessarily and include those who
would never develop a recurrence, even after surgery
only, and those who receive adjuvant treatment but still
experience early recurrence. A meta-analysis by Sargent
and colleagues revealed that only 11% of all treated pa-
tients benefited from adjuvant 5-FU-based chemotherapy
compared with surgery alone in stages II and III colon
cancer [13]. If one takes quality of life and economic
aspects into account, the indication for adjuvant treatment
has to be indispensably optimized. This could be done by
the more precise selection of patients who would poten-
tially benefit from adjuvant treatment strategies. How-
ever, currently, only tumour stage is recommended as a
decision factor to initiate adjuvant treatment in colon and
rectal cancer [14, 15].

Therefore, additional prognostic and predictive factors
are needed to identify the subgroups most likely to profit
from adjuvant treatment strategies. This could result in a
more individualized tumour-tailored multi-modal treat-
ment, saving resources and omitting unnecessary treat-
ment toxicities, while targeting adjuvant treatment to pa-
tients most likely to benefit from such modalities. The
aim of the present review is to summarize the results of
the importance of thymidylate synthase (TS) expression
for the outcome of adjuvant treatment in patients with
gastrointestinal cancers.

Thymidylate synthase

TS is a dimeric cytosolic protein that catalyses the meth-
ylation of deoxyuridine-50-monophosphate (dUMP) to
deoxythymidine-50-monophosphate (dTMP) with 5,10-
methylene tetrahydrofolate (CH2–THF) as a co-factor
(Fig. 1) [16, 17]. This reaction provides the sole intra-
cellular de novo source of thymidylate and is, therefore,
one of the rate-limiting steps of DNA synthesis [16]. The
anti-tumour effect of 5-FU has been ascribed to a number
of mechanisms, including incorporation into DNA and

RNA [17]. The main mechanism of 5-FU action, how-
ever, is ascribed to the competitive inhibition of TS after
conversion to its active metabolite 5-fluoro-deoxyuridine
monophosphate (FdUMP), as shown in Fig. 1. Addition-
ally, differences in transport, anabolism and catabolism,
as well as apoptotic and anti-apoptotic mechanisms, in-
fluence its cytotoxic effect, depending on the cell type
[17, 18]. The dose schedule may also be a variable that
has to be considered when one is predicting response to
5-FU. Bolus 5-FU, with or without the folate analogue
folinic acid, might be more RNA-directed than continu-
ous infusion regimens, which suggests that TS measure-
ments might be less predictive when bolus schedules are
used [19].

Methods to determine TS expression

Several methods and assays are available to determine TS levels in
cultured cells and tissue samples [20]. These include biochemical
assays that determine the catalytic activity or FdUMP ligand-
binding [21, 22], mRNA assays, either quantitative or semi-quan-
titative, when a reference gene is used [23, 24], and immunoblot or
immunohistochemistry (IHC) that use monoclonal or polyclonal TS
antibodies [25–28].

In the earlier days of TS measurement, immunohistochemical
analysis combined several advantages. First, routinely available
paraffin-embedded tumour samples could be used. Second, large
retrospective studies using archival material could be performed.
Third, the morphology and contamination by normal tissue that
resulted in low TS expression could be excluded or taken into
account. Moreover, possible intratumoral heterogeneity in TS ex-
pression could also be assessed [29–31].

However, mRNA assays have recently become more feasible.
Fresh specimens can be conveniently stored and shipped at room
temperature in RNA-preserving solutions. Using real-time RT-PCR
techniques one can also use archival paraffin-embedded samples
for TS mRNA quantitation and without the need to use radioactivity
[26]. Micro-dissection of the tissue sections prior to TS mRNA
quantitation is now established in several laboratories. This might

Fig. 1 5-FU metabolism. TS catalyses the methylation of dUMP
to dTMP, with CH2–THF as a co-factor, the rate-limiting step of
DNA synthesis. After conversion to its active metabolite FdUMP,
5-FU inhibits TS, forming an irreversible complex that includes
CH2–THF. Some anti-tumour effects of 5-FU are also ascribed to
incorporation into DNA and RNA. DHF dihydrofolate. Adapted in
part from Danenberg [16] and Van Triest [17]
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help, in the future, to increase further the accuracy of TS deter-
mination using mRNA techniques. A recent meta-analysis sug-
gested that mRNA techniques predicted clinical outcome better
than IHC in advanced colorectal cancer [32], although RT-PCR and
IHC techniques have been shown to correlate in a great portion of
samples when analysed in parallel [26, 33]. One of the reasons
might be that TS levels, using immunohistochemistry, are catego-
rized only by a visual grading system based on the intensity (0–3)
and the extent (focal–diffuse), whereas TS mRNA quantitation
results in numeric values (0–1). This makes it easier for one to test
cut-offs that might be of possible clinical importance [26].

TS as a prognostic and predictive factor
in advanced disease

Many pre-clinical studies have demonstrated that high
intracellular TS levels correlate with resistance to fluo-
ropyrimidine treatment [18, 20]. These results have been
confirmed, so far, by several clinical studies that demon-
strate that high TS levels were associated with 5-FU re-
sistance in metastatic colorectal cancer [18, 20]. Inde-
pendent of the assay method and the systemic 5-FU reg-
imen used, bolus or infusional, high TS levels were as-
sociated with 0%–24% response, while response was
observed in 49%–67% when low TS levels were present
[18]. A similar observation has been made for hepatic
arterial infusion that uses fluoropyrimidine-based regi-
mens for isolated non-resectable colorectal liver metas-
tases [23, 34, 35] and other gastrointestinal malignancies,
including gastric cancer [36] and primary and secondary
liver tumours [37]. A meta-analysis that included 13
studies and a total of 887 cases of advanced colorectal
cancer also confirmed that patients with tumours that
express high TS levels appear to have a poorer survival
rate than those with tumours that express low TS levels
[32]. In summary, these studies demonstrate that TS can
serve as a predictive and prognostic marker for fluo-
ropyrimidine-based treatment in several advanced gas-
trointestinal malignancies.

On the basis of these results it seems reasonable to
determine TS in the primary tumour for patients who
develop metastatic disease at the onset, which avoids the
need to biopsy a metastatic lesion. Unfortunately, the
studies that were trying to predict response to palliative
5-FU treatment in metastatic colorectal cancer using TS
measurement of the primary tumour failed to demonstrate
a clear association [38–40]. This observation is, however,
not surprising when one considers the fact that several
studies have shown that there is no correlation between
levels of TS in primary tumours compared with metastatic
lesions, the former tending to have higher levels [41, 42].
Additionally, TS may vary, depending on the site of
metastasis, with lung and lymph node lesions expressing
higher levels than liver metastases [43, 44].

TS as a prognostic factor after surgery only

In 1994, Johnston and colleagues reported for the first
time a significant association between TS levels and
survival in rectal cancer patients who were undergoing
potentially curative resection and being randomized to
surgery alone, surgery plus radiation, or surgery plus a 5-
FU-consisting adjuvant chemotherapy protocol [29]. Im-
munohistochemical analysis of paraffin-embedded pri-
mary tumour specimens using a monoclonal antibody
revealed, for patients with low TS levels, 5-year recur-
rence-free and overall survival rates of 49% and 60%,
respectively, and of only 27% and 40%, respectively, for
patients with high TS levels.

The value of TS as prognostic factor for patients with
gastrointestinal malignancies who were undergoing po-
tential curative surgery, especially for colorectal cancer,
was established thereafter. Several studies demonstrated
that high TS levels are associated with poor postoperative
outcome after tumour resection in colorectal [28, 30, 45–
47], gastric [48] and pancreatic [49] cancer. A meta-
analysis that included seven studies and a total of 2,610
patients with localized colorectal cancer supports those
findings [32]. However, all those studies included patient
subgroups that had received adjuvant fluoropyrimidine-
based chemotherapy. Depending on the influence of ad-
juvant fluoropyrimidine-based treatment in each TS sub-
group, a shift in the final outcome cannot be ruled out
in all those studies. As shown below, this seems rather
likely. The effect of adjuvant 5-FU treatment in the TS
subgroups could probably be the reason why no correla-
tion between TS and postoperative outcome was found in
three studies of colorectal cancer [31, 50, 51]. In the latter
study, there was only a trend for better prognosis for low
TS in colon cancer. Besides, if one included patients who
were undergoing surgery only and additionally receiving
chemotherapy, low TS was infrequent and observed in
only 24% of the cases, but high TS accounted for 76%, in
contrast to other published studies. An inverse correlation
between TS and survival was reported in a very small
study that included colorectal cancer patients, where an
enzymatic assay was used for TS determination [22], and
in a study that included 72 patients who underwent re-
section of pancreatic cancer [52]. In the latter study, 47 of
the 72 patients received various adjuvant chemotherapy,
including mitomycin C and cisplatin.

Similarly to most of the above-mentioned studies that
included patients who received adjuvant treatment to
some extent, the studies that included patients who had
undergone only surgery demonstrated that TS is an in-
dependent prognostic factor for local recurrence, distant
metastasis, and disease-free and overall survival in colo-
rectal cancer [45, 53, 54]. In a small study of 66 patients
with resectable colorectal cancer a high TS level was
also associated with poorer outcome after oral pretreat-
ment with tegafur–uracil (UFT), a fluoropyrimidine-based
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agent, prior to surgery [55]. The association between TS
and the clinical outcome of patients who undergo surgical
resection only is summarized in Table 1. Similar obser-
vations have been also made for lung [56] and breast
cancer [57]. Additionally, TS levels seem to be associated
with tumour stage [28, 29, 53].

Value of TS as a prognostic factor
after adjuvant chemotherapy

Studies that included patients who received surgery alone
or surgery plus chemotherapy

Johnston and colleagues reported that TS expression is
an important independent prognosticator of disease-free
and overall survival in patients with rectal cancer [29].
These results were confirmed by several subsequent stud-
ies, which demonstrated that high TS levels are associated
with poor prognosis in patients who undergo complete
primary tumour resection without receiving adjuvant
treatment (Table 1). In view of the association of TS in
patients with metastasized disease who receive fluo-
ropyrimidine-based treatment, one would assume that
patients with low TS levels might also profit from adju-
vant fluoropyrimidine-based therapy after primary tumour
resection. However, Johnston and colleagues had already
concluded in their study that adjuvant chemotherapy sig-
nificantly improved the survival rate of patients with high
TS levels, whereas it was without effect in patients with
low TS levels [29].

In a subgroup analysis of this study, the influence of
TS on disease-free and overall survival of 194 patients
with Dukes’ B and C rectal cancer treated by either sur-
gery alone or surgery plus chemotherapy was determined.
Surprisingly, among the patients with high TS levels, 54%

were alive after 5 years, having received surgery plus
chemotherapy, compared with only 31% who had un-
dergone surgery alone. In contrast, no significant differ-
ence was found among patients with low TS levels (50%
vs 57%). The observation that patients with high TS
levels from the primary tumour might especially profit
from adjuvant 5-FU-based treatment was also reported by
several other investigators.

Takenoue and colleagues demonstrated in 141 cases of
colon cancer that patients with high TS levels profit from
adjuvant oral 5-FU, while this was not the case in the TS-
negative group [30]. Another Japanese study, which used
oral uracil and UFT for adjuvant treatment of colorectal
cancer, confirmed those results [31]. In a large Scandi-
navian study of 862 patients with Dukes’ B and C colo-
rectal cancer it could also be demonstrated that patients
(34%) who expressed immunohistochemically the highest
TS score significantly benefited from adjuvant 5-FU-
based chemotherapy compared with surgery alone, while
the others did not, and patients with very low TS levels
were even harmed compared to surgery alone [46]. In a
recent report about adjuvant 5-FU-based chemotherapy in
pancreatic cancer those results could be confirmed. The
immunohistochemical study by Hu and colleagues re-
vealed that the risk of death was significantly reduced by
chemotherapy among patients with high TS expression
[49]. Patients with high TS levels had a median survival
time of 19 months when receiving 5-FU-based adjuvant
therapy and only 11 months with surgery only. In con-
trast, the median survival time did not differ significantly
in patients with low TS levels when surgery alone was
compared with additional adjuvant chemotherapy. The
hypothesis that patients with high TS levels might benefit
from adjuvant fluoropyrimidine-based treatment is sup-
ported by observations in other studies, which did not
reach the level of significance, probably due to the very

Table 1 Overview of the influence of TS levels on the clinical outcome of patients who undergo surgery only

Author Cancer Number TS quantitation Five-year overall
survival rate (%)

Low TS vs high TS TS low TS high

Lenz et al. [54] Colon 45 Staining 0–1 vs 2–3 88a 39a

Edler et al. [45] Colorectal 61 Staining 0–1 vs 2–3 87a 54a

Edler et al. [53] Rectal 243 Staining 0–1 vs 2–3 74a 48a

Johnston et al. [29] Rectal 101 Staining 0–1 vs 2–3 57 31
Yamachika et al. [28] Colorectal 28 Negative (�10% cells) vs positive(>10%) 85b 42b

Takenoue et al. [30] Colon 56 Staining 0–1 vs 2–3 100a 62a

Edler et al. [46] Colorectal 442 Staining 0–1 vs 2–3 82a 63a

Sugiyama et al. [31] Colorectal 123 Focal (�25%) vs diffuse (>25%) 69a 57a

Tomiak et al. [51] Colon 98 Staining 0–1 vs 2–3 65c 56c

Hu et al. [49] Pancreatic 24 Staining 0–1 vs 2–3 38a,c 0a,c

Takamura et al. [52] Pancreatic 25 Staining 0–1 vs 2 0a,c 14a,c

Tsujitani et al. [48] Gastric 53 Negative vs positive staining 80 26
a Estimates from Kaplan–Meier survival curves
b Ten-year overall survival rate
c Two-year overall survival rate
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limited number of patients. In a study by Yamachika and
colleagues the 10-year survival rate was increased from
43% to 78% in patients with high TS who had received
5-FU-based chemotherapy, while it was not altered by
chemotherapy in patients with low TS levels (86% vs
89%, respectively) [28]. In a Canadian study of UICC II
and III colon cancer, relapses were observed in patients
with low and high TS in the surgery-only group in 41%
and 48%, respectively, and in the adjuvant group in 31%
and 30%, respectively [51]. Gastric cancer patients who
had received 5-FU-based adjuvant chemotherapy dis-
played a 5-year overall survival rate of 42% and 57%,
respectively, for TS-positive and TS-negative tumours,
and 26% and 80%, respectively, when they had under-
gone surgery only [48]. The studies that investigated the
association between TS level and outcome in patients who
had undergone surgery alone versus surgery plus adjuvant
chemotherapy are summarized in Table 2.

Studies that included patients
with surgery plus chemotherapy only

When RT-PCR analysis from paraffin-embedded primary
tumour tissue was used, it could be demonstrated for
UICC stages II and III colorectal cancer that patients with
high TS levels displayed a better outcome than patients
with low TS who had undergone adjuvant 5-FU-based
chemotherapy [26]. It seems possible that patients with
high TS obtain an advantage from the adjuvant treatment,
while patients with low TS do not. A subgroup analysis of
the large Scandinavian trial supports this hypothesis [46].
Edler and colleagues demonstrated that, in particular,
patients with very high TS levels (staining intensity 3)
benefited from adjuvant treatment, while patients with
low TS levels (staining intensity 0–1) had a worse out-

come when treated with adjuvant chemotherapy [46]. A
tendency towards a worse or no effect on outcome from
adjuvant fluoropyrimidine-based treatment in low TS
patients, compared with surgery alone, was also reported
in several other studies [28–31, 49], which are summa-
rized in Table 2. The beneficial effect of adjuvant 5-FU-
based treatment might also explain the result of a Korean
study of gastric cancer patients who had undergone re-
section [58]. In contrast to the report by Tsujitani and
co-workers [48], which demonstrated that TS is also a
prognostic marker after resection in gastric cancer, the
Korean study revealed no difference in outcome, regard-
less of the TS level [58]. Another study of only locally
advanced pT3pN2 gastric cancer patients, however, could
still demonstrate a survival benefit for patients with low-
TS tumours who had received 5-FU-based treatment, in
comparison with high-TS tumours [59]. Nevertheless, it
cannot be ruled out in that study and the colon cancer
studies by Nanni and Sakamoto that patients with high TS
levels gained an advantage from adjuvant treatment,
while patients with low TS did not [59–61]. The studies
about the association of TS with outcome, which included
that of patients undergoing surgery plus adjuvant che-
motherapy, are summarized in Table 3.

The impact of TS expression on prognosis, for patients
who had undergone resection of primary colorectal cancer
and who had received 5-FU-based adjuvant treatment and
experienced tumour recurrence, was analysed in two ad-
ditional studies. Investigating 100 UICC-stage III colon
cancer patients who had received adjuvant 5-FU, Cascinu
and colleagues concluded that early tumour recurrence
occurs more frequently in immunohistochemically TS
over-expressing tumours [62]. The retrospective RT-PCR
analyses of 142 primary paraffin-embedded colorectal
cancer specimens from patients who had suffered tumour
recurrence during or after 1 year of adjuvant 5-FU-based

Table 2 Overview of the influence of TS levels on the outcome of patients who underwent surgery only versus surgery plus adjuvant
chemotherapy

Author Cancer Number Five-year overall survival rate

Low TS High TS

Surgery Plus chemotherapy Surgery Plus chemotherapy

Johnston et al. [29] Rectal 194 57 50 31 54
Yamachika et al. [28] Colorectal 86 86a 89a 43a 78a

Takenoue et al. [30] Colon 148 100b 93b 61b 88b

Tomiak et al. [51] Colon 210 55b 78b 50b 74b

Edler et al. [46] Colorectal 862 83b 62b Not stated Not stated
Sugiyama et al. [31] Colorectal 245 69b 74b 57b 80b

Allegra et al. [50] Colon 245 Not stated Not stated Not stated Not stated
Allegra et al. [47] Colon 706 Not stated Not stated Not stated Not stated
Hu et al. [49] Pancreatic 121 38b,c 45b,c 0b,c 40c

Takamura et al. [52] Pancreatic 72 0b,c 16b,c 14b,c 47b,c

Tsujitani et al. [48] Gastric 216 80 57 26 42
a Ten-year overall survival rate
b Estimates from Kaplan–Meier survival curves
c Two-year overall survival rate
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chemotherapy confirmed this observation [63]. Thus, tu-
mour recurrence occurred in the low-TS group (n=102)
after a median of 17.6 months (95%CI 13.6–21 months).
In contrast, in cases of high TS (n=40) the median time to
recurrence was only 11.2 months (95%CI: 8.8–12.6
months). Those observations could suggest that high TS
levels might be a positive prognosticator in patients un-
der adjuvant treatment so long as no recurrence occurs;
however, once recurrence is established TS switches to
become a negative prognosticator.

Concluding remarks

TS plays a key role in fluoropyrimidine resistance and
catalyses the rate-limiting step of DNA de novo synthesis
[16]. High intratumoral TS levels are believed to confer
5-FU resistance due to inefficient TS inhibition [17]. In
the case of advanced unresectable colorectal cancer and
other advanced gastrointestinal malignancies, numerous
studies have demonstrated the predictive relevance of
intratumoral TS for the success of palliative 5-FU treat-
ment and the prognosis of these patients. Several lines of
evidence also suggest that TS is an important prognos-
tic marker for survival after complete surgical tumour
resection. 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 [17]. TS in
this setting may be regarded as a biomarker for the pro-
liferative or malignant potential of a tumour. However,
the role of intratumoral TS expression in the outcome of
adjuvant fluoropyrimidine-based treatment after complete
surgical resection in patients with gastrointestinal malig-
nancies remains controversial.

In the present review evidence was presented that
patients with high TS levels might be the ones that benefit
from adjuvant treatment, while patients with low TS lev-
els might not or might even be harmed. Compared with
surgery alone, adjuvant chemotherapy prolonged the sur-
vival of patients with high TS levels, whereas there was
no such survival prolongation by adjuvant chemothera-
py for patients with low TS levels in most studies. It is
possible that the observed effect might be due to in-

creased efficiency of adjuvant fluoropyrimidine-based
chemotherapy in patients with primary tumours that ex-
press high levels of TS. The hypothesis that high TS
might predict the increased efficiency of adjuvant che-
motherapy at first glance contrasts with the inverse cor-
relation of TS expression and response to palliative flu-
oropyrimidine treatment in metastasized gastrointestinal
cancers. However, unlike treatment of advanced disease,
the survival benefit of adjuvant therapy is mainly at-
tributed to eradication of circulating cancer cells before
they become established [2]. The situation of circulating
tumour cells, however, is clearly different from the situ-
ation of an established tumour mass in many respects.
Apart from possible differences in accessibility of the
tumour for the drug, in disseminated tumour cells high TS
levels might render cells more susceptible to drug-in-
duced cell death via presently unknown mechanisms or
may be not dependent on TS inhibition [17, 28, 46].

In view of the fact that only estimated subsets of 10%–
20% of the patients obviously profit from the present
available adjuvant treatment strategies [13], it would be
highly desirable to identify patients that are at risk of
developing recurrence in order to focus treatment on them
and to avoid therapy for patients who will never suffer a
recurrence. Analysis of TS expression might provide a
tool to separate patients who are likely to benefit from
adjuvant chemotherapy (high TS) from those who are
unlikely to benefit (low TS). However, it is too early to
conclude from the presently available studies that the
5-FU treatment currently used should be targeted prefer-
ably to the high-TS group.

The possibility that patients with high TS might profit
from adjuvant treatment while low TS patients do not
should give rise to prospective randomized controlled
studies in R0-resected cancer patients that compare the
efficacy of adjuvant 5-FU with other potentially active
regimens for patients with high and low TS levels [64–
66]. Such studies could eventually result in a recom-
mendation for individualization and optimization of ad-
juvant chemotherapy for colorectal cancer on the basis of
TS measurement and other markers.

Table 3 Overview of the influence of TS levels on the clinical outcome of patients undergoing surgery plus adjuvant chemotherapy

Author Cancer Number UICC tumour
stage

Adjuvant chemotherapy Five-year overall survival rate

TS low TS high

Suda et al. [59] Gastric 67 III (pT3pN2 only) 5-FU-based 42 25
Choi et al. [58] Gastric 103 I–IV 5-FU-based plus doxorubicin 60a 59a

Nanni et al. [60] Colon 263 II–III 5-FU-based 76a 79a

Kornmann et al. [26] Colorectal 295 II+III 5-FU-based 44b 70b

Sakamoto et al. [61] Colon 229 II+III Fluoropyrimidine-based 86 63
a Four-year overall survival rate
b Estimates from Kaplan–Meier survival curves for disease-specific survival
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