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Abstract
Background: Recurrence of colorectal cancer has been shown to be inhibited by adjuvant chemotherapy. To achieve effective 
adjuvant chemotherapy, a target molecule is necessary. Therefore, we performed a prospective clinical trial to determine the 
relationship between adjuvant chemotherapy outcomes and prognostic factors in colorectal cancer based on nucleic acid me-
tabolizing enzyme levels. 

Methods: A total of 147 patients with stage IIIA, IIIB, and IIIC cancer were selected for adjuvant chemotherapy. We analyzed 
Disease-Free Survival (DFS) as the primary endpoint and Overall Survival (OS) as the secondary endpoint in relation to the Thy-
midylate Synthase (TS) and Dihydropyrimidine Dehydrogenase (DPD) levels as measured by enzyme-linked immunosorbent 
assay. According to the levels of the mean preliminary TS of 21.0 ng/mg protein and DPD of 115 ng/mg protein, the patients 
were divided into 4 groups. They were then administered postoperative adjuvant chemotherapy that primarily included fluorou-
racil and Leucovorin (FL) or Uracil/Tegafur (UFT) and Leucovorin (UZEL) for 6 months.

Results: The 5-year DFS in advanced stage III cancer was 63.9%. A significant difference was observed between the LL (low TS 
and low DPD levels) and HL (high TS and low DPD levels) groups and the LH (low TS and high DPD levels) and HH (high TS 
and high DPD levels) groups. Multivariate analysis revealed a significant difference in stage, TS level, and TS and DPD levels. 
The OS was 79.6% for all the groups. A significant difference was observed between the LL, LH, and HL groups and the HH 
groups. Multivariate analysis revealed a significant difference in the stage, age, TS level, and TS and DPD levels.

Conclusions: Measurement of the TS and DPD levels of a primary colorectal cancer lesion as target molecules may be helpful 
for achieving an effective postoperative adjuvant chemotherapy. TS and DPD can potentially serve as more accurate predictors 
of OS than age and cancer stage.
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Metabolizing Enzyme; Precision Medicine

Introduction
In colorectal cancer with lymph node metastasis, recurrence 

has been shown to be inhibited by postoperative adjuvant 
chemotherapy, which involves the administration of anticancer 
agents (mainly fluorouracil) for 6 months as a standard treatment 

[1]. Fluorouracil and Leucovorin (FL) therapy has been shown to 
inhibit recurrence by 18% compared with the untreated group in 
the previous IMPACT study [2]. Moreover, comparable results 
have been found with the administration of Uracil/Tegafur (UFT)/
Leucovorin (UZEL) [3] and capecitabine [4]. In patients in whom 
FL therapy is inadequate as adjuvant chemotherapy and who have 
a high risk of recurrence, as well as in patients in whom FL therapy 
is adequate but to further ensure the inhibition of recurrence, 
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oxaliplatine-based combination adjuvant chemotherapy is 
typically administered. A 24% decrease in the risk of recurrence 
and further inhibitory effect on recurrence were observed in a 
previous multicenter study by Andre, et al. [5]. However, such 
effects have not been shown in combination therapy with target 
molecules [6,7]. There have also been no reported clinical trials 
to date showing ‘folinic acid, 5-fluorouracil, and irinotecan’ 
(FOLFIRI) therapy as an effective adjuvant chemotherapy [8]. In 
unresectable, advanced, and recurrent colorectal cancer, the effects 
of ‘oxaliplatine, 5-fluorouracil, and folinic acid’ (FOLFOX) and 
FOLFIRI [9] therapies have been found to be comparable, whereas 
combination with other molecular targeting agents has been shown 
to effectively prolong patient survival [10,11]. When oxaliplatine 
alone is used for treatment, it does not elicit a response for colon 
cancer. However, when oxaliplatine is combined with FL therapy, 
a high response is elicited. From this background, fluorinated 
pyrimidines have been extensively used in colorectal cancer 
for adjuvant and intensive chemotherapy [12,13]. In terms of 
fluorinated pyrimidine anticancer drug metabolism, this is strongly 
affected by Thymidylate Synthase (TS) and Dihydropyrimidine 
Dehydrogenase (DPD) as nucleic acid metabolizing enzymes. 
In FL therapy, it is expected that the effects will enhance the TS 
inhibition rate. In the present study, we measured the TS and DPD 
levels by Enzyme-Linked Immunosorbent Assay (ELISA) and 
examined the potential clinical application of these 2 enzymes in 
postoperative adjuvant chemotherapy in the form of FL therapy.

Materials and Methods
This study was approved by the Ethical Review Board of 

Tokyo Medical University and Tokyo Medical University Hachioji 
Medical Center. TS and DPD levels were measured by ELISA in 
the primary colorectal cancer lesions of 147 patients with advanced 
stage III cancer between February 2004 and May 2007. Patients 
with advanced stage III cancer had a mean age of 65.1 ± 11.5 years, 
with 80 males and 67 female patients. The cancer staging was IIIA 
and IIIB in 96 patients and IIIC in 51 patients (Table 1).

1. Adjuvant chemotherapy (n = 147)
Mean age: 65.1 ± 11.5 years

Male patients: 80 patients
Female patients: 67 patients

Stage IIIA and Stage IIIB: 96 patients
Stage IIIC: 51 patients
FL therapy: 34 patients
UFT/UZEL: 113 patients

Table 1: Patient characteristics.

Based on the results of a previous study indicating a mean 
TS level of 21.0 ng/mg protein and a mean DPD level of 115 ng/
mg protein [14], all 147 patients were divided into the LL (low 
TS and low DPD levels), HL (high TS and low DPD levels), LH 

(low TS and high DPD levels), and HH (high TS and high DPD 
levels) groups. The LL group consisted of 36 cases, HL group 35 
cases, LH group 36 cases, and HH group 40 cases. Postoperative 
chemotherapy was administered to the patients for 6 months 
with FL therapy or UFT and UZEL. The primary endpoint was 
Disease-Free Survival (DFS) and the secondary endpoint was 
Overall Survival (OS). During the period of the present clinical 
trial, the use of FOLFOX has not yet been approved for adjuvant 
chemotherapy in Japan.

Enzyme Activity Measurement
The protein expression levels of TS and DPD in the tissue 

samples excised fresh from operative specimens were measured. 
The excised tissue measured approximately 5 mm3 which 
corresponded to a wet weight of 100-200 mg. The tissue was 
immediately frozen and stored at −80°C until further processing. 
The TS and DPD protein levels were quantified by ELISA in 
collaboration with Taiho Pharmaceutical Co., Ltd. (Tokyo, Japan) 
using a two-step sandwich method. Tissue samples for ELISA 
were homogenized with 4 volumes of 20 mM TBS buffer (pH 7.5) 
containing 0.1% (v/v) Tween-20 and were centrifuged at 105,000 
g for 60 min. The supernatants were then used for the TS and DPD 
level measurements by ELISA. Crude enzyme extracts were diluted 
with 20 mM TBS buffer (pH 7.5) containing 0.1% Tween-20 to 
determine the amount of TS, or with 20 mM PBS buffer (pH 7.0) 
containing 2% (w/v) bovine serum albumin and 0.1% (v/v) Triton 
X-100 to determine the amounts of DPD. Crude enzyme extracts 
and standard proteins were added to the wells of the TS and DPD 
ELISA plates and colorimetric measurement at an optical density 
of 490 nm was performed using a plate reader (Biokinetic Reader 
RJ 340; Bio-Tek Instruments Inc., Winooski, VT, USA). 

The protein contents of the tissue extracts were measured 
colorimetrically at 490 nm using bicinchoninic acid protein 
reagent. The amounts of TS and DPD protein in the tissue extracts 
were calculated as nanograms of TS and DPD enzyme protein 
per milligram of tissue protein, using the standard curves for TS 
and DPD, respectively. Initially, after tissue homogenization, 
the sample was centrifuged and the supernatant was collected, 
appropriately diluted, and dispensed into a solid-phased plate 
with TS antibodies (or DPD antibodies) added and left to react. 
Subsequently, peroxidase-conjugated antibodies were added to the 
TS or DPD antibodies to form a sandwich-type complex consisting 
of TS antibody-TS peroxidase-conjugated TS antibody and DPD 
antibody-DPD peroxidase-conjugated DPD antibody. Thereafter, 
orthophenylenediamine (chromogenic substrate) and hydrogen 
peroxide (peroxidase substrate) were added. The intensity of the 
color produced by the reaction with the peroxidase in the complex 
was measured. Afterwards, the TS protein expression level (or 
DPD protein expression level) in the tissue was measured from the 
analytical curve created using standard preparations.
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Statistical Analysis
Statistical analysis was performed using SPSS II Ver. 22.0. 

Means were used from the t test. DFS was defined as the time 
from assignment to relapse or death, whichever occurred first. OS 
was calculated from the date of assignment to the date of death 
from any cause. Time to event endpoints were calculated using 
the Kaplan-Meier method and were described. Multivariable Cox 
models were stratified on the treatment parameter which allowed 
consideration of the treatment effect on outcomes. The statistical 
significance of the differences between groups was analyzed using 
the Kaplan-Meier test and Cox regression. A p-value of < 0.05 was 
considered to indicate a statistically significant difference.

Results
In postoperative chemotherapy, the 5-year DFS rate in stage 

III cancer was 63.9 %, and there was no significant difference in 
the DFS rate between the 4 groups. Our specific findings included 
76.5% in the LL group, followed by 72.7%, 56.8%, and 52.8% in 
the HL, LH, and HH groups, respectively (p = 0.123) (Figure 1). 

Among the 4 groups, disease-free survival was good in 2 groups in which 
the DPD level was low. However, a statistically significant difference was 
not observed.

Figure 1: Disease-free survival rates in stage III patients. 

A significant difference was observed between the LL and 
HL groups as well as the LH and HH groups (p = 0.020) (Figure 2). 

A statistically significant difference was found (p = 0.020).

Figure 2: Comparison of disease-free survival rates between 
the 2 groups in which the DPD levels were low and high. 

A significant OS of 79.6% (p = 0.010) was observed for the 
4 groups, namely, 91.2% in the LL group, followed by 81.8%, 
81.8%, and 63.9% in the LH, HL, and HH groups, respectively 
(Figure 3).

A statistically significant difference in the overall survival was found 
between the 4 groups 

Figure 3: Overall survival of stage III patients.

In the multivariate analysis, there was a significant difference 
in the DFS rate for stage (p = 0.002), TS (p = 0.003), and with TS 
and DPD (p = 0.012) (Table 2).
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B SE Wald df P-value Exp (B)
Group 7.232 3 .065

Group (1) -.613 .581 1.114 1 .291 .542
Group (2) .945 .521 3.291 1 .070 2.574
Group (3) .563 .616 .833 1 .361 1.755

Age .015 .014 1.193 1 .275 1.015
Sex -.315 .305 1.065 1 .302 .730

Stage .970 .310 9.802 1 .002 2.637
TS .048 .016 9.008 1 .003 1.049

DPD .007 .007 1.022 1 .312 1.007
TS and DPD -.014 .005 6.374 1 .012 .986

There were statistically significance differences for stage (p = 0.02), TS (p = 0.003) level, and the combination of TS and DPD levels (p = 0.012).

Table 2: Disease-free survival factors affecting adjuvant chemotherapy.

As well as in OS for group (p = 0.023), stage (p = 0.022), age (p = 0.03), TS (p = 0.001), and TS and DPD (p = 0.001) (Table 3).

 B SE Wald df P-value Exp (B)

Group 9.542 3 .023
Group (1) -.740 .875 .715 1 .398 .477
Group (2) 1.554 .819 3.597 1 .058 4.730
Group (3) 1.391 .897 2.404 1 .121 4.020

Age .076 .025 9.048 1 .003 1.079

Sex -.498 .460 1.173 1 .279 .607

Stage 1.083 .473 5.245 1 .022 2.953
TS .079 .023 11.859 1 .001 1.082

DPD .017 .009 3.230 1 .072 1.017

TS and DPD -.030 .008 14.362 1 .001 .971

There were statistically significance differences for group (p = 0.023), age (p = 0.03),

stage (p = 0.22), TS level (p = 0.001), and the combination of TS and DPD levels (p = 0.01).

Table 3: Overall survival factors affecting adjuvant chemotherapy.

Taken together, measurement of the TS and DPD levels of the 
primary colorectal cancer lesion as target molecules may be helpful 
for achieving an effective postoperative adjuvant chemotherapy. In 
particularly, a low TS level is a good marker. Cases with a high TS 
level can expect an adjuvant chemotherapy effect if the DPD level is 
low. However, for cases with high TS and DPD levels, the treatment 
outcome is poor and more intensive chemotherapy is necessary. With 
regard to OS, it is necessary to consider not only TS and DPD but also 
the staging and age as important factors. Prognosis is poor in cases 
with high levels of TS and DPD, which may be more appropriate as 
prognostic predictors than staging and age. 

Discussion
In advanced stage III colorectal cancer with lymph node 

metastasis, postoperative adjuvant chemotherapy, including FL 

[2], capecitabine [3], or FOLFOX [4] therapy, has been found to 
result in significant DFS benefit. Fluorinated pyrimidine anticancer 
agents have an inhibitory effect on cell division by utilizing the 
difference in nucleic acid metabolizing enzymes within the tumor 
compared with normal tissue. In matched samples of primary 
Colorectal Cancer (CRC) and normal colonic tissue, the TS level 
in the primary CRC was significantly higher than that in the normal 
colonic tissue, whereas the DPD level in the primary CRC was 
significantly lower than that in the normal tissue [14]. Therefore, 
this effect is naturally believed to involve the expression of 
such enzymes. These enzymes primarily include TS, DPD, and 
Thymidine Phosphorylase (TP), and have been reported to be target 
molecules of fluorinated pyrimidine anticancer agents, as well as 
prognostic indicators of CRC [15-17]. In terms of mechanism of 
action, TS is an enzyme that plays a key role in DNA synthesis 
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from thymine, and the TS level has been found to correlate with 
the degree of cancer malignancy. Notably, the TS inhibition rate 
is improved in FL therapy by fluorodeoxyuridine monophosphate 
(FdUMP). On the other hand, DPD is an enzyme that inactivates 
uracil; therefore, in cancers with an elevated DPD level, the effect 
of fluorinated pyrimidine anticancer agents is considered to be 
lower. Furthermore, TP is somewhat similar to the angiogenic 
growth factor PD-ECGF. TP shows the strongest correlation with 
the degree of cancer malignancy and is involved in 5′DFUR and 
capecitabine metabolism.

In 2004 when we started the present clinical trial, the use 
of chemotherapy combined with capetacibine or oxaliplatine as 
an adjuvant chemotherapy was not yet approved in Japan, and the 
standard treatment was primarily the UFT/UZEL combination or 
FL therapy. In the UFT/UZEL combination, inferiority was proved in 
clinical trials with FL therapy [3]. Therefore, we selected TS and DPD 
as the enzymes for measurement. In reference to previous reports, 
there has not been a definite trend in the outcome prediction with 
a single factor [18], as examination using 1 factor was inferred to 
be difficult. Therefore, we examined DFS and OS by comparing 4 
groups using 2 enzymes. As previously reported [14], the possibility 
that these enzymes can be used as prognostic factors for other 
staged cancers is being considered. In particular, these enzymes 
can be used as factors for predicting chemotherapy outcomes in 
advanced stage IVa and IVb cancers, and enzyme measurement is 
performed in patients who provide consent. The 5-year DFS rate 
in the present clinical trial was 69.3%, which is not inferior to 
the DFS rate in the ACTS-CC trial that commenced in 2008 [19]. 
We believe that although the results are from clinical trials in 2 
different facilities, they provide high-quality data. The present 
results suggest the strong effect of TS on DFS as an independent 
factor. This is because the FL therapy involves a mechanism to 
increase TS inhibition, and naturally the effect depends on the TS 
level. Both patients in the low TS and DPD level group and the 
high TS and low DPD level group showed good DFS. If there is 
little effect from the inactivation of DPD, it was suggested that TS 
inhibition is possibly sufficient. However, it can be inferred that 
FL therapy is effective in the HL group with low TS levels. This 
results in patients with a high DPD level, and the low TS group 
suggests that the effect of the inactivation of DPD was strong, and that 
TS inhibition was insufficient.

These results indicate that TS and DPD as a combined factor 
are useful target molecules in adjuvant chemotherapy. Overall, we 
suggest that this clinical trial was not able to show a sufficient 
adjuvant chemotherapy effect for groups with a high DPD level. 
As DPD inactivates uracil, this was considered to decrease the effect 
of fluoride pyrimidine drugs. In CRC, the DPD level is low, thus 
the effect of fluoride pyrimidine drugs is expected. It is considered 
that resistance to fluoride pyrimidine drugs is developed because the 
DPD level is generally higher in pancreatic and gastric cancers than 

in CRC. However, these carcinomas show a response when S-1 is 
used as adjuvant chemotherapy [20,21]. For CRC, it appears to have 
a low DPD level and that there is little evidence of S-1 efficacy. S-1 
has strong DPD antagonism via tegafur. S-1 includes gimeracil with 
effects of raising the concentrations in which tegafur is converted 
into fluorouracil and oteracil leading to a reduction of gastrointestinal 
toxicity. S-1 is currently used in Europe and Asia. 

This clinical trial therefore points to the following question: 
what agent should be administered to the LH and HH groups. The 
non-inferiority of S-1 as adjuvant chemotherapy has been proven 
in clinical trials [19], and although it is expected to be effective 
in patients with high DPD levels, this remains a topic requiring 
further examination. It has been demonstrated that the outcomes of 
adjuvant chemotherapy using FOLFOX therapy following surgery 
for CRC are better than those of adjuvant chemotherapy using 
FL therapy. Therefore, adjuvant chemotherapy of CRC has been 
switched to FOLFOX therapy. However, FOLFOX therapy has 1 
problem. Depending on the patient, oxaliplatine neurotoxicity can 
persist for long periods [22]. Moreover, the prognostic factors and 
supportive therapy for oxaliplatine neurotoxicity remain unclear. 
The finding that individualized treatment can be administered 
according to TS and DPD measurements, such as administration 
of FL therapy to patients in whom FL therapy is sufficient or 
oxaliplatine combination chemotherapy to patients in whom FL 
therapy is inadequate, is beneficial for the patient and underscores 
the significance of the present clinical trial. Following adjuvant 
chemotherapy for advanced stage III CRC patients who have 
undergone FL therapy, DFS can be satisfactorily estimated by 
combining TS and DPD measurements for the primary CRC lesion. 
In the LL and LH groups, FL therapy alone offered adequate DFS. 
However, the results suggested that for the other 2 groups, a period 
of adjuvant chemotherapy and combination oxaliplatine therapy 
was needed to improve therapeutic outcomes. Therefore, with 
respect to FL therapy, we believe that TS and DPD can be used 
as target molecules in postoperative adjuvant chemotherapy and 
both can be considered important prognostic factors for achieving 
precision medicine.

In the examination of biomarkers in the Alliance study, the 
results of TS are reported. The article reports an association between 
MMR, BRAF, and TS [23]. TS and other BRAF are not factors 
that affect the direction of adjuvant chemotherapy, but effictive as 
prognostic biomarkers. The results of the IDEA study [24] are the 
newest about adjuvant chemotherapy and it’s results have already 
been adopted in the NCCN guidelines. This study compares 
CAPOX and FOLFOX for Stage III colon cancer. In the low risk 
Stage III colon cancer group, administration is recommended for 
three months CAPOX. This result shows the advantage of CAPOX 
over FOLFOX regarding neurotoxicity. Because our study fixed 
the dosing period, we could not examine the appropriate treatment 
period. However, in our study, the LL group was the low risk group 
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for recurrence. In addition, the chemotherapy using an oxaliplatin 
combination was based on FL therapy. This suggests that the 
measurement of TS and DPD may be useful in the future.

The OS results were approximately equivalent except in 
the HH group. The FOLFOX or FOLFIRI therapy in combination 
with 5FULV2 therapy and irinotecan increases the treatment effect 
more than a single agent [25]. For oxaliplatine, the treatment 
effect increases markedly with 5FULV2 combination although 
it is ineffective as a single agent [12,13]. Naturally, the effect of 
5FULV2 therapy is strongly influenced by the effect of TS and 
DPD. We suggest that the effects of FOLFOX and FOLFIRI 
therapies increase if the effect of 5FULV2 is strong. Therefore, 
we can expect TS and DPD to have an effect on chemotherapy as 
predictors of the recurrence of CRC.

Adjuvant chemotherapy of CRC is administered using 
pyrimidine fluoride anticancer drugs or oxaliplatine combination. 
Regarding the choice of the regimen, in stage III cases with 
extensive lymph node metastases, combination with oxaliplatine 
is more desirable and the dosing period is not limited to half a 
year, thus, a sufficient number of cases may be treated in 3 
months. In the future, individualization should be carried out for 
adjuvant chemotherapy. To achieve progress in preventing CRC 
recurrence, precision medicine should be carried out by searching 
the responsible gene. The possibility of TS and DPD playing this 
part in the adjuvant chemotherapy of CRC was suggested.
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