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Abstract. We evaluated the predictive relevance of several 
biomarkers on the survival of patients with stage  III 
colorectal cancer treated with adjuvant chemotherapy of oral 
fluoropyrimidines. This was a multicenter phase II trial on 
adult patients with histologically confirmed resected stage III 
(Dukes' C) colorectal cancer. Patients received oral doxiflu-
ridine (800 mg/m2/day) in 3 divided doses, or oral uracil/
tegafur (UFT) (400 mg/m2/day) in 2 divided doses for 5 days, 
every 7 days for 12 months with a 5-year follow-up. Outcome 
measures were disease-free survival and tissue markers 
[thymidine phosphorylase (TP), dihydropyrimidine dehy-
drogenase (DPD) protein levels and TP, DPD, thymidylate 
synthase (TS) and orotate phosphoribosyltransferase (OPRT) 
mRNA levels in tumor samples and TS tandem-repeat type in 
blood samples]. There was a significant association between 
the intratumoral TP/DPD enzyme ratio and disease-free 
survival when the model included the drug, the parameter 
and the interactions between them [hazard ratio (HR)=2.76; 
P=0.00469]. The 5-year disease-free survival rate was statisti-
cally significantly higher in patients with high TP/DPD ratios 
[median ≥2.63: 71.9%; 95% confidence interval (CI) 61.4-
80.0] compared to patients with low TP/DPD ratios (<2.63: 
57.0%; 95% CI 46.3-66.3) (log-rank P=0.0277) following 

adjuvant therapy with oral fluoropyrimidines. No significant 
association was observed between the intratumoral TP/DPD 
enzyme ratio (cut-off value 2.0) and the disease-free survival 
rate in the doxifluridine group; primary endpoint (log-rank 
P=0.6850). The magnitude of the intratumoral TP/DPD 
enzyme ratio may be a potential indicator for the individu-
alization of postoperative adjuvant chemotherapy with oral 
fluoropyrimidines for stage III colorectal cancer.

Introduction

The age-adjusted incidence of colon cancer in Japan in 2003 
was second compared to stomach cancer in men (63.8/100,000 
individuals) and breast cancer in women (35.9/100,000 
individuals) (1). However, it is estimated that there will be 
512,225 cases of colon cancer in Japan in 2020, surpassing the 
number of breast cancer cases from 2010 onwards as the most 
common type of cancer in women (1).

Adjuvant chemotherapy improves the overall survival in 
patients with resected stage III colon cancer (2). In the late 
1990's, intravenous 5-fluorouracil/leucovorin (5-FU/LV) was 
established as the standard adjuvant treatment for patients with 
stage III colon cancer (3-5). Since then several oral fluoropy-
rimidines [i.e. capecitabine, uracil/tegafur (UFT) plus LV] 
have been demonstrated as an effective alternative to 5-FU/LV 
in the treatment of colon cancer (6,7).

Intratumoral expression of the metabolizing enzymes 
thymidine phosphorylase (TP), dihydropyrimidine dehy-
drogenase (DPD), thymidylate synthase (TS) and orotate 
phosphoribosyltransferase (OPRT) are important for the 
clinical activity of the drugs and may be predictive markers 
used to guide decision-making regarding the treatment 
for individual patients. For example, the TP/DPD ratio is 
significantly higher in cancer cell lines with high sensitivity 
to doxifluridine (an intermediate metabolite of capecitabine) 
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compared to those with lower sensitivity and the possibility of 
predicting the effectiveness of doxifluridine from the TP/DPD 
ratio has been demonstrated (8,9). The OPRT/DPD ratio may 
be a promising predictive marker for UFT (data reported in 
UFT plus LV) (10).

We conducted a multicenter phase II study on 204 stage III 
colorectal cancer patients to identify potential biomarkers 
predictive of outcome to adjuvant therapy with oral fluoropy-
rimidines. Patients were treated orally for 12 months (11) with 
doxifluridine or UFT, which were the standard drug treatments 
in Japan in 2001 when the study was initiated.

Patients and methods

Patients. Patients with histologically diagnosed stage III (i.e. 
Dukes' C) colorectal cancer who had undergone curative 
resection within the last 6 weeks prior to the start of the study 
were enrolled. Other inclusion criteria were: age 20 to 75 years, 
Eastern Cooperative Oncology Group (ECOG) performance 
status of 0-2, able to take oral medication, not treated with 
any prior therapy other than surgical resection and adequate 
organ function. Exclusion criteria were: cancer of the appendix 
or anal canal derived from the anal glands, synchronous or 
metachronous cancers or multiple invasive colon cancers 
(excluding intramucosal cancer).

Patients were recruited from 13 institutions belonging to 
the Japanese Society for Cancer of the Colon and Rectum 
which achieved a consensus on the appropriate surgical proce-
dure and follow-up.

The study protocol was approved by the institutional 
review boards of each participating institution. The study was 
in accordance with the Ethical Guidelines for Clinical Studies 
of the Health, Labor and Welfare Ministry in Japan and was 
conducted in compliance with the Declaration of Helsinki. All 
patients provided written informed consent.

Study design. Patients were randomly assigned (1:1 ratio) to 
treatment groups. Tumor site (colon vs. rectosigmoid-upper 
rectum vs. lower rectum), depth of invasion [(sm/mp/ss, a1) vs. 
(se, a2/si, ai)], lymph node metastasis (n1 vs. n2/n3) and the 
study site were selected as stratification factors.

Treatment. Patients received oral doxifluridine (800 mg/m2/day) 
in 3 divided doses or oral UFT (400 mg/m2/day) in 2 divided 
doses for 5 days with 2  rest days and repeated weekly for 
12 months. Patients were then followed up until confirmation 
of recurrence. On the occurrence of adverse events, dose reduc-
tions or temporary treatment interruptions were performed as 
per protocol.

Tissue samples and analysis. Sixty milligrams (5  mm2) 
of tissue was obtained from each resected tumor, from the 
marginal portion of the primary lesion and not including 
necrotic tissue. The sample tissue was divided in half, frozen 
in liquid nitrogen and stored at -80˚C or colder. For analysis 
of TS tandem repeat type, a 1 ml blood sample was collected 
within 3 months after surgery and stored at -80˚C or colder.

Tissue specimens were sent to Nippon Roche Co., Ltd. (now 
Chugai Pharmaceutical Co., Ltd.) Research Center for analysis. 
TP and DPD protein levels were measured by ELISA (12,13) 

and TP, DPD, TS and OPRT mRNA levels were measured by 
RT-PCR using a LightCycler® (Roche Diagnostics KK, Tokyo, 
Japan). Identification of TS tandem repeat type was conducted 
by PCR-RFLP assay (14).

Evaluation. Physical examination, ultrasonography, chest 
X-rays and tumor marker measurements were performed before 
the beginning of the study treatment; every 4 months for the 
first year after surgery and every 6 months from the second 
year onwards. Suspected recurrence was confirmed via barium 
enema, CT or other appropriate diagnostic imaging modality.

Safety was evaluated from reports of adverse events, labo-
ratory examination results and measurements of vital signs. 
Adverse events were classified according to the Common 
Toxicity Criteria of the National Cancer Institute (NCI-CTC, 
version 2). All patients were followed up for a maximum of 
5 years until death, failure to follow up or completion of the 
study.

Study objectives. The primary objective was to examine the 
effect of the intratumoral TP/DPD enzyme ratio (cut-off 
value 2.0) on disease-free survival in the doxifluridine group. 
There were 3 secondary endpoints, which were examined on 
an exploratory basis: i) Effects of TP and DPD protein levels 
in tumor samples and the magnitude of the TP/DPD ratio on 
disease-free and overall survival with oral fluoropyrimidine 
adjuvant therapy. ii) Effects of TP, DPD, TS and OPRT mRNA 
levels in tumor samples and the magnitude of the TP/DPD 
ratio on disease-free and overall survival with oral fluoropy-
rimidine treatment. iii) Effects of the TS tandem repeat type 
from blood samples on disease-free and overall survival with 
oral fluoropyrimidine treatment.

Statistical analysis. Data were analyzed for the full analysis 
set, comprising all patients who started protocol treatment and 
in which TP and DPD protein levels were measured.

Time-to-event endpoints were analyzed using the Kaplan-
Meier method and 5-year survival rates were estimated with 95% 
confidence intervals (CI). Differences between patient cohorts 
were examined with the log-rank test. Disease-free survival was 
defined as the period from the date of enrollment to the date of 
confirmation of either recurrence or death, whichever preceded. 
Recurrence was defined as the occurrence of metachronous 
colon cancer or secondary invasive cancer. Patients without 
recurrence or death at the time of analysis were censored at 
the final observation time. Overall survival was defined as the 
period from the date of enrollment to the date of confirmation of 
death from any cause. In the analysis of overall survival, patients 
who survived were censored at the final observation time.

Proportional hazard models were used for the analysis of 
disease-free and overall survival. We examined 3 different 
models: drug and the parameter (e.g., TP/DPD ratio), drug and 
the parameter and the interactions between them and stratifi-
cation factors as covariates. 

We estimated hazard ratios (HRs) and a two-sided Wald 
P-value for each model. A P-value of ≤0.05 was used to deter-
mine whether or not a factor had predictive value.

Further post-hoc exploratory analyses were performed. A 
Cox regression analysis was performed to identify a cut-off 
value for the intrartumoral TP/DPD enzyme ratio to distin-
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guish between patients with good and poor outcomes. The 
effects of intratumoral TP/DPD enzyme ratio on disease-free 
survival by tumor site, T and N category were analyzed.

The sample size was estimated assuming an HR of 2.2 
for the doxifluridine group based on Nishimura et al (9), who 
demonstrated that disease-free survival was significantly 
longer in the patient cohort with a TP/DPD ratio ≥2.0 with 
doxifluridine adjuvant therapy. An estimated 240 patients 

in total were required, with 120 patients in the doxifluridine 
group. Assuming a 5-year disease-free survival rate of 70% 
for patients with stage III (R0) colon cancer and 60% for rectal 
cancer, a colon:rectal cancer ratio of 55:45 and a 1-year enroll-
ment period with a 5-year follow-up period, an α error of 0.05 
(one-sided) and detection power (1-β) of 63% were ensured. 
Data were collected by EPS Co., Ltd. Statistical analyses were 
conducted under the supervision of T.T., at the Center for 
Medical Statistics.

Results

Two hundred and four patients were enrolled at 13 institutions 
from January 2002 to September 2003 and 102 patients were 
assigned to the doxifluridine group and 102 patients to the 
UFT group. One hundred and two patients in the doxifluridine 
group and 99 patients in the UFT group received treatment as 
allocated, respectively. The analysis set comprised 195 patients 
in which TP and DPD protein levels were measured (doxiflu-
ridine, n=98; UFT, n=97). There were no differences between 
the 2 groups in the distribution of patient baseline character-
istics (Table I).

Compliance and safety. Seventy-seven patients completed 
treatment and 25 patients discontinued intervention in the 
doxifluridine group (death, n=1; relapsed/metastasis, n=7; 
adverse events related to study drugs, n=10; declined treatment, 
n=6; other, n=1). Sixty-seven patients completed treatment 
and 32 patients discontinued intervention in the UFT group 
(relapsed/metastasis, n=15; complications, n=1; adverse events 
related to study drugs, n=13; declined treatment, n=2; other, 
n=1).

Treatment compliance was similar in both groups (≥70% 
of treatment days completed for doxifluridine, 72.5%; UFT, 
68.7%; ≥70% doses received for doxifluridine, 68.6%; UFT, 
65.7%).

Adverse events were reported in 61 patients (59.8%) in the 
doxifluridine group and 71 patients (71.7%) in the UFT group 
and grade 3 events were reported in 7 patients in both groups 
(one patient had grade 4 anorexia and stomach pains caused by 
adhesive bowel obstruction) (Table II).

Adverse events assessed as grade  ≥2 that resulted in 
treatment discontinuation or dose reduction were reported in 
56 patients in the UFT group and 55 patients in the doxiflu-
ridine group (note: patients may have experienced ≥1 event).

Intratumoral markers. TP and DPD protein levels were 
measured in 195 patients and mRNA in 170 patients. Median 
TP and DPD protein levels and TP, DPD, TS and OPRT mRNA 
levels showed no significant differences between the 2 groups 
(Table III).

Assessment of marker predictiveness. For the effect of 
intratumoral TP/DPD enzyme ratio (cut-off value 2.0) on 
disease-free survival in the doxifluridine group, the primary 
study endpoint, there was no statistically significant difference 
between the 2 cohorts in the 5-year disease-free survival rate: 
TP/DPD ratio ≥2.0, 71.4% (95% CI 59.3-80.5) vs. TP/DPD 
ratio <2.0, 66.5% (95% CI 45.4-80.9) (log-rank P=0.6850) 
(Fig. 1).

Table I. Patient baseline characteristics.

	 Doxifluridine	 Uracil/tegafur
	 (n=102) 	 (n=102)
	 --------------------------	 -----------------------
	 n (%)	 n (%)

Age, years
  Median (range) 	 63 (26-75)	 62.5 (33-75)
Gender
  Male	 55 (53.9)	 60 (58.8)
  Female	 47 (46.1)	 42 (41.2)
Tumor location
  Colon	 59 (57.8)	 57 (55.9)
  Rectum	 43 (42.2)	 45 (44.1)
Histological type
  Well differentiated	 35 (34.3)	 32 (31.4)
  Moderately differentiated	 62 (60.8)	 66 (64.7)
  Poorly differentiated	 4 (3.9)	 3 (2.9)
  Mucinous	 1 (1.0)	 1 (1.0)
Depth of invasiona

  sm, mp	 13 (12.7)	 12 (11.8)
  ss, a1	 53 (52.0)	 57 (55.9)
  se, a2	 31 (30.4)	 32 (31.4)
  si, ai	 5 (4.9)	 1 (1.0)
Metastasis to lymph nodesb

  n1(+)	  77 (75.5)	 78 (76.5)
  n2(+)	  20 (19.6)	 22 (21.6)
  n3(+)	  5 (4.9)	 2 (2.0)
Histological stage
  IIIa	  77 (75.5)	 78 (76.5)
  IIIb	  25 (24.5)	 24 (23.5)
Lymphatic invasion
  ly0	  11 (10.8)	 9 (8.8)
  ly(+)	  91 (89.2)	 93 (91.2)
Venous invasion
  v0	  18 (17.6)	 20 (19.6)
  v(+)	  84 (82.4)	 82 (80.4)
Histological curability
  R0	 102 (100.0)	 102 (100.0)

aFor depth of invasion, cases with sm/mp/ss, a1 are categorized as 
T1-3. Cases with se, a2/si, ai are categorized as T4. bMetastasis to 1-3 
lymph nodes is categorized as n1. Cases with more than 4 affected 
lymph nodes are categorized as n2. sm, submucosa; mp, muscularis 
propria; ss, subserosal; a1, sub-adventitia; se, serosa; a2, adventitia; 
si, adjacent structures.
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Results for the secondary endpoints were as follows: i) The 
effect of the magnitude of intratumoral TP/DPD enzyme ratio 
on disease-free survival with oral fluoropyrimidine treatment 
was only significant (HR=2.76, P=0.00469) when analyzed in 
the model including the drug and the parameter and the inter-
actions between them. Proportional hazards analysis showed 
that the effects of TP and DPD protein levels on disease-free 
survival and the effects of the parameters (i.e. TP, DPD protein 

levels and TP/DPD enzyme ratio) on overall survival were not 
significant in the models (data not shown). 

The 5-year disease-free survival rate was statistically 
significantly higher in the cohort with a higher intratumoral 
TP/DPD enzyme ratio (median ≥2.63) compared to the cohort 
with a lower TP/DPD ratio (<2.63): 71.9% (95% CI 61.4-80.0) 
vs. 57.0% (95% CI 46.3-66.3) (log-rank P=0.0277) (Fig. 2A). 
The effects of the magnitude of the TP/DPD ratio on disease-
free survival in each of the doxifluridine and UFT groups 
are shown in Fig. 2. In the UFT group, the 5-year disease-
free survival rate was statistically significantly higher in the 
cohort with the higher TP/DPD ratio (median ≥2.63) than in 
the cohort with a lower TP/DPD ratio (median <2.63): 74.4% 
(95% CI 58.2-85.1) vs. 44.1% (95% CI 29.7-57.6) (log-rank 
P=0.0029) (Fig. 2C). In the doxifluridine group, the effect of 
the magnitude of the TP/DPD ratio on disease-free survival 
was not statistically significant (log-rank P=0.9541) (Fig. 2B). 

ii) Proportional hazard analysis demonstrated that the 
effects of the parameters (i.e. intratumoral TP, DPD, TS and 
OPRT mRNA levels and TP/DPD mRNA ratio) on disease-
free and overall survival were not significant in any of the 
models (data not shown).

iii) Proportional hazards analysis showed that the effects 
of the parameters (i.e. TS tandem repeat type 2R/2R, 2R/3R or 
3R/3R) on disease-free and overall survival were not signifi-
cant in the models (data not shown).

Exploratory analyses. An exploratory Cox regression analysis 
identified a cut-off value of 3.1 for the intratumoral TP/DPD 

Table II. Adverse events graded according to the Common Toxicity Criteria of the National Cancer Institute (version 2).

	 Doxifluridine (n=102)	 Uracil/tegafur (n=99)
	 -------------------------------------------------------------------------------------	 -------------------------------------------------------------------------------------
	 G1	 G2	 G3	 G4	 Total	 G1	 G2	 G3	 G4	 Total

Nausea	   3	   4			     7	   4	 4	 2		  10
Vomiting							       2	 1		    3
Anorexia	   2	   5	 1		    8	 13	 5	 1	 1b	 20
Diarrhea	   7	   4	 2		  13	   4	 5	 1		  10
Stomatitis	   5	   1			     6	   2				      2
Alopecia	   1				      1	   2				      2
Pigmentation change	   3				      3	   4				      4
Rash/desquamation	   1	   4			     5	   4	 7			   11
Fatiguea	   5	   2	 1		    8	   8	 4	 1		  13
Hematuria	   3				      3	   2				      2
Increased creatinine	   3				      3	   2				      2
Decreased WBC	   7	   3			   10	   4	 7			   11
Decreased platelet count	   9				      9	   4				      4
Decreased hemoglobin	   7	   6	 1		  14	 13	 7			   20
Increased bilirubin	 15	 13			   28	 22	 3			   25
Increased GOT/GPT	 11	   3	 1		  15	 22	 5	 2		  29
Other	   4	   2	 2		   10c	   6	 1	 1	 1b	  11d

aLethargy, malaise and/or asthenia. bOne patient had anorexia and stomach pains caused by adhesive bowel obstruction. cThe severity of 
2 of 10 patients not determined by grade. dThe severity of 2 of 11 patients not determined by grade. GPT, glutamic-pyruvic transaminase; GOT, 
glutamic-oxaloacetic transaminase; WBC, white blood cell count. 

Figure 1. Disease-free survival by thymidine phosphorylase/dihydropyrimi-
dine dehydrogenase (TP/DPD) ratio (cut-off value 2.0) in patients treated 
with doxifluridine (n=98).
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enzyme ratio to distinguish between patients with good and 
poor outcomes with oral fluoropyrimidine treatment. The 
5-year disease-free survival rates in cohorts with TP/DPD 
ratios ≥3.1 and <3.1 were 77.7 and 56.1%, respectively (log-
rank P=0.0059) (Fig. 3). Multiple regression analysis using 
Cox's method identified T4 (P=0.0068; HR=2.225; 95% CI 
1.247-3.969) and intratumoral TP/DPD enzyme ratio ≥3.1 
(P=0.0035; HR=0.394; 95% CI 0.211-0.735) as independent 
variables for prognosis. The P-values for other variables 
examined in the model (i.e. N category, tumor site, drug, TP/
DPD mRNA ratio) were not statistically significant (data not 
shown).

Additionally, exploratory analyses to examine the effect 
of the intratumoral TP/DPD enzyme ratio on disease-free 
survival by tumor site, T stage and N stage in patients treated 
with oral fluoropyrimidines were conducted (Fig. 4). Analysis 
by tumor site displayed that the TP/DPD ratio was significantly 
associated with the disease-free survival (log-rank P=0.0033) 
in patients with colon cancer. Analysis by T category displayed 
an association between TP/DPD ratio and disease-free survival 
(log-rank P=0.0039) in patients with T4, but not T1-3. Analysis 
by N category displayed an association between TP/DPD ratio 
and disease-free survival (log-rank P=0.0224) in patients with 
N1, but without N2 disease.

Discussion

In this study, we examined several biomarkers for their 
possible predictive value in relation to the outcome following 
adjuvant chemotherapy with oral fluoropyrimidines in patients 
with stage III colorectal cancer in order to identify subgroups 
of patients who may benefit from this intervention. Our find-
ings on the predictive value of biomarkers in tumor cells and 
blood samples were unexpected.

The TP/DPD ratio is significantly higher in cancer cell 
lines with high sensitivity for doxifluridine and capecitabine 
compared to those with lower sensitivity (8). In addition, 
synergistic effects were observed when doxifluridine was used 
in combination with chemotherapeutic agents or radiotherapy 
in vivo, since tumor TP levels are increased by these treatments 
(15). This synergistic antitumor activity, which results from TP 
upregulation, is specific for doxifluridine, not for UFT or 5-FU 
(15). These data suggest that TP may be a potential factor for 
determining the outcome following doxifluridine treatment. 
There was a significant association between the magnitude of 
intratumoral TP/DPD enzyme ratio and disease-free survival 
(HR=2.76; P=0.00469) when the interaction between the drug 
and this parameter was analyzed. The 5-year disease-free 
survival rate in the group with a high TP/DPD ratio (median 
≥2.63) was statistically significantly higher compared to the 
group with a low TP/DPD ratio (median <2.63; log-rank 
P=0.0277). 

However, the effect of the intratumoral TP/DPD 
enzyme ratio (cut-off value both 2.0 and median of 2.63) on 
disease-free survival was not statistically significant in the 
doxifluridine group (log-rank P=0.6850, 0.9541, respectively). 
TP levels measured using tumor samples were found to be 
more important for doxifluridine (and capecitabine) compared 
to using normal or blood samples, since only fluoropyrimidine 
converted by TP in the tumor has a direct effect (16,17). For 
measurement, tissues which included both the tumor and 
stroma cells were used, since fluoropyrimidine converted in 
cells with high TP expression near the tumor may also have 
a tumor response (18). Unexpected results may be caused by 
TP levels not being stable before and after treatment initia-
tion, since TP is induced by a number of cytokines (19,20). 
TP levels were measured from resected primary lesion tumors 
and outcomes were analyzed 5 years after treatment initiation, 

Table III. Intratumoral markers.

	 Median (range)
	 -------------------------------------------------------------------------------------------------------------------------------------
	 Doxifluridine (n=98)	 Uracil/tegafur (n=97)

Protein levels (U/mg protein)
  TP	     81.3 (13.2-242.5)	     80.3 (13.7-301.3)
  DPD	   34.4 (4.9-124.2)	   32.8 (8.8-139.8)
  TP/DPD	 2.663 (0.54-6.94)	 2.569 (0.75-9.57)

	 Doxifluridine (n=85)	 Uracil/tegafur (n=85)

mRNA levels (copy number)a

  TP	   2.61 (0.21-21.49)	  2.93 (0.24-141.16)
  DPD	 0.13 (0.02-1.92)	 0.18 (0.006-1.57)
  TP/DPD	   19.47 (2.19-145.66)	 22.06 (1.32-558.16)
  TS	   1.06 (0.23-14.86)	 1.17 (0.04-20.40)
  OPRT	 0.82 (0.04-7.37)	 0.88 (0.182-6.18)

aValues normalized by glucose-6-phosphate dehydrogenase. TP, thymidine phosphorylase; DPD, dihydropyrimidine dehydrogenase; TS, thy-
midylate synthase; OPRT, orotate phosphoribosyltransferase.
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which may explain the different outcome from the in vivo 
study (8). 

The effect of the intratumoral TP/DPD enzyme ratio 
(cut-off median of 2.63) on disease-free survival was statisti-
cally significant in the UFT group (log-rank P=0.0029). UFT 
confers its effect by maintaining high fluoropyrimidine levels 
in the blood and not in the tumor. However, since TP levels in 

the tumor catalyze the conversion between fluoropyrimidine 
and 2'-deoxy-5-fluorouridine (FUdR) [precursor of 5-fluoro-
2'-deoxyuridine-5'-monophosphate (FdUMP) which has an 
antitumor effect] and high TP levels produce deoxy ribose-
1-phosphate (dR1P) from thymidine (dR1P promotes the 
conversion between fluoropyrimidine and FUdR) (21), high 
TP expression may be meaningful for UFT.

The association between TS, OPRT and the sensitivity to 
fluoropyrimidine drugs has been observed in previous research 
(10,22-25). It has also been reported that combined analysis, such 
as analysis with TS and TP, DPD, with OPRT and DPD may 
predict efficacy or outcome of treatment with fluoropyrimidines 
more precisely (10,26-28). In the present study we did not demon-
strate an association between any factors other than the TP/DPD 
enzyme ratio and the efficacy of fluoropyrimidine drugs.

For TS tandem repeat type, it was previously observed that 
the level of expression of the TS protein is higher and that 
fluoropyrimidine drugs are less efficacious in patients with the 
3R/3R allele compared to those with 2R/2R or 2R/3R alleles 
(29). Previous research reported that TS tandem polymorphisms 
are potentially predictive biomarkers, not only of response, but 
also for the occurrence of adverse events. Conversely, other 
research has claimed that TS-tandem polymorphisms are not 
associated with the efficacy of fluoropyrimidine drugs (30). 
The results of our study were negative for the possibility 
that TS-tandem type is potentially predictive of an outcome 
following oral fluoropyrimidine adjuvant therapy.

Our study has several important design features. First, 
since this study targeted stage III cancer, the number of 
residual cancer cells persisting after standard curative resec-
tion may have had a major effect on postoperative survival. For 
this reason, the skill of the surgeon is a major factor. Since the 
institutions participating in our study belonged to the Japanese 
Society for Cancer of the Colon and Rectum, we hypothesize 
that surgeon-related factors were minimized. Other factors 
which may have influenced our findings were potential differ-
ences in the timing of the collection and handling of tissue 
specimens and the differences between individuals in medica-
tion compliance. Participating sites were rigorously drilled in 
the methodology for the collection of specimens. Institutions 

Figure 2. Disease-free survival according to thymidine phosphorylase/
dihydropyrimidine dehydrogenase (TP/DPD) ratio (using median value as 
cut-off, i.e. 2.63) in patients treated with (A) oral fluoropyrimidines (n=195), 
(B) doxifluridine (n=98) and (C) UFT (n=97).

Figure 3. Disease-free survival according to the thymidine phosphorylase/
dihydropyrimidine dehydrogenase (TP/DPD) ratio (using cut-off value 
identified by Cox regression analysis, 3.1) in patients treated with oral fluo-
ropyrimidines (n=195).
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which returned specimens with considerable degradation 
during the study were provided with on-site guidance and the 
requirement for prompt processing was reinforced. Medication 
compliance was assessed every quarter by the investigator by 
directly interviewing each patient. Patients were asked for 
detailed reasons in the event of interruption or discontinuation 
of the medication. We hypothesize that biases in this study 
were minimal as a result of these measures.

Our study has some limitations. One of the most serious 
issues is that there was no control arm (i.e. surgery-alone 
group). TP is identical to platelet-derived endothelial cell 
growth factor (PD-ECGF) (31) and patients with high levels 
of tumoral TP expression have a poor prognosis (32,33). This 

may be important, since patients in the high-TP group may be 
especially responsive to doxifluridine (9), although there were 
no significant differences compared with UFT in our study. 
This may indicate that TP is a prognostic, as well as a predic-
tive, marker. A surgery-alone group may have helped to clarify 
this issue and explain our unexpected results. In conclusion, 
the magnitude of the intratumoral TP/DPD enzyme ratio 
may predict outcomes in patients with stage III colorectal 
cancer who are treated with adjuvant chemotherapy with oral 
fluoropyrimidines. The intratumoral TP/DPD enzyme ratio 
may therefore allow the individualization of postoperative 
oral fluoropyrimidine adjuvant therapy in stage III colorectal 
cancer. Further exploration and verification of the magnitude 

Figure 4. Disease-free survival according to the thymidine phosphorylase/dihydropyrimidine dehydrogenase (TP/DPD) ratio (using median value as cut-off, i.e. 
2.63) by tumor type [(A) colon cancer; (B) rectal cancer], T stage [(C) T1-3; (D) T4] and N stage [(E) N1; (F) N2] in patients treated with oral fluoropyrimidines.
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of the intratumoral TP/DPD enzyme ratio as a biomarker is 
required.
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