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Abstract

The aim of this work was to determine whether intratumour contents of thymidine phosphorylase (TP), which converts 50-deoxy-
5-fluorouridine (50-DFUR) to 5-fluorouracil, and dihydropyrimidine dehydrogenase (DPD), which degrades 5-fluorouracil to

inactive molecules, could be useful in predicting the response of patients with metastatic gastric cancer to chemotherapy using

50-DFUR. Endoscopic biopsy specimens for the measurement of TP and DPD were obtained from the primary lesions before the

start of combination chemotherapy, in which 50-DFUR, cisplatin and mitomycin C were administered. TP and DPD were measured

by enzyme-linked immunosorbent assays after the objective responses to chemotherapy had been confirmed. Twenty five patients

were enrolled in this study and data for 22 patients in whom responses were confirmed were analysed. The median levels (ranges) of

TP and DPD were 80 (4.9–360) and 44 (15–82) U/mg protein, respectively. The median value (range) of TP to DPD ratios was 1.9

(0.25–5.1). Eight patients with a complete or partial response to chemotherapy had significantly higher TP to DPD ratios than did

the remaining patients with stable or progressive disease (P ¼ 0:014). When a cut-off level of TP to DPD ratio was defined as the

median value, the high-ratio group (n ¼ 11) showed a significantly higher response rate (64% vs. 9.1%, P ¼ 0:024) than the low-ratio

group (n ¼ 11). Overall survival of the high-ratio group was significantly longer than that of the low-ratio group (the median

survival time; 300 days vs. 183 days, P ¼ 0:047). The efficacy of 50-DFUR could be optimised by preselecting patients with high TP/

DPD ratios in their tumour tissues, and this would be applicable to the treatment with capecitabine.

� 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Many methods for predicting the susceptibility of a

cancer to various chemotherapy regimens have been
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investigated. One of the best known is chemosensitivity

testing by culturing of tumour cells with the chemo-
therapeutic agents [1,2]. Another useful approach is the

analysis of enzymes involved in the activation or inac-

tivation of chemotherapeutic agents. However, the

clinical relevance of such tests has not been established.

Thymidine phosphorylase (TP) is an enzyme involved

in pyrimidine nucleoside metabolism. It has been

mail to: tnishina@shikoku-cc.go.jp


T. Nishina et al. / European Journal of Cancer 40 (2004) 1566–1571 1567
recently reported that TP is identical to platelet-derived

endothelial cell growth factor and has been implicated in

angiogenesis [3–5]. It has also been reported that high

expression of TP in tumours was indicative of a poor

prognosis [6]. TP is expressed in a wide variety of solid
tumours (carcinomas of the breast, stomach, colon,

pancreas and lung), and its content is higher in tumour

tissues than in adjacent normal tissues [7,8]. Capecita-

bine and 50-deoxy-5-fluorouridine (50-DFUR), which is

an intermetabolite of capecitabine, are oral prodrugs of

5-fluorouracil (5-FU), and TP is an essential enzyme

that converts them to 5-FU [9,10]. High amounts of TP

in tumours are suggested to enhance the efficacy of
50-DFUR [11]. 50-DFUR is currently being used for the

treatment of gastric cancer in Japan [12,13]. Conversely,

5-FU is catabolised to biologically inactive molecules

such as dihydrofluorouracil by dihydropyrimidine de-

hydrogenase (DPD) and DPD reduces the efficacy of

5-FU against tumours [14–16].

Recently, it was revealed that the efficacy of

50-DFUR was correlated with the ratio of TP to DPD
(TP/DPD) activity in human cancer xenograft models

[17]. Furthermore, a clinical study using 50-DFUR in

adjuvant chemotherapy showed that patients with a

high TP/DPD ratio in gastric cancer tissues had longer

disease-free survival than did the patients with a low TP/

DPD ratio [18]. Thus, the efficacy of 50-DFUR is

strongly influenced by the contents of TP and DPD in

the tumour tissues. Recently, convenient enzyme-linked
immunosorbent assays (ELISA) for measuring TP and

DPD in human cancer tissues were developed [7,8]. The

TP and DPD contents determined by each ELISA

showed good correlation in clinical samples of tumour

tissues with those determined by enzyme-activity assays

[7,8]. This enabled us to measure those enzymes quan-

titatively in small portions of biopsy specimens, some

comprising as little as 10 mg of tissue.
On the basis of these data, we conducted a prospec-

tive multicentre trial to investigate the relation between

TP and DPD in tumour tissues measured by ELISA and

the efficacy of 50-DFUR.
2. Materials and methods

2.1. Patient population and eligibility

Patients were eligible for this study if they met the

following inclusion criteria: (a) Patients having histo-

logically proven gastric adenocarcinoma; (b) patients

with advanced or recurrent gastric cancer with measur-

able metastatic lesions; (c) biopsy specimens taken from

the primary lesion for the TP and DPD assays; (d) pa-
tients not less than 20 years old; (e) performance status

of 0–2 (Eastern Cooperative Oncology Group); (f) no

prior 50-DFUR administration; (g) no severe major
organ dysfunction; (h) no severe complications; (i) ex-

pected to survive more than 8 weeks and (j) written in-

formed consent obtained.

The institutional review board of each participating

institution approved this study.

2.2. Treatment methods

The treatment regimen was as follows: 50-DFUR,

1200 mg/m2 per day, was given orally from days 1 to

5; cisplatin, 10 mg/m2 per day, was given by 30-min

intravenous drip infusion on days 1 and 4; mitomycin

C (MMC), 5 mg/m2 per day, was given by bolus in-
travenous injection on day 8. This treatment was re-

peated every 2 weeks and was continued until

progression or until occurrence of unacceptable ad-

verse reactions.

2.3. Response criteria and treatment evaluation

The response to treatment was evaluated according
to revised World Health Organisation criteria (Re-

sponse Evaluation Criteria in Solid Tumours) every

4–6 weeks [19]. The response of each patient to the

treatment was assessed by a group of extramural re-

viewers. All adverse reactions were graded according

to the National Cancer Institute Common Toxicity

Criteria version 2.

2.4. Preparation of biopsy specimens

Fresh endoscopic biopsy specimens (at least five

biopsy samples from each patients) taken for the

measurement of TP and DPD were sampled from

primary lesions before the start of chemotherapy, after

informed consent had been obtained. Samples from

each patient were immediately frozen and stored at
)80 �C. After the response to chemotherapy had been

confirmed, each specimen was homogenised in a

10-fold volume of 10 mM Tris–HCl buffer (pH 7.4)

containing 15 mM NaCl, 1.5 mM MgCl2 and 50 lM
potassium phosphate, then centrifuged at 10,000g for

15 min. The supernatant was stored at )80 �C. The

protein concentration in the supernatant extracted

from the tumour tissue was determined using a DC
Protein Assay Kit (Bio-Rad Laboratories, Hercules,

CA).

2.5. TP ELISA

TP in tumour tissues was measured by ELISA [7],

and the enzyme contents were expressed as U/mg pro-

tein, where 1 U was equivalent to the amount of TP
generating 1 lg of 5-FU in 1 h. The interassay precision

of TP ELISA had a coefficient of variation (CV) of

8.6%.



Table 1

Patient characteristics

Characteristics Number of patients (n ¼ 22)

Age (years)

Median 66

Range 32–78

Sex

Male 13

Female 9

Performance status (ECOG)

0 10

1 10

2 2

Prior treatment

Chemotherapy 3

Target lesion

Lymph node 18

Liver 7

Lung 1

Histopathological type
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2.6. DPD ELISA

DPD in tumour tissues was measured by a sandwich

ELISA using two monoclonal antibodies specific to

human DPD [8]. Enzyme contents were expressed as
U/mg protein, where 1 U was equivalent to the amount

of DPD catabolising 1 pmol of 5 FU/min. The interas-

say precision of DPD ELISA had a CV of 2.5%.

2.7. Statistical analysis

Differences among TP and DPD contents and TP/

DPD ratios were analysed using the Mann–Whitney U

test. Differences in response rates were analysed using

Fisher’s exact test. Overall survival rate was determined

using the Kaplan–Meier method, and the log-rank test

was used to calculate the difference in survival between

the groups. P -values 6 0.05 were regarded as statisti-

cally significant. All analyses were performed using

SPSS software (version 11.5J; SPSS Inc., Tokyo).

Differentiated 12

Undifferentiated 10

ECOG, Eastern Cooperative Oncology Group.
3. Results

3.1. Case analysis and background factors

A total of 25 eligible patients was enrolled in the

study between April 1999 and March 2002. Three pa-

tients could not have their responses evaluated because
50-DFUR could not be administered sufficiently, due to

gastrointestinal stenosis, and their treatments were ter-

minated or changed too early. Responses to the che-

motherapy were confirmed for 22 patients, and TP and

DPD in the biopsy specimens from these patients were

determined by ELISA. The backgrounds of these pa-

tients are shown in Table 1.

3.2. Response to chemotherapy and toxicity

The responses to treatment were: complete response

(CR) one, partial response (PR) seven, stable disease

(SD) six and progressive disease (PD) eight. The overall

response rate was 36% (8/22). Grade 3 or 4 toxicity was

caused by anorexia (4%), neutropenia (28%), anaemia

(8%) and thrombocytopenia (12%). There were no
treatment-related deaths.

3.3. Relationship between TP and DPD and responses to

chemotherapy

The values of TP, DPD and TP/DPD ratios for each

patient are plotted in Fig. 1(a), (b) and (c), respectively.

The median TP for all 22 patients was 80 U/mg protein
(range 4.9–360 U/mg protein) and that of DPD was 44

U/mg protein (range 15–82 U/mg protein). The median

TP/DPD ratio was 1.9 (range 0.25–5.1). Neither TP nor
DPD contents were significantly different between the

responder (CR+PR) and the non-responder (SD+PD)

groups (P ¼ 0:25 and P ¼ 0:23, respectively) (Fig. 1(a)
and (b)). There was a considerable overlap for the dis-

tribution of TP/DPD ratios between responders and

non-responders, but the ratios were significantly higher

in the responder group than in the non-responder group

(P ¼ 0:014) (Fig. 1(c)). When a cut-off level for TP and
DPD contents was assigned as the median value, there

were no significant differences in response rates between

the high- and low-level groups (response rate for TP,

55% vs. 18%, P ¼ 0:18; response rate for DPD, 27% vs.

46%, P ¼ 0:66). However, when the median value of the

TP/DPD ratios was designated as a cut-off level, the

high TP/DPD ratio group had a significantly higher

response rate than did the low ratio group (64% vs.
9.1%, P ¼ 0:024) (Table 2).

There was no significant correlation between the TP/

DPD ratios and the severity of toxicities.

3.4. Survival

Only one patient was alive for 630 days up to the

final follow-up time and the remaining patients were all
dead due to tumour progression. The overall median

survival time (MST) was 240 days. When each cut-off

level for TP and DPD was assigned as the median

value, there were no significant differences in survival

between the high- and low-level groups (MST for TP,

207 days vs. 284 days, P ¼ 0:91; MST for DPD, 240

days vs. 207 days, P ¼ 0:62). When the median value
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Fig. 1. Comparison of thymidine phosphorylase (TP) (a) and dihydropyrimidine dehydrogenase (DPD) (b) contents (U/mg protein) and TP/DPD (c)

ratios in tumour tissues for the responder and non-responder groups. No significant difference between the groups was found for TP (P ¼ 0:25,

Mann–Whitney U test) and DPD (P ¼ 0:23, Mann–Whitney U test) contents. The TP/DPD ratio was significantly higher in the responder group

(P ¼ 0:014, Mann–Whitney U test). Short horizontal line indicates the median value of each parameter in responder and non-responder groups.
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of the TP/DPD ratios was designated as a cut-off level,

the MST was 300 days for the high-ratio group and

183 days for the low-ratio group (Fig. 2). There was a
marginal, but significant, difference between the two

groups (P ¼ 0:047).
Table 2

Response and TP/DPD ratios

TP/DPD Response

CR PR SD

High ratio (P 1.9) 1 6 3

Low ratio (<1.9) 0 1 3

CI, confidence interval.

CR, complete response; PR, partial response; SD, stable disease; PD, pr
* P ¼ 0:024 (Fisher’s test).
4. Discussion

The biologically active drug 5-FU is formed selec-
tively from 50-DFUR by enzymatic conversion in TP-

rich tumour tissues [10]. However, 5-FU is subsequently
Response rates (%) 95% CI

PD

1 64� 31–89

7 9.1� 0.2–41

ogressive disease.
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Fig. 2. Survival plots for patients with high and low thymidine phosphorylase/dihydropyrimidine dehydrogenase (TP/DPD) ratios in tumour tissues.

Survival for the patients with high TP/DPD ratios was significantly longer than that for the patients with low ratios (P ¼ 0:047, log-rank test).
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catabolised to inactive molecules by DPD [14,15]. We

showed a significant correlation between the ratios of

these enzymes in tumour tissues and the clinical re-

sponse to 50-DFUR with improved survival in patients
with metastatic gastric cancer, although the sample size

was small.

In this study, although it was difficult to predict the

response to 50-DFUR based on either TP or DPD

contents alone, the TP/DPD ratio in tumour tissues was

a good predictor of tumour response to chemotherapy

for metastatic gastric cancer. These data are consistent

with the recent reports that the TP/DPD ratio in tu-
mours was a better predictor of susceptibility to

50-DFUR than either TP content or DPD content alone

in human cancer xenograft models [17] and in a clinical

study of adjuvant therapy for advanced gastric cancer

[18].

There are many methods for the measurement of TP

and DPD, including immunohistochemistry, a tran-

scription-polymerase chain reaction method and an en-
zyme-activity assay [7,11,20]. The immunohistochemical

method is the most widely used because of its conve-

nience, but it is difficult to measure the amounts of TP

and DPD quantitatively. In stead, we used ELISA to

measure TP and DPD in this study. This method is also

convenient and allows the quantification of enzyme ac-

tivity in small pieces of tissue such as endoscopic biopsy

specimens. These quantitative data allow the investiga-
tors to judge the results objectively. However, this

method contains some weakness. All of the biopsy

specimens taken may not be always tumour tissues, and

intratumoural heterogeneity in TP content has been re-

ported [21]. To avoid these biases in sampling, more

than five biopsy specimens were obtained carefully from

the same site of the primary lesion at which the diag-

nosis of adenocarcinoma had been confirmed by previ-
ous endoscopy. Another concern of this study is that TP
and DPD contents of primary lesions were used as the

predictor for the response, although the lesions that

were used as indicator lesions for the response assess-

ment were predominantly lymph nodes or liver metas-
tases. To the best of our knowledge, there are no reports

that TP/DPD ratios in primary tumour tissues corre-

spond to those in metastatic lesions. Our data demon-

strate that the measurement of TP and DPD enzyme

contents in the primary tumour tissue could help in

predicting the response to 50 DFUR in metastatic

disease sites.

Phase II studies using 50-DFUR in Japan have shown
a response rate of 14.3% (20/140) for patients with in-

operable gastric cancer [12]. One promising approach

for optimising therapy would be to combine 50-DFUR

with other agents, such as upregulators of TP and other

biochemical modulators. Several anticancer drugs, in-

cluding MMC, upregulate the expression of TP, and

MMC in combination with 50-DFUR shows synergistic

activity in several human cancer xenograft models [22].
Cisplatin combination therapy affects biochemical

modulation with 5-FU; cisplatin increased the avail-

ability of the reduced folate for tight binding of the

5-fluorodeoxyuridylate-generated form 5-FU to thymi-

dylate synthase (TS) and enhanced the efficacy of 5-FU

[23]. Therefore, in our present study, these drugs were

combined to enhance the antitumour activity of

50-DFUR. In fact, our study yielded a 36% response
rate. This result was similar to those in several previous

reports of 50-DFUR combination therapies [13,24].

MMC upregulates the expression of TP in tumour

tissues. Cisplatin reportedly has no effect on the ex-

pression of TP [22]. It is unclear how MMC or cisplatin

influence the expression of DPD. Although we cannot

exclude the possible influence of adding MMC and cis-

platin on our finding that the TP/DPD ratio was pre-
dictive of response to 50-DFUR, previous studies on the
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expression of TP/DPD and the response to 50-DFUR in

experimental human xenograft models and in the clini-

cal adjuvant chemotherapy setting strongly supports our

conclusion [17,18]. Recently, capecitabine has been de-

veloped as a new fluoropyrimidine carbamate drug. It is
a prodrug of the 50-DFUR used in this study. The total

amount of 5-FU generated from capecitabine within the

tumours was 2.8- to 4.3-fold higher than that from

50-DFUR [25]. High response rates have been reported

recently for the treatment of gastric cancer with cape-

citabine [26,27]. Taking together with our findings, the

response to capecitabine would be predicted more pre-

cisely by the use of TP/DPD ratio in the gastric cancer
tissues. We are planning a clinical study to investigate

the relative efficacies of capecitabine and the enzyme

contents of TP and DPD, adding TS, which is the target

of 5-FU and one of the predictors of its efficacy.
Acknowledgements

We thank Miss Noriko Amano for assistance with

data collection. This work was supported in part by a

Grant-in-Aid for Cancer Research (11S-3, 14S-3) from

the Ministry of Health, Labor and Welfare, Japan.

Some of this work was presented at the 2002 meeting of

the American Society of Clinical Oncology.
References

1. Hamburger AW, Salmon SE. Primary bioassay of human tumor

stem cells. Science 1977, 197, 461–463.

2. Von Hoff DD. He’s not going to talk about in vitro predictive

assays again, is he? J Natl Cancer Inst 1990, 82, 96–101.

3. Furukawa T, Yoshimura A, Sumizawa T, et al. Angiogenic factor.

Nature 1992, 356, 668.

4. Haraguchi M, Miyadera K, Uemura K, et al. Angiogenic activity

of enzymes. Natura 1994, 368, 198.

5. Moghaddam A, Zhang HT, Fan TP, et al. Thymidine phosphor-

ylase is angiogenic and promotes tumor growth. Proc Natl Acad

Sci USA 1995, 92, 998–1002.

6. Takebayashi Y, Akiyama S, Akiba S, et al. Clinicopathologic and

prognostic significance of an angiogenic factor, thymidine phos-

phorylase, in human colorectal carcinoma. J Natl Cancer Inst

1996, 88, 1110–1117.

7. Nishida M, Hino A, Mori K, Matsumoto T, Yoshikubo T,

Ishitsuka H. Preparation of anti-human thymidine phosphorylase

monoclonal antibodies useful for detecting the enzyme levels in

tumor tissues. Biol Pharm Bull 1996, 19, 1407–1411.

8. Mori K, Hasegawa M, Nishida M, et al. Expression levels of

thymidine phosphorylase and dihydropyrimidine dehydrogenase in

various human tumor tissues. Int J Oncol 2000, 17, 33–38.

9. Cook AF, Holman MJ, Kramer MJ, Trown PW. Fluorinated

pyrimidine nucleosides. 3. Synthesis and antitumor activity of a

series of 50-deoxy-5-fluoropyrimidine nucleosides. J Med Chem

1979, 22, 1330–1335.

10. Kono A, Hara Y, Sugata S, Karube Y, Matsushima Y, Ishitsuka

H. Activation of 50-deoxy-5-fluorouridine by thymidine phosphor-

ylase in human tumors. Chem Pharm Bull (Tokyo) 1983, 31, 175–

178.
11. Koizumi W, Saigenji K, Nakamaru N, Okayasu I, Kurihara M.

Prediction of response to 50-deoxy-5-fluorouridine (50-DFUR) in

patients with inoperable advanced gastric cancer by immunostain-

ing of thymidine phosphorylase/platelet-derived endothelial cell

growth factor. Oncology 1999, 56, 215–222.

12. Wakui A. Phase II study of 50-deoxy-5-fluorouridine in the

treatment of gastric cancer: a multicenter cooperative study. J

Int Med Res 1988, 16, 17B–18B.

13. Koizumi W, Kurihara M, Sasai T, et al. A phase II study of

combination therapy with 50-deoxy-5-fluorouridine and cisplatin in

the treatment of advanced gastric cancer with primary foci. Cancer

1993, 72, 658–662.

14. Naguib FN, el Kouni MH, Cha S. Enzymes of uracil catabolism in

normal and neoplastic human tissues. Cancer Res 1985, 45,

5405–5412.

15. Heggie GD, Sommadossi JP, Cross DS, Huster WJ, Diasio

RB. Clinical pharmacokinetics of 5-fluorouracil and its

metabolites in plasma, urine, and bile. Cancer Res 1987,

47, 2203–2206.

16. Beck A, Etienne MC, Cheradame S, et al. A role for dihydropy-

rimidine dehydrogenase and thymidylate synthase in tumour

sensitivity to fluorouracil. Eur J Cancer 1994, 30A,

1517–1522.

17. Ishikawa T, Sekiguchi F, Fukase Y, Sawada N, Ishitsuka H.

Positive correlation between the efficacy of capecitabine and

doxifluridine and the ratio of thymidine phosphorylase to dihy-

dropyrimidine dehydrogenase activities in tumors in human cancer

xenografts. Cancer Res 1998, 58, 685–690.

18. Terashima M, Fujiwara H, Takagane A, et al. Role of thymidine

phosphorylase and dihydropyrimidine dehydrogenase in tumour

progression and sensitivity to doxifluridine in gastric cancer

patients. Eur J Cancer 2002, 38, 2375–2381.

19. Therasse P, Arbuck SG, Eisenhauer EA, et al. New guidelines to

evaluate the response to treatment in solid tumors. European

Organization for Research and Treatment of Cancer, National

Cancer Institute of the United States, National Cancer Institute of

Canada. J Natl Cancer Inst 2000, 92, 205–216.

20. Salonga D, Danenberg KD, Johnson M, et al. Colorectal tumors

responding to 5-fluorouracil have low gene expression levels of

dihydropyrimidine dehydrogenase, thymidylate synthase,

and thymidine phosphorylase. Clin Cancer Res 2000, 6,

1322–1327.

21. Kakeji Y, Maehara Y, Shibahara K, et al. Heterogeneity and

clinical role of thymidine phosphorylase activity in gastric cancer.

Oncol Rep 1999, 6, 1213–1216.

22. Sawada N, Ishikawa T, Fukase Y, Nishida M, Yoshikubo T,

Ishitsuka H. Induction of thymidine phosphorylase activity and

enhancement of capecitabine efficacy by taxol/taxotere in human

cancer xenografts. Clin Cancer Res 1998, 4, 1013–1019.

23. Scanlon KJ, Newman EM, Lu Y, Priest DG. Biochemical basis

for cisplatin and 5-fluorouracil synergism in human ovarian

carcinoma cells. Proc Natl Acad Sci USA 1986, 83,

8923–8925.

24. Koizumi W, Kurihara M, Hasegawa K, et al. Combination

therapy with cisplatin, 50-deoxy-5-fluorouridine (50-DFUR) and

mitomycin (MMC) in patients with inoperable, advanced gastirc

cancer: a randomized trial comparing two dosage regimens. Oncol

Rep 1996, 3, 255–260.

25. Ishitsuka H. Capecitabine: preclinical pharmacology studies.

Investigat New Drugs 2000, 18, 343–354.

26. Koizumi W, Taguchi T. A phase II study of capecitabine

(Xeloda�) in patients with advanced/metastatic gastric carcinoma.

Proc Am Soci Clin Oncol 2001, 20, 142b (Abstract

2320).

27. Kim TW, Kang YK, Ahn JH, et al. Phase II study of capecitabine

plus cisplatin as first-line chemotherapy in advanced gastric cancer.

Ann Oncol 2002, 13, 1893–1898.


	The ratio of thymidine phosphorylase to dihydropyrimidine dehydrogenase in tumour tissues of patients with metastatic gastric cancer is predictive of the clinical response to 5prime-deoxy-5-fluorouridine
	Introduction
	Materials and methods
	Patient population and eligibility
	Treatment methods
	Response criteria and treatment evaluation
	Preparation of biopsy specimens
	TP ELISA
	DPD ELISA
	Statistical analysis

	Results
	Case analysis and background factors
	Response to chemotherapy and toxicity
	Relationship between TP and DPD and responses to chemotherapy
	Survival

	Discussion
	Acknowledgements
	References


