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Challenges in predicting the clinical outcome in S-1-based chemotherapy for 
gastric cancer patients

tions are useful in predicting drug response and survival to 
specifi c chemotherapy regimens remains unknown. Deter-
mination of signifi cant associations between gene expres-
sions and defi ned clinical endpoint (e.g., survival and 
response) may improve the prediction of treatment success 
and thereby the tailoring of chemotherapy.

S-1 (Taiho Pharmaceutical, Tokyo Japan) is an oral anti-
cancer agent combined with tegafur (FT), 5-chloro-2,4-
dihydroxipyridine (CDHP), and potassium oxonate (Oxo) 
in a molar ratio of 1 : 0.4 : 1.3 A randomized phase III study 
of 5-fl uorouracil (5-FU) alone versus combination of irino-
tecan and cisplatin versus S-1 alone in advanced gastric 
cancer showed signifi cant noninferiority of S-1 to 5-FU-
alone regimen (JCOG9912).4 Another randomized phase 
III study of S-1 alone versus S-1 plus cisplatin in the treat-
ment for advanced gastric cancer demonstrated signifi cant 
survival benefi t in patients treated with S-1 plus cisplatin.5 
Based on the results obtained from these randomized phase 
III trials, S-1 has been considered to be a key drug in the 
treatment of advanced gastric cancer in Japan as a standard 
option of chemotherapy. Unfortunately, S-1 combination 
chemotherapies are often toxic or debilitating, and thera-
peutic responses can vary. Accurate prediction of response 
to chemotherapy would allow a tailored regimen that maxi-
mizes clinical response while limiting the adverse effects of 
chemotherapy.

In this article, we provide an update on pharmacogenet-
ics as applied to the S-1-based chemotherapy for patients 
with gastric cancer. We focused on the “candidate” factors 
that affect the therapeutic effi cacy of S-1-based chemother-
apy with a special emphasis on gene expression involved in 
the S-1 metabolic pathway.

Metabolic pathway of S-1

Tegafur (FT) is converted into 5-FU mainly by cytochrome 
P450 (CYP450) enzymes in the liver. CYP2A6 is the main 
CYP450 enzyme involved in tegafur activation, but CYP1A2 
and CYP2C8 also play a signifi cant role6 (Fig. 1).
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Abstract S-1 has been considered to be a key drug in the 
treatment of advanced gastric cancer in Japan as a standard 
option of chemotherapy. Interindividual variation in the 
enzymes of the S-1 metabolic pathway can affect the extent 
of S-1 metabolism and impact the effi cacy of S-1-based 
chemotherapy. In this review, the role of the “candidate” 
genetic factors affecting the therapeutic effi cacy of S-1 is 
discussed with a special emphasis on polymorphism and 
gene expressions involved in the S-1 metabolic pathway, 
including CYP2A6, thymidylate synthase, thymidine phos-
phorylase, and orotate phosphoribosyltransferase. The pre-
dictive values of these candidates might be overcome with 
drugs combined with S-1. Pharmacogenetic studies based 
on a “global” approach by DNA microarray are promising 
to identify gastric cancer patients with both survival benefi t 
and clinical benefi t more accurately than those based on 
the “candidate” approach, especially for S-1 combination 
therapy. Large and controlled studies are needed to justify 
changes in the chemotherapeutic strategies, from “one-size 
fi ts all” to “tailor-made.”
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Introduction

A growing body of evidence suggests that interindividual 
variation in drug-metabolizing enzymes, DNA repair 
enzymes, or angiogenic enzymes may affect anticancer drug 
effi cacy.1,2 However, whether the pharmacogenetic varia-
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In humans, 80%–90% of the administrated 5-FU is 
catabolized rapidly to the inactive metabolite α-fl uoro-β-
alamine via dihydrofl uorouracil (FUH2) by the fi rst and 
rate-limiting enzyme, dihydropyrimidine dehydrogenase 
(DPD)7 (see Fig. 1). 5-FU degradation occurs in all tissues, 
including tumor tissues, but is greatest in the liver.8 The 
main mode of action of 5-FU is considered to be through 
its active metabolite, 5-fl uoro-uridine-5′-triphosphate 
(FUTP) or 5-fl uoro-2′deoxyuridine-5′-monophosphate 
(FdUMP). FUTP can be incorporated into RNA, whereas 
FdUMP suppresses thymidylate synthase (TS), an essential 
DNA de novo synthetic enzyme that catalyzes the methyla-
tion of deoxyuridine monophosphate (dUMP) to deoxythy-
midine monophosphate (dTMP).9,10 FdUMP and TS form 
covalent ternary complexes with 5,10-methylenetetrahy-
drofolate (5,10-CH2-FH4) that subsequently inhibit DNA 
synthesis (see Fig. 1).

The anabolic conversion of 5-FU into nucleotides such 
as FUTP or FdUMP is essential for its action, as illustrated 
in Fig. 1: (1) Pathway 1: directly to FUMP by orotate 
phosphoribosyltransferase (OPRT) in the presence of 5-
phophoribosyl-1-pyrophosphate (PRPP); (2) Pathway 2: 
indirectly to FUMP in a sequence of reactions with conver-
sion of 5-FU to 5-fl uorouridine (FUR), catalyzed by uridine 
phosphorylase (UP) in the presence of ribose-1-phosphate 
(Rib-1-P); and (3) Pathway 3: indirectly to FdUMP by 2′-
deoxy-5-fl uorouridine (FUdR), catalyzed by thymidine 
phosphorylase (TP) in the presence of deoxyribose-1-
phosphate (dRib-1-P).11 In humans, the preferential use of 
the OPRT pathway (Pathway 1) was revealed to correlate 
with a higher sensitivity to 5-FU.11

The relative expression of these enzymes participating in 
the 5-FU metabolic pathway may be related to treatment 
effi cacy and toxicity. In general, expression of high DPD, 
high TS, or low OPRT in gastrointestinal cancers would be 
expected to predict a poor response to 5-FU based chemo-
therapy and to uracil/tegafur (UFT) in advanced colorectal 
cancer patients.11,12

Prediction of clinical outcome in S-1 monotherapy

CYP2A6

CYP2A6 is a polymorphic enzyme that shows considerable 
interindividual variability in activity for the representative 
substrate nicotine.6 The CYP2A6*4 is known to cause a lack 
of enzymatic activity.13 The CYP2A6*7 and CYP2A6*9 
alleles decrease enzymatic activity by altering catalytic 
function and protein expression, respectively.13 The distri-
bution of these polymorphisms shows large interethnic dif-
ferences, and the frequencies of these mutant alleles are 
higher in Japanese than in whites.13 Therefore, it is postu-
lated that the effi cacy of CYP2A6 to metabolize FT is 
higher in whites than in Japanese.

We examined the contributions of CYP2A6 genotype 
(CYP2A6*4, *7, and *9), plasma CDHP levels, and patient 
characteristics to the pharmacokinetics (PK) of FT and 5-
FU in 40 Japanese cancer patients.14 The oral clearance 
(CL/F) of FT was associated only with the CYP2A6 geno-
type (analysis of variance, P = 0.000891, R2 = 0.51). The 
CL/F of FT seen in patients with one-variant allele (*1/any) 
and two-variant alleles (*4/*4, *4/*7, *4/*9, *7/*7, *7/*9, and 
*9/*9) was signifi cantly lower than that seen in the wild type 
(*1/*1), respectively. The AUC0–8 for 5-FU correlated with 
only the AUC0–∞ for CDHP (P = 0.00579, R2 = 0.44). The 
AUCs for 5-FU and CDHP correlated with creatinine clear-
ance (P = 0.0160, R2 = 0.14 and P = 0.000560, R2 = 0.27, 
respectively).

These results indicated that the CYP2A6 genotype sta-
tistically correlated with tegafur pharmacokinetics, and not 
with 5-FU pharmacokinetics. Thus, renal function might 
directly affect CDHP pharmacokinetics, resulting in the 
increase of plasma 5-FU after administration of S-1, given 
that more than 50% of CDHP is eliminated in the urine.15 
To our best knowledge, there is little information about the 
association between CYP2A6 genotype and clinical outcome 
in patients treated with S-1-based chemotherapy.

Fig. 1. Metabolic pathway of 
fl uorouracil (5-FU) and 5-FU 
analogues including tegafur. For 
explanation of symbols and meta-
bolic pathways, see text. (From 
Ichikawa1)
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Thymidylate synthase

We previously demonstrated that the median value of TS 
gene expression in responding tumors was statistically lower 
than that in nonresponding cases in 27 metastatic gastric 
patients treated by S-1 monotherapy.16 Another study 
including 59 patients confi rmed the predictive values for 
response and survival of TS gene expression in S-1 treat-
ment for metastatic gastric cancer.17 Patients with tumors 
with low TS gene expression survived longer than those 
with tumors with high TS gene expression, with statistical 
signifi cance. Miyamoto et al. reported that S-1 showed anti-
tumor effects in terms of tumor shrinkage and survival, 
regardless of the expression status of TS, when TS expres-
sion was evaluated by immunohistochemical methods using 
antirecombinant human TS polyclonal antibody.18 This 
fi nding did not agree with our results. A possible explana-
tion might be the difference in methodology for measuring 
TS expression, because the detection method in gene 
expression is a more quantitative and sensitive evaluation 
method than the immunohistochemical method.1

Dihydropyrimidine dehydrogenase

CDHP contained in S-1 reversibly inhibits the activity of 
DPD in the liver, producing a higher plasma 5-FU concen-
tration, followed by the increment of antitumor effect.3,12 
Takechi et al. demonstrated that CDHP inhibits 5-FU deg-
radation through the inhibition of intratumoral DPD activ-
ity and enhances 5-FU cytotoxicity in human cancer cells 
both in vitro and in vivo.19 Actually, the antitumor effect of 
S-1 for gastric cancer was not infl uenced by intratumoral 
DPD gene expression, as indicated in three independent 
studies.17,20,21 Miyamoto et al. also reported that patients 
with positive DPD showed a slightly higher response rate 
and longer survival than those with negative DPD, but 
without statistical signifi cance, when DPD expression was 
evaluated by the immunohistochemical method.18 In 61 
patients with gastric scirrhous carcinoma, the response rate 
was signifi cantly higher in patients with DPD-positive 
tumors than in those with DPD-negative ones in the S-1 
group, as compared with the 5-FU group.22 Together with 
these results, S-1 is thought to have antitumor activity even 

in highly DPD expressed tumor, which is essentially resis-
tant to fl uoropyrimidine without the DPD inhibitor.

Orotate phosphoribosyltransferase

S-1 contains Oxo, which decreases the levels of FUMP and 
5-FU incorporated into RNA (F-RNA) by about 70% in 
the small intestine through the inhibition of OPRT activ-
ity.23 Oxo is distributed at high levels in the digestive tract 
after oral administration and thus reduces 5-FU-induced 
gastrointestinal toxicity such as diarrhea.24 If Oxo in plasma 
inhibits the intratumoral OPRT, the antitumor effect of S-1 
might be diminished and the predictive value of OPRT 
expression might be overcome. We indicated that OPRT 
gene expression in the gastric tumor is related to higher 
response rate and longer survival in 59 gastric cancer 
patients treated with S-1,1 as well as in colorectal cancer 
patients treated with UFT, which does not include Oxo.11 
These data were concordant with the in vivo study to 
demonstrate that the decrease in the levels of FUMP and 
F-RNA is limited to 0%–20% in tumor regions, without 
affecting the antitumor effect of 5-FU.23

“Polygenic” approach

Each gene expression, such as TS and OPRT, involving 
the 5-FU metabolic pathway just discussed might be useful 
for predicting the clinical outcome in S-1 monotherapy. 
However, these genes involving the 5-FU pathway do not 
act in isolation, even though genes do not actually work in 
the 5-FU metabolic pathway. The use of more than single 
gene expression, such as the combination of TS, DPD, and 
TP, or DPD and OPRT, has been reported to permit the 
identifi cation of a high percentage of responding patients in 
colorectal cancer.11,12,25

We evaluated whether the response to S-1 treatment 
could be predicted in terms of gene expression of fi ve genes 
involved in the 5-FU pathway (TS, DPD, OPRT, TP, and 
UP).17 In univariate analyses, low TS, high OPRT, and low 
TP were signifi cantly associated with tumor shrinkage and 
long survival, whereas DPD and UP gene expression did 
not correlate with response and survival (Tables 1, 2). Mul-
tivariate analyses including fi ve gene expressions revealed 

Table 1. Logistic regression analysis for response

Variable Univariate Multivariate*

OR 95% CI P OR 95% CI P

DPD 1.20 0.96–1.52 0.122 – –
TS 0.005 0.00–0.08 0.002 0.003 0.00–0.25 0.0433
OPRT 63.5 9.64–1137.7 0.0005 46.3 6.51–1316.3 0.0036
TP 0.98 0.96–0.99 0.022 – –
UP 1.16 0.98–1.39 0.086 – –

Note: in the multivariate analysis, stepwise regression was used to select variables
OR, odds ratio; CI, confi dence interval; DPD, dihydropyrimidine dehydrogenase; TS, thymidylate synthase; OPRT, orotate phosphoribosyl-
transferase; TP, thymidine phosphorylase; UP, uridine phosphorylase
* Probabilities to enter and remove variables were set at less than 0.05 and greater than 0.1, respectively
Source: Ichikawa et al.17
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that independent variables were OPRT and TS for response 
and TS and TP for survival (Tables 1, 2). When OPRT and 
TS were combined, a signifi cantly increased accuracy rate 
of 91.5% was seen for response, as compared with 71.5% 
obtained from the information of TS gene expression. Simi-
larly, an increased hazard ratio of 10.29 was observed for 
survival in patients possessing low TS and low TP, com-
pared with those with high TS and/or high TP. Thus, the 
simple combinations of two genes, OPRT and TS for 
response and TS and TP for survival, may allow identifi ca-
tion of gastric cancer patients who will benefi t from S-1 
chemotherapy.

These results might indicate that antitumor activity, even 
in S-1 monotherapy, is a polyfactorial event as a result of 
the combined effect of more than one gene.

Prediction of clinical outcome in S-1 
combination chemotherapy

When S-1 is combined with irinotecan, the predictive value 
of TS gene expression for clinical outcome is overcome.16 
There was no statistically signifi cant difference in response 
rate and survival between patients with low TS tumors and 
those with high TS tumors in 26 patients treated with S-1 
combined with irinotecan. Our results were confi rmed by 
Takiuchi et al.21 There was no relationship between TS gene 
expression and tumor response in the S-1 and irinotecan 
treatment group (n = 11), with responses being observed in 
some patients having tumors with high TS gene expression. 
In vivo studies indicated that TS activity is downregulated 
by irinotecan in a dose-dependent manner in xenografts 
with high levels of TS expression, suggesting that irinotecan 
results in an environment in which S-1 is more likely to 
exert its antitumor effect.21

The combination of S-1 and docetaxel exhibited greater 
growth-inhibitory effects in human tumor xenograft models 
than the treatment of S-1 alone or docetaxel alone.26 This 
synergistic antitumor effect was greater in the combination 
of S-1 and docetaxel than that of 5-FU and docetaxel. The 
expressions of TS and DPD were decreased 50% and 73% 
of control levels, respectively, and that of OPRT was 
increased by 3.9 fold at the protein level, by the treatment 
of docetaxel in combination with 5-FU.26 These fi ndings 

suggested that biochemical modulation of the two drugs 
had occurred. That is, predictive values of “candidate” 
gene expressions, which are selected in S-1 monotherapy, 
for clinical outcome might be overcome when S-1 is com-
bined with other anticancer agents such as irinotecan or 
docetaxel.

Future perspective

Pharmacogenetic study to predict clinical outcome is cate-
gorized into the following three approaches: (1) the candi-
date approach, evaluating several genes to be narrowed 
down from the information previously reported in vivo and 
in vitro studies, by reverse-transcriptase polymerase chain-
reaction (RT-PCR) or real-time RT-PCR; (2) the pathway 
approach, evaluating a few dozen genes to be involved in 
the pathway, such as S-1 metabolic pathway, apoptosis 
pathway, or cell-cycle pathway, by low-density array27; and 
(3) the global approach, identifying potential chemoresis-
tance-related genes within a panel of hundreds to thousands 
of genes by DNA microarray.2 Potential candidates such as 
TS, OPRT, and TP have been identifi ed by the candidate 
approach (Fig. 2).

Most enzymes function in complex networks with several 
regulatory mechanisms. It is unlikely that any one candidate 
with modest effects on enzyme function will affect treat-
ment outcome, whereas the combination of several candi-

Table 2. Cox proportional hazard analysis for survival

Variable Univariate Multivariate*

HR 95% CI P HR 95% CI P

DPD 1.08 0.97–1.21 0.1811 – –
TS 5.96 2.74–12.93 <0.0001 4.75  2.17–10.34 <0.0001
OPRT 0.58 0.39–0.85 0.0056 – –
TP 1.009 1.005–1.013 <0.0001 1.008 1.004–1.012  0.0002
UP 0.94 0.87–1.02 0.1461 – –

Note: in the multivariate analysis, stepwise regression was used to select variables
HR, hazard ratio; CI, confi dence interval
* Probabilities to enter and remove variables were set at less than 0.05 and greater than 0.1, respectively
Source: Ichikawa et al.17

Pathway approach Pathway approach Pathway approach

S-1 metabolic pathway

Candidate approach

TS
DPD

OPRT
TP

Global approach

Fig. 2. Pharmacogenetic study is categorized into three approaches 
including candidate approach, pathway approach, and global approach, 
in terms of the numbers of evaluated genes and the applied methods
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dates within the same pathway might result in signifi cant 
disturbance. A “polygenetic approach” by two genes in 
combination in the S-1 metabolic pathway is a good example 
for the pathway approach.

In addition, currently S-1 monotherapy is not recom-
mended for the control arm in randomized clinical trials in 
patients with advanced gastric cancer. The use of multidrug 
combinations of S-1 with other drugs has become more 
standard. Thus, cisplatin has been administered in combina-
tion with S-1, resulting in signifi cantly prolonged overall 
survival over 12 months.5 New agents, such as the monoclo-
nal antibodies herceptin (an epidermal growth factor recep-
tor inhibitor) and bevacizumab (a vascular endothelial 
growth factor inhibitor) have shown promising clinical 
benefi t for patients with advanced gastric cancer.

DNA microanalysis can be used to identify gene expres-
sion within a panel of hundreds to thousands of genes. In 
initial studies, microarray analysis has identifi ed candidate 
genes for further investigation that are differently expressed 
between normal gastric mucosa and gastric cancer.28 Micro-
array assays have also identifi ed potential prognostic or 
predictive biomarkers even in combination chemotherapy; 
however, many more have yet to be evaluated.29,30 With the 
growing number of treatment options and varying treat-
ment response, a multigene assay could be developed and 
would potentially have tremendous clinical utility and 
benefi t in patients with advanced gastric cancer.

The fi nal goal of the individualization is to select the 
right patient and the right drug and to determine the right 
dose of drug. Studies examining the gene expression 
involved in the metabolism of S-1 in tumor tissues can serve 
as surrogate markers predictive of tumor shrinkage and 
survival. Studies on prediction of adverse events and 
determination of optimal dosing of S-1 by genotyping have 
also been under way.14,31 Integration of these studies is anti-
cipated to realize the individualization of S-1-based 
chemotherapy.

Conclusions

To date, relatively small retrospective studies have identi-
fi ed TS, OPRT, and TP as potential candidates to predict 
the clinical outcome in S-1 monotherapy. The complex 
nature of cytotoxic metabolism, which often involves 
multiple players, and the relative small number of patients 
in the published studies pose signifi cant limitations in our 
current knowledge of gastric cancer pharmacogenetics. 
Larger well-designed studies are needed to confi rm the 
foregoing fi ndings, as well as the investigation of other 
potential candidates that might not have shown signifi cant 
associations with clinical outcome in the aforementioned 
early studies. We expected further research to yield impor-
tant clues that might help guide a clinician make real-time 
decisions to treat a patient with a particular regimen – an 
S-1 based regimen or non-S-1 regimen, S-1 monotherapy 
or S-1-based combination therapy, or the best drug to 
combine with S-1.

Acknowledgments This work was supported, in part, by a Grant-in-
Aid for Scientifi c Research from the Ministry of Education, Culture, 
Sports and Technology (MEXT).

References

 1. Ichikawa W (2006) Prediction of clinical outcome of fl uoropyrimi-
dine-based chemotherapy for gastric cancer patients, in terms of 
the 5-fl uorouracil metabolic pathway. Gastric Cancer 9:145–155

 2. Ulrich CM, Robien K, McLeod HL (2003) Cancer pharmacogenet-
ics: polymorphisms, pathways and beyond. Nat Rev Cancer 3:
912–920

 3. Shirasaka T, Shimamato Y, Ohshimo H, et al. (1996) Development 
of a novel form of an oral 5-fl uorouracil derivative (S-1) directed 
to the potentiation of the tumor selective cytotoxicity of 5-
fl uorouracil by two biochemical modulators. Anticancer Drugs 7:
548–557

 4. Boku N, Yamamoto S, Shirao K, et al. (2007) Randomized phase 
III study of 5-fl uorouracil (5-FU) alone versus combination of iri-
notecan and cisplatin (CP) versus S-1 alone in advanced gastric 
cancer (JCOG9912). J Clin Oncol 25:LBA4513

 5. Narahara H, Koizumi W, Hara T, et al. (2007) Randomized phase 
III study of S-1 alone versus S-1+ cisplatin in the treatment for 
advanced gastric cancer (The SPIRITS trial) SPIRITS: S-1 plus 
cisplatin vs S-1 in RCT in the treatment for stomach cancer. J Clin 
Oncol 25:4514

 6. Maring JG, Groen HJ, Wachters FM, et al. (2005) Genetic factors 
infl uencing pyrimidine-antagonist chemotherapy. Pharmacoge-
nomics J 5:226–243

 7. Heggie GD, Sommadossi JP, Cross DS, et al. (1987) Clinical phar-
macokinetics of 5-fl uorouracil and its metabolites in plasma, urine, 
and bile. Cancer Res 47:2203–2206

 8. van Kuilenburg AB (2004) Dihydropyrimidine dehydrogenase 
and the effi cacy and toxicity of 5-fl uorouracil. Eur J Cancer 40:
939–950

 9. Danenberg PV (1977) Thymidylate synthetase: a target enzyme in 
cancer chemotherapy. Biochim Biophys Acta 473:73–92

10. Longley DB, Harkin DP, Johnston PG (2003) 5-Fluorouracil: 
mechanisms of action and clinical strategies. Nat Rev Cancer 
3:330–338

11. Ichikawa W, Uetake H, Shirota Y, et al. (2003) Both gene expres-
sion for orotate phosphoribosyltransferase and its ratio to dihy-
dropyrimidine dehydrogenase infl uence outcome following 
fl uoropyrimidine-based chemotherapy for metastatic colorectal 
cancer. Br J Cancer 89:1486–1492

12. Ichikawa W, Uetake H, Shirota Y, et al. (2003) Combination of 
dihydropyrimidine dehydrogenase and thymidylate synthase gene 
expressions in primary tumors as predictive parameters for the 
effi cacy of fl uoropyrimidine-based chemotherapy for metastatic 
colorectal cancer. Clin Cancer Res 9:786–791

13. Nakajima M, Fukami T, Yamanaka H, et al. (2006) Comprehen-
sive evaluation of variability in nicotine metabolism and CYP2A6 
polymorphic alleles in four ethnic populations. Clin Pharmacol 
Ther 80:282–297

14. Fujita K, Yamamoto W, Endo H, et al. (2007) Effects of CYP2A6 
genotype and plasma level of 5-chloro-2,4-dihydroxipyridine 
(CDHP) on pharmacokinetics (PK) of tegafur (FT) and 5-
fl uorouracil (5-FU) in the patients treated by S-1. ASCO Meeting 
Abstracts 25:2504

15. Hirata K, Horikoshi N, Aiba K, et al. (1999) Pharmacokinetic 
study of S-1, a novel oral fl uorouracil antitumor drug. Clin Cancer 
Res 5:2000–2005

16. Ichikawa W, Takahashi T, Suto K, et al. (2004) Thymidylate syn-
thase predictive power is overcome by irinotecan combination 
therapy with S-1 for gastric cancer. Br J Cancer 91:1245–1250

17. Ichikawa W, Takahashi T, Suto K, et al. (2006) Simple com-
binations of 5-FU pathway genes predict the outcome of metastatic 
gastric cancer patients treated by S-1. Int J Cancer 119:1927–
1933

18. Miyamoto S, Boku N, Ohtsu A, et al. (2000) Clinical implications 
of immunoreactivity of thymidylate synthase and dihydropyrimi-
dine dehydrogenase in gastric cancer treated with oral fl uoropy-



 211

rimidine (S-1). Study Group of S-1 for Gastric Cancer. Int J Oncol 
17:653–658

19. Takechi T, Fujioka A, Matsushima E, et al. (2002) Enhancement 
of the antitumour activity of 5-fl uorouracil (5-FU) by inhibiting 
dihydropyrimidine dehydrogenase activity (DPD) using 5-chloro-
2,4-dihydroxypyridine (CDHP) in human tumour cells. Eur J 
Cancer 38:1271–1277

20. Ichikawa W, Takahashi T, Suto K, et al. (2004) Thymidylate syn-
thase and dihydropyrimidine dehydrogenase gene expression 
in relation to differentiation of gastric cancer. Int J Cancer 
112:967–973

21. Takiuchi H, Kawabe S, Gotoh M, et al. (2007) Thymidylate syn-
thase gene expression in primary tumor predicts activity of S-1-
based chemotherapy for advanced gastric cancer. Gastrointest 
Cancer Res 1:171–176

22. Shimizu T, Yamada Y, Yasui H, et al. (2005) Clinical application 
of immunoreactivity of dihydropyrimidine dehydrogenase (DPD) 
in gastric scirrhous carcinoma treated with S-1, a new DPD inhibi-
tory fl uoropyrimidine. Anticancer Res 25:2997–3001

23. Shirasaka T, Shimamoto Y, Fukushima M (1993) Inhibition by 
oxonic acid of gastrointestinal toxicity of 5-fl uorouracil without 
loss of its antitumor activity in rats. Cancer Res 53:4004–4009

24. Peters GJ, Noordhuis P, Van Kuilenburg AB, et al. (2003) 
Pharmacokinetics of S-1, an oral formulation of ftorafur, oxonic 
acid and 5-chloro-2,4-dihydroxypyridine (molar ratio 1 : 0.4 : 1) in 
patients with solid tumors. Cancer Chemother Pharmacol 52:
1–12

25. Salonga D, Danenberg KD, Johnson M, et al. (2000) Colorectal 
tumors responding to 5-fl uorouracil have low gene expression 
levels of dihydropyrimidine dehydrogenase, thymidylate synthase, 
and thymidine phosphorylase. Clin Cancer Res 6:1322–1327

26. Wada Y, Yoshida K, Suzuki T, et al. (2006) Synergistic effects of 
docetaxel and S-1 by modulating the expression of metabolic 
enzymes of 5-fl uorouracil in human gastric cancer cell lines. Int J 
Cancer 119:783–791

27. Kidd EA, Yu J, Li X, et al. (2005) Variance in the expression of 
5-fuorouracil pathway genes in colorectal cancer. Clin Cancer Res 
11:2612–2619

28. Lee S, Baek M, Yang H, et al. (2002) Identifi cation of genes 
differentially expressed between gastric cancers and normal 
gastric mucosa with cDNA microarrays. Cancer Lett 184:197–
206

29. Kang HC, Kim IJ, Park JH, et al. (2004) Identifi cation of genes 
with differential expression in acquired drug-resistant gastric 
cancer cells using high-density oligonucleotide microarrays. Clin 
Cancer Res 10:272–284

30. Kim HK, Choi IJ, Kim HS, et al. (2004) DNA microarray analysis 
of the correlation between gene expression patterns and acquired 
resistance to 5-FU/cisplatin in gastric cancer. Biochem Biophys 
Res Commun 316:781–789

31. Ichikawa W, Takahashi T, Sasaki Y (2007) Pharmacogenetic profi l-
ing and clinical outcome of patients (pts) with advanced gastric 
cancer (AGC) treated with S-1 monotherapy. ASCO Meeting 
Abstracts 25:4600



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


