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Abstract
AIM: To prove that the protein expression level of 
thymidylate synthase is a predictive factor for the re-
sponse to S-1/cisplatin (CDDP) chemotherapy in gas-
tric cancer.

METHODS: We measured the protein expression levels 
of thymidylate synthase (TS), dihydropyrimidine de-
hydrogenase (DPD), and orotate phosphoribosyltrans-
ferase (OPRT) in advanced gastric cancer. Before S-1/
CDDP chemotherapy, tumor specimens from primary 
sites were obtained by endoscopic biopsy and analyzed 
by enzyme-linked immunosorbent assay. The chemo-
therapeutic effects on the primary sites were evaluated 
by endoscopic biopsy performed more than once after 
S-1/CDDP chemotherapy. The effects are a predictive 
factor for the response to S-1/CDDP chemotherapy in 

patients with advanced gastric cancer, as evaluated by 
endoscopic biopsy over time.

RESULTS: The protein expression level of TS was sig-
nificantly higher (P  < 0.05) in the tumor than in the 
normal tissue, and significantly lower (P < 0.05) in the 
responders than in the non-responders. We were able 
to evaluate the correlation between changes in the 
protein expression levels of TS, DPD and OPRT and 
chemotherapeutic responses in 7 patients by assessing 
tumor tissues more than twice. In the responders, the 
protein expression level of TS was < 40 ng/mg protein. 
However, there were significant increases in the protein 
expression levels of TS (P  < 0.01) and DPD (P  < 0.05) 
after chemotherapy in 3 patients. In these cases, the 
patient assessment changed from “responder” to “non-
responder”. In the non-responders, the protein expres-
sion level of TS was > 40 ng/mg protein.

CONCLUSION: We have confirmed that the protein 
expression level of TS is a predictive factor for the re-
sponse to S-1/CDDP chemotherapy in patients with ad-
vanced gastric cancer.
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INTRODUCTION
In Japan, S-1 plus cisplatin (S-1/CDDP) chemotherapy 
is currently the most commonly used first-line chemo-
therapeutic regimen in patients with advanced gastric 
cancer. This is attributed to the high response rate (76%)[1] 
and significantly longer survival of  patients administered 
with S-1/CDDP chemotherapy than with S-1 alone, as 
demonstrated in a randomized phase Ⅲ study[2]. Howev-
er, it has also been reported that about 25% of  patients 
treated with S-1/CDDP chemotherapy failed to show a 
significant response. Therefore, accurate prediction of  
the response to chemotherapy is essential for identifying 
the most effective drug and form of  chemotherapy.

For predicting the response to chemotherapy, meta-
bolic enzymes have recently received considerable at-
tention as possible predictors. While the mechanism of  
metabolism of  5-fluorouracil (5-FU), a principal fluoro-
pyrimidine used against colorectal cancer, has been clari-
fied by many researchers, there have also been reports 
on the relationship between various metabolic enzymes 
and drug sensitivity, as well as between enzymes and 
clinical response. Recent studies have focused on the 
relationship between thymidylate synthase (TS), dihydro-
pyrimidine dehydrogenase (DPD) or orotate phosphori-
bosyltransferase (OPRT) and prediction of  response to 
fluoropyrimidines[3-7] (Figure 1).

The aim of  this study was to confirm whether TS, 
DPD and OPRT can be used as predictors of  the re-
sponse of  patients with advanced gastric cancer to S-1/
CDDP chemotherapy by measuring their expression level 
from biopsy specimens over time. Measurements over 
time were carried out in biopsy specimens sampled us-
ing an endoscope. Endoscopic biopsy specimens have 
conventionally been considered to pose difficulties in 
the measurement of  enzyme expression level owing to 
their small size. Nevertheless, we succeeded in measuring 
enzyme expression level in small specimens by enzyme-
linked immunosorbent assay (ELISA)[8]. Effect of  treat-
ment on advanced gastric cancer was then examined by 
endoscopy. Endoscopic examination made it possible to 
confirm precisely whether TS, DPD and OPRT can be 
used as effective predictors of  the response to S-1/CDDP 
chemotherapy using gastric cancer specimens. In addi-
tion, we also assessed whether the commonly used tumor 
markers carcinoembryonic antigen (CEA) and carbohy-
drate antigen 19-9 (CA19-9) can also be used as effective 
predictors of  the response to S-1/CDDP chemotherapy.

MATERIALS AND METHODS
Patient eligibility
Patients with locally advanced or metastatic gastric cancer 
with primary sites were considered eligible. Further eligi-
bility criteria were as follows: (1) histologically confirmed 
gastric adenocarcinoma; (2) an Eastern Cooperative On-
cology Group performance status of  0-2; (3) over 20 years  
of  age; (4) no prior chemotherapy or radiotherapy; (5) 
sufficient hematological, renal and hepatic functions; and 

(6) life expectancy over 12 wk. Written informed consent 
was obtained from all patients. This study was approved 
by the institutional ethical review board of  Tokyo Medical 
University Hospital.

Chemotherapy and endoscopic assessment of 
chemotherapeutic effects
Patients received S-1 orally twice daily at least 1 h after 
breakfast and supper on days 1 to 21, followed by a 14-d 
recovery period. S-1 dosage according to the body surface 
area (BSA) of  a patient was as follows: BSA < 1.25 m2,  
40 mg twice daily (80 mg day 1); BSA ≥ 1.25 m2 but <  
1.5 m2, 50 mg twice daily (100 mg day 1); BSA ≥ 1.5 m2, 
60 mg twice daily (120 mg day 1). CDDP was adminis-
tered intravenously over 2 h at 60 mg/m2 on day 8. Che-
motherapy cycles were repeated every 35 d.

Chemotherapeutic effects on primary sites were eval-
uated endoscopically by response assessment of  chemo-
therapy and radiotherapy for gastric carcinoma: clinical 
criteria (Japanese Classification of  Gastric Carcinoma-
2nd English Edition)[9]. Patients were classified into 2 
groups: “responders” and “non-responders”. “Respond-
ers” was defined as patients with complete response (CR: 
disappearance of  all tumoral lesions and no diagnosis 
of  any cancers) or partial response (PR: dramatic re-
gression, flattening on endoscopic examination roughly 
corresponding to at least a 50% decrease in tumor size). 
In this study, many metastatic lesions were presented in 
the form of  lymph node or peritoneal dissemination. 
The shrinkage or growth of  these lesions was difficult to 
evaluate only through the imaging procedure, and there-
fore only the primary lesions were evaluated. We accord-
ingly added tumor markers for evaluation.

Specimens and measurement of protein expression level
Biopsy specimens were obtained from 2 sites of  the 
tumor and 2 sites of  the normal stomach area before 
the first chemotherapy and after every 2 cycles of  che-
motherapy. The forceps used were FB-25K-1 (Olympus 
Corp., Tokyo, Japan) and Radial Jaw3 1534 (Boston 
Scientific Corp., MA, USA). All specimens were imme-
diately frozen and stored at -80℃. The specimens were 
assigned anonymous marks and enzyme expression level 
was measured by the Pharmacokinetic Research Labora-
tory of  Taiho Pharmaceutical Co., Ltd. Specifically, the 
protein expression levels of  TS, DPD and OPRT were 
determined by ELISA[10].

Statistical analysis
To evaluate the correlation between the protein expres-
sion levels of  TS, DPD and OPRT and the anti-tumor ef-
fects of  S-1/CDDP chemotherapy, the protein expression 
level before chemotherapy and the endoscopic assessment 
of  chemotherapeutic effects after S-1/CDDP chemo-
therapy were ascertained. The Student’s t-test was used to 
compare protein expression level and various factors. The 
paired t-test was used to compare tumor and normal ar-
eas, responders and non-responders, and the first and last 
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measurements in each patient. The JMP software program 
(version 7.0) was used in all analyses, and P < 0.05 was 
considered significant.

RESULTS
Patient characteristics
Fourteen patients were enrolled in this study between 
December 2005 and July 2007 conducted at the Depart-
ment of  Gastroenterology and Hepatology, Tokyo Med-
ical University Hospital, Japan. Patient characteristics 
are shown in Table 1. All of  the patients (9 males and 
5 females; median age, 64 years) had primary sites of  
advanced gastric cancer. The primary site was the gastric 
body in 9 patients, gastric fundus in 2, and vestibular 
area in 3. The size of  the primary tumor was < 5 cm in 3 
patients, < 10 cm in 7, and at least 10 cm in 4. The histo-

logical type was highly differentiated adenocarcinoma in 
6 patients and poorly differentiated adenocarcinoma in 
8. The metastatic site was the lymph node in 3 patients, 
peritoneum in 5, liver in 5, and ovary in 1.

Protein expression levels of TS, DPD and OPRT in 
tumors and normal areas
The protein expression levels of  TS, DPD and OPRT 
were measured in all 14 patients by ELISA before the first 
S-1/CDDP chemotherapy. The tumors and normal areas 
could also be measured in all 14 patients for DPD but in 
only 12 patients for TS and 12 patients for OPRT. The 
protein expression levels of  TS, DPD and OPRT were 
42.9 ± 19.1 ng/mg protein, 156.6 ± 63.3 ng/mg protein, 
and 9.3 ± 5.8 ng/mg protein in the tumors, and 21.5 ± 
13.7 ng/mg protein, 168.1 ± 36.5 ng/mg protein, and 
10.1 ± 6.1 ng/mg protein in the normal areas, respectively. 
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Figure 1  Metabolic pathway of 5-fluorouracil. DPD: Dihydropyrimidine dehydrogenase; TS: Thymidylate synthase; TK: Thymidine kinase; TP: Thymidine phos-
phorylase; UP: Uridine phosphorylase; OPRT: Orotate phosphoribosyl transferase; UK: Uridine kinase.

Table 1  Patient characteristics

Sex Age (yr) Performance status Site Size (cm) Pathology Metastasis

Male 62 1 Antrum   5 Diffuse Peritoneum
Female 52 0 Fundus   4 Diffuse Ovary
Female 67 2 Corpus 10 Diffuse Lymph node
Male 68 2 Corpus   8 Intestinal Lymph node
Male 78 2 Corpus 15 Intestinal Lymph node
Male 64 2 Corpus   8 Intestinal Liver 
Male 67 2 Fundus   5 Intestinal Liver 
Female 70 2 Corpus   5 Diffuse Peritoneum
Male 65 1 Corpus   4 Diffuse Peritoneum 
Female 59 2 Corpus 15 Diffuse Peritoneum
Male 67 2 Corpus   5 Diffuse Liver 
Male 39 2 Corpus 20 Diffuse Peritoneum
Female 62 0 Antrum   7 Intestinal Liver
Male 77 1 Antrum   3 Intestinal Liver
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The protein expression level of  TS, but not of  DPD and 
OPRT, in the tumors was significantly higher than that in 
the normal areas (P < 0.001) (Table 2). There was no dif-
ference in the protein expression levels of  TS, DPD and 
OPRT in the tumors with regard to patient characteristics, 
gender, tumor size and pathological type.

Protein expression levels of TS, DPD and OPRT before 
chemotherapy and in response to the first chemotherapy
The relationship between the protein expression levels of  
TS, DPD and OPRT in the tumors and the endoscopic 
assessment of  the first chemotherapeutic response was in-
vestigated. Measurement of  expression levels from biopsy 
specimens, administration of  S-1/CDDP chemotherapy, 
and endoscopic assessment of  the primary tumor could 
be carried out in 10 of  the 14 patients. The protein ex-
pression level of  TS in responders was significantly lower 
(27.4 ± 9.4 ng/mg protein) than that in non-responders 
(56.9 ± 19.9 ng/mg protein) (P < 0.05, Table 3). There 
was no marked difference in the protein expression lev-
els of  DPD and OPRT between responders and non-
responders.

Correlation between the changes in the protein 
expression levels of TS, DPD and OPRT and 
chemotherapeutic responses
The correlation between the changes in the protein 
expression levels of  TS, DPD and OPRT and the che-
motherapeutic responses could be evaluated more than 
twice in each of  7 patients. After the first S-1/CDDP 
chemotherapy, 5 of  the 7 patients showed a response 
and the remaining 2 showed no response. Of  the 5 re-
sponders, 2 showed a continuous response and the re-
maining 3 started to show a worse response after several 
courses. Two non-responders in the first chemotherapy 
underwent a second S-1/CDDP chemotherapy but 
showed no response.

The protein expression levels of  TS, DPD and OPRT 
before the first chemotherapy were compared with those 
after tumor progression or with the latest measurement 
in each patient. In 2 patients, a continuous but nonsig-
nificant response was observed from the initial response 
to the last response with regard to the protein expression 

levels of  TS, DPD and OPRT. On the other hand, in 3 
patients who showed tumor progression after the initial 
response, a significant increase in the protein expres-
sion levels of  TS (P < 0.01) and DPD (P < 0.05) was 
observed at the time of  non-response compared with 
the time of  the initial response. In addition, in the 2 non-
responders after the second chemotherapy, a significant 
increase in the protein expression level of  DPD (P < 0.05) 
was observed. These results clearly show that the changes 
in the protein expression level of  TS in the primary tu-
mors correlated with the changes in the response to S-1/
CDDP chemotherapy in these patients (Table 4). The 
changes in the individual protein expression levels of  TS, 
DPD and OPRT in the 7 patients are shown in Figure 2. 
In these 7 patients, the protein expression level of  TS was 
27.6 ± 6.5 ng/mg protein in the responders and 66.1 ±  
22.4 ng/mg protein in the non-responders (P < 0.05). 
The protein expression levels of  DPD and OPRT were 
181.1 ± 75.7 ng/mg protein and 6.2 ± 3.2 ng/mg protein, 
respectively, in the responders and 231.0 ± 100.6 ng/mg  
protein and 6.1 ± 2.0 ng/mg protein, respectively, in the 
non-responders.

Correlation between CEA or CA19-9 level and 
endoscopy-assessed chemotherapeutic response
Correlations between CEA or CA19-9 level and the 
endoscopy-assessed chemotherapeutic response of  the 
primary tumor were also studied. We could evaluate 
the correlation between CEA or CA19-9 level and the 
endoscopy-assessed response of  the primary tumor after 
the first S-1/CDDP chemotherapy in 10 of  the 14 pa-
tients. The CEA and CA19-9 levels in 6 responders were 
6.0 ± 4.2 mg/dL and 110.4 ± 116.8 mg/dL, and 51.4 
± 86.7 mg/dL and 7168.9 ± 14 268.8 mg/dL in 4 non-
responders, respectively. In 7 patients, although the cor-
relation between the changes in the CEA and CA19-9 
levels and the responses could be evaluated more than 
twice in each patient, no correlations were found.

DISCUSSION
This study examined whether the protein expression 
level of  TS is a predictive factor for the response to S-1/
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Table 2  Protein expression of thymidylate synthase, dihydro-
pyrimidine dehydrogenase and orotate phosphoribosyl trans-
ferase in tumour tissues and matched normal tissues (ng/mg 
protein)

No. of cases Tumour tissue Normal tissue Paired t -test

TS 12   42.9 ± 19.9 
(median 40.5)

  21.5 ± 13.7 
(median 19.9)

P < 0.001

DPD 14 156.6 ± 63.3 
(median 143.3)

168.1 ± 36.5 
(median 170.3)

NS

OPRT 12   9.3 ± 5.8 
(median 8.7)

10.1 ± 6.1 
(median 8.2)

NS

TS: Thymidylate synthase; DPD: Dihydropyrimidine dehydrogenase; 
OPRT: Orotate phosphoribosyl transferase; NS: Not significant.

Table 3  Protein expression of thymidylate synthase, dihydro-
pyrimidine dehydrogenase and orotate phosphoribosyl trans-
ferase in relation to responder or non-responder on the first 
S-1/CDDP therapy (ng/mg protein)

TS: Thymidylate synthase; DPD: Dihydropyrimidine dehydrogenase; 
OPRT: Orotate phosphoribosyl transferase; NS: Not significant.

Responder (n  = 6) Non-reponder (n  = 4)  t -test

TS 27.4 ± 9.4 
(median 29.2)

  56.9 ± 19.9 
(median 53.6)

P < 0.05

DPD 170.9 ± 91.4 
(median 135.7)

148.9 ± 33.5 
(median 155.6)

NS

OPRT   6.1 ± 3.7 
(median 6.5)

  9.6 ± 9.7 
(median 5.8)

NS 
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Responder (1st evaluation)-responder (2nd evaluation)	                  Responder (1st evaluation)-non-responder (2nd evaluation)

Non-responder (1st evaluation)-non-responder (2nd evaluation)

CDDP chemotherapy in patients with advanced gastric 
cancer. Patients with a low protein expression level of  
TS showed a response to S-1/CDDP chemotherapy, 
whereas those with a high protein expression level of  
TS showed no response to S-1/CDDP chemotherapy. 
Furthermore, in 3 patients who showed tumor progres-
sion after the initial response, a significant increase in the 
protein expression level of  TS (P < 0.01) was observed 
at the time of  tumor progression compared with the 
time of  the initial response. On the other hand, although 
the protein expression level of  DPD had not been ex-
pected to be correlated with the response to S-1/CDDP 
chemotherapy, the results indicate a possible association.

S-1 is a dihydropyrimidine dehydrogenase inhibitory 
fluoropyrimidine, which has been shown to produce a 
high response rate against advanced gastrointestinal can-
cer in phase Ⅱ studies[11,12]. S-1 is an oral anticancer agent 
consisting of  tegafur, the prodrug of  5-FU, 5-chloro-2,4-
dihydroxypyridine, a strong DPD inhibitor, and potassium 
oxonate, which inhibits OPRT in the gastrointestinal tract, 
resulting in the suppression of  gastrointestinal toxicity 

caused by the phosphoribosylation of  5-FU[13]. Consider-
ing that cancer has a high proliferative ability, nucleic acid 
metabolism is more active and the nucleic acid metabolic 
enzyme normally shows increased levels in cancer[14].

Amatori et al[15] reported that high sensitivity to 5-FU 
was associated with a low expression level of  TS in vitro.  
Salonga et al[16] described that the intratumoral gene 
expression level of  DPD was associated with tumor re-
sponse to 5-FU. Meropol et al[17] conducted a biomarker 
analysis and provided preliminary evidence that the ex-
pression level of  TP (thymidine phosphorylase) may be a 
predictive marker for treatment response in patients with 
metastatic colorectal cancer. In addition, Honda et al[18]  
reported that TP and DPD are predictive factors for the 
therapeutic efficacy of  capecitabine monotherapy for 
breast cancer. On the other hand, Harada et al[19] report-
ed that the expression of  TS in biopsy samples before 
S-1 chemotherapy was significantly lower in responders 
than in non-responders with oral squamous cell carci-
noma (P = 0.0001). Ichikawa et al[20] investigated simple 
combinations of  2 genes, namely, OPRT and TS, which 
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Table 4  Correlation between changes of protein expression of thymidylate synthase, dihydropyrimidine dehydrogenase and orotate 
phosphoribosyl transferase and responses (ng/mg protein)

1st evaluation 2nd evaluation Paired t -test

Responder(1st evaluation) → responder (2nd evaluation) (n = 2)
TS 30.0 ± 2.8 19.2 ± 2.3 NS
DPD 161.7 ± 53.3 172.6 ± 22.8 NS
OPRT   9.8 ± 0.6   4.7 ± 1.7 NS

Responder(1st evaluation) → non-responder(2nd evaluation) (n = 3)
TS 31.7 ± 4.6 53.9 ± 3.9 P < 0.01
DPD   204.4 ± 119.5   279.1 ± 124.7 P < 0.05
OPRT   4.3 ± 3.1   5.3 ± 1.3 NS

Non-responder(1st evaluation) → non-responder (2nd evaluation) (n = 2)
TS   73.4 ± 10.7   77.3 ± 45.4 NS
DPD 142.3 ± 52.6 247.5 ± 60.5 P < 0.05
OPRT   5.9 ± 1.3   8.4 ± 1.9 NS

TS: Thymidylate synthase; DPD: Dihydropyrimidine dehydrogenase; OPRT: Orotate phosphoribosyl transferase; NS: Not significant.
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Figure 2  Changes in the protein expression level of thymidylate synthase, dihydropyrimidine dehydrogenase and orotate phosphoribosyl transferase. 
1st evaluation: Protein expression and response at the first  S-1/CDDP chemotherapy; 2nd evaluation: Protein expression and response at the first progression after 
response or the latest S-1/CDDP chemotherapy. TS: Thymidylate synthase; DPD: Dihydropyrimidine dehydrogenase; OPRT: Orotate phosphoribosyl transferase.
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may allow the identification of  gastric cancer patients 
who will benefit from S-1 chemotherapy. Shimizu et al[21] 
reported that S-1 may be effective even in gastric scir-
rhous carcinoma with a high level of  DPD activity.

These previous results are consistent with ours. How-
ever, the specimens used for assessment in most of  these 
past studies had been resected during surgery. In contrast, 
our assessment is based on endoscopic biopsy specimens. 
Since the amount of  specimens that were endoscopically 
collected by biopsy in our study was very small, we used 
ELISA for all measurements to confirm whether the 
protein expression levels of  TS, DPD and OPRT may be 
a predictive factor for the response to S-1/CDDP che-
motherapy. Fukui et al[22] investigated the differences in 
the protein expression levels of  TS, DPD and OPRT by 
ELISA in various tumor tissue specimens. They reported 
that comparison of  the protein expression levels of  these 
enzymes among matched tumor and non-tumor tissue 
specimens revealed significantly higher expression levels 
of  TS (25.3 ng/mg protein) and DPD (150.3 ng/mg pro-
tein) in gastric cancer. This suggests that measurements of  
even small amounts of  endoscopic biopsy materials would 
not be different from those of  large-scale studies. Further, 
Koga et al[23] collected biopsy materials from the oral cav-
ity of  a great number of  patients and tried to determine 
TS and DPD with ELISA. Their published report also 
showed that a small amount of  specimens could produce 
correct measurements.

The present study indicated that the protein expres-
sion level of  TS was significantly lower (P < 0.05) in the 
responders than in the non-responders. This result is 
consistent with the findings of  previous reports which 
showed fluorinated pyrimidine to be effective in the case 
of  a low expression level of  TS. In 2 patients who contin-
ued to show low protein expression levels of  TS, the re-
sponses to S-1/CDDP chemotherapy continued for more 
than 5 and 8 mo during the study period. In addition, 2 
non-responders after the first course of  S-1/CDDP che-
motherapy demonstrated continuously high protein ex-
pression levels of  TS. As expected, the second course of  
S-1/CDDP chemotherapy was also not effective. Because 
2 responders continued to show both low protein expres-
sion level of  TS and a high chemotherapeutic response, 
unfortunately we could not identify 5 patients whose 
chemotherapeutic evaluations changed from “responder” 
to “non-responder” during the study period. However, 
these results clearly proved that the protein expression 
level of  TS in gastric cancer is a predictive factor for the 
response to S-1/CDDP chemotherapy. In all responders, 
the protein expression level of  TS was ≤ 36.7 ng/mg 
protein, whereas it was ≥ 45.2 ng/mg protein in all non-
responders. It was considered that 40 ng/mg protein was 
therefore the approximate cutoff  value between respond-
ers and non-responders.

We suspected that the protein expression level of  
DPD may not be related to response to S-1/CDDP 
chemotherapy, because S-1 is a strong DPD-inhibitory 
fluoropyrimidine drug. In the present study, there was 

no difference in the protein expression level of  DPD 
between the responders and the non-responders after the 
first course of  S-1/CDDP chemotherapy. Therefore, it 
is speculated that the protein expression level of  DPD is 
not a predictive factor for response to S-1/CDDP che-
motherapy in gastric cancer. However, in this study on the 
relationship between the changes in the protein expres-
sion level of  DPD and the endoscopy-assessed response 
at the individual level, a significant increase in the protein 
expression level of  DPD (P < 0.05) was observed in the 
patients with proceeding tumor progression.

The results indicate that a significant increase in the 
protein expression level of  DPD can be considered a 
predictive factor for the progression of  S-1/CDDP che-
motherapy at the individual level. The protein expression 
level of  DPD was increased in 6 of  7 patients (Figure 2); 
it will be necessary to investigate a large number of  pa-
tients in the future before any definitive conclusion can 
be made.

Regarding the relationship between the changes in 
the protein expression level of  OPRT and the response 
to S-1/CDDP chemotherapy in patients with advanced 
gastric cancer, no data indicating any type of  relationship 
was obtained.

How to select an effective chemotherapeutic agent to 
avoid unnecessary treatment in patients with advanced 
gastric cancer, specifically in terms of  how comfortably 
patients can spend their survival time, in addition to the 
problem of  how to improve patient survival whenever 
possible, are highly important questions that must be 
taken into consideration. Presently in Japan, S-1/CDDP 
chemotherapy is the most popular regimen as first-line 
chemotherapy in patients with advanced gastric cancer. 
Therefore, one alternative method is to attempt a tailor-
made treatment to predict the effectiveness of  S-1/CDDP 
chemotherapy for advanced gastric cancer by monitoring 
the protein expression level of  TS in endoscopic biopsy 
specimens.

Based on the results of  this study, it has been con-
firmed that the response to S-1/CDDP chemotherapy in 
patients with a low protein expression level of  TS should 
be determined, and that the same S-1/CDDP chemo-
therapy should be continuously administered as the first-
line treatment. However, the first-line treatment should 
be changed to the second-line treatment in patients 
whose protein expression level of  TS tends to increase, 
considering that S-1/CDDP chemotherapy will become 
ineffective. In gastric cancer, specimens cannot easily be 
collected from the oral cavity or other parts of  the body 
surface. Unlike surgical samples, many specimens cannot 
be obtained from different sites. Therefore, the number 
of  samples was small in our study. While this was a weak-
ness, the advantage was that the specimens could repeat-
edly be collected. Further investigation of  a larger number 
of  patients is required.

There is as yet no report in which the correlation be-
tween the protein expression levels of  TS, DPD and OPRT 
and the effects of  chemotherapy was studied more than 

4580 September 28, 2010|Volume 16|Issue 36|WJG|www.wjgnet.com

Miyazaki I et al . Thymidylate synthase predicts the response to chemotherapy



twice in each patient. This study strongly suggested that 
the protein expression level of  TS is a predictive factor for 
the response to S-1/CDDP chemotherapy in patients with 
advanced gastric cancer, because changes in the protein 
expression level of  TS correlated with changes in the re-
sponse to S-1/CDDP chemotherapy after evaluating biopsy 
specimens more than twice in all patients.

COMMENTS
Background
In Japan, S-1 plus cisplatin (S-1/CDDP) chemotherapy is currently the most 
commonly used first-line chemotherapeutic regimen in patients with advanced 
gastric cancer. Medical doctors usually rely on their experience in deciding the 
best timing for changing first-line chemotherapy to second-line chemotherapy. 
Determination of the optimum timing for changing the treatment modality from 
first-line to second-line chemotherapy, together with the precise prediction of 
response to chemotherapy, is therefore expected to improve clinical outcome.
Research frontiers
The specimens used for assessment in most past studies had been resected 
during surgery. In contrast, the authors’ assessment is based on endoscopic 
biopsy specimens. They measured the protein expression levels of thymidylate 
synthase (TS), dihydropyrimidine dehydrogenase (DPD) and orotate phospho-
ribosyltransferase (OPRT). Before S-1/CDDP chemotherapy, tumor specimens 
from primary sites were obtained by endoscopic biopsy. Since the amount of 
specimens that were endoscopically collected by biopsy in their study was very 
small, they used enzyme-linked immunosorbent assay for all measurements to 
confirm whether the protein expression levels of TS, DPD and OPRT may be a 
predictive factor for the response to S-1/CDDP chemotherapy.
Innovations and breakthroughs
The protein expression level of TS was significantly higher in tumors than in 
normal tissue, and significantly lower in the responders than in the non-re-
sponders. There is as yet no report in which the correlation between the protein 
expression levels of TS, DPD and OPRT and the effects of chemotherapy was 
studied more than twice in each patient.
Applications
The authors have confirmed that the protein expression level of TS is a pre-
dictive factor for the response to S-1/CDDP chemotherapy in patients with 
advanced gastric cancer. This will assist medical doctors in avoiding chemo-
therapeutic regimens with strong side effects and thus prevent a decrease in 
the quality of life of patients.
Terminology
“S-1” is an oral anticancer agent consisting of tegafur, the prodrug of 5-fluo-
rouracil (5-FU), 5-chloro-2,4-dihydroxypyridine, a strong DPD inhibitor, and 
potassium oxonate, which inhibits orotate phosphoribosyltransferase in the 
gastrointestinal tract which results in the suppression of gastrointestinal toxicity 
caused by the phosphoribosylation of 5-FU.
Peer review
This is an original article which discussed whether the quantity of the expres-
sion of TS proteins could be a predictive factor for the response of S-1/CDDP 
chemotherapy. This is a very significant and interesting topic, and also clinically 
very important and estimable. 
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