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Introduction

 At present, colorectal cancer remains one of the most 
common cancer in both genders. The rate of recurrence 
for stage III colorectal cancer is reported to be 30.8% 
(Watanabe et al., 2012; Chen et al., 2013; Fathallah et 
al., 2013; Suh et al., 2013; Tastan et al., 2013; Tong et 
al., 2014). Chemotherapy is important in treating patients 
with advanced cancer after curative resection. In Western 
countries, oxaliplatin (Ox)-based regimens in addition to 
fluorouracil (FU) and leucovorin (LV) (FOLFOX (Ox + FU 
+ LV), FLOX (Ox + FU), or XELOX (Ox + capecitabine)) 
have been established as the gold standard chemotherapy 
for advanced colon cancer based on the results of three 
large randomized controlled phase III studies conducted 
after 2000 (André et al., 2004; Kuebler et al., 2007; 
Haller et al., 2011). But, favorable results using an FU-
based regimen without Ox were reported in a randomized 
controlled study (Shimada et al., 2012). And, in this field, 
oral FU is an effective, better tolerated, and convenient 
chemotherapy regimen, as it does not require the use 
of a central infusion port system and less need to visit 
clinics. The equality of UFT/LV or capecitabine to 5-FU/
LV has already been confirmed in large randomized trials 
(Twelves et al., 2005; Lembersky et al., 2006). However, 
S-1 that is an oral preparation evolved from UFT is not 
routinely ordered for patients with colorectal cancer. S-1 
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Abstract

 Background: Fluorouracil-based regimens have been widely accepted and recommended in the guidelines 
for treating patients with early or advanced staged colon cancer, although results are controversial. Here we 
performed a systemic analysis to evaluate the impact of S-1 based regimens on response and survival of patients 
with colon cancer. Methods: Clinical studies evaluating the impact of S-1 based regimens on response and 
survival of patients with colon cancer were identified using a predefined search strategy. Summary response 
rates (RRs) to treatment were calculated. Results: Six clinical studies which including 227 patients with advanced 
colorectal cancer were considered eligible for inclusion. Two studies were conducted using combination of S-1 
and Oxaliplatin, and four studies featured S-1 and irinotecan. Systemic analysis showed that, in all patients, 
pooled RRs was 43.17%. Major adverse effects were hematological toxicities, gastrointestinal disturbance, 
neurosensory toxicity. No treatment related death occurred. Conclusion: This systemic analysis suggests that 
S-1 based regimens, both with oxaliplatin or irinotean are associated with acceptable response and toxicity in 
patients with colon cancer. 
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combines tegafur (a prodrug that is converted by cells to 
fluorouracil), gimeracil (an inhibitor of dihydropyrimidine 
dehydrogenase, which degrades fluorouracil), and oteracil 
(which inhibits the phosphorylation of fluorouracil in the 
gastrointestinal tract, thereby reducing the gastrointestinal 
toxic effects of fluorouracil). Two Japanese phase II trials 
of S-1 monotherapy for chemotherapy-naïve patients with 
metastatic colorectal cancer showed that the response 
rates were 35.5% and 39.5%, similar to the results from 
the joint study of UFT/LV in the United States and Japan 
(36.4% in Japan and 34.1% in the United States). In 
addition, the efficacy of S-1 in an adjuvant setting has been 
demonstrated in a Japanese phase III trial in patients with 
stage II or III gastric cancer (ACTS-GC trial) (Sakuramoto 
et al., 2007). 
 Based on these findings, we hypothesize that S-1 
originated regimen could be established as an optimal 
schedule for patients with advanced colorectal cancer.
 
Materials and Methods

Search strategy
 We searched PUBMED, by using the following search 
term: (colon) and (S-1 or TS-1). All clinical studies 
evaluating the impact of S-1 or TS-1 on the response or 
survival and side effects for colon cancer published in 
English prior to February 2014 were identified. If samples 
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of two studies overlap, only the newest one was included. 
Additional articles were obtained from references within 
the articles identified by the electronic search. We did not 
consider meeting abstracts or unpublished reports.

Inclusion and exclusion criteria
 We reviewed abstracts of all citations and retrieved 
studies. The following criteria were used to include 
published studies: (1) clinical studies, conbined with 
oxaliplatin or irinotean; (2) The study was performed in 
accordance with the Helsinki Declaration (1964, amended 
in 1975 and 1983) of the World Medical Association. 
Eligibility criteria included histologically or cytologically 
verified metastatic and/or locally advanced colorectal 
cancer, the presence of at least one bidimensionally 
measurable lesion, a performance status (WHO)  2, age  
18 years. Studies were excluded if one of the following 
existed:  (1) duplicate data; (2) no sufficient data were 
reported.

Data collection and analysis
 Selection of trials and data extraction: The titles 
and abstracts of publications identified according to the 
above search strategy were assessed independently for 
inclusion by two authors, the full text was selected for 
further assessment if the abstract suggests relevance. 
Disagreement was resolved by discussion. Data was 
extracted by independent authors. The following recorded 
data were extracted: author, publication data, country of 
the first or corresponding author, the number of patients. 
Outcome measures presented in at least 3 studies were 
extracted for combined analysis. 

Results 

 There were 52 papers relevant to the search words by 
the end of February 2014. Via steps of screening the title 
and reading the abstract, 6 studies were identified (Van 
den Brande et al., 2003; Kim et al., 2009; Yokoyama et 
al., 2009; Zang et al., 2009; Mizushima et al., 2013; Zhu 
et al., 2011). These studies had been carried out in China, 
Japan, Korea and Belgium. The following outcomes were 
presented in at least all studies and extracted for combined 
analysis: response rate, including the rate of complete or 
partial response (CR or PR) and toxicities. Characteristics 
of studies included in the meta-analysis are presented as 
short-term outcomes: the response rate of Zhu et al. was 
65.40% (CR 11.5%,  PR53.8%), of Yokoyama T et al. 
was  13.3%, of Kim SY et al. was  21.1%, of Mizushima 
T et al. was 47.7%, of Van den Brande J et al. was 24%, 
and of Zang et al. was 54%. Totally, 227 patients were 
enrolled and 98 patients achieved CR or PR, the pooled 
response rate thus was 98/227 (43.17%). Observation 
on toxicities: major adverse effects were hematological 
toxicities, gastrointestinal disturbance, and neurosensory 
toxicity . 
 
Discussion

Previous study has indicated that in treating patients 
with advanced colorectal cancer, 5-FU continuous-

infusion is superior to bolus 5-FU administrations, both 
in terms of response and overall survival (Meta-analysis 
Group in Cancer, 1998). And improvements in response 
rates and survival were achieved with combinations 
of 5-FU/folinic acid and irinotecan or oxaliplatin (de 
Gramont et al, 2000; Douillard et al, 2000; Saltz et al, 
2000). But he treatments are not easy to be conducted, 
necessitating vascular access devices and portable delivery 
systems. And grade 3-4 toxic effects such as diarrhoea are 
significantly more frequent in the combination treatment 
with irinotecan. Therefore, new and better treatments and 
ways of delivering them are necessary. Oral medication 
has the advantage of greater patient convenience and 
acceptance and potential cost savings (DeMario and 
Ratain, 1998; Borner et al, 2002). 5-Fluorouracil itself 
is not suitable for oral administration due to inability to 
achieve plasma concentrations of sufficient magnitude 
and the variability in oral bioavailability. Currently, there 
are several oral fluoropyrimidines in clinical practice for 
treating patients with colorectal cancer, eg., capecitabine 
and UFT (uracil plus tegafur), UFT/folinic acid (Orzel), 
and eniluracil. Capecitabine and UFT/folinic acid already 
proved to be as effective as intravenous bolus 5-FU/folinic 
acid regimens (Sharma et al, 2000; Pazdur et al, 1999; 
Hoff et al, 2001; Van Cutsem et al, 2001), achieving a 
response rates of 18.9-24.8 and 12%, respectively, with 
less toxicity than that with 5-FU containing regimens. 
S-1 is an oral fluorinated pyrimidine derivative, in 
which tegafur (FT) has been combined with two 5-FU 
modulators: 5-chloro-2, 4-dihydroxypyridine (gimestat 
(Gimeracils), CDHP), and potassium oxonate (otastat 
potassium (Oteracils), Oxo), at a ratio of FT : CDHP : 
Oxo¼1 : 0.4 : 1  (Shirasaka et al, 1996).  Tegafur is a 
prodrug of 5-FU. After oral ingestion FT is well absorbed; 
in the patient it is gradually converted into 5-FU, mainly 
in the liver and in the tumoural cells (Kimura et al, 
1980). CDHP inhibits the activity of dihydropyrimidine 
dehydrogenase (DPD), the initial and rate-limiting enzyme 
in the 5-FU metabolism, and thereby the degradation of 
5-FU; in this respect CDHP is about 200-fold more active 
than uracil, which also is used in other oral combinations 
with FT (Tatsumi et al., 1987). Therefore, when 5-FU 
is combined with CDHP, this potentially results in the 
prolonged maintenance of concentrations of 5-FU, both in 
plasma and tumour. Potassium oxonate prevents intestinal 
phosphorylation of 5-FU by inhibiting the enzyme 
pyrimidine phosphorybosyl transferase (Shirasaka et al, 
1993). After oral administration, it has the potential to 
reduce 5-FU-induced gastrointestinal side effects (Takechi 
et al, 1997). And another mechanism of S-1 is exerted by 
5-FU. After transformation, the cytotoxic effects of 5-FU 
are mediated by inhibition of the enzyme thymidylate 
synthase interfering with DNA synthesis, incorporation 
of 5-fluorouridine-5-triphosphate (FUTP) into RNA, and 
incorporation of 5-fluoro- 20-deoxyuridine-50triphosphate 
(FdUTP) into DNA (Peters, 1995). 

S-1 has already undergone phase I and II testing. The 
doselimiting toxicity was myelosuppression in a Japanese 
(Taguchi et al, 1997), and diarrhoea in a European and 
a North-American phase I study (Hoff et al, 1999; van 
Groeningen et al, 2000). The plasma pharmacokinetics 
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of 5-FU after oral administration of S-1 were linear and 
almost similar to that of continuous intravenous infusion 
of 5-FU (Hirata et al, 1999). A statistically significant 
relation was observed between the severity of diarrhoea 
and pharmacokinetic parameters of 5-FU (van Groeningen 
et al, 2000). 

This systemic analysis suggests that S-1 is active 
for patients with advanced colorectal cancer, response 
rate could be around 43%. Main adverse effects were 
hematological toxicities, gastrointestinal disturbance, 
and neurosensory toxicity. No treatment related death 
occurred. These could be related to Oxo (potassium 
oxonate, otastat (Oteracils)), which has the potential 
to reduce 5-FU-induced gastrointestinal side effects 
(Shirasaka et al, 1993), clearly decreased risk of 
gastrointestinal disturbance.  

In conclusion, this systemic analysis suggests that 
S-1 based regimens, both with oxaliplatin or irinotean 
are associated with acceptable response and toxicities 
for treating patients with colon cancer. However, 
in the future, S-1 will have to be compared to other 
products in randomised studies to determine which oral 
fluoropyrimidine has best results and the least toxicities.
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