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Whether S-1 could replace 5-Fluorouracil (5-Fu) or not in the treatment of

advanced gastrointestinal (GI) cancer (including advanced gastric cancer [AGS]

and metastatic colorectal cancer [mCRC]) in Asian patients has been controversial.

This meta-analysis was performed to compare the activity, efficacy and toxicity

of S-1-based versus 5-Fu-based chemotherapy in those Asian patients. Random-

ized controlled trials (RCTs) were identified by electronic search of Pubmed.

Relevant abstracts were manually searched to identify relevant trials. A total of

2182 patients from eight RCTs were included, and our results demonstrated that

S-1-based chemotherapy significantly improved overall survival (OS) (hazard ratio

[HR], 0.87; 95% confidence interval [CI], 0.77–1.00) and overall response rate

(ORR) (odds ratio [OR], 1.72; 95% CI, 1.09–2.70), but no significant progression-

free survival (PFS) benefit was found between arms (HR, 0.87; 95% CI, 0.72–1.06).

Subgroup analyses revealed that S-1-based chemotherapy significantly improved

OS and ORR in subgroups of patients with non-platinum containing regimens

(P = 0.041; P = 0.034) and patients with no prior chemotherapy history (P = 0.025;

P = 0.016). Statistically significant improvements of PFS and ORR in the S-1-based

chemotherapy were observed in the subgroup of patients with AGC (P < 0.001;

P = 0.005). S-1-based chemotherapy was characterized by significantly higher

incidences of diarrhea, fatigue and thrombocytopenia, and a lower incidence of

nausea. This analysis provided strong evidence for survival benefits of S-1, and

S-1-based chemotherapy could be considered to replace 5-Fu-based therapy for

the treatment of advanced GI cancer in Asian patients.

A long with recent improvements in diagnostic and thera-
peutic modalities, the multidisciplinary management of

cancer treatments has been explored to improve outcomes.(1–3)

However, distant metastasis or recurrences require effective
chemotherapies.(4) 5-Fu has been a core anticancer agent for
malignancies since it was introduced by Heidelberger et al.(5)

in 1957, and it has been widely used in international standard
regimens for GI malignancies except etoposide, doxorubicin
and cisplatin (EAP) therapy.
Gastric cancer and colorectal cancer, the two mainly discussed

GI cancers in this paper, are the second and fourth highest causes
of cancer-related death in the world.(6) For advanced gastric can-
cer (AGS), there has been no standard palliative chemotherapy
regimen worldwide, while palliative chemotherapy including
5-Fu, platin compounds, docetaxel and epirubicin has been
proved to prolong survival time and improve quality of life com-
pared with best support care.(7) For mCRC, regimens of FOLFOX
(5-Fu, leucovorin, and oxaliplatin) or FOLFIRI (5-Fu, leucovorin,
and irinotecan) plus bevacizumab are being currently used as first

line treatment.(8,9) Although the regimens of AGS and mCRC are
different, 5-Fu has been an important drug in both cancer chemo-
therapy regimens for decades.
5-Fu is usually administered by i.v. bolus or by continuous

i.v. infusion. Although the latter route is the most efficient and
least toxic, it is costly and inconvenient, and most importantly,
catheter-related safety concerns emerge.(10) Oral administration
could avoid such iatrogenic issues, and the balance of cost and
benefit has been discussed.(11,12) S-1 is a fourth generation oral
fluoropyrimidine containing tegafur, 5-chloro-2, 4-dihydroxy-
pyridine (CDHP), and potassium oxonate, in which tegafur is a
pro-drug of fluorouracil, CDHP is a dihydropyrimidine dehy-
drogenase (DPD) inhibitor maintaining the serum concentration
of fluorouracil, and potassium oxonate is an inhibitor of orotate
phosphoribosyltransferase (OPRT), reducing GI toxicities.(13)

Whether S-1 could replace 5-Fu has been hotly explored and
discussed in recent years. The results from recent randomized
phase II ⁄ III studies for AGS or mCRC have demonstrated that
S-1 in combination with chemotherapies such as cisplatin, oxa-
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liplatin, or irinotecan were at least not inferior to conventional
5-Fu-based regimens, with the benefit of convenience and
reduced toxicity.(14–18) Some trials even reported significant
overall survival (OS) or progression-free survival (PFS) bene-
fits in favor of S-1-based chemotherapy.(14,16,19) The results
of these studies, whether S-1 was more or less effective than
5-Fu, were not completely consistent. Accordingly, we under-
took this meta-analysis to compare the effects of S-1-based
chemotherapy with that of 5-Fu-based chemotherapy on OS,
PFS, overall response rate (ORR), and toxicity in patients with
advanced GI cancer.

Materials and Methods

Search strategy. We searched all published (as English-
language full paper or abstract) and unpublished trials that com-
pared S-1 with 5-Fu in the treatment of advanced GI cancer. The
search was performed using PubMed and Proceedings of Ameri-
can Society of Clinical Oncology (ASCO) (1983 to December
2013), with various combinations of different terms: “S-1”,
“5-Fluorouracil”, “randomized controlled trial”, “gastrointestinal
cancer”, “gastric cancer”, “colorectal cancer”,. “colon cancer”,
and “rectal cancer”. References of selected articles and previous
systematic reviews were checked for any other relevant trials.

Selection of trials. Trials had to fulfill the following inclusion
criteria: (i) Asian patients with AGC or mCRC at baseline; (ii)
prospective phase II and III RCTs; (iii) S-1 and 5-Fu were com-
pared without confounding by additional agents or interventions
(i.e., in the combination chemotherapy, the control and experi-
mental arms had to differ only by S-1 or 5-Fu component).
Two independent reviewers (C.C. and X.Z.) assessed the

eligibility of abstracts identified by the search. The full-text
article of any trial that appeared to meet the inclusion criteria
was retrieved for closer examination. If multiple publications
of the same trial were retrieved, or if there were data inconsis-
tencies between publications of the same trial, all publications
were included, but only the most recent and the most informa-
tive data were used.

Quality assessment. The quantitative 5-point Jadad score was
used to assess the quality of included trials based on the report
of the methods and results of the studies.(20)

Data extraction. To avoid bias in the data extraction process,
the same two reviewers (C.C. and X.Z.) independently extracted
the data from the trials and compared results. The following
information was extracted from each article: (i) publication
details such as type of cancer, first author, year of publication,
country, phase of study, and form of publication (full ⁄ abstract);
(ii) information of treatment such as chemotherapy regimens,
treatment line, median OS, median PFS, ORR and toxicity; (iii)
characteristics of patients such as number of patients, age,
gender rate, prior chemotherapy history and ECOG (Eastern
Cooperative Oncology Group) performance status (PS). Before
performing the analyses, data of each published study were
carefully double-checked by another reviewer (M.K.), and any
disagreements were resolved by discussion. Whenever possible,
we tried to obtain the updated results from the researchers via
email, particularly for trials published only in abstract form.

Statistical analysis. The primary outcome measure was OS,
which was defined as time from random assignment to death.
Secondary outcome measures were PFS, defined as the time
between date of random assignment and date of progression,
or date of death for patients dead without progression, or last
date of follow-up for censored patients; ORR, defined as the
sum of partial and complete response rates; and toxicity, which

was graded according to NCI Common Toxicity Criteria
(CTC)(14,19) or on the basis of the Common Terminology
Criteria for Adverse Events (CTCAE).(21)

A hazard ration (HR) was calculated to assess the survival
advantage of the S-1-based chemotherapy as compared with the
5-Fu-based chemotherapy. Odds ratios (ORs) were calculated to
assess objective response rate and toxic events. For toxic events,
not all publications reported all grades adverse events, so severe
(grade 3–4) adverse events data was extracted.
Between-study heterogeneity was estimated using the

v2-based Q statistic.(22) Heterogeneity was considered statisti-
cally significant when P heterogeneity ≤ 0.1 or I2 >50%. Primary
analyses were done with a fixed effects model; secondary
confirmatory analyses were done with a random effects model if
there was significant heterogeneity. The presence of publication
bias was evaluated by using the Begg’s and Egger’s tests.(23,24)

All statistical analyses were conducted with STATA version
10.0 software (Stata Corporation, College Station, TX, USA).
A statistical test with a P-value < 0.05 was considered signifi-
cant. All P-values were two-sided. All CIs had a two-sided
probability coverage of 95%.
Subgroup analyses were done to establish whether therapeu-

tic efficacy was affected by histological type, prior chemother-
apy history and combinations with or without platinum.

Results

Characteristics of included trials. Eight eligible trials(14–19,25,26)

were identified, including four trials for mCRC and four trials
for AGC. The flow diagram is shown in Figure 1. The analysis
was conducted on the data of 2182 patients and randomly
assigned to receive chemotherapy with S-1 or with 5-Fu, respec-
tively. Of the eight trials, five trials were conducted in
Japan,(15,17,19,25,26) and three in China.(14,16,18) The characteris-
tics of the eight included trials are summarized in Table 1. More
than 66.9% of patients have no history of chemotherapy. At the
time of analysis, four trials were fully published journal arti-
cles,(14,19,21,25) while the rest of the trials were published only in
abstract form. Finally, all trials used doublet or triplet combina-
tion chemotherapy except the Japan Clinical Oncology Group
(JCOG) 9912 study(19) that used S-1 as the single agent.

Efficacy. Data on OS were available for four trials (1235
patients; Table 2). S-1-based chemotherapy was associated
with a statistically significant 13% reduction in the hazard for
death as compared with 5-Fu-based chemotherapy (HR, 0.87;
95% CI, 0.77–1.00; P = 0.043; Fig. 2). Data on PFS were
available for five trials (1739 patients; Table 2). S-1-based
chemotherapy was also associated with a clinically 13% reduc-
tion in the hazard for death as compared with 5-Fu-based
chemotherapy, but this difference was not significant (HR,
0.87; 95% CI, 0.72–1.06; P = 0.160; Fig. 3). Response rate
was stated in seven trials, which included 2077 patients
(Table 2). S-1-based regimens was characterized by a signifi-
cant 72% increase in the OR for response in comparison with
5-Fu-based chemotherapy (OR, 1.72; 95% CI, 1.09–2.70;
P = 0.019; Fig. 4).
There was no statistically significant heterogeneity in the

HR for OS from the trials, and a fixed-effects model was used.
Nevertheless, there was statistically significant heterogeneity
both in the HR for PFS and the OR for ORR, so random-
effects models were undertaken (Table 2).

Toxicity. A summary of grade 3–4 adverse effects are
reported in Table 3. More than 10% of the total patients
suffered neutropenia, leucopenia, anemia, or anorexia, but no
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significant difference of each adverse event was observed
between S-1-based and 5-Fu-based chemotherapy. In contrast,
S-1-based chemotherapy was characterized by a significantly
higher incidence of diarrhea, fatigue or thrombocytopenia (OR:
3.18, 2.67, 2.30, respectively), and a lower incidence of nausea
(OR: 0.69). Nevertheless, the incidence of each mentioned
significant adverse effect was much lower than 10%. In addi-
tion, no significant difference was observed with regard to
treatment-related death. Heterogeneity existed for some
adverse effects among studies, possibly due to the different
combinations and doses used.

Subgroup analysis. Subgroup analyses, which were based on
tumor type (mCRC vs AGC), prior chemotherapy history (with
no prior chemotherapy history vs with prior chemotherapy his-
tory or not clear), and combinations (with vs without platinum),
were performed for OS, PFS and ORR (Table 2). The results
showed that, non-platinum containing regimens resulted in a
modest but significant OS benefit (HR, 0.86; 95% CI, 0.75–0.99;
P = 0.041) and a 115% increase in ORR (OR, 2.15; 95% CI,
1.16–4.00; P = 0.016) in favor of S-1-based regimens. More-
over, S-1-based regimens also significantly improved OS (HR,
0.82; 95% CI, 0.69–0.99; P = 0.034) and ORR (OR, 2.20; 95%
CI, 1.06–4.55; P = 0.034) in patients with no prior chemother-
apy. In the subgroup of patients with AGC, statistically signifi-
cant improvements of PFS (HR, 0.73; 95% CI, 0.62–0.86;
P < 0.001) and ORR (OR, 2.31; 95% CI, 1.29–4.13; P = 0.005)
were observed in the S-1-based regimens.

Publication bias. We performed Begg’s funnel plot and
Egger’s test to assess the publication bias of literature. The
shapes of the funnel plots (Figures not shown) indicated the
absence of publication bias. Furthermore, Egger’s test was
used to statistically confirm the funnel plot symmetry
(P = 0.814 for OS;P = 0.554 for PFS). The results still did not
suggest any evidence of publication bias.

Discussion

The final results of this meta-analysis showed that S-1-based
chemotherapy significantly improved OS in comparison with

5-Fu-based chemotherapy. Our data on ORR reinforces further
the survival result because there was a higher response rate in
the S-1 arm than that in the 5-Fu arm. However, meta-analysis
showed that S-1-based therapy was not better than 5-Fu-based
therapy with respect to PFS. With regard to safety profile,
there was no significant difference between the two groups
with respect to all grade 3–4 adverse events except for diar-
rhea, fatigue thrombocytopenia and nausea. However, the four
mentioned adverse events appeared uncommonly in both arms.
Accordingly, S-1-based therapy was associated with longer
OS and higher response rate and almost equivalent safety
compared with 5-Fu-based therapy.
Four of the eight trials provided data on OS

(Table 2).(15,17–19) The results in all four trials showed that
S-1-based chemotherapy did not prolong OS of patients with
GI cancer. Regardless of there being no significant difference
on OS in each trial, the median OS in patients assigned S-1
was much longer than that in patients assigned 5-Fu in all
trials except the Xu et al. trial (Table 1). Meanwhile, the
forest plot of OS (Fig. 2) showed favorable results for S-1
compared with 5-Fu for all included trials except the same
trial. All the trials indicated the potential benefit of S-1
except the Xu et al. trial. Xu reported that median OS was
10.00 months (95% CI, 8.59–14.52) in the S-1 group com-
pared with 10.46 months (95% CI, 8.92–13.84) in the 5-Fu
group (HR, 1.05; 95% CI, 0.71–1.54). In spite of this, statis-
tically significant difference in OS in favor of S-1 was still
observed in this meta-analysis, and in view of the conve-
nience of an oral administration, S-1 could be considered to
replace 5-Fu for treatment of AGC or mCRC.
Seven trials provided data on response rate directly or indi-

rectly (Table 2).(14–16,18,19,25,26) All of the trials reported that
the response rate in the S-1 group was higher than that in the
5-Fu group except the SOFT study(25) (62% vs 63% in each
group). The overall response rates were 38.6% in the S-1 arm
and 30.5% in the 5-Fu arm in this analysis, which demon-
strated a 72% increase in the OR for response in the S-1 arm
than that in the 5-Fu arm, and the difference was significant
(P = 0.019).

Fig. 1. Trials flow diagram.

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.
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Data on PFS were available in five trials,(14,15,17,19,25) and no
significant difference was observed on PFS in our meta-analy-
sis (Table 2). However, two of the five trials,(14,19) which
investigated the benefit of S-1 in AGC patients, both
demonstrated a significant difference in favor of S-1-based
therapy. Subgroup analysis based on tumor type confirmed the
significant improvement on PFS in AGC patients with S-1-
based regimens. The PFS benefit of S-1 should be further
investigated in more trials.
In addition, the following issues may confound the assess-

ment of survival and response rate and are worthy of further
discussion. First, the inconsistency of systemic therapy before
and after the study among the eight trials may affect the end
points. Subgroup analysis based on prior chemotherapy history
indicated that S-1-based therapy could prolong OS and increase

ORR of patients with no history of prior chemotherapy in com-
parison with 5-Fu-based therapy. Second, platinum is toxic and
is not well-tolerated for some patients, which may also poten-
tially affect the results. In the subgroup of non-platinum con-
taining regimens, OS and ORR were significantly improved in
the S-1-based-therapy. Third, tumor type may be the influenc-
ing factor. As for AGC patients, S-1-based regimens were asso-
ciated with statistically significant improvements of PFS and
ORR in comparison with 5-Fu-based regimens.
The findings of our study showed that almost equivalent

tolerance was observed between the two groups except for
significant increases in grade 3–4 diarrhea, fatigue, thrombocy-
topenia and a decrease in grade 3–4 nausea in S-1-based
group. However, these mentioned significant adverse effects
were reported in a few patients in each group, and the inci-
dence of each adverse event was much lower than 10%
(Table 3). All the toxicities were tolerable, predictable, and
manageable. As for treatment-related death, which was an
important toxic indicator, was reported only in four tri-
als.(14,19,21,25) Three of the four trials(14,19,21) reported not more
than one person died in each group, and the SOFT study(25)

reported four and three persons died in each group, respec-
tively. In total, the difference on treatment-related death was
not statistically significant in this meta-analysis.
The pharmacokinetic data demonstrated that the appropriate

dose of S-1 is dependent on ethnic differences as well as dif-
ferences in toxicity profile.(27) The FLAGS trial(28) has been
the only non-Asian trial that compared S-1 with 5-Fu in
advanced GI cancer until now, and the dose of S-1 was lower
than that in these included Asian trials. This trial showed that
cisplatin ⁄S-1 did not prolong OS of patients with advanced
gastric cancers compared with cisplatin ⁄5-Fu, but it did result
in a significantly improved safety profile.(28) With these differ-
ences, our results in this meta-analysis cannot be simply
extrapolated to Western patients. And the survival benefits of
S-1-based therapy should be further investigated in European
and North American populations in the near future.
The limitations of these studies also need attention. First, as

we all know, the results of any meta-analysis were affected by

Fig. 2. Fixed-effects model of hazard ratio (95% CI) of overall sur-
vival (OS) associated with S-1-based therapy compared with 5-Fu-
based therapy.

Fig. 3. Random-effects model of hazard ratio (95% CI) of progres-
sion-free survival (PFS) associated with S-1-based therapy compared
with 5-Fu-based therapy.

Fig. 4. Random-effects model of hazard ratio (95% CI) of overall
response rate (ORR) associated with S-1-based therapy compared with
5-Fu -based therapy.

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
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the quality of the individual studies. All of the trials were
RCTs, while four of them were published only in abstract
form, and an insufficient amount of data might potentially
limit detection of S-1-based therapy effects. Furthermore, no
updated or confirmed results could be obtained from the
authors. Therefore, our results should be interpreted with care.
Second, our meta-analysis was based on abstracted data and
not on individual patient data (IPD). Meta-analyses based on
IPD tend to give a more robust estimation for the association
compared with published data analyses. Third, the difference
in treatment schedules among the trials (data not shown) might
contribute to increase the clinical heterogeneity of the meta-
analysis. Fourth, the line of therapy was inconsistent among
the eight trials that might confound the assessment of OS if
the drugs of its use differed before or after the study.(29)

Finally, lack of blinding, which could be inevitable in all these
included studies, might have resulted in an overestimate of the
effects. Because the two treatment methods studied were quite
different (tablet vs injection), the treatment allocation could
not be masked from the investigators or patients.
Combination therapy is now a predominant approach in can-

cer chemotherapy. Most recent combination studies of S-1 with
cisplatin, irinotecan, and oxaliplatin and other anticancer
agents indicate the crucial importance of exploring the combi-
nation between the best partner drug and S-1. While, S-1 plus
molecular-targeted agents are promising.(13,27) Furthermore,
some experts reported that “S-1 and low-dose CDDP therapy”
and “alternate-day S-1 regimen” might be considered as the
most patient-friendly therapies available to date.(13)

In summary, S-1-based chemotherapy was not only superior
to 5-Fu-based chemotherapy in terms of OS, but also lead to
increased responses, especially in subgroups of patients with
no history of prior chemotherapy and with non-platinum
containing regimens. Although non-significant difference on
PFS between the two arms was obtained in this meta-analysis,
significant PFS and ORR benefits of S-1 in comparison with
5-Fu were indicated in the subgroup of AGC patients. All of
these results confirmed that oral S-1 could replace infusional
5-Fu in the treatment of advanced GI cancer with almost
equivalent tolerance and much more convenience. The superi-
ority of S-1 to 5-Fu needed to be further evaluated and con-
firmed through larger studies with longer observation periods
in both Asian and Western countries.
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