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Abstract

AIM: To assess the efficacy and safety of combination
therapy based on S-1, a novel oral fluoropyrimidine, vs
S-1 monotherapy in advanced gastric cancer (AGC).

METHODS: We searched PubMed, EMBASE and the
Cochrane Library for eligible studies published before
March 2013. Our analysis identified four randomized
controlled trials involving 790 participants with AGC.
The outcome measures were overall survival (OS), pro-
gression-free survival (PFS), overall response rate (ORR)
and grade 3-4 adverse events.

RESULTS: Meta-analysis showed that S-1-based com-
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bination therapy significantly improved OS (HR =
0.77, 95%CI: 0.66-0.91, P = 0.002), PFS (HR = 0.58,
95%CI: 0.46-0.72, P = 0.000) and ORR (OR = 2.23,
95%CI: 1.54-3.21, P = 0.000). Sensitivity analysis
further confirmed this association. Lower incidence of
grade 3-4 leucopenia (OR = 4.06, 95%CI: 2.11-7.81),
neutropenia (OR = 3.94, 95%CI: 2.1-7.81) and diar-
rhea (OR = 2.41, 95%CI: 1.31-4.44) was observed in
patients with S-1 monotherapy.

CONCLUSION: S-1-based combination therapy is
superior to S-1 monotherapy in terms of OS, PFS and
ORR. S-1 monotherapy is associated with less toxicity.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: This is the first meta-analysis aimed to detect
whether S-1-based combination therapy would be more
effective and safer than S-1 monotherapy in patients
with advanced gastric cancer (AGC). In the meta-anal-
ysis, the S-1-based combination therapy group shows
great advantages of achieving better overall survival,
progression-free survival and overall response rate for
AGC compared with the S-1 monotherapy group. The
grade 3-4 adverse events in the combination therapy
group might be overcome with medical therapy. S-1-
based combination therapy should be used as a standard
chemotherapeutic regimen for AGC, at least in Asia.
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INTRODUCTION

Gastric cancer is the fourth most common cancer and the
second leading cause of cancer-related deaths all over the
world". More than two-thirds of patients diagnosed with
gastric cancer will have unresectable disease™. Even pa-
tients with an operable tumor have a high rate of recur-
rence, with a median survival of only 24 mo and a 5-year
survival rate lower than 30%!". In the absence of curative
treatment modalities, attempts have been made to control
cancer-related symptoms and improve survival using sut-
gery, chemotherapy and radiation. Chemotherapy in ad-
vanced gastric cancer (AGC) is important because most
patients with gastric cancer develop metastases. Some of
the combination chemotherapies have shown high overall
response rate (ORR) and increased survival times.

S-1 is a novel oral fluoropyrimidine that has dem-
onstrated antitumor activity against AGC when used
cither as a single agent or in combination with other
chemotherapies. S-1 consists of the combination of a
5-FU prodrug called tegafur and the two enzyme inhibi-
tors 5-chloro-2,4-dihydroxypyridine (CDHP) and oteracil
potassium (Oxo), in a molar ratio of 1:0.4:1. Follow-
ing oral ingestion, tegafur is converted to 5-FU in the
liver through hydroxylation. CDHP inhibits the activity
of dihydropyrimidine dehydrogenase, thereby allow-
ing 5-FU to remain in high concentrations for a longer
time in serum and tumor tissue. Oxo is distributed in the
gastrointestinal tract at a high concentration following
oral administration, and it prevents phosphorylation of
5-FU by inhibiting the effect of orotate phosphotibosyl
transferase!”. In East Asian countries such as Japan, S-1
monotherapy has been adopted as the standard chemo-
therapy regimen for inoperable and recurrent gastric can-
cer'. Several phase I /1 studies have been petformed to
explore combinations of S-1 with other cytotoxic drugs
such as CDDP" docetaxel”, paclitaxel[8J and irinotecan'”.
All these combinations have been found to be promis-
ing, with response rates of 40% and higher and relatively
favorable safety profiles.

A series of randomized controlled trials (RCTs)
comparing these doublets with S-1 monotherapy were
subsequently planned and conducted to seek optimal
first-line treatments, but these have yielded findings that
are not completely consistent, none of which have al-
lowed definite conclusions about the efficacy and safety
of these two therapies. Therefore, we conducted a meta-
analysis to give an overview of the results of all eligible
RCTs comparing S-1-based combination therapy with S-1
monotherapy as first-line chemotherapy of patients with
gastric cancer.

MATERIALS AND METHODS
Search strategy

All authors participated in the selection of trials for in-
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clusion. The electronic searches were performed prior
to March 2013 in The Cochrane Library, MEDLINE vz
PubMed, EMBASE, Science Citation Index Expanded,
Chinese Biomedical Database and Chinese National
Knowledge Infrastructure. The search strategy included
the medical subject heading of “S-17, “advanced gastric
cancer”, and “randomized controlled trial”. The search
was not limited by language or publication status. In addi-
tion, all abstracts and virtual meeting presentations from
the American Society of Clinical Oncology conferences
held between 2000 and 2013 were also searched for rele-
vant RCTs. From these trials we were able to obtain num-
bers and characteristics of patients, treatment regimens
and study outcomes including efficiency and toxicity. Two
authors independently extracted and interpreted the data.
Disagreements between the reviewers were resolved by
discussion or by the third reviewer.

Study selection

Studies that we identified had to meet the following crite-
ria: (1) patients with AGC at baseline; (2) trials comparing
S-1-based combination therapy with S-1 monotherapy;
and (3) prospective phase I and Il RCTs.

Data extraction and quality assessment

The following data were extracted: the first author’s
name, publication year, the country where the study was
performed, study duration, participants (number of pa-
tients, mean age), regimen, mean administration cycles,
Eastern Cooperative Oncology Group performance
status, overall survival (OS), progression-free survival
(PES), and grade 3 or 4 adverse events. The review team
used a standardized form adapted from the Risk of Bias
Criteria of the Cochrane Effective Practice and Organi-
sation of Care (EPOC) Group to systematically identify
study quality"’. The instrument recorded 9 criteria, in-
cluding whether studies used random and concealed al-
location, documented similar baseline characteristics and
outcomes between the intervention and control groups,
and described a plan for missing data, as well as the like-
lihood of contamination between study groups, with a
maximum score of 9. Two investigators independently
conducted a literature search and extracted data. Any dif-
ferences were resolved through discussion or by the third
reviewet.

Statistical analysis

The end points used for this study were OS, PFS and
ORR. Overall survival was defined as time from date of
randomization to date of death from any cause, censor-
ing patients who had not died at the date last known alive.
Progression-free survival was defined as time from date
of randomization to date of progressive disease or death
from any cause. ORR was defined as the sum of partial
and complete response rates, according to the Response
Evaluation Criteria in Solid Tumors' "', Toxicity was
graded according to the United States National Cancer
Institute’s common toxicity ctitetia (version 2.0, http://
ctep.cancer.gov). Statistical analysis yielded the overall
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Table 1 Characteristics of four included studies

Ref. Year Country Study design Treatment No. of Regimen Median EPOC Duration
groups patients cycles criteria
Koizumi et al®® 2008 Japan Randomized  Group A 148 S-1: 40-60 mg/m’ b.i.d days 1-21 plus 4 7 March 2001-Nov 2006
phase III study cisplatin 60 mg/m’ iv, on day 8, q.2.w
Group B 150  S-1:40-60 mg/m’ b.i.d days 1-28, 2w 3
Komatsu etal™ 2011 Japan Randomized  Group A 48  S-1:40-60 mg/m’b.i.d days 1-14 plus 3 6  Aug2003-April 2007
phase II study irinotecan 75 mg/m?2 iv, on days 1 and
15, q4.w
Group B 47 S-1:40-60 mg/m’ b.id days 1-28, 2w 2
Naraharaetal™ 2011 Japan Randomized  GroupA 155 S-1: 80 mg/m’ b.i.d days 1-21 plus 4 6  June 2004-April 2007
phase III study irinotecan 80 mg/m” iv, on days 1 and
15,9.5.w
Group B 160 S-1: 80 mg/m’ b.i.d days 1-28, q.6.w 3
Wang et al™ 2013 China Randomized  Group A 41 S-1: 40-60 mg/m’, b.i.d days 1-14 plus 6 7 Jan 2008-Dec 2011
phase II study paclitaxed 60 mg/m’ iv, on days 1,8
and 15, q.4.w
Group B 41 S-1:40-60 mg/m’ b.id days 1-14, g4w 5

Group A: S-1-based combination therapy; Group B: S-1 monotherapy. EPOC: Effective practice and organisation of care.

HR for OS and PES, and the OR for ORR and adverse
events. All the end points were analyzed by an intention-
to-treat analysis, defined as all randomly assigned patients.

We assessed the heterogeneity between studies in
meta-analysis by the Cochran Q test, and considered
P values lower than 0.10 as an indicator of significant
heterogeneity because of the low statistical power. We
also calculated the inconsistency index I to quantify het-
erogeneity. I’ was documented for the percentage of the
observed variation between studies that was caused by
heterogeneity rather by chance!". The efficacy and safety
of pooled estimates were calculated first using a fixed-
effects model”. If any heterogeneity existed, then use
of the fixed-effects model might have been invalid, so
the following techniques were employed to explore it: (1)
subgroup analysis; (2) sensitivity analysis performed by
omitting one study at a time and investigating its influ-
ence on the overall meta-analysis estimate when neces-
sary; and (3) if heterogeneity still existed, a random-
effects model was applied to incorporate between-study
heterogeneity in addition to sampling variation when
calculating summary OR estimates and corresponding
95%Cls.

To investigate whether publication bias might affect
the validity of the estimates, funnel plots were construct-
ed. Funnel plot asymmetry was assessed using Begg’s test
and Egger’s test' ™. All statistical tests were two-sided,
and a P value < 0.05 was considered significant except
where specifically noted. Software STATA version 12.0
(Stata Corporation, College Station, TX, United States)
was used for all statistical analysis.

RESULTS

The initial searches led to the identification of 549 po-
tentially eligible references. After screening the titles and

abstracts, 525 studies were excluded because they were
duplicate or clearly irrelevant (did not refer to clinical
trials or did not assess the interventions specified in the
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protocol). The remaining 24 studies were selected for
detailed evaluation. Twenty of these studies were ex-
cluded because they turned out not to be randomized
and did not assess the interventions specified in the pres-
ent protocol or were ongoing trials (no available data).
Therefore, four RCTs were finally included in the present
meta-analysis (Figure 1). A total of 790 participants were
included in this meta-analysis, including 392 patients in
the S-1-based combination group and 398 patients in the
S-1 monotherapy group. Mote details of demographic and
clinical characteristics of patients are listed in Tables 1 and 2.

Quality assessment of the studies

Four RCTs were available for this meta-analysis. The in-
cluded trials were conducted in Japan and China. All trials
wete published as full-text articles. We undertook detailed
assessments of the relevant studies: treatment assignment
was the typical method of “randomization” across trials
in this meta-analysis. All four studies used proper meth-
ods for treatment allocation. None of the studies used dou-
ble blinding. The quality of included studies was assessed by
EPOC critetia, with the scotes ranging from 6-7 (Table 1).

Efficacy

Overall survival: Survival data were available from three
studies (Table 3). Patients receiving S-1 monotherapy had
a median survival of 10.9 mo and a 1-year sutrvival prob-
ability of 46.3%, while patients receiving the combination
therapy had a median survival of 13.4 mo and a 1-year
survival probability of 56.8%. The combined HR in the
fixed-effects model for OS was 0.77 (95%CI: 0.66-0.91,
P = 0.002), which indicated a favorable outcome in the
combination therapy group for OS. Thete was no signifi-
cant heterogeneity across the studies (I’ =19.7%, P of
heterogeneity = 0.288, Figure 2).

Progression-free survival: Data about progression-free

survival were available for two studies (Table 4). Patients
receiving S-1 monotherapy had a median progression-
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Table 2 Characteristics of patients

Wasaburo 2008 Yoshito 2011 Hiroyuki 2011 Wang 2013
S-1-based S-1 S-1-based S-1 S-1-based S-1 S-1-based S-1

Sex

Men 108 116 34 37 110 127 32 30

Women 40 34 14 10 45 33 9 11
Age, yr

Median 62 62 70 63 63 63 63 61

Rang 33-74 28-74 47-78 24-76 33-75 27-75 35-74 31-73
ECOG performances status

0 106 106 38 35 102 109 31 29

1 38 39 10 12 48 46 6 9

2 4 5 NA NA 5 5 4 3
Body surface area, m?

<125 6 4 3 1 NA NA 2 8

1.25-1.50 64 63 19 18 NA NA 19 17

>1.50 79 83 26 28 NA NA 20 21
Disease status

Unresectable 118 119 33 33 129 133 NA NA

Recurrent 30 31 15 14 26 27 NA NA
Histology

Diffuse type 103 89 25 25 93 88 28 30

Intestinal type 45 60 22 20 61 71 11 10

Other not specified 0 1 1 2 1 1 2 1
Primary tumor

No 53 58 NA NA 62 67 15 17

Yes 95 92 NA NA 93 93 26 24

NA: Not applicable; S-1-based: S-1-based combination therapy.

Records identified through database
searching (7 = 544)

Additional records identified through
other sources (7 = 5)

Figure 1 Flow diagram of the study selection pro-
cess. RCTs: Randomized controlled trials.

Duplicate or irrelevant records
excluded (7 = 525)

Trials retrieved for more detailed
evaluation (7 = 24)

Non-randomized trials excluded (7 = 17)

Full-text articles assessed for
eligibility (7 = 7)

Full-text studies excluded because
of unavailable data (7 = 3)

Full-text RCTs included in this
meta-analysis (7 = 4)

free survival of 4.0 mo, while patients receiving S-1-based
combination therapy had a median progression-free sut-
vival of 6.0 mo. Pooled analysis of PES in the combina-
tion group showed a significant difference compared with
that in the monotherapy group, which indicated a favorable
outcome in the combination therapy group for PFS (HR =
0.58, 95%CI: 0.46-0.72, P = 0.000). There was no evidence
of inter-trial heterogeneity (I = 0.0%, P of heterogeneity =
0.853, Figure 3).

ORR: ORR data required for meta-analysis were avail-

(4 9

Boiohidengs  WJG | www.wijgnet.com

313

able from four trials"*". The pooled OR in the fixed-
effects model for ORR was 2.23 (95%CI: 1.54-3.21, P
= 0.000), which indicated a favorable outcome in the
combination therapy group for ORR. There was no het-
erogeneity across studies (P of heterogeneity = 0.806, I
= 0.0%, Figure 4).

Safety

Four studies " assessing 790 participants who were ran-
domized to receive S-1-based combination therapy (z =
392) or S-1 monotherapy (# = 398) provided information
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Study ID HR (95%CI) Weight (%) Figure 2 Standard forest plot of the HR (95%Cl) for
overall survival. Values lower than 1 favor S-1-based
Koizumi 2008 —B1—| 077(0.61,098) 47.65 combination therapy.
Narahara 2011 4_.77 0.86 (0.66, 1.11) 41.05
Wang 2013 = 0.55 (0.34, 0.90) 11.30
Overall 7 = 19.7%, P = 0.228 <> 0.77 (0.66, 0.91) 100.00
Test for overall effect: £ = 0.002 i
0.54 1.00 2.§4
Study ID HR (95%CI) Weight (%) Figure 3 Standard forest plot of the HR (95%Cl) for
‘ progression-free survival. Values lower than 1 favor
Koizumi 2008 —&— 0.57 (0.44, 0.73) 78.37 S-1-based combination therapy.
Wang 2013 —_— 0.60 (0.37, 0.97) 21.63
Overall 7 = 0.0%, P = 0.853 < > 0.58 (0.46, 0.72) 100.00
Test for overall effect: £ = 0.000 |
O.Z‘; 1.0 2.‘7
Study ID OR (95%CI) Test (n/V)  Control ((n/V)  Weight (%)
Koizumi 2008 + 2.60 (1.44, 4.68) 47/87 33/106 35.53
Komatsu 2011 = 1.57 (0.50, 4.91) 10/30 7/29 12.33
Narahara 2011 + 1.93 (1.04, 3.57) 39/94 25/93 38.20
Wang 2013 =5 2.68 (1.05, 6.68) 19/41 10/41 13.94
Overall 7 = 0.0%, P = 0.806 <> 2.23 (1.54, 3.21) 115/252 75/269 100.00
Test for overall effect: £ = 0.000 i
0.‘146 1.00 6.5‘36

Figure 4 Standard forest plot of the odds ratio (35%Cl) for overall response rate. Values higher than 1 favor S-1-based combination therapy.

Table 3 Survival in the three trials included in the meta-analysis

Ref. No. of patients Median survival (mo) 1-yr survival (%) HR (95%CI) P value
Koizumi et al™® 148 (Group A) 11.0 46.7 0.77 (0.61-0.98) <0.0001
150 (Group B) 13.0 54.1
Narahara et al™ 47 (Group A) 10.5 449 0.86 (0.66-1.11) 0.233
48 (Group B) 12.8 52,0
Wang et al™ 160 (Group A) 11.0 46.3 0.55 (0.34-0.90) 0.020
155 (Group B) 14.0 61.0
Total 355 (Group A) 10.9 46.3 0.77 (0.66-0.91) 0.000
353 (Group B) 134 56.8

Group A: S-1-based combination therapy; Group B: S-1 monotherapy.

Table 4 Progression-free survival in the two trials included in

the meta-analysis

Ref. No. of Median HR (95%CI) P value
patients progression-free
survival (mo)

Koizumi et al™ 148 (Group A) 4 0.57 (0.44- 0.73) < 0.0001
150 (Group B) 6

Wang et al™ 160 (Group A) 4 0.60 (0.37- 0.97)  0.0400
155 (Group B) 6

Total 308 (Group A) 4 0.58 (0.46-0.72) ~ 0.0000
305 (Group B) 6

Group A: S-1-based combination therapy; Group B: S-1 monotherapy.

on toxicity, analysis of which is shown in Table 5.
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Hematologic toxicity: Meta-analysis of four trials
showed that grade 3-4 leucopenia was less likely to hap-
pen in patients receiving S-1 monotherapy, with no het-
erogeneity across studies (OR = 4.06, 95%CI: 2.11-7.81,
P =0.000; P of heterogeneity = 0.728, I = 0.0%).

The pooled OR showed that grade 3-4 neutropenia
was significantly less prominent among participants re-
ceiving S-1 monotherapy relative to S-1-based combi-
nation therapy, and there was no heterogeneity across
studies (OR = 3.94, 95%CI: 2.70-5.77, P = 0.000; P of
heterogeneity = 0.334, I = 11.8%).

There was a significant difference in the pooled OR
of anemia in the four trials (OR = 2.97, 95%CI: 1.90-4.64,
P = 0.000), but heterogeneity across studies existed (P of
heterogeneity = 0.012, I = 72.4%). Sensitivity analysis
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Table 5 Outcome of toxicity meta-analysis comparing S-1-based combination therapy vs S-1 monotherapy as first-line treatment in

advanced gastric cancer

Toxicity S-1-based therapy S-1 monotherapy OR (95%CI) P value Heterogeneity
Grade 3-4 n/N n/N P value s
Leucopenia 44/392 12/398 4.06 (2.11-7.81) <0.01 0.728 0.00%
Neutropenia 127/392 43/398 3.94 (2.70-5.77) <0.01 0.334 11.90%
Anaemia 77/392 30/398 5.96 (3.03-11.73) <0.01 0.423 0.00%
Thrombocytopenia 11/392 10/398 0.33 (0.10-1.12) 0.076 0.900 0.00%
Anorexia 91/392 47/398 2.40 (0.79-7.28) 0.122 0.000 83.40%
Nausea 41/392 16/398 2.80 (0.92-8.55) 0.070 0.048 62.00%
Fatigue 26/392 20/398 1.35 (0.74-2.46) 0.336 0.506 0.00%
Vomiting 15/392 9/398 1.71 (0.74-3.96) 0.207 0.707 0.00%
Diarrhea 35/392 16/398 241 (1.31-4.44) <0.01 0.614 0.00%
Stomatitis 7/392 2/398 2.52 (0.71-8.79) 0.151 0.994 0.00%
S-1-based: S-1-based combination therapy.
2 b P =0.122; P of heterogencity = 0.000, I = 83.4%).
The pooled OR of nausea showed heterogeneity
across the four groups (P of heterogeneity = 0.048, I =
1k 62%). Because heterogeneity could not be eliminated by
_ sensitivity analysis, a random-effects model was performed,
2 o yielding an OR of 2.80 (95%CI: 0.92-8.55, P = 0.07).
- | Diarrhea: There was a significant difference in the
0 pooled OR of diarrhea (OR = 2.41, 95%CI: 1.31-4.44, P
= 0.005), with no heterogeneity across studies (P of het-
erogeneity = 0.614, I’ = 0.0%).
-1 7(‘) ‘ ‘ 6‘ Meta-analysis of four trials showed that according to

s. e. of: logor

Figure 5 Funnel plot of the meta-analysis (Begg’s test).

indicated that the trial reported by Narahara ez al™ was
the main source of heterogeneity. When this study was
omitted, the heterogeneity was eliminated (P of hetero-
geneity = 0.423, = 0.0%), and the outcome of applying
a fixed-effects model showed that grade 3-4 anemia was
significantly less likely to happen in patients receiving S-1
monotherapy than S-1-based combination therapy (OR
= 5.96, 95%CI: 3.03-11.7, P = 0.000).

Thrombocytopenia: The frequency of thrombocyto-
penia did not differ between two groups according to the
pooled estimate for OR, and heterogeneity across studies
did exist (P of heterogeneity = 0.058, I' = 59.9%). Sensitivi-
ty analysis indicated that the trial reported by Koizumi ez al"’
was the main source of heterogeneity. When this study
was omitted, the heterogeneity was eliminated (P of het-
erogeneity = 0.90, = 0.0%), but the pooled analysis did
not show a significant difference between the two groups
(OR = 0.33, 95%CI: 0.10-1.12, P = 0.076).

Non-hematologic toxicity: Meta-analysis showed that
grade 3-4 anorexia was less likely to happen in patients
receiving S-1 monotherapy (OR = 2.16, 95%CI: 1.47-3.16,
P = 0.000), but heterogeneity across studies existed (P of
heterogeneity = 0.000, I’ = 83.4%). Because heterogeneity
could not be eliminated by sensitivity analysis, a random-
effects model was applied (OR = 2.40, 95%CI: 0.79-7.28,
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the pooled estimate for OR the frequency of these grade
3-4 adverse events did not differ between the two groups:
fatigue (OR = 1.35, 95%CI: 0.74-2.46, P = 0.336; P of
heterogeneity = 0.506, I’ = 0.0%), vomiting (OR = 1.71,
95%Cl: 0.74-3.96, P = 0.207; P of heterogeneity = 0.707,
I’ = 0.0%), and stomatitis (OR = 2.51, 95%CI: 0.71-8.79,
P =0.151; P of heterogeneity = 0.994, I’ = 0.0%).

Three trials"*"*""'reported treatment-related deaths.
Only one study" reported two patients in the S-1-based
combination therapy died of potentially treatment-related
conditions. There wete no treatment-related deaths in
either group in the other two studies'" ™",

Publication bias
No publication bias was detected (Egger’s test: P = 0.827,
Begg’s test: P = 0.734; Figure 5).

DISCUSSION

After years of disagreement about the utility of chemo-
therapy for AGC, several trials have demonstrated the
efficacy of S-1 in both the adjuvant and primary settings,
while combinations of S-1 with other cytotoxic therapies
have been found promising, with higher response rates
and relatively favorable safety proﬁlesm. S-1 is conve-
nient and offers an alternative to intravenous 5-FU. A
recent meta-analysis reported that S-1-based combination
therapy was associated with better OS and almost equiva-
lent ORR and safety profile, compared with 5-FU-based
therapy. In addition, S-1 can be administered in the
outpatient setting at lower costs, and its primary gastroin-
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testinal side effects can be reasonably managed with an-
tidiarrheal and antiemetic medications. The limited num-
ber of studies, with dissimilar criteria, methodologies, and
evaluation standards, has likely resulted in inconsistent
outcomes assessing S-1-based combination therapy »s S-1
monotherapy. Thus, this meta-analysis aimed to detect
whether S-1-based combination therapy would be more
effective and safer than S-1 monotherapy in patients with
AGC.

Our study shows that OS (HR = 0.77, 95%CI:
0.66-0.91, P = 0.002) and PFS (HR = 0.58, 95%CI:
0.46-0.72, P = 0.000) were significantly increased in
patients with ACG assigned to S-1-based combination
therapy than in those assigned to S-1 monotherapy. With
regard to the ORR (OR = 2.23, 95%CI: 1.54-3.21, P =
0.000), pooled analysis also showed that S-1-based com-
bination therapy was superior to S-1 monotherapy. For
hematologic toxicity, S-1-based combination therapy was
assocliated with more grade 3-4 adverse events of leuco-
penia (11.2% »s 3.0%; P < 0.001), neutropenia (32.4% vs
10.8%; P < 0.001) and anemia (19.6% »s 7.5%; P < 0.001).
For nonhematologic toxicity, incidence of grade 3-4 diar-
rthea (8.9% vs 4%; P = 0.005) was less prominent in the S-1
monotherapy group. With regard to grade 3-4 adverse
events of thrombocytopenia, anorexia, nausea, fatigue,
vomiting and stomatitis, there was no significant differ-
ence between two groups. Compared with S-1 monother-
apy, S-1-based combination therapy was associated with
longer OS and PFS, and higher ORR. The most common
grade 3-4 adverse events associated with this regimen in-
cluded leucopenia, neutropenia, anemia and diarrhea, all
of these being more frequent than in patients receiving
S-1 monotherapy. Overall results were confirmed when
subjected to sensitivity analysis.

Overall survival, which requires prolonged follow-
up, is the traditional endpoint for efficacy. The impact of
first-line therapy on OS may be confounded by the effect
of second- or third-line therapies. In the present meta-
analysis, three RCTs reported OS. The present review
suggests that OS was markedly increased in patients who
received S-1-based combination therapy relative to S-1
monotherapy, without inter-study heterogeneity across
the studies. As for leucopenia, neutropenia, anemia and
diarrhea, these are more likely due to a byproduct of
the higher cumulative effect of other chemotherapeutic
agents, such as cisplatin. But all the toxicities were man-
ageable, predictable and tolerable. S-1-based combination
therapy was associated with more cases of grade 3 to 4
hematologic toxicities. To date, the availability of granu-
locyte colony-stimulating factors and erythropoietins
could also improve the control of corresponding hemato-
logic toxicities™. With regard to diarrhea, which was more
frequent during S-1-based combination therapy, there seems
to be a schedule-dependent toxicity, and it is likely that with
the introduction of more effective antidiarrheal agentsm,
the incidence of diarthea can be further ameliorated.

Overall, quality of life could not be assessed in our
study because none of studies included in the meta-
analysis analyzed this endpoint.

(4 9
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As with any meta-analysis, the current study has pos-
sible limitations because evidence was combined from
available studies. First, the quality of the trials affected
the results: four of the studies included in this analysis
were RCTs, but insufficient data might potentially limit
detection of the effects of S-1-based combination thera-
py. Second, although four of the studies in the meta-anal-
ysis reported adequate randomization, absence of blind-
ing might have resulted in an overestimate of the effects.
Third, the second-line treatments were not reported, so
it was not possible to consider their possible impact on
survival. Although the role of second-line treatments
has been a matter of debate, improved survival with the
second-line administration of irinotecan over best sup-
portive therapy has been reported by Thuss-Patience ez al”.
However, second-line treatments obviously do not alter
PFES. Finally, the results from this meta-analysis need
confirmation in the West because all four of the included
trials were from Asia.

Recently introduced molecularly targeted therapies
have been investigated in many solid malignancies, in-
cluding gastric cancer. These include the tyrosine kinase
inhibitors and monoclonal antibodies directed to critical
tumor targets such as epidermal growth factor receptor
2 and vascular endothelial growth factor. Unfortunately,
with the exception of trastuzumab, an HER-2 specific
monoclonal antibody which was shown to improve sut-
vival in HER-2" gastric and esophagogastric adenocar-
cinoma, none of these agents has been demonstrated to
improve survival in comparison with chemotherapy™. As
development of S-1-based combinations with other cy-
totoxic agents and biomarkers proceeds, the foreseeable
combination of S-1 with targeted agents is an attractive
option. In addition, the role of S-1 can be expanded in
treating gastroesophageal cancers preoperatively as well
as with radiation therapy.

This is the first meta-analysis in which we collected
all the available trials that addressed this issue and all
of them have been published as full-length articles. In
conclusion, in the meta-analysis, the S-1-based combina-
tion therapy group shows great advantages of achieving
better OS, PFS and ORR for AGC compared with the
S-1 monotherapy group. The disadvantages such as more
frequent grade 3-4 adverse events including leucopenia,
neutropenia, anemia and diarrhea in the S-1-based com-
bination therapy group might be overcome with medical
therapy. Considering all the outcome benefits of S-1-
based combination therapy over S-1 monotherapy in the
current study, S-1-based combination therapy should be
used as a standard chemotherapeutic regimen for AGC,
at least in Asia. To further confirm these findings, addi-
tional large-scale randomized studies and Western studies
are warranted.

COMMENTS

Background
Gastric cancer is the fourth most common cancer and the second leading cause
of cancer-related deaths all over the world. S-1 is a novel oral fluoropyrimidine
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that has demonstrated antitumor activity against advanced gastric cancer (AGC)
when used either as a single agent or in combination with other chemothera-
pies. However, whether S-1-based combination therapy or S-1 monotherapy
are equally effective in the treatment of AGC is still contentious.

Research frontiers

A series of randomized controlled trials comparing S-1-based combination
therapy with S-1 monotherapy were planned and conducted to seek optimal
first-line treatments, but these have yielded findings that are not completely
consistent, none of which have allowed definite conclusions about the efficacy
and safety of these two therapies.

Innovations and breakthroughs

This is the first meta-analysis to give an overview of the results of all eligible
RCTs comparing S-1-based combination therapy with S-1 monotherapy with
the aim of investigating whether S-1-based combination therapy was more ef-
fective than S-1 monotherapy in the treatment of patients with AGC as first-line
chemotherapy. Several important conclusions might be used for future selec-
tion of S-1-based combination therapy or S-1 monotherapy for AGC patients’
treatments.

Applications

The study results suggest that S-1-based combination therapy is superior to
S-1 monotherapy in terms of overall response rate, progression-free survival
and overall survival without being associated with an increase in severe toxic
effects.

Terminology

S-1: A novel oral anticancer drug composed of tegafur, 5-chloro-2, 4-dihy-
droxypyridine (gimestat), and oteracil potassium in a molar ratio of 1:0.4:1, was
developed in an effort to further enhance the therapeutic index of tegafur.
Peer review

This is a well-performed meta-analysis aimed to detect whether S-1-based
combination therapy would be more effective than S-1 monotherapy in patients
with AGC, and its findings are interesting.
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