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Abstract Purpose: S-1 or capecitabine plus oxaliplatin are considered active and tolerable in
gastric cancer patients. We conducted a randomized phase II trial in gastric cancer patients to
compare the activity and safety of these combinations.
Methods: The patients received S-1 at 80 mg/m2 for 14 days, followed by a 7-day rest period
within a 3-week schedule in the S-1/oxaliplatin (SOX) arm, and capecitabine at 2000 mg/m2

for 14 days, followed by a 7-day rest period within a 3-week schedule in the capecitabine/oxa-
liplatin (CAPOX) arm. Oxaliplatin 130 mg/m2 was administered every 3 weeks in both arms.
Results: One hundred twenty-nine patients were randomly assigned to SOX (N = 65) or
CAPOX (N = 64). The median time to progression and the overall survival were 6.2 and
12.4 months with SOX, respectively; and 7.2 and 13.3 months with CAPOX, respectively.
The overall response rates were 40% and 44% for SOX and CAPOX, respectively. The most
frequent grade 3 or 4 toxicities were thrombocytopenia (15.4%) for SOX and neutropenia
(18.8%) for CAPOX. The median time to 10% deteriorations in global health scores was sim-
ilar in both arms (SOX, 4.3 months, CAPOX, 4.9 months).
Conclusion: Both the SOX and CAPOX regimens were equally active and well tolerated in
advanced gastric cancer patients.
� 2011 Elsevier Ltd. All rights reserved.
lsevier Ltd. All rights reserved.
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1. Introduction

Gastric cancer is the second leading cause of cancer
death in the world.1 Most patients with gastric cancer
have an incurable stage at the time of diagnosis. Pallia-
tive systemic chemotherapy for advanced gastric cancer
(AGC) improves survival and quality of life, compared
to the best supportive care. In general, combination che-
motherapy regimens provide better response rates and
modest survival benefit compared to single agent ther-
apy.2,3 There is no consensus for a single, global stan-
dard regimen for first-line chemotherapy of AGC.

Despite no established standard regimen for AGC, a
doublet combination containing cisplatin and 5-flouro-
uracil (5-FU) is the most commonly used chemotherapy
regimen worldwide.3–7 In Japan, S-1 mono therapy had
been accepted as a standard treatment by the JCOG
9912 study.8 At present, S-1 plus cisplatin (SP) is recog-
nised as a standard regimen after the SPIRIT trial
showed survival benefit with SP compared to S-1 mono
therapy.5 In Korea, fluoropyrimidine-based (S-1 or
capecitabine) and platinum-based (cisplatin or oxalipla-
tin) combinations are widely used for AGC by several
recent trials.4–9 The addition of docetaxel to the combi-
nation of cisplatin plus 5-FU (DCF) has recently shown
to have higher response rate and superior time to pro-
gression in the V-325 trial.4 In Europe and United
States, although triplet therapy has demonstrated better
outcomes than doublets, it was restricted to younger
patients with a good performance status because of its
substantial toxicities.

With regard to the relatively short overall survival
(OS) of patients with AGC and the palliative nature of
the chemotherapy, the choice of chemotherapy should
be based on a favourable efficacy, toxicity profiles and
convenience of administration. For this reason, oral flu-
oropyrimidine (S-1, capecitabine) has been studied as a
substitute for continuous infusion of 5-FU. The FLAGS
trial revealed a similar efficacy and better toxicity profile
of S-1 compared to infusional 5-FU.6 Kang et al.
showed that capecitabine can replace 5-FU and Al-
Batran et al. showed that oxaliplatin can replace cis-
platin for the treatment of AGC.7,10 The REAL-2 trial
also demonstrated the capecitabine and oxaliplatin are
as effective as 5-FU and cisplatin, respectively.11

Based on these trials, several recent phase II studies
using a combination of these new drugs (S-1 plus oxa-
liplatin, SOX or capecitabine plus oxaliplatin, CAPOX)
have reported favourable efficacies and toxicity pro-
files.12–19 However, there have been no studies compar-
ing these two oral fluoropyrimidines in combination
with oxaliplatin in gastric cancer patients.

This randomized phase II trial aimed to compare the
efficacy and safety of two oral fluoropyrimidines (S-1 or
capecitabine) in combination with oxaliplatin for first-
line treatment of AGC patients.
2. Patients and methods

2.1. Study design

By using 1:1 randomization, the patients were ran-
domly assigned to one of the two treatment arms
(SOX and CAPOX) stratified by the institution and by
prior use of cisplatin. Three institutions participated in
this study. The protocol was approved by the institu-
tional review board of each participating institution.
All the participating patients provided written informed
consent, and the study was carried out in accordance
with the Good Clinical Practice guideline. A CON-
SORT diagram is provided in Fig. 1.

2.2. Eligibility

Patients were required to have the following criteria:
histologically confirmed metastatic or recurrent gastric
adenocarcinoma, chemotherapy-naı̈ve status, measur-
able or evaluable lesion, a performance status of 0–2
as determined by the Eastern Cooperative Oncology
Group (ECOG), and adequate organ function [absolute
neutrophil count (ANC) P1500/mm3, platelet count
P100,000/mm3, serum creatinine 61.5 mg/dL, total bil-
irubin 62.0 mg/dL, and Aspartate transaminase (AST)/
Alanine transaminase (ALT)/alkaline phosphatase
62.5 � the upper limit of normal]. Adjuvant and/or pre-
operative chemotherapy was allowed if more than six
months had elapsed between the end of the therapy
and the registration, but any prior therapy could not
include S-1, capecitabine, or oxaliplatin. Patients were
excluded if they had brain metastasis, a neuropathy
more than grade 2, or uncontrolled significant comorbid
conditions.

2.3. Treatment plan

In the SOX arm, S-1 was administered orally at
80 mg/m2/day divided in two daily doses for 14 days,
followed by a 7-day rest period in a 3-week schedule.
In the CAPOX arm, capecitabine was administered
orally at 2000 mg/m2/day divided in two daily doses
for 14 days, followed by a 7-day rest period in a 3-week
schedule. Oxaliplatin was administered at 130 mg/m2

intravenously in 2 h every 21 days in both arms. All
the patients received prophylactic anti-emetic
medications.

Treatment was delayed for up to 3 weeks when symp-
tomatic toxicity persisted, and the ANC and platelet
count were <1500/mm3 and <75,000/mm3, respectively.
In the event of grade 4 neutropenia, thrombocytopenia,
or febrile neutropenia or grade 3 nausea/vomiting, diar-
rhoea, or stomatitis, the doses of oxaliplatin and S-1 or
capecitabine were reduced by 25% starting from the next
cycle. If grade 2 neuropathy was not resolved by the end



Fig. 1. CONSORT diagram.
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of the cycle or grade 3 neuropathy occurred, the dose of
oxaliplatin was reduced by 25% starting from the next
cycle after recovering to grade 2 or less. Treatment
was continued until one of the following events
occurred: progression of the disease, withdrawal of con-
sent by the patient, or unacceptable toxicity.

2.4. Assessment and data collection

Toxicity assessments, compliance with S-1 and cape-
citabine, and blood tests were done weekly during the
first cycle and just before each cycle starting from the
second cycle. Tumour assessments were done every
two cycles by the Response Evaluation Criteria in Solid
Tumours (RECIST) version 1.0. Toxicity was assessed
by the National Cancer Institute Common Toxicity Cri-
teria for Adverse Events (NCI-CTC AE) version 3.0. All
patients were asked to complete the European Organisa-
tion for Research and Treatment of Cancer Quality of
Life Questionnaire C30 (EORTC QLQ-C30; version
3.0) on the first day of every other cycle and at the
end of the treatment.
2.5. Statistical considerations

The primary objective was the comparison between
the SOX and CAPOX regimens using time to progres-
sion (TTP) as a measure. This study was designed by a
‘pick the winner’ format proposed by Liu et al.20 It
was assumed that the median TTP of the inferior arm
is 5 months with the hazard ratio of 1.3. Sample sizes
for 1-year accrual and 90% correct selection probability
were calculated as 117. Taking into consideration a 10%
dropout rate, 65 patients per each arm were required to
ensure maintenance of the statistical power. The second-
ary end points included toxicity, OS, overall response
rate (ORR) and quality of life (QoL).

An analysis on survival, toxicity and QoL analysis
was done in a modified intent to treat (ITT) population.
The modified ITT population was defined as all ran-
domly assigned patients who received chemotherapy at
least once. The ORR was evaluated in the modified
ITT population with measurable lesion.

Survival curves were generated using the Kaplan–
Meier method and compared by the log-rank test. An
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analysis of the QLQ-C30 questionnaires was done in
accordance with the EORTC guidelines.21 The linear
mixed model was used to compare each scale of the
QoL by the cycle and treatment arms. Kaplan–Meier
methodology was used to measure times to 10% deteri-
oration in QoL scores. Data analysis was done with
SPSS software (version 18.0).

3. Results

3.1. Patient characteristics

Between March 2008 and September 2009, 130
patients were randomly assigned to either the SOX
arm (n = 65) or CAPOX arm (n = 65). One patient
who was randomly assigned to the CAPOX arm never
took a dose of the assigned treatment. Thus, 129
patients were included in the modified ITT population.
Both arms were well balanced in terms of baseline clin-
ical characteristics (Table 1).

3.2. Treatment

The overall treatment administration is summarised
in Table 2. The median number of cycles was six for
SOX (range, 1–34 cycles) and eight for CAPOX (range,
1–28 cycles). Dose reduction and treatment delay
Table 1
Patient baseline characteristics.

Baseline characteristics SOX

No.

Age, years
Median 60
Range 28–7

Gender
Male 44
Female 21

Performance (Eastern Cooperative Oncology Group (ECOG))
0 11
1 54
2 0

BSA (m2) (mean ± SD) 1.62
Histology

Well/moderately differentiated 24
Poorly differentiated 28

Signet ring cell 12
Others 1

Disease status
Metastatic 47
Recurrent 18

Number of involved organ
One 16
Two 21
>Three 28

Measurable disease
Yes 53
No 12

Abbreviations: SOX, S-1 plus oxaliplatin; CAPOX, capecitabine plus oxali
occurred in 29 SOX patients (44.6%) and in 33 CAPOX
patients (51.6%). Treatment delays of more than 7 days
occurred in 40 SOX patients (61.5%) and 41 CAPOX
patients (64.1%). A similar proportion of the patients
received second-line chemotherapy (SOX = 60%;
CAPOX = 62%).

3.3. Efficacy

The median TTP was 6.2 months for SOX (95%
confidence interval, 4.92–7.48) and 7.2 months for
CAPOX (95% CI, 5.87–8.54) with a hazard ratio
(SOX/CAPOX) of 1.06 (95% CI, 0.72–1.57, p = .767)
(Fig. 2A). With a median follow-up duration of
13 months (range, 0.5–39.2 months), the median OS
was 12.4 months for SOX (95% CI, 8.796–16.01) and
13.3 months for CAPOX (95% CI, 10.26–16.34) with
a hazard ratio (SOX/CAPOX) of 1.08 (95% CI,
0.74–1.58, p = .686) (Fig. 2B). The estimated 1-year
survival rate was 52% and 59% for SOX and CAPOX,
respectively.

The ORRs by treatment arms are listed in Table 3.
The modified ITT population with measurable lesion
includes 53 patients in SOX arm and 45 patients in
CAPOX arm. The confirmed ORR was 40% for SOX
(95% CI, 26–54%) and 44% for CAPOX (95% CI, 29–
60%).
(n = 65) CAPOX (n = 64) P-value

of Patients % No. of Patients %

.606
61

7 20–75
.748

68 45 70
32 19 30

.291
17 8 13
83 54 84
0 2 3

± 0.18 1.60 ± 0.21 .549
.293

37 17 26
43 35 55
18 10 16
2 2 3

.956
72 46 72
28 18 28

.882
25 12 19
32 24 38
43 28 44

.136
82 45 70
18 19 30

platin; BSA, body surface area; SD, standard deviation.



Table 2
Overall treatment summary.

SOX (n = 65) CAPOX (n = 64) P-value

Treatment administration
Median number of cycle (range) 6 (1–34) 8 (1–28) .194
Median treatment duration, weeks (range) 20.9 (3–113.6) 23.5 (3–110.9) .223

Dose reductions, patients (%) 29 (44.6) 33 (51.6) .940
Oxaliplatin 27 (41.5) 28 (43.8) .872
Fluoropyrimidine 27 (41.5) 32 (50.0) .214

Cycle delays (P7 days), patients (%) 40 (61.5%) 41 (64.1%) .767
Cycle delays (P7 days), cycle (%) 119 (26.6%) 156 (30.4%) .172

Median relative dose intensity
Oxaliplatin 0.89 (0–1.00) 0.91 (0.50–1.00) .906
Fluoropyrimidine 0.83 (0.41–1.07) 0.76 (0.45–1.04) .025
Total 0.81 (0.52–1.04) 0.79 (0.48–1.02) .391

Abbreviations: SOX, S-1-oxaliplatin; CAPOX, capecitabine–oxaliplatin

Fig. 2. (A) Time to progression and (B) overall survival by treatment arm (Kaplan–Meier curve). SOX, S-1-oxaliplatin; CAPOX, capecitabine–
oxaliplatin; HR, hazard ratio.

Table 3
Response rates for modified ITT population with measurable lesion.

Response SOX (n = 53) CAPOX (n = 45)

No. % No. %

Complete response 0 0 1 2
Partial response 21 40 19 42
Stable disease 27 51 18 40
Progressive disease 4 7 7 16
Not assessablea 1 2 – –

Response rate 21 40 20 44
95% CI 26–54 29–60

Disease control rate 48 91 38 84

Abbreviations: ITT, intent to treat; SOX, S-1-oxaliplatin; CAPOX,
capecitabine–oxaliplatin; CI, confidence interval.

a Not assessable indicate the patients who discontinued treatment
before first response evaluation without evidence of progressive
disease.
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3.4. Toxicity

The toxicity profiles are listed in Table 4. The most
common grade 3–4 haematologic toxicity was neutrope-
nia for CAPOX (18.8%) and thrombocytopenia for
SOX (15.4%). Febrile neutropenia was observed in one
patient according to each arm. The most frequent grade
3 or 4 non-haematologic toxicities were asthenia for
CAPOX (7.8%) and infection for SOX (9.2%). Among
the non-GI toxicities, neuropathy was the most common
grade 3 or 4 toxicity in both arms (SOX = 3.1%;
CAPOX = 4.7%). As anticipated, hand foot syndrome
(HFS) at any grade was more frequent for CAPOX
(SOX = 3%; CAPOX = 25%, p = .001), but grade 3–4
HFS only occurred in one patient in the CAPOX arm.
There was no treatment-related death in both arms.

Thrombocytopenia was the most frequent reason for
dose reduction and cycle delay in the SOX arm, while



Table 4
Common adverse events (National Cancer Institute Common Toxicity Criteria (NCI-CTC) version 3.0).

SOX (n = 65) CAPOX (n = 64) P-value

All grades Grade 3/4 All grades Grade 3/4 All grades Grade 3 + 4

n % n % n % n %

Haematologic toxicity
Neutropenia 37 56.9 6 9.2 40 62.5 12 18.8 .300 .119
Leukopenia 34 52.3 5 7.7 34 53.1 2 3.1 .926 .252
Anaemia 59 90.8 8 12.3 59 92.2 2 3.1 .773 .096
Thrombocytopenia 42 64.6 10 15.4 42 65.6 9 14.1 .861 .832

Non-haematologic toxicity
Asthenia 27 41.5 1 1.5 32 50.0 5 7.8 .375 .115
Anorexia 34 52.3 2 3.1 32 50.0 2 3.1 .793 1
Nausea 31 47.7 2 3.1 27 42.2 3 4.7 .530 .680
Vomiting 27 41.5 1 1.5 21 32.8 2 3.1 .305 .619
Diarrhoea 20 30.8 3 4.6 22 34.4 3 4.7 .662 1
Neuropathy 27 41.5 2 3.1 31 48.4 3 4.7 .431 .680
Hand foot syndrome 2 3.1 0 0.0 16 25.0 1 1.6 <.001 –
Infection 13 20.0 6 9.2 9 14.1 4 6.3 .370 .744

Abbreviations: SOX, S-1-oxaliplatin; CAPOX, capecitabine–oxaliplatin.

Fig. 3. Median time to 10% deterioration of global health status/
quality of life (QoL) score by treatment arms. SOX, S-1-oxaliplatin;
CAPOX, capecitabine–oxaliplatin.
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neutropenia was the most common reason for dose
reduction and treatment delay in the CAPOX arm.
Among non-haematologic toxicities, asthenia in the
SOX and hand-foot syndrome in the CAPOX arms were
the most common reasons for dose reduction and cycle
delay.

3.5. QoL Assessment

All the patients except one (who refused to complete
the questionnaires) were included in the QoL analysis.
The Patients in both arms showed substantially
impaired global health status/QoL. Fatigue and appetite
loss were the most prominent symptoms at the baseline.
There was no difference in the QoL by the treatment arm
according to linear mixed model analysis of each scale of
the QoL.

The median time to 10% deteriorations in global
health scores was similar in both arms (SOX,
4.3 months, 95% CI, 1.19–7.41; CAPOX, 4.9 months,
95% CI, 3.23–6.57, p = 0.933) (Fig. 3).
4. Discussion

This is the first randomized trial comparing S-1
(SOX) or capecitabine (CAPOX) in combination with
oxaliplatin in patients with recurrent or metastatic gas-
tric cancer. In this study, both the SOX and CAPOX
regimens were active as a first-line treatment for AGC.
In the SOX arm, the ORR was 40%, the median TTP
was 6.2 months, the 1-year survival rate was 52% and
the OS was 12.4 months. In the CAPOX arm, the
ORR was 44%, the median TTP was 7.2 months, the
1-year survival rate was 59% and the OS was
13.3 months. These results were comparable with several
recent SOX or CAPOX phase II studies in AGC
patients. Recent phase II trials have shown promising
efficacy with SOX (OS, 7.8–16.5 months; TTP, 4.6–
6.5 months; ORR, 53–59%) and CAPOX (OS, 9.8–
11.9 months; TTP, 5.6–5.8 months; ORR, 42–63%).12–19

There was no difference in the overall incidence of
grade 3 or 4 toxicities in both arms. However, the toxic-
ity patterns were different. Thrombocytopenia and anae-
mia for SOX and neutropenia, HFS and asthenia for
CAPOX were major toxicities in terms of the incidence,
the reasons for dose reduction and cycle delays. These
toxicity results were consistent with recent phase II tri-
als.12–19 Grade 3 or 4 HFS occurred in only one patient



Table 5
Historical data of SOX and CAPOX.

SOX CAPOX

Park et al.19 Koizumi et al.17 Oh et al.18 Current study Luo et al.15 Park et al.16 Liu et al.14 Dong et al.12 Current study

Number of patients 47 55 41 65 50 54 68 44 64
Fluoropyrimidine dose 100 mg/m2

D1 � 14
80 mg/m2

D1 � 14
80 mg/m2

D1 � 28
80 mg/m2

D1 � 14
2000 mg/m2

D1 � 14
2000 mg/m2

D1 � 14
2000 mg/m2

D1 � 14
2000 mg/m2

D1 � 14
2000 mg/m2

D1 – 14
Oxaliplatin dose 130 mg/m2

q 3 weeks
100 mg/m2

q 3 weeks
85 mg/m2 D1,15,29
q 6 weeks

130 mg/m2

q 3 weeks
130 mg/m2

q 3 weeks
130 mg/m2

q 3 weeks
130 mg/m2

q 3 weeks
130 mg/m2

q 3 weeks
130 mg/m2

q 3 weeks
Cycle, median 6 (1–9) 6 (1–16) 3 (1–4) 6 (1–31) 4 (1–8) 6 (1–16) – 5 (1–8) 7(1–22)

Efficacy
ORR (%) 56 59 54 40 42 63 54 51 44
TTP (months) 6.6

(4.0–9.2)
6.5*

(4.8–11.2)
4.6
(3.4–5.8)

6.2
(4.9–7.5)

5.8
(3.4–8.2)

5.8
(4.4–7.2)

5.7
(2.0–8.8)

5.6
(4.6–6.6)

7.2
(5.9–8.5)

OS (months) 12.5
(9.2–15.9)

16.5
(13.2–22.3)

7.8
(6.9–8.7)

12.4
(8.8–16.0)

11.1
(5.6–16.5)

11.9
(8.8–15.1)

10.5
(5.0–15.1)

9.8
(7.4–12.2)

13.3
(10.3–16.3)

Toxicity (grade 3/4) (%)
Neutropenia 27.6 22 1.8 9 12 8 6.1 13.6 19
Thrombocytopenia 38.7 13 10.5 15 6 11 7.7 11.3 14
Anaemia 17.4 9 4.4 12 4 0 0 2.3 3
Vomiting 2.2 0 0 2 2 2 1.5 4.5 3
Diarrhoea 4.3 2 4.9 5 2 7 6.2 13.6 5
Mucositis 0 0 0 2 0 0 0 0 0
Neuropathy 2.1 4 2.4 3 0 0 0 0 5
Asthenia 8.5 6 2.4 2 – – – – 8
Hand foot syndrome (HFS) – 0 – 0 2 0 0 9.1 2

Abbreviations: SOX, S-1-oxaliplatin; CAPOX, capecitabine–oxaliplatin; ORR, overall response rate; TTP, time to progression; OS, overall survival.
* Progression free survival (PFS).
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Table 6
Comparison of efficacy and toxicity between current study and recent phase III trials.

Current study Recent phase III trials

SOX CAPOX Koizumi et al.5 Ajani et al.6 Kang et al.7

Regimen SOX CAPOX SP SP XP
Median number of cycle 6 8 4 4 5
Efficacy

ORR (%) 40 44 54 29 46
TTP (months) 6.2 7.2 6 4.8 5.6
OS (months) 12.4 13.3 13 8.6 10.5

Toxicity (G3 or 4) (%)
Neutropenia 9 19 40 32 16
Thrombocytopenia 15 14 5 8 –
Anaemia 12 3 26 21 –
Vomiting 2 3 4 8 7
Diarrhoea 5 5 4 5 5
Mucositis 2 0 1 2 2
Neuropathy 3 5 – – –
Asthenia 2 8 4 12 2
Hand foot syndrome (HFS) 0 2 – 0 4

Abbreviations: SOX, S-1-oxaliplatin; CAPOX, capecitabine–oxaliplatin; SP, S-1-cisplatin; XP, capecitabine–cisplatin; ORR, overall response rate;
TTP, time to progression; OS, overall survival.
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in the CAPOX arm and this lower incidence of HFS was
consistent with recent CAPOX trials in AGC patients
(0–9.1%).12–16 Ethnic differences for the rates of grade
3 or 4 HFS (11–17% in Westerners) were observed in a
previous study.22 Although this study was designed for
selection, we could not select a winner because there
was no difference in both the primary and secondary
endpoints. The efficacy and safety data of recent trials
comparing our study are presented in Table 5.

In previous phase III clinical trials in AGC patients
using doublet regimen, median survival of 8.6 months
was reported for SP by the FLAGS trial, 10.5 months
was reported for XP by Kang et al., 13.0 months by
the SPIRITS trial. Both SOX (12.4 months) and
CAPOX (13.3 months) regimen showed that median
survival was similar or longer than that of recent phase
III studies.5–7 The incidence of grade 3 or 4 toxicities
was similar or slightly lower in SOX or CAPOX regimen
compared with those of recent phase III studies. Throm-
bocytopenia was more frequent in current study because
the median number of cycle was higher in current study
than that of recent trials (Table 6).

The SOX regimen is now being tested for various can-
cers in various settings, but the recommended dose of SOX
for AGC has not been established yet. Although the phase
I/II study of SOX in AGC showed no dose limiting toxic-
ity with 130 mg of oxaliplatin and 80 mg/m2/day of S-1,
we should consider the limitation of the phase I study
which cannot predict the cumulative toxicity.19 In this
study, thrombocytopenia increased in a cumulative man-
ner in both arms, but treatment delay and discontinuation
due to thrombocytopenia were higher in the SOX arm. In
previous phase II trials in colorectal cancer patients with
80 mg/m2/day of S-1 plus 130 mg/m2 of oxaliplatin, a high
frequency of treatment discontinuation due to prolonged
thrombocytopenia was reported.23,24 In CAPOX regimen,
many previous colorectal cancer trials reported the recom-
mended dose which shows tolerable toxicity.25,26 Several
phase II trials with CAPOX in AGC patients using the
same treatment schedule (capecitabine 2000 mg/m2 per
day, oxaliplatin 130 mg/m2) also have shown tolerable
toxicity profiles (neutropenia: 6–13.6%, thrombocytope-
nia: 6–11.3%).12–16

However, the Classic trial using CAPOX for AGC in
adjuvant setting reported 56% grade 3 or 4 toxicities,
10% of consent withdrawals due to toxicity and 90%
dose modifications in patients.27 A phase III trial in met-
astatic colorectal cancer patients with SOX versus
CAPOX showed a relatively high incidence of grade 2
or more adverse events (SOX, neutropenia 45%, throm-
bocytopenia 47%; CAPOX neutropenia 41%, thrombo-
cytopenia 28%).28 Jeung et al. suggested that a S-1
dose of 70 mg/m2 per day is optimal in a combination
regimen for AGC.29 Based on these trials and our
results, we suggest that the initial doses of both regimens
need to be reduced or close monitoring of toxicity and
continuous dose modification are required for further
clinical trial and practice. Also, the further studies of
the ethnic difference for oral fluoropyrimidine in Wes-
tern AGC patients are warranted.

In conclusion, both the SOX and CAPOX regimens
were equally active and well tolerated in patients with
AGC. Both SOX and CAPOX have the potential of
backbone chemotherapy regimen in further clinical tri-
als of AGC.

Clinical trials

This study was registered to ClinicalTrial.gov with
the No. NCT00985556.

http://www.ClinicalTrial.gov


526 G.M. Kim et al. / European Journal of Cancer 48 (2012) 518–526
Funding

This study was supported by a grant of the Korea
Health 21 R & D Project, Ministry of Health & Welfare,
Republic of Korea (0405-BC01-0604-0002).

Conflict of interest statement

None declared.

Acknowledgements

Oxaliplatin was kindly provided by the Jeil Pharma-
ceutical Company. We thank Hyung Jung Park, Hei
Young Hwang for their valuable assistance in the mon-
itoring of this trial; Ji Min Sung, Min Wook Kang for
statistical analysis; Hye Kyung Kim for technical
assistance.

References

1. Kelley JR, Duggan JM. Gastric cancer epidemiology and risk
factors. J Clin Epidemiol 2003;56:1–9.

2. Kim YH. Chemotherapy for advanced gastric cancer: slow but
further progress. Cancer Res. Treat. 2005;37:79–86.

3. Wagner AD, Grothe W, Haerting J, et al. Chemotherapy in
advanced gastric cancer: a systematic review and meta-analysis
based on aggregate data. J Clin Oncol 2006;24:2903–9.

4. Van Cutsem E, Moiseyenko VM, Tjulandin S, et al. Phase III
study of docetaxel and cisplatin plus fluorouracil compared with
cisplatin and fluorouracil as first-line therapy for advanced gastric
cancer: a report of the V325 Study Group. J Clin Oncol

2006;24:4991–7.
5. Koizumi W, Narahara H, Hara T, et al. S-1 plus cisplatin versus S-

1 alone for first-line treatment of advanced gastric cancer
(SPIRITS trial): a phase III trial. Lancet Oncol 2008;9:215–21.

6. Ajani JA, Rodriguez W, Bodoky G, et al. Multicenter phase III
comparison of cisplatin/S-1 with cisplatin/infusional fluorouracil
in advanced gastric or gastroesophageal adenocarcinoma study:
the FLAGS trial. J Clin Oncol 2010;28:1547–53.

7. Kang YK, Kang WK, Shin DB, et al. Capecitabine/cisplatin
versus 5-fluorouracil/cisplatin as first-line therapy in patients with
advanced gastric cancer: a randomised phase III noninferiority
trial. Ann oncol 2009;20:666–73.

8. Boku N, Yamamoto S, Fukuda H, et al. Fluorouracil versus
combination of irinotecan plus cisplatin versus S-1 in metastatic
gastric cancer: a randomised phase 3 study. Lancet Oncol

2009;10:1063–9.
9. Kim NK, Park YS, Heo DS, et al. A phase III randomized study

of 5-fluorouracil and cisplatin versus 5-fluorouracil, doxorubicin,
and mitomycin C versus 5-fluorouracil alone in the treatment of
advanced gastric cancer. Cancer 1993;71:3813–8.

10. Al-Batran SE, Hartmann JT, Probst S, et al. Phase III trial in
metastatic gastroesophageal adenocarcinoma with fluorouracil,
leucovorin plus either oxaliplatin or cisplatin: a study of the
Arbeitsgemeinschaft Internistische Onkologie. J Clin Oncol

2008;26:1435–42.
11. Cunningham D, Okines AF, Ashley S. Capecitabine and oxalipl-

atin for advanced esophagogastric cancer. N Engl J Med

2010;362:858–9.
12. Dong N, Jiang W, Li H, et al. Triweekly oxaliplatin plus oral
capecitabine as first-line chemotherapy in elderly patients with
advanced gastric cancer. Am J Clin Oncol 2009;32:559–63.

13. Jatoi A, Murphy BR, Foster NR, et al. Oxaliplatin and capecit-
abine in patients with metastatic adenocarcinoma of the esopha-
gus, gastroesophageal junction and gastric cardia: a phase II study
from the North Central Cancer Treatment Group. Ann Oncol

2006;17:29–34.
14. Liu C, Sun Q, Hang X, Zhong B, Wang D. Multicenter phase II

study of capecitabine plus oxaliplatin as a first-line therapy in
Chinese patients with advanced gastric cancer. Anticancer Drugs

2008;19:825–31.
15. Luo HY, Xu RH, Wang F, et al. Phase II trial of XELOX as first-

line treatment for patients with advanced gastric cancer. Chemo-

therapy 2010;56:94–100.
16. Park YH, Lee JL, Ryoo BY, et al. Capecitabine in combination

with oxaliplatin (XELOX) as a first-line therapy for advanced
gastric cancer. Cancer Chemother Pharmacol 2008;61:623–9.

17. Koizumi W, Takiuchi H, Yamada Y, et al. Phase II study of
oxaliplatin plus S-1 as first-line treatment for advanced gastric
cancer (G-SOX study). Ann Oncol 2010;21:1001–5.

18. Oh SY, Kwon H-C, Jeong S-H, et al. A phase II study of S-1 and
oxaliplatin (SOx) combination chemotherapy as a first-line ther-
apy for patients with advanced gastric cancer. Invest New Drugs

2010. doi:10.1007/s10637-010-9507-2.
19. Park I, Lee JL, Ryu MH, et al. Phase I/II and pharmacokinetic

study of S-1 and oxaliplatin in previously untreated advanced
gastric cancer. Cancer Chemother Pharmacol 2010;65:473–80.

20. Liu PY, Dahlberg S, Crowley J. Selection designs for pilot studies
based on survival. Biometrics 1993;49:391–8.

21. Fayers P, Aaronson N, Bjordal K, et al. EORTC QLQ-C30

scoring manual. Brussels: European Organisation for Research and
Treatment of Cancer; 2001.

22. Cassidy J, Twelves C, Van Cutsem E, et al. First-line oral
capecitabine therapy in metastatic colorectal cancer: a favorable
safety profile compared with intravenous 5-fluorouracil/leucovo-
rin. Ann Oncol 2002;13:566–75.

23. Yamada Y, Tahara M, Miya T, et al. Phase I/II study of
oxaliplatin with oral S-1 as first-line therapy for patients with
metastatic colorectal cancer. Br J Cancer 2008;98:1034–8.

24. Zang DY, Lee BH, Park HC, et al. Phase II study with oxaliplatin
and S-1 for patients with metastatic colorectal cancer. Ann Oncol

2009;20:892–6.
25. Diaz-Rubio E, Tabernero J, Gomez-Espana A, et al. Phase III

study of capecitabine plus oxaliplatin compared with continuous-
infusion fluorouracil plus oxaliplatin as first-line therapy in
metastatic colorectal cancer: final report of the Spanish Cooper-
ative Group for the Treatment of Digestive Tumors Trial. J Clin

Oncol 2007;25:4224–30.
26. Porschen R, Arkenau HT, Kubicka S, et al. Phase III study of

capecitabine plus oxaliplatin compared with fluorouracil and
leucovorin plus oxaliplatin in metastatic colorectal cancer: a final
report of the AIO Colorectal Study Group. J Clin Oncol

2007;25:4217–23.
27. Bang YJ, Kim YW, Yang H, et al. Adjuvant capecitabine and

oxaliplatin for gastric cancer: results of the phase III CLASSIC
trial. J Clin Oncol 2011;29 [suppl.; abstr LBA4002].

28. Park YS, Lim HY, Lee J, et al. A randomized phase III study of
SOX (S-1/oxaliplatin) versus COX (capecitabine/oxaliplatin) in
patients with advanced colorectal cancer. J Clin Oncol 2011;29.

29. Jeung HC, Rha SY, Kim HK, et al. Multi-institutional phase II
study of S-1 monotherapy in advanced gastric cancer with
pharmacokinetic and pharmacogenomic evaluations. Oncologist

2007;12:543–54.

http://dx.doi.org/10.1007/s10637-010-9507-2

	A randomized phase II trial of S-1-oxaliplatin versus  capecitabine–oxaliplatin in advanced gastric cancer
	1 Introduction
	2 Patients and methods
	2.1 Study design
	2.2 Eligibility
	2.3 Treatment plan
	2.4 Assessment and data collection
	2.5 Statistical considerations

	3 Results
	3.1 Patient characteristics
	3.2 Treatment
	3.3 Efficacy
	3.4 Toxicity
	3.5 QoL Assessment

	4 Discussion
	Clinical trials
	Funding
	Conflict of interest statement
	Acknowledgements
	References


