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Abstract
Purpose  Although oxaliplatin 130 mg/m2 every 3 weeks was approved for advanced gastric cancer in Japan, data regarding 
S-1 plus oxaliplatin 130 mg/m2 (SOX130) are limited in Japanese patients with advanced gastric cancer. We investigated 
the feasibility and safety of SOX130 in Japanese patients with advanced gastric cancer.
Methods  Patients with unresectable or recurrent gastric adenocarcinoma, no previous chemotherapy, and Eastern Coopera-
tive Oncology Group Performance Status of 0–1 were treated with SOX130. The primary endpoint was the 3-cycle comple-
tion rate, defined as the proportion of patients who completed the first three cycles with ≥ 80% relative dose intensity of 
oxaliplatin.
Results  Twenty-five patients were enrolled from April 2015 to 2016. The 3-cycle completion rate was 72.0% (90% confidence 
interval: 53.8–86.1), which was higher than the predetermined threshold rate of 50%. With the median number of cycles being 
6 (range, 1–19+), grade 3 or 4 adverse events occurred in 10 patients (40%). Major grade 3 adverse events were anorexia 
(24%), thrombocytopenia (16%), and neutropenia (12%). No febrile neutropenia or treatment-related deaths occurred. Among 
12 patients with measurable lesions, the overall response rate was 58.3%. Median progression-free and overall survival were 
5.7 months (95% confidence interval 2.9–8.5) and 13.1 months (95% confidence interval 7.4–19.0), respectively.
Conclusion  Results indicated that SOX130 was feasible in Japanese patients with advanced gastric cancer.
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Introduction

Gastric cancer is the fifth most common cancer and the 
third leading cause of cancer-related death worldwide [1]. 
The combination of platinum-based and fluoropyrimidine-
based chemotherapeutic agents has been established as 
first-line treatment for advanced gastric cancer (AGC), 
but currently there is no single, global standard regimen. 
In Japan, the combination of cisplatin and S-1 (CS) is a 
standard regimen based on two Japanese phase III trials, 
namely, the Japan Clinical Oncology Group 9912 trial that 
demonstrated the noninferiority of S-1 to 5-fluorouracil 
(5-FU) [2], and the SPIRITS trial that demonstrated the 
superiority of CS compared with S-1 [3].

Oxaliplatin has some advantages in terms of toxicity 
and administration compared with cisplatin. Oxaliplatin 
causes lower-frequency nausea, vomiting, and sensori-
neural hearing loss and fewer thromboembolic events [4]. 
Patients who receive cisplatin treatment require overnight 
admission or prolonged outpatient visits because intrave-
nous hydration is necessary to prevent renal toxicity. In 
contrast, oxaliplatin can be given as an intravenous infu-
sion within a 2-h period.

Several clinical studies comparing cisplatin and oxali-
platin for gastric cancer treatment have been conducted. 
The randomized two-by-two phase III study (REAL-2) of 
triplet therapy consisting of epirubicin, 5-FU or capecit-
abine, and cisplatin or oxaliplatin showed that oxaliplatin 
130 mg/m2 every 3 weeks was noninferior to cisplatin 
60 mg/m2 every 3 weeks [5]. The Arbeitsgemeinschaft 
Internistische Onkologie trial in Germany showed that 
oxaliplatin 85 mg/m2 every 2 weeks was at least as effec-
tive as cisplatin 50 mg/m2 every 2 weeks [6]. Recently, 
the SOPP study demonstrated that S-1 plus oxaliplatin 
130 mg/m2 (SOX130) was noninferior to CS in terms 
of progression-free survival (PFS) and well tolerated in 
Korean AGC patients [7].

In Japan, the combination of S-1 and oxaliplatin has 
been developed for colorectal and gastric cancers. The 
phase I/II study of SOX130 for colorectal cancer showed 
that the incidence of grade 3 or higher thrombocytopenia 
was 28% [8]. On revision of the criteria for oxaliplatin 
dose reduction, the initial oxaliplatin dose was determined 
to be 130 mg/m2 for colorectal cancer. The phase III SOFT 
trial showed that SOX130 plus bevacizumab was nonin-
ferior to modified FOLFOX6 plus bevacizumab in terms 
of PFS, and was safe for chemotherapy-naïve Japanese 
patients with metastatic colorectal cancer as indicated by 
only 4% of grade 3 or higher thrombocytopenia [9]. Thus, 
SOX130 plus bevacizumab has been regarded as a stand-
ard first-line treatment for metastatic colorectal cancer in 
Japan. In contrast, the initial oxaliplatin dose for gastric 

cancer was determined to be 100 mg/m2 because of pos-
sible bleeding from the primary lesion site and to main-
tain the S-1 dose intensity, which is a key drug against 
AGC. S-1 plus oxaliplatin 100 mg/m2 (SOX100) statisti-
cally failed to show noninferiority to CS in the phase III 
G-SOX study [10]. Despite the lack of data about SOX130 
in Japanese AGC patients, oxaliplatin 130 mg/m2 every 3 
weeks was approved for AGC in Japan in September 2014 
based on the results of the REAL-2 study. Therefore, we 
conducted a phase II study to evaluate the feasibility and 
safety of SOX130 as the first-line treatment in Japanese 
AGC patients.

Patients and methods

Patients

This was a single-arm, open-label, multicenter, phase II 
study at 5 centers in Japan. Major inclusion criteria were his-
tologically confirmed unresectable or recurrent gastric ade-
nocarcinoma, negative or unknown HER2 status, age ≥ 20 
years, Eastern Cooperative Oncology Group Performance 
Status of 0 or 1, no previous chemotherapy or radiation for 
advanced disease, adequate oral intake, and adequate organ 
function (e.g., creatinine clearance ≥ 60 mL/min). Major 
exclusion criteria were massive ascites, active infection, 
peripheral neuropathy, and active concomitant malignancy. 
All patients provided written informed consent. This study 
was approved by the institutional review board of each par-
ticipating institution.

Treatment

S-1 was given orally twice daily for the first 2 weeks of a 
3-week cycle. The dose was 80 mg/day for body surface 
area (BSA) < 1.25 m2, 100 mg/day for BSA from 1.25 to 
< 1.5 m2, and 120 mg/day for BSA ≥ 1.5 m2. Oxaliplatin 
130 mg/m2 was infused intravenously for 2 h on day 1 of 
each 3-week cycle. Before oxaliplatin infusion, antiemet-
ics (e.g., a 5-hydroxytryptamine 3 receptor antagonist and 
dexamethasone) were administered prophylactically to pre-
vent nausea and vomiting. Treatment was continued until 
disease progression, unacceptable toxicity, patient’s refusal, 
or physician’s decision.

The criteria for dose reduction of S-1 and oxaliplatin 
were similar to those used in the SOFT trial [8]. The S-1 
doses at level 1 and 2 were as follows: 60 and 50 mg/day 
for BSA < 1.25 m2, 80 and 60 mg/day for BSA from 1.25 to 
< 1.5 m2, and 100 and 80 mg/day for BSA ≥ 1.5 m2, respec-
tively. The oxaliplatin doses at level 1 and 2 were 100 and 
75 mg/m2, respectively. The dose of each drug was reduced 
by one level if the neutrophil count was less than 500/mm3 



1086	 International Journal of Clinical Oncology (2018) 23:1084–1089

1 3

at any time during a cycle; the neutrophil count was less 
than 1500/mm3 on the first day of a cycle; grade 3 or higher 
febrile neutropenia developed; or the platelet count was less 
than 50,000/mm3. In the event of grade 3 or higher diarrhea, 
the S-1 dose was reduced by one level. If the platelet count 
was between 75,000 and 100,000/mm3 on the first day of a 
cycle, then the oxaliplatin dose was reduced by one level. 
Oxaliplatin could be skipped when patients had received a 
total oxaliplatin dose of at least 600 mg/m2 and had grade 2 
or higher peripheral sensory neuropathy.

Assessment

Tumor response was assessed according to Response Eval-
uation Criteria in Solid Tumors (version 1.1). Response 
rate was defined as the proportion of patients whose best 
response was complete or partial response and disease con-
trol rate as the proportion of patients whose best response 
was complete response, partial response, or stable disease. 
Computed tomography scans were performed before the 
start of treatment and repeated every 8 weeks. PFS was cal-
culated from the date of enrollment to the date of progressive 
disease (PD) or death from any cause, whichever came first. 
Patients who were alive and progression-free were regarded 
as censored cases at the date of the last assessment. Overall 
survival (OS) was calculated from the date of enrollment 
to the date of death from any cause. Adverse events were 
evaluated according to the Common Terminology Criteria 
for Adverse Events (version 4.03). Treatment duration was 
defined as the period from the date the first cycle was started 
to the date the third cycle was started plus 21 days. Dose 
intensity was calculated as the ratio of the cumulative dose 
of each drug to the treatment duration. Relative dose inten-
sity (RDI) was defined as the ratio of the delivered dose 
intensity to the planned dose intensity.

Statistical analysis

The feasibility of SOX130 and the rate of completion were 
evaluated in all treated patients. The primary endpoint was 
the 3-cycle completion rate, which was defined as the pro-
portion of patients who completed the first 3 cycles of 
treatment with 80% or higher RDI of oxaliplatin. This defi-
nition was based on the assumption that an 80% dose of 
oxaliplatin 130 mg/m2 in 3 cycles (0.80 × 130 × 3 = 312 mg/
m2) was higher than a 100% dose of oxaliplatin 100 mg/
m2 in 3 cycles (1.00 × 100 × 3 = 300 mg/m2). In this study, 
we would regard SOX130 as feasible in Japanese patients 
with AGC if the 3-cycle completion rate was statistically 
more than 50%. Assuming a 3-cycle completion rate of 
75% from unpublished data of the SOFT trial, we calcu-
lated that we would need 23 patients with a one-sided α 
value of 0.05 and a power of 80%. The target sample size 

was set at 25 patients to allow for some dropouts. The 
secondary endpoints were safety, RDI, objective response 
rate (ORR), PFS, and OS. This study was registered at the 
University Hospital Medical Information Network (UMIN) 
Clinical Trials Registry (UMIN000016973).

Results

Patient characteristics

From April 2015 to June 2016, 25 patients were enrolled. 
All patients received the study treatment. The cut-off date 
for data collection was February 8, 2017, and the median 
length of follow-up for censored cases was 11.0 months 
(range, 7.8–15.0). Patient characteristics are shown in 
Table 1. Median age was 64.5 years (range, 32–76). All 
patients had metastatic disease. Histologically, tumors 
were of undifferentiated type in 18 patients (72%), and 
peritoneal dissemination was also present in 18 patients 
(72%).

Table 1   Patient characteristics (n = 25)

ECOG PS Eastern Cooperative Oncology Group performance status

n %

Median age, years (range) 64.5 (32–76)
Gender
 Female 4 16
 Male 21 84

ECOG PS
 0 15 60
 1 10 40

Unresectable 21 84
Recurrent
 Adjuvant chemotherapy (+) 3 12
 Adjuvant chemotherapy (−) 1 4

Tumor histology
 Differentiated 7 28
 Undifferentiated 18 72

Number of metastatic site
 1 12 48
 2 9 36
 ≥ 3 4 16

Metastatic organ
 Liver 6 24
 Lung 2 8
 Lymph node 14 56
 Peritoneal 18 72
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Treatment delivery

The 3-cycle completion rate was 72.0% [90% confidence 
interval (CI) 53.8–86.1]. In the first 3 cycles, 13 patients 
received oxaliplatin 130 mg/m2 without any cessation or 
dose reduction, 9 patients underwent a cessation and/or dose 
reduction of oxaliplatin, and the study treatment was discon-
tinued for 3 patients because of disease progression or grade 
1 nausea. The RDI of oxaliplatin was 96.9% [interquartile 
range (IQR) 82.9–100] for the first 3 cycles and 75.8% (IQR 
57.7–92.7) for all cycles. The RDI of S-1 was 90.0% (IQR 
78.0–100) for the first 3 cycles and 83.3% (IQR 73.3–94.4) 
for all cycles.

The median number of treatment cycles was 6 (range, 
1–19+). Disease progression was the most common reason 
for treatment discontinuation (n = 17). The other reasons 
were investigators’ decisions based on thrombocytopenia 
(n = 2), grade 2 fatigue (n = 1), prolonged grade 2 throm-
bocytopenia (n = 1), and grade 1 nausea (n = 1). Sixteen 
patients received subsequent chemotherapy as follows: tax-
ane-containing regimens (n = 11), irinotecan (n = 3), and S-1 
continuation after the study treatment (n = 2).

Safety

Adverse events are summarized in Table 2. Grade 3 or 
higher adverse events occurred in 10 patients, namely, ano-
rexia (n = 6), anemia (n = 5), thrombocytopenia (n = 4), and 
neutropenia (n = 3). Eight patients received neurokinin-1 
receptor antagonists for prevention of nausea and vomiting 
from the first cycle. Grade 3 thrombocytopenia was observed 
in 3 patients in the first 4 cycles and in 1 patient in the ninth 
cycle. One patient who experienced grade 4 gastric hem-
orrhage with grade 1 thrombocytopenia was treated with 
transcatheter arterial embolization. Another patient who 
experienced grade 3 gastric hemorrhage without thrombo-
cytopenia received blood transfusion. Although peripheral 
sensory neuropathy developed in 19 patients, all events were 
grade 2 or lower. No febrile neutropenia or treatment-related 
deaths occurred (Table 3).

Efficacy

Among the 12 patients with measurable lesions, ORR 
and disease control rate were 58.3% and 83.3% (7 partial 
response and 3 stable disease), respectively. PFS was noted 
in 21 cases, and 15 deaths had occurred as of the cut-off 
date. Median PFS and OS were 5.7 months (95% CI 2.9–8.5) 
and 13.1 months (95% CI 7.4–19.0), respectively (Fig. 1).

Discussion

This study met its primary endpoint because the 3-cycle 
completion rate exceeded the pre-specified threshold. The 
safety profile of SOX130 in Japanese patients in this study 
was comparable with that in the REAL-2 study and the 

Table 2   Relative dose intensity

RDI relative dose intensity, IQR interquartile range

First 3 cycles All cycles

S-1
 Median RDI 90.0% 83.3%
 IQR 78.0–100 73.3–94.4

Oxaliplatin
 Median RDI 96.9% 75.8%
 IQR 82.9–100 57.7–92.7

Table 3   Adverse events Grade 1 Grade 2 Grade 3 Grade 4 Grade 3/4, %

Leucopenia 4 0 1 0 4
Neutropenia 7 7 3 0 12
Anemia 12 7 4 1 20
Thrombocytopenia 12 7 4 0 16
Fatigue 9 10 1 – 4
Anorexia 9 8 6 0 24
Nausea 5 8 1 0 4
Vomiting 6 0 0 0 0
Diarrhea 6 0 0 0 0
Stomatitis 4 0 1 0 4
Allergic reaction 0 0 0 0 0
Peripheral sensory neuropathy 11 8 0 0 0
Gastric hemorrhage 0 0 1 1 8
Febrile neutropenia – – 0 0 0
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SOPP study [5, 7]. Therefore, we can regard SOX130 to be 
feasible in Japanese patients with AGC.

Oxaliplatin 130 mg/m2 is the global standard dose for 
the combination regimen of capecitabine and oxaliplatin 
[11–13]. For metastatic and resected colorectal cancer, 
capecitabine plus oxaliplatin 130 mg/m2 is one of the stand-
ard regimens in the world, including Japan. Recently, the 
capecitabine plus oxaliplatin 130 mg/m2 demonstrated the 
safety and feasibility in Japanese patients with resected gas-
tric cancer [14]. S-1-based chemotherapy was reported to 
be associated with a better safety profile in Asian patients 
compared with capecitabine-based therapy [15]. No eth-
nic difference in absorption, distribution, and metabolism 
of oxaliplatin was noted because it undergoes a series of 
spontaneous, nonenzymatic conversions in biological fluids 
[16]. SOX130 has shown the efficacy and safety in Japanese 
patients with metastatic colorectal cancer [9] and in Korean 

patients with AGC [7]. In addition, oxaliplatin 85 mg/m2 
is regarded as the standard dose for FOLFOX regimen in 
Japanese patients with AGC as well as in patients with meta-
static colorectal cancer. There are few rationales for reduc-
ing oxaliplatin dose of SOX regimen from the first cycle. 
Therefore, SOX130 is expected to be safe and feasible even 
in Japanese patients with AGC.

Several clinical studies regarding SOX130 for AGC 
are on-going. The ONO-4538-37 (NCT02746796) is a 
phase II/III study to compare nivolumab plus chemother-
apy (SOX130 or capecitabine plus oxaliplatin 130 mg/
m2) and placebo plus chemotherapy as first-line treat-
ment in Japan, Korea, and Taiwan. The MK-3475-659/
KEYNOTE-659 (NCT03382600), a phase II study per-
formed in Japan, has also adopted SOX130 in combina-
tion with pembrolizumab. The KSCC/HGCSG/CCOG/
PerSeUS1501B (UMIN000017552) and HIGHSOX study 
(UMIN000017602) are being conducted to examine the 
efficacy and safety of trastuzumab plus SOX130 for HER2-
positive AGC previously untreated with chemotherapy. 
These studies regard SOX130 as a standard regimen for 
HER2-negative AGC. The results of this study can support 
the notion that SOX130 is one of the standard first-line treat-
ments for Japanese AGC.

The adverse events of SOX130 in this study were gener-
ally tolerable. The frequency of grade 3 or higher throm-
bocytopenia (16%) was similar to that of the G-SOX study 
(15.1%) [10]. It did not lead to gastric hemorrhage. No grade 
3 or higher peripheral sensory neuropathy was noted. How-
ever, grade 3 or higher anorexia was observed more fre-
quently (24%) than that of the G-SOX study (15.4%). This 
result might suggest that gastrointestinal toxicities developed 
with higher frequency compared with SOX100. Seventy-two 
percent of patients had peritoneal metastasis at the registra-
tion, although 19.2% of patients had it in SOX100 arm of the 
G-SOX study. The higher proportion of patients with perito-
neal metastasis possibly contributed to the higher incidence 
of severe anorexia.

The efficacy of SOX130 in this study was similar to that 
of SOX130 in the SOPP study [7] or that of SOX100 in 
the G-SOX study [10]. Because there is no head-to-head 
study comparing SOX130 and SOX100, it is difficult to 
describe the difference in the efficacy. It seems to be unreal-
istic to conduct head-to-head study to verify the superiority 
of SOX130 due to requiring a very large sample size. The 
efficacy of SOX130 have been already shown in the pivotal 
studies [7, 9]. Therefore, the target sample size in this study 
was designed to evaluate the feasibility, not the efficacy, of 
SOX130. A small sample size and a single-arm study were 
major limitations of this study.

No standard endpoint has been established to evalu-
ate the feasibility of chemotherapy in AGC. We adopted 
the 3-cycle completion rate for some reasons. First, it can 

Fig. 1   Progression-free survival (PFS) and overall survival (OS)
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provide information for feasibility earlier than other end-
points, such as safety and PFS. We needed to know early 
whether SOX130 would be feasible in Japanese patients 
with AGC because oxaliplatin 130 mg/m2 every 3 weeks 
had been approved at the start of this study. Second, we used 
the feasibility study of FOLFOX4 for Japanese patients with 
unresectable metastatic colorectal cancer as reference [17]. 
The study allowed us to accept that oxaliplatin 85 mg/m2 
every 2 weeks was feasible in Japanese patients. The pri-
mary endpoint of the study was the completion rate, defined 
as completion of the first 4 cycles with 80% or higher RDI of 
oxaliplatin. Lastly, we considered that a higher dose inten-
sity for at least 3 cycles might be needed to obtain higher 
antitumor activity compared with SOX100. When the RDI 
is higher than 80% in SOX130 treatment, the dose intensity 
of oxaliplatin is higher than that in SOX100 treatment.

In conclusion, the results of this study indicated that 
SOX130 was feasible in Japanese patients with AGC with 
the criterion for dose reduction in the SOFT trial. The higher 
incidence of severe anorexia was thought to result from the 
increased oxaliplatin dose and the higher proportion of 
patients with peripheral metastasis compared with SOX100 
in the G-SOX study.
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