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Abstract
Background Specific treatment strategies are sorely needed for scirrhous-type gastric cancer still, which has poor prognosis. 
Based on the promising results of our previous phase II study (JCOG0210), we initiated a phase III study to confirm the 
efficacy of neoadjuvant chemotherapy (NAC) in type 4 or large type 3 gastric cancer.
Methods Patients aged 20–75 years without a macroscopic unresectable factor as confirmed via staging laparoscopy were 
randomly assigned to surgery followed by adjuvant chemotherapy with S-1 (Arm A) or NAC (S-1plus cisplatin) followed 
by D2 gastrectomy plus adjuvant chemotherapy with S-1 (Arm B). The primary endpoint was overall survival (OS).
Results Between October 2005 and July 2013, 316 patients were enrolled, allocating 158 patients to each arm. In Arm B, 
in which NAC was completed in 88% of patients. Significant downstaging based on tumor depth, lymph node metastasis, 
and peritoneal cytology was observed using NAC. Excluding the initial 16 patients randomized before the first revision of 
the protocol, 149 and 151 patients in arms A and B, respectively, were included in the primary analysis. The 3-year OS rates 
were 62.4% [95% confidence interval (CI)  54.1–69.6] in Arm A and 60.9% (95% CI  52.7–68.2) in Arm B. The hazard ratio 
of Arm B against Arm A was 0.916 (95% CI  0.679–1.236).
Conclusions For type 4 or large type 3 gastric cancer, NAC with S-1 plus cisplatin failed to demonstrate a survival benefit. 
D2 surgery followed by adjuvant chemotherapy remains the standard treatment.

Keywords Type 4 · Linitis plastica · Large type 3 · Neoadjuvant chemotherapy

Introduction

Gastric cancer (GC) is the third leading cause of cancer-
related death [1]. Although the incidence of GC in Japan 
has decreased in recent years, similar to that observed in 
Western countries, it remains the second most common 
cancer in Japan [2]. Among GCs, Borrmann type 4 GC, 
including linitis plastica and scirrhous-type cancer, has the 

unique characteristics of diffuse invasion inside the gastric 
wall, easy spread to the peritoneum, and extremely poor 
prognosis even after curative D2 gastrectomy. Large ulcero-
invasive type (type 3) GC that measures more than 8 cm in 
diameter has similar biological characteristics as type 4 GC 
[3]. Pedrazzani et al. reported the limited role of surgery in 
these types of cancer and recommended the development of 
a multimodal treatment strategy [4].

To improve the prognosis of these aggressive types 
of GC, neoadjuvant chemotherapy may be a preferable 
approach in terms of the eradication of micrometastasis in 
addition to local control, higher compliance with intensive 
chemotherapy, and avoidance of futile surgery by detection 
of initially invisible distant metastasis after rapid disease 
progression during neoadjuvant chemotherapy. As for the 
NAC regimen, S-1 plus cisplatin (SP), which is a standard 
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first-line chemotherapy for metastatic disease associated 
with high response rates and acceptable toxicities [5], was 
considered the most promising candidate. Therefore, the 
Stomach Cancer Study Group of the Japan Clinical Oncol-
ogy Group (SCSG/JCOG) initiated a multi-institutional 
phase II study named JCOG0210 to evaluate the efficacy and 
safety of NAC with SP followed by D2 gastrectomy for these 
special GC types in 2003. The completion proportion of the 
protocol treatment, which was the primary endpoint, was 
73.5% [80% confidence interval (CI) 63.7–81.7), exceeding 
the prespecified threshold of 45% (P < 0.0001). Additionally, 
the rate of treatment-related deaths was 2.0% (1/49), which 
was lower than the prespecified threshold (< 5%) [6].

Based on these data, we conducted a phase III study, 
JCOG0501, to confirm the superiority of neoadjuvant SP 
followed by D2 gastrectomy over upfront surgery. The short-
term safety and surgical results of this phase III trial have 
been reported previously [7]. Here, we report the results 
of the primary analysis of JCOG0501, focusing on overall 
survival.

Methods

Patients

The eligibility criteria for this study were as follows: (1) his-
tologically proven adenocarcinoma of the stomach; (2) Bor-
rmann type 4 or large (≥ 8 cm) type 3; (3) no evidence of dis-
tant metastasis; (4) no involvement of the esophagus > 3 cm; 
(5) age of 20–75 years; (6) an Eastern Cooperative Oncology 
Group performance status of 0 or 1; (7) no previous chemo-
therapy or radiotherapy for any malignancy; (8) no previous 
surgery for GC excluding endoscopic mucosal resection or 
endoscopic submucosal dissection; (9) no prominent bleed-
ing from the primary tumor or gastrointestinal stenosis; 
(10) sufficient oral intake; and (11) adequate organ function 
(white blood cell count, > 3000 and < 12 000/mm3; hemo-
globin, > 9.0 g/dl; platelet count, > 100 000/mm3; aspartate 
aminotransferase and alanine aminotransferase, < 100 IU; 
total bilirubin, < 2.0 mg/dl; creatinine, < 1.5 mg/dl; and cre-
atinine clearance, > 60 ml/min). Written informed consent 
was obtained from all patients prior to their participation 
in the study.

Tumors were staged in accordance with the 13th Japanese 
Classification of Gastric Carcinoma (corresponding to the 
2nd English edition) [8]. Initially, in this study, exploratory 
laparoscopy and peritoneal lavage cytology were manda-
tory to exclude patients with positive peritoneal cytology 
for carcinoma cells (CY1) and those with peritoneal metas-
tases. However, after the second protocol revision due to the 
poor accrual reflecting the rarity of p0/CY0 disease within 
type 4 and large type 3 GCs, patients with CY1 and those 

with dissemination only to the peritoneum adjacent to the 
stomach (classified as P1 in the  1st English Edition of the 
Japanese Classification of Gastric Carcinoma [9]) became 
eligible (September, 2009).

The exclusion criteria were as follows: (1) synchronous or 
metachronous (within 5 years) malignancy other than carci-
noma in situ; (2) pregnant or lactating women; (3) treatment 
with a major tranquilizer, steroids, flucytosine, phenytoin, 
or warfarin; and (4) lung fibrosis, interstitial pneumonitis, 
bowel obstruction, or ischemic heart disease.

Study design

This was an open-label, randomized phase III trial 
(JCOG0501) conducted by the SCSG in JCOG. Eligible 
patients were registered by telephone or fax to the JCOG 
Data Center. Patients were randomly assigned (1:1) to 
undergo upfront surgery (Arm A) or NAC followed by sur-
gery (Arm B). A minimization method with a random com-
ponent was used to balance the arms based on institution, 
macroscopic type (large type 3 vs. type 4), clinical depth 
of invasion (T2/3 vs. T4), and clinical nodal status (N0 vs. 
N1 vs. N2). All patients and investigators were unmasked 
to treatment assignment. The JCOG Data Center performed 
central monitoring to ensure data submission, patient eligi-
bility, protocol compliance, safety, and on-schedule study 
progress and issued monitoring reports every six months.

The primary endpoint was overall survival (OS), defined 
as the time from randomization to death from any cause 
or the last date of contact for surviving patients. Concern-
ing the secondary endpoints, progression-free survival 
(PFS) was defined as the time from randomization to the 
first occurrence of disease progression confirmed by clini-
cal or image diagnosis, such as progression before surgery, 
diagnosis of being unable to undergo R0 or R1 resec-
tion even when a progression-free status was verified, or 
death from any cause. Thus, positive peritoneal cytology 
or peritoneal metastasis incidentally found during surgery 
was not regarded as an event if R0 or R1 resection could 
be performed. Protocol completion in Arm B was defined 
the completion of NAC and achievement of R0 resection 
with D2 or D3 (dissection of No.13 and 14v in addition to 
the D2 dissection for distal cancer) or greater lymph node 
dissection. The proportion of R0 resection was defined as 
the proportion of patients achieving R0 resection with D2/3 
lymph node dissection (by the Japanese Classification of 
Gastric Carcinoma, 2nd English Edition). Response to NAC 
in the primary lesion was evaluated according to the clini-
cal criteria for the response assessment of chemotherapy 
and radiotherapy for gastric carcinoma: clinical criteria [11]. 
Adverse events (AEs) associated with either gastrectomy or 
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chemotherapy were separately evaluated using the Common 
Terminology Criteria for Adverse Events (version 3.0).

The study protocol was approved by the JCOG Proto-
col Review Committee and the institutional review board 
of each participating hospital before initiation of the study. 
This study was performed in accordance with the interna-
tional ethical recommendations stated in the Declaration of 
Helsinki and the Japanese Ethical Guidelines for Clinical 
Research.

Treatment

Patients assigned to Arm A underwent total or distal gas-
trectomy with D2/3 lymph node dissection depending on the 
tumor location. Patients assigned to Arm B received NAC 
with SP before surgery. S-l was administered orally twice 
daily for the first 3 weeks of a 4-week course. The actual 
dose of S-l (80 mg/m2 per day) was adjusted by body surface 
area: < 1.25  m2, 80 mg; 1.25–1.5  m2, 100 mg; and > 1.5  m2, 
120 mg. Cisplatin (60 mg/m2) was administered via intra-
venous infusion on day 8 of each course, as described pre-
viously [6]. Tumor resectability was assessed using com-
puted tomography, upper gastroenterological endoscopy, 
and barium meal study 14–20 days after the termination of 
the second course of chemotherapy. The resection criteria 
were as follows: (i) R0 resection was deemed possible by 
gastrectomy with D2 or D3 according to the Japanese Clas-
sification of Gastric Carcinoma, 2nd English Edition) and 
(ii) sufficient organ function (white blood cell count > 3000/
mm3, platelet count > 100 000/mm3). Patients who fulfilled 
these criteria underwent surgery within 42 days after the last 
chemotherapy dose. Surgery in group B was performed as 
described for Arm A.

After the first protocol revision, adjuvant chemotherapy, 
comprising eight courses of S-1, was started within 6 weeks 
after surgery for both arms. All patients who underwent 
curative resection received S-1 orally on days 1–28 of each 
6-week cycle. Treatment was discontinued in patients with 
disease progression based on diagnosis by clinical assess-
ment or imaging studies, in patients with AEs (serious AEs, 
those causing treatment cycle delays for longer than 4 weeks, 
or those requiring subsequent dose reduction after the sec-
ond dose reduction), patient refusal, or judgment by the 
attending physician for other reasons.

Statistical analysis

This study was designed to confirm the superiority of Arm B 
compared with Arm A in terms of OS. The planned sample 
size was 300 (150 per arm), expecting a total of 276 deaths, 
to detect a 3-year survival difference of 10% [17.5% in Arm 

A vs. 27.5% in Arm B, corresponding to a hazard ratio (HR) 
of 0.74], with a one-sided α of 5% and 80% statistical power. 
Follow-up for 3 years was planned after 5 years of patient 
accrual.

The protocol was revised to add adjuvant chemotherapy 
with S-1 for 1 year in both arms on February 13, 2007 based 
on the results of the ACTS-GC trial [3]. The full analysis 
set for efficacy and safety was defined as the total patients 
enrolled after this protocol revision. At this time, 16 patients 
had already been enrolled. Taking the survival benefit by 
adjuvant chemotherapy into consideration, the sample size 
of the full analysis set was recalculated as 300, after exclud-
ing the 16 already enrolled patients, based on a 3-year sur-
vival difference of 10.8% (25% in Arm A vs. 35.8% in Arm 
B, corresponding to HR = 0.74) with a one-sided α of 5 and 
80% statistical power.

Because of slow accrual, the protocol was revised again 
to include P0CY1, P1CY0, and P1CY1 diagnosed at stag-
ing laparoscopy on July 6, 2009. The sample size was 
unchanged, because the estimated prognosis of these patients 
was considered identical to that of the originally eligible 
patients with P0CY0 according to staging laparoscopy.

Two interim analyses were planned with adjustments for 
repeated comparisons using the Lan and DeMets method and 
the O’Brien-Fleming type α spending function [10]. The first 
and second interim analyses were planned when half and all 
of the planned accrual was completed, respectively.

OS and PFS were estimated using the Kaplan–Meier 
method. The primary analysis of OS was performed using 
the stratified log-rank test with stratification based on the 
macroscopic type and clinical nodal status. HRs and CIs 
for OS were estimated using the stratified Cox proportional 
hazards model analysis with macroscopic type and clinical 
nodal status as the strata. The unstratified log-rank test and 
unstratified Cox proportional hazards model were used for 
PFS. Prespecified subgroup analyses were conducted using 
the following variables for OS: age, sex, macroscopic type, 
histology, clinical depth of invasion, clinical nodal status, 
and cytology. Although the sample size was estimated based 
on a one-sided alpha of 5%, the two-sided 95% CI was pro-
vided. The P value for OS was one-sided. Other P values 
were two-sided. Statistical analyses were performed by the 
JCOG Data Center using the SAS software program version 
9.4 (Cary, NC, USA). The study was registered with UMIN-
CTR (No. C000000279).

Results

Between October 17, 2005 and July 19, 2013, 316 patients 
were randomly assigned to Arm A (158 patients) or Arm 
B (158 patients) at 44 hospitals in Japan (Fig. 1). Two 
patients in Arm B were deemed ineligible. The final 
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pathological diagnosis of the resected specimen was 
malignant lymphoma in one patient, and another patient 
had peritoneal metastasis diagnosed as P2 at the time of 
staging laparoscopy. These two patients were included in 
the efficacy analysis.

Nine patients in Arm A and seven patients in Arm B were 
enrolled before the first protocol revision, and thus, they 
were excluded from the efficacy and safety analyses. The 
patient characteristics of the full analysis set were balanced 
between the arms (Table 1). Type 3 accounted for one-third 
of all malignancies in both arms, and the remaining two-
thirds of tumors were type 4. The cT3 (SE) and undifferenti-
ated tumor types were predominant in both arms. Approxi-
mately 60% of the patients had signet-ring cell component 
in both arms. Limited peritoneal metastasis (P1), which was 
included in this study after the second revision, was found 
in one and four patients in arms A and B, respectively, at the 
time of staging laparoscopy. Peritoneal cytology was posi-
tive in 28 patients in Arm A and in 32 patients in Arm B.

The first and second interim analyses were performed 
on September 17 and March 15, 2014, respectively. In both 
interim analyses, the Data and Safety Monitoring Committee 
recommended the continuation of the study.

Neoadjuvant chemotherapy

Of 151 patients eligible for efficacy analysis in Arm B, four 
patients did not receive NAC because of patient refusal, 
acute cholecystitis, liver dysfunction, and miscellaneous 
reasons in one patient each. As a result, 147 patients in Arm 
B who received NAC were included for this safety analy-
sis. Among these 147 patients, NAC was terminated during 
the first course in 12 patients and during the second course 
in two patients, and the remaining 133 patients completed 
two courses of NAC (88%). The reasons for termination of 
NAC were AEs, patient refusal, and disease progression in 
eight, four, and two patients, respectively. The relative dose 

Fig. 1  Flow diagram of patient enrollment and randomization. Cx, chemotherapy
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intensities of cisplatin and S-1 during NAC [median (quar-
tile)] were 96.4% (80.3%–100%) and 90.0% (81.5%–100%), 
respectively.

Details of AEs have been published previously [7]. The 
major grade 3 or grade 4 toxicities during NAC in the 147 
patients included neutropenia (29.3%), leukopenia (7.5%), 
anemia (4.1%), anorexia (11.6%), hyponatremia (6.8%), 
nausea (5.4%), diarrhea (4.8%), and vomiting (2.7%). Clini-
cal response of the primary tumor was assessed in all 151 
patients of the Arm B. Based on the criteria, partial response, 
stable disease, and progressive disease were noted in 50, 60, 
and 4 patients, respectively, whereas the results were not 
evaluable and missing for 18 and 19 patients, respectively. 
Thus, the macroscopic response rate was 33.1%.

Surgical resection

In Arm A, one patient did not undergo gastrectomy because 
of disease progression, and one patient received NAC after 
refusing upfront surgery (Fig. 1). In Arm B, eight patients 
did not undergo gastrectomy as follows: because of disease 
progression in five patients (two after NAC and three during 
NAC), refusal in one patient, AEs caused by NAC in one 
patient, and death caused by another disease in one patient. 
The type of surgery and the presence or absence of com-
bined resection were not markedly different between the 
arms, as described in detail in the previous publication [7]. 
The protocol completion rate defined in the protocol in Arm 
B was 68.2% (95% CI 60.2–75.5).

Pathological findings

The pathological findings were available in 147 and 139 
patients in arms A and B, respectively, as shown in Table 2. 
There were significant differences in tumor depth (pT), 
lymph node metastasis (pN), peritoneal cytology (CY), and 
pathological stage between the arms. This may indicate that 
neoadjuvant chemotherapy with SP downstages resectable 
type 4 or large type 3 GC in terms of T, N status and CY. 
The pathological response rate in 151 patients, defined by 
degeneration/necrosis in more than one-third of the tumor 
(Grades 1b, 2, and 3), was 51% (77/151). Pathological com-
plete response (pCR) was observed in only three patients 
(2.0%, Table 3).

Adjuvant chemotherapy

Adjuvant chemotherapy was initiated in 106 and 112 
patients in arms A and B, respectively. The adjuvant chemo-
therapy completion rate was 70/106 (66.0%) in Arm A and 
71/112 (63.4%) in Arm B. The completion rates of planned 

treatment were 74/149 (49.7%) and 71/151 (47.0%) in Arms 
A and B, respectively.

OS and PFS

During a median follow-up period of 4.5 years including 
300 patients, 91 and 88 patients died and 89 and 91 patients 
experienced disease progression in Arms A and B, respec-
tively. Figure 2a, b presents the OS and PFS of 300 patients. 
The OS and PFS of both arms were considerably better than 
those reported previously, and the survival curves were 
almost similar between the arms. The 3-year OS rate was 
62.4% (95% CI 54.1–69.6) in Arm A, vs. 60.9% (52.7–68.2) 
in Arm B. The HR for Arm B against Arm A was 0.916 
(95% CI 0.679–1.236, one-sided P = 0.28). The 3-year PFS 
rate was 47.7% in both arms, with a 95% CI of 39.4–55.4 in 
Arm A and 39.5–55.4 in Arm B. The HR was 0.976 (95% 
CI 0.738–1.292, P = 0.87). The OS was not different when 
16 patients who were excluded at the time of the first pro-
tocol amendment were added to the analysis (Supplemental 
Fig. 1).

We also conducted subgroup analyses (Fig. 3). HR was 
almost similar in all subcategories (0.83–0.96) excluding 
histological type, clinical nodal status, and peritoneal cytol-
ogy in staging laparoscopy. An interaction was noted for his-
tological type. HRs classified by histology were 0.69 (95% 
CI 0.41–1.14) for non-signet ring cell (SRC) type (n = 123) 
and 1.16 (95% CI 0.81–1.67) for SRC type (n = 176) 
(P = 0.098 for interaction).

Table  3 lists the sites of progression in all patients 
included in the primary analysis. The most frequent site was 
the peritoneum (77.3%) in both arms, and the pattern of 
progression did not differ according to the receipt of NAC.

Discussion

This phase III trial (JCOG0501) examined whether the 
addition of NAC with SP could improve the survival of 
resectable type 4 or large type 3 GC compared with upfront 
surgery. However, the results did not confirm the effective-
ness of NAC with SP. Compared to the results (3-year OS 
rate = 24.5%) of the previous phase II study (JCOG0210) [6], 
when there was no established adjuvant chemotherapy, the 
current trial demonstrated excellent survival in both arms. 
Actually, the 3-year OS was more than doubled during these 
two decades. This high OS rate could be explained by the 
efficacy of adjuvant S-1 chemotherapy besides improvement 
in diagnosis and perioperative treatment for these types of 
tumors. It has been demonstrated that S-1 was effective in 
preventing peritoneal recurrence, which is the most fre-
quently observed type of recurrence in type 4 and large type 
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3 GCs [12]. This is a good example for the necessity of ran-
domized controlled trials instead of single-arm trials with 
historical controls for the development of novel modality 
treatment.

In the present study, histological response was observed 
in approximately half of the patients who received NAC, 

and approximately one-third of the patients exhibited grade 
2 (more than two-thirds) tumor shrinkage. In fact, obvious 
tumor downstaging was observed with NAC compared with 
upfront surgery in terms of T, N status, and CY. Accord-
ingly, the proportion of R0 resection was significantly higher 
in patients treated with NAC than in those who did not 

Fig. 2  Kaplan–Meier estimates of overall survival (a) and progres-
sion-free survival (b). a Overall survival in the surgery + adjuvant S-1 
group (Arm A) vs. the neoadjuvant SP + surgery + adjuvant S-1 group 
(Arm B). The hazard ratio for Arm B against Arm A was 0.916 [95% 

confidence interval (CI) 0.679–1.236; one-sided P = 0.28]. b Progres-
sion-free survival in the Arm A vs. Arm B. The hazard ratio for Arm 
B against Arm A was 0.976 (95% CI 0.738–1.292; P = 0.87).
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receive NAC. However, the high tumor response rate did not 
translate to a survival benefit. Histological response has been 
reported to be associated with the improvement in survival 
in patients who receive NAC for GC [13]. However, this 
may not be true in patients with type 4 or large type 3 GC. 
Furthermore, it has been reported that conversion to negative 
peritoneal cytology did not result in improved survival in 
GC [14]. This result also supports the negative association 
between histological response and survival in the present 
study. The precise analysis of a potential association between 
histological response and survival should be conducted.

We evaluated primary tumor response using upper gas-
trointestinal X-ray according to the study protocol. Par-
tial response was observed in 50 patients, resulting in the 
response rate of 33.3%. Although none of the patients 
achieved complete response, three patients exhibited path-
ological response, which was consistent with previously 
published studies [6, 15]. Evaluation of macroscopic tumor 
response is difficult, especially in patients with type 4 GC.

In Western countries, perioperative epirubicin, cisplatin, 
and 5-fluorouracil (ECF) chemotherapy, a standard periop-
erative chemotherapy regimen, was widely accepted after 
positive results were obtained in the MAGIC trial [16]. 
Recently, the results of the FLOT4 trial revealed that the 
fluorouracil, leucovorin, oxaliplatin, and docetaxel (FLOT) 
regimen improved the outcome of resectable gastric and gas-
troesophageal junction (GEJ) cancer compared with perio-
perative ECF/epirubicin, cisplatin and capecitabine [17, 
18]. Therefore, based on these results, NAC with FLOT4 
regimens is regarded as a standard treatment for advanced 
gastric or GEJ cancer in Western countries as far as patient 
can tolerate the treatment. However, we failed to demon-
strate the efficacy of NAC in type 4 and large type 3 GC. 
This is the first phase III trial assessing the efficacy of NAC 
for GC in East Asian countries. There are several reasons for 
the negative results of this study compared with the FLOT4 
trial. The major possible reason is the difference in the pro-
portion of pCR between the two trials. The reported pCR in 

Fig. 3  Forest plots and the interpretation of subgroups for overall sur-
vival (n = 300). The forest plot presents hazard ratios (HRs) for death 
(oblongs) and 95% confidence intervals (CIs, I bars). P values indi-
cate interactions between treatment and subgroup variables. *Signet-

ring cell histology was diagnosed using pretreatment biopsy speci-
mens. cT clinical tumor stage, cN clinical node stage, CY peritoneal 
cytology in staging laparoscopy, NE not evaluable
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GC is less than 10% [19]. In fact, the proportion of pCR was 
only 2.0% in the present study. In contrast, the proportion of 
pCR in the FLOT4 trial was as high as 16% [17]. The high 

incidence of pCR may contribute to the survival benefit in 
the FLOT4 trial. The second possible reason is the difference 
in efficacy for SRC. In the FLOT4 trial, the survival was 
similar between SRC and non-SRC [18]. However, survival 
in SRC was considerably worse than that in non-SRC in 
the present study. SRC is considered to reflect resistance to 
chemotherapy [20, 21]. Development of a regimen active 

Table 1  Patient characteristics (n = 300)

ECOG PS Eastern Cooperative Oncology Group performance status, 
cT clinical tumor status, cN clinical nodal status, cStage clinical stage
a Signet-ring cell component was identified using biopsy specimens

Arm A (n = 149) Arm B 
(n = 151)

n (%) n (%)

Age (years), median (range) 62 (28–75) 64 (30–75)
Sex
 Male 89 (59.7) 87 (57.6)
 Female 60 (40.3) 64 (42.4)

ECOG PS
 0 141 (94.6) 149 (98.7)
 1 8 (5.4) 2 (1.3)

Macroscopic type
 Type 3 58 (38.9) 55 (36.4)
 Type 4 91 (61.1) 96 (63.6)

cT
 cT2 28 (18.8) 17 (11.3)
 cT3 118 (79.2) 128 (84.8)
 cT4 3 (2.0) 6 (4.0)

cN
 cN0 50 (33.6) 55 (36.4)
 cN1 62 (41.6) 67 (44.4)
 cN2 37 (24.8) 29 (19.2)

Histological type
 Differentiated 32 (21.5) 39 (25.8)
 Undifferentiated 117 (78.5) 112 (74.2)

Signet-ring cell  componenta

 Absent 61 (40.9) 62 (41.1)
 Present 87 (58.4) 89 (58.9)
 Unknown 1 (0.7) – –

Esophageal invasion
 Absence 135 (90.6) 143 (94.7)
 Presence 14 (9.4) 8 (5.3)

Peritoneal metastasis
 P0 148 (99.3) 146 (96.7)
 P1 1 (0.7) 5 (3.3)

Peritoneal cytology
 CY0 121 (81.2) 119 (78.8)
 CY1 28 (18.8) 32 (21.2)

cStage
 IB 12 (8.0) 6 (4.0)
 II 43 (28.9) 48 (31.8)
 IIIA 41 (27.5) 40 (26.5)
 IIIB 24 (16.1) 20 (13.2)
 IV 29 (19.5) 37 (24.5)

Table 2   Pathological findings

pT pathological tumor status,pN pathological nodal status,pP patho-
logical peritoneal metastasis,CY peritoneal cytology, pStage patho-
logical stage, R resection
a Grade 0, 100% residual tumor; Grade 1a, >2/3; Grade 1b, 1/3–2/3; 
Grade 2, <1/3; Grade 3, 0%
b Including three patients with pathological complete response

Arm A (N = 147) Arm B (N = 139) P-value

n (%) n (%)

pT
 ≤T1 2 (1.4) 9b (6.5) <0.0001
 T2 29 (19.7) 58 (41.7)
 T3 99 (67.3) 60 (43.2)
 T4 14 (9.5) 6 (4.3)
 Tx 3 (3) 6 (4.3)

pN
 N0 19 (12.9) 52 (37.4) <0.0001
 N1 40 (27.2) 44 (31.7)
 N2 70 (47.6) 34 (24.5)
 N3 15 (10.2) 3 (2.2)
 Nx 3 (2.0) 6 (4.3)

pP
 P0 122 (83.0) 118 (84.9) 0.6622
 P1 25 (17.0) 21 (15.1)

CY
 CY0 107 (72.8) 120 (86.3) 0.0148
 CY1 39 (26.5) 19 (13.7)
 CYx 1 (0.7) 0

pStage
 ≤I 8 (5.4) 32b (23.0) <0.0001
 II 18 (12.2) 38 (27.3)
 III 61 (41.5) 37 (26.6)
 IV 60 (40.8) 32 (23.0)

R
 R0 98 (66.6) 112 (80.6) 0.0045
 R1 35 (23.8) 13
 R2 14 (9.5) 14

Pathological  responsea

 Grade 0 – 15 (10.8) N.A.
 Grade 1a – 41 (29.5)
 Grade 1b – 30 (21.6)
 Grade 2 – 44 (31.7)
 Grade 3 – 3 (2.2)
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for SRC is essential, since the proportion of SRC accounts 
for more than 60% of the cases with type 4 or large type 3 
GC. The third possible reason is the low completion rate of 
planned treatment in the present study, which was 49.7% in 
Arm A and 47.0% in Arm B. There remains a possibility 
that intensive preoperative treatment adversely affected the 
response to adjuvant chemotherapy. However, the comple-
tion rate of adjuvant chemotherapy did not differ between 
the arms and was identical to that of the ACTS-GC trial [12]. 
Moreover, the completion rate in the NAC arm was superior 
to that reported in the MAGIC trial [16] and was almost 
identical to that observed in the FLOT-4 trial [18]. Thus, 
the possibility of deterioration of adjuvant chemotherapy 
efficacy by preoperative treatment appears to be unlikely.

One major difference between the FLOT and SP regimens 
is the inclusion of docetaxel, which has been reported to 
be active in not only perioperative chemotherapy but also 
adjuvant chemotherapy in GC. A recent randomized con-
trolled trial (JACCRO GC-07) illustrated that postoperative 
chemotherapy comprising S-1 plus docetaxel (DS) improved 
RFS in patients with pathological stage III gastric cancer 
vs. S-1 monotherapy [22]. In addition, it has been reported 
that taxane-based therapy could be more effective against 
SRC in clinical and pre-clinical model [23, 24]. Thus, the 
efficacy of NAC regimens containing docetaxel requires fur-
ther evaluation. We JCOG is now conducting a phase II trial 
of NAC using docetaxel, oxaliplatin and S-1 for extensive 
nodal disease [25]. Application of this regimen to type 4 or 
large type 3 can be possible as a future trial.

One limitation of this study was that all participants 
were Japanese. Greater toxicity has been reported for S-1 in 
Western patients than in Asians, and thus, a lower dosage is 
recommended for Western populations [26]. Therefore, it is 
unclear whether upfront surgery and postoperative S-1 are 
equally effective in Western patients.

Conclusions

Altogether, we concluded that NAC with SP is not recom-
mended for type 4 or large type 3 GC. The OS and PFS of 
both arms in this study were considerably better than those 

reported previously. Thus, the standard treatment remains to 
be D2 surgery followed by adjuvant chemotherapy.
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