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marginally resectable gastric cancer with poor prognosis, 
such as large type 3 or 4 tumors, para-aortic and/or bulky 
nodal disease, and serosa-positive gastric cancer, is the main 
target of neoadjuvant chemotherapy. Promising efficacy has 
been demonstrated in several phase II studies with the safe 
use of D2 or more extended surgery following neoadjuvant 
chemotherapy. Although the results of ongoing phase III tri-
als are awaited, Asian findings could be relevant and gener-
alizable to other regions when D2 surgery is performed by 
experienced surgeons.  Copyright © 2013 S. Karger AG, Basel 

 Introduction 

 In 2010, there were an estimated 989,600 new cases 
and more than 738,000 deaths from gastric cancer world-
wide  [1] . Gastric cancer is the fourth most common ma-
lignancy worldwide  [2]  and the second leading cause of 
cancer-related deaths  [1] , with the highest mortality rates 
reported in East Asia, including Japan, Korea, and China 
(28.1 per 100,000 males; 13.0 per 100,000 females)  [3] . 
Approximately 60% of gastric cancers in the world are 
diagnosed in East Asia, with 41% of these in China and 
11% in Japan  [2] .
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 Abstract 

 This review presents the current status of adjuvant and neo-
adjuvant treatment options for primary resectable gastric 
cancer in the East, with updated data from recent studies. 
Marked disparities between the East and the West in stan-
dard surgical procedures (D2 vs. D1/0 lymphadenectomy) 
and their outcomes result in significant geographical varia-
tion in preferred adjuvant treatments. Currently, oral fluoro-
pyrimidine-based postoperative adjuvant chemotherapy, 1 
year of S-1 chemotherapy, or capecitabine plus oxaliplatin 
for 6 months are the standards of care after curative resec-
tion with D2 lymphadenectomy for stage II/III gastric cancer 
in the East, though there is still some room for improvement. 
The role of postoperative adjuvant chemoradiotherapy 
(CRT) following curative D2 gastrectomy has long been de-
bated in the East. However, the first prospective randomized 
controlled trial comparing CRT with chemotherapy alone 
failed to demonstrate a survival benefit, thus further studies 
are required. Chemotherapy has been pursued as a neoad-
juvant approach in East Asia because of a rare locoregional 
recurrence after curative D2 gastrectomy. Locally advanced, 
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  The 5-year survival rate for gastric cancer is 60% or 
higher in Japan and Korea, where over half of gastric can-
cer patients are diagnosed at an early stage. In contrast, 
gastric cancer is often diagnosed at an advanced stage in 
the majority of patients in the West, where approximate-
ly 50% of patients have metastasis at diagnosis; of those 
without metastasis at diagnosis, only 50% are eligible for 
gastric resection. Despite aggressive treatment, gastric 
cancer remains one of the most clinically challenging can-
cers in the West, with a suboptimal overall 5-year sur-
vival of 20–30%  [4] . 

  Surgery is the mainstay of treatment for resectable gas-
tric cancer. Surgical resection of the primary tumor and 
regional lymph nodes is a key step in curative treatment. 
The extent of lymphadenectomy (D1 vs. D2) during gas-
trectomy for gastric cancer has been the subject of con-
siderable debate over the past several decades. Two large 
randomized trials conducted in the West have so far failed 
to demonstrate the superiority of D2 dissection over D1 
 [5–7] . However, long-term follow-up results from a 
Dutch trial  [8]  have recently demonstrated significantly 
lower locoregional recurrence and gastric cancer-related 
death rates (D1: 48% vs. D2: 37%) with D2 dissection than 
D1 surgery after a median follow-up of 15.2 years. These 
results provide support for D2 dissection of gastric can-
cer, and D2 lymphadenectomy is now the recommended 
surgical procedure for patients with resectable gastric 
cancer worldwide, if performed safely by experienced 
surgeons. In Japan and Korea, D2 gastrectomy is the stan-
dard surgical procedure, with similar low postoperative 
morbidity and mortality rates and rare locoregional re-
currence  [9] . More frequent D2 lymph node dissection 
(in comparison to the West) contributes to a high overall 
survival (OS) rate of around 60% in East Asia.

  Even in East Asia, however, a sizable proportion of 
gastric cancer patients with stages II and III (moderately 
advanced) disease develop recurrence after curative D2 
gastrectomy. Improved patient outcomes therefore re-
quire effective adjuvant treatments for resectable gastric 
cancer. Marked disparities between the East and the West 
in terms of surgery types and their outcomes result in 
large geographical variations in preferred adjuvant treat-
ments. In East Asia, D2 surgical resection is followed by 
adjuvant oral fluoropyrimidine-based therapy  [10, 11] , 
whereas a perioperative approach with intensive combi-
nation chemotherapy given before and after surgery is 
conducted in the United Kingdom and parts of Europe 
 [12] , and adjuvant chemoradiotherapy (CRT) is com-
monly used following D0/1 surgery for patients with gas-
tric cancer in the United States  [13] .

  This review presents the current status of postopera-
tive and preoperative adjuvant treatment options for pri-
mary resectable gastric cancer in the East, with updated 
data from recent studies.

  Rationale for Adjuvant Strategies in Gastric Cancer 

 Despite radical surgery, quite a few patients undergo-
ing curative resection relapse with local and systemic re-
currence, which leads to poor OS. This recurrence is most 
likely due to occult micrometastases in the tumor bed and 
distant sites at the time of radical surgery. Multiple stud-
ies have evaluated strategies using chemotherapy, radio-
therapy, or a combination of both in the adjuvant setting 
to eradicate these micrometastases, which have resulted 
in improved patient outcomes.

  Postoperative Adjuvant Therapy for Curatively 

Resected Gastric Cancer 

 Although postoperative adjuvant chemotherapy is the 
current standard of care after curative surgical resection 
of gastric cancer in the East, various adjuvant therapies 
have been investigated over the last few decades in an at-
tempt to prevent postoperative recurrence.

  Adjuvant Chemotherapy before the Pivotal Phase III 
Trials 
  Meta-Analyses 
Multiple randomized, controlled studies have evalu-

ated the role of postoperative adjuvant chemotherapy for 
gastric cancer. The majority of these trials were conduct-
ed in East Asia. Although many of the trials demonstrat-
ed negative results due to inappropriate patient selection, 
small sample sizes statistically underpowered for detec-
tion of difference in survival, and the use of suboptimal 
treatment regimens  [14–16] , a modest but significant sur-
vival benefit associated with postoperative adjuvant che-
motherapy was demonstrated in several meta-analyses of 
patients with gastric cancer  [17–20] . However, due to the 
heterogeneity of the populations and regimens used, 
there was no consensus about the chemotherapeutic reg-
imen, schedule, or duration of treatment for adjuvant 
chemotherapy. Recently, a large meta-analysis of individ-
ual patient-level data from 17 randomized controlled tri-
als (n = 3,838) demonstrated an absolute survival benefit 
of 5.8% at 5 years and 7.4% at 10 years with postoperative 
adjuvant fluoropyrimidine-based chemotherapy when 
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compared with surgery alone [55.3 vs. 49.6%, hazard ratio 
(HR): 0.82, 95% CI: 0.76–0.90]  [21] . These meta-analyses 
demonstrated that adjuvant chemotherapy following cu-
rative surgery for gastric cancer continues to be an inves-
tigational approach, particularly in countries where D2 
resection is not a routine surgical procedure.

   Uracil-Tegafur 
A prospective randomized trial by the National Surgi-

cal Adjuvant Study for Gastric Cancer (NSAS-GC) re-
ported positive results with uracil-tegafur (UFT)  [22] . 
Postoperative adjuvant chemotherapy with UFT (in a 
daily dose of 360 mg/m 2  for 5 days every week) for 16 
months demonstrated a significant improvement in both 
overall and relapse-free survival (RFS) over surgery alone 
(HR for OS: 0.48, 95% CI: 0.26–0.89; HR for RFS: 0.44, 
95% CI: 0.25–0.79) in patients with serosa-negative, 
node-positive gastric cancer (T2 N1–2 tumors according 
to the Japanese classification of gastric carcinoma  [23] ) 
after curative gastrectomy with D2 or more extensive 
lymph node dissection. Of interest, the incidence of dis-
tant lymph node recurrence was significantly lower in the 
chemotherapy group, with no differences observed in 
other types of relapse such as hematogenous or perito-
neal metastasis. However, the small sample size of the 
NSAS-GC study, with only 190 patients as opposed to the 
planned accrual of 500 patients, was considered insuffi-
cient to demonstrate a definitive advantage of adjuvant 
chemotherapy following D2 gastrectomy. Proof for the 
efficacy of adjuvant chemotherapy in gastric cancer had 
to wait for the more recent pivotal phase III trials that 
showed a definite survival benefit for curatively resected 
gastric cancer.

  Adjuvant Chemotherapy Established by Phase III Trials 
S-1 
 S-1, an oral anticancer drug composed of the 5-fluoro-

uracil (5-FU) prodrug tegafur and two 5-FU modulators 
(5-chloro-2,4-dihydroxypyridine and oxonic acid), has 
achieved high response rates (>40%) as a monotherapy in 
patients with advanced gastric cancer (AGC) in several 
phase II studies and has shown noninferiority to infu-
sional 5-FU in a phase III trial for AGC  [24] . Progression-
free survival and OS of patients with AGC treated by S-1 
in that trial and another Japanese randomized trial con-
ducted in the same period  [25]  were consistent at 4.0 and 
4.2 months, and 11.0 and 11.4 months, respectively. Based 
on these findings, S-1 is now considered to be one of the 
standard first-line regimens for AGC in Japan.

  The ACTS-GC (Adjuvant Chemotherapy Trial of S-1 
for Gastric Cancer) study, a Japanese phase III study, 
was the first large-scale, prospective, randomized con-
trolled trial of adjuvant chemotherapy, enrolling more 
than 1,000 patients who underwent curative D2 gastrec-
tomy for gastric cancer  [10] . This trial randomized 1,059 
patients with histologically confirmed Japanese classifi-
cation stage II, IIIA, or IIIB gastric cancer to surgery 
alone or a 1-year treatment with adjuvant S-1 mono-
therapy (in a daily dose of 80 mg/m 2  given for 28 con-
secutive days with 14 days of rest, repeated every 6 
weeks). It demonstrated a significant 10.6% improve-
ment in 5-year OS with adjuvant S-1 chemotherapy 
compared to surgery alone (71.7 vs. 61.1%, HR: 0.669, 
95% CI: 0.540–0.828), as well as a 12.3% improvement 
in 5-year RFS compared to surgery alone (65.4 vs. 53.1%, 
HR: 0.653, 95% CI: 0.537–0.793)  [26] . Based on the re-
sults of the ACTS-GC study, postoperative adjuvant 
chemotherapy with S-1 is now widely accepted as a stan-
dard treatment throughout East Asia for treating pa-
tients with operable locally AGC.

  Capecitabine plus Oxaliplatin 
 Capecitabine is a more globally accepted oral fluoro-

pyrimidine agent than S-1 for the treatment of gastric 
cancer. Capecitabine’s superiority to infusional 5-FU in 
terms of OS was shown in a meta-analysis of two phase 
III trials, REAL-2  [27]  and ML17032  [28] , against AGC 
 [29] . Likewise, oxaliplatin’s noninferiority to cisplatin for 
OS was proven in the REAL-2 study  [27] .

  More recently, the CLASSIC (Capecitabine and Oxali-
platin Adjuvant Study in Stomach Cancer) trial, a large 
Korean phase III randomized controlled study undertak-
en in South Korea, China, and Taiwan, reported a sig-
nificant benefit in disease-free survival (DFS) using adju-
vant combination chemotherapy with capecitabine plus 
oxaliplatin (XELOX) following curative D2 gastrectomy 
compared to surgery alone  [11] . This trial randomly as-
signed 1,035 patients with histologically confirmed Union 
for International Cancer Control (UICC) stage II, IIIA, or 
IIIB gastric adenocarcinoma to receive either adjuvant 
XELOX (capecitabine 1,000 mg/m 2  twice daily on days 
1–14, every 3 weeks, and oxaliplatin 130 mg/m 2  on day 1, 
every 3 weeks) × 8 cycles or surgery alone. Patients treat-
ed with adjuvant XELOX had significantly improved 
3-year DFS (74 vs. 59%, HR: 0.56, 95% CI: 0.44–0.72) with 
a trend toward improved 3-year OS rate (83 vs. 78%, HR: 
0.72, 95% CI: 0.52–1.00) at a median follow-up of 34.2 
months, although the data used for OS analysis have not 
been finalized at this point. The CLASSIC trial supports 
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the use of adjuvant XELOX as a new treatment option for 
patients with resectable gastric cancer after curative D2 
gastrectomy.

  Summary of the Results of Three Randomized 
Controlled Trials of Adjuvant Chemotherapy 
Conducted in East Asia 
  Table 1  summarizes the results of three randomized 

controlled clinical trials conducted in East Asia (ACTS-
GC  [26] , CLASSIC  [11] , and NSAS-GC  [22] ), all of which 
compared surgery alone to surgery with adjuvant chemo-
therapy (S-1, XELOX, and UFT) after curative D2 gas-
trectomy.

  As shown in  table 1 , postoperative adjuvant chemo-
therapy with S-1 or XELOX reduced the risk of death by 
33 and 28%, respectively, both of which are comparable 
to the risk reduction of mortality of 26% obtained by post-
operative CRT in the United States  [13]  or that of 25% 
obtained by perioperative triplet chemotherapy in the 

United Kingdom  [12] . However, disparities in surgical 
approach should be taken into consideration when com-
paring the efficacy of postoperative adjuvant treatments. 
D2 gastrectomy was performed on all patients enrolled in 
the Asian trials, whereas in the US study 90% of patients 
received suboptimal surgery (D0/1) and in the UK trial 
less than half underwent D2 gastrectomy. It is of great 
concern whether postoperative CRT or perioperative 
triplet chemotherapy does in fact yield survival benefits 
after curative D2 gastrectomy.

  Subgroup analysis of 5-year OS in the ACTS-GC study 
demonstrated insufficient efficacy of S-1 for stage IIIB 
gastric cancer (HR: 0.791, 95% CI: 0.520–1.205) in con-
trast to a clear survival benefit of S-1 for stages II and IIIA 
disease ( table 2 )  [26] . Subgroup analysis of 3-year DFS 
in the CLASSIC trial showed a consistent survival benefit 
for XELOX across all disease stages  [11] . With respect to 
nodal disease, S-1 did not improve OS in patients with 
further nodal involvement (N2–3). Of note, XELOX 
failed to demonstrate survival benefit in N0 (T3N0/
T4N0) disease, which may suggest a weak point of XE-
LOX therapy in patients at high risk for peritoneal re-
lapse.

  Expected Pivotal Phase III Trial of Adjuvant 
Chemotherapy 
 Another large prospective randomized controlled 

study, SAMIT (Stomach Cancer Adjuvant Multi-Institu-
tional Trial), has completed accrual of 1,495 subjects in a 
2 × 2 factorial design, with patients assigned to adjuvant 
fluoropyrimidine chemotherapy with UFT or S-1, or to 
sequential chemotherapy of paclitaxel (PTX) followed by 
UFT or S-1  [30] . Patients with serosa-positive gastric can-
cer (T4a/4b) with nodal metastases confined to the re-
gional lymph nodes and without distant metastases after 
curative D2 gastrectomy were randomized to either UFT 
267 mg/m 2 /day for 4 weeks, every 4 weeks × 6 cycles (arm 
A); S-1 80 mg/m 2 /day for 2 weeks, every 3 weeks × 8 cycles 
(arm B); PTX 80 mg/m 2  on days 1 and 8 for the first 3 

Table 1.  Results of three randomized controlled trials of adjuvant chemotherapy conducted in East Asia

Study Patients, n Stage Treatment HR for OS (95% CI) HR for RFS (95% CI)

ACTS-GC 1,059 II, IIIA, IIIB1 S-1 for 1 year 0.669 (0.540 – 0.828)3 0.653 (0.537 – 0.793)3

CLASSIC 1,035 II, IIIA, IIIB2 XELOX × 8 cycles (6 months) 0.72 (0.52 – 1.00)4 0.56 (0.44 – 0.72)4, 5

NSAS-GC 190 II, IIIA1 UFT for 16 months 0.48 (0.26 – 0.89)3 0.44 (0.25 – 0.79)3

 1 Japanese Classification of Gastric Carcinoma, ed. 2 (English). 2 UICC-TNM Classification, ed. 6. 3 At 5 years. 4 At 3 years. 5 DFS.

Table 2.  Subgroup analysis of ACTS-GC [26] and CLASSIC [11]

Stage ACTS-GC CLASSIC
HR for 5-year OS (95% CI) HR for 3-year DFS (95% CI)

II1 0.509 (0.338 – 0.765)
IIIA1 0.708 (0.510 – 0.983)
IIIB1 0.791 (0.520 – 1.205)

II2 0.518 (0.356 – 0.753) 0.55 (0.36 – 0.84)
IIIA2 0.665 (0.460 – 0.962) 0.57 (0.39 – 0.82)
IIIB2 0.855 (0.510 – 1.431) 0.57 (0.35 – 0.95)

N02 0.317 (0.127 – 0.790) 0.90 (0.41 – 1.97)
N12 0.606 (0.444 – 0.828) 0.62 (0.44 – 0.89)
N22 0.779 (0.534 – 1.138) 0.45 (0.31 – 0.66)
N32 0.927 (0.477 – 1.799)

 1 Japanese Classification of Gastric Carcinoma, ed. 2 (English). 
2 UICC-TNM Classification, ed. 6.
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weeks × 1 cycle, on days 1, 8, and 15 every 4 weeks × 2 
cycles, followed by UFT 267 mg/m 2 /day for 4 weeks, ev-
ery 4 weeks × 3 cycles (arm C), or PTX as in arm C, fol-
lowed by S-1 80 mg/m 2 /day for 2 weeks, every 3 weeks × 
4 cycles (arm D). The fluoropyrimidine cycles were ex-
tended for an additional 24 weeks in 2007 after publica-
tion of the ACTS-GC study in which the adjuvant S-1 was 
given for 12 months. PTX had been generally regarded in 
Japan as effective against peritoneal metastases due to its 
unique pharmacokinetics and was expected in the adju-
vant setting to prevent relapse such as peritoneal carcino-
matosis among patients with serosa-positive cancer. This 
study therefore aimed to determine the role of sequential 
use of PTX followed by oral fluoropyrimidines in com-
parison with fluoropyrimidines alone, as well as to iden-
tify which of the two oral fluoropyrimidines, UFT or S-1, 
was preferred in an adjuvant setting for curatively resect-
ed gastric cancer. DFS, a primary endpoint, will be pre-
sented in 2013.

  Phase III Trials of Intraperitoneal Administration as 
Adjuvant Chemotherapy 
 The most frequent mode of recurrence and cause of 

subsequent cancer death in serosa-positive gastric cancer 
is peritoneal metastasis, even after curative resection. To 
prevent such distant recurrences and increase the poten-
tial of cure, intraperitoneal administration of cytotoxic 
agents with systemic chemotherapy has been attempted 
in patients with macroscopically serosa-positive (T3–4) 
gastric cancer after curative D2 gastrectomy.

  A Japanese multicenter, prospective, randomized con-
trolled phase III clinical trial  [31]  randomized 268 pa-
tients to surgery alone or adjuvant chemotherapy consist-
ing of intraperitoneal cisplatin (70 mg/m 2 ) at the time of 
surgery as well as intravenous cisplatin (70 mg/m 2 ) on 
postoperative day 14 and 5-FU (700 mg/m 2 ) on days 14–
16, followed by daily oral UFT (267 mg/m 2 ) for 12 months. 
No survival benefit in 5-year OS (62.0% adjuvant chemo-
therapy vs. 60.9% surgery alone) or 5-year RFS (57.5% 
adjuvant chemotherapy vs. 55.6% surgery alone) was ob-
tained from adjuvant chemotherapy. It also was associ-
ated with an unexpectedly low completion rate of 38.5%.

  A Korean phase III trial  [32]  randomly assigned 521 
patients with serosa-positive gastric cancer following cu-
rative resection to two different types of adjuvant chemo-
therapy. The MFP group received intraperitoneal cis-
platin (100 mg) during surgery followed by intravenous 
mitomycin-C (15 mg/m 2 ) on postoperative day 1, and 
oral doxifluridine (460–600 mg/m 2 /day) for 12 months 
with six injections of monthly cisplatin (60 mg/m 2 ). The 

Mf group received two injections of infusional mitomy-
cin-C (20 mg/m 2 ) 3–6 weeks after surgery, and another 3 
months of injections of oral doxifluridine beginning 4 
weeks after the last mitomycin-C. The MFP group showed 
a significantly longer OS (HR: 0.77, 95% CI: 0.60–0.98) 
and RFS (HR: 0.73, 95% CI: 0.57–0.93) than the Mf group. 
However, this study does not fully clarify whether intra-
peritoneal cisplatin contributes definitively to improved 
survival.

  Adjuvant CRT Not Yet Established by Phase III Trials 
 Although postoperative CRT is currently widely used 

in the Unites States as the standard of care for patients 
with resected gastric cancer based on the results of the 
Intergroup 0116 study  [13] , the Asian and European in-
terpretation of this study is that the addition of adjuvant 
CRT compensated for the suboptimal D0/1 surgical re-
section performed in 90% of the enrolled patients  [33, 
34] . In contrast, whether postoperative adjuvant CRT 
benefits patients after optimal gastric surgery with D2 
lymphadenectomy has long been a matter of debate in 
Japan and Korea, where a low incidence of locoregional 
recurrence is observed after D2 gastrectomy. A Korean 
retrospective analysis suggested a potential survival ben-
efit from adjuvant CRT after D2 gastrectomy with a 
5-year OS rate of 57% for CRT versus 51% for surgery 
alone  [35] .

  More recently, ARTIST (Adjuvant Chemoradiation 
Therapy in Stomach Cancer Trial), a Korean single-cen-
ter phase III prospective randomized controlled study, 
investigated for the first time the role of postoperative 
adjuvant CRT following curative gastrectomy with D2 or 
more extended lymphadenectomy  [36] . This study ran-
domized 458 patients to the XP arm (capecitabine 2,000 
mg/m 2  per day on days 1–14 and cisplatin 60 mg/m 2  on 
day 1, repeated every 3 weeks, for 6 cycles) or to the XP/
XRT/XP arm (2 cycles of XP followed by 45-Gy irradia-
tion with concurrent capecitabine 1,650 mg/m 2  per day 
for 5 weeks, and 2 additional cycles of XP). The addition 
of XRT to XP chemotherapy failed to prolong 3-year DFS 
(78.2% in the XP/XRT/XP arm vs. 74.2% in the XP arm; 
p = 0.0862), although the XP/XRT/XP arm demonstrated 
superior 3-year DFS compared with XP alone (HR: 
0.6865, 95% CI: 0.4735–0.9952) in a subgroup analysis of 
396 patients with pathologically positive lymph nodes.

  Of note, there were no significant differences between 
the treatment arms in ARTIST in terms of the incidences 
of locoregional recurrence (8.3% in the XP arm vs. 4.8% 
in the XP/XRT/XP arm; p = 0.3533) and distant metasta-
ses (24.6% in the XP arm vs. 20.4% in the XP/XRT/XP 
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arm; p = 0.5568). These findings are in accordance with 
those of a recent Dutch retrospective study that compared 
patients treated in the Dutch Gastric Cancer Group trial 
(who underwent only surgery) with those treated in sev-
eral Dutch phase I/II studies with postoperative fluoropy-
rimidine-based CRT  [37]  and showed a significant asso-
ciation between postoperative CRT use and improved lo-
cal control after D1 but not D2 dissection  [37] . Therefore, 
it is currently difficult to draw any conclusions regarding 
the benefit of postoperative adjuvant CRT administered 
after curative D2 gastrectomy, and this will likely remain 
the case until a subsequent phase III trial (ARTIST-II) 
focusing on pathologic lymph node-positive disease alone 
is performed.

  Neoadjuvant Therapy for Potentially Resectable 

Gastric Cancer 

 Neoadjuvant multimodal approaches are based on ei-
ther chemotherapy, to improve systemic disease control, 
and/or radiotherapy, which basically aims to improve lo-
cal tumor control, thereby improving patient outcomes.

  Neoadjuvant therapy may theoretically be superior to 
postoperative treatment for several reasons. First, neoad-
juvant therapy potentially leads to downsizing or down-
staging of the tumor and may therefore substantially fa-
cilitate its complete resection, which is the cornerstone of 
cure in oncological surgery. Second, neoadjuvant chemo-
therapy is the earliest means of eliminating systemic mi-
crometastases, which in many cases are the cause of poor 
prognoses. Third, neoadjuvant chemotherapy can be 
used to assess tumor chemosensitivity to cytotoxic medi-
cations. Fourth, chemotherapy delivery may be more ef-
ficient if given prior to surgical disruption of the vascu-
lature. Furthermore, pr eoperative treatment of gastric 
cancer is generally better tolerated than postoperative 
treatment. Decreased treatment compliance due to in-
creased gastrointestinal toxicities such as nausea and 
vomiting was observed in the postoperative arm com-
pared to the preoperative arm of studies in which the 
same chemotherapy regimen was given perioperatively 
 [12, 38] .

  A rapid, robust response and relatively low toxicity are 
required for neoadjuvant therapy because target tumors 
are resectable or marginally resectable and patients must 
receive potentially curative surgery after preoperative 
treatment.

  Neoadjuvant Treatment in East Asia 
 In East Asia, where sole locoregional failure is found 

in only 8.5–13.4% of patients and the remainder of re-
lapsed patients experience distant failure  [11, 26]  after cu-
rative D2 gastrectomy, chemotherapy is actively pursued 
as the main neoadjuvant approach. The benefit of neo-
adjuvant treatment followed by D2 surgery has yet to be 
confirmed  [39] , though Western trials have favored the 
neoadjuvant approach with suboptimal (D0/1) surgery 
 [12, 38] . Now that D2 gastrectomy is the standard of care 
in both Europe  [40]  and the United States  [41] , Asian 
findings could be highly relevant for, and might be gen-
eralizable to, other regions when D2 surgery is performed 
by experienced surgeons.

  Targets of Neoadjuvant Chemotherapy 
 Neoadjuvant chemotherapy is a rising option for local-

ly advanced, marginally resectable gastric cancer. More 
than half of locally advanced large type 3 ( ≥ 8 cm) or 4 (li-
nitis plastica) tumors metastasize to the peritoneum with a 
historical 3-year OS rate of 15%, even when the entire tu-
mor is resected with curative intent, suggesting the micro-
scopic peritoneal seeding of cancer cells that  remain unde-
tected during surgery. Likewise, para-aortic lymph node 
metastases ( ≥ 1 cm) and/or bulky nodal metastases (  ≥  3 cm 
or  ≥ 1.5 cm ×  ≥ 2 nodes) surrounding the celiac artery and 
its branches are considered marginally resectable due to 
their extremely poor historical 3-year OS rate of 10% de-
spite complete resection of the entire tumor with curative 
intent, suggesting the presence of distant micrometastases 
uncontrollable by surgery plus postoperative chemothera-
py. Additional therapy besides curative resection should be 
developed to improve these dismal prognoses.

  The Japan Clinical Oncology Group (JCOG) has con-
ducted a series of prospective multi-institutional phase II/
III trials of neoadjuvant chemotherapy for these patients 
( table 3 ).

  Large Type 3 or 4 (Linitis Plastica) Gastric Cancer 
 The JCOG 0210 study evaluated the safety and efficacy 

of preoperative chemotherapy with S-1 plus cisplatin for 
clinically resectable large type 3 or type 4 gastric cancer in 
a phase II setting. Fifty patients received two 28-day cy-
cles of oral S-1 (80–120 mg/body, days 1–21) and infu-
sional cisplatin (60 mg/m 2 , day 8), and 36 of the patients 
(73%, 95% CI: 59–85%) underwent curative resection (R0 
resection) with D2 or more extended lymph node dissec-
tion. One treatment-related death was observed during 
the first course of chemotherapy due to uncontrollable 
hemorrhaging from the primary tumor (2%, 95% CI: 
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 0.1–11). Median survival time was 17.3 months (95% 
CI: 15.1–23.8) and the 3-year OS rate was 26.0% (95% 
CI: 14.9–38.6). Pathological response, defined as the dis-
appearance, degeneration, or necrosis of more than one 
third of the primary tumor (grade 1b or higher), was con-
firmed in 24 patients (48%), with one complete response 
(no residual tumor; 2%, 95% CI: 0.1–11). Postoperative 
morbidity included pancreatic leakage in 4 patients, in-
traperitoneal abscess in 3, pneumonia in 2, and wound 
infection in 3, with no postoperative mortality  [42] .

  Based on the promising results of the JCOG 0210 study, 
the JCOG 0501 phase III study is now underway, targeting 
the same population with OS as a primary endpoint. The 
study plans to enroll 316 patients who have no or minimal 
peritoneal lesions adjacent to the stomach irrespective of 
the presence of peritoneal free cancer cells during laparo-
scopic exploration. Participants have been randomized to 
two courses of neoadjuvant chemotherapy with S-1 plus 
cisplatin followed by D2 or more extended surgery, or sur-
gery alone ( fig. 1 ). In both arms, 1 year of S-1 monother-
apy will be delivered postoperatively. This study is the first 
Japanese prospective randomized controlled trial of neo-
adjuvant chemotherapy for resectable gastric cancer and 
is expected to be a landmark study, determining the future 
direction for neoadjuvant chemotherapy in Japan.

  Para-Aortic and/or Bulky Nodal Disease 
 JCOG has carried out two prospective phase II trials 

(JCOG 0001 and 0405) for gastric cancer patients with 

para-aortic lymph node metastases and/or bulky nodal 
metastases surrounding the celiac artery and its branches. 
In both trials, the absence of peritoneal dissemination 
along with negative lavage cytology had to be confirmed 
by staging laparoscopy before study entry.

  The JCOG 0001 study explored the efficacy and safety 
of two or three 4-week cycles of induction chemotherapy 
with irinotecan (70 mg/m 2  on days 1 and 15) and cisplat-
in (80 mg/m 2  on day 1) followed by extended gastrectomy 
with D2 plus para-aortic nodal dissection in 55 patients. 
Clinical response to chemotherapy was observed in 30 
patients. R0 resection was carried out in 65% (95% CI: 
51–78) of the patients, with a pathological response (grade 
1b or higher) in 15% (95% CI: 7–27). Median survival 
time was 14.6 months (95% CI: 10.1–24.1) and the 3-year 
OS rate was 27% (95% CI: 15–39). There were three treat-
ment-related deaths (5.5%, 95% CI: 1.0–15), in 2 cases 
due to myelosuppression during chemotherapy and in 1 
case due to postoperative complications. Surgical compli-
cations included anastomotic leakage in 1 patient, pan-
creatic fistula in 6, abdominal abscess in 2, pneumonia in 
2, and wound infection in 2  [43] .

  The JCOG 0405 study enrolled 51 patients who received 
two or three 4-week cycles of neoadjuvant chemotherapy 
with oral S-1 (80–120 mg/body, days 1–21) and cisplatin 
(60 mg/m 2 , day 8), followed by extended gastrectomy with 
D2 plus para-aortic nodal dissection. A clinical response 
was observed in 32 patients (62.8%, 95% CI: 48.1–75.9). 
Forty-seven patients underwent surgery, with R0 resection 
performed in 42 of them (82.4%, 95% CI: 69.1–91.6). Path-
ological response (grade 1b or higher) was confirmed in 26 
patients (51.0%, 95% CI: 36.6–65.3), with one complete 

Table 3.  Results of three prospective phase II trials of neoadjuvant 
chemotherapy in Japan [42–44]

JCOG 0210 JCOG 0001 JCOG 0405

Tar get: large type 
3/4

para-aortic/
bulky nodal disease

Regimen: S-1 +
cisplatin

irinotecan +
cisplatin

S-1 +
cisplatin

Delivered courses, n 2 2 – 3 2 – 3
Enrolled patients, n 50 55 51
Response rate, % 55 63
R0 resection, % 73 65 82
pCR, % 2 0 2
Grade 1b or higher, % 48 15 51
TRD, n 1 3 0
3-year OS reference, % 15              10
3-year OS, % 26 27 59

 pCR = Pathological complete response; TRD = treatment-re-
lated death; 3-year OS = 3-year overall survival.

with laparoscopic staging

Randomization

158 patients 158 patients

Clinically resectable type 3 ( 8 cm) or type 4 

NAC (–)
NAC (+)

S-1 + cisplatin × 2 courses

Gastrectomy (D 2) with adjuvant S-1 for 1 year

  Fig. 1.  JCOG 0501 study. NAC = Neoadjuvant chemotherapy.  
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response (2%). The 3-year OS rate was 58.8% (95% CI: 
44.1–70.9), with no treatment-related deaths. Postopera-
tive complications included anastomotic leakage in 3 pa-
tients, pancreatic fistula in 11, abdominal abscess in 8, 
pneumonia in 2, and deep vein thrombosis in 2  [44] .

  Neoadjuvant S-1 plus cisplatin followed by D2 plus 
para-aortic lymphadenectomy demonstrated an excellent 
3-year OS rate of 58.8%, which was far better than ex-
pected in this marginally resectable population. Even af-
ter adjusting for baseline factors between the JCOG 0001 
and 0405 studies, S-1 plus cisplatin was shown by multi-
variate analysis to be superior to irinotecan plus cisplatin 
in terms of OS (HR: 0.335, 95% CI: 0.184–0.612)  [45] . In 
addition, a remarkable interaction between treatment 
and status of lymph node metastases was observed, point-
ing out the poor prognosis and necessity of further treat-
ment improvement in patients having both para-aortic 
and bulky nodal involvement  [45] . Based on these find-
ings, JCOG has launched a novel phase II study (JCOG 
1002) that employs a triple combination regimen for the 
same population. Patients receive two or three 4-week cy-
cles of neoadjuvant chemotherapy with oral S-1 (80–120 
mg/body, days 1–14) and intravenous cisplatin (60 mg/
m 2 ) and docetaxel (40 mg/m 2 ) on day 1, followed by ex-
tended surgery with D2 plus para-aortic nodal dissection.

  Serosa-Positive (T4a/b) Gastric Cancer 
 More than half of serosa-positive gastric cancers recur 

even after macroscopic complete resection with curative 
intent. Several multicenter phase II studies have explored 
the efficacy and safety of neoadjuvant chemotherapy for 
clinically serosa-positive (T4a/b) gastric cancer.

  One course of S-1 (80–120 mg/body, days 1–21) plus 
cisplatin (60 mg/m 2 , day 8) followed by D2 or more ex-
tended gastrectomy resulted in an R0 resection rate of 
78% (38 of 49 patients), with a pathological response 
(grade 1b or higher) in 39%. Postoperative morbidity and 
mortality rates were 10.2 and 0%, respectively  [46] .

  Two or four 3-week cycles of neoadjuvant chemother-
apy with oral S-1 (80–120 mg/body, days 1–14) and intra-
venous cisplatin (60 mg/m 2 ) and docetaxel (60 mg/m 2 ) 
on day 8, followed by standard D2 gastrectomy, demon-
strated a high R0 resection rate of 90% (36 of 40 patients), 
with a pathological response (grade 1b or higher) of 60%. 
Postoperative morbidity and mortality rates were 22.5 
and 0%, respectively  [47] .

  Four or six 3-week cycles of neoadjuvant chemothera-
py with oral capecitabine (1,875 mg/m 2 , days 1–14) and 
cisplatin (60 mg/m 2 ) and docetaxel (60 mg/m 2 ) on day 1, 
followed by D2 gastrectomy, resulted in a high R0 resec-
tion rate of 71% (15 of 21 patients), with a high rate of 
pathological complete response (4 of 21 patients, 19%). 
Surgical morbidity and mortality rates were 11.1 and 0%, 
respectively  [48] .

  It is difficult to compare these studies because of 
 differences in the clinical definitions of serosa-positive 
(T4a/b) gastric cancer. The most accurate clinical TNM 
staging must be worked out so that the optimal stage-
dependent strategies of neoadjuvant treatment can be es-
tablished.

  In addition to these phase II studies, a novel phase III 
trial (PRODIGY) is ongoing in which 640 patients with 
T2–3 N+ or T4 tumors are being randomized to three 
3-week cycles of neoadjuvant chemotherapy with oral S-1 
(80–120 mg/body, days 1–14) and intravenous oxali-
platin (100 mg/m 2 ) and docetaxel (50 mg/m 2 ) on day 1, 
followed by standard D2 gastrectomy, or surgery alone 
( fig. 2 ). In both arms, S-1 monotherapy is given for 1 year 
postoperatively. This could become a landmark study, re-
sulting in a paradigm shift in the standard treatment for 
a wide range of potentially curatively resectable AGC in 
the East.

  Neoadjuvant CRT 
 Although neoadjuvant CRT generally achieves supe-

rior local tumor control compared to neoadjuvant che-
motherapy, clinical trials of neoadjuvant CRT have rarely 
been performed in the East. As a result, its safety and ef-
ficacy for locally AGC remain unclear, especially when it 
is followed by D2 gastrectomy.

  A small preliminary prospective study of 12 patients 
with Japanese stage IIIB gastric cancer (T4N1M0 or 

Randomization

320 patients 320 patients

NAC (–)
NAC (+)

S-1 + oxaliplatin + docetaxel
× 3 courses

T2–3 N+, T4 any N 

Gastrectomy (D 2) with adjuvant S-1 for 1 year 

  Fig. 2.  PRODIGY study. NAC = Neoadjuvant chemotherapy. 
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T3N2M0) was recently reported  [49] . Patients received 
oral S-1 (65 mg/m 2 /day) with concurrent 50-Gy radio-
therapy followed by radical D2 surgery. The chemother-
apy and radiotherapy completion rates were 83.3 and 
100%, respectively. Eleven of 12 patients (91.7%) under-
went R0 resection, with operative morbidity and mortal-
ity rates of 16.7 and 0%, respectively. A remarkably high 
pathologic response (grade 1b or higher) rate of 83.3% 
was obtained, with a complete response in 8.3% of pa-
tients. However, in contrast to the impressive pathologic 
response in the primary tumor, the response in metastat-
ic nodes appeared to be relatively low in this study. This 
treatment approach is expected to be tested in a large clin-
ical trial for locally advanced disease featuring adjacent 
tissue invasion (T4 tumor).

  Conclusion 

 Given the current variation in the treatment of oper-
able gastric cancer across the world, it is difficult to simply 
extrapolate successful Eastern strategies to the West. 
However, recent standardization of D2 lymph node dis-
section worldwide will facilitate international studies in 
both the East and West, with the goal of increasing thera-
peutic efficacy and improving the poor prognosis of this 
aggressive disease.
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