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Abstract Gastric cancer confers a poor prognosis even
when diagnosed as localized disease. Multimodality therapy
improves the cure rate of patients with localized cancer.
However, adjunctive therapeutic approaches differ in differ-
ent regions of the world. This review focuses on the current
standards and unresolved issues based on updated literature
on therapy for localized gastric cancer. In the USA, the
Intergroup 0116 trial established the use of postoperative
chemoradiotherapy as a standard for patients who have
surgery first for treatment of gastric cancer. In Europe, the
MAGIC trial investigating perioperative chemotherapy
demonstrated a survival benefit for gastric cancer patients.
Finally, in Asia, the ACTS-GC and CLASSIC trials inves-
tigating postoperative chemotherapy established this as the
standard of care after primary surgery that included D2
dissection. It is clear, however, that surgery alone is insuf-
ficient to achieve the highest possible cure rates.
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Introduction

Worldwide, nearly one million cases of gastric cancer are
diagnosed per year, and more than 730,000 patients die annu-
ally [1]. Eastern Asia, eastern Europe, and South America are
major endemic areas with high incidences of gastric cancer. In
the USA, approximately 25,000 newly diagnosed cases of
gastric cancer and 10,300 cancer deaths occurred in 2011 [2].

The overall 5-year relative survival rate from 2002 to 2008 was
approximately 27 % using Surveillance, Epidemiology, and
End Results (SEER) outcomes data [3]. The main reason for
this poor prognosis is the advanced stage of cancer at diagnosis
in most patients. Appropriate staging is important in subgroup-
ing patients with potentially curable localized gastric cancer
versus those with more advanced metastatic and incurable
cancer. Once it is determined that a patient has a localized
and potentially curable condition, a multidisciplinary evalua-
tion and multimodality therapy are recommended. In the fol-
lowing sections we discuss the variety of adjunctive
approaches developed over recent years.

Postoperative Chemotherapy

The goal of adjuvant chemotherapy is to eliminate micro-
metastases after an R0 resection to improve both overall
survival and relapse-free survival (RFS). For two decades,
ten phase III randomized controlled trials [4–13] have been
conducted to compare adjuvant chemotherapy with observa-
tion after surgery (Table 1).MostWestern trials have produced
negative findings, but two Asian trials have demonstrated
benefit from postoperative adjuvant therapy [10, 13]. A
meta-analysis has also demonstrated that adjuvant chemother-
apy can be associated with longer overall survival [14].

The Adjuvant Chemotherapy Trial of TS-1 for Gastric
Cancer

In Japan, the standard surgical technique for gastric cancer
includes gastrectomy plus D2 lymphadenectomy and not ≤D1
lymphadenectomy as commonly practiced in North America
and in someWestern countries. An earlier Japanese study (the
NSAS-GC study) demonstrated an overall survival benefit for
patients receiving postoperative chemotherapy [9]. In this
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trial, the adjuvant agent was orally administered uracil–tegafur
given daily for 16 months and it was compared with surgery
alone for treatment of patients with T2N1-2 (by the Japanese
classification of gastric carcinoma) tumors. Five-year overall
survival and RFS rates were statistically higher for the chemo-
therapy group (86% vs. 73%, hazard ratio 0.48, p=0.017, and
85 % vs. 68 %, hazard ratio 0.44, p=0.005, respectively).
However this was a small trial (n=190) and was terminated
prematurely. In addition, its control arm was questioned be-
cause the RFS rate was approximately 10 % lower than that of
JCOG9206-1 [5], a previous trial that also evaluated the benefit
of adjuvant chemotherapy. Thus, orally administered uracil–
tegafur was not adopted as standard adjuvant therapy. A much
larger and well-executed study, the Adjuvant Chemotherapy
Trial of TS-1 for Gastric Cancer (ACTS-GC) [10], investigated
the efficacy of adjuvant S-1 [an oral fluoropyrimidine that
consists of triplet agents: tegafur (a prodrug for fluorouracil),
gimeracil (a dihydropyrimidine dehydrogenase inhibitor), and
oteracil potassium (a phosphoribosyltransferase inhibitor; pre-
vents gastrointestinal toxicity)], recommended for 12 months,
for treatment of stage II and stage III gastric cancer after D2
lymphadenectomy and compared it with observation after
surgery. A total of 1,059 patients were studied. The 5-year
overall survival rate was 71.7% in the S-1 group and 61.1% in
the surgery-alone group [hazard ratio 0.67, 95 % confidence
interval (CI) 0.54–0.83] and the 5-year RFS was 65.4 % in the
S-1 group and 53.1 % in the surgery-alone group (hazard ratio
0.65, 95 % CI 0.54–0.79) [15]. These results established S-1
monotherapy as a standard approach for treatment of stage II
and stage III gastric cancer after curative resection with D2
lymphadenectomy in Japanese patients.

The CLASSIC Trial

The CLASSIC trial investigated the benefit of capecitabine and
oxaliplatin as adjuvant therapy for patients with stage II and stage
III gastric cancer after gastrectomy and D2 lymphadenectomy
[13]. A total of 1,035 patients were randomized to surgery then
observation or 6 months of adjuvant treatment with capecitabine
and oxaliplatin. During an interim analysis, the 3-year disease-
free survival (DFS) rate, the primary end point in this trial, was
74 % (95 % CI 69–79) in the chemotherapy group and 59 %
(95 % CI 53–64) in the surgery-alone group. The hazard ratio of
the 3-year DFSwas 0.56 [95%CI 0.44–0.72, p<0.0001). Given
this, it would be expected that an overall survival advantage is
likely to be found following longer observation.

Meta-Analysis

A meta-analysis was published by the Global Advanced/Ad-
juvant Stomach Tumor Research International Collaboration

(GASTRIC) group in 2010 [14] that analyzed individual
patient data of 3,838 patients from 17 randomized controlled
trials of adjuvant chemotherapy. This analysis demonstrated
that fluoropyrimidine-based therapy was associated with longer
overall survival (hazard ratio 0.82, 95%CI 0.76–0.90, p<0.001)
and DFS (hazard ratio 0.82, 95 % CI 0.75–0.90, p<0.001).

Perioperative Chemotherapy

One can argue that systemic chemotherapy prior to surgery
could improve the R0 resection rate, particularly in Western
patients, where tumors are often bulky at diagnosis [16]. A
mid-sized phase III randomized trial, the MRC Adjuvant
Gastric Cancer Infusional Chemotherapy (MAGIC) trial,
established level 1 evidence for this approach [17].

The MAGIC Strategy

The MAGIC trial investigated the epirubicin, cisplatin, and 5-
fluorouracil regimen [17] in 503 patients with gastric, gastro-
esophageal junction, or esophageal cancer whowere randomized
to perioperative chemotherapy and surgery or surgery followed
by observation. Overall survival and DFS were improved signif-
icantly in the group receiving epirubicin, cisplatin, and 5-
fluorouracil (hazard ratio for overall survival 0.75, 95 % CI
0.60–0.93, p=0.009, and hazard ratio for DFS 0.66, 95 % CI
0.53–0.81, p<0.001). However, important limitations of this trial
were that (1) the postoperative chemotherapy was difficult to
deliver (only delivered in 34 % of patients who underwent
surgery), (2) only 68 % of patients underwent curative resection,
and (3) the control group had a relatively poor outcome.

Another multicenter, phase III randomized trial, from
France (FNCLCC and FFCD trial), demonstrated improved
overall survival from preoperative chemotherapy using cisplat-
in and 5-fluorouracil [18]. However, this trial was terminated
prematurely, and only 25 % of patients had gastric cancer.
Similar to the MAGIC trial, only half of patients received
postoperative chemotherapy.

In contrast, a European Organisation for Research and Treat-
ment of Cancer (EORTC) phase III randomized study (the
EORTC 40954 trial) [19] demonstrated no benefit from preop-
erative chemotherapy; however, this trial was underpowered
and terminated prematurely. The results of an ongoing phase III
randomized trial by the Japanese Clinical Oncology Group (the
JCOG0501 study) comparing preoperative S-1 therapy plus
cisplatin therapy then surgery followed by S-1 therapy versus
postoperative S-1 therapy are awaited.

Postoperative Chemoradiotherapy

In the USA, postoperative chemoradiotherapy has had appeal
of long duration because of the work of Moertel et al. [20] and
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others [21]. The Intergroup 0116 trial showed a significant
improvement in overall survival and therefore established ad-
juvant chemoradiotherapy as the standard of care [22].

The Intergroup 0116 and Adjuvant Chemoradiation
Therapy in Stomach Cancer Trials

In the moderate-sized phase III randomized Intergroup 0116
trial, a total of 559 patients with stage IB to stage IV disease
who had had resections were assigned to observation or post-
operative chemoradiotherapy [22]. Most of the patients had a T3
or greater tumor and involved lymph nodes. Recently updated
results continue to demonstrate improvement in both overall
survival (hazard ratio 1.32, 95 % CI 1.10–1.60, p<0.005) and
RFS (hazard ratio 1.51, 95 % CI 1.25–1.83, p<0.001) for the
chemoradiotherapy group [22]. However, a major criticism of
the trial was inadequate quality control of nodal dissection, as
only 10 % of all patients underwent D2 lymph node dissection,
and more than 50 % underwent D0 resection. A retrospective
analysis from Korea [23] compared overall survival and RFS of
544 patients who received postoperative chemoradiotherapy
after D2 gastrectomy and overall survival and RFS of 446
patients who were followed after D2 gastrectomy. The 5-year
overall survival rate was 57.1% in the chemoradiotherapy group
and 51.0 % in the control group (p=0.0198).

This retrospective observation was the foundation for the
Adjuvant Chemoradiation Therapy in Stomach Cancer
(ARTIST) trial [24] comparing adjuvant chemoradiotherapy
with adjuvant chemotherapy after an R0 resection in 458
patients. However, the 3-year DFS rate as the primary end
point was not statistically different between the two groups.
In the subgroup analysis, patients with node-positive cancer
in the adjuvant chemoradiotherapy group had a significantly
better 3-year DFS rate than those in the adjuvant chemo-
therapy group. This result suggests that the adjuvant chemo-
radiotherapy might have been beneficial compared with
adjuvant chemotherapy among the node-positive popula-
tions. A further study to address this hypothesis has started
(ARTIST-II trial). Furthermore, the results of two additional
trials investigating chemoradiotherapy are awaited [25, 26].

Preoperative Chemoradiotherapy

Several studies in the USA that evaluated the feasibility of
preoperative chemoradiotherapy have been reported
[27–29]. However, this strategy remains a topic of study
and is the subject of an ongoing phase III trial [26].

Biomarkers for Adjuvant Treatments

The molecular biology of gastric cancer in the adjuvant
setting is not well characterized enough to implement any

biomarker for patient selection. In the advanced setting,
however, a biomarker analysis of the AVAGAST trial sug-
gests that plasma vascular endothelial growth factor A and
neuropillin-1 are of interest [30]. Terashima et al. [31] and
Sasako et al. [32] retrospectively evaluated the impact of
epidermal growth factor receptor or human epidermal
growth factor receptor 2 expression and correlated this with
the effect of pyrimidine metabolism (thymidylate synthase,
dihydropyrimidine dehydrogenase, thymidine phosphory-
lase, and orotate phosphoribosyltransferase) on the out-
comes of patients in the ACTS-GC trial. Thymidylate
synthase and dihydropyrimidine dehydrogenase gene over-
expression were associated with better overall survival in
patients treated with S-1 after surgery. Another trial showed
that epidermal growth factor receptor overexpression was
associated with overall survival in patients receiving adju-
vant 5-fluorouracil and cisplatin chemotherapy [33]. Much
more work remains to be done in this regard.

Conclusion

Several adjunctive strategies have been developed for
patients with localized gastric cancer, and each strategy
appears to increase the cure rate by approximately 10 %.
Therefore, surgery alone is not recommended. Multidisci-
plinary evaluation of localized gastric cancer is recommen-
ded. In-depth analysis of molecular biology will also be
helpful to develop more specific strategies. We hope that
several ongoing trials (Table 2) will also result in improve-
ment in the outcome of our patients.

Disclosure No potential conflicts of interest relevant to this article
were reported.
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