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Opinion statement

Gastric cancer is a major health burden worldwide. Only about one-third of all the gastric
cancer patients survive beyond 5-years. Management of this deadly disease has evolved
over the last few decades due to the incorporation of better staging techniques, surgical
approach, effective systemic treatment, and sequencing of different therapeutic modali-
ties. There are some global differences in how local-regional gastric cancer is managed and
treated. In the USA and some parts of Europe, perioperative chemotherapy is a preferred
management approach. Adjuvant chemoradiation is considered if the surgical resection is
performed upfront. However, in Asia, postoperative chemotherapy alone after D2 surgical
resection is considered standard of care treatment. Based on recent evidence, perioper-
ative treatment with triplet chemotherapy regimen FLOT (5FU, leucovorin, oxaliplatin,
docetaxel) is the preferred regimen. However, doublet fluoropyrimidine/platinum combi-
nation is a reasonable alternative if triplet regimen cannot be given. At present, there are
no approved targeted or immunotherapy agents in perioperative setting; however, there
are a number of ongoing trials designed to examine the efficacy of targeted therapy and
checkpoint inhibitors in various combinations with systemic therapy in perioperative
setting.
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Introduction

Gastric cancer is the fifth most common cancer in the
world [1]. However, there are striking differences in
epidemiology of gastric cancer across various regions
of the world. In western countries especially in the
USA, gastric cancer is one of the least common cancers.
On the contrary, it is one of themost common types of
cancer in Japan. Gastric cancer carries a significant
global health burden due to its high morbidity and
mortality rate [2]. In the USA, an estimated 10,800
people will die of this disease in 2018 and 26,240 will
likely to be diagnosed [3].

Over the past few decades, survival of the patients
with gastric cancer has improved significantly; however,
potentially resectable early-stage gastric cancer still
carries significant mortality, as only about one-third of
these patients with locally advanced disease survive
more than 5 years [4]. Treatment of localized gastric
cancer has evolved over the last few years especially with
the incorporation of better staging approach, surgical
techniques, effective systemic treatment, and sequencing
of different therapeutic modalities. Treatment of early-
stage disease involves multidisciplinary approach; how-
ever, surgical resectionwith lymph node dissection is the
cornerstone for curative treatment. There are some glob-
al differences in surgical techniques especially for lymph
nodes dissection [5]. In Asia, D2 dissection is routinely
done which is done by removing nodes along the

perigastric area, left gastric, celiac, splenic, and hepatic
arteries [6]. While in the USA, D1 lymphadenectomy is
usually the standard in which dissection of only the
perigastric lymph nodes is performed. While D2 is pre-
ferred and recommended by NCCN [7], there is higher
postoperative mortality associated with D2 surgery [8].
The conclusion of a meta-analysis of five randomized
clinical trials showed that D2 resection can improve
disease-specific survival in patients, although the in-
creased incidence of postoperative mortality diminishes
its therapeutic benefit [8]. Therefore, it is recommended
that surgical planning should be done by an experienced
surgeon in high volume center to perform optimal sur-
gery without increasing postoperative mortality.

Systemic chemotherapy and radiation are used
adjunctively with surgery in various combinations and
sequence [9]. Management approach of localized gastric
cancer also varies according to regional preferences in
various parts of the world. In the USA and many Euro-
pean countries [10], perioperative chemotherapy or ad-
juvant chemoradiation are preferred treatment ap-
proaches. While in Asian countries, postoperative che-
motherapy after D2 resection is considered standard of
care. All these different management approaches will be
discussed in the following review of literature and also
summarized in Table 1.

Perioperative treatment
Benefits of preoperative chemotherapy

There are many potential benefits of giving preoperative systemic chemothera-
py to gastric cancer patients [19]. One of the main advantages is to downstage
the tumor which will in turn aid in performing R0 resection. This is especially
important in locally advanced large, bulky tumors at the time of initial diagno-
sis, when curative resection is difficult to perform. Another potential advantage
is to determine the natural behavior of the tumor during the phase of preoper-
ative treatment, as patients who have high risk of distant metastasis may avoid
gastrectomy if cancer metastasizes after/during preoperative chemotherapy. By
this way, morbidity and mortality involved with gastrectomy can be avoided in
such patients. And lastly, giving preoperative chemotherapy will provide the
best chance to deliver maximum systemic treatment, as some patients may not
be able to complete adjuvant chemotherapy due to delay in recovery from
surgery. Therefore, it is our common practice to do perioperative chemotherapy
as opposed to upfront surgery, especially for T2 and above or node-positive
gastric cancers. Following review of literature justifies this approach.
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MAGIC trial (ECF versus no chemotherapy)
Over a decade ago, the UK Medical Research Council MAGIC trial was done to
study the role of perioperative chemotherapy [11]. It was a multicenter, ran-
domized phase III trial to compare surgery alone versus perioperative chemo-
therapy with epirubicin, cisplatin, and 5-flourouracil (ECF). In this trial, distal
esophageal and gastro-esophageal junction (GEJ) adenocarcinomas were also
included. In the perioperative group, patients were supposed to receive three
cycles of preoperative ECF and three cycles postoperatively. Eligibility criteria
included patients with T2 or higher tumors with no evidence of metastatic
disease. Five hundred three patients were randomized to either group. About
74% were gastric, 15% distal esophageal, and 11% were GEJ. Eighty-six percent
of patients who were assigned to receive perioperative chemotherapy complet-
ed preoperative chemotherapy. Only 65.6% of patients who underwent surgery
started postoperative chemotherapy. Five-year survival rates were 36.3% for
patients in perioperative chemotherapy group and 23% for patients in surgery
alone group.

Table 1. Major clinical trials in perioperative treatment of gastric cancer

Trial Treatment
setting

Treatment groups Number of
patients

Outcome
results

MAGIC [11] Perioperative Surgery alone versus perioperative ECF 503 5-year OS
23% versus 36%
(p = 0.009)

FNCLCC-FFCD
[12]

Perioperative Surgery alone versus perioperative CF 224 5-year OS
24% versus 38%
(p = 0.02)

FLOT [13] Perioperative Perioperative ECF/ECX versus perioperative FLOT 716 Median OS
35 versus
50 months
(p = 0.012)

INT-0116
[14]

Adjuvant Surgery alone versus adjuvant 5-FU/leucovorin
plus Radiation

559 5-year OS
27% versus 36%
(p = 0.005)

ACTS-GC [15] Adjuvant Surgery alone versus adjuvant S-1 1059 5-year OS
61% versus 72%

CLASSIC [16] Adjuvant Surgery alone versus adjuvant CapeOx 1035 3-year DFS
59% versus 74%
(p ≤ 0.0001)

JACCRO GC-7
[17]

Adjuvant Adjuvant S-1 versus S-1/Docetaxel 915 3-year RFS
50% versus 66%
(p = 0.0007)

ARTIST [18] Adjuvant Adjuvant capecitabine/cisplatin versus
chemoradiation

458 3-year DFS
74% versus 78%
(p = 0.086)
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This study clearly showed benefit of perioperative chemotherapy over
surgery alone with 13% absolute difference in survival at 5 years. How-
ever, only 41.6% of all patients randomly assigned to perioperative
chemotherapy completed all six cycles of ECF which highlights the diffi-
culty in delivering complete chemotherapy in perioperative setting.

Since this study, there have been several clinical trials performed in periop-
erative setting with different chemotherapy agents and biological agents to
potentially enhance the outcomes of the patients.

FNCLCC ACCORD 07 trial (5FU/cisplatin versus no chemotherapy)
This randomized phase III trial was initiated by the Fédération Nationale
des Centres de Lutte contre le Cancer (FNCLCC) and the Fédération
Francophone de Cancérologie Digestive (FFCD) in 28 centers in France.
This phase III trial was designed to compare surgical resection with or
without perioperative chemotherapy. Chemotherapy comprised two or
three preoperative cycles of 5FU as continuous intravenous infusion for
5 consecutive days and cisplatin as a 1-h infusion, every 28 days, and
three to four postoperative cycles, for a total of six cycles of chemother-
apy. The primary endpoint was overall survival while secondary end-
points were disease-free survival, R0 resection rate, and safety. Two hun-
dred twenty-four patients were randomly assigned to either the
chemotherapy/surgery (CS) group (n = 113) or the surgery (S) group
(n = 111). Twenty-five percent of patients were gastric, 64% were GEJ,
and 11% of patients were lower esophageal. Of the 113 patients assigned
to the CS group, 98 patients (87%) received at least two cycles. Forty-one
(38%) of the 109 treated patients experienced at least grade 3 to 4
toxicity during preoperative chemotherapy. Among the 109 patients
who received at least one cycle of preoperative chemotherapy, only 54
patients (50%) received postoperative chemotherapy. Five-year survival
rates were 38% in the chemotherapy-surgery group compared with 24%
in the surgery alone group. R0 resection rate was 84% in the CS group
versus 74% in the S group (p = 0.04) [12]. The results of this trial further
exemplified the role of perioperative chemotherapy.

FLOT4-AIO trial (FLOT versus ECF)
This was phase II/III randomized trial comparing two different chemotherapy
approaches in perioperative manner for gastric and GEJ cancers [13, 20•]. The
study arm included four cycles of 5FU, leucovorin, oxaliplatin, and docetaxel
(FLOT) given before and after the resection. It was comparedwith three cycles of
epirubicin, cisplatin, and 5FU (or capecitabine) (ECF/ECX) given before and
after the resection. There were more patients who achieved R0 resection in
FLOT, 84% compared with 77% in ECF/ECX (p = 0.011). There was significant
improvement in median overall survival of 50 months in FLOT arm compared
with 35 months in ECF/ECX arm (HR 0.77 [0.63–0.94]; p = 0.012). Periopera-
tive complications were similar in each arm, 50% with ECF/ECX and 51% with
FLOT. However, there were more adverse events of sensory neuropathy, neu-
tropenia, and infections in FLOT arm. Ninety-day postoperative mortality was
8% in ECF/ECX versus 5% in FLOT.
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The results of this trial establish perioperative FLOT chemotherapy as new
standard of care treatment in western countries, especially for medically fit
patients with good performance status and ability to tolerate taxane-based
chemotherapy. FOLFOX is a reasonable alternative for perioperative treatment
in patients who cannot tolerate FLOT combination.

Role of perioperative bevacizumab
VEGF inhibitors have a significant role inmanagement of variousmalignancies.
Ramucirumab, a VEGFR2 inhibitor, is approved in advanced, metastatic gastric
cancer in second-line setting either alone or with paclitaxel [21, 22]. However,
addition of bevacizumab to chemotherapy in perioperative setting did not
improve the outcomes. Therefore, bevacizumab should not be used in periop-
erative setting. This recommendation comes from investigators from the UK
Medical Research Council (MRC) who conducted a multicenter, randomized,
open-label phase II/III trial to examine the safety and efficacy of adding
bevacizumab to perioperative chemotherapy in patients with resectable gastric,
GEJ, or lower esophageal adenocarcinoma [23•]. Eligible patients were ran-
domly assigned to receive either perioperative epirubicin/cisplatin/capecitabine
chemotherapy or epirubicin/cisplatin/capecitabine plus bevacizumab, in addi-
tion to surgery. A total of 1063 patients were randomized to receive perioper-
ative chemotherapy only or perioperative chemotherapy plus bevacizumab.
About 36% of patients were gastric, 50% were GEJ and 14% were lower
esophageal. This trial was unable to achieve its primary efficacy endpoint of
overall survival, with no significant difference in 3-year overall survival in the
chemotherapy alone group (50·3%) versus chemotherapy plus bevacizumab
group (48·1%) (HR 1·08, 95% CI 0·91–1·29; p = 0·36). In addition, the
safety analysis also indicated that bevacizumab administration was associated
with increased rate of anastomosis leak after surgery. Although the results of this
trial were disappointing, however, this is an important piece of data to guide the
future research in gastric-esophageal cancers in the direction of other targeted
therapies instead of investing further into anti-angiogenic drugs.

Global differences in treatment approach
Role of adjuvant chemotherapy

Although perioperative chemotherapy is the preferred treatment for initially
resectable localized gastric cancers, however, if the patient is resected initially
and pathological stage reveals T3/T4 or node-positive disease then adjuvant
treatment is warranted. In western countries, adjuvant chemoradiation is con-
sidered standard of care as per results of Intergroup 0116 trial (explained later);
however, in Asian countries, adjuvant chemotherapy alone is considered as
standard in postoperative setting after D2 resection. Following is the review of
published trials supporting those recommendations.

The GASTRIC group—meta-analysis
In this meta-analysis, data from all published randomized clinical trials
(RCTs) (from 1970 to 2009) comparing adjuvant chemotherapy with
surgery alone for resectable gastric cancers was analyzed [24]. The primary
objective was to perform an individual patient-level meta-analysis of all
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RCTs to quantify the potential benefit of chemotherapy after complete
resection over surgery alone in terms of overall survival and disease-free
survival. Individual patient data from 3838 patients from 17 different
RCTs was obtained. There were 1000 deaths among 1924 patients assigned
to chemotherapy groups and 1067 deaths among 1857 patients assigned
to surgery-only groups. There was statistically significant benefit in median
overall survival for patients who received adjuvant chemotherapy (HR,
0.82; 95% CI, 0.76–0.90; p G 0.001). The estimated median overall survival
was 4.9 years (95% CI, 4.4–5.5) in the surgery-only group versus 7.8 years
(95% CI, 6.5–8.7) in the group receiving adjuvant chemotherapy. Absolute
benefits were 5.8% and 7.4% at 5 and 10 years respectively.

ACTS-GC trial (role of S-1 chemotherapy)
S-1 is a combination of three different pharmacological compounds
(tegafur, gimeracil, and oteracil potassium) in a 1:0.4:1 M ratio [25]. It is
available in Asia and Europe but is not approved by the FDA in the USA.
The Adjuvant Chemotherapy Trial of S-1 for Gastric Cancer (ACTS-GC)
was a randomized phase III trial to examine the efficacy of S-1 given for
1 year postoperatively compared with surgery alone in patients with stage
II or III gastric cancer who underwent D2 gastrectomy [15]. S-1 (80 to
120 mg per day) was given for 4 weeks, followed by 2 weeks of rest for a
total of 1 year of treatment. The primary endpoint was overall survival,
and the secondary endpoints were relapse-free survival and safety. A total
of 1059 patients were enrolled at 109 centers throughout Japan; 529 were
assigned to the S-1 group and 530 to the surgery-only group. The overall
survival rate at 5 years was 71.7% in the S-1 group and 61.1% in the
surgery-only group (hazard ratio, 0.669; 95% CI, 0.540 to 0.828). The
adverse events of grade 3 or 4 that were more frequent in the S-1 group
were anorexia, nausea, diarrhea, leukopenia, anemia, elevated total serum
bilirubin level, stomatitis, and rash [26]. The results of this trial established
the role of 1 year of S-1 in adjuvant setting in Asian countries.

CLASSIC trial (CapeOx versus no chemotherapy)
The capecitabine and oxaliplatin adjuvant study in stomach cancer (CLASSIC)
study was a multicenter, randomized controlled phase III trial done in South
Korea, China, and Taiwan [16]. In this trial, patients with stage II–IIIB gastric
cancer who underwent curative D2 gastrectomy were randomly assigned to
receive adjuvant eight 3-week cycles of oral capecitabine plus intravenous
oxaliplatin for 6 months or surgery only. The primary endpoint was 3-year
disease-free survival. Of 1035 patients which were enrolled, 520 were randomly
assigned to adjuvant capecitabine and oxaliplatin, and 515 to observation.
There was statistically significant benefit in estimated 5-year disease-free surviv-
al, which was 68% (95% CI 63–73) in the adjuvant capecitabine and
oxaliplatin group versus 53% (47–58) in the observation alone group. Estimat-
ed 5-year overall survival was 78% (95% CI 74–82) in the adjuvant capecita-
bine and oxaliplatin group versus 69% (64–73) in the observation group [27].
The results of this trial established the role of 6 months of CAPEOX in adjuvant
setting in Asian countries.
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JACCRO GC-7 trial (S-1/docetaxel)
In Asia, especially in Japan and South Korea, the outcome of stage III gastric
cancer was thought to be suboptimal despite adjuvant treatment. Therefore, the
JACCROGC-07 trial, a randomized phase III trial for stage III gastric cancer, was
initiated in 138 centers across Japan [17]. Nine hundred fifteen patients with
stage III gastric cancer were randomized after R0 resection by D2 gastrectomy,
either to S-1/docetaxel group or the control group with S-1 only for 1 year. The
primary endpoint was relapse-free survival. The study results were presented at
2018 annual ASCOmeeting, which showed statistically significant benefit of 3-
year relapse-free survival of the S-1/docetaxel arm compared with S-1 arm
(65.9% versus 49.6%) (HR 0.632, 99% CI 0.400~0.998, p = 0.0007) [28]. This
could also be considered another option in stage III patients in Asian
population.

Standard of Care in Asia
In Asian countries especially in Japan and South Korea, the standard of care for
stage II and stage III gastric cancer is D2 surgery followed by adjuvant chemo-
therapy. The evidence of this recommendation for Asian population comes
from the results of above-mentioned trials (ACTS-GC, CLASSIC and JACCRO
GC-7 trials). Either 1 year of S-1 or 6 months of capecitabine/oxaliplatin is
considered standard of care adjuvant chemotherapy. S-1/docetaxel is also con-
sidered for stage III gastric cancers as well.

Role of chemoradiation therapy
Neoadjuvant chemoradiation

The role of preoperative chemotherapy is uncertain in gastric cancer due to lack
of high-quality randomized trial data. Neoadjuvant chemoradiation therapy is
utilized in esophageal and GEJ cancer as derived from the CROSS trial [29]. The
German PreOperative therapy in Esophagogastric adenocarcinoma Trial
(POET) was another major phase III trial designed to compare the preoperative
chemotherapy and chemoradiation versus chemotherapy alone followed by
surgery [30]. This trial only enrolled patients with GEJ cancer. This trial was
terminated prematurely due to poor accrual. Overall survival showed a trend in
favor of preoperative chemoradiation (HR 0.65, 95% CI 0.42–1.01, p = 0.055)
but it was not statistically significant.

There is no prospective randomized phase III clinical trial in resectable
gastric cancer (except for GEJ) to highlight the role of neoadjuvant chemoradi-
ation. Therefore, preoperative chemoradiation cannot be recommended (out-
side of a clinical trial) in resectable non-GEJ gastric cancer.

Adjuvant chemoradiation
As stated earlier, in western countries especially in the USA, the standard way of
managing locally advanced gastric cancer is with perioperative chemotherapy.
However, if gastric cancer resected upfront without any preoperative chemo-
therapy then standard of care is to give postoperative chemoradiation especially
in ≥T3 and/or node-positive tumors. The results of following randomized trials
justify the use of postoperative chemoradiation in resected gastric cancer.
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Intergroup 0116 study (adjuvant chemoradiation versus observation)
This trial was one of the historical, landmark studies to compare chemoradia-
tion after surgery versus surgery alone for gastric and GEJ cancers [14]. In this
trial, 559 patients with tumors ≥T3 and/or node-positive gastric cancer were
randomly assigned to observation versus chemoradiation after R0 resection.
The chemoradiation arm used bolus 5-FU/leucovorin-based chemotherapy
with sandwiched chemoradiation therapy (45 Gy) and bolus 5-FU/ LV as a
radiosensitizer. The median overall survival in the surgery-only group was
27 months, as compared with 36 months in the chemoradiotherapy group.
The long-term update of this trial, with a more than 10-year median follow-up,
demonstrated strong persistent benefit from adjuvant chemoradiation [31].
Although, results of this study set adjuvant chemoradiation after R0 resection
as the standard of care in the USA; however, there was a criticism of this trial due
to suboptimal surgery (G 50% of patients had D1 or D2 surgery).

ARTIST trial (adjuvant chemotherapy versus chemoradiation)
The ARTIST (Adjuvant Chemoradiation Therapy in Stomach Cancer) trial was
designed to investigate the role of postoperative chemoradiotherapy in com-
parison with chemotherapy alone in patients with curatively resected gastric
cancer with D2 lymph node dissection in a single center in Korea [32]. This trial
used capecitabine with cisplatin for six cycles in chemotherapy arm. Patients
assigned to the chemoradiation arm received two cycles of capecitabine/cisplat-
in, then radiation therapy (45 Gy of radiation at 1.8 Gy per day), 5 days per
week, for 5 weeks with continuous capecitabine, followed by two additional
cycles of capecitabine/cisplatin. The primary endpoint was disease-free survival.
The results showed that disease-free survival did not prolong significantly with
the addition of radiation therapy to chemotherapy (p = 0.0862). However, in
the subgroup of patients with pathologic lymph node metastasis at the time of
surgery, patients randomly assigned to chemoradiation arm experienced better
disease-free survival when compared with those who received chemotherapy
alone (p = 0.0365). With updated 7-year follow-up, disease-free survival was
similar in both arms but again chemoradiation significantly improved disease-
free survival in patients with node-positive disease [18]. Due to these results, the
ARTIST II trial was designed to specifically look at node-positive gastric cancer
only. The trial is currently recruiting patients in Korea [33•].

Future perspective
FDG-PET/CT scan as predictive biomarker

Use of PET/CT scans as predictive biomarker has been explored in preoperative
setting [34]. FDG-PET/CT has been examined for their ability to identify re-
sponse to therapy early after the initiation of chemotherapy by evaluating the
change in the standardized uptake value (SUV) of the administered FDG as
compared with the baseline [35]. CALGB-80803, a randomized phase II trial,
was conducted in esophageal and GEJ tumors to determine whether changing
chemotherapy during pre-op chemoradiation based on response to induction
FDG-PET imaging can lead to improved pathologic complete response. Efficacy
endpoint of improvement in pathological complete response was met among
patients who were PET non-responders after induction chemotherapy and

57 Page 8 of 12 Curr. Treat. Options in Oncol. (2019) 20: 57



received alternative chemotherapy during chemoradiation therapy [36]. A ran-
domized phase 2 trial (NCT02485834) was designed to study the impact of
early FDG-PET-directed intervention on preoperative therapy for locally ad-
vanced gastric cancer; however, the trial was terminated due to poor accrual.

HER2-directed therapy
HER2 amplification or overexpression is present in about 7–34% of gastric
cancer patients [37]. It is an important biomarker in unresectable, metastatic
gastric adenocarcinoma. Trastuzumab in combination with chemotherapy is
considered standard option for patients with HER2-positive advanced gastric or
GEJ cancer. Trials are designed to examine the role of HER2-directed therapy in
early-stage gastric cancer and there are some promising results published from
early feasibility trials [38]. The ongoing EORTC INNOVATION trial is a phase II
randomized study to examine the efficacy of trastuzumab or the combination
of trastuzumab and pertuzumab with standard chemotherapy compared with
chemotherapy alone given before and after surgery. This trial is currently
recruiting patients [39]. It is possible that the results of HER2-directed trials
may change the way we treat early-stage HER2-positive gastric in future [40].

Immunotherapy
Checkpoint inhibitors have definitely changed the management of various
tumors including GI malignancies. In gastric cancer, pembrolizumab is current-
ly approved in advanced disease in third-line setting. Although the response
rates were very modest in advance disease (objective response rate was 11.6%)
[41], it is worthwhile to examine the role of checkpoint inhibitors in perioper-
ative setting. There are a number of ongoing trials being designed to recruit
patients to determine the efficacy of immunotherapy. Some of these exciting
trials include the VESTIGE phase II randomized trial with the primary objective
to investigate if nivolumab plus ipilimumab given as adjuvant treatment im-
prove disease-free survival in patients with stage Ib-IVa gastric and GEJ adeno-
carcinoma following neoadjuvant chemotherapy and resection [42]. In Asia,
NCT03006705 is a phase III trial designed to evaluate the efficacy and safety of
adjuvant chemotherapy with nivolumab in combination with S-1 or CapeOX
therapy, in comparison with placebo in combination with S-1 or CapeOX
therapy, in pathological stage III gastric cancer after D2 lymph node dissection
[43].
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