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ABSTRACT

Early detection of gastric adenocarcinomas is neither possible nor practiced around the world except, 

on a limited basis, in Japan. Therefore, gastric carcinoma is frequently detected late in most patients. 

Surgical resection in the early stages is potentially curative, with a high level of post-surgical relapse. 

Due to this, additional strategies with radiotherapy and neoadjuvant and adjuvant chemotherapy have 

been developed in order to improve the surgical results in patients with gastric carcinoma that is 

locally advanced and in the early stages. (J CANCEROL. 2016;3:109-24)
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INTRODUCTION

Gastric cancer is the fourth most common type of 
cancer and the second leading cause of cancer-
related deaths worldwide1. 

If surgery is still the only potentially therapeutic 
treatment for gastric cancer, in the early stages of 
the disease it has higher healing rates. However, 
less than 25% of cases are detected in the initial 
stages, and survival rates are significantly reduced 
when the tumor spreads to the muscle tissue and 
when lymph nodes are compromised3. 

Many of the symptoms produced by the disease 
may not appear in the early stages. Some of these 
symptoms can also appear in benign tumors, 
which, together with the lack of a standard screen-
ing process, contributes to the detection of the 
disease in more advanced stages, thus reducing 
the chances of cure in patients.

Treatment strategies have been developed, in 
addition to surgery, which allow for improved 
outcomes. They are neoadjuvant, adjuvant, or 
perioperative strategies, including chemothera-
py (CT) and/or radiotherapy (RT), and are in-
creasingly used to treat gastric cancer patients 
in early and locoregional advanced stages. Neo-
adjuvant therapy is aimed at increasing curative 
resections, reducing the tumor size, eliminating 
micro-metastasis, and improving the symptoms 
produced by the disease. The different regimens 
designed as an adjuvant therapy have an im-
pact on the progression-free survival and overall 
survival4. 

Conversely, patients who are initially operated on 
and, depending on their clinical-pathological 
stage, may receive adjuvant treatment with che-
motherapy (CTx) or chemoradiotherapy (CRTx), 
which has also been demonstrated to have an 
impact on the overall survival (OS) and progres-
sion-free survival (PFS)5. 

The controversy over which of these strategies is 
the most suitable continues worldwide, with a 
highlight on several trends, among them the 
Asian one, favoring adjuvant therapy with CTx 
only; in the USA, CRTx is combined with the ad-
juvant therapy, and European specialists favor 
perioperative CTx. 

The present article focuses on the main periop-
erative treatment strategies, neoadjuvant and ad-
juvant therapy, showing the results for the different 
strategies in an impartial manner. 

SURVIVAL PROGNOSIS ACCORDING TO 
STAGING

The prognosis of gastric cancer patients is related 
to the tumor extension, how compromised the lymph 
nodes are, and the tumor size beyond the gastric 
wall6,7. 

In the cases of stomach cancer, only 26% of pa-
tients are diagnosed in the local stage, 29% of 
patients are diagnosed in the regional stage, 35% 
of cancer patients in distant metastasis or metas-
tasis, and approximately 10% of them without 
known staging8. In the SEER 1973-2005 study from 
the USA of 10,601 gastric cancer patients, only 
17.4% of them were in IA-IB stages and 58% of 
patients were diagnosed in IV stage9. 

The five-year survival for stomach cancer in all 
stages is 29.3%, for the local stage it is 65.4%, 
29.9% for the regional stage, and only 4.5% of 
survival in cancer patients with distant metastasis8. 
At a global level, nearly 60% of patients who un-
dergo R0 resection relapse and die. Consequent-
ly, the overall five-year survival rate of resectable 
gastric cancer patients oscillates between 10 and 
30%. 

In the abovementioned SEER study9, we can see 
that in the IA stage, the group with the best prog-
nosis has a five-year survival rate of 87.8% and 
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this drops drastically to 57.4% for the IB group 
(Table 1). 

The depth of the primary tumor invasion on the 
wall is related to the worst prognosis, but lymph 
node involvement is possibly deemed as the 
most powerful prognostic factor. The location of 
the tumor inside the stomach (proximal tumors 
have a worse prognosis than distal tumors), the 
histological grading, and lymph-vascular invasion 
also have an influence on fully resected gastric 
cancers. Asians, women, and young patients are 
the predictors of a better prognosis, while high 
levels of CEA and CA-19-9 predict a poor prog-
nosis9. 

NEOADJUVANT AND PERIOPERATIVE 
TREATMENT OF GASTRIC CANCER 

Neoadjuvant and perioperative strategies, includ-
ing CTx and/or CRTx, are being increasingly used 
to treat patients with locoregional advanced gas-
tric cancer and in the early stages. A number of 
advantages have been described for the neoad-
juvant treatment strategy in the treatment of ag-
gressive solid tumors, including gastric cancer. 
Firstly, this focus allows for an early treatment of 
the micro-metastatic disease. On the other hand, 

it makes it possible for the evaluation of the che-
mosensitivity and in vivo treatment response, in-
cluding the possibility of tumor reduction, as well 
as the complete pathological response, and this 
can be translated into improved outcomes10,11. In 
addition, it allows for treatment administration when 
the patient is in better clinical conditions without 
having to wait for the postoperative recovery, 
which leads to an improvement in adherence to 
therapy by patients to complete the treatment4,12, 
and finally, it allows for an improved chance of an 
adequate oncological surgery (R0)4,12.

The perception that neoadjuvant treatment can 
compromise the chances of cure in those patients 
with progression during the preoperative treatment 
that generally demands two to three months is 
unfounded. Furthermore, it would allow the identi-
fication of poor surgical candidates that carry bio-
logically aggressive and incurable tumors. This 
could also be considered an advantage of the 
neoadjuvant model. 

The incorporation of CRTx into the neoadjuvant 
strategy could be beneficial. When finding an in-
tact tumor as well as the patient’s anatomy, it fa-
cilitates planning with a better preservation of the 
toxicity of adjacent organs. This strategy has been 
translated into better tolerance and better locore-
gional control in cases of rectal cancer and esoph-
ageal cancer, to mention two examples13,14. 

The FAMTX Dutch study was one of the first ran-
domized clinical trials assessing the role of neo-
adjuvant CTx in gastric cancer. The study included 
59 patients, of which 29 patients randomly re-
ceived four cycles of 5FU, doxorubicin, and meth-
otrexate followed by surgery, and 30 patients were 
assigned to surgery only. The resectability rate 
was similar in both treatment arms. The neoadju-
vant FAMTX allowed around 32% of responses (full 
plus partial responses), but it did not improve the 
OS significantly compared to surgery alone (30 vs. 
18 months; p = 0.17), but it was a study with a low 
number of patients15.

Table 1. Survival rates observed in 10,601 surgically resected 
gastric adenocarcinomas

Stage Al Dg 1 2 3 4 5

IA 100 90.2 84.8 79.8 74.8 70.8
IB 100 87.4 77.9 69.9 62.7 57.4
IIA 100 82.1 67.4 57.2 50.2 45.5
IIB 100 76.8 58.3 46.0 38.4 32.8
IIIA 100 66.5 42.4 29.9 23.5 19.8
IIIB 100 61.6 35.4 22.9 17.8 14.0
IIIC 100 47.4 21.8 14.2 11.0  9.2
IV 100 27.0 10.0  5.6  4.5  4.0

Stage IA included 1,194 cases; Stage IB, 655 cases; Stage IIA, 1,161 cases; Stage IIB, 
1,195 cases; Stage IIIA, 1,031 cases; Stage IIIB, 1,660 cases; Stage IIIC, 1,053 cases; and 
Stage IV with 6,148 cases.
Source: SEER 1973-2005 Data. Public archives diagnosed in the years 1991-2000.
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The MAGIC English study was the first to demon-
strate the benefit of the perioperative strategy in 
gastric cancer and gastroesophageal cancer pa-
tients. A total of 503 patients with cancer in stag-
es Ib and IVa were randomly assigned to three 
preoperative cycles and three postoperative cy-
cles of CTx with epirubicin (50 mg/m2), cisplatin 
(60 mg/m2) administered on day 1, plus 5FU in 
continuous infusion (200 mg/m2), for 21 days in 
three-week interval cycles. Twenty-six percent of 
patients with gastroesophageal cancer were in-
cluded in the study. The primary objective of the 
study was OS. 

Patients in the perioperative CT group had a high-
er likelihood of a R0 surgery (79.3 vs. 70.3%; p = 
0.03) and the resected tumors were significantly 
smaller (T1/T2 52 vs. 37%) and lesser lymph node 
involvement (N0/N1 84 vs. 71%) compared to the 
group subjected to surgery only. The postopera-
tive complication rates and mortality rates were 
similar in both treatment groups. 

The patients in the perioperative CTx group ob-
tained a significant benefit in OS (24 vs. 20 
months), five-year survival (36 vs. 23%; HR: 0.75; 
p = 0.009) as well as in PFS (HR: 0.66; p < 0.001). 
It is worth highlighting that while 91% of the pa-
tients in the CT group completed the preoperative 
part, only 50% of them could complete the post-
operative part, particularly due to early recurrence 
and delayed postoperative recovery. This finding 
suggests that the survival benefit especially re-
sults from the preoperative CT. The most common 
adverse event related to CT was neutropenia 
(23%), although only 12% experienced grade 3-4 
neutropenia. It is worth noting that in the subgroup 
analysis, patients with gastroesophageal cancer 
were the ones who had the greatest benefits re-
garding this strategy4. 

A similar benefit was observed in the FNLCC/
FFCD French study12, similar to the MAGIC study 
design. Patients with similar characteristics (Ib-IVa 
stages) were randomized to 2-3 preoperative CT 

cycles and 2-3 postoperative CT cycles with cis-
platin (100 mg/m2) on day 1 with 5FU 800 mg/m2 
in continuous infusion of four days in four-week 
cycles, or surgery alone (113 and 111 patients, 
respectively). Sixty percent of the patients had 
gastroesophageal cancer as primary site. 

A higher probability of R0 surgery (84 vs. 73%; p 
= 0.004), higher OS (32 vs. 22 months), a higher 
five-year disease-free survival (DFS) rate (34 vs. 
19%; HR: 0.65; p = 0.003) and a better five-year 
OS (38 vs. 24%; HR: 0.69; p = 0.02) were ob-
served in the perioperative CT group compared to 
the surgery only group. As in the MAGIC study, 
the greatest benefit was obtained by gastroesoph-
ageal cancer patients. 

Aiming to intensify and improve the perioperative 
strategy, the ST03 English study randomly as-
signed 1,063 gastric cancer and gastroesopha-
geal cancer patients, stage Ib-IVa, to receive three 
preoperative CTx cycles and three postoperative 
CTx cycles with the regimen epirubicin 50 mg/m2 
day 1, cisplatin 60 mg/m2 day 1, capecitabine 
1,250 mg/m2 days 1-21 in three-week cycles fol-
lowed by surgery, versus the same regimen plus 
bevacizumab 7.5 mg/kg on day 1. 

A similar percentage of patients with R0 surgery 
was observed in both groups (74 vs 75%) as well 
as a similar OS. A higher rate of postoperative 
complications (particularly fistulas) was noticed in 
the bevacizumab group. Notably, only 37% of pa-
tients in both groups could complete the postop-
erative CTx16.

In order to demonstrate the benefits of the neoad-
juvant strategy, the EORTC planned the 40954 
study17. The patients were randomly assigned to 
four preoperative CTx cycles with cisplatin and 
5FU or surgery only. Only 144 patients were re-
cruited and the study was prematurely closed due 
to recruitment failure. A higher probability of R0 
surgery (81.9 vs. 66.7%) and lower lymph node 
involvement (61.4 vs. 76.5%; p = 0.018) was no-
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ticed in the CTx group. Although a much higher 
DFS and higher OS were achieved in the neoad-
juvant CTx group, this did not reach statistical 
significance (p = 0.2 and 0.466, respectively), 
probably due to the low statistical power of the 
study.

In addition, several meta-analyses have evaluated 
the role of neoadjuvant CTx in gastric cancer18-20. 
In 2014, Xiong, et al. published the results of 
1,820 patients from 12 different studies, of which 
six studies were performed in Asia and six were 
performed in the West21. The meta-analysis 
showed that patients treated with neoadjuvant 
CTx followed by surgery only had a marginal ben-
efit in OS compared to surgery alone (odds ratio: 
1.32; p = 0.001). However, a greater benefit was 
observed in the three-year DFS rate, “down-stag-
ing” rate, and R0 surgery rate for patients treated 
with CTx.

The subgroup analysis also showed that the ben-
efit rates in five-year OS of patients treated with 
neoadjuvant CT were significantly improved in 
studies conducted in the West (p < 0.01), but not 
in studies conducted in Asia (p = 0.32). 

Although these studies have demonstrated the 
neoadjuvant treatment benefits, their main weak-
ness lies in the lack of postoperative adjuvant 
treatment in the standard group, which consisted 
of surgery only in all studies. Conversely, some 
questions were not answered: What is the most 
important part of the perioperative treatment? 
Would preoperative CTx be enough to yield sur-
vival benefits or should it be combined with post-
operative adjuvant CTx? Are objectives achieved 
with adjuvant CTx alone? How do we view the use 
of neoadjuvant CTx in Asia, where the highest in-
cidence of gastric cancer, the most sophisticated 
surgical techniques, and good adjuvant treatment 
strategies coexist? The key question is that we still 
do not know if perioperative CTx has the same 
additional advantage as adjuvant CTx in the treat-
ment of operable gastric cancers. 

In order to address these questions, a meta-anal-
ysis of neoadjuvant CTx was performed in the 
survival results of operable gastric cancers, with 
searches in the PubMed, Embase, and Cochrane 
Library for random clinical trials published through 
June 2014. Neoadjuvant CTx strategies were com-
pared with neoadjuvant-free strategies in patients 
with stomach adenocarcinoma or gastroesopha-
geal cancer who had undergone a potentially cu-
rative resection22. The combined adjusted hazard 
risk (HR) rate for OS was insignificant when com-
paring the arm containing neoadjuvant treatment 
with the free arm. The subgroup analysis showed 
that the treatment arm that included both adjuvant 
and neoadjuvant CTx was significantly improved 
in the control group (only adjuvant treatment) (HR: 
0.48; 95% CI: 0.35-0.67; p < 0.001). While neoad-
juvant CTx plus surgery did not show any benefit 
in survival compared with surgery alone, periop-
erative CTx showed a significant PFS increase and 
a significant reduction of distant metastasis com-
pared to surgery only. However, in patients with 
resectable gastric cancer, neoadjuvant CTx only 
is not sufficient and adjuvant CTx itself is not suf-
ficient for a definitive improvement in the OS of 
treated patients. The study reached the conclusion 
that perioperative CTx associated with surgery 
can be beneficial in the survival rate of resectable 
gastric cancer patients. 

The scope in the potential indication of a neoad-
juvant/perioperative strategy highlights the need 
for an optimal selection of patients who received 
the greater benefit. 

Different clinical tools, such as age, weight loss, 
and need for splenectomy and/or pancreatectomy, 
have been used to predict the postoperative mor-
bidity risk23. Those high-risk patients could be pre-
served in time for the start of postoperative treat-
ment. 

An adequate preoperative study is directly related 
to the selection of patients. Computed axial to-
mography (with its variants: hydrotomography and 
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pneumotomography), echo-endoscopy, PET-CT, 
and laparoscopy with different methods are used 
in the staging of patients. In addition to their 
strengths and weaknesses, it is likely that an op-
timal staging requires a combination of two or 
more studies24-27.

ADJUVANT TREATMENT WITH 
CHEMOTHERAPY ONLY

There are a varied number of studies that have 
evaluated the administration of adjuvant CTx (CTx 
after surgery with curative intent) versus surgery 
alone. The impact of adjuvant CTx in the survival 
has contradictory results. 

Multiple meta-analyses have been published; 
some of them support a significant benefit in the 
survival of patients who received postoperative or 
adjuvant CTx. The first meta-analysis published by 
Hermans, et al. included 2,096 patients. In this 
meta-analysis, adjuvant CTx did not have an im-
provement in the survival of patients with surgical 
resections with a curative intent. The odds ratio 
(OR) was assessed at 0.8828.

Another meta-analysis limited to non-Asian pa-
tients published by Earle, et al. reported a 0.80 
OR (95% CI: 0.66-0.97). It showed that 65% of 
patients who underwent gastrectomy and had re-
currence ended up dying, compared to 61% of 
patients subjected to surgery plus adjuvant CTx. 
The reduction in absolute risk was 4%29.

More recent meta-analyses that included a great-
er number of patients have demonstrated a statis-
tically significant benefit in terms of OS and PFS 
in favor of adjuvant therapy with regimens that 
contain 5FU. Paoletti, et al. (6,390 patients) dem-
onstrated an OS (HR: 0.82; 95% CI: 0.76-0.90; p 
= 0.0019) and DFS (HR: 0.82; 95% CI: 0.75-0.90; 
p = 0.001) in favor of adjuvant therapy with che-
motherapy, with a five-year survival rate increase 
from 49.6 to 55.3%30.

However, Sun, et al. (3,809 patients) published 
some benefits in terms of OS in favor of adjuvant 
therapy with CTx (HR: 0.78; 95% CI: 0.71-0.85). 
No influence was found in the results obtained 
from the depth of the tumor invasion, lymph node 
metastasis grading, lymphadenectomy type, geo-
graphic distribution, or route of administration of 
the drug31 (Table 2).

The optimal adjuvant chemotherapy regimen has 
not yet been established. There are several ac-
ceptable alternatives including epirubicin, cispla-
tin and 5-FU infusion (ECF); cisplatin-5FU (5FU, C) 
capecitabine plus oxaliplatin; and S-1, which is an 
oral fluoropyrimidine comprising three different 
agents: ftorafur (tegafur), gimeracil (5-chloro-2,4-
dihydropyridine), a potent dihydropyrimidine de-
hydrogenase inhibitor), and oteracil (potassium 
oxonate), which inhibits intestinal phosphorylation.

Various adjuvant therapy studies have been con-
ducted in Japan. Studies JCOG 8801 and 9206-1 
of the Japanese group failed to demonstrate the 
adjuvant treatment benefits using combinations 
with S-132,33. The latter (9206-1) published in 2003 
included 252 patients, who after the D2 surgery or 
more, were randomly assigned to observation ver-
sus adjuvant treatment with CTx (mitomycin 1.33 
mg/m², 5FU 166.7/m², and cytarabine 13.3 mg/m²) 
twice a week for the first three weeks after surgery, 
and oral 5FU 134 mg/m², every day for the follow-
ing 18 months until reaching a total dose of 67 mg/
m²). No statistically significant differences were 
found between both treatment arms in terms of OS 
or relapse-free survival33.

Table 2. Optimal adjuvant chemotherapy regimen 

Author Number of 
patients

Results P

Paoletti, et al.30 3,838 HR 0.82 < 0.001
Hermans, et al.28 2,096 OR 0.88 NR
Earle, et al.29 1,990 OR 0.80 NR
Sun, et al.31 3,809 HR 0.78 < 0.001
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These results are consistent with the preliminary 
meta-analysis results that show a death HR of 
0.70-0.82 among patients who received S-1 com-
pared to those who did not receive it30,31.

In the USA, this adjuvant therapy is not a conven-
tional treatment; however, this treatment is a standard 
in Asia, based on the results of the CLASSIC and 
ACTS-GC studies, which are further discussed.

The Japanese study with S-1 showed the benefits 
of adjuvant therapy with S-1 in gastric cancer pa-
tients stage II or III who had undergone a poten-
tially curative surgery with D2 lymphadenectomy 
randomly assigned to S-1 (80-120 mg/day for four 
weeks, repeated every six weeks for one year) 
against surgery only34. 

A total of 1,059 patients were included in this 
study, which was initially published in 2007 and 
updated in 2011 after a five-year follow-up, with 
a five-year survival of 71.7% in the group receiv-
ing S-1 and 61.1% in the surgery only arm (HR: 
0.669; 95% CI; 0.540-0.828). The five-year re-
lapse-free survival was 65.4% in patients receiv-
ing S-1 and 53.1% in the surgery alone group 
(HR: 0.653; 95% CI: 0.537-0.793). The most com-
mon adverse events were anorexia (6.0%), nau-
sea (3.7%), and diarrhea (3.1%). 

This study is the first large Japanese phase III 
trial, positive, with great clinical impact. However, 
the treatment according to its own authors could 
not be validated, while D1 resection is considered 
a recommended but not required surgery35. 

Conversely, the CLASSIC study (in South Korea, 
China and Taiwan), which included 1,035 patients, 
evaluated the administration of postoperative CTx 
with capecitabine (1000 mg/m2 twice a day, on 
days 1-14) in combination with oxaliplatin (130 mg/
m2 on day 1), after curative resection with D2 nod-
al dissection, of at least 15 lymph nodes to ensure 
adequate classification in gastric cancer patients, 
stage II, IIIA or IIIB randomly assigned to eight 

21-day cycles of capecitabine plus oxaliplatin, or 
surgery alone36.

In this study, DFS was found at 62.4 months follow-
up of 27% in a group that received adjuvant treat-
ment vs. 39% in patients who received surgery 
alone (HR: 0.58). An estimated five-year DFS of 68 
vs. 53% was found in patients who received adju-
vant therapy vs. surgery alone, respectively, with 
statistical significance. The five-year OS was 78% 
in patients who received adjuvant CTx treatment 
vs. 69% in patients who were under observation.

In the subgroup analysis, the patients who bene-
fited most from the treatment were patients with 
histological grade G1 and G2, lymph node in-
volvement, and antral tumor localization. 

The results of these two studies support the use 
of postoperative CTx after D2 curative surgery in 
patients with resectable cancer. However, it should 
be borne in mind that these results have not been 
documented in patients with D1 or D0 dissection; 
thus, some authors consider that CRTx would be 
the treatment of choice in these patients.

The ARTIST study38, a randomized trial, which 
showed that postoperative CRTx has no benefit in 
gastric cancer patients, with D2 nodal dissection 
and curative resection, stages Ib-IVa, will be further 
reviewed in detail. In this trial, the standard arm 
indicated six CTx cycles with capecitabine and 
cisplatin, with a median follow-up of 53 months; 
the three-year DFS was 74% for CTx. From the 
adjuvant therapy viewpoint, this result is consistent 
with the CLASSIC study.

As for the use of adjuvant treatment in elderly 
patients, information is controversial, but they seem 
to benefit from adjuvant CTx. In a recent meta-
analysis, the HR for OS in elderly and non-elderly 
patients was found to be 0.745 (95% CI: 0.552-
1.006; p = 0.055), and 0.633 (95% CI: 0.533-0.753; 
p < 0.001), respectively. No heterogeneity was 
found between both groups, which may suggest 
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that a statistically relevant significance could be 
found if the sample size increased. Conversely, 
there was a statistically significant benefit in re-
lapse-free survival in elderly patients (HR: 0.613; 
95% CI: 0.466-0.806; p < 0.001)39.

If the usefulness and benefit of adjuvant CTx ther-
apy in patients with curative resections have been 
established, randomized positive studies mainly 
included Asian populations, and it is uncertain 
whether such results can be replicated in the 
Western population. 

ADJUVANT CHEMORADIOTHERAPY 

More than 80% of patients who die from gastric 
cancer experience local recurrence40, which has 
caused interest in adjuvant CRTx. In randomized 
combined postoperative CRTx studies, after a 
complete resection of the gastric cancer, survival 
benefits have been demonstrated as compared to 
surgery alone. 

The INT0116 study, published in 2001, is the most 
representative, though it is also the most contro-
versial study. It established postoperative CRTx as 
a standard for completely resected gastric cancer. 

The trial included 556 patients with gastric adeno-
carcinoma stages IB-IVA or gastroesophageal can-
cer, who, after a potentially curative surgery, were 
randomly assigned to surgery alone or to postop-
erative adjuvant therapy with concomitant CRTx 
followed by CTx. This consisted of radiotherapy 
(45 Gy in fractions of 1.8 Gy daily) administered 
with 5FU and leucovorin (400 and 20 mg/m2, re-
spectively) on days 1-4, and in the last three days 
of RT41. Furthermore, patients received four cycles 
of 5FU and leucovorin, one of them before CRTx 
and the remaining three patients after CRTx.

The majority of patients had T3 or T4 tumors and 
lymph node involvement (85%); only 31% of them 
had T1-T2 tumors, and 14% of patients had the 

disease without lymph node involvement (N0). 
Surgery was not scheduled. CRTx was offered to 
all patients with T1 or larger tumors, with or without 
lymph node involvement. 

Adjuvant therapy versus surgery alone demon-
strated benefits in several parameters: DFS im-
provement, 30 vs. 19 months; three-year survival 
benefit, 50 vs. 41%; improved OS, 36 vs. 27 months; 
a decrease in local treatment failure went from 29 
to 19% and a reduction in the metastasis rate went 
from 40% for the surgery group alone vs. 32% for 
the group receiving experimental therapy.

Toxicity was significant, as there was a high he-
matological (54%) and gastrointestinal (33%) tox-
icity rate grade 3-4. Among the 281 patients as-
signed to CRTx, only 64% were able to complete 
the therapy. In addition, there was 1% (three cas-
es) of death related to CRTx.

With more than 10 years of follow-up, the improve-
ment in patient survival has been maintained. No 
increase in late toxicity was observed42. In the 
USA, the standard therapy is considered in pa-
tients with completely resected gastric cancer or 
gastroesophageal cancer, but the doses or the 
CTx regimen are no longer used due to toxicity. 
Therefore it is preferred to indicate 5FU in con-
tinuous infusion or capecitabine43-45.

This study has been criticized for several reasons, 
with highlights on: a D0 surgery in 54% of cases; 
D1 surgery in 36%, and D2 surgery in only 10% 
of cases. The study was not designed to evaluate 
the role of CRTx in cases that had a D2 dissection. 
Moreover, 39 patients were classified at stage IB 
(T2N0) of the disease, in which a low risk of re-
lapse is expected; in this case the benefit is not 
clear, due to the small number of enrolled patients. 

Combined chemotherapy and radiotherapy treat-
ment requires experience and a careful approach. 
Some argue that treatment with CTx received by 
these patients is not optimal.
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According to the analysis of the results by sub-
groups of patients, the CRTx would be more effec-
tive in those cases with intestinal adenocarcino-
mas and smaller tumor volume (T1 N+, T2 NO) 
than those patients who have undergone non-on-
cologic D0 or D1 surgery. However, the effective-
ness of this treatment would disappear in diffuse 
tumors and in patients who underwent D2 surgery.

It is not very clear whether the benefit was due 
only to CRTx or only to the adjuvant CTx or to their 
combination, as it happened in initial pancreatic 
adjuvant therapy studies, in which the benefit of 
CRTx was finally dismissed.

Leong, et al. in 2011 reported that postoperative 
CTx with epirubicin, cisplatin, and 5FU (ECF) be-
fore and after concomitant CRTx with 5FU infusion 
was safe and effective in patients with completely 
resected gastric adenocarcinoma44. With a follow-
up of 36 months, the three-year OS rate was 62%. 
At three years, the DFS and OS rates were 82.7 
and 83.4% respectively.

The US Intergroup study, CALGB 80101, which 
included patients with gastric cancer or gastro-
esophageal cancer who had undergone curative 
surgery, compared the regime of INT0116 protocol 
(5FU bolus and leucovorin with FU plus concurrent 
RT) versus postoperative ECF before and after FU 
plus concurrent RT45. Patients who received ECF 
had lower rates of diarrhea, mucositis, and grade 
4 neutropenia. The OS was not significantly better 
with ECF at three years (52 vs. 50% for ECF and 
FU/leucovorin, respectively7).

In Korea46, a study was conducted and published 
in 2003 that evaluated the benefits of adjuvant 
CRTx in gastric cancer patients stages IB to IV 
(MO), adequately operated with radical surgery, 
D2 dissection. Patients received a regimen similar 
to that given in the INT 0116 study. A total of 290 
patients were included, of which 79% completed 
adjuvant treatment; with a follow-up of 49 months, 
114 (34%) patients relapsed; 33 (29%) patients 

had a locoregional relapse, 76 (67%) patients had 
peritoneal relapse, and 41 (36%) patients had dis-
tant metastasis. Overall survival and relapse-free 
survival at five years was 60 and 57% of patients, 
respectively, all with acceptable toxicity. This study 
demonstrated that postoperative CRTx can be 
beneficial in patients with radical D2 surgery; how-
ever, this study was not randomized.

The ARTIST study47, a phase III randomized trial, 
investigated the role of postoperative CRTx in pa-
tients with D2 lymph node dissection and gastric 
cancer curative resection, stages Ib-IVa, and was 
designed to compare postoperative treatment with 
capecitabine plus cisplatin (XP) versus the same 
CTx (XP) plus concomitant CRTx with capecitabine.

Six CTx XP cycles (capecitabine on days 1-14 and 
cisplatin on day 1, repeated every three weeks) 
were indicated in the standard treatment arm. The 
experimental treatment arm received two XP cy-
cles followed by 45 Gy (capecitabine 1,650 mg/
m2 per day for five weeks) and then two XP cycles. 
A total of 458 randomly assigned patients were 
studied. Treatment was completed as expected by 
75.4% of patients in XP and 81.7% in the experi-
mental treatment arm. Patients with T2a, positive 
microscopic border, lymph node involvement N0, 
or distant metastases, and those who only had D1 
resection were excluded from this study.

With a median follow-up of 53 months, the three-
year DFS was 78 and 74%, respectively for CRTx 
vs. CTx (p = 0.862). Thus, the addition of CRTx to 
postoperative CTx did not significantly improve 
DFS in patients with D2 resection. However, in the 
subgroup of patients with lymph node metastasis, 
patients randomly assigned to the experimental 
treatment arm had a higher DFS compared to 
those only receiving XP (77.5 and 72.0%, respec-
tively; p = 0.0365), and the statistical significance 
was maintained in the multivariate analysis. The 
conclusion is that the addition of CRTx did not 
significantly reduce recurrence after curative re-
section and D2 lymph node dissection in gastric 
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cancer, and a subsequent trial (ARTIST-II) will be 
performed in gastric cancer patients with lymph 
node involvement to confirm or dismiss this finding 
in the subgroup analysis. 

This study demonstrated again that CTx with cis-
platin/capecitabine is viable after D2 dissection.

The CRITICS study48 was a phase III randomized 
study that included 788 patients with gastric ad-
enocarcinoma or gastroesophageal cancer stages 
Ib-IVA. Patients with T2a, positive microscopic bor-
der, M1 lymph node involvement or distant metas-
tasis, and those who only had R1 resection, were 
excluded from the study. Of the patients, 87% had 
at least one D1+ dissection, without splenectomy 
or pancreatectomy, and an average extirpation of 
20 lymph nodes.

All patients received preoperative CTx at standard 
doses of epirubicin, cisplatin, and capecitabine 
(ECC), or epirubicin, oxaliplatin, capecitabine 
(EOC). After surgery, patients were randomly as-
signed to receive only CTx (393 patients), with the 
same preoperative regimen or concomitant CRTx. 

With a median follow-up of 4.2 years for the pri-
mary endpoint, the five-year OS was similar in both 
treatment arms: 40.8 for CTx and 40.9 for CRTx, 
with a corresponding mean survival of 3.5 and 3.3 
years. The PFS was also similar in both arms. 
However, only 47 and 52% of patients completed 
CTx and CRTx, respectively. A number of patients 
did not receive postoperative treatment for sev-
eral reasons, including personal preference, dis-
ease progression, and toxicity in the preoperative 
phase. This study showed that CRTx does not 
significantly reduce recurrence after D2 dissection 
in curatively resected gastric cancer patients. 

A retrospective analysis49 of various phase I/II 
studies conducted in the Netherlands, which com-
pared the outcomes of patients treated with sur-
gery only versus those treated with surgery fol-
lowed by fluoropyrimidine-based CRTx, showed 

no benefits in the recurrence rate for patients op-
erated with a D2 dissection, but in patients who 
had a D1 nodal dissection, the postoperative CRTx 
reduced the recurrence rate from 8 to 2%.

CONCOMITANT CHEMORADIOTHERAPY 
IN LOCALLY ADVANCED GASTRIC CANCER 

Radiotherapy perspective

Surgery has poor results in patients with locally 
advanced cancer, partly because of the large 
number of locoregional recurrences, which can be 
avoided with CRTx.

The first randomized study that demonstrated a 
benefit in OS for adjuvant treatment is that of Mac-
Donald, et al. published in 200150. Radiotherapy 
(RTx) with concomitant CTx (CRTx) improved OS 
by 9%. However, as mentioned earlier, this study 
has multiple criticisms.

The only randomized study comparing CTx versus 
adjuvant CRTx in gastric cancer patients with gas-
trectomy and D2 dissection is the ARTIST study. It 
has three publications that should be re-
viewed47,51,52. The objective was to show differ-
ences in DFS (not OS). It included 458 patients 
only. The CRTx treatment arm was better tolerated 
and could be completed in 81.7% of patients vs. 
75.4% of patients receiving CTx. The three-year 
DFS was higher for CRTx versus CTx (78 vs. 74%), 
but it did not achieve statistical significance, al-
though the p value was close (p = 0.0862). Unfor-
tunately, patients without lymph node involvement 
were included, who do not require RTx, since with 
adequate surgery and adjuvant CTx, the risk of 
local or regional relapse is low. When analyzing 
the DFS of patients with lymph node involvement 
in this study, it was better for those patients who 
received CRTx with a significant p value (p = 0.0365). 
In addition, the adjuvant CTx treatment arm had 
more than 3% of N0 patients, and therefore, a 
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better prognosis. The third publication of this study 
is the most interesting as it conducted a more in-
depth analysis of the results. In patients with lymph 
node involvement, locoregional recurrence was 
14.5% for the adjuvant CTx treatment arm versus 
only 6.4% for the CRTx arm (p = 0.009). It should 
be noted that the surgery of these patients was 

excellent; all D2 and 99% with more than 15 re-
sected nodes. 

A key finding is that the RTx was with opposite 
parallel anterior-posterior fields (RTx 2D), extremely 
old, slightly homogeneous, not precise and not well 
formed for an irregularly shaped target (splenic 

Figure 1. XP: capecitabine/cisplatin; XPRT: capecitabine/cisplatin/radiotherapy.

Subgroup n p Hazard ratio (95% confidential interval)

LN mets
   Yes 396 0.009
   No 62 0.37

Perineural invasion
   Yes 204 0.05
   No 222 0.18

Lymphovascular invasion
   Yes 313 0.02
   No 134 0.24

Lauren classification
   Diffuse 274 0.4
   Intestinal 163 0.02

Bomman classification
   Others 194 0.64
   3 or 4 264 0.03

Histologic type
   Signet or P/D 300 0.32
   Others 158 0.13

Gastrectomy type
   Total 161 0.07
   Subtotal 297 0.16

Primary tumor type
   AGC 405 0.09
   EGC 53 0.45

Age
   ≥ 60 years 183 0.23
   < 60 years 275 0.1

Sex
   Female 162 0.14
   Male 296 0.08

Total 458 0.03

0.01 0.1 10

Favor XP armFavor XPRT arm
Si

n 
co

nt
ar

 c
on

 e
l c

on
se

nt
im

ie
nt

o 
pr

ev
io

 p
or

 e
sc

ri
to

 d
el

 e
di

to
r, 

no
 p

od
rá

 r
ep

ro
du

ci
rs

e 
ni

 f
ot

oc
op

ia
rs

e 
ni

ng
un

a 
pa

rt
e 

de
 e

st
a 

pu
bl

ic
ac

ió
n.

 
 

©
 P

er
m

an
ye

r 
M

éx
ic

o 
20

17



120

Journal of Cancerology. 2016;3

hilum, hepatic hilum, anastomosis, celiac trunk, 
etc.) and with many healthy regional organs to 
avoid (small intestine, large intestine, kidneys, 
liver, etc.). No simulation with computed tomogra-
phy or 3D conformational dosimetry was used, 
both being the minimum standard nowadays 
worldwide for at least a decade. It is noteworthy 
that there has been a benefit in some patients with 
this RTx. There is even a study by the Princess 
Margaret Cancer Centre in Toronto that shows that 
their specialists prefer even more conformed treat-
ments, such as intensity-modulated RTx (IMRT) for 
this pathology, because with this technique, the 
coverage of the area to be irradiated is better (it 
receives a corresponding dose, not less) and the 
doses of the healthy organs are smaller53. 

It must be emphasized in the ARTIST study that 
the Forest Plot shows benefits for CRTx in all sub-
groups, except for patients without lymph node 
involvement (Fig. 1).

In summary, D2 dissection gastrectomy plus adju-
vant CTx is not sufficient for locally advanced gas-
tric cancer. The only comparison of this strategy 
versus adjuvant CRTx (ARTIST) shows that with 
surgery and CTx, locoregional recurrence is 14.5% 
versus only 6.4% when CRTx is performed (p = 
0.009). In addition, the CRTx regimen has less 
toxicity and can be completed by a higher propor-
tion of patients.

Currently, the presented evidence demonstrates 
that the indications for adjuvant CRTx are: (i) for 
patients with gastrectomy and D2 dissection with 
compromised lymph nodes (ARTIST), (ii) for pa-
tients with insufficient D0-1 dissections (MacDon-
ald), and (iii) for patients with positive R1 borders 
(Stiekema, et al. study not commented on in this 
publication54).

In conclusion, we must consider that the current 
RTx worldwide is better than the RTx of random-
ized trials that proved their benefit in gastric 
cancer. 

THE FUTURE AND UNANSWERED 
QUESTIONS

There are many questions that remain unan-
swered, among which are the clinical or patho-
logical stages at which adjuvant therapy should 
be indicated. In some trials, patients were includ-
ed from stage Ib, in others only stage II + was 
considered, in some trials until stage III, and in 
others until stage IVa. We currently know relapse 
rates according to sub-stages, but we do not 
know the benefit of adjuvant therapies according 
to these sub-stages. We know that intestinal vs. 
diffuse histology, as well as antral vs. gastric 
background, male vs. female, Asian vs. non-
Asian, have different prognoses, but we do not 
know the survival prognoses by combining two or 
more of these factors. In the near future we must 
have relapse risk tables according to the combi-
nation of these factors and the proportion of ben-
efits according to the different therapy alternatives 
(similar to breast cancer).

We know that the biological characteristics of can-
cer in Asia and the West are partly different, as we 
also know that the efficacy and tolerance of some 
therapy regimens are different in these regions, 
but we do not yet know how similar they are in our 
population. In the future we shall know better the 
biological characteristics of cancer in our popula-
tion and participate in international trials aimed to 
investigate the results of new therapies.

Biomarker-guided therapies and the development 
of new drugs aimed at molecular targets have 
paved the way in oncology since the beginning of 
the 21st century. According to this finding, the new 
molecular classification of the Gastric Cancer Ge-
nome Atlas could change the paradigm in the 
treatment of this disease55. Strategies seeking to 
incorporate targeted therapies and biological ther-
apies to CTx, RTx, and surgery in a multimodal 
approach will be mandatory in the future to im-
prove outcomes. 
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Trastuzumab is a humanized monoclonal antibody 
that blocks the HER2 receptor by preventing bind-
ing with its ligand. Such a receptor is overex-
pressed in 10-20% of gastric cancer patients. In 
the ToGA study, the addition of trastuzumab to CTx 
with cisplatin and 5FU or capecitabine in gastric 
cancer patients with overexpressed HER2 demon-
strated benefit in PFS and OS. It also significantly 
increased the response rate56. These data make 
the idea of seeking similar benefits seem attractive 
with this strategy in adjuvant therapy and neoad-
juvant therapy. Studies incorporating trastuzumab 
to this scenario are in progress.

The selection of patients to receive treatment is 
crucial to define the best treatment option as well 
as to optimize the results. In the future, progress 
is expected in the identification of populations and 
subgroups with specific characteristics at a mo-
lecular level to allow a more adequate selection of 
patients for different treatment strategies. We will 
have to stop treating gastric cancers according to 
their phenotype. The cancer genome should lead 
to future adjuvant trials with specific therapies, 
particularly as we move forward into the immuno-
therapy age.

There are many current questions that need to be 
resolved in the near future:

 – Why use three neoadjuvant cycles in the MAGIC 
study when it will be more beneficial to indicate 
four, five, or six cycles? Conversely, the French 
study showed similar results to the MAGIC study 
although it used only two neoadjuvant cycles.

 – How many cycles are appropriate in adjuvant 
therapy; six as in the ARTIST study or eight as 
in the CLASSIC study, or even more?

 – Is it necessary to use epirubicin in adjuvant 
therapy? Is ECF equal to CF?

 – Is the four-day cisplatin-5FU infusion regimen 
(from the French study) interchangeable with 

cisplatin/capecitabine or oxaliplatin/capecitabine? 
Is the EOC (epirubicin/oxaliplatin/capecitabine) 
regimen better than ECF in neoadjuvant therapy?

 – Is the cisplatin/capecitabine regimen used in the 
ARTIST study equal in efficacy to oxaliplatin/
capecitabine used in the CLASSIC study?

 – Could the oxaliplatin/capecitabine regimen be 
changed by FOLFOX?

 – In the oxaliplatin/capecitabine regimen, 130 mg/m2 
of oxaliplatin is indicated, which is not tolerable; 
however, in colon cancer 85 mg/m2 is as effec-
tive as 130 mg/m2. 

 – Is there a role for trastuzumab in adjuvant or 
neoadjuvant therapy?

 – How could patients with very low, low, intermedi-
ate, and high risk be defined?

 – Should the same neoadjuvant or adjuvant therapy 
be used in low-risk, intermediate-risk, or high-risk 
patients?

 – Is there really a benefit to using CRTx in gastric 
cancer?

 – Should a different strategy be used in D0, D1, 
or D2 resections; R0 or R1?

 – How can clinical T and N be more accurately 
determined in gastric cancer?

 – How can the effectiveness of neoadjuvant ther-
apy be clinically evaluated?

SUMMARY AND CONCLUSIONS

The exclusive surgery of gastric cancer is associ-
ated with 70% or more of relapses, essentially 
systemic and also locoregional relapses. There-
fore, various systemic or locoregional treatment 
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strategies have been studied, complementary to 
surgery, in the adjuvant form (postoperative) as 
well as neoadjuvant (preoperative), or periopera-
tive form (pre- and post-surgery), using CTx and/
or RTx in different sequences and giving results 
that have improved the potential for cure.

According to the most outstanding studies, there 
are three alternatives that have shown benefits in 
terms of survival of patients with operable gastric 
cancer and are suitable alternatives with a stan-
dard A approach in the therapy of resectable, lo-
cally advanced, proximal gastric adenocarcino-
mas or distal, intestinal, or diffuse tumors:

 – If patients have had a potentially curative resec-
tion, adjuvant treatment with CRTx followed by 
chemotherapy with 5FU-leucovorin is an appro-
priate option, based on the results obtained with 
the INT-0116 study (standard in the USA), and 
would be appropriate in patients with D0 or D1 
resections.

 – Another potentially better alternative would be 
to use only adjuvant CTx, based on capecitabine/
platinum, according to evidence from Asia. 
This adjuvant CTx is recommended for pa-
tients who have not received perioperative 
treatment following complete resection of gas-
tric cancer, especially when D2 dissection was 
performed. The use of chemotherapy with S1 
for one year as an adjuvant treatment has 
been shown to be effective in Asian patients; 
however, studies in other populations are re-
quired to extend its use.

 – If patients are viewed prior to resection, in the 
European standard, they should receive periop-
erative CTx (neoadjuvant and adjuvant thera-
py). The optimal regimen is not yet defined and 
combinations with ECF, (according to the MAG-
IC study), or only CF (according to the French 
study) and it should be remembered that there 
is clear evidence for using neoadjuvant CTx 
alone.

As in most digestive tumors, neoadjuvant treat-
ment has been incorporated into the multimodal 
approach of gastric cancer, especially as part of 
a perioperative treatment strategy. It has been 
shown to improve locoregional control, the pos-
sibility of R0 surgery, and OS, with a better toler-
ance and a greater probability of completing the 
planned treatment. 

These three standard alternatives are not exempt 
from criticism and controversy. There is not yet a 
study that has compared these three strategies, 
and we cannot safely say which of these alterna-
tives is superior. However, some studies suggest 
that in the prevention of locoregional recurrence, 
the preoperative adjustment should be empha-
sized where patients can have a better tolerance 
regarding the therapy and its effect can be more 
pronounced. One possible and easy way to im-
prove its effectiveness is to modify the time of 
drug administration by applying the majority of 
cycles prior to surgery in order to increase protocol 
integrity. 

Aggressive adjuvant therapy trials have not been 
as successful as desired, and possibly focus 
should be maintained on patients with high-risk of 
positive lymph nodes. 
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