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Abstract. – Gastric cancer (GC) is the third
leading cause of cancer death in both sexes
worldwide, with the highest estimated mortality
rates in Eastern Asia and the lowest in Northern
America. However, the availability of modern treat-
ment has improved the survival and the prognosis
is often poor due to biological characteristics of
the disease. In oncology, we are living in the “Era”
of target treatment and, to know biological as-
pects, prognostic factors and predictive response
informations to therapy in GC is mandatory to ap-
ply the best strategy of treatment.

The purpose of this review, according to the re-
cently published English literature, is to summa-
rize existing data on prognostic aspects and pre-
dictive factors to response to therapy in GC and to
analyze also others therapeutic approaches
(surgery and radiotherapy) in locally, locally ad-
vanced and advanced GC. Moreover, the multidis-
ciplinary approach (chemotherapy, surgery and ra-
diotherapy) can improve the prognosis of GC.
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Introduction

Gastric cancer (GC) is one of the most com-
mon cancers worldwide. More than 21000 pa-
tients have diagnosed annually in the United
States (US), of whom 10990 are expected to die1-

6. Epidemiological evidence suggests that GC
was the first cause of cancer death until the
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1980s when it was overtaken by lung cancer. The
incidence of GC has declined in the past two
decades, after the identification of several risk
factors such as H. pylori and other dietary and
environmental risks7-10. Despite this, several au-
thors reported that the reduction of its incidence
partially began before the discovery of H. pylori.
The decline first took place in countries with low
GC incidence such as the US, while the decline
in countries with high incidence like Japan was
slower11. In China, the decline in the incidence
was lower than those reported in other countries;
the epidemiological data reveal that despite an
overall decrease in GC incidence, an increase in
the oldest and the youngest group has been found
with a fewer remarkable decline observed among
women than in men. In the US, risk factors for
non-cardia GC include male gender, non-white
race, and older age. Moreover, between 1977 and
2006, it has been reported that the incidence rate
of non-cardia GC in the US declined among all
race and age groups. The only exception regards
whites aged 29 to 39 years for whom the inci-
dence of GC increased12-14. Noteworthy, since
this may consider as a signal of the introduction
of new environmental factors. One of the most
important factors contributing to the marked re-
duction in the incidence rates of GC was the
mass utilization of refrigerators. The storage of
food reduced salt-based preservation of food,
prevented bacterial and fungal contamination.
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Moreover, the refrigeration also allowed for fresh
food and vegetables to be more readily available,
which may be a valuable source of antioxidants,
important for cancer prevention15,16.

Prognostic Clinical Factors
Several factors can be considered important

clinical predictors for response to treatment and
survival rate17.

The TNM stage is one of the most important
prognostic tools for GC18.

The prognosis of patients with GC is related to
tumor size, nodal involvement, direct tumor exten-
sion beyond the gastric wall and tumor grade19.

However, the early-stage disease accounts for
only 10% to 20% of all cases diagnosed in the
US. From 80% to 90% of patients show a
metastatic disease in either regional or distant
sites. The overall survival (OS) rate in these pa-
tients at 5 years ranges from almost no survival
for patients with disseminated disease to almost
50% survival for patients with localized distal
GCs confined to resectable regional disease. In
the case of localized disease, the 5-year survival
rate of patients with proximal GC is only 10% to
15%. Although the treatment of patients with dis-
seminated GC may result in palliation of symp-
toms and some prolongation of survival, long re-
missions are uncommon. The complete resection
is the most important prognostic factor. Recur-
rence following surgery is a major problem and
is often the ultimate cause of death.

Residual tumor after gastric resection with cu-
rative intent is categorized by a system known as
R classification and indicates the amount of
residual disease after tumor resection: R0 indi-
cates no gross or microscopic residual tumor, R1
indicates microscopic residual tumor, and R2
shows macroscopic residual disease19.

The degree of penetration of the tumor
through the gastric wall and the presence of
lymph node involvement are the basis for all
staging systems developed for this disease. The
relationship between T stage and survival is well
defined. Some authors from Japan, Europe, and
the US have shown that advanced T stage has the
major prognostic impact20.

In the past, the N stage classification was
based on the anatomical location of lymph nodes.
Although the prognostic significance of such a
classification may be relevant, it is very compli-
cated for practice. In 1997, the AJCC/UICC N
stage was changed and became based on the
number of positive lymph nodes21. This new clas-

sification has fewer methodological problems,
and it seems more reproducible provided that a
minimum of 15 nodes are removed and analyzed.
Apart from TNM classification and R0 resection,
many other factors have been considered for
prognostic purposes.

In some reports, the histological tumor type
has no effect on prognosis with the exception of
the rare small cell carcinoma of the stomach,
which has an unfavorable prognosis22. Other his-
tological prognostic factors were considered the
Laurén classification (intestinal or diffuse type),
or the Ming classification (expanding or infiltrat-
ing type)23,24. Based on Lauren’s classification,
we can differentiate GCs two major types of GC:
intestinal or diffuse. The intestinal type consists
of a differentiated cancer with a tendency to form
glands. By contrast, the diffuse form exhibits low
cell cohesion and tends to replace the gastric mu-
cosa by signet-ring cells. About 16% of cases
will be unclassifiable or of mixed type. Ming et
al25 proposed a classification favorable expanding
type, and the poor prognosis infiltrating type.

Tumor configuration types as described by
Borrmann has been shown to have prognostic
significance in several large studies; according to
Borrmann (Type I: polypoid fungating, Type II:
ulcerative with distinct elevated borders, Type
III: ulcerative with indistinct borders, Type IV:
diffuse, indistinct borders). Type I and II repre-
sent localized types, Types III and IV infiltrative
Types. The localization of the tumor is crucial, as
it determines different surgical strategies.

Carcinoma of the proximal gastric third can
frequently not be differentiated from the true car-
cinoma of the cardias. Also, these tumors must
be distinguished from adenocarcinoma of the dis-
tal esophagus (called Barrett’s carcinoma)

Studies in Asia have questioned the dictum
that signet ring cell carcinoma (SRC) has a worse
prognosis than other forms of GC26. SRC pre-
sented in younger patients and less often in men.
SRC patients were more frequently black, Asian,
American Indian/Alaska Native, or Hispanic.
SRC was more likely to be stage T3-4 (45.8% vs.
33.3%), have lymph node spread (59.7% vs.
51.8%), and distant metastases (40.2% vs.
37.6%). SRC was more likely to be found in the
lower (30.7% vs. 24.2%) and middle stomach
(30.6% vs. 20.7%). Median survival was not dif-
ferent between the two (AC, 14.0 months vs.
SRC, 13.0 months; p = 0.073). Multivariable
analyses demonstrated SRC was not associated
with mortality (hazard ratio [HR], 1.05; 95% CI,
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nosis than do to younger patients, because they
have more advanced disease stage at the time of
diagnosis and a lower rate of curative resection39.
Also, other causes such cardiovascular disease,
diabetes mellitus, other gerontological medical
problems; alterations in the immune system, mal-
nutrition have been suggested to reflect the in-
creased operative mortality and shortened long-
term survival in older patients.

Surgical Treatment: Gastrectomy and
Lymphadenectomy

The worldwide surgical practices may vary be-
tween surgeons, countries and continents. Cur-
rent topics of debate in GC surgery are: (1) The
influence of volume of hospitals and surgeons on
the outcome after gastrectomy; (2) The technique
of surgery: open or minimally invasive gastrecto-
my; (3) Reconstruction of the alimentary tract us-
ing a jejunal pouch. (4) The extent of lymph node
dissection and need for omental resection and/or
pancreatic splenectomy; and (5) The type of
(neo-)adjuvant treatment in patients with GC.
Advanced GC can be defined as a non-early/non-
metastatic GC infiltrating deeper than sub mu-
cosal layer with or without nodal involvement
(T2-4b/N0-3b/M0, 7th AJCC/UICCTNM)40.

Brenkman et al41 in a survey revealed that min-
imally invasive distal gastrectomy was preferred
by 65% of surgeons in the treatment of early gas-
tric cancer. The Asian respondents performed
minimally invasive distal gastrectomy for early
GC in 82% of the cases. In South America, mini-
mally invasive and open distal gastrectomy were
equally performed42. Minimally invasive distal
gastrectomy for advanced GC was performed by
only 9% of respondents. These results were com-
parable in all continents. For total gastrectomy,
minimally invasive total techniques were favored
by 49% for early gastric cancer and by 6% for
advanced GC. However, in Asia, the majority
(64%) of respondents performed minimally inva-
sive total gastrectomy for early GC, whereas oth-
er continents preferred the open procedure. For
total gastrectomy for advanced cancer, there was
no difference between continents.

According to the most recent consensus con-
ference of the Italian Society of Surgery (SIC)
and the Italian Research Group for Gastric Can-
cer (GIRCG), when performing a gastrectomy,
the proximal margin should be assessed in fresh
specimens according to the AJCC T stage. In de-
tail, the gastrectomy is adequate when the margin
is > 2 cm in T1 and > 3 cm in T2-4 for intestinal-

0.96 to 1.11; p = 0.150). Mortality was associat-
ed with age (HR, 1.01; 95% CI, 1.01 to 1.02; p =
0.001), black race (HR, 1.10; 95% CI, 1.01 to
1.20; p = 0.026), and tumor grade. Variables as-
sociated with lower mortality risk included Asian
race (HR, 0.83; 95% CI, 0.77 to 0.91; p = 0.001)
and surgery (HR, 0.37; 95% CI, 0.34 to 0.39; p =
0.001). In the US, SRC significantly differs from
AC in the extent of disease at presentation. How-
ever, when adjusted for stage, SRC does not por-
tend a worse prognosis.

The adverse prognostic factor of tumor size is
controversial. Tumor site has been shown to be
an independent prognostic factor in gastric carci-
noma, with proximal carcinomas having a poorer
prognosis than distal cancers27.

Lymphatic, venous, or perineural invasion
have been shown to be adverse prognostic
factors28. Several studies29-32 have reported a posi-
tive surgical resection margin associated with a
significant decrease in OS. The ratio of lymph
nodes metastases (number of metastatic lymph
nodes to the total number of dissected lymph
nodes) appears to be an important prognostic fac-
tor and the best classification factor for lymph
node metastasis33. Different survival rates have
been reported in patients having undergone surgi-
cal intervention for the treatment of gastric carci-
noma in Japan and Western countries. However,
when using a similar staging classification and
similar prognostic characteristics, the prognosis
for GC in Japan and Germany may be the same34.
Tumor volume, measured from serial tissue sec-
tions of gastric carcinoma by using a computer
graphics analysis, seems to be of prognostic sig-
nificance.

Maehara et al35, by a multivariate analysis re-
vealed that the 10 factors of: (A) depth of inva-
sion, (B) lymph node metastasis, (C) lymph node
dissection, (D) tumor size, (E) liver metastasis,
(F) peritoneal dissemination, 8G) lymphatic inva-
sion, (H) vascular invasion, (I) lesion in the
whole stomach, and (J) lesion in the middle
stomach were independent factors for determin-
ing the prognosis.

Although most reports have suggested a dis-
mal prognosis for young patients with GC, one
study has suggested that young patients (≤ 39
years) do not have a worse prognosis than older
patients36. Women appeared to have a better
prognosis than men in one study37, but this was
not confirmed in other reports38.

According to some investigations, older pa-
tients have been reported to have a poorer prog-
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renowned Dutch trial demonstrated that morbidi-
ty and mortality were significantly higher in the
D2 dissection group (25% vs. 43%; p = 0.001,
and 4% vs. 10%; p = 0.004, respectively) and, af-
ter 11 years, no overall difference in survival was
observed (30% vs. 35%; p = 0.53)45.

The 15-year follow-up update of the trial con-
firmed that any statistically significant difference
exists between D1 and D2 dissection in terms of
OS, while GC-related death rate, local recurrence
rate, and regional recurrence rate were signifi-
cantly lower after D2 dissection46.

Laparoscopic surgery has been shown to pro-
vide important advantages in comparison with
open procedures in the treatment of several ma-
lignant diseases, such as less perioperative blood
loss and faster patient recovery. It also maintains
similar results regarding the tumor resection mar-
gins and the oncological long-term survival.

However, recent data suggest that the populari-
ty of laparoscopic surgery for GC is slowly in-
creasing47. According to the above-mentioned
Italian consensus on GC, given all the parameters
of correct surgical oncology, a radical gastrecto-
my can be performed for early GCs with a la-
paroscopic or a robotic approach. Conversely, the
use of the laparoscopic approach in advanced
malignancy not protruding to the serosa (cT2,
cT3) is still under evaluation, while no data are
available up-to-now to consider safe the laparo-
scopic approach to tumors protruding to the
serosa48. Chen et al47 recently reported a meta-
analysis of the long-term outcomes of laparo-
scopic (LG) versus open gastrectomy (OG) for
GC. The inclusion criteria of the analysis were as
follows: (1) randomized or nonrandomized com-
parative studies; (2) the patients included were
diagnosed with GC; (3) early or locally advanced
candidates were acceptable; (4) there were no
limitations for race, age, or gender; (5) the stag-
ing system was based on the individual reports;
(6) the patients in the LG and OG groups were
compared; (7) the laparoscopic procedures main-
ly included Laparoscopic Assisted Gastrectomy
(LAG), and additionally totally laparoscopic gas-
trectomy (TLG) and hand-assisted laparoscopic
gastrectomy (HALG) were also considered; (8)
any extent of lymphadenectomy from D1 to D2.
was acceptable; (9) in the LG and OG groups,
the range of follow-up length should cover 60
months; (10) all the potentially eligible studies
should report at least one of the primary outcome
measures, including the 5-year OS, tumor recur-
rence, and gastric cancer–related death rates; and

type cancer with non-infiltrative appearance. In
all the other cases, and when the T and the histo-
type were not clarified before surgery, the margin
should be larger than 5 cm. In all the cases in
which it is possible to obtain a proximal margin
free from the tumor as specified above, subtotal
gastrectomy is preferable to total gastrectomy43.

The lymph node stations surrounding the
stomach have been precisely defined by the
Japanese Gastric Cancer Association (JGCA),
formerly known as the Japanese Research Soci-
ety for Gastric Cancer44. Previously, the JGCA
divided these stations into four levels (N1
through N4) based on analysis of lymphatic flow
and the likelihood of GC to metastasize to each
station, and these designations change based on
the primary location of the tumor (i.e., upper
third, middle third, and lower third). The anatom-
ic definitions of the lymph node stations were not
modified during further revisions of the classifi-
cation system but the N designation of the sta-
tions as a component of D1 or D2 resection has
changed as guidelines have been revised. The
JGCA recently abandoned their N designation of
nodal stations in order to more closely adopt and
avoid confusion with International Union Against
Cancer (UICC)/American Joint Committee on
Cancer (AJCC) staging. Staging of tumors near
the oesophagogastric junction remain an area of
discrepancy between the JGCA and UICC/AJCC
staging systems. Nodal stations for a D1 and D2
are now defined by the operation performed
rather than the location of the tumor. D1 lym-
phadenectomy along with proximal gastrectomy
and pylorus-preserving gastrectomy are only rec-
ommended for T1N0 disease.

There are significant differences in the extent
of lymphadenectomy performed in the different
institution and different countries. D2 lym-
phadenectomy is the standard lymphadenectomy
performed in Japan and South Korea for all re-
sectable tumors except for T1 tumors. Less ex-
tensive lymphadenectomies are usually per-
formed in countries with a lower incidence, such
as the United States. There is no disagreement
that a D1 lymphadenectomy is the minimum
lymphadenectomy for gastric adenocarcinoma,
yet this minimum standard may not be met for
the majority of patients in the United States. Less
extensive lymphadenectomies also likely result in
increased loco-regional recurrence. In terms of
overall survival, the effects of more extensive
lymphadenectomy are difficult to discern. Com-
paring D1 versus D2 lymphadenectomy, the
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Clinical controlled trials of radiotherapy as a
single adjuvant in the post-surgical setting have
shown conflicting results54-57. Although locore-
gional failure was substantially reduced in all
studies, no OS benefit was seen.

Surgical resection of GC has produced subop-
timal survival despite multiple randomized trials
that used postoperative chemotherapy or more
aggressive surgical procedures. Intergroup 0116
performed a randomized phase III trial of postop-
erative radiochemotherapy in those at moderate
risk of locoregional failure (LRF) following
surgery. INT-0116 demonstrates strong, persis-
tent benefit from adjuvant radiochemotherapy.
Toxicities appear acceptable, given the magni-
tude of RFS and OS improvement. LRF reduc-
tion may account for the majority of overall re-
lapse reduction. Adjuvant radiochemotherapy re-
mains a rational standard therapy for curatively
resected gastric cancer with primaries T3 or
greater and/or positive nodes58.

In a meta-analysis of postoperative ra-
diochemotherapy59, 5-year OS is significantly
higher with radiochemotherapy as compared to
surgery alone (odds ratio [OR] 0.45, 95% confi-
dence interval [CI] 0.32–0.64). In all studies,
adding chemotherapy to radiotherapy enhances
radiation response and increases the benefit of ra-
diations. Despite a higher frequency of severe
and life-threatening toxicities in the ra-
diochemotherapy group, fewer patients need to
be treated by radiochemotherapy to benefit from
a long-term treatment than the patients need to be
treated by radiochemotherapy after surgery.

The authors in The Adjuvant Chemoradiother-
apy in Stomach Tumors (ARTIST) trial tested
whether the addition of radiotherapy to adjuvant
chemotherapy improved disease-free survival
(DFS) in patients with D2-resected GC.

Between November 2004 and April 2008, 458
patients with GC who received gastrectomy with
D2 lymph node dissection were randomly as-
signed to either six cycles of adjuvant chemother-
apy with capecitabine and cisplatin (XP) or to
two cycles of XP followed by chemo radiothera-
py and then two additional cycles of XP (XPRT).
This final update contains the first publication of
OS, together with updated DFS and subset analy-
ses60.

With 7 years of follow-up, DFS remained sim-
ilar between treatment arms (hazard ratio [HR],
0.740; 95% CI, 0.520 to 1.050; p = 0.0922). OS
also was similar (HR, 1.130; 95% CI, 0.775 to
1.647; p = 0.5272). The effect of the addition of

(11) the numbers of events could be extracted
from the original reports. The authors reported
that the 5-year OS, the recurrence rate and the
GC–related death rate are comparable between
LG and OG for early and advanced GCs49. An in-
ternational expert panel mainly made up of US
and Canadians physicians was organized to define
appropriate and necessary processes of surgical
care for GC50. The results are reported in a manu-
script, by Brar et al50, stating that laparoscopic dis-
tal gastrectomy is appropriate for distal GC pa-
tients with T1-2 N0 disease only; moreover, for
patients with proximal GC, laparoscopic total gas-
trectomy was considered appropriate for patients
with T1 N0 disease and indeterminate for patients
with T2 N0 disease. A large Chinese study report-
ed that postoperative morbidity and mortality after
Laparoscopic Assisted Gastrectomy (LAG) and
D2 dissection for advanced GC are 10.1% and
0.1%, respectively51. Age > 65 years and having
two or more comorbidities (p = 0.024 and p =
0.009, respectively) resulted to be significant pre-
dictors of the development of postoperative com-
plications at the multivariate analysis. Moreover,
those two factors were also significant predictors
of moderate and severe complications (p = 0.016
and p = 0.001, respectively).

In addition to the confusing debate in the liter-
ature on the role of the laparoscopic approach,
novel studies are expanding the field of robotic
surgery for gastric cancer. Recently, an interna-
tional multi-institutional database has been estab-
lished to evaluate the role of robotic, laparoscop-
ic and open approaches in gastric cancer, in
terms of surgical, clinical and oncological fea-
tures52. In a paper edited in 2013 Coratti et al53

reported that Robotic Assisted Gastrectomy
(RAG) represents a valid alternative to conven-
tional open or laparoscopic resection for early
stage gastric carcinoma. In particular, they
claimed advantages of RAG over LG in terms of
(1) lymph node dissection, (2) intracorporeal re-
construction, (3) decreased blood loss, (4) shorter
learning curve and reproducibility.

Radiotherapy
Even after a complete resection with D2 dis-

section with the best surgical technique, about
10% of patients died with locoregional relapse
without any other documented site of failure45.
Therefore, it is important to retain the interest in
treating patients with radiotherapy in the postop-
erative, the preoperative and the intra-operative
setting.
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the prognosis of GC continues to be poor, with <
20% of patients surviving at 5 years67-69. The me-
dian survival for these patients is around 10
months, and less than 10% survive at 5 years.
Furthermore, even after curative resection, about
50%-60% of patients relapse locally or with dis-
tant metastases.

Multiple agents are active in the treatment of
GC, including fluoropyrimidines (5-FU,
capecitabine), anthracyclines, platinum agents,
taxanes, irinotecan, and some targeted therapies
such as trastuzumab for HER-2 overexpressing
GCs. Combination regimens are associated with
higher response rates (RR), and according to one
meta-analysis, are also associated with increased
survival when compared with single-agent
chemotherapies70. Usually, the trials addressing
the efficacy of targeted therapies, for example,
EGFR and vascular endothelial growth factor
(VEGF) were done in un-selected (not bio-mark-
er enriched) populations and have not-surprising-
ly yielded disappointing results71-73.

Trastuzumab, a monoclonal antibody against
human epidermal growth factor receptor 2 (HER2;
also known as ERBB2), was investigated in combi-
nation with chemotherapy for first-line treatment
of HER2-positive advanced gastric or gastro-oe-
sophageal junction cancer in ToGA trial.

ToGA (Trastuzumab for Gastric Cancer) was
an open-label, international, phase 3, randomized
controlled trial undertaken in 122 centers in 24
countries. Patients with gastric or gastro-oe-
sophageal junction cancer were eligible for inclu-
sion if their tumors showed an overexpression of
HER2 protein by immunohistochemistry or gene
amplification by fluorescence in-situ hybridiza-
tion. Participants were randomly assigned in a
1:1 ratio to receive a chemotherapy regimen con-
sisting of capecitabine plus cisplatin or fluo-
rouracil plus cisplatin given every 3 weeks for
six cycles or chemotherapy in combination with
intravenous trastuzumab. The allocation was by
block randomization stratified by Eastern Coop-
erative Oncology Group performance status,
chemotherapy regimen, extent of disease, prima-
ry cancer site, and measurability of disease, im-
plemented with a central interactive voice recog-
nition system. The primary endpoint was OS in
all randomized patients who received study med-
ication at least once74.

The 594 patients were randomly assigned to
study treatment (trastuzumab plus chemotherapy,
n=298; chemotherapy alone, n=296), of whom
584 were included in the primary analysis

radiotherapy on DFS and OS differed by Lauren
classification (interaction p = 0.04 for DFS; inter-
action p = 0.03 for OS) and lymph node ratio (in-
teraction p < 0.01 for DFS; interaction p < 0.01
for OS). Subgroup analyses also showed that
chemo radiotherapy significantly improved DFS
in patients with node-positive disease and with
intestinal-type GC. There was a similar trend for
DFS and OS by stage of disease.

In D2-resected GC, both adjuvant chemothera-
py and chemo radiotherapy are tolerated and
equally beneficial in preventing relapse. Because
results suggest a significant DFS effect of chemo
radiotherapy in subsets of patients, the ARTIST 2
trial evaluating adjuvant chemotherapy and
chemo radiotherapy in patients with node-posi-
tive, D2-resected GC is under way.

Finally, two recent randomized trials studied
combined radiotherapy and chemotherapy, pre-
operatively. The POET trial compared, preopera-
tively, chemotherapy and radiochemotherapy,
showed an increased gain for patients treated
with radiochemotherapy, median survival 33.1
months vs. 21.1, respectively61.

Similarly, the CROSS trial62 showed a median
OS of 49,9 months in patients treated with ra-
diochemotherapy vs. 24 months with surgery
alone; furthermore, in both arms postoperative
complications and in-hospital death rate were
comparable.

The use of intra operative radiotherapy (IORT)
as a component in the management of gastric
cancer was evaluated for local control and toxici-
ty. A clinical trial by Chen and Song demonstrat-
ed that IORT (25-40 Gy) without other radiother-
apy increased 5-year survival of patients with
stage III by 35%63.

A small randomized trial64 found a similar re-
sult; it reported substantially improved 5-year
survival rates for stages II-IV with adjuvant
IORT. Differently, Sidebar et al65 showed that
IORT (20Gy) improved local control but no sur-
vival benefit.

Finally, a recent meta-analysis66 showed a sta-
tistically significant locoregional control benefit
with the addition of IORT in patients with GC.
Moreover, the available data revealed that adju-
vant IORT might provide promising results on
the survival rate for the subgroup of patients with
stage III disease.

Medical Oncological Approach
Despite the recent progress in the development

of new therapeutic strategies and early diagnosis,
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tion of bevacizumab, a monoclonal antibody
against VEGF-A, in combination with CT in
GC76,77. Despite the failure of bevacizumab to im-
prove OS in the phase III AVAGAST trial, a care-
ful analysis of subsets allows note that there is a
western population may derive some benefit78,79.
When subset analyses were performed in the AV-
AGAST trial, it appeared that those with type 3
(distal non-diffuse) GC and those from Euro-
pean/American populations derived more benefit
from bevacizumab than other GC subtypes or pa-
tients from Asian/Pacific populations. The VEG-
FR-2 (vascular endothelial growth factor recep-
tor-2) antagonist ramucirumab, as reported in the
REGARD trial, demonstrated modest activity in
patients with advanced gastric or gastroe-
sophageal junction adenocarcinoma who had dis-
ease progression after first-line platinum-contain-
ing or fluoropyrimidine-containing CT80.

The median OS was 5.2 months (IQR 2.3–9.9)
in patients in the ramucirumab group and 3.8
months (IQR 1.7–7.1) in those in the placebo
group (HR = 0.776, 95% CI 0.603–0.998; p =
0.047). The subsequently reported RAINBOW
trial investigated paclitaxel ± ramucirumab in pa-
tients with metastatic GEJ or gastric adenocarci-
noma who had disease progression on or within 4
months after first-line platinum and fluoropyrim-
idine-based combination therapy81.

The primary endpoint was OS. Median OS
was 9.63 months for ramucirumab+paclitaxel
compared to 7.36 months for paclitaxel alone
(HR=0.807, 95% CI 0.678–0.962, p = 0.017).
Based on these results the combination of ramu-
cirumab + paclitaxel is expected to become a
standard of care treatment regimen in the second-
line setting for metastatic upper GI tumors. The
success of ramucirumab in the second line set-
ting has prompted its clinical investigation in the
first line setting. When ramucirumab was com-
bined with FOLFOX in the first-line setting, it
did not improve median progression-free survival
(PFS) (6.4 vs. 6.7 months, HR = 0.98, 95% CI
0.69–1.37, p = 0.89) or OS (11.7 vs. 11.5
months, HR = 1.08, 95% CI 0.73–1.58) in pa-
tients with advanced gastric/GE junction tu-
mors82. Clinical trials investigating alternative
combinations of CT with ramucirumab in the
first-line setting are ongoing.

Before the success of ramucirumab, tyrosine
kinase inhibitors had been explored as antian-
giogenic agents in the treatment of esopha-
gogastric cancers, but the results are have been
disappointing.

(n=294; n=290). Median follow-up was 18.6
months in the trastuzumab plus chemotherapy
group and 17.1 months in the chemotherapy
alone group. Median overall survival was 13.8
months (95% CI 12-16) in those assigned to
trastuzumab plus chemotherapy compared with
11.1 months (10-13) in those assigned to
chemotherapy alone (hazard ratio 0.74; 95% CI
0.60-0.91; p = 0.0046). The most common ad-
verse events in both groups were nausea
(trastuzumab plus chemotherapy, 197 [67%] vs.
chemotherapy alone, 184 [63%]), vomiting (147
[50%] vs. 134 [46%]), and neutropoenia (157
[53%] vs. 165 [57%]). Rates of overall grade 3 or
4 adverse events (201 [68%] vs. 198 [68%]) and
adverse cardiac events (17 [6%] vs. 18 [6%]) did
not differ between groups. In conclusion,
Trastuzumab in combination with chemotherapy
can be considered as a standard option for pa-
tients with HER2-positive advanced gastric or
gastro-oesophageal junction cancer.

Pertuzumab is a new moAb that binds to the
extracellular ligand binding domain of HER2 and
blocks its dimerization with other HER-family
receptor. When used together, the combination of
pertuzumab plus trastuzumab provides a more
comprehensive blockade of HER signalling than
either agent alone. Therefore, the JACOB phase
III study was designed to evaluate the effective-
ness of pertuzumab in addition to trastuzumab
plus chemotherapy (cisplatin plus capecitabine or
5-FU) in chemo-naïve patients with HER2-over-
expressing advanced gastric or GEJ cancer.
Trastuzumab emtansine (T-DM1) is a newly de-
veloped HER2-targeted antibody–drug conjugate
that links trastuzumab to a highly potent maytan-
sine-derived anti-microtubule drug (DM1). After
binding the trastuzumab moiety to HER2 recep-
tors on the tumor surface, T-DM1 is internalized
by endocytosis and degraded in lysosomes, re-
sulting in the release of DM1-containing cytotox-
ic catabolites. A phase II-III trial has investigated
the effectiveness of T-DM1 compared with tax-
anes (docetaxel or paclitaxel) in patients with
metastatic HER2-positive GC who develop pro-
gression of disease following first-line
chemotherapy. Unfortunately, in both of these
cases, the results are negative. In fact, prelimi-
nary data from these studies show no activity of
anti- HER 2 drugs in the treatment of gastric can-
cer beyond the first line75.

Moreover, the angiogenesis is an important as-
pect of tumor-genesis, and preliminary clinical
studies suggested a clinical benefit in the addi-
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tuzumab; it is a recombinant, fully humanized,
monoclonal anti-MET antibody. Results of the
randomized Phase II trial testing upfront FOL-
FOX6 with onartuzumab at the dose of 10 mg/kg
or FOLFOX6 plus placebo were presented92. One
hundred and twenty-three patients with advanced
gastroesophageal cancer were enrolled from 25
centers; key eligibility criteria included no previ-
ous treatments for metastatic disease, Eastern
Cooperative Oncology Group (ECOG) PS status
of 0 or 1, and retention of organ function. MET-
positive patients were well balanced in the two
arms: 28% in the experimental arm vs. 33% in
the control arm. At data cut-off, 96 out of 121
randomized patients had PFS events, 74% of
those exposed to FOLFOX and onartuzumab and
82% of those receiving FOLFOX and placebo.
The primary end point, PFS, in the intention-to-
treat population, was not met (6.77 months in the
onartuzumab arm, 6.97 months in the placebo
arm; hazard ratio [HR]: 1.08, 95% confidence in-
terval [CI]: 0.71–1.63). Also, the pre-planned
analyses in the MET-positive population generat-
ed similarly disappointing results: median PFS
was 5.95 months for those exposed to FOLFOX6
and onartuzumab vs. 6.8 months for those treated
with FOLFOX6 and placebo (HR: 1.38). No dif-
ferences were found despite the use of different
definitions for MET positivity. The addition of
onartuzumab was not beneficial, and produced
more adverse events.

Phase III trial testing onartuzumab was prema-
turely interrupted because of failure of the drug
in lung cancers, and another randomized study
testing rilotumumab in the advanced disease set-
ting failed to meet the primary trial end point93,94.

New Strategies
Targeting the immune checkpoints in solid

malignancies is becoming a major methodologi-
cal approach. Lymphocytes T may recognize and
eliminate cancer antigens, while immune check-
points such as cytotoxic T-lymphocyte-associated
antigen (CTLA)-4 and programmed cell death
(PD-1) receptor and its ligands (PD-L1, PD-L2)
can suppress the activity of T-lymphocytes.

Therefore, enhancing antitumor immunity by
blocking PD-1 is now an attractive reality.

Pembrolizumab, a highly selective IgG4k, hu-
manized monoclonal antibody against PD-1, has
recently received approval from the FDA for the
treatment of advanced melanoma after the failure
of ipilimumab administration or BRAF V600E-
mutant melanoma in progression following

Sorafenib, a multitarget TKI of BRAF, VEGF,
and PDGFR, was tested in Phase II trial in com-
bination with oxaliplatin in patients who had pro-
gressed on first-line cisplatin/fluoropyrimidine
CT83. In this trial, the primary endpoint of effica-
cy was unmet.

Sunitinib was studied in a phase II trial in pa-
tients with advanced gastric or GE junction tu-
mors, who had progressed to CT84. The clinical
benefit rate was 7.7% with 32.1% of patients ex-
hibiting disease stability. The addition of doc-
etaxel to sunitinib resulted in a higher objective
RR (41.1% vs. 14.3%, p = 0.02) although this
study did not meet its primary endpoint of pro-
longing time-to-progression85.

The US Food and Drug Administration (FDA)
has been recently improved the use of Ramu-
cirumab in combination with Paclitaxel for ad-
vanced gastric or gastroesophageal junction ade-
nocarcinoma.

Another important pathway in gastric cancero-
genesis involves mesenchymal-epithelial transi-
tion factor (MET) 86,87.

Overexpression or amplification of the MET
factor has been observed in GC and been corre-
lated with unfavorable clinical outcomes88,89.

Compared to the proportion of genes identified
by immunohistochemical (IHC) detection of
overexpression, the rate of detection of activating
mutations or amplifications of MET gene is high-
er, defining a small group of cancers with aggres-
sive clinical behaviour regardless of disease
stage90.

AMG 337 is a highly selective, orally avail-
able MET inhibitor that showed promising pre-
clinical activity. In a multicenter, Phase I, open-
label trial, 80 patients with MET-amplified can-
cers and good performance status (PS) received
increasing doses of AMG 337 monotherapy,
defining 300 mg/day as the maximum tolerated
dose91. In the small subset of 13 heavily pre-
treated patients with MET-amplified gastrooe-
sophageal cancers exposed to AMG 337, the in-
vestigators observed a notable 62% rate of re-
sponse. Interestingly, the response was fast and
usually detectable within 4 weeks from treatment
start, which may be a remarkable advantage for
symptomatic patients. The experimental treat-
ment had a favorable profile of tolerability. The
most common side effects were headache (45%),
nausea (32%), vomiting (21%), fatigue (14%),
and peripheral oedema (12%); headache (9%)
and fatigue (4.5%) were the most frequent severe
adverse events. Another MET inhibitor is Onar-



BRAF inhibitor administration95. Because the
high expression of PD-L1 on tumor gastric cells
and macrophages can suppress immune surveil-
lance and permit neoplastic growth, the molecule
has become an interesting target even in GC96,97.
Preliminary data of the KEYNOTE-012 gastric
cohort study, in which pembrolizumab (MK-
3475) was given at 10 mg/kg every 2 weeks to 39
patients with PD-L1-positive advance GC, were
recently presented98. The trial enrolled heavily
pre-treated Asian (19) or non-Asian (20) patients,
wherein 67% received ≥ 2 treatment lines. Over-
all RR was 30.8% (95% CI: 17.0–46.6) and 41%
of patients experienced a decrease in tumor bur-
den. The aim of the abstract presented at the
2015 Gastrointestinal Cancers Symposium was
to analyze the relationship between PD-L1 ex-
pression and clinical outcome in patients with
advanced disease treated with pembrolizumab97.
Muro et al99 found a significant association be-
tween PD-L1 expression level and objective RR
(one-sided p = 0.10). Median OS was not
reached, but the 6-month OS rate was surprising-
ly high (69%). Though described as easily man-

ageable by the authors, the toxicity profile ap-
pears a bit challenging, with five severe adverse
events (peripheral sensory neuropathy, fatigue,
decreased appetite, hypoxia, and pneumonitis)
and one drug-related death (hypoxia). Because
the immune-related response may not be fully
captured by conventional response criteria, it
would be interesting to assess the response with
immune-related response criteria to further con-
firm the activity of pembrolizumab100. On the ba-
sis of the KEYNOTE results, a Phase III random-
ized trial that compares pembrolizumab to pacli-
taxel in patients with recurrent or metastatic gas-
tric or gastroesophageal junction adenocarcino-
ma who progressed after first-line treatment have
been planned.

Conclusions

Gastric cancer has long represented one of the
most difficult gastrointestinal malignancies to
treat. Encouragingly, recent progress with target-
ed therapies and multidisciplinary appraoches101

Agents Target Most significant trials Results Ref

Trastuzumab HER2 584 patients HER2+ who receive OS increased of 2.7/mo (p = 0.0046) Bang YJ,
fluoropyrimidine plus cisplatin PFS increased of 1.2/mo (p = 0.002) 201074

with or without trastuzumab

Bevacizumab VEGF-A AVAGAST phase III No improvements in Shah MA,
OS were recorded 201277

Ramucirumab VEGFR-2 Randomized placebo vs. OS 5.2/mo vs. 3.8/mo Fuchs CS,
ramucirumab (REGARD) in (placebo group) (p = 0.047) 201480

patients (pts) who had disease
progression after first-line CT
Randomized Paclitaxel ± OS 9.6/mo vs. 7.4/mo (paclitaxel Wilke H,
Ramucirumab (RAINBOW) in pts alone) p = 0.017 201481

with metastatic GCs who failed
first-line CT

Sunitinib VEGFR, Phase II trial in pts with advanced Clinical benefit rate 7.7% Bang YJ,
PDGFR, GC Junction who had progression OS 6.8/mo 201184,
c-KIT, after CT RR 41.1% in addition of docetaxel Yi JH,
FLT3 (p = 0.02) 201285

Sorafenib VEGFR, Phase II (GEMCAD) in pts OS 6.5/mo Martin-Richard M,
PDGFR, who had progression after PFS 3/mo 201383

KIT, Cisplatin/5-FU Failure of primary endpoint
B-RAF

AMG 337 c-MET Phase I trial in 80 pts MET+ RR 62% Forner A, 201291

Onartuzumab c-MET Phase II FOLFOX6 plus PFS was failed (6.8/mo vs. 7.0/mo) Thorgeirsson SS92

onartuzumab or placebo in
123 pts MET+

Pembrolizumab IgG4k KEYNOTE-012 cohort of 39 pts RR 30.8% Muro K,
(MK-3475) anti-PD-1 with PD-1+ advanced GC 201599

Table I. Targeted drugs and trials for GCs.

S. Berretta, M. Berretta, F. Fiorica, R. Di Francia, P. Magistri, et al.

4026



Multimodal approach of advanced gastric cancer: based therapeutic algorithm

4027

12) JEMAL A, SIEGEL R, WARD E, MURRAY T, XU J, SMIGAL C,
THUN MJ. Cancer statistics, 2006. CA Cancer J
Clin 2006; 56: 106-130.

13) SCHLANSKY B, SONNENBERG A. Epidemiology of non-
cardia gastric adenocarcinoma in the United
States. Am J Gastroenterol 2011; 106: 1978-
1985.

14) ANDERSON WF, CAMARGO MC, FRAUMENI JF JR, CORREA

P, ROSENBERG PS, RABKIN CS. Age-specific trends in
incidence of noncardia gastric cancer in US
adults. JAMA 2010; 303: 1723-1728.

15) COGGON D, BARKER DJ, COLE RB, NELSON M. Stom-
ach cancer and food storage. J Natl Cancer Inst
1989; 81: 1178-1182.

16) LA VECCHIA C, NEGRI E, D'AVANZO B, FRANCESCHI S.
Electric refrigerator use and gastric cancer risk.
Br J Cancer 1990; 62: 136-137.

17) CAPPELLANI A, ZANGHI A, DI VITA M, ZANET E, VEROUX

P, CACOPARDO B, CAVALLARO A, PICCOLO G, LO MENZO

E, MURABITO P, BERRETTA M. Clinical and biological
markers in gastric cancer: update and perspec-
tives. Front Biosci (Schol Ed) 2010; 2: 403-412.

18) KURTZ RC, SHERLOCK P. The diagnosis of gastric
cancer. Semin Oncol 1985; 12: 11-18.

19) DI VITA M, CARDÌ F, CAVALLARO A, ZANGHÌ A, CAPPEL-
LANI A. Might the detection of alterations in E-cad-
herin expression improve the treatment of spo-
radic gastric cancer? WCRJ 2014; 1: e378.

20) HERMANEK P, MARUYAMA K, SOBIN LH. GASTRIC CANCER.
In: Hermanek , Gospodarowicz MK, Henson DE,
Hutter RVP, Sobin LH, editors. Prognostic factors
in cancer. Geneve: International Union Against
Cancer (UICC), 1995.

21) UICC (INTERNATIONAL UNION AGAINST CANCER). In:
Sobin LH,Wittekind CH, editors. TNM classifica-
tion of malignant tumors. 5th edition New York,
Chichester, Weinheim, Brisbane, Singapore,
Toronto: Wiley-Liss, 1997.

22) VAN KRIEKEN JH, SASAKO M, VAN DE VELDE CJ. GASTRIC

CANCER. IN: GOSPODAROWICZ MK, HENSON DE, HUTTER

RVP, O’SULLIVAN B, SOBIN LH, WITTEKIND C, EDITORS.
Prognostic factors in cancer. New York: Wiley-
Liss, 2001; pp. 251-265.

23) ROHDE H, GEBBENSLEBEN B, BAUER P, STUTZER H, ZI-
ESCHANG J. Has there been any improvement in the
staging of gastric cancer? Findings from the Ger-
man Gastric Cancer TNM Study Group. Cancer
1989; 64: 2465-2481.

24) CARRIAGA MT, HENSON DE. The histologic grading of
cancer. Cancer 1995; 75: 406-421.

25) LAUREN P. The two histological main types of Gas-
tric Carcinoma: Diffuse and so-called intestinal-
type carcinoma. An attempt at a histo-clinical
classification. Acta Pathol Microbiol Scand 1965;
64: 31-49.

26) IKEDA Y, MORI M, KAMAKURA T, HARAGUCHI Y, SAKU M,
SUGIMACHI K. Improvements in diagnosis have
changed the incidence of histological types in ad-
vanced gastric cancer. Br J Cancer 1995; 72: 424-
426.

offers hope for patients with advanced GC, and
expands the therapeutic armamentarium consid-
erably against this formidable disease. Moreover,
the use of the pharmacogenomic tests could im-
prove the results concerning the response rates
and the toxicity102-106.
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