
INTRODUCTION

Gastric cancer (GC) is the third leading cause of
cancer death in both sexes worldwide (8.8% of the
total), with the highest estimated mortality rates in
Eastern Asia and the lowest in Northern America.
High mortality rates are also present in both sexes
in Central and Eastern Europe, and in Central and
South America1-6.

Gastric cancer used to be the leading cause of
cancer deaths in the world until the 1980s when it
was overtaken by lung cancer. The worldwide in-
cidence of GC has declined rapidly over the recent
few decades. Part of the decline may be due to the
recognition of certain risk factors such as H. py-
lori and other dietary and environmental risks7-10.
However, the decline clearly began before the dis-
covery of H. pylori. The decline first took place in
countries with low GC incidence such as the
United States (beginning in the 1930s), while the
decline in countries with high incidence like Japan
was slower11. In the United Kingdom, there was a
consistent decline in incidence of GC, with a re-
duction in RR from 1.14 in 1971 to 1975 to 0.84 in
1996 to 2000 in men, and 1.18 in 1971 to 1975 to

0.81 in 1996 to 2000 in women12,13. In the United
States, risk factors for noncardia GC include male
gender, non-white race, and older age. Between
1977 and 2006, the incidence rate for non-cardia
GC in the United States declined among all race
and age groups except for whites aged 29 to 39
years for whom it increased14-16. The rise in inci-
dence of non-cardia gastric cancer among those at
25 to 39 years is noteworthy since this may signal
the introduction of new environmental factors. In
other parts of the world, it continues to pose a
major challenge for health care professionals. En-
vironmental risk factors include smoking, high salt
intake and other dietary factors. In a recent meta-
analysis, there was no appreciable association be-
tween moderate alcohol drinking and GC-risk;
however, there was a positive association with
heavy alcohol drinking, particularly for non-cardia
GC17.

An interesting hypothesis is that the popular-
ization of refrigerators marks a pivotal point for
the decline. Refrigerators improved the storage of
food, thereby reducing salt-based preservation of
food and preventing bacterial and fungal contam-
ination. Refrigeration also allowed for fresh food
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and vegetables to be more readily available, which
may be a valuable source of antioxidants impor-
tant for cancer prevention18,19.

The purpose of this review is to the summarise
existing data on prognostic aspects and predictive
factors to response to therapy in GC. 

CLINICAL PROGNOSTIC FACTORS

Despite the recent progress in the development of
new therapeutic strategies and in early diagnosis,
the prognosis of GC continues to be poor, with <
20% of patients surviving at 5 years20-22.

Within this framework, identifying factors
helping to predict survival and response to treat-
ment is a crucial issue and may support an appro-
priate strategy among the available therapeutic
options. 

Two major classifications are currently used.
The Japanese classification is more elaborate and
is based on anatomic involvement, particularly the
lymph node station23. The other staging system de-
veloped jointly by the AJCC and the Union for In-
ternational Cancer Control (UICC), is the system
used in countries in the Western Hemisphere24. The
TNM stage is one of the most important prognos-
tic tool for GC. 

The prognosis of patients with GC is related to
tumour extent and includes both nodal involve-
ment and direct tumour extension beyond the gas-
tric wall. Tumour grade may also provide some
prognostic information25,26.

In localized distal GC, more than 50% of patients
can be cured. However, early-stage disease accounts
for only 10% to 20% of all cases diagnosed in the
United States. The remaining patients present with
metastatic disease in either regional or distant sites.
The overall survival rate in these patients at 5 years
ranges from almost no survival for patients with dis-
seminated disease to almost 50% survival for pa-
tients with localized distal GCs confined to
resectable regional disease. Even with apparent lo-
calized disease, the 5-year survival rate of patients
with proximal GC is only 10% to 15%. Although the
treatment of patients with disseminated GC may re-
sult in palliation of symptoms and some prolonga-
tion of survival, long remissions are uncommon.

Recurrence following surgery is a major prob-
lem, and is often the ultimate cause of death.
Residual tumor after gastric resection with cura-
tive intent is categorized by a system known as R
classification and indicates the amount of residual
disease left after tumour resection: R0 indicates no
gross or microscopic residual tumour, R1 indicates
microscopic residual tumour, and R2 shows
macroscopic residual disease. This obvious and

important prognostic factor was not always re-
ported in the past, making interpretation of sur-
vival results difficult27.

Two prognostic factors are standard on a type C
basis: the degree of penetration of the tumour
through the gastric wall, and the presence of lymph
node involvement. These two factors also form the
basis for all staging systems developed for this dis-
ease. The relationship between T stage and sur-
vival is well defined. Several reports from Japan,
Europe, and the United States have demonstrated
the significant prognostic importance of advanced
T stage26. 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 num-
ber of positive lymph nodes28. 

A minimum of 15 examined lymph nodes is
recommended for adequate staging. Data from a
jeer database show that the number of lymph nodes
examined correlated with overall survival (OS)
after gastrectomy. A trend for superior survival
based on none lymph nodes examined was con-
firmed across all stage subgroups29. 

Apart from TNM classification and R0 resec-
tion, many other factors have been considered for
prognostic purposes.

Most multivariate analyses have shown no ef-
fect on prognosis of the tumour histological clas-
sification proposed by the WHO, independent of
stage, with the exception of the rare small cell car-
cinoma of the stomach, which has an unfavourable
prognosis30. Other histological prognostic factors
were considered the Laurén classification (intesti-
nal or diffuse type), or the Ming classification (ex-
panding or infiltrating type). For all stage
groupings, grading correlates with outcome31,32.
The Lauren’s classification differentiates GC into
two major types: intestinal or diffuse. This classi-
fication, based on tumour histology, characterizes
two varieties of gastric adenocarcinomas, which
have different pathology, epidemiology, aetiolo-
gies, and behaviour. 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 proposed
a classification favourable expanding type, and the
poor prognosis infiltrating type33,34.

Macroscopic tumour configuration types as de-
scribed by Borrmann has been shown to have
prognostic significance in several large studies; I
and II Borrmann types (polypoid and ulcerating
cancers) seem to have a better prognosis than III
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and IV Borrmann types (infiltrating cancers).
However, the prognostic value of tumour configu-
ration has not been confirmed in other studies.
Studies in Asia have questioned the dictum that
signet ring cell carcinoma (SRC) has a worse prog-
nosis than other forms of GC35. In a study, Shar-
ven Taghavi et al36 determined differences in
presentation and outcomes between SRC and gas-
tric adenocarcinoma (AC) in the United States.
They reviewed 10,246 cases of patients with GC,
including 2,666 of SRC and 7,580 of AC.

SRC presented 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% v 33.3%), have lymph node spread (59.7%
v 51.8%), and distant metastases (40.2% v 37.6%).
SRC was more likely to be found in the lower
(30.7% v 24.2%) and middle stomach (30.6% v
20.7%). Median survival was not different be-
tween the two (AC, 14.0 months v SRC, 13.0
months; p =.073). Multivariable analyses demon-
strated SRC was not associated with mortality
(hazard ratio [HR], 1.05; 95% CI, 0.96 to 1.11; p =
.150). Mortality was associated with age (HR,
1.01; 95% CI, 1.01 to 1.02; p = .001), black race
(HR, 1.10; 95% CI, 1.01 to 1.20; p = .026), and tu-
mour grade. Variables associated with lower mor-
tality risk included Asian race (HR, 0.83; 95% CI,
0.77 to 0.91; p =.001) and surgery (HR, 0.37; 95%
CI, 0.34 to 0.39; p = .001). In the United States,
SRC significantly differs from AC in extent of dis-
ease at presentation. However, when adjusted for
stage, SRC does not portend a worse prognosis.

The adverse prognostic factor of tumour size is
controversial. Tumour site has been shown to be
an independent prognostic factor in GC, with prox-
imal carcinomas (i.e., tumours of the upper third
of the stomach, including the gastric cardia and
gastroesophageal junction) having a poorer prog-
nosis than distal cancers36.

Lymphatic, venous, or perineural invasion have
been shown to be adverse prognostic factors37.
Several studies have reported a positive surgical
resection margin associated with a significant de-
crease in overall survival38-41. 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 metastasis42. Different survival rates have
been reported between patients having undergone
surgical intervention for the treatment of gastric
carcinoma in Japan and Western countries. How-
ever, when using a similar staging classification
and similar prognostic characteristics, the progno-
sis for GC in Japan and Germany may be the

same43. Tumour volume, measured from serial tis-
sue sections of GC by using a computer graphics
analysis, seems to be of prognostic significance. In
a recent report by Maehara et al44, multivariate
analysis revealed that the 10 factors of depth of in-
vasion, lymph node metastasis, lymph node dis-
section, tumour size, liver metastasis, peritoneal
dissemination, lymphatic invasion, vascular inva-
sion, lesion in the whole stomach, and lesion in the
middle stomach were independent factors for de-
termining the prognosis. However many studies
confirmed that tumour size, perineural or lymph
vascular invasion, and the nodal status have been
shower to be stronger predictors of survival.

Although most reports45 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
patients. Women appeared to have a better prog-
nosis than men in one study46, but this was not con-
firmed in other reports47. 

According to some studies48, older patients
have been reported to have a poorer prognosis than
do to younger patients, because they have more ad-
vanced disease stage at the time of diagnosis and a
lower rate of curative resection. Also, other causes
such cardiovascular disease, diabetics, other geron-
tological medical problems, alterations in the im-
mune system, malnutrition have been suggested to
reflect the increased operative mortality and short-
ened long term survival in older patients.

PROGNOSTIC SERUM MARKERS

Due to their low sensitivity and specificity in de-
tecting early primary tumours, classic biomarkers
have shown little benefit as a method for screening
in the general population. However these markers
may be used clinically for the monitoring of tu-
mour recurrence or may be used as prognostic fac-
tors because higher levels have been normally
observed in advanced disease. Introduction of new
techniques as polymerase chain reaction (PCR)
may increase the sensibility of detection of these
markers respect common immunoassays.

CARCINOEMBRYONIC ANTIGEN (CEA)

Preoperative serum CEA levels have a predictive
value in determining tumour stage and prognostic
information for patients with potentially resectable
GC during the preoperative period49. Curatively re-
sected gastric cancer patients with higher preoper-
ative plasma CEA levels have a poorer prognosis
than those with lower levels, despite the adjust-
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ment for the effects of major prognostic factors50-

52. Others have found that higher CEA levels in
peritoneal washings in GC patients at the time of
laparotomy are prognostic of poor survival53,54.
Chung et al55 reported higher CEA serum levels in
advanced GC of intestinal-type. Kodama et al56

confirmed a low positive rate of CEA serum levels
in early gastric cancers, similarly to Ca19.9 and
Ca72.4. Ucar et al57 demonstrated a correlation be-
tween CEA positivity and presence of liver metas-
tases. Nakanishi et al58 demonstrated a higher
frequency of peritoneal metastases in patients with
positive real time-PCR analysis for CEA tran-
scripts in peritoneal washes of GC patients.

CARBOHYDRATE ANTIGEN (CA) 19-9 

Kodama et al56 showed a low positive rate for
Ca19.9 in early GC. Ucar et al57 showed a more
frequent significant Ca19.9 serum positivity in pa-
tients with lymph nodes, peritoneal and serosal in-
volvement.

CARBOHYDRATE ANTIGEN (CA) 72-4

The 72.4 carbohydrate epitope, contained in high-
molecular weight mucin-type glycoprotein, called
TAG-72, is detected by monoclonal antibodies
CC49 and B72-3. Kodama et al56 demonstrated a
higher positive rate of serum expression for Ca
72.4 respect CEA and Ca19.9 in advanced GC, but
not in early GC. Moreover a higher positive rate
of expression was seen in the presence of peri-
toneal dissemination and a first elevation prior to
other markers in the presence of recurrence. Mat-
tar et al59 confirmed increased serum positive ex-
pression of Ca 72.4 in advanced gastric disease.
Ucar et al57 showed a more frequent significant Ca
72.4 positivity in patients with lymph nodes, peri-
toneal and liver involvement and described Ca
72.4 as the only independent prognostic factor for
survival among other markers such as CEA,
Ca19.9, αFP. Fernandes et al60 showed a signifi-
cant correlation between high levels of Ca 72.4 in
peritoneal washing and lymph nodes metastasis
and serosa involvement by GC and also with more
advanced stage of GC. The levels of Ca 72.4 in the
blood correlates significantly with only lymph
nodes involvement by GC.

CARBOHYDRATE ANTIGEN (CA) 125

The Carbohydrate antigen 125 (Ca 125) has been
recently, by Food and Drug Administration (FDA)

as test for ovarian cancer61. Recently Nacata et al62,
demonstrated the predictive role of Ca 125 for
peritoneal metastasis from GC.

PROGNOSTIC TISSUE FACTORS 

In the last decades, many studies have suggested
the role that genetic alterations may have in the de-
velopment and progression of gastric cancer63. Mo-
lecular pathology may be helpful not only to
understand the disease pathogenesis, but also to
give useful prognostic molecular markers. 

Biological prognostic factors are often derived
from the genetic process, which is thought to rep-
resent a crucial step to gastric cancer (HER2, E-
cadherin, EGFR, DNA copy number changes,
microsatellite instability, and changes in expres-
sion of several factors including thymidilate syn-
thase, beta-catenin, mucin antigen, p53, COX-2,
matrix metalloproteinases, and vascular endothe-
lial growth factor receptor). Some of these poten-
tial prognostic factors can also be predictive of
response to therapy as they are a molecular target
either to chemotherapeutics or to biologic/targeted
therapies, such as trastuzumab in HER2-positive
tumours.

Overexpression of p53 as demonstrated by im-
munohistochemistry, has been reported in 17-91%
of invasive tumours, whereas the reported inci-
dence pf p53 mutations in invasive carcinomas
range from 0 to 77%64. Assessment of the role of
p53 in GC in relation to prognosis has produced
conflicting result65-69. Published studies have re-
ported conflicting and even contradictory results
since they have involved immunohistochemical
detection of the protein, which has been performed
with different antibodies, detection techniques, or
methods of interpretation. Other suggested biolog-
ical prognostic factors were p21 expression, VEGF
expression, overexpression of EGF-r, cyclin D2
overexpression, BAT-26 alterations, uPA (uroki-
nase-type plasminogen activator) and PAI-1 (PA
inhibitor), the serum level of soluble receptor for
IL-2 (SolIL-2R), or some proliferation-related fac-
tors, such as Sphase fraction, Ki-67 or proliferating
cell nuclear antigen (PCNA)70. Recent data on the
correlation between molecular markers and re-
sponse to chemotherapy are still controversial71.
Using immunohistochemical p53 analysis of pre-
treatment endoscopical samples, two studies have
reported a relationship between p53 staining and
response to chemotherapy. Thymidylate synthase
expression seemed to be related to response to
chemotherapy72-75.

A gene potentially involved in chemoresis-
tance, ERCC-1 (excision repair cross-comple-
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menting), has been shown to be more highly ex-
pressed in non-responsive GC patients than re-
sponsive patients. Thus, these data arise from
retrospective studies, and well designed, prospec-
tive trial are warranted to further define the role of
molecular markers in predicting response and sur-
vival of patients with GC.

The E-cadherins are a major class of adhesion
molecules that play an important role in the ho-
motypic cell-cell adhesion and, hence, cancer cell
metastasis and invasion. E-cadherin is a member
of the cadherin family and is expressed on all ep-
ithelial cells. The invasiveness of epithelial tu-
mour cell lines could be inhibited in vitro by
transfection with E-cadherin cDNA, and the inva-
siveness of these cell lines were induced again by
exposure to anti-E-cadherin monoclonal antibod-
ies. Underexpression of the E-cadherin molecule
has been found in various malignancies, and it has
the potential value of being a prognostic factor. In
addition to its role in metastasis, E-cadherin is one
of the most important candidate genes in gastric
carcinogenesis. Somatic mutations of the E-cad-
herin gene have been identified in more than 50%
of diffuse types of GC. According to Knudson’s
two-hits theory, somatic mutation of E-cadherin
is the first of the two hits mechanisms for the si-
lencing of the molecule, whereas methylation of
E-cadherin has been shown recently to be the sec-
ond hit. In fact, methylation of Ecadherin has re-
cently been shown to be the second genetic hit in
gastric carcinogenesis.

Serum soluble E-cadherin is the degradation
product of the cellular E-cadherin molecule. It is
found in the circulation of normal individuals but
is particularly elevated in patients with malig-
nancies. Gofuku et al showed that the concentra-
tion was significantly elevated in 67% of patients
with GC. Chan et al found that high concentra-
tion of serum soluble E-cadherin was associated
with inoperability/palliative treatment and lymph
node metastasis76-80. They have also studied the
correlation between serum level of soluble E-
cadherin and the protein expression by immuno-
histochemical staining. They found that soluble
E-cadherin is a potentially valuable pre-thera-
peutic factor in predicting long-term survival in
patients with GC. By using a pre-therapeutic
level of greater than 10,000, they were able to
predict that 90% of patients would have a sur-
vival time of less than 3 years. Patients with pre-
therapeutic levels higher than this should perhaps
receive more aggressive treatment, such as ex-
tended lymphadenectomy and adjuvant thera-
pies. Further prospective study is required to
investigate the value of soluble E-cadherin to
predict recurrence.

PREDICTIVE TISSUE 
AND CLINICAL FACTORS

In gastric carcinomas (GCs), HER1 and HER2
overexpression is thought to be a prognostic factor
and target of novel biologic agents.

The HER2 protein (p185, HER2/neu, ErbB-2)
is a 185-kDa transmembrane tyrosine kinase (TK)
receptor and a member of the epidermal growth
factor receptors (EGFRs) family. This family is
composed of four members: HER1 (also known as
the EGFR), HER2, HER3 (also termed ErbB-3),
and HER4 (also termed ErbB-4). These receptors
share the same molecular structure with an extra-
cellular ligand-binding domain, a short transmem-
brane domain, and an intracellular domain with TK
activity (excepting the HER3). The binding of dif-
ferent ligands to the extracellular domain initiates
a signal transduction cascade that can influence
many aspects of tumour cell biology, including cell
proliferation, apoptosis, adhesion, migration, and
differentiation. Ligand binding induces EGFR ho-
modimerization as well as heterodimerization with
other types of HER proteins. HER2 does not bind
to any known ligand, but it is the preferred het-
erodimerization partner for other members of the
HER family. HER2 is encoded by a gene located
on chromosome 17q21. The HER2 gene, located
adjacent to the topoisomerase IIa genes, is related
to the oncogene v-erbB of the avian erythroblasto-
sis virus. In carcinomas, HER2 acts as an onco-
gene, mainly because high level amplification of
the gene induces protein overexpression in the cel-
lular membrane and subsequent acquisition of ad-
vantageous properties for a malignant cell.

Recent studies indicate a role of HER2 in the
development of numerous types of human cancer.
HER2 overexpression and/or amplification have
been detected in 10%-34% of invasive breast can-
cers and correlate with the clinical outcome, con-
fer poor prognosis, and also constitute a predictive
factor of poor response to chemotherapy and en-
docrine therapy (Table 1). HER2 overexpression
and/or amplification have also been observed in
colon, bladder, ovarian, endometrial, lung, uterine
cervix, head and neck, esophageal, and GCs.

Trastuzumab is a monoclonal antibody which
specifically targets HER2 protein by directly bind-
ing the extracellular domain of the receptor.
Trastuzumab enhances survival rates in both pri-
mary and metastatic HER2-positive breast cancer
patients. The efficacy of trastuzumab in breast can-
cer patients has led to investigate its antitumor ac-
tivity in patients with HER2-positive cancers,
including gastric adenocarcinomas.

However, in GC, the clinical significance of
such overexpression is not yet fully clear, and not
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all studies have shown an association between
HER2 overexpression and poor prognosis. Al-
though the effect of HER3 or HER4 expression in
GC has not been clarified, HER3 expression is fre-
quently observed in advanced gastric tumours with
poor prognosis, and HER4 gene expression seems
to be higher in tumour tissue in comparison with
adjacent gastric mucosa. 

Some studies indicate that all members of the
HER family are expressed in GC81-90. Furthermore,
expression of HER2 and HER3 is a significant pre-
dictor of poor survival in GC and predictor of re-
sponse to trastuzumab. Therefore, the development
of HER-targeted agents and agents targeting down-
stream signaling pathways provides new possibil-
ities in the treatment of GC.

There is increasing recognition of the existence
of intratumoural heterogeneity of the human epi-
dermal growth factor receptor (HER2), which af-
fects interpretation of HER2 positivity in clinical
practice and may have implications for patient
prognosis and treatment. 

The only targeted therapy approved in GC is
trastuzumab. The Phase III ToGA trial81-91 reported
an increase in overall survival for patients with
human EGF receptor HER2-positive GC treated
with chemotherapy and trastuzumab compared to
chemotherapy alone. HER2 overexpression is as-
sociated with a poor prognosis in GC, predicts sen-
sitivity to trastuzumab. 

In the ToGA database, HER2 was positive in
22% of tumours (34% of intestinal type vs 6% of
diffuse type and 20% of mixed types). Further-
more, the highest rate was observed in 34% of GEJ
tumours and 20% of GC samples. ToGA trial eval-
uated if trastuzumab added to cisplatin and a fluo-
ropirymidine was able to improve the efficacy of
chemotherapy in HER2-positive advanced GC pa-
tients. The HER2 overexpression was defined as
immunohistochemistry (IHC) 3+ and/or fluores-
cent in situ hybridization (FISH) positivity and,
therefore, the enrolment of patients was allowed
with a FISH positivity but IHC 0 or 1+. The pri-
mary end point was OS. Secondary end points
were PFS, time to progression (TTP), ORR, dis-

ease control, duration of response and QoL. Of
3807 patients screened, 810 were HER2-positive
(IHC 3+ and/or FISH+) and 584 were randomized
between chemotherapy alone (290) or chemother-
apy plus trastuzumab (294). Trastuzumab im-
proved the median OS when compared with
chemotherapy alone (13.8 vs 11.1 months; hazard
ratio (HR) 0.74; p < 0.0046); PFS (HR 0.71; p <
0.0002), TTP (HR 0.70; p < 0.0003), ORR (OR
1.70; p < 0.0017) and QoL were also improved in
trastuzumab arm. The best OS improvement was
observed in IHC 2+/FISH+ or IHC 3+ patients: 16
months in trastuzumab arm and 11.8 months in
chemotherapy alone arm (HR 0.65).

The toxicity was very mild and no differences
were recorded in the rate of cardiac adverse events
between the two arms. Therefore, trastuzumab was
approved in combination with cisplatin and fluo-
ropirimidines for metastatic untreated HER2-posi-
tive GC. HER2 status should be assessed routinely
by primary IHC: tumors with IHC 3+ score are eli-
gible for trastuzumab. Samples with an equivocal
IHC 2+ score should be retested using FISH: pa-
tients whose tumours score IHC2+/FISH+ are eli-
gible for trastuzumab. According to these
recommendations, ~16% of advanced GC patients
are suitable for anti-HER2 therapy. This means that
accurate HER2 testing in GC is necessary. Final data
of ongoing trials with novel agents will be critical to
further progress with this cancer. The role of HER2
as a prognostic factor in GC has been controversial
because some of the initial studies failed to find an
association with prognosis. Other authors, however,
reported a direct correlation between HER2 expres-
sion and poorer survival. Therefore, there is mount-
ing evidence of the role of HER2 overexpression in
patients with GC, and it has been solidly correlated
to poor outcomes and a more aggressive disease.
Regarding patologic variables, a higher rate of
HER2 expression in intestinal histologic type than
in diffuse type has consistently been reported. GEJ
cancer express HER2 with more frequency than GC
do. Several clinical trials are exploring in different
setting and with diverse designs the potential of anti
HER2 therapies in GC patients. 
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TABLE 1. HER2 ESPRESSION AND CLINICOHISTOLOGIC CHARACTERISTICS.

Author n Histologic type Localization Method

Intestinal Diffuse Mixed/ GEI Gastric
(%) (%) unknown p (%) (%) p

Tanner et al.39 231 21.5 2 5 0.005 24 12 – CISH
Gravalos et al.28 166 16 7 14 0.27 25 9.5 0.01 IHC, FISH
Lordick  et al.31 1527 34 6 20 – 32 18 – IHC, FISH



A high interleukin-1_ (IL-1B) and interleukin-
1 receptor antagonist (IL-RN) ratio underlies an
unfavorable proinflammatory status. Also, it seems
to be involved in the mechanisms of cancer
cachexia and tumour angiogenesis and metastasis.
Two single nucleotide polymorphisms in IL-1B
gene (IL-1B-511C/T, IL-1B-31T/C) and a variable
number of tandem repeat polymorphisms in IL-RN
gene (IL-1RNlong/2) enhance the circulating levels
of the two cytokines. Graziano et al92 investigated
he prognostic role of IL-1B/IL-1RN genotypes in
patients with relapsed and metastatic gastric cancer
treated with palliative chemotherapy. Before start-
ing palliative chemotherapy, 123 prospectively en-
rolled patients supplied peripheral-blood samples
for DNA extraction. Survival data were analyzed
according to IL-1RN/IL-1B genotypes. Forty-two
patients showed wild-type genotypes (IL-1RN-
long/long, IL-1B-511C/C, and IL-1B-31T/T; group
A). Forty-five patients showed the IL-1RN2 poly-
morphism, with wild-type IL-1B genotypes in
seven patients and with IL-1B-511C/T and/or IL-
1B-31T/C polymorphisms in 38 patients (group B).
The remaining 36 patients demonstrated wild-type
IL-1RN, with IL-1B-511C/T and/or IL-1B-31T/C
polymorphisms (group C). In group A and B pa-
tients, the median progression-free survival (PFS)
was 25 and 26 weeks, respectively, and median
overall survival (OS) was 42 and 43 weeks, re-
spectively. Group C patients showed worse PFS
(median, 16 weeks) and OS (median, 28 weeks)
than group A (P = .006 for PFS; p < .0001 for OS)
and group B patients (p = .01 for PFS; p < .0001
for OS). The long/T/C haplotype was overrepre-
sented in patients with shortened PFS (p < .001)
and OS (p < .0005).

Therefore in patients with advanced gastric
cancer, IL-1B polymorphisms showed adverse
prognostic influence when coupled with wild-type
IL-1RN genotype. These findings deserve further

investigation for potential anticancer activity of
recombinant IL-RN. Instead, according to other au-
thors93, the level of Interleukin seem to correlate
with survival in advanced GC patients but is not
an independent prognostic indicator.

After the results of trastuzumab in patients with
HER2-positive GC, there is increasing interest in
the development of targeted therapies in this lethal
disease. However, the discovery and the optimal
use of these selective treatments requires an ade-
quate knowledge of the target and the potential
clinical effects from its inhibition. A number of re-
ceptors and downstream pathways are known to be
aberrantly activated in gastric cancer, and they may
represent new treatment targets beyond HER2 in-
hibition. HER2, MET and FGFR2 oncogenic
driver alterations define distinct molecular seg-

ments for targeted therapies in GC94. Among them,
the MET receptor and its hepatocyte growth fac-
tor (HGF) ligand have been found frequently ex-
pressed in GCs and are associated with a more
aggressive phenotype. The activation of the MET/
HGF pathway promotes proliferative and anti-
apoptotic activities that are common to many
growth factors, but specifically, MET activation
demonstrated stimulation of cell-cell detachment,
migration, and invasiveness.

Mutations in the kinase domain of the MET
gene are almost lacking in GCs, and its activation
has been mostly attributed to gene amplification.
Also, Nakajima et al95 and Tsugawa et al96 found
that survival rates of patients with gastric cancer
with MET amplification are significantly lower
than those of patients without amplification.

Graziano et al97 investigated whether progno-
sis of patients with high-risk gastric cancer may
depend on MET copy number gain (CNG) or an
activating truncation within a deoxyadenosine tract
element (DATE) in the promoter region of the
MET ligand HGF.

A single-institution cohort of 230 patients with
stage II/III gastric cancer was studied. Formalin-
fixed paraffin-embedded tumor specimens were
used for DNA extraction. Quantitative polymerase
chain reaction (qPCR) for MET CNG and se-
quencing for HGF DATE truncation (25 de-
oxyadenosines instead of 30) were used. Results
were analyzed for association with disease free
survival (DFS) and overall survival (OS). To as-
sess the reliability of the qPCR measurement, a
random sample of cases was reanalyzed using an
alternative assay (fluorescent in situ hybridization
[FISH]) with calculation of the intra-correlation
coefficient (ICC).

In 216 assessable patients, MET CNG five or
more copies and homozygous HGF-truncated
DATE occurred in 21 patients (10%) and 30 pa-
tients (13%), respectively. Patients with MET CNG
five or more copies (MET-positive) showed sig-
nificantly worse prognosis with multivariate haz-
ard ratio (HR) of 3.02 (95% CI, 1.71 to 5.33; p <
.001) for DFS and multivariate HR of 2.91 (95%
CI, 1.65 to 5.11; p < .001) for OS. The agreement
between qPCR and FISH was high, with ICC _
0.9% (95% CI, 0.81% to 0.95%; the closer the ICC
is to 1, the greater is the agreement). HGF-trun-
cated DATE did not show relevant prognostic ef-
fect.

In this study, qPCR revealed approximately
10% of white patients with GC harbouring MET
CNG of five or more copies. This marker was sig-
nificantly associated with unfavourable prognosis.
This information is relevant to the current clinical
development of anti-MET compounds.
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Rilotumumab is a fully human monoclonal an-
tibody (IgG2) against human hepatocyte growth
factor/scatter factor (HGF/SF) that blocks binding
of HGF/SF to its receptor MET, inhibiting
HGF/MET-driven activities in cells.

Phase two studies seem to indicate the overex-
pression of MET could be a predictor of response
to therapy with rilotumumab.

SURGERY APPROACH

Surgery is the primary treatment for patients with
early-stage gastric cancer. Completa resection with
adequate margins (4 cm or greater) is widely con-
sidered as a standard goal, whereas the type of re-
section (subtotal vs. total gastrectomy) along with
extent of lymph node dissection remains a subject
of controversy. Clinical staging using computed to-
mography (CT) scan (chest, abdomen, and pelvis)
with or wthout EUS should be performed before
surgery to assess the extent of the disease. The pri-
mary goal of surgery is to accomplish a complete
resection with negative margins (R0 resection).
Only 50% of patients will end up with an R0 re-
section of their primary98,99. R1 indicates micro-
scopic residual disease (positive margins) and R2
indicates gross (macroscopic) residual disease in
the absence of distant metastasis100. 

Controversies surround the surgical manage-
ment of GC. In 1999, Bozzetti et al101 found no
difference in survival between total and subtotal
gastrectomies but that subtotal gastrectomy was
associated with improved nutritional status and
quality of life. With the advancement of laparo-
scopic techniques, laparoscopic gastrectomy was
found to have similar outcomes but with fewer
complications compared to open gastrectomy in
meta-analyses and case-control studies102-105. Fur-
thermore, a resection margin of 1 mm was found
to be sufficient as long as the resection margins
were free of tumor104. The depth of lymphadenec-
tomy has been a topic of debate as well. A D1 dis-
section involves a gastrectomy and the removal of
the greater and lesser omental lymph nodes. A D2
dissection involves the above plus the removal of
all lymph nodes along the left gastric artery, com-
mon hepatic artery, celiac artery, splenic hilum
and splenic artery. The D1 dissection was tradi-
tionally favored in the West, specifically in the
United States, whereas D2 resection was preferred
in the East106 and Europe. This discrepancy was
based on early randomized trials that failed to
show a survival benefit with D2 lymphadenec-
tomy107,108. Subsequent studies showed that D2 re-
section indeed offered a survival benefit,
prompting a change in practice. Recently,

Shrikhande et al109 established the non-inferiority
of perioperative gastrectomy with D2 lym-
phadenectomy for locally advanced resectable GC
when combined with neaoadjuvant chemotherapy.
More importantly, half of those patients who
achieved a pathologic response were found to
have lymph node involvements, arguing for the
necessity of D2 gastrectomy109. A randomized trial
comparing D1 and D2 dissections found that there
was no difference in overall 5-year survival be-
tween the two practices. However, subgroup
analyses suggest that D1 resection may be benefi-
cial for those with pT1 disease while a trend to-
wards improved survival was seen with D2
lymphadenectomy in patients with nodal involve-
ment110. Based on some of these trials in addition
to other clinical data, the National Comprehensive
Cancer Network guidelines currently recommends
a D1 or a modified D2 gastrectomy with at least
15 lymph nodes removed for examination in the
United States, though noting that D2 lym-
phadenectomies should be performed at experi-
enced centers111.

ANTIBLASTIC 
TREATMENT APPROACH

The adjunctive therapy used for the treatment of
localized Gc in addition to surgery depends on ge-
ographic location in the world. In Western Coun-
tries, results from the INT-0116112 (the adjuvant
chemoradiation treatment) and Medical Research
Council Adjuvant Infusional Chemotherapy
(MAGIC) (the neoadjuvant and adjuvant
chemotherapy treatment) trials have established
the standard of care113. In Asia, on the other hand
adjuvant chemotherapy following a D2 resection
is considered the gold standard114,115. 

This approach is based on the assumption that
neo-adjuvant systemic therapy, can lead to tumor
down-staging, leading to an improved R0 resec-
tion rate. This is particularly significant in West-
ern patients in whom the tumors are usually bulky
at diagnosis116. The question of the benefit of neo-
adjuvant chemotherapy was addressed as a part of
the MAGIC trial, which has established Level 1
evidence for this approach113. The MAGIC trial en-
rolled 503 patients with gastric, gastroesophageal
junction, and esophageal carcinoma113. These pa-
tients were randomized to receive three cycles of
perioperative chemotherapy, consisting of epiru-
bicin, cisplatin and 5-fluorouracil (5-FU) (ECF)
followed by surgery, followed by three more cy-
cles of ECF or to surgery followed by observation.
In this trial, post-operative chemotherapy proved
hard to deliver with only 34% of patients receiving
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this treatment and only 68% of patients underwent
a curative resection. Despite this, both progression
free survival (PFS) and overall survival (OS) were
improved in the group receiving ECF (HR for PFS
hazard ratio for progression, 0.66; 95%CI: 0.53-
0.81; p < 0.001, and HR for OS = 0.75; 95%CI:
0.60-0.93; p = 0.009). Five-year survival rates
were 36.3% (95%CI: 29.5%-43.0%) among pa-
tients in the perioperative-chemotherapy group and
23.0% (95%CI: 16.6%-29.4%) among those in the
surgery group113. Taken together this suggests that
that majority of the benefit may in fact come from
the preoperative portion of the chemotherapy.

A study by the European Organization for Re-
search and Treatment of Cancer (EORTC) did not
demonstrate a benefit from the addition of periop-
erative chemotherapy117. This trial showed a sig-
nificantly increased R0 resection rate but failed to
demonstrate a survival benefit for the addition of
chemotherapy, however it was not sufficiently
powered to demonstrate a difference given its pre-
mature termination due to poor accrual. An ongo-
ing Japanese Clinical Oncology Group
(JCOG0501) trial is attempting to answer the ques-
tion of whether perioperative chemotherapy with
cisplatin and S-1 adds anything to their standard
of care which is surgery followed by adjuvant S-1
chemotherapy. The results of this trial are awaited;
however, they are unlikely to be generalizable to
the North American population because of differ-
ent tumor biology.

The benefits of adjuvant chemotherapy after a
D2 resection were initially demonstrated in Japan
and the chemotherapy used was S1 (an oral fluo-
ropyrimidine)114. The Adjuvant Chemotherapy Trial
of S-1 for GC (ACTS-GC) trial randomized 1059
patients to 1 year of S-1 or observation. The primary
analysis of follow-up data showed that the 3-year
OS rate was 80.1% in the S-1 group and 70.1% in
the surgery-only group. The hazard ratio for death in
the S-1 group, as compared with the surgery-only
group, was 0.68 (95%CI: 0.52-0.87; p = 0.003). This
analysis was updated after five years of follow-up
and demonstrated consistent results118. The OS rate
at 5 years was 71.7% in the S-1 group and 61.1% in
the surgery-only group (HR = 0.669; 95%CI: 0.540-
0.828). The RFS rate at 5 years was 65.4% in the S-
1 group and 53.1% in the surgery-alone group (HR
= 0.653; 95%CI: 0.537-0.793). 

A second Asian study, the Capecitabine and
Oxaliplatin Adjuvant Study in Stomach Cancer
(CLASSIC trial) randomized 1035 patients who
had undergone D2 gastrectomy to capecitabine
plus oxaliplatin for 6 mo or observation115. The
study demonstrated a benefit of capecitabine and
oxaliplatin treated patients for the primary end
point of disease-free survival (at 3 years; HR =

0.56, 95%CI: 0.44-0.72; p < 0.0001) at the pre-
specified interim analysis. After this analysis, the
trial was stopped after a recommendation by the
data monitoring committee. The mature OS data
are awaited, however 3-year OS was 83% (95%CI:
79-87) in the chemotherapy group and 78% (74-
83) in the surgery only group (HR = 0.72, 95%CI:
0.52-1.00; p = 0.0493). It is likely that an OS ben-
efit will be found with longer follow-up. 

A meta-analysis based on single patient-data
from 3,838 patients and 17 randomized controlled
trials showed a 7% improvement in OS (HR =
0.82; 95%CI: 0.76-0.90; p < 0.001) for fluo-
rouracil-based postoperative chemotherapy when
compared with surgery alone119. This meta-analy-
sis was criticized because it combined studies from
different time periods with differing eligibility cri-
teria and therapeutic approaches, making it diffi-
cult to make a firm conclusion. 

Based on the previously mentioned trials and
meta-analysis, postoperative chemoradiotherapy
(United States), pre-and post-operative chemother-
apy (Europe), and adjuvant chemotherapy after a
D2 resection (Asia) can all be regarded as stan-
dards of care in the localized gastric cancer man-
agement.

The medical treatment of metastatic gastric
cancer is primarily palliative and confers a modest
effect on OS. Multiple agents are active in the
treatment of gastric cancer, including fluoropy-
rimidines (5-FU, capecitabine, and S1), anthracy-
clines, platinum agents, taxanes, irinotecan, and
some targeted therapies such as trastuzumab for
HER-2 overexpressing GCs. Combination regi-
mens are associated with higher response rates,
and according to one meta-analysis, are also asso-
ciated with increased survival when compared
with single-agent chemotherapies120. By and large
the trials addressing the value of targeted therapies,
for example EGFR and vascular endothelial
growth factor (VEGF) were done in un-selected
(not bio-marker enriched) populations and have
not-surprisingly yielded disappointing results.

Only a minor amount of level 1 evidence exists
for the treatment of GC in the first line setting. In
fact, only docetaxel121, cisplatin/oxaliplatin122, and
Trastuzumab123 use is supported by high level of
evidence.

A phase III trial involving 445 patients with
metastatic cancer randomized patients to receive,
cisplatin and 5-FU or Cisplatin, 5-FU and doc-
etaxel. They found that the addition of docetaxel
was superior in terms of response rate (37% vs
25%; p = 0.01), time-to-tumor progression (5.6 mo
vs 3.7 mo; p < 0.001), and OS (9.2 mo vs 8.6 mo;
p = 0.02)121. One could question the clinical sig-
nificance of a less than one month absolute im-
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provement in OS particularly in the context of sig-
nificant toxicities, most notably, a high rate of
febrile neutropenia (30%). Importantly, this regi-
men should not be used in patients who have a re-
duced performance status.

Trastuzumab was the first targeted agent with
documented clinical activity in the advanced gastric
and gastroesophageal setting cancer setting. This
treatment is useful in the HER2 enriched popula-
tion. However, approximately 20% of GCs and
30% of gastroesopageal cancers overexpress HER2
so that a relatively small proportion of patients ben-
efits from the treatment. The trastuzumab in GC
(ToGA) trial randomized 584 patients whose tu-
mors overexpressed HER2 by immunohistochem-
istry (IHC) or fluorescence in situ hybridization
(FISH) to receive a fluoropyrimidine (5-FU or
capecitabine) plus cisplatin with or without
trastuzumab. The chemotherapy was administered
every 3 wk for six cycles and trastuzumab was ad-
ministered every 3 wk until disease progression123.
They found that the addition of trastuzumab to
chemotherapy increased OS from 11.1 mo to 13.8
mo (HR = 0.74, 95%CI: 0.60-0.91; p = 0.0046).
The secondary endpoints of PFS (6.7 mo vs 5.5 mo;
p = 0.0002) and response rate (47.3% vs 34.5%; p
= 0.0017) were also improved. On extended fol-
low-up the HR of OS for the addition of
trastuzumab has decreased to 0.8041, indicating that
although real the response to trastuzumab may be
short lived. The difference in median OS was re-
duced from 2.7 mo to merely 1.4 mo, representing
an approximate 50% decrease in the effect of
trastuzumab, which suggests that only a few pa-
tients benefit. Based on this trial the combination
of Trastuzumab to chemotherapy has become the
standard of care in patients whose tumors overex-
press HER2. In contrast to the encouraging results
with trastuzumab in HER2 overexpressing cancers,
Bevacizumab failed to demonstrate an OS benefit
when it was added to a combination of cisplatin and
fluoropyrimidine in patients with advanced gastric
and gastroesophageal junction adenocarcinoma124.
Recently the safety and efficacy of trastuzumab in
the treatment of patients with peritoneal carcino-
matosis by GC with HER2 3+ has been reported.
The treatment obtained a control of local disease
with good safety125. FDA has been recently im-
proved the use of Ramucirumab in combination
with Paclitaxel for advanced gastric or gastroe-
sophageal junction adenocarcinoma126.

RADIOTHERAPY APPROACH

Because many patients present with locally ad-
vanced at the time of diagnosis, and this results in

poor outcomes after surgery, with a significant
number of patients having local relapse of the dis-
ease, there has been interest in treating patients with
radiotherapy with or without chemotherapy. Gun-
derson, clearly, demonstrated that locoregional re-
lapse occurred in 67% of resected patients and 23%
of these patients failed only in the locoregional
areas, without any other documented site of fail-
ure127. Despite improved and standardized surgical
techniques, in the Dutch randomized study locore-
gional recurrence occurred in 35% of patients107.
Clinical controlled trials of radiotherapy as a sin-
gle adjuvant in the post surgical setting have shown
conflicting results128-130. Although locoregional fail-
ure was substantially reduced with radiotherapy in
all studies, no overall survival benefit was seen. To
obtain an increased disease control adjuvant com-
bined radiotherapy and chemotherapy was studied.
There were several randomized clinical trials, how-
ever the results are inconclusive or conflicting be-
cause of the relatively small samples. A large study,
the Intergroup Study INT-0116, concluded that
postoperative radiochemotherapy significantly im-
proves survival compared to surgery alone112. In all
studies, adding chemotherapy to radiotherapy en-
hances radiation response (radio sensitizer), in-
creasing the benefit in locoregional control.

Two meta-analysis were performed, both
demonstrated beneft of adjuvant postoperative ra-
diochemotherapy for GC132,133. However, an in-
creased severe or life-threatening toxicities and
risk of death from causes unrelated to GC. Fewer
patients need to be treated by radiochemotherapy
to benefit from the treatment long term than need
to be treated to be harmed post surgery, therefore
this benefit may outweigh the risks for patients at
high local and distant recurrence rates, where as
the risks outweigh the benefits for patients with
low probability of local and distant failure.

Neoadjuvant radiotherapy is treatment given be-
fore an anticipated definitive surgery. Delivering ra-
diotherapy preoperatively could enhance the rate of
curative surgery and offer the theoretical advantage
of treating a tumor with intact vascularization, with-
out fibrotic remodeling of the tumor bed following
surgical tumor removal. For these hypotheses, pre-
operative approach has become the focus of interest
in an effort to prolong survival and reduce recur-
rence rates in gastric cancer patients. Several stud-
ies were carried out, however the results remain
inconsistent, and the overall assessment of the treat-
ment effect difficult to assess. Meta-analysis132

demonstrated an improved overall survival in pa-
tients receiving preoperative radiotherapy without
evidence of life-threatening toxicities. 

Radiotherapy was studied intraoperatively,
most notably the work by Abe et al and Sindelar et
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al. Both investigators demonstrated decreased
local recurrence rates and Abe suggested a survival
advantage134,135.

Furthermore, radiotherapy is an effective pal-
liative modality of cancer symptoms. Symptomatic
relief is achieved in 65-80% of patients136,137. Sev-
eral series have documented a long-term survival
in patients with low-volume locally unresectable
GC – in the range of 5-10% – with a combination
of radiotherapy and chemotherapy. 

CLINICAL FOLLOW UP

All patients should be followed up systematically.
Follow-up should include a complete history and
physical examination every 3 to 6 months for 1 to 2
years, every 6 to 12 months for 3 to 5 years and an-
nually thereafter. Chemistry profile, imaging studies
(CT-Scan, CT-PET), or endoscopy should be done if
clinically indicated. Patients who have undergone
surgical resection should be monitored and treated
as indicated for vitamin B12 and iron deficiency.

Although there is broad agreement in the staging,
classification, and surgery for GC, there is no consen-
sus regarding follow-up after gastrectomy. Follow-
up varies from investigations on clinical suspicion of
relapse to intensive investigations to detect recur-
rences early, assuming that this improves survival and
quality of life. Advanced GC recur mainly by locore-
gional recurrence or distant metastasis138,139.

Peritoneum followed by liver metastases are the
most frequent distant sites of relapse 138-140. Local
recurrences detected at endoscopy or on CT-Scan
are invariably incurable. For early GC, endoscopy
can detect new primaries, but the incidence of these
tumors is low, and many thousands of procedures
are required to detect each operable case. CT-Scan
is much better at detecting liver metastasis and, al-
though these are usually multiple and unresectable,
there are several reports of good survival following
liver resection for isolated metastasis.

Tumor markers have been used with some suc-
cess to detect subclinical recurrences and could be
used to target more invasive or expensive proce-
dures.

There are many investigations that may be used
to detect recurrent GC, and these can broadly be
divided into endoscopy, imaging, and blood tests.
Endoscopy has the ability to detect intraluminal re-
currences with a high degree of accuracy and it
also has the ability to detect new cancers at a treat-
able stage.

The use of tumor markers has become more
commonplace. CEA and CA 19-9 levels are easily
determined by a simple blood test and have re-
ported sensitivities of between 16% and 65% for

individual markers, increasing to up to 85% if both
were used. Increases in markers are commonly
seen prior to the clinical detection of recurrences,
and in a prospective study, both tumour markers
were useful indicators of recurrence, even in pa-
tients whose original tumours did not express
them. Other tumour markers, such CA 125, have
been investigated, but sensitivities are significantly
lower than those for CEA and CA19-.9.

Reports on the use of imaging in detecting re-
current GC are few, and are often limited. The abil-
ity to detect hepatic metastases is probably also
overestimated, and has been examined in a recent
meta-analysis of trials comparing the accuracy of
several imaging methods. When the required
specificity was set at greater than 85%, the most
sensitive method was 18F-fluorodeoxyglucose
positron emission tomography (PET) with a sen-
sitivity of 90%, followed by magnetic resonance
imaging (MRI; 76%), CT (72%), and ultrasonog-
raphy (US; 55%)141-144. In GC, the great majority
of patients under follow-up will not have hepatic
metastases, and even with high specificities, there
are likely to be many false-positive results. The
ability of CT-Scan to primarily diagnose a primary
carcinoma of the stomach is not as good as its abil-
ity to stage a known cancer, and there is a direct
trade off between sensitivity and specificity. 

Therefore, the imaging in the search for asymp-
tomatic recurrence is fraught with difficulties,
missing many recurrences and producing a num-
ber of false-positive results. Imaging is perhaps
more useful when a clinical recurrence is sus-
pected, such as in the face of rising tumour mark-
ers. In this role, PET can be especially useful in
cases where conventional imaging results are
equivocal, as it can confirm or refute the presence
of recurrence in most cases.

CONCLUSIONS

The purpose of this review is to focus the most im-
portant prognostic factors and predicitve response
to therapy in patients with GC, especially in metat-
static GC patients.

To date GC represent a challenge for the on-
cologists and typical example of cancer disease
where the multidisciplinary approach represent the
right way to approach this disease145.

Probably the support of genetic tests (pharma-
cogenomics) in patients under treatment will rep-
resent in the next future the only way to approach
these patients with “tailored” treatment, obtaining
the good results, a significantly reduction of treat-
ment related toxicities and finally the cost saving
of the drugs146-153. 
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