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Abstract
Gastric cancer is the third leading cause of cancer death 
worldwide. Even though during these last decades 
gastric cancer incidence decreased in Western countries, 
it remains endemic and with a high incidence in Eastern 
countries. The survival in advanced and metastatic 
stage of gastric cancer is still very poor. Recently the 
Cancer Genoma Atlas Research Network identified four 
subtypes with different molecular profiles to classify 
gastric cancer in order to offer the optimal targeted 
therapies for pre-selected patients. Indeed, the key point 
is still the selection of patients for the right treatment, 
on basis of molecular tumor characterization. Since 
chemotherapy reached a plateau of efficacy for gastric 
cancer, the combination between cytotoxic therapy and 
biological agents gets a better prognosis and decreases 
chemotherapeutic toxicity. Currently, Trastuzumab in 
combination with platinum and fluorouracil is the only 
approved targeted therapy in the first line for c-erbB2 
positive patients, whereas Ramucirumab is the only 
approved targeted agent for patients with metastatic 
gastric cancer. New perspectives for an effective treat
ment derived from the immunotherapeutic strategies. 
Here, we report an overview on gastric cancer treat
ments, with particular attention to recent advances in 
targeted therapies and in immunotherapeutic approach.
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Core tip: Gastric cancer, despite its decrease in West 
Countries, remains one of the most common malignan
cies worldwide. The prognosis in the advanced setting is 
often poor even with a multidisciplinary approach, which 
aims to increase the patients’ survival. The molecular 
classification of four subtypes of gastric adenocarcinomas 
(The Cancer Genome Atlas project) allowed a better 
stratification of patients in clinical trials for targeted 
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therapies. Biologic agents, modulating the immune 
checkpoints, seem to be the best promising therapeutic 
approach, opening new perspective for advanced gastric 
cancer treatment.
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INTRODUCTION
During these last decades gastric cancer incidence decr­
eased, but it still remains he third most frequent cause 
of cancer-related mortality worldwide[1,2]. At diagnosis, 
about half of gastric cancer patients show an advanced 
disease, with a 5-year survival rate lower than 30%[3,4]. 
Even though gastric cancer incidence decreased in 
Western countries, it remains endemic and with a high 
incidence in Eastern countries. The incidence in Eastern 
Asia was 24.2/100000; in Latin America and Caribben 
was 15.8-23.7/100000; in Africa and Northern America 
there was the lowest incidence (http://globocan.iarc.
fr, accessed on 16/01/2015). In the United States the 
estimated number of new cases of gastric cancer in 
2014 overtook 22000 cases[2], with differences among 
several ethnic groups. In Europe gastric cancer holds the 
5th place for male sex and the 6th place for female sex for 
incidence[5,6].

Gastric cancer can be hereditary and associated to 
specific mutations[7]. Often Gastric cancer are sporadic 
and depends on progressive accumulations of genotypic 
and phenotypic modifications due to different etiological 
factors such as wrong diets, presence of gastritis, 
infection by H. pylori, smoking, obesity, elevated body 
mass index (BMI) and reflux[8,9]. Indeed, combinations 
of smoking, elevated BMI, and reflux may account 
for almost 70% of total cases[10,11]. Untreated gastritis 
induces a chronic mucosal inflammation, that causes 
structural changes of gastric mucosa, leading to me­
taplastic transformation and structural changes of 
the glandular tissue, that can undergo to a neoplastic 
differentiation[9,12].

Many efforts have been done in order to prevent 
gastric cancer: recognition and treatment of Helicobacter 
pylori (H. pylori) infections; diet changes like lower use of 
salted foods, and the use of refrigerators are factors which 
contributed to reduce the incidence of gastric cancer[13]. 
Nonetheless, the incidence of the cancers of gastro-
esophageal junction (GEJ) and gastric cardia increased 
in western country[14]. To explain these epidemiological 
data there are several interpretations, such as problems 
related to a correct subdivision among esophageal, 
junctional and cardia adenocarcinomas, that may have 
cloud the issue leading to a misclassification[14,15].

MOLECULAR CLASSIFICATION: “THERE’S 
A BATTLE OUTSIDE AND IT IS RAGING”
The most common classification systems, such as the 
Laurén and the World Health Organization classifications, 
are essential for therapeutic decision, but are unable to 
predict response to targeted therapies. Recent studies 
on molecular profiling of upper gastrointestinal (GI) 
tumors increased our knowledge on the biology of 
gastric cancer and developed a molecular classification, 
identifying dysregulated pathways in different subgroups 
of gastric cancer.

The Cancer Genoma Atlas (TCGA) analysis un­
covered four main genotypes of gastric cancer based 
on the molecular characterization of 295 primary 
adenocarcinomas[16]: Epstein-Barr virus (EBV) positive; 
microsatellite unstable (MSI); genomically stable (GS); 
and tumors with chromosomal instability (CIN). The 
EBV-associated tumors are about 10% of the cancers; 
they display CDKN2A promoter hypermethylation and 
in 80% of the cases they have PIK3CA mutations and 
amplification of JAK2 and CD274 and PDCD1LG2. 
This subset of gastric cancer can benefit of targeted 
immunotherapy. MSI tumors represent approximately 
the 20% of the cases and show mutations in PIK3CA, 
HER2, HER3, and EGFR. GS gastric tumors represent 
about 20% of the adenocarcinomas, they show newly 
described mutations in RHOA, which are relevant to 
control actin-myosin-dependent cell contractility and 
motility. Almost 50% of gastric tumors showed CIN, 
with a marked aneuploidy and focal amplification of 
receptor tyrosine kinases, such as VEGFA. This subtype 
is frequently found in GEJ cancer. This study provides a 
guide to test new agents against new molecular targets 
specific for a gastric cancer subtype, enabling clinicians to 
make a better selection of patients for future trials with 
targeted therapy and immunotherapy in gastric cancer.

SURGICAL TREATMENT 
Radical surgery is still the only one curative treatment, 
but gastric cancer is mostly diagnosed in local advanced 
or metastatic stage, when the survival still remains 
poor[17]. Surgical resection for gastric or GEJ cancer 
combined with D1/D2 lymph node dissection should 
be performed by experienced team to reduce mortality 
and morbidity[18]. Surgery with curative intent has to 
provide free-margin and at least D1 resection combined 
with removal at minimum of 15 lymph nodes[19]. The 
extent of lymph node dissection is a significant surgical 
procedure that specifies the lymph node involvement, 
because preoperative lymph node staging is considered 
highly unreliable. The results of many randomized 
studies have not agreed to demonstrate superiority 
of D2 resection vs the D1 resection; to conclude the 
standard recommended surgery could be at least D1 
resection, while D2 resection could be indicated in some 
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particular young patients[20-22]. 
A combine approach of surgery and chemotherapy 

can improve outcomes of gastric cancer patients, with 
potentially resectable tumors. The Magic trial conducted 
in United Kingdom[23] and the ACCORD trial conducted 
in France[24] showed a statistically significant longer 
5-year survival for patients treated with perioperative 
chemotherapy. Decisions were less clear for adjuvant 
setting: chemotherapy alone or with radiotherapy 
should be recommended for patients underwent to 
a less than optimal lymph node resection, R1 or with 
lymph node involvement[25].

CYTOTOXIC CHEMOTHERAPY: “YOUR 
OLD ROAD IS RAPIDLY AGING”
The only treatment for patients with metastatic disease 
is the systemic chemotherapy. Currently there is no 
first-line standard single chemotherapeutic regimen but 
cisplatin based regimens, which able to improve the 
overall survival (OS) because a cytotoxic combination 
is superior to a single-agent regimen[26]. The physician’s 
choice of platinum-based doublets or triplets is taken 
after careful assessment of the patients’ performance 
status. Currently, standard first-line options include 
FOLFOX [5-fluorouracil (5-FU, oxaliplatin)], S1/cisplatin 
or 5-FU/cisplatin, DCF (docetaxel, cisplatin, and 5-FU), 
ECF/EOX (epirubicin, cisplatin/oxaliplatin, and 5-FU/
capecitabine). In the platinum-based doublets ox­
aliplatin could substitute cisplatin, while capecitabine 
and S1 are equivalent in terms of effectiveness to 
5-FU[27,28].

A third drug, usually epirubicin or taxotere, can be 
added with the aim to obtain a high response rate (RR) 
and a better control of the disease[29,30]. 

Although most patients receive a first-line chem­
otherapy, in clinical practice only less than half of 
patients progressing after treatment receive a salvage 
treatment, mostly in western countries. Only recently 
a second-line chemotherapy has shown to be superior 
to the best supportive care in advanced disease: Two 
distinct trials proved that irinotecan and docetaxel, in 
monochemotherapy, control the metastatic disease[31,32]. 

It’s evident that chemotherapy reached a plateau 
of efficacy for gastric cancer, thus in an attempt to 
improve it, getting a better prognosis and decreasing 
chemotherapeutic toxicity, the combination between 
cytotoxic therapy and biological agents is useful. Indeed, 
results of ToGA trial allow to approve the first biologic 
drug for stomach cancer. Today, trastuzumab is indicated 
for first-line in patients HER2-positive in combination 
with 5-FU or capecitabine and cisplatinum[33].

Even more recently, two randomized trials de­
monstrated that Ramucirumab, a monoclonal antibody 
directed against VEGFR-2, is effective both alone or 
in combination with a second line chemotherapy with 
paclitaxel, in patients with metastatic gastric cancer[34,35]. 

BIOMARKERS FOR GASTRIC CANCER
Since chemotherapy is not effective in all patients, who 
are resistant to cytotoxic treatment, it’s mandatory 
to develop new anticancer regimens and to identify 
biomarkers able to predict the patients’ responses to 
different citotoxic drugs in gastric cancer. One of the 
molecules currently under investigation is the alpha-1 
Microglobulin/Bikunin Precursor (AMBP), because its 
high level in serum could predict poor response to 
paclitaxel- capecitabine regimen[36]. Thus AMBP could 
be a potential biomarker to identify patients who would 
benefit from this specific chemotherapeutic regimen. 

Forkhead box transcription factor 1 (FoxM1) could 
be an other potential biomarker and target for gastric 
cancer. Indeed, FoxM1 overexpression is correlated with 
the pathogenesis of a variety of human malignancies 
such as breast cancer, non-small-cell lung cancer and 
ovarian cancer, and it is a critical molecule for chem­
oresistance to a microtubule-stabilizing anticancer 
agent as docetaxel[37-42]. FoxM1 overexpression was 
significantly associated with resistance in chemotherapy 
of docetaxel in addition to 5-FU, S-1 and cisplatin (CDDP) 
for patients with advanced gastric cancer[43,44]. Taken 
together, these results suggest that FoxM1 is involved 
in the mechanisms of resistance to cytotoxic drugs and 
its inhibition might be a promising therapeutic strategy 
for is a pleiotropic protein affecting a wide range of 
molecular and cellular processes. 

Accumulating data, derived by different studies on 
the role of ANXA2 in tumorigenesis, suggest that ANXA2 
is aberrantly expressed in a wide spectrum of tumors, 
affecting tumor cell adhesion, proliferation, apoptosis, 
invasion, metastasis and the interaction between immune 
cells and cancer cells in the microenvironment[45,46]. The 
expression of ANXA2 in gastric cancer tissue is associated 
to a poor prognosis[47,48]. A recent study reported that 
ANXA2 might be a good diagnostic and predictive marker 
for response to chemotherapy, indeed the chemotherapy-
unresponsive patients show higher serum ANXA2 levels 
than the chemotherapy-responsive ones[49]. 

Several studies have consistently demonstrated 
that miRNAs, short noncoding RNA molecules involved 
in post-translational regulation of gene expression, 
contribute significantly to human carcinogenesis by 
modulating the expression of both proto-oncogenes 
and tumor suppressor genes[50]. Studies on gastric 
cancer allowed to identify up- and down-regulated 
miRNAs, which can be associated to clinical-pathological 
features of gastric cancer[51,52]. Moreover, many data 
report that the expression of different miRNA patterns 
is also associated with premalignant stages or even risk 
conditions to develop gastric cancer, such as H. pylori 
infection[53,54].

TARGETED THERAPY: “FOR THE LOSER 
NOW, WILL BE LATER TO WIN”
Advances in knowledge of the cancer biology led to the 
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as ineffective in gastric cancer, we absolutely identify 
predictive biomarker for response, in order to avoid 
repeating the mistakes done with gefitinib in lung 
cancer[64,65].

HER2 inhibitors
All members of the HER family of receptor tyrosine 
kinases, whose members include HER1 (or EGFR), 
HER2, HER3, and HER4, are expressed in gastric cancer. 
HER2 is a protoncogene encoded by ERBB2 found on 
chromosome 17. The percentage of gastric cancer 
patients positive to HER2 ranges from 7% to 42% 
due to tumor heterogeneity and the different methods 
and scoring systems used for evaluating HER2[66]. 
HER2-positivity also depends on histologic type: It is 
frequent in patients with intestinal histology (34%), 
rare in those with diffuse-type histology (6%); it also 
depends on disease site: It’s frequent in GEJ (32%) 
and rare in gastric cancer (18%)[67]. It remains unclear 
whether HER2 positivity is a negative prognostic factor 
because there are studies both for and against this 
hypothesis[68,69]. The ToGA trial is a randomized Phase 
Ⅲ study which brought to the approval of Herceptin as 
the only targeted agent for patients with HER2 positive 
metastatic gastric and GEJ cancer. Three thousand six 
hundred patients were assessed for HER2 positivity, and 
the 594 patients HER2-positive were recruited in the 
clinical trial[33], which evaluated efficacy of anti-HER2 
trastuzumab in combination with 5-FU or capecitabine 
and cisplatin vs chemotherapy alone in HER2 patient. 
Median OS in control arm was 11.1 mo compared 
with 13.8 mo in experimental arm with a statistically 
significant increase in RR. Every 3 wk for six cycles, 
the treatment was administered, whereas trastuzumab 
was continued every 3 wk until disease progression, 
or unacceptable toxicity, or withdrawal of consent. 
One of the most interesting result of this study was 
that the survival advantage was greatest in patients 
with IHC 3+ tumors (HR = 0.66, 95%CI: 0.50-0.87), 
less effective in patients with IHC 2+ tumors (HR = 
0.78, 95%CI: 0.55-1.10), and ineffective in those with 
HER2 gene-amplified, but not protein expressing (IHC 
0 or 1+) tumors. Grade 3 or 4 adverse events (AEs) 
occurred in similar percentages in both arms. Now all 
patients with advanced or metastatic gastric  or GEJ 
cancer, and suitable for combination chemotherapy with 
fluoropyrimidine and cisplatin, should be assessed for 
the expression of HER2 and therefore can be treated 
with additional trastuzumab.

The phase Ⅲ HELOISE trial, combining trastuzumab 
with cisplatin and capecitabine (NCT01450696), and the 
TEX regimen, combining trastuzumab with Taxotere, 
Eloxatin and Xeloda as treatment for HER2 positive 
non-resectable cancer (NCT01295086) are ongoing 
to improve the efficacy of combination chemotherapy. 
Heloise trial aims to assess whether trastuzumab 
maintenance is able to increase the gastric cancer 
patients’ survival. The second trial evaluates the safety 

discover of specific oncogenic signalling pathways of 
different driver mutations, resulting in the development 
of many new target agents. The prevalence of genomic 
alterations in gastric cancer patients has been recently 
assessed. Indeed, five distinct gastric cancer patient 
subgroups have been identified, according to the 
genomic alterations: FGFR2 (9% of tumours), KRAS 
(9%), epidermal growth factor receptor (EGFR) (8%), 
ERBB2 (7%) and MET (4%). Therefore, about 37% 
gastric cancer patients could be treated with anti-RTK/
RAS agents[55]. Many new target therapies were tested 
in clinical trials in gastric cancer patients, but without 
great results, thus we need further molecular studies to 
identify right patients for the right drugs.

EGFR1 inhibitors 
EGFR is a trans-membrane glycoprotein receptor 
expressed in about 60% of gastric cancer patients. A 
meta-analysis on 1600 gastric cancer patients evaluated 
the survival according to the EGFR expression, showing 
that positive EGFR expression does not significantly 
predict the poor survival of gastric cancer[56].

Cetuximab is an immunoglobulin G1 type chimeric 
monoclonal antibody targeting EGFR. Thanks to the 
successes achieved by the cetuximab in colorectal 
cancer, it was also tested in gastric cancer in combination 
with chemotherapy in phase Ⅱ studies: FOLFIRI[57]; 
cisplatin plus docetaxel[58]; oxaliplatin plus 5-FU[59,60] 
with encouraging results regarding ORR in all trials. 
However, the expected results from the combination of 
chemotherapy and cetuximab were not confirmed by the 
phase Ⅲ EXPAND study (cetuximab in combination with 
capecitabin and cisplatin), that failed both in terms of OS 
and of progression-free survival (PFS)[61]. The analysis 
of potential biomarkers such as KRAS mutations, EGFR 
expression, HER2 expression, did not identify the patients 
group responsive to cetuximab. 

The REAL3 randomised study tested the efficacy 
of panitumumab in combination with EOX (epirubicin, 
oxaliplatin, capecitabine). In October 2011, trial re­
cruitment was halted and panitumumab withdrawn 
because did not show any benefit at interim analysis. 
In multivariate OS analysis with performance status 
and disease stage, both KRAS mutation and PIK3CA 
mutation were negatively prognostic. No prognostic 
effect was associated with HER2 or PTEN status, and no 
BRAF mutations were identified[62].

The phase Ⅲ COG trial evaluated Gefitinib vs placebo 
in patients with metastatic esophageal or types Ⅰ/Ⅱ 
junctional adeno or squamous cell carcinoma, prog­
ressing after prior chemotherapy. This study did not 
improve OS; however, there was significant improvement 
in PFS, quality of life and palliation of symptoms[63]. 

Some trials of several novel EGFR agents are still 
ongoing. The phase Ⅲ ENRICH trial of nimotuzumab in 
combination with irinotecan in the second-line setting 
is pre-selecting patients with high EGFR expression 
(NCT01813253). Finally, before defining EGFR inhibitors 

306WJGO|www.wjgnet.com November 15, 2015|Volume 7|Issue 11|

Satolli MA et al . Gastric cancer: The times they are a-changin’



and efficacy of three drugs combination in addition to 
trastuzumab.

Development of resistance to trastuzumab urged 
investigators to test new drugs target HER2, but not all 
HER2-targeting agents have had such an unequivocal 
success.

The dual HER2/EGFR inhibitor lapatinib (Tykerb) is an 
orally drug. Lapatinib is a very interesting TK1 inhibitor, 
able to interfere with cell proliferation, to sensitize gastric 
cancer cells to the irinotecan metabolite SN-38[70] and to 
have a synergic effect combined with chemotherapy[71].

Lapatinib was evaluated in the first setting in 
combination with capecitabine/oxaliplatin (LOGiC trial). 
545 patients were randomized and 487 had HER2+ 
centrally confirmed, but combination treatment failed 
to improve the median OS (12.2 mo vs 10.5 mo, HR = 
0.91, 95%CI: 0.73-1.12) compared with chemotherapy 
alone. No correlation was found between intensity of 
staining for HER2 by IHC and outcomes. However, the 
LOGiC trial did suggest that Asian patients and those 
under age 60 years might benefit of this combination[72]. 

The TyTAN trial is a phase Ⅲ study second-line 
therapy of paclitaxel. Investigators enrolled 261 HER2-
amplified Asian patients and they observed statistically 
significant improvements in OS and PFS among a pre-
specified subgroup of patients with strong HER2 positivity. 
However, addition of lapatinib did not produce any 
significant benefit on PFS (5.4 mo vs 4.4 mo) or OS (11.0 
mo vs 8.9 mo) with significant gastrointestinal (diarrhoea 
20%) and bone marrow toxicity (febrile neutropenia, 
7%)[73]. Several other HER2-targeting agents were 
also evaluated in clinical trials, including trastuzumab 
emtansine (T-DM1; Kadcyla) and pertuzumab (Perjeta). 

T-DM1 is a conjugate molecule that combine a 
cytotoxic agent with an antibody targeted specific tumor 
cells. Due to positive results in breast cancer (EMILIA 
trial)[74], is now ongoing a randomized, multicenter, 
adaptive phase Ⅱ/Ⅲ study to study the efficacy and 
safety of trastuzumab emtansine (T-DM1) vs taxane 
(docetaxel or paclitaxel), in patients with previously 
treated locally advanced or metastatic HER2-positive 
gastric cancer, including adenocarcinoma of the GEJ 
(GATSBY trial, NCT01641939). Another phase Ⅰ/Ⅱ 
study was designed to assess T-DM1 in combination 
with capecitabine in patients with metastatic gastric 
cancer (NCT01702558). The ongoing phase Ⅲ JACOB 
trial is evaluating the combination of pertuzumab, tra­
stuzumab, and chemotherapy (NCT01774786). The 
combination of two antibodies aims to amplify the 
trastuzumab antitumor efficacy in HER2-positive pa­
tients. Again with the aim of overcoming resistance to 
trastuzumab, it is also ongoing a phase Ⅱ trial with 
afatinib, an irreversible panHER TK1 (NCT01522768). A 
better and more accurate knowledge of the mechanisms 
of cellular resistance to trastuzumab is essential for 
the future. Certainly, the intra-tumor heterogeneity in 
HER2 expression/amplification is very important, but 
other mechanisms have been implicated as PI3K/Akt 
pathway, m-TOR inhibitors, MET-inhibitors (when c-MET 

is overexpressed), overexpression of IGF-1 receptor 
(IGF-1R), SRC inhibitors. From these pre-clinical studies 
will emerge the right molecules to be tested in the next 
clinical trials.

Another HER2-directed strategy is represented by 
vaccines. Despite the great success of HER2 vaccine 
strategies in animal models, effective clinical results 
have not yet been obtained[75].

HER2 vaccines, DNA or peptide-based, are studied 
mainly for breast cancer, often in combination with 
other HER2 targeted therapies[76]. Regional treatments 
are another possible application. Radio-immunotherapy 
is now evaluating 212Pb immunoconjugates with trastu­
zumab in intraperitoneal treatment[77].

Angiogenesis inhibitors
Angiogenesis is crucial for tumor growth, thus anti-
angiogenic drugs are now a standard of care for many 
solid tumors of the adult. In gastric cancer VEGF is 
overexpressed in 40% and VEGFR in 36% of cases. 
Some studied reported that VEGF overexpression 
correlates with advanced and aggressive disease[78-80]. 
We recently showed that even though VEGF serum 
levels were higher in gastric patients than in controls, 
they were not correlated to the OS[81]. 

Bevacizumab is a recombinant humanized mo­
noclonal antibody anti-VEGF-A, a strong driver of 
angiogenesis in tumorigenesis. Phase Ⅱ studies cond­
ucted with bevacizumab in chemotherapy combination, 
showed encouraging RR, time to disease progression 
(TTP), and OS[82,83], but not confirmed by phase Ⅲ 
trials. The phase Ⅲ trial AVAGAST evaluated effects 
of bevacizumab in combination with cisplatin and 
capecitabine as a first-line therapy in 774 patients with 
advanced gastric carcinoma[84]. Addition of bevacizumab 
failed to improve OS, with median OS 12.1 mo vs 10.1 
mo, even though it achieved a significant increase in 
PFS (6.7 mo vs 5.3 mo) and overall RR (46.0% vs 
37.4%). To evaluate the hypothesis that angiogenic 
markers may be predictive for bevacizumab efficacy, 
correlations between pre-specified biomarkers (VEGF-A, 
protein expression of neuropilin-1, and VEGFR-1 and 
VEGFR-2) and clinical outcomes were assessed too. High 
plasma VEGF-A levels and low expression of neuropilin-1 
showed a trend toward improved OS. These are strong 
biomarker candidates that aim to predict the response 
to bevacizumab in gastric cancer patients from non-
Asian regions[85]. Moreover, the sub-group analysis by 
geographical regions, tumor site and histology concluded 
that the highest survival benefits are for non-Asian 
patients with distal gastric non-diffuse type cancer (OS 
11.4 mo vs 7.3 mo). 

MAGIC-B trial with bevacizumab in combination with 
chemotherapy (ECX regimen) in perioperative setting 
is ongoing[86]. The study results could provide relevant 
information on antiangiogenic efficacy in the early 
stages of disease.

In this complex and rather disappointing background, 
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results of ramucirumab in the treatment of advanced 
gastric cancer have been published. Ramucirumab (IMC-
1121B) is a fully human IgG1 monoclonal antibody 
direct aganist VEGFR-2. The phase Ⅲ REGARD trial was 
conducted to assess efficacy and safety of ramucirumab 
as second-line treatment vs supportive care in advanced 
gastric cancer. Three hundred and fifty-five patients 
were enrolled. Ramucirumab significantly improved OS 
(OS 5.2 mo vs 3.8 mo) and PFS (2.1 mo vs 1.3 mo), 
with good tolerability. Most frequent grade 3-4 AEs 
were hypertension (7.3% in experimental arm vs 2.6% 
in placebo arm), anemia (6.4% vs 7.8%), abdominal 
pain (51.% vs 2.6%), ascites effusion (4.2% vs 4.3%), 
asthenia (42.% vs 3.5%), hyponatremia (3.4% vs 0.9%) 
and anorexia (3.4% vs 3.5%). No grade 4 hypertension 
has been observed[34].

The phase Ⅲ RAINBOW was conducted in 665 
patients with the aim to evaluate efficacy and safety of 
ramucirumab plus paclitaxel combination in second-line 
treatment in advanced gastric cancer patients. The study 
reached its primary objective of increasing OS, indeed 
the combination resulted superior in median OS (9.7 
mo vs 7.3 mo), median PFS (4.4 mo vs 2.8 mo) and RR 
(28% vs 16%). Hypertension, fatigue and neutropenia 
were the most frequent toxicities in experimental arm, 
whereas febrile neutropenia had comparable incidence.

Gaining the results of ramucirumab in second-line, 
we would have expected a good success also in first-
line. However, the study combination of FOLFOX6 plus 
ramucirumab has not demonstrated to increase OS and 
PFS in patients with metastatic gastric cancer (23%), 
GEJ (31%) and esophageal (46%). 168 patients were 
enrolled, median PFS 6.4 mo vs 6.7 mo, OS 11.7 mo 
vs 11.5 mo. Addition of RAM to FOLFOX6 showed PFS 
difference at 3 mo and improved disease control rate 
(DCR); longer PFS in RAM vs placebo was observed in 
gastric/GEJ cancer patients[87].

Apatinib is a tyrosine kinase inhibitor (TKI) agent 
targeting VEGFR-2 (VEGFR). A phase Ⅱ randomised 
trial tested apatinib vs placebo in 144 pre-treated 
gastric cancer patients. Apatinib was taken orally in 
two different ways: 850 mg once and 450 mg twice a 
day. Median OS times were 2.50 mo (in the placebo 
arm), 4.83 mo (apatinib 850 mg once a day arm) and 
4.27 mo (apatinib 450 mg twice a day arm). Median 
PFS times were 1.40 mo, 3.67 mo, and 3.20 mo, 
respectively. The differences between apatinib and 
placebo groups were statistically significant for both PFS 
(P < 0.001) and OS (P < 0.001 and 0.0017).Toxicities 
were tolerable and manageable[88]. The multicenter, 
randomized, double-blind, placebo-controlled phase 
3 trial tested Apatinib 850 mg, po, qd, 28 d as one 
cycle or matching placebo. The study was planned to 
enroll 270 cases, stratified to the number of metastatic 
sites (≤ 2 or > 2). Median overall survival (mOS) was 
significantly prolonger in the apatinib group compare 
with in the placebo group. The results confirmed the 
efficacy and safety of apatinib in the patients with 
advanced gastric cancer[89].

Sunitinib and sorafenib are multi-target TKIs also 
studied in order to suppress angiogenesis in gastric 
cancer. Phase Ⅱ open-label randomized trial evaluated 
the combination of sunitinib plus docetaxel vs docetaxel 
monotherapy in second-line treatment in 107 patients 
with metastatic gastric cancer. Sunitinib arm was 
associated with a significantly higher ORR (41.1% vs 
14.3%), but there was no significant difference in TTP 
(3.9 mo vs 2.6 mo) [90].

Sorafenib targets BRAF, VEGF, and PDGFR[91]. 
Combination of sorafenib plus chemotherapy (docetaxel 
and cisplatin) was assessed in a phase Ⅱ trial, first-
line setting, in 44 patients with metastatic gastric 
cancer. The combination demonstrated a PFS of 5.8 mo, 
median OS of 13.6 mo, and ORR 41%; grade 3-4 EAs 
toxicity was neutropenia[92].

Pazopanib is an oral second-generation multitargeted 
TKI, which showed antiangiogenic and antitumor 
activity. There are two phase Ⅱ trials now ongoing in 
order to evaluate efficacy and safety of pazopanib as 
first-line treatment in metastatic gastric cancer. The 
first one, a phase Ⅱ PaFLO trial, wants to examine FLO 
(5-FU, leukovorin and oxaliplatin) + pazopanib used in 
combination for advanced gastric cancer (ClinicalTrials.
gov Identifier: NCT01503372). The second one, a 
phase Ⅱ non-randomized open label trial, evaluates 
Pazopanib in combination with Capecitabine and 
Oxaliplatin in patients with advanced gastric cancer. The 
primary end-point is RR, the second end-points are PFS, 
OS and metabolic response rate by PET-CT (ClinicalTrials.
gov Identifier: NCT01130805).

Hepatocyte growth factor-mesenchymal-epithelial 
transition factor axis
Mesenchymal-epithelial transition factor (c-MET) is the 
TK receptor of hepatocyte growth factor (HGF)[93]. c-MET 
expression or amplification was documented in many 
solid tumors and was correlated with poor prognosis 
in gastric cancer too. IHC analysis in gastric cancer 
specimens showed c-MET expression in 65% of cases 
with high-intensity staining in about 20% of cases[94]. 
However, the real activation of c-MET mutations and 
its resulting amplification, is a rare event: c-MET 
amplification occurs in 5%-10% of cases[95]. This discre­
pancy between expression and amplification of c-MET 
has important consequences when we design clinical 
trials with HGF-c-MET pathway inhibitors.

Rilotumumab (AMG 102) is human monoclonal 
antibody (IgG2) against HGF. A phase Ⅱ double-
blind randomized study, evaluated the efficacy and 
safety of rilotumumab with ECX regimen in gastric 
cancer patients in first-line treatment. Rilotumumab 
associated to chemotherapy improved the median PFS 
from 4.2 to 5.6 mo, and the OS from 8.9 to 11.1 mo. 
In the rilotumumab plus ECX arms, the most common 
adverse observed eventswere: neutropenia, anemia, 
peripheral edema, thrombocytopenia, and deep vein 
thrombosis[96]. MET protein levels and gene copy 
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numbers were measured in archival tumor samples by 
immunohistochemistry (IHC) and fluorescence in situ 
hybridization, respectively. Rilotumumab in combination 
with ECX improved the median OS from 5.7 to 11.1 mo 
in patients with gastric tumors with high MET expression. 

The RILOMET-01 phase Ⅲ trial evaluated the 
efficacy and safety of Rilotumumab + ECX in MET-pos 
by IHC, previously untreated G/GEJ cancer. Primary 
endpoint was OS. 609 patients were randomized, but 
the study was stopped early bacause an imbalance 
in deaths (data cutoff: Nov 2014). OS, PFS and ORR 
were statistically worse in the exsperimental arm. 
The subgroup with higher percentages of cells with 
≥ 1+ MET expression does not seem to benefit with 
ramucirumab. PK and MET biomarker analyses are 
pending, thus we don’t know whether they will offer any 
answers to this failure[97].

Onartuzumab is a humanized, monovalent (one-
armed) monoclonal antibody against MET. One phase 
Ⅲ trial (randomized multicenter double-blind placebo-
controlled studies), currently ongoing (but it’s not 
recruiting participants) is evaluating the efficacy and 
safety of onartuzumab (MetMAb) in combination with 
mFOLFOX6 in patients with metastatic HER2-negative 
and Met-positive adenocarcinoma of the stomach or 
GEJ (NCT01662869). 

Crizotinib is a small MET kinase inhibitor. Phase Ⅰ study 
showed promising activity in c-MET amplified gastric 
cancer patients[98].

Tivatinib is a selective non-ATP competitive small-
molecule inhibitor of c-MET. Phase Ⅱ single-arm study 
evaluated the efficacy of tivantinib monotherapy in Asian 
patients with previous treatment for MGC (ARQ-197). 
Tivantinib was administered orally daily. The primary 
end-point was the DCR. Thirty patients were enrolled 
and no objective responses were observed, and DCR 
was 36.7%. There was not relationship between 
efficacy and gene amplification of c-MET, expression 
of c-MET, p-MET and HGF[99]. New clinical trials with 
c-MET inhibitors were restricted to patients defined as a 
“MET positive” to identify selected patients for a special 
genetic/molecular profile. However, the HGF/c-MET 
axis is involved in multiple pathways that operate at 
different levels[100]. The anti-HGF compounds may not 
be sufficient to complitely inhibit HGF/c-MET axis[101]. 
Hereafter it will be necessary to define with much more 
precision what “MET positive” gastric cancer means.

m-TOR inhibitors - PI3K pathway inhibition
m-TOR regulates angiogenesis, cellular metabolism, 
proliferation, and cell growth. Its activation is done 
through the PI3K pathway (via Akt/protein kinase B 
and tuberous sclerosis complex). In gastric cancer, 
mTOR and p-mTOR (its activated form) overexpression 
were respectively 50.8% and 46.5%. Overexpression 
of total mTOR protein significantly correlated with 
tumor differentiation, T1/T2 tumors, and stage Ⅰ/Ⅱ/Ⅲ 
disease. p-mTOR overexpression significantly correlated 

with lymph node metastasis and all stage disease[102].
Everolimus is an oral m-TOR inhibitor, approved for 

the treatment of renal cell carcinoma, breast cancer, 
and progressive NET of pancreatic origin. A phase Ⅱ 
study, in 53 patients with previously treated metastatic 
gastric cancer, reported a median PFS of 2.7 mo and OS 
of 10.1 mo. Common grade 3/4 AEs included anemia, 
hyponatremia, increased gamma-glutamyltransferase, 
and lymphopenia. Grade 1/2 pneumonitis was reported 
in 15.1% of patients[103]. Another phase Ⅱ trial assessed 
the efficacy and safety of combination regimen of 
capecitabine plus everolimus in patients with refractory 
gastric cancer who have failed at least two cytotoxic 
regimens. Forty seven patients were enrolled in this 
trial. Everolimus in combination with capecitabine 
achieved an ORR of 10.6% and a DCR of 48.9%, with 
respectively a median PFS and OS of 2.3 mo and 5.1 
mo[104]. The phase Ⅲ GRANITE-1 evaluated everolimus 
or BSC plus placebo in 656 previously treated advanced 
gastric cancer patients. The results of this trial showed 
median OS of 5.39 mo in the everolimus arm and an 
OS of 4.3 mo in the placebo arm, with an advantage 
in PFS statistically significant but clinically irrelevant 
(1.7 mo vs 1.4 mo)[105]. Phase Ⅲ study in advanced 
gastroesophageal adenocarcinoma patients comparing 
everolimus combined with paclitaxel vs paclitaxel alone 
(NCT01248403) is ongoing.

IGF family
The IGF family plays an important role in growth and 
metabolism. Deregulation of IGFs/IGF-1R system pro­
motes metastases diffusion, proliferation and invasion 
in gastric cancer. A number of antibodies targeting IGF-
1R have been studied. Ganitumab (AMG 479) and figitu
mumab (CP 751) have been evaluated in phase Ⅰ study 
in patients with solid tumors, including gastric cancer. 
They showed promising results[106].

PARP inhibitors
PARP inhibitors (Poly-ADP-Ribose-Polymerase) have 
been studied in breast cancer with a know history of 
deficient BRCA1/2. The activity of PARPS inhibitors is 
improved in presence of drugs that cause double-strand 
breaks in DNA such as platinum compounds. 

Olaparib activity has been proven in a phase Ⅱ trial 
with paclitaxel (Bang YJ Im SA J ClinOncol 2013 31(sup). 
The study failed to increase the PFS, but it improved OS. 
A randomized phase Ⅲ with paclitaxel in gastric cancer 
patient second-line is ongoing (NCT019245337). 

IMMUNOTHERAPY: “...AND KEEP YOUR 
EYES WIDE” 
Until few years ago, the more validated hypothesis 
was that epithelial tumors originate from tissue stem 
cells. A large intra-tumoral heterogeneity exists and 
cancer stem cells are part of it, indeed they are in the 
primary tumors, but they also disseminate to different 
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organs, remaining dormant or originating metastases 
and often are responsible to chemo-resistance[107,108]. 
To date, it’s evident that tumor growth depends on the 
interactions among cancer cells, microenvironment and 
immune system cells. Tumor and cancer stem cells 
express receptors for antigens on specific cell type, thus 
determining the capability of one tumor to metastasize 
to a specific organ, such as for breast, lung and prostate 
cancer which commonly metastasize to bone[109-112]. The 
importance of tumor microenvironment in promoting 
cancer progression is even more recognized, because 
its cellular components release a series of factors which 
constitute a favourable soil for cancer cell homing 
and growth[113,114]. Looking at the immune system, a 
variable number of immune cells infiltrate tumors: mast 
cells, lymphocytes, macrophages and myeloid derived 
suppressor cells (MDSCs), with a deep impact on tumor 
progression[115]. For instance, MDSCs are a hetero­
geneous population of immature myeloid cells driving 
the progression of cancer disease by suppressing both 
the innate and adaptive immune response. Indeed they 
suppress CD4 and CD8 T cell populations, and promote 
the activation and expansion of regulatory T cells, which 
mediate immunosuppression[116-118].

A strong rationale exists to adopt the immuno­
therapy for gastric cancer, because inflammation has 
been recognised as an hallmark of cancer[119] and 
gastric cancer, particularly the upper GI tumors are 
an inflammatory-mediated disease[120]. Here we will 
describe the last frontiers of immunotherapy in gastric 
cancer treatment, but a comprehensive overview of 
immunotherapy in gastric cancer has been recently 
published my Murphy et al[121].

Encouraging results derive from the combination of 
cellular immunotherapy and chemotherapy, that improves 
the quality of life and might prevent the recurrence 
in patients with advanced gastric carcinoma[122]. The 
TCGA network identified elevated programmed death 
ligand-1 (PD-L1) expression in the EBV subtype in gastric 
cancer[16]. PD-1 is an immune checkpoint, involved in 
tumor suppression and in tumor microenvironment, 
because it regulates T cell pathways. New frontiers of 
immunotherapy are focalized on targeting the immune 
checkpoints, in order to remove inhibitory pathways that 
block an effective T cell response against the tumor[123]. 
Two antibodies against PD-1 (Pembrolizumab and 
Nivolumab) have been approved in 2014 form United 
States Food and Drug Administration. The checkpoint 
therapy could be useful for gastroesophageal cancer, 
which express PD-L1 in 18% to 42 % of cases[124]. Phase 
Ⅱ and phase Ⅲ clinical trials involving either single agent 
PD-1/PD-L1 inhibition or combined with CTLA-4 inhibitors 
(ipilimumab) are ongoing. In KEYNOTE-012 trial 39 
patients PD-L1-positive with advanced gastric cancer 
received pembrolizumab, which showed a positive anti-
cancer activity with an objective response of 22.2%, the 
median time to response was 8 wk (range 7-16 wk), 
with a median duration of response of 24 wk (range 
8+ to 33+ wk). At 6 mo, 24% of patients showed no 

signs of disease progression, and 69% remained alive; 
the median PFS reached 1.9 mo. The most common 
AEs included fatigue (17.9%), decreased appetite 
(12.8%), hypothyroidism (12.8%), and arthralgia 
(10.3%). Four patients showed severe AEs associated 
with pembrolizumab, particularly, one of these patients 
died for treatment-associated hypoxia[125]. The OS data 
were presented at 2015 ASCO Annual meeting: The 
6-mo OS rate was 69%. These results support the 
ongoing development of pembrolizumab for gastric 
cancer[126]. The phase Ⅱ KEYNOTE-059 study will soon 
be initiated to evaluate pembrolizumab as monotherapy 
or in combination with cisplatin and 5-FU in patients with 
advanced gastric or GEJ adenocarcinoma[127]. 

On May 2015 the phase Ⅲ KEYNOTE-061 study 
started. This is a Randomized trial of Pembrolizumab vs 
Paclitaxel in Advanced Gastric or GEJ adenocarcinoma 
patients who progressed after first-line therapy with 
platinum and fluoropyrimidine (NCT02370498). 

In the near future, ipilimumab and nivolumab, 
two immunostimulatory monoclonal antibodies with 
antineoplastic effects, might offer new therapeutic 
options for patients with advanced gastric cancer[128]. 
In particular, Nivolumab, a fully human IgG4 anti-PD-1 
monoclonal antibody, resulted active and generally well 
tolerated in patients with advanced solid tumors in a 
phase Ⅰ trial[129,130]. A Japanese randomized phase Ⅲ 
study started in october 2014 to evaluate Nivolumab 
(ONO-4538) vs BSC in patients with unresectable 
advanced or recurrent GC patients (NCT02267343).

CONCLUSION: “…AS THE PRESENT 
NOW, WILL LATER BE PAST”
Gastric cancer is one of the most common causes of 
cancer death in the world. Healing can only be guara­
nteed by an optimal surgery and still in the early stages 
of the disease. However, especially in Western countries, 
diagnosis is too late and the survival of patients with 
metastatic disease rarely exceeds 12 mo of diagnosis.

The multidisciplinary approach is always mandatory: 
The perioperative treatment, when indicated, has 
shown to be effective in increasing the survival of these 
patients and, in advanced disease, the total care by 
nutritionist, surgeon and oncologist has positive impact 
on the quality of life of these patients.

Chemotherapy in metastatic disease is the only 
chance of cure, but brings with it side effects also 
important and poor response rates. “... Your old road 
is rapidly aging” sang Bob Dylan (www.bobdylan.
com), but it is true that at the moment that is the 
way we know best. Perhaps times are changing. As 
for lung and colorectal cancer, the targeted therapies 
are revolutionizing the clinical practice, but we also 
learned that to achieve maximum efficacy of these new 
molecules we have to change tumors classification.

New drugs and new classification: the genomic and 
molecular classification given by TCGA network will help 
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us to characterize with greater precision our patients. “... 
There’s a battle outside and it is raging” but we will be 
armed with new knowledge.

Some clinical trials have led to the registration of 
drugs such as trastuzumab and ramucirumab. For EGFR 
inhibitors, lapatinib or everolius, the phase Ⅲ studies 
represented a setback.

However, the key is still patients selection on basis 
of molecular tumor characterization. Gefitinib in lung 
cancer reminds us “... for the loser now, will be later to 
win”.

Which is the best cytotoxic combination for target 
therapies? Which is the best setting for using the new 
molecules? We do not know yet. In deed, it’s possible 
that gastric cancer during progression disease and 
under evolutionary pressure of cytotoxic treatment can 
transform molecularly into a different phenotype.

Moreover, ethnic differences may cause different 
responses to the same molecules. Even this finding will 
lead to a personalized cancer medicine.

Finally, immunotherapy opens a vast and fascinating 
scenery for gastric cancer treatment. Some etiological 
factors such as viral and bacterial infections via EBV and 
H. pylori suggests that gastric cancer can be treated 
with new drugs such as immunotherapy checkpoint 
inhibitors.... And keep your eyes wide.
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