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Abstract
Gastric cancer is the fourth most common malignant 
neoplasm and the second leading cause of death for 
cancer in Western countries with more than 20000 new 
cases yearly diagnosed in the United States. Surgery 
represents the main approach for this disease but, not-
withstanding the advances in surgical techniques, we 
observed a minimal improvement in terms of overall 
survival with a significant increasing of relapsing dis-
ease rates. Despite the development of new drugs has 
significantly improved the effectiveness of chemothera-
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py, the prognosis of patients with unresectable or met-
astatic gastric adenocarcinoma remains poor. Recently, 
several molecular target agents have been investigat-
ed; in particular, trastuzumab represents the first target 
molecule showing improvements in overall survival in 
human epithelial growth factor 2-positive gastric cancer 
patients. New molecules targeting vascular epithelial 
growth factor, mammalian target of rapamycin, and anti 
hepatocyte growth factor-c-Met pathway are also under 
investigation, with interesting results. Anyway, it seems 
necessary to select more accurately the population to 
treat with new agents by the identification of new bio-
markers in order to optimize the results. In this paper 
we review the actual “scenario” of targeted treatments, 
also focusing on the new agents in development for 
gastric cancer and gastro-esophageal carcinoma, dis-
cussing their efficacy and potential applications in clini-
cal practice. 
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Core tip: In this article we review the actual “scenario” 
of targeted treatments in advanced gastric cancer, also 
focusing on the new agents in development,discussing 
their efficacy and potential applications in clinical practice.
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Finally, matrix metalloproteinases are enzymes involved 
in degradation of  extracellular matrix with an important 
role in metastasization. Their expression is significantly 
higher in diffuse than in intestinal GC subtypes contrib-
uting to tumor aggressiveness[29]. The distinction of  dif-
ferent subtypes of  GC is related to a different outcome 
in terms of  survival and response to chemotherapy[34]. 
Therefore, it seems clear that there are multiple molecular 
alterations related to signaling pathways associated with 
cell proliferation, apoptosis and angiogenesis that can be 
considered as potential targets for specific biomolecular 
treatments. Recent data based on GC primary tumors, 
suggest the existence of  five distinct gastric cancer pa-
tients subgroups, defined by specific genomic amplifica-
tions that occur in a mutually exclusive way: FGFR2 (9% 
of  tumors), KRAS (9%), EGFR (8%), ERBB2 (7%) and 
MET (4%). Collectively, these subgroups suggest that at 
least 37% of  GC patients may be potentially treatable by 
RTK/RAS directed therapies[22]. These results have been 
confirmed by a further analysis showing that amplified 
genes were noted in 37% of  gastro-esophageal tumors, 
including in therapeutically targetable kinases such as 
ERBB2, FGFR1, FGFR2, EGFR, and MET[35]. Moving 
from these results, several agents such as monoclonal 
antibodies (mAbs) and receptor tyrosine kinase inhibitors 
targeting these pathways, have been developed.

ANTI-VEGF/VEGFR AGENTS
Angiogenesis is one of  the main mechanisms for the 
development and progression of  cancer and the VEGF 
plays a crucial role in the growth of  most primary tumors 
and the subsequent process of  metastasis[36]. The fam-
ily of  VEGF consists of  VEGF-A, VEGF-B, VEGF-C, 
VEGF-D, VEGF-E, and placental growth factor (PGF). 
Each component of  this family links several VEGF re-
ceptors (VEGFR): in particular, VEGF-A binds to VEG-
FR-1 and VEGFR-2, VEGF-B and PGF to VEGFR-1, 
and VEGF-C and D to VEGFR-2 and 3[37]. VEGFR2 
has critical functions in physiological and pathological 
angiogenesisis and it is widely considered the main recep-
tor driving angiogenesis[38]. The expression of  VEGFR2 
in intestinal-type GC was found to correlate with the 
vessel count and the stage of  disease[39]. Furthermore, 
there is evidence that VEGFR2 plays a key-role in regula-
tion of  proliferation of  GC cells[40]. The overexpression 
of  VEGF is usually associated to the increase of  the 
microvascular density and advanced stage, representing, 
therefore, an indicator of  poor prognosis[41-46]. Many anti-
VEGF agents have been developed; among these, mono-
clonal antibodies and multi-target tyrosine kinase inhibi-
tors (TKIs) have found more clinical applications. 

Bevacizumab
Bevacizumab is a monoclonal antibody targeting 
VEGF-A that showed activity in several solid tumors 
such as colorectal, breast, ovarian and non-small cell lung 
cancer. It binds to VEGF, preventing its interaction to 
VEGFR-1 and VEGFR-2 on the surface of  endothelial 
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INTRODUCTION
Despite the worldwide incidence of  gastric cancer (GC) 
decreased in the last decades, it represents the fourth 
most common malignant neoplasm and the second lead-
ing cause of  death for cancer[1]. In the United States 
approximately 21600 patients are diagnosed every year, 
and about 50% of  them are expected to die[2]. Surgery 
is considered as the only option for cure and multidis-
ciplinary treatment has improved the prognosis in radi-
cally resectable disease[3-6]. However, most of  patients 
shows an advanced disease at diagnosis or relapses after 
a prior curative surgical approach. For these sub-group 
of  patients the prognosis is very poor and chemotherapy 
represents the reference treatment determining a sig-
nificantly higher survival compared to supportive care 
alone[7]. Nevertheless, despite the use of  last generation 
chemotherapy schedules, the median survival in these 
cases remains low, reaching about 9-10 mo[7]. These re-
sults can be also explained by the consideration that GC, 
such as other solid tumors, is an heterogeneous disease 
that can be divided into subgroups according to histolog-
ical, anatomical, epidemiological and molecular classifica-
tions[8-13]. For instance, the breakdown of  gastric cancer 
in three subgroups represented by proximal non diffuse, 
diffuse, and distal non diffuse, is associated not only to 
epidemiological and histological differences, but also to 
different genetic patterns[14]. Proximal non diffuse GC 
corresponds to a lesion located in the cardia and gastro-
esophageal junction where carcinogenic inflammation is 
often related to gastric acid reflux[13]. The overexpression 
of  human epidermal growth factor receptor 2 (HER2) is 
more prevalent in proximal GC[15-17] similarly to epider-
mal growth factor receptor (EGFR) expression that is 
reported in 30%-60% of  proximal tumors[18-20]. Such as 
HER2 and EGFR, also MET amplification occurs more 
frequently in gastroesophageal cancer[21,22]. Distal non 
diffuse tumors, that are located between the gastric body 
and pylorus, are often the consequence of  a chronic 
Helicobacter pylori (H. pylori) infection[11]. This subtype 
significantly expresses high vascular-endothelial growth 
factor (VEGF), interleukin-8 and nitric oxide levels: these 
molecules are implicated in H. pylori-related gastric car-
cinogenesis, at least in part due to the stimulation of  an-
giogenesis, suggesting the critical role of  this pathway in 
the form[23-25]. Finally, diffuse GC appears as a poorly dif-
ferentiated signet ring cell type without apparent gastritis, 
associated with a downregulation of  CDH1, a tumor 
suppressor gene encoding for E-cadherin, a protein play-
ing a key-role in cellular adhesion, forming junctions to 
bind cells within tissues together[26-29]. Further molecular 
aberrations include fibroblastic growth factor receptor 2 
(FGFR2) signaling and phosphoinositide 3 kinase-AKT-
mammalian target of  rapamycin (PI3K-AKT-mTOR) 
pathway activation[30-32]. Furthermore, human epitelial 
growth factor receptor 3 (HER3) signalling, selectively ac-
tivated in undifferentiated GC cells, is highly expressed in 
diffuse subtype compared with the intestinal subtype[17,33]. 



cells. The biological activity of  VEGF interferes with the 
formation of  new tumor blood vessels thus preventing 
tumor growth[47,48]. 

Several phase Ⅱ and phase Ⅲ trials investigate the 
efficacy of  first-line Bevacizumab combined with chemo-
therapy (CT), in patients with advanced GC and gastro-
esophageal junction (GEJ) tumors (Table 1).

In a multicenter phase Ⅱ study, conducted by Shah et 
al[49], the efficacy and safety of  the addition of  bevacizum-
ab (15 mg/kg on day 1) to CT with CPT11 (65 mg/m2 
on days 1 and 8, every 21 d) and CDDP (30 mg/m2 on 
days 1 and 8, every 21 d) in 47 patient with GC and GEJ 
tumors were evaluated. The response rate (RR) was 65% 
(95%CI: 46-80) and the median overall survival (mOS) 
was 12.3 mo (95%CI: 11.3-17.2). No increase in chemo-
therapy-related toxicity was registered. Bevacizumab-
related toxicity included a 28% incidence of  grade 3 hy-
pertension, 25% of  grade 3 to 4 thromboembolic events, 
4.2% of  gastric perforation and a 2.1 of  cardiovascular 
events. Although the primary cancer was not resected in 
40 patients, in only two cases an upper gastrointestinal 
bleeding has been detected (one patient was treated with 
anticoagulants for a pulmonary embolism).

In a second phase Ⅱ trial, bevacizumab (7.5 mg/kg) 
in addition to the chemotherapy regimen with docetaxel 
(70 mg/mq) and oxaliplatin (75 mg/mq) was adminis-
tered in 38 patients. A 79% disease control rate (DCR), a 
6.6 mo median progression free survival (PFS) and a 11.1 
mo OS was observed. In 2 cases, a complete response 

was achieved. Grade 3-4 neutropenia was observed in 
34% of  patients and intestinal perforation occurred in 3 
patients[50].

Basing on the results of  these phase Ⅱ trials, it was 
conducted a double blind international randomized phase 
Ⅲ trial (AVAGAST). This study included 774 patients 
with previously untreated locally advanced or metastatic 
GC or GEJ cancer. Patients were treated with capecitabi-
ne (1000 mg/mq twice daily for 14 d every 3 wk) and 
cisplatin (80 mg/mq) in combination with either bevaci-
zumab (7.5 mg/kg) or a placebo. Although bevacizumab-
arm was associated with a significantly longer PFS (38.0 
mo vs 29.5 mo, P = 0.0121) vs placebo, the mOS did not 
obtain a statistical significance advantage (10.1 mo with 
placebo and 12.1 mo with bevacizumab, HR = 0.87, P = 
0.1002). Grade 3 and grade 4 toxicities were observed in 
0.5% in the placebo group and in 6.2% in the B group. 
Arterial or venous thrombois and gastrointestinal perfo-
ration were observed in 15.2% and 2.1% of  patients in 
the placebo group vs 9.6% and 1.3% of  patients in the 
bevacizumab arm[51,52]. In a subgroup analysis, OS for the 
pan-American cohort was 6.8 mo for placebo vs 11.5 mo 
for bevacizumab (HR = 0.63). For European and Asian-
Pacific subgroups, OS was 8.6 mo vs 11.1 mo (HR = 
0.85), and 12.1 mo vs 13.9 mo (HR = 0.97), respectively. 
These results indicate that the patients enrolled in Asian-
Pacific trial showed a better survival, regardless other 
prognostic factors. European and American patients with 
one or more bad prognostic factors seems to have an ad-
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Table 1  Phase Ⅱ/Ⅲ trials with anti vascular-endothelial growth factor agents for advanced gastric cancer and gastro-esophageal 
junction cancers

Trial Phase Setting Regimen Patients (n ) RR OS (mo) TTP/PFS (mo)

NCT00084604[49], 2006 Ⅱ 1st line Iri + C + Bev   47    65% 12.3 8.3
NCT00217581[50], 2010 Ⅱ 1st line DOCOX + Bev   38    59% 11.1  6.61

AVAGAST[51,54], 2010 Ⅲ 1st line XC + Bev 387    46% 12.1 6.7
XC + Placebo 387 37.4% 10.1 5.3

ST03[55], 2012 Ⅱ/Ⅲ Perioperative ECX-B 200 - - -

REGARD[58], 2012 Ⅲ 2nd line Ram + BSC 235 -  5.2  2.11

BSC 117   3.8  1.71

RAINBOW[60], 2014 Ⅲ 2nd line PTX + Ram 665    28%   9.6 4.4
PTX + placebo

ECOG 5203[63], 2010 Ⅱ 1st line TXT + C + Sor   44    39% 13.6 5.8

NCT01262482[64], 2012 Ⅱ 2nd line Sor + O   40 -   6.5  3.01

NCT00411151[67], 2011 Ⅱ 2nd line Sun   52   3.9%     5.81    1.281

NCT00226811[68], 2011 Ⅱ 2nd line Sun   78   2.6%   6.8 2.3

NCT00970138[73], 2011 Ⅱ 3rd line A: Placebo -   2.5  1.41

B: Apa (850 mg) - 4.83    3.671

C: Apa (425 mg bid) 144 4.27  3.21

NCT01512745[74], 2012 Ⅲ 3rd line Apa - - - -
Placebo

TEL0805 trial[75], 2011 Ⅱ 1st line XC + Tel   39    6.7% - -

1Progression free survival (PFS). Iri: Irinotecan; Cis: Cisplatin; Bev: Bevacizumab; X: Capecitabine; C: Cisplatin; E: Epirubicin; Ram: Ramucirumab; PTX: 
Paclitaxel; Sor: Sorafenib; Sun: Sunitinib; Apa: Apatinib; Tel: Telantinib; DOCOX: Docetaxel plus oxaliplatin; O: Oxaliplatin; TXT: Docetaxel; BSC: Best sup-
portive care; RR: Response rate; OS: Overall survival; TTP/PFS: Time to progression/progression free survival.
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longer in the ramucirumab group than in the placebo one 
(median 4.2 mo vs 2.9 mo, P = 0.036)[58]. Ramucirumab 
was well tolerated. Rates of  serious adverse events were 
similar between arms; for ramucirumab, the incidence of  
any individual severe toxicity was low and supportive care 
requirements were modest. The patients who received at 
least 4 cycles of  therapy with ramucirumab, maintained 
their quality of  life. Performance status (PS) was main-
tained for a significantly longer time with ramucirumab[59]. 

The RAINBOW trial is a randomized, multicenter, 
double-blind, placebo controlled phase Ⅲ study testing 
paclitaxel (80 mg/kg on days 1, 8, 15, every 4 wk) with or 
without ramucirumab (8 mg/kg inta-venous infusion on 
days 1 and 15 every 4 wk) in patients with metastatic GC 
refractory or progressive after first-line therapy with plati-
num and fluoropyrimidine. The study, which randomized 
a total of  665 patients, had as primary endpoint OS while 
secondary endpoints included: PFS, time to progression 
(TTP), objective response, quality of  life and safety[60]. 
This study has met its primary endpoint of  improved 
OS and secondary endpoint of  improved PFS. In fact, 
median overall survival was 9.6 mo for the combination 
and 7.4 mo for paclitaxel alone with a 19% reduction in 
the risk of  death (P = 0.0169) with ramucirumab. Median 
progression-free survival was 4.4 mo and 2.9 mo, respec-
tively, a 27% reduction in risk (P < 0.0001). The objective 
response rate associated with the combination was 28% 
vs 16% with paclitaxel alone (P = 0.0001). At 6 mo, the 
progression-free survival rate was 36% vs 17%, and at 9 
mo was 22% vs 10%, respectively. In addition, the disease 
control rate was much better with ramucirumab, 80% vs 
64%, respectively (P < 0.0001). Ramucirumab was rela-
tively well tolerated, although adverse events of  grade ≥ 
3 were somewhat greater with combination treatment 
and included neutropenia (40.7% vs 18.8%) - but the in-
cidence of  febrile neutropenia was comparable (3.1% vs 
2.4%) - leukopenia (17.4% vs 6.7%), hypertension (14.1% 
vs 2.4%) and fatigue (7.0% vs 4.0%). These adverse events 
did not lead to increased treatment discontinuation in the 
ramucirumab arm, nor were rates of  treatment-related 
deaths different between the two arms (4.0% with ramu-
cirumab/paclitaxel vs 4.6% with paclitaxel alone). Other 
adverse events were anaemia (9.2% vs 10.3%), abdominal 
pain (5.5% vs 3.3%) and asthenia (5.5% vs 3.3%). Ramu-
ricumab is an effective new drug for patients with meta-
static or locally advanced gastric cancer for whom first-
line combination chemotherapy has failed. It also shows 
that an effective second-line therapy improves overall 
survival. It is the only study to show a two-month im-
provement in survival in this setting[60]. A randomized on-
going phase Ⅱ study (NCT01246960) for patients with 
untreated advanced esophageal, GC and GEJ carcinoma 
is evaluating FOLFOX-6 ± ramucirumab; it will enroll 
a total of  166 patients with PFS as primary endpoint[61] 
(Table 1).

Sorafenib
Sorafenib is an oral multi-target TKI inhibitor, linking 

vantage in terms of  overall survival from bevacizumab[52]. 
Diversity of  patient selection, clinical practice, popula-
tion genetics, and second-line chemotherapy may explain 
these results. An update of  biomarker analysis performed 
in AVAGAST trial evidenced that patients with increased 
plasmatic levels of  VEGF-A and a low tumour neuro-
pilin-1 (NRP-1) expression, showed better outcomes; 
moreover, these markers were more diffused in distal and 
diffuse GC, and were identified as potential predictors of  
efficacy for bevacizumab[53,54].

ST03 is a multicenter, randomized, phase Ⅱ/Ⅲ study 
aiming to assess in 200 patients enrolled between Octo-
ber 2007 and April 2010, the safety, the feasibility and the 
efficacy of  the addition of  bevacizumab (7.5 mg/kg) to 
perioperative epirubicin (50 mg/m2), cisplatin (60 mg/
m2), capecitabine (dose banded as based on patient BSA) 
CT. The incidence of  cardiac complications was similar 
in both arms except for arterial thromboembolic events 
and more asymptomatic left ventricular ejection fraction 
falls that were more frequent with ECX plus bevacizum-
ab. OS was the primary end-point while response rate, 
resection rate, DFS, safety of  treatment, and quality of  
life were the secondary end-points. The preliminary data 
are expected in 2014[55].

Ramucirumab
Ramucirumab (IMC-1121B) is a fully human IgG1 
monoclonal antibody specifically blocking with high af-
finity the extracellular VEGF-binding domain of  VEG-
FR-2 and inhibiting downstream signaling involved in the 
formation and maintenance of  aberrant blood vessels 
that supply blood to tumor[56]. The specific targeting of  
VEGFR2 by anti-angiogenetic agents is more effective 
since their principal targets are endothelial cells, which are 
genetically stable and, therefore, less likely to develop re-
sistance to these agents. Ramucirumab is administered in-
travenously. Pharmacokinetic data support dosing every 1, 
2, or 3 wk with a maximum tolerated dose (MTD) weekly 
identified as 13 mg/kg; dose-limiting toxicities (DLT) 
observed in Cycle 1 weekly dosing were hypertension 
(at 10 mg/kg per week and 16 mg/kg per week): deep 
vein thrombosis (at 16 mg/kg per week). No DLT and 
no MTD were identified in every 2 wk and every 3 wk 
study. Phase Ⅰ clinical trials demonstrated its safety and 
efficacy also in patients with advanced cancer refractory 
to standard chemotherapy[57]. REGARD, an international, 
randomised, double-blind, placebo-controlled, phase Ⅲ 
trial is the first positive study with a biological mono-
therapy in patients with advanced GC progressing after 
first line chemotherapy. Patients were randomly assigned 
with a 2:1 ratio to receive best supportive care plus ramu-
cirumab 8 mg/kg or placebo, intravenously once every 2 
wk. Ramucirumab improved significantly OS (5.2 mo vs 
3.8 mo with placebo, HR = 0.776, P = 0.047) and PFS 
(2.1 mo vs 1.3 mo with placebo, HR 0.483, P < 0.0001); 
the rate of  disease control was significantly higher in 
patients given ramucirumab than in those given placebo. 
Finally, the duration of  disease control was significantly 
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to VEGFR-1, VEGFR-2, VEGFR-3, platelet derived 
growth factor receptor (PDGFR), B-Raf, Raf-1 and c-Kit. 
It plays its antineoplastic role through two pathways: 
firstly, it acts directly through the inhibition of  tumor 
proliferation by blocking the RAF/MEK/ERK-mediated 
cell signaling pathway; on the other hand it indirectly in-
hibits angiogenesis by blocking VEGFR and PDGFR[62]. 
The ECOG 5203 phase Ⅱ trial[63] tested sorafenib (400 
mg orally twice a day for 21 d) in combination with 
cisplatin (75 mg/m2) and docetaxel (75 mg/m2) in 44 
patient with advanced GC and GEJ carcinoma. They 
achieved an overall response rate (ORR) of  41% (primary 
end point), an OS of  13.6 mo and a PFS of  5.8 mo. This 
result is lower than the PFS obtained in a phase Ⅲ trial 
of  chemotherapy alone. The results of  this study suggest 
that sorafenib may confer an additional antitumor effect 
to the combination of  docetaxel and cisplatin in the treat-
ment of  metastatic and advanced unresectable GC and 
GEJ adenocarcinoma but there is no significant superior-
ity over historical data from the docetaxel and cisplatin 
combination CT, thereby prompting no further clinical 
development of  sorafenib in GC. In a phase Ⅱ trial pre-
sented by a Spanish group at 2012 ASCO annual meeting, 
evaluated the combination of  oxaliplatin (130 mg/m2) 
and sorafenib (400 mg orally) in previously treated with 
cisplatin and fluoropyrimidine advanced GC patients. In 
this trial 40 patients (36 evaluable for response) in second 
line setting were enrolled: 47.2% of  patients obtained a 
SD and in one case a CR, while The median PFS and OS 
was 3 mo and 6.5 mo respectively. However for patients 
who obtained a PFS to first line > 6 mo, was recorded 
an OS of  9.7 mo; on the other hand the OS was only 5.6 
mo for patients with and PFS was lower than 6 mo (P = 
0.04). The association of  sorafenib and oxliplatin resulted 
in a good safety profile and suggested that PFS after a 
first line treatment based on cisplatin plus fluoropyrimi-
dine identifies more subgroups of  patients with different 
clinical features[64] (Table 1).

A randomized phase Ⅱ trial comparing the addition 
of  sorafenib to cisplatin and capecitabine as first line 
treatment with PFS as primary endpoint, has completed 
the accrual and the results are waited[65].

Sunitinib
Sunitinib is an oral TKI targeting RET, VEGFR-1, 
VEGFR-2, VEGFR-3, PDGFRα, PDGFRβ, Flt3, c-KIT, 
and colony-stimulating factor receptor 1 (CSFR-1). In 
advanced GC, Sunitinib showed a low activity as single 
agent in second-line setting[66]. In a phase Ⅱ study, 52 
patients with chemo-resistant advanced GC, received 
sunitinib as single agent obtaining a mOS of  5.8 mo. 
Tumoral VEGF-C expression was linked to a shorter me-
dian PFS if  compared with no expression (1.2 mo vs 2.8 
mo, P = 0.0119) even if  no differences in RR were ob-
served[67]. In a further phase Ⅱ study, sunitinib was tested 
in 78 patients as 2nd-line therapy. The primary endpoint 
was the ORR, defined as the percentage of  all patients 
who experienced a confirmed complete response (CR) 

or partial response (PR), as defined by RECIST criteria. 
Two patients (2.6%) had partial responses and 25 patients 
(32.1%) had as best response a stable disease for ≥ 6 
wk. Between the secondary end-points, the median PFS 
was 2.3 mo and median OS was 6.8 mo. Thought the low 
toxicity profile, no further clinical trials in GC are actually 
scheduled[68] (Table 1).

Cediranib
Cediranib (AZD2171) is a powerful VEGFR-1 and 
VEGFR-2, c-Kit and PDGFR-β inhibitor[69]. Its efficacy 
in association with cisplatin plus S-1 or capecitabine 
has been evaluated in a phase Ⅰ trial in 14 untreated ad-
vanced GC patients. It emerged a good tolerability prifile 
(anorexia, fatigue and nausea were the most commonly 
observed toxicities). Anyway, preliminary efficacy results 
evidenced only one CR and three PR. Therefore, more 
confirmatory studies are needed[69,70].

Apatinib
Apatinib is a TKI selectively targeting VEGFR-2, similar 
to vatalanib (PTK787), but with a binding affinity higher 
than that of  vatalanib or sorafenib[71,72]. A randomized, 
three-arm phase Ⅱ trial investigated apatinib (850 mg/d) 
as third-line therapy in 141 patients with advanced GC. 
DCR of  51%, 34.7% and 10.4% respectively and median 
PFS of  3.4, 3.4 and 1.4 mo respectively were observed. 
The median OS was 4.8, 4.3 and 2.5 mo, respectively. 
Most common adverse effects included hypertension 
and hand-foot syndrome. Patients given apatinib as a 
once-daily regimen had fewer grade 3 to 4 adverse events 
than those given apatinib at a dose of  425 mg twice 
daily. Also, the incidence of  hypertension, hand-foot 
syndrome, thrombocytopenia, and diarrhea was reduced 
among patients treated with apatinib 850 mg once daily. 
Therefore, the dosing regimen of  850 mg once daily was 
recommended for following studies[73]. A third line setting 
randomized phase Ⅲ trial is actually comparing apatinib 
(850 mg/daily) to placebo. The enrollment target is 270 
patients. PFS and OS are the primary endpoints; DCR, 
ORR, quality of  life, safety profile are the secondary end-
points[74] (Table 1). 

Telatinib
Telatinib is an oral selective inhibitor of  VEGFR, 
PDGFR and KIT tyrosine kinases. It is well tolerated 
at high doses and shows no overlapping toxicities with 
CT. Telatinib associated with standard chemotherapy has 
been tested in in 39 untreated patients in a phase Ⅱ trial. 
The objective of  this study was evaluating the antitumor 
activity, safety and tolerability of  telatinib. The primary 
outcome was PFS, and secondary outcomes were OS, 
ORR, safety and tolerability, pharmacokinetic (PK) and 
biomarkers. Sixty four percent of  patients showed a PR 
and 1 patient (2.6%) had a CR. A 92% DCR and 140 d 
PFS were detected; the association was well tolerated at 
standard dose, In fact hypertension and fatigue, the most 
represented toxicities, were manageable and reversible[75]. 

14541 October 28, 2014|Volume 20|Issue 40|WJG|www.wjgnet.com

De Vita F et al . New molecular drugs in advanced gastric cancer



On the basis of  these data, a phase Ⅲ multicenter, dou-
ble-blind, randomized trial testing telatinib plus cisplatin 
and capecitabine is planned (Table 1).

ANTI-EGFR THERAPIES 
EGFR-HER1 is one of  four receptors involved in the 
pathway of  epidermal growth factor transfer (HER, 
human epidermal growth factor receptor). It is a trans-
membrane receptor composed of  an extracellular binding 
domain, a transmembrane portion, and an intracellular 
cytoplasmic domain with a tyrosine kinase functional-
ity[76]. It is activated by specific ligands, such as epidermal 
growth factor (EGF), transforming growth factor-α, am-
phiregulin, heparin-binding EGF, betacelulin, epiregulin, 
and neuregulin 2-α; the ligand binding can induce ho-
modimerization or heterodimerization with a consequent 
tyrosine kinase autophosphorylation and activation[77]. 
This process leads to several intracellular signals cas-
cades, including the Ras/Raf/mitogen activated protein 
kinase (MAPK) or the Akt/mTOR pathway determining 
cell proliferation and growth, prevention of  apoptosis, 
tumor-induced angiogenesis, and activation of  invasion 
and metastatic growth[77,78]. In a large study of  EGFR 
expression in GC using immunohistochemistry (IHC) 
and fluorescence in situ hybridization (FISH), it has been 
evidenced that the samples were positive for IHC (2+ 
and 3+) in 27.4% of  cases, while an amplification of  
EGFR was found only in 2.3% of  the samples. EGFR 
IHC expression correlated with lymph node metastasis, 
lymphatic invasion and higher stage. Furthermore, differ-
ently from FISH amplification, EGFR expression was a 
poor prognostic factor[79]. 

In preclinical models it has been shown that the 
EGFR inhibition leads to an anti-tumour activity with 
synergy with chemotherapy as well as radiotherapy[80,81]. 

In colorectal cancer models, the presence of  a KRAS 
mutation is usually associated with a downstream activation 
of  the Ras/MAPK pathway, leading to cell proliferation 
that can’t be blocked by anti EGFR-antibodies. Therefore, 
KRAS mutational status represents an important predictor 
of  response to cetuximab and panitumumab and a wild 
type status is usually associated with a higher RR, OS and 
PFS[82]. However, differently from colon cancer, only in 
a low percentage of  GC can be detected a KRAS muta-
tion[81]. In one of  the largest international multicenter da-
tabase on 710 GC patients, KRAS mutations were detect-
ed in 4.1% of  samples; the frequency was 5.8% among 
United Kingdom patients, 4% among Japanese patients 
and 2.8% among Chinese patients[83]. Therefore, at pres-
ent, none of  trials with anti-EGFR mAbs was restricted 
to patients with wild-type KRAS and no data suggesting 
that KRAS gene mutation is predictive of  lack of  efficacy 
of  EGFR-targeted MAb therapy in this tumor type are 
currently available.

TKIs inhibitors: Gefitinib and erlotinib
Gefitinib is an oral EGFR quinazoline tyrosine kinases 
inhibitor, and its antitumor activity on GC cell cultures 

(GLM-1, GLM-2, GLM-4, NCI-N87) lead the research 
of  its clinical efficacy[84]. It has been firstly tested in GC 
in a phase Ⅱ trial where 75 previously treated unselected 
patients with locally advanced or metastatic GC (77%) 
and GEJ carcinoma (21%) received the drug at the dose 
of  250 or 500 mg/die in order to assess its biologic activ-
ity in tumor samples. Although gefitinib reached enough 
tumor concentrations to inhibit EGFR activation with 
some evidences of  biological effect on EGFR pathway, 
these results were not translated in a clinical benefit, ob-
taining a low DCR (18.3%)[85]. In a second phase Ⅱ trial, 
gefitinib in combination with cisplatin (20 mg/m2 daily) 
and fluorouracil (1000 mg/m2 daily) with concomitant 
radiotherapy (30 and 1.5 Gy bis in die) was compared to 
chemoradiotherapy alone as neo-adjuvant treatment in 
80 patients with locally advanced esophageal cancer and 
GEJ cancer. ORR was not increased but it was observed 
a benefit in 3-year OS if  compared with historical con-
trols (42% vs 28%, P = 0.06)[86].

Gefitinib showed anticancer properties in HER2 
overexpressed GC cells inducing apoptosis, and a low an-
titumor effect in EGFR positive ones. This controversial 
activity of  drug is still unclear but it could be explained 
by the studies that hypothesized gefitinib to prevent the 
formation of  HER2/HER3 heterodimers by taking part 
in the sequestration of  HER2 and HER3 with inac-
tive EGFR/HER2 and EGFR/HER3 heterodimers[87]. 
Furthermore, it seems to be able to selectively arrest the 
phosphorylation of  Akt in cells with HER2 overexpres-
sion, although cells with low HER2 expression also dis-
played constitutive activation of  P13K/Akt pathway[84] 
(Table 2).

Erlotinib hydrochloride is an oral reversible inhibi-
tor of  the adenosine triphosphate binding site of  EGFR 
receptor tyrosine kinase[88]. Its efficacy in GC was tested 
in a large phase Ⅱ trial conduced by Southwestern On-
cology Group (SWOG 0127)[89] where 70 patients with 
unresectable or metastatic GC (37%) or GEJ carcinoma 
(63%) were treated. The GC group (n = 26) was closed 
after the first phase due to lack of  activity of  the drug, 
while esophageal/GEJ group (n = 46) completed the 
accrual. In this group were observed all of  the objective 
responses (1 CR and 4 PR) with an ORR of  9%, (95%CI: 
3-22). Most common toxicities were skin rash (86% and 
72%), fatigue (51% and 44%) and AST/ALT elevation 
(28% and 28%), respectively for GEJ and gastric local-
izations. Therefore, erlotinib seems to be a moderately 
active drug in clinical management of  patients with GEJ 
adenocarcinoma, but appears inactive in GC. Considering 
all these data, it emerges a low efficacy of  EGFR TKIs in 
GC: this evidence could be also explained because EGFR 
mutations, in particular L858R or delE746-A750 muta-
tions that are related to the activity of  EGFR TKIs, are 
very rare in this tumor[90] (Table 3). 

Monoclonal antibodies: Cetuximab, panitumumab, 
matuzumab and nimotuzumab
Anti-EGFR monoclonal antibodies cetuximab and pani-
tumumab (MAbs) compete with ligand-receptor interac-
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tion and downstream tyrosine kinase activity through the 
binding to the extracellular EGFR domain, occluding in 
this way the ligand-binding region. It results in a recep-
tor internalization and degradation. Another mechanism 
of  activity is represented by an indirect antitumor effect 
by antibody-dependent cell-mediated cytotoxicity activ-
ity[76,91].

Cetuximab is a chimeric (mouse/human) IgG1 an-
tibody, able to initiate an immune-mediated antitumor 
response (i.e., antibody-dependent cell-mediated cytotox-
icity) through natural killer cell binding[76].

The employment of  cetuximab as single agent in met-
astatic or unresectable GC did not seem effective[92]. On 
the other side, the addition of  the monoclonal antibody 
to fluoropyrimidine-based regimens showed interesting 
results. In a small phase Ⅱ trial conduced by Lordick et 
al[93], 52 patients received cetuximab (400 mg/m2 at first 
infusion followed by weekly infusions of  250 mg/m2) 
with FUFOX (oxaliplatin 50 mg/m2, 5-FU 2000 mg/
m2, and folinic acid 200 mg/m2 on days 1, 8, 15 and 22 
qd36). Among 46 patients assessable for response, ORR 
was 65% (95%CI: 50-79) with a median TTP of  7.6 mo 
(95%CI: 5.0-10.1) and a median OS of  9.5 mo (95%CI: 
9.7-11.1). The treatment was well tolerated: the most 

common grade 3/4 toxicities were diarrhoea (33%), and 
skin toxicity (24%). Furthermore, no clear association 
between the detection of  EGFR and the response rate 
was found. Moehler et al[94] published in 2010 the results 
of  a phase Ⅱ trial testing the efficacy of  the addition of  
cetuximab to irinotecan (80 mg/m2) and a 24-h continu-
ous infusion of  folinic acid (200 mg/m2) and 5-FU (1500 
mg/m2). After a median follow-up of  31.2 mo, results 
showed an ORR of  46% (95%CI: 31-61) with a DCR of  
79%. Median PFS and OS times were 9.0 mo (95%CI: 
7.1-15.6) and 16.5 mo (95%CI: 11.7-30.1) respectively. 
The biomarkers analysis evidenced that tumor response 
was more frequent in EGFR-expressing tumors (P = 
0.041); furthermore, PTEN overexpression was associ-
ated with a longer PFS (P = 0.035) and OS (P = 0.0127). 
In a phase Ⅱ Italian study[95], 72 patients with metastatic 
or unresectable disease (stomach 81.9% and GEJ 18.1%) 
were enrolled to receive a first-line CT with cetuximab 
(initial dose of  400 mg/m2 followed by weekly doses of  
250 mg/m2), cisplatin (75 mg/m2 on day 1), docetaxel 
(75 mg/m2 on day 1), every 3 wk. The assessed ORR 
was 41.2% (95%CI: 29.5-52.9), with a DCR of  76.5%, a 
median TTP of  5 mo (95%CI: 3.7-5.4) and a median OS 
time of  9 mo (95%CI: 7-11). Most common G3-G4 tox-
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Table 2  Phase Ⅱ trials of epidermal growth factor receptor tyrosine kinase inhibitors for advanced gastric cancer and gastro-
esophageal junction cancers

Author/trial Phase Setting Regimen Patients (n ) RR OS (mo) TTP (mo)

NCT00237900[86], 2010 Ⅱ Neoadjuvant CF + G + RT 80 - 42% (3-yr) -
SWOG 0127[89], 2006 Ⅱ 1st line Erlotinib 150 mg/d 44 (GEJ) 9% (GEJ) 6.7 (GEJ) -

26 (stomach) 0% (stomach) 3.5 (stomach) -

C: Cisplatin; F: 5 fluorouracil; G: Gefitinib; RT: Radiotherapy; RR: Response rate; OS: Overall survival; TTP: Time to progression; GEJ: Gastro-esophageal 
junction.

Table 3  Phase Ⅱ/Ⅲ trials of anti-epidermal growth factor receptor agents for advanced gastric cancer and gastro-esophageal 
junction cancer

Trial Phase Setting Regimen Patients (n ) RR OS (mo) TTP (mo)

FOLCETUX[187], 2007 Ⅱ 1st line FOLFIRI + Cet   38 44.1% 16.0   8.0
NCT00477711[188], 2008 Ⅱ 1st line CX + Cet   54 48.1% -     5.23
DOCETUX[95], 2009 Ⅱ 1st line C + TXT + Cet   72 41.2%   9.0   5.0
AIO[93], 2010 Ⅱ 1st line FUFOX + Cet   52 65.0%   9.5   7.6
NCT01123811[94], 2011 Ⅱ 1st line FOLFIRI + Cet   49 46.0% 16.5 90.0
NCT00398398[189], 2011 Ⅱ 1st line XELOX + Cet   44 52.3% 11.8   6.5
NCT00517829[96], 2013 Ⅱ 1st line DOCOX   75 26.5%   8.5 -

DOCOX + Cet   75 38.0%   9.4 -
EXPAND[97], 2013 Ⅲ 1st line CX + Cet 455 29.0%   9.4   4.4

CX 449 30.0% 10.7   5.6
REAL-Ⅲ[103], 2013 Ⅱ-Ⅲ 1st line EOX + P 278 42.0%   8.8   6.0

EOX 275 46.0% 11.3   7.4
NCT00113581[107], 2008 Ⅰ 1st line ECX + M   21 65.0% -   5.2
MATRIX[190], 2010 Ⅱ 1st line ECX + M   35 58.0% 12.2   7.1

ECX 31.0%   9.4   4.8
NCT01813253[111], 2011 Ⅱ 2nd line Iri   82 18.4%      7.5% 85 d

Iri + N 10.3%      9.7% 73 d

Cet: Cetuximab; C: Cisplatin; TXT: Docetaxel; X: Capecitabine; E: Epirubicin; O: Oxaliplatin; P: Panituimumab; E: Epirubicin; Iri: Irinotecan; M: Matuzumab; 
N: Nimotuzumab; FOLFIRI: 5 fluorouracil plus folinic acid plus irinotecan; FUFOX: 5 fluorouracil plus oxaliplatin; DOCOX: Docetaxel plus oxaliplatin; XE-
LOX: Capecitabine plus oxaliplatin; RR: Response rate; OS: Overall survival; TTP: Time to progression.
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icity observed was neutropenia (44.4%). Recently it has 
been published a phase Ⅱ trial evaluating the addition 
of  cetuximab (400 mg/m2 first dose then 250 mg/m2 
weekly) to DOCOX (docetaxel 60 mg/m2 plus oxaliplatin 
130 mg/m2 on day 1 of  each 21-d cycle) in 150 patients 
with previously untreated advanced GC. Results evi-
denced in two arms of  treatment (DOCOX vs DOCOX 
+ cetuximab) a RR of  26.5% and 38.0% respectively, 
with a median PFS of  4.7 and 5.1 mo respectively (95%CI: 
3.0-5.6/4.3-5.9) and a median OS of  8.5 and 9.4 mo 
respectively. Grade 3-4 treatment-related adverse events 
included neutropenia (50% vs 44%), febrile neutropenia 
(13% vs 19%), diarrhoea (12% vs 17%), fatigue (12% vs 
17%) and leukopenia (7% vs 14%)[96]. 

Moving from these promising data, the EXPAND 
trial has been designed in order to assess the real impact 
of  addition of  cetuximab to standard chemotherapy in 
advanced GC[97]. In this phase Ⅲ trial, 904 patients with 
locally advanced or metastatic disease were randomly as-
signed to receive capecitabine (1000 mg/m2 twice daily, 
on days 1 to 15) and cisplatin (80 mg/m2) with or without 
cetuximab (400 mg/m2 followed by 250 mg/m2 per week) 
every 3 wk. The median PFS (primary endpoint of  this 
trial) was 4.4 mo (95%CI: 4.2-5.5) in the cetuximab arm, 
a not statistically significant data if  compared with 5.6 mo 
(95%CI: 5.1-5.7) obtained in the XP alone arm (HR = 
1.091, 95%CI: 0.920-1.292, P = 0.3158). The addition of  
monoclonal antibody to chemotherapy resulted even det-
rimental in terms of  median OS: 9.4 mo (95%CI: 8.3-10.6) 
in the cetuximab arm and 10.7 mo (9.4-11.3) in the XP 
arm (HR = 1.004, 95%CI: 0.866-1.165, P = 0.9547). The 
RR was similar in cetuximab and chemotherapy arm (30% 
and 29% respectively). Fifty four percent of  446 patients 
in the cetuximab group and 44% of  436 in the control 
group had any grade of  serious adverse event. In particu-
lar, 83% of  patients in the chemotherapy plus cetuximab 
group and 77% in the chemotherapy group experienced 
grade 3-4 toxicities; the most common G3-4 toxic events 
were: diarrhoea, hypokalaemia, hypomagnesaemia, rash, 
and hand-foot syndrome. Grade 3-4 neutropenia was 
more common in controls than in patients who received 
cetuximab. Incidence of  grade 3-4 skin reactions and 
acne-like rash was higher in the cetuximab arm than in 
the control arm. These results suggest that cetuximab 
in addition to standard chemotherapy is not an effective 
choice in patients with advanced GC[97]. 

Panitumumab is a fully human IgG2 monoclonal 
antibody targeting the epithelial growth factor receptor. 
Its immunogenicity is minimal or non-existent, therefore 
it avoids the problem of  generating human murine anti-
bodies, minimizing the risk of  hypersensitivity reactions 
and compromising treatment efficacy[98].

In metastatic wild-type KRAS colorectal cancer, pa-
nitumumab showed activity in combination with chemo-
therapy in chemo-refractory patients improving PFS both 
in the first[98] and in second-line settings[99,100]. Its efficacy 
in addition to standard treatment in advanced settings of  
esophageal-gastic cancer has been tested in a large phase 

Ⅲ trial, also known as REAL-3 study[101-103]. Five hundred 
fifty-three patients were randomised to receive EOC 
[epirubicin (50 mg/m2), oxaliplatin (130 mg/m2), and 
capecitabine (1250 mg/m2/d)], or mEOC [epirubicin (50 
mg/m2), oxaliplatin (100 mg/m2), capecitabine (1000 mg/
m2 per day)], and panitumumab 9 mg/kg. The primary 
endpoint was OS, the secondary endpoints were PFS, 
RR, and safety. The median survival time was 11.3 mo 
with EOC compared to 8.8 mo with mEOC plus panitu-
mumab (HR = 1.37, 95%CI: 1.07-1.76, P = 0.013). The 
median PFS was 7.4 and 6.0 mo, respectively (HR = 1.22, 
95%CI: 0.98-1.52, P = 0.068), with a RR of  42% and 
46% respectively. Multivariate analysis demonstrated that 
KRAS mutation (HR = 2.1, 95%CI: 1.10-4.05, P = 0.025) 
and PIK3CA mutation (HR = 3.2, 95%CI: 1.01-10.40, 
P = 0.048) had a negative prognostic value. According 
to these results, the addiction of  a monoclonal antibody 
targeting EGFR does not seem to be a valid therapeutic 
option for advanced GC. A phase Ⅱ trial assessing the 
efficacy and safety of  panitumumab in combination with 
docetaxel and cisplatin in patients with untreated GC or 
GEJ carcinoma (SPIGA trial) is actually ongoing[104] (Table 
3).

Matuzumab (EMD 72000) is a humanized IgG1 
monoclonal antibody against human EGFR. It has ap-
proximately a 10% murine origin, therefore it is charac-
terized by a limited immunogenicity, and being IgG1, it 
is able to induce antibody dependent cell cytotoxicity[105]. 
Matuzumab showed an anti-tumoural activity in preclini-
cal studies of  xenograft models of  different human tu-
mours in mice[106]. Its efficacy in advanced GC has been 
tested in a small phase Ⅰ trial where 21 EGFR-positive 
patients received matuzumab (400 and 800 mg weekly 
and 1200 mg every 3 wk) plus ECX (epirubicin 50 mg/
m2, cisplatin 60 mg/m2 on day 1 and capecitabine 1000 
mg/m2 daily) until disease progression or unacceptable 
toxicities. Even if  this study was designed in order to 
assess the safety, tolerability, pharmacokinetics and phar-
macodynamics of  the drug, efficacy results were very 
interesting: ORR was 65% (95%CI: 43-82) with 25% of  
SD (95%CI: 11-47) and 10% of  PD; the overall median 
TTP was 5.2 mo (95%CI: 3.0-16.0). The treatment result-
ed well tolerated, and fatigue was the major dose-limiting 
toxicity[107]. 

Nimotuzumab (h-R3) is a humanized IgG1 mono-
clonal antibody targeting human EGFR showing efficacy 
in malignant gliomas and head and neck squamous cells 
cancer[108-110]. Its activity and tolerance in advanced GC 
has been recently studied with interesting results: in a 
randomized phase Ⅱ trial[111], patients received nimotu-
zumab plus irinotecan or irinotecan alone as a second-
line therapy. The primary endpoint was PFS. Median 
PFS was 73 and 85 d, respectively (HR = 0.860, 95%CI: 
0.516-1.435, P = 0.5668). The median OS was 250.5 and 
232 d in the nimotuzumab and irinotecan monotherapy 
groups, respectively (HR = 0.994, 95%CI: 0.618-1.599, P 
= 0.9778). The RR was 18.4% and 10.3%, respectively. In 
a subgroup analysis of  EGFR 2+ or 3+ patients (assessed 
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by IHC) a median PFS of  118.5 and 59.0 d in the nimo-
tuzumab and irinotecan monotherapy groups respectively 
was assessed. On the other hand, a shorter median PFS 
was observed in EGFR 0 or 1+ patients (58.5 and 87.5 
d). Therefore, these results, even if  preliminary, did not 
show a clear benefit by the addition of  nimotuzumab to 
standard chemotherapy but it might show some activ-
ity in EGFR 2+, 3+ patients. In a recent phase Ⅱ trial 
presented at the 2012 ASCO annual meeting, 62 patients 
with advanced GC were randomized to receive cisplatin 
and S-1 chemotherapy with or without nimotuzumab. 
Median TTP was 5 and 3 mo respectively with a good 
tolerability of  association[112] (Table 3). 

HER2 TARGETING AGENTS 
HER2 is a transmembrane receptor belonging to the 
family of  epidermal growth factor receptors (HER1, 
HER2, HER3 and HER4). Its structure is composed by 
an extracellular ligand-binding domain, a short hydropho-
bic transmembrane region, and an intracellular domain 
with a tyrosine kinase activity (except for HER3). The 
activation of  HER2 does not require a ligand[113] and in-
duces a receptor homo- or hetero-dimerization that initi-
ates phosphorylation cascades and subsequent activation 
of  the PI3K-Akt-mTOR and Ras-Raf-ERK pathways[114]. 
Among different dimers the HER2-HER3 heterodimer is 
considered the most active; moreover, HER3 has a criti-
cal function in HER2-mediated transformation and plays 
a central role in the tumor cell growth and proliferation in 
HER2 overexpressed tumors. In GC HER2 and HER3 
co-expression was found in 15% of  cases[115].

Recent studies show a main role of  HER2 in the de-
velopment of  several types of  human cancer including 
GC and GEJ cancers. HER2 overexpression is observed 
in 10%-38% of  GC tumor samples, with a higher preva-
lence in intestinal-type and GEJ tumors than in diffuse 
type and GC[116]. Hofmann et al[117] examined the HER2 
status in 178 GC samples with immune-histo-chemistry 
(IHC) and fluorescence in situ hybridization (FISH) analy-
sis and reported that IHC and FISH differences occurred 
mainly for non-uniformity of  staining between the base-
ment membrane side (positive) and granular lumen side 
(negative) of  fundic gland cells, and heterogeneous GC 
cells. Basing on these considerations, a modified HercepT-

est has been developed, taking more into account the 
characteristics of  GC. Differently from breast cancer, the 
prognostic value of  HER-2 overexpression in GC remains 
controversial. A recent trial investigating the prognostic 
significance of  HER-2 evaluated in 382 patients with met-
astatic GC and GEJ adenocarcinoma, found that approxi-
mately 20% of  patients were HER2 positive, but HER2 
positivity wasn’t an independent prognostic factor[118]. 

Anti-HER2 drugs include trastuzumab, lapatinib and 
pertuzumab[119] (Table 4).

Trastuzumab
Trastuzumab is a humanized recombinant monoclonal 
antibody selectively binding to the extracellular domain 
of  HER2, blocking its downstream signaling, down-
modulation of  the HER2 protein, and activation of  
apoptotic signals of  the tumor cells. Another mechanism 
of  activity is represented by an indirect antitumor ef-
fect by antibody-dependent cell-mediated cytotoxicity 
activity[120]. These therapeutic effects are enhanced when 
trastuzumab is associated with chemotherapeutic agents 
such as cisplatin, capecitabine, irinotecan, doxorubicin 
and taxanes achieving an ORR ranging from 35% to 44% 
in clinical phase Ⅱ trials[121].

ToGA trial was the first randomized phase Ⅲ con-
trolled study to be conduced in order to verify trastuzum-
ab efficacy and safety in combination with chemotherapy 
for patients with HER2-positive advanced GC and GEJ 
cancers. In this study, 594 patients were randomized to 
receive 5-fluorouracil (800 mg/m2 per day on days 1-5 
continuous infusion) or capecitabine (1000 mg/m2/d 
on days 1-14) and cisplatin (80 mg/m2 on day 1) with 
trastuzumab (8 mg/kg loading dose on day 1 followed 
by 6 mg/kg) every 3 wk for 6 cycles, or CT alone. The 
primary aim was to compare OS in both arms, and the 
secondary ones were PFS, TTP, ORR, control disease, 
duration of  response, and quality of  life. Tumor speci-
mens from 3807 patients were centrally tested to deter-
mine the HER2 status: 22.1% were HER2-positive with 
a higher rate of  HER2 positivity for the intestinal type 
than diffuse one (34% vs 6%) and for adenocarcinoma of  
GEJ compared to GC (33.2% vs 20.9%). Five hundred 
eighty-four patients included in primary analysis were al-
located to either the FC arm or the FC + trastuzumab 
arm and at randomization, patients were stratified ac-
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Table 4  Clinical trials with anti-human epidermal growth factor receptor 2 agents for advanced gastric 
cancer and gastro-esophageal junction cancer

Trial Phase Setting Regimen Patients (n ) OS (mo) TTP/PFS (mo)

ToGa Trial[122], 2010 Ⅲ 1st line CF/X + T 594 13.8 6.7
CF/X 11.1 5.5

NCT00680901[129], 2013 Ⅲ 1st line OX + Lap 487 12.2 6.0
OX 10.5 5.4

NCT00486954[130], 2010 Ⅲ 2nd line PTX + Lap 430 11.0 5.6
PTX   8.9 4.2

C: Cisplatin; F: 5-fluorouracil; X: Capecitabine; T: Trastuzumab; O: Oxaliplatin; Lap: Lapatinib; PTX: Paclitaxel; OS: Overall sur-
vival; TTP/PFS: Time to progression/progression free survival.
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cording to ECOG PS, chemotherapy regimen, extent of  
disease, primary cancer site, and measurability of  disease. 
The addition of  trastuzumab to chemotherapy led to 
a significantly higher ORR (47% vs 35%, P = 0.0017), 
significantly longer PFS, (6.7 mo vs 5.5 mo, P = 0.0002), 
and significantly longer OS duration (13.8 mo vs 11.1 mo, 
P = 0.0046). The greatest benefit was seen in patients 
with higher levels of  HER2 expression (IHC score of  3 
or 2 with FISH positivity) in which the OS time reached 
16 mo. The safety profiles in the two groups were simi-
lar, and there were no unexpected adverse events in the 
trastuzumab arm. There was no difference in terms of  
heart failure between the two arms. Decreases in asymp-
tomatic left ventricular ejection fraction were reported 
in 4.6% of  patients in the trastuzumab combined arm 
and in 1.1% of  those in the chemotherapy arm[122]. The 
ToGA trial is a milestone of  a targeted therapy in GC 
and GEJ cancer and, the first study to demonstrate a 
significant improvement in OS for a preselected patient 
population. Therefore, trastuzumab with chemotherapy 
is the new standard treatment of  HER2-positive GC and 
GEJ cancer in the first line setting. 

In the second-line setting, a trial studied single-agent 
trastuzumab after failure of  platinum or 5-FU-based regi-
mens, but it was limited by poor accrual[123]. 

A randomized, open-label, multicenter, international 
phase Ⅲb study will compare the efficacy and safety of  
two trastuzumab dosing regimens in combination with 
cisplatin/capecitabine chemotherapy in patients with 
metastatic gastric or gastro-esophageal junction adeno-
carcinoma. Patients who have not received prior treat-
ment for metastatic disease will be randomized to receive 
trastuzumab either an 8 mg/kg loading dose followed 
by 6 mg/kg every 3 wk or an 8 mg/kg loading dose fol-
lowed by 10 mg/kg every 3 wk. Capecitabine will be 
administered for 6 cycles at a dose of  800 mg/m2 orally 
twice on days 1-14 of  each 3-wk cycle, cisplatin will be 
administered intravenously for 6 cycles at a dose of  80 
mg/m2 on day 1 of  each 3-wk cycle. Anticipated time on 
study treatment is until disease progression occurs[124]. 

Trastuzumab emtansine (T-DM1) is an antibody-drug 
conjugate currently in clinical development combining 
the humanized antibody trastuzumab and the potent 
cytotoxic antimicrotubule DM1 (derivative of  maytan-
sine). When T-DM1 binds to HER2, a proportion of  the 
receptors are thought to be internalized by the process 
of  receptor endocytosis, with a consequent intracellular 
release of  an active form of  DM1, causing cell death. 
Trastuzumab-DM1 showed highly effective in preclinical 
models of  HER2-positive GC and so it has investigated 
in phase Ⅱ/Ⅲ studies[125]. 

An ongoing multicenter, randomized, phase Ⅱ/Ⅲ
study will evaluate the efficacy and safety of  T-DM1 
compared to standard taxane in patients with previously 
treated locally advanced or metastatic HER2-positive 
GC, including adenocarcinoma of  the GEJ. About 100 
patients will be randomized to receive trastuzumab em-
tansine 3.6 mg/kg every 3 wk or 2.4 mg/kg every week 

and standard taxane therapy (docetaxel or paclitaxel) with 
primary endpoint OS[126].

Lapatinib 
Lapatinib is an oral TKI inhibiting both EGFR and 
HER2 kinases that can be employed in subjects with 
trastuzumab-resistant tumors. Many phase Ⅱ studies in-
vestigated lapatinib in monotherapy in GC.

A phase Ⅱ trial tested single agent lapatinib as first-
line therapy in 47 patients with advanced GC demonstrat-
ing an excellent tolerability and moderate activity with a 
median time to treatment failure of  1.9 mo and OS of  4.8 
mo. Only 7% of  patients showed a partial response (PR) 
and 20% a stable disease (SD)[127].

Furthermore, out of  21 previously treated patients 
in another phase Ⅱ study, only 2 cases of  SD were ob-
served with lapatinib, although these two trials did not 
limit patients to HER2-positive[128]. In another phase Ⅱ 
trial of  capecitabine in combination to lapatinib as first-
line treatment in 58 patients with GC (76%) or GEJ can-
cer (24%), 24% of  patients showed PR (17% confirmed), 
36 % a SD and 26% a progression disease (PD)[125].

Two phase Ⅲ studies are currently conducted to 
investigate the efficacy of  lapatinib in combination 
with chemotherapy in second-line and first-line set-
ting for patients with HER2-positive GC. The LOGiC 
study (Lapatinib Optimization Study in HER2 Positive 
Gastric Cancer) is a phase Ⅲ global study, designed to 
evaluate clinical endpoints and safety of  chemotherapy 
(capecitabine and oxaliplatin with or without lapatinib) 
plus lapatinib in a first line setting. Patients were random-
ized in a 1:1 ratio to receive CapeOx (oxaliplatin 130 mg/
m2 day 1; capecitabine 850 mg/m2 bid days 1-14, every 3 
wk) plus daily lapatinib (1250 mg) or placebo. The pri-
mary endpoint was OS and secondary endpoints included 
PFS, ORR and safety. Five hundred forty-five patients 
were randomized and 487 had HER2 positivity centrally 
confirmed. The primary endpoint was not reached with a 
hazard ratio for OS of  CapeOx plus lapatinib compared 
to CapeOx plus placebo of  0.91 (95%CI: 0.73-1.12, P = 
0.35); median PFS was 12.2 mo vs 10.5 mo, respectively. 
HR for uncensored PFS was 0.86 (95%CI: 0.71-1.04, P 
= 0.10); median 6.0 mo vs 5.4 mo. The analysis of  PFS 
showed a HR of  0.82 (95%CI: 0.68-1.00, P = 0.04). ORR 
was 53% in the CapeOx + lapatinib arm and 40% in the 
CapeOx + placebo arm. Pre-specified subgroup analysis 
showed significant improvements in OS in Asian patients 
(HR = 0.68) and those under 60 years (HR = 0.69). 
There was no association between IHC and OS. Toxicity 
profiles were similar except for increased overall diar-
rhea, and skin toxicity and grade 3+ diarrhea (12% vs 3%) 
with CapeOx + lapatinib[129]. The addition of  lapatinib to 
CapeOx did not reach its primary endpoint, though cer-
tain subgroups showed improvement (Table 4).

The TYTAN trial is a randomized, phase Ⅲ study 
comparing paclitaxel with and without lapatinib as 
second-line treatment in advanced HER2-positive GC. 
The study included 430 patients with advanced GC who 
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had progressed on first-line fluoropyrimidine and/or 
cisplatin-containing therapy and who showed HER2 
amplification by FISH. Prior to randomization, patients 
were stratified by previous trastuzumab treatment and 
gastrectomy status.

mOS of  the entire study population was 11.0 mo 
with the addition of  lapatinib to paclitaxel compared 
with 8.9 mo with paclitaxel alone. Despite the 2.1 mo 
improvement in survival, the difference between arms 
did not reach statistical significance (HR = 0.84, P = 
0.2088). However, the findings of  a preplanned subgroup 
analysis revealed that median OS among patients in the 
HER2 IHC 3+ subgroup was 14.0 mo with lapatinib and 
paclitaxel compared with 7.6 mo with paclitaxel alone, a 
striking and significant 6.4 mo difference (HR = 0.59, P 
= 0.0176). PFS (5.6 mo vs 4.2 mo, HR 0.54, P = 0.0101) 
and the ORR (27% vs 9%) were also better than popula-
tion treated without lapatinib among patients in the IHC 
3+ subgroup[130]. 

Pertuzumab 
Pertuzumab is a new humanized anti-HER2 antibody 
exercising its antitumor activity through the binding to 
HER2 domain Ⅱ, the region of  dimer formation, inhib-
iting the dimerization of  HER2 with other HER family 
proteins and preventing ligand-dependent HER2 signal-
ling. It induces the suppression of  several HER signaling 
pathways. As it can be supposed by the different mecha-
nisms of  HER2 inhibition, pertuzumab and trastuzumab 
in combination might provide more effective antitumor 
activity than either single agent for HER2-positive tumors 
including GC. In fact, the combination of  pertuzumab 
and trastuzumab dramatically increases the antitumor 
activity compared with pertuzumab or trastuzumab alone 
in HER2-positive human GC xenograft models[131].

In order to identify pertuzumab dose for clinical stud-
ies in HER2 positive GC and GEJ cancer, the JOSHUA 
phase Ⅱ trial was conducted, evaluating the pharma-
cokinetics (PK) of  two different dose of  pertuzumab 
in the fisrt metastatic setting. Patients will be random-
ized to receive pertuzumab 840 mg q3w for cycle 1 and 
420 mg for cycles 2-6 (ARM A) or pertuzumab 840 mg 
(ARM B) intravenously every 3 wk in combination with 
trastuzumab (initial dose of  8 mg/kg iv followed by 6 
mg/kg iv every 3 wk) and cisplatin and fluoropyrimidine 
(capecitabine or 5-fluorouracil) for the first 6 treatment 
cycles. Patients will continue to receive pertuzumab or 
placebo and trastuzumab until disease progression or un-
acceptable toxicities. Primary endpoints were pertuzumab 
trough concentration at day 43 and safety. Of  15 patients 
randomized to each arm, 15 and 13 were evaluable for 
pertuzumab at day 43 in Arm A e B respectively[132]. 

The mean concentration was higher in patients in 
arm B than arm A at day 43 (57.9 μg/mL vs 40.0 μg/mL) 
and so a dose of  840 mg 3 weekly was selected for an 
ongoing phase Ⅲ trial JACOB, a double-blind, placebo-
controlled, randomized, multicenter, international, paral-
lel arm study that will evaluate the efficacy and safety of  

pertuzumab in combination with trastuzumab, fluoropy-
rimidine and cisplatin as first-line treatment in patients 
with HER2-positive metastatic GEJ or GC. Patients will 
be randomized to receive pertuzumab 840 mg or placebo 
intravenously every 3 wk in combination with trastuzum-
ab (initial dose of  8 mg/kg iv followed by 6 mg/kg iv ev-
ery 3 wk) and cisplatin and fluoropyrimidine (capecitabine 
or 5-fluorouracil) for the first 6 treatment cycles. Patients 
will continue to receive pertuzumab or placebo and 
trastuzumab until disease progression or unacceptable 
toxicity occurs[133].

PI3K-AKT-MTOR TARGETED THERAPY
PI3K/AKT pathway is an intracellular signaling pathway 
transducing signals from cell membrane receptors (i.e., 
VEGF, HER2, IGF) to the cytoplasm and playing an 
important role in cell proliferation by acting on the anti-
apoptosis and cell cycle, in protein translation and synthe-
sis via mTOR and angiogenesis[134]. PI3K/AKT/mTOR 
activation was observed in 30%-60% of  tumors including 
GC due to PIK3CA mutations and gene amplification, 
AKT gene amplification and loss of  PTEN[135].

Everolimus (RAD001) is an oral inhibitor of  the 
mammalian target of  rapamycin serine-threonine kinase 
(mTOR) inhibiting the PI3K/Akt/ mTOR pathway; it 
showed efficacy in preclinical and phase Ⅰ/Ⅱ studies in 
patients with GC[136].

The activity of  the drug has been tested in a phase 
Ⅱ study in which 53 patients with previously treated 
metastatic GC received everolimus (10 mg orally daily) 
until disease progression or unacceptable toxicity. The 
results showed a DCR of  56.0% (95%CI: 41.3-70.0) and 
median PFS of  2.7 mo (95%CI: 1.6-3.0). After a median 
follow-up of  9.6 mo, the median OS was 10.1 mo (95%CI: 
6.5-12.1) and good tolerability was noted[137]. According 
to these results, a global phase Ⅲ trial (GRANITE-1) was 
conducted to compare everolimus vs placebo in a total 
of  656 patients with advanced GC who showed disease 
progression after prior treatment with first or second-line 
CT. Data released from the 2012 ASCO Gastrointestinal 
Cancers Symposium showed no significant OS advan-
tages in subjects receiving everolimus compared to best 
supportive care (BSC) (5.4 mo vs 4.3 mo, P = 0.1244). 
However, everolimus showed a reduction of  the progres-
sion risk by 34% with a PFS of  1.7 mo vs 1.4 mo respec-
tively (P = 0.0001)[138]. The most common everolimus-
related toxicities observed were: anemia (everolimus 
16.0% vs placebo 12.6%), anorexia (11.0% vs 5.6%) and 
fatigue (7.8% vs 5.1%), and were almost similar to those 
observed in other carcinomas. GRANITE-1 represents 
one of  the larger randomised trials in this population 
with results anticipated, anyway the primary endpoint was 
not achieved. The results of  PFS and disease stabilization 
provided, however, some evidence that they have anti-
tumor effect for GC. 

The ongoing randomized, double blind phase Ⅲ two-
arm multi-center study (AIO-STO-0111/RADPAC) is 
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actually evaluating the efficacy of  the combination of  
RAD001 (10 mg 2 × 5 mg tablets/d d1-d28 ) and pacli-
taxel vs paclitaxel alone (80 mg/m2 on day 1, day 8 and 
day 15 of  every 28-d cycle) in patients with advanced GC 
and GEJ carcinoma relapsed after up to two prior treat-
ment regimen containing a fluoropyrimidine (e.g., 5-FU, 
S-1, capecitabine and other 5-FU prodrugs or derivatives) 
with OS as primary endpoint. A total of  480 patients 
(240 patients per treatment arm) will be enrolled in the 
study[139]. Both of  these studies (GRANITE-1 and RAD-
PAC) include an exploratory biomarker research program 
that will examine the predictive role of  phosphorylated 
S6K1, HER2, phosphorylated Akt, HIF-2a, PTEN, cy-
clin D1, Ki-67 frequency, p53 and CC3, as well as the 
mutational status of  PI3K catalytic subunit and PTEN, 
with efficacy endpoints. Therefore, it will be possible to 
identify potential markers of  response to everolimus and 
validate their role in future studies (Table 5).

Recently a phase Ⅰ trial of  everolimus in combination 
with mitomycin C (MMC) was conducted in 16 meta-
static pretreated GC patients to assess the recommended 
dose and the dose-limiting toxicity (DLT) of  everolimus 
in association with MMC. In this trial, patients received 
escalated doses of  oral everolimus (5, 7.5, and 10 mg/d) 
in combination with intravenous MMC (5 mg/m2 every 3 
wk). Endpoints were the DLT, safety, and response rates. 
HER2-status, mutations in the PTEN, PIK3CA, AKT1, 
CTNNB1, and E-cadherin type 1 genes were tested on 
tumor tissue. Most frequent grade 3 toxicities were leu-
kopenia (18.8%) and neutropenia (18.8%). Other grade 
3 toxicities were lower than 10%. No grade 4 toxicities 
occurred. 18.8% of  patients experienced PR and four 
patients achieved a SD. Antitumor activity, according to 
RECIST-criteria, was highest in the 10 mg/d cohort. Ac-
cording to these results, recommended dose of  everoli-
mus combined with MMC is 10 mg/d[140] (Table 5).

HGF-C-MET PATHWAY
The receptor tyrosine kinase mesenchymal-epithelial 
transition factor (c-Met) is the cell surface receptor for 
hepatocyte growth factor (HGF) and leads to activa-
tion of  different signalling pathway regulating the cancer 
cell metastasization, proliferation, motility, invasion and 
angiogenesis[141,142]. High c-Met expression is associated 
with poor prognosis in several cancer types, including 

upper gastrointestinal malignancies[143,144]. MET amplifica-
tion was described in approximately 4%-10% of  gastric 
tumors[145,146] and MET protein overexpression assessed 
by IHC in approximately 50% of  advanced gastric can-
cers[147-149]. MET amplification and overexpression cor-
relate with a worse clinical outcome, in particular with 
increased invasiveness and increased potential of  metas-
tasization[147-149]. Recently, a MET amplification was con-
firmed in 10% of  resected GC patients (21 out of  216) 
who showed a significantly worse prognosis in terms of  
DFS and OS[143]. 

The c-Met expression and activation in GC was 
studied in preclinical trial in cell lines and tumor tissue 
evidencing that c-Met activation was strongly related to 
invasion and liver metastasis[150,151].

Therefore, several drugs playing an inhibitory role 
against c-Met activity have been developed in recent years. 

Foretinib
Foretinib is an oral multikinase inhibitor targeting MET, 
RON, AXL, TIE-2, and VEGFR2 receptors. A phase Ⅱ 
study evaluated safety, tolerability and ORR of  2 dosing 
schedules (240 mg/d, for 5 d every 2 wk or 80 mg/d) of  
oral foretinib (GSK1363089), in 74 patients with meta-
static GC (93% previously treated). Best response was 
SD in 23% of  patients receiving intermittent dosing and 
20% receiving daily dosing; SD duration was 1.9-7.2 mo 
(median 3.2 mo). Of  67 patients with tumor samples, 3 
showed a MET amplification, one of  whom achieved a 
SD. Treatment-related adverse events occurred in 91% of  
patients. Rates of  hypertension (35% vs 15%) and elevat-
ed aspartate aminotransferase (23% vs 8%) were higher 
with intermittent dosing. In both patients with high base-
line tumor phospho-Met (pMET), the pMet/total Met 
protein ratio decreased with foretinib treatment. These 
results indicate that single-agent foretinib lacked efficacy 
in unselected patients with metastatic GC[152].

Tivantinib
Tivantinib is a selective, non-ATP competitive, small-
molecule c-Met inhibitor. In a phase Ⅱ trial the activity 
of  single agent tivantinib was tested in 30 previously 
treated metastatic GC subjects. Primary outcome was 
DCR and secondary efficacy endpoints include antitu-
mor effect (tumor response), PFS and OS. Also PK and 
safety were evaluated. The results showed no objective 
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Table 5  Clinical trials with everolimus in previously treated patients with advance gastric cancer and gastro-
esophageal junction cancer

Trial Phase Setting Regimen Patients (n ) OS (mo) PFS (mo)

NCT00985192[137], 2010 Ⅱ Advanced Eve   53 10.1 2.7
NCT00879333[138], 2013 Ⅲ Advanced Eve + BSC 656   5.4 1.7

BSC   4.3 1.4
NCT01248403[139], Ongoing Ⅲ Advanced Eve + PTX 480 - -

PTX

Eve: Everolimus; PTX: Paclitaxel; OS: Overall survival; PFS: Progression free survival.
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responses, a DCR of  36.7% with a median PFS of  43 d 
(95%CI: 29.0-92.0). Grade 3 or 4 toxicities were observed 
in 43.3% of  patients[153].

Crizotinib
Crizotinib (PF-02341066) was recently approved for the 
treatment of  non small-cell lung cancer positive for fu-
sion of  the echinoderm microtubule-associated protein-
like 4 and anaplastic lymphoma kinase genes. This agent 
is also a potent MET inhibitor, playing at the ATP-
binding sites of  the MET kinase domain: therefore, it 
represents a potential drug for the treatment of  patients 
with GC with MET amplification. In GC cellular lines, 
the inhibition of  MET activity with crizotinib resulted 
in an inhibition of  AKT and ERK signaling pathways as 
well as in the induction of  apoptosis by the upregulation 
of  BIM, a member of  the Bcl-2 family with a proapop-
totic activity[154].

It has been recently found that crizotinib has an an-
titumor activity in 2 of  4 patients with MET-amplified 
gastroesophageal cancer, suggesting further analysis of  
the molecular mechanism underlying its anticancer action 
in this type of  tumors[155].

Rilotumumab
Rilotumumab (AMG102) is a human IgG2 targeting hu-
man hepatocyte growth factor/scatter factor (SF) that 
blocks the binding of  HGF/SF to its receptor MET; it 
results in inhibition of  the MET signaling pathways as 
shown in preclinical models[156,157]. In clinical trials, ri-
lotumumab administered biweekly as single agent or in 
combination with CT showed manageable toxicities and 
a maximum tolerated dose was not reached[158]. The ef-
fectiveness of  this agent was reported in a randomised 
phase Ⅱ trial presented at 2011 ESMO congress. The 
results showed an advantage in PFS for the arm treated 
with rilotumumab plus chemotherapy compared to che-
motherapy alone (PFS median 5.6 mo vs 4.2 mo, HR = 
0.58) and more remarkable for c-Met overexpression 
patients established by IHC. Recently, in 2012 ASCO an-
nual meeting, the results of  study were updated according 
to c-Met expression analysis. Patients with c-Met overex-
pression who received rilotumumab plus chemotherapy, 
had an OS of  11.1 mo with an absolute benefit of  5.4 
mo over patients who received chemotherapy alone (HR 
= 0.29, 95%CI: 0.11-0.76)[159]. Moving from these results, 
a phase Ⅲ, randomized double-blind placebo controlled 
study (RILOMET-1) is actually ongoing. This trial is 
evaluating epirubicin (50 mg/mq), cisplatin (60 mg/mq), 
capecitabine (625 mg/mq bid) with rilotumumab (15 mg/
kg) or placebo for untreated advanced MET-positive gas-
tric or GEJ adenocarcinoma. OS is the primary outcome 
while secondary outcomes are represented by PFS, TTP, 
ORR, DCR, TTR and safety[160].

Onartuzumab
Onartuzumab is a monovalent, humanized anti-MET 
antibody, that binds the extracellular domain of  c-Met, 

preventing the link of  HGF; the activation of  the c-Met 
signaling pathway results thus inhibited, inducing the 
death of  the cell in c-Met-expressing tumors. A random-
ized, multicenter, double-blind, placebo-controlled phase 
Ⅲ study, evaluating the efficacy and safety of  onartu-
zumab in combination with mFOLFOX6 in patients with 
metastatic HER2-negative and MET positive adenocar-
cinoma of  the stomach or gastroesophageal junction is 
now ongoing. Patients are being randomized in a 1:1 ratio 
to receive onartuzumab or placebo in combination with 
mFOLFOX6[161]; the primary endpoint is OS and second-
ary endpoints include: PFS, TTP, ORR, and safety.

TARGETING FIBROBLAST GROWTH 
FACTOR RECEPTOR AGENTS
The fibroblast growth factor receptors (FGFR) bind 
fibroblast growth factor (FGF), belonging to the larg-
est family of  growth factor ligands. Each receptor con-
sists of  a cellular ligand domain, composed of  three 
immunoglobulin-like domains, a single transmembrane 
helix domain and an intracellular domain with tyrosine 
kinase activity. The FGFR family comprises four differ-
ent tyrosine kinase receptors: FGFR1, FGFR2, FGFR3 
and FGFR4[162]. Recently it was discovered another recep-
tor known as FGFR5 or FGFRL1, lacking the tyrosine 
kinase domain and thus it can not signal by transauto-
phosphorylation as other FGFRs, but it probably acts as 
a decoy receptor that binds FGF ligands and sequesters 
them away from the conventional FGFRs[163].

FGFR signaling starts by the binding of  the receptors 
to different FGFs ligands and the formation of  various 
complexes which lead to the signal transduction[164,165].

FGFRs are involved in many physiological processes, 
including development, cellular proliferation, differen-
tiation, motility, transforming activities, regulation of  
angiogenesis and wound repair[166-169]. Furthermore, they 
play leading roles in many types of  neoplasms, because 
mutations or gene amplification induce aberrant FGFR 
activation, leading to carcinogenesis[170]. The most known 
FGFR mutations related to tumors are: the gain of  func-
tion mutation of  FGFR1 kinase domain in glioblastoma; 
chromosomal translocation of  FGFR1 in the 8p11 my-
eloproliferative syndrome and alveolar rhabdomyosar-
coma[171,172]; gene amplification of  FGFR1 in lung cancer, 
in oral squamous carcinoma and in about 10% of  breast 
cancer[173]; the FGFR2 mutations in 12% of  endometrial 
cancer[174]; the FGFR3 mutation in about 50% of  bladder 
cancer[165,169,175]. In a recent study, FGFR2 amplification 
was evaluated by FISH in 313 resected GC samples and 
correlated to clinicopathologic parameters and survival. 
FGFR2 amplification was found in 4.5% (14 out of  313) 
of  samples and was associated with a higher T stage, a 
higher N stage, and distant metastasis; furthermore it 
was significantly associated with a worse survival, con-
firming the correlation among FGFR2 amplification, 
advanced disease and poor prognosis[176]. On the other 
hand, FGFR2 amplification was observed in 4.1% (11 
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out of  267) of  patients who underwent surgery for a GC 
in another retrospective study[166]. These data suggest that 
FGFR2 may be a promising therapeutic target in GC. 
Different small molecules such as PD173074, KI23057, 
SU5402, cediranib (AZD2171), dovitinib (TKI258) and 
ponatinib (AP24534) inhibit FGFR2 phosphorylation 
and cell growth in FGFR2-amplified GC cell lines in pre-
clinical trials[22,177-179]. 

Ponatinib (AP24534) is an oral multitarget tyrosine 
kinase inhibitor with a pan-FGFR activity: exposure of  
GC cell lines with high levels of  FGFR2 activity due 
to genomic amplification results in a potent inhibition 
of  cell growth[180]. Dovitinib is a multitarget tyrosine 
kinase receptors inhibitor, including FGFR1, FGFR2, 
FGFR3, VEGFR-1, VEGFR-2, VEGFR-3, PDGFRβ 
and c-kit[181,182]. In preclinical model, a potent growth 
inhibitory activity of  dovitinib was observed in FGFR2-
amplified GC cell lines. AZD4547 is an oral, highly selec-
tive, and potent ATP-competitive small-molecule TKI 
of  FGFR1-3. GC cell lines with FGFR2 amplification, 
were extremely sensitive to AZD4547 which effectively 
inhibited phosphorylation of  FGFR2 and its downstream 
signaling molecules. Furthermore, an enhancement of  
in vivo antitumor efficacy was seen combining AZD4547 
with chemotherapy[183]. Actually the SHINE phase Ⅱ 
study (NCT01457846) is evaluating the efficacy and safe-
ty of  FGFR2 inhibitor AZD4547 in GC patients with 
FGFR2 polysomy or gene amplification and one prior 
chemotherapy. In this trial 160 patients will be random-
ized between paclitaxel or AZD4547 with PFS as primary 
endpoint[184].

CONCLUSION
The understanding of  different molecular alterations 
that could play a pivotal role in the pathogenesis of  GC, 
albeit still incomplete, is undoubtedly the main progress 
recorded   in recent years in the treatment of  this disease. 
In fact, if  the outcome of  patients with metastatic disease 
under chemotherapy continues to remain particularly 
disappointing, studies such as ToGA have indicated the 
route to be followed over the coming years, providing 
for the first time an algorithm of  first-line treatment se-
lection of  GC based on a key molecular driver such as 
HER-2. Based on this trial the addition of  trastuzumab 
to combination chemotherapy is now considered the 
standard first-line treatment for HER2 positive advanced 
GC patients. However, beside the need to improve our 
biological knowledge concerning GC, several points 
remain to be elucidate. First of  all, the selection of  pa-
tients based on the identification of  specific predictive 
biomarkers appears as a very crucial point. A paradig-
matic example of  this statement lies in the results of  the 
two randomized phase Ⅲ trials REAL-3 and EXPAND 
with panitumumab and cetuximab that have recruited 
over 1450 unselected patients with negative and inferior 
results when compared to control arm with chemother-
apy alone. Not different appear the considerations for 
GRANITE-1 study that enrolled more than 600 patients 

without achieving its primary endpoint. However at this 
time various markers, including EGFR and VEGF over-
expression, have not been validated to be predictive in 
advanced GC patients, and HER-2 overexpression and 
HER-2 amplification remain the only predictive biomark-
ers. Moreover, because the expression of  different and 
potential targets depends on the tumor site, histology and 
ethnics differences, it seems important to design clinical 
trials stratified according to these factors. The onset of  
resistance to targeted therapy is an issue particularly rele-
vant which involves mechanisms rather complex. A costi-
tutive activation of  the PI3K pathway through PIK3CA 
mutation or PTEN loss may play a role in resistance to 
receptor monoclonal antibodies, including trastuzumab. 
In preclinical studies carried with the aim to identify path-
way regulating the sensitivity of  HER2-positive GC cells 
to trastuzumab, the overexpression of  micro-RNA gene 
21 down-regulated PTEN expression and increased AKT 
phosphorylation, significantly suppressing trastuzumab-
induced apoptosis and finally decreasing the sensitivity of  
GC cells to trastuzumab[185]. Taken together, these data 
provide a support to evaluate the combination of  mTOR 
inhibitors with trastuzumab in HER2-positive GC. Sev-
eral studies have shown that also activation of  alternative 
receptor tyrosine kinases may promote resistance to anti-
HER-2 therapy. For instance, activation of  MET RTK 
substantially reduces growth inhibition of  HER2 positive 
GC cell lines induced by lapatinib and is an example of  
acquired resistance mediated by activation of  second-
ary RTK restoring downstream signaling pathways[186]. 
Although only few studies (ToGA, REGARD) with tar-
geted agents have obtained positive results at this time, it 
is unquestionable that this is the only way that has shown 
promising results in this setting. Nevertheless given that 
only a small number of  GC patients carries specific mo-
lecular alterations, it is paramount to identify emerging 
molecular pathways that characterize cell growth, cell 
cycle, apoptosis, angiogenesis and invasion so providing 
rationally designed therapies aimed at specific novel mo-
lecular targets in selected patients to improve advanced 
GC outcome.
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