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Abstract 

Gastric cancer (GC) is the second leading cause of cancer-related death, and despite having improved treatment modalities 

over the last decade, for most patients, only modest improvements have been seen in overall survival. Conventional 

chemotherapy and radiation have shown limited efficacy for advanced gastric cancer, showing an overall survival (OS) rate of 

~10 months. Trastuzumab, a monoclonal antibody against human epidermal growth factor receptor 2 (HER2), is the first 

approved molecularly targeted agent for HER2-overexpressing gastric cancer, which was found to prolong the OS and the 

progression free survival (PFS) of patients. Angiogenesis is a vital process in the progression and metastasis of solids tumors 

including gastric adenocarcinoma. Monoclonal antibodies, soluble receptors, and small molecule tyrosine kinase inhibitors 

have been developed to inhibit tumor angiogenesis: The recent REGARD trial RAINBOW trial for advanced pretreated gastric 

cancer confirmed the survival advantage of this anti-angiogenic agent in gastric cancer. 
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1. Introduction 

Gastric cancer is one of the most commonly diagnosed 

cancers worldwide. Around 700,000 people die due to 

gastric cancer every year. This makes gastric cancer the 

second most common cause of cancer related death in the 

world [1]. Western countries report a lower incidence of 

gastric cancer, patients, however, have a higher mortality 

due to advanced stages of disease at the time of diagnosis [2]. 

a 5-year overall survival (OS) under 10 % and a median OS 

under 12 months remains the poor outcome for patients with 

metastatic disease [3], Chemotherapy is the most common 

therapy for advanced gastric cancer, but efficacy is limited. 

Targeted therapy, as a new strategy, may improve the 

survival of advanced gastric cancer patients. Here, we 

review the clinical trials related to targeted therapies for 

gastric cancer, such as anti-EGFR signaling including anti-

human epidermal growth factor receptor 2 (HER2) and anti-

EGFR1, anti-VEGF signaling, anti-mTOR, tyrosine kinase 

inhibitors (TKIs) and anti-MET. 

 

Material and methods 

An analytical and comparative PubMed research for 

targeted therapy in gastric cancer was executed. Results 

were implemented into a critical analysis and discussion of 

the state of the art-targeted therapy of gastric cancer. 

 

Results 

Anti-EGFR signaling 

The epidermal growth factor receptor (EGFR/HER1) 

belongs to a receptor tyrosine kinase protein family that 

includes HER2/neu, HER3 and HER4 (4). The EGFR is a 

transmembrane glycoprotein receptor for the EGF family of 

extracellular protein ligands [5] that is overexpressed in 

several gastrointestinal malignancies. It is activated by 

specific ligands, such as epidermal growth factor (EGF),  

Transforming growth factor-α, amphiregulin, 

heparinbinding EGF, betacelulin, epiregulin, and neuregulin 

2-α. Ligand binding can induce homodimerization or 

heterodimerization with consequent tyrosine kinase auto 

phosphorylation and activation [6]. Overexpression of EGFR 

occurs in 30–50% of GC and has been associated with older 

age, more aggressive histology, and advanced stage [7, 8]. 

With regards to KRAS, it has been reported that a very low 

percentage of patients with GC are found to have the 

mutation, suggesting that, based on the colon-rectal clinical 

treatment lessons, the anti-EGFR-antibodies would not be 

an optimal treatment in GC [9]. EGFR pathway and relative 

target of mAbs are reported in Fig. 1. 

 

 
 

Fig 1: Monoclonal antibodies targeting EGFR pathway 
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Therapies anti EGFR 

In most clinical trials the patients are not selected according 

to EGFR expression status. Several phase III clinical trials 

studied the effect of antibodies targeting EGFR in advanced 

gastric or gastroesophageal junction cancer (Table 1). 

Cetuximab, a mouse/ human chimeric monoclonal antibody 

targeting the extracellular domain I of EGFR and thereby 

preventing EGFR from binding with its endogenous ligands, 

was used in the randomized open-label phase III EXPAND 

trial in a first line setting in addition to capecitabine and 

cisplatin (10). No difference in progression-free survival 

(4.4 vs 5.6 months; HR 1.09; 95% CI: 0.92 to 1.29), overall 

survival (9.4 vs 10.7 months; HR 1.00; 95% CI: 0.87 to 

1.17) or overall response (29% vs 30%) was seen when 

chemotherapy plus cetuximab vs chemotherapy alone group 

were compared (10). In the REAL3 randomized open-label 

phase III trial the human monoclonal antibody 

panitumumab, which binds to the extracellular domain III of 

the EGFR and prevents its ligand-induced activation, was 

used in combination with chemotherapeutic agents. 

Unexpectedly, the addition of panitumumab to standard 

therapy did reduce the overall survival (8.8 vs 11.3 months; 

HR 1.37; 95% CI: 9.6 to 13.0) and is thus not recommended 

for use in an unselected population [11]. No phase III trials 

with EGFR tyrosine kinase inhibitors (TKIs) gefitinib or 

erlotinib are ongoing, due to only modest benefits as 

monotherapy or in combination with chemotherapy in 

gastric cancer, as observed in phase II trials (12–13). 

Another phase II trial (SPIGA) is evaluating the efficacy 

and safety of panitumumab in combination with docetaxel 

and cisplatin in patients with untreated GC carcinoma [14]. 

This study is ongoing, but not recruiting participants. 

According to the published results, the addition of 

panitumumab does not seem to be a beneficial therapeutic 

option for advanced GC. 

 

HER2 targeting agents 

Overexpression of HER2 in patients with gastric cancer 

ranges from 6% to 23% [15, 16]. Depending on the location of 

the primary tumor, rates of HER2 amplification varies. 

Recent studies report a less common finding in distal gastric 

cancers, whereas overexpression of HER2 is more common 

in cancers of the gastroesophageal [17, 18, 19]. HER2 

amplification was predominantly seen in intestinal type 

(32%) than in diffuse (6%) or mixed type gastric cancers 

(20%). In gastric cancer, the expression of HER2 is 

primarily determined by using immunohistochemistry (IHC) 

and/or by detecting HER2 gene amplification by in situ 

hybridization (ISH) as described previously by Hofmann et 

al. in 2008. Rüschoff et al. reassessed this method in 2010 
([20, 21]; Fig 2. 

 

 
 

Fig 2: a Esophagogastroduodenoscopy showing a gastric 

adenocarcinoma in the fundus ventriculi. b Dual-color in situ 

hybridization: red centromere chromosome 17, black the HER-2 

gene. Note that the ratio of HER-2 gene copies/ centromere 17 is < 

2 in the majority of cells. Original magnification x600 

 

Although the overexpression of HER2 was considered to be 

a negative prognostic factor in breast cancer associated with 

a worse OS, to date, the association between HER2 status 

and the prognosis of GC patients remains controversial. 

Nevertheless, inhibition of the HER2 pathway in HER2-

positive GC patients demonstrated clinical benefits. HER2 

pathway and relative target of mAbs are reported in Fig. 3. 

 

 
 

Fig 3: Monoclonal antibodies targeting HER2 pathway 

 

Trastuzumab in gastric cancer 

Trastuzumab is the first molecular targeted agent, approved 

as standard therapy in gastric cancer [17, 22]. Trastuzumab 

induces antibody dependent cellular cytotoxicity. In 

addition, trastuzumab inhibits HER2 mediated signaling and 

prevents cleavage of the extracellular domain for HER2. An 
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addition of trastuzumab to conventional cytotoxic 

chemotherapy in patients with HER2 positive advanced 

gastric cancer was investigated in the Trastuzumab for 

Gastric Cancer (ToGA) trial [17]. In terms of tumor response, 

the ToGA trial showed a clinical benefit in the 

chemotherapy plus trastuzumab group. Patients receiving 

chemotherapy and trastuzumab had a significantly better 

OS. In a reassessment of HER2 expression levels, IHC +++ 

patients showed the greatest benefit from additional 

trastuzumab [17]. As a result of this reassessment, the 

European Medicine Agency (EMA) restricted approval of 

trastuzumab to patients suffering from IHC +++ or ++/FISH 

+ metastatic gastric or gastro-esophageal junction 

adenocarcinoma. The National Institute for Clinical 

Excellence limited its recommendation for trastuzumab to 

patients showing IHC +++ disease only in the United 

Kingdom based on this reassessment. Beside these 

restrictions in Europe, in the United States, the Food and 

Drug Administration (FDA) has ratified trastuzumab 

therapy for patients with HER2 overexpression without any 

further specification. Due to these limited results the 

development of new combined therapy schemes are 

necessary to overcome these therapeutic insufficiencies. 

Promising data came from the Japanese multicenter phase II 

study HERBIS-1. In this trial patients with advanced, HER2 

positive gastric cancer received S1 on day 1-14, cisplatin on 

day one and trastuzumab on day one of a cycle of 21 days. 

The response rate, taken from the RECIST trial was 68% 

(95% CI 0.54-0.80) and the disease control rate was 94% 

(95% CI 0.84-0.99). The median overall survival (OS), the 

progression free survival (PFS) and the time to treatment 

failure (TTF) were estimated at 16.0, 7.8 and 5.7 month, 

respectively [23]. 

 

New approaches targeting HER2 

Pertuzumab 

Pertuzumab is a new humanized anti-HER2 antibody that 

exerts its anti-tumor activity through binding to the HER2 

domain II, the region of dimer formation; inhibiting the 

dimerization of HER2 with other HER family proteins; and 

preventing ligand-dependent HER2 signaling. Pertuzumab 

is distinct and complementary to trastuzumab [24]. Similar to 

trastuzumab, pertuzumab activates antibody-dependent 

cellular cytotoxicity, with equivalent efficacy, leading to 

cancer cell death [25]. The combination of trastuzumab plus 

pertuzumab has been reported to be synergistic in breast 

cancer with a dramatic increase of OS [26]. In GC, a phase II 

study of first-line pertuzumab in combination with 

trastuzumab, capecitabine, and cisplatin in patients with 

HER2-positive advanced GC was carried out [27]. Patients 

were divided into two arms: pertuzumab and trastuzumab 

vs. pertuzumab alone. Partial responses were achieved in 86 

and 55 % of patients, respectively. Based on these results, 

the JACOB phase III study (a study of pertuzumab in 

combination with trastuzumab and chemotherapy in patients 

with HER2- positive metastatic GC) randomized patients 

with metastatic or locally advanced unresectable disease to 

first-line cisplatin, fluoropyrimidine, and trastuzumab with 

or without pertuzumab [28]. 

 

Trastuzuma Emtansine 

Trastuzumab-DM1) is a conjugate of cytotoxic drug 

maytansine derivate DM1 and trastuzumab. Likewise vinca  

Alkaloids do, DM1 binds microtubules and inhibits their 

assembly and blocks mitosis. In vitro, using gastric cancer 

models, trastuzumab-DM1 shows more aggressive tumor 

activity than single trastuzumab [29]. Patients with HER2 

positive advanced gastric cancer after progression after first-

line treatment are currently recruited for a multicenter phase 

III study of trastuzumab-DM1 [30]. In GATSBY, we 

examined the efficacy and tolerability of trastuzumab 

emtansine in patients previously treated for HER2-positive 

advanced gastric cancer (unresectable, locally advanced, or 

metastatic gastric cancer, including adenocarcinoma of the 

gastro-oesophageal junction).but the Trastuzumab 

emtansine was not superior to taxane in patients with 

previously treated, HER2-positive advanced gastric cancer. 

There is still an unmet need in this patient group and 

therapeutic options remain limited [31]. 

 

Lapatinib 

Lapatinib is an oral tyrosine kinase inhibitor (TKI) that has 

reversible inhibitory effects on HER-2 and EGFR (Table 1). 

This drug showed modest single agent activity in non-

selected metastatic gastric cancer patients in a phase II study 
[32]. However, in two phase III studies no significant effect 

on overall survival and progression-free survival for 

advanced gastric or gastroesophageal adenocarcinoma 

patients was reported [33, 34]. The LOGIC multicenter 

placebo controlled study showed that addition of lapatinib to 

oxaliplatin and capecitabine did not result in improved 

median overall survival of HER-2-positive patients, which 

was 12.2 months with lapatinib and 10.5 months with 

standard treatment only (n = 545; HR 0.91; 95% CI: 0.73 to 

1.12). Improvements of lapatinib addition on overall 

survival were only seen in two subgroups, those of patients 

under 60 years (HR 0.69) and in Asian patients (HR0.68) 
[33]. The open-label randomized Tytan study compared 

second- line treatment of 261 Asian patients with advanced 

HER-2-positive gastric cancer with either paclitaxel alone or 

in combination with lapatinib. No significant improvement 

of median overall survival was found between the lapatinib 

plus paclitaxel group (11.0 months) vs paclitaxel alone 

group (8.9 months; HR 0.84; p = 0.2) [34]. 

 
Table 1: Overview of targeted therapy trials in gastric cancer 

 

Target 
Drug/Treatme

nt 
Type 

Clinical trial 

phase 
References 

HER-2 Trastuzumab Antibody II, III (12), (14), (15) 

HER-2 Lapatinib Inhibitor II, III (16), (17), (18) 

HER-2 Pertuzumab Antibody III (19) 

EGFR Cetuximab Antibody III (26) 

EGFR Panitumumab Antibody III (27) 

EGFR Gefitinib Inhibitor II (28), (29) 

EGFR Erlotinib Inhibitor II (30), (31) 

VEGFR-2 Ramucirumab Antibody II, III (35), (36), (37) 

VEGFR-2 Apatinib Inhibitor II (38) 

VEGF-A Bevacizumab Antibody III (39) 

mTOR Everolimus Inhibitor II, III (45), (46), (47) 

HGF Rilotumumab Antibody II, III (53), (54), (55) 

c-MET Crizotinib Inhibitor II (52) 

c-MET Onartuzumab Antibody III (56) 

HER-2, epidermal growth factor receptor 2; EGFR, epidermal 

growth factor receptor; VEGFR-2, vascular endothelial growth 

factor receptor 2; VEGF-A, vascular endothelial growth factor; 

mtor, mammalian target of rapamycin; HGF, hepatocyte growth 

factor; c-MET, mesenchymal-epithelial transition factor receptor. 
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Strategies to overcome trastuzumab-resistance 

Beside improved outcome in patients with HER2 positive 

gastric cancer due to trastuzumab, the median duration of 

response remains moderate. A multitude of patients, 

suffering from HER2-positive gastric cancer develop 

secondary resistance to trastuzumab [35]. Thus, a better 

understanding of the molecular mechanisms in the 

development of resistance to trastuzumab is urgently needed 

beside others, alterations of the HER2 structure or its 

surroundings, dysregulation of HER2 downstream signal 

effectors and interaction of HER2 with membrane receptors, 

are responsible for the development of resistance in targeted 

therapy. Afatinib is an irreversible inhibitor of EGFR, 

HER2, and HER4. Afatinib are potentially active against 

receptors with secondary mutations, resistant to first-

generation inhibitors. A phase II study in metastatic HER2-

positive trastuzumab refractory esophageal and gastric 

cancer Single agent provs that afatinib shows clinical 

efficacy in patients with trastuzumab refractory EG cancer. 

The study has been expanded to accrue additional patients. 

Efforts to elucidate the mechanisms of trastuzumab 

resistance in EG cancer are ongoing. Updated molecular and 

clinical data will be presented [36]. The PI3K/Akt/mTOR 

pathway plays a cruitial role in trastuzumab resistance, 

dysregulating the HER2 downstream signal [37]. The mTOR 

inhibitor everolimus inhibits the mTOR/S6K signal, and 

therefore improves fluorouracil-induced apoptosis in gastric 

cancer cells with HER2 amplification. A concordant therapy 

using HER2-targeted agents and everolimus might lead to 

an improvement in therapy of HER2-positive gastric cancer. 

Angiogenesis in gastric cancer 

Angiogenesis is today universally considered as a cancer 

hallmark because it is one of the main processes for tumor 

progression. The increase of tumor size and the functional 

abnormalities of the tumor vasculature lead to tissue 

hypoxia that induces neoangiogenesis [38, 39]. The primary 

proangiogenic driver of this process is vascular endothelial 

growth factor (VEGF), also known as VEGF-A. The family 

of VEGF molecules also includes VEGF-B, VEGFC, 

VEGF-D, VEGF-E, and placental growth factor (PGF). 

Each component of this family can bind to several VEGF 

receptors (VEGFR), known as VEGFR1 (fms-like tyrosine 

kinase 1/Flt-1), VEGFR2 (Flk-1/KDR), and VEGFR3 (Flt-

4), and 2 co-receptors, neuropilin 1 and 2 (NRP1/2). In 

particular, VEGF-A binds to VEGFR-1 and VEGFR-2, 

VEGF-B and PGF to VEGFR-1, and VEGF-C and -D to 

VEGFR-2 and -3 [39, 40]. The most important receptor is 

VEGFR-2 [41], which regulates the proliferation of 

endothelial cells through a number of different mechanisms 
[39, 42]. The expression of VEGFR2 in intestinal-type GC was 

found to correlate with the vessel count and the stage of 

disease [43]. In addition, in patients with GC, several studies 

have investigated the clinical and prognostic significance of 

circulating VEGF levels [43, 44]. Other proteins, such as 

hypoxia inducible factor (HIF), platelet-derived growth 

factor (PDGF), fibroblast growth factor (FGF), angiopoietin 

(Ang), and Notch, play important roles in angiogenesis [45, 

46]. VEGF/VEGFR pathway and relative target of mAbs are 

reported in Fig. 4. 

 

 
 

Fig 4: Monoclonal antibodiestargeting VEGF/VEGFR pathway 

 

Monoclonal Antibodies 

Bevacizumab 

Bevacizumab is a humanized monoclonal antibody blocking 

the binding of VEGF to its receptors. AVAGAST, a global, 

randomized, phase III trial, investigated chemotherapy with 

capecitabine xeloda/cisplatin versus chemotherapy with 

capecitabine xeloda/cisplatin plus bevacizumab. Beside PFS 

and overall response rate (ORR) showed significant 

improvements, the primary endpoint median OS was not 

reached (HR = 0.87; p = 0.1002) [47]. The AVATAR study, a 

Chinese, randomized, phase III trial, using the same study 

design, found no significant improvement in survival as well 
[48]. Bevacizumab was also evaluated in a small phase II 

study in the second-line treatment of esophagogastric 

cancer. An encouraging RR of 27% was reported in 

combination with weekly docetaxel in the 20 evaluable 

patients, and the final results of the study are awaited [49]. 

These results are summarized in Table 2. 
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Table 2: Phase II/III trials of antiangiogenic drugs in advanced esophagogastric cancer 
 

 
 

Ramucirumab 

Ramucirumab, a humanized IgG1 monoclonal antibody 

against VEGFR-2, prevents ligand binding and 

receptormediated pathway activation in endothelial cells [50]. 

Preclinical studies have shown that targeting VEGF 

receptors with ramucirumab was associated with the 

inhibition of VEGF mediated signaling along with the 

inhibition of proliferation and migration of endothelial cells 

exerting simultaneously an anti-tumor activity [50, 51]. The 

REGARD trial, a global, randomized, double-blind, phase 

III trial of 355 patients with progressive disease, 

investigated the addition of ramucirumab to standard 

chemotherapy. This addition brought a significantly 

prolonged median OS (3.8 to 5.2 month, p = 0.0473) [52]. 

The RAINBOW trial investigated ramucirumab as second-

line treatment in patients with advanced gastric or gastro-

esophageal junction cancer and disease progression after 

first-line chemotherapy, showing a significantly better OS in 

the ramucirumab plus chemotherapy group (median 9.6 vs. 

7.4 month, p = 0.017) [53]. Due to these results, the FDA has 

approved ramucirumab in April 2014. 

 

Tyrosine kinase inhibitors 

Sorafenib 

Sorafenib is a multitarget inhibitor of BRAF, VEGF, 

PDGFR and the Ras/Raf/MERK/ERK pathway. Docetaxel 

and cisplatin are both active in gastric cancer. ECOG 5203: 

phase II study evaluated the efficacy and toxicity of the 

combination of sorafenib with docetaxel and cisplatin in the 

first-line treatment of 44 metastatic or advanced gastric and 

GEJ adenocarcinoma patients [54]. The primary endpoint was 

RR for the combination. Toxicity, OS and PFS were 

assessed as secondary endpoints. The PR rate was 41% 

(90% CI, 28-54). 

The median PFS was 5.8 months (90% CI, 5.4-7.4 months). 

The median OS was 13.6 months (90% CI, 8.6-16.1 

months). The major toxicity was neutropenia; 64% of the 

patients presented with grade 3-4 neutropenia. One patient 

experienced hemorrhage at the tumor site. Although the 

combination of sorafenib, docetaxel and cisplatin has an 

encouraging efficacy profile with tolerable toxicity, large 

scale studies of sorafenib with chemotherapy are needed in 

gastric cancer. The efficacy and tolerability of sorafenib as 

second-line treatment in patients with advanced or 

metastatic gastric cancer who failed from first-line 

chemotherapy of ECF regimen were studied. The study has 

been terminated due to low RR, no evidence of PFS or OS 

improvement (NCT00595985). 

 

Sunitinib 

Sunitinib has been found to suppress PDGFR, kit, 

rearranged during transfection (RET), Flt-3 and VEGFR. A 

phase II, open-label, multicenter study assessed the efficacy 

and toxicity of sunitinib as a second-line treatment for 

patients with advanced gastric or GEJ adenocarcinoma [55]. 

Seventy‑eight patients received sunitinib 50 mg/day on a 

schedule 4/2 (4 weeks on treatment, followed by 2 weeks 

off treatment). The trial did not meet the primary endpoint 
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ORR. The rate of partial response (PR) was 2.6% (2/78), 

and the best response of SD for ≥6 weeks was 32.1% 

(25/78). Median PFS and OS were 2.3 months (95% CI, 1.6-

2.6 months) and 6.8 months (95% CI, 4.4-9.6 months). 

Patients (34.6 and 29.4%) presented with grade ≥3 

thrombocytopenia and neutropenia, respectively. The most 

common non-hematologic AEs were fatigue, anorexia, 

nausea, diarrhea and stomatitis. The present study suggested 

that single-agent sunitinib has insufficient clinical value as 

second line treatment for advanced gastric cancer. Further 

studies were conducted to research the role of 

sunitinib in combination with chemotherapy for gastric 

cancer. 

 

Apatinib 

Apatinib is a small-molecule TKI targeting VEGFR-2. 

Results from a multicenter, randomized, double-blind, 

placebo-controlled phase III trial of apatinib was reported in 

2014 at the ASCO meeting [56]. Median OS and median PFS 

were prolonged in the apatinib group compared with the 

placebo group (195 vs. 140 days, HR=0.71; 95% CI, 0.54-

0.94; p<0.016) and (78 vs. 53 days, HR=0.44; 95% CI, 

0.33-0.61; p<0.0001) respectively. The ORR of the apatinib 

and placebo groups were 2.84 and 0.00%, respectively. 

Concerning safety, treatment of the apatinib group was 

generally well tolerated. Grade 3/4 adverse reactions that 

occurred in >2% of patients were hypertension, hand-and-

foot syndrome, proteinuria, fatigue, anorexia and elevated 

aminotransferase. Thus, the efficacy and safety of apatinib 

in patients with advanced gastric cancer were then further 

confirmed. The recommended dose for clinical use is 850 

mg once daily. 

 

MTOR inhibitors 

Everolimus is an inhibitor of mTOR, which is regulated by 

PI3K-Akt-pathway. MTOR protein kinase regulates cell 

growth and cellular metabolism [57]. MTOR has been shown 

to be upregulated in gastric cancer [58]. Everolimus has been 

shown to be active in preclinical setting [57, 59] and in a phase 

I study of gastric cancer [60]. In theGRAniTE-1 randomized 

phase III study 633 patients with advanced gastric cancer 

were treated second- or third-line with best supportive care 

plus everolimus or placebo (Table 3) (61). No significant 

improvement of median overall survival was found, which 

was 5.4 months with everolimus vs 4.3 months with placebo 

(HR 0.90; 95% CI: 0.75 to 1.08). The median progression-

free survival was 1.7 months with everolimus vs 1.4 months 

with placebo (HR 0.60; 95% CI: 0, 56 to 0.78), and the 

safety profile of the treatment as reported in other cancers 
[61]. 

 
Table 3: Results of completed phase III studies with targeted therapy in gastric cancer 

 

Target Trila name Treatment OS (months) PFS (months) Reference 

   
p-Value p-value 

 
HER-2 ToGA Cisplatin, capecitabine or FU f trastuzumab 13.8 vs 11.1 6.7 vs 5.5 (12) 

   
0.0046 0.0002 

 
HER-2 LOGIC Capecitabine, oxaliplatin f lapatinib 12.2 vs 10.5 6.0 vs 5.4 (17) 

   
0.35 0.10 

 
HER-2 TyTAN Paclitaxel f lapatinib 11.0 vs 8.9 5.4 vs 4.4 (18) 

   
0.2088 0.2411 

 
EGFR EXPAND Cisplatin, capecitabine f cetuximab 9.4 vs 10.7 4.4 vs 5.6 (26) 

   
0.95 0.32 

 
EGFR REAL3 Epirubicin, oxaliplatin, capecitabine 8.8 vs 11.3 6.0 vs 7.4 (27) 

  
panitumumab 0.013 0.068 

 
VEGFR-2 REGARD BSC ± ramucirumab 5.2 vs 3.8 2.1 vs 1.3 (35) 

   
0.047 <0.0001 

 
VEGFR-2 RAINBOW Paclitaxel f ramucirumab 9.63 vs 7.36 4.40 vs 2.86 (36) 

   
0.0169 <0.0001 

 
VEGF-A AVAGAST Cisplatin, capecitabine or FU f bevacizumab 12.1 vs 10.1 6.7 vs 5.3 (39) 

   
0.1002 0.0037 

 
mTOR GRANITE-1 BSC ± everolimus 5.4 vs 4.3 1.7 vs 1.4 (46) 

0.124 <0.001, BSC, best supportive care; FU, fluorouracil. 

 

Anti-MET pathway 

C-MET, the mesenchymal-epithelial transition factor 

receptor is activated by hepatocyte growth factor (HGF). 

The c-MET receptor is expressed in epithelial cells and its 

activation leads to pleiotropic biological responses that are 

pro-migratory, mitogenic and anti-apoptotic (62). C-MET 

overexpression is a marker of poor prognosis in gastric 

cancer (63). Additionally, c-MET amplification seemed to 

associate to sensitivity to crizotinib, a small molecular 

inhibitor of c-MET and ALK (64). Crizotinib as 

monotherapy is currently investigated in a phase II clinical 

trial, where gastric cancers with c-MET amplification are 

treated among other metastatic or advanced tumors (Table 

1). Rilotumumab is a human monoclonal antibody that binds 

to and neutralizes HGF, preventing the binding of HGF to c-

MET. In The RILOMET-1 phase III randomized trial, the 

addition of rilotumumab to epirubicin, cisplatin, and 

capecitabine in a first-line setting will be evaluated in 450 c-

MET-positive advanced gastric or gastroesophageal cancer 

patients (65). The RILOMET-2 phase III randomized trial 

has a similar setup as RILOMET-1; however, in the 

chemotherapy arm cisplatin and capecitabine will be used 

plus rilotumumab or placebo (66). Onartuzumab is a 

monoclonal antibody against c-MET that prevents binding 

of HGF. Onartuzumab is currently tested in the MetGastric 

phase III randomized clinical study, in which 800 patients 

with HER-2 negative, c-MET-positive gastric or 

gastroesophageal junction adenocarcinomas will receive 

chemotherapy (FOLFOX6) plus onartuzumab or placebo 

(67). Fig. 5 shows the agents that act on the various targets 

discussed. 
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Fig 5: Agents that act on various molecular targets in gastric cancer 

 

Discussion 

The role of targeted therapy in gastric cancer emerged over 

the last few years. HER2 status and angiogenesis, both 

associated with disease aggressiveness were recognized and 

established as prognostic markers. As shown and described 

in this study, preclinical as well as clinical trials have 

proved the importance of combining conventional 

chemotherapy and targeted therapy in gastric cancer. These 

scientists proposed a molecular classification of GC into 

four subtypes: tumors positive for Epstein-Barr virus, 

microsatellite unstable tumors, genomically stable tumors, 

and tumors with chromosomal instability. This 

characterization of the molecular profile of GC offers the 

possibility for the development of target agents such as the 

mAbs. However, the selection of patients based on the 

identification of specific predictive biomarkers appears as a 

very crucial point. In this context, the first main step may be 

considered to be the TOGA trial. In this study [17], patients 

with GC tumors who showed HER2 overexpression by IHC 

or gene amplification via FISH were eligible for 

trastuzumab. This trial successfully identified a key 

molecular driver, such as HER2, and a subsequent target 

therapy using the mAb trastuzumab as the first biologic 

therapy to have activity in advanced GC. In particular, this 

study highlights the important issue of the selection of 

patients based on the identification of specific predictive 

biomarkers. Indeed, the greatest benefit was seen in patients 

with high levels of HER2 expression (IHC score of 3 or 2 

with FISH positivity) in whom the OS can exceed 15 

months. Currently a number of promising molecules, 

showing synergistic effects in concomitant use with 

trastuzumab to overcome secondary resistance are under 

investigation. In the therapeutic field of angiogenic 

inhibitors, ramucirumab and apatinib, both VEGFR-2 

inhibitors, remain the only two promising agents until now. 

As in HER2-directed targeted therapy, mechanisms for 

intrinsic or secondary resistance to antiangiogenic therapy 

need to be unmasked. Combined targeting of HER2 and 

VEGF showed encouraging inhibition rates in breast cancer. 

Due to these findings, further studies and trials, combining 

HER2 and VEGF-targeted therapies in gastric cancer are 

necessary. 

 

Acknowledgements 

I‘m very grateful to our patient for providing his informed 

consent for publication of this review and I am indebted to 

my families for their continuous support and 

encouragement. 

 

Availability of Data and Materials 

All data generated or analyzed during this study are 

included in this published article. The authors presented all 

the necessary information about their review in the 

manuscript. However, about the literature review, all used 

literature was referenced appropriately in the “References” 

section. 

 

References 

1. Jemal A, Bray F, Center MM, Ferlay J, Ward E, 

Forman D. Global cancer statistics. CA Cancer J Clin. 

2011; 61(2):69-90. 

2. Maehara Y. S-1 in gastric cancer: a comprehensive 

review. Gastric Cancer. 2003; 6(Suppl 1):2–8. 

3. Marrelli D, Polom K, De Manzoni G, Morgagni P, 

Baiocchi GL, Roviello F. Multimodal treatment of 

gastric cancer in the west: where are we going? World J 

Gastroenterol. 2015; 21(26):7954-69. 

4. Schlessinger J. Ligand-induced, receptor-mediated 

dimerization and activation of EGF receptor. Cell. 

2002’ 110:669-672. 

5. Herbst RS. Review of epidermal growth factor receptor 

biology. Int J Radiat Oncol Biol Phys. 2004; 59:21-6. 

6. Hynes NE, Lane HA. ERBB receptors and cancer: the 

complexity of targeted inhibitors. Nat Rev Cancer. 



International Journal of Gastroenterology Sciences 

18 

2005; 5:341–54. 

7. Wang KL, Wu TT, Choi IS, et al. Expression of 

epidermal growth factor receptor in esophageal and 

esophagogastric junction adenocarcinomas: association 

with poor outcome. Cancer. 2007; 109:658–67. 

8. Lieto E, Ferraraccio F, Orditura M, et al. Expression of 

vascular endothelial growth factor (VEGF) and 

epidermal growth factor receptor (EGFR) is an 

independent prognostic indicator of worse outcome in 

gastric cancer patients. Ann Surg Oncol. 2008; 15:69-

79. 

9. Nyati MK, Morgan MA, Feng FY, Lawrence TS. 

Integration of EGFR inhibitors with 

radiochemotherapy. Nat Rev Cancer. 2006; 6:876-85. 

10. Lordick F, Kang YK, Chung HC, Salman P, Oh SC, 

Bodoky G, et al. Capecitabine and cisplatin with or 

without cetuximab for patients with previously 

untreated advanced gastric cancer (EXPAND): a 

randomised, open-label phase 3 trial. Lancet Oncol. 

2013; 14:490-9. 

11. Waddell T, Chau I, Cunningham D, Gonzalez D, 

Okines AF, Okines C, et al. Epirubicin, oxaliplatin, and 

capecitabine with or without panitumumab for patients 

with previously untreated advanced oesophagogastric 

cancer (REAL3): a randomised, open-label phase 3 

trial. Lancet Oncol. 2013; 14:481-9. 

12. Rojo F, Tabernero J, Albanell J, Van Cutsem E, Ohtsu 

A, Doi T, et al. Pharmacodynamic studies of gefitinib 

intumor biopsy specimens from patients with advanced 

gastric carcinoma. J Clin Oncol. 2006; 24:4309-16. 

13. Wainberg ZA, Lin LS, DiCarlo B, Dao KM, Patel R, 

Park DJ, et al. Phase II trial of modified FOLFOX6 and 

erlotinib in patients with metastatic or advanced 

adenocarcinoma of the oesophagus and 

gastrooesophageal junction. Br J Cancer. 2011; 

105:760-5. 

14. NCT01379807. Efficacy and safety of panitumumab 

combined with docetaxel and cisplatin as a first-line 

treatment of advanced gastric or gastroesophageal 

junction adenocarcinoma (SPIGA). Available from: 

URL: http:// clinicaltrial.gov/ct2/show/study/NCT01 

379807?term=panitumumab gastric cancer Hyperlink. 

15. Gravalos C, Jimeno A. HER2 in gastric cancer: a new 

prognostic factor and a novel the rapeutic target. Ann 

Oncol. 2008; 19(9) :1523-1529 

16. Schoppmann SF, Jesch B, Zacherl J et al. HER-2 status 

in primary oesophageal cancer, lymph nodes and distant 

metastases. Br J Surg. 2011; 98(10) :1408-1413. 

17. Bang YJ, Van Cutsem E, Feyereislova A et al. 

Trastuzumab in combination with chemotherapy versus 

chemotherapy alone for treatment of HER2-positive 

advanced gastric or gastro-oesophageal junction cancer 

(ToGA): a phase 3, openlabel, randomised controlled 

trial. Lancet. 2010; 376(9742):687-697. 

18. Yarden Y. The EGFR family and its ligands in human 

cancer. Signaling mechanisms and therapeutic 

opportunities. Eur J Cancer 2001; 37(Suppl 4):S3-8. 

19. Boers JE, Meeuwissen H, Methorst N. HER2 status in 

gastro-oesophageal adenocarcinomas assessed by two 

rabbit monoclonal antibodies (SP3 and 4B5) and two in 

situ hybridization methods (FISH and SISH). 

Histopathology. 2011; 58(3) :383-394. 

20. Ruschoff J, Dietel M, Baretton G, Arbogast S, Walch 

A, Monges G, et al. HER2 diagnostics in gastric 

cancer-guideline validation and development of 

standardized immunohistochemical testing. Virchows 

Arch. 2010; 457(3):299-307. 

21. Hofmann M, Stoss O, Shi D, Buttner R, van de Vijver 

M, Kim W, et al. Assessment of a HER2 scoring 

system for gastric cancer: results from a validation 

study. Histopathology. 2008; 52(7):797-805. 

22. Roukos DH. Targeting gastric cancer with trastuzumab: 

new clinical practice and innovative developments to 

overcome resistance. Ann Surg Oncol. 2010; 17(1):14-

7. 

23. Kurokawa Y, Sugimoto N, Miwa H et al. Phase II study 

of trastuzumab in combination with S-1 plus cisplatin in 

HER2-positive gastric cancer (HERBIS-1). Br J 

Cancer. 2014; 110(5) :1163-1168. 

24. Nahta R, Hung MC, Esteva FJ. The-HER-2-targeting 

antibodies Trastuzumab and pertuzumab synergistically 

inhibit the survival of breast cancer cells. Cancer Res. 

2004; 64:2343-6. 

25. Scheuer W, Friess T, Burtscher H, Bossenmaier B, Endl 

J, Hasmann M. Strongly enhanced antitumor activity of 

Trastuzumab and Pertuzumab combination treatment on 

HER2- positive human xenograft tumor models. Cancer 

Res. 2009; 69:9330-6. 

26. Baselga J, Cortés J, Kim SB, Im SA, Hegg R, Im YH, 

et al. Pertuzumab plus Trastuzumab plus docetaxel for 

metastatic breast cancer. N Engl J Med. 2012; 

366(2):109-19. 

27. Kang YK, Rha SY, Tassone P, Barriuso J, Yu R, Szado 

T, et al. A phase IIa dose-finding and safety study of 

first-line Pertuzumab in combination with Trastuzumab, 

capecitabine and cisplatin in patients with HER2-

positive advanced gastric cancer. Br J Cancer. 2014; 

111:660-6. 

28. Hoff P, Tabernero J, Shen L, et al. Ann Oncol. 2013; 

24:iv67. 

29. Barok M, Tanner M, Koninki K, Isola J. Trastuzumab-

DM1 is highly effective in preclinical models of HER2-

positive gastric cancer. Cancer Lett. 2011; 306(2):171-

179. 

30. NCT01641939. A Study of Trastuzumab Emtansine 

Versus Taxane in Patients With Advanced Gastric 

Cancer. https://clinicaltrials.gov/ct2/show/NCT016419 

39, 2012. 

31. Thuss-Patience PC, Shah MA, Ohtsu A, Van Cutsem E, 

Ajani JA, Castro H6 Lancet Oncol. 2017; 18(5):640-

653. 

32. Iqbal S, Goldman B, Fenoglio-Preiser CM, Lenz HJ, 

Zhang W, Danenberg KD, et al. Southwest oncology 

group study S0413: a phase II trial of lapatinib 

(GW572016) as first-line therapy in patients with 

advanced or metastatic gastric cancer. Ann Oncol 2011; 

22:2610-5. 

33. Hecht J, Bang Y, Qin S, Chung H, Xu J, Park J, et al. 

Lapatinib in combination with capecitabine plus 

oxaliplatin (CapeOx) in HER2-positive advanced or 

metastatic gastric, esophageal, or gastroesophageal 

adenocarcinoma (AC): the TRIO-013/LOGiCTrial. J 

Clin Oncol. 2013; 31(Suppl 15):LBA4001. Abstract. 

34. Bang Y. A randomized, open-label, phase III study of 

lapatinib in combination with paclitaxel versus weekly 

paclitaxel alone in the second-line treatment of HER2 

amplified advanced gastric cancer (AGC) in Asian 

population: tytan study. J Clin Oncol. 2012; 30(Suppl 



International Journal of Gastroenterology Sciences 

19 

4):11. Abstract. 

35. Shimoyama S. Unraveling trastuzumab and lapatinib 

inefficiency in gastric cancer: future steps (Review). 

Mol. Clin Oncol. 2014; 2(2):175-81. 

36. NCT01522768. Afatinib (BIBW 2992) and 

Trastuzumab in Patients With Advanced HER2-

Positive Trastuzumab- Refractory Advanced 

Esophagogastric Cancer. 2012. 

37. Matsuoka T, Yashiro M. The role of PI3K/Akt/mTOR 

signaling in gastric carcinoma. Cancers (Basel). 2014; 

6(3):1441-63. 

38. Semenza GL. Defining the role of hypoxia-inducible 

factor 1 in cancer biology and therapeutics. Oncogene. 

2010; 29(5):625–34. 

39. Ferrara N, Gerber HP, LeCouter J. The biology of 

VEGF and its receptors. Nat Med. 2003; 9:669-76. 

40. Alitalo K, Carmel iet P. Molecular mechanisms of 

lymphangiogenesisin health and disease. Cancer Cell. 

2002; 1(3):219-27. 

41. Shalaby F, Rossant J, Yamaguchi TP, et al. Failure of 

blood-island formation and vasculogenesis in Flk-1-

deficient mice. Nature. 1995; 376(6535):62-6. 

42. Kim M, Park HJ, Seol JW, et al. VEGF-A regulated by 

progesterone governs uterine angiogenesis and vascular 

remodelling during preg-nancy. EMBO Mol Med. 

2013; 5(9):1415–30. 

43. Takahashi Y, Cleary KR, Mai M, Kitadai Y, Bucana 

CD, Ellis LM. Significance of vessel count and vascular 

endothelial growth factor and its receptor (KDR) in 

intestinal-type gastric cancer. Clin Cancer Res. 1996; 

2:1679-84. 

44. Maeda K, Kang SM, Onoda N, Ogawa M, Kato Y, 

Sawada T, et al. Vascular endothelial growth factor 

expression in preoperative biopsy specimens correlates 

with disease recurrence in patients with early gastric 

carcinoma. Cancer. 1999; 86:566–71. 

45. Potente M, Gerhardt H, Carmeliet P. Basic and 

therapeutic aspects of angiogenesis. Cell. 2011; 

146:873-87. 

46. Weis SM, Cheresh DA. Tumor angiogenesis: molecular 

pathways and therapeutic targets. Nat Med. 2011; 

17:1359-70. 

47. Ohtsu A, Shah MA, Van Cutsem E, Rha SY, Sawaki A, 

Park SR, et al. Bevacizumab in combination with 

chemotherapy as first-line therapy in advanced gastric 

cancer: a randomized, double-blind, placebo-controlled 

phase III study. J Clin Oncol. 2011; 29(30):3968-76. 

48. Shen L, Li J, Xu J, Pan H, Dai G, Qin S, et al. 

Bevacizumab plus capecitabine and cisplatin in Chinese 

patients with inoperable locally advanced or metastatic 

gastric or gastroesophageal junction cancer: 

randomized, doubleblind, phase III study (AVATAR 

study). Gastric Cancer. 2015; 18(1):168-76. 

49. Enzinger PC, Fidias P, Meyerhardt J et al. Phase II 

study of bevacizumab and docetaxel in metastatic 

esophageal and gastric cancer [abstract 68]. Presented 

at the 2006 Gastrointestinal Cancers Symposium, San 

Francisco, CA, January, 2006, 26-28. 

50. Spratlin JL, Cohen RB, Eadens M, et al. Phase I 

pharmacologic and biologic study of ramucirumab 

(IMC-1121B), a fully human immunoglobulin G1 

monoclonal antibody targeting the vascular endothelial 

growth factor receptor-2. J Clin Oncol. 2010; 28:780-7. 

51. Zhu Z, Hattori K, Zhang H, Jimenez X, Ludwig DL, 

Dias S, et al. Inhibition of human leukemia in an animal 

model with human antibodies directed against vascular 

endothelial growth factor receptor 2. Correlation 

between antibody affinity and biological activity. 

Leukemia. 2003; 17:604-11. 

52. Fuchs CS, Tomasek J, Yong CJ, Dumitru F, 

Passalacqua R, Goswami C, et al. Ramucirumab 

monotherapy for previously treated advanced gastric or 

gastro-oesophageal junction adenocarcinoma (Regard): 

an international, randomised, multicentre, placebo-

controlled, phase 3 trial. Lancet. 2014; 383(9911):31-9. 

53. Wilke H, Muro K, Van Cutsem E, Oh SC, Bodoky G, 

Shimada Y, et al. Ramucirumab plus paclitaxel versus 

placebo plus paclitaxel in patients with previously 

treated advanced gastric or gastro-oesophageal junction 

adenocarcinoma (Rainbow): a double-blind, 

randomised phase 3 trial. Lancet Oncol. 2014; 

15(11):1224-35. 

54. Sun W, Powell M, O'Dwyer PJ, Catalano P, Ansari RH 

and Benson AB III: Phase II study of sorafenib in 

combination with docetaxel and cisplatin in the 

treatment of metastatic or advanced gastric and 

gastroesophageal junction adenocarcinoma: ECOG 

5203. J Clin Oncol. 2010 ; 28:2947-2951. 

55. Bang YJ, Kang YK, Kang WK, Boku N, Chung HC, 

Chen JS, Doi T, Sun Y, Shen L, Qin S, et al: Phase II 

study of sunitinib as second-line treatment for advanced 

gastric cancer. Invest New Drugs. 2011; 29:1449-1458. 

56. Qin Sk; PLA Cancer Center of Nanjing Bayi Hospital, 

Nanjing, China: Phrase III study of apatinib in 

advanced gastric cancer: A randomized double-blind, 

placebo-controlled trial. J Clin Oncol. 2014 ; 32(Suppl 

5s):4003. 

57. Bjornsti MA, Houghton PJ. The TOR pathway: a target 

for cancer therapy. Nat Rev Cancer. 2004; 4:335-48. 

58. Cejka D, Preusser M, Woehrer A, Sieghart W, 

Strommer S, Werzowa J, et al. Everolimus (RAD001) 

and anti-angiogenic cyclophosphamide show long-term 

control of gastric cancer growth in vivo. Cancer Biol 

Ther 2008; 7:1377-85. 

59. Martin ME, Perez MI, Redondo C, Alvarez MI, Salinas 

M, Fando JL. 4E binding protein 1 expression is 

inversely correlated to the progression of 

gastrointestinal cancers. Int J Biochem Cell Biol. 2000; 

32:633-42. 

60. Okamoto I, Doi T, Ohtsu A, Miyazaki M, Tsuya A, 

Kurei K, et al. Phase I clinical and pharmacokinetic 

study of RAD001 (everolimus) administered daily to 

Japanese patients with advanced solid tumors. Jpn J 

Clin Oncol. 2010; 40:17-23. 

61. Ohtsu A, Ajani JA, Bai YX, Bang YJ, Chung HC, Pan 

HM, et al. Everolimus for previously treated advanced 

gastric cancer: results of the randomized, double-blind, 

phase III GRANITE-1 study. J Clin Oncol 2013; 

31:3935-43. 

62. Scagliotti GV, Novello S, von Pawel J. The emerging 

role of MET/HGF inhibitors in oncology. Cancer Treat 

Rev. 2013; 39:793-801. 

63. Yu S, Yu Y, Zhao N, Cui J, Li W, Liu T. C-met as a 

prognostic marker in gastric cancer: a systematic 

review and meta-analysis. PLoS ONE 2013; 8:e79137. 

64. Lennerz JK, Kwak EL, Ackerman A, Michael M, Fox 

SB, Bergethon K, et al. MET amplification identifies a 

small and aggressive subgroup of esophagogastric 



International Journal of Gastroenterology Sciences 

20 

adenocarcinoma with evidence of responsiveness to 

crizotinib. J Clin Oncol. 2011; 29:4803-10. 

65. Unicancer. Phase 2 study assessing efficacy and safety 

of crizotinib in patients harboring an alteration on ALK, 

MET or ROS1 (AcS_e). In: ClincalTrials. gov. 

Bethesda, MD: National library of medicine (US). 

Available at: http://clinicaltrials.gov/show/ 

NCT02034981. NLM identifier: NCT02034981. 

(Accessed 28 May 2014). 

66. Cunningham D, Al-Batran SE, Davidenko I, Ilson DH, 

Murad AM, Tebbutt NC, et al. RILOMET-1: an 

international phase III multicenter, randomized, 

doubleblind, placebo-controlled trial of rilotumumab 

plus epirubicin, cisplatin, and capecitabine (ECX) as 

first-line therapy in patients with advanced MET-

postive gastric or gastroesophageal junction (G/GEJ) 

adenocarcinoma. J Clin Oncol 2013a; 31(Suppl 

15):TPS4153. Abstract. 

67. Amgen. A phase 3 study of rilotumumab (AMG 102) 

with cisplation and capecitabine (CX) as first-line 

therapy in gastric cancer (RILOMET-2). In: Clincal- 

Trials.gov. Bethesda, MD: National library of medicine 

(US). Available at: http://clinicaltrials.gov/show/ 

NCT02137343. NLM identifier: NCT02137343. 

(Accessed 28 May 2014). 

68. Cunningham D, Bang YJ, Tabernero J, Shah MA, 

Lordick F, Hack SP. MetGastric: a randomized phase 

III study of onartuzumab (MetMAb) in combination 

with mFOLFOX6 in patients with metastatic HER2- 

negative and MET-positive adenocarcinoma of the 

stomach or gastroesophageal juntion. J Clin Oncol 

2013b; 31(Suppl 15):TPS4155. Abstract. 


