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Abstract: Gastric cancer (GC) represents a major cancer burden worldwide, and remains 

the second leading cause of cancer-related death. Due to its insidious nature, presentation is 

usually late and often carries a poor prognosis. Despite having improved treatment 

modalities over the last decade, for most patients only modest improvements have been 

seen in overall survival. Recent progress in understanding the molecular biology of GC and 

its signaling pathways, offers the hope of clinically significant promising advances for 

selected groups of patients. Patients with Her-2 overexpression or amplification have 

experienced benefit from the integration of monoclonal antibodies such as trastuzumab to 

the standard chemotherapy. Additionally, drugs targeting angiogenesis (bevacizumab, 

sorafenib, sunitinib) are under investigation and other targeted agents such as mTOR 

inhibitors, anti c-MET, polo-like kinase 1 inhibitors are in preclinical or early clinical 

development. Patient selection and the development of reliable biomarkers to accurately 

select patients most likely to benefit from these tailored therapies is now key. Future trials 

should focus on these advances to optimize the treatment for GC patients. This article will 

review recent progress and current status of targeted agents in GC. 
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1. Introduction 

Gastric cancer (GC) is an aggressive disease and represents a major cancer burden worldwide. 

Though the absolute incidence of GC has declined globally, it is still the fourth most prevalent 

malignancy and the second leading cause of cancer-related death around the World [1]. 

Surgery is the only potentially curative treatment, but even after radical excision most patients will 

ultimately recur in regional or distant sites with a 5-year survival rate of only 20–25% [2,3]. Although 

surgery is appropriate for patients with resectable disease, most GC patients present with locally 

advanced or metastatic disease which is not amenable for radical surgery [4]. Multimodality treatment 

with neoadjuvant or adjuvant regional and systemic therapies is now a standard of care but despite the 

integration of combined therapies, overall survival remains low with 5-year survival rates of 30–36% [5,6]. 

For patients presenting with metastatic disease, chemotherapy remains the mainstay of palliative 

treatment with median survival figures of between 9 and 14 months [6,7]. 

The development of new treatment techniques continues to be a key priority. Recent progress in the 

understanding of molecular pathways involved in a variety of cancers has led to the discovery of new 

targeted therapies. Trastuzumab has already been approved as standard care for HER2-positive GC 

patients, according to the results of the Trastuzumab for Gastric Cancer (ToGA) clinical trial, where it 

demonstrated its therapeutic utility [8]. Further candidate molecules related to cell growth, invasion, 

apoptosis, angiogenesis and metastasis are emerging as a new hope in the treatment strategy for many 

common malignancies such as breast, colorectal, lung, renal and melanoma. Agents targeting 

molecules such as the epidermal growth factor receptor (EGFR), vascular endothelial growth factor 

(VEGF) receptor, P13k/Akt/mTor pathway, insulin-like growth factor receptor (IGFR), c-Met 

pathways, fibroblast growth factor receptor (FGFR) and other pathways are promising candidates for 

targeted therapy for GC and are now in clinical development. 

Thus, a new era in the treatment of GC and GEJ cancer has been opened up. Historically, most 

phase III clinical trials have been performed without patient selection. Predictive biomarkers and 

personalisation of therapy is now of utmost importance and translational research now needs to be at 

the heart of clinical trial design. 

This review will introduce the recent investigations and current status of targeted agents for the 

treatment of advanced GC and GEJ cancers (Table 1). 

Table 1. Molecular targeted agents for gastric cancer and their target. 

Target Drugs 

Anti-EGFR  

EGFR antibodies  

 Cetuximab 
 Panitumumab 
 Nimotuzumab 
 Matuzumab 

EGFR TKI  

 Erlotinib 
 Gefitinib 
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Table 1. Cont. 

Target Drugs 

HER-2 inhibitors  

HER-2 humanized monoclonal antibody  

 Trastuzumab 

HER-2 TKI  

 Lapatinib 

Antiangiogenic therapy  

Anti-VEGF monoclonal antibody  

 Bevacizumab 
 Ramucirumab 

VEGFR TKI  

 Sorafenib 
 Sunitinib 
 Cediranib 
 Apatinib 
 Telatinib 

Other targeted agents  

PI3k-Akt-mTOR-targeted therapy  

 Everolimus 

Polo-like kinase 1 inhibitors  

HGF-c-Met Pathway and FGFR Pathway  

 Tivantinib 
 Rilotumumab 

Fibroblast growth factor receptor (FGFR)  

 Dovitinib 

2. Epidermal Growth Factor Receptor (EGFR) 

The epidermal growth factor (EGF) is a protein which stimulates cell growth, proliferation, and 

differentiation by binding to its receptor EGFR [9]. 

The EGFR is the cell-surface receptor for members of the EGF family [10]. When ligands bind to 

the extracellular domain, this interaction leads to the EGFR activation which in turn homodimerizes, 

resulting in phosphorylation of the intracellular tyrosine kinase (TK). This eventually results in a series 

of intracellular signals cascades, including the central Ras/Raf/mitogen activated protein kinase (MAPK) 

or the Akt/mTOR pathway [11]. All these cascades are potent regulators of intracellular/intercellular 

processes, such as cell cycle progression, apoptosis, proliferation, angiogenesis and metastasis. These 

activities have constituted the rationale for the development of agents able to block the EGFR  

activity [12]. EGFR is highly expressed and activated in many cancer types. In GCs, EGFR 

overexpression by immunohistochemistry (IHC) or gene amplification by fluorescent in situ 

hybridization (FISH) occurs in 50–63% of patients [13] and is known to be associated with increased 

invasion, a poorly differentiated histology and shorter survival [14–18]. 
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The EGFR inhibitors that have been tested in clinical trials are monoclonal antibodies such as 

cetuximab, panitumumab, nimotuzumab and matuzumab, and tyrosine kinase inhibitors (TKI) 

including gefitinib and erlotinib. 

2.1. EGFR Inhibitors: Monoclonal Antibodies 

2.1.1. Cetuximab 

Cetuximab is a recombinant, human/chimeric IgG1 monoclonal antibody (mAb) directed against 

the EGFR [19]. It binds to the extracellular domain of EGFR in its inactive configuration and 

competitively inhibits its binding to other ligands by blocking the binding region. This mAb-receptor 

union prevents receptor dimerization and therefore blocks ligand-induced EGFR TK activation. 

Cetuximab also induces EGFR internalization, downregulation, and degradation. 

Cetuximab has also been shown to mediate Ab dependent cell cytotoxicity (ADCC) which may also 

contribute to its anticancer activity. This antibody has been evaluated in many phase II studies in 

patients with advanced GC and GEJ cancer either as monotherapy or combined with chemotherapy. 

2.1.1.1. First-Line Setting 

In first-line setting Cetuximab has been evaluated in combination with different regimens of 

chemotherapy, such as 5FU, folinic acid, irinotecan (iri) (FOLFIRI) [20], docetaxel/cisplatin (cis) [21], 

FOLFOX [22], (capecitabine (cape), oxaliplatin (ox) (XELOX) [23], weekly iri, infusional 5FU, 

leucovorin (FUFIRI) [24], continuous infusion high dose 5FU/leucovorin /cis [25], cape/cis [26], and 

ox/iri [27]. 

With these combinations, tumor response rates (RR) ranged between 41% and 69% and median 

time to progression (TTP) ranged between 5 and 8.5 months with a median overall survival (OS) 

between 9 and 16.6 months. Overall, serious cetuximab-related side-effects observed were skin rash, 

diarrhea, and infusion reactions, all manageable, but there was also one treatment-related death in the 

FOLCETUX trial [20]. 

The relationship between RR and EGFR expression has not been well established, and there have 

been reported contradictory results [28,29]. 

Pinto et al. (DOCETUX trial) reported the results of a combination with cis and docetaxel for 

advanced GC and GEJ cancers in a non-selected population. The disease control rate (DCR) was f 

76.5%, median TTP of 5 months (95% confidence interval (CI): 3.7–5.4%) and median OS of  

9 months (95% CI 7–11). More interestingly was the fact that in the setting of stable disease after  

6 cycles, those treated with maintenance cetuximab compared with no-maintenance showed a trend, 

although non-significant, for longer TTP of 9.2 vs. 6.6 (p = 0.10), and OS of 19.8 vs. 7.7 (p = 0.22). 

The FOLCETUX trial, carried out in a EGFR positive population, showed a median TTP of  

8 months and OS of 16 months respectively [20]. 

Generally both trials showed good tolerance, being neutropenia the most frequent grade 3/4 

toxicity, with one toxic death in the DOCETUX trial due to neutropenia sepsis [21] (See Table 2). 
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Table 2. Phases II and III of cetuximab combined with chemotherapy for advanced GC in 

first-line setting. 

Author/Ref. 
Type of 
study 

N  
Selected by EGFR  
positive 

Type of chemo % RR 
TTP 
months  

OS  
months 

Pinto et al. [20] Phase II 38 
Yes, by 
Inmunohistochemistry 
(IHC) 

FOLFIRI 44.1 8  16 

Pinto et al. [21] Phase II 72 Not required Cis + docetaxel 41.2 5 9 
Han et al. [22] Phase II 38 Not required FOLFOX-6 50 5.5 9.9 

Enzinger  
et al. [30] 

Phase II 245 Not required 
ECF 
IC 
FOLFOX 

58 
38 
51 

5.6 
5 
5.7 

10 
8.6 
10 

Kim et al. [29] Phase II 44 Not required XELOX 52.3 6.5 11.8 
Kanzler  
et al. [24] 

Phase II 49 Not required FUFIRI 42 8.5 a 16.6 

Yeh et al. [25] Phase II 35 Not required 
Cis + 5FU + 
leuco-vorin 

68.6 11 a 14.5 

Wöll et al. [27] Phase II 51 Not required IROX 63 6.2 9.5 
Zhang  
et al. [26] 

Phase II 54 Not required Cis + cape 48.1 5.23  

Merck-Serono 
[31] 

Phase III 904 Not required 
Cis + cape + 
cetuximab/ 
placebo 

29/30 4.4/5.6 a 9.4/10.7 

a PFS. 

More recently the CALGB80403/ECOG 1206 randomized phase II trial has compared the tumor 

RR in patients receiving cetuximab combined with three different chemotherapy regimens [epirubicin, 

cis, fluorouracil (ECF), vs. iri plus cis (IC) vs. FOLFOX], all in non-selected patients. Preliminary 

reports showed RR of 57.8, 45.6, and 53.6%, respectively, and OS of 11.5, 8.9, and 12.4 months, 

respectively. Moreover, cetuximab combined with FOLFOX had one of the most favorable safety 

profiles [30]. 

Based on these promising results a phase III clinical trial was initiated. The open-label, 

international, randomized, controlled, multicenter EXPAND trial investigated the combination of cape 

and cis as a first line treatment in advanced GC and GEJ cancer with or without cetuximab. This study 

included 904 patients with unresectable advanced GC or GEJ cancer who had not received any prior 

treatment with chemotherapy or radiotherapy. The study unfortunately did not meet the primary end-point 

of an improvement in PFS (4.4 vs. 5.6 months), neither increased the OS (9.4 vs. 10.7 months), with no 

significant differences in RR (29 vs. 30%) with and without cetuximab respectively [31]. Once again 

the population was non-selected according to any specific biomarker which could have influenced  

the results. 

Interesting is the fact that due to its favorable safety profile, cetuximab has been also evaluated in a 

combination with carboplatin and paclitaxel with concurrent radiation for radical treatment of GEJ 

cancers. Although the population in this study was non-selected by EGFR status, authors reported high 
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rates of complete remission (70%) though data on OS were not included. More interesting was even 

the finding that there was no an increase in esophagitis or other radiation-enhanced toxicity [32]. 

2.1.1.2. Second-Line Setting 

When used in second or advanced line setting, cetuximab as monotherapy appears to have minimal 

activity in metastatic GC and GEJ cancers although again tumor expression of EGFR was not required 

to participate in these trials. In this scenary cetuximab monotherapy has been shown minimal RR and 

an OS ranging from 3.1 to 4 months [33,34]. 

For docetaxel-refractory patients, when cetuximab was added to docetaxel, the RR was only 6% and 

the median PFS was short (2.1 months) [35]. 

The combination of cetuximab and iri in heavily pre-treated patients achieved an overall RR of  

23% [36]. However, despite this interesting finding, the contribution of cetuximab in this combination 

is unclear because of the documented activity of single agent iri in these patients [37]. In fact,  

Thuss-Patience et al. carried out a prospective multicenter randomized phase III trial aiming to 

compare iri alone in a second line advanced GC setting with best supportive care (BSC) and the results 

showed a significant benefit in OS for iri, 123 vs. 72.5 days (HR = 2.85 (95% CI 1.41–5.79), Log rank 

test (two-sided): p = 0.0027) [38]. 

To date, in an unselected population of patients with GC/GEJ cancer, the contribution of cetuximab 

does not appear to be substantial. This means that additional retrospective/prospective translational 

studies may in time confirm whether a subpopulation of patients derive specific benefit from the 

addition of this antibody. 

2.1.2. Panitumumab 

Panitumumab (P) is a fully human IgG2 mAb targeting the EGFR. In GC and GEJ cancer the 

EGFR gene copy number, as assessed by FISH might be a predictive biomarker of clinical activity 

with this agent [39]. 

The REAL-3 phase III randomized trial evaluated the addition of P to a standard regimen of 

epirubicin, ox, and cape (EOC) in an unselected population with GEJ cancer [40–42]. Disappointingly, 

the addition of P to EOC chemotherapy was associated with worsening of OS (8.8 months compared 

with 11.3 months for the standard EOC regimen (HR = 1.37; p = 0.013). These outcomes represent a 

meaningful 37% increase in the risk of death in the P arm. There was also a trend toward shorter PFS 

with P (6.0 vs. 7.4 months; HR = 1.22; p = 0.068). Authors concluded that these findings may be in 

part due to lowered doses of Ox and Cape in the modified EOC+P regimen and therefore further 

studies would be necessary [40–42]. 

Whilst there was no significant difference in the overall incidence of grade 3 or higher adverse 

events between the two arms, the arm containing P was associated with an increased rate of grades 3 

and 4 diarrhoea, skin rash and mucositis but reduced rates of neutropenia and peripheral neuropathy. 

Once again, additional retrospective/prospective translational studies may shed light on whether 

certain subpopulations of patients could derive specific benefit from the addition of this antibody. 
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2.1.3. Nimotuzumab 

Nimotuzumab (N) is a humanized IgG1 anti-EGFR mAb which has demonstrated efficacy in 

absence of severe skin toxicity caused by other EGFR-binding therapies. A phase II open-label, 

multicenter, randomized study compared N plus iri vs. iri alone in patients with advanced or metastatic 

GC refractory to 5FU based regimen. The primary end-point was PFS. The preliminary results 

presented in ASCO annual meeting 2011 did not show a clear benefit with the addition of N but 

suggested a trend towards a potential benefit in EGFR positive patients [43]. 

In 2012 another randomized phase II clinical trial with the combination of cis and S-1with/without 

N in first-line GC patients was presented in ASCO annual meeting. 62 patients were included and the 

ORR was 50 vs. 63% with and without the antibody respectively. Median TTP was in favour of the 

combination with N (5 vs. 3 months). Once again, further studies are warranted to draw final 

conclusions [44]. 

2.1.4. Matuzumab 

Matuzumab (M) is a humanized IgG1 mAb against the EGFR. Rao et al. carriet out a phase I study 

of M combined with the ECX regimen (epirubicin/cis/cape) as first-line therapy for patients with 

EGFR positive GC and GEJ cancer by IHC1atients screened, 47% had EGFR-positive tumors. The 

objective RR was 65%, and the median TTP was 5.2 months. The treatment was well tolerated, with 

fatigue being the major dose-limiting toxicity [45]. Of note, the TTP in this study was inferior to the 

PFS obtained in a phase III clinical trial of ECX without a targeted agent (6.2 months), reported by the 

same group [46]. 

An European randomized phase II trial (Matrix EG) carried out in GC and GEJ cancer with EGFR 

overexpression by IHC has evaluated ECX with or without M (Table 3). Preliminary results showed a 

RR of 58% vs. 31%, TTP of 7.1 vs. 4.8 months, and OS of 12.2 vs. 9.4 months, in favour of M [47]. 

Table 3. Clinical Trials with anti-EGFR agents (non-cetuximab) in advanced GC and GEJ cancers. 

Author 
Type of 
study 

N  
Selected 
by EGFR  

Line of 
treatment 

Treatment 
% 
RR 

TTP  
months 

OS  
months 

Okines et al. 2010 
REAL-III [42] 

Phase 
II–III 

200 
Not 
required 

First-line  
EOC + P 
EOC 

_ 
7.4 
6 

11.3 
8.8 

Kim et al. 2011 [43] Phase II 82 
Not 
required 

Advanced
-line 

Iri + N 
Iri  

_ 
2.4 a 

2.8 a 
9.7 
7.5 

Wang et al. [44] Phase II 62 
Not 
required 

First-line 
Cis + S-1 + N 
Cis + S-1 

50 
63 

5 
3 

_ 
_ 

Rao et al. MATRIX 
[47] 

Phase II 35 
Positive by 
IHC 

First-line 
ECX + M 
ECX 

58 
31 

7.1 
4.8 

12.2 
9.4 

a PFS.  

2.2. EGFR Tyrosine Kinase Inhibitors (TKI) 

Erlotinib and gefitinib are two small oral molecules of TKIs class that inhibit EGFR 

autophosphorylation and signal transduction [48]. 
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2.2.1. Gefitinib 

Gefitinib (ZD1839) is an orally active EGFR. In a phase II study of gefitinib monotherapy (at  

250 mg/day or 500 mg/day), 75 unselected patients with previously treated GC and GEJ cancers were 

treated, and the rate of disease control (DCR) was only 18.3%. This study was designed to assess “in situ” 

the biologic activity of the EGFR TKI, and gefitinib reached enough tumor concentrations to inhibit EGFR 

activation, however, this was not translated into clinical benefit [49]. Another phase II evaluating 

Gefitinib used in combination with cis+fluorouracil and radiotherapy in patients with locally advanced 

esophageal and GEJ cancer, as neoadjuvant treatment did not increase pathological complete RR, but 

3-year OS increased compared with historical controls showed a benefit (42% vs. 28%) [50]. 

2.2.2. Erlotinib 

In a phase II trial (SWOG 0127) of erlotinib used as a first line treatment in 70 unselected patients 

with advanced GC and GEJ cancer, the RR was 9% in GEJ cancer but no responses were seen in 

patients with GC. The OS was 6.7 and 3.5 months in patients with advanced GEJ cancer and GC. 

Authors concluded that erlotinib was active in patients with GEJ cancer, but apparently inactive 

against GC [51,52]. Moreover, when EGFR status was evaluated, it appeared not to be predictive of 

the outcome. 

It has been suggested that the lack of EGFR TKIs inhibitors activity in GC may be related to the 

different etiology seen by locations. In fact GEJ cancers are associated with Barrett’s esophagus, while 

GC with Helicobacter pylori infection. Moreover, the different molecular pathways targeted by these 

agents could be differentially expressed in proximal vs. distal cancers [53]. 

3. Human Epidermal Growth Factor Type 2 (HER-2) Targeting Agents 

HER2 is a member of the EGFR family. When ligands bind to the extracellular domains of these 

receptors, this interaction leads to homodimerization and heterodimerization of the EGFRs, followed 

by tyrosine autophosphorylation. In this cascade HER2 plays a coordinating role since each receptor 

with a specific ligand prefers HER2 as its heterodimeric partner. 

Overexpression of HER2 is seen in many types of human tumors including GC and GEJ cancers. 

Overexpression of HER2-neu evaluated by IHC and FISH in GC and GEJ cancers has been reported in 

7.5–22.9% of tumors. The largest data set of 3,883 advanced GC samples found Her-2 positivity, 

measured by inmunohistrochemistry and/or FISH, in 22.9% of samples. Her-2 positivity was higher in 

GEJ cancers than GC (33.2 vs. 20.9%, p = 0.001), and higher in intestinal than in diffuse/mixed cancer 

(32.2 vs. 6.1%/20.4%, p = 0.001) [9,54–58]. 

HER2 targeting agents include the monoclonal antibody trastuzumab (T) and the tyrosine kinase 

inhibitor lapatinib (L). 

3.1. Anti-Her-2/neu mAb: Trastuzumab 

T is a humanized monoclonal antibody against HER2. In preclinical studies, T inhibits the growth 

of HER2-positive GC cell lines and this effect is enhanced when combined with cytotoxic agents 

active in human GC such as cis, cape, iri, doxorubicin and taxanes [59–61]. 
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The preliminary results of a small phase II study with T and cis in 21 advanced GC patients with 

Her-2 overexpression demonstrated RR of 35%, with disease control rate (DCR) of 52% [62]. 

Safran et al. carried out another small phase I/II trial in which increasing doses of T were combined 

with cis/paclitaxel and radiation in patients with GEJ cancer HER2 overexpression of 2+ or 3+ by 

IHC. Nineteen patients were enrolled. 74% of them had either 3+ of HER2 or an increased HER2 gene 

copy number by FISH. Among them a 57% had a clinical complete response. Six of these patients 

underwent surgery, and 3 were found to have a pathological complete response. The median OS for all 

patients was 24 months and the 2-year survival was 50%. There was no cardiac toxicity in this trial [63]. 

The ToGA study was the first phase III, randomized controlled trial to evaluate T efficacy and 

safety in Her-2-positive advanced GC and GEJ cancers. The study was designed to investigate if 

adding T to a combination of cis and 5FU or cape could improve OS. Tumors from 3807 patients were 

evaluated for Her-2 positivity. 22.1% were positive, and 594 patients were randomized. At 

randomization, patients were stratified according to Eastern Cooperative Oncology Group performance 

status, chemotherapy regimen, extent of disease, primary cancer site, and measurability of disease. 

Median follow-up was 18.6 months in the T plus chemotherapy arm and 17.1 in the chemotherapy 

alone group. There was a statistically significant difference in RR in favour of T (47.3% in the 

trastuzumab plus chemotherapy group compared with 34.5% in the chemotherapy arm (p = 0.0017) 

Median PFS and OS favored also to the T containing arm (PFS 6.7 vs. 5.5 months, HR 0.71, 95% CI 

0.59–0.85; p = 0.0002; OS 13.8 vs. 11.1 months respectively; p = 0.0046, HR = 0.74, 95% CI  

0.60–0.91) [8]. 

An exploratory, post-hoc analysis showed that T plus chemotherapy substantially improved OS  

(16 months) in patients with high expression of HER2 protein (IHC 2+ and FISH positive or IHC 3+) 

compared with patients with low expression (IHC 0 or 1+ and FISH negative). No unexpected  

side-effects were seen in the T plus chemotherapy arm. Although an increase in incidence of 

asymptomatic left ventricular ejection fraction decrease (5% vs. 1%) was noted, no clinical cardiac 

failure was seen. 

The ToGA trial represents a landmark phase III trial of a targeted therapy in GC and GEJ cancer 

and is the first such study to show significant improvent in OS for a preselected patient population.  

T combined with chemotherapy is therefore a new standard option for the treatment of HER2-positive 

advanced GC and GEJ cancer [8] (See Table 4). 

3.2. Anti-HER-2 TKI: Lapatinib 

L is a dual tyrosine kinase inhibitor of EGFR and HER2. In GC and GEJ cancers, L may provide an 

effective molecularly targeted therapy in patients with T-resistant tumors. Several phase II studies have 

evaluated the efficacy of L monotherapy in GC. The SWOG-S0413 investigated L in 47 chemotherapy 

naive, unselected patients, showing modest activity. Only 7% of patients had a PR, and 20% had SD. 

TTP was 2 months and OS 5 months [64]. Another one carried out in a variety of malignancies with 

Her-2 amplification, considered to be refractory to standard therapy, assigned 16 patients with GEJ to 

L therapy, using a randomized discontinuation strategy for those who had SD. One patient had a 

durable complete response which lasted at least for 15 months and another patient had SD maintained 

at week 36 [65]. 
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Hecht et al. evaluated this treatment in 21 pretreated patients, but no objective response was seen 

though two patients experienced SD for 5 and 9 months [66]. 

Other studies were performed with L in combination with different regimens of chemotherapy. 

Lenz et al. combined L with cape in first-line. The patients were unselected and the results showed a 

RR of 24% in 58 advanced GC patients [67]. 

A number of studies are currently evaluating L in combination with chemotherapy in advanced GC. 

EORTC-40071 is a randomized, placebo-controlled phase II study evaluating L in combination with 

ECF or ECX. This study will prospectively explore the roles of Her-2 and EGFR status [68]. L is also 

being tested in TYTAN, an open-label, randomized phase III study comparing paclitaxel with and 

without L in advanced GC patients expressing Her-2 as second-line therapy [69]. Another phase III 

study (LOGiC; L Optimization Study in HER2 Positive Gastric Cancer; LOGIC) is comparing cape 

and ox with/without L in a first-line setting [70] (See Table 4). 

Table 4. Clinical trials with anti-HER-2 agents: T and L. 

Author 
Type of 
study 

N  
Line of 
treatment 

Treatment 
% 
RR 

TTP 
months 

OS  
months 

Bang et al. [8] 
Phase III 
ToGA 

594 
First-line  
(selected) 

Cisp + 5FU/capecit+ T 
Cis + 5FU/cape 

47.3 
34.5 

6.7 
5.5 

13.8 
11.1 

Iqbal et al. [64] Phase II 47 
First-line 
(unselected) 

L  7 2 5 

Galsky et al. [65]  16 Advanced-line L 6 _ _ 

Lenz et al. [67] Phase II 58 
First-line 
(unselected) 

L + cape 24 _ _ 

TYTAN [69] Phase III _ 
Second-line 
(Selected) 

Paclitaxel + L 
Paclitaxel  

_ _ _ 

LOGIC [70] Phase III _ 
First-line 
(Selected) 

Capecit + oxali + L 
Capecit + oxali 

_ _ _ 

4. Vascular Endothelial Growth Factor (VEGF) 

Tumor growth and metastasis has been strongly linked with angiogenesis in most human tumors 

and the vascular endothelial growth factor (VEGF) is the most potent and specific angiogenic factor 

identified [71]. 

There are several members included in the VEGF family, namely VEGF-A, B, C, D, E and placenta 

growth factor (PGF). Each member binds to different VEGF receptors (VEGFR): VGFR-A binds to 

VEGFR-1 and 2, while VEGF-B and PGF bind to VEGFR-1, and VEGF-C and D bind to VEGFR-2 

and 3 [72]. 

Serum VEGF concentrations have been shown to be related to vascular involvement, metastasis and 

poor outcomes in patients with GC and GEJ cancers [73–75]. 

There are several anti-VEGF therapies which have been evaluated. These include the monoclonal 

antibody bevacizumab and multitarget tyrosine kinase inhibitors such as sunitinib and sorafenib. 
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4.1. Anti-VEGF mAb 

4.1.1. Bevacizumab (B) 

B is a recombinant humanized monoclonal antibody that targets VEGF. Its combination with 

chemotherapy has shown to increase the anticancer activity in different tumours types [76–78]. 

A retrospective review of 16 patients who had received a combination of B combined with 5FU, 

leucovorin, and ox (FOLFOX-6) as first or advanced line for metastatic esophageal, GEJ cancer and 

GC showed interesting results. The DCR was 100% with 63% of PR and 37% of minor responses or 

SD. The median TTP and OS were 7 and 8.9 months respectively and in contrast to previous trials, 

there was no serious B-related toxicities [79]. 

There are several phase II and a phase III studies evaluating the efficacy of first-line B in patients 

with advanced GC and GEJ tumours. Globally when combined with chemotherapy as first-line the RR 

varies between 24–67% with TTP of 6.6–8.3 months and OS 11.1–12.3 months.  

Shah et al. carried out a multicenter phase II study with iri, cis, and B. After the evaluation of  

47 patients, the RR was 65% and the median OS was 12.3 months (95% CI, 11.3 to 17.2 months). 

There was no increase in chemotherapy-related toxicity but B-related toxicity included a 28% 

incidence of grade 3 hypertension, two patients with gastric perforation (in the context of both disease 

progression and response to the treatment) and a single patient with a myocardial infarction. Grade 3 to 

4 thromboembolic events occurred in 25% of patients. Of note is that though the primary tumor was 

unresected in 40 patients, only two patients showed significant upper gastrointestinal bleeding, one of 

them in the setting of anticoagulation therapy due to a pulmonary embolism [78]. 

Another phase II study with ox, docetaxel and B was performed in 38 patients. Though they 

observed DCR of 79% with median PFS of 6.6 months and OS of 11.1 months, two patients had 

gastrointestinal perforation. This fact raised safety-related concerns with B in first-line although no 

toxic deaths were recorded and its activity was promising [80]. 

When B was combined with docetaxel, cis and iri in GEJ cancers, the DCR was 93%. In this study 

all the patients were also treated with aspirin 81 mg daily unless clinically contraindicated, patients. 

The combination was globally well tolerated with 9% grade 4 thromboembolic events, but 

interestingly none of these in those patients taking aspirin [81]. 

The phase II study of modified DCF (docetaxel, cis, 5FU) with B in 42 patients with metastatic GEJ 

cancer showed a DCR of 89%, a 6-month PFS of 83%, and the median OS was not reached at the time 

of reporting. The OS rate was 75% at 12 months and 22% at 18 months. In this trial, side effects included 

asymptomatic venous thromboembolism (29%), and 1 patient had grade 3 upper gastrointestinal 

bleeding [82]. 

A further phase II trial with the same combination in 44 patients reported a RR of 67% with a 

median PFS of 12 months and OS of 16.2 months with 37% of OS at 2-year [83]. 

This promising activity was tested in a phase III clinical trial evaluating the combination of cape 

and cis with B or placebo as first line treatment for patients with advanced GC (AVAGAST). A total 

of 773 patients were enrolled. Significant superiority of B over placebo was not demonstrated. The 

median OS was 10.1 months with placebo and 12.1 months with B (hazard ratio 0.87; p = 0.1002) 

though the latter was associated with a significantly longer PFS (29.5 vs. 38.0 months; p = 0.0121) 
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(See Table 5). The incidence of grade 3–4 toxicity was 0.5% in the placebo group and 6.2% in the B 

group. However, the incidence of arterial/venous thrombotic events and gastrointestinal perforation 

were, respectively, 15.2 and 2.1% in the placebo group vs. 9.6 and 1.3% in the B arm [84,85]. Regional 

differences were noted in a post hoc subgroup analysis. Asian-Pacific patients appeared to have better 

outcomes as measured by OS, independent of other prognostic variables. Patients from Europe/Americas 

with one or more unfavorable prognostic factors also appeared to derive a survival benefit from B  

(6.8 vs. 11.5 months in America and 12.1 vs. 13.9 in Europe) [85,86]. 

Table 5. Clinical trials with anti-VEGF agents for advanced GC and GEJ cancers. 

Author 
Type of 
study 

N  Line  Type of chemo % RR 
TTP 
mos. 

OS 
mos. 

Shah et al. [78] Phase II 47 First-line Cis + iri + B 65 8.3 12.3 

El Reyes et al. [81] Phase II 38 First-line Ox + docetaxel + B 59 6.6 11.1 

Enzinger et al. [92] Phase II 26 First-line Docetaxel + cis + iri + B 24 _ _ 

AVAGAST [82,84–87] Phase III 
387 
387 

First-line 
Cis + cape + B 
Cis + cape + placebo 

46 
37.4 

6.7 
5.3 

12.1 
10.1 

Shah et al. [83] Phase II 44 First-line Docetaxel + cis + 5FU + B 67 12 16.2 

Kim et al. [93] Phase I 21 First-line Sorafenib + capecit + cis 63 10 14.7 

Sun et al. [94] Phase II 44 First-line Sorafenib + docetaxel + cis 39 5.8 13.6 

Moehler et al. [96] Phase II 38 Second-line Sunitinib  5 1.5 6.3 

Bang et al. [97] Phase II 42 Second-line Sunitinib 5 4.3 12.7 

RAINBOW [90] Phase III _ Second-line R + cis + fluoropyrimidine _ _ _ 

Ongoing  Phase III _ Third-line 
Apatinib 
Placebo 

_ _ _ 

A report of AVAGAST biomarker analysis showed that a high plasma VEGF-A levels and a low 

tumour neuropilin (NRP-1 which is a co-receptor for VEGF-A) expression were associated with 

favorable outcomes and these biomarkers were most common in distal and diffuse tumours. These 

biomarkers therefore could provide a rationale for GC and/or subtype-specific outcomes with B [87]. 

Currently the ST03 study is ongoing. This is a multicentre, open-label, phase II/III randomised 

clinical trial aiming at assessing the safety and feasibility (in the stage I with the first 200 pts) and 

efficacy (stage II) of the addition of B to perioperative ECX chemotherapy. A translational study is 

also ongoing. The primary outcome for stage I (safety results including cardiac EF) have already been 

reported [88]. The rate of complications was similar for both arms with the most relevant with 

perforations at the primary tumor, cardiovascular events such as heart failure and arrhythmia, wound 

healing complications and gastrointestinal bleeding.  

The stage II primary outcome measure is OS and the secondary end-points are RR, resection rate, 

disease free survival, toxicity, and quality of life. The accrual is expected to be completed in 2013. An 

embedded pilot study within ST03 randomising HER2 positive patients to ECX ± L is planned.  

4.1.2. Ramucirumab (R) 

R is a fully human, IgG1 monoclonal antibody that inhibits VEGFR-2. Phase I clinical trials 

demonstrated its safety and efficacy in patients with advanced cancer refractory to standard 
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chemotherapy [89]. The RAINBOW study, a randomized, multicenter, double-blind, placebo-

controlled phase III clinical trial of weekly paclitaxel with or without R (IMC-1121B) is ongoing in 

patients with metastatic GC refractory to or progressive after first-line therapy with platinum and 

fluoropyrimidine [90,91]. Another phase III study is currently ongoing, although the recruiting of 

patients has been completed, to receive R or BSC [92]. 

4.2. Anti-VEGF TKI 

4.2.1. Sorafenib 

Sorafenib is an oral multitargeted TKI that inhibits VEGFR-1, VEGFR-2, VEGFR-3, platelet 

derived growth factor (PDGFR), B-Raf, Raf-1 and c-Kit. In tumor xenograft models it is able to inhibit 

effectively tumor growth and angiogenesis. When it was combined with cape and cis for advanced GC 

in a first line phase I study, the RR was encouraging (62.5%) with a PFS of 10 months and OS of  

14.7 months [93]. Sorafenib has been also evaluated in phase II clinical trials. Sun et al. carried out a 

study of sorafenib combined with 3-weekly docetaxel and cis. The results were interesting as they 

achieved an OS of 13.6 months but with a PFS of only 5.8 months, which is less than the PFS reported 

in a phase III study of chemotherapy alone. The authors suggested that this result could be due to the 

use of second-line chemotherapy [94]. 

Another phase II study carried out by a Spanish group was presented in ASCO annual meeting 

2012. The study included 40 patients in second-line (36 were evaluable for response). The results 

showed a 47.2% of SD with one CR. The median PFS was 3 months and OS was 6.5 months. But in 

those cases in which PFS to first line was >6 months, OS of 9.7 months was achieved while only  

5.6 months if PFS <6 months after first line therapy (p = 0.04). The authors concluded that the 

combination of ox and sorafenib in advanced GC patients previously treated with cis and 

fluoropyrimidine showed a safe profile and suggest that PFS under a cis-fluoropyrimidine-based first 

line therapy determine subgroups of GC patients with different clinical behaviors [95]. 

4.2.2. Sunitinib 

Sunitinib is another oral multitargeted TKI which targets RET, VEGFR-1, VEGFR-2, VEGFR-3, 

PDGFRα, PDGFRβ, Flt 3, c-KIT, and colony-stimulating factor receptor 1. This drug has been tested 

as monotherapy for second-line treatment of advanced GC showing modest activity. In a phase II trial 

conducted on 52 patients with chemo-refractory advanced GC, sunitinib monotherapy resulted in a 

median OS of 5.8 months. In a subgroup analyses, tumor VEGF-C expression compared with no 

expression was associated with significantly shorter median PFS (1.2 vs. 2.8 months, p = 0.0119) even 

if it was no difference in RR [96]. 

Another phase II study performed in 78 patients as second-line treatment showed minimal 

radiological RR (2.6%), with a PFS of 2.3 and OS of 6.8 months [97]. Although the toxicities were 

manageable, at this time, there is no plan to move forward with sunitinib in further clinical 

investigations of GC [98]. 
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4.2.3. Cediranib 

Cediranib (AZD2171) is a highly potent inhibitor of VEGFR-1 and VEGFR-2 and it shows also 

activity against c-Kit and PDGFR-β [99]. This drug has been tested in a phase I study in combination 

with cis plus a fluoropyrimidine (S-1 or cape). 14 patients with advanced GC in first line were 

included and the tolerability was good being the most common side effects a decreased appetite, 

fatigue and nausea (92.9%) but the preliminary efficacy evaluation showed only one confirmed and 

three unconfirmed PR. Therefore additional studies with this drug are still expected [100]. 

4.2.4. Apatinib 

Apatinib is a TKI that selectively targets VEGFR-2. A randomized, three-arm phase II trial has 

evaluated apatinib as a third-line treatment for patients with advanced GC. 141 patients were recruited 

and received apatinib (850 mg. qd.), apatinib (425 mg. bid.), or placebo. The results showed the 

highest RR for the group with the lowest dose of apatinib (13%), with a DCR of 39.1%. The median 

PFS was similar for both groups with apatinib (3.4 months) and the median OS was 2.5, 4.8, and  

4.3 months respectively for the three groups. Adverse reactions with this drug included mainly 

hypertension and hand-foot syndrome [101]. With these results a phase III clinical trial comparing 

apatinib to placebo also in a third-line setting in advanced GC is currently being conducted. The 

enrollment target is 270 and the patients are randomized to apatinib 850 mg qd oral or placebo [102]. 

4.2.5. Telatinib 

Telatinib is a highly selective, potent and orally available inhibitor of VEGFR, PDGFR and KIT 

tyrosine kinases. Telatinib, because of its highly selective nature appears well tolerated at high, 

continuous doses and exhibits no overlapping toxicities with chemotherapy. A phase II trial in 

combination with standard-of-care chemotherapy in first-line GC patients has been performed among 

39 evaluable patients. 64% showed a PR and one patient had a CR. The overall DCR was of 92%. The 

median PFS was 140 days and the combination was well tolerated at the full recommended dose of 

telatinib. The most common side effects, such as hypertension and fatigue, were manageable and 

reversible [103]. Given these promising results, a phase III multicenter, double-blind, randomized trial 

evaluating telatinib in combination with cis and cape is planned.  

5. Other Targeted Agents 

5.1. PI3k-Akt-mTOR-Targeted Therapy 

Everolimus 

Everolimus (RAD001) is an oral inhibitor of the mammalian target of rapamycin serine-threonine 

kinase (mTOR). This drug has shown to inhibit the PI3K/Akt/mTOR pathway, a key regulator of cell 

proliferation, metabolism, and angiogenesis, and has shown efficacy against GC in preclinical and 

phase I/II studies. 
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Yamada et al. carried out a phase II study to evaluate the activity of everolimus in 53 patients with 

previously treated metastatic GC. The results were presented in ASCO Gastrointestinal Cancers 

symposium 2009 and showed no objective responses but DCR of 55% with a median PFS of 83 days 

(95% CI 50–91 days) [104]. Takiuchi et al. demonstrated good activity with everolimus in previously 

treated advanced GC patients with SD of 56%, PFS 2.7 months, OS 10.1 months [105]. Both of these 

studies showed a good tolerance with stomatitis, anorexia, fatigue, rash and peripheral edema as the 

main adverse events. Only stomatitis and hyponatremia were the two main grade 3/4 side effects. 

A phase III study (GRANITE-1) of 656 patients with advanced GC previously treated with one or 

two lines of systemic treatment has also been presented. No significant improvement in OS when 

patients received everolimus compared with BSC (5.4 vs. 4.3 months, respectively p = 0.1244). 

Everolimus did, however, reduce the risk of progression by 34% and the PFS was 1.7 vs. 1.4 months 

respectively (p = 0.0001). These results were consistent across the different subgroups of patients 

included and the everolimus safety profile was consistent with that previously seen in other trials [106] 

(See Table 6). Given the observed improvement in PFS, everolimus may be interesting in combination 

with other biological or chemotherapy agents in future studies, especially if evaluated in first-line therapy.  

Table 6. Clinical trials with everolimus in previously treated patients with GC. 

Author 
Type of 
study 

Line N Type of chemo 
% 
RR 

TTP 
months 

OS 
months 

Doi et al. [104] Phase II Advanced 53 Everolimus 0 2.7 10.1 
Van Cutsem  
et al. [106] 

Phase III  Advanced 656 
Everolimus+BSC 
BSC 

_ 
1.7  
1.4 

5.4 * 
4.3 

* Non-statistically significant. 

5.2. Polo-like Kinase 1 Inhibitors 

Polo-like kinase 1 (Plk1) belongs to a family of serine/threonine kinases which have similar but 

non-overlapping functions in the cell cycle progression. Plk1 plays a key role to ensure the normal 

mitosis and is mainly expressed in proliferating tissues but overexpressed in cancers. 

Overexpression of Plk1 could be also a prognostic marker for many cancers. In the study performed 

by Kanaji et al. in patients with GC, authors found that the prognosis of patients with PLK1-positive 

tumors was significantly worse than that of patients with PLK1-negative tumors (p < 0.05). Moreover, 

multivariate analysis demonstrated that PLK1 expression was an independent prognostic factor [107]. 

Several Plk1 inhibitors have been developed and tested for the cancer treatment. In a phase I study of 

dose escalation of the Plk1 inhibitor BI 2536, the maximum tolerated dose was defined at 100 mg for 

day 1 and 8 schedule. Patients were treated for up to eight courses without evidence of accumulating 

toxicity. This drug showed to have a favorable PK and safety profile at the tested dose and schedule [108]. 

5.3. HGF-c-Met Pathway and FGFR Pathway 

c-Met, a cell surface receptor for hepatocyte growth factor (HGF), regulates multiple cellular 

processes such as cell proliferation, invasion and angiogenesis. Studies carried out in vitro and in vivo 

have shown its overexpression and activation in GC [109]. Autophosphorylation of c-met, a 
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transmembrane tyrosine kinase, activates several signaling transduction cascades leading to cancer 

metastasis-cell proliferation, motility, invasion and angiogenesis. 

To elucidate the role of c-met activation in GC invasion and liver metastasis, the functional 

expression and activation of c-met in GC cell lines and tumor tissues was evaluated. Authors found 

that c-met activation was strongly associated with GC invasion and liver metastasis [110]. 

Disappointingly, GSK1363089 a TKI of c-Met has shown no clinical benefits in patients with 

previously treated gastric cancer [111]. 

5.3.1. Tivantinib 

Tivantinib is a selective, non-ATP competitive, small-molecule inhibitor of c-MET. Elevated 

expressions of c-MET and its ligand, hepatocyte growth factor (HGF), have been frequently found in 

GC, and are associated with a more aggressive phenotype. 

A single arm phase II study evaluating the efficacy of tivantinib as monotherapy in patients with 

metastatic GC previously treated evaluated thirty patients. No objective responses were obtained. The 

DCR was 36.7% with a median PFS of 43 days (95% CI: 29.0–92.0). This study carried out a 

pretreatment tumor tissue collection to evaluate the relationship between biomarkers and efficacy of 

this drug. c-MET gene amplification (defined as ≥5 copies/cell) was observed in 13.3%. Authors did 

not identify any relationship of treatment outcome with biomarkers including c-MET gene 

amplification, c-MET, p-c-MET and HGF expression in tumor. 

Regarding toxicity, grade 3 or 4 adverse events occurred in 43.3% patients, being neutropenia and 

anemia recognized as drug-related, but fortunately there was no treatment-related death and novel 

safety concern was not recognized [112]. 

5.3.2. Rilotumumab 

The effectiveness of this agent, a mAb against HGF, was reported in a randomised phase II trial 

presented in ESMO congress 2011. The results were in favour of the combination with chemotherapy 

(ECX) compared with chemotherapy alone and more remarkable for c-Met overexpression patients 

established by IHC. Currently further randomised clinical trials targeting these population with 

overexpression of c-Met are being planned [113]. 

5.4. Fibroblast Growth Factor Receptor (FGFR) 

Dovitinib 

Dovitinib is a FGFR inhibitor which has shown clinical benefits in GC. It is being evaluated in a 

single-center, single-arm, open-label phase II trial as salvage treatment monotherapy for patients with 

metastatic or unresectable GC harboring FGFR2 amplification after failure of first or second line 

chemotherapy [114]. The results are still pending. 
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6. Conclusions and Future Directions 

Despite all the efforts put in improving GC prognosis, it is still an aggressive disease with a high 

mortality rate. Moreover most of the patients will present with an advanced disease at diagnosis which 

makes even more pessimistic the situation. Even though, improvements in GC therapy are expected as 

our comprehension of GC molecular biology and signaling pathways ameliorates [115]. If in the past 

the combination of several chemotherapeutic agents prolonged the OS, at present we look at the 

integration of targeted therapies which has shown promising results over the past decade [116]. 

In fact, the addition of trastuzumab to combination chemotherapy is now considered a standard 

first-line treatment for HER2 positive advanced GC patients and this has led to a new era in the 

treatment of this disease. Moreover this treatment is still under investigation for potential use in 

perioperative settings. 

Lapatinib is currently one of the most promising new agents for this disease with two phase III 

clinical trials ongoing in selected patients with HER-2 positivity. The LOGIC trial in first-line setting 

with capecitabine and cisplatin and the TYTAN in second-line with paclitaxel. 

As opposed to this the agents targeting human EGFR remain very controversial in treating GC. 

While cetuximab combined with standard chemotherapy has shown promising results in phase II trial, 

the phase III EXPAND failed in prolonging the PFS and OS when compared to chemotherapy alone. 

Whether this negative result could be due to the lack of patients selection based on the presence of 

reliable predictive biomarkers is something that deserves further attention and research. In addition, the 

REAL-III trial, another phase III evaluating the benefit of adding panitumumab to a combination of 

chemotherapy not only failed in showing any advantage but also showed a worsening of OS and PFS. 

Authors concluded that these findings may be in part due to lowered doses of chemotherapy used in 

this regimen but the reality is that further studies are still necessary to draw a definitive conclusion.  

More promising, however, seems to be the combination with chemotherapy and matuzumab but it 

has only been evaluated in phase II trials. 

Antiangiogenic therapy has shown only marginal effectiveness over existing treatments for GC 

despite all the efforts done, and the main cause for these negative results has been as well the lack of 

predictive biomarkers for these drugs activity which would allow better selection of the targeted 

population to be treated. Although biomarkers such as serum VEGF-A and microvessel density have 

repeatedly been reported as potentially useful predictive markers for the effectiveness of these  

anti-angiogenic treatments, they remain still unconfirmed by phase III trials which makes it really 

difficult to establish which agents might be most beneficial to certain patients. 

The majority of existing targeting agents focus on both EGF/VEGF and their receptors, but more 

recent research has revealed many new pathways related to tumor angiogenesis and proliferation, 

providing numerous new potential targets. In this way, several trials are ongoing to test potential 

targeting agents addressed to the downstream components of VEGFR/EGFR, such as inhibitors of 

mTOR, c-Met, and HDAC. The phase III trial of everolimus (GRANITE-1) has reported prolonged 

PFS at ASCO Gastrointestinal Cancers Symposium this year with a reduction of 34% of the risk  

of progression. What is relevant is the point that generally the treatments are well tolerated with no 

unexpected toxicities and most of them easy manageable. 
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Finally, drug resistance is still a critical issue in the development of molecular targeted agents. In 

fact, effective treatment may well involve a combination of different targeted agents, or targeted agents 

with several regimens of chemotherapies, or it may require the use of sequential molecular treatments 

as part of complex approaches to cancer therapy. 

Globally, it remains really clear that further studies are necessary to optimize the usage of 

anticancer drugs in clinical settings but the development of reliable biomarkers become a key point to 

better selection of a tailored therapy for individual patients which may also significantly improve 

treatment safety and patient survival. 
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Appendix 

Summary of all the clinical trials sorted by molecular agent and year of publication. 

Table A1. Summary of clinical trials. 

Author/Study/Ref. Type of study Year Molecular agent 

Shah et al. [78] Phase II  2006 Cetuximab 

Pinto et al. FOLCETUX [20] Phase II 2007 Cetuximab 

Wöll et al. [27] Phase II 2008 Cetuximab 

Zhang et al. [26] Phase II 2008 Cetuximab 

Pinto et al. DOCETUX [21] Phase II 2009 Cetuximab 

Han et al. [22] Phase II 2009 Cetuximab 

Kanzler et al. [24] Phase II 2009 Cetuximab 

Yeh et al. [25] Phase II 2009 Cetuximab 

Enzinger et al. [30] Phase II 2010 Cetuximab 

Kim et al. [23] Phase II 2011 Cetuximab 

MerckSerono.EXPAND [31] Phase III 2012 Cetuximab 

Okines et al. REAL-III [40–42] Phase II-III 2010 Panitumumab  

Rao et al. MATRIX [47] Phase II 2010 Matuzumab  

Sun et al. [94] Phase II 2010 Sorafenib  

Bang et al. ToGA [8]  Phase III 2010 Trastuzumab  

Enzinger et al. [81] Phase II 2008 Bevacizumab  

El Rayes et al. [80] Phase II  2010 Bevacizumab 

AVAGAST [84–87]  Phase III 2011 Bevacizumab  

Shah et al. [78] Phase II  2011 Bevacizumab  

Iqbal et al. [64] Phase II 2007 Lapatinib  

Lenz et al. [67] Phase II 2010 Lapatinib  

TYTAN [69] Phase III 2010 Lapatinib  

Galsky et al. [65] Phase II 2012 Lapatinib  
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Table A1. Cont. 

Author/Study/Ref. Type of study Year Molecular agent 

LOGIC [70] Phase III ongoing Lapatinib 

Kim et al. [43] Phase II 2011 Nimotuzumab 

Wang et al. [44] Phase II 2012 Nimotuzumab 

Moehler et al. [96] Phase II 2011 Sunitinib 

Bang et al. [97] Phase II 2011 Sunitinib 

Doi et al. [104] Phase II 2010 Everolimus 

Van Cutsem et al. [106] Phase III 2012 Everolimus 

RAINBOW [90] Phase III 2012 Ramucirumab 
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