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Abstract

Trastuzumab that targets human epidermal growth factor receptor 2 (HER2) protein is the only approved molecular targeting agent for treating gastric cancer in Japan and the outcomes have been favorable. However, trastuzumab is effective for only 10% to 20% of the population with gastric cancer that expresses HER2 protein. Molecular targeting therapy with bevacizumab against vascular endothelial growth factors (VEGF) and with cetuximab and panitumumab against the epidermal growth factors pathway that have been approved for treating colorectal cancer are not considered effective for treating gastric cancer according to several clinical trials. However, ramucirumab that targets VEGF receptor-2 prolonged overall survival in a large phase Ⅲ clinical trial and it might be an effective molecular targeting therapy for gastric cancer. The significance of molecular targeting therapy for gastric cancer remains controversial. A large-scale randomized clinical trial of novel molecular targeting agents with which to treat gastric cancer is needed.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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INTRODUCTION

Gastric cancer is the fourth most common cancer worldwide; 603003 and 330290 new diagnoses for men and women, respectively, were recorded during 2002[1]. The disease is associated with an annual death rate of 700000, making it the second most common cause of cancer death worldwide[2]. The geographic variation in prevalence is remarkable, as 60% of gastric cancers arise in East Asia[3,4]. Although the incidence of gastric cancer is declining in western countries, the frequency of adenocarcinomas of the gastro-esophageal junction (GEJ) is increasing[3-6]. Surgery and perioperative therapy are potentially curative strategies for treating patients with resectable cancer. However, most patients with gastric cancer have stage Ⅳ disease at presentation and thus are candidates for palliative chemotherapy. The median survival of patients with advanced gastric cancer who do not receive chemotherapy is 3-4 mo. Chemotherapy plays an important role in the treatment of advanced gastric cancer, but an effective chemotherapy regimen for unresectable or recurrent gastric carcinoma was not established until the 1990s. The new oral fluoropyrimidine S-1, which comprises tegafur, 5-chloro-2,4-dihydropyrimidine and potassium oxonate, was recognized as being effective against gastric cancer during the mid-1990s[7]. The recent Japanese ACTS-GC trial demonstrated the effectiveness of S-1 against stage Ⅱ-Ⅲ gastric cancer after curative resection with D2 lymphadenectomy, and S-1 improved the 3-year overall survival (OS) rate from 70.1% for surgery alone to 80.1%[8]. Several novel chemotherapeutic agents, including irinotecan (CPT-11), taxanes (paclitaxel and docetaxel), and oxaliplatin, in combination with S-1, have offered hope for improving the outcomes of patients with gastric cancer[9-11]. The recent response rates to several chemotherapy regimens, such as S-1 with cisplatin in the SPIRITS trial, have been remarkably high[12], and this regimen is frequently administered as a first-line chemotherapy, with good results against advanced disease[13]. However, the prognosis of advanced or recurrent gastric cancer remains unsatisfactory. We believe that molecular targeting therapy will increase the survival rates of patients with advanced or recurrent gastric cancer.

To date, various factors, such as epidermal growth factors (EGFR) including HER2, VEGF, FEGFR, and mammalian target of rapamycin (mTOR), have been considered as targets of therapy of gastric cancer. Monoclonal antibodies (trastuzumab, bevacizumab, ramucirumab, cetuximab, and panitumumab), tyrosine kinase inhibitors (sunitinib and lapatinib) and an mTOR inhibitor (everolimus) have been administered to patients with gastric cancer in various clinical trials. However, molecular targeting therapy is less effective against gastric cancer compared with other cancers such as colorectal and breast cancers. In fact, only trastuzumab, which is a fully humanized monoclonal antibody that binds to the extracellular domain of the HER2 receptor, is available for treating gastric cancer. Here, we describe molecular targeting therapy for gastric cancer and review clinical trials.
TRASTUZUMAB
The 185-kDa HER2 protein is encoded by a gene located on chromosome 17q21. It is a transmembrane tyrosine kinase receptor with an extracellular ligand-binding domain that comprises a short transmembrane domain and an intracellular domain that has kinase activity. The HER2 protein is a member of the epidermal growth factor (EGFR) family of growth factors that comprises structurally related HER1 or ErbB1, also known as EGFR, HER2 or ErbB2, HER3 or ErbB3 and HER4 or ErbB4. HER2 receptors also localize in the nucleus, where they function as transcription factors for cyclin D1 and p53[14,15]. Therefore, HER2 (also known as c-erbB-2/neu) acts as an oncogene that is involved in the regulation of cell proliferation, differentiation, motility and apoptosis[16-20] (Figure 1).

The importance of addressing HER as a therapeutic target is underscored by many molecular and pathological findings. Amplified HER2 relates to carcinogenetic processes and adverse pathological features such as tumour size, invasion and metastatic spread; far more HER2 gene is expressed in cancer cells than in non-malignant adult cells[21]. The HER2 protein is overexpressed in breast, lung, salivary gland, ovarian, colon, prostate and pancreatic cancers[22,23]. Although HER2 is not associated with an adverse prognosis of gastric cancer to the extent that it is in breast cancer, inhibition of the HER2 pathway in patients with tumours overexpressing HER2 has conferred clinical benefits.

The expression of HER2 in gastric cancer is primarily detected using immunohistochemistry (ICH) and in situ hybridization (ISH). The basolateral membrane typically immunostains for HER2 in gastric cancer and less so on the luminal aspect of the cells, conferring a U-shaped appearance to the staining, whereas complete membrane staining is the rule for high scores in breast cancer. Another difference is the heterogeneity of immunostaining, which is rare in breast, but frequent in gastric tumours. The ICH should be used as the primary test; patients with scores of 3+ would be candidates for HER2 directed therapy, those with 2+ should be re-tested using ISH, and ISH-positive patients would be eligible for trastuzumab with chemotherapy[24]. HER2 is becoming regarded more and more as an important biomarker and cause of gastric cancer, as it is mainly amplified or overexpressed in 7%-34% of intestinal as well as GEJ and proximal tumours[21,25,26].

Trastuzumab is a fully humanized monoclonal antibody that binds to the extracellular domain of the receptor, and it acts by blocking HER2 receptor cleavage, thus inhibiting dimerization, inducing antibody-dependent cellular cytotoxicity, and increasing endocytosis of the receptor, possibly through anti-angiogenic effects[27-29].

The phase Ⅲ multicentre, international ToGA trial that proceeded in 24 countries constitutes a milestone, as it established trastuzumab as the first biological therapy to confer survival benefits upon patients with gastric cancer[30-32]. The trial compared the effects of trastuzumab combined with standard chemotherapy (cisplatin + either capecitabine or 5-FU) upon inoperable locally advanced, recurrent or metastatic HER2-positive gastric cancer as a ﬁrst-line therapy with those of chemotherapy alone. Patients were treated with six cycles of chemotherapy in both treatment arms, with patients in the experimental arm continuing treatment with trastuzumab until disease progressed. Cisplatin (80 mg/m2) was intravenously infused on day 1. Capecitabine (1000 mg/m2) was orally administered twice daily for 2 wk followed by a 1-wk rest or a continuous infusion of 5-FU (800 mg/m2 per day) on days 1-5 of each cycle. Trastuzumab was intravenously administered at a loading dose of 8 mg/kg on day 1 of the ﬁrst cycle, followed by 6 mg/kg thereafter.

The primary objective of the study was to compare OS in both arms, and the secondary objectives were to compare progression-free survival (PFS), time to progression, overall response rates, disease control, duration of response and quality of life between the two treatment arms. Among 3665 tumour tissue specimens screened for HER2 positivity, 22% were HER2-positive (intestinal, diffuse and mixed types: 34%, 6% and 20%, respectively). Specimens were scored using IHC and fluorescence ISH (FISH) as 3+ (candidates for HER2-directed therapy) or 2+ (specimens should be re-examined using ISH; ISH-positive tumours were eligible for trastuzumab with chemotherapy). The rate was highest in 34% of GEJ and in 20% of gastric cancer samples[33], findings that agreed with those of other studies in which positivity rates were between 24% and 35% and between 9.5% and 21%, respectively[21,25,34-36].

The combination of trastuzumab with chemotherapy led to a signiﬁcantly better median OS compared with the same chemo-therapeutic regimen alone in patients with advanced HER2-positive cancers (13.8 mo vs 11.1 mo). This effect was evident in patients with intestinal, but not diffuse-type gastric cancer[32,37]. Trastuzumab also improved the median PFS (6.7 mo vs 5.5 mo) and the radiological response rate (47% vs 35%) (Table 1). A sub-analysis of these ToGA data that excluded patients with IHC 0-1+ FISH+ tumours found a main gain in median survival of 4.2 mo, which was comparable to the outcomes for breast cancer[38]. In fact, patients with the highest levels of HER2 expression (IHC 3+ FISH+) treated with trastuzumab plus chemotherapy gained the greatest benefit compared with chemotherapy alone (median survival: 17.9 mo vs 12.3 mo). These findings have established platinum-based chemotherapy plus trastuzumab as a standard treatment for HER2-positive gastric cancer.

In contrast, the S-1 plus CDDP (SP) regimen is a standard treatment for advanced gastric cancer in Japan[39,40]. Despite several studies of HER2-positive gastric cancer, the effects of SP in patients with different HER2 status remain unknown. Therefore, Honma et al[41] retrospectively compared the effects of the SP regimen between HER2- positive and negative types of gastric cancer. They could not conclude whether HER2 status influenced the survival of patients who received SP as a first-line chemotherapy. However, their report was the first to describe the effect of SP in HER2-positive, advanced gastric cancer. Their findings provide important historical data with which to interpret the outcomes of current worldwide phase Ⅱ evaluations of the effects of SP combined with trastuzumab.

Trastuzumab is the only molecular targeting drug for treating gastric cancer that has been approved by large-scale phase Ⅲ clinical trials associated with anti-cancer drugs. It is thought to have high therapeutic potential. Furthermore, HER2 has acquired a key role in gastric cancer management and it is also mandatory in order to predict the trastuzumab response in association with standard platinum-based chemotherapy. 

SUNITINIB

Vascular endothelial growth factors (VEGF), platelet-derived growth factors (PDGF) and stem cell receptors (KIT) are expressed or overexpressed in gastric cancer. Indeed, these pathways appear to play important roles in gastric cancer growth and metastasis and they have therefore become targets for the development of cancer therapies.

Sunitinib malate (SUTENT; Pfizer Inc., New York, NY, United States) is an oral, multitargeted tyrosine kinase inhibitor of VEGF receptors (1, 2, and 3), PDGF receptors ( and ), KIT and several other related receptor tyrosine kinases[42-44]. Sunitinib has received multinational approval to treat unresectable and/or metastatic imatinib-resistant/intolerant gastrointestinal stromal tumours, advanced/metastatic renal cell carcinoma, and unresectable or metastatic well-differentiated pancreatic neuroendocrine tumours[45,46].

A Phase Ⅱ study investigated the outcomes of sunitinib monotherapy in pre-treated patients with advanced gastric cancer. The patients were administered with sunitinib (50 mg/d) for 4 wk with a 2-wk rest until disease progressed or toxicity became unacceptable. In the intent-to-treat population (n = 51), the objective response rate (ORR) was 3.9%, median progression free survival (PFS) was 1.28 (95%CI: 1.18-1.90) mo, the median OS was 5.81 (95%CI: 12.8-36.5) mo and the estimated 1-year survival rate was 23.7% (95%CI: 12.8-36.5) (Table 2). Serious adverse events developed in 26 patients, leading to 13 deaths, none of which were related to sunitinib. Thirty-eight patients died of progressive disease and nine others died within 60 d of treatment. Sunitinib monotherapy thus appeared to be associated with a limited tumour response[47].

A Phase Ⅱ study evaluated the safety and efficacy of sunitinib as a second-line treatment for advanced gastric in 78 patients. Two patients (2.6%) had partial responses and 25 (32.1%) had the best response of stable disease for ≥ 6 wk. The median PFS was 2.3 mo (95%CI: 1.6-2.6) and median OS was 6.8 mo (95%CI: 4.4-9.6) (Table 2). Grade ≥ 3 thrombocytopenia and neutropenia were identified in 34.6% and 29.4% of patients, respectively, and the most common non-haematological adverse effects were fatigue, anorexia, nausea, diarrhoea and stomatitis. Although sunitinib alone has insufficient clinical value as a second-line treatment for advanced gastric cancer, its role in combination with chemotherapy merits further study[48].

A randomized phase Ⅱ trial investigated the effects of docetaxel and sunitinib in patients with unresectable or metastatic gastric cancer who were previously treated with fluoropyridine and platinum. The patients were assigned to either a docetaxcel monotherapy arm (D: 60 mg/m2 every 3 wk) or a combination of docetaxel + sunitinib (DS: 37.5 mg/d). The time to progression (TTP) was not significantly prolonged in the DS arm compared with the D arm 3.9 (95%CI: 2.9-4.9) vs 2.6 (95%CI: 1.8-3.5) mo (P = 0.206). The hazard ratio for TTP was 0.77 (95%CI: 0.53-1.16). However, the ORR was significantly higher in the DS arm (41.1% vs 14.3%, P = 0.002) (Table 2). Patients in the DS arm more frequently experienced stomatitis, diarrhoea and hand-foot syndrome. The investigators concluded that adding sunitinib to docetaxel did not significantly prolong TTP, although it significantly increased the response[49].

These findings indicated an insufficient therapeutic effect of sunitinib.

BEVACIZUMAB

Studies of tumour angiogenesis have provided a foundation for radical developments in the management and treatment of human cancers. The most sensitive angiogenic factor is VEGF, which is expressed in cancer cells. Several clinical trials have confirmed that some clinical benefit can be derived by targeting the vascular VEGF/VEGF receptor pathway. Senger et al[50] initially described VEGF in 1983 as a vascular permeability factor, and Ferrara and Henzel in 1989[51] later cloned the factor and found homology with VEGF. Among its many actions, VEGF enhances the permeability of tumour vessels[52], induces serine protease or metalloproteases[53,54], inhibits apoptosis in endothelial cells[55,56], and inhibits dendritic cell maturation[57]. Several randomized trials have shown that various VEGF-targeted agents confer clinical benefits upon patients with metastatic colorectal cancer, advanced non-small cell lung cancer, renal cell carcinoma, hepatocellular carcinoma and metastatic breast cancer[58]. Therapy targeting VEGF has thus become an important treatment option for several human malignancies.

The tumour/normal ratio of VEGF mRNA in gastric cancer tends to correlate with distant metastasis[59] and the positive expression of tissue VEGF, circulating VEGF, VEGF-C and VEGF-D were each associated with poor prognosis for patients with resected gastric cancer[60]. We previously reported that tissue VEGF is a useful indicator of the peritoneal recurrence of gastric cancer[61]. Our immunohistochemical study of clinical specimens identified a significantly higher VEGF score among patients with peritoneal recurrence than those without, and that the VEGF score was a significant parameter of peritoneal recurrence, suggesting that VEGF correlates with peritoneal metastasis from gastric cancer and is thus a useful indicator of such recurrence[61]. Bevacizumab is a humanized monoclonal antibody against VEGF that was the first angiogenesis inhibitor to become commercially available. The United States Food and Drug Administration approved bevacizumab in combination with standard chemotherapy to treat metastatic colorectal cancer in 2004, non-small cell lung cancer in 2006, and breast cancer in 2008. Bevacizumab was approved in Japan in combination with anticancer drugs to treat unresectable advanced or metastatic colorectal cancer in 2007. We performed a pilot study using a nude mouse model of peritoneal metastasis to determine whether bevacizumab could suppress peritoneal dissemination from gastric cancer[62]. The results indicated a significantly lower volume of ascites, a lower mitotic index and significantly better survival rates in the treated, than in the non-treated group. We concluded that VEGF correlates with peritoneal metastasis from gastric cancer, and that bevacizumab could inhibit VEGF and thus suppress peritoneal dissemination from gastric cancer[62].

Shah et al[63] performed a phase Ⅱ study of irinotecan, cisplatin and bevacizumab in 47 patients with metastatic or unresectable gastric and GEJ adenocarcinoma. At a median follow up of 12.2 mo, the median TTP was 8.3 mo. The ORR was 65% and the median survival was 12.3 mo in 34 patients with measurable disease. They concluded that TTP and OS are encouraging, with TTP being improved over historical controls by 75%[63] (Table 3).

Shah et al[64] performed a phase Ⅱ study of a modified administration schedule of docetaxel, cisplatin and fluorouracil (mDCF) with bevacizumab in 44 eligible patients with cancer (gastric, n = 22; GEJ, n = 20; oesophageal, n = 2). The confirmed response rate was 67% in 39 patients with measurable disease. The 6-mo PFS was 79%, and the median PFS was 12 mo. At 26 mo of follow up, the median OS was 16.8 mo, and the 2-year survival rate was 37%. They found that the 6-mo PFS was 79%, which surpassed their defined endpoint, and the median and 2-year OS were 16.8 mo and 37%, respectively (Table 3).

AVAGASTA was a global, randomized, phase Ⅲ trial that evaluated the outcomes of bevacizumab plus chemotherapy with capecitabine xeloda/cisplatin as a first-line treatment for patients with advanced gastric cancer. While the primary endpoint was not met (median overall survival HR = 0.87; p = 0.1002), PFS and overall response rates significantly improved and the safety profile for bevacizumab + chemotherapy was acceptable in these patients[65] (Table 3). However, a sub-analysis of the AVAGAST trial that evaluated the benefit of bevacizumab in advanced gastric cancer, found distinct differences in the outcomes according to disease subtype. Shah[66] reported that combining bevacizumab especially with chemotherapy appeared to improve outcomes for non-Asian patients with diffuse or distal gastric cancer.

A large-scale phase Ⅲ trial found that bevacizumab was not effective against gastric cancer and this agent was not approved for this purpose. However, bevacizumab was effective against gastric cancer in some patients.

LAPATINIB

Lapatinib is a dual tyrosine kinase inhibitor (TKI) that acts on both EGFR and HER2, and exerts activity against trastuzumab-resistant advanced breast cancer. The data suggest that trastuzumab is not associated with cross-resistance and lapatinib restored trastuzumab sensitivity in preclinical models[38,67]. Wainberg et al[68] found that lapatinib inhibits the growth of HER2-amplified cell lines and HER2-positive tumours in xenograft models, induces cell cycle arrest and apoptosis, and synergistically acts with trastuzumab.

A phase Ⅱ study of lapatinib as a first-line therapy in 47 patients with advanced gastric cancer showed modest single-agent activity, with a 12% response rate, 20% disease stabilization, a partial response in 7% of patients and a median OS of 5 mo, which was lower than that found with conventional cytotoxic chemotherapy[69]. Another phase Ⅱ study of lapatinib monotherapy in patients with GEJ overexpressing HER2 or oesophageal cancer reported limited single-agent activity, with no objective responses and stable disease in 8% of patients[70]. Lapatinib in conjunction with capecitabine as a first line treatment in the HER2-positive metastatic gastric cancer setting has been addressed in a multicentre phase Ⅱ trial. The response and stable disease rates were 22% and 45%, respectively[71]. Another phase Ⅱ trial found a partial response of 24% and stable disease in 34% of patients treated with lapatinib + capecitabine. The most frequent grade 3 and 4 side effects were anorexia, hand-foot syndrome, anemia and nausea and cardiotoxicity, none of which was significant[72]. Two phase Ⅲ studies are currently evaluating the outcomes of lapatinib combined with chemotherapy in advanced oesophagogastric cancer: the LOGIC trial[73,74] has combined lapatinib with oxaliplatin and capecitabine as a first-line treatment and the TYTAN trial[75,76] has combined lapatinib with weekly paclitaxel in a second-line setting. The OS results should be available from the LOGIC trial in 2014. TYTAN is the first randomized trial to compare the outcomes and safety of adding lapatinib to weekly paclitaxel as a second-line treatment for HER2-positive advanced gastric cancer. The TYTAN study includes 430 patients with advanced gastric cancer who had progressed after first-line therapy with fluoropyrimidine and/or cisplatin and had HER2 amplification detected by FISH. The median OS of lapatinib + paclitaxel and of paclitaxel alone were 11.0 and 8.9 mo, respectively (NS; HR = 0.48; P = 0.2088), whereas those in a HER2 IHC3+ subgroup were 14.0 and 7.6 mo, respectively (HR = 0.59; P = 0.0176). The PFS (5.6 mo vs 4.2 mo; HR = 0.54; P = 0.0101) and the objective response rate (27% vs 9%) were also noticeably better with, than without lapatinib among patients in the IHC 3+ subgroup[75,76] (Table 4).

The TYTAN trial found that lapatinib was not effective against gastric cancer and this agent was not approved for this purpose. However, lapatinib might be effective against HER2 IHC3+ gastric cancer.

EVEROLIMUS

Inhibition of the mammalian target of rapamycin (mTOR) pathway represents a new therapeutic target in the treatment of various human cancers. The key protein kinase that regulates cell growth and proliferation, cellular metabolism and angiogenesis, mTOR, is mainly activated via the PI3 kinase pathway through Akt/PKB and tuberous sclerosis complex[77]. Mutations in these components or in PTEN, a negative regulator of PI3 kinase, results in inappropriate mTOR activation[77]. The mTOR pathway is frequently dysregulated in various human cancers, including gastric cancer[78]. Oncogenic transformation maintained by a dysregulated mTOR pathway might sensitize tumour cells to mTOR inhibitors[77]. The mTOR downstream effectors, eIF4E and 4E binding protein 1 (4E-BP1) are overexpressed in GI cancer cells[77]. Everolimus reduced 4E-BP1 phosphorylation and attenuated the production of the proangiogenic factors, hypoxia-inducible factor 1 (HIF-1) and VEGF in these gastric cancer cell lines[78]. Everolimus is an orally bioavailable mTOR inhibitor that binds with high affinity to its intracellular receptor FKBP12[79].

Preclinical studies[77,78,80] and a phase Ⅰ study[81] have shown that everolimus has antitumour activity against advanced gastric cancer. A multicentre phase Ⅱ study has assessed the effects of everolimus in patients with previously treated metastatic gastric cancer in Japan[82]. Patients with advanced gastric cancer that progressed despite prior chemotherapy received oral everolimus (10 mg/d) until disease progressed or the study was discontinued. Fifty-three patients were assessable. Although a complete or partial response was not obtained, a central review found that the size of the tumour had decreased from baseline in 45% of patients. The disease control rate (DCR) was 56.0% and the median PFS was 2.7 mo. At a median follow-up of 9.6 mo, the median OS was 10.1 mo (Table 5). Thus, everolimus monotherapy appeared to result in a promising DCR for patients with previously treated advanced gastric cancer[82].

Eric Van Cutsem[83] presented phase Ⅲ results from the GRANITE-1 trial of everolimus monotherapy as a second-line treatment for advanced gastric cancer at the ASCO GI 2012 Cancer Symposium. The study enrolled 656 patients in 23 countries between July 2009 and December 2010. Among them, 439 were randomly assigned to receive everolimus 10 mg/d and 217 received a placebo. Roughly 75% of the patients were male, 53.3% were Asian, 47.7% had undergone one previous line of chemotherapy and 50.6% had undergone gastrectomy. The drug failed to meet the primary endpoint of improved OS. The median OS with everolimus vs placebo was 5.39 mo vs 4.34 mo (HR = 0.90; 95%CI: 0.75-1.08; P = 0.1244). However, the median PFS was 1.68 mo vs 1.41 mo (HR = 0.66; 95%CI: 0.56-0.78, P < 0.0001). The estimated 6-mo PFS were 12.0% and 4.3% in the experimental and placebo groups, respectively (Table 5).

Everolimus extended the 6-mo PFS and improved patient responses. The ORR of the everolimus vs the placebo group was 4.5% (95%CI: 2.6%-7.1%) vs 2.1% (95%CI: 0.6%-5.3%) (Table 5).

These findings suggested that everolimus has no meaningful activity as a single agent in patients with advanced gastric cancer. Given the evident improvement in PFS, everolimus might be valuable when combined with other biological or chemotherapeutic agents. Future studies should investigate this concept as a first-line therapy[83].

RAMUCIRUMAB

Tumour growth and metastasis are closely linked to angiogenesis in most human tumours and VEGF is the most potent and specific angiogenic factor known to date. The VEGF family includes VEGF-A, -B, -C, -D, and -E, and placenta growth factor (PGF). VEGF-A binds to VEGF receptors 1 and 2, whereas VEGF-B and PGF bind to VEGF receptor (VEGFR)-1, and VEGF-C and -D bind to VEGFR-2 and -3. Activation of these receptors stimulates a signaling cascade that results in endothelial mitogenesis and migration, the induction of proteinases, extracellular matrix remodeling, increased vascular permeability, and the maintained survival of blood vessels formed de novo[84] (Figure 2).

Ramucirumab is a fully humanized IgG1 monoclonal antibody that targets the extracellular domain of VEGFR-2[85,86]. Phase Ⅰ-Ⅱ trials in patients with various malignancies have shown promising clinical antitumour effects and tolerability[87].

At the 2013 ASCO GI Cancer Symposium, Charles S. Fuchs presented the phase Ⅲ clinical REGARD trial that was the largest phase Ⅲ trial of ramucirumab as a second-line therapy for advanced gastric or GEJ adenocarcinoma[88]. This global, randomized, double-blind trial of 355 patients with disease progression during first-line platinum- or combination therapy containing fluoropyrimidine showed that adding ramucirumab provided the best supportive care (BSC) and significantly prolonged the median OS; the primary endpoint increased from 3.8 to 5.2 mo (P = 0.0473). This translated into a 22% reduction in the risk of death with ramucirumab. Bolstering the OS results, ramucirumab also significantly prolonged the median PFS from 1.3 to 2.1 mo when combined with BSC (HR = 0.483; P < 0.0001). Furthermore, ramucirumab plus BSC more than doubled the disease control rate compared with BSC alone (48.7% vs 23.1%; P < 0.0001) (Table 6). Patients appeared to tolerate the VEGFR-2 inhibitor fairly well. Most adverse events associated with treatment emerged at a similar frequency in both the ramucirumab and placebo arms[88]. The survival benefit attained by adding ramucirumab to BSC appeared comparable to that achieved by adding second-line cytotoxic chemotherapy to BSC, and the REGARD trial validated the role of VEGFR-2 signaling as an important therapeutic target of treating advanced gastric and GEJ adenocarcinoma[88].

The results of the on-going phase Ⅲ RAINBOW trial that compares second-line treatment between ramucirumab and paclitaxel might further increase the survival benefit.

Trastuzumab remains the only molecular targeting agent that is approved for treating gastric cancer. However, ramucirumab should soon receive approval as a molecular targeting therapeutic agent.

CETUXIMAB

The transmembrane glycoprotein EGFR belongs to the tyrosine kinase growth factor receptor superfamily and is an important target of cancer therapy. EGFR is expressed in many human normal tissues and is overexpressed in a variety of tumours[89]; for example, 18%-91% of primary gastric cancer tumours and/or metastases overexpress EGFR and this correlates with a poor prognosis[90-94]. Cetuximab is a monoclonal IgG antibody directed against EGFR that binds to the extracellular domain of EGFR in an inactive configuration and competes for receptor binding by occluding the ligand-binding region[95]. This antibody-receptor interaction prevents receptor dimerization and thus blocks ligand-induced EGFR tyrosine kinase activation. Cetuximab also induces EGFR internalization, downregulation and degradation. Antibody-dependent cytotoxicity might also contribute significantly to the anticancer activity of cetuximab (Figure 3). Cancer-cell proliferation (G1 phase arrest) is inhibited by cetuximab, thus provoking an immune system-mediated antitumour response, inducing VEGF as well as tumour-induced angiogenesis, and cancer cell invasion[95]. Cetuximab potentiates the antitumour activity of cytotoxic drugs and radiotherapy in preclinical and clinical tumour models[96] and when combined with irinotecan-based therapies, confers a benefit upon patients with metastatic colorectal cancer, particularly for those with KRAS wild-type tumours[97]. The encouraging preclinical and phase Ⅱ data suggest a potential benefit of cetuximab especially in combination with conventional cytostatic therapy in patients with advanced gastroesophageal cancer[94,98,99]. Moreover, phase 2 studies of cetuximab plus various first-line chemotherapy regimens in patients with advanced gastric cancer have found manageable and predicted safety profiles with substantial activity (ORR: 41%-65%)[97,100-103].

Lordick et al[103] described the randomized, open-label EXPAND phase 3 trial of capecitabine and cisplatin with or without cetuximab that included 908 adult patients aged ≥ 18 years with previously untreated and histologically confirmed locally advanced unresectable (M0) or metastatic (M1) adenocarcinoma of the stomach or GEJ. The study proceeded at teaching hospitals and clinics in 25 countries, and the participants were randomly assigned to groups that were eligible (1:1) to receive first-line chemotherapy with or without cetuximab. Treatment consisted of three-week cycles of capecitabine (1000 mg/m2) twice daily on days 1-14 and intravenous cisplatin (80 mg/m2) (on day 1), with or without weekly cetuximab (400 mg/m2 initial infusion on day 1 followed by 250 mg/m2 per week thereafter). The primary endpoint was PFS. The median PFS for 455 and 449 of the 908 patients allocated capecitabine-cisplatin with or without cetuximab were 4.4 (95%CI: 4.2-5.5) and 5.6 (95%CI: 5.1-5.7) mo, respectively (HR = 1.09; 95%CI: 0.92-1.29; P = 0.32) (Table 7). Lordick et al[103] concluded that combining cetuximab with capecitabine/cisplatin provided no additional benefit over chemotherapy alone as a first-line treatment for advanced gastric cancer.

The results of Phase Ⅲ clinical trials did not find a sufficient therapeutic effect of cetuximab against gastric cancer.

PANITUMUMAB

Panitumumab is a fully human immunoglobulin G2 monoclonal antibody directed against the EGFR and it has conferred survival benefits for patients with advanced colorectal cancer[104].

The REAL2 non-inferiority study established epirubicin, oxaliplatin, and capecitabine (EOC) as a standard first-line regimen, and found a median OS of 11.2 mo[105]. This finding favorably compared with the alternative regimens assessed in REAL2, including a combination of epirubicin, cisplatin and fluorouracil that was associated with a median OS of 9.9 mo[105].

Waddell et al[106] reported a randomized open-label phase 3 trial of epirubicin, oxaliplatin and capecitabine with or without panitumumab that included 522 patients with previously untreated, metastatic or locally advanced oesophagogastric adenocarcinoma at 63 centres in the UK (REAL3). Eligible patients were randomly allocated (1:1) to receive up to eight 21-d cycles of open-label EOC [epirubicin (50 mg/m2) and oxaliplatin 130 mg/m2 on day 1 and capecitabine (1250 mg/m2 per day on days 1-21) or a modified dose of EOC plus panitumumab (mEOC+P: epirubicin, 50 mg/m2 and oxaliplatin 100 mg/m2 on day 1; capecitabine, 1000 mg/m2 per day on days 1-21 and panitumumab 9 mg/kg on day 1). The primary endpoint was OS in the intent-to-treat population. The median OS in 275 of the 533 patients who were allocated to receive EOC was 11.3 (95%CI: 9.6-13.0) vs 8.8 (95%CI: 7.7-9.8) mo and in 278 patients allocated to receive mEOC + P (HR = 1.37; 95%CI: 1.07-1.76; p = 0.013). Based on 333 events (EOC, n = 153; mEOC + P, n = 180), the effects of PFS did not differ between the treated groups (HR = 1.22; 95%CI, 0.98-1.52; P = 0.068). The median PFS in the mEOC + P and EOC groups were 6.0 (95%CI: 5.5-6.5) and 7.4 (95%CI: 6.3-8.5) mo, respectively (Table 7). Waddell et al[106] concluded that adding panitumumab to EOC chemotherapy does not increase OS and cannot be recommended for use in an unselected population with advanced oesophagogastric adenocarcinoma.

They listed three explanations for the poor outcome associated with mEOC + P in that trial[106]. Firstly, as previously reported[107], combining panitumumab with full-dose EOC during the initial stages of the trial was associated with unacceptably high rates of grade 3 diarrhoea. Therefore, the starting doses of oxaliplatin and capecitabine had to be reduced by 23% and 20%, respectively, in the experimental group.

Dose-intensity data also showed that a reduced proportion of patients in the experimental group achieved at least 80% of the planned capecitabine dose, suggesting that mEOC + P was still slightly more difficult to deliver than standard EOC. Panitumumab might have negatively interacted with one or more EOC components. Recent data derived from cell lines in vitro suggest that considerably more synergy might exist between anti-EGFR therapy and irinotecan than with oxaliplatin[108]. Furthermore, the results of adding cetuximab to treat colorectal cancer in the COIN trial suggested that the benefit derived from cetuximab might depend on the fluoropyrimidine partner, with patients receiving oxaliplatin plus fluorouracil perhaps deriving more benefit than those treated with oxaliplatin plus capecitabine[109]. At the time of their study, the significance of these potential interactions remained unknown, and they have not been assessed in the setting of oesophagogastric cancer.

Their findings might have been affected by assessing panitumumab therapy in a molecularly unselected population. Randomized clinical trials are therefore needed to establish whether targeting oncogenic signal transduction pathways such as KRAS, EGFR, HER2 and MET results in meaningful improvement.

The EXPAND trial that assessed the addition of cetuximab to a cisplatin-capecitabine doublet in 904 patients with previously untreated adenocarcinoma of the stomach and GEJ did not meet its primary endpoint of improved PFS[103]. The COG trial compared the anti-EGFR tyrosine-kinase inhibitor gefitinib with a placebo in the second-line treatment of 450 patients with oesophageal and type Ⅰ-Ⅱ GEJ cancers. This trial also did not meet its primary endpoint, as OS did not improve[110]. Adding panitumumab to EOC chemotherapy (REAL3 trial) also did not increase the OS. 

These relatively consistent overall findings suggest that the EGFR pathway probably does not represent an important therapeutic target for most patients with oesophagogastric cancer.

OTHER MOLECULAR TARGETING THERAPIES

Matuzumab is a fully humanized EGFR-targeting monoclonal antibody. Rao et al[111] compared matuzumab plus epirubicin, cisplatin and capecitabine (ECX) with epirubicin, cisplatin and capecitabine alone as a first-line treatment for patients with advanced oesophagogastric (OG) cancer in a randomized, multicentre open-label phase Ⅱ study. They concluded that matuzumab combined with ECX chemotherapy does not increase the response or survival of patients with OG cancer. Therefore, ECX/matuzumab should not be further assessed in phase Ⅲ trials.

Recently, Trarbach et al[112] described a phase I study of matuzumab combined with 5-fluororouracil, leucovorin and cisplatin (PLF) in patients with advanced gastric and oesophagogastric adenocarcinomas. They concluded that the safety profile of matuzumab combined with PLF was acceptable and that it had modest anti-tumour activity.

Both c-Met and its ligand, hepatocyte growth factor (HGF), play important roles in oncogenesis. Aberrant activation of the HGF/c-Met signaling pathway might lead to increased tumour cell proliferation, resistance to apoptosis, invasive growth and tumour angiogenesis[113]. Low molecular-weight tivantinib (also known as ARQ 197) is the first in class, orally available, selective c-Met inhibitor[114].

Kang et al[115] described a phase Ⅱ trial of tivantinib monotherapy as a second- or third-line therapy in patients with metastatic gastric cancer. They concluded that monotherapy with tivantinib was modestly effective against previously treated metastatic gastric cancer, and further studies of metastatic gastric cancer that take into account predictive biomarkers and/or combinations with other chemotherapies might be needed.

Signal transducer and activator of transcription 3 (STAT 3) is a transcription factor that is activated in response to growth factors and cytokines, and it contributes to the regulation of cell proliferation, apoptosis, and motility in many types of human tumours including gastric cancer[116]. Chronic STAT 3 activation is a key event in the induction and progression of gastric cancer. Therefore, STAT 3 deregulation during the initiation and progression of gastric cancer might serve as a new therapeutic strategy to hinder the development of gastric cancer[117].

CONCLUSION

So far, trastuzumab is the only molecular targeting therapy that has been approved for treating gastric cancer. The significance of molecular targeting therapy for gastric cancer remains controversial, but large-scale randomized clinical trials might confirm the benefits of other novel molecular targeting therapies for gastric cancer in the near future.
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FIGURE LEGENDS

Figure 1  Human epidermal growth factor receptor 2 signaling pathways. HER: Human epidermal growth factor receptor; BAD: Bcl-2-associated death promotor protein; Grb2: Growth factor receptor-bound protein 2; MAPK: Mitogen-activated protein kinase; MEK: Mitogen-activated protein kinase kinase 1; NF-B: Nuclear factor B; PI3K: Phospohoinositide 3-kinase; PKC: Protein kinase C; PLC-: Phospholipase C gamma 1; SOS: Son of sevenless; mTOR: Mammalian target of rapamycin; RAS: Rat sarcoma viral oncogene; RAF: Rapidly accelerated fibrosarcoma.
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Figure 2  Angiogenic signaling pathways. AKT: Protein kinase B.

[image: image2.png]VEGF receptor 2

Bel-2/BclxL mTOR
survivin -
S6K1
Cell survival Proliferation Migration

| Angiogenesis

Tumor growth




Figure 3  epidermal growth factors signaling pathways. Activation of EGFR leads to downstream signaling pathways that ultimately drive tumour proliferation or impair apoptosis. JAK: Janus kinase; STAT: Signal transduction and activator of transcrption; ERK: Extracellular signal-regulated kinase; PI3K: Phospohoinositide 3-kinase; PKC: Protein kinase C; PLC: Phospholipase C; SOS: Son of sevenless; mTOR: Mammalian target of rapamycin; RAS: Rat sarcoma viral oncogene; RAF: Rapidly accelerated fibrosarcoma; EGFR: Epidermal growth factor receptor.
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Table 1  Clinical trial of trastuzumab


Patients�
Phase�
Treatment�
n�
OS (m)�
PFS (m)�
RR (%)�
�
Advanced HER-positive gastric cancer as first line (TOGA)�
 Ⅲ�
5-FU + cisplatin or capecitabine + cisplatin�
290�
11.1�
5.5�
34.5�
�
�
�
5-FU + cisplatin + trastuzumab or capecitabine + cisplatin + trastuzumab�
294�
13.8�
6.7�
47.3�
�
OS: Overall survival; PFS: Progression-free-survival; RR: Response rate; 5-FU: 5-fluorouracil. 





Table 2  Clinical trials of sunitinib


Patients�
Phase�
Treatment�
n�
OS (m)�
PFS (m)�
TTP (m)�
RR (%)�
DCR (%)�
�
Pretreated patients with advanced gastric cancer�
Ⅱ�
Sunitinib�
51�
5.8�
1.28�
N/A�
  3.9�
20.0�
�
Second line treatment for advanced gastric cancer�
Ⅱ�
Sunitinib�
78�
6.8�
2.3�
2.3�
  2.6�
34.7�
�
Unresectable or metastatic advanced gastric cancer after failed treatment with fluoropyrimidine + platinum �
Ⅱ�
Docetaxel�
49�
6.6�
N/A�
2.6�
14.3�
51.0�
�
�
�
Docetaxel + sunitinib�
56�
8.0�
N/A�
3.9�
41.1�
75.0�
�
DCR: Disease control rate; N/A: Not available; OS: Overall survival; PFS: Progression-free-survival; RR: Response rate; TTP: Time to progression.





Table 3  Clinical trials of bevacizumab


Patients�
Phase�
Treatment�
n�
OS (m)�
PFS (m)�
TTP (m)�
RR (%)�
�
Metastatic or unresectable gastric and GEJ adenocarcinoma �
Ⅱ�
Irinotecan + cisplatin + bevacizumab�
47�
12.3�
N/A�
8.3�
65�
�
Previously untreated metastatic gastroesophageal adenocarcinoma�
Ⅱ�
Docetaxel + fluorouracil + bevacizumab�
44�
16.8�
12�
N/A�
67�
�
First-line treatment for advanced gastric cancer (AVAGASTA)�
Ⅲ�
Capecitabine + cisplatin�
387�
10.1�
5.3�
37.4�
N/A�
�
�
 �
�
387�
12.1�
6.7�
46�
N/A�
�
First-line treatment for advanced gastric cancer (AVAGASTA)�
Ⅲ�
Capecitabine + cisplatin + bevacizumab�
�
�
�
�
�
�
GFJ: Gastroesophageal junction; N/A: Not available; OS: Overall survival; PFS: Progression-free-survival; RR: Response rate; TTP: Time to progression.





Table 4  Clinical trial of lapatinib


Patients�
Phase�
Treatment�
n�
OS (m)�
PFS (m)�
RR (%)�
�
Second-line treatment for HER2+ advanced gastric cancer (TYTAN)�
Ⅲ�
Paclitaxel�
129�
  8.9�
4.2�
  9�
�
�
�
Paclitaxel + lapatinib�
132�
11.0�
5.2�
27�
�
OS: Overall survival; PFS: Progression-free-survival; RR: Response rate; HER2: Human epidermal growth factor receptor 2.





Table 5  Clinical trials of everolimus


Patients�
Phase�
Treatment�
n�
OS (mo)�
PFS (mo)�
RR (%)�
DCR (%)�
�
Previously treated metastatic gastric cancer�
Ⅱ�
Everolimus �
  53�
10.1�
2.7�
0�
54.7�
�
Second-line treatment for advanced gastric cancer (GRANITE-1)�
Ⅲ�
Placebo�
217�
4.34�
1.41�
2.1�
N/A�
�
�
�
Everolimus�
439�
5.39�
1.68�
4.5�
N/A�
�
DCR: Disease control rate; N/A: Not available; OS: Overall survival; PFS: Progression-free-survival; RR: Response rate; TTP: Time to progression.





Table 6  Clinical trial of ramucirumab


Patient�
 Phase�
Treatment�
n�
OS (mo)�
PFS (mo)�
RR (%)�
DCR (%)�
�
Second-line treatment for advanced gastric cancer or GEJ adenocarcinoma (REGARD)�
Ⅲ�
BSC�
117�
3.8�
1.3�
2.6�
23.1�
�
�
�
Ramucirumab�
238�
5.2�
2.1�
3.4�
48.7�
�
BSC: Best supportive care; DCR: Disease control rate; GFJ: Gastroesophageal junction; OS: Overall survival; PFS: Progression-free-survival; RR: Response rate.





Table 7  Clinical trials of cetuximab and panitumumab


Patients�
Phase�
Treatment�
n�
OS (m)�
PFS (m)�
RR (%)�
DCR (%)�
�
Previously untreated advanced gastric cancer (EXPAND)�
Ⅲ�
Capecitabine + cisplatin�
449�
10.7�
5.6�
29�
71�
�
�
�
Capecitabine + cisplatin + cetuximab�
455�
  9.4�
4.4�
30�
73�
�
Untreated metastatic or locally advanced oesophagogastric adenocarcinoma  (REAL 3)�
Ⅲ�
EOC (epirubicin + oxaliplatin + capecitabine)�
275�
11.3�
6.0�
42�
63�
�
�
�
Modified dose EOC + panitumumab�
278�
8.8�
7.4�
46�
64�
�
DCR: Disease control rate; N/A: Not available; OS: Overall survival; PFS: Progression-free-survival; RR: Response rate.
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