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Abstract Angiogenesis is a vital process in the progres-

sion and metastasis of solids tumors including gastric

adenocarcinoma. Tumors induce angiogenesis by secreting

proangiogenic molecules such as vascular endothelial

growth factor A (VEGF-A), and VEGF-A inhibition has

become a common therapeutic strategy for many cancers.

Several drugs targeting the VEGF-A pathway have been

approved for clinical use in selected solid tumors, and

several anti-VEGF-A strategies have been examined for

gastric cancer. Phase II studies suggested that bev-

acizumab, an anti-VEGF antibody, can increase the effi-

cacy of chemotherapy for advanced gastric cancer, but two

international phase III trials failed to show an overall sur-

vival benefit. Two more recent international phase III trials

have examined ramucirumab, an antibody targeting the

primary receptor for VEGF-A, as second-line therapy for

advanced gastric cancer and found a survival benefit both

as single agent therapy and when combined with chemo-

therapy. Finally, correlative science studies suggest that the

VEGF-A pathway may have varying importance in gastric

cancer progression depending on ethnicity or race. This

article will review the preclinical and clinical studies on the

role of the VEGF-A pathway inhibition in gastric cancer.

Keywords Angiogenesis � Gastric cancer � Vascular

endothelial growth factor � Antiangiogenic therapy

VEGF-A

Angiogenesis is the physiological process through which

new blood vessels form from pre-existing blood vessels. In

1971, Dr. Judah Folkman proposed the hypothesis that

tumor growth is angiogenesis-dependent [1]. He showed

evidence that tumors could not enlarge beyond a few

millimeters in size without recruiting new blood vessels

and that tumors secreted a diffusible substance that could

stimulate endothelial cell proliferation. Subsequently,

numerous pro- and antiangiogenic factors have been dis-

covered, with one of the first discovered and most impor-

tant factors being vascular endothelial growth factor A

(VEGF-A) [2]. The primary functions of VEGF-A are to

promote blood vessel dilation and permeability and to

induce new blood vessel formation. VEGF-A is overex-

pressed by the vast majority of tumors studied, and circu-

lating levels of VEGF-A are elevated in many patients with

cancer [3].

There are five structurally related VEGF ligands:

VEGF-A, VEGF-B, VEGF-C, VEGF-D, and placental

growth factor (PlGF) (Fig. 1) [4]. The VEGF ligands exist

as homodimers linked by disulfide bonds. Each ligand is

expressed as several different variants because of alter-

native splicing or posttranslational processing, and each

variant binds differently to VEGF receptors and core-

ceptors. VEGFs are produced by many different cell types

and can act in an autocrine and paracrine manner on

VEGF receptors. There are three primary VEGF recep-

tors, VEGFR-1, VEGFR-2, and VEGFR-3, which are all

receptor tyrosine kinases [4]. VEGF-A exerts its effects
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primarily through VEGFR-1 (a.k.a. Flt-1) and VEGFR-2

(a.k.a. Flk-1, KDR) [5]. VEGFR-1 and VEGFR-2 are

expressed primarily on endothelial cells and consist of

seven extracellular immunoglobulin-like domains, a

transmembrane region, and an intracellular consensus

tyrosine kinase domain [6]. VEGFR-1 by itself is gener-

ally thought to transmit only weak mitogenic signals but

can heterodimerize with VEGFR-2, forming a complex

with strong signaling properties [7]. VEGFR-2 seems to

mediate the major growth and permeability actions of

VEGF-A [8]. Neuropilins 1 and 2 (NRP-1, NRP-2) act as

coreceptors and enhance VEGF-A binding to VEGFR-2

[9]. VEGFR-3 (a.k.a. Flt-4) is activated by binding of

VEGF-C and VEGF-D. VEGFR-3 and its ligands play

important roles in the regulation of tumor lymphangio-

genesis [10]. VEGF-C produced by tumors can bind to

VEGFR-3 and induce lymphatic leakage, enlargement,

and sprouting, which can facilitate metastasis to lymph

nodes [11].

VEGF-A Inhibition in Solid Tumors

Inhibition of VEGF-A signaling can effectively suppress

tumor angiogenesis in numerous animal models [5]. The

VEGF-A pathway has been the target of numerous drugs

that are in clinical development or are currently approved

by the United States Food and Drug Administration (FDA)

(Table 1). Bevacizumab is a recombinant, humanized

version of a murine anti-VEGF-A monoclonal antibody

[12]. By binding circulating VEGF-A, bevacizumab pre-

vents VEGF-A from binding its receptors and thus blocks

VEGF-A activity. Bevacizumab has been demonstrated to

increase time to disease progression in patients with met-

astatic renal cell cancer [13]. When combined with che-

motherapeutic drugs, bevacizumab improved progression-

free or overall survival in patients with metastatic colo-

rectal cancer [14], metastatic breast cancer [15], and met-

astatic non-squamous non-small-cell lung cancer [16].

Bevacizumab is also effective as monotherapy for recurrent
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Fig. 1 The VEGF signaling pathway
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glioblastoma multiforme [17]. Small molecule receptor

tyrosine kinase inhibitors with anti-VEGF-A activity (e.g.

sunitinib, sorafenib, pazopanib, and vandetanib) have been

FDA approved for metastatic renal cell carcinoma, primi-

tive neuroectodermal tumor, hepatocellular carcinoma, and

medullary thyroid cancer.

Numerous preclinical and clinical studies have demon-

strated that anti-VEGF-A therapies can increase the effi-

cacy of chemotherapy and radiation therapy. The

mechanisms by which this occurs are unclear. One mech-

anism put forth by Dr. Rakesh Jain (Massachusetts General

Hospital) is vascular normalization [18]. Malignant tumors

generally have high levels of VEGF-A leading to dys-

functional vasculature. This tumor vasculature contains

tortuous, dilated, and highly permeable vessels, which lead

to areas of poor perfusion, hypoxia, and high interstitial

pressure. This abnormal vasculature can be transiently

normalized by antiangiogenic therapies [18, 19]. Jain and

colleagues demonstrated that anti-VEGF-A agents can

normalize tumor blood flow and oxygenation and thus

improve the delivery of chemotherapy or improve the

efficacy of radiation. There are several other mechanisms

by which anti-VEGF-A therapies may increase the efficacy

of chemotherapy or radiation. Anti-VEGF-A agents may

enhance the direct effect of chemotherapy or radiation on

dividing endothelial cells in tumor vasculature [20–22].

VEGF-A is recognized to prolong endothelial cell survival,

so neutralization of VEGF-A may increase the deleterious

effects of chemotherapy and radiation on endothelial cells.

Alternatively, VEGF-A inhibition may break the tumor

vascular niche where tumor stem cells reside and allow

tumor stem cells to be more sensitive to chemotherapy [23,

24]. Tumor stem cells are an especially important target

because they are resistant to chemotherapy and radiation,

have high metastatic potential, and may be the cells

responsible for the regrowth of tumors after anticancer

therapy [25].

It is increasingly apparent that solid tumors possess or

develop evasive or adaptive mechanisms of resistance to

anti-VEGF-A and other antiangiogenic therapies. First,

tumors may produce angiogenic factors that overcome the

neutralizing antiangiogenic therapy. Second, tumors may

become tolerant to hypoxia, subsequently becoming more

invasive and resistant to treatment [26–28]. Third, tumor

cells can form their own vessel lining or co-op nearby

vessels [29]. Fourth, tumor cells can recruit bone marrow-

derived cells or activate cancer-associated fibroblast, thus

circumventing any damage to their existing vasculature

[30]. Fifth, tumors can subvert the blockade of the pathway

through alternative angiogenic signaling cascades [30–32].

Gastric Cancer

It is estimated that there are over 1 million cases of gastric

cancer worldwide per year and there are over 700,000

deaths each year [33]. Thus, gastric cancer is the fourth

most common cancer and the second leading cause of

cancer death. Gastric adenocarcinoma accounts for about

95 % of gastric cancer cases. The incidence of gastric

adenocarcinoma varies tremendously throughout the world

and country by country. The highest incidence countries

are in Eastern Asia (e.g., Korea, Japan, and China) [34, 35].

The incidence of gastric cancer in the USA and Western

Europe has been steadily declining and is currently only

about one-sixth that of Eastern Asia [36]. Despite this, the

incidence of proximal gastric cancer in Western countries

is rising. Overall, males are affected twice as frequently as

females, and the average age of presentation is between 60

and 70 years old.

Gastric adenocarcinoma is often asymptomatic in its

early stages and in later stages causes weight loss, epi-

gastric pain or discomfort, gastrointestinal bleeding, vom-

iting, and anorexia. In Japan and Korea, high awareness

and common endoscopic screening for gastric cancer have

led the proportion of patients presenting with early gastric

cancer (i.e., T1 tumors) to reach about 50 %. Unfortu-

nately, in other countries, gastric cancer is found most

frequently in advanced stages.

Early T1 tumors (into the lamina propria or submucosa)

have little risk of lymph node or distant metastasis and can

be effectively managed by endoscopic resection. For more

advanced tumors that have not metastasized, treatment

Table 1 Anti-VEGF-A drugs approved by the FDA

Drug Disease Treatment

regimen

Year

Bevacizumab Metastatic colorectal

cancer

With

chemotherapy

2004

Metastatic non-squamous

NSCLC

With

chemotherapy

2006

Metastatic breast cancer

(withdrawal on 2011)

With

chemotherapy

2008

Recurrent GBM Monotherapy 2009

Metastatic RCC With IFN-a 2009

Sunitinib Metastatic RCC Monotherapy 2006

Unresectable or metastatic

PNET

Monotherapy 2011

Sorafenib Metastatic RCC Monotherapy 2005

Unresectable HCC Monotherapy 2007

Pazopanib Metastatic RCC Monotherapy 2009

Vandetanib Unresectable or metastatic

MTC

Monotherapy 2011

NSCLC non-small cell lung cancer, GBM glioblastoma multiforme,

RCC renal cell carcinoma, IFN interferon, PNET pancreatic neuro-

endocrine tumor, MTC medullary thyroid carcinoma
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generally includes surgical resection of the tumor and the

surrounding lymph nodes. Patients with tumors extending

into the muscularis layer of the stomach or beyond or who

have lymph node metastases are at significant risk of har-

boring occult micrometastatic disease and are often treated

with adjuvant chemotherapy or a combination of chemo-

therapy and radiation. For unresectable or metastatic gas-

tric cancers, primary palliative chemotherapy can be used.

Overall survival for patients with metastatic disease is

3–5 months with best supportive care, and this is extended

to 9–11 months with chemotherapy [37]. A minority of

gastric adenocarcinomas overexpress human epidermal

growth receptor 2 (HER-2), and the addition of trast-

uzumab to chemotherapy prolonged survival in these

patients from 11 to 14 months in a randomized trial [38].

VEGF-A Inhibition in Gastric Cancer

Laboratory Studies

There have been several studies demonstrating the efficacy

of anti-VEGF-A therapies in animal models of gastric

cancer. There are several methods of disrupting the VEGF-

A pathway including blocking VEGF-A secretion from

tumors cells, neutralizing the VEGF-A ligand, blocking

VEGF-A binding to VEGF receptors, and blocking

downstream signaling of the VEGF receptors. Sun et al.

[39] used lentivirus-mediated siRNA to knock down

VEGF-A expression in SGC7901 gastric cancer cells

leading to reduced growth of tumor xenografts. As noted

previously, bevacizumab binds human VEGF-A and pre-

vents its binding to VEGF receptors. In one study, intra-

peritoneal administration of bevacizumab inhibited

peritoneal metastasis and reduced malignant ascites when

MKN-45P human gastric cancer cells were injected into

the peritoneal cavity of mice [40]. DC101 is a monoclonal

antibody targeting mouse VEGFR-2. Jung et al. [41]

injected TMK-1 gastric cancer cells orthotopically into

mice and found that DC101 treatment decreased tumor

vascularity and increased endothelial cell apoptosis.

Numerous small molecule inhibitors of VEGF receptors

have been developed, and some have been approved for use

in solids tumors other than gastric cancer (Table 1). In a

study from Japan, oral administration of AZD2171 (a.k.a.

cediranib), which potently blocks VEGFR-1, 2, and 3,

significantly reduced the growth of KATO-III and

OCUM2M human gastric cancer xenografts [42].

Because of the resistance mechanisms described above,

inhibition of the VEGF-A pathway may not work well as a

single agent for gastric cancer. Thus, VEGF-A inhibition

has been combined with other targeted biological agents as

well as with chemotherapy in several preclinical studies.

For example, the combination of DC101 and the anti-

EGFR antibody C225 inhibited gastric tumor growth in a

TMK-1 xenograft gastric cancer mouse model better than

either therapy alone [41]. VEGF-Trap, an engineered sol-

uble decoy VEGF receptor, and trastuzumab, an anti-HER2

antibody, had additive inhibitory effects on the tumor

growth and angiogenesis of gastric cancer xenografts [43].

Combination of bevacizumab and insulin-like growth fac-

tor-1 receptor blockade was also highly effective against

gastric cancer xenografts [44]. A heterodimeric Fc-based

bispecific antibody simultaneously targeting VEGFR2 and

Met exhibited potent antitumor efficacy in gastric cancer

xenograft models [45]. Finally, in another xenograft study,

combining cisplatin with sunitinib was found to enhance

the antitumor effect in gastric tumors grown in mice [46].

Prognostic Significance of VEGF-A in Gastric Cancer

Patients

Several studies have examined circulating levels of VEGF-

A in patients with gastric cancer and correlated levels with

patient and tumor characteristics, outcomes, and response

to therapy [47–54]. Table 2 summarizes ten studies of

circulating VEGF-A levels in gastric cancer patients. Seven

studies found a correlation between circulating VEGF-A

levels in plasma or serum and overall survival, and two

studies found a correlation between VEGF-A levels and

stage of disease. Only one study found no correlation

between plasma VEGF-A levels and overall survival. One

study evaluated serum VEGF-A levels in the perioperative

period in gastric cancer patients and found that serum

VEGF-A levels decreased after surgery and that preoper-

ative serum VEGF-A levels were an independent prog-

nostic factor for overall survival [54]. Plasma VEGF-A

levels have also been found to be increased in gastric

cancer patients with tumors having venous invasion and

lymph node metastasis compared to tumors without venous

invasion or lymph node metastasis [55]. In summary, the

vast majority of studies examining circulating levels of

VEGF-A in gastric cancer patients have demonstrated a

correlation between VEGF-A levels and overall survival or

stage of disease.

Numerous studies have examined the expression of

VEGF-A and its primary receptors, VEGFR-1 and VEG-

FR-2, in tumors and correlated expression of these proteins

with patient and tumor characteristics, outcomes, and

response to therapy. Table 3 summarizes the studies of

VEGF-A expression in tumors and survival in gastric

cancer patients. The 24 primary studies are from a variety

of countries, use varying cutoffs for positive or negative

expression of VEGF-A, and use varying endpoints. How-

ever, in summary, 17 primary studies and all three meta-

analyses found a correlation between VEGF-A expression

36 D. J. Park

123



and survival. One meta-analysis of 30 studies (n = 2,166)

evaluated the correlation between VEGF-A expression

detected by immunohistochemistry and survival in gastric

cancer patients. The rates of patients with VEGF-A over-

expression ranged from 26.7 to 89.9 %. VEGF-A overex-

pression was found to correlate with poorer prognosis in

this meta-analysis [56]. Because the meta-analysis included

mainly East Asian studies (23 out of 30 studies), the results

could not be generalized to Western countries. By sub-

group analysis according to region, the hazard ratio of

Asian patients (n = 1,674) was slightly lower than that of

non-Asian patients (n = 492) (1.39 versus 1.74).

Table 2 Studies on serum or

plasma VEGF-A levels in

gastric cancer patients

OS overall survival, NR not

reported

Author Year Country N Source Endpoint Cutoff Conclusion

Hyodo 1998 Japan 44 Plasma OS 108 pg/ml Positive

Kitamura 1998 Japan 281 Serum Stage NR Positive

Eroglu 1999 Turkey 37 Serum Stage 149.9 pg/ml Positive

Yoshikawa 2000 Japan 54 Plasma OS 100 pg/ml Positive

Karayiannakis 2002 Greece 58 Serum OS 533 pg/ml Positive

Al-Moundhri 2008 Oman 76 Serum OS NR Negative

Vidal 2009 Spain 97 Serum OS 320 pg/ml Positive

Seo 2010 Korea 181 Serum OS NR Positive

Cutsem 2012 International 712 Plasma OS 111 ng/L Negative

Villarejo-Campos 2013 Spain 59 Serum OS 761 pg/ml Positive

Table 3 Studies on VEGF-A

expression in gastric cancer

patientsa

OS overall survival, DFS

disease-free survival, NR not

reported, CS complex score
a All Western studies and only

Asian studies with 100 or more

patients are included
b Meta-analysis

Author Year Country N Positive % Endpoint Cutoff Conclusion

Tanigawa 1997 Japan 163 48.5 OS [0 % Negative

Maeda 1999 Japan 195 30.8 DFS [0 % Positive

Saito 1999 Japan 108 42.6 OS [10 % Positive

Yonemura 1999 Japan 117 30.8 OS [20 % Positive

Kimura 2001 Japan 102 52 OS [5 % Negative

Joo 2002 Korea 145 31 DSS [0 % Positive

Kakeji 2002 Japan 188 54.3 OS [5 % Positive

Shi 2003 China 232 52.6 OS [5 % Positive

Kaneko 2003 Japan 101 26.7 OS [50 % Negative

Fondevila 2004 Spain 156 74.4 OS, DFS [0 % Positive

Gong 2005 USA 86 NR OS CS Negative

Ozdemir 2006 Turkey 51 56.9 OS [10 % Positive

Urano 2006 Japan 146 69.9 OS [10 % Negative

Zhang 2006 China 105 63.8 OS [10 % Positive

Kolev 2007 Japan 169 50.3 OS, DFS [25 % Positive

Skarlos 2007 Greece 44 84.1 OS, DFS [10 % Negative

Nikiteas 2007 Greece 100 36 OS [50 % Negative

Lieto 2008 Italy 69 60.9 DSS [10 % Positive

Bazas 2008 Ukraine 150 42.7 OS [20 % Positive

Vidal 2008 Spain 148 76.4 DFS, DSS [0 % Positive

Lee 2009 Korea 374 90.1 OS, DFS [10 % Negative

Wang 2010 China 128 45.3 DFS [30 % Positive

Yang 2010 China 118 54.2 OS [10 % Positive

Zhou 2010 China 200 81.5 OS [0 % Positive

Wang 2010 China 123 64.2 OS, DFS CS Positive

Chenb 2011 Asia 1236 NR OS – Positive

Liub 2012 International 3411 67.12 OS – Positive

Pengb 2012 International 2166 26.7–89.9 OS – Positive
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Clinical Trials on ANTI-VEGF Treatment for Gastric

Cancer

Table 4 summarizes the phase II or III clinical trials con-

ducted to evaluate therapies targeting the VEGF-A path-

way in gastric cancer.

Bevacizumab

Several phase II studies suggest that the addition of bev-

acizumab improves the efficacy of chemotherapy in

patients with advanced gastric cancer. In 2006, Shah et al.

reported a multicenter phase II study of irinotecan, cis-

platin, and bevacizumab in patients with metastatic gastric

or gastroesophageal junction adenocarcinoma. They found

a response rate of 65 %, a median time to progression of

8.3 months, and a median overall survival of 12.3 months

[57]. Another phase II study of oxaliplatin, docetaxel, and

bevacizumab in locally advanced and metastatic gastric

and gastroesophageal junction cancers was not as promis-

ing, with a response rate of 42 %, progression-free survival

or 6.6 months, and overall survival of 11.1 months [58].

Positive results were seen in another phase II study of

modified docetaxel, cisplatin, and fluorouracil with bev-

acizumab in patients with metastatic gastroesophageal

adenocarcinoma. Response rate in this study reached 67 %

with a median progression-free survival of 12 months and a

median overall survival of 16.8 months [59].

The encouraging results seen in phase II studies of

chemotherapy and bevacizumab led to the AVAGAST

trial, which was an international randomized phase III trial

comparing capecitabine and cisplatin chemotherapy with

placebo versus capecitabine and cisplatin with bev-

acizumab in the first-line treatment of advanced gastric

cancer [60]. The addition of bevacizumab to chemotherapy

was associated with significant increases in progression-

free survival (6.7 vs. 5.3 months, p = 0.0037) and overall

response rate (46.0 vs. 37.4 %, p = 0.0315). However, the

primary endpoint was overall survival, and the median

overall survival was 12.1 months (95 % CI,

11.1–13.8 months) in the bevacizumab group and

10.1 months (95 % CI, 9.0–11.3 months) in the placebo

group (p = 0.1002). Thus, overall this was a negative

study. The percentage of patients with grade 3 or greater

toxicity was not significantly different between the two

groups (77 % in the placebo group and 76 % in the bev-

acizumab group). Treatment-related deaths occurred in

2 % of patients in the bevacizumab group and 3 % of

patients in the placebo group.

Further analysis of the AVAGAST trial suggested that

certain subgroups may have benefited from the addition of

bevacizumab to chemotherapy. Patients enrolled in North

America and Latin America appeared to have a survival T
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benefit with the addition of bevacizumab (median, 11.5

versus 6.8 months for placebo-chemotherapy; HR, 0.63;

95 % CI, 0.43–0.94), whereas patients enrolled in Asia

(90 % from Japan and Korea) appeared to have no benefit

(HR, 0.97; 95 % CI, 0.75–1.25). European patients had

intermediate results (HR, 0.85; 95 % CI, 0.63–1.14). Fur-

ther subgroups that may have benefited from the addition

of bevacizumab included patients with locally advanced

disease compared to metastatic disease and patient with

nonmeasurable disease compared to those with measurable

disease.

In a subsequent study, Shah et al. examined blood and

tumor samples from patients in the AVAGAST trial for

biomarkers including plasma levels of VEGF-A and pro-

tein expression of NRP-1, VEGFR-1, and VEGFR-2. They

found that in non-Asian patients, high baseline plasma

VEGF-A levels and low baseline neuropilin-1 levels

showed a trend toward improved overall survival [53].

These results coupled with the the finding from subgroup

analysis that the addition of bevacizumab to chemotherapy

may have some benefit in American patients suggest that

the VEGF-A pathway may have varying importance in

gastric cancer depending on race. We recently measured

levels of serum VEGF-A in 181 Caucasian patients and

115 Asian patients treated at two institutions prior to

potentially curative surgical resection for gastric cancer

(data submitted for publication). Caucasians had a median

VEGF-A level that was 95 % higher than that of Asians as

well as a much higher standard deviation (88.1 ± 6,206 vs.

45.2 ± 76.3 pg/ml, p \ 0.001). In Caucasian patients,

preoperative VEGF-A levels were inversely correlated with

overall survival, while in Asian patients, there was no

difference in overall survival based on the VEGF-A level.

Biomarkers have been investigated in other phase III

clinical trials of bevacizumab for other solid tumors [61].

In summary, these studies show that circulating levels of

short vascular endothelial growth factor VEGF-A isoforms,

expression of VEGFR-1 in tumors or plasma, and genetic

variants in VEGF-A or its receptors are potential biomarker

candidates. However, none of these potential biomarkers

have been validated or implemented into clinical practice.

Another phase III trial in China called the AVATAR

trial examined the efficacy of capecitabine and cisplatin

with or without bevacizumab in patients with locally

advanced or metastatic gastric or gastroesophageal junction

cancer [62]. This study found that the addition of bev-

acizumab to capecitabine and cisplatin did not significantly

improve progression-free or overall survival. Median pro-

gression-free survival was 6.3 months with bevacizumab

versus 6.0 months with placebo (HR 0.89, 95 % CI

0.66–1.21), and median overall survival was 10.5 months

with bevacizumab versus 11.4 with placebo (HR 1.11,

95 % CI 0.79–1.56; p = 0.5567). Thus, the results of the

AVATAR study were consistent with the results seen in the

Asian patients in the AVAGAST study. Grade 3–5 adverse

events and serious adverse events were 60 and 19 % for the

bevacizumab group and 68 vs. 21 % for placebo group.

There is one ongoing phase III trial examining the role

of bevacizumab in the adjuvant setting for resectable gas-

tric or gastroesophageal junction cancer. The MAGIC-B

trial in Europe is randomizing patients to perioperative

epirubicin, cisplatin, and capecitabine (ECX) chemother-

apy with or without bevacizumab [63]. Safety results from

200 randomized patients showed that the rate of compli-

cations in the two arms was similar. Gastrointestinal per-

foration (three in the ECX group and one in the ECX plus

bevacizumab group) and cardiac events (one in the ECX

group and four in the ECX plus bevacizumab group) were

uncommon [64].

Receptor Tyrosine Kinase Inhibitors

A number of studies have examined the combination of

small molecule inhibitors of VEGF-A receptors alone or in

combination with chemotherapy for advanced gastric can-

cer. For example, Bang et al. reported on a phase II study

of sunitinib alone as second-line treatment for advanced

gastric cancer. The response rate was only 2.6 %, pro-

gression-free survival was 2.3 months, and overall survival

was 6.8 months. Thus, single-agent sunitinib was deter-

mined to be of insufficient clinical value as second-line

treatment for advanced gastric cancer [65]. The Eastern

Cooperative Oncology Group (ECOG) performed a phase

II study of sorafenib in combination with docetaxel and

cisplatin in the first-line treatment of metastatic or

advanced gastric and gastroesophageal junction adenocar-

cinoma. This study showed an overall response rate of

41 %, progression-free survival of 5.8 months, and overall

survival of 13.6 months [66]. There have been no phase III

trials demonstrating a survival benefit for the addition of

VEGF-A receptor tyrosine kinase inhibitors to chemo-

therapy for advanced gastric cancer.

VEGFR Antibodies: Ramucirumab

There have been two recent positive studies examining the

VEGFR-2 antibody ramucirumab for advanced gastric

cancer. Ramucirumab is a fully human monoclonal anti-

body that neutralizes VEGFR-2. A phase I study with

patients with advanced solid tumors including gastric

cancer showed ramucirumab may have a favorable thera-

peutic index in treating malignancies amenable to VEGFR-

2 inhibition [67]. This led to the REGARD study, which

was an international phase III trial that randomized patients

with advanced gastric or gastroesophageal junction ade-

nocarcinoma with disease progression after first-line
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chemotherapy to ramucirumab or placebo in a 2:1 ratio

[68]. Median overall survival was 5.2 months in the ra-

mucirumab group and 3.8 months in the placebo group

(p = 0.047). Thus, ramucirumab validated VEGFR-2 as a

therapeutic target for advanced gastric cancer.

To determine whether ramucirumab could improve the

efficacy of chemotherapy, the RAINBOW trial examined

patients with similar inclusion criteria as the REGARD

trial, namely patients with advanced gastric or gastro-

esophageal junction adenocarcinoma who had failed first-

line chemotherapy [69]. This trial randomized 665 patients

to paclitaxel plus ramucirumab or paclitaxel plus placebo,

and median overall survival was significantly improved

from 7.4 to 9.6 months with the addition of ramucirumab

(p = 0.017). Ramucirumab led to a higher incidence of

grade 3 or greater neutropenia (40.7 vs. 18.8 % with pac-

litaxel alone), leukopenia (17.4 vs. 6.7 % with paclitaxel

alone), hypertension (14.7 vs. 2.7 % with paclitaxel alone),

and fatigue (11.9 vs. 5.5 % with paclitaxel alone).

Thus, as the second-line therapy in advanced gastric

cancer, VEGFR-2 inhibition with ramucirumab alone

compared to best supportive care or ramucirumab plus

chemotherapy compared to chemotherapy alone can

increase overall survival. It is unclear why ramucirumab

has been found to be effective for advanced gastric cancer

while bevacizumab has not. Perhaps there is some

advantage to blocking the primary VEGF-A receptor,

VEGFR-2, as opposed to blocking the ligand, VEGF-A,

but such an advantage has not been supported in animal

models and has not been found in other solid tumors.

There are growing data on the differences in the biology

of gastric cancer in Asians and non-Asians [70], and

perhaps the VEGF-A pathway plays a more prominent

role in non-Asians. Nearly half of the patients in the

AVAGAST study and all the patients in the AVATAR

study were Asian. In contrast, only 7 % of the patients in

the REGARD trial were Asian. Thus, it is possible that

the varying importance of the VEGF-A pathway in Asians

and non-Asians explains the dichotomous results of these

studies.

Conclusion

The VEGF-A pathway is one of the most important path-

ways in promoting tumor angiogenesis and is now a vali-

dated target in advanced gastric cancer, at least in the

second-line setting. While the VEGF-A pathway is

important in gastric cancer angiogenesis, there is enough

redundancy in the proangiogenic pathways that blocking

VEGF-A alone has only a modest effect in slowing the

growth of advanced gastric cancer and a somewhat greater

effect when combined with chemotherapy. As noted

previously, blocking VEGFR-2 with ramucirumab in

advanced gastric cancer patients who have progressed on

first-line chemotherapy leads to an overall survival benefit

compared to best supportive care of 1.4 months, and add-

ing ramucirumab to chemotherapy improves overall sur-

vival compared to chemotherapy alone by 2.2 months.

Large phase III clinical trials have not demonstrated a

benefit in adding bevacizumab to chemotherapy in the first-

line treatment of advanced gastric cancer, but there may be

a benefit in non-Asian compared to Asian patients, and this

possibility requires further exploration. As we look into the

future of VEGF-A inhibition in patients with gastric can-

cer, we will need to determine which patients will benefit

from targeting the VEGF-A pathway, what mechanisms

lead to the increase in efficacy of chemotherapy following

the addition of VEGF-A inhibition, and what intrinsic and

acquired escape pathways are used.
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