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Abstract Despite significant improvements in systemic

chemotherapy during the past two decades, the prognosis

of patients with advanced gastric and gastroesophageal

junction adenocarcinoma remains poor. Because of

molecular heterogeneity, it is essential to classify tumors

based on the underlying oncogenic pathways and to

develop targeted therapies acting on individual tumors.

Unfortunately, although a number of molecular targets

have been studied, very few of these agents can be used in

a clinical setting. In this review, we summarize the avail-

able data on anti-angiogenic agents in advanced/metastatic

gastric cancer.
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Introduction

Gastric cancer (GC) is a common malignancy and is

recognized as the third leading cause of cancer mortality

worldwide [1]. Although surgical resection offers the

only chance of a long-term cure, the majority of patients

with gastric or gastroesophageal junction (GEJ) cancer

present with locally advanced or metastatic disease at

diagnosis. Palliative chemotherapy is the mainstay of

treatment for this stage [2, 3]. Among chemotherapy

agents, cisplatin and oxaliplatin, docetaxel, the fluo-

ropyrimidines 5-fluorouracil and capecitabine, and the

anthracyclines epirubicin and doxorubicin are the most

active drugs that are conventionally administered in

advanced GC or GEJ cancer [4, 5]. Unfortunately, the

outcome of these patients remains poor, with the 5-year

survival for advanced or metastatic disease remaining

less than 10 % and the median overall survival (OS)

limited to 1 year [6]. Therefore, the development of

innovative and effective therapies is needed. In response

to this need, the recent randomized TOGA trial demon-

strated that patients with positive human epidermal

receptor 2 (HER-2) tumors may benefit from

chemotherapy combined with the monoclonal antibody

trastuzumab in terms of progression-free survival (PFS)

and OS [7]. However, HER2-overexpressing tumors

represent approximately 20 % of the total number of GC

[7–9]. Unfortunately, with the exception of trastuzumab

in HER2-positive GC, recent studies of other agents

targeting oncogenic mediators, such as epidermal growth

factor receptor (EGFR), mTOR, and c-Met, have not

been shown to improve survival [10–16].

Angiogenesis is one of the main mechanisms for

tumor growth and for metastatic dissemination. More

recently, the inhibition of angiogenesis has become an

area of GC research that has received considerable

attention. The aim of this mini-review is to summarize

the available data on anti-angiogenic agents in advanced

or metastatic GC.
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Angiogenesis

Vascular endothelial growth factor (VEGF), also known

as VEGF-A, is a key regulator of angiogenesis [17]. In

patients with GC, circulating VEGF levels are associated

with increased tumor aggressiveness and reduced survival

[18, 19]. However, the VEGF family consists of other

molecules, such as VEGF-B, VEGF-C, VEGF-D, VEGF-

E, and placental growth factor (PGF). The binding of

VEGF to VEGF receptors (VEGFR) regulates the angio-

genesis signaling. Each type of VEGF ligand links several

VEGFRs, such as VEGFR1 (fms-like tyrosine kinase

1/Flt-1), VEGFR2 (Flk-1/KDR), and VEGFR3 (Flt-4),

and two co-receptors, neuropilin 1 and 2 (NRP1/2); in

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

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

VEGFR-2 and -3 [20]. Among all receptors, VEGFR2 has

a key function in angiogenesis because it is widely con-

sidered to be the primary receptor mediating angiogene-

sis, whereas VEGFR1 and VEGFR3 are classically

involved in other pathways, such as monocyte chemo-

taxis, hematopoietic stem cell survival, and lymphangio-

genesis [21]. In animal models of gastric adenocarcinoma,

VEGFR-2 inhibition reduced tumor growth and vascu-

larity [22], and the expression of VEGFR2 in intestinal-

type GC seems to be a prognostic factor because it is

correlated with the vessel count and the stage of disease

[23]. In addition, in patients with GC, several studies have

investigated the clinical and prognostic relevance of cir-

culating VEGF levels [17, 23–27]. In fact, VEGF levels

are associated with increased tumor aggressiveness and

reduced survival [17–19]. Interestingly, the role of VEGF

appeared to be more relevant in tumors with an intestinal-

type rather than a diffuse-type histological architecture

[23].

During the past few years, a number of additional

complementary angiogenic pathways have been described.

These pathways are based on key proteins, such as

hypoxia-inducible factor (HIF), platelet-derived growth

factor (PDGF), fibroblast growth factor (FGF), angiopoi-

etin (Ang), and Notch, as well as various inflammatory

mediators of angiogenesis [28, 29]. Particularly, under

hypoxic conditions, HIF-1a serves as a transcription factor

that targets several genes, including VEGF, and promotes

an adaptive angiogenic response to hypoxia [30]. In clinical

settings, it has been shown that HIF-1a is associated with

tumor prognosis [31–35].

Currently, the most common approaches to inhibiting

the VEGF axis include binding of VEGF ligands, small

molecular inhibition of receptor tyrosine kinase (RTK) and

downstream targets, and steric blockade of VEGFRs

(Fig. 1).

Fig. 1 Mechanisms of action and targets of anti-angiogenic agents that are studied in gastric and gastroesophageal junction cancer
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Bevacizumab

Bev is a recombinant, humanized, monoclonal antibody

against the VEGF. Bevacizumab inhibits angiogenesis by

binding to VEGF, blocking its interaction with VEGFR-1

and VEGFR-2. Bevacizumab is currently approved for

several cancers, such as colon, lung, breast, ovarian,

endometrial, and clear cell renal carcinoma, in a metastatic

setting. Four completed phase II and two completed phase

III clinical trials have investigated the efficacy of first-line

bevacizumab combined with chemotherapy in patients with

advanced GC and GEJ tumors.

In 2006, a multicenter phase II study conducted by Shah

et al. [36] evaluated the efficacy and safety of the addition

of bevacizumab to cisplatin-irinotecan in the first-line

setting in 47 patients with metastatic GC and GEJ tumors.

Bevacizumab resulted in a response rate (RR) in 65 % of

patients, with a median time to progression of 8.3 months

and a median OS of 12.3 months. Bevacizumab-related

toxicity included a 28 % incidence of grade 3 hypertension,

a 25 % incidence of grade 3–4 thromboembolic events, a

4.2 % incidence of gastric perforation, and a 2.1 % inci-

dence of cardiovascular events. Finally, although the pri-

mary tumor was unresected in 40 patients, only 1 patient

had a significant upper gastrointestinal bleed.

In 2011, another small phase II trial was conducted in

metastatic previously untreated patients who had GC and

GEJ adenocarcinoma. Bevacizumab, with a modified

schedule of docetaxel, cisplatin, and fluorouracil, was

investigated in 44 patients [37]. The RR of this combina-

tion was 67 %; after a 26-month follow-up, the median

PFS and OS were 12 months and 16.8 months, respec-

tively. Notably, in subset analysis, diffuse GC had signif-

icantly worse PFS and OS. However, no evidence of

increased chemotherapy-related toxicities with the addition

of bevacizumab was shown. In this trial, 39 % of patients

experienced venous thromboembolism.

In contrast to these results, El-Rayes et al. reported less

efficacy of the addition of bevacizumab to the

chemotherapy regimen with docetaxel and oxaliplatin in 38

previously untreated patients with locally advanced or

metastatic disease [38]. The disease control rate (DCR) was

79 % with 6.6 months of PFS and 11.1 months of OS.

Finally, Uronis et al. [39] investigated the combination of

bevacizumab with capecitabine and oxaliplatin in primary

metastatic esophagogastric adenocarcinomas (RR 51 %,

PFS 7.2 months, OS 10.8 months).

To settle the issue of these discordant results, an inter-

national, randomized, double-blind, placebo-controlled

phase III trial was conducted: the Avastin for Advanced

Gastric Cancer trial (AVAGAST). The trial investigated

the combination of bevacizumab with cisplatin and

capecitabine in previously untreated unresectable locally

advanced or metastatic GC or EGJ adenocarcinomas [40].

Overall survival was the primary endpoint of this study. A

total of 774 patients were enrolled; 387 were assigned to

each treatment group. The median OS was 12.1 months

with bevacizumab plus fluoropyrimidine-cisplatin versus

10.1 months in placebo plus fluoropyrimidine-cisplatin.

However, although the bevacizumab-based regimen

achieved a median of more than 2 months of OS, this result

did not meet the specified criteria for statistical significance

(HR = 0.87; 95 % CI, 0.73–1.03; P = 0.1002). Con-

versely, both the median PFS (6.7 vs. 5.3 months:

HR = 0.80; 95 % CI, 0.68–0.93; P = 0.0037) and overall

RR (46.0 % vs. 37.4 %: HR = 8.61; 95 % CI, 0.6–16.6;

P = 0.0315) were significantly improved with beva-

cizumab versus placebo. Among the bevacizumab-related

adverse events, with the exception of the incidence of

grade C3 hypertension (6 % vs. \1 %), no increased

incidence of other grade C3 adverse events of special

interest for bevacizumab were observed in the experi-

mental arm compared to the placebo arm. Interestingly, the

preplanned subgroup analyses revealed regional differ-

ences in efficacy outcomes. Indeed, the survival benefit of

bevacizumab was substantially higher in patients enrolled

in North America and Latin America, whereas patients

enrolled in Asia appeared to have no benefit, and European

patients had intermediate results. The authors try to explain

this fact by citing the diversity of patient selection, clinical

practice, population genetics, and second-line chemother-

apy among all patients.

Subsequently, a smaller phase III study, which mim-

icked the design of the AVAGAST trial, was conducted in

202 Chinese patients. Therefore, in the AVATAR trial

[41], the baseline patient clinical characteristics and the

second line of treatment were more similar to the Euro-

pean-American subgroup than the Asian Pacific subgroup

of the AVAGAST trial. However, this study showed no

significant differences between chemotherapy plus beva-

cizumab versus chemotherapy (OS: 10.5 months vs.

11.4 months; HR = 1.11; 95 % CI, 0.79–1.56; P = 0.56;

PFS: 6.3 months vs. 6.0 months; HR = 0.89; 95 % CI,

0.66–1.21; P = 0.47). In this trial, both the incidence of

grade C3 adverse events and the incidence of grade C3

adverse events of special interest for bevacizumab were

similar between the two treatment arms.

Finally, ST03 was a multicenter, randomized, phase II/

III study comparing perioperative epirubicin, cisplatin, and

capecitabine (ECX) with or without bevacizumab and was

designed with the first 200 patients contributing to a phase

II assessment of safety to exclude unacceptable rates of

gastrointestinal perforation and cardiotoxicity. In this

interim analysis, the incidence of cardiac complications
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was similar in both arms, except for arterial thromboem-

bolic events and more asymptomatic left ventricular ejec-

tion fraction falls, which were more frequent with ECX

plus bevacizumab [42]. However, the esophageal stratum

was closed prematurely because of safety concerns. Some

hospitals that are taking part in the ST03 trial are also

participating in the ST03 lapatinib feasibility study. The

patients with human epidermal growth factor receptor-2

(HER-2) positivity were randomized to receive ECX

chemotherapy alone against modified ECX with lapatinib.

To date, the study is currently recruiting participants

(NCT00450203).

Based on the reported results, bevacizumab cannot

currently be considered an option for GC patients with

unresectable or metastatic tumors. The results of published

phase III trials with bevacizumab in GC are summarized in

Table 1.

Ramucirumab

Ramucirumab, a human IgG1 monoclonal antibody against

VEGFR-2, prevents ligand binding and receptor-mediated

pathway activation in endothelial cells [43]. Preclinical

study results highlighted that blocking this VEGF family

receptor was associated with the inhibition of VEGF-me-

diated signaling, proliferation and migration of human

endothelial cells, and antitumor activity in animal models

[43–47]. More recently, two phase III clinical trials have

shown that ramucirumab is a valuable therapeutic option in

GC (Table 2).

The first trial was an international, randomized, double-

blind, placebo-controlled, phase III trial involving patients

with advanced GC or GEJ adenocarcinoma and disease

progression after first-line platinum-containing or fluo-

ropyrimidine-containing chemotherapy (REGARD) [48].

Table 1 Phase III clinical trails of bevacizumab in gastric and gastroesophageal junction cancer

Authors Setting Patients

(n)

Regimen End points ORR TTP/PFS (months) OS (months)

Ohtsu et al.

(AVAGAST)

1st

line

387 XC ? bev Primary:

OS

46 % (bev) (6.7) bev (12.1) bev

387 XC ? placebo Secondary:

PFS,

ORR,

safety

37.4 % (placebo) (HR

8.61; 95 % CI

0.6–16.6;

P = 0.0315)

(5.3) placebo (HR

0.80; 95 % CI

0.68–0.93;

P = 0.0037)

(10.1) placebo (HR

0.87; 95 % CI

0.73–1.03;

P = 0.1002)

Shen et al.

(AVATAR)

1st

line

100 XC ? bev Primary:

OS

41 % (bev) (6.3) bev (10.5) bev

102 XC ? placebo Secondary:

PFS,

ORR

34 % (placebo) (HR

7.02; 95 % CI -8.3

to 22.4; P = 0.34)

(6.0) placebo (HR

0.89; 95 % CI

0.66–1.21;

P = 0.47)

(11.4) placebo (HR

1.11; 95 % CI

0.79–1.56;

P = 0.56)

ORR median overall response rate, TTP median time to progression, PFS median progression-free survival, OS median overall survival,

X capecitabine, C cisplatin, Bev bevacizumab, HR hazard ratio, CI confidence interval

Table 2 Phase III clinical trails of ramucirumab in gastric and gastroesophageal junction cancer

Authors Setting Patients

(n)

Regimen End points ORR PFS (months) OS (months)

Fuchs et al.

(REGARD)

2nd

line

238 Ram ? BSC Primary: OS 3 % (ram) (2.1) ram (5.2) ram

117 BSC Secondary: PFS, rate of

12 weeks; PFS,

duration of disease

control

3 %

(placebo)

(1.3) placebo (HR

0.483; 95 % CI

0.376–0.620;

P = 0.0001)

(3.8) placebo (HR

0.776; 95 % CI

0.603–0.998;

P = 0.047)

Wilke et al.

(RAINBOW)

2nd

line

330 PTX ? Ram Primary: OS 28 %

(ram)

(4.40) ram (9.63) ram

335 PTX ? placebo Secondary: PFS, ORR 16 %

(placebo)

(2.86) Placebo (HR

0.635; 95 % CI

0.536–0.752;

P = 0.0001)

(7.26) placebo (HR

0.807; 95 % CI

0.678–0.962;

P = 0.0169)

ORR median overall response rate, PFS median progression-free survival, OS median overall survival, Ram ramucirumab, BSC best supportive

care, HR hazard ratio, CI confidence interval, PTX paclitaxel
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The patients of this study were randomly assigned (2:1) to

receive the best supportive care plus either ramucirumab or

placebo. The primary endpoint was OS. A total of 355

patients were assigned to receive ramucirumab (n = 238)

or placebo (n = 117). The median OS was 5.2 months in

patients in the ramucirumab group and 3.8 months in those

in the placebo group (HR = 0.776; 95 % CI, 0.603–0.998;

P = 0.047). For PFS (2.1 months vs. 1.3 months with

placebo: HR 0.483; 95 % CI, 0.376–0.620; P\ 0.0001),

the rate of disease control was significantly higher in

patients given ramucirumab than in those given placebo

(49 % vs. 23 %; P\ 0.0001). The rates of serious adverse

events were similar between the two arms. However, the

rates of hypertension were higher in the ramucirumab

group than in the placebo group [38 (16 %) vs. 9 (8 %)],

whereas the rates of other adverse events were mostly

similar between groups [223 (94 %) vs. 101 (88 %)]. The

effect of ramucirumab on quality of life was observed in

patients who received at least four cycles of therapy with

ramucirumab, and the performance status was also main-

tained for a significantly longer time with ramucirumab.

Although no regional differences in the effects of ramu-

cirumab were reported, in this study, the number of Asian

patients (16 %) or patients recruited in Asian centers (7 %)

is too small to make definitive conclusions.

In 2014, the results of the RAINBOW trial were

reported. The RAINBOW trial is a randomized, placebo-

controlled, double-blind, phase III trial that investigated

ramucirumab or placebo plus paclitaxel in patients with

advanced GC or GEJ adenocarcinoma and disease pro-

gression on or within 4 months after first-line chemother-

apy (platinum plus fluoropyrimidine with or without an

anthracycline) [49]. The randomization was 1:1. The pri-

mary endpoint was OS. Six hundred sixty-five patients

were randomly assigned to treatment, 330 to ramucirumab

plus paclitaxel and 335 to placebo plus paclitaxel. Overall

survival was significantly longer in the ramucirumab plus

paclitaxel group than in the placebo plus paclitaxel group

(median, 9.6 vs. 7.4 months: HR = 0.807; 95 % CI,

0.678–0.962; P = 0.0169). The study also met its sec-

ondary endpoints of PFS (2.86 vs. 4.40 months:

HR = 0.635; 95 % CI, 0.536–0.752; P = 0.0001) and RR

(16 % vs. 28 %; P = 0.0001). At 6 months, the PFS rate

was 36 % versus 17 % and at 9 months was 22 % versus

10 %. When survival outcomes are analyzed by geographic

region, ramucirumab seems to have similar activity in both

Asian patients (33.5 % of the study population) and Wes-

tern patients (66.5 % of the study population) [49].

Ramucirumab was relatively well tolerated, although

adverse events of grade C3 were somewhat greater with

combination treatment and included neutropenia (40.7 %

vs. 18.8 %); however, the incidence of febrile neutropenia

was comparable (3.1 % vs. 2.4 %), as were hypertension

(14.1 % vs. 2.4 %) and fatigue (7.0 % vs. 4. %).

Based on the results of REGARD, in April 2014,

ramucirumab was granted FDA approval as a second-line

treatment in patients with advanced or metastatic GC or

GEJ cancers who progressed on fluoropyrimidine-or plat-

inum-containing first-line chemotherapy. In November

2014, the FDA approved the combination of ramucirumab

and paclitaxel as a treatment for patients with previously

treated advanced gastric or gastroesophageal junction

(GEJ) adenocarcinoma based on data from the phase III

RAINBOW trial. In Europe, since December 2014, the

EMA has approved ramucirumab in combination with

paclitaxel for the treatment of patients with advanced GC

or EGJ adenocarcinoma with disease progression after

prior platinum or fluoropyrimidine chemotherapy. In Asian

countries, ramucirumab is undertaken as a second line of

treatment.

Unfortunately, the preliminary results have shown that

ramucirumab failed to achieve superiority over

chemotherapy alone in a first-line setting. In a double-

blind, phase II trial, 168 patients with previously untreated

unresectable locally advanced or metastatic esophageal,

GC, or EGJ adenocarcinoma were randomized to receive

mFOLFOX6 plus ramucirumab or placebo [50]. One

hundred sixty-eight patients were enrolled (84 in the

experimental arm vs. 84 in the chemotherapy ? placebo

arm). PFS (primary endpoint) and OS were similar (6.4 vs.

6.7 months: HR 0.98; 95 % CI, 0.69–1.37; P = 0.89) and

OS (11.7 vs. 11.5 months: HR 1.08) between the two arms.

Subgroup analyses by primary tumor location showed that

for esophageal adenocarcinoma the median PFS was 5.6

versus 6.1 months; for GC or GEJ adenocarcinoma, the

PFS was 8.7 versus 7.1 months and OS 14.6 versus

12.5 months. The PFS rate at 3 months was higher in the

experimental arm (89 % vs. 75 %; P = 0.020), but not at

6, 9, or 12 months. Subgroup analyses suggest that the

negative results of this study may be explained by the high

rate of esophageal cancers ([45 %) in the study’s popu-

lation and the higher rate of treatment discontinuation

before tumor progression in the experimental arm (27 %

vs. 10 %).

In conclusion, ramucirumab is now recommended in

second-line treatment for GC. Particularly, for patients

with ECOG 0–1, ramucirumab can be administered in

combination with pacliatexel, whereas for patients with

ECOG 0–2, ramucirumab can be administered in

monotherapy without taxane. Finally, for patients with an

ECOG status C2, the benefit from second-line treatment

with ramucirumab remains unclear [51].
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TKI inhibitor

Sorafenib

Sorafenib is an oral multi-target TKI inhibitor linked to

VEGFR-1, VEGFR-2, VEGFR-3, platelet-derived growth

factor receptor (PDGFR), B-Raf, Raf-1, and c-Kit. The

main antineoplastic activity of sorafenib is obtained by the

inhibition of tumor proliferation by blocking the RAF/

MEK/ERK-mediated cell signaling pathway. However,

although it is mediated by blocking VEGFR and PDGFR,

sorafenib shows anti-angiogenic activity [52]. The ECOG

5203 phase II trial [53] evaluated the efficacy and toxicity

of combined sorafenib, docetaxel, and cisplatin in patients

with metastatic or advanced GC or GEJ adenocarcinoma.

Forty-four chemotherapy-naı̈ve patients were enrolled:

they achieved an overall RR of 41 % (primary endpoint),

an OS of 13.6 months, and a PFS of 5.8 months. The major

toxicity of this regimen was neutropenia, which reached

grade 3 to 4 in 64 % of patients. One patient experienced

hemorrhage at the tumor site. Another phase II study was

performed to assess the combination of oxaliplatin and

sorafenib as a second-line therapy for GC after treatment

with cisplatin and fluoropyrimidine first-line therapy.

Among 40 patients, the DCR was approximately 50 %. The

median PFS was 3 months, and the median OS was

6.5 months [54]. Grade 3–4 neutropenia (9.8 %), throm-

bocytopenia (7.3 %), and neurotoxicity (4.9 %) were

reported. The association of sorafenib and oxliplatin

resulted in a good safety profile.

Recently, during ESMO 2014, the results of the

STARGATE trial comparing capecitabine plus cisplatin

with capecitabine plus cisplatin with sorafenib were

reported [55]. The primary endpoint of this study was PFS,

and a total of 195 patients were randomized. The overall

RR was 54 % in the experimental arm and 52 % in the

chemotherapy arm (P = 0.826). The median PFS assessed

by independent review was 5.6 months in

sorafenib ± chemotherapy and 5.3 months in the

chemotherapy-alone arm (HR 0.92; 95 % CI, 0.67–1.27;

P = 0.609). There was no difference in OS between the

two arms (median 11.7 vs. 10.8 months: HR 0.93; 95 %

CI, 0.65–1.31; P = 0.661). In this study, the addition of

sorafenib to chemotherapy was safe but not more effective

than chemotherapy alone.

Sunitinib

Sunitinib suppresses PDGFR, Kit, rearranged during

transfection (RET), Flt-3, and VEGFR-1, VEGFR-2, and

VEGFR-3. A phase II study tested single-agent sunitinib in

78 patients as the second line of therapy. The primary

endpoint was the overall RR. Two patients (2.6 %) had

partial responses, whereas 25 patients (32.1 %) had stable

disease. The median PFS was 2.3 months, and the median

OS was 6.8 months. Grade 3–4 thrombocytopenia and

neutropenia were reported in 34.6 % and 29.4 % of

patients, respectively [56]. In another phase II trial, 52

patients with chemo-resistant advanced GC received suni-

tinib as a single agent, obtaining a median OS of

5.8 months [57]. These results do not support the role of

single-agent sunitinib therapy in the second line of treat-

ment for GC, and no further clinical trials in GC were

launched.

Apatinib

Apatinib is a TKI selectively targeting VEGFR-2 [58, 59].

A phase I clinical trial showed that this agent has antitumor

activity in Chinese patients with metastatic GC [60].

Subsequently, a phase II, randomized, double-blind, pla-

cebo-controlled trial was conducted. This trial investigated

the safety and efficacy of apatinib as a treatment option for

heavily pretreated patients with metastatic GC. One hun-

dred forty-four patients were enrolled to receive placebo

(group A), apatinib 850 mg once daily (group B), or apa-

tinib 425 mg twice daily (group C). In groups A, B, and C,

the median OS was 2.50, 4.83, and 4.27 months, respec-

tively, and the median PFS was 1.40, 3.67, and

3.20 months, respectively. The toxicities were tolerable or

could be clinically managed. Therefore, the dosing regimen

of 850 mg once daily was recommended for following

studies [61]. A third-line setting, randomized, phase III trial

is currently comparing apatinib (850 mg/daily) to placebo.

Overall survival (OS) is the primary endpoint, and PFS,

DCR, overall RR, quality of life, and safety profile are the

secondary endpoints [62]. The preliminary results of this

study reported a median OS significantly longer in the

apatinib group compared with that in the placebo group

(195 days versus 140 days: HR = 0.71; 95 % CI,

0.54–0.94; P\ 0.016). The median PFS was also pro-

longed in the apatinib group compared with the placebo

group (78 days versus 53: HR = 0.44; 95 % CI, 0.33–0.61;

P\ 0.0001). The objective RR of the apatinib group and

placebo group were 2.84 % and 0.00 %, respectively. In

regard to adverse events, treatment of the apatinib group

was generally well tolerated. Most of the adverse reactions

could be managed by dose interruptions or reductions. The

grade 3/4 adverse reactions that occurred in more than 2 %

of patients were hypertension, hand-and-foot syndrome,

proteinuria, fatigue, anorexia, and elevated

aminotransferase.
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Cediranib

Cediranib (AZD2171) is a VEGFR-1 and VEGFR-2,

c-Kit, and PDGFR-b inhibitor [63]. A phase I trial

evaluated the association of cediranib with cisplatin plus

S-1 or capecitabine. Fourteen untreated advanced GC

patients were enrolled. Although a safety profile has

emerged, the response seemed modest (only one CR and

three PR). Therefore, results from additional studies are

needed [64].

Telatinib

Telatinib is an oral selective inhibitor of VEGFR (VEGFR-

2, VEGFR-3), PDGFR, and KIT tyrosine kinases. Telatinib

associated with standard chemotherapy was tested in 39

untreated patients with GC in a phase II trial. The primary

outcome was PFS, and the secondary outcomes were OS,

ORR, safety, and tolerability, pharmacokinetic (PK), and

biomarkers. A 92 % DCR and 140-day PFS were detected;

the association was well tolerated. The drug has shown a

good toxicity profile [65].

Other VEGF inhibitors

Other VEGF-targeted therapies are currently being stud-

ied. Two phase II randomized with placebo trials are

ongoing using pazopanib in combination with capecita-

bine plus oxaliplatin (NCT01130805) or in combination

with fluorouracil, leucovorin, and oxaliplatin

(NCT01503372) as the first-line setting. Aflibercept

(NCT01747551) is under investigation in the same setting

of patients in combination with folinic acid–fluorouracil–

oxaliplatin-based chemotherapy. All these studies are

currently recruiting participants. More recently, during

ASCO 2015, the results of a phase II randomized trial of

regorafenib (an oral multi-kinase inhibitor with anti-an-

giogenic property) were reported [66]. Patients with GC

who progressed after a first and second line of therapy

were randomized to receive regorafenib or placebo. The

primary endpoint was PFS. A total of 152 patients were

enrolled, yielding 147 evaluable for analysis (97 rego-

rafenib and 50 placebo). The median PFS was 11.1 weeks

and 3.9 weeks for regorafenib and placebo, respectively

(P\ 0.0001); the median OS was 25 weeks and

19.4 weeks, respectively (P = 0.11). Prespecified analy-

ses found that regorafenib had a greater effect in Korea

than in Australia and New Zealand (HR 0.12 vs. 0.61;

P = 0.0009). Regorafenib was well tolerated, with the

expected spectrum of toxicities.

PI3K-AKT-MTOR inhibitor

The PI3K/AKT pathway is an intracellular signaling

pathway that is important in angiogenesis [67]. Everolimus

(RAD001) is an oral inhibitor of the mammalian target of

rapamycin serine-threonine kinase (mTOR), inhibiting the

PI3K/Akt/mTOR pathway. In 2013, an international, dou-

ble-blind, phase III study compared the efficacy and safety

of everolimus with the best supportive care in previously

treated advanced GC (GRANITE-1) [68]. Patients with

advanced GC that progressed after one or two lines of

systemic chemotherapy were randomly assigned to ever-

olimus 10 mg/day or placebo, both of which groups were

given the best supportive care. The primary endpoint was

OS. Six hundred fifty-six patients were enrolled. The

median OS was 5.4 months with everolimus and

4.3 months with placebo (HR 0.90; 95 % CI, 0.75 to 1.08;

P = 0.124). The median PFS was 1.7 and 1.4 months in

the everolimus and placebo arms, respectively (HR 0.66;

95 % CI, 0.56 to 0.78; P\ 0.001). However, formal sta-

tistical significance could not be declared per the hierar-

chical testing strategy. The safety profile observed for

everolimus was consistent with that observed for ever-

olimus in other cancers. Compared with best supportive

care, everolimus did not significantly improve OS for

advanced GC that progressed after one or two lines of

previous systemic chemotherapy.

Biomarkers

To date, no predictive biomarkers are available to predict

the benefit of anti-angiogenic agents in the treatment of

solid tumors. Therefore, it is difficult to identify patients

who are more sensitive to inhibitors of angiogenesis. In

GC, data on the role of potential biomarkers are available

only for bevacizumab and are derived from the preplanned

correlative analyses of the AVAGAST trial [69]. In this

study, blood and tumor tissue samples of patients treated

with bevacizumab or placebo in combination with

chemotherapy were collected at baseline. Prespecified

biomarkers included plasma VEGF-A and protein expres-

sion of neuropilin-1, VEGFR-1, and VEGFR-2. Correla-

tions between biomarkers and clinical outcomes were

assessed using a Cox proportional hazards model. Baseline

plasma VEGF-A levels and tumor neuropilin-1 expression

were identified as potential predictors of bevacizumab

efficacy. Patients with high baseline plasma VEGF-A

levels showed a trend toward improved OS (HR 0.72; 95 %

CI, 0.57–0.93) versus patients with low VEGF-A levels

(HR 1.01; 95 % CI, 0.77–1.31; interaction P = 0.07).

Patients with low baseline expression of neuropilin-1 also
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showed a trend toward improved OS (HR 0.75; 95 % CI,

0.59–0.97) versus patients with high neuropilin-1 expres-

sion (HR 1.07; 95 % CI, 0.81–1.40; interaction P = 0.06).

For both biomarkers, subgroup analyses demonstrated

significance only in patients from non-Asian regions.

Finally, an exploratory analysis of a phase II trial of

bevacizumab in combination with capecitabine and oxali-

platin showed that tumor expression of NRP-1 and NRP-2

was assessed and correlated with outcome [39]. However,

the small sample size and the absence of a control group do

not allow for any conclusions to be drawn regarding the

predictive effect of these biomarkers. Therefore, to date, no

biomarkers of response are available in a clinical setting.

Discussion

Angiogenesis has a major function in tumor development

and progression. In this setting, clinical data suggest that

targeting angiogenesis by inhibiting angiogenic signaling

pathways is an important therapeutic activity for many

solid tumors. However, evidence of antitumor activity with

anti-angiogenic therapies leading to improved OS or PFS

in patients with metastatic GC is still limited [70, 71].

Several factors, including heterogeneity of patient popu-

lations, ethnic differences, drug mechanisms of action,

combination with chemotherapy, and study design, may

explain the variable results observed with these agents in

the clinical setting. Therefore, because the expression of

different and potential targets depends on the tumor site,

histology, and ethnic differences, it seems to be important

to design clinical trials that are stratified according to these

factors [72]. Another key reason for unobserved hetero-

geneity in response to treatments might be related to

insufficient attention to the underlying molecular mecha-

nisms driving differences in cancer aggressiveness and

treatment outcomes [73]. Additionally, the lack of predic-

tive biomarkers does not allow for an appropriate selection

of patients. Finally, the small effect of anti-angiogenic

agents on the OS of GC or GEJ patients underscores how

the results of phase II trials are limited when we translated

them into phase III trials in a clinical setting. For the

majority of molecules, promising phase II trials failed

during subsequent phase III trials. Therefore, more caution

is needed before starting a phase III trial from the data of a

small phase II trial.

In our review, we summarize the available data as well

as the current status of ongoing randomized studies on the

anti-angiogenic agents in advanced/metastatic GC. To date,

the only anti-antiangiogenic agent approved for GC or EGJ

patients is ramucirumab. This drug is approved for previ-

ously treated patients with advanced or metastatic GC or

GEJ adenocarcinoma initially as monotherapy and

subsequently as combination therapy with paclitaxel.

Subgroup analyses on differential treatment effects

between ethnic subgroups have also generated confusion

[51]. For example, in the RAINBOW trial [49], the results

of a preplanned subgroup analysis showed an advantage

(albeit not statistically significant) in the median OS for

ramucirumab plus paclitaxel between Asian and non-Asian

patients. However, the cohort of Asian patients (especially

Japanese patients) more commonly received second and

further lines of therapy [40, 51]. Approximately 70 % of

Asian patients and almost 35 % of European and American

patients received a post-discontinuation treatment in the

RAINBOW trial. Therefore, this fact may explain the dif-

ferences in OS among Asian and non-Asian regions.

Another important issue pertains to the chemotherapy

combination with antiangiogenic treatment. To date, the

combination of ramucirumab and paclitaxel is the only

combination that has reported positive results in OS. In this

setting, a phase II study (NCT02317991) is currently

recruiting patients to show whether nab-paclitaxel (an less

toxic albumin-based formulation of paclitaxel approved for

treatment of various cancers) and ramucirumab are effec-

tive when used in combination for treating patients with

metastatic gastroesophageal cancer in the second line of

treatment. Conversely, combination therapies between

platinum-based chemotherapy and anti-angiogenic agents

in first-line treatment of GC have failed to show significant

survival benefit [40, 41, 51]. Additionally, the first report

on ramucirumab in combination with a platinum com-

pound, such as oxaliplatin, did not meet its primary end-

point [50]. Therefore, a randomized, double-blind,

placebo-controlled phase III study of cisplatin plus a flu-

oropyrimidine with or without ramucirumab as first-line

therapy in patients with metastatic GC or GEJ adenocar-

cinoma (RAINFALL, NCT02314117) is currently recruit-

ing participants, and the final results of this trial are

awaited to make definitive conclusions about platinum-

based chemotherapy and antiangiogenic agents in first-line

treatment of GC.

Finally, although the continuation of an anti-angiogenic

agent beyond progression could be particularly intriguing,

no data are available about the use of ramucirumab in this

particular condition for GC patients.

Nonetheless, ramucirumab and apatinib have generated

positive results at this time. Recent acquisitions suggest

that angiogenesis inhibition is the correct path. In fact, the

investigators from the Cancer Genome Atlas Research

Network have provided a comprehensive molecular char-

acterization of GC [74]. The scientists propose a molecular

classification dividing GC into four subtypes: tumors pos-

itive for Epstein–Barr virus; microsatellite unstable tumors;

genomically stable tumors; and tumors with chromosomal

instability. Notably, in two of these subtypes,

38 G. Roviello et al.

123



chromosomally unstable tumors and genomically stable

tumors were associated with recurrent amplification of the

VEGF-A gene and elevated expression of the angiogenesis-

related pathway [70, 71]. Although these preclinical data

are not yet translated into clinical routine practice, it is

indisputable that these data provide support for further

trials on anti-angiogenic therapy.

In conclusion, targeting the angiogenic pathway has

significant clinical potential in GC, even if mounting pre-

clinical evidence indicates that the development of anti-

VEGF pathway inhibitors may require a deep knowledge

on how and to what extent tumors are VEGF addicted

through ligand-dependent and ligand-independent mecha-

nisms. The strategy of combining treatments targeting

several molecules, or drugs blocking downstream signaling

transducers, might be used to address the common problem

of crosstalk between signaling pathways and thus the

development of resistance. This finding points to the urgent

need of high-quality well-designed clinical trials with

extensive translational research.
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