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ABSTRACT

Neo-vascularization is a vital process for tumor growth and development which involves
the interaction between tumor cells and stromal endothelial cells through several
growth factors and membranous receptors which ultimately activate pro-angiogenic
intracellular signaling pathways. Inhibition of angiogenesis has become a standard
treatment option for several tumor types including colorectal cancer, glioblastoma and
ovarian cancer. In gastric cancer, the therapeutic role of anti-angiogenic agents is more
controversial. Bevacizumab and ramucirumab, two monoclonal antibodies, which target
vascular endothelial growth factor-A and vascular endothelial growth factor receptor-2,
respectively, have been demonstrated antitumor activity in patients with tumors of
the stomach or esophagogastric junction. However, especially for bevacizumab, this
antitumor activity has not consistently translated into a survival advantage over standard
treatment in randomized trials. In this article, we provide an overview of the role of
angiogenesis in gastric cancer and discuss the results of clinical trials that investigated
safety and effectiveness of antiangiogenic therapies in this disease. A review of the
literature has been done using PubMed, ClinicalTrials.gov website and the ASCO Annual
Meeting Library.
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INTRODUCTION

Gastric cancer is the fifth most common type of cancer
and the third leading cause of cancer mortality worldwide,
with >950,000 new cases and >720,000 deaths estimated
in 2012.1" Despite the improvements achieved with
the routine use of peri-operative treatments and the
optimization of surgery, in Western countries tumor
recurrence occurs in >50% of patients with initially
localized disease.*” Furthermore, metastases are present
in approximately 50% of cases at diagnosis, and the
median survival in this circumstance remains poor, only
a minority of patients being alive at 1-year.*”! Better
survival figures have been reported in Eastern countries,
possibly reflecting geographical differences for this
malignancy with respect to epidemiology, biology and
pharmacogenomics.®”
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In recent years, the addition of trastuzumab to standard
chemotherapy in patients with HER-2 positive tumors and
the increasing use of second-line therapies have led to an
improved sutvival in selected patients.*'!! However, a better
knowledge of the driving mechanisms of tumor progression
and the identification of alternative therapeutic targets are vital.

Historically, angiogenesis has been attributed a crucial
role in mediating physiologic processes, including
embryogenesis and wound healing.!” In 1977, Ausprunk
and Folkman described for the first time the mechanism
of sprouting angiogenesis in tumors."” They proposed
a multi-step process, including the degradation of the
basement membrane of a peri-tumoral capillary, the
migration of endothelial cells into the connective tissue,
the formation of a solid cord and the conversion of this
into an empty capillary. This mechanism, which ultimately
ensures blood supply to the tumor has been demonstrated
to be vital to sustain tumor growth beyond 2-3 mm!"¥ and is
largely mediated by the hypoxia-inducible factor (HIF)-1o
which promotes transcription of pro-angiogenic genes,
including the vascular endothelial growth factor (VEGE)
gene, under hypoxic conditions.!"”!

Vascular endothelial growth factor was isolated for the first
time in 1989 as a diffusible heparin-binding polypeptide
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which specifically targets vascular endothelial cells.!'*!"]

Subsequently, other VEGF - related genes, including
VEGE-B, VEGF-C, VEGF-D, placenta growth factor
(PIGF) and platelet-derived endothelial growth factor
were found to be associated with the regulation of tumor
angiogenesis by encoding growth factors which interact
with a number of membranous tyrosine-kinases receptors
such as VEGFR-1, VEGFR-2, VEGFR-3 and neuropilin-1
and -2 (NRP-1, NRP-2).l"J

Given the importance of angiogenesis in the mechanisms
of tumor growth, proliferation and metastasis, targeting
pro-angiogenic signaling pathways has progressively
emerged as a rational therapeutic approach for several
malignancies."” In addition to the antitumoural effects
mediated by the direct inhibition of the process of new
vessel formation, antiangiogenic therapies have also
been associated with indirect antiproliferative effects
deriving from the normalization of the disorganized
tumor vasculature, which favors intra-tumor delivery
of cytotoxic drugs.” Whilst the former effect seems
to be prerogative of tumors with a poor stroma, the
latter effect has been largely described in tumors which
are surrounded by a developed stroma.’"! However,
despite the compelling biological rationale underlying
the use of antiangiogenic therapeutic strategies, a wide
range of results has been observed across different
tumor types, suggesting a nonunivocal tumor addiction
to angiogenesis.*

In this article, we discuss the role of angiogenesis in
esophago-gastric cancer and review the results of clinical
trials with bevacizumab and ramucirumab in the advanced
setting,

THE ROLE OF VEGF IN OESOPHAGO-GASTRIC CANCER

In tumors of the gastrointestinal tract, the identification
of VEGF as a pro-angiogenic factor expressed by
malignant epithelial cells dates back more than two
decades. In initial studies of immunohistochemistry and
in situ hybridization, VEGFE was found to be expressed,
especially in areas of tumor necrosis while its receptors,
Flt-1 (VEGFR-1) and KDR (VEGFR-2), were localized
on the surface of petitumoural stromal endothelial cells.!
Since then, several studies have investigated the clinical
and prognostic relevance of VEGF in oesophagogastric
cancers.?*?l In most cases, the association was found
between VEGF expression and tumor vascular density and
VEGF progressively emerged as a prognostic factor being
associated with unfavorable clinico-pathologic features,
hematogenous metastases and poor outcome. Interestingly,
the role of VEGF as a mediator of angiogenesis in this

disease appeared to be more relevant in tumors with
an intestinal-type rather than a diffuse-type histological
architecture.®’!

The importance of angiogenesis in the pathogenesis
and progression of esophagogastric cancers has been
confirmed by more recent studies investigating the
prognostic role of circulating VEGE. Plasma levels of
VEGF have been found to be significantly higher in
esophagogastric cancer patients compared to healthy
controls and in several series of patients undergoing
surgical resection, high levels of VEGF have been
reported to be an independent predictor of poor
outcome.’"? Several studies have also investigated the
clinical significance of single nucleotide polymorphisms
of the VEGF gene. Although in most cases the correlation
between some polymorphic variants at specific loci and
pattern of tumor relapse or prognosis has been found, the
results of these studies have been inconsistent and do not
seem to support the hypothesis that genotyping of VEGF
could be of clinical relevance.*?

The main mechanism which leads to transcription of
the VEGF gene is the activation of HIF-1a.®! In the
presence of nonhypoxic conditions, HIF-1ot undergoes
ubiquitination and degradation by proteasomes. Under
hypoxic conditions, HIF-1at serves as a transcription
factor, which targets several genes, including VEGF and
promotes an adaptive angiogenic response to hypoxia.’’)
Several reports have shown an association between HIF-1ot
expression and tumor prognosis in esophagogastric
cancer.”* In an elegant preclinical study, Stoeltzing
¢t al. demonstrated that inhibition of the HIF-1a-VEGF
axis may have an important therapeutic potential in this
disease.[! In particular, they showed that inactivation of the
transcription activity of HIF-1ot resulted in a significantly
reduced production of VEGF in gastric cancer cells and
inhibition of angiogenesis and tumour growth in animal
models.

Despite the central role of VEGF in the angiogenic
process, several other pro-angiogenic factors have been
demonstrated to be actively involved in the mechanisms of
angiogenesis, tumor growth, progtession and metastasis."*!
In particular, several retrospective studies have reported
a strong association between expression of VEGF-C in
malignant epithelial cells (and its receptor VEGFR-3 in
stromal lymphatic vessels) and lymphangiogenesis.***+!
Altogether, these data seem to suggest a potential differential
pattern of tumor progression in esophagogastric
cancers, through lymph nodal metastases in tumors
with predominant expression of VEGF-C and through
hematogeneous metastases in tumors with a predominant
expression of VEGF-A.

254 Indian Journal of Medical and Paediatric Oncology | Oct-Dec 2014 | Vol 35 | Issue 4



Fontana, et al.: Anti-angiogenic therapies for esophago-gastric cancer

BEVACIZUMAB IN ADVANCED OESOPHAGOGASTRIC
CANCER

Bevacizumab is a monoclonal antibody which exerts an
antiangiogenic activity by binding VEGF-A and inhibiting
its interaction with VEGFR-1 and VEGFR-2.F" Preclinical
data indicated that this targeted agent had the potential to
inhibit tumor neovascularization, tumor vessel density and
tumor growth either as monotherapy or in combination
with cytotoxic agents.’!) The activity of bevacizumab
was subsequently confirmed in a clinical setting and this
antiangiogenic agent is now an established treatment
option in several malignancies including colorectal
cancer, nonsmall cell lung cancer, renal cell carcinoma,

glioblastoma and ovarian cancer.’**‘!

Bevacizumab has also been largely investigated in
combination with different chemotherapy regimens in

esophagogastric cancer with four completed phase 11 and
two completed phase III clinical trials [Table 1].576

In 20006, Shah ez al. reported on the safety and efficacy results
of a combination with bevacizumab and cisplatin-irinotecan
in patients with locally advanced or metastatic gastric or
esophago-gastric junctional (OGJ) adenocarcinoma.P’l In
this multicentre phase 11 trial (# = 47) promising outcome
measures were observed with a median time to progression
of 8.3 months, the objective response rate of 65% and a
median overall survival (OS) of 12.3 months. Moreover,
the rate of grade =3 adverse events was acceptable
with no major safety signals. Few years later, in another
small phase II trial conducted in the metastatic setting
(n = 44), Shah ez al. reported even better results combining
bevacizumab with a modified schedule of docetaxel,
cisplatin and fluorouracil.”® Response rate in this patient
population was 67% and median progression-free
survival (PES) and OS were 12 months and 16.8 months,
respectively. Treatment appeared to be well-tolerated overall
with no evidence of increased chemotherapy-relayed
toxicities with the addition of bevacizumab. However, it is
worth noting that 39% of patients in this trial experienced
venous thromboembolism. Less promising results were
reported by El-Rayes ¢# a/. and Uronis e/ a/. in two smaller
phase II trials where bevacizumab was administered in
combination with oxaliplatin and docetaxel (RR: 42%,
PES: 6.6 months, OS: 11.1 months) and capecitabine and
oxaliplatin (RR: 51%, PFS: 7.2 months, OS: 10.8 months),
respectively.F”!

The Avastin for Advanced Gastric Cancer trial (AVAGAST)
was an international, randomized, double-blind,
placebo-controlled phase 111 trial of bevacizumab in
combination with cisplatin and capecitabine in previously

untreated unresectable locally advanced or metastatic
adenocarcinomas of the stomach or OGJ.I*" The
primary endpoint was OS, and the study was powered
to demonstrate a 22% reduction in the risk of death
(HR = 0.78) with the addition of bevacizumab to
standard therapy. It is interesting to note that the dose
of bevacizumab used in this trial (2.5 mg/kg/week) was
lower than that used in the phase 11 studies by Shah ez a/.
and Uronis e/ al. (5 mg/kg/week).P46

The study included 774 patients (49% from the Asian-Pacific
region, 32% from Europe and 19% from the Americas), of
whom only 4% had locally advanced disease. The primary
site of the tumor was the OG]J in 13% of patients and liver
metastases were present at study entry in 33% of cases.
Although a difference in median OS (mOS) in favor of the
bevacizumab arm was observed (12.1 vs. 10.1 months), this
did not meet the specified criteria for statistical significance
(HR =0.87,95% CI, 0.73-1.03, P = 0.1002). However, it is
worth noting that patients allocated to the investigational
arm had a statistically significant better PES (6.7 months
vs. 5.3 months; HR = 0.80; P = 0.0037), RR (46% vs.
37.4%, P = 0.0315) and 1-year survival (50.2% vs. 42.3%,
P = 0.0301). More interestingly, preplanned subgroup
analyses showed that the beneficial effect of bevacizumab
on all study outcome measures was substantially higher
among patients recruited in the Americas as opposed to
patients recruited in Europe (intermediate effect) or in
Asia-Pacific regions (no or limited effect). It is not known
whether this regional difference is the result of differences
in tumor biology or which may affect bevacizumab activity,
or is rather influenced by the imbalance in the use of
subsequent treatments (63% in Asian-Pacific regions, 26%
in Burope and 19% in the Americas) or the relatively small
number of the patients in each subgroup.

Useful data to interpret these results have been subsequently
provided by the AVATAR trial. This was a smaller
bridging phase III study, which mimicked the design of
the AVAGAST trial and was conducted in 202 Chinese
patients.l”? Although both baseline patient clinical
characteristics and use of poststudy treatments were
more similar to the European-American subgroup rather
than the Asian-Pacific subgroup of the AVAGAST trial,
no significant differences between chemotherapy plus
bevacizumab versus chemotherapy alone were reported
for any of the outcome measures (OS: 10.5 months vs.
11.4 months, HR = 1.11, P = 0.56; PFS: 6.3 months vs.
6.0 months, HR = 0.89, P = 0.47; RR: 41% vs. 34%,
P =0.35).

In line with other tumor types, bevacizumab has been

demonstrated to have an acceptable safety profile in
advanced gastric cancer. In both the AVAGAST and
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AVATAR trial, the incidence of grade =3 adverse events
was similar between the treatment arms.[*-*4 Among
chemotherapy-related toxicities, only diarrhea (8% vs. 4%)
and hand-foot syndrome (6% vs. 3%) in the AVAGAST
trial, and vomiting (22% vs. 10%) and decreased appetite
(5% vs. 1%0) in the AVATAR trial appeared to be increased
with the use of bevacizumab. Interestingly, in these trials
no increased incidence of grade =3 adverse events of
special interest for bevacizumab were observed in the
investigational arm compared to the placebo arm with the
exception of hypertension in the AVAGAST trial (6% vs.
<1%,). Itis worth noting that in the AVATAR trial, patients
in the placebo arm experienced grade =3 hemorrhage
significantly more frequently than in the bevacizumab
arm (11.9% vs. 4%). The incidence of gastrointestinal
perforation was 2.3% in the AVAGAST trial and 1% in
the AVATAR trial.

Based on the negative results of these phase III trials,
bevacizumab is currently not an option for gastric
cancer patients with unresectable or metastatic tumors.
A multicenter randomized phase II/III trial conducted
in the UK and sponsored by the Medical Research
Council is currently investigating the safety and efficacy
of bevacizumab when given in combination with
peti-operative ECX chemotherapy in patients with localised
oesophago-gastric adenocarcinoma (ST03).1l The results
of this trial are expected in the coming months and despite
the different setting of disease, they will certainly provide
additional information on the therapeutic potential of
bevacizumab in gastric cancer.

RAMUCIRUMAB IN ADVANCED OESOPHAGOGASTRIC
CANCER

Ramucirumab is a fully humanized monoclonal antibody
with a high binding affinity for the extracellular domain
of VEGFR-2.1 Preclinical studies showed that targeting
this VEGF family receptor was associated with inhibition
of VEGF-mediated signaling, proliferation and migration
of human endothelial cells and anti-tumor activity in animal
models. I The results of two phase I1I clinical trials have
recently confirmed that VEGFR-2 is a valuable therapeutic
target in gastric cancer [Table 2].

REGARD was a global, double-blind, placebo-controlled,
phase III trial which randomized in a 2:1 ratio 355
chemorefractory metastatic gastric cancer patients to
single agent ramucirumab or placebo.’”) The primary
endpoint was OS. Median OS (5.2 months vs. 3.8 months,
HR = 0.776, P = 0.047), median PEFS (2.1 months vs.
1.3 months, HR = 0.483, P < 0.0001) and disease control
rate (49% vs. 23%, P < 0.0001) were significantly improved

in the ramucirumab arm. The survival benefit associated
with this investigational agent was consistent across all
subgroups and in contrast to the AVAGAST trial, no
regional differences in the effects of ramucirumab were
reported. However, it is worth noting that the small number
of Asian patients (16%) or patients recruited in Asian
centers (7%) precludes any definitive conclusion.

More recently, the benefit of the ramucirumab in the
refractory setting has been confirmed in the RAINBOW
trial, an international, multicentre, randomised phase 111
trial of weekly paclitaxel plus or minus ramucirumab."” The
primary endpoint was OS and a total of 665 patients were
enrolled. The addition of the ramucirumab to standard
chemotherapy was demonstrated to improve OS from
7.36 months to 9.63 months (HR = 0.807, P = 0.0169).
The study also met its secondary endpoints of PFS (2.86
vs. 4.40 months, HR = 0.635, P = 0.0001) and response rate
(16% vs. 28%, P = 0.0001). When the survival outcomes
are analyzed by geographical region, it appears evident that
ramucirumab has similar activity in both Asian (33.5% of
the study population) and Western patients (66.5% of the
study population), with the impact of ramucirumab on
OS in the former group being markedly diluted by the
more favorable tumors phenotype and the increased use
of treatments after study cessation.!")

Safety analyses of these trials showed that the ramucirumab
had a manageable safety profile. In the REGARD trial, the
incidence of grade 23 adverse events was similar between
the two arms and the use of ramucirumab was not associated
with a deterioration of quality of life. In the RAINBOW
trial the addition of ramucirumab to paclitaxel appeared to
increase the risk of grade 23 chemotherapy-related toxicities
including neutropenia (40.7% vs. 18.8%), fatigue (11.9% vs.
5.5%) and neuropathy (8.3% vs. 4.6%). In terms of adverse
events of special interest for ramucirumab, only grade =3
hypertension was reported to be significantly more frequent
in the investigational arm of both trials (8% vs. 3% in
REGARD and 14.7%. vs 2.7% in RAINBOW).["

In contrast to the refractory setting, the addition of the
ramucirumab to chemotherapy failed to show superiority
over chemotherapy alone in the first-line setting; In a recent
multicenter, double-blind, phase 11 trial, 168 patients with
previously untreated unresectable locally advanced or
metastatic esophageal, gastric or OGJ adenocarcinoma were
randomized to receive mFOLFOXG6 plus ramucirumab or
placebo.” Although patients in the investigational arm
experienced a higher disease control rate (85% vs. 67%,
P = 0.008), no difference was observed in PFS (primary
endpoint) (6.4 vs. 6.7 months, HR = 0.98, P = 0.89) and OS
(11.7 vs. 11.5 months, HR = 1.08) between the two arms.
Subgroup analyses suggest that the inclusion of patients
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Table 2: Phase Il/lll clinical trials of ramucirumab in gastric cancer

Authors Trial design Population Treatment End points mPFS mORR mOS

Fuchs Multicenter, 355 metastatic/ Ramucirumab 8 mg/kgor ~ Primary: OS 2.12m(ram)versus 3% (ram) 5.2 m (ram) versus

etal® randomized, unresectable placebo q 14 Secondary: PFS, 1.3m (placebo) versus3% 3.8 m(placebo)
double-blind, gastric/OG)J rate of 12 weeks (HR=0.483;95% (placebo) (HR=0.776; 95%
placebo-controlled adenocarcinomas PFS, duration of Cl, 0.376-0.620; Cl, 0.603-0.998;
phase Il trial after first line failure disease control  P=0.0001) P=0.047)

Wilke Multicenter, 665 metastatic/ Ramucirumab 8 mg/kg or ~ Primary: OS £4.40 M (ram) 28% (ram)  9.63 m (ram) versus

etal.’ randomized, unresectable placebo, d1,15 paclitaxel Secondary: PFS, versus 2.86 m versus 16% 7.26 m (placebo)
double-blind, gastric/OG)J 8o mg/mq di,8,15 q 28 ORR (placebo) (HR (placebo)  (HR=0.807; 95%
placebo-controlled adenocarcinomas =0.635; 95% Cl, 0.678-0.962;
phase Ill trial after first line failure Cl, 0.536-0.752; P=0.0169)

P=0.0001)

Yoon Multicenter, 168 previously Ramucirumab 8 mg/kg or  Primary: PFS 6.4 m(ram)versus 45% (ram)  11.7 m (ram) versus

etal’ randomized, untreated metastatic/ placebo dz, 15, oxaliplatin ~ Secondary: 6.7 m (placebo) versus 46% 11.5m (placebo)
double-blind, unresectable 85 mg/mq dz, fluorouracil  OS, ORR, DCR, (HR=0.98;95%  (placebo)  (HR=1.08;95%Cl,
placebo-controlled esophageal/ 400 mg/mq d1, leukovorin  safety Cl, 0.69-1.37; 0.73-1.58)
phase Il trial gastric/OG)J 400 mg/mq dz, fluorouracil P=0.89)

adenocarcinomas 1200 mg/mq/dx2 q14

OGJ - Esophago-gastric junction; mPFS — Median progression free survival; mORR — Median overall response rate; mOS — Median overall survival; DCR — Disease control rate;
OS - Overall survival; PFS — Progression free survival; ORR — Overall response rate; HR — Hazard ratio; Cl — Confidence interval

with esophageal cancers (>45%) and the higher rate of
treatment discontinuation before tumors progression in
the investigational arm (27% vs. 10%) may have negatively
influenced the results of the study.

Based on the positive results of the REGARD trial, in
April 2014 ramucirumab has been granted FDA approval
as second line treatment in patients with advanced or
metastatic gastric or esophago-gastric junction cancers who
progressed on fluoropyrimidine-or platinum-containing
first-line chemotherapy.””

BIOMARKERS FOR ANTI-ANGIOGENIC THERAPIES
IN GASTRIC CANCER

One of the reasons of failure (or limited benefit) of
antiangiogenic agents in clinical trials of solid tumors is the
unavailability of predictive biomarkers that may identify
tumors that are more addicted to activated pro-angiogenic
signaling pathways and therefore theoretically more sensitive
to inhibitors of angiogenesis. In gastric cancer, data on the role
of potential biomarkers are available only for bevacizumab
and largely derive from the preplanned correlative analyses of
the AVAGAST trial which included the prospective collection
of tumor tissue and blood samples to evaluate both tissue
and circulating biomarkers (including VEGFE-A, VEGFR-1,
VEGFR-2, NRP-1 and plasma VEGF-A).[™

In this study, high levels of circulating VEGF-A and
increased tumor expression of NRP-1 were found to be
unfavorable prognostic factors associated with shorter
survival in the placebo arm. More interestingly, the same
biomarkers appeared to predict bevacizumab benefit in the
investigational arm. The OS benefit of bevacizumab was
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found to be higher in patients with high VEGF-A levels (HR
= 0.72) compared with patients with low VEGF-A levels
(HR = 1.01) (interaction test P = 0.07) and in patients with
low NRP-1 expression (HR = 0.75) compared with patients
with high NRP-1 expression (HR = 1.07) (interaction test P
= 0.06). Of note, the effect associated with the circulating
levels of VEGF-A was evident only in patients from
nonAsian-Pacific regions. Although interesting, these results
remain hypothesis-generating and potentially biased by
geographic differences in the process of tissue acquisition
and the absence of standardized techniques and established
cut-off points for evaluation of biomarker expression.
To the best of our knowledge, there are no other published
studies which investigated the potential association between
tumors biomarkers and response to antiangiogenic agents
in gastric cancer with the exception of an exploratory
analysis of the previous small phase 11 trial of bevacizumab
in combination with capecitabine and oxaliplatin. In this
study, tumors expression of NRP-1 and NRP-2 was
assessed and correlated with outcome.”) Although the
small sample size and the absence of a control group do
not allow to draw any conclusion on the predictive effect
of these biomarkers, a statistically significant association
between high mRNA levels of NRP-2 and poor survival
outcomes was observed. A similar negative prognostic
effect was found for high mRNA levels of NRP-1.
However, this was not statistically significant.

ANTI-ANGIOGENIC AGENTS UNDER INVESTIGATION

A number of antiangiogenic agents, some of which have
already been approved for use in other tumors types, are
currently under investigation in gastric cancer.
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The most promising data regarding novel antiangiogenic
drugs are on Apatinib which is an oral, small molecule
tyrosin-kinase inhibitor targeting VEGFR-2. A
phase I1I randomized, double-blind, placebo-controlled
trial in chemorefractory gastric cancer patients has
been recently presented at the 2014 ASCO Annual
Meeting.""l In this study, 273 Chinese patients who
had previously progressed on second line therapy were
randomised in a 2:1 ratio to apatinib or placebo. Median
OS, the primary endpoint of the study, was significantly
prolonged from 140 days with placebo to 195 days with
apatinib (HR = 0.71, P < 0.016). The use of apatinib
was also associated with an improved PFS (53 days
vs. 78 days, HR = 0.44, P < 0.0001). No difference in
RR was observed (0% vs. 2.8%). The toxicity profile
of this agent appeared to be acceptable and no new
safety signals emerged. Despite the marginal survival
improvement associated with the use of apatinib in
this trial, these data provide additional evidence to
support the proposition that VEGFR-2 is a valuable
therapeutic target in this disease.

Less mature data are available for other antiangiogenic
agents, including aflibercept and the multi-tyrosine kinase
inhibitors regorafenib and pazopanib. These agents are
currently being investigated in placebo-controlled phase 11
trials of first-line treatment [Table 3].

DISCUSSION

Angiogenesis plays a major role in tumors development
and progression, and preclinical data suggest that the
inhibition of angiogenic signaling pathways may have an
important therapeutic potential in gastric cancer. However,
clinical trials have so far provided contradictory results, and
the antitumour activity of antiangiogenic agents has not
always translated into a significant survival benefit. Factors
including heterogeneity of patient populations, ethnical
differences in tumors biology and pharmacogenomics,
drug mechanism of action, chemotherapy backbone and
study design may explain the variable results observed

with these agents in the clinical setting. Furthermore, in
large trials, the absence of predictive biomarkers is likely
to dilute any significant survival advantage, which may
be associated with inhibition of angiogenesis in selected
groups of patients.

In this review article, we have focused on the clinical
efficacy of inhibitors of antiangiogenesis in gastric
cancer. However, it is worth highlighting that a
comprehensive appraisal of the role of these agents
should also include the assessment of the key parameter
such as cost-effectiveness. To our knowledge, there
are no cost-effective analyses conducted in patients
treated with bevacizumab or ramucirumab for advanced
gastric cancer. We envisage that, based on the marginal
survival improvement observed with inhibitors of
angiogenesis in unselected populations, refinement of
patient selection by virtue of molecular stratification
will be crucial to meet the increasingly stringent criteria
used by Healthcare Regulatory Agencies in the drug
approval process.

Recently, investigators from the Cancer Genome Atlas
Research Network have provided a comprehensive
molecular characterization of gastric cancer.””! Four
molecular subtypes have been identified two of which,
the chromosomically instable tumors and the genomically
stable tumors, were associated with recurrent amplification
of the VEGF-A gene and elevated expression of
angiogenesis-related pathway, respectively. Although these
data cannot yet influence the therapeutic strategies to use
in selected individuals in routine practice, they can help
to reveal which tumors are more addicted to activated
angiogenic pathways and are hence more suitable for
an investigational approach with antiangiogenic based
therapies. Further studies, including prospective clinical
trials with a treatment by biomarker interaction design, are
certainly needed to identify and validate tumors tissue or
circulating biomarkers that can be routinely used to predict
treatment response.

Table 3: Ongoing clinical trials of anti-angiogenetic agents in gastric cancer

Trial ID Setting Agent Target Study design Primary end point  Estimated final data collection
NCTo1747551  Firstline Aflibercept  VEGF-R1and Phase Il randomized FOLFOX + PFS February 2015

VEGF-R2 aflibercept/placebo
NCTo1913639  Firstline Regorafenib VEGF-R1, VEGF-R2, Phase Ilrandomized FOLFOX+ PFS July 2015

VEGF-R3, TIE2 regorafenib/placebo
NCTo1130805  Firstline Pazopanib ~ Multi target TKI Phase Il randomized CAPOX+ RR June 2015

pazopanib/placebo

NCTo1503372  Firstline Pazopanib ~ Multi target TKI Phase Il randomized FLO + PFS rate at 6 months June 2015

pazopanib/placebo

PFS — Progression free survival; RR — Response rate; TKI - Tyrosine kinase inhibitor; VEGF —Vascular endothelial growth factor; TIE — Angiopoietin tyrosine kinase receptor;
FOLFOX - Folinic acid Fluorouracil Oxaliplatin regimen; CAPOX — Capecitabine plus oxaliplatin; FLO — Fluorouracil, leukovorin and oxaliplatin
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