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Despite advancements in therapy for advanced gastric and gastroesophageal junction can-
cers, their prognosis remains dismal. Tumor angiogenesis plays a key role in cancer growth
and metastasis, and recent studies indicate that pharmacologjc blockade of angiogenesis
is a promising approach to therapy. In this systematic review, we summarize current litera-
ture on the clinical benefit of anti-angiogenic agents in advanced gastric cancer. We con-
ducted a systematic search of PubMed and conference proceedings including the American
Society of Clinical Oncology, the European Society for Medical Oncology, and the European
Cancer Congress. Included studies aimed to prospectively evaluate the efficacy and safety
of anti-angiogenic agents in advanced gastric or gastroesophageal junction cancer. Each
trial investigated at least one of the following endpoints: overall survival, progression-free
survival/time to progression, and/or objective response rate. Our search yielded 139 pub-
lications. Forty-two met the predefined inclusion criteria. Included studies reported outcomes
with apatinib, axitinib, bevacizumab, orantinib, pazopanib, ramucirumab, regorafenib,
sorafenib, sunitinib, telatinib, and vandetanib. Second-line therapy with ramucirumab and
third-line therapy with apatinib are the only anti-angiogenic agents so far shown to signifi-
cantly improve survival of patients with advanced gastric cancer. Overall, agents that specif-
ically target the vascular endothelial growth factor ligand or receptor have better safety
profile compared to multi-target tyrosine kinase inhibitors.
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Introduction

Gastric cancer is the fifth most common malignancy and
the third leading cause of cancer mortality worldwide [1].
Curative intent surgical resection is the preferred approach
to treat localized gastric cancer. Despite radical resection and
perioperative or adjuvant treatment, recurrence rates remain
high in gastric cancer patients, with a consequently poor
prognosis [2]. Platinum plus fluoropyrimidine-based combi-
nations are established worldwide as first-line drug regimens
[3]. In randomized trials, selected second-line chemotherapy
significantly improved overall survival (OS) compared with
best supportive care; however, median survival was less than
six months with second-line chemotherapy [4].

Vascular endothelial growth factor (VEGF) and VEGF
receptor-2 (VEGFR-2)-mediated signaling and angiogenesis
contribute to the pathogenesis of gastric cancer. In patients
with gastric cancer, circulating and tumor concentrations of
VEGEF are associated with increased tumor aggressiveness
and reduced survival [5]. In preclinical studies, inhibition of
VEGF or VEGFR-2, or their downstream signaling pathways,
has been shown to reduce tumor growth [6]. Anti-angiogenic
agents have been approved for a range of cancer types, and
more recently in advanced gastric or gastroesophageal junc-
tion cancer.

We systematically reviewed the literature to evaluate the
efficacy and safety of anti-angiogenic agents in advanced
gastric or gastroesophageal junction cancer, with a focus on
the safety profiles of agents with different mechanisms of
action, quality of life (QoL), and biomarkers of response.

Mechanisms of Action of Anti-angiogenic
Agents

VEGF-A is a key regulator of angiogenesis [7]. The VEGF-
VEGER signaling axis is composed of multiple ligands and
receptors with overlapping and distinct ligand-receptor
binding specificities, cell-type expression, and function [8].
Activation of the VEGFR-2 pathway triggers a network of
signaling processes that stimulate endothelial cell growth,
migration, and survival from preexisting vasculature [7]. In
addition, VEGF-A mediates vessel permeability and has been
associated with malignant effusions and the mobilization of
endothelial progenitor cells from the bone marrow to distant
sites of neovascularization [7].

Studies with various anti-angiogenic agents have shown
that these agents can inhibit angiogenesis and tumor growth
in preclinical models. Clinical studies show anti-angiogenic
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agents, either alone or in combination with chemotherapy,
can significantly improve survival and response rates in a
range of cancer types. The most common approaches to
inhibiting the VEGF-VEGER signaling axis include VEGF lig-
and-targeted therapy, inhibition of VEGEFR tyrosine kinases
and their downstream targets, and VEGFR-2-targeted ther-
apy (S1 Fig.). Other approaches include blockade of
angiopoietinl-Tie2 signaling, which is essential for develop-
mental vascular formation [9], destabilizing of tumor vascu-
lature and its supporting structures with vascular disrupting
agents [10], and inhibition of hypoxia-inducible factors [11];
these agents were not in clinical development in gastric can-
cer at the time of this systematic search and are beyond the
scope of this review.

Methods

1. Data sources and searches

This review and its procedures were planned, conducted,
and reported according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines [12]. A comprehensive search strategy was developed
for PubMed (S2 Table). Congress abstract databases do not
have an advanced search function; therefore, pairs of terms
were derived from the search strategy for PubMed and used
to search the following congress abstract databases: Ameri-
can Society for Clinical Oncology (ASCO) Annual Meeting,
ASCO Gastrointestinal Cancers Symposium, European Soci-
ety for Medical Oncology (ESMO) Congress, ESMO World
Congress on Gastrointestinal Cancer, and European Cancer
Congress (S3 Table). Additional articles were identified by
searches of a range of bibliographic sources, including Clin-
icalTrials.gov. The search was not restricted by publication
date, with the exception of congress abstract databases,
which were limited to the past 2 years. The primary search
was conducted in July 2015, and a second search conducted
in September 2016 to identify articles published after July
2015 when the initial search was performed.

2. Study selection

Two authors (R.C. and R.C.) were designated as reviewers
and independently screened the title and abstract of each
record retrieved to identify potentially relevant articles for
full-text review. In cases in which the two reviewers did not
agree, a third reviewer arbitrated. Inclusion criteria included
meta-analyses; systematic reviews; randomized and nonran-
domized clinical trials; retrospective and prospective obser-
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Records excluded (n=119)

Full-text articles and abstracts excluded,

Records identified Additional records identified
- through database searching through other sources
2 (PubMed) (n=102) (including congress abstracts) (n=88)
@
g
o
L Records after duplicates
removed (n=190)
2
é Records screened (n=190) }—»{
A
- Full-text articles and abstracts |
assessed for eligibility (n=71) .
=
3
=2
review (n=4)
Studies included in
E:a qualitative synthesis (n=47)

with reasons (n=24)

No data on anti-angiogenic agents (n=1)
Not advanced gastric or gastroesophageal
junction cancer (n=3)
Endpoints did not include OS, PFS/TTP, or ORR (n=15)
Subgroup analysis outside the scope of the

Congress abstract duplicated by primary
publication (n=1)

Fig.1. PRISMA flow diagram. OS, overall survival; PFS, progression-free survival; TTP, time to progression; ORR, objective

response rate.

vational studies; phase I, II, and III clinical trials; studies of
patients with advanced gastric cancer; and studies on anti-
angiogenic agents. Each trial investigated at least one of the
following endpoints: OS, progression-free survival (PFS)/
time to progression (TTP), and/or objective response rate
(ORR); complete response plus partial response (CR+PR).
Exclusion criteria included narrative reviews, letters, edito-
rials, commentaries, case studies, case series, non-human
studies, studies of patients with early-stage gastric cancer,
studies of patients with gastrointestinal stromal tumors,
studies on colorectal cancer, and studies not published in
English.

Results

Our search yielded 189 publications, 47 of which met the
predefined inclusion criteria. Included studies reported out-
comes with apatinib, axitinib, bevacizumab, orantinib,
pazopanib, ramucirumab, regorafenib, sorafenib, sunitinib,
telatinib, and vandetanib. The PRISMA flow diagram for this
systematic review is shown in Fig. 1.
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Table 1. Continued
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No. of
patients

Trial design/

Treatment

Setting
Phase II/111,

Bevacizumab+ECX 30% vs.
placebo+ECX 32%

HR 1.026

HR 1.067

92
O

Bevacizumab

1,063

Cunningham et al.

95% CI 0.867-1.214

95% CI10.891-1.280

+epirubicin/

randomized,

(ST03) [20]

(0.768

p:

0.478

p:

capecitabine/

open-label,

cisplatin vs.

placebo-

placebo-+epirubicin/

controlled /

capecitabine/ cisplatin

1st-line

OS, overall survival (median); PFS, progression-free survival (median); TTP, time to progression (median); ORR, objective response rate; 5-FU, 5-fluorouracil; CI,

confidence interval; NR, not reported; HR, hazard ratio; ECX, epirubicin, cisplatin, and capecitabine.

1. Efficacy and safety of VEGF-A-targeted therapy

Bevacizumab and ziv-aflibercept are VEGF ligand-tar-
geted therapies. Bevacizumab is a monoclonal antibody tar-
geting VEGF-A, a key mediator of physiologic and patho-
logic angiogenesis while the recombinant fusion protein ziv-
aflibercept binds both VEGF-A and -B and placental growth
factor.

A summary of published phase II and III trials with beva-
cizumab in gastric cancer is shown in Table 1. Multiple phase
II single-arm studies of bevacizumab in combination with
first-line chemotherapy in advanced gastric cancer showed
that median OS ranged from 10.8 months to 16.8 months
[13-17].

A phase III, international, randomized, double-blind,
placebo-controlled study (AVAGAST) investigated beva-
cizumab in combination with fluoropyrimidine-cisplatin in
the first-line setting in 774 patients with advanced or
metastatic gastric or gastroesophageal junction cancer [18].
Although median PFS and ORR were significantly improved
with addition of bevacizumab, this study did not meet the
primary endpoint of OS (Table 1). The most common treat-
ment emergent adverse events were similar between the
treatment arms (grade 3-5 neutropenia [35% vs. 37%], anemia
[10% vs. 14%], and decreased appetite [8% vs. 11%]). Adverse
events of special interest (AESIs) included grade 3-5 venous
thromboembolic events (6% vs. 9%), and hypertension
(6% vs. < 1%).

Interestingly, in a preplanned exploratory subgroup analy-
sis of the AVAGAST study, there was a difference in the ben-
efit from bevacizumab among the geographic regions of the
world. Pan-American patients appeared to have a survival
benefit (11.5 months vs. 6.8 months; hazard ratio [HR], 0.63;
95% confidence interval [CI], 0.43 to 0.94) whereas Asian
patients appeared to have no benefit (13.9 months vs. 12.1
months; HR, 0.97; 95% CI, 0.75 to 1.25), and European
patients had an intermediate benefit (11.1 months vs. 8.6
months; HR, 0.85; 95% CI, 0.63 to 1.14), possibly due to dif-
ferences in independent prognostic factors and use of subse-
quent therapies [18].

Based on the geographical differences observed in the
AVAGAST study, a study of similar design (AVATAR) was
conducted in 202 Chinese patients [19]. Similarly to AVA-
GAST, AVATAR did not reach its primary endpoint and
showed similar median PFS and ORR between the two arms
(Table 1). Treatment emergent adverse event (TEAEs) and
AESIs were lower for the bevacizumab compared to the con-
trol arm (TEAEs, grade 3-5 hemorrhage [4% vs. 12%]; grade
>3 AESIs, hemorrhage [4% vs. 12%] and arterial thromboem-
bolic events [3% vs. 4%]).

A phase II/III, multicenter, randomized study (ST03)
investigated perioperative epirubicin, capecitabine, and cis-
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platin with or without bevacizumab in 1,063 patients with
localized gastric or gastroesophageal junction cancer [20,24].
Likewise, 3-year survival rates (48% vs. 49%) and disease-
free survival (HR, 1.006; 95% CI, 0.852 to 1.187; p=0.943) were
not significantly different between the treatment arms. The
most common grade >3 TEAEs included lethargy and hand-
foot syndrome which were similar, and neutropenia which
was slightly higher in the bevacizumab arm (54 Table).

The first data from the phase II, double-blind, randomized
study of ziv-aflibercept for the first-line treatment of 64
patients with metastatic gastric and gastroesophageal junc-
tion cancer was disclosed at the ASCO 2016 Gastrointestinal
Cancers Symposium [25]. This study showed that ziv-afliber-
cept did not significantly improve the efficacy of folinic acid,
5-fluorouracil, and oxaliplatin (FOLFOX). The 6-month PFS
rate was 60.5% in the ziv-aflibercept plus FOLFOX arm and
57.1% in the placebo plus FOLFOX arm (p=0.80). Grade >3
TEAEs included hypertension (47% vs. 5%), neutropenia
(28% vs. 19%), and fatigue (12% vs. 5%) [25].

Based on these published studies, there is currently no
established role for targeting VEGF-A for first-line therapy
in gastric cancer. There are however several ongoing studies
of bevacizumab which are described in S5 Table.

2. Efficacy and safety of VEGFR-2-targeted therapy

Ramucirumab is a recombinant human immunoglobulin
G1 (IgG1) neutralizing monoclonal antibody specific for
VEGEFR-2 that prevents ligand binding and receptor-medi-
ated pathway activation in endothelial cells [26]. Ramu-
cirumab is approved as a single agent, or in combination
with paclitaxel, for the treatment of patients with advanced
or metastatic gastric or gastroesophageal junction cancer
with disease progression on or after prior fluoropyrimidine-
or platinum-containing chemotherapy. Ramucirumab is also
approved in the second-line setting in metastatic non-small
cell lung cancer and metastatic colorectal cancer. A summary
of published phase IT and III trials with ramucirumab in gas-
tric cancer is shown in Table 2.

A phase III, international, randomized, double-blind,
placebo-controlled study (REGARD) investigated ramu-
cirumab versus placebo in the second-line setting in 355
patients with advanced gastric or gastroesophageal junction
cancer [21]. To our knowledge, this study was the first to
show that a biological treatment given as a single drug has
survival benefits as assessed by OS and PFS in patients with
gastric cancer (Table 2). The most common grade > 3 TEAEs
were hypertension, fatigue, abdominal pain, and anemia
which all had a similar incidence between treatment arms
(S4 Table). Rates of any-grade TEAEs were mostly similar
between treatment arms (94% vs. 88%). AESIs included
hypertension (16% vs. 8%) and bleeding or hemorrhage

(13% vs. 11%).

A subgroup analysis of the REGARD study showed that
the survival benefit associated with ramucirumab was simi-
lar between Asian patients and those from America, Europe,
and Australia, although relatively few Asian patients were
enrolled (Caucasian patients, median OS [HR, 0.784; 95% CI,
0.590 to 1.042]; Asian patients, median OS [HR, 0.636; 95%
CI, 0.306 to 1.321]) [21]. When compared to placebo, ramu-
cirumab conferred similar improvements for median OS and
PFS between patients aged < 65 years and those aged > 65
years in the REGARD study (median OS [HR, 0.846; 95% CI,
0.611 to 1.171] vs. [HR, 0.722; 95% CI, 0.471 to 1.106]; median
PFS [HR, 0.450; 95% CI, 0.327 to 0.620] vs. [HR, 0.490; 95%
CI, 0.319 to 0.752]) [27].

A second phase III, international, randomized, double-
blind, placebo-controlled study (RAINBOW) investigated
ramucirumab plus paclitaxel versus placebo plus paclitaxel
in the second-line setting in 665 patients with advanced gas-
tric or gastroesophageal junction cancer [22]. This study
showed that the combination of ramucirumab with paclitaxel
significantly improved median OS, median PFS, and ORR
(Table 2), and could be regarded as a new standard second-
line treatment for patients with advanced gastric cancer. The
most common grade > 3 TEAEs included neutropenia,
leukopenia, hypertension and fatigue which had higher
incidence in the ramucirumab arm (Table 2). Higher inci-
dence of most common any-grade AESIs (bleeding or hem-
orrhage [42% vs. 18%]; hypertension [25% vs. 6%]; pro-
teinuria [17% vs. 6%]; liver injury or failure [17% vs. 12%])
were observed in the ramucirumab arm versus placebo arm.

A subgroup analysis of East Asian patients in the RAIN-
BOW study indicated that ramucirumab plus paclitaxel sig-
nificantly improved PFS (5.5 months vs. 2.8 months [HR,
0.628; 95% CI, 0.473 to 0.834; p=0.001]) and ORR (34% vs.
20%, p=0.0134), and had a numerically longer median OS
(12.1 months vs. 10.5 months [HR, 0.986; 95% CI, 0.727 to
1.337; p=0.929]) compared to placebo [28]. The longer median
survival time in East Asian patients compared to non-East
Asian patients [28] may be due to the more frequent use of
post-study discontinuation treatment by East Asian patients
(67% in both arms combined) compared to non-East Asian
patients (37% in both arms combined). Ramucirumab plus
paclitaxel conferred similar improvements in patients < 65
years and = 65 years for OS (HRs, 0.753 [95% CI, 0.604 to
0.939] and 0.861 [95% CI, 0.636 to 1.165], respectively), PFS
(HRs, 0.572 [95% CI, 0.460 to 0.711] and 0.673 [95% CI, 0.506
to 0.894], respectively), and ORR (ramucirumab, 28% and
placebo, 14% vs. ramucirumab, 27% and placebo, 20%,
respectively) [29].

A phase II, multicenter, randomized, double-blind study
conducted in the United States investigated ramucirumab
plus FOLFOX versus placebo plus FOLFOX in the first-line
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cisplatin

1st-line

OS, overall survival (median); PFS, progression-free survival (median); TTP, time to progression (median); ORR, objective response rate; QD, once daily; BID, twice
daily; HR, hazard ratio; CI, confidence interval; 5-FU, 5-fluorouracil; FOLFOX, folinic acid, 5-fluorouracil, and oxaliplatin; NR, not reported; PR, partial response;

CR, complete response; SD, stable disease.

setting in 168 patients with metastatic or locally advanced
esophageal, gastroesophageal junction, or gastric cancer [23],
and found no significant improvement in median PFS,
median OS and ORR (Table 2). However, there was a rela-
tively high proportion of patients discontinued study treat-
ment for reasons other than progressive disease. In explora-
tory analyses that censored PFS at treatment discontinuation
for non-progressive disease the HR for PFS favored ramu-
cirumab plus FOLFOX (HR, 0.76; p=0.194), mainly in patients
with gastric or gastroesophageal junction cancer (median
PFS, 9.3 months vs. 7.6 months [HR, 0.53; 95% CI, 0.29 to 0.97;
p=0.036]). The most common grade > 3 TEAEs were similar
for neutropenia (27% vs. 36%), fatigue (18% vs. 15%), and
neuropathy (9% vs. 11%). Grade = 3 AESIs were uncommon,
except hypertension. This study failed to suggest a signifi-
cant benefit of adding ramucirumab to chemotherapy in the
first-line setting. These negative results in the context of the
positive results of the REGARD and RAINBOW studies raise
questions about the impact of various factors on the efficacy
of anti-angiogenic agents that will have to be addressed in
future clinical trials, including line of treatment (first- vs. sec-
ond-line), primary tumor location (esophageal vs. gastric or
gastroesophageal junction), and choice of chemotherapy
backbone. S5 Table lists the ongoing ramucirumab studies.
Based on the phase IIIl REGARD and RAINBOW studies,
current consensus is that ramucirumab plus paclitaxel is a
new standard for the second-line treatment of patients with
advanced or metastatic gastric or gastroesophageal junction
cancer. Ramucirumab as a single agent in the second-line set-
ting is acceptable when paclitaxel or irinotecan cannot be
indicated because of severe neutropenia in first-line chemo-
therapy, neuropathy, or patients’ wishes to avoid hair loss.

3. Efficacy and safety of tyrosine kinase inhibitor therapy

Tyrosine kinase inhibitors (TKIs) are able to enter cells and
interact with the intracellular domain of receptors and intra-
cellular signaling molecules, thereby inhibiting the activation
of downstream signaling pathways. Phase II and III studies
of apatinib, axitinib, orantinib, pazopanib, regorafenib,
sorafenib, sunitinib, telatinib, and vandetanib are summa-
rized in Table 3.

Apatinib is a novel receptor TKI selectively targeting
VEGFR-2 with a binding affinity greater than that of other
TKIs [6,46]. A phase II, randomized, double-blind, placebo-
controlled, parallel-arm study investigated placebo versus
apatinib 850 mg once daily versus apatinib 425 mg twice
daily in the third-line setting in 144 Chinese patients with
metastatic or advanced gastric or gastroesophageal junction
cancer [30]. To our knowledge, this was the first study to
demonstrate improved OS and PFS for a TKI, and the first to
show improved median OS median PFS and ORR for both
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doses in the third-line setting (Table 3). Grade 3-4 TEAEs that
occurred in greater than 10% of patients were hand-foot syn-
drome and hypertension; hematologic toxicities were mostly
moderate and grade 3-4 hematologic toxicities were rare.

A phase III, randomized, double-blind, placebo-controlled
study investigated apatinib 850 mg once daily versus placebo
in the third-line setting, and enrolled 267 patients with
advanced gastric cancer [31,47]. Median OS and PFS were
significantly improved in the apatinib group compared with
the placebo group (Table 3). The most common grade
3-4 TEAEs were hand-foot syndrome, proteinuria, and
hypertension. Several apatinib studies are currently under-
way (S5 Table).

Axitinib is a TKI of VEGFR-1, -2, and -3 [48] and has been
approved for advanced renal cell carcinoma after failure of
one prior systemic therapy. A phase I study investigated
axitinib in combination with capecitabine and cisplatin in the
first-line setting in 22 patients from Japan and Korea with
advanced gastric cancer [49]. Median PFS was 3.8 months,
and 36.4% of patients each had a PR or stable disease; median
response duration for patients with PR was 9.1 months.
TEAEs included grade 3-4 hypertension (36% of patients)
and decreased appetite and stomatitis (18% of patients for
each); grade 3-4 laboratory abnormalities included neutrope-
nia (36% of patients) and thrombocytopenia (18% of pati-
ents).

Orantinib is a small molecule that competitively inhibits
the tyrosine kinase of the receptors for VEGF, basic fibroblast
growth factor, and platelet-derived growth factor. A phase
I, multicenter, randomized, controlled study investigated
orantinib plus S-1/cisplatin versus S-1/cisplatin in the first-
line setting in 93 chemotherapy-naive Japanese patients with
unresectable or recurrent advanced gastric cancer [32].
Analyses found no significant improvement in median OS,
median PFS, and ORR (Table 3). Changes in hemoglobin lev-
els, changes in platelet levels (24% vs. 6%), and anorexia (18%
vs. 9%) were the most common grade >3 TEAEs with higher
incidence in the oratinib arm, neutropenia had a similar
incidence for both treatment groups (S4 Table).

Pazopanib is a TKI that selectively inhibits angiogenesis
via VEGFR-1, -2, -3, c-kit, and platelet-derived growth factor
receptor (PDGFR) [50] that is approved in advanced renal
cell cancer and advanced soft tissue sarcoma in patients who
have received prior chemotherapy. Two phase II studies of
pazopanib plus fluoropyrimidine and platinum combination
in the first-line setting in gastric cancer showed that median
OS ranged from 10.1 months to 10.5 months [33,34]. TEAEs
included grade > 3 neutropenia (15%), anemia (11%), and
thrombocytopenia (11%) [34].

Regorafenib is a VEGFR-2, fibroblast growth factor recep-
tor 2, and PDGFR small-molecule TKI that is approved in
metastatic colorectal cancer and in locally advanced, unre-

sectable or metastatic gastrointestinal stromal tumor.

A phase IT study investigated regorafenib plus FOLFOX in
the first-line setting in 36 patients with unresectable or
metastatic gastroesophageal junction cancer [35]. A total of
17 of 36 patients were progression-free at 6 months. Another
phase I randomized, double-blind, placebo-controlled study
(INTEGRATE) investigated regorafenib versus placebo in the
second- or third-line setting in 152 patients with refractory
or advanced gastroesophageal junction cancer [36,51], and
showed significant improvement in median PFS (Table 3).
Ongoing studies of regorafenib are listed in S5 Table.

Sorafenib is a TKI with several targets, including Raf-1,
wild-type and mutant B-Raf, VEGFR-1, -2, and -3, PDGFR-,
and Mcl-1 [52]. Sorafenib is approved in hepatocellular car-
cinoma, renal cell carcinoma, and thyroid carcinoma.

A phase 1II, single-arm, open-label study (ECOG 5203)
investigated sorafenib with docetaxel and cisplatin in 44
chemotherapy-naive patients with metastatic or advanced
gastroesophageal junction cancer and demonstrated a
median OS of 13.6 months [37]. A phase I dose-finding study
of sorafenib in combination with capecitabine and cisplatin
as a first-line treatment in 16 patients with advanced gastric
cancer demonstrated a median OS of 14.7 months [53].

A phase II, randomized, open-label study (STARGATE)
investigated sorafenib plus capecitabine and cisplatin versus
capecitabine and cisplatin in the first-line setting in 195
patients from Korea, China, and Taiwan with metastatic gas-
tric cancer [38]. This study did not demonstrate improvement
in median, median, and ORR (Table 3). Of the 51 patients
who crossed over to sorafenib alone in the capecitabine and
cisplatin arm, there was no objective response and the
median PFS was 1.3 months (95% CI, 1.2 to 1.7). The most
common grade 3-4 TEAEs included neutropenia, febrile neu-
tropenia, and palmar-plantar erythrodysesthesia syndrome
(S4 Table).

A phase II, multicenter, single-arm study in the second-
line setting investigated sorafenib plus oxaliplatin in 40
patients with progressive gastric adenocarcinoma after fluo-
ropyrimidine and cisplatin treatment [39]. Median OS and
PFS were 6.5 months and 3.0 months, respectively; the CR
rate was 2.5%, and 47.2% of patients achieved stable disease.
TEAEs included grade 3-4 asthenia (18%), neutropenia (10%),
and thrombocytopenia (8%). A phase II, single arm study
investigated sorafenib in 34 patients with advanced eso-
phageal and gastroesophageal junction cancer in the second
line setting [40]. Median OS and PFS were 9.7 months and
3.6 months, respectively. The most common grade 3 TEAEs
included hand-foot reaction (12%) and fatigue (6%).

Sunitinib is a multi-targeted TKI of VEGFR-1, -2, and -3,
PDGFR-o and -, and several other receptor tyrosine kinases
[54]. Sunitinib is approved for advanced renal cell carcinoma,
gastrointestinal stromal tumor, and pancreatic neuroen-
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docrine tumors. Multiple phase II studies of sunitinib in gas-
tric cancer in the second-line setting showed that median OS
ranged from 5.8 months to 8.0 months, and median PFS/TTP
ranged from 1.3 months to 3.9 months [41-43]. TEAEs
included grade > 3 thrombocytopenia (35% of patients), neu-
tropenia (29% of patients), and anemia (17% of patients) [41].
Wu et al. [44] reported a median PFS of 7 weeks and median
OS of 17 weeks in a single arm phase II studies conducted in
patients with relapsed/refractory oesophageal or gastro-
oesophageal cancer with anemia, thrombocytopenia, and
leukopenia reported as the most common TEAESs.

Telatinib is a TKI of the VEGFR family, PDGFR, and KIT
receptor tyrosine kinases. A phase II multicenter study
investigated telatinib in combination with capecitabine and
cisplatin in the first-line setting in 48 patients with advanced
gastric or gastroesophageal junction cancer [45]. Median OS
was not reached, and the most common toxicity was grade
1-2 fatigue.

Vandetanib is a TKI of VEGFR-2, VEGFR-3, EGFR, and
RET kinase [55] that is approved for thyroid cancer. A phase
I study investigated vandetanib plus oxaliplatin and doc-
etaxel in the first-line setting in nine patients with advanced
gastric or gastroesophageal junction cancer and demon-
strated a median OS of 5.5 months [56].

4. Quality of life

Patient-reported QoL for phase II and III studies of anti-
angiogenic agents are summarized in S6 Table. In the AVA-
GAST study, mean European Organisation for Research and
Treatment of Cancer Quality of Life Questionnaire C30
(EORTC QLQ-C30) global health status scores were similar
over time in both treatment groups [18]. In the REGARD
study, more patients in the ramucirumab group than in the
placebo group reported stable or improved EORTC QLQ-
C30 global health status scores, although this difference was
not significant (p=0.23); however, median time to perform-
ance status deterioration was 5.1 months for ramucirumab
and 2.4 months for placebo (HR, 0.59; 95% CI, 0.41 to 0.83;
p=0.002) [21]. In the RAINBOW study, for all EORTC QLQ-
C30 and EuroQoL five-dimension, three-level health status
questionnaire (EQ-5D-3L) parameters, and at all on-therapy
assessment times, the proportion of patients reporting
improved or stable scores from baseline to discontinuation
was numerically greater for the ramucirumab group [57]. In
the phase II, randomized, placebo-controlled, parallel-arm
study of apatinib, which investigated placebo versus apatinib
850 mg once daily versus apatinib 425 mg twice daily, there
were no significant differences in EORTC QLQ-C30 different
parameters between the three treatment groups over the
course of the treatment [30]. In the phase II open-label study
of sunitinib, EORTC QLQ-C30 global health status scores
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were mostly maintained by sunitinib treatment during the
first three cycles of the study, although the domains of diar-
rhea and reflux symptoms were noticeably worse compared
to baseline [41]. At patients’ last evaluation (end of treatment
or withdrawal from the study), noticeable deterioration was
observed in most scales and measures of the EORTC QLQ-
C30 and the stomach cancer specific questionnaire (QLQ-
STO22) compared to the baseline, whereas the domains for
perceived financial difficulties, body image, and hair loss did
not change noticeably [41].

5. Biomarkers

Identification of tumors most sensitive to therapy could
improve therapeutic approaches and provide insight into
mechanisms of resistance and further refine anti-angiogenic
therapy [58-60]. In two phase II studies of bevacizumab, neu-
ropilin-2 mRNA significantly inversely correlated with PFS
[17], while high VEGF-A correlated with longer OS and high
VEGFR-2 correlated with shorter PFS [61]. In the phase III
AVAGAST study, high VEGF-A (HR, 0.72; 95% CI, 0.57 to
0.93) and low neuropilin-1 (HR, 0.75; 95% CI, 0.59 to 0.97)
showed a trend for improved OS; however, these findings
were only found to be statistically significant in patients from
non-Asian regions [61]. A reassessment of VEGF-A as a can-
didate predictive biomarker for bevacizumab in 13 trials and
seven indications showed that VEGF-A level was not a
robust predictive biomarker for bevacizumab activity, and
that stratification of patients based on a single baseline meas-
urement of VEGF-A is unlikely to be implemented in clinical
practice [62]. An assessment on the role of angiopoietin-2 as
a prognostic biomarker based on the AVAGAST study data
demonstrated that baseline angiopoietin-2 levels correlate
with liver metastasis across ethnic groups and that angiopoi-
etin-2 may be a predictive biomarker for gastric cancer [63].
In the phase III REGARD study, analysis of biomarkers
showed that HER2; VEGFR-1, -2, -3; and VEGF-C, -D were
not markers for ramucirumab efficacy [64]. In multiple phase
II studies of sunitinib, tumor VEGF-C expression was asso-
ciated with significantly shorter median PFS (1.23 months vs.
2.86 months, log-rank p=0.0119) [43], and high sKIT
(p=0.0081) and low VEGF-C (p=0.0326) were significantly
associated with clinical benefit [41]. Despite these initial
observations, there have been no confirmatory studies to
date.
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Discussion

Angiogenesis plays a key role in the development and pro-
gression of gastric and gastroesophageal junction cancer and
tumor vasculature enables malignant cells to escape from the
primary site and establish distant metastasis elsewhere.
Hence, agents that specifically target angiogenesis in gastric
cancer are desirable.

Preclinical studies indicate that inhibition of angiogenesis
signaling pathways may be an important therapeutic
approach. Few clinical trials using anti-angiogenic agents
have so far shown a significant survival benefit, possibly due
to disease heterogeneity, tumor microenvironment and the
complex relationship between tumors and their surrounding
vasculature and stroma, a lack of driver genes, and difficul-
ties in identifying a reliable predictive biomarker.

Due to its increased expression in most human cancers and
association with increased tumor microvessel density and
poor prognosis, the VEGF pathway has been the leading tar-
get for antiangiogenic therapy. Several tumors are sensitive
to VEGF inhibitors; however, the degree of noted benefits in
clinical trials has been variable across tumor sites and the dif-
ferent VEGF inhibitors. The underlying molecular biology in
clear cell renal carcinoma, characterized by inactivation of
the von-Hippel Lindau gene which results in hypoxia-
inducible factor upregulation and VEGF induction, may
account for the high sensitivity of this tumor to anti-VEGF
therapy. Generally, however, the reasons of the differences
in sensitivity among tumor types and individual anti-VEGF
agents are difficult to explain [65]. Based on results of ran-
domized studies, gastro-oesophageal cancer has been con-
sidered, together with colorectal cancer, glioma, breast
cancer and lung cancer, to be an antiangiogenic drug-sensi-
tive cancer [65].

This systematic review of published literature found that
ramucirumab and apatinib are the only anti-angiogenic
agents that significantly improve survival of patients with
advanced gastric cancer. The published literature also indi-
cates that anti-angiogenic agents are generally well tolerated,
and do not appear to impair QoL. No biomarkers of response
to anti-angiogenic agents were identified in the clinical set-
ting, and no anti-angiogenic agent was found to have a sur-
vival benefit in the first-line setting, possibly due to differ-
ences in tumor biology and subsequent treatment between
the first- and second-line settings, or limitations of study
designs and patient selection.

While only a few individual clinical trials have shown a
significant survival benefit, a systematic review and meta-
analysis of 22 randomized clinical trials with a total of 7,022
advanced gastric cancer patients demonstrated OS benefit
for anti-angiogenic agents (HR, 0.759; 95% CI, 0.655 to 0.880;

p <0.001) [66]. Another systematic review and meta-analysis
found that addition of anti-angiogenic agents improved OS
in metastatic gastroesophageal junction cancer (HR, 0.80;
95% CI, 0.74 to 0.87; p < 0.00001) [67]. OS was not improved
in the first-line setting (HR, 0.91; 95% CI, 0.80 to 1.05) but was
improved in second- and third-line settings (HR, 0.74; 95%
CIL, 0.66 to 0.82) [67]. These findings differ from the outcomes
of individual studies, possibly due to poor study design or
patient selection.

Geographic differences in gastric cancer are evident
between patients from Asian regions and patients from
Western regions with respect to prevalence, clinicopathologic
features, and preference in treatment patterns [1,68-72]. Sub-
group analyses of individual studies have provided mixed
results on the benefit of anti-angiogenic agents in patients
from East Asia, which has approximately half of the total
world gastric cancer, and the highest estimated mortality
rates for gastric cancer [1]. The RAINBOW study showed
that the improvements in PFS and ORR in East Asian
patients were consistent with the improvements in non-East
Asian patients [22,28]. In support of this finding, a systematic
review and meta-analysis by Chan et al. [67] demonstrated
OS benefit for anti-angiogenic agents in the second-line set-
ting for gastric cancer in all regions (Europe, Asia, and Pan-
America). In the AVAGAST study, Pan-American patients
showed a survival benefit whereas Asian patients had no
benefit, and European patients had intermediate results [18].
A higher proportion of patients in East Asia receive second-
line or further-line therapy compared to the United States
and Europe, which may have contributed to the longer
median survival observed in phase III studies conducted in
East Asia [73-75]. In addition, a trend for regional differences
in the AVAGAST study were noted in PFS (Asia HR, 0.92;
Europe HR, 0.71; Pan-America HR, 0.65) [18], suggesting
potential differences in the benefits of bevacizumab for Asian
patients compared to European or Pan-American patients.

With the emergence of effective second or later lines of
therapy, there is increasing debate on the use of PFS as a sur-
rogate endpoint for frontline systemic therapy in gastric can-
cer. For instance, AVAGAST would have been a positive
trial if PFS had been used as the endpoint rather than OS [18].
In an analysis of 36 randomized studies in advanced gastric
cancer, improvements in PFS/TTP strongly correlated with
improvements in OS [76]. A meta-analysis of 4,069 patients
in 20 randomized studies of gastric cancer showed the rank
correlation coefficient between PFS and OS was 0.853 (95%
CI, 0.852 to 0.854). Although the treatment effects on PFS and
OS were only moderately correlated, the validity of PFS as a
surrogate endpoint for OS in advanced/recurrent gastric
cancer could not be confirmed [77]. Therefore, the ongoing
phase II RAINFALL study of ramucirumab in combination
with capecitabine and cisplatin as first-line therapy in
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patients with gastric cancer selected PFS as the primary end-
point.

In addition to survival, QoL and quality-adjusted survival
should be fundamental therapeutic objectives for gastric can-
cer. The impact of treatment-related toxicity on QoL has been
scantly reported for patients with gastric cancer. A number
of barriers may hinder assessment of QoL; the evaluation of
QoL may not be accurately reflected by self-reported ques-
tionnaires, and disease deterioration may also lead to a low
compliance rate. Nonetheless, there is emerging evidence
that chemotherapy provides substantial improvement in
QoL for patients with gastric and gastroesophageal junction
cancer [78] as evident for ramucirumab [21,22,79].

Some preclinical evidence indicates that certain chemo-
therapy regimens, most notably taxanes, rapidly induce the
release of proangiogenic circulating endothelial progenitor
cells which can be abrogated by treatment with antiangio-
genic agents [80]. As presented in this systematic review, a
number of phase I and III clinical trials have assessed anti-
angiogenic agents in combination with conventional chemo-
therapy in treating patients with advanced gastric cancer and
gastroesophageal junction adenocarcinoma. These trials
included the use of a fluoropyrimidine-platinum doublet
with or without a third chemotherapeutic drug in the first-
line setting, and the use of taxanes or irinotecan as a chemo-
therapy backbone in the second-line setting. Given the
heterogeneity in patient profiles, study size, the various com-
binations and pharmacodynamics/ pharmacokinetic proper-
ties of the chemotherapeutic agents, and the nature of
anti-angiogenic agents, we could not make any firm conclu-
sions. Among trials that examined the use of taxanes (pacli-
taxel or docetaxel) as a chemotherapy partner with an anti-
angiogenic agent in advanced gastric cancer, RAINBOW
(paclitaxel plus ramucirumab as second-line therapy for
advanced gastric cancer) was the first and only study to
demonstrate survival benefits. Therefore, a chemotherapy
backbone does not appear to be the sole factor influencing
the efficacy of anti-angiogenic agents.

The awareness that crosstalk exists between angiogenic
and oncogenic signaling pathways has prompted the inves-
tigation of combinations of antiangiogenics with targeted
agents, in an attempt to improve clinical outcomes. The
addition of the anti-VEGF antibody bevacizumab or ramu-
cirumab to the anti-HER2 antibody trastuzumab on top of
standard chemotherapy is being investigated in HER2-posi-
tive metastatic cancer patients (S5 Table). Also, the combina-
tion of antiangiogenic agents with immunotherapy is a rela-
tively recent area of great interest. A synergistic antitumor
effect was demonstrated when the VEGFR-2 and PD-1 were
simultaneously blocked in a preclinical murine colon cancer
model [81]. Preclinical data also demonstrated that an anti—
VEGFR-2 antibody can reprogram the tumor microenviron-
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ment away from immunosuppression [82]. Following these
lines of investigations, two ongoing phase I studies explore
the combination of ramucirumab with the anti-PD-1 anti-
body pembrolizumab and with the anti-PD-L1 antibody
durvalumab (S5 Table) in cohorts of patients with different
tumor types including gastric/gastroesophageal junction
adenocarcinoma.

Predictive biomarkers for the clinical outcome of anti-
angiogenic agents have not been identified in the treatment
of gastric and gastroesophageal junction cancer. Nonetheless,
a retrospective analysis of biomarkers in AVAGAST showed
that plasma VEGF-A and tumor neuropilin-1 were promis-
ing biomarker candidates for predicting clinical outcome in
patients with advanced gastric cancer treated with beva-
cizumab [61]. Due to the lack of predictive biomarkers, the
current recommended study design for investigating anti-
angiogenic agents would be a conventional approach, thatis
enrolling patients based on clinico-pathologic characteristics
coupled with prespecified analysis of biomarker defined sub-
groups, where the biomarker is chosen based on the biolog-
ical rationale of the mechanism of action of the molecule.
Such a design would incorporate both all-comers and target-
enriched designs. This would ensure an incorrect conclusion
that the drug is not effective does not occur. In addition, by
identifying molecular traits relevant to the action of the ther-
apeutic agents, specific subgroups of patients can be identi-
fied and studied further.

A recent study conducted by the Asian Cancer Research
Group used gene expression data to describe four molecular
subtypes of gastric cancer linked to distinct patterns of
molecular alterations, disease progression, and prognosis
[83]. The subtypes were validated in independent cohorts
and are expected to guide future molecular screening and
therapeutic development in gastric cancer [83]. A number of
new innovative study designs, such as basket study or adap-
tive trial, are being developed using information gained from
high-throughput molecular profiling and may bring a new
revolution for drug development.

In studies of single agents, there is evidence to suggest that
the safety profiles of anti-angiogenic antibodies that target
the VEGF/VEGFR-2 differ from those that target multiple
receptor tyrosine kinases. The most frequent grade > 3
TEAEs are summarized in S4 Table. Compared with anti-
angiogenic antibodies that target the VEGF/ VEGFR-2 [18,19,
21,22], multi-target TKIs are generally associated with a
higher incidence of hematologic TEAES, especially neutrope-
nia, leukopenia, thrombocytopenia, elevations in liver
enzymes and hand-foot syndrome [30,37,39,41-43]. On the
other hand, the incidence of fatigue was relatively high with
ramucirumab and several of the multi-target TKIs [21,22,37,
41,43], with the exception of bevacizumab [18,19]. While the
toxicity profiles of ramucirumab and apatinib differ, neither
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appear to be better than the other in terms of toxicity [21,47].
One advantage of oral TKIs is that they have no risk of infu-
sion-related reaction, although infusion-related reactions
appeared to be rare with ramucirumab [21,22]. Overall, these
data suggest that anti-angiogenic agents that specifically tar-
get the VEGF/VEGFR-2 will have a better safety profile than
the multi-target TKIs.

There are inherent limitations to this systematic review
that should be considered. During the study selection
process, three articles were identified outside of the original
search strategy for full manuscript review, which were
included in the final set of 189 articles; the identification of
articles from outside the original literature search suggests
some limitations in the search strategy. In addition, the cur-
rent review was primarily descriptive, providing an over-
view of efficacy, safety, QoL, and biomarkers in the relevant
studies. Furthermore, by excluding articles written in lan-
guages other than English, it is possible our systematic
review missed some potential additional insights.

In conclusion, ramucirumab, either as monotherapy or in
combination with paclitaxel, and apatinib are the only anti-
angiogenic agents to significantly improve survival of
patients with previously treated advanced gastric cancer.

There are no predictive biomarkers for response of gastric
cancer to anti-angiogenic agents available for use in the clin-
ical setting.
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