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Abstract: In the United States in 2013 it was estimated that 21,600 people would be diagnosed,
and 10,990 would die of gastric cancer, the 14th most common type of cancer in the United
States. Unfortunately, the majority of patients in Western countries present with metastatic
disease, with very limited prognosis and relatively few treatment options. In recent years there
has been increased interest in targeted agents in advanced gastric cancer. A common area of
interest in anti-tumor therapy involves anti-angiogenic strategies. Abnormal neo-angiogenesis
is a feature of many tumor types, and anti-angiogenic therapy has shown efficacy. The purpose
of this article is to review the use of various angiogenesis inhibitors in gastric cancer. In addi-
tion, we will discuss in further detail ramucirumab, a new vascular endothelial growth factor
receptor-2 inhibitor which has recently been approved by the US Food and Drug Administration
for treatment of advanced stomach cancer or gastroesophageal junction adenocarcinoma.
Keywords: gastric cancer, anti-angiogenic, ramucirumab, VEGFR2

Introduction

In 2013 it was estimated that 21,600 people would be diagnosed, and 10,990 would die
of gastric cancer, the 14th most common type of cancer in the United States.!? Gastric
cancer prognosis is related to stage, including nodal involvement and extension through
the gastric wall, with a greater than 50% cure rate in localized distal gastric cancer.**
Unfortunately, the majority of patients in Western countries present with metastatic
disease, with early stage disease accounting for only 10%—-20%. Overall survival at
5 years post-diagnosis ranges from approximately 63% for localized gastric cancer
confined to the primary site, to 28% for spread to regional lymph nodes, and 3.9% for
distal metastatic disease.’

In recent years there has been increased interest in targeted agents in advanced
gastric cancer. Only one targeted therapy, trastuzumab, is approved for use in gastric
cancer, and is used in only the very small minority of patients who exhibit human
epidermal growth factor receptor-2 (HER2) amplification by fluorescence in situ
hybridization (FISH). A common area of interest in anti-tumor therapy involves anti-
angiogenic strategies. Abnormal neo-angiogenesis is a feature of many tumor types,
and anti-angiogenic therapy has shown efficacy in multiple tumor types including
colorectal cancer (CRC), non-small-cell lung carcinoma (NSCLC), glioblastoma,
renal cell carcinoma, and ovarian epithelial cancers. Angiogenesis is driven at least
in part by the interaction between vascular endothelial growth factors (VEGFs) and
vascular endothelial growth factor receptors (VEGFRs). The VEGF family is made
up of six members: VEGF-A, VEGF-B, VEGF-C, VEGF-D, VEGF-E, and placental
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growth factor (P1GF), along with three associated receptors,
VEGFR1 (fms-like tyrosine kinase-1), VEGFR2 (kinase
insert domain-containing receptor [KDR]), and VEGFR3.%7
Angiogenesis is predominantly driven by VEGFR1 and
VEGFR2 with VEGFR3 involved in lymphogenesis. The
interaction of VEGF/VEGFR?2 appears to be the main driver
of tumor angiogenesis, leading to proliferation, migration
and vascular endothelial cell differentiation.®®

Increased expression of VEGF in tumor and serum
has been associated with poor prognosis in gastric cancer,
forming a rationale for study of VEGF/VEGFR inhibiting
agents. There are a number of studies that have investigated
the role of VEGF and prognosis in gastric cancer. These were
summarized in a recent meta-analysis.’ It has been noted
that previous studies that have investigated the relationship
between VEGF overexpression with clinical outcome in
patients with gastric cancer have often presented conflicting
results. In the meta-analysis, survival data for 30 studies
(n=3,999 patients) was aggregated and quantitatively
analyzed. Combined hazard ratios (HRs) suggested VEGF-A
overexpression was linked to decreased overall survival (OS)
(HR =1.49, 95% confidence interval [CI]: 1.22-1.77) and
disease free survival (DFS) (HR =1.85, 95% CI: 1.38-2.32)
in patients with gastric cancer. In addition VEGF-D was also
found to be an unfavorable indicator of OS (HR =1.68, 95%
CI: 1.02-2.34) and DFS (HR =1.88, 95% CI: 1.07-2.70),
while VEGF-C overexpression did not correlate with OS
(HR =1.24, 95% CI: 0.92—1.56) or DFS (HR =1.15, 95%
CIL: 0.78-1.52).°

Targeting of VEGF ligands

Bevacizumab

The first agent targeting the VEGF axis was bevacizumab,
amonoclonal antibody which binds VEGF-A, resulting in its
destruction and therefore preventing its binding to VEGFR1
and VEGFR2. It has shown extension of overall survival in
metastatic CRC as well as prolongation of progression-free
survival (PFS) and improvement in response rates in most

Table | Trials of bevacizumab in gastric cancer

other cancer types. Multiple Phase II single arm studies of
bevacizumab in combination with first line chemotherapy in
advanced gastric cancer showed the drug was well tolerated,
and led to a median overall survival of nearly 17 months
(Table 1).10-14

The first large randomized trial that attempted to validate
promising Phase II results was the Phase III randomized
Avastin® (Hoffman-La Roche Ltd, Basel, Switzerland) in
gastric cancer (AVAGAST) study."® In the study, 774 patients
were randomized to cisplatin/fluoropyrimidine combination
chemotherapy plus or minus bevacizumab. This study
showed improvement in response rate (46% versus [vs] 37%;
P=0.0315) and PFS (6.7 vs 5.3 months; HR =0.80; 95% CI:
0.68-0.93; P=0.0037) for the bevacizumab arm; however,
there was no improvement in overall survival. The median
survival was 10.1 months compared to 12.2 months in the
bevacizumab arm, a difference that was not statistically sig-
nificant (HR =0.87, P=0.1002). Of note there appeared to be
geographic regional variations in outcomes when stratified
for Asian, European, and combined North and South Ameri-
can populations, whereby patients from the US and Europe
appeared to derive benefit from bevacizumab, and Asian
patients did not. The reason for this variation is currently
unclear and perhaps related to underlying tumor biology dif-
ferences, or differences in treatment patterns. One potential
explanation is the preponderance of proximal and diffuse-type
gastric cancers in Western patients. A secondary analysis of
the AVAGAST study suggested that Western patients with
diffuse or proximal disease were more likely to benefit from
bevacizumab, although this analysis was retrospective in
nature.'¢

In addition, the AVAGAST study included a prospective
biomarker program to investigate the role that angiogenic
markers may play in predicting response to bevacizumab.
Patients enrolled in the study had blood and tumor tissue
samples collected at baseline, with plasma available from
712 (92%) and tumor samples available from 727 (94%).
Pre-specified biomarkers included plasma VEGF-A, protein

Author Agents n RR PFS/ITTP os
(months) (months)

Shah et al"! Bevacizumab + docetaxel/cisplatin/5-FU 44 67% 12 16.8
Shah et al' Bevacizumab + cisplatin/irinotecan 47 65% 8.3 123
Enzinger et al” Bevacizumab + docetaxel/cisplatin/irinotecan 32 63% NS NS

El-Rayes et al'* Bevacizumab + docetaxel/oxaliplatin 38 42% 6.6 1.1
Ohtsu et al'® Bevacizumab + cisplatin/capecitabine 387 46% 6.7 12.2
Ohtsu et al'® Placebo + cisplatin/capecitabine 387 37% 5.3 10.1

Abbreviations: 5-FU, fluorouracil; n, number of subjects; RR, response rate; PFS, progression-free survival; TTP, time to progression; OS, overall survival; NS, not

specified.
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Table 2 Phase Ill and Il studies of ramucirumab in gastric cancer

Study Agents Setting Phase n HR  P-value OS (months)
NCT00917384 Ramucirumab  Metastatic gastric or gastroesophageal junction 1l 355 0.776  0.047 5.2 (ramucirumab)
(REGARD) versus best adenocarcinoma following disease progression versus 3.8 (placebo)
supportive on first-line platinum- or fluoropyrimidine-
care containing combination therapy
NCTOI1170663  Paclitaxel + Metastatic gastric adenocarcinoma, refractory 1 665 0.807 0.0169  9.63 (paclitaxel +
(RAINBOW) ramucirumab  to or progressive after first-line therapy ramucirumab) versus
with platinum and fluoropyrimidine 7.36 (paclitaxel)
NCTO01246960 FOLFOX6 + Advanced adenocarcinoma of the esophagus, 1] 166 Study ongoing; results pending

ramucirumab  gastroesophageal junction or stomach

NCT01983878 Ramucirumab

adenocarcinoma following disease progression on

Metastatic gastric or gastroesophageal junction 1] 33

(estimated)
Study ongoing; results pending
(estimated)

first line platinum- or fluoropyrimidine-containing

combination therapy in Japanese patients

Abbreviations: n, number of subjects; HR, hazard ratio; OS, overall survival.

expression of neuropilin-1, and VEGFR1 and VEGFR2. A Cox
proportional hazards model was used to assess correlations
between biomarkers and clinical outcomes. Both baseline
plasma VEGF-A levels and expression of tumor neuropilin-1
were identified as potential predictors of bevacizumab efficacy.
A trend toward improved overall survival was noted in patients
with high baseline plasma VEGF-A levels (HR, 0.72; 95% ClI,
0.57 to 0.93) compared to patients with low VEGF-A levels
(HR, 1.01; 95% CI, 0.77 to 1.31; interaction P=0.07). A nega-
tive correlation was found with improved overall survival in
patients with lower expression of neuropilin-1 (HR, 0.75; 95%
CL, 0.59t0 0.97) compared to those with high expression (HR,
1.07;95% CI, 0.81 to 1.40; interaction P=0.06). Of note, these
results were significant only in non-Asian region patients.!’
Whether bevacizumab will be re-explored in a purely Western
gastric cancer population is unclear at this time.

Aflibercept is another VEGF ligand binder, but with a
potentially important difference compared with bevacizumab.
Aflibercept acts as a soluble VEGF receptor decoy with
affinity for VEGF-A, VEGF-B, and PIGF. Early phase stud-
ies showed efficacy and drug tolerability with common
grade 3 or 4 toxicities of hypertension, proteinuria, thrombosis,
fatigue, leukopenia and hoarse voice.*!®! Although it has
demonstrated efficacy in treatment of refractory metastatic
CRC, it has not shown benefit in NSCLC, prostate or
pancreatic adenocarcinoma.? 2 Aflibercept is currently being
investigated in a Phase II clinical trial to test its safety and
efficacy in combination with mFOLFOX6 compared to mFOL-
FOX6 alone in patients with previously-untreated advanced
esophagogastric adenocarcinoma. The desired primary out-
come will be PFS. Secondary outcome measures will include
safety and tolerability, evaluating toxicity, and number of
adverse events.?”

VEGF receptor tyrosine kinase inhibitors
There are several United States Food and Drug Administra-
tion (FDA)-approved small molecule tyrosine kinase inhibi-
tors (TKIs) that target the VEGF receptors. The mechanism of
action of TKIs is through targeting the binding of adenosine
triphosphate (ATP) to the tyrosine domain of VEGFRs in a
reversible manner. Unfortunately due to lack of specificity,
most of these drugs also inhibit other receptors in addition
to VEGF blockade including platelet-derived growth fac-
tor (PDGF), the protein-coding KIT gene, and often many
others. It is likely that these off-target effects cause TKIs
to have increased toxicity when compared to VEGF ligand
inhibitors.?>?® Additionally, these agents generally produce
incomplete blockade of angiogenic kinases which may affect
efficacy.

Two examples of these TKIs include the drugs sunitinib
and sorafenib. Both of these drugs cause the hypertension
that is common to all VEGF/VEGFR targeting agents, but
additionally seen are off-target toxicities such as weakness,
nausea, hand-foot syndrome, rash, diarrhea, hypothyroid-
ism, and transaminitis.®**3° Sunitinib has been studied in
a Phase II, open-label, multi-center study in patients with
advanced gastric or gastroesophageal junction adenocarci-
noma who had previously been treated with chemotherapy.
The primary end point was objective response rate, with
secondary end points including clinical benefit rate, duration
of response, PFS, OS, pharmacokinetics, pharmacodynam-
ics, safety and tolerability, and quality of life. Seventy-eight
patients were enrolled, with 93.6% having gastric adeno-
carcinoma and 93.6% with metastatic disease. Two patients
(2.6%) showed partial response, and 25 patients (32.1%) had
a best response of stable disease =6 weeks. The median PFS
was 2.3 months (95% CI, 1.6-2.6 months) and median OS
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was 6.8 months (95% CI, 4.4-9.6 months). Adverse events
reported included grade 3 or greater thrombocytopenia in
34.6% and neutropenia in 29.4% of patients. The other most
common adverse events included fatigue, anorexia, nausea,
diarrhea and stomatitis. The study authors concluded that
although sunitinib had insufficient clinical value as a single
agent therapy in the second line setting, given its progres-
sion, delaying effect, and favorable toxicity profile it warrants
further study in combination with chemotherapy.*!

Sorafenib has been investigated in combination with
cisplatin and capecitabine in a Phase I dose escalation
study in patients with advanced gastric cancer. This trial
showed a response rate of 63%, PFS of 10 months, and OS
of 15 months. A Phase II study of sorafenib combined with
cisplatin and docetaxel used in the first line setting showed
a response rate of 41%, and an OS of 13.6 months. Adverse
events included grade 3 or greater neutropenia in 64% of
patients.!” There are currently no ongoing Phase III trials of
either of these agents.

Ramucirumab

Given the above limitations, the drug ramucirumab has been
investigated as an alternative method of anti-VEGF receptor
therapy with higher specificity for VEGFR2 blockade than the
previously mentioned TKIs. Ramucirumab is a fully human
immunoglobulin G-subclass 1 (IgG1) monoclonal antibody
that is a specific and potent inhibitor of VEGFR2. It binds
to the VEGF-binding domain of VEGFR2, inhibiting the
VEGF-VEGFR2 complex, and has been shown to decrease
tumor vascularity in preclinical data.?? This mechanism is
in contradistinction to that of bevacizumab, which binds
to the VEGF ligand itself, destroying the ligand. Theoreti-
cally, ramucirumab may have an advantage when compared
to bevacizumab, which binds to VEGF-A only. Proteolytic
processing of VEGF-C and VEGF-D allows them to bind to
VEGFR2 and promote angiogenesis, which would allow for
a bypass of bevacizumab’s mechanism of action, whereas
ramucirumab would work at the level of the VEGFR2 recep-
tor itself, preventing all known VEGFs from binding.?

A number of Phase I and II studies of ramucirumab have
been completed in various solid tumor types including gastric
carcinoma, breast cancer, non-small cell lung carcinoma,
hepatocellular carcinoma, metastatic melanoma, colorectal
cancer, ovarian cancer and prostate cancer.® A Phase I clinical
trial reported by Spratlin et al*? reported on pharmacokinetics,
pharmacodynamics and efficacy in patients with advanced
solid malignancies. Patients were treated with once weekly
escalating doses of ramucirumab in a 343 dose escalation

trial. In the study, 37 patients were treated over a dosage range
of 2 to 16 mg/kg. A trough level of 20 pg/mL was targeted.*
Half-life ranged between 200 and 300 hours. The drug showed
a nonlinear relationship between dosing and clearance rate.
There was disproportionate decrease in drug clearance with
increasing dose, thought to be due to saturation of VEGFR2
as the primary clearance mechanism.%*> The maximum toler-
ated dose was determined to be 13 mg/kg after two patients
developed dose-limiting hypertension and venous thrombosis
at the 16 mg/kg dose. Other major toxicities included grade 3
fatigue, nausea, vomiting, and proteinuria. A partial response
(PR) was seen in four of 27 patients with measurable disease
including gastric cancer, melanoma, ovarian, and uterine can-
cer. Overall a PR or stable disease was seen in approximately
73% of patients with eleven of 37 patients showing either PR
or stable disease at 6 months out, suggestive of substantial
single-agent activity.?

Ramucirumab has been tested in two Phase III clinical
trials focusing on advanced gastric carcinoma in the second
line setting. These are the REGARD and RAINBOW (US
National Institutes of Health clinical trial NCT01170663)
trials (Table 2). The REGARD study was an international,
randomized, double-blind, placebo-controlled Phase III trial
in patients with advanced gastric or gastroesophageal junc-
tion adenocarcinoma and disease progression after first-line
platinum- or fluoropyrimidine-containing chemotherapy. The
primary study end point was overall survival, with intention
to treat analysis. Patients were randomly assigned (2:1) to
best supportive care plus either ramucirumab at 8 mg/kg
or placebo, given intravenously every 2 weeks. A total of
355 patients were randomized, with 238 receiving ramu-
cirumab and 117 receiving placebo. The median overall
survival was found to be 5.2 months in the ramucirumab
arm compared to 3.8 months in the placebo arm (HR 0.776,
95% C10.603-0.998; P=0.047) and disease control rate was
improved in the ramucirumab arm (49% vs 23%). No radio-
graphic responses were seen in either arm. Toxicities seen
included fatigue (36% in the ramucirumab arm compared
to 40% in the placebo arm), hypertension (16% vs 8%), and
rates of other adverse events were mostly similar between
groups (223 [94%] vs 101 [88%]) between the ramucirumab
and placebo arms.>

It is very interesting that REGARD showed positive results
while AVAGAST?" did not in terms of OS. On subset analysis
of AVAGAST, survival benefit for bevacizumab was limited
to non-Asian patients. In REGARD this was not the case,
with the survival benefit from ramucirumab similar between
Asian patients and those from America, Europe, and Australia.
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That said, there were relatively few Asian patients enrolled in
REGARD (16% in both ramucirumab and placebo arms), so this
difference alone could potentially explain the difference between
the two trials.!' Another potential contributing factor may be that
the mechanism of action of ramucirumab is significantly differ-
ent enough to surpass the activity of bevacizumab. This may be
further supported by the fact that ramucirumab demonstrates
single-agent activity, whereas bevacizumab and aflibercept have
failed to do so. Lastly, it is possible that bevacizumab would have
similar activity if tested alone in a second-line setting.

In comparison to the REGARD trial, the Phase III
COUGAR-02 study (NCT00978549)% evaluated docetaxel
plus active symptom control (ASC) in relapsed esophago-
gastric cancer. The results of COUGAR-02 proved to be very
similar to those of ramucirumab, with COUGAR-02 showing
that the addition of docetaxel to ASC provided a median overall
survival benefit of 1.6 months (5.2 months versus 3.6 months
with ASC alone; HR =0.67, P=0.01).>* Based on the results
of the COUGAR-02 study, which highlight the benefit that
patients get from an active second-line therapy, there remains
the question of whether ramucirumab will demonstrate an
additive benefit when combined with an active agent in gastric
cancer. The RAINBOW trial seeks to answer this question.

RAINBOW was a Phase III study comparing the safety and
efficacy of paclitaxel plus ramucirumab versus paclitaxel plus
placebo with a primary end point of overall survival and second-
ary end points of progression-free survival, time to progressive
disease, objective response, and safety in the advanced gastric
cancer population. Data for the RAINBOW trial were presented
as an abstract at the 2014 American Society of Clinical Oncol-
ogy (ASCO) Gastrointestinal Cancers Symposium. The study
included 665 patients with disease progression on first-line
platinum/fluoropyrimidine-based combination therapy. The
addition of ramucirumab to paclitaxel significantly prolonged
the primary end point of overall survival from a median of 7.36
t0 9.63 months (P=0.0169). The difference between arms trans-
lated into a 19% reduction in the risk of death with inclusion of
ramucirumab (HR =0.807, 95% CI: 0.678-0.962). PFS was also
prolonged from 2.86 months to 4.40 months (HR =0.635, 95%
CI: 0.536-0.752; P<<0.0001). Inclusion of ramucirumab also
increased the overall response rate compared with paclitaxel
alone (28% versus 16%; P=0.0001) and significantly increased
the disease control rate (80% versus 64%; P<<0.0001).36

Ramucirumab in combination with paclitaxel was relatively
well tolerated. Compared to paclitaxel alone there was a greater
incidence of grade 3 or greater neutropenia (40.7% versus
18.8% with paclitaxel alone), leukopenia (17.4% versus 6.7%
with paclitaxel alone), hypertension (14.7% versus 2.7% with

paclitaxel alone), and fatigue (11.9% versus 5.5% with paclitaxel
alone). Of note these adverse events did not lead to increased
treatment discontinuation in the ramucirumab arm. The rates
of treatment-related deaths were also not significantly different
between the two arms (4.0% with ramucirumab/paclitaxel versus
4.6% with paclitaxel alone). The incidence of febrile neutropenia
was also similar between the two arms (3.1% with ramucirumab/
paclitaxel versus 2.4% with paclitaxel alone).*

Ramucirumab is currently being investigated for first
line use in combination with chemotherapy in gastric cancer.
A Phase II study (NCT01246960) is focused on previously-
untreated advanced esophageal, gastric and gastroesophageal
junction carcinoma. It is a randomized, placebo-controlled,
double-blind Phase II study of mFOLFOX6 chemotherapy
plus ramucirumab versus mFOLFOX6, with the primary
outcome of progression-free survival.’’

Based on the results of the REGARD trial, the FDA
approved ramucirumab on April 21, 2013 to treat patients
with advanced stomach cancer or gastroesophageal junction
adenocarcinoma. The FDA reviewed ramucirumab under its
priority review program, which allows an expedited review
for drugs with the potential to be a significant improvement in
safety or effectiveness in the treatment of a serious condition.
Ramucirumab was also granted orphan product designation
because it is intended to treat a rare disease or condition.*

Conclusion

The field of anti-angiogenesis drugs continues to be an
area of interest in cancer in general and in gastric cancer
specifically. The success of ramucirumab in this disease
should open the door to continued study of novel anti-
angiogenic strategies. In addition to new drug development,
a search for predictive biomarkers that would identify gastric
cancer patients who might benefit from a given treatment
will continue to be necessary. Through continued study and
drug development, coupled with improving understanding
of individual patient characteristics, it is hoped that angio-
genesis in gastric cancer will continue to be an effective
therapeutic target, and ultimately translate into further
improvements in survival.

Disclosure
The authors report no conflict of interest in this work.
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