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Abstract: Age-related macular degeneration (AMD) has become a major public health problem
and a leading cause of blindness in industrialized nations. AMD results from the ageing eye’s
inability to metabolize and dispose completely of photoreceptor outer segments and other waste
products. As a result, lipids, particularly apolipoproteins, accumulate within Bruch’s membrane,
leading to chronic ischemia and inflammation. The subsequent upregulation of inflammatory
cytokines and growth factors, including vascular endothelial growth factor (VEGF), induces
the growth of neovascular membranes from the choriocapillaris into the subretinal or subretinal
pigment epithelium spaces. To counter this, intravitreally administered drugs (pegaptanib, beva-
cizumab, ranibizumab) that specifically target VEGF have become the standard treatment for
exudative AMD. Aflibercept, a recently approved fusion protein, binds to all isoforms of both
VEGF-A and placental growth factor with high affinity. Phase III trials showed that monthly or
every other month injections of aflibercept prevent vision loss (fewer than 15 letters) in 95% of
patients. Additionally, aflibercept injections every 4 or 8§ weeks produce average vision gains
of 6.9 letters to 10.9 letters, comparable with those achieved with monthly ranibizumab. After
one year of regularly administered aflibercept injections, patients required an average of only
4.2 injections during the second year. Aflibercept promises to decrease the injection frequency
required for many patients and appears to serve as an effective “salvage” therapy for patients
who respond poorly to other anti-VEGF drugs.

Keywords: age-related macular degeneration, choroidal neovascularization, vascular endothelial
growth factor, aflibercept, ranibizumab, bevacizumab, VEGF trap

Introduction

Age-related macular degeneration (AMD) is the leading cause of blindness in patients
over the age of 65 years in industrialized nations. Most affected patients (approximately
90%) have dry or nonexudative AMD, characterized by drusen and retinal pigment
epithelium (RPE) mottling, hyperplasia, and atrophy, but most cases of blindness
(approximately 90%) are due to wet or exudative AMD, which is characterized by
the growth of choroidal neovascular membranes (CNVM).! Wet AMD results from
repeated cycles of shedding, degradation, and resynthesis of photoreceptor outer seg-
ments, which induces metabolic stress within the outer retina and RPE. The resultant
chronic ischemia and inflammation upregulates several inflammatory cytokines and
growth factors, particularly vascular endothelial growth factor (VEGF), which pro-
mote the growth of CNVM from the choriocapillaris into the sub-RPE space (type 1
CNVM), the subretinal space (type 2 CNVM), or the inner retina as retinal angiomatous
proliferation (type 3 CNVM).
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The treatment of exudative AMD has evolved considerably
over the past 40 years, but the visual outcomes throughout
most of this period have disappointed both patients and physi-
cians. Thermal laser photocoagulation, as performed in the
Macular Photocoagulation Study, slowed the rate of vision
loss, but was complicated by recurrent neovascularization,
and frequently left patients with dense scotomas.? Photody-
namic therapy with intravenous verteporfin decreased the
extent of photoreceptor and RPE scarring, but still resulted
in vision loss for most patients.

Only with the introduction of drugs that directly inhibit
the actions of VEGF have surgeons been able to offer
patients reasonable hope for improvement of vision. Pivotal
trials with ranibizumab, bevacizumab, and aflibercept show
that patients receiving protocol-driven treatment have a
30%-40% chance of achieving a 15-letter (halving of the
visual angle) improvement in visual acuity.*’ The rapid
adoption of these drugs by physicians has yielded dramatic
improvements in public health. Between 2000 and 2010,
anti-VEGF therapy resulted in a 50% reduction in the inci-
dent rate of blindness due to exudative AMD in Denmark,
compared with a 33% reduction in the incidence of blind-
ness from other causes.®

Three anti-VEGF drugs have been used for over 5
years, i.e. pegaptanib (Macugen®; Eyetech Inc, Palm Beach
Gardens, FL, introduced in 2004), bevacizumab (Avastin®;
Genentech, South San Francisco, CA/Roche, Basel,
Switzerland, first used off-label in 2005) and ranibizumab
(Lucentis®; Genentech, South San Francisco, CA/Roche,
Basel, Switzerland, introduced in 2006), whereas aflibercept
(VEGF Trap-eye, Eylea®; Regeneron, Tarrytown, NY) has
been available only since being granted regulatory approval
for the treatment of exudative AMD by the United States
Food and Drug Administration on November 18, 2011. This
paper discusses the pathophysiology of exudative AMD with
emphasis on the stimulatory role of VEGF, the biochemical
and pharmacologic characteristics of aflibercept, and the
results of important clinical trials focusing on the treatment
of patients with exudative AMD.

Pathophysiology of AMD

Untreated CNVM due to AMD carries a poor prognosis
with 62% of subfoveal membranes and 65% of juxtafo-
veal membranes causing profound (more than 6 lines)
loss of vision.”!® Treatment according to MPS guidelines
limits vision loss in some patients, but 87% of eyes with
CNVM do not qualify for laser,'' and furthermore, only
18% of patients qualify for ocular photodynamic therapy.'?

These sobering results underscore the need for both an
improved understanding of the pathophysiology of AMD
and a non-destructive therapy that can be given to the
majority of affected patients.

The earliest observable signs of AMD include mild
atrophy and hypertrophy of the RPE, along with the forma-
tion of drusen. In addition to the development of confluent
soft drusen, decreased choroidal blood flow, lipid deposi-
tion in Bruch’s membrane, oxidative stress in the RPE, and
alteration in Bruch’s membrane all contribute to ischemia
of the overlying RPE, secondary death of cells in the neural
retina, and, finally to induction of CNVM.!5® Whereas
drusen and RPE atrophy generally cause a slow decrease in
vision, a rapid decline usually accompanies the development
of CNVM.?

The pathophysiology of AMD actually begins with
lipoprotein transport of carotenoids, vitamin E, and choles-
terol to the photoreceptors through the RPE (Figure 1).22!
Nutrients are separated within the RPE and presented to the
photoreceptors while, at the same time, the RPE performs
near continuous, homeostatic phagocytosis of photoreceptor

outer segments,*> >

with assembly of apolipoprotein B from
phagocytosed photoreceptor outer segments, plasma lipopro-
tein components, and endogenously synthesized lipids. With
advancing age comes metabolic insufficiency which causes
a decrease in protein and lipid degradation within the RPE.
This results in accumulation of lipofuscin within lysozymes
and a compromised ability to process photoreceptor outer
segments and cytoplasmic proteins.>® With the use of
fundus autofluorescence imaging, lipofuscin accumulation
within RPE cells has actually been identified prior to observ-
able RPE damage.?*3°

During the fourth decade of life, unprocessed lipid slowly
exits the RPE cells. Most molecules reach the systemic cir-
culation via the choriocapillaris but, for unknown reasons,
several layers of apolipoprotein slowly accumulate within
Bruch’s membrane. Both esterified and nonesterified choles-
terol forms small vesicles within membrane fibrils.*!** A wall
of lipid material, high in several apolipoproteins including
apolipoprotein-B, E, A-I, C-I, and C-II, accumulates within
Bruch’s membrane in a pattern consistent with secretion by
the RPE rather than by the choriocapillaris. Over time, proin-
flammatory molecules, such as linoleate hydroperoxide and
7-ketocholesterol appear, probably as a result of overlying
oxidative stress of the RPE.

As the highly demanding metabolic process within
the photoreceptors and RPE continues, but oxygen diffu-
sion from the choriocapillaris through the altered Bruch’s
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Figure | Left panel: carotenoids, vitamin E and cholesterol are delivered to the retinal pigment epithelium from the choriocapillaris. After initial processing within the
retinal pigment epithelium, these molecules are presented to the photoreceptors. Central panel: continuous shedding of photoreceptor outer segments results in high
levels of cholesterol and other lipids within the retinal pigment epithelium which, because of decreasing peroxisome activity with advancing age, are only partially metabolized.
These are secreted toward the choriocapillaris, but some, particularly apolipoprotein B, accumulate within Bruch’s membrane. Right panel: lipid accumulation within Bruch’s
membrane induces inflammation and ischemia, resulting in neovascular sprouting from the choriocapillaris.

Abbreviations: ApoB, apolipoprotein-B, LDL-R, receptor-bound low density lipoprotein, LHP, linoleate hydroperoxide.

membrane decreases, the resultant oxidative stress produces
reactive oxygen species, which leads to protein misfolding.3
Additionally, lipofuscin contains vitamin A-derived pho-
tophores that inhibit mitochondrial respiration and cause
misfolding of proteins.’* The RPE is highly dependent
upon proper folding of proteins for optimal function, so
improperly folded proteins react with heat shock proteins
to facilitate repair.®>3¢ If this fails, the folded proteins are
tagged with ubiquitin and directed to the proteosomes for
degradation.’”* However, because proteosomal function
also decreases with age and under conditions of increased
oxidative stress, the buildup of improperly folded proteins
results in the release of proinflammatory cytokines, which
leads to chronic inflammation and the formation of drusen.*
In addition to inducing the formation of reactive oxygen
species, lipofuscin decreases lysozomal integrity, induces
peroxidation, decreases phagocytosis, and promotes RPE
death.*! Apoptotic cell death is further enhanced by the
presence of advanced glycation end products which activate
their receptors (RAGE)** and upregulate nuclear factor-
kB.* Additionally, RAGE upregulates VEGF which leads
to the development of CNVM.*

Inflammation plays an important role in promoting angio-
genesis through the innate immune system. Membrane-bound
toll-like receptors and cytosolic NOD-like receptors are
responsible for detecting invading pathogens and directing a
compensatory inflammatory response. Toll-like receptors rec-
ognize breakdown products of the intercellular matrix (elastin,
hyaluronic acid, and fibronectin) and induce the expression of
proinflammatory cytokines (interleukins 6 and 8), angiogenic
chemokines (CXCL8 and CCL2), and adhesion molecules

(ICAM-1 and VCAM-1).**° These cytokines further increase
production of reactive oxygen species and oxidative stress
on the RPE.>2 Activation of NOD-like receptors, through
oxidative stress and lysozomal damage, leads to release of
interleukin-1B and interleukin-18.%

Choroidal dendritic cells become activated by damaged
RPE and oxidized protein and lipid in Bruch’s membrane.>*
Activated dendritic cells promote secretion of immune
response modulators such as apolipoprotein E and vibronec-
tin from the RPE and initiate an autoimmune response with
production of antiretinal and anti-RPE antibodies.’>* Addi-
tionally, inflammatory cells, including multinucleated giant
cells, which are involved in the late stages of AMD, secrete
enzymes which degrade Bruch’s membrane, and cytokines
which promote the growth of CNVM, 78

Eventually, chronic ischemia of the outer retina and
inflammation directed against abnormalities in Bruch’s
membrane result in the development of pathologic new
blood vessels or angiogenesis. The growth of neovascular
complexes requires sequential activation of several biochemi-
cal pathways, with upregulation of multiple growth factors,
balanced with downregulation of key angiostatic molecules.
Angiogenesis plays an important role in several disparate
human diseases, including tumor growth and metastases,
rheumatoid arthritis, psoriasis, and intraocular neovascular-
ization of both the choroid and retina.

Several growth factors contribute to the development of
choroidal neovascularization. Basic fibroblastic growth factor
has been detected in excised CNVM*¢? and has been found
to be sufficient® 2 but not necessary for the development of
experimental CNVM.%
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In addition to increased concentrations of growth factors,
angiogenesis requires decreased levels of angiostatic mol-
ecules.* Pigment epithelium-derived growth factor (PEDF)
leads to regression of neovascularization by promoting
apoptosis of vascular endothelial cells.® PEDF synthesis
is upregulated under hyperemic conditions and downregu-
lated in hypoxia.®” PEDF levels have been found to be low
within choroidal neovascular tissues,®® and expression of
PEDF is inversely correlated with the formation of CNVM
in animal models.™

Angiopoietins regulate vascular integrity and also par-
ticipate in pathologic neovascularization.”! Angiopoietin-1
prevents leakage from the adult vasculature’ whereas angio-
poietin-2, which is upregulated in vascular endothelial cells
by both hypoxia and VEGF,” enhances the vasoproliferative
effects of VEGFE. The opposite effects of these two closely
related molecules are due to their agonist and antagonist
effects on the Tie2 receptor, which recruits pericytes and
stabilizes new blood vessels.

Although other growth factors can induce development of
blood vessels (ie, transforming growth factor-f, interleukins,
insulin-like growth factor-1, and epidermal growth factor),
only VEGF appears to be both sufficient and essential for both
physiologic and pathologic angiogenesis. Not surprisingly,
the biochemical pathways involving VEGF have been the
most intensively studied and are the best understood.

Oxidative stress and inflammation due to accumulation
of intracellular and extracellular waste material, including
lipid in Bruch’s membrane and drusen, stimulate VEGF
synthesis. Excessive local production of VEGF causes
multifocal sprouting of new vascular complexes from the
choriocapillaris, with growth occurring beneath the RPE, or
through the RPE into the subretinal space.”” The resultant
serous detachment of the retina or RPE, often with associ-
ated hemorrhage, leads to neuroretinal dysfunction and late
gliosis, fibrosis, and cell death.”

Autopsies show that VEGF is expressed in the RPE of
eyes with AMD, and VEGF has been detected in surgically
excised CNVM.”% Animal models that overexpress VEGF
are characterized by the growth of CNVM.?"% VEGF
levels are elevated in the vitreous of eyes with exudative
AMD.84,85

Vascular endothelial growth factor

VEGF is a member of the platelet-derived growth factor
family,*® and is actually a collection of related molecules
that segregate into distinct families, i.e. VEGF-A VEGF-B,
VEGF-C, VEGF-D, VEGF-E, and placental growth factor.

Native VEGF (of which VEGF
isomer) exists as a homodimer with a molecular weight
between 35 kDa and 45 kDa.¥’

Isoforms of VEGF-A are responsible for most of the

appears to be the dominant

processes essential in angiogenesis, i.e. endothelial cell
proliferation and migration, recruitment of endothelial cell
progenitors, endothelial cell survival, activation of matrix
metalloproteinases, and phosphorylation of tight junction
121° VEGFMS’
) and eight minor

proteins. At least six major isoforms (VEGF
VEGF,,, VEGF ,,, VEGF ,, VEGF
isoforms of VEGF-A, all created by alternate splicing of
mRNA from the same VEGF gene, have been discovered.®
Shorter isoforms are water-soluble and biologically active
whereas longer isoforms are bound to the intercellular matrix
(VEGF  is 50%—70% matrix bound) and only become bio-
logically active when cleaved by matrix metalloproteinase-9
110 VEGF-A isoforms contain
their receptor binding sequences in amino acids 81 through

and plasmin into soluble VEGF

92 and their heparin binding sequences within amino acids
110-165.

VEGF initiates its biological effects by binding to three
transmembrane receptors, VEGFR1 (fit-1), VEGFR2 (flk-1),
and VEGFR3 (flk-4), which are expressed on vascular
endothelial cells and pericytes, as well as on monocytes and
macrophages.®* Normal choriocapillaris expresses all of its
receptors on the endothelial cells next to the RPE, suggesting
a codependent paracrine relationship between the two tis-
sues.” Each receptor has extracellular binding domains for
VEGEF, a transmembrane sequence and intracellular tyrosine
kinase moieties. VEGF binding to the extracellular receptor
domain dimerizes the receptors and results in phosphoryla-
tion of the intracellular tyrosine kinase moieties. VEGFR1
activation by VEGF-A, VEGF-B, and placental growth factor
attracts mononuclear leukocytes and promotes development
of myocardial arterioles. The role of VEGFR1 in promoting
noncoronary angiogenesis is not clear, but it may be a weak
angiogenic mediator or may serve as a decoy receptor by
binding placental growth factor, thereby displacing VEGF-A
and allowing it to bind to and activate VEGFR2. VEGFR1
appears to assist endothelial cell assembly into vascular
tubules.

In the retina, VEGF upregulation in RPE, Mueller cells,
pericytes, endothelial cells, glial cells, and ganglion cells*
is caused by inflammation (interleukins, transforming
growth factor alpha and beta) and several growth factors
(fibroblastic growth factor, epidermal growth factor, kera-
tinocyte growth factor, insulin-like growth factor-1, and
platelet-derived growth factor). However, the usual regulator
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of VEGF synthesis in chorioretinal vascular conditions is
tissue hypoxia. Low tissue oxygen tension enables hypoxia
inducible factor 1-alpha to dimerize with hypoxia inducible
factor 1-beta, thereby preventing complex formation with the
von Hippel Lindau factor and subsequent ubiquination within
proteosomes. The stable hypoxia inducible factor dimer binds
to the promoter zone of VEGF mRNA and upregulates VEGF
synthesis. Reactive oxygen species and advanced glycation
end products can stimulate the RPE to upregulate VEGF.*%*
Hypoxic RPE cells have also been shown to produce placental
growth factor which has been detected within CNVM.

Activation of VEGFR2 by VEGF-A is necessary for many
critical processes of physiologic and pathologic angiogenesis.
Activated VEGFR?2 upregulates nitric oxide synthase which
promotes vascular endothelial cell proliferation.” By upregu-
lating matrix metalloproteinases and tissue-type plasminogen
activators, and downregulating metalloproteinase inhibitors,
VEGF degrades the intercellular matrix, thereby enabling
endothelial cell migration.”®* Matrix degradation causes the
release of previously sequestered VEGF, thereby amplifying
the proliferative drive.”” VEGF breaks down the blood retinal
barrier by phosphorylating tight junction proteins, forming
transcellular vesicles, and creating fenestrations.’® Compared
with the hyperpermeability effect of histamine, that of VEGF
is 50,000 times as potent.®' By activating VEGFR1, VEGF-
A attracts monocytes and macrophages. VEGF is a potent
survival factor because it prevents apoptosis of endothelial
and glial cells.”

Aflibercept biochemistry and

pharmacokinetics

When creating a high-affinity VEGF-binding protein, scien-
tists at Regeneron decided not to use the antibody technology
used to create bevacizumab (K, 58 pM) or the affinity-
enhanced ranibizumab (K, 46 pM).'” Instead they spliced
native receptor sequences from high-affinity VEGFR1 (K
10-20 pM) onto the Fc (fragment crystallizable) portion of
a human IgG1 molecule. They first created a “parent” VEGF
Trap, .z, With three binding domains from VEGFR1 which
tightly bound VEGF ,
cokinetics because it was immediately sequestered within

but exhibited poor serum pharma-

the intercellular matrix. After other intermediate molecules
were tested, VEGF Trap,,, ., (aflibercept) was created. With
the second binding domain from VEGFR1 and the third
binding domain from VEGFR2, this molecule exhibited
excellent in vivo pharmacokinetics, with a strong binding
affinity for VEGF (K, 0.5 pM), exceeding even that of the
native receptors.'®! Whereas bevacizumab can simultaneously

bind two VEGF dimers, and two ranibizumab molecules can
bind one VEGF dimer, aflibercept tightly binds VEGF-A
and placental growth factor dimers in a 1 to 1 ratio with a
powerful “two-fisted grasp”.

The time-dependent intraocular concentration of afliber-
cept, like that of bevacizumab and ranibizumab, decreases
according to first-order decay kinetics. The intravitreal
half-life of aflibercept in rabbits is 4.7 days (Regeneron
investigator manual), and although monkey and human data
are not available, an adapted mathematical model calcu-
lates the half-life in human eyes to be 7.1 days.'”> Because
the intraocular half-lives of macromolecules are primarily
determined by their molecular weight, that of aflibercept
(molecular weight 115 kDa) should fall between bevacizumab
(molecular weight 149 kDa; t
(molecular weight 48 kDa; t

8.25 days) and ranibizumab
., 4.75 days, estimated).'”
Based on its high binding affinity and estimated intraocular
half-life, mathematical modeling suggests that intravitreally
administered aflibercept should have a longer duration of
clinical action (possibly as long as 2.5 months) than either
ranibizumab or bevacizumab.!®

Aflibercept is believed to diffuse through the eye with-
out being metabolized and enters the systemic circulation
through either the choriocapillaris or trabecular meshwork.
The half-life of unbound aflibercept is 1-3 days in the blood,
whereas VEGF-bound aflibercept has a half-life of 18 days.
Aflibercept is removed from the body via pinocytotic pro-
teolysis and glomerular filtration after forming complexes
with VEGF.!%*

Preclinical and clinical studies
Studies with animal models of corneal, iris, retina, and
choroidal neovascularization have shown that VEGF plays
a central role in pathologic ocular neovascularization. In a
matrigel model, aflibercept successfully prevented the growth
of CNVM when administered 2 and 6 days after induction,
and prevented leukocyte infiltration and halted collagen
synthesis within CNVM when administered 10 days after
induction.!® In mice, aflibercept prevented CNVM follow-
ing laser photocoagulation to the RPE, prevented CNVM
development after administration of exogenous VEGF, and
prevented development of CNVM in transgenic animals that
secreted VEGF from photoreceptors.'* Aflibercept extends
the survival of penetrating keratoplasties in mice'*” and pre-
vents induction of corneal neovascularization after treatment
with fibroblast growth factor pellets.'*®

The successes achieved in these preclinical studies
paved the way for aflibercept trials in human chorioretinal
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conditions (Table 1). In the first exudative AMD trial,
intravenous aflibercept doses between 0.3 mg/kg and 3 mg/kg
(the usual oncologic dose is 4 mg/kg) were administered
every 2 weeks to 25 patients.'” Macular thickness improved
by an average of 66% and improvements in vision were mod-
est. Because two of five patients receiving the highest drug
dose suffered dose-limiting hypertension and proteinuria, all
subsequent intravenous administration of aflibercept was lim-
ited to oncology, because ophthalmology trials transitioned
to intravitreal injections.

The Phase I CLEAR-IT 1 (Clinical Evaluation of Anti-
angiogenesis in the Retina Intravitreal Trial) investigation
was designed to determine the safety, tolerability, maximum
tolerated dose, and bioactivity of intravitreally administered
aflibercept in patients with exudative AMD.!!® Single doses
of aflibercept between 0.05 mg and 4 mg were tolerated well
by 21 patients. At 6 weeks after the injections, patients expe-
rienced mean visual acuity gains of +4.4 letters and macular
thickness changes of —104 um. Of six patients followed for
12 weeks, three did not require additional injections.

Based on the results of CLEAR-IT 1, the developers
hoped to show that aflibercept could be dosed less often
than monthly. The Phase II CLEAR-IT 2 trial randomized
159 patients to receive three injections of 0.5 mg or 2 mg, or
single doses of 0.5 mg, 2 mg, or 4 mg, with final evaluations
at 12 weeks. At 12 weeks, the average macular thickness
improved by —119 um from baseline (P < 0.0001) although
the reduction experienced by the patients receiving injections
every 4 weeks exceeded that of patients treated only once.
At 12 weeks, the average vision in all groups improved by
+5.7 letters (P < 0.0001), with the greatest improvement
(more than eight letters) in patients treated monthly. Visual
improvement at week 8 was similar in patients receiving
single doses or three doses.'!!

During the second phase of the CLEAR-IT 2 study,
patients were followed from week 16 through 52 and given
injections as needed.''” An average of two injections was
required, with a mean time to first injection of 129 days.
At week 52, the average improvement in vision compared
with baseline (week 0) was +5.3 letters (P < 0.0001), but
patients initially treated with 2 mg every 4 weeks achieved an
average improvement of +9 letters. The area covered by the
CNVM decreased by an average of 2.21 mm? at 48 weeks.
The CLEAR-IT 2 study demonstrated that patients treated
as needed required few injections, yet maintained excellent
gains in vision. Additionally, patients receiving three monthly
“loading” doses achieved superior visual results compared
with those receiving single injections.

Table | Summary of results of the pivotal aflibercept trials.
Phase | featured an intravenous trial followed by an intravitreal
dose-escalation trial. Phase Il featured an initial multiple dose and
interval, protocol-directed treatment period (12 weeks) followed
by a longer period with treatment administered as needed (weeks
16 through 52). Phase lll featured two concurrent 52 week trials,

VIEW | and VIEW 2

Trial Treatment Key results
and patients
Phase | Placebo: 6 Mean% A in excess thickness
Intravenous Aflibercept: 19 at day |5:
aflibercept Single dose Placebo: —12%
followed by 0.3 mg/kg: —10%
3 doses q2wk of 1.0 mg/kg: —66%
0.3 mg/kg (7) 3.0 mg/kg: —60%
1.0 mg/kg (7) *2/5 patients receiving 3.0 mg/kg
3.0 mg/kg (5) developed hypertension and
proteinuria
Phase | Aflibercept: 21 Mean A thickness at 6 wks:
Intravitreal Single injection of —104.5 um
aflibercept 0.05 mg (3) Mean A VA at 6 wks: +4.43 letters
0.15mg (3) For 2 mg and 4 mg groups:
0.5 mg (3) Mean A VA at 6 wks: +13.5 letters
I'mg (6)
2mg (3)
4mg (3)
Phase 2 Aflibercept: 159 Mean A thickness at 12 wks:
(CLEAR-IT 2)  Single injection of —119 um
Intravitreal 0.5 mg (monthly > single injections)
aflibercept 2 mg Mean A VA at 12 wks: +5.7 letters
0-12 weeks 4 mg In monthly groups: > +8 letters
Monthly x 3 of VA improvement at 8 weeks:
0.5 mg 2 mg q4wk =2 mg q12 wk
2 mg
Phase 2 Aflibercept: Mean A thickness at 52 wks:
Intravitreal 159 (same cohort  —130 um
aflibercept as 0—12 wks) (monthly > single injections)
16-52 weeks All patients Mean AVA at 12 wks: +5.3 letters
followed q4wk In initial monthly groups:
and injected PRN > +9 letters
Average number of injections: 2
Patients receiving 0 injections: 19%
Patients receiving | or 2
injections: 45%
Phase 3 Aflibercept and Mean A thickness at 52 wks:
(VIEW 1 and 2) Ranbizumab: VIEW [: -218 um to —230 um
Intravitreal 2457 pts VIEW 2: =130 um to —157 um
aflibercept vs Monthly Mean A VA at 52 wks:
ranibizumab injections of VIEW 1: +6.9 letters to +10.9
0-52 weeks 0.5 mg aflibercept letters

2 mg aflibercept
0.5 mg
ranibizumab
Monthly X 3 then
q8wk

2 mg aflibercept

VIEW 2: +7.6 letters to +9.7
letters

Abbreviation: VIEW, Vascular Endothelial Growth Factor (VEGF) Trap-Eye: Investi-
gation of Efficacy and Safety in Wet Age-Related Macular Degeneration Studies.
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Two concurrent Phase III trials, i.e. VIEW (Vascular
Endothelial Growth Factor [VEGF] Trap-Eye: Investigation
of Efficacy and Safety in Wet Age-Related Macular Degen-
eration Studies), enrolled 1217 patients from North America
(VIEW 1) and 1240 patients from South America, Europe,
Asia and Australia (VIEW 2). Patients were randomized
1:1:1:1 to receive ranibizumab 0.5 mg, aflibercept 0.5 mg,
aflibercept 2 mg every 4 weeks, or aflibercept 2 mg every 8
weeks after three monthly loading doses.

All of the aflibercept arms in both trials achieved the
primary endpoint, i.e. noninferiority compared with ranibi-
zumab for maintenance of vision (decrease in vision less
than 15 letters). Between 95% and 96% of patients in all
study groups maintained vision, compared with 94% of
patients in both ranibizumab groups.” Gains in vision were
comparable between patients in the aflibercept groups (+6.9
letters to +10.9 letters) and those receiving ranibizumab
(+8.1 letters, +9.4 letters) but patients receiving aflibercept
2 mg every 4 weeks in VIEW 1 gained more vision than
those receiving ranibizumab (+10.9 letters versus +8.1 let-
ters; P = 0.0054). However, when similarly treated arms
from VIEW 1 and VIEW 2 were pooled, there was no appre-
ciable difference in letters gained between patients receiv-
ing aflibercept 2 mg every 4 weeks and those treated with
ranibizumab. Similar proportions of patients in all treatment
arms gained > 0 letters and > 15 letters.

Improvements in macular thickness, which ranged from
—218 um to =230 um in VIEW 1 and from —130 um to
—157 um in VIEW 2, were not statistically different among
any of the treatment groups. Patients receiving aflibercept
2 mg every 8 weeks in VIEW 2 showed bimonthly fluctua-
tions in macular thickness, from 17 um early in the trial to
8 um by week 52. However, no corresponding fluctuations
in visual acuity were noted.

Both aflibercept and ranibizumab were well tolerated by
patients in both trials. There were no significant differences
between aflibercept and ranibizumab in the incidences of
serious ocular adverse events (1.6% and 2.3% versus 3.0%
and 3.1%, respectively) or systemic side effects (1.6% and
1.9% versus 1.7% and 1.7%).

Based on the one-year efficacy and safety results of the
VIEW trials, the United States Food and Drug Administra-
tion approved the 2 mg dose of aflibercept for the treatment
of exudative AMD. The recommended treatment regimen
includes three loading injections at 4-week intervals, fol-
lowed by injections every 8 weeks.

During year 2 of the VIEW trials, patients continued
receiving the same drug and dose as in year 1, were evaluated

every 4 weeks, and were given injections as needed, but at
intervals not exceeding 12 weeks. Between weeks 52 and 96,
patients initially receiving aflibercept 2 mg every 8 weeks
and those initially receiving ranibizumab every 4 weeks
maintained previous gains in vision (+8.4 letters — +7.6
letters versus +8.7 letters — +7.9 letters).!'* Fewer patients
receiving aflibercept required the most intensive treatments;
15.9% of patients initially receiving aflibercept and 26.5%
of patients initially receiving ranibizumab required at least
six injections, and 1.9% and 3.1% required at least 11 injec-
tions. Patients receiving aflibercept 2 mg required an average
of 4.2 injections, whereas patients receiving ranibizumab
required an average of 4.7 injections. Forty-eight percent
of patients receiving aflibercept 2 mg and 40% of patients
receiving ranibizumab received the minimum number (three)
of injections.

Because aflibercept has been used for only a short period
of time since approval, surgeons cannot accurately determine
its durability, nor can they determine if the treatment interval
can be extended beyond 8 weeks. However, the experience
of the author and others (Philip Rosenfeld, personal com-
munication, March 10, 2012) suggests that aflibercept works
remarkably well as “salvage” therapy. Administration of
aflibercept to eyes with persistent fluid despite prolonged
bevacizumab or ranibizumab therapy results in rapid resolu-
tion of subretinal fluid and flattening of pigment epithelial
detachments (Figure 2).

Place in therapy

Following its approval for exudative AMD, aflibercept has
entered a treatment landscape dominated by two drugs,
ranibizumab and bevacizumab. Two pivotal trials, MARINA
(The Minimally Classic/Occult Trial of the Anti-VEGF Anti-
body Ranibizumab in the Treatment of Neovascular Age-
Related Macular Degeneration)* which evaluated patients
with occult CNVM, and ANCHOR (The Anti-VEGF Anti-
body for the treatment of Predominantly Classic Choroidal
Neovascularization in Age-Related Macular Degeneration)®
which evaluated patients with classic CNVM, showed that
monthly injections of ranibizumab resulted in better visual
gains compared with both sham injections (+7.2 letters
versus —10.4 letters) and photodynamic therapy (+11.3
letters versus —9.5 letters). These trials established monthly
ranibizumab injections as the standard against which all
subsequent randomized trials have been compared. How-
ever, despite the results of the MARINA and ANCHOR
trials, nearly 60% of physicians prefer bevacizumab over
ranibizumab.
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Figure 2 Sequential optical coherence tomography scans of patient’s right eye show worsening subretinal fluid and an expanding retinal pigment epithelial detachment despite
6-monthly injections of bevacizumab (A) and (B). After one injection of aflibercept 2 mg, the subretinal fluid had decreased (C), and after the second injection of aflibercept,
the subretinal fluid had resolved and the retinal pigment epithelial detachment had completely flattened (D).

CATT (the Complications of Age-related Macular Degen-
eration Treatment Trials) showed that monthly bevacizumab
produced vision gains comparable with monthly ranibizumab
(+8.0 letters versus +8.5 letters).® Whereas improvements
following PRN dosing of ranibizumab were not statistically
different from monthly injections (+6.8 letters versus +8.5
letters), PRN dosing of bevacizumab was termed “indeter-
minate” compared with monthly dosing (+5.9 letters versus
+8.0 letters). Although the influence of the CATT results on
physicians’ choice of anti-VEGF drugs is not fully known,
CATT investigators do not believe that many physicians have
altered their drug preferences (Dan Martin, Retina 2012,
Wailea, HI).

In addition to demonstrating the efficacy of aflibercept
given every 4 or 8 weeks, the VIEW trials provided valuable
information regarding peak efficacy and durability of anti-
VEGF therapy. Increasing the monthly dose of aflibercept
from 0.5 mg to 2 mg did not appear to improve peak efficacy
(maximum letters gained); similarly, the HARBOR trial
showed that increasing the monthly dose of ranibizumab from
0.5 mg to 2 mg did not lead to further gains in vision (+10.1
letters versus +9.2 letters, Data on file, Genentech). These
studies suggest that anti-VEGF monotherapy for exudative
AMD has hit a therapeutic “ceiling” and that further gains
in efficacy will require combination therapy with drugs that
target other biological pathways.

Both trials suggest, but do not prove, that increasing
the dose of a drug prolongs its duration of action (durabil-
ity). The VIEW trials showed that aflibercept 2 mg every 8
weeks produced vision gains comparable with aflibercept
0.5 mg every 4 weeks (+7.9 and +8.9 letters versus +6.9 and
+9.7 letters). Additionally, HARBOR showed that patients
receiving PRN ranibizumab 0.5 mg required 7.7 injections
during the year whereas those receiving PRN ranibizumab
2 mg required an average of 6.9 injections. These results are
consistent with previously published models which predict
that increasing the dose of an effective anti-VEGF drug has
a greater effect on its durability than its efficacy.'*

The price of bevacizumab ($30-$75 US per dose) is
much lower than that of ranibizumab ($1950 US per dose).
Physicians preferring bevacizumab because of its lower
cost did so while believing that its efficacy was comparable
with that of ranibizumab, and the results of CATT provided
level 1 evidence to support this position. Other physicians
prefer ranibizumab because of its excellent results in
rigorous Phase I1I trials, on-label indications, and financial
incentives.'!?

The price of aflibercept ($1850 US per dose) has been
set just below that of ranibizumab, so for physicians follow-
ing the treatment protocol used in the VIEW trials, i.e. three
loading doses given at 4-week intervals followed by injections
every 8 weeks, patient visits and injections will be half as

submit your manuscript

1182

Dove

Clinical Ophthalmology 2012:6


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

VEGF inhibitors in wet AMD

frequent and will incur half the cost. Fewer injections should
also decrease the cumulative incidence of ocular complica-
tions, including endophthalmitis.

However, most physicians employ a treat-and-observe
(PRN) or treat-and-extend regimen, making it more diffi-
cult to estimate savings. Because year 2 of the VIEW trials
used a 3-month capped PRN protocol, we do not know the
expected duration of action of aflibercept after one year of
regular injections. The data suggest that aflibercept would
have lasted an average of approximately 3 months, prob-
ably 2-3 weeks longer than ranibizumab. Compared with
ranibizumab, treat-and-observe with aflibercept would prob-
ably save 1-3 injections per year. However, compared with
protocol-driven therapy, patients would probably receive
eight fewer injections.

Now that aflibercept is available for AMD, physicians
considering a change in drugs will need to consider several
factors. For many physicians using ranibizumab because of
the strength of its Phase III testing and on-label indication,
switching to aflibercept with its expected longer duration
of action is a reasonable strategy. Physicians will prob-
ably begin slowly, a few patients at a time, until they have
accumulated sufficient experience. If the results obtained
with post-approval use are similar to those seen in the
VIEW trials, then this group of physicians will likely drift
to aflibercept. Financial incentives (high-volume discounts,
difference between wholesale price and Medicare reim-
bursement, and accrual of “airline miles” with credit card
use) have influenced others to use ranibizumab instead of
bevacizumab. Unless these incentives are reduced by either
the government or the manufacturer, or matched by afliber-
cept, some physicians will continue to use ranibizumab for
these reasons.

Whereas aflibercept has been approved only for the treat-
ment of AMD, Phase III trials for diabetic macular edema
and vein occlusions are ongoing. Ranibizumab has already
received approval for vein occlusions and will likely receive
approval for diabetic macular edema soon. Therefore, phy-
sicians will be using ranibizumab for new indications, and
this familiarity will probably keep many using ranibizumab
for AMD.

Despite the overall savings generated by aflibercept use
(compared with ranibizumab), these cannot match the much
lower total cost associated with bevacizumab therapy. Physi-
cians preferring bevacizumab will now have the option of
less frequent dosing with aflibercept, but at a higher overall
cost. Although some physicians may switch drugs, predicting
such a change is not possible.

A small number of eyes, referred to as “poor responders”,
significantly improve when the frequency of injections is
increased from monthly to every 2 weeks.!"® Early post-
approval experience shows that switching from bevacizumab
or ranibizumab to monthly injections of aflibercept frequently
improves these difficult-to-treat eyes.

Conclusion

Aflibercept promises to decrease the frequency of injections
for patients with exudative AMD. A slow shift by physicians
from ranibizumab will decrease the number of patient visits
to physicians’ offices, decrease the overall cost of therapy,
and improve patient satisfaction with AMD therapy. In the
short term, physicians will notice a decrease in the burden
of AMD patients in their offices. This reprieve will likely
be short-lived because the continuing epidemic of exuda-
tive AMD patients will bring new patients to the offices for
initiation of long-term therapy.

Disclosure
The author has served on an advisory board for Regeneron
and his employer has received research support.
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