
© 2015 Balaratnasingam et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php  
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you 

hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission 
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Clinical Ophthalmology 2015:9 2355–2371

Clinical Ophthalmology Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
2355

R e v i e w

open access to scientific and medical research

Open Access Full Text Article

http://dx.doi.org/10.2147/OPTH.S80040

Aflibercept: a review of its use in the treatment 
of choroidal neovascularization due to age-related 
macular degeneration

Chandrakumar 
Balaratnasingam1–3

Elona Dhrami-Gavazi1,2,4

Jesse T McCann1,2,4,5

Quraish Ghadiali1,2

K Bailey Freund1,2,4,5

1Vitreous-Retina-Macula Consultants 
of New York, NY, USA; 2LuEsther 
T Mertz Retinal Research Center, 
Manhattan Eye, Ear and Throat 
Hospital, New York, NY, USA; 
3Centre for Ophthalmology and 
Visual Sciences, Lions Eye Institute, 
University of Western Australia, 
Perth, WA, Australia; 4Department of 
Ophthalmology, Edward S Harkness 
Eye Institute, Columbia University 
College of Physicians and Surgeons, 
New York, NY, USA; 5Department of 
Ophthalmology, New York University 
School of Medicine, New York, 
NY, USA

Abstract: Choroidal neovascularization (CNV) due to age-related macular degeneration 

(AMD) is an important cause of visual morbidity globally. Modern treatment strategies for 

neovascular AMD achieve regression of CNV by suppressing the activity of key growth 

factors that mediate angiogenesis. Vascular endothelial growth factor (VEGF) has been the 

major target of neovascular AMD therapy for almost two decades, and there have been several 

intravitreally-administered agents that have enabled anatomical restitution and improvement 

in visual function with continual dosing. Aflibercept (EYLEA®), initially named VEGF Trap-

eye, is the most recent anti-VEGF agent to be granted US Food and Drug Administration 

approval for the treatment of neovascular AMD. Biologic advantages of aflibercept include 

its greater binding affinity for VEGF, a longer intravitreal half-life relative to other anti-

VEGF agents, and the capacity to antagonize growth factors other than VEGF. This paper 

provides an up-to-date summary of the molecular mechanisms mediating CNV. The structural, 

pharmacodynamic, and pharmacokinetic advantages of aflibercept are also reviewed to ratio-

nalize the utility of this agent for treating CNV. Results of landmark clinical investigations, 

including VIEW 1 and 2 trials, and other important studies are then summarized and used to 

illustrate the efficacy of aflibercept for managing treatment-naïve CNV, recalcitrant CNV, 

and CNV due to polypoidal choroidal vasculopathy. Safety profile, patient tolerability, and 

quality of life measures related to aflibercept are also provided. The evidence provided in this 

paper suggests aflibercept to be a promising agent that can be used to reduce the treatment 

burden of neovascular AMD.

Keywords: age-related macular degeneration, aflibercept, choroidal neovascularization, vascular 

endothelial growth factor, clinical trial

Introduction
Age-related macular degeneration (AMD) is the leading cause of severe visual loss in 

people over the age of 65 years in the industrialized world.1 It is a bilateral, progres-

sive disease that demonstrates great interindividual variability with respect to the rate 

of visual loss over time.2 The global burden of AMD is projected to increase over the 

next two decades, and thus, there is an urgent need to clarify the pathophysiology of 

this disease and to identify viable treatment strategies that will arrest disease-induced 

vision loss.3

Choroidal neovascularization (CNV) is a complication that may occur during the 

natural course of AMD.4 In a study of individuals who were diagnosed with early 

or intermediate AMD at baseline visit, approximately 10% developed CNV over 

a median follow-up period of 6.3 years.5 Fortunately, significant progress has been 
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made in the management of neovascular AMD over the 

past two decades. Treatment paradigms have shifted from 

observation to laser photocoagulation,6 to photodynamic 

therapy,7 to submacular surgery,8 and, more recently, to the 

use of intravitreal vascular endothelial growth factor (VEGF) 

therapy.9 Regarding the latter therapeutic approach, in 2004 

pegaptanib (Macugen®; Eyetech Pharmaceuticals Inc, Palm 

Beach Gardens, FL, USA and Pfizer Inc, New York, NY, 

USA) was the first VEGF inhibitor to be approved by the 

US Food and Drug Administration (FDA) to demonstrate 

efficacy in clinical trials for treating neovascular AMD.10 

However, the use of pegaptanib was quickly surpassed in 

most settings by newer agents that antagonized a broader 

range of VEGF isoforms. The MARINA11 and ANCHOR12 

trials demonstrated the utility of ranibizumab (Lucentis; 

Genentech USA Inc, San Francisco, CA, USA) for manag-

ing neovascular AMD, and this agent received approval by 

the FDA in 2006. Bevacizumab (Avastin, Genentech USA, 

Inc) has been used off label for many years for treating 

CNV and was shown to be noninferior to ranibizumab in the 

Comparison of AMD Treatment Trial (CATT)13 and Inhibi-

tion of VEGF in Age-related choroidal Neovascularization 

(IVAN)14 trial.

Aflibercept (EYLEA®; Regeneron Pharmaceutical Inc, 

Tarrytown, NY, USA and Bayer Healthcare, Berlin, Germany), 

initially named VEGF Trap-eye, is the most recent anti-

VEGF agent to be granted FDA approval (2011) for treating 

neovascular AMD. The ocular formulation of aflibercept 

has been specifically purified and buffered to minimize the 

risk of eye toxicity when injected intravitreally.15 When 

administered in an intravenous formulation for oncologic 

indications, the drug is referred to as ziv-aflibercept (Zaltrap; 

Regeneron Pharmaceutical Inc). There is compelling evi-

dence from laboratory and clinical research that aflibercept 

is efficacious for treating neovascular AMD.16 This paper 

is a systematic discussion of the pathophysiology of CNV, 

the pharmacokinetic and pharmacodynamic advantages 

of aflibercept, and the efficacy of this agent for managing 

neovascular AMD.

Cellular and molecular mechanisms 
of CNV
Physiological concentrations of growth factors, cytokines, 

and metabolic substrates are required for normal cellular 

function in the outer retinal compartment.17 Retinal pig-

ment epithelium (RPE) and glial cells are the predominant 

cell types to secrete growth factors in the human retina 

and are therefore critical determinants of retinal health and 

disease.18,19 Disturbances and imbalances in the concentrations 

of pro-/antiangiogenic factors can alter the metabolic environ-

ment of the outer retina and shift it from one that supports 

neuronal physiology to one that favors vascular proliferation 

in the context of neovascularization (NV). This shift can be 

due to insults that serve to deplete regional RPE and glial 

cell populations and thereby diminish the global availability 

of trophic substrates.20 The shift may also be consequent to 

diseases that modulate the function of a normal population 

of cells through feedback mechanisms without altering cell 

structure and density.21 In most chorioretinal diseases, both 

mechanisms are likely to be involved.

Anatomical disturbances to the outer retina coupled with 

breakdown in the biological mechanisms that govern vas-

cular function predispose to CNV.22,23 There has been great 

focus on the role of growth factor-mediated mechanisms in 

neovascular AMD with less attention paid to the contribu-

tion of structural outer retinal changes such as the loss of 

RPE integrity.24,25 The latter changes have been the focus of 

novel strategies that are being considered for the manage-

ment of non-neovascular AMD.26 Specifically, the efficacy 

of antioxidant supplementation complement inhibitors 

including intravitreal anti-factor D, ciliary neurotrophic 

factor, brimonidine tartrate, and visual cycle modulators is 

currently being investigated for the management of non-

neovascular AMD.27

Angiogenic factors that are known to promote vascular 

proliferation in AMD include VEGF,28 platelet derived growth 

factor (PDGF),29 transforming growth factor-β1,30 fibroblast 

growth factor (FGF),31 angiogenin,32 placental growth factor 

(PlGF),33 and basic FGFs.34 Known inhibitors of vascular pro-

liferation include endostatin,35 thrombospondin,36 and pigment 

epithelium derived factor-1.37 The putative roles of each of these 

factors in angiogenesis and NV are summarized in Table 1.

As neoplasms are highly vascularized, metabolically 

hyperactive tissues, there is significant overlap in the cellular 

pathways that govern tumor angiogenesis and CNV. Our 

understanding about the pathophysiology of neovascular 

AMD has been greatly aided by developments in oncology.38 

Current knowledge about neovascular AMD pathogenesis 

can be summarized with the following sequence of structural 

and biochemical changes that occur in a stepwise fashion 

during the process of angiogenesis:39,40

1.	 Loss of endothelial cell tight junctions in the native vas-

cular bed.

2.	 Increased vascular permeability and extravasation of 

proteins that over time form a biochemical scaffold and 

facilitate the migration of capillary buds.
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Table 1 Growth factors and enzymes involved in angiogenesis

Growth factor/enzyme Role in angiogenesis

Vascular endothelial growth factor28 Mitosis and migration of endothelial cells 
Formation of vessel lumina and fenestrations
Vasodilation
Chemotaxis of macrophages and monocytes
Increased matrix metalloproteinase activity

Platelet derived growth factor29 Induces vasoconstriction and promotes angiogenesis
Stimulates synthesis and deposition of collagen by fibroblasts
Strong chemoattractant and mitogen for mesenchyme derived cells 

Placental growth factor33 Potentiates VEGF bioactivity
Migration and proliferation of endothelial cells

Fibroblast growth factor31 Mitosis and migration of endothelial cells
Organization of endothelia into tube-like structures
Induces VEGF expression in endothelia

Angiogenin32 Upregulates metalloproteinases
Endothelial migration and organization into tubular structures
Catalytic properties comparable to RNAse

Basic fibroblast growth factor34 Endothelial cell proliferation and migration 
Upregulation of metalloproteinases 

Transforming growth factor-beta 130 Induces endothelial apoptosis following activation by VEGF
Stimulates angiogenesis 

Endostatin35 Inhibits proliferation and organization of endothelial cells
Inhibits metalloproteinases

Thrombospondin-236 Inhibits endothelial cell proliferation and migration
Induction of apoptosis

Note: Putative roles of each pro- and antiangiogenic molecule are provided.
Abbreviations: VEGF, vascular endothelial growth factor; RNAse, Ribonuclease.

3.	 Secretion of proteases by endothelia that degrade the 

extracellular matrix and propagate new endothelial cell 

proliferation and migration.

4.	 Maturation and organization of the proliferative network 

with subsequent formation of capillary lumina and envel-

opment by pericytes.

5.	 Establishment of tight junctions and basement membranes 

in the neovascular bed.

It is important to consider that although the NV occurring 

in AMD is typically termed “choroidal” neovascularization, 

it can originate from either the choroidal (type 1 or 2 NV) 

or retinal (type 3) vascular circulations.41,42 A recent paper 

by Jung et al43 demonstrated that type 3 NV is the second 

most common subtype of NV in newly diagnosed, white 

AMD patients. These findings have major implications for 

hypotheses regarding the pathogenesis of AMD and sug-

gest that a focused investigation of the retinal circulation 

may provide novel insights into the biology of NV. These 

findings also exemplify the importance of understanding the 

relationship between the deep retinal capillary beds and NV 

in AMD. This relationship is easily forgotten when old AMD 

nomenclature, such as “choroidal neovascularization”, is 

used to denote all subtypes of NV. Fortunately, the definitions 

proposed by Gass44 and Freund et al,45 which have greater 

relevance for prognosticating disease course and long-term 

visual potential are increasingly being used in the clinical 

setting to subclassify NV.

VEGF is upregulated in response to ischemia,46 hypoxia,47 

inflammation,48 and trauma.49 In AMD, the initiating factors 

that induce VEGF upregulation are unclear. However, there is 

good experimental evidence to demonstrate that complement 

components of drusen such as C3a and C5a are involved in 

this process.50 The accumulation of oxidized lipids in Bruch’s 

membrane is also thought to play an important role in upregu-

lation of VEGF and NV.51 In addition to accumulation of lipid, 

there is likely to be an ischemic component, due to atrophy of 

the choriocapillaris, driving VEGF upregulation in AMD.52

As VEGF isoforms mediate many of the steps involved 

in angiogenesis, nullifying the effects of VEGF has become 

a powerful way to arrest the process of NV in AMD. This 

can be done by antagonizing VEGF receptor function or by 

direct binding to VEGF isoforms to reduce their ability to 
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interact with VEGF receptors. In order to understand why 

aflibercept is an efficacious therapeutic agent for the man-

agement of NV, a detailed understanding of the biological 

function of VEGF isoforms and receptors is required. These 

topics will be covered in the subsequent sections.

VEGF isoforms and VEGF receptors
The VEGF–PDGF supergene family includes VEGF-A, 

VEGF-B, VEGF-C, VEGF-D, VEGF-E, and PlGF.53 Of these, 

VEGF-A is the best-characterized member of the VEGF–

PDGF family. Molecules in the VEGF–PDGF family are 

structurally different but share varying degrees of homology 

with VEGF-A.54 Furthermore, members of the VEGF–PDGF 

family are distinguished by their affinity for various VEGF 

receptors (Table 2).55 As VEGF-A is most closely implicated 

in the biology of CNV, it will be the focus of this review.

The VEGF gene is located on chromosome 6 and is 

encoded by 8 exons and separated by 7 introns.56 Alterna-

tive splicing of the VEGF-A gene generates five dominant 

VEGF-A isoforms (VEGF-A
121

, VEGF-A
145

, VEGF-A
165

, 

VEGF-A
189

, and VEGF-A
206

) that are differentiated by 

amino acid number, molecular weight, and receptor binding 

domains.55,57,58 In addition to the five major isoforms, other 

VEGF variants are also generated by alternative splicing 

of the VEGF gene, but the role of these variants in the 

pathophysiology of AMD is unclear. The five major isoforms 

have differing solubility; VEGF-A
121

 is highly diffusible 

while VEGF-A
189

 and VEGF-A
201

 are tissue bound with poor 

solubility.28 VEGF-A
165

 is postulated to be the major isoform 

involved in NV in the human eye and has intermediate solu-

bility compared to the other isoforms.

VEGF receptors populate the surface of endothelial cells.58 

VEGF can bind to three related receptor tyrosine kinases: 

VEGFR-1, VEGFR-2, and VEGFR-3. VEGF-A binds to 

VEGFR-1 and VEGFR-2 but not VEGFR-3. The latter recep-

tor binds only to VEGF-C and VEGF-D.59 The extracellular 

domain of VEGFR-1 and -2 contain seven immunoglobulin-

like domains. These receptors also have a transmembrane 

domain and a consensus tyrosine kinase sequence that is 

interrupted by a kinase-insert domain. VEGF-A also interacts 

with coreceptors heparin sulfate proteoglycans, neuropilin-1, 

and neuropilin-2, which are also located on the surface of 

endothelial cells.55 Coreceptors modulate the activity of 

VEGFR-1 and VEGFR-2.60 For example, neuropilin-2 recep-

tor presents VEGF
165

 to VEGFR-2 in a manner that enhances 

the effectiveness of VEGFR-2 signal transduction. VEGF 

coreceptors do not exert any activity on cell function if they 

do not interact with VEGFR-1 or -2.61

The process of VEGF receptor signaling is initiated by 

the binding of covalently linked VEGF dimers to the extra-

cellular receptor domain.55 This results in the dimerization 

of two receptor monomers with resultant phosphorylation 

of tyrosine kinases in both the intracellular juxtamembrane 

domain, the tail of the receptor, and the kinase insert domain. 

The net effect of these biochemical changes is the recruitment 

of signaling molecules that activate various cellular pathways 

involved in angiogenesis.62

There are marked differences in the biological effects 

of VEGFR-1 and VEGFR-2 activation, and the functions 

of these two receptors are dichotomously opposed in many 

ways.58,62 There is good evidence to suggest that VEGFR-2 

mediates most of the cellular responses underlying VEGF-

driven angiogenesis including mitogenesis, vascular hyper-

permeability, and microvascular remodeling. The function 

of VEGFR-1 is less well understood. However, it is known 

to behave as a decoy receptor that sequesters VEGF from 

VEGFR-2.58 By doing so, VEGFR-1 has the capacity to 

modulate the function of VEGFR-2. The differential func-

tion of VEGFR-1 and -2 is further supported by studies that 

have shown that these receptors are not equally upregulated 

following insults such as ischemia and hypoxia.63 Investigat-

ing the patterns of VEGFR-1 and -2 expression in various 

biological environments can therefore aid our understand-

ing the role of VEGF isoforms in vascular homeostasis and 

proliferative vascular disease.

Pharmacology of aflibercept
Aflibercept is a fully humanized recombinant protein that is 

constructed from portions of the human VEGFR.64 It functions 

as a soluble decoy receptor that is 115 kDa in size and is made 

Table 2 VEGF molecules, isoforms and their receptor targets on 
the endothelial surface

VEGF family  
member

Binding receptors

VEGF-A
Isoform-206 Heparan-sulfate proteoglycan
Isoform-189 Heparan-sulfate proteoglycan
Isoform-165a VEGFR-1, VEGFR-2, heparan-sulfate 

proteoglycan, neuropilin 1, neuropilin 2
Isoform-145 VEGFR-2, heparan-sulfate proteoglycan
Isoform-121a VEGFR-1, VEGFR-2, neuropilin 1, neuropilin 2

VEGF-B VEGFR-1, neuropilin-1

VEGF-C VEGFR-2 and 3

VEGF-D VEGFR-2 and 3

VEGF-E VEGFR-2, neuropilin-1

Note: aNote the distinctions in the receptors and coreceptors to which each 
member of the VEGF family binds.
Abbreviation: VEGF, vascular endothelial growth factor.
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by fusing the Fc region of human IgG1 to the second binding 

domain of VEGFR-1 and third binding domain of VEGFR-2 

(Figure 1).65 The configuration of aflibercept facilitates bind-

ing to VEGF isoforms with greater affinity than the binding of 

VEGF to VEGFR-1 and VEGFR-2. The dissociation constant 

[K
d
] of aflibercept for VEGF

165
 is 0.49 pmol/L,66 and the K

d
 

of VEGF
165

 for VEGFR-1 and VEGFR-2 are 9.33 and 88.8 

pmol/L, respectively.67 In addition to blocking VEGF-A 

isoforms, aflibercept has binding affinities to VEGF-B (K
d
 

=352 pmol/L) and PlGF-2 (K
d
 =17.5 pmol/L).66

A comparison of the structural and biochemical properties 

of aflibercept, ranibizumab, bevacizumab, and pegaptanib 

are provided in Table  3. A major functional distinction 

between aflibercept and other anti-VEGF agents is that it 

blocks VEGF-B, PlGF1, and PlGF-2 in addition to VEGF-A 

isoforms. Aflibercept antagonizes a broader spectrum of 

growth factors, and the potency of aflibercept for block-

ing VEGF-mediated signaling by VEGF
121

 and VEGF
165

 is 

greater than ranibizumab and bevacizumab by several orders 

of magnitude.66 The affinity of aflibercept for VEGF-A
165

 is 

94 times greater than ranibizumab and approximately 120 

times greater than bevacizumab.66

The intravitreal half-life of aflibercept (4.7 days) is 

greater than ranibizumab, bevacizumab, and pegaptanib.68–71 

Mathematical modeling has estimated that the intravitreal 

VEGF binding capacity of aflibercept (1.15 mg) 79 days 

after injection is equivalent to the binding capacity of ranibi-

zumab 30 days after injection.68 However, it is important to 

remember that these values were derived from experimental 

studies involving nonprimate animals (mainly rabbits) and 

so the results could be different if the experiments were per-

formed in the human eye. To our knowledge, the half-life of 

aflibercept in the human eye has not been determined.

Intravitreally administered drugs are cleared by two main 

mechanisms:72

1.	 Anterior elimination pathway via counterdirectional 

aqueous flow;

2.	 Posterior elimination pathway via vitreoretinochoroidal 

bulk flow due to hydrostatic and osmotic pressure gra-

dients in the posterior segment.

In order to reach the site of NV, intravitreal agents need 

to penetrate the different layers of the retina to enter the sub-

retinal, sub-RPE, and intraretinal compartments. Fortunately, 

tight junctions are not a major anatomical feature of most 

retinal layers,73 and the vast majority of molecules experience 

an unhindered passage through the retina to reach the desired 

area of pathology. The major determinants of drug penetra-

tion include molecular size, charge, and lipid solubility. 

Figure 1 VEGF receptors and the structure of aflibercept.
Notes: VEGF receptor-1 (A) and VEGF receptor-2 (B) are related receptors that have seven extracellular Ig domains and an intracellular tyrosine kinase domain. VEGF trap 
(C) contains the Ig domain 2 of VEGF receptor-1 fused to the Ig domain 3 of VEGF receptor-2, which is in turn fused to the IgG1 Fc. Image obtained from VEGF Trap-Eye 
(aflibercept ophthalmic solution) Briefing Document.131

Abbreviation: VEGF, vascular endothelial growth factor; Ig, immunoglobulin; IgG1, immunoglobulin G1; Fc, fragment crystallizable.
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Large cationic molecules are most resistant to permeating 

the retina.74 Full thickness retinal penetration has been dem-

onstrated following intravitreal injection of bevacizumab, 

the largest of the anti-VEGF molecules in the rabbit eye.75 

Similar studies have not been performed with aflibercept, but 

given the evidence that this agent is highly efficacious for 

treating type 1 NV (as discussed in the subsequent sections), 

it is likely that aflibercept achieves high levels of transretinal 

penetration in human eyes with AMD.

The systemic half-life of aflibercept is approximately 

1.5 days and is greater than that of ranibizumab (6 hours) and 

less than that of bevacizumab (20 days).68 Maximum systemic 

concentrations of aflibercept are achieved approximately 

2–3 days after intravitreal injection, and these maximal con-

centrations are estimated to be approximately 200-fold less 

than the concentration required for maximal VEGF binding.76,77 

Therefore, it is unlikely that aflibercept will reduce systemic 

VEGF concentrations to a level that will disrupt key homeo-

static mechanisms required for normal cardiovascular function. 

Additionally, aflibercept has not been detected in the systemic 

circulation 2 weeks after intravitreal administration.78

Data from oncology trials have shown that systemic 

clearance of aflibercept occurs by two major pathways.15 

The first pathway involves renal clearance following bind-

ing of VEGF, and this occurs when serum concentrations of 

aflibercept are relatively low. The second pathway occurs 

during states of relatively greater aflibercept concentration 

and involves pinocytic-mediated mechanisms and elimina-

tion by proteolysis.

Alfibercept for the management of 
neovascular AMD
Preclinical trials
The unique structural, pharmacodynamic, and pharmacoki-

netic properties of aflibercept make it ideally suited for 

treating neovascular AMD. One of the earliest studies to 

demonstrate the clinical efficacy of aflibercept examined 

its application for the management of laser-induced CNV 

and subretinal NV in transgenic mice.79 This study showed 

that suppression of choroidal and subretinal neovasculariza-

tion could be achieved by subconjunctival and intravitreal 

administration of this agent. Many years later, the efficacy 

of aflibercept for treating laser-induced CNV in nonhuman 

primates was demonstrated by Nork et al.80

Clinical trials
Results of the first randomized, multicenter, placebo-controlled 

Phase I trial to examine the efficacy of aflibercept for treat-

ing CNV due to AMD were reported by Nguyen et al81 for 

the CLEAR (Clinical Evaluation of Antiangiogenesis in the 

Retina) Study Group. This trial evaluated the effects of intra-

venous administration of aflibercept in eyes with neovascular 

AMD. In this study, comparisons between 19 patients treated 

with intravenous aflibercept and 6 patients who received 

placebo showed that those eyes that received treatment with 

either single or multiple administrations of aflibercept expe-

rienced an average reduction of 60% excess retinal thickness. 

The maximum tolerated intravenous dose of aflibercept in 

the study group was deemed to be 1.0 mg/kg with the major 

causes of dose-limiting toxicity being hypertension and 

proteinuria. The anatomical improvement in retinal thickness 

following intravenous administration of aflibercept provided 

the impetus to explore the utility of intravitreal delivery even 

though a significant change in visual acuity was not noted 

after intravenous administration.

A subsequent dose escalation study was performed by 

the same investigators to determine the safety, tolerability, 

maximum tolerated dose, and bioactivity of intravitreal 

aflibercept.82 A total of 21 patients were enrolled in this study 

and received a single dose of either 0.05, 0.15, 0.5, 1, 2, or 

4 mg of aflibercept. The primary end point was 6 weeks, 

Table 3 Structural, pharmacodynamic, and pharmacokinetic properties of different anti-VEGF agents used in the clinical management 
of neovascular AMD

Aflibercept Ranibizumab Bevacizumab Pegaptanib

FDA approved Yes Yes No (off label use) Yes
Structure/composition Human recombinant 

fusion protein
Humanized monoclonal 
antibody fragment

Whole humanized 
monoclonal antibody

Aptamer (synthetic oligonucleotide)

Size 115 kDa 48 kDa 148 kDa 28-base RNA oligonucleotide with 
two branched 20 kDa PEG moieties

Growth factor specificity All isoforms of VEGF-A, 
VEGF-B, and PlGF

All isoforms of VEGF-A All isoforms of 
VEGF-A

VEGF-A165

Intravitreal dose for AMD (mg) 2 0.5 1.25 0.3
Intravitreal half lifea (days) 4.7 2.9 4.3 3.9

Note: aIntravitreal half-life estimates were derived from experimental animal studies and not human eyes.
Abbreviations: VEGF, vascular endothelial growth factor; AMD, age-related macular degeneration; FDA, US Food and Drug Administration; PEG, polyethylene glycol; PIGF, 
placental growth factor.
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although some patients were followed for 12 weeks. The 

main outcome measures were related to safety, and there were 

no identifiable cases of intraocular inflammation or serious 

adverse effects in any of the subjects reported. The side effects 

of hypertension and proteinuria were also not encountered 

in study patients who received intravitreal therapy. Ninety-

five percent of patients in the study demonstrated stable or 

improved visual acuity at 6 weeks (mean gain of 4.43 letters) 

after intravitreal aflibercept regardless of the dose that was 

administered. The greatest visual gains were identified in 

those who received a dose of 1.0 mg or greater (mean increase 

of 13.5 letters when 2 and 4 mg groups were combined).

After the safety profile of intravitreal aflibercept for 

treating CNV was established, a Phase II clinical trial was 

undertaken by the CLEAR-IT 2 investigators.83 One hundred 

fifty-nine patients with subfoveal CNV were randomized 

into one of five groups. The first two groups received 0.5 or 

2 mg of aflibercept every 4 weeks for a total of 12 weeks. 

The other three groups received a dose of 0.5, 2, or 4 mg of 

aflibercept at day 1 and 12 weeks (a total of two injections 

during the study period). The primary endpoint was change 

from baseline in central retinal thickness and lesion thickness 

at week 12. Best corrected visual acuity (BCVA) and other 

numeric changes in visual acuity were secondary outcome 

measures. At the 12-week endpoint, the groups that received 

therapy every 4 weeks showed the greatest improvement in 

visual acuity and reduction in retinal thickness. Interestingly, 

BCVA at the 8-week  visit was not significantly different 

between the group receiving 2 mg aflibercept every 4 weeks 

and the group receiving 2 mg of aflibercept every 12 weeks. 

This finding led the authors to suggest that a dose of 2 mg 

every 8 weeks may be as effective as dosing every 4 weeks. 

Furthermore, results at week 52 of the CLEAR-IT 2 study 

showed that pro re nata (PRN) dosing maintained the signifi-

cant anatomic and vision improvements established during 

the 12-week fixed dosing period.83,84

VIEW 1 and VIEW 2 clinical trials
The “VEGF Trap-Eye: Investigation of Efficacy and Safety 

in Wet AMD” studies (VIEW 1 and VIEW 2) were two 

Phase III double-masked, multinational, parallel-group, 

active-controlled clinical trials that evaluated the clinical effi-

cacy of aflibercept in a prospective fashion. The VIEW studies 

were the largest controlled trials of anti-VEGF agents in neo-

vascular AMD ever performed.78,85 Both trials were similarly 

designed. Patients in VIEW 1 were randomized at 154 centers 

in the United States and Canada (n=1,217). Patients in VIEW 

2 were randomized at 172 centers in Europe, Middle East, 

Asia-Pacific, Australia, and Latin America (n=1,240). Only 

one eye from each patient was included in the study. The perti-

nent inclusion/exclusion criteria and major design features of 

the VIEW studies on enrollment are summarized in Table 4.  

Table 4 Key features of the study criteria for VIEW 1 and 2 clinical trials

VIEW 1 and VIEW 2 studies78

Study design Double-masked, multicenter, parallel-group, active-controlled, randomized trials
Participating sites United States and Canada (VIEW 1)

Europe, Middle East, Australia, Asia-Pacific, Latin America (VIEW 2)
Inclusion criteria Age greater than 50 years

Active subfoveal lesions secondary to AMD
Juxtafoveal lesions with leakage involving the fovea
CNV occupying at least 50% of lesion size
BCVA between 73 and 25 ETDRS chart letters

Exclusion criteria Any prior ocular or systemic therapy for AMD (with the exception of nutritional supplements)
Total lesion size greater than 12 disk diameters
Active intraocular inflammation or history of uveitis in either eye
Uncontrolled glaucoma or prior trabeculectomy or other filtering surgery in the study eye
Media opacity precluding visualization of posterior fundus

Treatment groups 4 groups randomized in a 1:1:1:1 ratio:
Group 1 aflibercept 0.5q4
Group 2 – aflibercept 2q4
Group 3 – aflibercept 2q8 following 3 injections, each given every 4 weeks.
Group 4 – Rq4

Primary endpoint Noninferiority (margin 10%) of the aflibercept regimens to ranibizumab in the proportion of patients 
maintaining vision at week 52

Secondary endpoints Change in BCVA
Retinal thickness and persistent fluid as assessed by OCT

Abbreviations: VIEW, VEGF Trap-Eye: Investigation of Efficacy and Safety in Wet AMD; AMD, age-related macular degeneration; CNV, choroidal neovascularization; 
BCVA, best-corrected visual acuity; ETDRS, Early Treatment Diabetic Retinopathy Study; OCT, optical coherence tomography; 0.5q4, 0.5 mg IAI every 4 weeks; IAI, 
intravitreal aflibercept injection; 2q4, 2 mg IAI every 4 weeks; 2q8, 2 mg IAI every 8 weeks; Rq4, 0.5 mg ranibizumab every 4 weeks.
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Eligibility was determined by neovascular lesion character-

istics based on fluorescein angiography.

There were 4 arms/treatment regimens evaluated in each 

of the VIEW studies. One regimen consisted of patients who 

were administered 0.5 mg ranibizumab injections every 

4 weeks (Rq4). Subjects in the other three treatment regimens 

received 0.5 mg aflibercept every 4 weeks (0.5q4), 2 mg 

aflibercept every 4 weeks (2q4), or 2 mg aflibercept every 

8 weeks (2q8) following 3 injections, each given every 4 

weeks. The primary endpoint of the VIEW 1 and 2 studies 

was non-inferiority of aflibercept regimens to ranibizumab 

in patients who maintained vision at 52 weeks. This was 

defined as losing less than 15 letters of visual acuity on the 

chart used in the Early Treatment Diabetic Retinopathy 

Study (ETDRS).78 Secondary measures included the change 

in BCVA, retinal thickness and fluid as judged using time-

domain optical coherence tomography (OCT).

Integrated analysis of data from both VIEW studies at the 

52-week visit showed non-inferiority of all three aflibercept 

treatment regimens compared to the ranibizumab regimen 

(Figure 2).78 All treatment regimens demonstrated a rapid 

increase in BCVA following the first injection, after which 

there were small and sustained increases in BCVA that per-

sisted until week 52. Interestingly, the integrated data from 

both VIEW studies revealed that the mean visual acuity of 

all four treatment regimens was within 1 letter of each other 

at the 52-week visit. Mean change in BCVA from baseline to 

week 52 in the individual VIEW studies and in the integrated 

analysis is provided in Figure 3. Importantly, the mean visual 

acuity of the aflibercept group that was dosed every 8 weeks 

was within 0.3 letters of the ranibizumab group receiving 

dosing every 4 weeks. Regarding secondary outcome mea-

sures, all the aflibercept regimens were comparable to the 

monthly ranbizumab regimen in terms of reduction in retinal 

thickness and fluid.

From weeks 52 to 96, the dosing schedule was changed 

to mandatory quarterly dosing with examination-guided 

interim injections that were also referred to as “capped-PRN 

dosing”. Specifically, patients continued to be evaluated 

every 4  weeks. Mandatory treatment with the same dose 

of drug was administered every 12  weeks with treatment 

provided sooner if any one of the following criteria were 

identified during the 4-week review:

1.	 New or persistent fluid on OCT

2.	 Increase in central retinal thickness by 100 μm or more 

on OCT

3.	 Loss of 5 or more letters on the ETDRS chart with recur-

rence of fluid on OCT

4.	 New onset classic CNV or new or persistent leakage on 

fluorescein angiography

5.	 New macular hemorrhage.

Ninety-one percent of the original cohort of subjects from 

VIEW 1 and 2 entered the second year of study. Eighty-four 

percent of the patients who enrolled in the study completed 

Figure 2 VIEW 1 and VIEW 2 primary endpoint: maintenance of vision at week 52.
Notes: Mean and confidence intervals for differences between groups are provided. Image obtained from VEGF Trap-Eye (aflibercept ophthalmic solution) Briefing Document.131 

Abbreviations: VIEW, VEGF Trap-Eye: Investigation of Efficacy and Safety in Wet AMD; RBZ, ranibizumab; VEGF, vascular endothelial growth factor; Rq4, 0.5 mg 
ranibizumab every 4 weeks; 2q4, 2 mg IAI every 4 weeks; IAI, intravitreal aflibercept injection; 0.5q4, 0.5 mg IAI every 4 weeks; 2q8, 2 mg IAI every 8 weeks after three 
initial 4-week doses.
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Figure 3 Mean change in BCVA from baseline to week 52 in the (A) VIEW 1 study. (B) VIEW 2 study. (C) Integrated analysis.
Notes: Values in the line graphs refer to mean changes in the number of letters from baseline at week 52. Only the intravitreal aflibercept 2q4 arm in VIEW 1 was significantly 
different from ranibizumab (*P=0.005 for the difference). The panel inset (integrated analysis) shows the difference in visual acuity between each intravitreal aflibercept arm 
and ranibizumab (least-square mean with 95% CI) at week 52, using three different analyses: by LOCF, using observed case data, and by assessing completers. Image obtained 
from VEGF Trap-Eye (aflibercept ophthalmic solution) Briefing Document.131

Abbreviations: VIEW, VEGF Trap-Eye: Investigation of Efficacy and Safety in Wet AMD; Rq4, 0.5 mg ranibizumab every 4 weeks; 0.5q4, 0.5 mg IAI every 4 weeks; IAI, 
intravitreal aflibercept injection; 2q4, 2 mg IAI every 4 weeks; 2q8, 2 mg IAI every 8 weeks after three initial 4-week doses; ETDRS, Early Treatment Diabetic Retinopathy 
Study; BCVA, best-corrected visual acuity; CI, confidence interval; LOCF, last observation carried forward.

week  96. It was found that the mean increase in BCVA 

between baseline and the 96-week time point was comparable 

between the four treatment groups. At 96 weeks, the mean 

increase in BCVA across all four groups was approximately 

7 letters on the ETDRS chart. The number of patients who 

gained 15 letters from baseline to 96 weeks was also similar 

across all groups. Post hoc comparisons of the number of 

injections administered between 52 and 96 weeks showed 

that the 2q4 (4.1±1.8 injections) and 2q8 (4.2±1.7 injections) 

groups received significantly fewer injections than the Rq4 

(4.7±2.2 injections) group. The lower number of injections 

administered in the capped-PRN phase of the VIEW studies 

may explain why there was a 1–2 letter loss in all groups 

between 52 and 96  weeks. It may also explain why the 
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percentage of patients with no retinal fluid decreased from 

week 52 to 96 in all treatment groups.

The VIEW studies successfully highlighted the phar-

macodynamic advantages of aflibercept in the clinical man-

agement of CNV due to AMD. The finding that patients in 

the 2q8 group achieved visual and anatomic outcomes that 

were comparable to the Rq4 and 2q4 groups (with a mean 

of 5 fewer injections over 2 years) suggested that the use of 

aflibercept for the management of neovascular AMD could 

potentially be associated with fewer patient clinic visits. The 

other major finding to arise from VIEW studies was that 

switching from a fixed dosing to a capped-PRN protocol 

is likely to result in small losses of visual acuity as well as 

recurrence of anatomical changes such as fluid on OCT. The 

latter findings are similar to what was shown in the CATT 

trial. In the CATT trial, at the 2-year visit, the mean visual 

gain was significantly greater in patients treated with fixed 

dosing relative to the as-needed regimen.86

Efficacy of aflibercept in nonresponders
The characteristics of neovascular lesions with respect to 

cellular composition, expression of VEGF receptors, and, 

ultimately, response to antiangiogenic therapy are mark-

edly heterogeneous.87 It is known that a distinct subset of 

neovascular lesions neither respond to anti-VEGF therapy in 

a predictable manner nor respond in a way that is consistent 

with the clinical course reported in large-scale trials. In the 

ophthalmic literature, these eyes are often denoted as “non-

responders” or eyes that have “failed therapy”.88

A number of studies have evaluated the rate of nonre-

sponse to bevacizumab and ranibizumab therapy. The pub-

lished estimates have varied from 10.1% to 45%.89–91 These 

estimates are, to a great extent, influenced by the definition 

of nonresponse, a nonstandardized term that varies signifi-

cantly between different studies. Commonly used measures 

of nonresponse include decrease in BCVA, worsening of or 

new exudative findings, and the need for a greater frequency 

of injections to prevent progression of disease. Persistence 

or worsening of pigment epithelial detachment (PED), 

subretinal fluid, macular edema, hemorrhage, and increase/

no change in central retinal thickness are other measures 

of nonresponse. Increase in lesion size and leakage on dye 

angiography have also been described as failed therapy in 

some studies.

It is important to note that the terms refractory, treatment-

resistant, and nonresponse are frequently used interchange-

ably in the ophthalmic literature. Recently, the expert panel 

review by Amoaku et al92 proposed a set of standardized 

nomenclature to define treatment response to anti-VEGF 

therapy in neovascular AMD. In that report, “nonresponse” 

was defined as those eyes that demonstrated a .-5 letter 

decline in Snellen visual acuity from baseline after the third 

injection in the initiation schedule of anti-VEGF therapy. 

It was also recommended that unchanging or increasing 

central retinal thickness, subretinal fluid, intraretinal fluid, 

and/or PED compared to the baseline visit should also be 

defined as nonresponse.92

One proposed reason for treatment nonresponse to 

anti-VEGF therapy is the time-dependent development of 

tachyphylaxis. Several biological mechanisms have been 

linked to the development of tachyphylaxis,93 and these 

include a compensatory upregulation of VEGF expression 

by macrophages at the site of CNV in response to repeated 

anti-VEGF therapy. Chronic changes to the vascular walls 

of CNV can also result in increased permeability to fluid and 

exudate and decreased response to anti-VEGF therapy. The 

development of neutralizing antibodies to therapeutic human-

ized monoclonal antibodies is also thought to contribute to 

the development of tachyphylaxis.

Clinical features that are thought to be predictive of non-

response to anti-VEGF therapy include angiographic patterns 

that are consistent with occult NV, type 1 NV, occurrence 

of a fibrovascular PED, relatively greater area of NV as 

determined using dye angiography, and poor reading ability 

at baseline visit.90 Age and number of injections were not 

significantly associated with treatment failure in the study 

by Ehlken et al.94 Treatment failure in that study was defined 

as no improvement or deterioration in visual acuity and 

retinal morphology, as seen on OCT, including an increase 

in intraretinal fluid and/or subretinal fluid.

The greater affinity of aflibercept for VEGF isoforms, 

its ability to antagonize the effects of PlGF and VEGF-B, 

and its longer intravitreal half-life are expected to confer 

unique biological advantages relative to other anti-VEGF 

agents. It is therefore plausible that aflibercept will have 

greater efficacy in the management of neovascular lesions 

when other anti-VEGF agents are deemed to have failed. 

Several studies have examined the role of aflibercept in the 

management of recurrent or refractory NV, and these are 

summarized in Table 5.95–105 Most of these were retrospec-

tive studies that lacked a control group. There was also great 

variation between studies in the size of the treatment group 

and the treatment history prior to switching to aflibercept. 

Other variables that were not standardized between studies 

included the duration of follow-up and the indications for 

treatment switch. An exception is the prospective study by 
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Chang et al100 that evaluated the effectiveness of intravit-

real aflibercept in patients with treatment-resistant AMD. 

Treatment resistance in this study was defined as persistent 

intraretinal or subretinal fluid, as seen on spectral domain-

optical coherence tomography, despite at least four injections 

of anti-VEGF agents in the past 6 months. BCVA was also 

required to be within the range of 35 and 90 ETDRS chart 

letters for inclusion in this trial. Forty-nine patients were 

recruited and followed for a 24-week period after switching 

to aflibercept. The investigators acknowledged that a limita-

tion of this study was the lack of a control group.

All of the reviewed studies demonstrated significant 

anatomical improvement following the switch to afliber-

cept. OCT-based anatomical features that were shown to 

improve included a reduction in retinal thickness, macular 

volume, intraretinal fluid, subretinal fluid, or dimensions of 

the PED. With respect to BCVA, most studies demonstrated 

stabilization of visual acuity with the use of aflibercept, 

but only three studies98,100,104 demonstrated improvement in 

visual acuity. One of these three studies was a small case 

series that did not apply statistical techniques to validate 

the improvement in BCVA.104 The frequent dissociation 

between anatomic recovery and improvement in BCVA in 

nonresponders highlights the structure–function disconnect 

in AMD pathophysiology.

An editorial by Schachat106 discussed the limitations and 

advantages of many studies that have aimed at evaluating the 

efficacy of anti-VEGF treatment changes in presumed nonre-

sponders. An important issue that was raised in this editorial is 

our current inability to predict the eyes that require a relatively 

longer course of treatment before a therapeutic response is 

seen. Specifically, Schachat106 suggested that it is possible for 

presumed nonresponders to improve over the course of time if 

the same drug was continued. Therefore, a switch may impli-

cate an agent as being efficacious when really it was introduced 

at a point in a recalcitrant disease course at which improvement 

was looming. This is an important point that cannot be resolved 

with current clinical data. Large, randomized, prospective tri-

als with control arms are therefore needed. Although there is 

broad clinical evidence to suggest that aflibercept has efficacy 

in the management of NV in nonresponders, these findings 

need to be validated using clinical trials with robust design 

and standardized inclusion/exclusion criteria.

Aflibercept in PCV
Polypoidal choroidal vasculopathy (PCV) has, for many 

years, been considered a variant of AMD. First described by 

Yannuzzi et al,107 PCV was characterized by serosanguineous T
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neovascular complications that were on the extreme scale of 

what was ordinarily encountered in AMD. Evaluation of eyes 

with PCV using indocyanine green angiography also identi-

fied polyps which were thought to be another clinical feature 

that distinguished PCV from AMD.108 The predilection for 

pigmented patients and those of Asian heritage also impli-

cated a degree of inherited predisposition for PCV.109,110

Our understanding of the pathophysiology of PCV is cur-

rently limited. However, there is good evidence to suggest 

that the biological mechanisms driving angiogenesis and NV 

in PCV may be different from AMD. Eyes with PCV often 

do not manifest drusen, an important mediator of NV in 

AMD. There is also a greater likelihood for eyes with PCV to 

manifest a unique phenotypic choroidal manifestation, known 

as pachychoroid, which is structurally and functionally dif-

ferent from the normal human choroid.111–113 The recent shift 

to utilizing multimodal imaging to categorize degenerative 

chorioretinal diseases has refined our understanding of the 

pachychoroid phenotype. This definition of pachychoroid 

currently includes one or more of the following features:

1.	 Absolute increase in choroidal thickness.

2.	 Disproportional concentration of large, dilated pachyves-

sels at sites of pathology.

3.	 Diminution of the choriocapillaris layer in the setting of 

normal choroidal thickness.

Several studies have examined the efficacy of aflibercept 

for PCV. The study by Hosokawa et al114 showed that 6 months 

of intravitreal aflibercept achieved total resolution of poly-

poidal lesions in 77.7% of eyes and total resolution of retinal 

exudative changes in 94.4% of eyes. A significant decrease in 

central retinal thickness and improvements in BCVA were also 

achieved after 6 months of therapy. Similar results were also 

reported by Ijiri and Sugiyama115 after 3 months of aflibercept 

monotherapy. Recently, Yamamoto et al116 published the results 

of a larger retrospective study and provided the outcomes 

following 1 year of aflibercept therapy. One year of therapy 

resulted in similar improvements in BCVA and retinal thick-

ness measurements as 3 and 6 months of treatment reported 

in other studies. However, this report demonstrated complete 

resolution of polypoidal lesions in only 55.4% of eyes. Fur-

thermore, only 13.4% of eyes showed a decrease in the size 

of branching vascular networks after 1 year of treatment. Two 

different reports evaluated the efficacy of aflibercept in PCV 

subjects that did not respond to ranibizumab therapy.117,118 Both 

studies demonstrated significant improvements in BCVA and 

retinal thickness when treatment was switched to aflibercept.

As discussed, neovascular lesions in AMD and PCV 

may respond differently to anti-VEGF therapy because 

of important distinctions in the pathogenic mechanisms 

mediating the two diseases. The recent publication by 

Koizumi et al119 demonstrated that aflibercept therapy for 

PCV improved BCVA and induced a significant decrease 

in subfoveal choroidal thickness. Although their study was 

not designed to evaluate the relationship between BCVA and 

choroidal thickness, their findings, by extension, suggest that 

aflibercept may improve BCVA in PCV by addressing the 

spectrum of pachychoroid abnormalities. There is increas-

ing evidence to suggest that PCV is best managed using a 

combination of photodynamic therapy (PDT) and intravitreal 

anti-VEGF.120 These findings further exemplify the biological 

differences between PCV and AMD; the latter infrequently 

requiring PDT for management.

Safety and tolerability of aflibercept
Intravitreal injection, of any therapeutic agent, is associated 

with risk of ocular adverse events that range from mild, 

self-limiting disease to serious complications that result 

in irrecoverable vision loss. The adverse events associ-

ated with intravitreal ranibizumab and bevacizumab have 

been provided in reports of large-scale clinical trials,13 and 

the most comprehensive documentation of adverse events 

related to intravitreal aflibercept use is provided in the VIEW 

studies.78,85,121 Integrated results from over 2,000 subjects 

at the 96-week visit documented the frequency of several 

adverse events including conjunctival hemorrhage (range: 

23.7%–29.9%), retinal hemorrhage (range: 13.6%–16.2%), 

reduced visual acuity (range: 11.3%–13.0%), eye pain (range: 

8.9%–12.1%), vitreous detachment (range: 7.7%–10.0%), and 

increased intraocular pressure (IOP; range: 6.2%–10.8%).85 

Only five cases of endophthalmitis were recorded from all 

aflibercept regimens from both VIEW studies. The same num-

ber was identified in the ranibizumab arm of both studies.

A number of reports have demonstrated an association 

between repeat intravitreal bevacizumab/ranibizumab injec-

tion and IOP elevation.122,123 Recently, Freund et al124 evaluated 

data from 2,457 patients from the VIEW studies to evaluate 

the relationship between IOP changes and intravitreal afliber-

cept use. Several metrics were used to study IOP changes 

including the following: 1) prevalence of IOP .21 mmHg 

through week 96 and 2) prevalence of IOP change from base-

line of $10 mmHg through week 96. Their analysis revealed 

that at the week-96 visit the incidence of patients with an IOP 

change $10 mmHg in the 2q4, 2q8, and 0.5q4 groups was 

2.9%, 3.1%, and 3.8%, respectively. At the same visit, the 

incidence of patients with an IOP .21 mmHg in the 2q4, 2q8, 

and 0.5q4 groups was 14.2%, 12.1%, and 12.5%, respectively. 

Interestingly, their analysis demonstrated that the incidence 

of elevated IOP in all aflibercept regimens was significantly 
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lower than the ranibizumab regimen. The reason for the dif-

ferent degree of IOP changes observed in ranibizumab versus 

aflibercept treated eyes was unknown, but it was speculated 

that glycosylation of aflibercept may improve solubility in 

the vitreous cavity and reduce protein accumulation in the 

trabecular meshwork. Intravitreal aflbercept may therefore 

be preferable for managing neovascular AMD in patients 

with IOP concerns such as subjects with glaucoma, ocular 

hypertension, or a family history of glaucoma.

Systemic adverse effects following intravitreal anti-

VEGF therapy are uncommon. There has been some specula-

tion about the association between anti-VEGF therapy and 

the occurrence of stroke, myocardial infarction, and bleeding. 

However, the retrospective cohort study of 146,942 Medicare 

beneficiaries did not demonstrate a significant risk of these 

complications or mortality between subjects receiving 

ranibizumab/bevacizumab and those receiving pegaptanib/

PDT.125 Data from the VIEW studies demonstrated that the 

incidence of Antiplatelet Trialists’ Collaboration-defined 

arterial thromboembolic events was 3.3% for pooled data 

from all aflibercept regimens at the 96-week visit and 3.2% 

for the ranibizumab treatment arm.85 The incidence of these 

complications was not significantly different between treat-

ment groups. The percentage of deaths in the Rq4, 2q4, 

0.5q4, and 2q8 groups was 2.7%, 2.1%, 3.2%, and 3.3%, 

respectively. The incidence of death was also not different 

between treatment groups. Collectively, these results sug-

gest that intravitreal administration has an acceptable safety 

profile and is well-tolerated by patients.

In recent times, there has been great concern about the 

increased risk of thromboembolic events in patients receiving 

intravitreal anti-VEGF therapy. There is now good evidence 

to show that the risk of these complications does not differ 

between the various anti-VEGF agents.126 There is also good 

evidence to show that the risk of arterial thromboembolic 

events in patients receiving long-term anti-VEGF therapy 

is not different to the elderly population not receiving anti-

VEGF therapy. Long-term results of PIER, IVAN, CATT, 

MARINA, ANCHOR, HORIZON, SECURE, and VIEW 

studies reported a rate of arterial thrombotic events between 

3% and 5.6%.126 In comparison, the crude incidence of 

myocardial infarction, an arterial thrombotic event, was 

determined to be 5.2 per 1,000 person-years following the 

evaluation of 26,185 subjects not receiving anti-VEGF 

therapy in the Tronso study.127

Patient-focused perspectives
Assessment of health-related quality of life outcome measures 

provides practical information about the effects of visual 

disability on a patient with eye disease. Such information is 

typically used to quantify the magnitude of visual loss as a 

result of disease. The 25-item National Eye Institute Visual 

Function Questionnaire (NEI VFQ-25) is a self-reported 

measure that has been utilized in anti-VEGF clinical trials to 

assess changes in vision-related function.128 It is a standard-

ized, reliable, and reproducible measure of vision-related 

function that can be used to infer knowledge about a patient’s 

capacity to satisfactorily complete activities of daily living.

Yuzawa et al129 recently published the analysis of NEI 

VFQ-25 questionnaires from VIEW studies up to and includ-

ing the 52-week visit. Vision-related quality of life improve-

ment was identified in six subscales including mental health, 

general vision, near activities, role difficulties, distance 

activities, and dependency. Wijeyakumar et al130 reported 

similar findings in a smaller cohort of subjects receiving 

aflibercept for neovascular AMD. In their study, they showed 

that patients with greater visual gain experienced a greater 

improvement in vision-related quality of life.

These findings have major implications as they demon-

strate that aflibercept therapy improves an individual’s capac-

ity to function. An improvement in distance activities is likely 

to indicate decreased risk of falls due to improved mobility. 

An improvement in mental health may suggest a lower risk 

of depression. Yuzawa et al129 concluded that these benefits 

are likely to translate to less need for informal care giving, 

professional in-home help, and medical care transportation. 

It may also result in improved productivity in paid work or 

volunteer activities.

Analysis of VIEW trial data showed that there were 

minimal differences in subscale data between the group 

receiving aflibercept every 8 weeks and the group receiving 

ranibizumab every 4 weeks. In the VIEW trials, clinic visits 

were scheduled for assessment of visual acuity, OCT, and 

other clinical measures every 4 weeks for all groups even if 

therapy was not administered. By extension, this suggests 

that patients receiving aflibercept in routine clinical settings, 

where clinic visits could be scheduled every 8 weeks, would 

experience greater improvement in vision-related quality of 

life than what is provided from the VIEW trials.

Conclusion
There is strong evidence to demonstrate that intravitreal 

aflibercept is an efficacious therapeutic agent for managing 

treatment-naïve NV and recalcitrant NV due to AMD. Stud-

ies have shown that aflibercept is also effective in treating 

NV due to PCV.117,118 The unique pharmacodynamic and 

pharmacokinetic properties of aflibercept confer several 

biologic advantages in the management of CNV. A major 
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advantage of aflibercept, as demonstrated in several trials, is 

the requirement for less frequent dosing to achieve compa-

rable visual and anatomical improvements as other agents. 

This is expected to translate to fewer clinic visits and potential 

cost-savings to the patient and the health-care system.

Integrated data from landmark clinical trials have shown 

that frequent intravitreal administration of aflibercept has an 

acceptable safety profile and is well-tolerated by patients. 

Visual gains as a result of aflibercept use are also associated 

with improvements in key measures of quality of life. For 

these reasons, aflibercept appears to be a suitable first-line 

therapy for neovascular AMD.

A number of new clinical trials including the Perseus-IT 

trial (A prospective Non-Interventional Study to Assess the 

Effectiveness of Aflibercept [Eyelea®]) in Routine Clinical 

Practice in Patients With Wet Age-related Macular Degenera-

tion), the DRAW study (A Pharmacokinetic Study of Intra-

vitreal Aflibercept in Vitrectomized and Non-vitrectomized 

Eyes with Wet Age-related Macular Degeneration), the 

RIVAL trial (A comparison of Ranibizumab and Aflibercept 

for the Development of Geographic Atrophy in [Wet] AMD 

Patients), and the SHIFT-2 trial (Intravitreal Aflibercept in 

Wet Age Related Macular Degeneration Patients With an 

Incomplete Response to Monthly Ranibizumab Injections) 

are designed to provide new, evidence-based information 

about the pharmacology and efficacy of aflibercept in vari-

ous, atypical AMD settings. Results from these studies are 

expected to refine our knowledge about the role of aflibercept 

in AMD management.
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