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Abstract
Aflibercept is the newest approved anti-VEGF drug for intraocular use. 

This chimeric protein targets vascular endothelial growth factors: VEGF-A, 
VEGF-B and placental growth factor (PlGF). In this article, we review the 
available literature regarding this drugs ocular use in clinicians perspective. 
Aflibercept has higher affinity, less frequent dosing, equivalent cost of therapy, 
non-inferiority to ranibizumab in efficacy and safety. It is effective in choroidal 
neovascular membrane, macular edema following venous occlusion, retinal 
pigment epithelial detachment or diabetic macular edema that is recurrent or 
resistant to ranibizumab. It penetrates all retinal layers and does not induce 
apoptosis. Thus it promises to be a useful addition to anti-VEGF therapies 
already available for managing an array of retinal disorders.

Keywords: Aflibercept; VEGF-trap Eye; Eylea; ARMD; Ranibizumab; 
Bevacizumab; VEGF; Anti-VEGF; Diabetic Macular Edema; Macular edema 
following venous occlusion.

Introduction
For people older than 50 years, age related macular degeneration 

(AMD) causes approximately 46% of cases of severe visual loss (visual 
acuity 20/200 or worse) in United States [1]. Neovascular or wet 
AMD (wAMD) is responsible for almost 90% of severe vision loss 
due to AMD [2].  AMD causes 5% of Global blindness [3]. Pegaptanib 
(Macugen®, EyetechInc, Florida, USA) was the first anti-VEGF drug 
approved by food and drug administration (FDA, USA) for subfoveal 
choroidal neovascular membrane (CNVM) due to wAMD in 2004 
[4].  Now, anti-VEGF drugs have become gold standard treatment 
for CNVM due to AMD. Currently there are 4 drugs in this category- 
aptamer (Pegaptanib), monoclonal antibodies (Ranibizumab or 
Lucentis®, GenentecInc, San Francisco, USA and bevacizumabor 
Avastin®, Genentech, USA, off label use) and chimeric protein 
(Aflibercept®, VEGF-trap eye, Eylea, Regeneron Pharmaceuticals, 
NY, USA).

The Vascular endothelial growth factor (VEGF): 
chronological perspective

In 1948, Isaac Michaelson was the first to postulate that a 
diffusible factor produced by the retina (“factor X”) was responsible 
for retinal and iris neovascularization associated with conditions such 
as proliferative diabetic

retinopathy and central retinal vein occlusion [5]. In 1983, Senger 
and Galli et al., [6]. Identified a protein that could induce vascular 
leakage in skin. They named this protein “tumor vascular permeability 
factor” or VPF. In 1989, Ferrara and Henzel [7] isolated a diffusible 
protein from bovine pituitary follicular cells that showed cell specific 
mitogenic activity for vascular endothelium. They named this protein 
vascular endothelial growth factor (VEGF). VPF and VEGF seemed to 
have the similar molecular structure. VEGF is produced by the retinal 
pigment epithelial cells (RPE), all types of neurons, glia, pericytes, 
macrophage, smooth muscle cells, T cells and endothelial cells of 
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the retina in response to hypoxia through hypoxia-inducible factor 
1 (HIF-1), which is a basic helix-loop-helix transcription factor and 
inflammatory stimuli [8]. The VPF/VEGF [now called VEGF-A, to 
differentiate from other related genes: VEGF-B, VEGF-C, VEGF-D, 
and PlGF (placental growth factor)] gene is at chromosome 6p21.3. 
VEGF-A is a key regulator of blood vessel growth [9]. VEGF-B is 
a ‘survival factor’ for blood vessels and neurons [9]. VEGF-C and 
VEGF-D regulate lymphangiogenesis [9,11]. Alternative splicing  of 
VEGF-A gives rise to at least  6 different  protein isoforms -121, 145, 
165, 183, 189, and 206 amino acids in length [12]. The larger isoforms 
(VEGF-189 and VEGF-206) bind heparin with high affinity and are 
sequestered in the extracellular matrix. The smaller isoform, VEGF-
121, does not bind heparin and is freely diffusible. VEGF-165 has both 
bioavailability and biologic potency. VEGF-165 is the predominant 
isoform and the primary mediator of neovascularization in the eye 
[13].  All VEGF isoforms contain a plasmin cleavage site. Cleavage at 
this site creates a freely-diffusible, 110-kD, bioactive form of VEGF 
(VEGF-110). VEGF has 3 receptor tyrosine kinases: VEGFR-1, 
VEGFR-2 (Figure 1), and VEGFR-3. VEGFR-1 (Flt-1) the first 
discovered & highest affinity receptor of the three, functions to act 
during embryonic development as a “decoy” by sequestering VEGF, 
thereby preventing the activation of VEGFR-2 [13]. VEGFR-1 also 
plays a key role in pathological ocular neovascularization through 
mediating monocyte chemotaxis to VEGF. VEGFR-2 (Flk-1 or KDR) 
is the primary mediator of the pathologic effects of VEGF in the eye 
[12]. VEGFR-3 helps lymphangiogenesis [14]. All three receptors 
are necessary for proper mammalian development. Mice with null 
mutations for any of the receptors die in utero between days 8.5 and 
9.5 [15]. VEGFR-2 knock-out models also suggest the possible role of 
VEGF in hematopoiesis [16]. VEGF is pro-angiogenic. It stimulates 
endothelial cell proliferation (mitogenic), invasion, migration, and 
enhancement of cell survival [9].  

It also increases vascular permeability (50000 times more 
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potent than histamine in producing vascular leakage) [17] by both 
vasodilatation and an uncoupling of endothelial tight junctions. 
Vascular leakage is thought to facilitate angiogenesis because the 
leakage of plasma proteins and fibrin creates a gel-like environment 
conducive to endothelial cell growth and migration. Increased 
vascular permeability may be mediated via the nitrous oxide synthase 
(NOS) pathway [18], which may explain why hypertension has been 
observed in some patients treated with VEGF inhibitors.

Earlier anti-VEGF drugs
Pegaptanib sodium is an aptamer. Chemically it is covalent 

conjugate of an oligonucleotide of twenty-eight nucleotides in length 
that terminates in a pentylamino linker, to which two 20-kilodalton 
monomethoxy polyethylene glycol (PEG) units are covalently 
attached via the two amino groups on a lysine residue. In order to 
prolong activity at the site of action, the sugar backbone of pegaptanib 
was modified to prevent degradation by endogenous endonucleases 
and exonucleases. The polyethyleneglycol moieties were added 
to increase the half-life of the drug in the vitreous humor [19,20]. 
Its molecular weight is 50 kilodalton. Pegaptanib adopts a three-
dimensional conformation that enables it to bind to extracellular 
VEGF. Pegaptanib binds to the major pathological VEGF isoform, 
extracellular VEGF165. It has no known immunogenicity unlike 
other anti-VEGF drugs which are proteins. The recommended dose is 
0.3mg as intravitreal injection (IVT) once every 6weeks.  In humans, 
after a 3 mg monocular dose (10 times the recommended dose), the 
average apparent plasma half-life of pegaptanib is 10 days [21]. After 
IVT injection in monkey, half-life in vitreous is 3.8days, and serum 
half-life is 3.6-4.3 day [19]. It penetrates all retinal layers [22]. It is 
FDA approved for wet AMD.

Ranibizumab is a recombinant humanized IgG1 kappa isotype 
monoclonal antibody fragment (Figure 1a). Ranibizumab binds to all 
isoforms of VEGF-A including the biologically active, cleaved form of 
this molecule, VEGF110. It has a molecular weight of approximately 
48 kilodaltons as it lacks an Fc region unlike Bevacizumab (Figure 

1b). Ranibizumab has17-fold higher binding capacity as compared 
with Bevacizumab [23]. On a molar basis, ranibizumab was 5 to20 
fold more potent than full-length Bevacizumab [24]. It is produced 
by an E. coli expression system in a nutrient medium containing 
tetracycline. Tetracycline is not detectable in the final product. It 
is slightly immunogenic. In animal studies, following intravitreal 
injection, ranibizumab was cleared from the vitreous with a half-
life of 2.9 days [25]. Based on the disappearance of ranibizumab 
from serum, the estimated average elimination half-life following 
intravitreal injection was approximately 9 days in human [26]. It 
penetrates all retinal layers including retinal pigment epithelium 
(RPE) and choroid [22]. It is approved by FDA for Neovascular (Wet) 
AMD and Macular Edema following Retinal Vein Occlusion (RVO) at 
a dose of 0.5 mg intravitreally  every month (approximately 28 days). 
It is also approved for Diabetic Macular Edema (DME), the dose 
being 0.3mg intravitreally once a month (approximately 28 days). 
The clinical superiority of ranibizumab over both observation and 
photodynamic therapy in wAMD was shown in both the MARINA 
[27] and ANCHOR [28]. The most common ocular side effect is 
conjunctival hemorrhage in up to 74% cases and most common 
extra-ocular side effect is nasopharyngitis in up to 16% cases [26]. 
Currently it is the gold standard treatment for wet AMD and any new 
drug is compared with it for efficacy and safety.

Bevacizumab is a recombinant humanized monoclonal IgG1 
antibody (Figure 1b-d) that binds to and inhibits the biologic activity 
of all isoforms of human VEGF-A. Bevacizumab contains human 
framework regions and the complementarity-determining regions 
of a murine antibody that binds to VEGF. Bevacizumab has an 
approximate molecular weight of 149 kilodaltons. Bevacizumab is 
produced in a mammalian cell (Chinese Hamster Ovary) expression 
system in a nutrient medium containing the antibiotic gentamicin. 
Gentamicin is not detectable in the final product. It is approved for 
Metastatic Colorectal Cancer (mCRC), Non-Squamous Non-Small 
Cell Lung Cancer (NSCLC), Glioblastoma and Metastatic Renal Cell 
Carcinoma (mRCC) as intravenous (IV) infusion. The intravitreal 
use is not approved by FDA (off label use), though it is widely used 
for wet AMD in view of low cost and similar safety and efficacy like 
ranibizumab (CATT [29] and IVAN trial [30]). It is used as 1.25mg 
intravitreal injection. It was first tried intravenously for wet AMD 
(SANA trial) [31,32]. Serum half-life after IV administration is 20 days 
for male and 18 days for female [33]. After intravitreal administration 
half-life in vitreous is 5-10days [34,35]. The bevacizumab molecule 
can penetrate the retina and is also transported into the retinal 
pigment epithelium, the

Choroid and in particular, into photoreceptor outer segments 
after intravitreal injection [36].  Fab of Ranibizumab and Bevacizumab 
is different in 6 amino acids; 5 at heavy chain and 1 at light chain. 

The VEGF-trap Eye or Aflibercept
Chemistry: Aflibercept is a recombinant fusion protein (Figure 

1e) consisting of second binding domain of the VEGFR-1 receptor 
and the third domain of the VEGFR-2 receptor fused to the Fc 
portion of human IgG [37]. It has very high VEGF binding affinity 
(K≈1 pM) [38,39]. It has at least a 200 fold higher affinity for VEGF 
than ranibizumab [40]. Aflibercept is a dimeric glycoprotein with a 
protein molecular weight of 97 kilodaltons and contains glycosylation, 
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constituting an additional 15% of the total molecular mass, resulting 
in a total molecular weight of 115 kilodalton. Aflibercept is 
produced in recombinant Chinese hamster ovary (CHO) cells. The 
terminal elimination half-life (t1/2) of free aflibercept in plasma was 
approximately 5 to 6 days after I.V. administration of doses of 2 to 
4 mg/kg aflibercept [41]. Initially intravenous aflibercept was tried 
for AMD [42]. It is approved in combination with 5-fluorouracil, 
leucovorin, and irinotecan (FOLFIRI) for the treatment of patients 
with metastatic colorectal cancer [43]. It is being investigated for 
advanced solid tumors, glioblastoma [44], pediatric solid tumors [45], 
recurrent ovarian, primary peritoneal, or fallopian tube cancer [46], 
recurrent or metastatic gynecologic carcinosarcomas and uterine 
leiomyosarcoma [47] and non-small cell lung cancer (NSCLC).

Mechanism of action: Aflibercept acts as a soluble decoy receptor 
that binds VEGF-A, VEGF-B and PlGF [40]. VEGF-A binds to 
both VEGFR-1 and VEGFR-2 but PlGF binds to only VEGFR-1. 
Aflibercept thus inhibits the binding and activation of these cognate 
VEGF receptors.

Indication and dosage: It is FDA approved for Neovascular 
(Wet) AMD [48]. The recommended dose is  2 mg  intravitreally 
every 4 weeks (monthly) for the first 12 weeks (3 months), followed 
by 2 mg (0.05 ml) via intravitreal injection once every 8 weeks (2 
months). Although it may be dosed as frequently as 2 mg every 4 
weeks (monthly), additional efficacy was not demonstrated compared 
to every 8 weeks dose.

It is also approved for Macular Edema following Central Retinal 
Vein Occlusion (CRVO) [49] in a dose of 2 mg (0.05 ml) administered 
by intravitreal injection once every 4 weeks (monthly).

The intravitreal injection should be given with proper aseptic 
technique with 30G needle. It is available as 2mg/0.05ml single use 
vial.

The clinical experience with aflibercept
Wet AMD: Two randomized, double-masked, multi-center, 

active-controlled, phase III studies in patients with wet AMD 
compared aflibercept with ranibizumab monthly intravitreal 
injections. 2419 patients with active, subfoveal, choroidal 
neovascularization (CNV) lesions (or juxtafoveal lesions with leakage 
affecting the fovea) secondary to AMD were evaluated (VIEW 1 and 
VIEW 2) [50].  In each study, patients were randomly assigned in a 
1:1:1:1 ratio to 1 of 4 dosing regimens: intravitreal aflibercept 0.5 mg 
monthly (0.5q4), 2 mg monthly (2q4), 2 mg every 2 months after 3 
initial monthly doses (2q8), or ranibizumab 0.5 mg monthly (Rq4).
The VIEW 1(VEGF Trap-Eye: Investigation of Efficacy and Safety in 
Wet AMD) study was conducted in the United States and Canada. 
The VIEW 2study was conducted in Europe, Asia Pacific, Japan, and 
Latin America.

The primary end point was non inferiority (margin of 10%) of 
the aflibercept regimens to ranibizumab in the proportion of patients 
maintaining vision at week 52 (losing <15 letters on Early Treatment 
Diabetic Retinopathy Study [ETDRS] chart). With aflibercept 2 
monthly injections 95-96% patients maintained visual acuity at 1 
year (lost less than 15 letters in ETDRS chart) compared with 94-95% 
patients taking monthly ranibizumab injection.

Mean change in best corrected visual acuity gain at 1 year with 
aflibercept 2 monthly was 7.9 and 8.9  letters v/s 8.1 and 9.4 letters 
respectively with ranibizumab monthly injections in VIEW 1 and 
View 2.

31% patients gained at least 15 letters at 1 year with aflibercept 
2monthly injections compared with 31-34% patients with monthly 
ranibizumab.

The results with aflibercept are comparable with studies done on 
ranibizumab (MARINA [27] and ANCHOR [28]) previously with 
2 year results. With monthly ranibizumab injection 90-93% patient 
maintained vision, 30-37% gained at least 15 letters and visual acuity 
gain was 5.5 to 10.9 letters.

CLEAR-IT2 (Clinical Evaluation of Anti-angiogenesis in the 
Retina Intravitreal Trial [51]) was the phase II study which showed 
significant benefit with intravitreal aflibercept in wet AMD.  As needed 
(PRN- pro re nata) dosing with aflibercept at weeks 16-52 maintained 
the significant anatomic and vision improvements established during 
the 12-week fixed-dosing phase with a low frequency of reinjection’s.

Macular edema following central retinal vein occlusion 
(CRVO)

Two randomized, multi-center, double-masked, sham-controlled 
studies (COPERNICUS and GALILEO) [52,53] were undertaken in 
patients with macular edema following CRVO. A total of 358 patients 
were treated and evaluated for efficacy (217 with aflibercept) in the 
two studies. In both studies, patients were randomly assigned in a 
3:2 ratio to either 2 mg aflibercept administered every 4 weeks (2Q4) 
or sham injections (control group) administered every 4 weeks for a 
total of 6 injections. At 52 weeks 56-60% patients achieved primary 
endpoint (gained at least 15 letters in ETDRS chart) compared with 
12-22% with sham. Mean letter gain at 52 weeks was 17.3- 18 with 
monthly aflibercept compared with 4 letter loss to 3.3 letter gain with 
sham.

The effect of ranibizumab in macular edema in retinal venous 
occlusion was studied in BRAVO [54] (for branch retinal venous 
occlusion) and CRUISE [55] (for central retinal venous occlusion) 
with 6 months follow up. With 0.5mg ranibizumab monthly injections 
there was 18.3 to 14.9 letter gain and 48-61% patients gained at least 15 
letters. Macular laser was needed in only 20% patients in ranibizumab 
group compared with 54% in sham group in BRAVO study.

Myopic CNVM: VEGF Trap-Eye in Choroidal Neovascularization 
Secondary to Pathologic Myopia (mCNV) (Phase III Myrror trial) 
[56,57] has shown encouraging results. MYRROR is a Phase 3, 
multicentre, randomized, double-masked, sham-controlled study 
in myopic CNV. The patients received 1 injection of intravitreal 
aflibercept 2 mg or sham injection at baseline, followed by monthly 
assessments until Week 24. At Week 24, patients in the sham arm 
were switched to intravitreal aflibercept 2 mg arm. Additional 
injections were given in case of persistence or recurrence of CNV. 
Total 122 patients had enrolled for the study. At Week 24, patients 
gained 12.1 letters with aflibercept and lost 2.0 letters with sham. By 
Week 48, patients gained 13.5 and 3.9 letters in the aflibercept and 
‘sham switched to aflibercept’ groups, respectively. The incidence of 
ocular events was similar (37.4% and 38.7) between groups. Various 
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studies are undergoing to further evaluate role of aflibercept in 
myopic CNVM. 

The role of ranibizumab in the same condition has been 
evaluated in more detail. In REPAIR study [58] patients received 0.5 
mg ranibizumab administered intravitreally to the study eye, followed 
by monthly injections given as needed (based on a predefined 
algorithm) for up to 11 months. At 6 months, mean BCVA improved 
from baseline by 12.2 letters. Central macular thickness improved 
from baseline by 108 μm in the 48 study eyes of 48 patients. In other 
studies the BCVA improvement with ranibizumab has been shown 
as 7 letters in 4 years [59], 8 letters at 3 years [60], 12 letters after 
mean follow-up for 15.9 months [61]. RADIANCE [62] was a phase 
III randomized study to compare ranibizumab 0.5mg and verteporfin 
photodynamic therapy (vPDT). It showed that, ranibizumab provided 
superior BCVA gains versus vPDT up to month 3.  Ranibizumab 
treatment guided by disease activity criteria was non inferior to visual 
acuity stabilization criteria up to month 6. 

The efficacy of aflibercept in myopic CNVM needs further 
evaluation, though the available results are encouraging.

Diabetic macular edema (DME): In the Vinci study [63] DME 
patients were assigned randomly to 1 of 5 treatment regimens: VEGF 
Trap-Eye 0.5 mg every 4 weeks (0.5q4); 2 mg every 4 weeks (2q4); 2 
mg every 8 weeks after 3 initial monthly doses (2q8); or 2 mg dosing 
as needed after 3 initial monthly doses (2PRN), or macular laser 
photocoagulation. Mean improvements in BCVA in the VEGF Trap-
Eye groups at week 52 were 11.0, 13.1, 9.7, and 12.0 letters for 0.5q4, 
2q4, 2q8, and 2PRN regimens, respectively, versus -1.3 letters for the 
laser group. Proportions of eyes with gains in BCVA of 15 or more 
ETDRS letters at week 52 in the VEGF Trap-Eye groups were 40.9%, 
45.5%, 23.8%, and 42.2% versus 11.4% for laser. Mean reductions in 
Central Retinal Thickness (CRT) in the VEGF Trap-Eye groups at 

week 52 were -165.4 μm, -227.4 μm, -187.8 μm, and -180.3 μm versus 
-58.4 μm for laser.

2 year results of RISE and RIDE [64] trials for ranibizumab in 
DME showed that 98% patients maintained vision (lost less than 15 
letters) with 0.3mg monthly injections, 34-45% patients gained at 
least 15 letters; mean visual acuity gain was 10.9 to 12.5 letters. Only 
45-49% patients needed macular laser compared with 91-94% in 
control group. No additional benefit was seen with 0.5mg monthly 
versus 0.3mg ranibizumab monthly.

The aflibercept advantage
High affinity, less frequent dosing, equivalent cost-effectiveness 

[52], non-inferiority to ranibizumab in efficacy and safety and 
effectiveness in CNVM, PED (retinal pigment epithelial detachment) 
or DME recurrent or resistant to ranibizumab makes aflibercept 
a very promising drug for future. Aflibercept was found to be 
effective for patients with Polypoidal Choroidal Vasculopathy who 
develop tachyphylaxis to ranibizumab (complete lack of response 
after initial treatment response to ranibizumab) [65]. It promises 
potential to reduce the risk of monthly intravitreal injections and 
the burden of monthly monitoring [66].  Deissler and Deissler et al., 
[67] showed that migration but not proliferation of immortalized 
bovine retinal endothelial (REC) cells is suppressed by ranibizumab. 
VEGF-mediated signaling through VEGFR-2 seems to control REC 
migration dominantly in the presence of other growth factors. This 
may indicate a potential advantage of aflibercept at cellular level. It 
has been shown that intraocular PlGF production induces vascular 
and retinal changes similar to those observed in the early stages of 
diabetic retinopathy [68]. Of all available anti- VEGF drugs only 
aflibercept acts against PlGF. Aflibercept is thought to penetrate all 
layers of the retina.

Lutty and McLeod et al., [69] showed that aflibercept not only 

Name of the  ongoing trials on 
aflibercept ClinicalTrials.gov identifiers Clinical condition

ATLAS NCT01773954 Age related macular degeneration (AMD)

ROLL NCT01670162 Persistent Pigment epithelial Detachments in AMD

EVEN NCT01722656 Submacular Vascularized Pigment Epithelial Detachment

NVAMD* NCT01712035 AMD

NEWTON NCT01870427 Previously Treated Macular Edema Associated With Central Retinal Vein Occlusions

ARChiMEDES NCT01857544 Recalcitrant Central Retinal Vein Occlusion Associated Macular Edema Despite Prior Anti-
VEGF Therapy.

VIVID EAST NCT01783886 Diabetic Macular Edema (DME) With Central Involvement

VIVID DME NCT01331681 DME

VISTA DME NCT01363440 DME

Protocol T† NCT01627249 DME

ACT NCT01813773 Proliferative Diabetic Retinopathy

HANDLE NCT01790893 Presumed ocular histoplasimosis

ANDROID‡ NCT01724554 Capillary Non-Perfusion

EPIC NCT01871376 Polypoidal ChoroidalVasculopathy With Hemorrhage or Exudation

Table 1: Ongoing trials on intravitrealaflibercept.

*OCT Evaluation of Treated and Untreated Choroidal Neovascular Membranes in Age-Related Macular Degeneration
†Comparative Effectiveness Study of IntravitrealAflibercept, Bevacizumab, and Ranibizumab for DME 
‡To determine mean change in the presence and amount of capillary non-perfusion as measured by wide-angle angiography using Optos 200Tx system in subjects 
with proliferative retinopathy and/or macular edema secondary to proliferative diabetic retinopathy and central retinal venous occlusive disease.

http://www.ncbi.nlm.nih.gov/pubmed?term=Lutty GA%5BAuthor%5D&cauthor=true&cauthor_uid=21357392
http://www.ncbi.nlm.nih.gov/pubmed?term=McLeod DS%5BAuthor%5D&cauthor=true&cauthor_uid=21357392
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stops the growth and induce regression of experimental CNV, but 
also inhibits the associated inflammation and fibrotic responses.

Schnichels and Hagemann et al., showed that aflibercept does 
not cause changes in cell morphology, induce apoptosis or cause 
permanent decrease in cell viability, cell density or proliferation in 
any cell line or concentration investigated. In general, aflibercept 
had fewer effects (up regulation or down regulation) compared with 
controls than bevacizumab or ranibizumab in their study [70]. 

Seventy-nine days after a single VEGF Trap (1.15 mg) injection, 
the intravitreal VEGF-binding activity would be comparable to 
ranibizumab at 30 days according to a mathematical model [71]. 

In cell-based bioassays, VEGF Trap inhibited the activation 
of VEGFR1 and VEGFR2, as well as VEGF-A induced calcium 
mobilization and migration in human endothelial cells more potently 
than ranibizumab orbevacizumab [72]. The benefits of this new drug 
may be potentially extended for corneal neovascularization [73], 
retinopathy of prematurity [69] and other vascular disorders.

Safety of the anti-VEGF drugs
With all intravitreal injections there is risk of endophthalmitis, 

retinal detachment (RD), cataract and intra-ocular pressure (IOP) 
rise. The most common adverse reactions (≥5%) reported in patients 
receiving aflibercept or ranibizumab were conjunctival hemorrhage, 
eye pain, cataract, vitreous detachment, vitreous floaters, and 
increased intraocular pressure. Retinal pigment epithelium tear may 
occur after intravitreal aflibercept injection [74].

Mansour and Shahin et al., [75] showed that overall risk of 
ocular vascular events (vascular occlusions) following a VEGF 
antagonist injection was 0.108% in the general population and 
2.61% in the diabetic population. Mean retinal arterial constriction 
after intravitreal bevacizumab was 21% and mean retinal venous 
constriction was 8%.Ocular vascular occlusions may lead to severe 
visual loss (even no perception of light) and may be caused by the 
vasoconstrictor effect of the drug, a post-injection rise of intraocular 

pressure, patient stress as a result of the procedure and the patient’s 
natural history of underlying ocular (eg. glaucoma) or systemic 
diseases. Intravitreal VEGF antagonists may cause enlargement of 
the foveal a vascular zone which may indicate an increase in retinal 
ischemia [76]. Data indicating geographic atrophy as a possible result 
of repeated pan-VEGF blocking is emerging [29].  

Non-ocular adverse events (≥5%)  with ranibizumab are 
nasopharyngitis, anemia, nausea, cough, constipation, seasonal 
allergy, hypercholesterolemia, influenza, renal failure, upper 
respiratory tract infection, gastro esophageal reflux disease, headache, 
peripheral edema, chronic renal failure, peripheral  neuropathy, 
sinusitis, bronchitis,  atrial fibrillation, arthralgia, chronic obstructive 
pulmonary disease, wound healing complications.

Common systemic adverse events with aflibercept include 
hypertension, nausea, and congestive heart failure [63].

There is a potential risk of arterial thromboembolic events (ATEs) 
following intravitreal use of VEGF inhibitors. ATEs are defined as 
nonfatal stroke, nonfatal myocardial infarction, or vascular death 
(including deaths of unknown cause). The incidence in the VIEW1 
and VIEW2 wet AMD studies during the first year was 1.8% (32 out 
of 1824) in the combined group of patients treated with aflibercept. 
The incidence in the COPERNICUS and GALILEO studies during the 
first 6 months was 0% (0/218) in patients treated with aflibercept 2 mg 
every 4 weeks compared with 1.4% (2/142) in patients receiving sham 
treatment. In the controlled neovascular AMD studies (MARINA, 
ANCHOR) at second year, the ATE rate was 2.6% (19 of 721) in the 
combined group of ranibizumab treated patients compared with 2.9% 
(10 of 344) in patients from the control arms. In a pooled analysis of 
DME Studies (RIDE, RISE) at 3 years, the ATE rate was 10.4% (26 
of 249) with 0.5 mg ranibizumab and 10.8% (27 of 250) with 0.3 
mg ranibizumab; the stroke rate was 4.8% (12 of 249) with 0.5 mg 
ranibizumab and 2.0% (5 of 250) with 0.3 mg ranibizumab. Over 3 
years in patients with DME, fatalities occurred in 6.4% (16 of249) of 
patients treated with 0.5 mg ranibizumab and in 4.4% (11 of 250) of 

Year Aflibercept Ranibizumab

Wet Age Related Macular Degeneration

Patients maintaining visual acuity(losing less than 15 letters in 
ETDRS chart)

95-96% at 1 year(VIEW1 & VIEW2 [50] ) 94-95% at 1 year [50]
90-93% at 2 year ( MARINA [27] and 
ANCHOR [28] )

Mean change in best corrected visual acuity

Patients gaining at least 15 letters

+7.9 &+8.9 [50] at 1 year

31% [50] at 1 year

+8.1 and 9.4 at 1 year [50]
+5.5 [27] & +10.9 [28] at 2 years

30-37% [27,28] at 2 years
31-34% [50] at 1 year

Diabetic macular edema

Macular Edema Following Central Retinal Vein Occlusion

Patients gaining at least 15 letters

Mean change in best corrected visual acuity

56-60% (COPERNICUS and GALILEO) [52,53] at 
52 weeks

+17.3 to +18 at 52 weeks [52,53]

48% (CRUISE [55]) at 6 months

+14.9 at 6 months [55]

Patients gaining at least 15 letters

Mean change in best corrected visual acuity

23.8%-45.5% at 52 weeks ( da Vinci study [57] )

+9.7 to +13.1 at week 52

34-45% (RISE and RIDE [58])

+10.9 to +12.5 at 2 years [58]

Table 2: Comparison between clinical results of Aflibercept and Ranibizumab.
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patients treated with 0.3 mg ranibizumab. A potential relationship 
between these events and intravitreal use of VEGF inhibitors cannot 
be excluded.

Future directions
Aflibercept is being tried for various indications (Table 1). A 

novel VEGF Decoy Receptor Fusion Protein Conbercept (Figure 1f) 
contains the immunoglobin (Ig) domain 2 of VEGF receptor-1 fused 
to the Ig domain 3 and 4 of VEGF receptor-2 fused to the IgG1 Fc 
[77]. Like aflibercept it binds to all VEGF-A isoforms, VEGF-B and 
PlGF. It is a promising agent for treating wAMD, DME and macular 
edema following venous occlusion.

Summary
Comparable results are coming with aflibercept in AMD, DME 

and macular edema from CRVO versus ranibizumab (Table 2). The 
dosage schedule is less frequent (i.e., 2monthly in Wet AMD) than 
ranibizumab. The single-dose cost of aflibercept ($1850) is comparable 
to ranibizumab ($1950), but still it is much more than bevacizumab 
(approximately $50) [39]. Thus the cost with aflibercept may be half 
of ranibizumab courtesy its dosage schedule. Still both the therapies 
are much more costly than Bevacizumab. With accumulating long 
term safety and efficacy data, aflibercept seems to have the potential 
to compete with ranibizumab as first line anti-VEGF therapy of 
choice amongst the FDA approved group of drugs. 
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