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Introduction

A the medical literature in 1875 as a symmetrical central 
chorioretinal disease occurring in the elderly.1 It was not 

studied until 1980 when macular degeneration was reported to be 
a leading cause of blindness in the United States.2 According to 
World Health Organization estimates, AMD is the most common 
cause of blindness in people over the age of 50 in developed 
countries (Figure 1).3

About 35% of the U.S. population aged 75 years or more have 
some signs of AMD and approximately 10% of these patients 
demonstrate late stages of the disease.4 Nowadays, more than 25 
to 30 million people are affected by AMD worldwide.5 According 
to the latest predictions, AMD is expected to undergo a nearly 
2-fold increase in 2020.6 

Due to the progressive deterioration in the patients’ central 
vision, the ability to perform daily activities such as driving, 
reading, ambulating, walking and recognizing people’s faces is 
decreased.7

Progression of AMD reduces the patient’s sense of well-being 
and independence and increases the risk of depression. Patients 
with AMD in both eyes, especially if accompanied by hemorrhage 
in the macular area, are at high risk of falls and depression. 

patient’s quality of life.8,9 

Anatomy of the eye
The human eye has three main layers. The outermost layer of 

the eye is called the sclera, which is composed of connective 
tissue that maintains the shape of the globe and offers resistance 
to internal and external forces.

The choroid is the middle layer of the eye located between the 
sclera and the retina. The inner part of choroid is composed of 
a capillary network and the outermost layer consists of larger-
diameter blood vessels. The main function of the choroid is to 
provide  enough oxygen and nutrients to the retinal pigment 
epithelium10  and the outermost layers of the retina as well as to 
remove waste products from their environment.

The retina is the inner part of the eye with two main layers: the 
more posterior RPE layer consists of retinal pigment epithelial 
cells and the inner neurosensory layer which consists of a variety 
of different nerve cells and photoreceptors in a layered and 

RPE cells are separated from the choroid by a semi-permeable 
matrix called Bruch’s membrane (BM) which facilitates the 
passage of nutrients and metabolites between the choroid and the 
retina (Figure 2).11

Pathology of AMD
AMD occurs when the photoreceptor cells in the macula are 

slowly broken down or damaged. Macula is made up of the 
highest density of cones photoreceptor cells responsible for a 
central, high resolution vision with precision detail. There are 
two main types of macular degeneration: dry, non-exudative or 
atrophic AMD and exudative or wet AMD. Approximately 90% 
of cases of macular degeneration are the dry type.

As with any disease, AMD exhibits a spectrum of clinical and 
pathologic manifestations. In the case of dry AMD, the clinical 
signs can range from early pigmentary changes in the macula 
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to presence of Drusen (yellow deposits of extracellular material 
under the neural retina or RPE cells), of which the number 
and  size can be increased distributing throughout the macula.12 
Gradually, the density of choroidal blood vessels is reduced and 
RPE cells are atrophied. 

The more advanced stage of dry macular degeneration is 
geographic atrophy, which appears as a circumscribed area of 
RPE and photoreceptor cell loss. To compensate for this loss, 
peripheral RPE cells proliferate; therefore, hypertrophied RPE 
cells are observed in these areas.13

Exudative macular degeneration is marked by growth of aberrant 
blood vessels under the retina, photoreceptor cells and Bruch’s 

This process is due to the release of vascular endothelial growth 
factor (VEGF) as angiogenic factor from RPE cells,14 which leads 
to formation of a choroidal neovascular membrane (CNVM). 
CNVM can leak hemorrhage in the subretinal space that induces 

total central vision loss.15

Etiology of AMD
AMD is a complex multifactorial disease resulting from 

interactions between genetic variants and environmental factors. 
These factors induce oxidative damage and structural changes 
in the retina and RPE producing a cascade of events including 

destroy them.
Among environmental factors associated with AMD, only 

advanced age, cigarette smoking, diet, and race are the most 
important factors.16

Age-associated increase in AMD risk may be mediated by 
gradual accumulation of daily oxidative stress in the retina and 
loss of normal physiological function in the aging RPE cells.17

Recent studies have demonstrated that white people are much 
more likely to lose vision from AMD than other races.18

Studies have also demonstrated that smokers are three to four 
times more likely to develop AMD.19 The general mechanisms 
by which smoking results in AMD include: impairment in the 
generation of antioxidants such as vitamin C, generation of 

20 
People with a family history of AMD are at a higher risk of 

developing AMD.21

Obesity and high-fat diets containing cholesterol and saturated 
fats increase the risk of AMD22 while taking antioxidants in 
the early stages of the disease may play a role in curbing its 
progression.23

The AREDS (Age-Related Eye Disease Study) demonstrated 
that a series of compounds such as vitamin C, vitamin E, beta-
carotene, zinc oxide  and copper oxide  as  dietary supplements in 
patients with intermediate and advanced AMD in one eye, lower 
the risk of late stage AMD in the other eye.24 Taking beta-carotene 
might put smokers at higher risk of lung cancer, so they should 
take dietary supplements without beta-carotene

Taking antioxidants such as lutein and zeaxanthin that are found 
in green leafy vegetables such as broccoli, corn, squash and 

preventing intermediate or advanced AMD.10,25

Consumption of mono- and poly-unsaturated fatty acids and linoleic 
acid was especially associated with an elevated risk for AMD.26

Treatment Strategies for Wet AMD
AMD is a complex, multifactorial disease associated with 

environmental, dietary, and genetic factors. There is no known 

treatment methods can only reduce the risk of severe vision loss.
These methods include thermal laser photocoagulation, 

transpupillary thermotherapy, radiotherapy, photodynamic 
therapy and pharmacologic treatment. This review article is 
devoted entirely to the last topic.

Figure 1. 
Sourced:  www unmc

edu eye internationalmission htm

Figure 2.

Source:
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Pharmacotherapy for wet AMD
Wet AMD occurs due to adventitious growth of blood vessels 

into the retina along with endothelial cell proliferation and 

Increased knowledge about the molecular mechanisms and 
pathophysiology of wet AMD has led to the application of novel 

medications are currently used to prevent progression of wet 
AMD.

1. Anti-angiogenesis drugs

Angiogenesis, i.e. formation of new blood vessels from the 
pre-existing ones, is essential for physiological processes such 
as embryonic development, tissue and organ regeneration, the 

Despite the fact that angiogenesis plays an important physiological 
role, it may also result in pathologic conditions. Abnormal blood 
vessel growth has a crucial role in wet AMD, tumorigenesis and 
metastases.27

The process of angiogenesis in wet AMD is  induced by 
generation of vascular endothelial growth factor (VEGF) from the 
RPE cells which binds to tyrosine kinase receptors (VEGFR) on 
the cell surface and the signaling cascade leading to angiogenesis 
is triggered.28 Platelet-derived growth factor (PDGF) is one of the 
numerous growth factors that regulate cell growth and division 
and play a  role in angiogenesis.29

Today, different types of drugs with several mechanisms such as 

inhibition of VEGF, VEGFR, PDGF and tyrosine kinase activity 
of VEGFR and decreasing VEGF and VEGFR expression are 
used or investigated to prevent the development of wet AMD and 
its progression (Figure 3).

A. VEGF inhibitor Antibodies
VEGF, a signaling protein of angiogenesis in neovascular 

AMD, stimulates vascular endothelial cell growth and survival. 
The VEGF family includes VEGF-A, B, C and D, and the viral 
homologue VEGF-E, in addition to the placental growth factor 
(PIGF). VEGF-A is associated with eye diseases like wet AMD 
and diabetic retinopathy. Currently available pharmacotherapeutic 
agents used for treatment of wet AMD block the biological 
effects of VEGF such as the RNA aptamer pegaptanib, partial 
and full-length antibodies ranibizumab and bevacizumab, VEGF 

bevasiranib and AGN211745, sirolimus, and tyrosine kinase 
inhibitors including vatalanib, pazopanib, TG100801, TG101095, 
AG013958 and AL39324.

Pegaptanib (Macugen, 
New York, USA): A single strand of 28-base ribonucleic acid 
as a pegylated anti VEGF aptamer binds to VEGF165 (dominant 
isoform of VEGF-A in ocular neovascularization processes) and 

available for treatment of AMD. Pegaptanib is administered in 
0.3 mg doses once every six weeks by intravitreal injection. Its 
approval was granted by the U.S. Food and Drug Administration 
(FDA) in December 2004 for treatment of wet AMD.30

Figure 3. Strategies to inhibit the  signaling pathway include inhibition of  and tyrosine  cascade
Sourced: www org
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Bevacizumab (Avastin, Genentech, South San Francisco, 
California, USA): A full-length humanized IgG1 monoclonal 
antibody with two VEGF-A binding sites binds all isoforms of 
VEGF and prevents the growth of abnormal blood vessels under 
or in the retina. Bevacizumab is FDA approved to treat metastatic 
colorectal, breast, and lung cancer.31 In 2000, the potential role 
for bevacizumab in AMD treatment was established when 

to cynomolgus monkeys competitively inhibited extravascular 
VEGF.32

injection was described in 2005 as a case report of a 63-year-old 
woman with CNV. Four weeks after a single-intravitreal injection 
of bevacizumab (1 mg), improvements in macula appeared and 
no adverse e ects were observed.33 Phase I clinical trials (to 

group of 20-80 people to evaluate safety and identify side effects) 
investigated the safety and e cacy of intravitreal bevacizumab 
in a case series of 79 patients treated with monthly bevacizumab 
(1.25 mg) in 2006. Bevacizumab and ranibizumab have the same 
function; however, bevacizumab differs from ranibizumab in 

more isoforms of VEGF. Currently, a randomized clinical trial has 
demonstrated that bevacizumab is comparable with ranibizumab 
in terms of visual improvement and possible adverse effects.34,35 
Bevacizumab is usually given once every 4–6 weeks.36,37 

Ranibizumab (Lucentis, Novartis Pharma AG, Basel, 
Switzerland): It is a monoclonal antibody  fab fragment which 
binds to all  VEGF isoforms as an anti-angiogenesis 
drug. It was engineered to have a 100-time higher binding  
than bevacizumab. However, absence of the Fc component results 
in a shorter systemic half-life compared to bevacizumab (about 
four hours vs. 20 days), better retinal penetration, and decreased 
Fc-related  reaction.38 Some clinicians indicated 
that the short-term effectiveness of ranibizumab treatment 
was  better than bevacizumab while bevacizumab 
accumulated within retinal pigment epithelial cells and possibly 
induced longer action than ranibizumab.39-41 Bevacizumab is 
produced in a eukaryotic cell line (CHO cells) while ranibizumab 
is produced in prokaryotic E. coli; therefore, it does not carry 
glycosylation sites.42 The drug is injected intravitreally once a 
month. It prevents progression of wet AMD but does not cure the 
disease. On June 30, 2006, ranibizumab was approved by the US 
Food and Drug Administration for the treatment of wet AMD.43 
Clinical studies indicated that intravitreal ranibizumab did not 
induce  systemic effects or vascular impairment.44 

 (Eylea, Regeneron Pharmaceuticals, Tarrytown, 
New York, USA) is a fusion protein with binding domains from 
native VEGF receptors 1 and 2 extracellular domains fused to the 
Fc portion of human IgG1 which was produced in Chinese hamster 
ovary (CHO) K1 cells by recombinant DNA technology. It binds 
VEGF-A, VEGF-B, and placental growth factors 1 and 2 with 
much stronger  than anti-VEGF monoclonal antibodies. In 
November 2011,  was approved for treatment of wet 
AMD.45 The drug is injected intravitreally 2 mg every 8 weeks, thus 
reducing the risk of monthly intravitreal injections and the burden 
of monthly monitoring.46 Single  intravitreal injection 
would last between 48 and 83 days compared to 30 days for a 
ranibizumab intravitreal injection. A recent study demonstrated 

that intravitreal  injection in patients with persistent 
macular exudate previously treated with bevacizumab and/or 
ranibizumab  reduced central retinal thickness and total retinal 

 volume with no appreciable change in visual acuity.47 Phase 
IV clinical trials (the safety surveillance (pharmacovigilance) and 
ongoing technical support of a drug after it receives permission 
to be sold) of this drug were started in 2013 that  2 mg 
(0.05 mL) administered by intravitreal injection every 4 weeks 
for the  8 weeks, followed by 2 mg (0.05 mL) via intravitreal 
injection once every 8 weeks for 36 weeks. It is estimated the 
project will be completed in 2017 ( the clinical trial  is 
NCT02002377).48

DARPins (Allergan, Irvine, California, USA) is genetically 
engineered antibody mimetic proteins typically exhibiting highly 

 and high-  target protein binding. It is derived from 
natural ankyrin protein and is comprised of  at least three, usually 
four or  repeat motifs of the human ankyrin generated by 
protein engineering and recombinant DNA technology with high 
binding  towards the VEGF-A.49 Individual members of 
the libraries of these molecules were well-expressed in a soluble 
form in the cytoplasm of E. coli and were found to exhibit very 
favorable thermal (midpoints of denaturation between 66 and 
95ºC) and thermodynamic stability.50 Abicipar potentially has a 
similar effect to ranibizumab with a higher half-life which allows 
longer intervals between injections.51 In 2010, the  of these 
molecules (abicipar pegol or MP0112) entered clinical trials for 
treating wet AMD. Phase I clinical trials demonstrated safety and 
tolerability of the drug that is injected intravitreally once every 4 
months (NCT01086761). Results of Phase II clinical trials (the 
experimental treatment is given to a group of 100-300 people to 
see if it is effective) demonstrated that abicipar pegol provides 
equal or potentially higher vision gains with very low systemic 
exposure compared to ranibizumab (NCT02181517).52 A long 
ocular half-life (more than 60 days) of this molecule reduced 
injection by three or four folds compared to current therapy 
with ranibizumab. Drug delivery with eye drop abicipar pegol 
improved injection-associated complications with respect to other 
anti VEGF drugs. Phase III clinical trials (randomized controlled 
multicenter trials on large patient groups 300–3000 each, that 
depend on the disease and medical condition studied) started in 
the second quarter of 2015 (NCT02462928 and NCT02462486). 
Abicipar pegol (previously MP0112 or AGN 150998) is the trade 
name of DARPins.

NT- : Encapsulating VEGF receptor Fc-fusion proteins 
(VEGFR-Fc) are released from highly producing NT-503 cell 
line which is implanted into the vitreous cavity. This program was 
established to address the tremendous treatment burden associated 
with the requirement for monthly or bimonthly anti-VEGF 
injections. These kinds of capsules allow oxygen and nutrients to 
enter the cell while protecting them against the immune system. 
These cells produce VEGF antagonists as a recombinant protein 
consisting of the Fc portion of antibodies and VEGFR released 
directly into the retina. The drug is implanted once every 12 
months. Animal studies showed the safety and  of this 
product.53

Squalamine (Ohr Pharmaceutical, New York, New York, 
USA): Small aminosterol molecule inhibits multiple angiogenic 
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growth factors through  a unique intracellular mechanism of 
action. It  binds to the cell membrane-bound regulatory  protein 
calmodulin and chaperons it into the cytoplasm where it becomes 
unavailable  to modulate the downstream signaling of vascular 
endothelial growth factor (VEGF), platelet-derived growth factor 
(PDGF) and basic  growth factor (bFGF). It is a water-
soluble molecule derived from the internal organs (primarily 
the liver) of the  shark; today, eye drop formulation of 
squalamine is undergoing clinical trials to be used for treatment 
of wet AMD. Researchers demonstrated that the ability to self-
administer eye drops to treat wet AMD is more effective (and less 
invasive) than the current standard of care, which involves regular 
injections of lucentis, avastin, or eylea directly into the eye, via 
a very small needle. Depending on the needs of the patient and 
the type of drug, it is usually administered twice a day for a 
month.54-56 Phase II clinical trial (OHR-002) of Squalamine eye 
drop in patients with wet AMD demonstrated a  in visual 
acuity in July 2014 (clinical trial  is NCT01678963). 
This included a mean improvement in visual acuity (VA) in the 
group treated with the eye drops plus ranibizumab as compared 
to the lucentis monotherapy group at all-time points from 4 to 38 
weeks. The Phase III trial for squalamine eye drop was started 
in the  half of 2015. It is designed to measure the  
of combination therapy with OHR-102 eye drops plus lucentis 
injections compared with lucentis monotherapy at a period of 9 
months (NCT02727881).

Chengdu, China): A recombinant, soluble protein involved 
binding domains of VEGF receptors 1 and 2 combined with 

VEGF-A isoforms, PlGF 1, PLGF2 and VEGF-B.57 In a phase 
I trial, patients were given a single intravitreal injection of 0.05 
mg, 0.15 mg, 0.5 mg, 1.0 mg, 2.0 mg, and 3.0 mg KH902 for 12 
weeks. Improvement in visual acuity, reduction in central retinal 
thickness and reduction in CNV area were demonstrated in patients 
with wet AMD.58

2.0mg/eye/time) of KH902 at variable dosing regimen in patients 

gains in VA were observed at 3 to 12 months in all dosing groups 
of wet AMD patients in this clinical trial.59 The Phase III trials 

multiple injections of KH902 comparing intravitreal injections 
of KH902 with sham-injections. This study was completed in 
November 2013 but its result has not been published yet (clinical 

KH902.

Avenue, Framingham, Massachusetts, USA): A neutralized 
adeno-associated virus with sFLT01 (a novel fusion protein with 
anti angiogenic activity) gene which produces an antagonist to 
the VEGF protein. AAV2 vectors have minimal toxicity with a 
potential for long-term expression.38 The phase I trials assess 
safety and tolerability of a single intravitreal injection of different 
doses of AAV2-sFLT01 in patients with wet AMD. It is estimated 

is NCT01024998).

B.VEGFR inhibitor Antibodies

(fms-like tyrosine kinase-1 or Flt-1), VEGFR-2 (kinase insert 
domain-containing receptor or KDR) and VEGFR-3 (fms-like 
tyrosine kinase-4 or Flt-4). VEGFRs are expressed by a number 
of important cell types in the eye, including vascular endothelial 

VEGF R2 appears to be the primary mediator of VEGF angiogenic 
activity. VEGFR-1 is a key receptor in developmental angiogenesis 
during embryonic development, but does not appear to stimulate 
pathogenic angiogenesis. The majority of downstream angiogenic 
effects of VEGF including vascular permeability, endothelial cell 
proliferation, invasion, migration and survival, are mediated by 
VEGFR-2. In addition to VEGF inhibitor antibodies, VEGFR 
inhibitor antibodies are another group of drugs for treating wet 
AMD.

Volociximab (Ophthotech Corporation, Princeton, New 
Jersey, USA): 
step for proliferation of endothelial cells. Volociximab as a 
chimeric monoclonal antibody blocks this ligation and induces 
apoptosis of proliferating endothelial cells. However, bevacizumzb 
administered either intravenously or intravitreally prior to the 
onset of neovascularization  reduced angiogenesis. 
The phase I clinical trials of volociximab are completed but 
the results have not been published yet (NCT00782093). It is 
demonstrated that this drug can decrease angiogenesis in the 
tumor mass. The drug has not been marketed yet.60 M200 is the 
code name of this drug.

AdPEDF (GenVec, Gaithersburg, Maryland, USA): A 
recombinant adenovirus (Ad35 serotype) that contains pigment 
epithelium-derived factor (PEDF) which is one of the most 
potent antiangiogenic proteins. It inhibits proliferation and 
migration of the blood vessel endothelial cells in established 
neovascularization and protects the retina cells from damage. 
AdPEDF’s key difference from other therapies is its potential to 
protect the photoreceptors from damage. Phase I clinical trials 
demonstrated safety and feasibility of intravitreal injection of this 
drug in patients with wet AMD. No dose limiting toxicities or drug 
related severe adverse events or cases of infection in the eye were 
observed.61 The adPEDF is injected once every 3 months. Ad35 
vectors provide the ability to achieve long-term gene expression 
in the eye for treatment of chronic ocular diseases.62 A Phase II 
study of AdPEDF is underway for treating patients with early to 
moderate wet AMD.

C. VEGF expression inhibitors: 
VEGF is a key component in the pathogenesis of CNV which is 

a precursor of wet AMD. The current standard drug for wet AMD 
treatment is the monoclonal antibody fragment which targets 
VEGF or VEGFR. In addition to these drugs, a unique class of 
drugs has been developed that targets the mRNA encoding VEGF.  
Small interfering RNA (siRNA)-based drugs have been developed 
to silence the mRNAs encoding VEGF as a new approach for 
VEGF inhibition. RNAi is an ideal therapeutic strategy for the 
eye because of its limited volume required for effective local 
administration [63].
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Bevasiranib (Opko Health, Miami, Florida, USA): A small 
interfering RNA (siRNA) is designed to work by downregulating 
VEGF-A production in the retina. In 2006, the Nobel Prize was 
awarded to Andrew Z. Fire and Craig C. Mello for their discovery 
of bevasiranib as a new era in drug research and development. 
Bevasiranib (formerly known as Cand5) initially developed by 
OPKO Ophthalmologics is a 21-nucleotide RNA duplex that 
suppresses the expression of VEGF, thus preventing the CNV.64 
Phase III clinical trials of the RNAi drug were started in 2011 
with bevasiranib (2.5mg) administered intravitreally either every 
8 or 12 weeks as a maintenance therapy following three injections 
of ranibizumab (0.5mg) but the results have not been published 

bevasiranib as the only drug for treatment do not appear until 
six weeks after the commencement of treatment. It inhibits the 
synthesis of new VEGF but does not eliminate existing VEGF. A 
direct anti-VEGF agent may be required to neutralize VEGF that 
is already present in the eye. Over 30% of patients on combination 
therapy of ranibizumab and bevasiranib achieve three more 
lines of visual acuity than those on Lucentis.65 Bevasiranib is 
delivered as a naked siRNA molecule in humans. Recent studies 
have suggested that naked RNA is not taken up into cells due 
to an innate immune reaction.66 This certainly warrants further 
investigations. OPKO is the trade name for bevasiranib.67

 A 
naked, 19bp blunt-ended synthetic AtuRNAi molecule which 
inhibits the DNA damage-inducible transcript 4 (DDIT4) genes 
(also known as REDD1 and RTP-801). This gene is involved 
in abnormal blood vessel development and leakage in the eye. 
Phase II clinical trials demonstrated that the drug is safe and 
well-tolerated in patients with wet AMD who failed to respond 
to currently approved therapies. This drug acts in a dose-related 

administration, for up to 14 days. RTP801i-14 is another name of 
this medicine.68 

Anecortave (Manhattan Eye, Ear & Throat Hospital, New 
York, New York, USA): An angiostatic steroid that is investigated 
for treatment of AMD. It is injected with a blunt-tipped, curved 
cannula in the juxtascleral space overlying the macula. Because 
the drug is slowly released to the choroid, the injections are only 
given every six months. This novel method of drug delivery 
avoids the most common side effects associated with injecting 
therapeutic agents directly into the eye. It is usually administered 

the frequency of radiation therapy. It is used during the time 
between two consecutive steps of radiation.69,70 Phase II clinical 

mg or 30 mg) versus placebo following initial Visudyne PDT, for 
treatment of wet AMD (NCT00211458).71,72 In 2006, anecortave 
acetate received FDA approval for treatment of wet AMD. Phase 
III clinical trials of anecortave were completed in 2008, with 

of wet AMD and development of the drug was terminated 
(NCT00065728). Its brand name is Retaane.

D. VEGFR expression inhibitor antibodies
VEGF has 2 cell surface receptors: VEGF receptor 1 (VEGFR-1) 

and VEGF receptor 2 (VEGFR-2). These receptors are potential 

targets for treatment of wet AMD. Inhibition of VEGF receptor 
with multiple ligands may have a greater effect than simply 
inhibiting the action of VEGF. RNAi-mediated knockdown of 
VEGF receptor (VEGF-R) in the retina may lead to inhibition of 
abnormal new blood vessel growth and improvement of vision.

is 
short interfering RNA (siRNA) that silences human, cynomolgus 
monkey, mouse and rat VEGFR-1 mRNA molecules found on 
vascular endothelial cells. It is stimulated by VEGF and placental 
growth factor (PlGF), causing the growth of new blood vessels. 
Phase I trial of sirna-027 revealed that 92% of the subjects showed 

clinical trials demonstrated that intravitreal injection of this drug 
did not provide visual improvement and the development of the 

AGN211745 is another name of this medicine.73

E. PDGF (Platelet derived growth factor) inhibitor
PDGF is one of the numerous growth factors which plays a 

PDGF family consists of PDGF-A, -B, -C and -D, which form 
either homo- or heterodimers (PDGF-AA, -AB, -BB, -CC, -DD). 
Pericytes are contractile cells that wrap around the endothelial 
cells of capillaries. Their presence on capillaries leads to new 
vessel support and stabilization. Coating of the new vessel 
endothelial cells by pericytes is initiated by endothelial cell 
expression of homo dimer PDGF-BB. PDGF-BB by bounding 

pericytes along the growing neovascularization. Pericytes line the 
outer wall of endothelial cells and limit the effect of anti- VEGF 
therapy. It is believed that an effective anti-PDGF agent can strip 
the pericytes in the new vessel and strengthen the function of anti-
VEGF agent. Studies demonstrated that blocking the PDGF leads 
to lack of pericyte coverage, vascular abnormalities and inhibition 
of NV capillary maturation.74

USA): 32-mer DNA-based oligonucleotide attached via two 
polyethylene glycols (PEG) to the 5’ end. This aptamer binds to 

in vitro and 
in vivo. The phase I clinical trials demonstrated the safety and 
tolerability of intravitreal injections of E10030. Phase II clinical 
trial of E10030 in combination with ranibizumab showed 62% 

75 In 
Phase III clinical trials, E10030 (1.5 mg/eye) was administered 
intravitreally in combination with ranibizumab (0.5 mg/eye) 
for a total of 24 months. The trial started in August 2013 and 

estimated that the results will be published in July 2016 (clinical 

medicine.76,77

F. Tyrosine kinase cascade inhibitors
Approximately 2000 protein kinases have been recognized so 

far and are divided into two classes, the receptor tyrosine kinases 
(RTK) and the no receptor or cytoplasmic kinases. They play 
important roles in diverse cellular activities including growth, 
differentiation, metabolism, adhesion, motility and death. RTKs 
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are composed of an extracellular domain, which is able to bind a 

catalytic domain, which is able to bind and phosphorylate selected 

RTK causes phosphorylation of intracellular proteins that transmit to 
the nucleus and change gene expression. Approximately 20 different 

factor receptor (FGFR) family and vascular endothelial growth 
factor receptor (VEGFR) family of RTK are the most promising 

angiogenesis, VEFG molecule binds to its VEGFR on the epithelial 
cells surface. These receptors with tyrosine kinase activity trigger 
signaling pathway leading to angiogenesis. Today, newly created 
drugs inhibit VEGFR tyrosine kinase activity, thereby impairing the 
angiogenic process. The following is a list of these drugs:

Ruboxistaurin (Eli Lilly and Company, Indianapolis, 
Indiana, USA): is an orally selective antagonist for protein kinase 
C beta (PKC beta) which inhibits VEGF receptor phosphorylation 
and angiogenesis. It is used mainly for treatment of diabetic 
retinopathy, but also suggested for treatment of wet AMD. 
Arxxant is another name of this drug.78

Vatalanib (Novartis, East Hanover, New Jersey, USA): is 
an orally active, small-molecule tyrosine kinase inhibitor which 
blocks phosphorylation of all known VEGF and PDGF receptors 
and inhibits retinal neovascularization. Phase I/II clinical trials 

PDT administrated once daily for 3 months. No results have been 

and PTK787 are the code names of this drug.79

Pazopanib (GlaxoSmithKline, Stevenage, UK): is a tyrosine 
kinase inhibitor which blocks phosphorylation of VEGFR 
and PDGFR and inhibits angiogenesis. Phase I clinical trial 
successfully demonstrated safety and tolerability of pazopanib 

daily did not improve the visual acuity or decrease the central 
retinal thickness (NCT00612456).[80] In 2015, clinical evaluation 

alone in wet AMD patients.81

pazopanib is under way.82 Votrient is another name of this drug 
and GW786034 is its code name.

is a 

only been tested in animal models as an eye drop. Administration 
of this drug twice daily for 14 days effectively reduced the lesion 
size in the laser-induced neovascularization in murine model.83

 is a tyrosine 
kinase inhibitor injected in the sub-tenon space. A phase II study 
of AG-013958 in wet AMD patients injected once every 3 months 
has been completed but the results have not been published yet 

84

 California, USA): a 
multi-targeted kinase inhibitor which inhibits VEGF, PDGF and 

FGF receptors in addition to the Src family of kinases (sarcoma 
proto-oncogenic tyrosine kinases family). This drug can reduce 

hallmarks of wet AMD.  Phase I study suggests that TG100801 
applied twice daily for 14 days is well tolerated in humans. A phase 
II study will also evaluate the safety of TG100801 in wet AMD 
patients when  administrated twice a daily for 30 days (clinical 

85  It is an important drug that 
potentially reduces the requirement for repeated injections into 
the eye. Another topically applied compound for eye disease, 
TG100948, is in early development.

AL39324 (Alcon Research Ltd, Fort Worth, Texas, USA): a 
novel, potent ATP-competitive VEGFR/PDGFR inhibitor which 
has been tested as a treatment for wet AMD. Phase II clinical 
studies will also evaluate the safety, tolerability of intravitreal 
injection of AL39324 in comparison with ranibizumab. These 
studies were completed in 2011 but the results have not been 

AL39324 is administered intravitreally in wet AMD patients.86 
Linifanib is another name of this drug.

Palomid 529 (National Eye Institute, Bethesda, Maryland, 
USA): is a dual TORC1/TORC 2 inhibitor for the mammalian 
target of rapamycin (mTOR) signal transduction pathway involved 
in angiogenesis and cellular proliferation. Animal studies have 
demonstrated that palomid 529 reduces proliferation and stabilizes 
the structure of vessels already formed.87 A phase I trial assesses 

529 in patients with wet AMD who have not responded to anti-
VEGF treatment. This study has been completed in September 
2012; however, the results have not yet been published (Clinical 

cells play a major role in the progression of the disease. During 
aging of the retina, RPE and photoreceptors suffer oxidative or 
metabolic stress, leading to microglial activation, subretinal 
migration and complement activation.88

responses protect the retina from age-related free radicals’ 
mediated damage. These components gradually accumulate 
in the retina and create  drusen, the hallmark of early AMD 

vitronectin, amyloid A/P, Factor X, prothrombin, and in some 
instances, immunoglobulin, HLA-DR, complement C3, C5, 
C5b-9, CFH, and C-reactive protein (CRP).89

cells such as macrophages accumulate around drusen and release 

expressions of intercellular adhesion molecule-1 (ICAM-1) in 
vascular endothelial cells and RPE cells and increase the number 

induce proliferation and migration of vascular endothelial cells, 
accelerating angiogenesis and CNV formation.90 When  ICAM-
1 as a ligand for LFA-1 (a receptor found on leukocytes) is 
activated, leukocytes bind to endothelial cells via ICAM-1/LFA-1 
and transmigrate into tissue.91 

with anti-angiogenesis drug as adjuvant drugs to treat wet AMD.
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A. Corticosteroids:
 

cells, downregulate cytokines expression, reduce permeability of 
retinal endothelial cells and VEGF expression and thus prevent 
the development of AMD.93 These drugs include the following:

Triamcinolone acetonide (Bristol-Myers Squibb, New York, 
New York, USA): A synthetic water-soluble corticosteroid 
which inhibits leukocytes that release angiogenic factors and 

or in combination with other drugs for treating wet AMD. 94 
Anti-VEGF monotherapy has many limitations due to the need 
for repetitive treatments, increased costs and tachyphylaxis. 
Treatments involving TA in combination therapy with anti-

is injected in the vitreous or the subtenon space. Triamcinolone 
acetonide can remain active in ocular tissue for many months 
after a single intravitreal injection.95 A phase II study included 
intravitreal injections of ranibizumab (0.5mg/0.05 mL) injected 
monthly for 6 months along with sub-tenon injection of 
triamcinolone acetonide (40mg/mL) every two months, for a 
total of 6 months. The hypothesis was that treatment with both 
ranibizumab and triamcinolone acetonide will allow even greater 
vision improvements than ranibizumab treatment alone but the 

NCT01249937). In 2005, Ahmadieh et al. started phase III clinical 
trial of intravitreal injection of bevacizumab plus triamcinolone 
acetonide versus bevacizumab only. They demonstrated that 

early post-injection period and resulted in fewer requirements 

NCT00370370).96  Another research by this group demonstrated 
that triple therapy consisting of single-session photodynamic 
therapy combined with bevacizumab and intravitreal triamcinolone 
improves vision and reduces central macular thickness (CMT) in 
wet AMD.97 Kenalog is another name of this drug.

Dexamethasone (Bay Area Retina Associates, Walnut 
Creek, California, USA): is a potent synthetic glucocorticoid 
which has anti-  effects. This medication is usually 
administered combined with radiation therapy and bevacizumab. 
The application of these three factors together, named triple 
therapy, results in  visual improvement in most wet 
AMD patients with CNV. This drug is used for injection into 
the vitreous.98 A phase II study (Lucedex) included combination 
therapy with 0.05 cc dose intravitreal dexamethasone injection 
(10mg/ml vial) and a single 0.5 mg intravitreal ranibizumab 
injection versus 0.5 mg intravitreal injection of ranibizumab. The 
purpose of this research was to evaluate the safety of intravitreal 
ranibizumab in combination with intravitreal dexamethasone 
in comparison to intravitreal ranibizumab alone in treating 
wet AMD. This clinical trial  a  of adjoining 
intravitreal dexamethasone to treatment of wet AMD with 
intravitreal ranibizumab (NCT00793923).99,100

 These drugs have heterogeneous chemical structures which are 
used as anti-  agent with great  for treating 
wet AMD. NSAIDs act by blocking the cyclooxygenase enzymes, 
COX-1 and COX-2. The COX-2 enzyme mediates the production 
of prostaglandins that contribute to the  response 
and ocular disease.101 The following is a list of these drugs:

Bromfenac (ISTA Pharmaceuticals, Irvine, California, 
USA): A non-steroidal anti-  drug which inhibits 
prostaglandin production.102 In a phase II clinical trial, ranibizumab 
was injected each month for 4 months, then if needed for 8 months, 
plus bromfenac eye drop twice per day, each day, for 12 months 
versus ranibizumab injection alone. This trial was completed 
in September 2010 but the results have not been published 
yet (Clinical trial  NCT00805233). In July 2014, 

-  et al. demonstrated that the combined 
therapy of bevacizumab and bromfenac improved visual acuity 
compared to the control group.103 This combined therapy reduces 

Category Examples Recommendation

Corticosteroids Dexamethasone in neovascular AMD, when patients poorly respond or are resistant to anti-VEGF alone.

 Triamcinolone acetonide (TA) Not recommended for monotherapy of neovascular AMD, can be combined, when 
patients poorly respond or are resistant to anti-VEGF alone.

NSAIDs
Bromfenac 
Nepafenac 
Diclofenac

Can be combined with anti-VEGF agents in neovascular AMD, more clinical studies are 
warranted.

 Aspirin (low dose) against AMD development.

Immunosuppressant Methotrexate Alternative treatments for neovascular AMD patients who are resistant to anti-VEGF 
therapy, more clinical studies are warranted.

 Rapamycin Used in neovascular AMD patients and evaluated in clinical trials for non-neovascular 
and vascular AMD, more clinical studies are warranted.

Anti-TNF-  agents  
Adalimumab May be used in anti-VEGF resistant patients; more clinical studies are warranted.

IL-2 receptor antagonist Daclizumab Used in conjunction with anti-VEGF agents to decrease anti-VEGF treatment in 
neovascular AMD, more clinical studies are warranted.

Table 1.

These drugs are divided into several groups (Table 1):
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the number of intravitreal injections of bevacizumab.103 Prolensa, 
Bromday and Xibrom are other names of this drug.

Nepafenac (Alcon Research Ltd, Fort Worth, Texas, USA): 
A nonsteroidal anti-  drug which reduces pain and 

. This drug is usually used once daily as an eye 
drop to reduce  in cataract. Few clinical studies 
are performed for this drug as a treatment for wet AMD.  In 
2010, researcher added topical nepafenac to monthly anti-
VEGF injections in wet AMD patients and demonstrated that no 

 change was observed in visual acuity, but detectable 
improvement appeared in eye anatomy.104  Nevanac is the brand 
name of this drug.105

Diclofenac (Novartis Pharmaceuticals UK Ltd, Camberley, 
UK)

clinical trial study demonstrated that the use of diclofenac, 2–4 

106 It is supplied in medications under a 

Ketorolac (Syntex Corporation, Palo Alto, California, USA): 

wet AMD.107 A phase IV clinical trial started in December 2012, 
designed to determine the effectiveness of ranibizumab with 
and without ketorolac eye drop for treating wet AMD. This trial 

safety of a combination of ketorolac eye drops and intravitreal 
ranibizumab injections in wet AMD patients. It is demonstrated 
that topical ketorolac supplements and intravitreal ranibizumab 
decreased CMT in CNV (NCT02060604).108 In 2015, researcher 

ranibizumab provided superior best-corrected visual acuity and 
central retinal thickness outcomes compared with ranibizumab 

109 Toradol, Acular and Sprix are 
the trade names of this drug.

C. Immunosuppressants: 
These drugs were used as adjuvant treatment with anti VEGF 

drugs for wet AMD. They have several mechanisms as anti-

proliferation by reducing synthesis of purine and pyrimidine, 
inhibition of macrophage and lymphocyte function by reducing 
intracellular glutathione concentrations and reducing proliferation 
and activation of T and B lymphocytes by inhibiting mTOR 
function.89

Methotrexate:
are used as adjunct drugs for treating wet AMD. This drug 
inhibits the immune system with inhibition of T cell activation, 
suppression of intercellular adhesion molecule expression by T 
cells, downregulation of B cells and increasing CD95 sensitivity 
of activated T cells. The drug is injected intravitreally with VEGF 
inhibitor drugs for patients who have become resistant to them. 

this drug. It was formerly known as Amethopterin.110 Trexall, 
Rheumatrex and Dose Pack are trade names of this drug.

Sirolimus (
USA): A polyketide (secondary metabolites produced by all 
living organisms) which inhibits the mammalian target of 
rapamycin (mTOR). mTOR is a protein kinase activated by 
growth factors which causes uncontrolled proliferation of blood 

and B cells.111,112 This drug is administered via subconjunctival or 
intravitreal injections. A phase II clinical trial started in October 

versus Lucentis. This trial has been completed but the results have 

Rapamycin is the trade name of this medicine.

D. IL-2 receptor antagonist:

is required for viability of T cells. Blockage of IL-2R decreases 
activation and proliferation of T-cells. This drug has become a 
promising adjunctive therapy in wet AMD for patients who do 
not respond to the anti-VEGF drugs.

Daclizumab (Hoffmann-La Roche Ltd, Basel, Switzerland): 
A therapeutic humanized monoclonal antibody directed against 
the -chain of the IL-2 receptor.[113] A phase II clinical trial 
demonstrated that intravitreal injection of this drug as an adjuvant 
with bevacizumab or ranibizumab reduces the need for anti--
VEGF injections for treating wet AMD.114 Studies demonstrated 
that daclizumab is well tolerated and has no serious adverse effects 
following intravenous and subcutaneous injections.  Zenapax is 
its trade name.

TNF-  is now recognized as a key regulator of  
responses. It causes cell death, fever and , affected 
by domestic or internal infectious agents. Two kinds of anti-
TNF-  agents are currently being evaluated for treatment of wet 
AMD. 

Efalizumab (Genentech, San Francisco, California, USA 
and Merck-Serono, Geneva, Switzerland): A chimeric 
immunoglobin IgG1 monoclonal antibody composed of a 
constant human Fc region and a variable mouse Fab region with 
anti-  function. Efalizumab inhibits binding of LFA-1 
to ICAM-1, thereby inhibiting the adhesion of leukocytes to other 
cells. On the other hand, it acts as TNF-  inhibitor implicated 
for treating wet AMD. A phase III clinical trial demonstrated 
that combination therapy of weekly subcutaneous injection of 
efalizumab as an iCAM-1 inhibitor and intravitreal injections 
of ranibizumab as an anti-VEGF agent improved wet AMD 
treatment. Raptiva is another name of this drug.115

Adalimumab (ABBOTT Laboratories, Illinois, USA): A 
fully humanized recombinant anti-TNF-a IgG1monoclonal 
antibody which has a performance similar to efalizumab. This 
drug plays an anti-  role through inhibition of 
TNF- . A phase II clinical trial demonstrated safety and  
of intravitreal adalimumab administered to wet AMD patients 
who are non-responders to ranibizumab (NCT01136252).89 
In 2012, clinical reports  that intravitreal  
and adalimumab do not appear to  eyes with CNV that 
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responded to ranibizumab.116 In 2016, researchers reported a case 
of a patient with wet AMD refractory to ranibizumab therapy, 
who clinically  from subcutaneous adalimumab therapy. 
Treatment with subcutaneous adlimumab in combination with 
ranibizumab avoids the high risks of multiple intravitreal anti-
VEGF injections.117 Adalimumab has a lower risk of adverse 
effects than  because it is a fully humanized antibody. 
Humira is its trade name.

F. Complement component inhibitors
The complement system consists of more than 40 proteins and 

regulators that play a key role in defense against pathogens.118 
The retina, RPE and photoreceptors suffer oxidative or metabolic 
stress with aging, resulting in microglial activation, subretinal 
migration and complement activation. These components 
gradually accumulate in the retina and give rise to drusen, adjacent 
to the basal surface of RPE in AMD patients. The  
cells such as macrophages accumulated around drusen induce 
proliferation and migration of vascular endothelial cells and 
accelerate angiogenesis and CNV formation. Drusen as the 
hallmark of early AMD contains complement components (C3a, 
C5a, C5, C5b-9), terminal complement complex (TCC) (C5b 
connecting C6, C7, C8 and C9 factors), complement regulatory 
proteins (CFH and CFB) and factors (E and D).118-120 A series of 
complement inhibitors have been used to prevent complement 
components accumulation in drusen, for treatment of wet AMD 
treatment.

POT-4 (Potentia Pharmaceuticals Inc, Louisville, Kentucky, 
USA): A cyclic peptide comprised of 13 amino acids, derived from 
compstatin. POT-4 binds reversibly to complement component 3 
(C3) and prevents its activation.120 A phase I clinical trial started 
in 2007 to assess safety, stability and tolerability of intravitreal 
injection of POT-4 for treating wet AMD. This trial was completed 
on March 16, 2010 but the results have not been published yet 
(Clinical trial  is NCT00473928). Some reports indicate 
that phase I clinical trial demonstrated safety and tolerability of 
the drug at all doses tested; no adverse events and no  
intraocular  were reported. Blood test demonstrated 
that the drug stays in the body for 3-6 months. This result supports 
the implementation of Phase II clinical trial program to further 

 the safety,  and pharmacokinetic  of POT-4 
as a treatment for wet AMD.

 (Ophthotech Corp, Princeton, New Jersey, USA): 
This pegylated, nuclease-stabilized aptamer acts as a C5 inhibitor 
of the complement cascade. ARC1905 inhibits the activation of 
the membrane attack complex MAC by blocking the cleavage of 
C5.121 A phase I clinical trial assessed the safety and tolerability 
of intravitreal injection of ARC1905 in combination with 
ranibizumab (0.5 mg) as an anti-VEGF drug for treatment of wet 
AMD. This trial was completed in March 2011 but the results have 
not been published yet (Clinical trial  is NCT00709527). 
The drug can improve vision and prevent progression of the 
disease. Zimura is another name of this drug.

TNX-234 (Genentech, San Francisco, California, USA): 
A humanized monoclonal antibody directed against factor D. A 
preclinical study of this drug was performed for treatment of wet 
AMD.120 Tanox is another name of this drug.

C1-INH (Viropharma, Hampshire, UK and CSL Behring, 
Marburg, Germany) as a C1 esterase inhibitor and recombinant 
CFH (Taligen Therapeutics, Cambridge, Massachusetts, USA 
and Optherion, New Haven, USA) as CFH supplementation, 
are other complement component inhibitors. A preclinical study 
of these two drugs was performed for treatment of wet AMD.120

Summary: The prevalence of AMD as the main cause of low 
vision in elderly is increasing; therefore, the  community 
mainly centers on how it can be prevented and treated.

AMD is a multifactorial disease  by complex genetic 
and environmental risk factors. Different treatment strategies 
have been attempted for AMD. Laser based treatments such as 
thermal laser photocoagulation, transpupillary thermotherapy and 
photodynamic therapy halt the AMD progression but improved 
vision cannot be expected. Pharmacotherapy revolutionized the 
management of wet type AMD resulting in improved structural 
and visual outcomes in these patients. Some of these drugs have 
received FDA approval and others are under investigation. Cell 
therapies use different cell sources such as RPE for regeneration 
of damaged cells; these researches are currently in clinical trial 
phases.  

This review aimed to provide an overview on pharmacotherapy 
of wet AMD.  and angiogenesis play critical roles in 
AMD; therefore, the medications used to treat this disease focus 
on the control of these two processes. 

During the angiogenesis process, VEGF binds to VEGF 
receptor and triggers tyrosine kinase signaling pathway that 
leads to angiogenesis. This process can be controlled with 
VEGF, VEGFR, VEGF expression, VEGFR expression, and 
tyrosine kinase cascade inhibitors. Most currently available 
pharmacotherapeutic agents used for treatment of wet AMD 
block the biological effects of VEGF such as the RNA aptamer 
pegaptanib, partial and full-length antibodies ranibizumab and 
bevacizumab, the VEGF trap , DARPin, KH902 and 
NT-503, the small aminosterol squalamine and the recombinant 
sFLT01 protein or adeno-associated virus AAV2-sFLT01. Some 
of these drugs block the biological activity of VEGFRs such as 
a chimeric monoclonal antibody volociximab, the recombinant 
PEDF adenovirus AdPEDF and the synthetic AtuRNAi PF-
4523655. VEGF expression inhibitor drugs include synthetic 
siRNAs bevasiranib, PF-4523655 and CAND5 and an angiostatic 
cortisone anecortave. The siRNA-based drugs such as Sirna-027 
were used for inhibiting VEGFR expression. The tyrosine 
kinase inhibitors include ruboxistaurin, vatalanib, pazopanib, 
TG100801, TG101095, AG013958, AL39324 and palomid 529. 
Among these drugs, VEGF inhibitors such as bevacizumab, 
raibizumab and  are commercially available drugs for 
treating wet AMD while the other drugs are in clinical trials. Most 
of the VEGF inhibitors must be injected directly into the vitreous 
and the injections should be repeated at variable intervals from 
15 days to 8 week, depending on the type and half-life of the 
medication. However, some of the drugs are used via other routes 
such as NT-503 which is implanted in the vitreous as encapsulated 
cells, squalimine is an eye drop and anecortave is injected into 
the juxtascleral space with a curved needle. AMD is not a classic 

 disease but  cells play a major role in 
the progression of the disease. For this reason, anti-  
drugs were commonly used along with anti-angiogenesis drugs as 
adjuvant drugs to treat wet AMD.



Archives of Iranian Medicine, Volume 20, Number 8, August 2017 535

H. Shams Najafabadi, N. Daftarian, H. Ahmadieh, et al.

During aging of the retina, RPE and photoreceptors suffer 
oxidative stress, which leads to complement activation.  These 
components are gradually accumulated in retina and create 
drusen, the hallmark of early AMD. The  cells such 
as macrophages accumulate around drusen and release TNF-  
(Tumor necrosis factor- ), IL-1 and IL-2 which promote expression 
of intercellular adhesion molecule ICAM-1 in vascular epithelial 
and RPE cells and increase the number of other  
cells. On the other hand, macrophages induce proliferation and 
migration of vascular endothelial cells, accelerating angiogenesis 
and CNV formation. 

There are many anti-  drugs currently under investigation 
in clinical trials for treating wet AMD, such as corticosteroids 
including triamcinolone acetonide and dexamethasone; nonsteroidal 
anti-  drugs like  bromfenac, nepafenac, diclofenac and 
ketorolac; immunosuppressants methotrexate and sirolimus, IL-2 
receptor antagonist daclizumab , TNF-  inhibitor drugs including 
efalizumab and adalimumab; complement component inhibitors 
POT-4, ARC1905, TNX-234, C1-INH and  recombinant CFH. 
Triamcinolone acetonide is commonly used as an anti-  
drug in combination with ranibizumab or bevacizumab for treating 
wet AMD. 

We hope to have provided a better understanding of different 
aspects of wet AMD pharmacotherapy as well as knowledge for 
safer and more effective treatment strategies for the affected patients.
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