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Abstract: Vascular endothelial growth factors (VEGFs) are key mediator of retinal and choroidal
neovascularization as well as retinal vascular leakage leading to macular edema. As such, VEGF plays
an important role in mediating visually significant complications associated with common retinal
disorders such as diabetic retinopathy, retinal vein occlusion, and age-related macular degeneration.
Various drugs that inhibit vascular endothelial growth factors (anti-VEGF therapies) have been
developed to minimize vision loss associated with these disorders. These drugs are injected into
the vitreous cavity in a clinic setting at regular intervals. This article provides an overview of the
various anti-VEGF drugs used in ophthalmology and the common retinal conditions that benefit
from this therapy.

Keywords: vascular endothelial growth factors (VEGFs); anti-VEGF therapy; intravitreal therapy;
retinal disease; retinal neovascularization; choroidal neovascularization

1. Introduction

Vascular endothelial growth factors (VEGFs) are key mediators of retinal and choroidal
neovascularization as well as vascular leakage, which can both contribute to vision loss as-
sociated with common retinal disorders. Neovascularization is a broad term that describes
the formation of new blood vessels. Neovascularization is critical for normal development
and maintenance of normal physiology, but derangement of this process leads to pathologic
neovascularization. Pathologic neovascularization in the retina and choroid can occur
secondary to a number of processes, including inflammatory, neoplastic, and ischemic
etiologies. Vascular leakage in the retina occurs when there is a breakdown of the blood–
retinal barrier. This can occur with retinal vasculopathy and pathologic neovascularization,
contributing to vision loss.

It was long theorized that there were signaling factors mediating neovascularization.
In 1939, Ide et al. postulated in a tumor animal model that there was a “blood vessel
growth factor” [1]. However, it was not until 1983 that Harold Dvorak and colleagues
demonstrated for the first time that a molecule they termed the vascular permeability factor
was secreted by tumor cells [2]; blocking this molecule using an antibody could prevent
vascular leakage. This molecule was later renamed to VEGF by Napoleone Ferrara, who
isolated and cloned the molecule in 1989 and subsequently reported suppression of tumor
growth in vivo using monoclonal antibodies to VEGF [2].

Since then, it has been found that there are several types of VEGF making up the
VEGF family: VEGF-A, VEGF-B, VEGF-C, VEGF-D, VEGF-E (viral VEGF), VEGF-F (snake
venom VEGF), placental growth factor (PlGF), and endocrine gland-derived VEGF (EG-
VEGF) [3]. Furthermore, splicing results in different isoforms of VEGF. For example,
VEGF-A121 and VEGF-A165 are two isoforms of VEGF-A comprised of different amino acid
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chain lengths denoted by the subscript [4]. VEGF-A is the most well-researched in the
VEGF family. It has been strongly associated with angiogenesis and is induced by tissue
hypoxia [5]. Specifically, VEGF-A165 has been the most extensively studied and may be the
most predominant isotype [6].

VEGF molecules stimulate cellular responses by binding to specific receptors. These
tyrosine kinase VEGF receptors (VEGFR) are divided into three main subtypes: VEGFR-1,
VEGFR-2, and VEGFR-3. VEGFR-1 and VEGFR-2 are predominantly expressed in vascular
endothelial cells, which also express the coreceptors neuropilin-1 (NP-1) and neuropilin-2
(NP-2), which modulate receptor function; VEGFR-3, in contrast, is expressed highly on
lymphatic endothelial cells [3].

VEGF is a heparin-binding homodimeric glycoprotein [7] that plays an important role
in both retinal physiology and pathology. VEGF is produced and secreted in a number
of retinal cell types, including vascular endothelial cells, retinal pigment epithelial cells,
muller cells, ganglion cells, and astrocytes [8]. VEGFR-1 and VEGFR-2 are expressed in the
retina and have been identified in retinal vascular, glial, and neural cells [8].

In the retina, VEGF has multiple functions. It is involved in two different types of
neovascularization: vasculogenesis (de novo blood vessel formation in development) and
angiogenesis (blood vessel growth from existing vessels). VEGF also induces vascular
permeability in pathologic states. VEGF may also have additional functions, including
neuroprotection and retinal leukostasis [9–15]. In a murine model, VEGF-A expression
was found to play an important role in the normal development of retinal and choroidal
vasculature [16,17]. In humans, it is well established that VEGF-A is a key mediator of
pathologic retinal and choroidal neovascularization and vascular leakage. Less is known
about how extensively VEGF is involved in the routine maintenance of normal adult retinal
vasculature and neuronal tissue. This is an important area of ongoing research since drugs
that inhibit VEGF (anti-VEGF) are often injected into the vitreous cavity repeatedly and
indefinitely for the management of certain retinal disorders.

In this review paper, we will discuss the common retinal diseases where VEGF
overexpression is associated with pathogenesis and vision loss. We will also provide
an overview of the pharmacologic agents that target VEGF and have been utilized to
manage these conditions.

2. Retinal Disorders That Benefit from Anti-VEGF Therapies
2.1. Choroidal Neovascularization
2.1.1. Exudative Age-Related Macular Degeneration

The most common retinal condition that ophthalmologists treat with anti-VEGF ther-
apy is exudative age-related macular degeneration (AMD). AMD affects the macula, which
is a small but critical area of the retina that is responsible for central vision. AMD has two
stages, non-exudative (or “dry”) AMD and exudative (or “wet”) AMD.

Non-exudative AMD is diagnosed clinically based on the presence of soft drusen in the
macula. Drusen are collections of extracellular material that accumulate under the retina,
between the retinal pigment epithelium (RPE) and Bruch’s membrane [18] (Figure 1A). The
RPE has a critical role in maintaining the normal function of the retina [19]. The presence
of soft drusen in the macula is an early clinical sign of RPE dysfunction, and the increasing
number and size of soft drusen are early signs of progression of non-exudative AMD. In
more advanced stages, degeneration of the photoreceptors, RPE, Bruch’s membrane, and
choriocapillaris occurs, leading to significant vision loss.

Exudative or neovascular AMD develops when breaks in Bruch’s membrane lead to
the growth of new vessels from the choriocapillaris into the subretinal space. The subretinal
choroidal neovascular tissue subsequently causes subretinal bleeding or exudation and fluid
in the macula (Figure 1B). The progression to exudative AMD is usually associated with new
acute vision loss, which progresses without treatment. Intravitreal injections of anti-VEGF
agents limit vision loss associated with exudative AMD by inhibiting the bleeding and
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exudation associated with choroidal neovascularization (Figure 1C). As such, intravitreal
anti-VEGF treatment has become a mainstay in the treatment of exudative AMD.
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Figure 1. Optical coherence tomography images show cross-sectional in vivo images of the macula in
the eyes in various stages of age-related macular degeneration (AMD). (A) An eye with non-exudative
or “dry” AMD with drusen between Bruch’s membrane and the retinal pigment epithelium (red
arrows); (B) an eye with active exudative or “wet” AMD with subretinal (red arrow) and intraretinal
fluid (white arrow) in the macula; (C) the same eye shown in B after receiving several intravitreal
anti-VEGF injections with interval resolution of intraretinal and subretinal fluid.
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2.1.2. Polypoidal Choroidal Vasculopathy

In recent years, new imaging modalities have been developed to better visualize the
choroid and retina in vivo. These new imaging tools have helped characterize pachy-
choroid neovasculopathy and polypoidal choroidal vasculopathy (PCV) as unique and
separate entities from AMD [20]. These two conditions are characterized by a thickened
choroid and dilated large choroidal vessels with obliteration of the choriocapillaris. The
resulting choroidal ischemia and subretinal choroidal neovascularization are characteristic
of pachychoroidal neovasculopathy and PCV [21]. Both conditions, in contrast to AMD,
are more prevalent in younger, non-Caucasian populations [22].

In pachychoroid neovasculopathy and PCV, individuals can present with acute vision
loss from serosanguineous detachments of the RPE in the macula and sub-retinal bleeding
from choroidal neovascularization. Polypoidal dilations of the choroidal vessels can be seen
with choroidal imaging in eyes with PCV. Intravitreal injections of anti-VEGF drugs can be
used alone or in combination with verteporfin photodynamic therapy (PDT), depending
on the anti-VEGF drug used. PDT involves intravenous infusion of a photosensitive
medication followed by macular laser treatment to close the polyps and neovascular tissue
in the choroid. One large study showed that PDT combined with the anti-VEGF drug,
ranibizumab, was superior to ranibizumab alone in treating PCV [23,24]. A subsequent
study showed that aflibercept, a newer anti-VEGF drug, was as effective when used alone
to treat PCV as when combined with PDT [25–27].

2.1.3. Other Retinal Entities Associated with Choroidal Neovascularization

Beyond exudative AMD and PCV, there are several other retinal conditions that can
be associated with subretinal choroidal neovascularization and can benefit from anti-VEGF
therapy. These include pathological myopia, presumed ocular histoplasmosis syndrome
(POHS), posterior uveitis, angioid streaks, and trauma. Eyes with high myopia have elon-
gated eyes in the anteroposterior axis and can develop secondary macular degeneration
and subretinal choroidal neovascularization. The neovascularization is thought to result
from mechanical chorioretinal stretching causing retinal and choroidal ischemia and the
production of VEGF [28,29]. Eyes with POHS and posterior uveitis can develop chorioreti-
nal scars and breaks in Bruch’s membrane in the macula that can lead to the development
of subretinal choroidal neovascularization and vision loss. In eyes with angioid streaks,
weakness in Bruch’s membrane leads to breaks in Bruch’s membrane, which can subse-
quently lead to vision loss from subretinal choroidal neovascularization. Angioid streaks
can occur secondary to systemic conditions such as pseudoxanthoma elasticum, Paget’s
disease of bone, and sickle cell disease. In patients with severe ocular injury, choroidal
rupture with breaks in Bruch’s membrane can occur, which can induce the development of
subretinal choroidal neovascularization. These rarer causes of choroidal neovascularization
typically follow a more benign course than exudative AMD and often only require a limited
course of anti-VEGF therapy [30].

2.2. Retinal Neovascularization
2.2.1. Proliferative Diabetic Retinopathy

Diabetic retinopathy (DR) is the most common microvascular complication associ-
ated with diabetes mellitus. It is the most common retinal vasculopathy and the leading
cause of blindness in working-aged adults in the developed world. Hyperglycemia leads
to endothelial damage, capillary wall compromise, and the formation of retinal microa-
neurysms. Retinal microaneurysms are the earliest finding in DR and are the hallmark
of non-proliferative diabetic retinopathy (NPDR). These microaneurysms can eventually
rupture, forming dot-blot retinal hemorrhages seen on clinical eye exam [31]. Current
standard therapy for NPDR focuses on achieving glycemic control to halt the progression
of retinal ischemic damage and treating diabetic macular edema (DME) if present (see later
Section 2.3).
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With sustained hyperglycemia, the number of microaneurysms and dot-blot retinal
hemorrhages increases, causing retinal capillary occlusion and ischemia. Chronic retinal
ischemia increases pro-angiogenic factors, including VEGF, which in turn drives retinal
neovascularization. Retinal neovascularization is characterized by the growth of abnormal
new vessels on the surface of the retina, unlike choroidal neovascularization, where the
neovascularization is subretinal or sub-RPE in location. Once retinal neovascularization
occurs, the disease is termed proliferative diabetic retinopathy (PDR). PDR is advanced
DR and can be associated with severe vision loss from vitreous hemorrhage or tractional
retinal detachment (Figure 2). Thus, prompt intervention is often indicated.
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Figure 2. Wide field pseudocolor retinal images of eyes with proliferative diabetic retinopathy.
(A) Right eye with florid neovascularization of the optic disc and retina resulting in tractional retinal
detachment (white arrow) and hemorrhage in multiple layers including the vitreous (black arrow).
(B) Left eye of the same patient showing less advanced proliferative diabetic retinopathy with less
florid retinal neovascularization along the major retinal vessels (white arrow), a cotton wool spot
(black arrow), and few dot-blot retinal hemorrhages (asterisks); no vitreous hemorrhage or a tractional
membrane has occurred.

There are several options for the treatment of PDR. Traditionally, panretinal photoco-
agulation (PRP) has been used to reduce the angiogenic drive by thermally destroying the
ischemic peripheral retina [32]. PRP provides a long-term reduction in angiogenic stimuli,
making it a mainstay of treatment since its inception. Anti-VEGF drugs can be used as an
alternative or adjuvant to PRP in treating PDR since it results in a rapid reduction of retinal
neovascularization. There is a growing trend among retina specialists to use anti-VEGF
therapy over PRP to treat PDR in patients with reliable follow-up and on chronic anti-VEGF
therapy for concurrent diabetic macular edema (DME) [33]. Compared to PRP, chronic
anti-VEGF therapy can preserve the peripheral vision in the short-term in eyes with PDR,
although this benefit becomes insignificant with a longer follow-up of 5 years, according to
the DRCR study, Protocol S [33]. The greatest drawback of using anti-VEGF monotherapy
to treat PDR is the need for repeated injections, usually indefinitely, to sustain the treatment
effect. Anti-VEGF therapy is also used in eyes with advanced PDR requiring surgery to
reduce intraoperative and postoperative vitreous hemorrhage. It is also used to control
PDR in eyes with significant vitreous hemorrhage with an inadequate view of the retina to
deliver PRP.

Clinical trial data suggests that anti-VEGF therapy may have the ability to reduce
the rate of progression of moderate and severe NPDR to PDR, but long-term data from
DRCR Protocol W showed no visual benefit of this intervention [34,35]. Thus, the use of
anti-VEGF in eyes with NPDR is limited to eyes with vision loss and center-involving
DME—see Section 2.3.
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2.2.2. Retinal Vein Occlusion

Retinal vein occlusion (RVO) is the second most common retinal vasculopathy. RVO is
classified based on the location of the vascular obstruction. In central retinal vein occlusion
(CRVO), the obstruction occurs within the central retinal vein located within the optic nerve
and affects the entire retina. In branch retinal vein occlusion (BRVO), the obstruction occurs
within one of the branches of the retinal vein, usually at the site where the retinal artery
and vein cross. Thus, only a segment of the retina is affected. Commonly identified risk
factors for the development of RVO include increasing age, hypertension, diabetes mellitus,
and open-angle glaucoma. Other possible risk factors for developing RVO include external
compression, inflammation, coagulopathies, and vasospasm [36,37]. Long-standing vessel
blockage can lead to varying degrees of retinal ischemia and macular edema (ME). The
buildup of pressure within the obstructed retinal veins can cause damage to the vascular
wall, leading to vascular leakage and the formation of ME. The sudden transient retinal
ischemia induces the release of VEGF and other inflammatory factors, which also contribute
to the development of ME [38]. ME associated with RVO results in further reduction in
vision and requires treatment. The first intravitreal therapy used to treat ME associated with
RVO was triamcinolone acetonide. Intravitreal corticosteroids are highly effective and are
still used today for treating ME [39]. However, it is no longer the first-line treatment since
intravitreal corticosteroids can cause glaucoma and cataract. Intravitreal anti-VEGF therapy
is currently the first-line treatment of ME associated with RVO, as it has been shown in
large studies to preserve visual acuity compared to other therapies—see Section 2.3 [40,41].

RVO associated with a greater degree of retinal ischemia may develop retinal or iris
neovascularization. Once ocular neovascularization occurs, retinal laser photocoagulation
is delivered to the ischemic retina to decrease the long-term production of VEGF. As in
PDR, anti-VEGF therapy can be used for prompt control of ocular neovascularization, but
it does not provide long-term control.

2.2.3. Iris Neovascularization/Neovascular Glaucoma

Neovascular glaucoma is a severe and potentially blinding complication associated
with both PDR and RVO. Ocular ischemia increases VEGF production and leads to the
formation of new blood vessels in the iris and anterior chamber. New abnormal blood
vessels first begin to grow over the iris and then extend to the peripheral iris and trabecular
meshwork. The latter results in obstruction of aqueous humor outflow through the trabec-
ular meshwork, which increases intraocular pressure (IOP). The rise in IOP is often severe
and acute and can result in severe, permanent vision loss if not treated promptly.

The current mainstay of treatment of iris neovascularization and neovascular glaucoma
is anti-VEGF therapy and PRP [42]. Anti-VEGF therapy is often useful in this condition
due to its ability to regress the neovascular membranes more quickly than PRP. PRP is
often used for long-term control of neovascularization. The combination of intravitreal
ant-VEGF therapy and PRP leads to rapid and long-term reduction of angiogenic stimuli
and regression of neovascular vessels. Thus, they are often used together to provide
the most optimal outcome. However, IOP can remain elevated even after regression of
neovascularization. Such eyes require incisional glaucoma surgery or ablation of the ciliary
body to minimize the risk of further vision loss from glaucoma.

2.2.4. Retinopathy of Prematurity

Retinopathy of prematurity is a leading cause of blindness worldwide in extremely
premature infants [43] and is postulated to be the result of many factors. Continued im-
provement in neonatal care has resulted in premature neonates surviving at increasingly
younger gestational ages [43]. The resulting underdevelopment and increased oxygen
demand imposed on preterm infants lead to hyperoxygenation, which damages existing
retinal vessels and creates a paradoxical avascular environment with a new demand for
angiogenesis [44]. The rapid influx of angiogenic stimuli creates aberrant retinal neovascu-
larization with vessels growing into the vitreous gel instead of the retina. If this abnormal
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retinal neovascularization is not treated promptly, the resulting fibrovascular tissue can
cause tractional retinal detachment and vision loss. Permanent vision loss and blindness
from retinal detachment can occur even after surgical intervention.

Traditionally, retinal laser photocoagulation of the ischemic peripheral retina has been
used to control retinal neovascularization and minimize the risk of vision loss associated
with the progression of retinopathy of prematurity [45]. However, retinal laser photoco-
agulation is less effective in minimizing the progression of retinopathy of prematurity if
neovascularization involves the more posterior retina, i.e., zone 1 disease. Furthermore,
in these eyes, laser treatment can be associated with permanent loss of peripheral vision,
which, in turn, may contribute to the development of severe myopia. For these eyes with
zone 1 disease, intravitreal anti-VEGF has been shown to be more effective than laser
treatment and is associated with progressive maturation of the retinal vessels [45]. The
use of intravitreal anti-VEGF treatment for retinopathy of prematurity has been steadily
increasing [46] since it is much easier to administer than laser photocoagulation, results in
a rapid reduction of angiogenic drive and retinal neovascularization, and allows for further
maturation of the peripheral retinal vasculature. However, anti-VEGF treatment may not
be permanent and late reactivation of retinal neovascularization can occur following anti-
VEGF therapy. Thus, eyes with retinopathy of prematurity treated with anti-VEGF therapy
require close, prolonged follow-up with frequent screening eye examinations. In addition,
since there are limited data regarding the long-term safety of intravitreal anti-VEGF therapy
in neonates, there are on-going concerns regarding potential long-term systemic risks of
anti-VEGF therapy in the development of neonates.

2.3. Macular Edema
2.3.1. Diabetic Macular Edema

Diabetic macular edema (DME) is the most common indication for anti-VEGF treat-
ment in eyes with DR. DME can present in the early or later stages of DR and can result in
vision loss. Chronic hyperglycemia causes loss of pericytes that are normally present on
capillary walls. This change causes retinal microaneurysm formation and capillary leakage.
Additionally, there is an inflammatory component in the development of DME, with signif-
icant upregulation of VEGF and other chemokines and cytokines [47]. These inflammatory
factors increase vascular permeability, further contributing to the development of DME.
Prior to the development of intravitreal anti-VEGF therapies, laser photocoagulation was
used to treat microaneurysms and areas of retinal thickening in the macula. Multiple
clinical trials have shown the superiority of intravitreal anti-VEGF therapy over macular
laser treatment in preserving vision in eyes with DME [48,49]. Thus, intravitreal anti-VEGF
therapy is now the standard of care for treating this condition.

2.3.2. Retinal Vein Occlusion

As discussed in an earlier section, RVO occurs when a thrombus occludes a retinal
vein, and this can occur at the level of the central retinal vein or at a branch retinal vein
(known as CRVO and BRVO, respectively). One of the most common complications of
RVO is ME. ME occurs in this condition due to the release of VEGF and other inflammatory
factors from the hypoxic retina and can contribute to vision loss [50]. Intravitreal anti-VEGF
therapy has transformed the treatment of RVO, and many studies have shown their efficacy
and superiority over macular laser photocoagulation in preserving vision [51–53].

2.3.3. Radiation Retinopathy

Radiation retinopathy can develop in the eyes following head and neck radiotherapy,
typically one to three years after radiation exposure. Clinically, radiation retinopathy looks
very similar to DR and is more severe in patients with DR. Radiation exposure can cause
endothelial cell loss, occlusion of capillary beds, and microaneurysm formation [54]. Retinal
ischemia develops, leading to VEGF and inflammatory cytokine upregulation, which in
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turn causes ME. Intravitreal anti-VEGF therapy has been an effective tool for treating ME
related to radiation retinopathy, though macular ischemia often limits visual potential [55].

2.4. Other Indications
2.4.1. Retinal Artery Macroaneurysm

Retinal artery macroaneurysm is a focal dilation of a branch of the retinal artery that
can be associated with vision loss if complicated by retinal hemorrhage or ME [56]. This
condition occurs predominantly in females and is associated with chronic hypertension
and atherosclerotic disease. The condition is diagnosed primarily by clinical exam. There
are no definitive guidelines for treating retinal artery macroaneurysm since they often
resolve spontaneously. Intravitreal anti-VEGF therapy can be useful to treat associated
ME, if present, to minimize vision loss [57]. In certain cases, laser photocoagulation
can be considered, although this is controversial as there is a risk of inducing sectoral
retinal ischemia.

2.4.2. Peripheral Exudative Hemorrhagic Chorioretinopathy

Peripheral exudative hemorrhagic chorioretinopathy, as the name suggests, describes a
condition that is associated with hemorrhage and exudation of the peripheral retina, usually
from subretinal choroidal neovascularization. This condition is usually seen in elderly
individuals and is more common in Caucasians and females. Associated risk factors include
hypertension, AMD, and anticoagulation use. This condition is usually asymptomatic and
has a self-limiting course. Occasionally, associated exudation and hemorrhage may be
severe and encroach on the macula. In such eyes, intravitreal anti-VEGF therapy can be
considered to minimize the risk of vision loss [58]. There are insufficient data to suggest a
clear guideline for treating this condition as it is an uncommon diagnosis.

3. Intravitreal Anti-VEGF Therapies for Retinal Disorders
3.1. Pegaptanib

Pegaptanib (Macugen) was developed by Eyetech Pharmaceuticals, Inc. (New York
City, NY, USA) and received FDA approval in December 2004 as the first aptamer therapeu-
tic in humans. It was also the first intravitreal anti-VEGF drug to receive FDA approval to
treat retinal disorders. It is a 28-base ribonucleic acid aptamer that binds with a high affinity
to the heparin-binding domain of VEGF-A165 and inhibits signal transduction for vascular
proliferation by disrupting VEGF-A165 interaction with VEGFR-1 and VEGFR-2 [7]. This
drug was developed since VEGF-A165 was believed to be the major pathologic isoform of
VEGF-A in the eye [6].

The phase 2 trials demonstrated that treatment with pegaptanib was superior to
PDT in eyes with exudative AMD [59,60]. At the time of the clinical trial, PDT was
the mainstay for treating exudative AMD. The study showed that 25% of patients on
pegaptanib demonstrated an improvement of 3 lines or greater in visual acuity, compared
to 2.2% of patients treated with PDT. Subsequent phase 3 trials demonstrated a dose-
independent response to pegaptanib in eyes with exudative AMD, with low doses of
0.3 mg and 1 mg being just as effective in reducing neovascularization and preserving
visual acuity as higher doses [61]. Adverse effects of the drug were noted, although the
incidence was rare. The most serious adverse effects included endophthalmitis (<1.5%)
and retinal detachment (<1%); other less serious side effects, including vitreous floaters,
anterior chamber inflammation, corneal edema, and blurred vision, were also noted in
post-marketing reports [62].

Pegaptanib, while an improvement over PDT, was a disappointing therapy for exuda-
tive AMD since the improvement in visual outcome was relatively low. The limited efficacy
of pegaptanib was thought to be due to the binding of the drug to the heparin-binding
domain of VEGF-A instead of the receptor-binding domain targeted by later anti-VEGF
agents [63], as well as its limited activity targeting only one isoform of VEGF-A. By the early
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2010s, pegaptanib was largely replaced by more effective anti-VEGF agents that inhibited
all isoforms of VEGF-A.

3.2. Bevacizumab

Bevacizumab (Avastin) is a humanized monoclonal full-length recombinant IgG anti-
body that binds all VEGF-A isoforms with two binding sites per molecule. It was approved
by the FDA for intravenous use against colorectal cancer in 2004 [64,65]. As ophthalmol-
ogists were transitioning to using pegaptanib to treat exudative AMD, promising phase
3 trial data of ranibizumab for the treatment of exudative AMD were being reported.
However, the FDA had not yet approved intravitreal ranibizumab, a monoclonal antibody
fragment derived from the same parent antibody as bevacizumab. Since patients with
exudative AMD were continuing to lose vision using pegaptanib, ophthalmologists be-
gan experimenting with off-label use of bevacizumab, an antibody with the same parent
molecule as ranibizumab which was already available on the market for the treatment of
colon cancer [63,66–68]. An initial pilot study was done using intravenous bevacizumab,
which demonstrated improved visual acuity and retinal thickness in eyes with exudative
AMD [66]. A couple of case reports appeared in the literature in 2005, demonstrating that
intravitreal bevacizumab was effective and well-tolerated in eyes with exudative AMD [68]
and ME from CRVO [67]. These case reports ultimately paved the way for further studies
exploring the off-label use of intravitreal bevacizumab in the treatment of many different
retinal pathologies [69,70].

Today, intravitreal bevacizumab remains a very popular option due to its comparable
efficacy and much lower cost when compared to on-label intravitreal anti-VEGF drugs. A
multi-center clinical trial conducted comparing the efficacy of intravitreal bevacizumab
to on-label ranibizumab for the treatment of exudative AMD found the two drugs to be
comparable [71]. Currently, intravitreal bevacizumab is used off-label for a variety of
retinal conditions associated with choroidal or retinal neovascularization or ME, including
exudative AMD, choroidal neovascularization from pathologic myopia, PDR, DME, ME
due to RVO, retinopathy of prematurity, neovascular glaucoma, and others [72]. The typical
dose of intravitreal bevacizumab is 1.25 mg per 0.05 mL. Some studies on retinopathy of
prematurity in neonates suggest that lower doses may provide equal efficacy and carry the
potential to decrease cost and potential systemic adverse effects; other studies highlight
that doses up to 4.0 mg may be beneficial for more resistant neovascularization [73,74].
Generally, the medication is well tolerated, and events such as endophthalmitis and retinal
detachment are very rare despite the drug being aliquoted for intravenous injection by
compounding pharmacies [75–77].

3.3. Ranibizumab

Ranibizumab (Lucentis), as mentioned earlier, is a monoclonal antibody fragment
derived from the same parent monoclonal antibody as bevacizumab. It was developed
by Genentech (South San Francisco, CA, USA) for intravitreal administration. Before
intravitreal bevacizumab was used off-label clinically, researchers believed bevacizumab
would be too large a molecule to penetrate into the subretinal space to reach the choroidal
neovascular tissue in eyes with exudative AMD [78]. Thus, ranibizumab was developed as
a small, 48 kD antibody fragment that binds to the receptor-binding domain of VEGF121,
VEGF165, and VEGF189 [79]. It also lacks an Fc region, allowing it to bypass Fc recycling
and prolong its existence in the eye [80]. Ranibizumab received FDA approval in 2006
for the treatment of exudative AMD after two landmark phase III trials, MARINA and
ANCHOR, showing superior visual acuity with limited adverse effects in eyes treated with
monthly intravitreal ranibizumab (0.3 mg or 0.5 mg) when compared to the standard of care
at the time, i.e., observation or PDT [81,82]. The MARINA trial at 12 months showed that
almost 95% of eyes showed stable visual acuity, i.e., lost fewer than 15 letters; visual acuity
improved by 15 or more letters in 24.8% of the 0.3 mg group and 33.8% in the 0.5 mg group
(verses 5.0% in the sham group) [81]. Multiple studies since then have demonstrated the
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safety and efficacy of ranibizumab [83]. Currently, it is also FDA-approved for the treatment
of PDR, DME, ME from RVO, and choroidal neovascularization due to myopia [84].

3.4. Aflibercept

Aflibercept (Eylea) was developed by Regeneron Pharmaceuticals, Inc. (Tarrytown,
NY, USA) with the intention of creating a therapeutic for exudative AMD with sustained
inhibitory effects against VEGF [85]. It was developed as a recombinant fusion protein
comprised of the VEGFR-1 and VEGFR-2 cell surface receptor binding domains fused
with an Fc portion of human immunoglobulin G [86]. Aflibercept’s structure allows it to
function as a decoy receptor that binds VEGF-A with a high affinity, preventing it from
interacting with its natural receptors and subsequently inhibiting angiogenic potentiation.
This mechanism of action gives rise to aflibercept’s other name—VEGF Trap [86,87]. In
addition to blocking the action of all isoforms of VEGF-A, aflibercept also binds to VEGF-B
and is the only anti-VEGF agent in its class that inhibits placental growth factor (PlGF),
another key modulator of neovascularization [87,88]. Therapeutic effects observed in two
phase III clinical trials, VIEW1 and VIEW2 trials, led to the FDA approval of aflibercept
for the treatment of exudative AMD in 2011. These trials investigated the efficacy of
aflibercept 2 mg given bimonthly following an initial three doses given monthly; results
showed that aflibercept effectively improved visual acuity and reduced retinal fluid and
was non-inferior to ranibizumab given monthly [89,90]. Since aflibercept required fewer
doses than ranibizumab as per the study design, the results suggest it may have a longer
duration of action than ranibizumab. Aflibercept has since been FDA-approved for the
treatment of other neovascular conditions, including DME [91], ME due to RVO [92], PDR,
and choroidal neovascularization due to myopia [85].

A 2-year clinical trial comparing bevacizumab, ranibizumab, and aflibercept for DME
found that all three drugs decreased DME and improved visual acuity after 2 years [93].
However, visual acuity with aflibercept was better than bevacizumab at 2 years in eyes
with worse baseline visual acuity (20/50 or worse), suggesting that aflibercept may be
superior in these cases. Visual acuity with aflibercept was better than ranibizumab at 1 year
in eyes with worse baseline visual acuity, but this difference was not significant at 2 years.

Recent studies have compared the standard dosing of aflibercept of 2 mg versus a
higher dose of 8 mg in patients with exudative AMD. The phase II CANDELA clinical
trial demonstrated a potential trend in improved anatomic and visual outcomes with the
higher dose aflibercept without any difference in safety profiles, although the primary
endpoint did not achieve statistical significance [94]. Serious adverse effects occurred
in less than 0.1% of patients receiving intravitreal injections of aflibercept. They include
endophthalmitis, retinal detachment, and elevated intraocular pressure [95].

3.5. Brolucizumab

Brolucizumab (Beovu) is a single-chain variable antibody fragment with an absent
Fc portion that binds all isoforms of VEGF-A. Intravitreal brolucizumab received FDA
approval for the treatment of exudative AMD in the United States in October 2019 [96].
Originally developed by ESBATech (Schlieren, Zurich, Switzerland), brolucizumab contains
a human single-chain variable fragment scaffold grafted to a complementarity-determining
region of an anti-VEGF antibody, leading to a smaller molecule size [97]. This smaller molec-
ular size was postulated to lead to higher tissue penetrance (2.2× higher exposure to the
retina and 1.7× higher exposure to the RPE/Choroid complex compared to ranibizumab
in preclinical data) [98]. It also allowed for a higher molar concentration of the drug in
the 50 µL intravitreal injection, a >10-fold increase compared to aflibercept and a 20-fold
increase compared to ranibizumab [99]. Two phase III clinical trials, HAWK and HARRIER,
compared intravitreal brolucizumab to intravitreal aflibercept for treatment-naïve eyes with
exudative AMD [98,100]. The studies demonstrated the non-inferiority of brolucizumab
compared to aflibercept every 8 weeks in terms of visual acuity gain and anatomic resolu-
tion of retinal fluid. Since over 50% of eyes treated with brolucizumab were maintained on
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every 12-week dosing, the data suggested that brolucizumab may be longer lasting than
aflibercept [98,100]. Brolucizumab alone, or in combination with aflibercept, has also been
shown to be effective in treating patients with chronic exudative AMD resistant to other
anti-VEGF therapies [101]. The KESTREL and KITE phase III clinical trials also demon-
strated that brolucizumab was non-inferior to aflibercept in visual outcome in treating
DME [102]. Unfortunately, after FDA approval, a number of post-marketing reports of
severe vision loss due to intraocular inflammation (IOI) including retinal vasculitis and/or
retinal artery occlusion were reported after treatment with brolucizumab [103,104]. A post
hoc review of the HAWK and HARRIER studies showed an IOI incidence of 4.6% on brolu-
cizumab (versus 1.5% on aflibercept), but incidence of severe vision loss was comparable
in the two groups [105]. While brolucizumab remains an anti-VEGF treatment option for
exudative AMD, the risk of IOI has limited its use in recent years. Since it is unclear at this
time which eyes are predisposed to IOI, careful observation is necessary to monitor for any
signs of inflammation in eyes undergoing treatment with brolucizumab.

3.6. Faricimab

Developed by Roche/Genentech (South San Francisco, CA, USA), Faricimab (Vabysmo)
received approval from the FDA in January 2022 for the treatment of exudative AMD and
DME in the United States [106]. Faricimab is a bispecific antibody inhibiting both VEGF-A
and Angiopoetin-2 (Ang-2), another angiogenic growth factor. Ang-2 has been implicated
in decreasing vascular integrity, having a complementary or perhaps synergistic effect with
VEGF-A [106,107]. Faricimab has demonstrated non-inferiority in visual acuity outcome to
aflibercept in the TENAYA and LUCERNE trials, two phase III clinical trials for exudative
AMD [108], and YOSEMITE and RHINE trials, two phase III trials for DME [109]. Rates
of ocular adverse events were comparable to aflibercept. Over 75% of eyes treated with
faricimab could be maintained at an every 12 to 16 weeks treatment regimen, sugges-
tive of prolonged durability of faricimab when compared to aflibercept. As the newest
FDA-approved anti-VEGF therapy at this time, research is still ongoing regarding both the
efficacy and safety profile of this medication.

4. Discussion

There is a growing number of anti-VEGF drugs that can be administered intravitreally
to treat various common retinal disorders such as exudative AMD, PDR, and ME due
to RVO or DR. The currently available agents mentioned in Section 3 are summarized
in Table 1. Intravitreal administration of these drugs allows for high bioavailability of
the drug in the retina for maximum therapeutic effect while minimizing the potential
systemic side-effect of anti-VEGF therapy. In fact, intravitreal anti-VEGF therapies are
highly effective in reducing ocular neovascularization, macular edema, and exudation that
lead to vision loss.

Unfortunately, the anti-VEGF effects are reversible, and frequent repeat intravitreal
injection of the drug is needed to maintain the therapeutic effect. This need for retreatment
is often indefinite. Some eyes may become resistant to anti-VEGF therapy and require
prolonged dosing as frequently as every 4 weeks. This retreatment regimen poses a
high financial and social burden on patients. On-label intravitreal anti-VEGF drugs are
expensive, and insurance companies often impose the use of off-label bevacizumab as
a first-line treatment to limit drug costs. The majority of patients receiving intravitreal
anti-VEGF therapy are elderly and visually impaired, and many need to rely on family and
friends to provide transportation for these eye treatment visits.
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Table 1. Anti-VEGF therapies.

Drug Structure Target Standard
Dose

FDA-Approved
Clinical Indications Landmark Clinical Trials

FDA
Approval

Date

Pegaptanib

28 nucleotide RNA
aptamer with a
5’-attachment of

polyethylene glycol

VEGF-A165
0.3 mg/
0.09 mL AMD AMD: VISION [62] 2004

Bevacizumab

Recombinant
humanized

monoclonal IgG1
antibody

All isoforms of
VEGF-A

1.25 mg/
0.05 mL

Off-label for
ophthalmic use

AMD: CATT [71]
DME: BOLT [69],
BEVORDEX [70]

Off-label for
ophthalmic

use

Ranibizumab

Recombinant
humanized

monoclonal IgG1
kappa antibody

fragment

All isoforms of
VEGF-A

0.3 mg/
0.05 mL or

0.5 mg/
0.05 mL

AMD, DR, DME, ME
due to RVO, myopic

choroidal
neovascularization

AMD: MARINA [81],
ANCHOR [82]
DME: RISE, RIDE [48]
RVO: BRAVO,
CRUISE [51]

2006

Aflibercept

Soluble decoy
receptor comprised of

an Fc fragment of
IgG1 fused to binding
domains of VEGFR-1

and VEGFR-2

All isoforms of
VEGF-A,

VEGF-B, and
placental

growth factor

2.0 mg/
0.05 mL

AMD, DR, DME, ME
due to RVO,

retinopathy of
prematurity

AMD: VIEW 1,
VIEW 2 [90]
DME: VISTA, VIVID [91]
RVO: COPERNICUS,
GALILEO [92]

2011

Brolucizumab

Humanized
monoclonal

single-chain variable
fragment (scFv)

All isoforms of
VEGF-A

6.0 mg/
0.05 mL AMD, DME

AMD: HAWK,
HARRIER [98]
DME: KESTREL,
KITE [102]

2019

Faricimab
IgG1-derived

bispecific monoclonal
antibody

Angiopoietin-2
and all isoforms

of VEGF-A

6.0 mg/
0.05 mL AMD, DME

AMD: TENAYA,
LUCERNE [108]
DME: RHINE,
YOSEMITE [109]

2022

Finally, intravitreal anti-VEGF injections can be associated with adverse events. Serious
ocular adverse events, which can be associated with the injection itself, such as infection,
bleeding, retinal detachment, and intraocular inflammation, can result in severe vision
loss. Fortunately, these events are relatively rare. The more common patient complaints
after intravitreal injections are eye irritation and blurry vision, which are experienced by
almost all patients soon after injection. Eye irritation can persist for a couple of days after
the injection. Systemic adverse events following intravitreal anti-VEGF are a concern,
given the known adverse effects of hypertension, bleeding, and cardiovascular events
associated with systemic anti-VEGF therapy. However, the incidence appears to be low
and of reduced severity with intravitreal anti-VEGF therapy, given the very low dose of the
drug administered. Intravitreal anti-VEGF agents have been associated with a short-term
elevation in blood pressure after injection [110], although this effect may vary by anti-VEGF
agent [111] and it is debatable whether it is of clinical significance. A systematic review
and meta-analysis of over 9000 patients found no difference in rate of major cardiovascular
and non-ocular hemorrhagic events in patients who received intravitreal ranibizumab or
bevacizumab when compared to patients who did not receive anti-VEGF treatment, but
this study may be underpowered to assess for rare adverse events [112].

5. Future Directions: Emerging Anti-VEGF Therapies

Included in this section are some of the new emerging strategies for intravitreal anti-
VEGF therapy that are under development to reduce the cost and retreatment burden while
maximizing efficacy.

5.1. Port Delivery System

In October 2021, the FDA approved Susvimo, a port delivery system (PDS) developed
by Genentech (South San Francisco, CA, USA), for the treatment of exudative AMD in



Pharmaceuticals 2023, 16, 1140 13 of 22

eyes that had previously received at least two anti-VEGF injections [113]. The PDS is a
surgically delivered permanent intraocular implant that is refillable and designed to deliver
ranibizumab continuously into the vitreous. The refill-exchange procedure is done in a
clinic at 24 weeks intervals [113]. The implant is inserted surgically via a scleral incision
into the vitreous cavity at the level of the pars plana and covered by conjunctiva; it can
be refilled through a self-sealing septum. The Archway Phase 3 trial demonstrated that
PDS every 24 weeks was non-inferior compared to monthly injections of ranibizumab for
eyes with exudative AMD; 98.4% of eyes did not receive any supplemental treatment [113].
Adverse events included vitreous hemorrhage (5.2%), retinal detachment (0.8%), and
endophthalmitis (1.6%). The non-inferiority of PDS to monthly ranibizumab has been
demonstrated for up to 2 years with the most recently published Archway trial data [114].

The PDS was recalled by Roche/Genentech in October 2022 after reports of septum
dislodgement within the implant after refill-exchange procedures. There were 33 cases
reported in 1419 patients (2.3%) over 5236 refill-exchange procedures, and the PDS remains
off the market at this time while quality issues are being resolved by the manufacturer [115].

5.2. Anti-VEGF Biosimilars

As some of the earlier anti-VEGF therapies have been on the market for over a decade
now, their patents are expiring, leading the way for the development of anti-VEGF biosimi-
lars. A biosimilar agent must have no meaningful difference in safety, efficacy, or potency
compared to the reference drug. For ophthalmic use, they must also demonstrate safety
and efficacy in the eye, which can be entirely different from systemic pharmacokinetics and
pharmacodynamics. For this reason, the Academy of Ophthalmology strongly recommends
against off-label use of biosimilars unless there is strong clinical data that the drug is safe
and effective in the eye [116]. One example of this was the development of Razumab in
India by Intas Pharmaceuticals, the first commercially available biosimilar to ranibizumab
approved in India in 2015; Razumab was shown to have increased rates of sterile endoph-
thalmitis, which eventually led to a recall and changes in drug formulation [117,118].

In the United States, there are currently two anti-VEGF biosimilars FDA-approved
for ophthalmic use: ranibizumab-nuna (Byooviz; Biogen—Cambridge, MA, USA and
Samsung Bioepis—Incheon, South Korea), which was FDA-approved in 2021 for exuda-
tive AMD, ME due to RVO, and myopic choroidal neovascularization, and ranibizumab-
eqrn (Cimerli; Coherus—Redwood City, CA, USA), which was FDA-approved in 2022
as the first interchangeable biosimilar to ranibizumab [119]. There are currently numer-
ous biosimilars under clinical trial for ophthalmic use. Ranibizumab biosimilars include
Xlucane (Xbrane Biopharma—Solna, Sweden, Bausch + Lomb—Ontario, Canada, and
Stada Arzneimittel—Bad Vilbel, Germany) [120]. Aflibercept biosimilars include MYL-
1701P (Mylan—Canonsburg, PA, USA and Momenta—Cambridge, MA, USA), ABP 938
(Amgen—Thousand Oaks, CA, USA), FYB203 (Bioeq—Zug, Switzerland), SOK583A1
(Sandoz—Basel, Switzerland), SB15 (Samsung Bioepis—Incheon, South Korea), and CT-
P42 (Celltrion—Incheon, South Korea) [119]. Two bevacizumab biosimilars are currently
approved in the United States for non-ophthalmic oncologic indications only: bevacizumab-
bvzr (Zirabev; Pfizer—New York, NY, USA) and bevacizumab-awwb (Mvasi;
Amgen—Thousand Oaks, CA, USA) [121]. An ophthalmic bevacizumab biosimilar ONS-
5010 (Outlook Therapeutics—Iselin, NJ, USA) is currently under investigation [121,122]. In
the upcoming years, there will likely be an increasing number of biosimilars available on
the market, which could lead to potential financial savings for patients and the healthcare
system. However, increased vigilance post-marketing will be important to identify any
possible adverse events, such as those seen with Razumab.

5.3. DARPins

Designed ankyrin repeat proteins (DARPins) are a relatively new class of non-immuno
globulin small molecule single-domain proteins that can bind to a target protein with very
high specificity and affinity [123]. Abicipar pegol, developed by Allergan (Dublin, Ireland),



Pharmaceuticals 2023, 16, 1140 14 of 22

is an anti-VEGF DARPin molecule. The phase III clinical trial data from the SEQUOIA and
CEDAR studies demonstrated that over 90% of patients with exudative AMD maintained
stable vision at 12-week dosing intervals, similar to monthly ranibizumab injections; how-
ever, rates of IOI were around 15% [124–126]. Although this rate was reduced to 8.9% in
the subsequent MAPLE study after a modified manufacturing process [127], the rates of
IOI were still much higher than the current anti-VEGF therapies on the market. Thus, the
FDA declined the approval of abicipar pegol for exudative AMD in 2020.

5.4. Thermosensitive Hydrogels

Thermosensitive hydrogels are hydrophilic polymers that are liquid at room tempera-
ture but solid at body temperature. This unique property can allow drugs to be delivered
into the eye while allowing for sustained release inside the eye [128,129]. These hydrogels
are still being investigated in vitro and in animal models. Thomasy et al. demonstrated
that aflibercept loaded into a “microsphere thermo-responsive hydrogel” could be in-
jected intravitreally in rhesus macaques with sustained release of aflibercept for up to
6 months [130].

5.5. Tyrosine Kinase Inhibitors

GB-102, developed by Graybug Vision (Redwood City, CA, USA), is a biodegradable
microparticle depot formulation of sunitinib malate [131], a small molecule receptor tyro-
sine kinase (RTK) inhibitor that is currently used to treat malignancies, including GI stromal
tumors and advanced renal cell carcinoma [132]. The inhibition of receptor tyrosine kinase
blocks both VEGF-A and platelet-derived growth factor activity, and the depot formulation
of GB-102 can last up to 6 months in the eye [133]. Data from the Phase 2b ALTISSIMO trial
showed that the frequency of injections was reduced by 58% compared to patients’ pre-trial
treatment regimen [134].

5.6. Adjuvant Radiotherapy

Radiotherapy as an adjuvant to intravitreal anti-VEGF therapy has been explored in
clinical trials to reduce the retreatment burden in eyes with exudative AMD. The rationale
for exploring this combination therapy is based on observations made in oncology stud-
ies where sustained tumor regression with anti-VEGF therapy was only achieved when
combined with radiotherapy or chemotherapy [135]. Radiation theoretically can reduce
neovascularization by destroying endothelial cells. Radiotherapy to the macula has been ap-
plied using intravitreal brachytherapy, external beam radiotherapy via robotics, and proton
beam therapy. Our group conducted a Phase I/II randomized, sham-controlled, double-
masked study demonstrating that the combination of intravitreal anti-VEGF therapy and
low-dose proton beam radiotherapy is well tolerated and associated with a significantly
lower need for retreatment with intravitreal anti-VEGF in eyes with newly diagnosed
exudative AMD [135,136]. However, on long-term follow-up of 4 years, the development
of geographic atrophy limited visual acuity in some AMD eyes and was more common
in eyes that received higher doses of radiation. Whether this observation is related to
the long-term effects of radiation or from a natural progression of AMD could not be
determined in our small study since geographic atrophy was more common at baseline in
the eyes that received higher doses of radiation [136]. A similar reduction in anti-VEGF
retreatment was noted in a multi-center, prospective, open-labeled study using epi-macular
brachytherapy, but the visual outcome was compromised in the combination therapy group
when compared to the anti-VEGF monotherapy group after 2 years [137]. In this study, it
was unclear whether the reduced vision in the brachytherapy group was due to cataract
progression from vitrectomy used for brachytherapy, the effect of radiotherapy, or the open-
labeled study design potentially leading to undertreatment with anti-VEGF therapy. Thus,
further research is needed to further assess the safety and efficacy of adjuvant radiotherapy
combined with intravitreal anti-VEGF therapy in eyes with exudative AMD.
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5.7. Gene Therapy

Gene therapy in ophthalmology has garnered renewed interest in recent years since
the 2017 FDA approval of voretigene neparvovec-rzyl (Luxturna), a subretinal gene therapy
using the AAV2 virus vector to deliver human RPE65 cDNA in RPE65-associated retinal
dystrophy [138]. Gene therapy is a novel approach to delivering anti-VEGF therapy
long term.

One gene therapy under clinical trial is ixoberogene soroparvovec (formerly ADVM-
022) developed by Adverum Biotechnologies (Redwood City, CA, USA). It is undergoing
clinical investigation in the phase II LUNA trial for exudative AMD [139]. This therapy
uses an AAV.7m8 vector capsid carrying the aflibercept coding sequence on a proprietary
expression cassette that is injected intravitreally. Early data of the phase I OPTIC study of
six patients who received the higher dose of ADVM-022 have shown maintenance of vision
and anatomy without rescue injection for a median of 34 weeks [140–142].

Another therapy under investigation for exudative AMD is RGX-314 developed by
Regenxbio (Rockville, MD, USA), which has an AAV8 vector that expresses a ranibizumab-
like anti-VEGF antibody fragment. It is undergoing clinical trials for injection either into
the subretinal or suprachoroidal space [140].

6. Conclusions

VEGF has been identified as a key mediator in the pathogenesis of retinal and choroidal
neovascularization as well as ME associated with common retinal disorders such as AMD,
RVO, and DR. The advent of intravitreal anti-VEGF therapy has been life-changing and
vision-saving for many patients with these retinal conditions. Intravitreal delivery of anti-
VEGF drugs allows for optimal bioavailability of the drug in the target tissue for maximum
therapeutic effect while minimizing potential systemic side effects of anti-VEGF therapy.
However, current therapies are expensive and have a limited duration of effect, requiring
frequent repeat drug administration.

Fortunately, new advances in drug development are underway to increase the efficacy
and durability of intravitreal anti-VEGF therapy and reduce costs. Anti-VEGF biosimilars
have been introduced to the market to reduce the cost of intravitreal anti-VEGF therapy.
Novel approaches such as gene therapy are being explored in clinical trials and will likely
lead to exciting developments in the near future.
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Abbreviations

AMD Age-related macular degeneration
Anti-VEGF Drugs that inhibit vascular endothelial growth factor
BRVO Branch retinal vein occlusion
CRVO Central retinal vein occlusion
DARPins Designed ankyrin repeat proteins
DME diabetic macular edema
DR Diabetic retinopathy
EG-VEGF Endocrine gland-derived vascular endothelial growth factor
IOI Intraocular inflammation
IOP Intraocular pressure
ME Macular edema
NP-1 Neuropilin-1
NP-2 Neurophilin-2
NPDR Non-proliferative diabetic retinopathy
PCV Polypoidal choroidal vasculopathy
PDR Proliferative diabetic retinopathy
PDT Photodynamic therapy
PlGF Placental growth factor
POHS Presumed ocular histoplasmosis syndrome
PRP Panretinal laser photocoagulation
RPE Retinal pigment epithelium
RVO Retinal vein occlusion
VEGF Vascular endothelial growth factor
VEGFR Vascular endothelial growth factor receptor
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