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Introduction
Age-related macular degeneration (AMD) is the leading cause of central visual loss and
legal blindness in patients over the age of 65 years.1,2 As many as 30% of adults over
the age of 75 years develop signs of senile retinal degeneration, and the prevalence of
AMD is on the rise due to an aging population.3,4 The cost of current treatment regimens may not be sustainable, as the expected healthcare costs for a single patient with
newly diagnosed neovascular AMD may reach up to US$250,000.5 The exudative or
neovascular form of AMD, which is characterized by choroidal neovascular membrane
(CNV) growth and/or serous retinal pigment epithelial (RPE) detachments, accounts
for over 90% of the cases with severe visual loss.6 Complications such as subretinal
hemorrhage, vitreous hemorrhage, fibrosis, and scarring are responsible for poor visual
outcomes in these patients.7 The goal of therapy for many years was to salvage vision
in this subset of patients with the neovascular form of the disease.
Evidence from large multicenter clinical trials in the last decade has brought about a
paradigm shift with neovascular AMD.8 Increasing knowledge of the pathogenic mechanisms responsible for neovascular growth and complications in AMD has resulted in
translational research targeting specific pathways that were previously unexplored.9 Treatments targeting vascular endothelial growth factor (VEGF) have been shown to improve
vision in patients with neovascular AMD and now constitute the mainstay of therapy.10
Results from research on newer therapeutic strategies including gene therapy suggest that
novel treatment options may be on the horizon.11 The fast pace of clinical research has
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Abstract: Contemporary management of neovascular age-related macular degeneration (AMD)
has evolved significantly over the last few years. The goal of treatment is shifting from merely
salvaging vision to maintaining a high quality of life. There have been significant breakthroughs
in the identification of viable drug targets and gene therapies. Imaging tools with near-histological
precision have enhanced our knowledge about pathophysiological mechanisms that play a role
in vision loss due to AMD. Visual, social, and vocational rehabilitation are all important treatment goals. In this review, evidence from landmark clinical trials is summarized to elucidate
the optimum modern-day management of neovascular AMD. Therapeutic strategies currently
under development, such as gene therapy and personalized medicine, are also described.
Keywords: AMD, neovascular AMD, choroidal neovascular membrane, pharmacogenomics,
VEGF, low-vision rehabilitation, gene therapy
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led to some challenges, at times, in the optimal management
of advanced AMD. Although guidelines are available from
the ophthalmic community on the treatment of patients with
advanced AMD,12 this review focuses on current AMD treatments and the investigations currently underway to advance
the state of knowledge in the field of AMD research.

Early diagnosis and monitoring
of visual function in AMD
History and physical examination
Neovascular AMD characteristically results in symptoms such
as decreased vision and metamorphopsia. Unfortunately, by
the time these symptoms occur, significant damage to the
retinal layers and retinal pigment epithelium may have already
occurred. At the time of first presentation to the ophthalmologist, more than one-third of patients may already have
advanced fibrotic lesions.13 Careful attention to the status of
the disease in the fellow eye is essential, as severe AMD in
one eye may be associated with accelerated progression of
disease in the fellow eye.14 It is estimated that the incidence of
neovascular AMD in the fellow eye may be as high as 12.2%
at 12 months and increased to 26.8% at 48 months.15
Regular follow-up with an ophthalmologist is imperative
in ensuring early detection of anatomic and visual changes
secondary to AMD.16 A comprehensive eye examination
with assessment of best-corrected visual acuity (BCVA),
intraocular pressure,17 slit-lamp examination, and dilated
fundus examination in the clinic are the sine qua non of disease detection. The American Academy of Ophthalmology
Preferred Practice Pattern® Guideline for AMD18 also recommends a thorough history be taken, including quantitative
smoking history, for the diagnosis of advanced AMD.

Diagnostic imaging and ancillary tests
for neovascular AMD
Various diagnostic modalities can be employed for the detection of CNV in patients with AMD, as per the Age-related
Macular Degeneration: Detection of Onset of New Choroidal
Neovascularization (AMD DOC) study.19 Time-domain and
the newer spectral-domain optical coherence tomography
(SD-OCT) and fluorescein angiography (FA) still remain
the best methods to detect CNV.20 FA has been used as an
initial diagnostic tool in all Phase III clinical trials of AMD.12
Once diagnosed, patients may be followed-up on SD-OCT
to assess response of therapy noninvasively21–23 and FA
may be reserved for cases where additional information is
required.24 SD-OCT can reveal the presence of intraretinal or
subretinal fluid that is not apparent on clinical examination.
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Indocyanine green (ICG) angiography can be used to detect
various retinal and choroidal vascular abnormalities such as
retinal angiomatous proliferation (also known as RAP or type
3 CNV) and polypoidal choroidal vasculopathy (PCV).25
Knowledge of CNV location, progression, and potential
response to treatment is essential in the diagnosis of neovascular
AMD. While SD-OCT has recently revolutionized diagnosis,
newer technologies such as swept-source optical coherence
tomography (OCT), which employs longer wavelengths, now
allow improved imaging beyond the retinal pigment epithelium.
This en face imaging system may provide a better contrast for
detecting occult CNV compared to SD-OCT.26 In addition,
blood flow measurements can also be assessed using Doppler
OCT that can perform 3D imaging of the vasculature in PCV
and other exudative macular diseases.27,28 OCT angiography
can provide distinct vascular network patterns that may be
otherwise obscured by subretinal hemorrhage on conventional
FA. This may enable a higher diagnostic yield and quantitative
assessment of vascular flow.29 In the future, new imaging tools
may allow calculation of flow indices that may help in judging treatment response in neovascular AMD. As an example,
assessment of photoreceptor density and perturbation in patients
with AMD with adaptive optics imaging provides information
with near-histological precision that may be valuable in assessing the effects of cell-based therapy in the future.30,31
Patients are instructed to use an Amsler grid for home
monitoring to help identify progression of disease based on
symptom recognition, and this is currently the standard of
care. Daily home self-monitoring by patients using newer
preferential hyperacuity perimetry-based telemonitoring
devices has been recommended for earlier detection of CNV
in patients with AMD. Compared to a median loss of nine
letters in the standard-of-care group, patients using the selfmonitoring device demonstrated a median loss of four letters
from baseline at the time of CNV detection.32 It remains to
be seen if digital monitoring will overtake the traditional grid
as the standard of care, but it has shown promise.
Studies have shown that BCVA alone may not reflect the
retinal damage secondary to AMD.33 In the Lucentis (Ranibizumab) in Diabetic Macular Edema: a Treatment Evaluation
(LUCIDATE) study, visual function was assessed using
microperimetry.34 Retinal microstructural changes correlate
well with retinal function, as assessed by microperimetry in
patients with AMD.35 Other aspects of visual function such
as contrast sensitivity may be compromised in patients with
AMD.36 While currently not the standard of care, these testing modalities help assess the progression of advanced AMD
and may become more important as treatment goals include
treatment of geographic atrophy in AMD.
Clinical Ophthalmology 2015:9

Dovepress

Clinical Ophthalmology downloaded from https://www.dovepress.com/ by 34.238.248.103 on 12-Aug-2020
For personal use only.

Advances in prevention of advanced
AMD
The role of antioxidants in the prevention of advanced AMD was
established by the Age-Related Eye Disease Study (AREDS)
in patients with moderate-to-severe AMD.37 AREDS2 was a
multicenter randomized Phase III study, completed in 2013.
Removing beta-carotene and lowering zinc did not affect the
AMD progression rate. In some patients, lutein and zeaxanthin lowered the progression of AMD by 20% more than the
original formulation. The current recommendation based on the
AREDS2 study is vitamin supplement consisting of 500 mg
vitamin C, 400 IU vitamin E, 10 mg lutein, 2 mg zeaxanthin,
80 mg zinc, and 2 mg copper.38 AREDS,39 AREDS2,38 and
other large epidemiological studies such as the Blue Mountains
Eye Study40 assessed the effect of dietary supplementation with
omega-3 fatty acids and cessation of smoking on progression
of AMD. Thus, dietary advice and smoking cessation are still
considered as the mainstay for AMD treatment.41 As of 2015,
there is debate among retinal specialists as to whether genetic
testing should guide the recommendation of vitamin supplementation. Further research is investigating the role of diet and
genetics in the development of AMD.42,43

Established therapy for treatment
of neovascular AMD
Photodynamic therapy
Verteporfin photodynamic therapy (PDT) is a laser treatment that selectively generates free oxygen radicals that
cause cytotoxic damage and occlusion of new vessels with
regression of CNV in patients with AMD after intravenous
administration of a sensitizing agent. The Treatment of
AMD with Photodynamic Therapy (TAP) study assessed the
safety and efficacy of PDT in patients with classic subfoveal
CNV. At 24-month follow-up, the percentage of patients losing ,15 letters was significantly less in the PDT group than
in the control group (P,0.001). This observation was only
noted with predominately classic CNV lesions and not with
minimally classic lesions.44 The Verteporfin in Photodynamic
Therapy (VIP) trial was a randomized, double-masked,
placebo-controlled study investigating the efficacy of PDT
in occult CNV. At 2 years, PDT was shown to decrease the
risk of moderate and severe visual loss compared to placebo.45
However, both the trials failed to show a significant improvement in BCVA compared to baseline.
PDT is considered generally safe with few rare adverse
events. In the anti-VEGF era, the use of PDT has declined
due to its lower efficacy in improving BCVA. Recent evidence from the Comparison of Ranibizumab (Lucentis) And
Clinical Ophthalmology 2015:9
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Photodynamic Therapy On Polypoidal choroidal vasculopathy (LAPTOP) study has also shown superior results with
ranibizumab (RBZ) compared to PDT for PCV.46 However,
it is important to note that the rates of polyp closure may be
higher with PDT alone, or combined with RBZ, as compared
to RBZ alone, as shown by the Visual Outcome in Patients
with Symptomatic Macular PCV Treated with Either Ranibizumab as Monotherapy or Combined with Verteporfin Photodynamic Therapy (EVEREST) study.47–49 Current guidelines
recommend the use of PDT in combination with anti-VEGF
therapy for PCV.12,18,49 Studies have also shown the short-term
efficacy of aflibercept (AFL) in the occlusion of polyps in
treatment-naïve patients with PCV.50

The anti-VEGF era
The initial trials which proved the efficacy of anti-VEGF
treatments, such as the Anti-VEGF Antibody for the Treatment of Predominantly Classic Choroidal Neovascularization in Age-Related Macular Degeneration (ANCHOR) and
Minimally Classic/Occult Trial of the Anti-VEGF Antibody
Ranibizumab in the Treatment of Neovascular Age-Related
Macular Degeneration (MARINA) studies, are well chronicled in a previous article.51 Prior to the VEGF era, treatments
for neovascular AMD included laser photocoagulation and
PDT. Anti-VEGF agents have provided an important breakthrough in the treatment of neovascular AMD. Anti-VEGF
treatments are currently the standard first-line therapy for the
management of neovascular AMD.18

Evolution of treatment regimens with RBZ
Historically, ANCHOR52 and MARINA53 were landmark
studies that proved the efficacy of RBZ using a monthly dosing regimen. Since then, treatment strategies have focused
on minimizing the frequency of treatments. The Study of
rhuFab V2 (Ranibizumab) in Subjects With Subfoveal
Choroidal Neovascularization Secondary to Age-Related
Macular Degeneration (PIER) and Efficacy and Safety of
Monthly versus Quarterly Ranibizumab Treatment in Neovascular Age-Related Macular Degeneration (EXCITE) trials
tested using fixed dosing schedules to decrease the treatment
burden.54,55 The Prospective OCT Study with Lucentis for
Neovascular AMD (PrONTO), An Extension Study to Evaluate the Safety and Tolerability of Ranibizumab in Subjects
with Choroidal Neovascularization Secondary to AMD
(HORIZON), Study of Ranibizumab in Patients with Subfoveal Choroidal Neovascularization Secondary to Age-Related
Macular Degeneration (SUSTAIN), and Study to Evaluate
Ranibizumab in Subjects with Choroidal Neovascularization
(CNV) Secondary to Age-Related Macular Degeneration
submit your manuscript | www.dovepress.com
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(SAILOR) studies have used the pro re nata (PRN), or as
needed, dosing schedule to achieve the same goal.56–59
The PIER study (n=184) was a Phase IIIb, multicenter,
double-masked, sham-controlled trial of neovascular AMD
patients who were randomized to intravitreal RBZ (0.3 or 0.5 mg)
or sham monthly for 3 months, followed by quarterly treatments. At 1 year, patients in the 0.3 mg and 0.5 mg cohorts
lost an average 1.6 and 0.2 letters from baseline compared to
a loss of 16.3 letters in the sham cohort. Given that ANCHOR
and MARINA showed a mean increase of 7.2 and 11.3 letters
from baseline at 1 year for their 0.5 mg cohorts, this schedule
has not found favor in clinical practice.54 The EXCITE study
(n=353), another Phase IIIb, multicenter, active-controlled,
double-masked trial demonstrated higher BCVA gain in the
monthly dosing arm compared with the quarterly treatment
arm of RBZ.55
The PrONTO study (n=40) was a Phase I/II prospective,
open-label, 2-year investigation of a PRN approach to RBZ
dosing. Patients received monthly RBZ 0.5 mg injections for
3 months followed by PRN dosing. PrONTO participants
required on average 5.6 injections during the first year (2.6
injections in the last 9 months of the first year), with a mean
improvement of 9.3 letters. At 2 years, the mean number of
injections was 9.9, with a mean improvement of 11.1 letters.
The results have been influential, as the retreatment criteria
are easy to apply and the results were favorable. However,
the study was very small, and many practicing physicians
find the monthly visits with or without treatments to be a
logistical burden for patients and clinics.56
The SAILOR study (n=4,307) was a Phase IIIb multicenter, 1-year trial of intravitreal RBZ (0.3 or 0.5 mg) using
three initial monthly doses followed by PRN dosing at 3-month
follow-up appointments. In the cohort of treatment-naïve
patients (n=2,378), the mean BCVA improvement was 0.5
and 2.3 letters (in the 0.3 and 0.5 mg groups, respectively) and
patients who had previously received treatments (n=1,929)
had improvements of 1.7 and 2.3 letters (in the 0.3 and 0.5 mg
cohorts, respectively).57 The SAILOR results echo the PIER
results for quarterly visits, and are considered inferior to the
studies involving more frequent dosing.
The HORIZON study (n=853) was a Phase III, openlabel extension trial for patients who completed 2 years of
the ANCHOR or MARINA trials. Treatments were PRN,
no more frequent than monthly, with required visits at least
every 3 months. The study participants had either had prior
treatment (n=600), were prior control patients who crossed
over into treatment (n=190), or were treatment naïve to RBZ
(n=63). Patients who had previously had monthly injections
lost a mean of 5.3 letters from study baseline, which showed
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a decline from their previous mean gain of 9.4 letters from
the trials in which they had been enrolled. Patients in the
crossover and naïve cohorts lost a mean of 2.4 and 3.1 letters, respectively, from study baseline. This study found that
despite continued as-needed treatments, patients’ visual acuity declined after cessation of monthly treatments.58
The SUSTAIN study (n=513) was a Phase IIIb, multicenter, open-label, single-arm study analyzing results of PRN
RBZ. The mean number of treatments over 12 months after
a required set of 3-monthly injections was 2.7. At 1 year,
mean BCVA increased 3.6 letters from baseline. BCVA
increase was greatest at 3 months and then declined slightly
at 12 months. SUSTAIN validated the outcomes of PRN
dosing of anti-VEGF in AMD.59
Thus, the treatment protocols in clinical trials using
intravitreal anti-VEGF therapy have evolved from a more
frequent, monthly dosing to a less rigorous, as-needed
approach, in order to decrease the treatment burden, with a
trend toward worsening outcomes with less frequent dosing.
Frequent dosing may be associated with risks of progression
of geographic atrophy, as indicated by the Comparison of
Age-related macular degeneration Treatments Trial (CATT)
research group.60,61 In addition, with frequent injections, there
may be a higher risk of stroke, endophthalmitis, retinal tears
and detachments, but clinical trial sample sizes may not be
sufficient to detect rare safety outcomes.10

Comparison of bevacizumab with RBZ
Recently, there has been an interest to compare the efficacy
of bevacizumab (BCZ) to RBZ in order to define its role in
the management of AMD. BCZ has been successfully used
off-label in the management of advanced AMD.
The CATT study (n=1,208) was a multicenter, singleblind, non-inferiority trial comparing monthly and PRN BCZ
and RBZ. At 2 years, the average BCVA gains were 8.8 and
7.8 letters in the monthly RBZ and BCZ groups, respectively.
The corresponding PRN groups gained 6.7 and 5.0 letters,
respectively. These results showed non-inferiority between
the drugs, though the monthly dosing arms had outcomes
slightly better than the PRN cohorts (P=0.46).62,63 The Inhibition of VEGF in Age-related Choroidal Neovascularization
(IVAN) study (n=610) was a multicenter, non-inferiority randomized trial comparing monthly and PRN dosing of BCZ and
RBZ in Europe. At 2 years, there was no significant difference
in BCVA between the two drugs (P=0.26), and there was no
significant difference between monthly or PRN dosing groups
(P=0.18).64,65 The Multicenter Anti-VEGF Trial in Austria
(MANTA)66 and Groupe d′Evaluation Français Avastin versus
Lucentis (GEFAL)67 trials were randomized to compare PRN
Clinical Ophthalmology 2015:9
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dosing of BCZ and RBZ. As with the CATT and IVAN trials,
neither drug was found superior to the other.
The Lucentis Compared to Avastin Study (LUCAS)
trial (n=441), a recent, randomized, double-blind, multicenter, non-inferiority trial, compared BCZ and RBZ using
a treat-and-extend strategy. Mean BCVA increases were 7.9
letters for the BCZ cohort and 8.2 letters for the RBZ cohort
(P=0.845). In the first year, the RBZ group had a mean of
8.0 injections and the BCZ group had a mean of 8.9 injections (P=0.001). The BCVA gains in the LUCAS trial were
comparable to the gains in previously performed trials with
monthly dosing, which validates a very commonly used
treat-and-extend dosing regimen.68
Thus, BCZ is an effective treatment option comparable
to RBZ. Questions regarding its safety and efficacy raised
by those concerned about its preparation may not be answerable given the difficulty in running a clinical trial powered
to detect a difference in side effects among anti-VEGF treatments. Treatment with BCZ results in a much lower economic
burden to the health care system as compared to RBZ. Using
a Markov model and data from CATT trials, the expected
costs for BCZ were determined to be US$79,771 versus
US$257,496 for RBZ for a hypothetical patient diagnosed
with neovascular AMD over a 20-year time horizon.5 Thus,
BCZ is still widely used off-label for the management of
neovascular AMD despite the availability of RBZ.

AFL (or VEGF-Trap) in management of
neovascular AMD
The VEGF Trap-Eye: Investigation of Efficacy and Safety
in Wet AMD (VIEW)-1 and -2 trials (n=2,419) were two
similarly designed, double-masked, multicenter, activecontrolled, randomized, Phase III studies comparing monthly
and bimonthly dosing of intravitreal AFL 0.5 mg and 2 mg to
monthly RBZ 0.5 mg. Both the monthly and bimonthly AFL
were non-inferior compared to monthly RBZ. The mean average BCVA gain was 8.1 and 9.4 letters in the RBZ groups, 10.9
and 7.6 letters in the monthly 2 mg AFL groups, and 7.9 and
8.9 letters in the bimonthly AFL groups. These results were
heralded as a potential improvement over previously monthly,
quarterly, or PRN regimens with RBZ and BCZ. However,
it should be noted that there have not been any large clinical
trials examining bimonthly dosing with BCZ or RBZ.69

Conbercept for neovascular AMD
Conbercept (KH 902) is a novel, recombinant, soluble
VEGF receptor protein in which the binding domains of
VEGF receptors 1 and 2 are combined with the Fc portion
of immunoglobulin G. Thus, KH 902 is similar to AFL
Clinical Ophthalmology 2015:9
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except for the presence of domain 4 of the VEGF receptor 2,
which may enhance its association with the VEGF receptor.70
In a Phase I study, KH 902 was found to be safe with a dose
of up to 3 mg.71 A Phase II trial tested 0.5 and 2.0 mg KH
902 in patients with neovascular AMD (n=122). Significant
gains in BCVA were observed up to month 12.72 A recently
concluded Phase III trial using KH 902 may provide evidence
of beneficial effects of the drug on visual acuity.73 The results
of this study are awaiting publication.

Current practice patterns with
anti-VEGF agents
While most of the discussed studies have assessed monthly,
quarterly, bimonthly, or PRN treatment strategies, most American retina specialists use a different dosing regimen in clinical
practice. According to the 2014 American Society of Retina
Specialists Preferences and Trends Survey, 78% of US retinal
specialists (and 56% of international retinal specialists) treat
using the treat-and-extend strategy employed in the LUCAS trial.
Recently, Rayess and colleagues74 published a retrospective,
interventional case series of 212 eyes showing that visual and
anatomic improvements were maintained after 3 years of treatment using the treat-and-extend regimen with RBZ and BCZ.
The Seven Year Update of Macular Degeneration Patients
(SEVEN-UP) study (n=65) was a multicenter, non-interventional cohort study to examine the long-term results of patients
7 years after entering the original ANCHOR/MARINA trials
with monthly dosing regimens. They found 37% of eyes had
maintained BCVA $20/70 and 37% had BCVA #20/200.
Sixty-eight percent of study eyes had active exudative
disease, and 98% of eyes had developed macular atrophy.
This study helped elucidate the challenges of long-term management of exudative AMD, as these patients remain at risk
of vision loss many years after treatments.75 Further studies
may be necessary to understand if continued monthly dosing would prevent the visual acuity losses seen in this small
cohort. However, long-term monthly therapy may also cause
adverse events such as geographic atrophy.75
Table 1 summarizes the current understanding of the
strategies of treatment of neovascular AMD with anti-VEGF
agents.

Novel pharmacotherapeutic
approaches
The current gold-standard treatment of neovascular AMD
poses a significant financial burden to the health care system
(Table 1). In order to overcome this challenge alternative
therapeutic approaches targeting various pathways involved
in the formation and progression of CNV have been explored.
submit your manuscript | www.dovepress.com
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Based on the protocols used in various pivotal,
landmark randomized clinical trials
• This treatment regimen provides the maximum
visual improvement and reduction of CRT

Rationale

Initial monthly dosing until macula is dry, then treatment is
continued with gradual extension of the intervals
between doses
To maximize visual outcomes and safety, while minimizing the
burden and risks of frequent dosing and assessments
• Visual improvement and reduction of CRT
• Decreased burden of frequent assessments and dosing
• Decreased risks of frequent dosing
• Few clinical trials have provided evidence for use
of this regimen
$15,600a (QALY has not been reported)
8
8
• LUCAS68
• SALUTE76

Treat and extend

• Despite fewer injections, the number of clinic
visits remains frequent
$11,700a ($22,994/QALYb)
12
6
• PrONTO56
• HORIZON58
• SAILOR57
• SUSTAIN59
• CATT62
• GEFAL67
• MANTA66

• Visual improvement and reduction of CRT
• Decreased burden and risks of frequent dosing

To decrease the burden and risks of frequent dosing

Initial loading 3-monthly doses, followed by
as-needed dosing based on retreatment criteria

Pro re nata (PRN) treat and observe

Notes: aEstimated from the wholesale value of ranibizumab. bQALYs are calculated using the base model excluding serious systemic adverse events. cThe mean annual clinic visits are based on the schedule published in clinical trials
of ranibizumab during the first year of therapy. dThe mean number of injections denotes only ranibizumab injections and is an estimate, derived from various clinical trials during the first year of therapy.
Abbreviations: AMD, age-related macular degeneration; ANCHOR, Anti-VEGF Antibody for the Treatment of Predominantly Classic Choroidal Neovascularization in AMD; CATT, Comparison of AMD Treatments Trial; CRT, central
retinal thickness; GA, geographic atrophy; GEFAL, Groupe d′Evaluation Français Avastin versus Lucentis; HORIZON, An Extension Study to Evaluate the Safety and Tolerability of Ranibizumab in Subjects With Choroidal Neovascularization
Secondary to AMD; LUCAS, Lucentis Compared to Avastin Study; MANTA, Multicenter Anti-VEGF Trial in Austria; MARINA, Minimally Classic/Occult Trial of the Anti-VEGF Antibody Ranibizumab in the Treatment of Neovascular AMD;
PrONTO, Prospective OCT Study With Lucentis for Neovascular AMD; QALY, quality-adjusted life years; SAILOR, Study to Evaluate Ranibizumab in Subjects with Choroidal Neovascularization (CNV) Secondary to AMD; SALUTE, A
randomized trial to compare the safety and efficacy of two ranibizumab dosing regimens in a Turkish cohort of patients with choroidal neovascularization secondary to AMD; SUSTAIN, Study of Ranibizumab in Patients with Subfoveal Choroidal
Neovascularization Secondary to AMD; VIEW, VEGF Trap-Eye: Investigation of Efficacy and Safety in Wet AMD.

Mean annual cost (US$)
Mean annual clinic visits (n)c
Mean annual injections (n)d
Clinical trials providing evidence

Disadvantages

• High costs of frequent assessments and dosing
• Risks of multiple injections, such as GA, stroke
$23,400a ($37,366/QALYb)
12
12
• MARINA53
• ANCHOR52
• VIEW 1 and VIEW 269

Continuous monthly or 2-monthly dosing

Schedule of treatment

Advantages

Monthly/bimonthly

Features

Table 1 Treatment regimens for anti-vascular endothelial growth factor therapies in neovascular AMD
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Among various molecular compounds in the pipeline, certain
pharmacologic agents have reached Phase II/III clinical trials
and may be soon incorporated into clinical practice.
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Designated ankyrin repeat proteins
Designated ankyrin repeat proteins (DARPins) constitute a
novel class of genetically engineered, anti-angiogenic binding proteins that demonstrate high specificity and affinity.
MP0112 (now known as abicipar pegol; Allergan Inc, Irvine,
CA, USA), a specific DARPin, has been designed to bind to
VEGF-A resulting in longlasting inhibition. Abicipar pegol
has completed Phase I/II study in the treatment of neovascular
AMD.77 Following encouraging results in the preliminary
studies, Phase III studies with abicipar pegol are expected to
launch in 2015.

Sphingosine-1 phosphate antibody
Sphingosine-1 phosphate (S1P) antibody is a protein targeting
lysosphingolipids, thereby lowering the concentration of S1P
from the extracellular fluid. S1P regulates vascular and immune
processes and is involved in angiogenesis, vascular stability,
and trafficking of B- and T-cells.78 Sonepcizumab (LT1009/
iSONEP; LPath, Inc, San Diego, CA, USA) is a monoclonal
antibody that selectively binds to S1P and suppresses neovascularization in AMD when administered intravitreally.79
Sonepcizumab is currently being evaluated in Phase II clinical
trials for the treatment of neovascular AMD.

Platelet-derived growth factor antibody
Fovista (E10030; Ophthotech, New York, NY, USA) is an
aptamer-targeting platelet-derived growth factor (PDGF)-BB
homo-dimer that binds to its receptor PDGF-B found on pericytes for its recruitment, regulation, and survival. In addition,
PDGF-B has an important role in angiogenesis apart from
VEGF.80 A Phase II study comparing Fovista in combination with RBZ versus RBZ alone has demonstrated superior
results with combination therapy compared to monotherapy.9
Encouraged by these results, a Phase III study using Fovista
in neovascular AMD is currently being conducted.9

Gene therapy
Intraocular gene therapy for the management of neovascular
AMD consists of the delivery of nuclear material using viral
vectors in order to permanently alter tissue function at the
cellular level.

rAAV.sFLT1
Soluble fms-like tyrosine kinase-1 (sFLT1) is a soluble
VEGF receptor that binds and reduces free circulating VEGF,
thereby disabling vascular growth and proliferation. sFLT1
Clinical Ophthalmology 2015:9
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can be inserted into viral vectors for therapeutic use. When
incorporated into adeno-associated virus (AAV), the product
is referred to as rAAV.sFLT1 (Avalanche Biotechnologies,
Inc, Menlo Park, CA, USA). After subretinal delivery, the
product can potentially result in persistent blockade of VEGF
actions in patients with neovascular AMD.9,81

AAV2.sFLT01
Similar to rAAV.sFLT01, this product is obtained by using the
adeno-associated virus type 2 (AAV2) capsid variant for the
delivery of domain 2 of the soluble FLT1. Delivered intravitreally, AAV2.sFLT01 (Genzyme Corporation, Cambridge, MA,
USA) can provide lasting anti-VEGF effects in neovascular
AMD in a preclinical study involving nonhuman primates.82
This treatment modality has yet to be tested in humans.

Lentivirus expressing angiostatin and endostatin
Molecules that inhibit various steps in the angiogenic pathway such as endostatin and angiostatin can be delivered
using lentivirus vectors. RetinoStat (Oxford BioMedica,
Oxford, UK) has been designed as a gene-based therapy for
delivering these anti-angiogenic proteins to prevent ocular
neovascularization. This product may have a therapeutic
potential in the treatment of neovascular AMD.83

Stem cell therapy
Short-term to long-term safety evaluation of pluripotent RPE
stem cells has been performed in patients with AMD in Phase
I/II studies.84 The results of these studies suggest that both
embryonic and induced pluripotent stem cell therapy may
be a potentially safe novel therapy for patients developing
advanced atrophic AMD following neovascular disease.85

Combination treatment strategies
for neovascular AMD
Anti-VEGF agents and PDT
Anti-VEGF agents have been used in combination with
verteporfin PDT to evaluate the benefit of combination
versus monotherapy. The Verteporfin plus Ranibizumab
for Choroidal Neovascularization in Age-Related Macular
Degeneration (DENALI) study evaluated the effect of the
combination of RBZ with PDT compared to RBZ alone. The
results did not suggest clinical benefits of adding verteporfin
PDT to RBZ therapy.86 Another prospective multicenter
clinical trial, the Verteporfin plus Ranibizumab for Choroidal
Neovascularization in Age-Related Macular Degeneration
(MONT BLANC) study, did not demonstrate benefits of
combining PDT with anti-VEGF agents.87 However, results
of the EVEREST study47 and few uncontrolled studies88,89
submit your manuscript | www.dovepress.com
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suggest that combination with PDT may lead to requirement
of less frequent anti-VEGF injections. Currently, combination of RBZ and PDT may be used as a second-line therapy
in patients who do not respond to RBZ monotherapy.90
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Intravitreal corticosteroids and PDT
Intravitreal corticosteroids, triamcinolone acetonide in
particular, have been used in combination with verteporfin
PDT in several randomized clinical trials.91–93 However, in
the current practice, combination therapy consisting of corticosteroids is not preferred because of the risk of development
of glaucoma and cataract and no definite clear benefits for
this combination therapy.18

Triple therapy
In certain difficult-to-treat patients with neovascular AMD,
the combination of anti-VEGF agent, intravitreal corticosteroid, and PDT has been tried.94–96 These studies have demonstrated a reduction in macular thickness and improvement
in visual acuity outcomes. However, this strategy may be
reserved for patients unresponsive to conventional therapy.

Combination with novel therapeutic targets
Novel therapeutic agents such as PDGF antibodies have
been evaluated in combination with anti-VEGF agents for
the treatment of neovascular AMD. Since both PDGF and
VEGF regulate angiogenesis and supplement each other,
combination therapy aims at enhancing the ability to reduce
choroidal and retinal vascular proliferation. Pericytes treated
with anti-PDGF may be more susceptible to the effects of
anti-VEGF therapy.90 Further clinical trials are required to
establish the efficacy of this combination therapy.

Advances in drug delivery
to the posterior segment
Apart from development of newer drug formulations and drug
delivery systems, such as nanoparticles, there has been an
emphasis on designing drug-delivery devices.97 The aim of
these futuristic therapeutic modalities is to provide sustainable care for patients with advanced AMD in order to reduce
their hospital visits, and hence treatment burden.

Encapsulated cell technology
The technique of encapsulated cell technology (Neurotech
Pharmaceuticals, Cumberland, RI, USA) is designed to deliver
pharmacological agents directly to the vitreous cavity after
transscleral implantation. This genetically engineered “living”
device contains microspore membrane that supports RPE
cells. These cells produce drug products within the eye for
1008
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over 2 years. NT-503 is a VEGF antagonist that can be incorporated into the encapsulated cell technology implant.98

Refillable reservoir devices
Mini-drug pumps provide preprogrammed drug doses into
the vitreous cavity. These devices (Replenish Inc, Pasadena,
CA, USA) are based on micro-electromechanical system
technology and can provide continuous drug delivery for up
to 9 months.99 The ForSight Port Delivery System (ForSight
Labs, LLC, Menlo Park, CA, USA) is another refillable
device that is implanted surgically in a transscleral manner.
It can be refilled in the office and can provide long-term
drug delivery into the posterior chamber. It is being tested
in patients with neovascular AMD.51

Colloidal drug carriers
Colloidal carriers consist of liquid suspensions of microparticles/
nanoparticles or liposomes. This drug design ensures better cell
membrane penetration and can be employed to deliver drugs
such as verteporfin or BCZ. Various drugs can be PEGylated in
order to prolong their half-life and reduce degradation. Intravitreal BCZ has been tested in hydrogel formulation in rabbit eyes
and has demonstrated promising initial results.100

Suprachoroidal drug delivery
Specialized microneedles have been designed for drug
delivery into the suprachoroidal space, from where the pharmacologic agents can diffuse into the vitreous cavity. This
technique provides targeted access to the drug to the site of
the pathology without invading the vitreous cavity.101 Clearside Biomedical Inc (Alpharetta, GA, USA) has developed
suprachoroidal injection devices and drugs for evaluation in
various retinal pathologies, including neovascular AMD.

Noninvasive drug-delivery techniques
Transscleral drug delivery is possible using techniques such
as iontophoresis, which allows diffusion of a drug using a
low voltage electric current. Transscleral delivery of BCZ
and dexamethasone has been demonstrated in preclinical
models.102 Topical drug-delivery formulations for AMD are
also based on the concept of noninvasive drug diffusion.
Pulsed high-intensity focused ultrasound has been also
studied recently in order to facilitate drug delivery across
the sclera noninvasively.103

Pharmacogenomics and personalized
medicine in neovascular AMD
The concept of personalized medicine in AMD is fast
evolving.104 There have been numerous breakthroughs in
Clinical Ophthalmology 2015:9
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the identification of potential genetic biomarkers that could
potentially guide therapeutic approaches. There is a significant heterogeneity in the treatment response and required
duration of therapy with anti-VEGF agents in neovascular
AMD. Thus, personalized medicine based on the pharmacogenomics principle of genotype identification may be a
rational futuristic strategy.105
Previous studies have shown that certain candidate single
nucleotide polymorphisms may serve as predictive markers
for the progression of AMD and its response to treatment.
The polymorphisms are most commonly associated with
complement H factor gene (CFH) on chromosome 6,106–109
complement C3 gene on chromosome 19p,110,111 and agerelated maculopathy susceptibility 2 (ARMS2)/HtrA serine
peptidase 1 (HTRA1) region on chromosome 10q.112–114 The
attributable risk of AMD due to mutations in the 10q26
locus of ARMS2, HTRA1, and PLEKHA1 genes may be
up to 57%.115 The substitution of a histidine for tyrosine
at position 402 of the CFH gene product may account for
up to 50% of the attributable risk of AMD.116 In addition
to predicting the progression of the disease, genetic polymorphisms may also be associated with treatment response
to anti-VEGF therapy. Such an association was explored
in the CATT trial.117,118 In addition, polymorphisms in the
VEGF receptor genes such as VEGFR2/KDR may influence
visual outcome in patients treated with anti-VEGF agents
such as RBZ.119
Table 2 provides the most common genomic loci that
have been associated with AMD. Prediction models have
been developed using these genomic findings with greater
than 80% discriminative accuracy for advanced neovascular AMD.120–124 In the future, direct-to-consumer personal
genome tests may appear in outpatient clinics125,126 and may

Table 2 Common genetic variants and polymorphisms associated
with progression of age-related macular degeneration or response
to therapy
Gene

NA
Y402HC/T
NA
NA
CFHR 1–5
NA
NA
NA
NA
C3
R102G
Age-related maculopathy susceptibility region
LOC387715/ARMS2
S69AG/T
NA
HTRA1
NA
NA
Vascular endothelial growth factor
VEGFA
-2578C/A
-1154G/A
-3818G/T
-2305G/T
-1498C/T
+674C/T
Vascular endothelial growth factor receptor
VEGFR2/KDR
NA
NA

rs800292
rs1061170
rs1065489
rs3766404
rs10922153
rs16840639
rs6667243
rs1853883
rs2230199
rs10490924
rs3793917
rs11200638
rs932275
rs699947
rs1570360
rs833060
rs362089049
rs833061
rs1413711
rs2071559
rs4576072

become an integral part of patient management in neovascular AMD.
Figure 1 provides a summary of the strategies available
for improving the outcomes of patients with neovascular
AMD. A flowchart of a therapeutic approach in the management of advanced AMD is depicted in Figure 2.

1HZGUXJ
GHYHORSPHQW

&RPELQDWLRQ
WKHUDSLHV

0RQWKO\ELPRQWKO\
7UHDWDQGH[WHQG
3URUHQDWD

'$53LQV
3'*)DQWDJRQLVW
6SKLQJRVLQHDQWLERG\
6TXDODPLQH

$QWL9(*)3'7
&RUWLFRVWHURLG3'7
7ULSOHWKHUDS\
&KHPRWKHUDS\

(QKDQFHGGUXJ
GHOLYHU\

*HQHWKHUDS\

0LFURQDQRSDUWLFOHV
5HILOODEOHGHYLFHV
7RSLFDOWKHUDS\
,RQWRSKRUHVLV

SNP

Note: Data from Tan et al,48 Lalwani et al,56 Boyer et al,57 Singer et al,58 Holz et al,59
and Grunwald et al.60,61
Abbreviations: NA, not available; SNP, single nucleotide polymorphism.

,PSURYLVHG
GUXJUHJLPHQ

6WHPFHOOWKHUDS\
$GHQRDVVRFLDWHG
YLUXV
/HQWLYLUXV

Variant

Complement system
CFH

3KDUPDFRJHQRPLFV
&RPSOLPHQWJHQHWHVWLQJ
0XWDWLRQVLQ9(*)
$506+WU$
*HQRPHWHVWLQJ

9LVXDO
UHKDELOLWDWLRQ

/RZYLVLRQDLGV
(FFHQWULFIL[DWLRQWUDLQLQJ
$VVLVWHGOLYLQJ

)HOORZH\HVFUHHQLQJ
5HJXODUFOLQLFIROORZXS
+RPHPRQLWRULQJGHYLFHV
3UHIHUHQWLDOK\SHUDFXLW\WHVWLQJ
$PVOHU¶VJULG

Figure 1 Summary of various strategies used to manage patients with neovascular age-related macular degeneration.
Notes: The active stage of the disease can be managed with improved treatment regimens along with newer modalities such as gene therapy, combination therapies, and
pharmacogenomic principles. The management of the patient should also focus on the visual rehabilitation and screening of the fellow eye for changes in the stages of agerelated macular degeneration.
Abbreviations: DARPins, designed ankyrin repeat proteins; PDGF, platelet-derived growth factor; PDT, photodynamic therapy; VEGF, vascular endothelial growth factor.
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Figure 2 Flowchart of the optimal management of patients with advanced age-related macular degeneration (AMD).
Notes: Anti-vascular endothelial growth factor (anti-VEGF) therapy forms the first-line therapy for various morphological forms of choroidal neovascular membranes (CNVs)
in AMD. In unresponsive or resistant cases, other modalities may be considered as a monotherapy or in combination with anti-VEGF agents. Photodynamic therapy (PDT) has
been approved for a subfoveal CNV; however, it may be used off-label in a juxtafoveal CNV, as per the American Academy of Ophthalmology Preferred Practice Pattern® 2014
update.18 Laser photocoagulation may be used in an extra-foveal CNV as a second- or third-line therapy. *Permanent damage of the fovea indicates presence of a longstanding
fibrosis or atrophy of the fovea or a chronic disciform scar, which, in the opinion of the treating physician, would prevent the patient from deriving any functional benefit from
treatment. †PDT with verteporfin is approved by the US Food and Drug Administration for the treatment of AMD-related, predominantly classic, subfoveal CNVs.
Abbreviations: AF, autofluorescence; AO, adaptive optics imaging; EDI, enhanced depth imaging; FP, fundus photography; IPCV, idiopathic polypoidal choroidal vasculopathy;
MP, microperimetry; OCT, optical coherence tomography; OCTA, optical coherence tomography angiography; RAP, retinal angiomatous proliferation; SS, swept source;
VEGF, vascular endothelial growth factor.
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Visual, vocational, and social
rehabilitation
An integral component of modern-day patient management
includes social and vocational rehabilitation.127 Along with
other systemic comorbidities in the aged population, severe
visual compromise may lead to a negative impact on the quality
of life.128 Therapy consisting of possibly indefinite anti-VEGF
injections in patients with AMD not only poses a significant
financial but also psychological burden on patients. Promoting
an integral mental health and low-vision rehabilitation (LVR)
intervention together with ocular therapy can significantly
reduce the burden of depression in these patients.129 As many
ophthalmologists may not be able to provide comprehensive
care to address every aspect of the disease impact,130 LVR is reemerging as a necessary subspecialty in ophthalmology.131
Vision rehabilitation for patients suffering from neovascular AMD must be employed before severe visual loss sets
in.51 Various strategies for improving visual performance
include use of prescription glasses, low-vision aids, adaptive computer software, and modification of the patient’s
environment.51,132–134 An LVR trial consisting of low-vision
therapy, home visits, and assigned homework conducted by
the US Department of Veterans Affairs in patients with visual
acuity worse than 20/100 demonstrated the effectiveness of
such a program.135 Interventions such as problem-solving
therapy and supportive therapy have been shown to improve
the visual function in patients with AMD, in addition to the
benefits offered by the anti-VEGF therapy.130 Strategies such
as eccentric viewing training can enhance the performance of
activities of daily living in patients with central vision loss.136
LVR can be considered to be an integral part of the optimal
management of patients with sight-threatening neovascular
AMD. Table 3 summarizes various techniques of LVR.
Table 3 Techniques of low-vision rehabilitation for patients with
severe central visual loss due to neovascular age-related macular
degeneration
Low-vision
rehabilitation
programs

Assisted
technologies
and strategies

Eccentric viewing training Electronic aids
Eye movement control
Adaptive computer
software
Perceptual learning
Glare control
Environmental changes
Closed-circuit
televisions
Counseling and education Head-mounted
of patient’s family
magnification systems
In-home training
microperimetry

Optical devices

Prescription eyewear
Selective transmission
lenses
Prisms
Telescopic devices
Magnifying glasses
Stand or mounted
devices

Note: Data from Hooper P, et al;137 Amore FM, et al;138 and Pijnacker J, et al.139
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Conclusion
As per the American Academy of Ophthalmology Preferred
Practice Pattern® Guideline for AMD,18 major prospective
clinical trials performed in patients with neovascular AMD
do not provide clear guidelines for the management of all
the patients encountered in clinical practice (Table 1). Thus,
management strategies for AMD have been extensively
reviewed in the literature periodically.12,140–142 In the last
decade, there have been numerous advances and breakthroughs in the management of neovascular AMD (Figure 1).
Anti-VEGF agents form the first-line therapy in the contemporary treatment of neovascular AMD. However, recognition
of suboptimal response in a significant proportion of patients
and awareness of the large burden of current treatments
have led to the introduction of several promising therapeutic strategies. High-quality imaging and the application
of pharmacogenomic principles are likely to guide future
therapy. The proposed management flowchart (Figure 2)
is likely to change and need revision as new discoveries
are made. With a comprehensive, multi-pronged treatment
and rehabilitative approach, the management of AMD will
continue to advance to meet the patient needs.
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