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to Reduce the Injection Burden
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Introduction

More than 11 million Americans are living with age-related macular
degeneration (AMD), an eye disease of elderly individuals that
causes a progressive loss of the central vision that is needed to drive,
read, recognize faces, and see the world in color.! Up to 200,000
Americans are newly diagnosed with AMD each year.? According
to the World Health Organization, 196 million people have AMD
globally, including 10.4 million people with moderate to severe
vision impairment or blindness.? Due to an aging population, the
global burden of AMD is expected to rise to more than 243 million
cases in 2030.

AMD-attributed blindness has dropped by approximately 50% to
70% since anti-vascular endothelial growth factor (anti-VEGF) medi-
cations were introduced 15 years ago.** However, anti-VEGF agents
may suppress disease neovascular AMD activity just temporarily,
and the progression of AMD can be relentless. Patients with neovas-
cular AMD may require monthly clinic visits for costly intravitreal
injections for a decade or longer.® The chronicity and invasiveness
of anti-VEGF therapy can take a substantial toll on patient and care-
giver quality of life; all other activities must be planned around
time-consuming clinic visits.”® As shown in Table 1,°"* a myriad of
factors can affect adherence to an anti-VEGF treatment regimen.”
Results of real-world studies have recently highlighted that patients
with neovascular AMD are often undertreated and, as a result, their
visual potential may not be maximized. In one study, about 50%
of patients missed clinic appointments while more than 20% had
gaps of over 100 days between clinic appointments.* Another study
found that about 1in 5 patients were lost to follow-up; this was
linked to associated vision loss.!¢

In randomized clinical trials, visual acuity on an eye chart was
maintained within 3 lines of baseline in 95% or more of patients
after 2 years of anti-VEGF injections.” Unfortunately, these vision
gains were often not maintained after leaving the protocol-driven
clinical trial environment.'®"” Vision preservation in the real world
appears to fall short of these clinical trial results, with indications
that patients receive fewer anti-VEGF injections and less frequent
monitoring than recommended.?** For example, Medicare PartBdata
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TABLE 1. Factors Linked to Nonadherence With Intravitreal
Anti-VEGF Injections® ™

e Lack of knowledge about benefits of anti-VEGF therapy
¢ Loss of mobility

e Lack of transportation

e Fear of injections

e Fear of receiving a poor prognosis

e Comorbid depression or anxiety

e Serious comorbid illness taking priority

e Vacation or travel

¢ High out-of-pocket costs

VEGF indicates vascular endothelial growth factor.

FIGURE. 2010 US Prevalence Rates for Late Age-Related Macular
Degeneration by Race and Age®
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from 2012 to 2016 indicate that patients received approximately 4.2
injections annually, which is fewer injections than most anti-VEGF
regimens require.? This is evident when comparing this number
with the VEGF Trap-Eye: Investigation of Efficacy and Safety in Wet
AMD (VIEW) studies, where aflibercept on-label for neovascular
AMD would require approximately 14 injections over 2 years.* In
the 2019 American Society of Retinal Specialists (ASRS) Preferences
and Trends Survey, more than 60% of retinal specialists felt that
neovascular AMD is undertreated.” Addressing undertreatment and
the huge injection burden of anti-VEGF therapy are unmet needs
of patients with neovascular AMD. This article examines current
and evolving approaches to address these needs.

Pathophysiology of AMD: Wet Versus Dry

AMD is characterized by progressive degeneration of the macula,
the central part of the retina, leading to central vision loss.?** AMD
can be classified as early, intermediate, or late based on its clinical

features, which may include drusen, pigmentation abnormalities,
atrophy of the retinal pigment epithelium (RPE), and exudative
choroidal neovascularization (CNV). AMD can also be character-
ized as either dry (atrophic or nonneovascular) or wet (exudative or
neovascular). Dry AMD accounts for about 90% of AMD cases but
only 10% of AMD-related vision loss.?® Vision loss from advanced
dry AMD often features “geographic atrophy,” which is characterized
by a sharp border demarcating atrophic areas of RPE from less-
affected retinal tissue. Conversely, wet AMD, hereafter referred to
as neovascular AMD, accounts for roughly 10% of AMD cases, but
almost 90% of AMD-related central vision loss.?

In geographic atrophy, the patches of RPE atrophy often start
around the fovea with gradual progression over years to the foveal
center; this is accompanied by visual loss.?””*® In a recent clinical
trial, patients with bilateral geographic atrophy and no neovas-
cular AMD lost a mean of almost 5 letters in best corrected visual
acuity letter score over less than 1 year.” Currently, no marketed
drugs treat geographic atrophy, although some investigational
agents appear promising.?**** Some concern has been raised that
long-term anti-VEGF treatment of neovascular AMD may increase
the progression of geographic atrophy, although this has not been
demonstrated in clinical studies.*

Neovascular AMD is characterized by CNV, which occurs when
abnormal leaky blood vessels grow from the choroid into the
subretinal space, causing retinal edema, progressive degeneration
of photoreceptors and the RPE, and functional deterioration.?** The
pathologic process is associated with overexpression of VEGF-A,
which induces angiogenesis and increases vascular permeability and
inflammation.” The VEGF protein family, which includes VEGF-A,
-B, -C, and -D; virally encoded VEGF-E; and placental growth factor,
regulates retinal vascular permeability. Common symptoms of neovas-
cular AMD include distortion of straight lines (metamorphopsia),
a blind spot or hole in one’s vision (scotoma), and difficulty with
adaptation to the dark.** Central vision loss can progress over the
course of weeks, even days, in a more rapid fashion compared with
dry AMD.¥ Patients with advanced late AMD can have geographic
atrophy, neovascular AMD, features of both, or disciform scarring,

which is the end-stage result of neovascular AMD.*

Epidemiology of AMD

AMD occurs primarily in elderly individuals, with a striking increase
in late AMD in those 75 years or older.** In 2010, the population of
those with late AMD in the United States was 89% white, 4% black,
and 4% Hispanic.* As shown in the Figure,® the prevalence of late
AMD in Caucasian Americans increased from 2% at age 70 years
tojust under 14% at age 80 years, whereas by age 80 it remained at
about 2% in other ethnic or racial groups. The prevalence of AMD
is not affected by gender.** However, due to longer life expectancy,
women account for 65% of late AMD cases in the United States. As
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the US population ages, the incidence of late AMD is projected to
markedly increase, from 2.07 million in 2010 to 5.44 million by 2050.%*
A complex interaction between genetics and environmental
factors, such as smoking and diet, affects an individual’s suscepti-
bility to AMD.” AMD is a polygenic disease in which multiple gene
variants contribute varying amounts to individual risk. A genome-
wide association study identified 52 gene variants that may account
for more than 50% of AMD heritability.* Smoking is a dose-related
risk factor for neovascular AMD, and smoking cessation reduces the
risk of AMD progression.?** Twin studies show that environmental
factors such as smoking and diet can interact epigenetically with
specific gene variants to accelerate the progression of AMD.¥” While
early epidemiologic data suggested that aspirin might increase
the risk of neovascular AMD, this has been refuted by more recent
evidence.?®** The American Academy of Ophthalmology recom-
mends that patients who have been advised by their physician to
take aspirin for a medical indication should continue to take it.?

Diagnosis and Monitoring of Neovascular AMD

The clinical diagnosis of AMD is typically made during examination
of the retina by an eye care provider.?*? Key features include deep
RPE pigmentary changes, subretinal fluid or fibrosis, macular edema,
and hemorrhage or exudate. Fluorescein angiography can be used
tovisualize abnormal blood vessels in CNV that leak fluorescein in
neovascular AMD. Optical coherence tomography (OCT) provides
a cross-sectional image of the retina for detection of subretinal
and intraretinal fluid, retinal edema, retinal pigment epithelial
detachment, and measurement of retinal thickness.?*** Monitoring
these structural changes is crucial for evaluating the response to
anti-VEGF agents.? In the 2019 ASRS survey, retinal specialists
ranked the most important OCT features that drive retreatment of
neovascular AMD, with more than 92% naming as intraretinal or
subretinal fluid and 31% naming sub-RPE fluid.” OCT angiography
(OCTA) is a novel imaging modality that may be able to detect CNV
in neovascular AMD without the need for intravenous injection of
dye, such as with fluorescein. OCTA has been able to demonstrate
CNV in eyes with dry AMD and may be able to identify eyes that
are at higher risk for converting dry AMD to neovascular AMD.##*

Earlier diagnosis, leading to earlier treatment, is critical for
patients who convert to neovascular AMD to maintain visual acuity,
independence, and quality of life.?® Patients can lose a mean of 3to 5
lines of vision in the progression from intermediate to neovascular
AMD." Patients with better visual acuity at the start of anti-VEGF
therapy are more likely to maintain visual acuity 1to 2 years later.*
Patients with neovascular AMD in 1 eye have a substantial risk of
developing neovascular AMD in the fellow eye. In a post hoc anal-
ysis of the VIEW studies, almost one-third of patients treated for
unilateral neovascular AMD had conversion to neovascular AMD
in the untreated fellow eye by the end of 2 years of follow-up.*

WET AGE-RELATED MACULAR DEGENERATION

Patient self-monitoring has traditionally been done by periodi-
cally checking an Amsler grid for visual distortion.*” However, a
macular visual-field testing method called preferential hyperacuity
perimeter (PHP) has much greater sensitivity and specificity for
detecting visual distortion.*” APHP home monitoring system called
ForeseeHome is FDA approved for patients with either intermediate
AMD in both eyes, or CNV in 1 eye and intermediate AMD in the other.*®
Telemonitoring transmits patient-collected PHP data to a central data
center where the data are analyzed; the patient’s retinal specialist
is notified if a significant change occurs. In 2018, about 25% of US
retinal specialists reported using home PHP monitoring.*’ In 2018,
the FDA also approved an app for smartphone or tablet (Alleye) to
detect visual distortions in patients with macular diseases such as
AMD.* Patients measure metamorphopsia with the dot alignment
test, and the data are accessible to clinicians via a Web interface.

In December 2018, the FDA granted a breakthrough device desig-
nation for an at-home patient self-monitoring OCT device (Home
OCT) to monitor neovascular AMD progression between clinic
visits.*! Similar to the PHP monitoring system, patient-collected
OCT data are relayed to a cloud-based platform and analyzed with
machine learning and an artificial intelligence algorithm. In tests,
the device had 90% sensitivity and 100% specificity compared with
technician-administered commercial OCT devices.*? This moni-

toring system could be available as early as mid-2020.*!

Current Anti-VEGF Agents

In 2016, more than 690,000 Medicare Part B enrollees received

almost 3 million intravitreal anti-VEGF injections.” This compares

with fewer than 3000 intravitreal injections annually before the

“anti-VEGF era,” which began in 2004 with the FDA approval of
pegaptanib.>* Additional anti-VEGF agents approved for neovas-
cular AMD include ranibizumab in 2006, aflibercept in 2011, and

brolucizumab in 2019. Bevacizumab, which has been used off-label
since 2005, remains a treatment option because of its low cost and

comparable efficacy.?*** Intravitreal anti-VEGF drugs are first-line

treatment for neovascular AMD because of their potential to cause

robust improvements in vision; they are much more effective in this

outcome compared with older treatment options such as photody-
namic therapy.?3+%5 Pegaptanib is no longer used because it has

less efficacy for vision improvement in clinical trials of neovas-
cular AMD compared with other agents.?® Laser photocoagulation

and photodynamic therapy, considered second-line options, are

rarely used today.?*>* Key properties of current anti-VEGF drugs for
neovascular AMD are shown in Table 2345561

Treatment decisions in neovascular AMD are informed by the

results of comparative trials among anti-VEGF agents. 34586267
Regarding visual acuity, overall efficacy results appear similar
for the drugs that have been compared. For example, efficacy
between bevacizumab and ranibizumab was comparable in the
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TABLE 2. Properties of Anti-VEGF Agents35-¢1
Aflibercept

Bevacizumab
(Avastin)

Ranibizumab
(Lucentis)

Brolucizumab-dbll
(Beovu)

(Eylea)

Pharmacology VEGF-Trap (decoy)

e Neovascular AMD

¢ Macular edema post RVO
FDA-approved

Monoclonal antibody

Not FDA approved for

Single-chain

antibody fragment Antibody fragment

e Neovascular AMD e Neovascular AMD
e Macular edema after RVO

indications * DME ophthalmic use * DME
* DR * DR
e Myopic CNV
Loading dose of 3 injections . S
Lo . Loading dose of 3 injections
Dosing intervals for at 4-wk intervals, then 1.25 mg g4wk, at 4-week intervals, 0.5 mg qéwk

neovascular AMD g8wk dosing. Some patients

may need g4wk dosing.

based on literature

then g8wk to q12wk

AMD indicates age-related macular degeneration; CNV, choroidal neovascularization; DME, diabetic macular edema; DR, diabetic retinopathy; PIGF, placental growth

factor; g, every; RVO, retinal vein occlusion; VEGF, vascular endothelial growth factor.

Comparison of AMD Treatment Trial (CATT), the Inhibition of
VEGF in Age-related Choroidal Neovascularization trial, and the
Groupe d’Etude Francais Avastin versus Lucentis dans la DMLA
Néovasculaire trial.®>* Aflibercept and ranibizumab were compa-
rable for maintaining vision (loss of <15 letters) in the VIEW 1 and
VIEW 2 trials.?* Most recently, brolucizumab was noninferior to
aflibercept in the HAWK and HARRIER trials.’®¢” Head-to-head trials
have not compared bevacizumab versus aflibercept, or brolucizumab
versus bevacizumab or ranibizumab. There may be differences
among anti-VEGF agents in terms of resolution of fluid on OCT
and durability of anti-VEGF effect in an individual patient. While
it is not clear what produces individual variations in response to
anti-VEGF agents, hypotheses such as anti-VEGF resistance and
tachyphylaxis have been explored.®

Brolucizumab, the newest agent in clinical use, was designed
by grafting the complementarity-determining regions of a novel
anti-VEGF-A antibody onto a human single-chain antibody frag-
ment.* Due to a higher molar concentration and greater solubility,
more molecules of brolucizumab are delivered in the usual volume
of an intravitreal injection than are molecules of other anti-VEGF
agents.®’°In a preclinical study, brolucizumab had 2.2-fold greater
retinal exposure and 1.7-fold higher RPE exposure than ranibizumab.
It has been suggested that these properties may lead to more rapid,
sustained retinal penetration.®” Ongoing phase 3 trials are evalu-
ating brolucizumab for the treatment of diabetic macular edema
and retinal vein occlusion.” It is currently available in vials, with a
prefilled syringe in development.” In February 2020, the American
Society of Retinal Specialists issued a note to its members regarding
14 cases of retinal vasculitis in patients receiving brolucizumab. Of
these 14 cases, 11 were occlusive retinal vasculitis, which can lead
tovision loss. The safety of brolucizumab continues to be studied.”

In the HAWK and HARRIER studies, aflibercept and broluci-
zumab were each given as 3 monthly loading doses followed by a

dose every 8 weeks (aflibercept) or 12 weeks (brolucizumab).*” If
disease activity was detected at week 16, the dosing interval of brolu-
cizumab was reduced to every 8 weeks. More than half of patients
receiving brolucizumab 6 mg continued with 12-week dosing through
week 48, reducing by 2 the annual number of injections. Eyes with
no disease activity during the first 12-week dosing interval had a
greater than 80% probability of continuing a 12-week dosing interval
until week 48. Of key importance to retinal specialists, broluci-
zumab outperformed on secondary “dryness” end points: central
subfield retinal thickness, subretinal fluid, and disease activity.
In a prespecified superiority analysis of HAWK, the incidence of
disease activity at week 16 was lower with 6 mg brolucizumab than
aflibercept 2 mg (24.0% vs 34.5%; P =.001). Although overall adverse
effect rates were similar between brolucizumab and aflibercept,
uveitis and iritis were slightly more frequent with brolucizumab.*’
The 8-week maintenance dosing interval of aflibercept in HAWK
and HARRIER reflects the dosing in VIEW 1/2 studies but may not
reflect current real-world usage, where the dosing interval can range
from 4 to 12 weeks.®® A study is being planned that may address this.
The TALON study will compare brolucizumab and aflibercept in an
identical “treat-to-control” regimen of loading doses at weeks 0, 4,
8,and 16, followed by a dosing interval as long as 16 weeks.” Results
are expected by mid-2022. The 2019 ASRS survey found that 50% of
clinicians intend to use brolucizumab for patients with an incom-
plete response to other agents.” The ongoing phase 3 MERLIN trial
is comparing brolucizumab with aflibercept given every 4 weeks
in patients with persistent subretinal or intraretinal fluid despite
frequent anti-VEGF treatment.” Results are expected in late 2020.

Anti-VEGF Treatment Approaches to Reduce the
Injection Burden

The goals of anti-VEGF therapy in neovascular AMD are to achieve
excellent functional visual acuity and maintain a dry macula on
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clinical and OCT examination. This may require an individual-
ized approach because AMD is a heterogenous disease.” Although
anti-VEGF agents appear effective and somewhat equivalent in large-
scale clinical trials, individual patients may respond differently to
different drugs. The duration of VEGF suppression appears to vary
between drugs as well as with individualized patient responses.™
For example, disease activity can be suppressed with an injection
interval of 10 to 12 weeks in 10% to 20% of patients at one end of
the spectrum while a 4-week interval is needed for 10% to 20% of
patients at the opposite end.®

Two approaches—treat-and-extend (T&E) and pro re nata (PRN;
as needed)—have been used to reduce the injection burden in stable,
nonexudative patients with neovascular AMD. Pros and cons are
compared in Table 3.#> The T&E regimen gradually extends the
dosing interval in 2-week increments to a maximum interval of
12 to 16 weeks.** If disease activity is observed, then the treatment
interval is reduced, often in 2-week increments but this varies with
patient treatment factors.

In the PRN regimen, the patient must still comply with monthly
OCT monitoring, but an injection is delayed unless warranted by
signs of recurrent disease activity.**’* To avoid risking vision loss
with the PRN regimen, patients must adhere to frequent, potentially
monthly, monitoring visits while clinicians adhere to prespeci-
fied objective OCT retreatment criteria.” The pros and cons of PRN
dosing are illustrated by 2-year data from CATT.® The mean visual
acuity gain with PRN bevacizumab or ranibizumab was 2.4 letters
less than monthly dosing of either drug (P = .046). But the decre-
ment in vision gain was accompanied by a much lower injection
burden. Patients receiving monthly ranibizumab or bevacizumab
received a mean of 22.4 or 23.4 injections, respectively, whereas
patients receiving PRN ranibizumab or bevacizumab received
12.6 or 14.1 injections. Some retinal specialists consider the PRN
approach for patients at high risk for geographic atrophy because
it minimizes anti-VEGF agent exposure, a potential driver of
geographic atrophy.**’® In the 2015 ASRS survey, almost 65% of US
retinal specialists preferred a T&E regimen.® In 2019, more than
60% preferred giving at least 3 monthly loading injections before
using a T&E regimen and about 20% preferred a T&E regimen after
the retina is dry or stable without loading doses.”

Recently published 1-year data from 2 clinical trials provide
more insights into T&E regimens. The Canadian Treat-and-Extend
Analysis Trial with Ranibizumab study compared ranibizumab
given monthly versus ranibizumab T&E after 3 monthly doses.”
Atlyear, T&E ranibizumab was noninferior to monthly dosing for
visual acuity, but it required a mean of 2.46 fewer injections (9.4 vs
11.8 injections; P <.001). In the T&E arm, the treatment interval was
8 weeks or greater in almost 70% of patients and 12 weeks or greater
in almost 30% of patients.” The Comparison of Ranibizumab and
Aflibercept for the Development of Geographic Atrophy in (Wet)

WET AGE-RELATED MACULAR DEGENERATION

TABLE 3. Treat-and-Extend Versus As-Needed Dosing Interval
Extension*?

Treat-and-Extend As-Needed

Increase dosing interval ~ Monitor closely and give

Approach  in 2-week increments to  next dose after disease
maximum of 12-16 weeks activity is detected
¢ More proactive for ¢ Risk of disease activity
P d preventing vision loss and potential vision
ros an :
e e Geographic atrophy risk loss may be higher

may be increased e Close monitoring

is required

AMD Patients study compared identical T&E regimens of aflibercept
and ranibizumab.” At 1 year, there was no difference between the
2 drugs in visual acuity improvement or the mean number of injec-
tions given (9.7 injections). The primary end point of the study, the
mean change in area of macular atrophy from baseline to 2 years,
has not been reported yet. A retrospective analysis of 3-year data
from the Fight Retinal Blindness! Project, a prospectively designed
observational outcomes registry, also reported that visual acuity
and the number of clinic visits and injections was similar with
aflibercept and ranibizumab T&E regimens.”

Emerging Treatment Options

A robust pipeline of investigational drugs for neovascular AMD
is expected to extend the dosing interval beyond that of currently
available agents. Agents that are expected to reach the market
within the next 3 years include abicipar pegol and faricimab, as
well as the ranibizumab port system for extended-release drug
delivery. An intravitreal bevacizumab formulation and anti-VEFG
biosimilars are also expected to change the treatment landscape.
Further out on the horizon, gene therapy could be another option
for addressing the anti-VEGF injection burden.

Abicipar pegol. This novel agent was engineered with designed
ankyrin repeat proteins (DARPin) technology to have both a longer
ocular half-life and rapid systemic clearance.®® DARPin technology
uses a library of single-domain proteins to build multifunctional
protein-binding molecules.®"#? Abicipar pegol has a molecular weight
of 34 kDa.” In vitro VEGF-A, , binding affinity of abicipar pegol was
similar to that of aflibercept and greater than that of ranibizumab
and bevacizumab. In the phase 3 SEQUOIA and CEDAR clinical trials,
treatment-naive patients with neovascular AMD received abicipar
pegol at weeks 0, 4, 8, and then every 8 weeks; or abicipar pegol
at weeks 0, 4, 12, and then every 12 weeks; or ranibizumab every
4 weeks.® For both the 8- and 12-week dosing regimens, abicipar
pegol met the prespecified primary end point of stable vision that
was noninferior to monthly ranibizumab after 1 year of treatment.
After 2 years of treatment, visual gains and CRT results were compa-
rable for monthly ranibizumab and quarterly injections of abicipar.
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Abicipar pegol required fewer injections than ranibizumab in the
first year (6-8 vs 13) and the second year (4 vs 12).

In the first year of SEQUOIA and CEDAR, the rate of intra-
ocular inflammation (I0; uveitis or iritis) ranged from 15.1% to
15.7% in abicipar pegol treatment groups versus 0% to 0.6% with
ranibizumab.®? Although most cases were reportedly mild, 3.5%
of abicipar pegol-treated patients had severe 101.*° In the second
year, the pooled rate of new cases of IOl was 1.9% for abicipar pegol
versus 1% for ranibizumab.?* After impurities were found in the
formulation that may have come from Escherichia coli fragments
(a byproduct of the manufacturing process), the company modi-
fied the manufacturing process to reduce the risk of I01.%2 In the
follow-up MAPLE study with a smaller sample size, the overall
incidence of IOI and severe IOl was 8.9% and 1.6%, respectively.
A Biologics License Application for abicipar pegol was submitted
to the FDA in September 2019. The agency is expected to act on it
by mid-2020.%

Faricimab. This novel bispecific antibody binds both VEGF-A and
Ang-2 with high affinity and specificity. Upregulation of Ang-2 is
thought to drive vessel destabilization and inflammatory signaling
in neovascular AMD.® The Fc portion of the antibody was modified
to minimize systemic exposure and inflammatory effects.®# Results
of the phase 2 STAIRWAY clinical trial suggest that faricimab can
extend the dosing interval to 16 weeks during maintenance therapy
of neovascular AMD.®#8 In this study, patients were randomized to
flexibly dosed faricimab at every 16 weeks, faricimab every 12 weeks,
or ranibizumab every 4 weeks. Visual acuity outcomes were similar
for the 3 study arms, with a mean increase in chart letters of 11.4,
10.1, and 9.6 letters, respectively. All 3 regimens were similar in the
proportion of patients gaining more than 15 letters and avoiding loss
of more than 15 letters. Comparable reductions in central retinal
thickness also were reported in all 3 arms. Ocular and systemic
adverse effects were similar in all groups. Two identical phase 3
clinical trials, TANAYA and LUCERNE, will compare faricimab given
every 16 weeks (with the option to decrease to doses every 12 or 8
weeks) with aflibercept given every 8 weeks. Faricimab is also in
phase 3 development for diabetic macular edema (DME).** An FDA
filing for faricimab could occur as early as 2021 for DME and 2022
for neovascular AMD.®

Ranibizumab port delivery system (PDS). The PDS is a drug
delivery device implanted into the eye that is designed for contin-
uous extended release of ranibizumab via passive diffusion into the
vitreous cavity.®?*?° It is inserted through an incision in the sclera
at the pars plana in an operating-room procedure performed with
local anesthesia. During the procedure, choroidal vessels at the inci-
sion line are ablated with a laser to reduce the risk of postoperative
vitreous hemorrhage. Refilling the port is an office procedure in
which a customized dual lumen needle simultaneously removes
and replaces any remaining ranibizumab from the implant.”° In the

phase 2 LADDER trial, eyes treated with the ranibizumab PDS had
similar gains in visual acuity and reductions in central foveal
thickness compared with eyes treated with monthly ranibizumab
injections at 9 months.” For ranibizumab PDS eyes, 80% of patients
did not require a PDS refill for 6 or more months, and the median
time to first required PDS refill was 15 months. In the ongoing phase
3 ARCHWAY clinical trial, the ranibizumab PDS is dosed every 24
weeks in patients with recently diagnosed neovascular AMD that
has responded to anti-VEGF therapy.®®* An FDA filing for the device
is anticipated in 2021.%

Conbercept. This antibody is a VEGF decoy protein (molecular
weight of 143 kDa) like aflibercept.” Incorporation of the fourth
binding domain from VEGF 2 appears to increase its VEGF binding
capacity and extend the intraocular half-life.”"? Intravitreal conber-
cept was approved to treat neovascular AMD in China in 2013 and
is now in phase 3 development in the United States. The phase 3
PANDA-1and PANDA-2 trials are comparing maintenance doses of
conbercept every 8 or 12 weeks with aflibercept every 8 weeks.»
Results are expected in 2022.

ONS-5010. This intravitreal bevacizumab formulation is in clinical
development for neovascular AMD, DME, and branch retinal vein
occlusion.” Itis not being developed as a biosimilar. Two ongoing
phase 3 clinical trials are comparing monthly doses of ONS-5010
with a ranibizumab regimen of 3 monthly doses followed by quar-
terly doses. Results of these studies are expected in the second half
of 2020. The company anticipates that ONS-5010 could receive
FDA approval in 2021 or 2022.°° FDA approval of ONS-5010 could
significantly alter the treatment landscape for neovascular AMD.
Twelve years of marketing exclusivity is expected to provide patent
protection from bevacizumab biosimilars.®® Furthermore, with an
FDA-approved product on the market, 503B compounding facilities
would be prohibited from repackaging antineoplastic bevacizumab
into syringes.®® The practice of compounded bevacizumab has
provided a low-cost treatment alternative for neovascular AMD,
although it has also been linked to variable bevacizumab concen-
trations, silicone oil droplets, and rare clusters of noninfectious
and infectious endophthalmitis.>°7-%°

Anti-VEGF biosimilars. In July 2019, the first antineoplastic
biosimilar for bevacizumab (Mvasi) reached the US market at
a wholesale acquisition cost 15% lower than that of the refer-
ence biologic.'® Whether compounding facilities will repackage
bevacizumab antineoplastic biosimilars for intravitreal adminis-
tration is unclear. Biosimilars for ranibizumab and aflibercept are
expected to reach the US market after ranibizumab and aflibercept
patents expire in June 2020 and November 2023, respectively.!*10?
Ranibizumab biosimilars in late-stage clinical development include
FYB201 (Formycon and Bioeq), SB11 (Samsung Bioepis), and Xlucane
(Xbrane Biopharma).!% FYB201 met the primary end point in
the phase 3 COLUMBUS-AMD clinical trial comparing it with the
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reference biologic (Lucentis).' An FDA submission for FYB201 was
submitted in the last quarter of 2019, with approval expected in 2021.
Aflibercept biosimilars are in phase 3 clinical development.'®10*

Gene therapy. Initial clinical data for gene therapy have gener-
ated cautious excitement about its potential to substantially reduce
the treatment burden in neovascular AMD. The technology uses a
viral vector to insert the DNA coding sequence for an anti-VEGF
agent into retinal cells that then act like anti-VEGF factories. In the
phase 1 OPTIC clinical trial of ADVM-022, 6 patients who received a
single injection of ADVM-022 did not require additional anti-VEGF
treatment over 6 months of follow-up.!° Before the study, these
patients had received a mean of 35 anti-VEGF injections. ADVM-022
has received a fast-track designation from the FDA. Submission of
anew drug application is expected in the first half of 2020. RGX-314
is another vector-delivered anti-VEGF antibody fragment in phase
1/2 clinical trials that has also shown promise for reducing the
injection burden in neovascular AMD.!%

Conclusions

Minimizing the monitoring and injection burden is an important
unmet need of patients with neovascular AMD. The recent approval
of brolucizumab adds another anti-VEGF agent and future options
expand the mechanistic approach. Managed care professionals
should anticipate that the therapeutic landscape in neovascular
AMD will become much more crowded and complex over the
next few years. Potential entrants include abicipar pegol in 2020;
a ranibizumab biosimilar in 2021; and ONS-5010, faricimab, and
the ranibizumab PDS in 2021 or 2022. In addition to extending the
dosing interval, the ranibizumab PDS phase 3 clinical trial will show
whether continuous anti-VEGF exposure can improve the treatment
response over that of periodic injections. Likewise, phase 3 trials
of faricimab will show whether dual targeting against Ang-2 and
VEGF can improve treatment efficacy in neovascular AMD. With
gene therapy and home OCT monitoring on the horizon, paradigm
shifts seem to be the rule rather than the exception in neovascular
AMD management. ®

Author affiliation: Caroline R. Baumal, MD, is a professor at Tufts
University School of Medicine and a vitreoretinal surgeon at New England
Eye Center, both in Boston, MA.

Funding source: This activity is supported by an educational grant
from Genentech.

Author disclosure: Dr Baumal has the following relevant financial rela-
tionships with commercial interests to disclose:

Consultancies or paid advisory boards: Genentech, Novartis, Ocular
Therapeutics

Lecture fees: Genentech, Novartis, Zeiss

Authorship information: Substantial contributions to the intellectual
content, including concept and design, critical revision of the manuscript,
and supervision.

Address correspondence to: cbaumal@tuftsmedicalcenter.org.
Medical writing and editorial support: Jill E. Allen, PharmD, BCPS.

WET AGE-RELATED MACULAR DEGENERATION

REFERENCES

1. Rein DB, Wittenborn JS, Zhang X, Honeycutt A, Lesesne SB, Saaddine J; Vision Health Cost-Effectiveness
Study Group. Forecasting age-related macular degeneration through the year 2050: the potential impact of
new treatments. Arch Ophthalmol. 2009:127(4):533-640. doi: 10.1001/archophthalmol.2009.58

2. Maguire MG. Comparing treatments for age-related macular degeneration: safety, effectiveness and
cost. Issue Brief. 2012;17(8). Leonard Davis Institute of Health Economics. Accessed February 7, 2020. di.
upenn.edu/sites/default/files/pdf/Issue%20Brief%2017_8.pdf

3. World report on vision. World Health Organization. Published October 8, 2019. Accessed November 2,
2019. who.int/publications-detail/world-report-on-vision

4. Bloch SB, Larsen M, Munch IC. Incidence of legal blindness from age-related macular degeneration in
Denmark: year 2000 to 2010. Am J Ophthalmol. 2012;153(2):209-213.62. doi: 10.1016/j.3j0.2011.10.016
5. Bressler NM, Doan QV, Varma R, Lee PP, Sufier IJ, Dolan C, et al. Estimated cases of legal blind-

ness and visual impairment avoided using ranibizumab for choroidal neovascularization: non-Hispanic
white population in the United States with age-related macular degeneration. Arch Ophthalmol.
2011:129(6):709-717. doi: 10.1001/archophthalmol.2011.140

6. Brown D, Heier JS, Boyer DS, et al. Current best clinical practices—management of neovascular AMD.
J VitreoRetin Dis. 2017;1(1):1-4. doi: 10.1177/2474126417725946

7. Boyle J, Vukicevic M, Koklanis K, Itsiopoulos C, Rees G. Experiences of patients undergoing repeated
intravitreal anti-vascular endothelial growth factor injections for neovascular age-related macular
degeneration. Psychol Health Med. 2018;23(2):127-140. doi: 10.1080/13548506.2016.1274040

8. Prenner JL, Halperin LS, Rycroft C, Hogue S, Williams Liu Z, Seibert R. Disease burden in the treat-
ment of age-related macular degeneration: findings from a time-and-motion study. Am J Ophthalmol.
2015;160(4):725-731.1. doi: 10.1016/j.3j0.2015.06.023

9. Droege KM, Muether PS, Hermann MM, et al. Adherence to ranibizumab treatment for neovascular
age-related macular degeneration in real ife. Graefes Arch Clin Exp Ophthalmol. 2013;261(5):1281-1284.
doi: 10.1007/s00417-012-2177-3

10. Spoaner KL, Mhlanga CT, Hong TH, Broadhead GK, Chang AA. The burden of neovascular

age-related macular degeneration: a patient’s perspective. Clin Ophthalmol. 2018;12:2483-2491.

doi: 10.2147/0PTH.S185052

11. Angermann R, Rauchegger T, Nowosielski Y, et al. Treatment compliance and adherence

among patients with diabetic retinopathy and age-related macular degeneration treated by anti-
vascular endothelial growth factor under universal health coverage. Graefes Arch Clin Exp Gphthalmal.
2019;257(10):2119-2125. doi: 10.1007/s00417-019-04414-y

12. Massamba N, Dirani A, Knoeri J, Pasquier B, Ingram A, Soubrane G. Evaluating the impact of summer
vacation on the visual acuity of AMD patients treated with ranibizumab. £ye (Lond]. 2015:29(11):1453-
1457. doi: 10.1038/eye.2015.128

13. Olson D, Zhang X, Ward MF, et al. Rates of comorbid anxiety and depression in patients with age-
related macular degeneration. J VitreoRet Dis. 2019:3(4):211-214. doi: 10.1177/2474126419849119

14. Weiss M, Sim D, Herold T, et al. Compliance and adherence of patients with diabetic macular edema
to intravitreal anti-vascular endothelial growth factor therapy in daily practice. Retina. 2018;38(12):2293-
2300. doi: 10.1097/IAE.0000000000001892

15. Obeid A, Gao X, Ali FS, et al. Loss to follow-up among patients with neovascular age-related
macular degeneration who received intravitreal anti-vascular endothelial growth factor injections. JAMA
Ophthalmol. 2018;136(11):1251-1259. doi: 10.1001/jamaophthalmol.2018.3578

16. Soares RR, Mellen P, Garrigan H, et al. Qutcomes of eyes lost to follow-up with neovascular age-
related macular degeneration receiving intravitreal anti-vascular endothelial growth factor [published
online July 24, 2019]. Ophthalmol Retina. doi: 10.1016/j.0ret.2019.07.010

17. Ho AC, Atbini TA, Brown DM, Boyer DS, Regillo CD, Heier JS. The potential importance of detection

of neovascular age-related macular degeneration when visual acuity is relatively good. JAMA Ophthalmol
2017:135(3):268-273. doi: 10.1001/jamaophthalmal.2016.5314

18. Rofagha S, Bhisitkul RB, Boyer DS, Sadda SR, Zhang K, SEVEN-UP Study Group. Seven-year outcomes
in ranibizumab-treated patients in ANCHOR, MARINA, and HORIZON: a multicenter cohort study (SEVEN-
UP). Ophthalmology. 2013;120(11):2292-2299. doi: 10.1016/j.0phtha.2013.03.046

19. Comparison of Age-related Macular Degeneration Treatments Trials (CATT) Research Group; Maguire
MG, Martin DF, Ying GS, et al. Five-year outcomes with anti-vascular endothelial growth factor treatment
of neovascular age-related macular degeneration: the Comparison of Age-related Macular Degeneration
Treatments Trials. Ophthalmology. 2016;123(8):1751-1761. doi: 10.1016/.ophtha.2016.03.045

20. Holz FG, Tadayoni R, Beatty S, et al. Key drivers of visual acuity gains in neovascular age-related
macular degeneration i real life: findings from the AURA study. Br J Ophthalmol. 2016;100(12):1623-
1628. doi: 10.1136/bjophthalmol-2015-308166

21. Ciulla TA, Hussain RM, Pollack JS, Williams DF. Visual acuity outcomes and anti-vascular endothelial
growth factor therapy intensity in neovascular age-related macular degeneration patients: a real-world
analysis of 49485 eyes. Ophthalmol Retina. 2020;4(1):19-30. doi: 10.1016/j.0ret.2019.06.017

22. Holekamp NM, Liu Y, Yeh WS, et al. Clinical utilization of anti-VEGF agents and disease monitoring

in neovascular age-related macular degeneration. Am J Ophthalmol. 2014;157(4):825-833.6821.

doi: 10.1016/.2j0.2013.12.018

23. Andersen DJ, Ludwig PE, Janot AC. Intravitreal injections among Medicare part B beneficiaries, 2012-
2016. J VitreoRetinal Dis. 2019;3(5):354-357. doi: 10.1177/2474126419858462

24. Heier JS, Brown DM, Chong V, et al; VIEW 1 and VIEW 2 Study Groups. Intravitreal aflibercept

(VEGF trap-gye) in wet age-related macular degeneration. Ophthalmology. 2012119(12):2537-2548.

doi: 10.1016/j.0phtha.2012.09.006

25. Stone TW, Hahn P, eds. ASRS 2019 Preferences and Trends Membership Survey. American Society of
Retina Specialists; 2019. Accessed February 7, 2020. asrs.org/asrs-community/pat-survey

26. Garratt S. Age-related macular degeneration Preferred Practice Pattern. American Academy of
Ophthalmology. Published October 2019. Accessed November 10, 2019. aaojournal.org/article/S0161-
6420(19)32091-3/pdf

27. Jager RD, Mieler WF, Miller JW. Age-related macular degeneration [published correction appears in
N Engl J Med. 2008;359(16):1736]. N Fngl J Med. 2008;358(24):2606-2617. doi: 10.1056/NEJMra0801537

THE AMERICAN JOURNAL OF MANAGED CARE® Supplement

VOL. 26, NO. 5

S109



REPORT

28. Keenan TD, Wiley HE, Agrdn E, et al; Age-Related Eye Disease Study and Age-Related Eye Disease
Study 2 Research Groups. The association of aspirin use with age-related macular degeneration
progression in the Age-Related Eye Disease Studies: Age-Related Eye Disease Study 2 Report No. 20.
Ophthalmology. 2019;126(12):1647-1656. doi: 10.1016/j.0phtha.2019.06.023

29. Holz FG, Sadda SR, Busbee B, et al; Chroma and Spectri Study Investigators. Efficacy and safety of
lampalizumab for geographic atrophy due to age-related macular degeneration: Chroma and Spectri phase 3
randomized clinical trials. JAMA Ophthalmal. 2018;136(6):666-677. doi: 10.1001/jamaophthalmol.2018.1544
30. Liao DS, Grossi FV, EL Mehdi D, et al. Complement C3 inhibitor pegcetacoplan for geographic

atrophy secondary to age-related macular degeneration: a randomized phase 2 trial. (phthalmology.
2020;127(2):186-195. doi: 10.1016/j.0phtha.2019.07.011

31. Allegro Ophthalmics to present the results of its phase 2 Risuteganib Intermediate Dry Age-Related
Macular Degeneration Study at the 19th EURETINA Congress and the Retina Society 2019 Annual Meeting.
News release. Allegro Ophthalmics; September 3, 2019. Accessed November 3, 2019. allegroeye.com/
allegro-ophthalmics-to-present-the-results-of-its-phase-2-risuteganib-intermediate-dry-age-
related-macular-degeneration-study-at-the-19th-euretina-congress-and-the-retina-society-2019-
annual-meeting

32. Grunwald JE, Pistilli M, Daniel E, et al; Comparison of Age-related Macular Degeneration

Treatments Trials Research Group. Incidence and growth of geographic atrophy during 5 years of
Comparison of Age-related Macular Degeneration Treatments Trials. Ophthalmology. 2017;124(1):97-104.
doi: 10.1016/.0phtha.2016.09.012

33. Apte RS, Chen DS, Ferrara N. VEGF in signaling and disease: beyond discovery and develop-

ment. Cell. 2019;176(6):1248-1264. doi: 10.1016/j.cel.2019.01.021

34. Bakri SJ, Thorne JE, Ho AC, et al. Safety and efficacy of anti-vascular endothelial growth factor
therapies for neovascular age-related macular degeneration: a report by the American Academy of
Ophthalmology. Ophthalmolagy. 2019;126(1):55-63. doi: 10.1016/j.0phtha.2018.07.028

35. Age-related macular degeneration (AMD) data and statistics. National Eye Institute. Updated July 17,
2019. Accessed October 28, 2019. nei.nih.gov/learn-about-eye-health/resources-for-health-educators/
eye-health-data-and-statistics/age-related-macular-degeneration-amd-data-and-statistics

36. Wong WL, Su X, Li X, et al. Global prevalence of age-related macular degeneration and dis-

ease burden projection for 2020 and 2040: a systematic review and meta-analysis. Lancet Glob

Health. 2014;2(2):e106-e116. doi: 10.1016/S2214-109X(13)70145-1

37. Seddon JM. Macular degeneration epidemiology: nature-nurture, lifestyle factors, genetic

risk, and gene-environment interactions—the Weisenfeld Award Lecture. /vest Ophthalmol Vis

Sci. 2017;58(14):6513-6528. doi: 10.1167/iovs.17-23544

38. Fritsche LG, Igl W, Bailey JN, et al. A large genome-wide association study of age-related macular
degeneration highlights contributions of rare and common variants. Nat Genet. 2016;48(2):134-143.

doi: 10.1038/ng.3448

39. Clemons TE, Milton RC, Klein R, Seddon JM, Ferris FL 3rd; Age-Related Eye Disease Study Research Group.
Risk factors for the incidence of Advanced Age-Related Macular Degeneration in the Age-Related Eye Disease
Study (AREDS) AREDS report no. 19. Ophthalmalogy. 2005;112(4):533-539. doi: 10.1016/j.0phtha.2004.10.047
40. Klein BE, Howard KP. Gangnon RE, Dreyer JO, Lee KE, Klein R. Long-term use of aspirin and age-
related macular degeneration. JAMA. 2012:308(23):2469-2478. doi: 10.1001/jama.2012.65406

41. ZhuW, Wu Y, Xu D, et al. Aspirin use and risk of age-related macular degeneration: a meta-analysis.
PLoS One. 2013:8:¢58821. doi: 10.1371/journal.pone. 0058821

42. Freund KB, Toth C, Zarbin M. Best clinical practice for age-related macular degeneration imaging.

J VitreoRet Dis. 2019;3(3):167-171. doi: 10.1177/2474126419834702

43. de Carlo TE, Bonini Fitho MA, Chin AT, et al. Spectral-domain optical coherence tomography angiography
of choroidal neovascularization. Ophthalmalogy. 2015;122(6):1228-1238. doi: 10.1016/j.0phtha.2015.01.029
44. Liang MC, de Carlo TE, Baumal CR, et al. correlation of spectral domain optical coherence
tomography angiography and clinical activity in neovascular age-related macular degeneration. Retina.
2016;36(12):2265-2273. doi: 10.1097/IAE.0000000000001102

45.Ying GS, Huang J, Maguire MG, et al; Comparison of Age-related Macular Degeneration

Treatment Trials Research Group. Baseline predictors for one-year visual outcomes with ranibizumab or
bevacizumab for neovascular age-related macular degeneration. Ophthalmology. 2013:120(1):122-129.
doi: 10.1016/j.0phtha.2012.07.042

46. Parikh R, Avery RL, Saroj N, Thompson D, Freund KB. Incidence of new choroidal neovascularization
in fellow eyes of patients with age-related macular degeneration treated with intravitreal aflibercept or
ranibizumab [published online July 11, 2019]. JAMA Ophthalmal. doi: 10.1001/jamaophthalmol.2019.1947
47. Isaac DL, Avila MP, Cialdini AP. Comparison of the original Amsler grid with the preferential hyperacu-
ity perimeter for detecting choroidal neovascularization in age-related macular degeneration. Arg Bras
Oftalmol. 2007;70(5):771-776.

48. Home page. ForeseeHome. Accessed November 3, 2019. foreseehome.com

49. Kunzmann K. ASRS Preferences and Trends Survey documents state of AMD retina care. MD
Magazine. Published July 25, 2018. Accessed January 22, 2020. mdmag.com/conference-coverage/asrs-
2018/asrs-preferences-and-trends-survey-documents-state-of-amd-retina-care

50. Schmid MK, Thiel MA, Lienhard K, Schlingemann RO, Faes L, Bachmann LM. Reliability and diagnostic
performance of a novel mobile app for hyperacuity self-monitoring in patients with age-related macular
degeneration. £ye (Lond). 2019;33(10):1584-1589. doi: 10.1038/s41433-019-0455-6

51. Notal Vision announces FDA grants Breakthrough Device designation for pioneering patient-operated
home Optical Coherence Tomography (OCT) system. News release. Notal Vision; December 3, 2018.
Accessed January 25, 2020. prewswire.com/news-releases/natal-vision-announces-fda-grants-
breakthrough-device-designation-for-pioneering-patient-operated-home-optical-coherence-tomography-
oct-system-300758956.html

52. Tomkins-Netzer 0, Elman MJ. Comparison between retinal images captured by a self-operated, home-
based Optical Coherence Tomography (OCT) system and commercial OCT systems. Abstract presented

at: 2019 Association for Research in Vision and Ophthalmology meeting; April 28, 2019. Abstract 1898-
A0289. meetingeventpilot.us/web/page. php?page=IntHtml&project=ARV019&id=3151996

53. Andersen DJ, Ludwig PE, Janot AC. Intravitreal injections among Medicare part B beneficiaries, 2012-
2016. J Vitrearetin Dis. 2019:3(5):364-357. doi: 10.1177/2474126419858462

54. McLaughlin MD, Hwang JC. Trends in vitreoretinal procedures for Medicare beneficiaries, 2000 to
2014. Ophthalmology. 2017:124(5):667-673. doi: 10.1016/j.0phtha.2017.01.001

55. Michels S, Rosenfeld PJ, Puliafito CA, Marcus EN, Venkatraman AS. Systemic bevacizumab (Avastin)
therapy for neovascular age-related macular degeneration: twelve-week results of an uncontrolled open-
label clinical study. Ophthalmology. 2005;112(6):1035-1047. doi: 10.1016/j.0phtha.2005.02.007

56. Schmidt-Erfurth U. Chong V, Loewenstein A, et al; European Society of Retina Specialists. Guidelines
for the management of neovascular age-related macular degeneration by the European Society of Retina
Specialists (EURETINA). Br J Ophthalmal. 2014:98(9):1144-1167. doi: 10.1136/bjophthalmol-2014-305702
57. Tuuminen R, Uusitalo-Jarvinen H, Aaltonen V, et al. The Finnish national guideline for diagnosis,
treatment and follow-up of patients with wet age-related macular degeneration. Acta Ophthalmal.
2017:95(A105 suppl):1-9. doi: 10.1111/a0s.13501

58. Beovu. Prescribing information. Novartis Pharmaceuticals Corporation; 2019. Accessed December 13,
2019. pharma.us.novartis.com/sites/www.pharma.us.novartis.com/files/beovu.pdf

59. Avastin. Prescribing information. Genentech, Inc; 2019. Accessed December 13, 2019. gene.com/
download/pdf/avastin_prescribing.pdf

60. Eylea, for intravitreal injection. Prescribing information. Regeneron Pharmaceuticals, Inc; 2019.
Accessed February 7, 2020. regeneron.com/sites/default/files/EYLEA_FPI.pdf

61. Lucentis, for intravitreal injection. Prescribing information. Genentech, Inc; 2018. Accessed February 7,
2020. gene.com/download/pdf/Lucentis_prescribing.pdf

62. CATT Research Group; Martin DF, Maguire MG, Ying GS, Grunwald JE, Fine SL, Jaffe GJ. Ranibizumab
and bevacizumab for neovascular age-related macular degeneration. N Engl J Med. 2011:364(20):1897-
1908. doi: 10.1056/NEJMoa1102673

63. Comparison of Age-related Macular Degeneration Treatments Trials (CATT) Research Group;

Martin DF, Maguire MG, Fine SL, et al. Ranibizumab and bevacizumab for treatment of neovascular
age-related macular degeneration: two-year results. Ophthalmology. 2012:119(7):1388-1398.

doi: 10.1016/j.0phtha.2012.03.063

64. IVAN Study Investigators; Chakravarthy U, Harding SP, Rogers CA, et al. Ranibizumab versus bevaci-
zumab to treat neovascular age-related macular degeneration: one-year findings from the IVAN random-
ized trial. Ophthalmology. 2012;119(7):1399-1411. doi: 10.1016/j.0phtha.2012.04.015

6b. Chakravarthy U, Harding SP. Rogers CA, et al; IVAN Study Investigators. Alternative treatments to
inhibit VEGF in age-related choroidal neovascularisation: 2-year findings of the IVAN randomised con-
trolled trial. Lancet. 2013;382(9900):1258-1267. doi: 10.1016/50140-6736(13)61501-9

66. Kodjikian L, Souied EH, Mimoun G, et al; GEFAL Study Group. Ranibizumab versus bevacizumab for
neovascular age-related macular degeneration: results from the GEFAL noninferiority randomized trial.
Ophthalmology. 2013;120(11):2300-2309. doi: 10.1016/j.0phtha.2013.06.020

67. Dugel PU, Koh A, Ogura Y, et al; HAWK and HARRIER Study Investigators. HAWK and HARRIER: phase
3, multicenter, randomized, double-masked trials of brolucizumab for neovascular age-related macular
degeneration. Ophthalmology. 2020;127(1):72-84. doi: 10.1016/j.0phtha.2019.04.017

68. Yang S, Zhao, Sun X. Resistance to anti-VEGF therapy in neovascular age-related macular degenera-
tion: a comprehensive review. Orug Des Devel Ther. 2016;10:1857-1867. doi: 10.2147/DDDT.S97653

69. Holz FG, Dugel PU, Weissgerber G, et al. Single-chain antibody fragment VEGF inhibitor RTHZ58

for neovascular age-related macular degeneration: a randomized controlled study. Ophthalmalagy.
2016;123(5):1080-1089. doi: 10.1016/j.0phtha.2015.12.030

70. Sharma A, Kumar N, Kuppermann BD, Loewenstein A, Bandello F. Brolucizumab: is extended VEGF sup-
pression on the horizon? £ye (Lond). 2020;34(3):424-426. doi: 10.1038/541433-019-0582-0

71. Novartis formally announces TALON, a global clinical trial in wet AMD comparing brolucizumab vs
aflibercept in two primary endpoints. News release. Novartis Pharmaceuticals; September 16, 2019.
Accessed November 1, 2019. pharmiweb.com/press-release/2019-09-16/novartis-formally-announces-
talon-a-global-clinical-trial-in-wet-amd-comparing-brolucizumab-vs-aflibercept-in-two-primary-endpoints
72. Rajan K. Update: Brolucizumab’s safety under review. American Academy of Ophthalmology.
Published March 11, 2020. Accessed March 18, 2020. www.aao.org/headline/brolucizumab-s-safety-
under-review

73. Study of safety and efficacy of brolucizumab 6 mq dosed every 4 weeks compared to aflibercept 2
mg dosed every 4 weeks in patients with retinal fluid despite frequent anti-VEGF injections (MERLIN).
Updated March 12, 2020. Accessed April 6, 2020. clinicaltrials.gov/ct2/show/NCT03710564

7h. Lanzetta P, Loewenstein A; Vision Academy Steering Committee. Fundamental principles of an
anti-VEGF treatment regimen: optimal application of intravitreal anti-vascular endothelial growth factor
therapy of macular diseases. Graefes Arch Clin Exp Ophthalmol. 2017;255(7):1269-1273. doi: 10.1007/
s00417-017-3647-4

75. Singer MA, Awh CC, Sadda S, et al. HORIZON: an open-label extension trial of ranibizumab for chorai-
dal neovascularization secondary to age-related macular degeneration. Jphthalmology. 2012;119(6):1175-
1183. doi: 10.1016/j.0phtha.2011.12.016

76. Gemenetzi M, Lotery AJ, Patel PJ. Risk of geographic atraphy in age-related macular degeneration
patients treated with intravitreal anti-VEGF agents. £y (Lond). 2017;31(1):1-9. doi: 10.1038/eye.2016.208
77. Kertes PJ, Galic 1J, Greve M, et al. Canadian Treat-and-Extend Analysis Trial with Ranibizumab

in patients with neovascular age-related macular disease: one-year results of the Randomized

Canadian Treat-and-Extend Analysis Trial with Ranibizumab Study. Ophthalmology. 2019;126(6):841-848.
doi: 10.1016/j.0phtha.2019.01.013

78. Gillies MC, Hunyor AP, Arnold JJ, et al. Effect of ranibizumab and aflibercept on best-corrected visual
acuity in treat-and-extend for neovascular age-related macular degeneration: a randomized clinical trial.
JAMA Ophthalmal. 2019:137(4):372-379. doi: 10.1001/jamaophthalmol.2018.6776

79. Bhandari S, Nguyen V, Arnold J, et al. Treatment outcomes of ranibizumab versus aflibercept for neo-
vascular age-related macular degeneration: data from the Fight Retinal Blindness! registry [published
online October 11, 2019]. Ophthalmalogy. doi: 10.1016/j.0phtha.2019.10.006

80. Sharma A, Kumar N, Kuppermann BD, Bandello F. Abicipar pegol: the non-monoclonal antibody anti-
VEGF [published online September 30, 2019]. Fye (Lond]. doi: 10.1038/s41433-019-0607-8

81. Callanan D, Kunimoto D, Maturi RK, et al. Double-masked, randomized, phase 2 evaluation of abicipar
pegol (an anti-VEGF DARPin therapeutic) in neovascular age-related macular degeneration [published
online November 9, 2018]. J Ocul Pharmacol Ther. doi: 10.1089/jop.2018.006.

MAY 2020 www.ajmc.com

S110



82. Allergan and Molecular Partners announce topline safety results from MAPLE study of abicipar pegol.
News release. Molecular Partners; April 2, 2019. Accessed November 2, 2019. molecularpartners.com/
allergan-and-molecular-partners-announce-topline-safety-results-from-maple-study-of-abicipar-pegol
83. Rodrigues GA, Mason M, Christie LA, et al. Functional characterization of abicipar-pegol, an anti-VEGF
DARPin therapeutic that potently inhibits angiogenesis and vascular permeability. /vest Ophthalmol Vis
Sci. 2018;59(15):5836-5846.

84. Allergan and Molecular Partners present late-breaking data from phase 3 studies of investigational
abicipar pegol in neovascular wet age-related macular degeneration. News release. Molecular Partners;
October 11, 2019. Accessed November 2, 2019. molecularpartners.com/allergan-and-molecular-partners-
present-late-breaking-data-from-phase-3-studies-of-investigational-abicipar-pegol-in-neovascular-wet-
age-related-macular-degeneration

85. Moisseiev E, Loewenstein A. Abicipar pegol - a novel anti-VEGF therapy with a long duration of
action. £ye (Lond). 2020;34(4):605-606. doi: 10.1038/s41433-019-05684-y

86. Danzig C, Quezada-Ruiz C, Basu K, et al. Efficacy and safety of faricimab every 16 or 12 weeks

for neovascular age-related macular degeneration: STAIRWAY phase 2 results. Poster presented at:
Association for Research in Vision and Ophthalmology Meeting; April 28-May 2, 2019. Accessed February
7, 2020. medically.roche.com/en/search/pdfviewer.fche4d09-0c02-48f7-88e6-d175825339ac. html

87. Klein C, Schaefer W, Regula JT, et al. Engineering therapeutic bispecific antibodies using CrossMab
technology. Methods. 2019;154:21-31. doi: 10.1016/j.ymeth.2018.11.008

88. New STAIRWAY study data shows potential for extended durability with faricimab in wet age-related
macular degeneration (AMD). News release. Genentech; October 27, 2018. Accessed January 18, 2020.
gene.com/media/press-releases/14762/2018-10-27/new-stairway-study-data-shows-potential-

89. Pipeline. Roche. Accessed February 9, 2020. roche.com/research_and_development/who_we_are_
how_we_work/pipeline.htm

90. Campochiaro PA, Marcus DM, Awh CC, et al. The port delivery system with ranibizumab for neo-
vascular age-related macular degeneration: results from the randomized phase 2 Ladder clinical trial.
Ophthalmology. 2019:126(8):1141-1154. doi: 10.1016/j.0phtha.2019.03.036

91. Stewart MW. Extended duration vascular endothelial growth factor inhibition in the eye: failures, suc-
cesses, and future possibilities. Pharmaceutics. 2018;10(1):E21. doi: 10.3390/pharmaceutics10010021

92. Liu K, Song Y, Xu G, et al; PHOENIX Study Group. Conbercept for treatment of neovascular age-
related macular degeneration: results of the randomized phase 3 PHOENIX study. Am J Ophthalmol.
2019;197:156-167. doi: 10.1016/].j0.2018.08.026

93. Efficacy and safety trial of conbercept intravitreal injection for neovascular age-related macular
degeneration (PANDA-1). Updated October 10, 2018. Accessed November 3, 2019. clinicaltrials.gov/ct2/
show/NCT03577899

94 Efficacy and safety trial of conbercept intravitreal injection for neovascular age-related macular degeneration
(PANDA-2). Updated March 5, 2019. Accessed November 3, 2019. clinicaltrials.gov/ct2/show/NCT03630952

WET AGE-RELATED MACULAR DEGENERATION

95. Corporate presentation. Outlook Therapeutics. Published September 2019. Accessed November 3,
2019. ir.outlooktherapeutics.com/static-files/aa18e853-9fba-4917-bf12-e9e3cba3abds

96. Compounded drug products that are essentially copies of approved drug products under section 503B
of the Federal Food, Drug, and Cosmetic Act Guidance for Industry. US FDA. Published January 2018.
Accessed November 11, 2019. www.fda.gov/regulatory-information/search-fda-guidance-documents/
compounded-drug-products-are-essentially-copies-approved-drug-products-under-section-503b-federal
97. Yannuzzi NA, Klufas MA, Quach L, et al. Evaluation of compounded bevacizumab prepared for intravit-
real injection. JAMA Ophthalmol. 2015;133(1):32-39. doi: 10.1001/jamaophthalmol.2014.3591

98. Khurana RN, Chang LK, Porco TC. Incidence of presumed silicone oil droplets in the vitreous cavity
after intravitreal bevacizumab injection with insulin syringes. JAMA Ophthalmol. 2017;135(7):800-803.
doi: 10.1001/jamaophthalmol.2017.1815

99. Staes C, Jacobs J, Mayer J, Allen J. Description of outbreaks of health-care-associated infections related to
compounding pharmacies, 2000-12. Am J Health Syst Pharm. 2013;70(15):1301-1312. doi: 10.2146/ajhp130049
100. Amgen and Allergan's Mvasi (bevacizumab-awwb) and Kanjinti (trastuzumab-anns) now available

in the United States. News release. Amgen; July 18, 2019. Accessed January 19, 2020. investors.amgen.
com/news-releases/news-release-details/amgen-and-allergans-mvasitm-bevacizumab-awwb-and-
kanjintitm

101. GaBI Journal Editor. Patent expiry dates for biologicals: 2017 update. Generics and Biosimilars
Initiative Journal (GaBl Journal). 2018:;7(1):29-34. Accessed November 11, 2019. gabi-journal.net/patent-
expiry-dates-for-biologicals-2017-update.html

102. Sharma A, Reddy P. Kuppermann BD, Bandello F, Lowenstein A. Biosimilars in ophthalmology: “is
there a big change on the horizon?” Clin Ophthalmol. 2018;12:2137-2143. doi: 10.2147/0PTH.S180393
103. Xbrane Biopharma corporate presentation. Xbrane Biopharma. Published April 2019. Accessed
November 3, 2019. xbrane.com/media/Xbrane-Presnetation-April-vé-22.4.19-1-1-1.pdf

104. Formycon announces news on development portfolio. News release. Formycon; May 13, 2019. Accessed
November 3, 2019. formycon.com/en/press-release/formycon-announces-news-on-development-portfolio
105. Qur pipeline. Samsung Bioepis. Accessed November 11, 2019. www.samsunghioepis.com/en/
product/product02.do

106. Adverum Biotechnologies reports additional clinical data from first cohort of OPTIC phase 1 trial

of ADVM-022 intravitreal gene therapy for wet AMD at the American Academy of Ophthalmology 2019
Annual Meeting. News release. Adverum Biotechnologies; October 11, 2019. Accessed November 3,
2019. investors.adverum.com/news-releases/news-release-details/adverum-biotechnologies-reports-
additional-clinical-data-first

107. Regenexbio announces additional positive interim phase I/IIA trial update for RGX-314 for the
treatment of wet AMD at the American Academy of Ophthalmology 2019 annual meeting. News release.
Regenexbio; October 11, 2019. Accessed November 3, 2019. regenxbio.gcs-web.com/news-releases/
news-release-details/regenxbio-announces-additional-positive-interim-phase-iiia-trial

THE AMERICAN JOURNAL OF MANAGED CARE® Supplement

VOL. 26, NO. 5

S111



	AJMC_ACE0161_WetAMD__Web.pdf

