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LEARNING METHOD AND MEDIUM 
This educational activity consists of a supplement and ten (10) study questions. 
The participant should, in order, read the learning objectives contained at the 
beginning of this supplement, read the supplement, answer all questions in the 
post test, and complete the Activity Evaluation/Credit Request form. To receive 
credit for this activity, please follow the instructions provided on the post test and 
Activity Evaluation/Credit Request form. This educational activity should take a 
maximum of 1.5 hours to complete. 

ACTIVITY DESCRIPTION 
It is estimated that by 2030, 3.7 million people in the United States will have 
advanced age-related macular degeneration (AMD), including neovascular AMD 
(nAMD). The standard of care for nAMD is monthly anti–vascular endothelial growth 
factor (VEGF) injections, but a growing body of real-world studies indicates that 
patients do not receive the same number of injections or achieve comparable visual 
acuity outcomes as do subjects in hallmark clinical trials, likely because of the 
significant treatment burden associated with monthly injections. To address this 
unmet need, several clinical trials are ongoing to investigate new treatment strategies 
and agents for nAMD that reduce treatment burden. Earlier detection of nAMD is 
one strategy to reduce the functional burden of nAMD through preservation of 
visual acuity. For active disease, several novel approaches designed to increase 
treatment response and longevity are under investigation. These include a small 
molecular weight anti-VEGF, a bispecific VEGF/angiotensin 2–antagonizing 
antibody, a VEGF-antagonizing DARPin (designed ankyrin repeat protein) molecule, 
and an implantable device that continuously releases an approved anti-VEGF 
therapy. Prior to US Food and Drug Administration approval of these innovative 
treatments, clinicians can harness the latest data on the consequences of persistent 
fluid to tailor retreatment strategies using approved anti-VEGF treatments, 
thereby reducing treatment burden while maximizing visual outcomes. The 
desired results of this educational activity are for retina specialists and other 
ophthalmologists to use evidence-based preventive, diagnostic, and treatment 
strategies for nAMD that minimize treatment burden while maximizing vision and 
quality-of-life outcomes for patients now and as new treatments emerge. 

TARGET AUDIENCE 
This educational activity is intended for retina specialists and other 
ophthalmologists who treat patients with nAMD. 

LEARNING OBJECTIVES 
Upon completion of this activity, participants will be better able to: 
• Design strategies to identify nAMD as soon as possible after symptom onset 
• Discuss the molecular basis for differentiating current and emerging treatments 

for nAMD 
• Examine clinical trial data for approved and emerging treatments for nAMD 
• Develop individualized disease activity assessment and retreatment plans for 

patients with nAMD 
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INTRODUCTION 
Age-related macular degeneration (AMD) is the leading cause of blindness in people 
aged > 50 years,1 accounting for 8.7% of all legal blindness worldwide.2 One of the main 
causes of severe visual loss in AMD is the development of choroidal neovascularization 
(CNV) heralding progression to exudative or the neovascular form of AMD (nAMD). The 
development of AMD takes a significant toll on quality of life.3 Moderate AMD (visual 
acuity [VA] of 20/50 to 20/100) can cause a 32% decrease in the average patient’s 
quality of life, similar to that associated with severe cardiac angina or a fractured hip. 
Severe AMD (VA of 20/200 or worse) can cause a 53% decrease in quality of life, more 
than that of dialysis, and very severe AMD (VA 20/800 or worse) can cause a 60% 
decrease in the quality of life of the average patient with AMD, similar to that experienced 
with end-stage prostate cancer or a severe stroke that leaves a person bedridden, 
incontinent, and requiring constant nursing care. Treatment with intravitreal injections  
of agents that inhibit vascular endothelial growth factor (VEGF) might improve VA by  
3 lines or more in 30% to 40% of people with nAMD and might prevent deterioration of 
VA in more than 90% of patients.4,5 Despite the availability of effective therapy, real-world 
clinical outcomes are limited by late detection of disease and an onerous treatment 
burden that limits the provision of optimal care to many patients. In this educational 
activity, a panel of retina specialists will identify unmet needs in current nAMD practice 
patterns and review new and emerging treatment strategies to fulfill these needs. 

UNMET NEEDS IN AGE-RELATED MACULAR DEGENERATION 
Nancy M. Holekamp, MD 
The advent of therapies to inhibit the actions of VEGF has transformed the management 
of nAMD and has given many patients stabilization and improvement of vision. Several 
unmet needs, however, remain to further challenge our ability to provide optimal care for 
patients with nAMD. These include better strategies for detecting nAMD before the 
decline of VA and improvements in our therapeutic approach to minimize the significant 
treatment burden associated with this disease. 

Early Diagnosis  
Early diagnosis of nAMD is essential for optimizing VA outcomes given that studies have 
demonstrated that VA at the time of diagnosis is the best predictor of treatment success 
and final VA.6,7 Studies also show, however, that diagnosis of most eyes with nAMD 
occurs once substantial VA has already been lost, and only 14% to 36% of eyes are 
diagnosed with nAMD when VA is 20/40 or better.7-10 In an analysis of real-world data 
from the American Academy of Ophthalmology IRIS® (Intelligent Research in Sight) 
Registry, the mean VA at the time of nAMD diagnosis among more than 162,000 eyes 
was 20/83.11,12 Although one might believe that the increased surveillance following 
first-eye diagnosis might lead to significantly earlier detection of second-eye 
involvement, the IRIS Registry analysis suggested otherwise, with mean VA in first- 
and second-diagnosed eyes of 20/85 and 20/79, respectively. Thus, the ability to 
diagnose nAMD earlier, while central VA is still preserved, is an unmet need that 
would significantly improve treatment outcomes. 

Reduction of Treatment Burden  
The phase 3 registry studies of the anti-VEGF agents ranibizumab and aflibercept 
evaluated monthly or bimonthly treatment regimens, whereas many subsequent 
studies—recognizing the tremendous burden monthly therapy requirements placed on 
patients and their families—have evaluated less frequent dosing intervals.4,13-21 
Unfortunately, as can be seen in Figure 1, reducing the frequency of anti-VEGF injections 
also reduces the efficacy of therapy, with smaller mean gains in VA when less than 
monthly regimens are used.4,13-21 In the international AURA study, VA gains in the first  
year of therapy diminished significantly in the second year as the frequency of injections 
also declined.19 Thus, the ability to achieve the VA gains derived from monthly or  
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every-8-week treatment with less frequent treatment is an unmet 
need that would greatly improve the lives of patients with nAMD, 
their caregivers, and their health care providers. 

TECHNIQUES TO IDENTIFY EARLY AND 
PROGRESSING AGE-RELATED MACULAR 
DEGENERATION 
Baruch D. Kuppermann, MD, PhD 
It cannot be stated too often that early detection is critical for 
optimizing VA outcomes in eyes with nAMD. In addition to the 
studies cited previously that demonstrated early VA diagnosis 
predicts treatment success,6,7 the original phase 3 registry trials  
of ranibizumab—MARINA and ANCHOR—demonstrated that the 
earlier or more immature a CNV lesion is, the better the expected 
final VA outcome.22,23 Further, VA improvement with anti-VEGF 
therapy is most likely if therapy is begun within 1 month of detecting 
visual symptoms.24 
What is the current approach to early detection of conversion from 
dry AMD to nAMD? In general, a combined approach includes 
symptom detection by patients—whether spontaneous or through 
regular at-home monitoring with the Amsler grid—and regular office 
examination and testing for at-risk eyes, such as those with 
intermediate AMD. Office testing most often consists of optical 
coherence tomography (OCT), an imaging modality that—as has 
anti-VEGF therapy—has transformed the 
evaluation and management of AMD.  
A pooled analysis of the performance of  
OCT in detecting CNV in eyes with AMD 
demonstrated 85% sensitivity and 48% 
specificity.25 This means that 85% of eyes  
with CNV will be detected by OCT; conversely, 
OCT will also be positive in approximately  
half of eyes without CNV. Given the 
consequences of missing CNV, the low 
specificity is a reasonable trade-off for the 
high sensitivity. New approaches to the 
analysis of OCT data signals seek to improve 
the technology’s diagnostic accuracy. 
Biomarkers such as the area, volume, height, 
and reflectivity of drusen, the retinal pigment 
epithelium (RPE), and the RPE-drusen 
complex are under evaluation.26 OCT findings 
are redefining the classification of nAMD 
lesions, as shown in Figure 2.27 Type 1 CNV 

lesions (Figures 2A and 2B) feature flat vessel 
proliferation under the RPE, with localized 
fusiform serous or fibrovascular pigment 
epithelial detachments. Type 2 CNV lesions 
(Figures 2C-2F) have neovascular tissue 
proliferating above the RPE level, disrupting  
the inner-outer segment junction and  
creating cystic intraretinal spaces. Type 3  
CNV lesions (Figures 2G and 2H) are 
characterized by retinal angiomatous 
proliferation lesions, with intraretinal 
neovascularization and cystic spaces. 
OCT angiography (OCT-A) represents another 
key advance in the OCT technology platform. 
OCT-A uses amplitude or phase decorrelation 
technology to detect red blood cell movement 
and to visualize blood vessels at various levels 
of the retina and choroid. As opposed to 
fluorescein angiography (FA) or indocyanine 
green (ICG) angiography, OCT-A reveals the 
vessels themselves and enables more accurate 
identification and evaluation of the morphology 
of the neovascular complex (Figure 3).28-30  

OCT-A allows even earlier detection of CNV development compared 
with conventional OCT devices.28 In a recent study, CNV type 1 lesions 
were detected far more frequently by OCT-A than by FA: 95% of  
22 eyes vs only 29% of 17 eyes, respectively.31 Fluorescein 
angiography remains useful in differentiating the CNV and non-CNV 
components of nAMD lesions and distinguishing between classic 
and occult lesion types. ICG angiography, which uses ICG dye 
rather than fluorescein to better visualize the choroidal circulation,  
is helpful in the diagnosis of polypoidal choroidal vasculopathy and 
retinal angiomatous proliferation lesions. 
Fundus autofluorescence (FAF) is useful in the imaging of eyes with 
dry AMD, specifically those with geographic atrophy (GA) lesions. 
FAF is capable of visualizing the naturally or pathologically occurring 
fluorophores in the retina, mainly lipofuscin. Because of its ability to 
delineate GA with superior contrast to color fundus photography, 
FAF has been used extensively in non-nAMD studies. Specific 
qualitative patterns of hyperautofluorescence and 
hypoautofluorescence were suggested to correlate with the growth 
rates of GA.32 
Complementary to these office-based technologies for early 
detection of nAMD are several home-based tools. In patients with 
maculopathies, subjective symptoms often precede objective signs, 
so home monitoring between routine visits is essential for early 
diagnosis. The most common home-based tool is the Amsler grid, 
which evaluates the central 20° of a visual field.33 Traditionally, this 
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Figure 1. As the frequency of anti–vascular endothelial growth factor injections falls below monthly, visual acuity 
outcomes diminish4,13-21 
Abbreviations: BCVA, best-corrected visual acuity; CATT, Comparison of Age-Related Macular Degeneration Treatments Trials;  
EMR, electronic medical record; ETDRS, Early Treatment Diabetic Retinopathy Study; FRB, Fight Retinal Blindness; q4w, 4-week  
dosing interval; q8w, 8-week dosing interval. 
* Ranibizumab monthly and aflibercept bimonthly dosing unless otherwise stated 

Figure 2. Classification of choroidal neovascularization lesions in neovascular age-
related macular degeneration based on optical coherence tomography characteristics.27 
(A and B) Occult (type 1) choroidal neovascularization. Whitish exudate around a 
swollen foveola (black asterisk) is seen on fundus photography (A). Elevation of the 
retinal pigment epithelium (B, red arrow) and an intermediate hyperreflective mass 
(yellow asterisk) are seen on spectral-domain optical coherence tomography.  
(C and D) Classic (type 2) choroidal neovascularization. Subretinal exudation is seen 
on fundus photography (C, black asterisk), whereas a fibrovascular lesion   (D, red arrow) 
is seen penetrating the retinal pigment epithelium. Hyperreflective material is 
present in the surrounding retinal pigment epithelium (white arrowheads). (E and F) 
Retinal angiomatous proliferation. Retinal vessels (E, black arrows) are seen connected 
to a disciform scar and insert into the subretinal hyperreflective lesion (F, blue and 
white arrows). (G and H) Polypoidal choroidal vasculopathy. An orange lesion (G, black 
asterisk) and subretinal henorrhage are evident on fundus photography. retinal 
pigment epithelium detachment (H, green arrows) and the double-layer sign (H, white 
arrow) are seen on spectral-domain optical coherence tomography. 
Abbreviations: EZ, ellipsoid zone; OLM, outer limiting membrane; RPE, retinal 
pigment epithelium.  
Reproduced with permission from Little K, Ma JH, Yang N, Chen M, Xu H. Myofibroblasts 
in macular fibrosis secondary to neovascular age-related macular degeneration - the 
potential sources and molecular cues for their recruitment and activation. 
EBioMedicine. 2018;38:283-291. Copyright 2018 by Little et al. 
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has been a paper-based handout that patients can place on the 
refrigerator or bathroom mirror and use daily to assess for changes 
in metamorphopsia. Modern smartphones offer applications 
featuring the Amsler grid, making it even more accessible. However, 
variable sensitivity and the lack of quantifiable measures of visual 
field defects make the Amsler grid more suitable for monitoring 
progression than for lesions of new onset. 
More recently, preferential hyperacuity perimetry (PHP) has 
emerged as a clinically useful tool for early nAMD detection. 
Hyperacuity (also termed vernier acuity) is defined as the ability to 
perceive a difference in the relative spatial localization of ≥ 2 visual 
stimuli. Elevation of the RPE and/or neurosensory retina—both 
possible occurrences in advanced AMD—causes a shift in the 
regular position of photoreceptors. It is hypothesized that such a 
shift causes an object to be perceived at a location different from 
its true location in space. This perceived shift is recorded by PHP. 
A PHP-based home device is available and has been evaluated in a 
randomized clinical trial (AREDS2-HOME [Age-Related Eye 
Disease Study 2–Home Monitoring of the Eye]) in patients with 
large drusen, no nAMD lesions, and VA of 20/60 or better.34 More 
than 1500 patients participated and were assigned to monitoring 
for conversion to nAMD with standard care (Amsler, routine in-office 
testing) or the PHP device used daily at home. After a mean 
follow-up of 1.4 years, significantly more lesions (51 vs 31) were 
detected by the PHP device than by standard care, a finding so 
impactful that the study’s Data and Safety Monitoring Committee 
halted the study early. PHP detected conversion to nAMD earlier 
than did standard care, with VA at the time of diagnosis being 
5.6 letters better in the PHP group than in the standard care group 
(P = .005) and 94% of 35 eyes (vs only 62% of 30 eyes) having VA 
of 20/40 or better at diagnosis (P = .003) (Figure 4).34 This is 
substantially better than the 14% to 36% of eyes with VA of 20/40 
or better at the time of nAMD diagnosis reported in prior studies.7-10 
Furthermore, CNV lesions detected by PHP were smaller than 
those detected by standard care (median lesion size: 0.23 vs  
0.7 disc areas, respectively), a difference that trended toward 
significance (P = .051).35 Other home-monitoring tools, such as a 
smartphone application that monitors VA and Amsler changes,  
and another based on shape-discrimination hyperacuity, are 
available as well, although they have not been rigorously studied  
in published trials.33  

Because AMD—and specifically the risk of nAMD—has a genetic 
component, first-degree relatives of patients with AMD are also at 
risk of AMD-related vision loss.36 Some genes convey a risk of AMD, 
but not necessarily progression to nAMD, whereas other genes, 
specifically CFH and ARMS2, have been significantly associated with 
AMD progression.37 Early AMD diagnosis of at-risk patients would 
facilitate early diagnosis of sight-threatening nAMD lesions, but the 
role of genetic testing in the adult children of patients with AMD 
remains an unresolved issue. Currently, the best approach is regular, 
routine eye examinations to screen for AMD as well as other eye 
conditions associated with aging, such as glaucoma and cataract.38 

THE MOST PROMISING DRUGS IN RETINA 2020  
Pravin U. Dugel, MD 
The anti–VEGF-A agents bevacizumab, ranibizumab, and 
aflibercept have transformed the management of AMD and other 
retinal vascular diseases since their emergence into ophthalmology 
approximately 15 years ago. We are now on the cusp of a new wave 
of innovation that might further expand our treatment options, 
improve outcomes, and reduce treatment burden for our patients 
with nAMD. 
Brolucizumab—a new anti–VEGF-A inhibitor that is a single-chain 
antibody fragment—was approved by the US Food and Drug 
Administration in October 2019 for the treatment of nAMD.39 
Notably, the drug was approved for dosing as infrequently as every 
8 to 12 weeks after 3 monthly loading doses.40 Brolucizumab was 
evaluated in 2 phase 3 clinical trials: HAWK and HARRIER.41 
Collectively, these studies enrolled more than 1800 patients with 
treatment-naïve nAMD who were randomized to receive brolucizumab 
3 mg (HAWK only) or 6 mg (both HAWK and HARRIER) monthly for  
3 months and then every 8 weeks if disease activity was present, 
or 12 weeks if not; or aflibercept 2 mg every 8 weeks after 3 monthly 
loading doses. The primary outcome was the change in best-
corrected VA (BCVA) from baseline to week 48; a noninferiority 
analysis was planned. The investigators reported that in both 
HAWK and HARRIER, mean BCVA changes from baseline with the  
2 drugs were similar (and statistically noninferior), despite most 
patients in the brolucizumab arms being treated every 12 weeks as 
opposed to every 8 weeks in the aflibercept arm. There was no 
meaningful difference between the 2 brolucizumab doses (Figure 5).41 
At week 16, significantly reduced central subfield thickness 
(CST) was observed with brolucizumab 6 mg vs aflibercept in 
both studies (P < .001). At week 48, significantly reduced CST was 
observed for both brolucizumab dosing groups (P < .001). In both 
studies, fewer patients on brolucizumab 6 mg (n = 360 in HAWK 
and n = 370 in HARRIER) had intraretinal and/or subretinal fluid 
at weeks 16 (35%-36% fewer) and 48 (31%-41% fewer) compared 
with aflibercept.  

Figure 3. Optical coherence tomography angiography imaging of a choroidal neovascularization 
lesion in an eye with neovascular age-related macular degeneration.29 Green square (top left) 
delineates the optical coherence tomography angiography area. Optical coherence tomography 
angiography image (top right) shows a type 1 choroidal neovascularization lesion. Cross-
sectional optical coherence tomography images (bottom) do not show any fluid accumulation. 
Reproduced with permission from Coscas F, Lupidi M, Boulet JF, et al. Optical coherence 
tomography angiography in exudative age-related macular degeneration: a predictive model for 
treatment decisions. Br J Ophthalmol. 2019;103(9):1342-1346. Copyright 2019 by Coscas et al. 
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Adverse events were similar among the 
groups.41 Common adverse events were 
injection-related events, such as conjunctival 
hemorrhage and eye pain; disease-related 
events, such as reduced VA; and drug-related 
events, such as vitreous floaters. Extended 
follow-up through 96 weeks confirmed the 
early results, with noninferior VA improvements 
and superior CST reductions with brolucizumab 
6 mg maintained through 2 years of follow-up.42 
The superior drying effect and durability of 
brolucizumab over aflibercept might be related 
to its small molecular weight and high molar 
equivalent dose; at a dose of 6 mg, its 
equivalent molar dose is approximately  
12 times greater than that of aflibercept and 
approximately 20 times greater than that of 
bevacizumab and ranibizumab (Figure 6).43-47 
Several other promising drugs are in late-
stage clinical development. Conbercept is a 
novel recombinant fusion protein that inhibits 
VEGF. In a randomized phase 3 trial of 
conbercept 0.5 mg (n = 81) vs sham injections 
(n = 43), eyes treated with 3 monthly loading 
doses of conbercept gained an average of 
9.2 letters vs 2.0 letters in the sham group 
(P < .001) by month 3.48 Thereafter, both 
groups received quarterly injections of 
conbercept 0.5 mg. The visual gains at  
3 months were maintained through 12 months 
in the conbercept initial group (mean,  
10.0 letters), and the sham initial group  
derived comparable benefit after crossover to 
conbercept (8.8 letters at month 12; P = .64). 
The most common ocular adverse events 
were associated with intravitreal injections, 
such as conjunctival hemorrhage and 
increased intraocular pressure. Unfortunately, 
no head-to-head comparisons with other 
anti-VEGF agents were incorporated into this 
study,48 although a phase 3 comparison with 
aflibercept is under way (PANDA trials).49,50 
Abicipar pegol (abicipar) is another next-
generation anti-VEGF agent in development. 
This molecule is a DARPin (designed ankyrin 
repeat protein), which is a recombinant protein 
derived from natural ankyrin proteins and 
consists of multiple repeat motifs that provide both molecular 
stability and a large target interaction surface.51 Abicipar has a 
smaller molecular weight,52 higher target binding affinity,53 and 
longer ocular half-life than ranibizumab.53 The half-life of abicipar  
is approximately 2 weeks in human eyes with diabetic macular 
edema.53 Together, these attributes might account for abicipar’s 
extended durability for the treatment of nAMD vs traditional  
anti-VEGF therapies. In a randomized phase 2 study (REACH),  
64 patients with nAMD received either 3 monthly doses of abicipar 
1 or 2 mg or 5 monthly injections of ranibizumab 0.5 mg.52 At week 
20—4 weeks after the last dose of ranibizumab and 12 weeks after 
the last dose of abicipar—mean VA gains were 8.2, 10.0, and 5.3 letters 
in the abicipar 1 mg, abicipar 2 mg, and ranibizumab arms, respectively. 
Two-year data from a pair of phase 3 studies—CEDAR and SEQUOIA—
have been reported but not yet published.54 In these studies, patients 
received either abicipar 2 mg every 8 or 12 weeks or ranibizumab 
every 4 weeks for 104 weeks. The primary outcome—stable vision at 
52 weeks—was achieved in > 90% of study participants and was 
comparable among the groups (Table). Mean VA gains at 2 years 
were 7.8 letters in the 8-week abicipar group, 6.1 letters in the 12-week 
abicipar group, and 8.5 letters in the ranibizumab group. These 
differences were not significant. It should be noted, however, that  

the similar outcomes in the abicipar 12-week group and the 
ranibizumab 4-week group were accomplished with 10 vs 25 injections, 
respectively, over 2 years. Central retinal thickness was comparable 
between the abicipar and ranibizumab arms through 104 weeks.55 
Ocular adverse events were similar between groups, with the 
exception of intraocular inflammation, which was observed in 
approximately 15% of abicipar-treated eyes in both studies.54 The 
manufacturing process of abicipar was subsequently modified and 
tested in the open-label MAPLE trial (n = 123)56; ocular inflammation 
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Figure 6. Relative concentration of anti–vascular endothelial growth factor drugs in a 0.05-mL injection volume43-47

* Stable vision defined as a loss of < 15 Early Treatment Diabetic Retinopathy Study letters 
compared with baseline

Trial Treatment n
Patients With Stable 

Vision* at Week 52, %

CEDAR

Abicipar 2 mg every 8 weeks 265 91.7

Abicipar 2 mg every 12 weeks 262 91.2

Ranibizumab 0.5 mg every 4 weeks 290 95.5

SEQUOIA

Abicipar 2 mg every 8 weeks 267 94.8

Abicipar 2 mg every 12 weeks 265 91.3

Ranibizumab 0.5 mg every 4 weeks 299 96.0

Figure 5. Outcomes at 48 weeks in the phase 3 HAWK and HARRIER trials of brolucizumab vs aflibercept.41 Visual acuity (A and B) 
and central subfield thickness (C and D) over time in the HAWK and HARRIER studies, respectively. (E and F) Percentage of patients 
with subretinal and/or intraretinal fluid at weeks 16 and 48 of study.  
Abbreviations: Aflib, aflibercept; BCVA, best-corrected visual acuity; Brol, brolucizumab; CST, central subfield thickness;  
IRF, intraretinal fluid; LS, least squares; SE, standard error; SRF, subretinal fluid. 
* 1-sided P values vs aflibercept < .005 
Reproduced with permission from 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. Copyright 2019 by the American Academy of Ophthalmology.

Table. Primary Outcome Data in the CEDAR and SEQUOIA Trials54
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was then observed in 8.9% of abicipar-treated patients, a decrease 
of approximately 40% from prior studies.  
In an effort to further extend the interval between retreatments, a 
port delivery system (PDS) for ranibizumab is under development. 
This implant, placed transsclerally for subconjunctival access and 
intravitreal delivery, is a refillable, passive, diffusion-controlled 
sustained delivery system that can be refilled in minimally invasive 
fashion in an office-based procedure. In a phase 2 randomized trial 
(LADDER), 220 patients with nAMD received the device loaded  
with 1 of 3 doses of ranibizumab (10, 40, or 100 mg/mL) or monthly 
injections of ranibizumab 0.5 mg.57 The median time to first refill of 
the implant (indicated when BCVA decreased or when OCT central 
field thickness [CFT] increased by prespecified amounts) was  
8.7, 13.0, and 15.0 months in the 10-, 40-, and 100-mg/mL arms, 
respectively. At month 9 (the primary efficacy end point time point), 
mean VA gain in the 100-mg/mL group (+5.0 letters) was comparable 
to that achieved with 9 monthly injections of ranibizumab (+3.9 letters).  
At 9 and 18 months, CFT was comparable across the groups.57,58 
After optimization of the surgical implant procedure, the vitreous 
hemorrhage rate was 4.5% in 157 PDS-treated patients, with no 
evidence of device obstruction/blockage. Cataracts (7.3%) and 
conjunctival blebs (3.35%) developed in some of the 179 PDS-treated 
patients. A phase 3 trial comparing the port delivery system to 
ranibizumab injections (Archway) is ongoing.59 
Faricimab, a bispecific monoclonal antibody designed to inhibit both 
VEGF and angiopoietin-2, is also in development. Angiopoietin-1 
constitutively activates Tie2 in health, maintaining vascular integrity 
and averting inflammation. In disease, angiopoietin-2 is upregulated 
and is a weak agonist (effectively an antagonist) of Tie2 activation. 
Faricimab has 2 fab arms that simultaneously inhibit VEGF-A and 
angiopoietin-2. Modifications to the Fc region suppress effector 
function to reduce the potential for inflammation and to facilitate 
systemic clearance for improved safety.60 In the phase 2 AVENUE 
and STAIRWAY trials, noninferiority of faricimab dosed every 4 or  
8 weeks in AVENUE and every 12 or 16 weeks in STAIRWAY to 
monthly ranibizumab was demonstrated for VA and central retinal 
thickness.61,62 There were no statistically significant differences 
between groups for BCVA and comparable reductions in CFT. The 
safety of faricimab was comparable to that of ranibizumab.63 Two 
phase 3 studies (TENAYA and LUCERNE) are currently ongoing.64,65 
In summary, newly available and investigational agents as well as 
novel delivery systems for existing agents offer the possibility of 
outcomes at least as good as those seen with currently available 
anti–VEGF-A therapies and substantial reductions in treatment 
burden. As more of these treatment options complete clinical 
development and are available for clinical use, patients and their 
caregivers will benefit from less intensive therapy. 

OPTIMIZING INDIVIDUALIZED DOSING 
STRATEGIES FOR NEOVASCULAR AGE-RELATED 
MACULAR DEGENERATION 
Carl D. Regillo, MD 
The goal of nAMD therapy is to achieve and maintain the best 
possible VA. We know from clinical trials that monthly or every-
other-monthly injections of anti-VEGF agents can preserve initial  
VA gains well through 2 years. A review of major published phase 3 
anti-VEGF trials compellingly demonstrates that injection frequency 
correlates with 12-month VA outcomes.66 We extrapolate that 
continued therapy beyond 2 years should maintain these gains 
indefinitely, unless macular atrophy intervenes. However, in routine 
clinical practice, very few patients receive monthly or every-other-
monthly injections over the long term, largely because of the 
excessive treatment burden imposed by doing so. For some 
patients, this can result in loss of initial visual gains, as was seen in 
the later years of CATT (Comparison of Age-Related Macular 
Degeneration Treatments Trials), when injection rates dropped to  

4 to 5 per year.67 For others, such frequent injections are not 
required to maintain their improved VA. Although the nature of 
clinical trials requires some degree of treatment standardization, the 
ultimate goal of patient-centered medical practice is to individualize 
therapy to the specific needs of each patient, avoiding both 
undertreatment and overtreatment over time. 
Strategies for increasing the between-injection interval have 
included as-needed and treat-and-extend (TAE) approaches. The 
as-needed approach was statistically not noninferior to monthly 
injections in CATT because it is a reactive approach that requires 
clinical worsening with recurrence of exudation before retreatment.68 
This might be akin to a rescue strategy, allowing the macula to 
become reimpaired before each successive retreatment, and there 
might be permanent damage to the macular tissues from this 
constant cycle of exudative reactivation and rescue.42 The TAE 
approach, on the other hand, seeks to identify the optimal between-
injection interval needed to maintain macular health and optimal 
outcomes for individual patients. Following monthly loading doses 
to achieve optimal VA and to minimize exudative features, the 
treatment interval is gradually increased—typically in 2-week 
increments—until clinical worsening (as determined by VA or OCT) 
is observed, after which the preceding interval (the longest 
associated without disease activity) becomes the standard interval 
for the given patient. Because treatment requirements can diminish 
with time, it is reasonable to rechallenge with extension after 6 to  
12 months of stability at the current interval to better individualize 
and fine-tune the treatment plan. This strategy minimizes 
recurrences, setbacks, overtreatment, and overall burden and 
maximizes safety, all while being cost effective and minimizing drug 
use, office visits, and testing.69  
A large retrospective analysis of long-term TAE therapy for nAMD 
with bevacizumab or ranibizumab from the Wills Eye Hospital 
demonstrated that VA outcomes were comparable to those 
reported in phase 3 trials, but with far fewer injections over a  
3-year period.70 A prospective study (ATLAS [Aflibercept Treat  
and Extend for Less Frequent Administration Study]) of TAE therapy 
with aflibercept in 40 treatment-naïve patients with nAMD showed 
similar results, with 75% of 31 patients requiring treatments no  
more often than every 8 weeks and 38% requiring treatments  
no more often than every 12 weeks.71 
A prospective, randomized trial (TREX-AMD) compared a TAE 
strategy (no less frequently than every 12 weeks) with monthly 
ranibizumab 0.5 mg in 60 treatment-naïve eyes with nAMD.72 
Monthly loading doses (a minimum of 3) were given until the macula 
was dry, after which TAE was initiated. After 2 years, mean VA gains 
were similar in the monthly and TAE groups (10.5 vs 8.7 letters, 
respectively; P = .64), with significantly fewer injections in the TAE 
group (mean 18.6 vs 25.5, P < .001) (Figure 7).72 The mean maximum 
extension duration was 8.5 weeks, with 14 patients (47%) tolerating 
extensions in excess of 8 weeks and 11 patients (37%) tolerating 
extensions to 11 or 12 weeks between injections. Among eyes that 
achieved a dry macula and then demonstrated fluid upon extension, 
the interval at which the fluid recurred was generally the maximum 
interval tolerated subsequently (only 27% of 26 eyes receiving  
TAE ultimately tolerated a longer extension than the interval at 
which fluid first recurred), suggesting that rechallenge might not 
successfully increase the interval in most patients. Similar larger 
controlled studies (TREND [Treat and Extend]73 and CANTREAT 
[Canadian Treat-and-Extend Analysis Trial With Ranibizumab]74) 
have confirmed these findings, with 62% of 323 eyes and 69% of 
287 eyes, respectively, tolerating ranibizumab extension intervals  
of ≥ 8 weeks. 
These 4 prospective studies validate the TAE approach, demonstrating 
that intervals of ≥ 8 weeks are viable for approximately one-half to 
two-thirds of patients using our current anti-VEGF agents once 
initial macular drying is achieved.71-74 Emerging drugs in the clinical 
pipeline discussed previously might have longer durations of action, 
permitting even greater extensions between retreatments. 
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Ultimately, however, visual gains might be limited by persistent 
fluid and progressive macular atrophy over time in some eyes. In 
the long-term CATT study, 83% of 555 eyes had persistent fluid at 
5 years, albeit with a relatively low (4-5/year) injection frequency in 
later years.67 Unfortunately, in the real world, injections at relatively 
low rates of 4 or so per year are common.18,66,75,76 As we are learning, 
the specific location of the persistent macular fluid matters because 
it could have implications for individualizing treatment. In a 5-year 
analysis of data from CATT, intraretinal fluid had a much greater 
negative effect on VA outcomes than subretinal or sub-RPE fluid, 
particularly when involving the fovea.77 Also, variability of retinal fluid 
over time—as the macula dries out and becomes edematous again—
was also a predictor of VA in the HAWK and HARRIER brolucizumab 
trials, suggesting, as discussed previously, that a cycle of macular 
reinjury and rescue provides suboptimal results compared with 
maintaining macular dryness over time.42 This is in contrast to a 
recent analysis of HARBOR trial data showing that persistent 
subretinal fluid was associated with better BCVA outcomes than 
complete fluid resolution, a counterintuitive finding that will require 
further investigation to understand more fully.78 When confronted 
with persistent exudation in eyes with nAMD, our options are to 
intensify current treatment (higher retreatment frequency), switch to 
an alternate agent, extend and observe to see if the fluid worsens or 
remains stable, or consider additional imaging, such as FA or ICG 
angiography to rule out polypoidal choroidal vasculopathy (which 
might respond well to the addition of photodynamic therapy) or 
OCT-A to confirm that CNV is the cause of the edema. 

The following section presents a series of cases meant to represent 
common patient scenarios encountered in the ophthalmology 
practice. Each case includes a discussion by faculty to identify and 
underscore the integration of emerging data and treatments into 
clinical practice. 

CASE 1: EARLY DIAGNOSIS OF NEOVASCULAR 
AGE-RELATED MACULAR DEGENERATION  
BY HOME TESTING 
From the Files of Nancy M. Holekamp, MD  
(Courtesy of Nadia Waheed, MD) 
An 84-year-old woman was under care for bilateral dry AMD with 
pigment alterations of the RPE. Her VA was 20/20 OU. She was 
prescribed home PHP testing. Six months later, her left eye developed 
a small change in the metamorphopsia map that triggered an alert 
leading to an in-office evaluation, during which OCT revealed a new 
CNV lesion (Figure 8). She was asymptomatic, with a VA of 20/20.  

She commenced anti-
VEGF therapy with  
3 monthly loading doses, 
was quickly extended to 
12 weeks, but developed 
persistent fluid. She was 
adjusted to an 8-week 
interval. Despite some 
persistent subretinal fluid, 
she maintained a VA of 
20/30 through 18 months. 
Dr Holekamp: The PHP 
is a great device for our 
patients to use at home, 
but it is not easy for 
some patients. It 
requires a baseline VA  
of 20/60 or better to 
perform. For the right 
patients, it is very 
effective at picking up 
early disease that is 
otherwise asymptomatic 
and sometimes is not 
even detected on an 
Amsler grid. 
Dr Kuppermann: The technology is conceptually appealing. We  
are trying to find technologies that are equivalent but easier to use. 
Dr Holekamp: The same company that developed the PHP is  
also working on a home OCT device for self-testing.79,80 Imagine  
our patients obtaining their own OCT every morning and calling us 
when there is a problem. One of the first things they have to do is 
validate the artificial intelligence algorithm that is going to analyze 
the OCT and detect whether or not a signal should be sent to the 
clinician to come in for a visit. 

Dr Regillo: This case is a good example of how well patients can  
do visually with early detection of CNV. The PHP device has been 
shown in a clinical trial to detect CNV earlier, when the VA is still 
relatively good, compared with conventional Amsler grid use. The 
case also demonstrates that small amounts of stable subretinal  
fluid can be relatively well tolerated by some patients. 

CASE 2: NEW-ONSET NEOVASCULAR  
AGE-RELATED MACULAR DEGENERATION  
WITH GOOD RESPONSE TO THERAPY 
From the Files of Carl D. Regillo, MD 
A 77-year-old woman presented with metamorphopsia in the left eye 
of 3 weeks’ duration. On examination, supplemented with both FA  
and OCT, she had nAMD with a CNV and subretinal fluid (Figure 9). 
Her VA at presentation was 20/60. She received 2 monthly doses of 
aflibercept 2 mg, resulting in a dry macula, and VA improved to 20/30. 
Dr Regillo: Given that the macula is dry after 2 loading doses, 
should we give the third monthly loading dose in 4 weeks or  
begin extending now? 
Dr Holekamp: I typically give all 3 monthly loading doses  
before extending. 
Dr Regillo: I will consider extending before the third dose if the 
response is robust, as in this case. I elected against the third 
monthly loading dose and extended to 6 weeks, at which time the 
macula remained dry and the VA was preserved at 20/30. However, 
upon extending to 8 weeks, the fluid recurred and the VA dropped to 
20/50. I re-treated and reverted to a 6-week interval, at which time 
the macula was once again dry and VA was 20/30. Would you have 
maintained the 8-week interval and tolerated the small amount of 
fluid seen at that visit? 
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Figure 7. Two-year visual acuity outcomes of the TREX-AMD trial comparison of monthly vs  
treat-and-extend ranibizumab therapy72 
Abbreviations: AMD, age-related macular degeneration; BCVA, best-corrected visual acuity; 
ETDRS, Early Treatment Diabetic Retinopathy Study; TREX, treat-and-extend. 
Reproduced with permission from Wykoff CC, Croft DE, Brown DM, et al; TREX-AMD Study Group. 
Prospective trial of treat-and-extend versus monthly dosing for neovascular age-related macular 
degeneration: TREX-AMD 1-year results. Ophthalmology. 2015;122(12):2514-2522. Copyright 2015 by 
the American Academy of Ophthalmology.

Figure 8. Clinical course of the patient presented  
in Case 1 
Abbreviations: PHP, preferential hyperacuity 
perimetry; VA, visual acuity. 
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Dr Holekamp: In this case, the VA decline, rather than the recurrent 
fluid, is of concern. I would have done as you did. 
Dr Dugel: I do not tolerate fluid and treat aggressively when fluid is 
present. I know that some eyes tolerate a small amount of fluid well 
over long periods, but I prefer to eliminate all fluid whenever I can 
and restore the macula to its normal physiologic state. 
Dr Regillo: Would you keep this patient fixed at 6 weeks going 
forward or would you try to re-extend? 
Dr Dugel: As Dr Holekamp pointed out, the decline in VA with  
the 8-week interval indicates that this patient is optimally seen  
at 6 weeks. I would be very reluctant to extend this patient further 
when she is doing this well. 
Dr Regillo: Would you re-challenge the patient at some point? 
Dr Kuppermann: I would do exactly what has been done. I do  
not necessarily do 3 injections. Once the lesion shows no fluid  
on OCT images, I start extending, but I do challenge the patient  
after approximately 6 to 12 months to confirm that ongoing 
injections are warranted. 

Dr Regillo: That is what I do as well. After approximately 6 months  
to a year, if the patient is doing well, I will often rechallenge by 
extending the visit interval. I am mindful, however, that I might 
trigger a recurrence, and ultimately our goal as clinicians is to 
minimize recurrences because a recurrence can represent a 
setback, and setbacks are not always completely recoverable. 

CASE 3: TREAT-AND-EXTEND IN THE PRESENCE 
OF PERSISTENT FLUID 
From the Files of Carl D. Regillo, MD 
Two patients presented. Both received anti-VEGF therapy for 6 to 
12 months. Neither patient ever achieved an entirely dry macula. The 
first patient (Figures 10A and 10B) stabilized and was extended from 
4 to 6 weeks, but then had recurrence of fluid, so the interval was 
reduced back to 4 weeks without much improvement. The second 
patient (Figures 10C and 10D) had a small amount of persistent fluid 
despite ongoing treatments every 4 weeks. Because VA and OCT 
images were stable, treatment was extended to 6 weeks, and 
subretinal fluid and VA slightly worsened. 
Dr Regillo: What is the appropriate next step for each of these 
patients with recurrent fluid? 
Dr Holekamp: Both cases deserve to stay at 4 weeks because there 
is some subretinal fluid even at 4 weeks. We would like to eliminate 
all fluid in every eye, but this is not always possible. We have to 

balance the costs of doing so against the patient’s clinical course. 
Sometimes you cannot eliminate all the fluid, even with monthly 
injections, and a small amount of fluid might be well tolerated so 
long as therapy continues. While fluid is never good, a little bit is  
not always bad if it is well tolerated and if the cost of eliminating  
it is high. If the fluid and VA are stable, I would continue every  
4 weeks. If it worsens, I would consider either a shorter interval  
or perhaps a different drug. In the future, this might be a patient  
in whom I would try a more potent medication or perhaps a 
sustained drug delivery system to provide continuous therapy  
rather than intermittent, pulsatile therapy as we do now. 
Dr Regillo: Brolucizumab has just been approved.39 In clinical trials, 
brolucizumab dried the macula more effectively than did aflibercept,41 
and aflibercept dried the macula perhaps more effectively than did 
ranibizumab, although not significantly so.15 Is this a patient in whom 
you would consider treating with brolucizumab? 
Dr Kuppermann: At this point, if we are 6 to 12 months into 
therapy with persistent fluid, I would consider switching. There is 
not much evidence that switching helps, but early clinical data with 
brolucizumab suggest that it might have a greater drying effect and 
greater durability.41 Of course, we have to be aware that our initial 
clinical experience with this new drug will potentially suffer from 
selection bias because we are likely to switch our treatment-
resistant cases initially.  
Dr Regillo: This will be similar to our integration of aflibercept 
into clinical practice. We commonly switched the eyes that were 
suboptimal responders to ranibizumab or bevacizumab.  
Dr Holekamp: I am intrigued by the relationship between OCT 
variability and visual outcomes seen in the brolucizumab HAWK  
and HARRIER trials.42 Is this a drug or a disease effect? 

Dr Dugel: This is a disease control effect that is, in these 2 important 
analyses, agnostic of the drug used and based only on the effect of 
reducing OCT fluctuations.42 A similar effect has been shown in 
CATT68 and IVAN81 with ranibizumab and bevacizumab and in HAWK 
and HARRIER with brolucizumab and aflibercept.42 Maintaining a 
dry macula over time provides better long-term VA outcomes than 
repeatedly rescuing it from disease progression, in other words, 
allowing for fluctuations. 

CASE 4: NEW CHOROIDAL NEOVASCULARIZATION 
DETECTED BY OPTICAL COHERENCE 
TOMOGRAPHY ANGIOGRAPHY 
From the Files of Baruch D. Kuppermann, MD, PhD  
(Courtesy of Nadia Waheed, MD) 
A 67-year-old woman with dry AMD and VA of 20/20 in both  
eyes presented for routine follow-up and was found to have an 
asymptomatic CNV complex in 1 eye on OCT-A (Figure 11). No fluid 
was noted on the OCT images until late in the sequence of images. 
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Figure 10.  Clinical course of the 2 patients presented in Case 3

Figure 9. Initial presentation (top panel) and clinical course of the patient presented in Case 2 
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• Early detection and prompt treatment of nAMD provides the best visual 
outcomes 

• Monitoring of dry AMD can be achieved in the office or at home. Diligent 
monitoring can detect recent conversion before irreversible vision loss occurs. 
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reduced injection frequency. 

• Clinical trials have demonstrated that newly approved and emerging agents 
have comparable efficacy and safety to those of classic anti-VEGF therapies, 
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1.  Which of the following technologies was shown to enable 
more frequent detection of CNV when VA was 20/40 or 
better vs conventional home use of Amlser grid? 

        a.  Home PHP 
        b.  ICG angiography  
        c.  Mobile device Amsler grid 
        d.  FAF 

2.  By which mechanism is brolucizumab thought to increase 
the durability of response vs traditional anti-VEGF agents?  

        a.  Higher relative molar concentration 
        b.  Targeting the angiopoietin pathway 
        c.  Continuous drug delivery 
        d.  Targeting multiple angiogenic pathways  

3.  By which mechanism is abicipar pegol thought to increase 
the durability of response vs traditional anti-VEGF agents? 

        a.  Targeting additional VEGF-binding domains 
        b.  Targeting multiple angiogenic pathways 
        c.  Extended intraocular half-life 
        d.  Continuous drug delivery 

4.  Which of the following agents was shown to reduce 
intraretinal and/or subretinal fluid significantly better  
than its comparator among patients completing 2 years  
of study? 

        a.  Abicipar pegol 
        b.  Brolucizumab 
        c.  Conbercept 
        d.  Ranibizumab PDS 

5.  A 78-year-old man treated with monthly ranibizumab for 
nAMD for 4 months reports difficulty arranging travel and 
would like to skip his next injection. His VA is 20/30, 
central retinal thickness has reduced by 80% from 
baseline, and a small amount of intraretinal fluid remains. 
According to recent TAE and fluid studies in nAMD, when 
can the interval of treatment for this patient be safely 
extended?  

        a.  After 4 months of continuous anti-VEGF treatment 
        b.  After 1 year of continuous anti-VEGF treatment 
        c.  Once all neovascularization has resolved 
        d.  Once intraretinal fluid has resolved

 6.  Which of the following imaging technologies reveals 
retinal and choroidal vessels and enables evaluation of 
the neovascular complex in CNV lesions in eyes with 
nAMD? 

           a.  FA 
           b.  ICG angiography 
           c.  Spectral-domain OCT 
           d.  OCT-A 

  7.  A patient with nAMD has undergone 3 monthly loading 
doses of anti-VEGF therapy, with a dry macula and VA of 
20/25. She lives 250 miles from the office and has 
transportation issues. Which of the following is the best 
next step? 

           a.  Switch to a different anti-VEGF agent to avoid 
tolerance 

           b.  Observe to see if stability can be maintained 
without further treatment 

           c.  Continue monthly injections for at least 2 years 
           d.  Begin extending visits by 2 weeks to determine her 

maximal extension interval 

 8.  Which of the following is least likely to affect long-term 
VA outcomes in nAMD? 

           a.  Early diagnosis 
           b.  Small lesion size at diagnosis 
           c.  Number of large drusen present in the macula 
           d.  Good VA at the time of diagnosis 

 9.  Which is a component of treatment burden  
in AMD? 

           a.  Frequency of anti-VEGF injections 
           b.  Frequency of office visits 
           c.  Time and expense incurred by caregivers who 

accompany the patient to office visits 
           d.  All the above contribute to treatment burden 

10.  A patient with nAMD undergoes 3 monthly anti-VEGF 
loading doses, and then begins TAE dosing. Her macula 
is dry at the 6- and 8-week intervals but not at the  
10-week interval, and her VA has dropped by 2 lines. 
What is the best next course of action according to the 
TAE approach to therapy? 

           a.  Re-treat and return in 4 weeks 
           b.  Re-treat and return in 6 weeks 
           c.  Re-treat and return in 8 weeks 
           d.  Re-treat and return in 10 weeks
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