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Purpose: To assess the 12-month outcomes in subjects developing macular neovascularization (MNV) during intravitreal avacin-
captad pegol (IVA) treatment for geographic atrophy (GA) secondary to age-related macular degeneration (AMD).

Methods: This research was conducted as a case-controlled, retrospective study of AMD subjects undergoing IVA treatment for GA
from two private practice institutions. Subjects were divided into 1) a Study Group of patients who developed MNV and then
underwent anti-vascular endothelial growth factor (VEGF) therapy during the study period, and 2) a Control Group of patients who
were complication-free during the study period. Both cohorts had a baseline Snellen visual acuity of > 20/200, a baseline GA total area
of > 1 mm?and < 17.5 mm?, and 12 months of follow-up after initiation of IVA for GA.

Results: There were 56 patients analyzed. There were no significant differences in baseline features between cohorts. The Study
Group had a greater decrease in visual acuity [-0.22 logMAR (—0.27 to —0.17) versus —0.06 logMAR (—0.12 to 0.00); p=<0.0001], and
greater GA total lesion growth [1.78 mm? (1.53-2.03) versus 0.78 mm? (0.54—1.02); p=<0.0001] during the 12-month study period
compared to the Control Group.

Conclusion: Patients developing MNV while undergoing IVA treatment for GA secondary to AMD have worse clinical outcomes
despite undergoing anti-VEGF therapy compared to patients who were complication-free at 12-months. This highlights the seriousness
of MNV in this patient population and may help specialists counsel patients when considering treatment for GA secondary to AMD.
Keywords: geographic atrophy, avacincaptad pegol, macular neovascularization, izervay, choroidal neovascularization, complement

inhibition, age-related macular degeneration

Introduction

Avacincaptad Pegol (Izervay; Iveric Bio, USA) (2 mg/0.1 mL) became the second treatment to achieve Food and Drug
Administration (FDA) approval for the treatment of geographic atrophy (GA) secondary to age-related macular
degeneration (AMD) following a positive review of the pivotal clinical trials."* Although intravitreal Avacincaptad
Pegol (IVA) demonstrated significantly reduced GA total lesion growth at 12 and 18 months compared to sham, adverse
reactions were reported in the IVA cohort of both trials.' Adverse reactions such as ocular discomfort, vitreous floaters,
and subconjunctival hemorrhaging were typically mild and self-limited. However, more serious adverse reactions such as
intraocular inflammation ranging from anterior uveitis to vitritis and vasculitis to full-blown endophthalmitis (sterile or
infectious) was reported to occur in about 1.5% of subjects at 18-months when IVA was administered as a 2-mg monthly
dose.” However, perhaps the most significant adverse event with [VA treatment given its relatively high occurrence is the
development of macular neovascularization (MNV). After 18-months of treatment in the GATHER 1 trial, MNV occurred
in about 12% of subjects treated with the 2-mg IVA dose monthly (compared to 3.6% in the sham).” Unfortunately,
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subjects exited the study protocols of the GATHER 1 and GATHER 2 trials whenever MNV developed, and therefore
very limited data is currently available regarding clinical outcomes in this subgroup of AMD patients developing MNV
while undergoing IVA treatment for GA. In this study, the authors report real-world outcomes at 12-months in patients
who developed MNV while undergoing IVA treatment for GA secondary to AMD.

Methods

This research was conducted as a case-controlled, retrospective study of patients who underwent IVA treatment for GA
secondary to AMD from two private practice institutions in Texas and Florida. The investigations were compliant with
the principles of the Declaration of Helsinki and the Health Insurance Portability and Accountability Act of 1996. The
Panhandle Eye Group Institutional Review Board (IORG0009239; IRB00011013-15) approved the conduct of this study.
Informed consent from patients was waived because all information was collected retrospectively and identifying subject
data was removed. The retrospective review was undertaken on patients who were initiated on IVA treatment for the
management of GA secondary to AMD from August to September 2023.

For the purpose of this study, GA secondary to AMD was diagnosed by the appearance of well-demarcated atrophic
lesions of the outer retina due to the loss of photoreceptors, retinal pigment epithelium, and underlying choriocapillaris
directly observed with multi-modal imaging such as optical coherence tomography (OCT), fundus autofluorescence
(FAF), fluorescein angiography (FA) and indocyanine green angiography (ICGA). The terminology utilized in this study
for the classification of GA is defined according to a recent published consensus opinion of experts.” The Heidelberg
Spectralis system (Heidelberg Engineering) was employed to acquire OCT, FA, ICGA, and FAF (automatic real-time
function = 15). OCT scans were captured with 97-line volume scan (20 x 20, high-resolution mode, ART = 9) and 73-line
volume scan (20 x 15, high-resolution mode, ART = 9) protocols. MNV was defined as the occurrence of new exudation
(eg subretinal fluid, intraretinal fluid, cystoid macular edema, and/or serous pigment epithelial detachment) secondary to
a choroidal neovascular membrane (CNVM) within the macula area as observed with multi-modal imaging according to
previously described techniques.* FA and ICGA were employed to support the classification of the subtype of CNVM (eg
Type 1, Type 11, or Type III), grade the FA leakage pattern (classic, minimally classic, occult), and measure the total size
of the CNVM lesion. Masked fellowship-trained retina specialists (RBR and RMR) independently evaluated each case
with its associated characteristics. RegionFinder software (Heidelberg Engineering, version 2.6.4.0) was utilized to
measure the area of GA on FAF according to previously described techniques.” Interreader concordance was established
when there was < 10% difference in the total GA area measured between the two masked readers. If the total GA area
was not concordant between masked readers or there was interreader divergence in any of the other categorical variables
for patient inclusion/exclusion, a third investigator (SWR) arbitrated the case.

A medical records search produced a list of subjects started on IVA therapy for GA during the aforementioned period.
The subjects were then divided into 1) a Study Group of subjects who developed MNV and underwent anti-VEGF
therapy during the 12-month study period following IVA therapy initiation, and 2) a Control Group of subjects who were
complication-free during the 12-month study period following IVA therapy initiation. Table 1 displays the Inclusion/
Exclusion criteria for both cohorts. Once the Study Group was set for analysis, the number of subjects in the Control
Group was further reduced to equally match the number of subjects in the Study Group. This was done by assigning all
subjects in the Control Group a number, and then applying a random number-generating program to select some of the
subjects for inclusion in the data analysis, thereby creating cohorts that were equal in number. When both eyes of the
same subject met the study’s Inclusion/Exclusion criteria, the eye with the better visual acuity was selected for analysis.

Visual acuity was measured in Snellen with pinhole approximation. The baseline examination was the appointment in
which the decision to initiate IVA treatment was documented. Subjects variably underwent IVA therapy either on the
same day as the examination or within 1 week of the examination in which treatment was decided. The intended IVA
treatment schedule for all subjects in both cohorts was within a 2935 day interval. The anti-VEGF treatment strategy
employed for the Study Group once MNV occurred was a “treat-and-extend” schedule as previously reported by the
authors.® In brief, the protocol consisted of an initial loading dose of 3 monthly anti-VEGF injections, followed by
monthly injections until the macula on OCT was dry (without intraretinal or subretinal fluid), without macular
hemorrhage on biomicroscopy, and without substantive leakage of the CNVM complex on FA. The treatment interval
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Table | Macular Neovascularization and Geographic Atrophy. Baseline Criteria for Inclusion and Exclusion for Both Cohorts

Inclusion

Exclusion

The age of the subject was = 60 years

The study eye had a history of MNV with or without previous treatment

The study eye had GA secondary to AMD and was treatment-naive

The study eye had a history of intravitreal injections and/or laser therapy

for any reason

The Snellen visual acuity was 2 20/200 in the study eye

GA secondary to a condition other than AMD (eg myopic degeneration,

macular dystrophy, etc.) was present in the study eye

The total area of GA was = 1.0 mm?and < 17.5 mmz, and the total area
of GA was entirely visualized on the macula-centered image without

adjoining areas of peripapillary atrophy in the study eye

The study eye had a history of intraocular surgery (such as cataract

surgery) within 3 months

The subject had 12 months (48-56 weeks) of follow-up after initiating
IVA therapy

An ocular condition existed in the study eye which in the opinion of the

specialist compromised visual function (eg epiretinal membrane,

uncontrolled glaucoma, diabetic retinopathy, etc.)

The clarity of the ocular media, pupillary dilation, or the subject’s fixation
was insufficient to permit the compilation of high-quality images in the

study eye

A serious adverse event was experienced in the study eye apart from
MNYV during the course of Cl treatment for GA (eg endophthalmitis,

vitritis, vasculitis, optic neuritis, unexplained vision loss, etc.)

Abbreviations: GA, Geographic atrophy; AMD, age-related macular degeneration; MNV, macular neovascularization; IVA, intravitreal avacincaptad pegol.

was extended by two-week increments until a maximum inter-visit interval was achieved. When fluid (intraretinal and/or
subretinal) on OCT reappeared, macular hemorrhage developed, the Snellen visual acuity dropped by 2 or more lines, or
substantive leakage on FA recurred following treatment extension, the treatment interval was reduced by 1-2 weeks. The
decision to stop IVA therapy in favor of anti-VEGF monotherapy in the Study Group once MNV occurred was at the
discretion of the managing specialist.

Outcomes and Statistical Analyses

Change in visual acuity between cohorts during the 12-month (4856 weeks) study period was the primary outcome.
Change in total GA surface area between cohorts during the 12-month (48-56 weeks) study period was the secondary
outcome. Visual acuity in Snellen was changed into logMAR units for computation. For quantitative data, the nonpara-
metric Wilcoxon rank sum test or Wilcoxon signed-rank test (for paired data) was used to compare the 2 distributions.
The JMP 11 (SAS Institute, USA) statistical software package was employed. Nominal outcome variables were assessed
via contingency analysis with likelihood ratios, whereas one-way analysis of the variance assessed numerical outcomes.

Results

There were 56 subjects (28 in the Study Group and 28 in the Control Group) analyzed. All subjects in both cohorts
(100%) consumed an AREDS (Age-related Eye Disease Studies) II vitamin throughout the study period. Concordance
between the masked reviewers in regards to image grading was 89.3% (50/56).

The baseline characteristics of the Study and Control Groups are presented in Table 2. There were no significant
differences observed between cohorts at baseline. Table 3 displays the 12-month outcomes for both cohorts. Notably, the
Study Group had a greater reduction in visual acuity [-0.22 logMAR (—0.27 to —0.17) versus —0.06 logMAR (-0.12 to
0.00); p=<0.0001], and an increase in GA total lesion size [1.78 mm? (1.53-2.03) versus 0.78 mm* (0.54—1.02);
p=<0.0001] during the 12-month study period compared to the Control Group.

The mean onset of MNV in the Study Group was 3.2 (£1.6) months after IVA treatment initiation, and the mean
visual acuity was 0.64 logMAR (+0.21) at the time of MNV diagnosis, which was significantly worse than the cohort’s
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Table 2 Macular Neovascularization and Geographic Atrophy. Baseline Characteristics of the Study and Control Cohorts.

Means with (95% Confidence Intervals)

Variable Study Group N=28 Control Group N=28 P value
Age (years) 81.4 (78.5-84.3) 80.2 (77.3-83.1) 0.65
Gender Male = 14 (50.0%) Male = 13 (53.6%) 0.88
Female = 14 (50.0%) Female = 15 (46.4%)
Lens Status Phakic = 5 (17.9%) Phakic = 6 (21.4%) 0.77
Pseudophakic = 23 (82.1%) Pseudophakic = 22 (78.6%)
Smoking History Current = 3 (10.7%) Current = 4 (14.3%) 0.87
Former = 9 (32.1%) Former = 8 (28.6%)
Never = 16 (57.1%) Never = 16 (57.1%)
Status of Fellow Eye GA = 14 (50.0%) GA = 11 (39.3%) 0.66
WAMD = 11 (38.5%) WAMD = 13 (53.6%)
Intermediate DAMD = 3 (10.7%) | Intermediate DAMD = 4 (14.3%)
Size of GA lesion (mm?) 5.8 (44-7.2) 6.2 (4.7-8.5) 0.58
Size of GA lesion <7 5 mm? Yes = 18 (64.3%) Yes = 17 (60.7%) 0.79
No = 10 (35.7%) No = 11 (39.3%)
GA lesion with subfoveal involvement Yes = 4 (14.3%) Yes =5 (17.9%) 0.73
No = 24 (85.7%) No =23 (82.1%)
Unifocal GA lesion Yes = |1 (39.3%) Yes = 14 (50.0%) 0.27
No = 17 (60.7%) No = 14 (50.0%)
Visual Acuity (logMAR) 0.32 (0.21-0.43) 0.37 (0.25-0.49) 0.45
Central Macular Thickness on OCT (microns) 257.2 (247.5-267.0) 252.9 (242.1-262.7) 0.41
Classification of GA lesion according to OCT findings | i-ORA = 0 (0.0%) i-ORA = | (3.6%) 0.76
c-ORA =2 (7.1%) c-ORA =2 (7.1%)
i-ORORA = 4 (14.3%) i-ORORA =5 (17.9%)
c-ORORA = 22 (78.6%) c-ORORA =20 (71.4%)

Abbreviations: GA, Geographic atrophy; DAMD, dry age-related macular degeneration; WAMD, wet age-related macular degeneration; OCT, optical coherence
tomography; i-ORA, incomplete outer retinal atrophy; c-ORA, complete outer retinal atrophy; i-ORORA, incomplete RPE and outer retinal atrophy; c-ORORA,

complete RPE and outer retinal atrophy.

Table 3 Macular Neovascularization and Geographic Atrophy. Outcomes of the Study and Control Cohorts at 12 Months. Means

with (95% Confidence Intervals)

Variable Study Group Control Group P
N=28 N=28 value
Mean Number of IVA injections administered during the study period 8.9 (7.9-9.9) 9.5 (8.4-10.6) 0.79
Visual Acuity at |2 months after IVA treatment initiation (logMAR) 0.54 (0.42-0.66) 0.43 (0.28-0.58) 0.07
Change in Visual Acuity from baseline to 12 months after IVA treatment initiation -0.22 (-0.27 to —0.06 (—0.12 to 0.00) | <0.0001
(logMAR) —0.17)
(Continued)

https:
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Table 3 (Continued).

Variable Study Group Control Group P
N=28 N=28 value

Size of GA lesion at |12 months after IVA treatment initiation (mm?) 7.58 (5.58-9.58) 6.98 (5.48-8.48) 0.54

Change in Size of GA lesion from baseline to 12 months after IVA treatment initiation | 1.78 (1.53-2.03) 0.78 (0.54-1.02 <0.0001

(mm?)

Central Macular Thickness on OCT at |12 months after IVA treatment initiation 250.7 (240.5-260.9) | 245.1 (234.9-255.4) 0.56

(microns)

Abbreviations: GA, Geographic atrophy; IVA, intravitreal avacincaptad pegol; OCT, optical coherence tomography.

baseline visual acuity (p=<0.001). The anti-VEGF agent administered for MNV treatment during the study interval was
Faricimab (Vabysmo; Roche/Genentech; Basel, Switzerland)(6mg/0.05mL) in 42.9% (12/28) of subjects, aflibercept
(VEGF-Trap Eye/Eylea; Regeneron, Tarrytown, NY) (2 mg/0.05mL) in 25.0% (7/28) of subjects, and bevacizumab
(Avastin; Genetech, Inc)(1.25 mg/0.05mL) in 32.1% (9/28) of subjects. The mean number of anti-VEGF injections
administered during the study period in the Study Group was 6.9 (£1.1), and the mean visual acuity did not significantly
improve from the time of MNV diagnosis to the time of the final visual acuity at 12 months (p=0.36). All Study Group
subjects underwent anti-VEGF therapy following the diagnosis of MNYV, and there were only 2 subjects (7.1%) who
discontinued IVA treatment once MNV developed in favor anti-VEGF monotherapy. Regarding CNVM features at the
time of MNV diagnosis, 25.0% (7/28) were classified as Type 1, 32.1% (9/28) were classified as Type 2, and 42.9% (12/
28) were classified as Type 3 lesions. The FA leaking patterns at the time of MNV diagnosis were as follows: 67.9% (19/
28) occult, 7.1% (2/28) minimally-classic, and 21.4% (6/28) classic. The mean central macular thickness on OCT at the
time of MNV diagnosis was 338.1 (£70.2) microns, which was significantly increased from the baseline value
(p<0.0001). The 12-month mean central macular thickness on OCT was 250.7 (240.5-260.9) microns, which was
which was significantly decreased from the value at the time of MNV diagnosis (p<0.0001). The CNVM total lesion
size on ICGA was 1.5 (£1.0) mm? at the time of MNV diagnosis, and the CNVM total lesion size on ICGA decreased to
1.31 (x1.1) mm? at 2 months following anti-VEGF therapy (p=0.35). Figures 1-3 display one of the Study Group
subject’s clinical course.

Subgroup analysis was performed with respect to MNV features at the time of diagnosis as they relate to change in
visual acuity or change in GA total surface area during the 12-month study period. There were no associations in central
macular thickness on OCT, CNVM subtypes, FA leakage patterns, nor ICGA-measured CNVM total surface area sizes

with change in visual acuity or change in GA total surface during the study period.

Figure | The optical coherence tomography image (1 A), fundus autofluorescence image (IB), and the fluorescein angiography image (1C) are from a 68-year old male
presenting with unifocal extrafoveal geographic atrophy. His Snellen visual acuity was 20/20, he had a total geographic atrophy surface area of 1.28 mmZ?on fundus
autofluorescence (yellow encirclement), and his central macular thickness was 304 microns. He was initiated on bimonthly avacincaptad pegol therapy.
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Figure 2 The optical coherence tomography image (2A), indocyanine green angiography image (2B), and the fluorescein angiography image (2C) are from the same patient
as Figure |. After receiving two avacincaptad pegol injections, the patient developed new-onset macular neovascularization. Optical coherence tomography demonstrates
intraretinal edema consistent with Type 3 choroidal neovascularization and the central macular thickness increased to 37| microns. The indocyanine green angiography-
measured surface area of the lesion (yellow encirclement) was 2.15 mm?ZThe fluorescein angiographic leakage pattern was occult and displayed a central “hot spot” (arrow).
The patient’s Snellen visual acuity decreased to 20/40. He was started on bevacizumab therapy and continued with avacincaptad pegol therapy.

Figure 3 The optical coherence tomography image (3A), fundus autofluorescence image (3B), and the indocyanine green angiography image (3C) are from the same patient
as Figures | and 2 taken 12 months after initiation with the first avacincaptad pegol injection. Since the time of Figure 2, the patient had received 7 bevacizumab injections
and 9 avacincaptad pegol injections. Optical coherence tomography revealed the absence of any retinal edema and the central macular thickness had decreased to 317
microns. The total geographic atrophy surface area on fundus autofluorescence increased to 2.75 mm? (yellow encirclement) and was now multifocal. The indocyanine green
angiography-measured surface area of the lesion (yellow encirclement) had been reduced to .44 mmZ. The patient’s Snellen visual acuity was 20/50.

Discussion

It currently is unknown why there is an increased rate of MNV in eyes with GA undergoing complement inhibition.
Proposed explanations for this higher incidence include retention of healthier VEGF A-producing cells due to clinical
efficacy of complement inhibition treatment,’ inhibition of C3a and C5a production may result in a switch from pro-
inflammatory M1 macrophages to pro-angiogenic M2 macrophages® and the reduction of C3 and C5 in a laser-induced
CNVM mouse model resulted in increased MNV compared to controls,” inflammasome activation in macrophages and
microglial cells whose cytokines are necessary to maintain homeostasis of the choroidal vasculature is reduced by
complement inhibition,'® and lastly MNV may have a protective effect in regards to slowing the progression of GA.'"
Although our study was not designed to determine the root cause for MNV in eyes with GA receiving complement
inhibition, it was designed to provide a description of the MNV features and report visual outcomes and GA growth
patterns after 12 months from IVA treatment initiation compared to a Control Group.

In regards to MNV features, a mix of CNVM subtypes were observed, and the FA leakage pattern was mostly occult.
The CNVM total surface area measured by ICGA was similar to those previously reported by the authors'? in new-onset,
treatment-naive neovascular AMD both at baseline and after two anti-VEGF injections. However, the central macular
thickness on OCT after identification of MNV but prior to anti-VEGF treatment was notably less than the values reported
in new-onset, treatment-naive neovascular AMD not associated with complement inhibition treatment.®'*"'* The authors
believe this finding may be explained by the fact that all of the subjects in this study had either parafoveal or subfoveal
GA, and therefore were starting with a lower central macular thickness which increased after exudation but not to the
degree of neovascular AMD subjects without GA who would have had a thicker central macular thickness to start with.
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This study did not reveal during subgroup analysis any significant associations in MNV features as they relate to either
change in visual acuity or change in GA total surface area during the 12-month study period. That is, neither central
macular thickness, CNVM subtype, FA leaking pattern, nor ICGA-measured CNVM total surface area could be linked to
change in visual acuity or change in GA total surface area at 12 months.

In regards to change in visual acuity and GA total surface area after 12 months from IVA treatment initiation, the Study Group
with MNV notably had worse outcomes compared to the Control Group without MNV (or any other serious adverse event)
during the study interval. Although subjects in GATHER 1 and GATHER 2 exited the trial protocol when MNV occurred and
therefore did not report any outcomes other than the overall incidence of MNV during the study period in their publications,'~ the
OAKS/DERBY trials insisted that subjects continue receiving complement inhibition in addition to anti-VEGF therapy.'> The
authors of the OAKS/DERBY trials'” did not provide any data regarding change in GA total surface area in subjects developing
MNYV, but they did report that the mean anti-VEGF injection frequency was about 1 injection bimonthly and that no subject
treated with complement inhibition who developed MNV discontinued the trial for that reason (although one subject did
discontinue complement inhibition in favor of anti-VEGF therapy monotherapy). In our “real-world” study, a high majority of the
subjects who developed MNV continued IVA treatment in addition to anti-VEGF therapy and were managed with a treat-and-
extend protocol. The authors of the OAKS/DERBY trials'® did report that visual acuity from the visit preceding MNV
development to the visit at 24 months (with a median of follow up of 447 days) was similar between monthly, bimonthly, and
sham groups (all about a net loss of 5—6 ETDRS letters). The subjects developing MNV in our study had significantly worse
visual acuity at study’s end compared to the Control Group, although the median follow-up after MNV development in our study
was just 255 days, thereby making a comparison with the OAKS/DERBY trials'® in this matter difficult as it remains unknown if
the visual acuity would have become more similar over time between cohorts in our study if the study period was longer; in
addition to this, the OAKS/DERBY trials'” used a different complement inhibitor (pegcetacoplan) than the complement inhibitor
in our study, making a comparison in MNV features confounding. Since the subjects developing MNV in our study also had a
significant growth in GA total surface area compared to Control subjects, it stands to reason that this may also have contributed in
the worsening of visual acuity at study’s end for the Study Group. Since nearly all of the Study Group subjects continued IVA
therapy in addition to anti-VEGF therapy once MNV occurred, the authors speculate that MNV may have contributed to the
progression in GA total surface area in Study Group subjects compared to Control Group subjects without MNV. The fact that the
central macular thickness on OCT was similar at 12-months to its baseline value prior to MNV in Study Group subjects suggests
that the MNV was well-stabilized with anti-VEGF therapy by the end of study period and that persistent exudation cannot explain
why Study Group subjects had worse visual acuity at 12-months. Indeed, some researchers have suggested that the anti-VEGF
treatment itself may promote development or progression of GA.'® Further research is needed to clarify the exact role of MNV
and its association with progression of GA in AMD subjects.

Our study’s strengths include the novelty of the information presented in a “real-world” setting, its complete data
sets, its application of widely-available and standardized software for quantifying GA, and its case-controlled design.
Our study’s weaknesses include its use of Snellen acuity with pinhole approximation rather than ETDRS letter scoring,
its retrospective design, and the relatively small number of subjects included in the analysis. However, our study
provides specialists with relevant information for counseling their patients and highlights the seriousness of MNV as it
relates to the patient’s overall functional and anatomical outcomes when it develops in AMD subjects treated for GA.
In conclusion, subjects undergoing IVA treatment for GA secondary to AMD who develop MNV during the course of
treatment have worse vision and a greater progression of GA compared to subjects who are adverse event-free after
12-months follow-up. Additional clinical research is warranted to elucidate the specific role of MNV and its potential
association with GA progression in AMD subjects.

Abbreviations
AMD, age-related macular degeneration; VEGF, vascular endothelial growth factor; CMT, central macular thickness;
OCT, optical coherence tomography; VA, visual acuity; IVA, intravitreal avacincaptad pegol.

Data Sharing Statement

The datasets used and/or analyzed during the current study are available from the corresponding author on reasonable request.
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