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Abstract: Newly approved treatments for patients with geographic atrophy are changing the treatment paradigm, highlighting the need for
eye care providers (ECPs) to have a set of recommendations on how to best manage GA patients. Here, we outline how to identify various
stages of age-related macular degeneration including geographic atrophy (GA) by examining optimal management scenarios implicating
various ECPs and reviewing treatment considerations for patients with GA. Early identification of GA will lead to optimal patient outcomes,
while a standardized management scenario will reduce clinical burden among ECPs treating patients with GA.
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Introduction

Geographic atrophy (GA) secondary to age-related macular degeneration (AMD) is a severe form of dry AMD and
represents a leading cause of irreversible central vision loss. The prevalence of GA increases with age and continues to
rise along with the increasing worldwide population.’> There is a pressing need to develop consensus guidelines to
optimize early identification, diagnosis, and management of patients with GA.

A hallmark of dry AMD is the accumulation of drusen, which are nodular deposits of cellular waste debris composed of
proteins and lipids at the level of Bruch’s membrane in the macula.’> Drusen deposition may lead to dysfunction and
degeneration of overlying retinal pigment epithelium (RPE) and photoreceptors and may eventually result in formation of
atrophic lesions in the macula as the disease progresses. Early AMD is clinically defined as the presence of drusen with
a diameter of >63 um and <125 um, intermediate AMD is defined as drusen >125 pum in diameter or when pigmentary changes
occur with drusen of any size, and late or advanced dry AMD (hereby referred to as geographic atrophy) is characterized by
areas of photoreceptor, RPE, and choriocapillaris loss.* Since GA is a progressive disease, an improved understanding of
prognostic indicators is essential for prompt identification, monitoring, and management.

Unlike neovascular AMD, which has had several highly effective therapies available for more than a decade, there were no
treatment options for GA until recently. Intravitreal complement inhibitors have demonstrated the potential to slow the
progression of GA, with the two agents of this class approved by the United States Food and Drug Administration (US FDA)
in 2023. As GA progresses, visual function may become severely affected; on average, it takes only 2.5 years from initial
identification and diagnosis of GA for central visual function to decline.””” Therefore, with current treatments only slowing
GA growth, therapy would be most impactful when GA is identified early, before significant vision loss occurs. To further
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support for the benefits of identifying GA at an early stage, we outline a set of considerations directed toward the global eye
care provider (ECP) community that aims to encourage screening for early signs of GA.

Previously, a diverse group of expert ECPs comprising optometrists, comprehensive ophthalmologists, and retina
specialists convened using a modified Delphi panel method to achieve consensus on a variety of topics concerning
identification and management of GA. This process involved use of a series of surveys that used a Likert scale to measure
degree of consensus as well as a discussion during a synchronous virtual meeting. Here, we expand further on these
topics and propose specific guidelines to aid ECPs in identifying and managing patients with GA through collaborative
multidisciplinary care between the optometrist, comprehensive ophthalmologist, and retina specialist.

Methods

Eleven expert ECPs, including three optometrists, four comprehensive ophthalmologists, and four retina specialists, were
selected to guide a roundtable discussion to create consensus guidelines on the management of GA. Topics included
identification of GA via various imaging modalities, collaborative referral strategies, and optimal disease management.
An online survey was first used to gather information concerning the greatest unmet needs in GA treatment and how best
to overcome them. A virtual meeting was then held to generate discussion and achieve best consensus among these
topics. Support for survey development and deployment, as well as meeting logistics, was provided by a third-party
medical communications agency (i2Vision, San Diego, CA).

Results

Among all ECPs, regardless of practice specialty, there was unanimous agreement that there is currently no standardized
process by which GA is identified and diagnosed, thus revealing a significant unmet need. One key takeaway from the
panelists was that early identification and proper diagnosis of GA is paramount for optimal patient outcomes, strengthen-
ing the rationale for needing more complete recommendations on disease identification, timely referral, and treatment of
patients with GA. Early identification of GA by non-retina specialists will decrease rates of missed diagnoses and may
help mitigate disease complications and related comorbidities, ultimately improving visual outcomes. Additionally, there
was consensus that anterior segment specialists should be able to identify GA to help improve patient expectations
following cataract surgery, as it may be associated with an increased risk of AMD progression.®

Geographic Atrophy Imaging: Identification and Diagnosis

Eye care professionals employ a variety of imaging modalities tailored to specific clinical needs, including color fundus
photography, fundus autofluorescence (FAF), fluorescein angiography, and optical coherence tomography (OCT).’ Many
of these modalities can detect the presence of GA. Optical coherence tomography is a high-resolution, noninvasive rapid
imaging technique that delivers comprehensive information about the various layers that comprise the retina. Panelists
agreed that OCT was the preferred imaging method to identify GA because of both its ease of use and accessibility
among optometrists and ophthalmologists. The most common output of ophthalmologic OCT, the B-scan, shows a cross-
sectional image of the macula where the structural integrity of the inner and outer photoreceptors, RPE, Bruch’s
membrane, and choroid can be readily assessed in a rapid, noninvasive manner (Figure 1A).

To identify and diagnose GA at earlier stages, clinicians must first be able to recognize the specific hallmark signs of
early and intermediate AMD via OCT. While most ECPs are familiar with clinical definitions of AMD and GA as
outlined by current literature,*'* the routine measurement of drusen size during imaging is uncommon. However,
a simple method to estimate the size of drusen involves comparing it to the width of the central retinal vein, which
measures roughly 125 um upon examination of the macula (Figure 1B)."" On OCT, drusen generally appear as wavy,
dome-shaped, triangular, or sawtooth-like disruptions under the neurosensory retina (Figure 2A).'%'?* These irregularities
may vary in size and reflective intensity. During evaluation of scans, clinicians should pay special attention to the RPE
level, especially during earlier disease stages when abnormalities may not be particularly evident. Examples of various
forms of early and intermediate AMD via OCT are shown in (Figure 2A and B).

Of note, it is important to carefully identify and monitor lesions that may be associated with a risk of developing GA.
Signs associated with high risk include hyperreflective foci and drusen volume, both of which were identified by
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Figure | Key landmarks and features in the retina. (A) Healthy retina and retinal layers. (B) Drusen sizing estimation.
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Figure 2 Stages of AMD as observed via OCT. (A) Early AMD. (B) Intermediate AMD.

panelists to be strong predictors of GA development. Moreover, the presence of reticular pseudodrusen, also referred to
as subretinal drusenoid deposits between the RPE and inner segment/outer segment junction, is a known risk factor in the
progression of AMD."* On OCT, reticular pseudodrusen appear as hyperreflective material located above the RPE layer,
unlike regular drusen, which are located below the RPE."”

The appearance of incomplete RPE and Outer Retinal Atrophy (iRORA) is an additional indicator of a high risk of developing
GA and is considered to be a precursor lesion. On OCT, iRORA has been defined as hypertransmission into the choroid with
a corresponding zone of attenuation or disruption of the RPE with evidence of overlying photoreceptor degeneration that does not
meet the complete RPE and Outer Retinal Atrophy (cCRORA) criteria (see below) (Figure 3).'® Although the term iRORA is
becoming more common and increasingly recognized by ECPs, it is rarely used to support clinical decisions about treatment.

As disease progresses, OCT remains the primary imaging modality for GA identification because of the prominent,
readily identifiable hypertransmission that occurs beyond atrophic lesions. Hypertransmission is the result of increased
light transmission into the choroid due to the loss of the overlying light-absorbing RPE. The location and extent of GA
may vary considerably. Detailed examples of OCT images depicting variations of GA are shown in Figure 4. Similar to
the presence of iRORA in the near-preceding stages of AMD-related GA, cRORA indicates the presence of GA.'” On
OCT, cRORA specifically refers to a region of hypertransmission of at least 250 pm in diameter with a zone of
attenuation or disruption of the RPE of at least 250 um in diameter with evidence of overlying photoreceptor
degeneration and the absence of scrolled RPE or other signs of an RPE tear (Figure 5).

In addition to the B-scan of an OCT, the technology often includes en face imaging, such as the near-infrared image,
as a complementary visual guide that allows the physician to clearly observe the total lesion area of GA. En face images
can provide information about both lesion location with respect to the fovea and whether the disease is unifocal or
multifocal, which may have an effect on the rate of GA progression. Observing and visualizing the total lesion area leads
to a more thorough comprehension of the disease and may be beneficial for patient education.

Although commonly used in clinical trial studies to measure GA lesion size, FAF has less utility in identifying early and
intermediate AMD, and therefore does not have widespread clinical use among non-retina specialists. Fundus autofluorescence
does not confer much additional information compared to what can be obtained from OCT (B-scan and en face). Additionally,
patient tolerance to FAF imaging is lower because of the high light intensity used during acquisition.'® Fundus autofluorescence
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Figure 3 Incomplete Retinal pigment epithelium and Outer Retinal Atrophy (iRORA).

image production utilizes the naturally occurring autofluorescence of lipofuscin, a byproduct of phagocytosed photoreceptor outer
segments. Although lipofuscin naturally accrues with age, excess accumulation (and therefore autofluorescence) may signal RPE
cell dysfunction or other pathologic considerations indicative of GA progression. On FAF, GA lesions appear as areas of decreased
autofluorescence (hypoautofluorescence) due to a lack of lipofuscin as a result of RPE cell atrophy. Similar to “en face” OCT, FAF
is clinically useful to visualize the total area of GA lesions, visualize focality characteristics, and provide information concerning
its location relative to the fovea. Additionally, FAF can be used to identify specific lesion characteristics through distinct patterns
of hyperautofluorescence along lesion borders, which may have implications in predicting the rate of GA progression.'**° Since
the fovea appears hypoautofluorescent, determining the locality of GA lesions is often more difficult on FAF than OCT. Examples
of GA via FAF are shown in Figure 6A-D.

Management of Patients with GA

The optimization of patient management and collaborative multidisciplinary care is increasingly important because of the
recent availability of treatments for GA. As most eye care practices currently face a high patient volume, aligning on
specific guidelines of GA patient care will not only help streamline in-office visits but will potentially alleviate additional
burdens. Here, we outline considerations on collaborative care for ideal referral and follow-up scenarios designed to

optimize patient diagnosis and management.
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Figure 5 Complete Retinal pigment epithelium and Outer Retinal Atrophy (cRORA).

For routine eye care, it is recommended that patients visit their primary ECP (optometrist or general ophthalmologist)
every 12 months. The primary ECP should inquire with the patient about GA symptoms, perform a comprehensive ocular

examination that includes best-corrected visual acuity assessment, and conduct a retinal examination and OCT scan to
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Figure 6 A) Early nonfoveal GA. (B) Moderate nonfoveal GA, example |. (C) Moderate nonfoveal GA, example 2. (D) Moderate foveal GA, example 3.

identify any signs of AMD in one or both eyes. In patients with early AMD, follow-up intervals should be every 12
months, while for intermediate AMD, follow-up may be adjusted to every 6 months, ideally with OCT at every visit.
Additionally, it is suggested that the patient consider self-monitoring between visits using Amsler grid testing or with the
use of preferential hyperacuity perimetry home testing. During patient visits, dietary and other lifestyle counseling,
including the potential use of vitamin/mineral supplementation such as the Age-Related Eye Disease Study (AREDS)
formulas, may be advised.

A nonurgent referral to a retina specialist is recommended for any suspected GA in one or both eyes, whereas a more
urgent referral should be made for any patient with suspected neovascular AMD (nAMD), also referred to as “wet” AMD.

A consultation with a retina specialist may be considered for patients with intermediate AMD, depending on the specific
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patient case or ocular circumstances, such as recent visual changes or consideration of ophthalmic surgery by the general
ophthalmologist. Therefore, it is important that all ECPs be adept at identifying the various stages and forms of AMD. Taken
together, these recommendations can be consolidated into a suggested care algorithm for management of patients with AMD
and GA. This algorithm is represented in Figure 7 (flowchart).

As with many diseases, the severity and rate of progression will vary from patient to patient. Therefore, adjustments
to follow-up frequency should be considered depending on the identification of signs of increased risk, such as advanced
age, family history, smoking history, and whether the patient is monocular. Similarly, ECP factors influence care,
including the provider’s level of knowledge and comfort with managing a patient at various stages of AMD, including
GA. Timing of referral to retina specialists must be optimized to consider the burden on patients and caregivers. For
example, considerations include a patient’s ability to travel and the ability of their caregivers to accompany them to
clinical visits. Additionally, a specialist’s practice volume and location are important factors. For example, an optometrist
in a more rural area may be hesitant to refer when the closest retina specialist may be a long distance away, placing
a potential unnecessary burden on the patient and/or their family.

Treatment of Patients with GA

When it comes to recommendations of treatment for patients with GA, it is suggested that the retina specialist personalize
care to maximize the patient’s quality of life. To streamline care, patients may consider monitoring (or possibly even
treatment) by their comprehensive ophthalmologist under the guidance of a retina specialist, which may help maintain
compliance and overall treatment fidelity. This personalization will include determining an appropriate frequency of
treatment that balances the safety and efficacy of the treatment with the burden on the patient and provider. Current anti-
complement therapy for GA requires treatment with office visits every 1 to 2 months. The recommended dosing for
avacincaptad pegol is 2 mg (0.1 mL of 20 mg/mL solution) administered by intravitreal injection to each affected eye
once monthly (approximately 28 + 7 days) for up to 12 months, and the recommended dosing for pegcetacoplan is 15 mg
(0.1 mL of 150 mg/mL solution) administered by intravitreal injection to each affected eye once every 25 to 60 days.*'*
Additionally, the treating physician may need to consider several disease treatment scenarios when choosing the ideal
management for a particular patient, such as bilateral GA treatment and presence of concomitant nAMD therapy in one

or both eyes.
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Lesion size and location, along with other lesion characteristics such as perilesional hyperautofluoresence, are important
factors that influence which eyes with GA may benefit from treatment and how often it is administered. It has been shown that
extrafoveal lesions progress more rapidly than foveal lesions,? reinforcing the importance of intervening early on in the
course of GA. However, the assumed personalization of GA treatment may affect an ophthalmologist’s decision to treat. For
example, if a patient presents with a far extrafoveal lesion with 20/20 visual acuity and no visual symptoms attributable to GA,
the managing physician may elect to simply monitor the patient, which would spare the patient the burden of treatment.
Conversely, if a patient presents with a GA lesion that is close to the center of the fovea and with visual symptoms, the
physician may be more likely to initiate therapy. Studies suggest that GA develops bilaterally in as many as 65% of cases,” in
which case treatment of one or both eyes must be considered. In general, treatment decisions are influenced by patient
symptoms, visual acuity, age, fellow-eye status, and ocular comorbidities, as well as the discretion of the physician and patient
to conduct a comprehensive personalized risk-benefit assessment that is guided by a general evidence-based treatment
algorithm. Additionally, the physician should educate the patient with regard to GA progression and treatment expectations.

As neovascular AMD and GA are late stages of the same disease, they may exist concomitantly. If an eye develops
nAMD during GA treatment, nAMD treatment will need to be initiated if there are signs of exudation in the macula.
Some type 1, non-exudative choroidal neovascularization lesions may not require immediate treatment but should be
followed closely to detect disease progression. Ongoing treatment of GA in the eye that develops choroidal neovascular-
ization and requires anti-vascular endothelial growth factor therapy will be at the discretion of the managing physician
and patient. Combined GA and nAMD treatment is both feasible and safe based on pivotal clinical trials, but injections
may need to be provided either on different clinical visits or separated by approximately 30 min if performed on the
same day to minimize the risk of excessive intraocular pressure elevation.

Several circumstances may warrant discontinuation of GA treatment, such as the occurrence of severe adverse events
including endophthalmitis, ischemic optic neuropathy, sustained elevation of intraocular pressure, and significant, nontran-
sient intraocular inflammation, especially if associated with any retinal vasculitis or occlusive vasculitis. Additionally, severe
central vision loss may represent a scenario where ongoing treatment risks or burdens may not significantly outweigh any
potential benefits. To minimize potential adverse events, detailed clinical examination should be performed prior to treatment
administration. Additionally, the treating physician should educate patients on symptoms that may signify occurrence of
adverse events, such as pain, new visual changes, or new floaters. Finally, if patient compliance significantly affects the
treatment regimen in a negative manner, discontinuation may be considered.

These considerations on GA patient treatment are likely to evolve as more information on best clinical practices
emerge, current treatments become more established, and new therapies are developed.

Conclusion

Approved and emerging treatments for GA will cause a paradigm shift in the identification and management of GA,
resulting in additional or new considerations with regard to optimal patient care. The panel agreed that because current
GA treatments slow but do not stop the progression of GA, early identification of GA is important to ensure that patients
with this advanced form of dry AMD have the best possible outcomes. Early intervention may lead to a reduction in the
rate of vision loss and improvements in overall quality of life. Despite GA being a retinal disease, panelists believe the
availability of GA treatment will affect all ECPs, including optometrists, comprehensive ophthalmologists, and retina
specialists. It is imperative that all ECPs not only have disease knowledge about GA but also understand best practices
for GA identification and how to collaborate with other ECPs to optimize multidisciplinary patient care.
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