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With two FDA-approved comple-
ment inhibitors—pegcetacoplan 
(Syfovre, Apellis) and avacincaptad 
pegol (Izervay, Astellas)—on the 
market to slow the progression of 

geographic atrophy (GA) secondary to AMD, the ques-
tion is, which patients do we treat? Understanding which 
patients with dry AMD are at the highest risk for the fastest 
progression is especially important for effective long-term 
patient management.

Many studies have explored multimodal imaging 
biomarkers, and OCT in particular, to predict progression 
of intermediate AMD to GA, but few have investigated 
biomarkers that help predict faster GA progression.1,2

Existing studies on GA growth rate have focused on 
baseline GA characteristics, AI and computational models, 
and quantitative imaging biomarkers.3-12 While these 
measures can be effective, they are also time-consuming, 
expensive, or unavailable in most retina practices. To better 
care for our patients, we need readily accessible imaging 
biomarkers to help clinicians determine which patients 
with GA will rapidly progress and may be good candidates 
for treatment. In this article, we share our study findings 
that reveal demographic data and imaging biomarkers that 
are associated with a faster GA growth rate.13

Imaging 
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GA Progression
Our study identified a set of OCT parameters that can predict  

a faster growth rate.
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s

 �Using the University of Colorado AMD Registry, we 
evaluated 121 eyes of 66 patients with geographic 
atrophy (GA) without concurrent choroidal 
neovascularization to determine which demographic 
data and imaging biomarkers are associated with a 
faster GA growth rate.

s

 �Nonexudative subretinal fluid, subretinal 
hyperreflective material or acquired vitelliform 
lesions, and incomplete retinal pigment epithelium 
and outer retina atrophy were positively associated 
with higher GA growth rates.

s

 �These biomarkers, along with a thin choroid, can 
easily be identified on OCT and should alert providers 
to an increased risk of faster disease progression, 
especially in the setting of larger and multifocal GA 
lesions, older age, and female sex.
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 R E G I S T R Y D A T A 
The University of Colorado AMD Registry has been 

enrolling patients longitudinally since 2014 to dynamically 
evaluate the interplay between changes in multimodal 
imaging biomarkers, dysregulation of systemic inflammation, 
and genetics in patients with AMD. Using this registry, 
we evaluated 121 eyes of 66 patients with GA without 
concurrent choroidal neovascularization to determine which 
demographic data and imaging biomarkers are associated 
with a faster GA growth rate. We evaluated simple and 
mainly qualitative imaging biomarkers that can assist in 
accurate and concise clinical decision making.13

We reviewed spectral-domain OCT, color fundus photo-
graphs, and fundus autofluorescence images for a variety of 
imaging biomarkers and baseline GA lesion characteristics. 
We then calculated the square-root transformed GA growth 
rate, a commonly accepted measure that helps neutralize 
the effects of initial GA lesion size. We evaluated associa-
tions between square-root transformed GA growth rate 
and imaging biomarkers, baseline lesion characteristics, and 
patient demographics using linear regression models.13

 K E Y F I N D I N G S 
Older age and female sex were associated with increased 

rates of GA progression. A patient's body mass index was 
weakly negatively associated with GA growth rate. Smoking 
history was not associated with GA growth rate.13

Larger areas of GA were associated with increased rates 
of progression. Multifocal and extrafoveal GA lesions had 
faster, but not statistically significant, growth rates. These 
findings support the hypotheses of faster centrifugal 
growth and the importance of the GA perimeter.13

Nonexudative subretinal fluid (SRF), subretinal 
hyperreflective material (SHRM) or acquired vitelliform 
lesions (AVLs), and incomplete retinal pigment epithelium 
(RPE) and outer retina atrophy (iRORA) were positively 
associated with higher GA growth rates. While iRORA is a 
known precursor for GA, less is known about nonexudative 
SRF and SHRM/AVLs in dry AMD. We believe these 
biomarkers also precede new GA lesions, increasing the 
overall GA perimeter area and the rate of GA growth.13

One study in the literature investigated nonexudative 
SRF in GA and observed a high percentage of progres-
sion to GA in areas of SRF overlying drusen and drusenoid 

pigment epithelial detachments.14 Our findings corrobo-
rate that these areas of nonexudative SRF likely represent 
a degenerative space beneath the retina, rather than an 
exudative fluid process, and are risk factors for progres-
sion to GA (Figure 1).13 SHRM/AVLs in the setting of dry 
AMD have more recently been hypothesized to represent 
an accumulation of various breakdown materials due to 
significant RPE stress and dysfunction or to act as a physical 
barrier for nutrient exchange, accelerating photoreceptor 
degeneration and GA progression (Figure 2).15,16

Our study’s third and most intuitive biomarker was 
iRORA. Once this pattern of damage starts, our study 
demonstrated that progression to complete RPE and outer 
retina atrophy (cRORA) is accelerated.13

Retinal pseudocysts and subfoveal choroidal thickness 
were significantly negatively associated with higher GA 
progression (Figure 3); this significance held true even 
after adjusting for age, which has long been associated 
with choroidal thinning and AMD. Retinal pseudocysts are 
degenerative, nonexudative retinal cysts that have been 
hypothesized to correspond to Müller cell degeneration 
and are commonly found in the inner nuclear layer 
overlying preexisting GA. There is little research on why 
these lesions would be associated with a lower GA growth 
rate, but we hypothesize that they may represent a burning 
out of the disease process or are protective in some way.13

Interestingly, imaging biomarkers traditionally associ-
ated with the development of GA were not associated with 

Figure 3. This OCT image (A) shows multiple retinal pseudocysts (arrow) in the internal nuclear layer overlying an area of cRORA as evidenced by signal hypertransmission (*), an area of 
cRORA of at least 250 µm (black bracket), and an area of iRORA (white bracket). The red brackets on another OCT image denote the boundaries of a thin choroid (B).
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Figure 1. The arrow points to nonexudative SRF with overlying ellipsoid zone attenuation 
that later progressed to GA (A).

Figure 2. The arrow points to a hyperreflective area representative of SHRM/AVLs that later 
progressed to GA. 
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increased rates of GA progression in our study. Reticular 
pseudodrusen, outer retinal tubulation, drusenoid pigment 
epithelial detachments, and calcified drusen may only be 
associated with initial GA formation and not play a large 
role in progression. Investigation with larger sample sizes 
would be helpful to better evaluate these relationships.13

 D I S C U S S I O N 
When counseling and selecting GA patients for thera-

peutic intervention, there are many considerations to 
keep in mind. While a faster GA growth rate is only one 
piece of the overall picture, it can help guide referrals and 
discussions. SHRM/AVLs, nonexudative SRF, iRORA, and 
a thin choroid are biomarkers that can be easily identified 
on OCT and should alert providers to an increased risk of 
faster disease progression, especially in the setting of larger 
and multifocal GA lesions, older age, and female sex.

Further studies investigating choroidal thickness, 
nonexudative SRF, SHRM/AVLs, and iRORA can help 
establish reliable indicators of disease progression risk and 
analyze the efficacy of future GA therapies.  n
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