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Abstract

Purpose—The appearance of geographic atrophy (GA) on color photography (CP) is preceded
by specific features on spectral domain optical coherence tomography (SDOCT). We aimed to
build SDOCT-based risk assessment models for 5-year new onset of GA and central GA on CP.

Design—~Prospective longitudinal study.

Participants—Age-related macular degeneration (AMD) patients with bilateral large drusen
and/or non-central GA, and at least one eye without advanced disease (n=317) enrolled in the
multicenter Age-Related Eye Disease Study 2 (AREDS2) Ancillary SDOCT study.

Methods—For one eye per participant, qualitative and quantitative SDOCT variables were
derived, respectively, from standardized grading and semi-automated segmentation at baseline. Up
to 7 years later, annual outcomes were extracted and analyzed to fit multivariate logistic regression
models and build a risk calculator.

Main Outcome Measures—New onset of CP-visible GA and central GA.

Results—Over a follow-up median of 4.0 years and among 292 AMD eyes (without advanced
disease at baseline) with complete outcome data, 46 (15.8%) developed central GA. Among a
subset of 265 eyes without any GA on baseline CP, 70 (26.4%) developed CP-visible GA. Final
multivariate models were adjusted for age. In the model for GA, the independent predicting
SDOCT factors (p <0.001 to 0.03) were (1) hyperreflective foci (HF) and (2) retinal pigment
epithelium layer atrophy or absence (RPEA), followed by (3) choroidal thickness in absence of
subretinal drusenoid deposits, (4) photoreceptor outer segment loss, (5) RPE drusen complex
(RPEDC) volume and (6) RPEDC abnormal thinning (RAT) volume. For central GA, the
independent predicting SDOCT factors (p<0.001) were (1) RAT volume, (2) intraretinal fluid or
cystoid spaces, (3) HF, and (4) RPEA. The models yielded a calculator that computes the
probabilities of CP-visible new-onset GA and central GA after 1 through 5 years.

Conclusions—For AMD eyes with large drusen and no advanced disease, we built a novel risk
assessment model — based on age and SDOCT segmentation, drusen characteristics, and retinal
pathology — for progression to CP-visible GA over up to 5 years. This calculator may simplify
SDOCT grading and, with future validation, have a promising role as a clinical prognostic tool.

Keywords

Retina; macular degeneration; age-related macular degeneration; geographic atrophy; optical
coherence tomography; OCT,; spectral domain optical coherence tomography; SDOCT; risk
assessment model; prognostic factors; statistical models

Age-related macular degeneration (AMD) is the leading cause of irreversible blindness in
developed countries. 1 The vision-threatening advanced stages of AMD may be predicted
from the clinical phenotype; however, the currently available tools are not sufficient to
monitor disease activity and detect early points of change. In the staging of AMD and the
assessment of its progression, the imaging modality most commonly used in major

epidemiological studies and severity scales is color photography (CP). 2~7 While CP shows a

two-dimensional view of the retina, spectral domain optical coherence tomography
(SDOCT) provides three-dimensional visualization, with high-resolution cross-sectional
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views, that allows in-depth examination of retinal tissue including delineation of retinal
layers and characterization of substructures of AMD pathology. 8-12

The AREDS2 Ancillary SDOCT Study (A2A SDOCT Study) aimed to identify specific
SDOCT patterns in AMD that can predict vision loss and disease progression from
intermediate to advanced stages. 12 In the intermediate stage of AMD, various drusen-related
patterns of reflectivity on SDOCT have been discovered, 8-14 and found to be early
indicators of advancing disease. 1421 It had been unknown if such SDOCT features implied
a risk of progression to choroidal neovascularization or played a role in the sequence of
degeneration in geographic atrophy (GA). Previous reports from the A2A SDOCT Study
discovered features of intermediate AMD on SDOCT that can serve as biomarkers of disease
progression, such as hyperreflective foci (HF). 1418-21 Incidence of new-onset GA on CP
followed after the qualitative SDOCT findings of atypical drusen (i.e. high or low internal
reflectivity)12, OCT-reflective drusen substructures (ODS, i.e. cores within drusen)14, and
HF18.19 as well as the quantitative SDOCT measurements of the retinal pigment epithelium
drusen complex (RPEDC) volumes, which were accompanied by the SDOCT observation of
RPE layer atrophy or absence (RPEA). 21 Also, as shown by Wu et al., atrophy of the RPE
and overlying photoreceptors on SDOCT immediately preceded new onset of drusen-
associated GA on CP. 2223 Briefly, these findings suggested that SDOCT is useful to
visualize early indicators of atrophy, rather than neovascularization. 1421 In an attempt to
further clarify the sequence of degenerative events in the atrophic pathway, we focused this
report on the A2A SDOCT Study aims pertinent to atrophy and its possible precursors.
Specifically, the aim of this paper was to identify the SDOCT features that, without inter-
dependence, can collectively predict the probability of new progression from intermediate
AMD to more advanced non-neovascular stages over 5 years. We sought to determine an
algorithm, using SDOCT features, to predict GA, which is visible on CP.

Methods and Subjects

The A2A SDOCT Study (ClinicalTrials.gov identifier NCT00734487) was an ancillary
observational prospective study of a subset of eyes from the Age-Related Eye Disease Study
2 (AREDS?2), with a group of control eyes of aged adults. The AREDS2 (Clinical Trials.gov
identifier NCT00345176) was a multicenter prospective randomized trial conducted to test
the effect of oral nutritional supplements on the progression of AMD on CP. 24 The A2A
SDOCT Study recruited 349 participants with AMD from four AREDS2 clinical sites in the
United States (National Eye Institute, Duke Eye Center, Emory Eye Center, and Devers Eye
Institute). 12 All AMD participants had been consented and enrolled in the AREDS2 study.
At each of the clinical sites, the A2A SDOCT Study was approved by the Institutional
Review Board (IRB). Informed research consent was obtained prior to participation from
each study participant. The protocol followed tenets of human research as presented in the
Declaration of Helsinki. Data were collected, stored, and managed in compliance with
Health Insurance Portability and Accountability Act guidelines.
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Study Design

The A2A SDOCT Study has been described previously and is summarized here. 12 We
studied eyes enrolled in the AREDS2 study. Participants were receiving the AREDS
supplements as part of the standard of care, and were randomly assigned to take one of the
following AREDS2 study supplements daily: (1) placebo, (2) lutein and zeaxanthin, (3)
omega-3 long-chain polyunsaturated fatty acids, or (4) both. 2425 The AREDS2 inclusion
criteria included age between 50 and 85 years, and CP assessed by the reading center
(University of Wisconsin Fundus Photograph Reading Center) to be of adequate quality. 24
AREDS?2 enrollment was restricted to people determined to be at high risk of progression to
advanced AMD with either (1) bilateral large drusen =125 pm or non-central GA (no
advanced AMD) or (2) large drusen or non-central GA in one eye and advanced AMD
(neovascularization or central GA) in the fellow eye. 24 These eyes could have an AREDS
Simple Scale Score of 2, 3, or 4. 7 The study eye was required to lack Advanced AMD as
defined in the AREDS and AREDS2: neovascularization or central GA. 724 It is important
to note that non-central GA was not considered advanced AMD per AREDS?2 criteria (see
Table 1). 24 Accordingly, an AREDS?2 study eye (without advanced AMD) may have definite
GA not involving the center of the macula, with or without evidence of drusen.

In the intervening years during the progress of the A2A SDOCT Study, we recognized new
onset of any GA as a critical outcome, and SDOCT precursors to CP-defined GA as perhaps
more meaningful indicators that are awaiting the progression to GA and central GA. In
2013, the Beckman classification put forward a clear clinical phenotyping definition of
Intermediate AMD: large drusen =125 pm and/or any AMD pigmentary abnormalities,
without neovascularization or any GA; the presence of any non-central GA was considered
part of the definition of the more advanced class: Late AMD. 26 Per the original A2A
SDOCT Study design, the outcomes were at 2 and 5 years of follow-up, and the primary
outcome of atrophy was the CP-based central GA. In this report, the primary outcomes are
progression (A) to non-neovascular Advanced AMD and (B) to non-neovascular Late AMD
based on the first occurrence of the respective outcome measures on color fundus
photography. The CP-based outcome measures are (A) new onset of central GA, in
consistency with the traditional definition of non-neovascular Advanced AMD as described
in the A2A SDOCT Study Protocol, and (B) new onset of any GA, including both central
and non-central GA, in consistency with the more up-to-date classification of non-
neovascular Late AMD (Table 1). For study A, the group at risk of developing the outcome
of central GA was, by definition, free of central GA on CP at baseline. Similarly, for study
B, the group at risk of developing the outcome of GA was, by definition, free of any GA on
CP at baseline. Accordingly, all AREDS2-eligible eyes with SDOCT imaging were eligible
for Study A, while Study B required the additional selection criterion of no baseline GA on
CP (Figure 1).

Out of 349 AMD participants enrolled from AREDS2, and by the time the A2A SDOCT
Study obtained baseline imaging, 32 participants had progressed to bilateral advanced AMD
and were excluded, leaving a total of 317 study participants with at least one eligible eye
with no Advanced AMD. We studied one eye per participant. In patients with both eyes
eligible, the right eye was arbitrarily chosen as the study eye. In addition, subjects included
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in the analyses in this report had to have at least one follow-up visit with acceptable imaging
for outcome assessment. Out of the 317 A2A SDOCT study eyes, Study A included the 292
that were at risk of new-onset central GA and had at least one adequate follow-up visit with
valid color fundus photography grading (Figure 1). Out of the 292 eyes, 265 were free of
any GA on color fundus photos at baseline and were thus eligible for Study B.

In addition to the baseline visit at enrollment, participants were followed annually with a
follow-up goal of 5 years. The A2A SDOCT Study started after the initiation of the
AREDS?2, thus to improve the long-term analysis of AMD features, subjects were recruited
to return for an additional extension visit that allowed for data capture up to 7 years. At
baseline we captured data on age, sex, and smoking status. 24 At all visits, we captured color
fundus photography per AREDS2 protocol, in addition to SDOCT imaging. Color fundus
photography images were graded by certified readers at the Wisconsin Fundus Photography
Reading Center (University of Wisconsin, Madison, WI). 21:24 For the extension visits, color
fundus photos were graded for the outcomes of interest by a retinal expert (CAT) masked to
the SDOCT images, per AREDS2 protocol and Wisconsin grading system criteria. A2A
SDOCT Study imaging was done using a research SDOCT imaging system (SDOIS;
Bioptigen, Research Triangle Park, NC) using the imaging specifications previously
described. 12 At every visit, each eye had 2 raster scans captured, oriented at 0° and 90°,
each consisting of 100 B-scan lines, 1000 A-scans per line, and an axial resolution of 4.5 um
per pixel, covering an area of 6.7 mm x 6.7 mm centered on the fovea. Each de-identified
SDOCT volume scan was then graded using the Duke Optical Coherence Tomography
Retinal Analysis Program by Farsiu and Chiu, a viewing program developed in MATLAB
(MathWorks, Natwick, MA) and previously described in detail that displays SDOCT cross-
sectional B-scans and facilitates retinal layer segmentation. 2027.28 Because Enhanced Depth
Imaging had not been available at the time of the study, Bioptigen linear B-scans oriented at
0° repeated at the fovea were aligned and summed post-acquisition, in order to visualize and
segment the posterior boundary of the choroid. Certified graders in the Duke Advanced
Research in SS/SDOCT Imaging laboratory analyzed the SDOCT scan volumes for quality
and ability to be graded, then for the presence of qualitative SDOCT characteristics of
macular pathology described by Leuschen et al'2. On average, for a grader to review and
record all variables from an OCT volume, up to 20 minutes were required. In order to avoid
peripapillary atrophy, qualitative grading and semi-automated segmentation of retinal layers
were both focused on a 5 mm diameter macular region centered on the fovea. When graders
could not agree, the grading was arbitrated by a senior investigator (CAT).

Outcome Measures

Measures of the primary outcomes were derived from color fundus photography features
defined in the AREDS2 study (Table 1). GA was defined as any area of partial or complete
depigmentation of the RPE within the macula, not adjacent to disciform scars, with at least 2
of the following 3 characteristics: visibility of underlying large choroidal vessels, roughly
round or oval shape, and sharp margins on color fundus photography. 2% GA was
considered definitely present if the lesion area was at least 0.146 mm?2 (AREDS circle 1-2,
diameter = 433 um) on color fundus photography. 2° Central GA was defined as GA
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involving the center of the macula. 24 Color fundus photography images were deemed
ungradable for any GA either due to poor image quality or due to development of choroidal
neovascularization as defined in the AREDS2 Study. 24 GA and central GA were assessed
only in absence of neovascularization: The CP was considered ungradable for GA or central
GA once it is flagged with neovascularization either (1) on CP per AREDS2 definition, (2)
from clinical diagnosis, or (3) from history of treatment for neovascularization.

SDOCT-Derived Measures

The qualitative and quantitative SDOCT-derived variables utilized in this report are listed in
Table 2. On scan volumes of at least acceptable quality, study eyes were graded for
subretinal drusenoid deposits (SDD) based on a count of at least five independent SDD per
volume, in consistency with previous definitions of SDD and reticular pseudodrusen. 30 A
single SDD was called independent and was counted if it met the following four criteria. (1)
Deposition was stage 2 or more as defined by Zweifel et al., 3! consisting of hyperreflective
material accumulation above the RPE sufficient at least to alter the contour of the ellipsoid
zone boundary. The deposit’s axial location on the adjacent B-scans did not contain (2) an
extension of the same deposit or (3) the edge of a RPE elevation similar in appearance to or
continuous with the deposit. (4) The eye had at least one SDD without underlying RPE
elevation. The remaining qualitative SDOCT features graded in the A2A SDOCT Study eyes
had previously been described (see Table 2). 1214.19.32.33 |ntraretinal fluid or cystoid spaces
(IRF), previously reported under the term “intraretinal cysts”12, designate round or oval
hyporeflective areas within the retinal layers usually located within the nuclear layers,
without hyperreflective rim. As previously reported, the term IRF was retained because it
was not possible to distinguish outer retinal tubulations without hyperreflective border from
hyporeflective cystoid structures originating from fluid leakage. 3* Qualitative SDOCT
variables that constituted rare findings — namely serous pigment epithelium detachment and
foveal findings — were excluded from this analysis. Also, haze over RPE elevation was not
included in this analysis because it occurred over all drusen as a result of the effect of beam
entry position on the reflectivity of the Henle Fiber Layer. 3° RPE layer atrophy or absence
(RPEA) — equivalent to the previously reported “RPE atrophy or absence” 12 — referred to
either a clear degradation of the reflectivity and thickness of the RPE layer, a complete
absence of RPE, or a contour break. It is critical to note that this feature is different from the
presence of complete OCT-GA, which consists of a triad of (1) RPE layer atrophy or
absence with (2) overlying loss in photoreceptor layer and (3) increased signal in underlying
choroid.1223 These features may or may not be considered as complete OCT-GA in case
residual drusen is present, such as certain cases of nascent GA or in case the triad above
does not meet a minimal diameter requirement.22:23

Choroidal thickness (CT) was extracted from the summed linear B-scans acquired in the
naso-temporal direction at the fovea. The average count of scans aligned and summed post-
acquisition was 15 scans (min = 2, max = 40). The choroid boundaries for stromal CT were
segmented manually from the outer border of Bruch’s membrane to the outer border of the
choroid stroma — or the inner border of the suprachoroidal layer when visible — as defined
and proven reproducible by Yiu et al. 36-38 Disagreements were adjudicated by two graders
(KS and KPW) or arbitrated by a senior choroid grader (GY). In order to minimize the
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variability in measurements taken at single point locations, we reported the average
choroidal thickness from point measurements at every A-scan within the central 3 mm
segment (from 1.5 mm nasal to 1.5 mm temporal to the fovea), based on the middle circle of
the AREDS maculopathy grading grid. 3 The dependence of CT on age, gender and axial
length, based on a normal control sample, 3° was adjusted for. To this end, we used the
following linear regression formula: Adjusted CT (um) = measured CT — [-2.5 x (age- 60
years)] — [-32.9 x gender (female=1)] - [-24.9 x (axial length — 23 mm)]. Axial length was
estimated from the AREDS2-measured refractive error spherical equivalent based on the
following linear regression formula: Axial length (mm) = 23.75 — [0.35 x spherical
equivalent (D)], “° as high myopes had been excluded at the eligibility criteria of the A2A
SDOCT Study. Choroidal thickness measurements were adjusted for age, gender and axial
length, but not the time of day at which the measures were taken, because the exact scan
acquisition time was not available for all eyes. However, all scans were obtained between 9
am and 5 pm, and more than 2 hours after waking time. From normative data, CT
measurements vary no more than 10pm during office hours (9 am to 6 pm). 41 Accordingly,
for participants in clinical trials, the CT variations are minimal. For this population, the
estimated median imaging time — reported previously from a subset as 12:54 pm 38— almost
coincides with the mean nadir time (12:26 pm) and is farthest from the mean acrophase time
(11:26 pm) of the diurnal cycle of choroidal thickness fluctuations. 42 In this paper, the
adjusted CT described above was the only CT variable analyzed.

The quantitative SDOCT volumes were derived from semi-automated segmentation of
SDOCT volume scans. 943 The neurosensory retinal (NSR) thickness was defined as the
volume between the internal limiting membrane and the inner aspect of the RPE-drusen
complex. The RPEDC volume was defined as the thickness from the apex of the drusen and
RPE layer to the outer border of Bruch’s membrane. From outlier RPEDC thicknesses at
each pixel, the following two measurements of abnormal RPEDC volume were calculated
and previously described in detail: the OCT-derived Drusen volume and the RPEDC
Abnormal Thinning (RAT) volume. 20 Briefly, OCT Drusen was derived from RPEDC
thickness =3 SD from the mean of a normative dataset for non-AMD eyes. From RPEDC
thickness <2 SD from the mean of the normative dataset, RAT was derived to represent the
volume of difference lost from normal RPE thickness. 21 The normative database for the
retinal SDOCT volumes had been derived in an earlier study by Farsiu et al using 118 age-
appropriate non-AMD control participants recruited from the Duke and Emory sites using
the same eligibility criteria as AREDS2, except lacking AMD. 20 Quantitative variables
were continuous and qualitative variables were binary.

Statistical Modeling and Analyses

All the analyses reported herein, were performed in the Statistical Analysis Systems (SAS)
software version 9.4 (SAS Institute Inc, Cary, NC). Univariate and multivariate logistic
regression models were fitted using the GENMOD procedure. Repeated measures of the
outcome over the follow-up visits were corrected for using the generalized estimating
equations (GEE) methodology using a first order autoregressive model AR(1). Separately for
each of the two studies (A and B), we explored the long-term relationships between each of
the SDOCT variables and the outcome, then fitted a comprehensive risk assessment model
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and used it to build a risk calculator. SDOCT features that preceded the outcomes were
found through examining the longitudinal associations using univariate models. Based on
the significant univariate associations, the predecessors to the outcomes were suggested as
potential candidate predictors of the outcomes. Candidate predictors were considered in the
fitting of the multivariate model. Also, based on previous observations in the literature, when
the effect of one variable on progression was expected to be modified by another variable,
both variables were included in a multiplicative term and used to test for the interaction. The
interaction between choroidal thickness (CT) and subretinal drusenoid deposits (SDD) was
planned for inclusion because it had been studied previously: The known association
between CT and GA is attenuated by the presence of SDD. 44 Apart from the single
candidate variables, the combinations of the two interacting variables were attempted for
inclusion in the multivariate models. On the other hand, when two candidate predictors were
overlapping in distribution, they were considered collinear; although both were considered
for inclusion in the multivariate model, only one was selected.

In order to determine the independent SDOCT predictors at highest risk of developing the
outcome, a multivariate model was built from (1) covariates with univariate associations
reaching significance (p<0.05), and using forward stepwise fitting to adjust for (2)
potentially confounding systemic factors (age, gender and smoking) and (3) covariates with
univariate associations approaching significance (p<0.2). During the model fitting exercise,
goodness-of-fit was monitored using the Quasilikelihood under the Independence model
Criterion statistic (QICu). The choice between collinear variables was made based on
univariate and multivariate p-values and the QIC. Also, variables that approached but did not
reach significance in the model were dropped unless (1) dropping them caused a substantial
increase in the QIC or (2) their univariate association had been highly significant (p<0.001).
Associations were summarized by the Chi-square p-value and the odds ratio (OR) with 95%
confidence interval. The OR was reported as crude for the univariate associations and as
adjusted for the multivariate associations in the final model. Repeated measures over the
years of follow-up necessitated the use of the yearsas a discrete variable, with follow-up at 5
years or beyond being assigned as a reference category. In the risk calculation formulas, the
effects of years of follow-up on the risk of progression were reported as an estimate for each
year, relative to the maximal risk at 5 years (reference category). The risk calculator was
based on the logistic regression formula from the final multivariate model. The calculator
computes the probability of developing the outcome at each of the annual time points.

Baseline SDOCT Predecessors of Color Fundus Photography GA Outcomes

Parallel analyses were run for Studies A and B separately. Eyes with no central GA on
baseline CP (n=292) were included as eyes at risk in Study A. Eyes without any GA on
baseline CP (n=265) were included in Study B. For that reason, this report presents their
baseline variables distributions separately without statistical comparison between the two
studies (Table 2). The baseline characteristics of eyes analyzed in the two studies were
generally similar with the following exceptions. RPE layer atrophy (RPEA) and IRF, which
are qualitative SDOCT variables related to existing GA, appeared to be less common in
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Study B. These eyes also had a smaller volume of RPE-drusen complex Abnormal Thinning
(RAT) relative to Study A eyes. Also, photoreceptor loss overlying RPE layer atrophy was
strongly associated with RPE layer atrophy: Out of the 40 GA-free eyes with RPE layer
atrophy at baseline (Table 2b), only 4 had no overlying photoreceptor loss at baseline, but
developed it within 1 to 2 years. Rare findings — RPE changes without elevation or atrophy
(2.9%), vitelliform lesion (2.2%) and outer retinal tubulation (0.9%) — were not included in
this analysis.

The univariate associations between each covariate and the outcome (Table 2) represent the
longitudinal relationship over 5 years of follow-up, adjusted for the repeated measures of
outcomes at each of the four earlier years discretely. Contingency proportions were reported
against an all-or-none outcome variable (progression at any time point or no progression
over all points) summarizing the repeated measures for each eye over the interval of 5 years
of follow-up. Results of the multivariate associations in the final risk assessment model for
each of studies A and B are shown in Table 3. In the two final models respectively, a change
in the risk of new-onset central GA or new-onset GA on color fundus photography can be
conveyed by each SDOCT variable independently.

Study A: New-Onset Central GA—Over a median follow-up of 4.0 years (IQR=3.0-5.0,
average=3.9+1.3), 15.8% of the eyes (46/292) progressed on color fundus photography to
develop new-onset central GA. However, the analyses were based on repeated measures
from several intervals for each eye. Accordingly, from the 292 eyes, the number of data
points was 936 follow-up visits. Central GA was seen in 72 out of 936 follow-up visits. The
univariate associations in Table 2a suggested the following SDOCT candidate predecessors
to new-onset central GA: a greater volume of RPEDC Abnormal Thinning (RAT) (p<0.001),
RPE layer atrophy or absence (p<0.001), intraretinal fluid or cystoid changes (p<0.001),
hyperreflective foci (p<0.001), atypical drusen with low reflectivity (p=0.02) and with high
reflectivity (p=0.005), a smaller neurosensory retina (NSR) volume (p=0.001), OCT Drusen
Substructures (p=0.006), and a thinner Choroid (p=0.005). The univariate association
between Choroidal Thickness and new-onset central GA was independent of the presence of
SDD (p=0.41). Accordingly, the interaction term was not tested in the multivariate model.
Of the above candidate variables, both atypical drusen types (low and high reflectivity), as
well as OCT-reflective Drusen Substructures and NSR volume, lost significance in the
multivariate model fitting exercise and thus were not independently associated with new-
onset central GA. In the final multivariate model for central GA was based on the 222 eyes
with complete data for all candidate predictors (Table 3a). Among the qualitative predictors,
the one most strongly associated with an increased risk of color fundus photos new-onset
central GA was IRF (OR=11.23, p<0.001) followed by hyperreflective foci (OR=6.51,
p<0.001) and RPE layer atrophy (OR=5.82, p<0.001). Among the quantitative SDOCT
measures, the only strong independent predictor of new-onset central GA was the RAT
volume (OR=1.40 per 103 mm3, p<0.001). Choroidal Thickness did not significantly
predict new-onset central GA (p=0.11), but was adjusted for in the model. Age (p=0.08) was
also adjusted for in the final model.
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Study B: New-Onset GA—In the cohort of 265 eyes followed-up on color fundus
photography for a median of 4.1 years (IQR=3.0-5.0, average=3.9+1.3), new-onset GA
occurred in 26.4% (70 eyes). From the 265 eyes at baseline, out of the repeated measures on
849 follow-up visits, GA event was present on 109 visits. As shown in Table 2b, candidate
predecessors for new-onset GA on color fundus photography were as follows: RPE layer
atrophy or absence (p<0.001), hyperreflective foci (p<0.001), OCT-reflective Drusen
Substructures (p<0.001), photoreceptor Outer Segment Loss (OSL) without underlying RPE
changes (p=0.001), the less specific photoreceptor layer thinning without underlying RPE
changes (p=0.002), atypical drusen of low (p=0.008) and high reflectivity (p=0.03), larger
RAT volume (p=0.02), and the marginally significant IRF (p=0.05), larger RPEDC volume
(p=0.09), and smaller NSR volume (p=0.20). SDD approached significance (p=0.14), while
a thinner Choroid preceded new-onset GA both in eyes with SDD (p=0.03) and without
SDD (p=0.002). In other words, new-onset GA was preceded by a thinner Choroid overall
regardless of SDD presence (p=0.007). The difference in effect that is due only to the
presence of SDD approached significance (p=0.16). In the multivariate model fitting
exercise, photoreceptor layer thinning without underlying RPE changes was dropped on
account of using the subclass variable incorporating outer segment loss, a collinear and more
significant predecessor to new-onset GA. IRF, atypical drusen with low reflectivity and the
NSR volume were not independent predictors and were dropped from the model. The final
multivariate model for GA was based on the 201 eyes with complete data for all candidate
predictors (Table 3b). Among the qualitative predictors of new-onset GA on CP, the
strongest was hyperreflective foci (OR=6.33, p<0.001), followed by RPE layer atrophy or
absence (OR=5.32, p<0.001) and photoreceptor OSL without underlying RPE changes
(OR=3.27, p=0.01). The volumes of RPEDC (OR=1.18 per 10~ mm3, p=0.02) and RAT
(OR=1.65 per 1073 mm3, p=0.03) were also significant independent predictors of new-onset
GA. In eyes without SDD, a thinner Choroid was a strong independent quantitative predictor
of new-onset GA (OR=1/0.22=4.55 per um of thinning, p=0.002). Eyes with SDD did not
exhibit a significant association between Choroidal Thickness and new-onset GA (p=0.45).
The effect of CT on the incidence of new-onset GA appeared different in SDD presence as
compared to SDD absence, but such difference was not detected as significant (p=0.11).
Features that only approached significance were included in the model for adjustment,
namely atypical drusen with high reflectivity (OR=2.31, p=0.052), OCT Drusen
Substructures (p=0.17), and the presence of SDD which approached significance only in
eyes with Choroids thinner than the first quartile (at CT=220 um, p=0.19). The final
multivariate prediction model also included age as one of the strong predictors (OR=1.46,
p=0.005).

Risk Calculator for Progression to Atrophy on CP

Based on the independent SDOCT predictors of color fundus photography outcomes of
atrophy, the calculator in Equation 1 yields the predicted risk of progression to new-onset
central GA and to new-onset GA after 1, 2, 3, 4 and 5 years. The probability of developing
new-onset central GA or new-onset GA after a certain year is calculated using the logistic
regression formula from the corresponding multivariate model (Equation 1). The predicted
risk is maximal at the 5 year of follow-up. The year estimates included in the equations
convey a reduction in risk for earlier years of follow-up, relative to the reference category of
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5 years. As an example from one of the AREDS2 Ancillary SDOCT study participants, the
predicted risk can be calculated for the 73 year old patient with a color fundus photo that
shows no advanced AMD and a SDOCT volume scan of the central 5mm ring that shows a
region of RPE layer atrophy or absence, one or more hyperreflective foci, with large drusen
(RPEDC volume = 9.8x10~1 mm3 > 3" quartile), some RPE thinning (RAT volume =
0.35%x1073 mm3 between the median and the 3™ quartile) and an age-adjusted choroidal
thickness that is not thinner than the median (CT = 292 pm between the median and the 3™
quartile), with definite presence of SDD, but no IRF, OCT-reflective Drusen Substructures,
atypical drusen with high reflectivity, or photoreceptor OSL without underlying RPE
changes (Figure 2 — upper panel). The predicted risk of developing new-onset central GA is
3.6% in 2 years and 24% in 5 years, and for new-onset GA 14.5% in 2 years and 69.3% in 5
years. Had the SDOCT scan not shown any distinct atrophy or absence of the RPE layer, the
predicted risk of developing new-onset central GA would have been 0.6% in 2 years and
5.1% in 5 years, and respectively 3.1% and 29.8% for new-onset GA (Figure 2 — lower
panel). Study images from this subject are shown in Figure 3 as an example. New onset of
GA on CP occurred at year 4 (Figure 3 — Q).

Discussion

From demographics and SDOCT variables, we constructed risk assessment models for
progression to new geographic atrophy on CP based on prospective data of a large clinical
trial dataset. Consistent with the name of the disease, age was a strong predictor of
progression independent of SDOCT findings. We found that hyperreflective foci
independently predicted a higher risk of progression to both any GA and central GA,
confirming that their long-term involvement in the pathologic process of atrophy is
independent of other SDOCT findings. A greater RAT volume and a finding of RPE layer
atrophy or absence on SDOCT share the hallmark concept of atrophy on OCT; they both
strongly predicted higher risks for new-onset GA and new-onset central GA on CP.

The independent predictors of GA were found in different layers, suggesting different
independent steps in the pathogenesis of atrophic AMD. Presence of intraretinal fluid or
cystoid spaces, as the sole specific predictor for new-onset central GA, suggests that death of
RPE at the center of the fovea may locally be heralded by more internal changes in the
nuclear layers. Along the same lines, photoreceptor OSL without underlying RPE changes
was an independent predictor of GA, suggesting that photoreceptors damage manifests prior
to RPE death and regardless of SDD presence. In addition, although a weaker independent
predictor of GA, atypical drusen with high reflectivity suggests that drusen composition
constitutes an imperative part of the pathophysiology of atrophy. Likewise, in a separate
study of regions containing OCT-reflective drusen substructures (ODS), we have shown that
these cores within drusen herald GA in a location-specific manner. 14 In this analysis, both
GA and central GA were preceded by ODS, but ODS was not found to be an independent
predictor of GA in our multivariate models, possibly due to the presence of other stronger
predictors evaluated in this study. Nevertheless, their highly significant and strong univariate
longitudinal association with new-onset GA proves that they still constitute an important
structural indicator. ODS, along with atypical drusen with high reflectivity, endorse the
theory that a certain characteristic subtype of drusen and/or a dynamic change in drusen
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composition are involved in the local pathophysiology of atrophy. With more detail than
previously described GA predictors such as internal reflectivity changes within drusen 13,
ODS and high reflective drusen are independent precursors of GA, suggesting that these
may reflect two different findings of atrophic pathology.

Furthermore, atrophy, choroidal thickness and SDD (or the corresponding CP finding of
reticular pseudodrusen) are a triad of features that have been found, in smaller

reports, 38:44-46 to have cross-sectional associations. Herein, they were found — in a large
number of eyes — to have similar associations longitudinally. Although this study may have
not been powered to detect an interaction between SDD and CT, such interaction term was
tested only because suggested in previous literature. In other studies, SDD were considered a
possible indicator of choroidal degenerative changes, were found to be associated with other
systemic findings in the kidneys and heart, and were accordingly considered a subset of
AMD and termed Reticular Macular Disease. 47~49 In absence of reticular pseudodrusen,
Thorell et al. found no differences in choroidal thickness between eyes of normal controls,
eyes with drusen but no GA, and eyes with GA, but they found thicker choroids in eyes with
smaller GA areas. 44 In eyes with reticular pseudodrusen, choroid was thin regardless of the
extent of GA. 44 Similarly, eyes with reticular pseudodrusen — whether they had drusen only,
GA, or choroidal neovascularization — have been shown to have thinner choroids compared
to eyes without reticular pseudodrusen. 20 In this study, we found that SDD were only
slightly more prevalent in eyes that progressed to GA, and that this association might have
been driven by eyes with thinner choroids. Overall, compared to eyes that progressed to GA,
eyes that remained GA-free had thicker choroid (adjusted for age, gender and axial length).
This difference in CT was widest among eyes without SDD; despite adjusting for the
independent predictors of GA, this association remained solid. The same association was
less pronounced in eyes with SDD; but in these SDD-eyes, it vanished upon adjusting for the
other independent predictors of GA. While SDD stipulate thinner choroids that cannot
prognosticate progression to GA, SDD-free eyes with choroidal thickness that is age-
appropriate may be protected against new-onset GA. By asserting claims from other

studies, 444° our findings showed that choroidal thickness and SDD will help distinguish at
least two different pathophysiologic mechanisms. Briefly, the findings of this study pointed
to structural SDOCT markers that act as independent contributors to the risk of GA, and
which may help in deciphering the pathophysiologic mechanisms leading to GA.

Whether the above features (1) are signs of existing atrophic changes awaiting detection on
CP, (2) fit in a chronological sequence of events leading to atrophy, or (3) are markers of
separate pathways to atrophy, SDOCT provides important information for estimating risk for
progression to atrophy. Previously developed risk scores and prediction models for AMD
progression have been based on patient demographics, genetics, and environmental risk
factors and relied on color fundus photography. °1-53 Autofluorescence, although the most
extensively studied imaging modality in AMD, has been most useful in measuring the extent
of geographic atrophy, not specifically its onset. GA size and progression have best been
monitored in clinical trials that focus on the progression of GA that already exists in eyes
with Late AMD. In contrast, we focused on the SDOCT findings that preceded the first
occurrence of GA, because there is evidence to support their significance in relation to visual
function. In Wu et al’s study, unlike GA on CP, areas of complete OCT-GA were always the
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worst-performing point in retinal sensitivity on microperimetry. > Loss of retinal sensitivity
also characterized SDOCT regions of photoreceptor loss preceding atrophy. °* Compared to
RPE layer atrophy on SDOCT, photoreceptor loss occurs earlier in time and exhibits a less
severe loss of retinal sensitivity on microperimetry. 2254 SDOCT risk factors associated with
GA — which may be either features of atrophy on OCT that are not seen on CP, features of
OCT-GA that is not complete (e.g. hascent GA), or features that precede OCT-visualized
atrophy of the RPE layer — have been previously partially examined. 155556 Qurs is the first
report to examine independent SDOCT predictors which collectively contribute to a higher
risk of developing GA in non-neovascular AMD over up to 7 years. Strengths of this
analysis include the regular nature of the imaging data, the length of follow-up, the use of a
centralized reading center and the high quality of SDOCT imaging. However, this study is
not without limitations. Results for the predictors of any GA differ from those for central
GA predictors since central GA was an outdated outcome measure that was based on the
location of atrophy and relevant to visual function, rather than biologic mechanisms of
progression. In view of certain discrepancies between the results of univariate and those of
multivariate analyses for new-onset GA, we recognize that the choroid thins with age and is
extremely variable between individuals, and hence may have a weaker association in a
multivariate model.

Although the validity of the models was not assessed in a different sample, this calculator
displays potential applications of SDOCT imaging in non-neovascular AMD. Currently, and
given the novel and unique nature of this dataset, no studies were available with matching
samples and imaging needed for validation. A lack of validation of this model limits the
ability of an average retinal specialist to make accurate predictions based on this calculator.
The predicting features in the calculator are not necessarily specific surrogate outcomes,
although they may be candidates for future consideration. There is hope in the future to
develop a clinically useful tool, once more studies collect OCT data and extract similar
measurements. Still, this is a unique and first of its kind dataset, which — using more
sophisticated statistical tools — may be useful to make such models usable clinically. Unlike
the current models that relied on the baseline visit, possible models may include longitudinal
data to account for changes or patterns of change as predictors of progression, for example.
Accordingly, this calculator is presented rather as a research tool and is mainly a proof of
concept that highlights the importance of SDOCT imaging in non-neovascular AMD. A
major benefit of these current models is to inform the experts on which measurements will
be needed for future studies. Similar to a simplified score, this calculator points to the lack
of utility in much of the grading performed and found to be not significant or relevant to
disease progression. Thus, it shortens grading time from the 20 minutes needed to record all
variables, reduces expenses in research and in the clinic, and accelerates future studies.

We suggest and recommend the transition to multimodal imaging that include SDOCT, until
a single imaging modality is proven sufficient for the detection of late AMD. As
demonstrated in this report, color photography is an outdated method for early detection of
atrophy. In addition, by the time of study entry, the SDOCT signs of SDD might have
disappeared; the changes that remain observable may possibly be photoreceptor loss without
RPE atrophy. Accordingly, earlier occurrence of SDD may have been missed since they
were graded using SDOCT only, without autofluorescence or infrared imaging. However,
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the possible post-SDD finding of photoreceptor loss without RPE atrophy is included in our
models. Further, although the original AREDS2 study had shown that there was no effect of
supplements on GA on CP, it is not known whether — in this cohort — supplements may have
had any influence on the rate or amount of progression to SDOCT findings more subtle than
GA. The sample size in this ancillary study may be too small to make appropriate the
evaluation of the effect of supplements on rates of new onset of qualitative features, because
of the small number of events. Alternative to studying the rates of progression, and rather
than measuring events only in the participants in which they occur (i.e. binary outcomes),
the effect of supplements may be studied on changes that can be measured on all participants
in the cohort, such as change in Drusen volume or change in RAT volume. Still, this
warrants further examination of such potential effects in upcoming reports from this study.

Our model can find use as future advancements in the understanding of AMD ensue. Once
validated, the risk calculators can have direct applications in the clinic in determining risk of
atrophy, especially in the setting of emerging treatments for atrophy, and consideration of
pre-treatment with anti-neovascularization agents. In addition to identification of single
hallmark features of pre-atrophy, SDOCT-based risk stratification will offer surrogate
biomarkers for clinical trials investigating therapies that plan either to treat atrophy in its
earliest stages or to prevent the onset of GA. Meanwhile, an online version of the calculator
will be available and updated, if further SDOCT predictors or clinical risk factors were

added to the models.

Abbreviations and Acronyms
A2A SDOCT study

AMD
AREDS?
cl

CP

cT

GA
GEE

HF

IRF
NSR
ocT
oDS

OR

AREDS2 Ancillary SDOCT study
age-related macular degeneration
Age-Related Eye Disease Study 2
confidence interval

color photography

choroidal thickness

geographic atrophy

generalized estimating equations
hyperreflective foci

intraretinal fluid or cystoid changes
neurosensory retina

optical coherence tomography
OCT-reflective drusen substructures

odds ratio
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OSL photoreceptor Outer Segment Loss
QICu Quasilikelihood under the Independence model Criterion
statistic

RAT RPEDC abnormal thinning

RPE retinal pigment epithelium

RPEA RPE layer Atrophy or absence

RPEDC RPE drusen complex

SD standard deviation

SDD subretinal drusenoid deposits

SDOCT spectral domain OCT
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349 AREDS2-participants
in the AREDS2 Ancillary SDOCT Study

32 Not eligible
Advanced AMD in both eyes:
Neovascularization or Central GA
on baseline CP

25 Not eligible
Insufficient follow-up data 2

292 eyes without Advanced AMD ®
with follow-up at least 1 year
No Central GA on baseline CP

Study A group

27 Not eligible for Study B
Late AMD eyes:
GA on baseline CP

265 Intermediate AMD eyes °
No GA on baseline CP

Study B group

Figure 1.
AREDS?2 Ancillary SDOCT Study Participants and Selection of Groups At Risk of New-

Onset Central Geographic Atrophy (N=292), and New-Onset Geographic Atrophy (GA)
(N=265).

AREDS?2 = Age-Related Eye Disease Study 2, SDOCT = spectral domain optical coherence
tomography, GA = geographic atrophy, AMD = age-related macular degeneration, CP =
color photography.  On color photography (CP), 25 eyes of 25 participants with no
Advanced AMD (per AREDS? definition) were excluded due to insufficient CP data on
follow-up: 14 lost to follow-up before 1 year + 11 with CP ungradable for GA on follow-up
visits. P One eye per participant.
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AREDS2 Ancillary SDOCT Calculator

Age 73 years
RPE-Drusen Complex (RPEDC) volume | 0976 [mm® Risk Predicted (%)
RPEDC Abnormal Thinning (RAT) volume | 0310 |10°mm’
Choroid Thickness 292 [um 100%
Subretinal Drusenoid Deposits Yes |5 ormore
Outer Segment loss without RPE changes No 20%
Atypical Drusen with High Reflectivity No
OCT-reflective Drusen Substructures No oo
Hyperreflective Foci Yes
RPE layer Atrophy or absence Yes o
Intraretinal Fluid or cystoid changes No
20%
0% — @
Years after SDOCT 1 2 3 4 5
Risk of New-Onset Central Geographic Atrophy 1.3% 3.6% 8.5% 12.8% 24.0%

Risk of New-Onset Geographic Atrophy ——  51%  145%  30.0%  47.0%  69.3%

AREDS2 Ancillary SDOCT Calculator

Age 73 years
RPE-Drusen Complex (RPEDC) volume | 0976 [mm?® Risk Predicted (%)
RPEDC Abnormal Thinning (RAT) volume [ 0310 [10°mm’®
Choroid Thickness 292 [um 100
Subretinal Drusenoid Deposits Yes |5 ormore
Outer Segment loss without RPE changes No o0
Atypical Drusen with High Reflectivity No
OCT-reflective Drusen Substructures No %
Hyperreflective Foci Yes
RPE layer Atrophy or absence No Ao
Intraretinal Fluid or cystoid changes No
20%
0% =
Years after SDOCT a 2 3 4 5
Risk of New-Onset Central Geographic Atrophy 0.2% 0.6% 1.6% 2.5% 5.1%

Risk of New-Onset Geographic Atrophy —a—  1.0% 3.1% 74% @ 143% @ 29.8%

Figure 2.

Page 20

Preview of the SDOCT-based Risk Calculator @ for New-Onset P of Central GA and of GA.

The upper panel corresponds to the risk calculation for a participant in the AREDS2

Ancillary SDOCT study with no GA on baseline color photography. The lower panel is for a
hypothetical patient with similar findings, except without RPE layer Atrophy or absence on

SDOCT.

SDOCT = spectral domain optical coherence tomography, GA = geographic atrophy,
AREDS? = Age-Related Eye Disease Study 2. @ This calculator is a research tool, not

validated, and not intended for clinical use. Actual outcome is shown in figure 3. P New-

onset of atrophy on color fundus photography.
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Figure 3.
AREDS2 Ancillary SDOCT Study imaging from the eye from example in Figure 2. 7op

row: baseline imaging. (a) Color fundus photography at baseline shows large drusen but no
geographic atrophy. (b) Baseline SDOCT B-scan at location of green line in (a) showing
hyperreflective foci (green arrowheads) and RPE layer Atrophy or absence on OCT (blue
arrow). (¢) Baseline map of abnormal thickness of RPE drusen complex (OCT Drusen in
orange/red, RPE drusen complex Abnormal Thinning in blue). Green line shows location of
B-scan in (b). Bottom row: follow-up imaging (chronologic from left to right). Color fundus
photography from years 1, 2, 3, and 4 respectively in (d), (), (f), and (g). In this eye, new
onset of GA on color photography (red arrow) occurred in year 4 (g). The participant
underwent cataract surgery between years 3 (f) and 4 (g), which explains the improvement in
the focus and crispness of the photo (g).

AREDS? = Age-Related Eye Disease Study 2, SDOCT = spectral domain optical coherence
tomography, AMD = age-related macular degeneration, RPE = retinal pigment epithelium,
GA = geographic atrophy.
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Risk of New-Onset Central GA at year x = P(Central GA), = 1/1 +eF

F =7.0316 — 0.0561 - Age — 334.779 - RAT + 0.0067 - CT — 1.8730 - HF — 1.7618 - RPEA — 2.4190 - IRF + f(x)

3.1987, x =1

21197, x =2

where f(x) ={1.2266, x =3
0.7640, x = 4

0 ;%=5

Risk of New-Onset GA at year x = P(GA), = 1/1 46

G =5.7636 — 0.0758 - Age — 1.6417 - RPEDC — 500.9336 - RAT + 0.0152 - CT — 0.0114 - CT - SDD + 3.1026 - SDD — 1.1837 - OSL
—0.8393 - ADHi — 0.5112 - ODS — 1.8453 - HF — 1.6713 - RPEA + g(x)

37334, x =1

2.5938, x =2

where g(x) ={1.6646, x =3
0.9348, x =4

0 ;=5

The calculator applies under the following conditions:

Age range=(50-85) years,

RAT volume > 0 [median=0.155%10-3, [QR=(0.0267x107, 0.533%10-%)] mm?,

RPEDC volume > 0 [median=0.619, IQR=(0.547, 0.730)] mm?,

Choroid Thickness > 0 [median=260, IQR=(226, 309)] um (standardized for 60 year-old female with 23 mm axial length).
Variables in the equations:

P, Probability of new onset after x years of follow-up after SDOCT imaging;

F, linear term in the logistic regression equation, a function of the covariates;

RPEDC, Retinal Pigment Epithelium Drusen Complex volume (mm?);

RAT, Retinal pigment epithelium drusen complex Abnormal thinning volume (mm?);

CT, average Choroid Thickness (um) of central 3 mm line, standardized for a 60 year-old female with +2.125 diopters

spherical equivalent (estimated axial length of 23 mm);

SDD, presence of 5 or more Subretinal Drusenoid Deposits;

OSL, presence of photoreceptor Outer Segment Loss without underlying RPE changes;

ADHI, presence of Atypical Drusen with High reflectivity;

ODS, presence of OCT-reflective Drusen Substructures;

HF, presence of Hyperreflective Foci;

RPEA, presence of RPE layer Atrophy or loss on OCT;

IRF, presence of IntraRetinal Fluid or cystoid changes;

f(x) and g(x), time parameters adjusting the risk at different follow-up years, with maximal risk at 5 years of follow-up.

Equation 1.

System of Equations for the Risk Calculator for New-Onset Central GA and New-Onset GA
on Color Fundus Photography after x Years.
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Table 1

AREDS2 Ancillary SDOCT Study Primary Annual Outcomes of Progression to Non-Neovascular Atrophic
Stages on Color Fundus Photography.

Study A Study B
Outcome @ New-onset central Geographic Atrophy New-onset Geographic Atrophy
Measure Geographic Atrophy (GA) at the foveal center Any GA (non-central or central)
AREDS terminology ¢ Non-neovascular Advanced AMD Intermediate AMD with GA or Non-neovascular Advanced AMD
Beckman classification ¢ Non-neovascular Late AMD Non-neovascular Late AMD
Modality Color Fundus Photography Color Fundus Photography
Total eyes at risk &€ 292 265

AREDS2 = Age-Related Eye Disease Study 2, SDOCT = spectral domain optical coherence tomography, AMD = age-related macular
degeneration, GA = geographic atrophy.

aEach outcome was defined as new onset of the respective measure on the designated imaging modality.

bPer AREDS and AREDS?2, Advanced AMD is defined as neovascularization or central GA on color fundus photography. 7,24,57
cThe Beckman classification defined Lafe AMD as neovascularization or any Geographic Atrophy. 26

dOne study eye per participant.

e _ . . .
By definition, eyes at risk of developing the outcome are outcome-free at baseline.
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Table 3.a

Central Geographic Atrophy Risk Assessment Model (Study A) — Multivariate Associations between Baseline
Independent SDOCT Predictors and Progression to New Onset of Central GA on Color Fundus Photography
over 5 years.

Multivariate Associations (N=222) &

Adijusted OR (95% CI) P p-value ©

Demographics

Age [per 5 years] 1.32(0.97-1.81) 0.08
Qualitative SDOCT variables 12

Intraretinal Fluid or cystoid changes 11.23 (4.96-25.46) <0.001
Hyperreflective Focil? 6.51 (2.87-14.74) <0.001
RPE layer Atrophy or absence 5.82 (2.25-15.04) <0.001

Quantitative SDOCT variables ¢,2021.33
RPEDC Abnormal Thinning (RAT) volume [per 10-3 mm?3] 1.40 (1.24-1.57) <0.001

Choroidal Thickness [per 100 pm] d 0.51 (0.22-1.16) 0.11

uantitative SDOCT variables 20:21.33

Choroidal Thickness (CT) by SDD ar 0.11
CT in absence of SDD [per 100 pm] 0.22 (0.09-0.56)  0.002
CT in presence of SDD [per 100 pm] 0.68 (0.25-1.86) 0.45

RPE Drusen Complex (RPEDC) volume [per 101 mm3] 1.18(1.02-1.36)  0.02
RPEDC Abnormal Thinning (RAT) volume [per 10 mm®] ~ 1.65 (1.06-2.56)  0.03

SDOCT = spectral domain optical coherence tomography, GA = geographic atrophy, RPE = retinal pigment epithelium, RPEDC = RPE drusen
complex, OR = odds ratio.

a . . . . .
From 222 participants, 222 eyes had valid measurements for all continuous baseline variables.
Associations are reported from multivariate logistic regression with repeated measures over 5 years. The odds ratio (OR) corresponds to the
increase in odds after 5 years of follow-up associated with either (1) the presence of the qualitative variable, or (2) every 1 unit increase in the
continuous variable (for quantitative variables), as indicated [between brackets].

cChi—square p-value of 0.05 constituted the significance level.

dChoroidaI thickness was adjusted for age, gender and estimated axial length.

SDOCT = spectral domain optical coherence tomography, GA = geographic atrophy, RPE = retinal pigment epithelium, SDD = subretinal
drusenoid deposits, Q1 = first quartile, Q2 = second quartile, Q3 = third quartile, RPEDC = RPE drusen complex, CT = choroidal thickness, OR =
odds ratio.

a . . . . .
From 201 participants, 201 eyes had valid measurements for all continuous baseline variables.
Associations are reported from multivariate logistic regression with repeated measures over 5 years. The odds ratio (OR) corresponds to the
increase in odds after 5 years of follow-up associated with either (1) the presence of the qualitative variable, or (2) every 1 unit increase in the
continuous variable (for quantitative variables), as indicated [between brackets].

cChi—square p-value of 0.05 constituted the significance level.

dThe presence of Subretinal Drusenoid Deposits (SDD) modifies the effect of Choroidal thickness with a p-value of 0.11 corresponding to the
difference in effect.
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6’OR for SDD is reported at different values of Choroidal thickness (around the quartiles of CT: Q1, Q2 and Q3) in order to illustrate the interaction.

fChoroidaI thickness was adjusted for age, gender and estimated axial length.
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Table 3.b

Geographic Atrophy Risk Assessment Model (Study B) — Multivariate Associations between Baseline
Independent SDOCT Predictors and Progression to New Onset of Any GA on Color Fundus Photography over
5 years.

Multivariate Associations (N=201) &

Adjusted OR (95% CI) P p-value ©

Demographics
Age [per 5 years] 1.46 (1.12-1.90) 0.005
Qualitative SDOCT variables 12

Hyperreflective Foci 19 6.33 (2.37-16.92) <0.001
RPE layer Atrophy or absence 5.32 (2.28-12.40) <0.001
Photoreceptor Outer Segment loss without underlying RPE changes 3.27 (1.32-8.08) 0.01

Atypical Drusen with High Reflectivity 2.31(0.99-5.39) 0.052
OCT-reflective Drusen Substructures 14 1.67 (0.80-3.47) 017

Subretinal Drusenoid Deposits (SDD) def

[for Choroidal Thickness = 220 um < Q1] 0.55 (0.22-1.35) 019
[for Choroidal Thickness = 270 um ~ Q2] 0.96 (0.45-2.08) 0.92
[for Choroidal Thickness = 320 um > Q3] 1.70 (0.54-5.36) 0.37
Quantitative SDOCT variables 20:21.33
Choroidal Thickness (CT) by SDD arf 011
CT in absence of SDD [per 100 pm] 0.22 (0.09-0.56) 0.002
CT in presence of SDD [per 100 um] 0.68 (0.25-1.86) 045
RPE Drusen Complex (RPEDC) volume [per 1071 mm3] 1.18 (1.02-1.36) 0.02
RPEDC Abnormal Thinning (RAT) volume [per 10-3 mm?3] 1.65 (1.06-2.56) 0.03

SDOCT = spectral domain optical coherence tomography, GA = geographic atrophy, RPE = retinal pigment epithelium, SDD = subretinal
drusenoid deposits, Q1 = first quartile, Q2 = second quartile, Q3 = third quartile, RPEDC = RPE drusen complex, CT = choroidal thickness, OR =
odds ratio.
aFrom 201 participants, 201 eyes had valid measurements for all continuous baseline variables.

Associations are reported from multivariate logistic regression with repeated measures over 5 years. The odds ratio (OR) corresponds to the
increase in odds after 5 years of follow-up associated with either (1) the presence of the qualitative variable, or (2) every 1 unit increase in the
continuous variable (for quantitative variables), as indicated [between brackets].

cChi—square p-value of 0.05 constituted the significance level.

dThe presence of Subretinal Drusenoid Deposits (SDD) modifies the effect of Choroidal thickness with a p-value of 0.11 corresponding to the
difference in effect.

eOR for SDD is reported at different values of Choroidal thickness (around the quartiles of CT: Q1, Q2 and Q3) in order to illustrate the interaction.

fChoroidaI thickness was adjusted for age, gender and estimated axial length.
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