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Purpose: To analyze the intersession repeatability of structural biomarkers in eyes
with early and intermediate age-related macular degeneration (iAMD) within the cross-
sectional part of the observational multicenter MACUSTAR study.

Methods: Certified site personnel obtained multimodal imaging data at two visits
(38 ± 20 [mean ± standard deviation] days apart), including spectral-domain
optical coherence tomography (SD-OCT). One junior reader performed system-
atic and blinded grading at the central reading center, followed by senior reader
review. Structural biomarkers included maximum drusen size classification (>63 to
≤125 μm vs. >125 μm), presence of large pigment epithelium detachments (PEDs),
reticular pseudodrusen (RPD), vitelliform lesions, and refractile deposits. Intrasession
variability was assessed using Cohen’s κ statistics.

Results: At the first visit, 202 study eyes of 202 participants were graded as manifest-
ing with either early (n = 34) or intermediate (n = 168) AMD. Grading of imaging data
between visits revealed perfect agreement for the maximum drusen size classification
(κ = 0.817; 95% confidence interval, 0.70–0.94). In iAMD eyes, perfect to substantial
agreement was determined for the presence of large PEDs (0.87; 0.69–1.00) and RPD
(0.752; 0.63–0.87),while intersession agreementwas lower for thepresenceof vitelliform
lesions (0.649; 0.39–0.65) and refractile deposits (0.342; −0.029–0.713), respectively.

Conclusions: Multimodal retinal imaging analysis between sessions showed a higher
repeatability for structural biomarkers with predefined cutoff values than purely quali-
tative defined parameters.

Translational Relevance: A high repeatability of retinal imaging biomarkers will be
important to implement automatic grading approaches and to establish robust and
meaningful structural clinical endpoints for future interventional clinical trials inpatients
with iAMD.
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Introduction

Age-related macular degeneration (AMD) remains
one of the most important causes of irreversible
vision loss in industrialized countries.1,2 Driven by
the ongoing aging of the population, the prevalence
is expected to increase further.3,4 There is a growing
unmet need to develop innovative interventional thera-
pies in early and intermediate AMD (iAMD) that can
delay progression to late-stage disease manifestation
and associated severe vision loss. To assess potential
therapeutic approaches, robust and reliable biomark-
ers on retinal structure and function are required,
allowing for high repeatability between assessments as
an essential prerequisite prior to acceptance as clini-
cal endpoints by regulatory authorities, health care
providers, and payers.

Previous studies report a great variability of optical
coherence tomography (OCT) imaging based on retinal
gradings, often depending on the underlying disease
and difference in comparison to the variability of
grading retinal markers in healthy participants.5,6 In
the presence of AMD, good repeatability and corre-
lation of OCT imaging-based gradings were shown
for the average central 1-mm subfield thickness in
early AMD as well as for the foveal central subfield,
foveal central point thickness, and presence of intra-
or subretinal fluid in neovascular disease stages.7–9
Good overall agreement on retinal thickness analy-
sis in eyes with neovascular AMD has been demon-
strated when comparing different imaging platforms.10
Furthermore, high reproducibility of gradings on
central drusen volume assessment within the 3-mm
circle of the fovea has been reported in eyes with early
AMD as well as iAMD stage among readers and in
comparison to an automated software tool.11

However, more detailed data reports frommulticen-
ter prospective studies are needed to assess the repro-
ducibility of human expert gradings on already estab-
lished biomarkers by multimodal imaging on retinal
microstructure in iAMD. A reliable reproducibility of
retinal imaging biomarkers will further provide the
basis for the implementation of automatic grading
approaches, which will be required in the near future as
multimodal retinal imaging approaches in clinical trials
also lead to a growing number of available data sets.

Currently already established retinal imaging
biomarkers include the presence of precursor lesions
representing high-risk factors for disease progression,
the presence of large pigment-epithelium detach-
ment (PED), or reticular pseudodrusen (RPD),
which can be readily detected by multimodal retinal
imaging.12–16

Taking this into account, MACUSTAR is an
ongoing European, low-interventional, multicenter
study that aims to develop and validate clinical tests to
detect subtle longitudinal disease progression in iAMD
that can be used as structural and functional endpoints
in upcoming interventional clinical trials.17,18 As part
of the study design, standardized multimodal retinal
imaging is performed by certified technicians and
analyzed according to standardized grading strategies
in a reading center setting. The protocol also included
a validation visit with additional retinal imaging
acquired shortly after the screening and baseline visits.
In the current analysis, based on the cross-sectional
data set of the EuropeanMACUSTAR study, we assess
the intersession repeatability of detecting qualitative
high-risk structural lesions for AMD progression.

Methods

The MACUSTAR Study

MACUSTAR is a multicenter, low-interventional
natural history study in patients with AMD that is
conducted at 20 sites across seven European countries
(ClinicalTrials.gov identifier: NCT03349801). Partici-
pants were enrolled from March 2018 to February
2020, and the last visit of the last patient is expected
for February 2023. The details of the study design,
including inclusion and exclusion criteria, have been
published elsewhere.17,18 In the cross-sectional study
part, four groups of participants with different disease
stages of early, intermediate, late, and no AMD were
included. This study has been conducted according to
the provisions of the Declaration of Helsinki, and all
participants provided informed consent.

The cross-sectional part of MACUSTAR was
designed for the technical evaluation of functional and
structural outcome measures. In this subcohort of the
study population, one additional validation visit (V3,
day 14 ± 7 days) was scheduled shortly after screen-
ing (V1, day −28 to 0) and baseline (V2, day 0). For
the current analysis, we included all participants in the
cross-sectional part classified as either early AMD or
iAMD at V1. Based on Ferris et al.,19 early AMD was
defined as presenting with medium-sized drusen (>63
μm and ≤125 μm) in the absence of any AMD pigmen-
tary alterations and any signs of intermediate- or late-
stage AMD manifestations in both eyes. For iAMD,
both eyes had to exhibit large drusen (>125 μm) and/or
any AMD pigmentary abnormalities. In addition to
these definitions, any extrafoveal geographic atrophy
(GA) lesion not larger than 1.25 mm2 could be present
in the fellow eye.
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Retinal Imaging Protocol

Following pupil dilatation with tropicamide 0.5%
and phenylephrine 2.5%, participants underwent
multimodal imaging according to standard operational
procedures by certified study site personnel. Retinal
imaging included combined confocal scanning laser
ophthalmoscopy (cSLO) (near-infrared reflectance
[IR], multicolor, green and/or blue fundus autoflu-
orescence imaging [FAF, automated real time mode
(ART) at least 30 single frames]) and spectral-domain
optical coherence tomography (SD-OCT; Heidelberg
Engineering, Heidelberg, Germany) (20° × 20°, 25
B-scans, distance 240 μm, ART mode, four frames;
30° × 25° enhanced-depth imaging mode, 241 B-scans,
distance 30 μm, ART mode, nine frames) as well as
color fundus photography (CFP). Furthermore, the
average corneal curvature for each eye was obtained at
V1 to enhance the precision of absolute measurements
on combined cSLO and SD-OCT data for subsequent
image analyses. All imaging data were transmitted to
the GRADE Reading Center (University of Bonn,
Germany) through a secure, web-based portal. After
transmission, the imaging data were reviewed for
completeness, technical quality, and adherence to the
predefined imaging protocol. If deemed acceptable
by data management, imaging data were assigned to
medical readers for grading.

Grading Strategy

Imaging data of each visit were systematically
graded by one junior reader, followed by one senior
reader review according to standardized and prede-
fined grading procedures. All junior readers under-
went structured training procedures for assessment of
retinal imaging in eyes with AMD and had already
gained experience in at least one clinical trial at a
reading center. Senior readers were required to be certi-
fied board members in ophthalmology and/or were
required to have extensive scientific expertise in the field
of multimodal imaging and clinical AMD trials.

A total of nine junior and two senior readers were
involved in the grading of imaging data. The mean
number of gradings performed by each junior reader
was 34 (range, 3–85) at V2 and 73 (range, 22–119;
involvement of four junior readers) at V3, while a
mean of 301 gradings at V2 (involvement of one senior
reader) and 146 (range, 104–187) gradings at V3 were
performed by the senior readers.

Before evaluation of any images obtained in the
context of this study, readers underwent an initial
training run on 15 representative AMD cases. At the
screening visit, grading results of the reading center

had to confirm morphologic inclusion and exclusion
criteria as defined in the study protocol prior to final
enrollment into MACUSTAR.18 To ensure indepen-
dent grading of V1 versus V3 imaging data, data
management relabeled the transmittedV3 imaging data
(masking the original study identifiers) and assigned
these data in a dedicated imaging review library.
Without references images or grading results from
other visits, V3 data were processed and documented
by readers in the grading database.

Structural Grading Parameters

Readers were instructed to use the dense SD-OCT
raster scan as the base imaging modality for grading,
while other modalities provided complementary and
confirmatory information. To assess maximum drusen
size, the dense SD-OCT raster scan was reviewed
for the presence of dome-shaped elevations of the
retinal pigment epithelium (RPE) band, separating the
latter from Bruch’s membrane. According to subjec-
tive judgment, readers were instructed to select the B-
scan with the largest appearing druse. After changing
to the 1:1 μm display and increasing the magnifica-
tion to 400%, the basal lateral diameter of the selected
druse at the level of Bruch’s membrane was determined
using the caliper tool in the Heidelberg Eye Explorer
(Heidelberg, Germany). Conversion from pixels into
microns was based on the formula provided by the
Heidelberg Eye Explorer software, taking the focus
settings during acquisition and the individual corneal
curvature measurements of each eye into account. This
measurement was used to confirm and document the
maximum drusen size, which allowed for classifica-
tion into medium-sized (>63 μm and ≤125 μm) and
large (>125 μm) drusen. To meet the requirements for
the presence of PEDs, the basal diameter of the RPE
elevation had to be at least 1000 μm. In addition, the
minimum height at the highest point of the elevation
had to be 200 μm, as measured from the inner edge of
Bruch’s membrane to the outer edge of the RPE band.
RPD were defined as hyperreflective irregularities and
elevations above the RPE/Bruch’s membrane SD-OCT
band, showing medium-reflective mounds or cones at
the level of the ellipsoid zone or between the ellipsoid
zone and the RPE surface. RPD had to correspond to
an ill-defined network of oval or roundish irregulari-
ties with a variable diameter of approximately 100 μm
on either cSLO FAF or IR imaging. RPD were graded
to be present if a minimum of five individual lesions
were visible. Vitelliform lesion were defined by accumu-
lation of hyperreflective, amorphous material in the
subretinal space as seen by SD-OCT imaging, typically
associated with an increased signal in FAF imaging.
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The presence of refractile deposits was determined
either by an intense laminar hyperreflectivity (≥100
μm) at the level of Bruch’s membrane or a pyrami-
dal structure at the level of the outer retina (“ghost
drusen”). Supportive evidence included glistening and
a yellow-shining appearance by CFP, a corresponding
hyperreflective signal by IR, and/or a mildly increased
ormottled FAF signal. For the gradings, retinal param-
eters were graded as “yes” if the grader was more
than 90% sure that a finding was positive. If grading
categories were graded as “no”, the reader was more
than 50% sure that the finding is negative.

Statistical Analysis

All statistical analyses were performed using the
R software environment (version 4.0.2; R Founda-
tion, Vienna, Austria) with the psych package (version
2.1.6, Revelle W, 2021). Cohen’s κ statistics were used
to assess the intersession repeatability of qualitative
structural AMD biomarkers, including calculation of
95% confidence intervals (CIs). Intersession agreement
was validated as fair (0.21–0.40), moderate (0.41–0.60),
substantial (0.61–0.80), or almost perfect (0.81–1.00)
according to the proposed categorization by Landis
and Koch.20

Results

Study Cohort

In total, 301 study eyes from 301 participants were
enrolled in the cross-sectional part of MACUSTAR.
Their demographic data are provided in Table 1. Based
on the final grading results at V1, the cohort included
202 study eyes with either early AMD (n = 34; mean ±

SD age = 71.7 ± 6.38 years; 27 = female, 7 = male)
or iAMD (n = 168; mean ± SD age = 71.2 ± 7.55
years; 106 = female, 62 = male). Out of these 202
study eyes, 7 (n = 6 early, n = 1 iAMD) were lost
for the follow-up visit (V3). These were therefore not
included in the repeatability analyses. The mean time
of imaging data acquisition between V1 and V3 was 38
± 20 (range, 7–195) days. The grading results for both
visits of the remaining 195 study eyes—as indepen-
dently determined for at V1 and V3 time points—were
subsequently used to analyze the intersession repeata-
bility formaximumdrusen size classification. For retest
analysis of the other structural biomarkers, results are
reported for eyes graded as iAMD at V1, as these
structural parameters are mainly detected in eyes with
iAMD.

Intersession agreement of maximum drusen size for
distinction between early (>63 μm and ≤125 μm) and
intermediate (>125 μm) showed almost perfect agree-
ment (κ = 0.817; 95% CI, 0.70–0.94). In study eyes,
the intersession repeatability to the validation visit (V3)
for phenotypic hallmarks of iAMDvaried between fair
and almost perfect agreement, with highest consen-
sus for the presence of large PEDs (κ = 0.869; 95%
CI, 0.69–1.0), followed by the presence of RPD (κ =
0.752; 95% CI, 0.63–0.87) and vitelliform lesions (κ
= 0.649; 95% CI, 0.39–0.91). Lowest agreement was
observed for the presence of refractile deposits (κ =
0.342; 95% CI, −0.03 to 0.71). In addition to study eye
data, Table 2 also summarizes the results of fellow eyes,
the latter showing overall similar results.

Figures 1 to 5 demonstrate examples of study eyes
by multimodal retinal imaging (from left to right: CFP,
blue light FAF, combined IR and SD-OCT imaging,
enlarged window of B-scan) with agreements and
disagreements on gradings between sessions for each
of the risk features.

Table 1. Overview of Study Demographics Within the Early, Intermediate, Late, and No AMD Groups and Within
the Overall Study Group at Screening Visit (V1)

Early AMD iAMD Late AMD No AMD Overall
Characteristic (n = 34) (n = 168) (n = 43) (n = 56) (n = 301)

Age, y
Mean ± SD 71.7 ± 6.38 71.2 ± 7.55 74.9 ± 5.59 68.1 ± 6.35 71.2 ± 7.20
Median [minimum, maximum] 72.0 [57.0, 82.0] 72.0 [55.0, 88.0] 75.0 [64.0, 84.0] 68.0 [55.0, 80.0] 72.0 [55.0, 88.0]

Gender, n (%)
Female 27 (79.4) 106 (63.1) 21 (48.8) 33 (58.9) 187 (62.1)

Study eyes, n (%)
OD 13 (38.2) 78 (46.4) 23 (53.5) 33 (58.9) 147 (48.8)

BCVA, logMAR
Mean ± SD 0.011 ± 0.083 0.024 ± 0.103 0.771 ± 0.247 −0.041 ± 0.084 0.117 ± 0.297
Median [minimum, maximum] 0.02 [−0.18, 0.20] 0.02 [−0.24, 0.68] 0.84 [0.20, 1.24] −0.06 [−0.24, 0.14] 0.02 [−0.24, 1.24]

BCVA, best-corrected visual acuity; logMAR, logarithm of the minimum angle of resolution; OD, oculus dexter.
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Table 2. Results of Cohen’s κ Analysiswith the 95%Confidence Interval for IntersessionAgreement onQualitative
Retinal Parameters between the Screening (V1) and the Retest Validation (V3) Visit

Inter-Session Agreement

Cohen’s κ [95% CI]

Retinal Parameter Study Eyes (n = 195) Fellow Eyes (n = 187)a

Maximum drusen size classification (>63–≤125/>125 μm) 0.817 [0.695–0.939] 0.782 [0.645–0.918]
(n = 167) (n = 167)

Large PEDs 0.869 [0.689–1.00] 0.766 [0.586–0.946]
RPD 0.752 [0.633–0.870] 0.783 [0.666–0.900]
Vitelliform lesions 0.649 [0.389–0.649] 0.568 [0.283–0.853]
Refractile deposits 0.342 [−0.029–0.713] 0.512 [0.196–0.827]

Gradings on maximum drusen size classification were performed in eyes with early and iAMD, while gradings on the
presence of large PEDs, RPD, vitelliform lesions, or refractile deposits are reported for eyes graded as iAMD (n = 167). Results
are displayed for all study and fellow eyes with complete data sets available at V1 and V3. CI, confidence interval.

aComplete data were available for 187 fellow eyes with medium- or large-sized drusen.

For maximum drusen size (Fig. 1) and PED
assessments (Fig. 2), reasons for discrepancy between
gradings were related to not only the lateral diame-
ter measurement of a specific lesion or by selection of

different drusen with similar-appearing sizes through-
out the scan field but also the reader selection of the
representative B-scan within the dense raster scan that
showed the identical lesion at both sessions (Fig. 2B).

Figure 1. (A) Agreement of gradings on maximum drusen size classification between sessions as maximum drusen size clearly exceeds
>125 μm at V1 and V3. Grading results on maximum drusen size are shown in the enlarged window of the B-scan (righthand side).
(B) Disagreement of gradings on maximum drusen size classification. At V1, an eccentric lesion in an area with concomitant presence of
cuticular drusen was selected as the largest appearing druse, while at V3, a more central lesion was chosen. Both measurements were close
to the cutoff value of 125 microns. Grading results on maximum drusen size are shown in the enlarged window of the B-scan (righthand
side).
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Figure 2. (A) Agreement of gradings on large PED presence between readers as measurement requirements for large PED presence were
met at both sessions in SD-OCT imaging (basal diameter ≥1000 μm, minimum height of 200 μm). Grading values of the horizontal and
vertical extent of the lesion are presented on the righthand side. (B) Disagreement of gradings on large PEDpresencewith themeasurements
on the basal diameter of RPE elevation close to the cutoff value of 1000 μm. The disagreement appeared to bemainly related to the selection
of a different B-scan (116/241 vs. 111/241).

By using the dense raster scan (distance of 30 microns
between neighboring B-scans), only minor variation
in the orientation and centration of the scan field
occurred, which had no major impact on maximum
drusen assessment. Overall, variations for determina-
tion of maximum drusen size or large PEDs only
occurred if the lateral diameter was close to the prede-
fined cutoff values of 125 microns and 1000 microns,
respectively.

For gradings on the presence of RPD (Fig. 3), vitel-
liform lesions (Fig. 4), or refractile deposits (Fig. 5),
reasons for disagreement were limitations of the
current available multimodal retinal imaging data,
especially in ambiguous cases with only minor changes.
For refractile deposits, for example, the presence
of RPE laminar intense hyperreflectivity was just
detectable in one of the 241 B-scans in the dense
raster scan field. At the same time, these lesions
could not have been detected in the 25 B-scan OCT
volume.

Discussion

In this study, we systematically analyzed the inter-
session repeatability of gradings on previously estab-
lished structural, imaging-based biomarkers in eyes
with early AMD and iAMD within a central reading
center setting in the context of the prospective, multi-
center MACUSTAR study. Beyond the pure assess-
ment of drusen size categories, we could demon-
strate overall high reliability for the detection of PEDs
and areas of RPD. Furthermore, this study identi-
fied reasons for disagreement and grading variabili-
ties, which will improve further development of clinical
endpoints and their assessment in future AMD studies.

For assessing parameters with clearly predefined
cutoff values (e.g., drusen size classification or presence
of large PEDs), we demonstrated almost perfect agree-
ment between sessions with slightly higher κ values
for gradings on large PED presence than drusen size
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Figure 3. (A) Agreement on RPD presence as RPD are clearly detectable as oval or roundish irregularities in the infrared reflectance image
(IR) (top row,whitearrows in the enlargedwindowpoint at RPD)with a corresponding accumulationof hyperreflectivematerial above theRPE
level in the SD-OCT (bottom row). The green line indicates the position of the corresponding B-scan. (B) Disagreement on RPD presence (V1
graded as RPDabsence, V3 as RPDpresence) between sessions. The detection of the presence of single oval irregularities as the characteristic
signs of RPD appears to be challenging; even at high magnification by the IR image (top row, white arrows in the enlarged window point at
RPD). By OCT, typical presence of accumulated hyperreflective material above the RPE level is hardly to detect at both sessions. The green
line indicates the position of the corresponding B-scan.
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Figure 4. (A) Agreement on the presence of vitelliform lesions beingwell visible as an hyperreflective lesion in FAF imaging corresponding
to an accumulationof hyperreflectivematerial superior to theRPE in the SD-OCT. Thegreen line indicates thepositionof the correspondingB-
scan. (B)Disagreementon thepresenceof vitelliform lesions (V1gradedasnonpresent, V3gradedaspresent). At both visits, small amounts of
hyperreflective, amorphousmaterial in the subretinal space corresponding to an increased signal in FAF imaging are present. It appears that
human reader assessment overlooked the presence of vitelliform material at V1. The green line indicates the position of the corresponding
B-scan.

classification. The most important reason for disagree-
ment related to drusen sizes close to the arbitrary cutoff
value of 125 μm. However, other factors need to be
considered, such as density of the scan pattern and the
selection of the largest-appearing druse within the scan
field, the latter representing a subjective assessment by
the reader and not an actual measurement. Among
previous studies, Corvi et al.11 showed comparable
intersession agreement (κ = 0.88) on assessing central
drusen volume within the central 3 mm of the Early
Treatment Diabetic Retinopathy Study grid. Recently,
Müller et al.21 reported an intraclass correlation coeffi-
cient of 0.788 between readers for drusen detection
with a minimum size of 1558.6 μm2, which corre-
sponds to the minimal drusen diameter of 63 μm and
is well comparable to results in this study. Compared
with the previous analysis, it is important to point out
that we did not only perform an independent grading

of the imaging data acquired at a single time point
in a single-center setting. Rather, intersession analy-
sis was based on imaging data obtained at two differ-
ent sessions and acquired by multiple certified opera-
tors at clinical sites throughout different European
countries. Furthermore, grading was performed at
a central reading center, involving multiple readers
who had detailed instructions and dedicated training.
This setup allows the processing of the large amount
of imaging data needed in multicenter interventional
state-of-the-art clinical AMD trials. These differences
in the design may be the reason intersession repeatabil-
ity for RPD presence (0.75) was lower than that found
in previous reports. Cohen’s κ values of 0.94 by FAF,
0.95 by multispectral imaging, and up to 0.96 in SD-
OCT imaging have been obtained.22–24

The relatively low agreement for the presence of
vitelliform lesions and refractile deposits may be due to
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Figure 5. (A) Agreement on the presence of multiple lesions of refractile deposits being clearly detectable in multimodal retinal imaging.
Multiple refractile deposits are detected as an accumulation of hyperreflective crystalline material in CFP and an increased signal in FAF
imaging corresponding to the presence of laminar intense hyperreflectivity at the level of Bruch’s membrane in the corresponding SD-OCT
B-scan (highlighted by white arrows in the enlarged window of the B-scan). (B) Disagreement on the presence of refractile deposits (V1
graded as nonpresent, V3 graded as present). CFP imaging shows a single small hyperreflective lesion correlating to mildly increased signal
in FAF imaging at both sessions. At the corresponding OCT B-scan, presence of intense laminar hyperreflectivity is shown in the dense 241
B-scans SD-OCT (highlighted by white arrows in the enlarged window of the B-scan). In contrast, this lesion is skipped in the 25 B-scans
SD-OCT at V1.

various additional reasons. These represent less estab-
lished anatomic parameters. Better definitions and
more dedicated training may be helpful to improve
intersession agreement in the future. This assumption is
supported by the observation of obvious human errors
in grading and cases that appeared ambiguous and/or
presented only as subtle lesions. Improvements in the
review software, allowing to assess changes in multi-
modal imaging data set by highlighting correspond-
ing regions in different modalities, may further reduce
disagreement. Finally, another reason for relatively low
κ values might be due to the low prevalence of these
two features in the data set.

We advocate for the development of consensus
definitions for high-risk features. Similarly, the Classi-
fication of Atrophy Meetings group recently reached
a consensus for the definition of incomplete RPE and

outer retinal atrophy (iRORA) and complete RPE
and outer retinal atrophy (cRORA).25,26 This will also
be necessary for the development and implementa-
tion of machine learning approaches and other artifi-
cial intelligence–based approaches for the detection of
high-risk features of iAMD. In this context, previous
studies reported on machine and deep learning (DL)–
based methods in eyes with early and intermediate
AMD to reliably detect structural biomarkers as lesions
of hyperreflective foci (HRF) and RPD, to quantify
drusen volumes, and to estimate the individual’s eye
risk toward disease progression.27–29 In another study,
Liefers et al.30 even revealed findings on DL-based
models exceeding the human performance on the
detection of neovascular AMD-associated structural
biomarkers. Interestingly, in the same data set, the
accuracy rate for detecting drusen and drusenoid PEDs
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was slightly higher for readers than for the model.30
However, further studies validating machine learn-
ing approaches to differentiate disease phenotypes in
multimodal retinal imaging as well as to detect early
signs for disease progression as, for example, lesions of
iRORA in eyes with iAMD are currently still ongoing.
The availability of standardized gradings on various
structural biomarkers as well as multimodal retinal
imaging data within the MACUSTAR study can form
the basis for the development of further automated
grading approaches, which will also help to grade the
increasing amount of multimodal retinal imaging data
sets available in currently ongoing and future multicen-
ter, observational clinical iAMD trials.

Several limitations of the current analysis must
be considered. First, the retest analysis has been
performed only in a limited number of eyes. Second,
the retest analysis on retinal parameters was based on
one OCT platform. It is not known if similar levels
of agreement would be achieved when using other
OCT devices. Third, drusen size measurements were
performed on OCT scans and not based on CFP
as it has been traditionally done in most previous
studies. In this context, the recent report by Kim et
al.31 would suggest similar detection rates of drusen
by both modalities while slightly larger measurements
were seen by SD-OCT–based quantification. Further-
more, we did not provide levels of agreement of
additional imaging-related biomarkers of AMD that
are not included in the MACUSTAR study proto-
col but have been discussed in the past, such as
intraretinal hyperreflective foci or volumetric data on
photoreceptor layer integrity. Strengths of this study
are the standardized retinal imaging acquisition at two
independent visits with separate retinal imaging and
the standardized grading of structural biomarkers of
iAMD in a reading center setting. It is also impor-
tant to mention that we enhanced the accuracy of
absolute measurements by using the average corneal
curvature measurements and taking the individual
scaling factor for each eye into account. Moreover,
results of this analysis derive from a multicenter- and
multiexaminer-derived data set replicating the condi-
tions of future potential trials and therefore provide a
realistic expectation of grading results on intersession
agreement.

In conclusion, intersession repeatability assessment
of structural biomarkers in eyes with iAMD varies
from almost perfect agreement for drusen size classifi-
cation and presence of large PEDs to fair agreement for
refractile deposits. Establishing reasons for disagree-
ment will be helpful to refine further grading and image
analysis strategies in current clinical settings, including
those implementing artificial intelligence approaches.

Well-controlled and systematic analysis of imaging
biomarkers represents an important prerequisite to
further evaluate and validate potential clinical outcome
measures for future interventional clinical trials in
iAMD.
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