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Purpose: To evaluate if off-label Age-Related Eye Disease Study 2 (AREDS2) supplemen-
tation prevents visual and anatomical deterioration in non-proliferative Idiopathic Macular
Telangiectasia Type 2 (IMT2).

Patients and Methods: This is a single-center retrospective, comparative study of 82
IMT?2 eyes treated with AREDS2 from January 1st, 2013 to January 1st, 2018. The study
analysis consisted of a non-comparative arm, which included all AREDS2 eyes, and a
comparative arm (27 AREDS2 and 42 untreated eyes) that only included eyes with complete
follow-up data. Eyes were evaluated at baseline, 12 and 24 months. Better/worse eye sub-
analysis was performed in the comparative study arm. Primary outcomes were best corrected
visual acuity (BCVA) and optical coherence tomography (OCT) anatomical characteristics
including largest cavitation diameter, central macular thickness (CMT), and length of
ellipsoid zone (EZ) loss at 24 months.

Results: In the non-comparative arm, AREDS2 eyes showed stable BCVA (0.28 + 0.18
logMAR at baseline vs 0.26 £ 0.19 logMAR at 24 months; p = 0.35) and OCT anatomical
features after 24 months of supplementation. In the comparative arm, BCVA mean difference
was greater for untreated eyes at 24 months (—0.09 + 0.15 vs 0.03 £ 0.11 logMAR; p =
<0.001). AREDS2 eyes had decreased cavitary diameter and EZ loss compared to untreated
eyes at the study endpoint (p = 0.01 and p = 0.02, respectively). CMT remained stable for
both cohorts throughout the study. For better/worse eye analysis, untreated eyes had worse
BCVA at 24 months in both better and worse eyes (both p = 0.01). For anatomical outcomes,
increases in both EZ loss (p = 0.04) and cavitary diameter (p = 0.001) among untreated eyes
were only significant for eyes with worse baseline BCVA.

Conclusion: Our results suggest that off-label AREDS2 supplementation in non-prolifera-
tive IMT2 may prevent anatomical and visual deterioration in a subset of eyes.

Keywords: antioxidant, AREDS2, carotenoid supplementation, ellipsoid zone loss, lutein,
idiopathic macular telangiectasia, macular telangiectasia, juxtafoveal macular telangiectasia,
parafoveal telangiectasia, retinal vascular disease

Introduction
Idiopathic Macular Telangiectasia Type 2 (IMT2) is a neurodegenerative disease
that primarily affects the central retina. The non-proliferative stage of IMT2 has
undergone multiple investigations for effective treatment, including analysis of
intravitreal anti-vascular endothelial growth factor

injections, argon laser
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photocoagulation, photodynamic therapy, intravitreal
triamcinolone, and pars plana vitrectomy with limited
evidence of benefit compared to natural history.'
Encapsulated cell technology releasing ciliary neuro-
trophic factor is currently being investigated in a Phase
IIT randomized controlled clinical trial (NCT03319849;
NCT03316300).%7

Treatment of non-proliferative IMT2 has remained
challenging due to the elusiveness of the underlying patho-
genesis. While long thought to be predominately a retinal
vascular disease,® new insights into the disease process
suggest IMT2 may primarily be a neurodegenerative dis-
ease with an additional vascular component.’ Miiller cell
loss or dysfunction appears to play a role in the underlying
pathophysiology as a result of altered serine metabolism.'°
A prominent finding in IMT2 is loss of macular luteal
pigment."' Histopathological studies have demonstrated
that areas of macular pigment depletion correlate with
Miiller cell loss.'*'® The significance of reduced macular
pigment density remains uncertain and it is unknown if
macular pigment contributes to IMT2 pathophysiology or
is a secondary feature.”

In the human retina, macular pigment consist of the
carotenoids lutein, meso-zeaxanthin and zeaxanthin.” The
therapeutic role of carotenoid supplementation in IMT2 has
been examined by several small studies.'*'® Zeimer et al'*
and Choi et al'®> found increased macular pigment optical
density in response to oral carotenoid supplementation but
interestingly only in areas where macular pigment was pre-
sent prior to treatment initiation. Visual acuity outcomes have
been variable in response to carotenoid supplementation. A
cross-over study by Tan et al'® found visual acuity stabiliza-
tion after lutein, meso-zeaxanthin and zeaxanthin supple-
mentation. However, a subsequent study by Choi and
associates found no beneficial effect of zeaxanthin on visual
acuity after 24 months of supplementation.

The purpose of this study is to evaluate if off-label use
of a commonly available formulation of carotenoid and
antioxidant supplementation in Age-Related Eye Disease
Study 2 (AREDS2) may prevent anatomic or visual dete-
rioration in IMT2. We hypothesize that carotenoid and
antioxidant supplementation may slow progression of the
neurodegenerative disease process and its associated visual
decline.

Patients and Methods

This is a retrospective, comparative chart review of non-
proliferative IMT2 treated with off-label AREDS2 at the

Cincinnati Eye Institute in Cincinnati, Ohio. The study
protocol was approved by the institutional review board
at Cincinnati Children’s Hospital Medical Center. We
obtained a waiver of The Health Insurance Portability
and Accountability Act (HIPPA) authorization for patient
informed consent as this study could not be practically
conducted otherwise and is of no more than minimal
risk. Nonetheless, we did discuss the risks, benefits, and
alternatives to off-label AREDS2 prior to initiation of
therapy. During this study, patient data remained confiden-
tial in accordance with HIPPA regulations and the tenets of
the Declaration of Helsinki.

Study Design

We retrospectively reviewed medical records with a diag-
nosis of IMT2 (ICD10 codes H35.071, H35.072, and
H35.073) from January 1st, 2013 to January Ist, 2018 at
the Cincinnati Eye Institute (CEI). Diagnosis of IMT2 was
based on clinical exam, spectral-domain optical coherence
tomography (SD-OCT), fundus autofluorescence, and
fluorescein angiography meeting the criteria described by
Yannuzzi et al.'” Three retina specialists (RAS, JMO,
LBL) at CEI routinely prescribed AREDS2 formula
(500mg vitamin C, 400 international units (IU) vitamin
E, 80mg zinc, 2mg copper, 10mg lutein and 2mg zeax-
anthin) for patients with non-proliferative IMT2 based
upon preliminary evidence of carotenoid supplementation
for IMT2,'*'® while other providers (REF, DMM, CDR,
MRP) did not. There was not a prior plan to evaluate the
outcomes of AREDS?2 treatment at the time supplementa-
tion was initiated. Patients with IMT2 were routinely
followed every six to twelve months, although individual
follow-up was variable and reflected clinical practice. As a
result, the completeness of follow-up at 12 and 24 months
favored these as time points for comparative analysis. At
each encounter, best correct visual acuity (BCVA) and SD-
OCT images were obtained at a minimum in addition to
other indicated testing. SD-OCT data analyzed included
central macular thickness (CMT), length of ellipsoid zone
(EZ) loss, and cystic cavitary diameter. AREDS2 eyes
were eligible for inclusion if complete baseline data was
available and there was at least one subsequent follow-up
at 12 or 24 months after supplementation. Exclusion cri-
teria were non-adherence to AREDS2 supplementation,
AREDS? treatment for non-exudative age-related macular
degeneration, proliferative IMT2, endstage IMT2, severe
intraretinal pigment migration, cataract greater than grade
2, cataract surgery during the study period, macular
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surgery and other visually significant pathology including
choroidal neovascular membrane, macular scarring, dia-
betic macular edema, or visually significant epiretinal
membrane. Furthermore, cases with diagnostic uncertainly
or findings inconsistent with IMT2 were excluded.

The analysis was completed in two study arms. The
non-comparative arm of the study involved all AREDS2
eyes meeting inclusion criteria. This portion of the study
did not include a natural history control group. Given the
inherent asymmetry between eyes of patients with IMT2,'®
both eyes were included in the non-comparative arm if
each met criteria for inclusion.

The objective of the comparative arm was to differ-
entiate outcomes of AREDS?2 treated eyes and those of a
natural history control cohort. Given the inconsistent fol-
low-up that often accompanies a retrospective design, this
study arm only included eyes with complete baseline, 12
and 24 month data in an effort to limit bias. Therefore,
AREDS2 eyes from the non-comparative study arm were
further screened and eyes with incomplete data were
excluded from the comparative AREDS2 cohort. The con-
trol cohort consisted of IMT2 eyes with complete data that
were not started on AREDS2. The same exclusion criteria
previously mentioned for AREDS2 were applied to
untreated eyes during the review period. Baseline charac-
teristics for untreated eyes were determined by the earliest
clinical encounter within the 5-year review period while
baseline data were collected at the time of treatment initia-
tion for AREDS2 eyes. Similar to the non-comparative
arm, we included both eyes if each eye met inclusion,
although best and worst eye analyses were performed to
validate these findings.

The primary outcomes of this study were BCVA and
SD-OCT structural changes including EZ loss length,
greatest cavitary diameter, and CMT after 24 months of
AREDS2 supplementation. Secondary outcomes included
comparison of AREDS2 and untreated eyes for BCVA,
CMT, largest cavitary diameter and EZ loss at 24 months.
Data on all outcome measures were recorded at baseline,
12 and 24 months.

Optical Coherence Tomography
Assessment

SD-OCT Heidelberg
Heidelberg, Germany) images at each time interval were
graded by two unmasked graders (TAB, MWM). The SD-
OCT protocol used for clinical practice at our institution

(Spectralis,® Engineering,

was 513 x 496 scans at high speed with a 30-degree lens
producing nineteen 5.7 mm raster scans. CMT measure-
ments were completed with the thickness map function on
the embedded automated software from the SD-OCT unit
and were confirmed accurate by the grader. Measurements
of cavitary diameters at baseline and follow-up encounters
were completed with the caliper function of the embedded
software, measuring the longest horizontal diameter.
Similarly, EZ defect measurements were completed with
the embedded caliper function after reviewing SD-OCT
raster scans to locate an image with largest length of
deficit. The same registered raster scan was compared on
subsequent images across time for each anatomical
characteristic.

Statistical Analysis

Snellen visual acuity measurements were converted to
logMAR for analysis. However, Snellen acuities and let-
ters are provided when appropriate. All means are repre-
sented as mean + standard deviation. In both study arms,
mean difference values for each outcome were calculated
respective to baseline as follows: baseline value minus
follow-up value. A last value carried forward analysis
was used to address missing follow-up SD-OCT and visual
acuity data for AREDS2 eyes in the non-comparative arm.
For this portion of the study, one-way analysis of variance
(ANOVA) with repeated measurements were used to com-
pare AREDS?2 visual and anatomical outcomes over time.
Statistical comparison of AREDS2 and untreated cohorts
was performed with two-way ANOVA with repeated mea-
surements. For best/worst BCVA analysis, if only one eye
met inclusion criteria, the eye was automatically desig-
nated as the worse eye. Unpaired two-tailed Student’s
t-test and chi-squared analysis were used to calculate sig-
nificance for baseline and demographical data. A p-value
of <0.05 was considered statistically significant.

Results

A total of 320 subjects were screened over the 5-year
study period of which 301 patients had a diagnosis of
IMT2 based on compatible clinical features. Of IMT2
cases reviewed, 54 patients were started on AREDS2
with 43 patients (82 eyes) meeting criteria for inclusion
[Figure 1]. Two patients (4 eyes) were intolerant to
AREDS2 supplementation due to gastrointestinal side
effects and four patients (7 eyes) reported non-adherence
and therefore were removed from analysis. Twenty-seven
AREDS?2 eyes had complete data and were included in the

Clinical Ophthalmology 2021:15

submit your manuscript

1135

Dove


http://www.dovepress.com
http://www.dovepress.com

Berger et al

Dove

395 eyes excluded from analysis
» Visually significant macular
pathology: 98

301 (599 eyes) IMT2 patients
screened

* Missing data: 73

* Proliferative IMT2: 62

» Cataract surgery during study
period: 53

» Cataract greater than grade 2: 45

* AREDS2 treatment for AMD: 24

* Diagnostic uncertainty: 15

* Macular surgery: 15

* Non-adherence to AREDS2: 6

* AREDS? intolerance: 4

4

204 eyes meeting inclusion
criteria

/

N\

82 AREDS?2 treated eyes

Non-comparative Arm

82 AREDS2 eyes (43 patients)

(43 patients) included

122 eyes (70 patients) not
started on AREDS2

Comparative Arm

27 AREDS?2 eyes of 15 patients
with complete data

42 untreated eyes of 24 patients
with complete data

/N

VAN

12 eyes better
baseline BCVA

15 eyes worse
baseline BCVA

18 eyes better
baseline BCVA

24 eyes worse
baseline BCVA

Figure | Study schematic demonstrating study design and cohort composition.

Abbreviations: AREDS2, Age-Related Eye Disease Study 2; AMD, age-related macular degeneration; IMT2, Idiopathic Macular Telangiectasia Type 2.

comparative aspect of the study. Of the 247 IMT2 patients
not started on AREDS2, 24 patients (42 eyes) had com-
plete data and also met inclusion criteria. These eyes were
allocated to a natural history cohort. Demographical and
baseline data for AREDS2 eyes included in the non-com-
parative arm are presented in Table 1. For the comparative
arm, the AREDS2 and natural history cohorts had similar
baseline BCVA and SD-OCT characteristics [Table 2].

Visual Acuity

For AREDS?2 eyes in the non-comparative analysis, BCVA
at 12 and 24 months were similar to baseline [Table 3].
Fifty-six (68.3%) AREDS2 eyes had stable or improved
visual acuity at 24 months. Comparatively, untreated eyes
showed a progressive decline in BCVA at 12 (—0.05 + 0.09
logMAR, —3.0 + 5.5 letters vs 0.03 + 0.11 logMAR, 1.8 +
6.6 letters) and 24 months (—0.09 £ 0.15, —5.4 + 8.5 letters
vs 0.03 £ 0.11 logMAR, 1.8 + 6.6 letters) which was found
to be significantly greater than eyes treated with ARED2
(p = <0.001) [Table 4]. The net mean change in BCVA
between the two cohorts was 0.12 logMAR (7.2 letters) at

the 24-month study endpoint. Better and worst eye analy-
sis of BCVA was performed at 12 and 24 months. In both

better and worse seeing eyes, untreated eyes had a

Table | Demographics and Baseline Characteristics for AREDS2
in the Non-Comparative Study Arm

Eyes, no. 82

Patients, no. 43

Gender, male:female 15:28

Laterality, right:left 20:21

Age, years mean = SD 643 + 10.8

BCVA
logMAR mean * SD 028 £ 0.18
Snellen 20/38

OCT data, mm mean * SD
Central macular thickness 246.8 + 27.4
EZ loss length 500.5 + 529.8
Greatest cavitary diameter 232.5 +220.8

Abbreviations: ARED2, Age-Related Eye Disease Study 2; no., number; SD, standard
deviation; BCVA, best corrected visual acuity; logMAR, logarithm of the minimum angle
of resolution; OCT, optical coherence tomography; EZ, ellipsoid zone.

submit your manuscript

1136

Dove

Clinical Ophthalmology 2021:15


http://www.dovepress.com
http://www.dovepress.com

Dove

Berger et al

Table 2 Demographics
Comparative Analysis of AREDS2 and Untreated Eyes

and Baseline Characteristics for

AREDS2 Control p value*
Eyes, no. 27 42
Patients, no. 15 24
Gender, male:female 7:8 7:17
Laterality, right:left 13:14 22:20
Age, years, mean + SD | 67.0 + 8.1 663+ 7.6 0.78
Lenticular status, 3:5 2:5 0.45
phakic:pseudophakic
BCVA
logMAR mean £ SD | 0.25 + 17.2 0.23 £ 22.0 0.72
Snellen 20/36 20/34
OCT data, mm, mean
+ SD
Central macular 251.4 £ 30.0 246.4 + 33.2 0.55
thickness
EZ loss length 631.0 £ 546.6 | 548.7 £ 489.5 | 0.54
Greatest cavitary 2382 +251.5 | 2334 £ 2084 | 0.94
diameter

Notes: *p value reflects statistical comparison between AREDS2 and untreated
eyes with unpaired t-tests for continuous data and chi square analysis for categorical
values; p < 0.05 denotes statistical significance.

Abbreviations: ARED2, Age-Related Eye Disease Study 2; no., number; SD, standard
deviation; BCVA, best corrected visual acuity; logMAR, logarithm of the minimum angle
of resolution; OCT, optical coherence tomography; EZ, ellipsoid zone.

significantly greater rate of visual decline compared to
AREDS?2 eyes after 24 months of supplementation (p =
0.01 and p = 0.01, respectively) [Table 5].

SD-OCT Outcomes
Representative SD-OCT examples of AREDS2 and
untreated eyes are presented in Figure 2. In the non-
comparative arm, EZ loss was similar to baseline for
AREDS?2 treated eyes after 24 months of supplementa-
tion (p = 0.98). The mean difference for EZ loss in the
non-comparative arm was —18.40 + 144.60 mm at 24
months. AREDS2 eyes showed reduced progression of
EZ loss compared to untreated eyes during the study
period (p = 0.02). After grouping by best/worse eye,
untreated eyes had increased EZ loss over 24 months
in worse seeing eyes (p = 0.04), although the rate of EZ
loss was found to be similar for both cohorts in better
seeing eyes (p = 0.35).

Qualitative grading of SD-OCT images revealed macu-
lar cavitations in 65 (79.3%) AREDS2 treated eyes at
baseline. In the non-comparative arm, greatest cavitary

Table 3 Non-Comparative Study Arm Visual and OCT

Outcomes for AREDS2 Eyes After 24 Months of
Supplementation
Interval, Month 12 24 *p value
BCVA, logMAR
Mean + SD 027 £ 0.18 0.26 £ 0.19 0.86
Mean difference + SD | 0.01 + 0.13 0.02 £0.13
EZ loss length, mm
Mean + SD 492.7 + 496.5 | 5142 £ 499.8 0.9
Mean difference + SD | 3.15 + 120.11 | —18.40 + 144.60
GCD, mm
Mean + SD 219.7 £ 2406 | 231.3 £ 2457 0.98
Mean difference + SD 12.82 £ 97.80 | 1.18 £ 95.39
CMT, mm
Mean + SD 2457 + 2838 247.8 + 284 0.94
Mean difference £ SD | 1.05 + 12.52 —2.86 £ 17.05
Total, number (percent) | 54 (60) 44 (54)

Notes: *p value reflects outcome of one-way analysis of variance (ANOVA) with
repeated measurements. p < 0.05 is considered statistically significant.
Abbreviations: OCT, optical coherence tomography; ARED2, Age-Related Eye
Disease Study 2; logMAR, logarithm of the minimum angle of resolution; SD,
standard deviation; BCVA, best corrected visual acuity; EZ, ellipsoid zone; GCD,
greatest cavitary diameter; CMT, central macular thickness.

diameters at 12 and 24 months were similar to baseline
for AREDS2 eyes. Compared to AREDS2 eyes, untreated
eyes showed a significant increase in cavitary diameter
over 24 months (p = 0.01). Mean difference in cavity
diameter in better seeing eyes was similar for AREDS2
and untreated eyes (p = 0.24). In contrast, eyes with worse
baseline BCVA demonstrated greater mean cavitary dia-
meter in untreated eyes compared to AREDS2 eyes (p =
0.001).

Central macular thickness remained stable for
AREDS? treated eyes throughout the study period. In the
comparative arm, CMT remained relatively stable for both
cohorts and comparison of CMT mean difference over
time was not significant.

Discussion

We investigated the use of off-label AREDS2 for the
treatment of non-proliferative IMT2. We believe this is
the first study investigating carotenoid supplementation
in IMT2 which includes an untreated control group. Our
results suggest that AREDS2 may slow anatomical and
visual deterioration in non-proliferative IMT2. For BCVA,
AREDS?2 eyes remained stable throughout the study per-
iod with a mean difference from baseline of 0.02 + 0.13

Clinical Ophthalmology 2021:15
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Table 4 AREDS2 vs Untreated Eyes BCVA and Optical Coherence Tomography Outcomes

Month
Baseline 12 24
Mean Mean Mean Difference Mean Mean Difference p value*
BCVA, logMAR
AREDS 025+ 0.17 0.25 +0.18 0.03 +£0.11 022 + 0.19 0.03 0.1l <0.001
Untreated 0.23 £ 0.22 0.28 £ 0.22 —-0.05 £ 0.09 0.32 £ 0.23 —0.09 = 0.15
EZ loss length, mm
AREDS 630.7 + 532.7 588.8 + 493.9 419 + 141.2 642.2 + 481.7 =115+ 131.9 0.02
Untreated 548.7 + 489.7 585.5 + 508.0 —36.8 + 108.7 6177 + 5222 —69.0 + 137.6
GCD, mm
AREDS 238.2 + 251.2 191.2 £ 257.2 47.0 £ 78.0 196.3 + 248.1 41.9 + 109.3 0.0l
Untreated 233.5 + 208.4 254.0 + 226.8 —20.6 + 90.3 2548 + 2193 =211 £ 94.1
CMT, mm
AREDS 251.4 + 30.0 251.7 £ 29.5 -04 +£9.13 255.2 + 324 -3.8 £20.7 0.36
Untreated 246.5 + 33.2 244.1 + 31.9 24 + 85 246.0 + 38.8 0.4 £ 20.6

Notes: All data presented as mean or mean difference * standard deviation; *p value reflects outcome for two-way analysis of variance (ANOVA) with repeated
measurements for AREDS2 vs untreated eyes; p < 0.05 is considered statistically significant.
Abbreviations: ARED2, Age-Related Eye Disease Study 2; BCVA, best corrected visual acuity; logMAR, logarithm of the minimum angle of resolution; EZ, ellipsoid zone;

GCD, greatest cavitary diameter; CMT, central macular thickness.

logMAR (1.2 + 7.8 letters) at 24 months. It is well estab-
lished that IMT2 is a slowly progressive neurodegenera-
tive disease often with decreased subjective visual quality
preceding clinically evident visual acuity decline.” The
MacTel Project demonstrated a 1.1 letter per year visual
deterioration which is less than the approximately 5 letter
decline observed in our natural history cohort at 24
months.'® The reason for this is unclear but may be related
to reduced statistical power and wide standard deviations
observed in the comparative arm of the study. Nonetheless,
the 5 letter decline over the 24-month study period is
comparable to a natural history study of similar statistical
power to the present study.”’ The greater than expected
visual decline of the control group may limit the compara-
tive outcomes of this study; however, the non-comparative
BCVA results at minimum suggest AREDS?2 supplementa-
tion preserves visual acuity.

Treatment of non-proliferative IMT2 with AREDS2 is
associated with anatomical stability on SD-OCT which
may represent the basis for improved visual outcome.
After 24 months of supplementation, EZ loss remained
stable in the non-comparative arm and AREDS2 treated
eyes showed less EZ loss progression compared to the
untreated natural history cohort. Several groups have
demonstrated that EZ loss is predictive of visual acuity
loss in IMT2'72°22 and particularly EZ loss involving the

foveal center.'”?! An important consideration when eval-
uating this study’s EZ outcomes is the use of length to
quantify EZ defects. EZ loss is typically quantified by area
via en face OCT analysis which was not available within
the scan parameters routinely used in clinical practice at
the time of the study. Despite this limitation, Pauleikhoff
et al found linear EZ break length to be a reliable surrogate
for EZ area loss less than 0.15 mm? in IMT2 eyes.”' The
rate of EZ loss observed in the present study’s natural
history cohort is consistent with prior natural history stu-
dies in the literature.”**** Assuming EZ loss is no greater
than a circular area and the EZ length observed on SD-
OCT represents the longest dimension, EZ loss length can
be approximated to EZ area as follows:

(baseline EZ length—2 year EZ length)

Approximate EZ

5 X
change in area 1000
AREDS 2 cohort = 2> X7 _ .02 mm?
1000
345x 7w
Untreated cohort = ———— = 0.1 1lmm°
ntreatea conors 1000 mm

Therefore, the rate of EZ loss observed in our untreated
cohort is comparable to previously reported natural history
data from the Mactel Project and ciliary neurotrophic
factor clinical trial and provides validity for the rate of

EZ loss observed in the natural history cohort.”"
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Table 5 OCT and Visual Outcomes After Better/Worse Baseline Visual Acuity Analysis for AREDS vs Untreated Eyes
Interval, Month Baseline 12 24 *p value
Mean Mean Mean Difference Mean Mean Difference
Better BCVA eyes (AREDS2 n = |2; Untreated n = 18)

BCVA, logMAR
AREDS2 0.15 + 0.09 0.19 £0.17 -0.03 £ 0.13 0.11 £ 0.08 0.04 + 0.09 0.01
Untreated 0.18 £ 0.17 0.23 + 0.20 —0.05 + 0.10 0.24 + 0.2 —0.07 £ 0.15

EZ loss length, mm
AREDS2 448.7 + 479.4 450.7 £ 471.0 —2.0 £ 953 4725 + 456.4 —23.8 + 152.2 0.35
Untreated 394.5 + 4219 436.1 + 473.8 —41.6 £ 129.1 456.8 + 466.7 —62.4 + 14]1.2

GCD, mm
AREDS2 144.7 + 163.6 126.7 £ 164.8 18.0 + 34.9 131.0 £ I55.1 13.7 £ 73.9 0.34
Untreated 297.3 = 169.4 3354 + 205.2 —382 + 98.1 3053 + 1815 -8.1 1262

CMT, mm
AREDS2 246.5 + 24.8 249.8 + 23.8 -3.1 £ 104 255.8 + 24.8 -9.0 + 248 0.17
Untreated 249.0 + 33.2 246.3 + 32.7 1.9 £ 6.1 2499 + 41.8 2.1 167

Worse BCVA (AREDS2 n = |5; Untreated n = 24)

BCVA, logMAR
AREDS2 034 +0.17 031 +£0.17 0.03 £ 0.11 0.34 + 0.34 0.0l £0.12 0.0l
Untreated 0.27 £ 0.25 0.31 +0.24 —0.04 + 0.09 0.38 £ 0.15 —0.11 £ 0.24

EZ loss length, mm
AREDS2 776.3 £ 524.7 699.3 + 483.8 77.0 = 164.1 7779 * 472.1 —-1.7+ 1179 0.04
Untreated 648.0 £ 513.2 679.4 £ 512.0 -328+914 750.7 £ 537.8 -745 + 137.6

GCD, mm
AREDS2 311 £2808 247.6 = 300.3 63.4 + 98.1 248.1 + 290.6 66.6 = 126.2 0.001
Untreated 185.6 + 225.0 192.9 £ 226.9 —68.7 + 62.4 216.9 + 240.5 -31.3 £ 850

CMT, mm
AREDS2 254.6 + 32.2 252.6 + 323 21£70 254.7 + 36.4 02+ 167 0.94
Untreated 249.0 + 33.2 246.3 + 33.2 2.7 £ 102 2499 + 41.8 -09 £ 236

Notes: All data are presented as mean or mean difference #* standard deviation; *p value reflects outcome of two-way analysis of variance (ANOVA) with repeated
measurements for AREDS2 vs untreated eyes, p < 0.05 is considered statistically significant.

Abbreviations: ARED2, Age-Related Eye Disease Study 2; OCT, optical coherence topography; BCVA, best corrected visual acuity; logMAR, logarithm of the minimum
angle of resolution; EZ, ellipsoid zone; GCD, greatest cavitary diameter; CMT, central macular thickness mes after better/worse baseline visual acuity analysis for AREDS vs

untreated eyes.

A hallmark of SD-OCT findings in IMT2 are the for-

cavities.>?

mation of hyporeflective intra-retinal
Previously, Tan et al reported a trend towards reduced
greatest cavity diameter after 6 months of supplementation
with lutein, meso-zeaxanthin and zeaxanthin. Our results
showed stability of greatest cavitary diameter after 24
months of AREDS2 supplementation. We recognize that
the intra-retinal cysts may be transient and fluctuate over
time.” While EZ loss is likely a better predictor of visual
function, a recent study by Cai et al demonstrated an
association between worse BCVA and cavitary size and
expansion.>® Therefore, it is possible the stability of cavi-

tary size observed in AREDS2 eyes may indicate

decreased neurodegeneration and therefore may addition-
ally contribute to an improved visual outcome.

CMT remained stable for AREDS?2 eyes throughout the
study period and comparatively was similar to the natural
history cohort at 24 months. This result is similar to CMT
outcomes of prior studies examining carotenoid supple-
mentation in IMT2.'*!3

Interestingly, in eyes with worse baseline visual acuity,
AREDS2 showed a reduction in greatest cavitary diameter
and EZ loss length compared to untreated eyes after 24
months of supplementation while no significant difference
was appreciated in eyes with better baseline BCVA. Based
observations  that with  macular

on prior areas
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Figure 2 Representative examples of ellipsoid zone (EZ) loss on spectral domain optical coherence tomography (SD-OCT) for untreated (A-B) and Age-Related Eye
Disease Study 2 (AREDS?2) treated eyes (C-D). SD-OCT images on the right show baseline imaging while the left is from 2-year follow-up. (A) showing an untreated eye at
baseline with 20/30""' visual acuity and an EZ defect of 488 mm. Subsequent 2 years follow-up reveals a worsening EZ defect of 617 mm and stable VA of 20/30". (B) depicts
an untreated eye with 20/30 2 vision and 262 mm of EZ loss. At 2 years, vision acuity declines to 20/40*? and EZ loss progressed to 568 mm. (C) is of a AREDS2 treated eye
with baseline visual acuity of 20/25*2 and EZ defect of 467, both of which remain relatively similar at 2 years (20/20 and 474 mm). (D) showing an AREDS2 treated eye with
20/30"" baseline visual acuity and 272 mm EZ loss length. Visual acuity and EZ loss length remain stable at 2 years at 20/30 and 285 mm, respectively.

depigmentation do not appear to re-establish pigment with

“15 one might expect earlier

carotenoid supplementation,'
disease to be more responsive to AREDS2. The lack of

significance for EZ loss and cavitary diameter may be

explained by loss of statistical power after further division
of eyes for better/worse eye analysis. Alternatively, this
may indeed suggest eyes with moderate disease receive a
more pronounced benefit from supplementation. EZ loss in

I I 40 submit your manuscript
Dove
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IMT2 is non-linear and follows an exponential increase
before reaching a plateau.”® Likewise, visual acuity fol-
lows a similar trend as it may remain relatively preserved
until later disease when EZ loss involves the fovea.'®'
These non-linear relationships suggest AREDS2’s stabiliz-
ing effect may exert a greater magnitude in symptomatic
patients than earlier in the disease process. However, we
specifically excluded endstage eyes, which would not be
expected to benefit from a stabilizing therapy.

The results of the present study suggest that AREDS2
may represent a novel treatment for non-proliferative
IMT2. Considerable attention has been drawn to macular
pigment loss in IMT2, which has generated an interest in
the use carotenoids for the IMT2 treatment. Lutein and
zeaxanthin are thought to provide a beneficial physiologi-
cal effect through the reduction of oxidative stress by
serving as local free radical scavengers and filtering blue
light.?**> However, it is important to acknowledge the
potential role of the antioxidant effect of zinc, vitamin C,
and vitamin E in the outcome of this study. A beneficial
effect of these antioxidants without lutein and zeaxanthin
has been observed in non-exudative age-related macular
degeneration in the AREDS study.”® Numerous studies
have demonstrated Miiller cell susceptibility to oxidative

27730 and there is some evidence from mouse mod-

damage
els that oxidative stress may contribute to the pathogenesis
of IMT2.”’

Our study had several limitations which must be taken
in account when analyzing our results. First, our study
design is limited by a retrospective design with imaging
per standard clinic protocol rather than a study protocol
with intent for prospective analysis. Additional limitations
regarding the study design include unmasked graders and
lack of intent-to-treat analysis. Selection bias may have
influenced the composition of both cohorts, as the studied
cohorts represent a small fraction of all the identified
IMT2 patients. The control group in this study was not
intentionally matched to reduce confounding bias.
However, there was no statistical difference between base-
line SD-OCT, BCVA and demographical data amongst
AREDS? and untreated eyes. Given the slowly progressive
nature of this neurodegenerative disease, another limita-
tion of this study was the selection of 24 months as the
study endpoint. We reviewed the data available on
AREDS2 eyes at 36 months and observed substantial
decline in follow-up data limiting the utility of extending
the study end point and determining a meaningful out-
come. Future studies with a prospective design will be

able to provide greater, more complete longitudinal data.
Measurement of EZ loss by length rather than en face area
was a limitation in our study. However, en face OCT
analysis could not be performed based upon the scan
parameters routinely used in clinical practice during the
study period. A confirmatory randomized, prospective
clinical trial should utilize en face imaging and microperi-
metry as a functional outcome given the slow change in
visual acuity over time.

Conclusion

We conclude that off-label AREDS2 supplementation in
non-proliferative IMT2 is associated with stabilization of
structural deterioration and visual decline. This is the
largest study investigating carotenoid and antioxidant sup-
plementation for IMT2 and the first with a natural history
cohort. While the comparative arm of this study is limited
by statistical power, the stabilizing benefits of AREDS2 in
this study were similar to the outcomes observed in the
Phase 2 encapsulated cell technology trial. Given the mini-
mal risk of severe adverse events, non-invasive delivery,
and low cost of AREDS2, further exploration with a pro-
spective, randomized clinical trial is warranted.
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