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Audience Participation

Polling Question #1

In your daily practice, do you currently utilize subclinical AMD
diagnostics?

a) Yes
b) No
c) Unsure
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Clinical Retinopathy
Subclinical and Early Maculopathy

Prevalence of undiagnosed AMD in primary eye care
JAMA ophthalmology (2017)135(6):570-575

RESULTS
A Sample consisted of 1288 eyes from 644 participants with mean
age 69+ 6 years seen by 31 primary eye care OMDs or ODs
A 320 (25%) had AMD despite no diagnosis of AMD in the
medical record
A 32 (10%) had hyperpigmentation
43 (13%) had hypopigmentation
249 (78%) had small drusen
250 (78%) had intermediate drusen 4 AREDS 2 criteria
96 (30%) had large drusen 4 AREDS 3 criteria

CONCLUSIONS AND RELEVANCE
of normal eyes based on DFE had macular
characteristics of AMD revealed by fundus photography

undiagnosed AMD had intermediate drusen treatable
with nutritional supplements had it been diagnosed

A Improved AMD detection strategies needed as more effective
treatment strategies become available
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MACULAR
REGION

Foveola
0.3mm diameter

Optical Coherence Tomography Primer

SD-OCT Crosssections Based on Retinal Anatomy

e

Retinal Layers
Abbr. Name

Internal Limiting Membrane

Retinal Nerve Fiber Layer
Ganglion Cell

Complex (GCC) Ganglion Cell Layer

Inner Plexiform Layer

Inner Nuclear Layer
Henle Fiber

Outer Plexiform Layer
Layer (PR axons) L4

Outer Nuclear Layer
External Limiting Membrane
Photoreceptor Layers

= Retinal Pigment Epithelium
AMD Ground

Zero Bruch's Membrane

Choriocapillaris

Choroidal Stroma
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Clinical Retinal Imaging

OCTA Layers Based on Retlnal Anatomy
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Superficial Capillary Plexus Deep Capillary Plexus Outer Retina Choriocapillaris
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Below RPE Reference

Applying Familiar Standard of Care
Side by-Side Multifactorial Diseases

Glaucoma AMD

PIL (PR mitochondria)

2 C/D Ratio : Drusen
Structure ‘ RNFL .
EX Macular GCC RPE / Bruch's Interface

Dark Adaptation
Contrast Sensitivity
Color Sensitivity

Function oy (&Y Visual Field

Age / Race Age / Race

Family history / Genetic Risk ‘ Family History / Genetic Risk

Health and Lifestyle (DM / HTN) Health and Lifestyle (Smoking / DM / HTN)
Intraocular Pressure (IOP) Retinal Carotenoid Optical Density
Corneal Thickness / Hysteresis RPE Health / Choroidal Perfusion
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Age-Related A Epidemiology
Macular A Age-Related Eye Disease Study

, Degeneration Criterion
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Age Related Macular Degeneration
Epidemiology T

25 Million Americans show clinical evidence of AMD

A 14% of patients over 55 (Age of enrollment for AREDS)
A 25% of patients over 65

A 37% of patients over 75

A 66% of patients over 90

A 100% of patients over 100

AWARENESS
MAKESA o
DIFFERENCE g

55 Million Americans have clinical risk factors for AMD development

Age

Family History (Genetic Predisposition)

Ethnicity

Smoking

Cardiovascular DiseasgSevere and Exudative AMD)

Obesity (Chronic Inflammation and Mitochondrial Dysfunction)
Sunlight Exposure®

Diet low in fruits/vegetables (Carotenoids, Polyphenols and A-3 FAs)

To To T o o Do Do I




Age Related Macular Degeneration
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Epidemiology

Complement Factor Cascade A

Non-Genetic

Smoki .
B’,;? o Factors \ Genetic

Age 5 Factors

AMD status P 63?%
~ Hepatic lipase (hyperlipidemia)g

Cholesterol -carrying protein A

Age Related Macular Degeneration

=

Leading cause of blindness >55yrs in US
A 2020- 11M have diagnosed AMD findings
A 2050 - 22M (projected)

More cases of AMD (~11M) than POAG (~2.7M)
and DR (~4.8M) combined

Approximately 1 in 14 persons >40yrs hassome
degree of macular degeneration
A Affects 1 in 5 families

Strongest genetic linkage of any major disease

Epidemiology

—

Genetic and environmental factors strongly influence risk, severity and

progression of age -related macular degeneration
Signal Transduction and Targeted Therapy (2016916016; doi:10.1038/sigtrans.2016.

A Genotyped 25 SNPs in 983 cases with advanced AMD and 271 cases with intermediate AMD
A Built AMD life -risk score model for assessment of progression from intermediate to advanced AMD
A Analyzed performance of prediction model for GA progression or choroidal neovascularization progres sion

Lifetime Risk

7) HTRAL
8) APOE

7-Year Progression to GA Risk

3) ABCAL
4) CETP
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Age Related Macular Degeneration

Epidemiology ' ow.

Propensity -Matched Analysis of AMD Risk with
Systemic Immune -Mediated Inflammatory

Disease
Ophthal Retina (2024) S248-6530(24)00058 7

Methods
A National database (200632023), using ICD 10 codes to select for IMIDs
A Risk was calculatedfor IMIDs and compared between AMD and control patients

Results
A AMD (n=217) and controls (n=197) had mean age of 75 + 10 years

RA (RR 1.40)

SLE (RR 1.73)

Cligo hrnds - di'seast SRR 8442 )
UC (RR 1.45)

Psoriasis (RR 1.48)

Vasculitis (RR 1.48)

Scleroderma (RR 1.65)

Sarcoidosis (RR 1.42)

o Do To Do To To To Do

Conclusions

A Results suggestincreased risk of developing AMD in patients with RA, SLE, BN o N 3 )
Crohndos di sease, ulcerative colitis, psoriasi s, vasculitis, scler
sarcoidosis compared with patients-with.no IMIDs

Age Related Macular Degeneration

AREDS Ciriterion

FIRST EYEMust have VA >20/32, no advanced AMD and no disqualifying Iesi

Pigment
Category Drusen Slg Drusen ArQ Abnormaliti

*Drusen or GA None or <63um <125um diameter None Same as*l
within 2DD of fovea

<63um >125um diameter
Or Or
**Pigment abnormalities 2 I ~63um <125um o1 drusel Al\’/\slfT“LOOrUF_’gf\em Same asslor Category 1
within 1DD of fovea '

None if pigment
abnormalities

***Advanced AMD >360um diameter
(if softdrusenpresent)

>63um,<125um >656um diameter
(if softdrusenabsent)

1) GA involving fovea
2) CNVM development

Absent or Present  Same as®lor Category

3a or or WITHOUTentral GA 12

>125um At least 1 druse

None if GA present

4a Category 1,2 or 3 Advanced AMTY

28
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Audience Participation

Polling Question #2

Clinically speaking, what is the approximate diameter of the
human macula?

1) 0.3mm
2) 1.5mm
3) 5.5mm
4) Unsure

-

i —

A Microvascular Changes
A RPE Dysfunction

A Drusen Formation

A Geographic Atrophy

Retinal Findings
Related to Age -Related
»Macular Degeneration

2
=

.
>
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Retinal Findings Related to Age -Related Macular Degeneration

Microvascular Changes I cam. N

Quantitative analysis of inner retinal structural and
microvascular alterations in  iIAMD : SS OCTA study e D! e
Photodiag and Photodynamic Therapy(2020) 32:102030 ]

Methods
A 58iAMD patients and 64 controls were enrolled

A RNFL, GCL, IPL, INL, OPL thicknesses were analyzed

A FAZ area and vessel density of the SCP and DCP were obtained

Results
RNFL, GCL and IPL were significantly thinner compared to
controls

SCP vessel density significantly decreased compared to
controls

GCC was significantly correlated with SCP vessel density

Conclusion
A Inner retina structure and microvasculature affected in iIAMD

Retinal Findings Related to Age -Related Macular Degeneration

RPE Dysfunction | g, S

A Cholesterol accumulation leads to
macular deposits
%% ' - A BlamD (Basal laminar deposits)
T S : ' A Between RPE and BM
/( R 5 : A Histopathglogic druseh
Drusen : : A BlinD (Basal linear deposits)
gl ' A Within collagenous layer
A Clinically-visible drusen

A Extracellular cholesterol deposits:
A Impact PR health
A Initiate inflammation
A" Create CNV predisposition
ALimit retinol
membrane

** | eads to localized retinol (Vit A)
deficiency and impaired dark adaptation
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Retinal Findings Related to Age -Related Macular Degeneration
Drusen Formation

Soft Drusen in AMD: Biology and

Targeting Via the Oil Spill Strategies
IOVS (2018)59(4):160 181

A Vascular -metabolic -inflammatory disease

A Soft drusen/basal linear deposit (  BLinD) and
subretinal drusenoid deposit (SDD) confer risk of
atrophy and neovascularization

A BLinD (cone-specific) and SDD (rod -specific)
suggest exchange pathways

A Bruch's membrane A subretinal space 4 Outer
retinal cells

A BLinD is and secreted by RPE
offloads lipids creating atherosclerosis -like
progression in the sub -RPE basal lamina space

A Soft drusen/ BLinD impair transport across Bruch's
membrane -choriocapillary endothelium

Retinal Findings Related to Age -Related Macular Degeneration

Drusen Formation F am. N

AHeal t hy Choriocapillaris, Br
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Retinal Findings Related to Age -Related Macular Degeneration

Drusen Formation B e

AChol ester ol barrier deposited

Retinal Findings Related to Age -Related Macular Degeneration

Drusen Formation R e ™

ARPE continues to secrete cholesterol and degenerates

VL Ry W s

BTN
Ao MRS e
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Retinal Findings Related to Age -Related Macular Degeneration

Drusen Formation R . ™S

AVisibly evident drusen on fundus evaluation

Retinal Findings Related to Age -Related Macular Degeneration
Geographic Atrophy

Natural history of GA progression
secondary to AMD (GA Progression Study)
Ophthalmology (2018) 123(2):361-368
A Mean change in lesion size from baseline to
month 12 was significantly greater in:
A Multifocal atrophic spots compared with
unifocal spots
A Extrafoveal lesions compared with foveal
lesions

Choriocapillaris Degeneration in GA
American Journal of Pathology(2019)
A Choriocapillaris loss was observed in early AMD with
greater loss in GA even in areas of intact RPE.
A Choriocapillaris changes more prevalent in GA

A Choroidal microvascular degeneration
contributes to atrophic AMD progression
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Retinal Findings Related to Age -Related Macular Degeneration
Early Onset Pathogenesi® Take HOME—————__

1. Drusen are not markers for early -stage AMD
- Visible structural evidence indicates pathogenesis u nderway for quite some time

2. Cholesterol deposits exist beneath the surface long before drusen form
- Cannot be seen with structure -based methods
-Chol esterol produced by RPE deposits into Br

3. As cholesterol accumulates, outer retina compromise occurs as:
- Inflammation
- Oxidative stress
- Disruption of oxygen and nutrients transport
- Drusen formation

4. | mpaired retinol (vit A) transport ac
- Functional impairment can occur to dark adaptation dysfunction

—

AEye Disease Case Control Study (EDCC)
AAge-Related Eye Disease Study (AREDS) «
ALutein Antioxidant Supplement Trial (LAST)
AcCarotenoids in Age-Related Eye Disease StudyCAREDS)
Age -Related  Aiutein Xanthophyll Eye Accumulation (LUXEA)
Macular @ ATaurine, Omega3, Zinc, Antioxidant and Lutein (TOZAL)
Degeneration 2Age-ReIa.ted.Eye Disease Study II _(AREDSZ)
v - Carotenoids in Age-Related Eye Disease Study (CAREDS2
Studies

AlLutein for Vision in Albinism (LUVIA)

AMaculopathy Optic Nerve Nutrition Neurovascular/Heart
Disease study (MONTRACHET)

ALutein Influence on Macula of Persons Issued from AMD
Parents study (LIMPIA)

ADietary Flavonoids and 15 -year Incidence of AMD*
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Age Related Macular Degeneration Studies
Eye Disease Case Control (1994)

i ~ Design
A 356 subjects (ages 5580) with advanced AMD within 1-yr of
enrollment 520 control subjects
** Frequency matched to cases of same age and sex **

Methods
A Multiple regression analysis controlled for smoking and other risk
factors

Results

A Highest quintile dietary intake of retinal carotenoids (L/Z)
showed 43% lower risk than lowest quintile in the
development of advanced AMD

.‘:'
k,

M

A 1% *INTERESTING NOTE: Vit A, Vit C and Vit E showed NO
\ i significant relationship to early AMD development

i

Age Related Macular Degeneration Studies

Age Related Eye Disease Study (AREDS) [2001]

Design
A 5-year longitudinal, randomized, placebo-controlled study

Methods
A 3640 subjects were divided into 4 groups:
1) antioxidants+ zinc
2) antioxidants ONLY
3) zinc ONLY
4) placebo

Results
A AREDS formulation reduced advanced AMD rate by 25% over
5-year period

A AREDS formulationDID NOT show prevention of early signs of AMD

AREDS formula:
A Vit A (15mg) / Vit C (500mg) / Vit E (4001U) / / Cu (2mg)

** 20 -year results still support antioxidant + zinc formulation**
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Age Related Macular Degeneration Studies

Age Related Eye Disease Study Il (AREDS2) [2013]

Design
A 6 year longitudinal, placebo-controlled study released in May 2013

Methods
& A 4203 men and women ages 5085 were divided into 4 groups:
1) 10mg L and 2mg Z + AREDS
2) 350mg DHA and 650mg EPA + AREDS
3) 10mg L and 2mg Z and 350mg DHA and 650mg EPA + AREDS
4) control (AREDS formulation only)*No true placebo group*

A In contrast to AREDS, AREDS Il subjects were previously
diagnosed with moderate to advanced AMD

Age Related Macular Degeneration Studies

Age Related Eye Disease Study Il (AREDS2) [2013]

Results
L/Z plus AREDS formula:
# A Reduced progression to advanced AMD by 10% over AREDS
formulation alone in total cohort

VL/Z substi tcargteheon for A
V 18% risk reduction of advanced AMD within 5 years

AREDS2

A Reduced progression to nvAMD by 11% over AREDS formulation

alone in total cohort
V Reduced progression to nvAMD by 26% in subjects with

lowest intake of L/Z

VL/Z substi tcadteneon for A
V22% risk reduction of nvAMD within 5 years
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Age Related Macular Degeneration Studies

Dietary Flavonoids and 15yr Prevalence of AMD [2018]

Dietary flavonoids and the prevalence and
15-year incidence of age -related macular
degeneration

Am J Clin Nutrition (2018) 108.2:381387

Results

A Each £SD increase in total flavonoid intake was
associated with reduced AMD incidence
[OR: 0.76]

Each :SD increase in totalflavonols intake was
associated with reduced AMD prevalence
[OR: 0.75]

Each 1 SD increase in total flavanones was
associated with reduced AMD prevalence
[OR: 0.77]

Conclusions

A Independent and protective association between
dietary intake of flavonoids and the reduced
likelihood of developing AMD

—

AEye Disease Case Control Study (EDCC)

AAge-Related Eye Disease Study (AREDS)

ALutein Antioxidant Supplement Trial (LAST)

Age g Related AcCarotenoids in Age-Related Eye Disease StudyCAREDS)

ALutein Xanthophyll Eye Accumulation (LUXEA)
Macular . . ¥ .

y ATaurine, Omega 3, Zinc, Antioxidant and Lutein (TOZAL)
Degeneratlon AAge-Related Eye Disease Study Il (AREDS2)
v Studies | Acarotenoids in Age-Related Eye Disease Study (CAREDS?2

ALutein for Vision in Albinism (LUVIA)

AMaculopathy Optic Nerve Nutrition Neurovascular/Heart
Disease study (MONTRACHET)

ALutein Influence on Macula of Persons Issued from AMD
Parents study (LIMPIA)

ADietary Flavonoids and 15 -year Incidence of AMD*
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Audience Participation “9.’
Polling Question #3 %%

Drusen formation associated with AMD development occurs at
which layers?

aBowmanaos ayer

b.RPE [/ Bruchdods interface
c. Photoreceptor axons
d. RNFL

18
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A Macular Pigment Optical Density

Subclinical A Dark Adaptometry
A AdaptDx

_ AM_D A SD-OCT
Diagnosis A ocTa

A Preferential Hyperacuity Perimetry
A Foresee

Clinical Retinal Imaging
Macular Pigment Optical Density

Simple and objective method for routine detection
of macular pigment
J Biomed Optics (Nov 2010)

Methods
A 1 reflectometry vs. 2-1 FAFVisucamvs. Spectralis
HRA+OCT

Conclusion

A High correlation of the 1-1 reflectometry and
2-1 FAF MPOD measurements of control and AMD patients
both

A Despite the high individual variability,
MPOD was signipcantly
atrophic AMD than in age -matched controls

A Supplementation by L, MZ and Z was
identified in subjects with higher MPOD
S

4/14/2024
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Dark adaptation curves

|—
°
=

Clinical Retinal Imaging

Dark Adaptometry (Adapt Dx

Diagnostic Sensitivity and Specificity of Dark Adaptometry

Detection of AMD
IOVS (2014) 55(3):142431

A Multisite study of 127 AMD patients and 21 normal adults

é Log. light sensitivity

A Clinical diagnosis confirmed by retina specialist grading fundus
photographs

10 20
Time in dark (min)

A Patients classified as having AMD if dark adaptation >6.5 minutes it
A 91% sensitivity - confirmed AMD cases Early AMD
A 91% specificity - confirmed normal cases 2 |

14
.

Comparisons:
o 00
%, FAamD

A HVF testing in glaucoma diagnosis

Log Sensitivity
N
L

3 FNormal
A SLE diagnosis of AMD by retinal specialists y
4 |

0 2 4 6 B 10 12 14 16 18 20
Minutes

Baseline AREDS =1

Clinical Retinal Imaging b xS

Dark Adaptometry (Adapt Dx

Delayed Rod -Mediated Dark Adaptation as Functional

Biomarker for Incident Early AMD
Ophthal (2016) 123(2):344351

oo 000 * o 00 %
LA A J .

A 325 adults without clinically detectable AMD

A Baseline testing showed impaired dark
adaptation in 24% of subjects

Minutes

A AMD status at 3-year follow-up
A Within impaired dark adaptation subjects
A 2X more likely to develop clinically
evident AMD

A 8X more likely to reach
intermediate AMD

20



Subclinical AMD Diagnosis i
SD-OCT Drusen Formation and RPE Changes

Formed vitreous Henle Eiber Layer

Internal Limiting Membrane A Foveal portion of OPL

Nerve Fibre Layer A Unmyelinated cone/rod axons
Ganglion Cell Layer

Inner Plexiform Layer

Inner Nuclear Layer
Outer Plexiform layer
Henle Fibre Layer
Outer Nuclear Layer

- - 20 J
i T e e e

|
| | External Limiting Membrane

Sattler’s Layer | Myoid Zone (Inner Segments of Photoreceptors)

Haller’s Layer | | - ;
Choroid Sclera Junction Ellipsoid Zone (IS/OS Junction)
Outer Segments of Photoreceptors
Interdigitation Zone

Photoreceptors

RPE/Bruch’s Complex
Choriocapillaries

Subclinical AMD Diagnosis
SD-OCT Drusen Identification and Measurement

AREDS 1
<63um within 2DD of fovea

AREDS 2
>63um and <125um within 2DD of fovea

4/14/2024
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Subclinical AMD Diagnosis
SD-OCT Drusen ldentification and Measurement

AREDS 2
>63um and <125um within 2DD of fovea

AREDS 3
>125um within 2DD of fovea>360um area

Subclinical AMD Diagnosis
SD-OCT Drusen Identification and Measurement

AREDS 3
>125pum within 2DD of fovea>360um area
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Subclinical AMD Diagnosis
Optical Coherence Tomography Angiography (OCTA)

Superficial capillary plexus (SCP)
Within NFL and GCL at the same level as the arterioles and
major venules

Deep capillary plexus (DCP)
Between the INL and the OPL

Avascular outer retina
Comprises the ONL and PR nuclear layer and photoreceptors.

Subclinical AMD Diagnosis
Optical Coherence Tomography Angiography (OCTA)

OCTA studies showing early neovascular changes in atrophic AMD
American Academy of OphthalmologyEyeNet(2018)

Methods:
Prospective monitoring of 160 eyes with intermediate AMD or GA with exudative AMD in the fellow eye
A Baseline: 15% of atrophic AMD eyes showed subclinical macular neovascularization

Conclusion:
A Relative risk of exudative disease at 1 year was 15X greater in eyes with subclinical NV findings
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Subclinical AMD Diagnosis
Optical Coherence Tomography Angiography (OCTA)

Retinal vessel density in exudative and nonexudative AMD on OCTA
American Journal of Ophthalmology (2020) 212:7#16

Results

A In eyes with AMD, vessel density (VD) decreases with age in the foveal, parafoveal and full macular regions

A Exudative AMD demonstrated lower VD  in parafoveal and full regions compared with
atrophic AMD

Conclusion
A Retinal VD is decreased in eyes with exudative AMD compared with atrophic AMD but is
suggesting a retinal vascular contribution to the pathogenesis of AMD.

. ——

Subclinical AMD Diagnosis
Choroidal Neovascularization (CNV)

A Type 1 & Occult

A New vessels develop in the choroid |

A Type 2- Classic

A New vessels develop in choroid |locat

A Type 3- RAP (Retinal Angiomatous Proliferation)

A Type 4- Mixed
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Choroidal Neovascularization (CNV)
Type 1 - Occult i

RPE

Bruchos
Membrane

Choroid

A Below RPE
A Wider than Type 2 (Classic)

Choroidal Neovascularization (CNV)
Type 2 - Classic

Bruchodos Membrane

Choroid

i

A Above RPE
A Smaller than Type 1
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Choroidal Neovascularization (CNV)
Type 3 0 Retinal Angiomatous Proliferation

RETINA

RPE Sreshescowneguponny

CHOROID

Stage 1

Intra -retinal Neovascularization Neovascularization
proliferation penetrates the sub - penetrates the RPE
sub-retinal space space

*Hemes *Neurosensory *Vascularized PED

*Edema detachment *CNVM
*Exudate *Serous PED

Choroidal Neovascularization (CNV)
Type 4 d Mixed Sub-Retinal and Sub -RPE

Gt
N

b AR

Angio - Deep Angio - Choroid Capillary

Initially located below RPE then NV spreads into outer  -retina
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Clinical Retinal Imaging
Foresee

Dohn F. Smith Patient ID:
Date of Birth:

Right Eye Gender:

Outside Normal Limits (p < 1%)
Reliable: Yes

Baseline Test: Avallable

Relabiity Indices:
False Negative Errors:

padable e bia

ry

Clinic Details
Eyesght Cinic

4 Bawy St

Houston, 33333, TX

Tel: 666666666

False Positive Errors: _

Deviation Map

Cluster Consistency

Hoh

Visual Fiold

Recommendation:
Consider further evahustion for OV,

Note:
P < 1% means th fiokd defect in this
test & found anc o the rkermedate

On average, those diagnosed at

driving vision maintain vision

. b
(CATT 1 & 2 year dota)
20/25 Viet AMD
20/32 Onset
Preventable Vision Loss
Saving Lines H
—— .
8.6
ForeseeHome Study Results’ Current Standard of Care ICD-10
20/32 VA 20/83 VA2 H35.3112 (OD)
> average L2 /83 average
; ' H35.3122 (OS)
o *+ 94% 20/40 or better * 13-41% 20,/40 or better® H35.3132 (OU)
- |+ 023 medion disc area size lesions | f I * 2.9-4.2 disc orea size lesions® I
CPT
0379T

93
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Audience Participation

Polling Question #4

What subclinical technique was described in the presentation was
described as a functional assessment of macular function capable
of identifying incident or early AMD before clinical signs are
evident?

1) Dark adaptometry
2) ETDRS acuity

3) SD-OCT

4) Blink response

Treatments for Choroidal Neovascularization (CNV)

A Current FDA -approved Anti -VEGFs

A Bevacizumab (Avastin*
A nvAMD

A Ranibizumab (Lucentis)
A nvAMD / DME/ DR/ RVO

A Pegaptanib (Macugen)
A nvAMD

A Aflibercept (Eylea)
A nvAMD/ DME/ DR

A Brolucizumab-dbll (Beovy
A  nvAMD

A Faricimab-svoa(Vabysmo
A AMD / DME
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Treatment burden on patients receiving intravitreal anti -VEGF for
nvAMD
Acta Ophthalmologica (2023) 00:1-5

Method
A Patients with ongoing treatment with anti -VEGF for Anti-VEGF for BRVO-ME, CRVO-ME, DME, Wet AMD
”V£M1? n?é Zﬁgr?terg(\égwiﬁgs’#gftﬁem 1-Year VA Change: Real-World Analysis Versus RCTs
Caregiver assistance & transportation ] F—
Self-rated vision Tiniections
Discomfort, anxiety or transportation problems : 0.5 etters
Number of treatments and treatment intervals

e ——

Results

A 93 patients with mean age
Meani nt er val bet ween treatn
26% had active treatment OU

Reat World Cruise Copernicus Galiteo
Analysis
WetAMD
0,832 eyes b7.666 eyes
- g . 2 6 il
Pati ent s Isrgteeatrhent2and Zaregiver s f= mactons
assisted in 58% of cases with 19% needing time off et i 1 el

self-rated vision with longer treatment intervals

: il
Significantly lower odds ratio for discomfort + higher i : “ I

Real-World DRCR Vista  Vivid se ide Real-World ~ CAT View2  Anchor Marina

Analysis Protocol T Analysis
Discussion
A Anti-VEGF treatment is an effective treatment fornvAMD SEencumd S RARbEUND “SAFbercept
A However, relatively short treatment intervals
place a considerable burden on patients and  care
givers time

Clinical Treatments
Related to Atrophic

A Systemic Disease Management

Age-Related Macular A Photobiomodulation (PBM)
Degeneration A Nutraceuticals
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A NIR enhances mitochondrial cytochrome -C

103

Clinical Treatment
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Systemic Disease Management

Serum cytokines as biomarkers for age -related
macular degeneration
Clin ExpOphthal (2015) 2535):699 704

A Serum samples from 30 AMD patients and 15 age
matched controls identified elevation of 7 discrete ILs

A AMD is ultimately an inflammatory disease and

cytokines may be used as risk biomarkers

Early AMD with Cardiovascular and Renal
Comorbidities: NHANES 2005 62008
Ophthal epidemiology (2017)24(6):413 419

A Early AMD risk (adjusted OR=2.6) for any type of
heart disease (AP, CHD, MI, CHF, CKD)

Clinical Treatment

Photobiomodulation (PBM)

A Exposure to low-intensity visible to NIR (500-

1000 nm) allows high tissue penetration and
non-invasive approach for atrophic AMD
treatment

oxidase activity and retinal ATP production
leading to a reduction of free radical
production and oxidative damage
A Mitochondrial cytochrome -C oxidase acts
as a photo-acceptor resulting in
enzymatic oxidation reduction

A Reduces gene protein expression of outer
retinal stress and inflammatory markers

Red light

T Cytochrome c oxidase
( unié N
fax)— ——

o

Heat-gated
ion channels
(TRPV1)

\ Green light
]

Opsins (OPN3,4,5) M

aé(:

)

Q
Cryptochromes
flavoproteins

\ Blue light i% g

30
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Clinical Treatment

LumiThera(PBM)

LIGHTSITE Il Randomized Multicenter Trial: Evaluation of
Multiwavelength PBM in Non -exudative AMD
Ophthal Therapy (2023) 12(2):953- 968

Methods

A Multicenter RCT evaluating safety and efficacy of PBM in
intermediate iAMD. LumiTheraValeda® delivered multiwavelength
PBM (590,660and850n m) 3 X per odweeekk over

RENIIS]
A PBM-treated eyes showed statistically significant BCVA
improvement at 9 -mos with 4 -letter gain for subjects receiving
all 27 treatments
A 35%0fPBM-t reat ed ey e dettesimmovement a5
9-mos

A Macular drusen volume remained stable in PBM _ -treated group
but showed increases in placebo group

A 20% less GA lesion growth in the PBM group over 10 months

Conclusion

A Results confirm previous clinical testing of multiwavelength PBM
and support treatment as potential treatment for non -exudative
AMD

E_‘\

A Oral Supplementation

A Polyphenols
A Flavonoids

Nutraceuticals Related A Non-Flavonoids

to Atrophic AMD A Carotenoids
A Xanthophylls

A Lutein
A Meso-zeaxanthin
A Zeaxanthin
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Flavonoids

* Rutin ]
-« Kaempferol

Flavones

* Chrysin

* Baicalin

= Luteolin

T
Flavanones
i
« Naringenin
+ Eriodictyol
I

Flavano
=
* Epicatechin

+ Epigallocatechin
+ Epicatechin gallate
* Epigallocatechin gallate

1
Anthocyanins

+ Blueberry anthocyanins
(Malvidin, Malvidin glycosides)
I

Isoflavonoids

+ Deguelin

I
Homoisoflavoneids
* Homoisoflavanone
+ Cremastranone

I

Chalcones

+ Trans-Chalcone

* Isoliquiritigenin

Retinal nutraceuticals
share a commo

l

(3R,3'R 6'R){Lutein]
|

(3R,3'S,6'R)=Lutein (3'-Epi|utein)*

| P!

NN \l/ NS l g S S
(R IR)Zeaxanthin]

~ (3R3'S]meso)Zeaxanthin’

e ¢

Non-flavonoids

Flavonols Hydroxycinnamic acids
- [duercea] +[ercimn]
Stilbenes

1 * |Resverati
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Carotenoids

Berries:

Blueberries 1070mg/cup
Strawberries 320mg/cup
Blackberries 320mg/cup

| Lutein
¥
: me‘t‘ Herbs and Spices
finaiiil Clovess42mgbz
Oregano / sage 30mgz
Cocoa Powder 516mtiplsp
Saponins

Dark chocolate 249mgilsp

=

* Ginsenoside Rgl
* Ginsenoside Rb1
- Notoginsencside R1

Nuts:

Chestnuts 347mg/z
Hazelnuts/Pecans 140mug
Almonds 53mgdz

Flaxseeds:
229mgtblsp
Other
Vegetables:
—r Artichoke 260mgga

Red onion 168mga

+ Llisosan G

* Taurine o

+ Ginger Olives

+ Aralia Elata 70-115mg/gm

* AKBA

. K24

Coffee and Tea
35 mg/cup

* Fufang Xueshuantong

* Dang Gui Bu Xue Tang

* Extract of red berries, Ginkgo
biloba and white willow bark

HO

A IQ‘ler(etinl
Il

N e

Lol

|
e Ry

OH
Hof,),cojﬁ
0

- (e}
HOY *L‘,’/\L‘ me/(j
o

Chlorogenic acid OH

[l
Ryt
[ Som

OCH,

Waogonin
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Retinal nutraceuticals e
S h a r _e e Ceo=mmre gwu\':/:'(,w\/ O N
L

| .
T R
i
0

(3R,3'S,6'R)-Lutein (3"-Epilutein)*
13

N

7

s | alaekeaickinl iR N

115

B

A Oral Supplementation

A Polyphenols
A Flavonoids

Nutraceuticals Related A Non-Flavonoids

i A Carotenoids
to Atrophic AMD A Xanthophylls

A Lutein
A Meso-zeaxanthin
A Zeaxanthin

O 4
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Carotenoids
Xanthophylls
Lutein / Meso-zeaxanthin / Zeaxanthin

128

Carotenoids
Xanthophylls
Lutein / Meso-zeaxanthin / Zeaxanthin

Proxy for cortical levels? (HINT: Yes)

129
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Carotenoids
Xanthophylls
Lutein/ Zeaxanthin / Meso-zeaxanthin

Relationship of L and Z Levels to Neurocognitive Functioning: fMRI Study of Older Adults
J Int Neuropsych Soc (2018) 23(1):11-22.

Insular cortex
Table 2. R of lutein and zcaxanthin to brain activation E perception
during encoding (N = 43) - self-awareness
Table 3. Relationship of lutein and zeaxanthin to brain activation

7 during recall (N = 43) - cognitive functioning
y 2 Eatemt Score - interpersonal experience

Z Effect
010 99 303 Region : Extent Score size (r) Midd_le tem or_a_l rus
- facial recognition

-42 0 . 294
- word meaning assessment while reading

MPOD

62 58 2.5
2 - . - L inferior frontal 42 8 24 8 3.10 0.46

-6 22 25
pd 34 26 3

044
03 Supramarginal gyrus _
038 2 Ianguage perceptlon and processing
0.37

Cerebellum. ]

- motor control and learning

Inferior frontal gyrus ) .

- Language comprehension and production
L central opercular 58 2 7
L soperiorparicl <38 42 25 03 Occipital pole
lobule - Visual processing

Middle frontal gyrus
- Attention and executive functions

130

Association between MPOD and visual function outcomes: systematic
review and meta -analysis
Eye (2021) 35(6):16201628

METHODS a /
A MEDLINE®, Cochrane and PubMed searched for correlations of MPOD and [ 1 7,
visual function in adults with healthy eyes at all timepoints/designs .
A Visual function outcomes included photostress recovery, contrast sensitivity,
visual acuity, glare sensitivity/disability and dark adaptation 018 02 026 0 2 22 24 o 8 9 10

Foveal volume (mm?) F‘arain;eal volume (mm?) Macular volume (mm?)
RESULTS
Meta-analysis of 22 publications, MPOD was found to be significantly
correlated with:
Foveal CS with a spatial frequency of 7, 11 and 21  cpd
Foveal photostress recovery at 10 cpd and 16% contrast
Foveal ORlE et it s.a DYl t .y it ¥ 60 "% nm

CONCLUSIONS

Identified link between MPOD and visual function with
1) Photostress recovery

2) Glare disability

3) Contrast sensitivity

A MPODincreaseof 0. 11 units among studies

131
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Optical Hypothesis
Protection Hypothesis

Hypothesized Roles of

Retinal Carotenoids
/ el arce Neural Hypothesis
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N
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o
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Retinal Carotenoids

Protection Hypothesis

Studies singlet oxygen scavenging mechanism of
human macular pigment
Arch BiochemBiophys(2010) doi:10.1016/j.abb.2010.07.024

control

relative to

oids

ienched by caroten

Percentage of singlet oxygen

que

Lutein Zeaxanthin  Meso-Zeaxanthin  L+M+Z

142
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Retinal Carotenoids
Protection Hypothesis

CH.OH
VITAMIN C
HC-OH

L\/()\F‘“
F""

HO HO

L
N \ -
v ‘,"\—Q Lipid

bilayer

p-CAROTENE

143

N

A Inflammation

Systemic Effects of A DM
Carotenoid A CVD

/.Supplementation A Oxidative Stress
N A Lipid Profile

2

g
=

144
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Carotenoids supplementation and
inflammation: Systematic review and

meta -analysis of RCTs
Crit Rev Food ScNutr (2022) 62(29): 81618177

A systematic review and meta-analysis on RCTs investigating
the effects of carotenoids on selected inflammatory
parameters

Random-effect model was used to analyze data and the
overall effect size was computed as weighted mean
difference

Total of 26 trials with 35 effect sizes showed significant,
positive effects of astaxanthin*, lutein/  zeaxanthin ,
A-cryptoxanthin and lycopene on:

Overall results supported possible protective effects of
carotenoids on inflammatory biomarkers

145

Current Direction of Research on

Carotenoids and Human Health:
Overview of Registered Clinical Trials
Nutrients (2022) 14: 1191

A Most of the studies were medium to long -term and performed
in adults and older subjects

Lycopene, lutein, astaxanthin®* and R-carotene are primary
carotenoids demonstrating modulatory protective effects
Glycemia and insulin response
LDL : Cholesterol ratios
Vascular adhesion endothelial reactivity
Li pid peroxidation

Results of the review suggest an overall positive contribution of
carotenoids to cardiovascular health

Effects seem to be more pronounced in:
A Metabolic syndrome

A Greater oxidative stress and inflammation
A Impaired vascular function

146

Study WMD (95% CT)  Weight (%)
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LYC Niemon et . 2017 001 (019,017 3655
Gajendragadiar ctal 2014 0.25(-220, 2.70) 07
Gajendragadkar etal 2014 022(-538 454 313

2 TH0ST6, 56 1B T
0.14(040,012) 3800
208, 100.00
go ctal 019 -0.50-1.25, 0.25) 5525
Stringham ctal 2019 0.28(-1.25, 0.69)

Xuetal 2013 113,00 (2348, 8.84)
‘Sublotal (F=41.2%, P-0.183) -0.40 (135, 0:34)
AST Chanetal 2019 083 (139, 026)
Chunetak 2019 013 (0.68, 0.42)
Park ctl. 2010 440 (9,58, 0.78)
Park et 2010 10,60 (5:41, 15.78)
Kappi et al. 2007 0.03(4.6, 469)
‘Subtotal (F=§2.3%, A0-001) 0.06(
BCR Haidari etal 2019
Hiaidari ot a1 2019 0.60 142, 0.2
Sublotal (F=0.0%, P-0.86T 055 (113, 0.03)
BGA Ramerani et al. 2014 030(-1.13,073)
Subtotal (£=0.00 %, P=1.00) -030(-1.13, 0.73)
Total (F=82.2% P<0-001) 051 (089, 0.12)

RTIFELR

‘<><>+0'|"|'0

Favors carotenoids

Niearan ctal, 20
(Gafendragackar ctal.
cijendgadiar ot ol 3014
4206113,075) 84S
-11300(-2M4.5, $24) 000

LT0(076,564 3T T4

-4 *.1—#4‘#-"

14 (040,0.1) 1206
4 AD(-9.58, 0.

U] 03 (463, 4.69)
overh (F=822%, Pb0R1) 054 (101,-006) 10000 &
1000 L]
Frvors cukeanids Favers phosin

® Bioavailability
Eye-related outcomes

Endothelial and vascular function
Oxidative stress and antioxidant status
Lipid profile and blood pressure

m Cognitive function

® Inflammation

M Glucose metabolism

m Others

Number of studies during 2000-2021

[ <
a3

16
16

milkprostatic tissue and skin
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Take Home Points:
Clinical Retinal Carotenoid supplementation

Food Lutein & zeaxanthin (mg)
(1 cup cooked) Supplement Breakdown by Macular Protective Pigments
Kale [N 237 Based on Single Tablet/Capsule

i P—
Spinach Lutein = Zeaxanthin Meso- Total MPP

Swiss chard _ 19.3 Zeaxanthin || Carotenoids

Mustard greens 14.6 MacuHealth with LMZ? 10 mg 2 mg 10 mg 22 mg
Turnip greens _ 12.2 Zeavision - EyePromise Restore 4 mg 8 mg 0 mg 12 mg
Collards 11.8 Zeavision - EyePromise Ten 10 mg 0mg 0mg 10 mg
Garden cress [ 113 Bausch & Lomb — Ocuvite/Lutein & mg 0mg 0mg 6mg
Dandelion greens 9.6 Bausch & Lomb — PreserVision 5mg 0mg 0mg 5mg
Green peas - 4.2 Alcon - ICaps AREDS 0 mg 0mg omg 0mg
Summer squash 4.0 Alcon - ICaps Lutein/Zeaxanthin 2mg 2mg 0mg 4mg
Beet greens [ 2.6 Alcon - ICaps Lutein/Zea/Omega3 3mg 3mg 0mg 6mg
Brussels sprouts 2.4 AmeriScience — TOZAL 10 mg 0.5mg Omg 10.5 mg
Sweet corn - 2.2 Wyeth — Centrum Silver .25mg 0'mg 0 mg 25 mg

Broccoli 21 Lange Eyecare & Associates —
Fortifeye Complete 10 mg 10 mg 0mg 20mg
Source: USDA National Nutrient Database for Standard Reference, Release 22 (2009) —
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Take Home Points:
Clinical Retinal Carotenoid supplementation

Retinal carotenoids in top quartile correlated with:
- Improved neural efficiency

- Improved peak visual performance

- Decreased risk of progression to advanced AMD

- Mitigation of ARM, DR, CSME and CME

Lutein (10mg), meso-zeaxanthin (10mg) and

Zeaxanthin (2mg) supplementation correlated with:
- Visual improvements at 3 months

- Improved visual peak performance at 6 months

- Visual performance plateau at 12 months

150
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Take Home Points:
Clinical Nutraceutical supplementation o Step 1

Take Home Points:
Clinical Nutraceutical supplementation 68&2

Q

https://www.consumerlab.com/reviews/lutein_zeaxanthin_supplements_review/lutein




