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My Practice

| am a clinician first then a scientist
Some are scientists first then clinician
| need to simplify for patient and
patient care.
Science is great, but not good if
there isn’t a clinical application.
Some lectures are science based
without clinical application.
My lecture will be a
hybrid. Showing clinical
applications of the science

It is wonderful to have someone who's
juggling so many aspects of optometry
[scientific, clinical experience, teacher &
lecturer]. It is refreshing and very
informative. -Sarah
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AMD Dominance

¢ In 2010, the World Health Organization estimated that 5% of the world’s blindness was due to
AMD

¢ Leading cause of blindness over 55-year-old in USA
¢ 11 million people in USA have AMD, 22 million by 2050

* Approximately 1 in 14 people over the age of 40 has some degree of macular degeneration
* Over 60, 1in 8 (12.5%)
* Over 80, 1in 3 (33 %)

¢~ More cases of AMD than Alzheimer’s, breast cancer, and Parkinson's combined
¢ The leading cause of blindness and vision loss in Caucasians

e Affect 1in 5 families

¢~ Hereditary strongest genetic linkage of any major diseases




Eye Care Professional Landscape

58,000 eye care professionals
* 40,000 optometrists
* 18,000 ophthalmologists

[ About 10% are retinal specialists




Optometrists and All Eye Care Professionals Responsibility

s~Rethink our responsibility related AMD diagnosis and management

s~Commit to that we will do better in
X Early detection
X Treatment

s~Know, execute, and employ current clinically appropriate Practice Guidelines
* Those that preserve vision
* Don’t wait until vision has been lost

sClosely monitor and treat the early detected disease
X If progresses to advanced AMD, better opportunity to save vision




Tools for Diagnosis, Management, and Treatment of AMD

s~Comprehensive eye exam — structural, some functional
s~Fundus photography and FAF - structural

¢~OCT and OCT Angiography — structural

s~Dark adaptation — functional

s~Carotenoid levels — molecular




Instruments for comprehensive AMD patient care

¢~Slit lamp/DFE - structural, some functional
«~Camera — structural
o~ OCT- structural

— skin not MPOD - molecular







How large is the macula?

X h 0O

macula




Beckmann Committee Classification of AMD

s~Based on presence of lesions within 2 DD of fovea in either eye
* No AMD

[J None or few small drusen, < 63 microns
(1 No AMD pigmentary abnormalities
* Early AMD
) Medium drusen, > 63 — <125 microns
1 No AMD pigmentary changes
X Intermediate AMD
() 1 large drusen, > 125 microns
[ Any AMD pigmentary changes
* Advanced AMD
(1 Any geographic atrophy
) Choroidal neovascularization (CNV)




54-year-old man

¢~Dad is getting intravitreal injections every 6-8 weeks for wet AMD and | was
told | am too young and that | have “drumezum”™
% Patient: “Can we do something now?”

* Me: You have come to the right person — if you are willing to make lifestyle changes if
indicated

s~Genetic testing L
¢ Skin carotenoids

s~Dark Adaption

s~Contrast Sensitivity

2 CJCIL

¢~OCT Angiography




Early Onset Pathogenesis

¢~ Drusen small or large are not makers for early-stage AMD

% Visible structural evidence of a pathological process
[ Underway for quite some time

¢~ Cholesterol deposits exist beneath the surface long before drusen form
* Cannot be seen with structure-based methods
* Cholesterol produced by RPE and deposits into Bruch’s membrane
* Continue to layer in Bruch’s membrane
&~ As this cholesterol accumulates the process unfolds with compromise to the outer retina
X [nflammation
X Oxidative stress
X Disruption of oxygen and nutrients
X Drusen formation
¢ Impaired Vitamin A across Bruch’s membrane
* Functional impairment can occur to dark adaptation




Healthy choriocapillaris, Bruch’s, RPE, and Photoreceptors
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Cholesterol barrier deposited along Bruch’s and RPE




RPE Secretes even more cholesterol and degenerates




Finally, visibly evident drusen on fundus evaluation




AMD is a Disease Process that Starts Below the Surface
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Applying a Familiar Standard of Care:
Two Multifactorial Diseases

Glaucoma

Structure & Cup-to-disc
Ratio

Function P B Visual Field ' Dark Adaptation

ﬁﬁ.m

Al 7\ O

Intraocular Pressure (IOP) Age

Corneal Thickness Genetic Testing

Age/race Health and Lifestyle (Smoking)

Family history/etc. Macular Pigment Optical Density (MPOD)
Health and Lifestyle (Diabetes) Contrast Sensitivity.




Dark Adaptation in AMD

Function Test

é~Measures how long to recover from bright light to darkness

* Rod intercept line (RI) time
X Adaptation Time — Heru

éFunctional test that can help overcome the challenges in diagnosing AMD
s~Alabama Study on Early Are-Related Degeneration (ALSTAR)

%X Able to detect subclinical 3 years before clinically visible
% 325 adults without clinically detectable AMD

&~Rod deterioration happens in earliest stages of AMD
X Earlier defection before visual acuity

s~AdaptDx 92284
X Sensitivity 90.6%

* Specificity 90.5% - i ()




The Role of Contrast Sensitivity in AMD

¢~ Contrast Sensitivity is affected in early AMD

X In many diseases, including AMD, traditional visual acuity testing does not fully reflect the patient’s symptoms

¢~ There is evidence that it may degrade prior to observable structural changes in the retina

¢~ When AMD leads to significant visual dysfunction, CS testing can give insight into the level of difficulty a
patient is likely to encounter in activities of daily living !

¢ In one AMD study, increases in central drusen were correlated with decreasing CS results, yet all subjects
maintained 20/20 VA 2

s~ Heru’s contrast sensitivity application uses a tumbling E presentation on a light background (85 cd/m?2)

with a shrinking staircase thresholding strategy

¢~ Heru test time is 25 — 45 seconds per eye “,/.m, ,

- o ‘\ - 2

1, 2. Roark, M.W., Add Contrast Sensitivity Testing for AMD. (2020). Optometric Management - Add Contrast Sensitivity Testing for AMD



https://www.optometricmanagement.com/issues/2020/may-2020/add-contrast-sensitivity-testing-for-amd

Early Detection

Dark Adaptation and Contrast Sensitivity Dark Adaptation




54-year-old man

¢~Dad is getting intravitreal injections every 6-8 weeks for wet AMD and | was
told | am too young and that | have “drumezum”™
% Patient: “Can we do something now?”

* Me: You have come to the right person — if you are willing to make lifestyle changes if
indicated

s~Genetic testing L
¢ Skin carotenoids

s~Dark Adaption

s~Contrast Sensitivity

2 CJCIL

¢~OCT Angiography




DNA Sciences

s~Genomics = all of our genes
s~Genetics = individual genes

s Epigenetics — the study of how our cells control gene
activity without changing the DNA

X |nternal and external environments







Generalized Ocular Testing
Inherited Retinal Disease and Spark Therapeutics

* Panel tests for mutations in approximately 300 genes associated with
inherited retinal disease (IRD)

* More commonly tested for:
* Retinitis pigmentosa
* Leber congenital amaurosis

e Stargardt disease

* Commonly associated symptoms
* Nyctalopia

* Central and/or peripheral field loss INggﬁg—?&?ﬂg&hﬂsﬁ\%ﬁ

* Color vision deterioration and/or loss

* Severe photophobia

**ID your IRD does NOT currently test for genes associated with AMD**




Generalized Ocular Testing
Inherited Retinal Disease and Spark Therapeutics

ID YOUR IRD’ Testing Panel

DISEASE CATEGORY'

Vist IDYOURIRD.com for mor
NiorMation or 1o order free” teat kits.




Age-Related Degeneration Genetic Testing ™
Peer-Reviewed Published Studies %

Q

Prospective assessment of genetic effects on progression to different stages of age-relafed. e
macular degeneration using multistate Markov models. /OVS 53.3 (2012): 1548-1556.

CFH and ARMS2 genetic polymorphisms predict response to antioxidants and zinc in patients with
age-related macular degeneration. Ophthalmology 120.11 (2013): 2317-2323.

Validation of a prediction algorithm for progression to advanced macular degeneration subtypes.
JAMA ophthalmology 131.4 (2013): 448-455.

Treatment response to antioxidants and zinc based on CFH and ARMS2 genetic risk allele number
in the Age-Related Eye Disease Study. Ophthalmology 122.1 (2015): 162-169.

Response to AREDS supplements according to genetic factors: survival analysis approach using
the eye as the unit of analysis. British Journal of Ophthalmology 100.12 (2016): 1731-1737.

CFH and ARMS2 genetic risk determines progression to nvAMD after antioxidant and zinc
supplementation. Proc National Academy of Sciences 115.4 (2018): E696-E704.




Age-Related Degeneration Testing
Arctic Medical Laboratories (

Vita Risk® is a DNA test measuring the two main genetic variations (three genetic variations in two genes) that

risk of progression of age-related macular degeneration, to wet AMD.

Does my patient carry the genetic variations associated with vision loss when using chronic supplements
such as AREDS?

**Patients positive for VitaRisk are advised to avoid long-term AREDS/AREDSZ2 supplements

'l




Age-Related Degeneration Testing
Arctic Medical Laboratories (

Macula Risk® is a DNA test combining many of the genes (15 genetic variations in 12 genes) associated with the
progression of age-related macular degeneration (AMD). The genetic result is integrated into a formula
developed from research at Tufts Medical Center and includes a patient’'s age, AMD disease status, height,

weight, sex, age, and smoking history, which provides a basis for progression risk.

What is the likelihood of my patient progressing to advanced AMD?
Should my patient avoid chronic zinc supplementation?

**Predictive algorithm touts 89% accuracy @ 2, 5 and 10-year time points
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Complement Cascade Effectors in AMD

Complement factor H in AMD: @ 0
Bridging genetic associations and CFH C3a Coa A

: Competition with Regulating Sub-RPE « Choroidal = Damage to choroidal
pathoblo] ogy lipoproteins resulting deposit formation mononuclear endothelium
in Sub-RPE deposit phagocyte
formation RPE VEGF recruitment
production and
Mask inflammatory choroidal RPE VEGF
effects of CRP and neovascularization production, choroidal
lipid oxidized neovascularization
= Outline 2 Share ws Cite proteins and exudative
lesions

Christopher B. Toomey °

Show more

https://doi.org/10.1016/j.preteyeres.2017.09.001

L’—’ ts and content

Abstract
Age-Related Macular Degeneration (AMD) is a complex

multifactorial disease characterized in its early stages by

« Inflammalory genes + VEGF Expression
# S VEGF Expression %
/ Ny /

seen on fundoscopic exam as drusen, and in its late fxug

forms by neovascularization (“wet”) or geographic i ’ \ \ ’ ’
atrophy of the Retinal Pigmented Epithelial (RPE) cell

layer (“dry”). Genetic studies have strongly supported a : - kL — R N ‘_,»;...,"!ym_d-ax WY

——
-

relationship between the alternative complement

cascade, in particular the common H402 variant in

Complement Factor H (CFH) and development of AMD.

However, the functional significance of the CFH Y402H
: ) o g ~ MDA

polymorphism remains elusive. In thi SRSV N S

RNV, | FERPUCSSSE DR | IO §-F Gy S — O '“mn;alon

# sciencedirect.com RPE-derived LP  Mononuclear phagocytes  Neovasculanzation Exudate
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AREDS/AREDS2 Frequently Asked Questions

Other Ingredients: Gelatin, Microcrystalline Cellulose,

Stearic Acd, Silicon Dicxide, Magnesium Stearate

What is the basis for the concentration of zinc in the AREDS
supplements? What concentration should I take?

Inthe AREDS trial, the 80 mg zinc dose (alone or in combination with antioxidant vitamins) was found to be
effective compared to a placebo. Although zinc was found to be an essential component of the AREDS
formulation, some nutritional experts recommended a lower dose. In the AREDS2 trial, there was no placebo
control. Instead, participants were given the option to take the original formula or to be randomly assigned to
receive a modified version, such as a formula containing 25 mg zinc. The investigators did not find a difference in
the effects of 80 mg vs. 25 mg zinc. Because AREDS2 did not include a placebo control, results from AREDS,
placebo-controlled trial, are still considered the gold standard.

Zinc is found in vegetables, grains, and meat. Vegetables and grains contain other molecules that can prevent zinc
absorption and thus reduce its bioavailability. Supplements contain purified zinc, without these competing
molecules. Although the chemical form of zinc affects its rate of absorption in the stomach, it is not clear how this
affects bioavailability (i.e., the amount of zinc that reaches the retina). For more on this topic, please see the

zinc fact sheet from the NIH Office of Dietary Supplements .
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Randomized Controlled Trial
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Treatment response to antioxidants

and zinc based on CFH and ARMS2
genetic risk allele number in the
Age-Related Eye Disease Study

Carl C Awh et al. Ophthalmology. 2015 Jan.

Show details f o
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Abstract

Objective: To evaluate the impact of complement

factor H (CFH) and age-related maculopathy

susceptibility 2 (ARMS2) risk alleles on the observed

response to components of the Age-Related Eye
Disease Study (AREDS) formulation.

Design: Genetic and statistical subgroup analysis of

a randomized, prospective clinical trial.

Participants: White patients from the AREDS with
category 3 or 4 age-related macular degeneration

(AMD) with available DNA (n = 989).

Results: Patients with 2 CFH risk alleles and no
ARMS?2 risk alleles progressed more with zinc-
containing treatment compared with placebo, with a
hazard ratio (HR) of 3.07 (P = 0.0196) for zinc and
2.73 (P = 0.0418) for AREDS formulation (AF). Seven-
year treatment-specific progression rates were:
placebo, 17.0%,; zinc, 43.2% (P = 0.023); and AF,
40.2% (P = 0.039). Patients with 0 or 1 CFH risk
alleles and 1 or 2 ARMS2 risk alleles benefited from
zinc-containing treatment compared with placebo,
with an HR of 0.514 for zinc (P = 0.012) and 0.569 for
AF (P = 0.0254). Seven-year treatment-specific AMD
progression rates were as follows: placebo, 43.3%;
zinc, 25.2% (P = 0.020); and AF, 27.3% (P = 0.011).
Zinc and AF treatment each interacted statistically
with these 2 genotype groups under a Cox model,
with P values of 0.000999 and 0.00366, respectively.
For patients with 0 or 1 CFH risk alleles and no
ARMS?2 risk alleles, neither zinc-containing treatment
altered progression compared with placebo, but
treatment with antioxidants decreased progression
(HR, 0.380; P = 0.034). Seven-year progression with
placebo was 22.6% and with antioxidants was 9.17%
(P = 0.033). For patients with 2 CFH risk alleles and 1
or 2 ARMS2 risk alleles, no treatment was better than
placebo (48.4%).

Conclusions: The benefit of the AREDS formulation
seems the result of a favorable response by patients
in only 1 genotype group, balanced by neutral or
unfavorable responses in 3 genotype groups.

# pubmed.ncbi.nim.nih.gov

fYyine
RESEARCH ARTICLE OFEN A

CFH and ARMS2
genetic risk
determines
progression to
neovascular age-
related macular
degeneration after
antioxidant and zinc
supplementation

and fa

January 8, 2018

ht

o

Genetic Polymorphisms of CFH and ARMS2
Do Not Predict Response to Antioxidants and
Zinc in Patients with Age-Related Macular
Degeneration

Independent Statistical Evaluations of Data from the
Age-Related Eye Disease Study




Would You Recommend AREDS2?

CURRENT AGE 63 RISK OF ADVANCED AMD
2 YEARS 0%

PATIENT'S | spansi
PROBABILITY OF VAN : 10 YEARS 3
ADVANCED AMD 20 YEARS

30 YEARS

RISK PATIENT RESULTS

ARMS2/HTRA1 Lower Risk (Reference) X

(HtrA Serine rs10490924 Moderate Risk
Peptidase 1) 3 ;
Higher Risk
Highly Protective
rs1061170 Moderately Protective

Higher Risk (Reference)

CFH Lower Risk (Reference)
(Complement rs121913059 Moderate Risk

Factor H) Higher Risk
Highly Protective
rs1410996 Moderately Protective
Higher Risk (Reference)

c3 Lower Risk (Reference)
(Complement rs2230199 Moderate Risk

Component 3) Higher Risk

GENETIC CONTRIBUTION

Electronically signed by Date Signed Order ID Patient ID
George Miles, M.D., Ph.D. 05/10/2022 0-1323 P-1239 Page2of 3
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AREDS/AREDS2 Frequently Asked Questions

On this page: AREDS formulas | Formulation components | Risks and side-effects | About the trials | Genetic testing | References |
Definitions

Taking the AREDS formulas

Are the AREDS vitamins nght foit Hia? AREDS and AREDS2 Information

In clinical trials, the AREDS and AREDS2 formulas benefited people with intermediate or late AMD. There was no
benefit for people with early AMD or for people who do not have AMD.

Age-Related Eye Disease Studies @

AREDS/AREDS2 - Background and
Your primary care physician or eye care provider isin the best position to-advise you on how treat your AMD. You Design @
may wish to discuss AREDS/AREDS2 supplements with your health care providers to decide which, if any,
supplements are right for you. AREDS/AREDS2 Nutritional
Supplements @

Will taking the AREDS or AREDS2 supplements prevent AMD?

Nutritional supplements cannot prevent AMD. However, the AREDS/AREDS2 supplements may delay
progression of intermediate to advanced AMD and may help you keep your vision longer. The participants
AREDS trial have now been followed for more than 10 years, and the benefits of the AREDS formulation have
persisted over this time. Age-Related Macular Degeneration

AREDS/AREDS2 News @

Information about AMD




Will taking the AREDS or AREDS2 supplements prevent AMD?

Nutritional supplements cannot prevent AMD. However, the AREDS/AREDS2 supplements may delay
progression of intermediate to advanced AMD and may help you keep your vision longer. The participants
AREDS trial have now been followed for more than 10 years, and the benefits of the AREDS formulation have
persisted over this time.

Can I take a daily multivitamin if I am taking one of the
AREDS/AREDS2 formulas?

Yes. The AREDS and AREDS2 formulas do not substitute for multivitamins. In AREDS, two-thirds of the study

participants took multivitamins along with the AREDS formulation. In AREDS2, almost nine of ten participants
took multivitamins.




Endogenous and Exogenous Antioxidants

Figure 1: Subdivision between endogenous and exogenous antioxidants.
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Carotenoids

s~Why do hear so much about carotenoids
&~ Melonie Clemmons, OD May 20, 2022 AACO Nashville
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Treating Half the Retina?

Oxidative Medicine
and Cellular Longevity

Oxid Med Cell Longev. 2019; 2019: 9783429. PMCID: PMC6390265
Published online 2019 Feb 12. doi: 10.1155/2019/9783429 PMID: 30891116

Health Benefits of Polyphenols and Carotenoids in Age-Related Eye
Diseases

Simona Bungau, 1 Mohamed M. Abdei-Daim,:':2 +3 Delia Mirela Tit, ! Esraa Ghanem,:‘:“ Shimpei Sato, 3
3

Maiko Maruyama-Inoue, 3 Shin Yamane, 3 and Kazuaki Kadonosono

» Author information » Article notes » Copyright and License information Disclaimer
This article has been cited by other articles in PMC.

Abstract Goto: @

Oxidative stress and inflammation play a critical role in the initiation and progression of age-related ocular
abnormalities as cataract, glaucoma, diabetic retinopathy, and macular degeneration. Therefore,
phytochemicals with proven antioxidant and anti-inflammatory activities, such as carotenoids and
polyphenols, could be of benefit in these diseases. We searched PubMed and Web of Science databases for
original studies investigating the benefits of different carotenoids and polyphenols in age-related
ophthalmic diseases. Our results showed that several polyphenols (such as anthocyanins, Ginkgo biloba,
ercetin, and resveratrol) and carotenoids (such as lutein, zeaxanthin, and mezoxanthin) have shown

significant preventive and therapeutic benefits against the aforementioned conditions. The involved
mechanisms in these findings include mitigating the production of reactive oxygen species, inhibiting the
tumor necrosis factor-a and vascular endothelial growth factor pathways, suppressing p53-dependent
apoptosis, and suppressing the production of inflammatory markers, such as interleukin- (IL-) 8, IL-6, IL-
1a, and endothelial leucocyte adhesion molecule-1. Consumption of products containing these
phytochemicals may be protective against these diseases; however, adequate human data are lacking. This
review discusses the role and mechanisms of polyphenols and carotenoids and their possible synergistic
effects on the prevention and treatment of age-related eye diseases that are induced or augmented by

oxidative stress and inflammation.




Carotenoids and Polyphenols
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Resveratrol can be implied in anti-aging actions
by influencing the mitochondrial environment and
metabolic  diseases, by regulating the levels of

some inflammatory mediators and cytokines and by
modulating lipolysis [125, 152, 153]. Mitochondrial
dysfunction has been proved to be associated with

aging and disease development [154], and 1t was seen

Oncotarget

Oncotarget, 2018, Vol. 9, (No. 24), pp: 17181-17198

Furthermore, resveratrol maintains the vascular

fitness through its antioxidant and anticoagulant activities,

and on the other hand is relevant in blocking the formation
of new blood vessels, in inhibiting the VEGF release

and attenuating Hypoxia-Inducible Factor (HIF-la) in

different tumor cells [ 163].
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ASSESSMENT OF CAROTENOIDS
Impact of Carotenoid Assessment

Because carotenoids appear to play a key role in retinal diseases, intensive research has resulted in

a variety of innovative carotenoid assessment techniques. The breadth of possibilities for assess

ing retinal carotenoids is often confusing because methodologies, units of measurement, and the
presentation of results vary widely. Accurate readings of carotenoid status are important in order
to correctly advise individuals with regards o supplementaton. Furthermore, in diseases such as
macular telangiectasia type 2 (Mac'Tel), the assessment of carotenoids may be crucial to the diagno-
sis, as reduced MP levels as well as abnormal distributions are among the first signs of the disease

Therefore, the measurement of carotenoids can impact clinical practice, and the evaluation of MP

may eventually become an integral part of comprehensive ophthalmological care. The following

sections describe and aim to give an organized overview of different MP assessment techniques.

A large variety of methods are used to assess carotenoid status in humans, most of which are

focused on the eve, but carotenoids can also be measured in tissue outside of the eve, such as

the skin, blood. and the brain. Measurements of ocular carotenoids can be distinguished between
subjective (psychophysical) and objective (optical) methods used to assess the amount of MP. In
subjective methods, a direct answer from the patient is required, whereas objective measurement

methods typically require just enough cooperation to generate an image (73)




Significance of Carotenoids

High blood levels of the carotenoid alpha-carotene may re” the risk of dying from cardiovascular dis ase
(CVD), cancer, and all other causes by up to 39 perce”’ - of w&lts from a 14 year study.
Medicine AV
. yes
A\de"\‘ * ¢

Source: Archives of Internal
int, doi: 10.1001/archinte

Published online ahead of pr
“gerum a-Carotene Concentrations and Risk of Dea’ AR E D s 2
(d

Examination Survey Follow-up Study” w. i ' H
authors: C. Li, ES. Ford, G- Zhao, LS. Balluz, W'’ as inde Igher qj
P ndent,y :ta.ry '-ntake

/

—
' 135 and [ap,s Meov.
r asc . Utej
Ar e ul w, ein
= ODhthaImoL ;(,): extﬂh-g,ar AM D. ~- ith dECrQa{ze,axanth.'..

«\at J €ronto| A Biol s
Ci Meg Sci
i. 2 ] . . . .
907 Mar62(3, — avels of carotenoids may increase risk of persistent
1

\'4
\0\9?"‘ asmga
yot (O StUdy caroteno' T e-1g
A id IeVeIs i ;
uW

- Instit
'-ce-contrO\

HPV infecti n

Cognit;
Ive p
e
B rforman .
elder)
y

POpuIa 2
tion-
on: resyjtg of th

e EVA

.

v
20 EDU

- oo mmmciinee e S



Measuring Macular Pigment

sRetina macula biopsy
éClinical Imaging

X Subjective
ZeaVision MPSII
Guardion Mapcat SF
X Clinical
ZeaVision MPR
Zeiss Visucam 200
Spectralis HRA+OCT
Spectralis MPOV

MP |FAF Intensity |FAF Lifetimes

Thank you! Dr. Chris Putnam




Macular Pigment
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Imaging lutein and zeaxanthin in the human retina with

MaCUlar Plg ment confocal resonance Raman microscopy

Binxing Li**, Evan W. George®”, Gregory T. Rognon®, Aruna Gorusupudi®, Arunkumar Ranganathan®, Fu-Yen Chang®,
Linjia Shi®, Jeanne M. Frederick®, and Paul S. Bernstein®'

“Department of Ophthalmology and Visual Sciences, Moran Eye Center, University of Utah School of Medicine, Salt Lake City, UT 84132
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Raman intensity map
of total carotenoids

Distribution of total carotenoids in a human retinal section. (Top) A




Measuring Macular Pigment

¢Biophotonic Scanner

* Measures carotenoids

% Based on an optical method known as
Resonant Raman Spectroscopy (RSS)

1 Used for many years in research laboratories

* Skin RRS measurements
) Noninvasive
) Objective
) Reliable methods to assess carotenoid levels
— Ocular
— Systemic




Carotenoid Levels

s~Biomarker of health for
diet and lifestyle
X Yale University

s~ Phospholipid bi-layer

s~Carotenoids, flavonoids,
and polyphenols

Correlations Between Macular, Skin, and Serum

Carotenoids

Christopher D. Conrady,' James P Bell,! Brian M. Besch,' Aruna Gorusupudi,' Kelliann
Farnsworth,! Igor Ermakov,? Mohsen Sharifzadeh,? Maia Ermakova,> Werner Gellermann, ' and

Paul S. Bernstein'

'Department of Ophthalmology and Visual Sciences, Moran Eye Center, Salt Lake City, Utah, United States
“Image Technologies Corporation, Salt Lake City, Utah, United States
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Purrost. Ocular and systemic measurement and imaging of the macular carotenoids lutein and
zeaxanthin have been employed extensively as potential biomarkers of AMD risk, In this
study, we systematically compare dual wavelength retinal autofluorescence imaging (AFT) of
macular pigment with skin resonance Raman spectroscopy (RRS) and serum carotenoid levels
in a clinicbased population

Merons. Eighty-cight patients were recruited from reting and general ophthalmology
practices from a tertiary referral center and excluded only if they did not have all three
modalities tested, had a diagnosis of macular telangiectasia (MacTel) or Stargardt disease, or
had poor AFI image quality. Skin, macular, and serum carotenoid levels were measured by
RRS, AFI, and HPLC, respectively

Resurs, Skin RRS measurements and secrum zeaxanthin concentrations correlated most
strongly with AFI macular pigment volume under the curve (MPVUC) measurements up 1o 9°
eccentricity relative o MPV or rotationally averaged macular pigment optical density
(MPOD) measurements at smaller eccentricitics. These measurements were reproducible and
not significantly affected by cataracts, We also found that these techniques could readily
identify subjects taking oral carotenoid-containing supplements.

Conciusions. Larger maculac pigment volume AFl and skin RRS measurcments are
noninvasi jective, and reliable methods to assess ocular and systemic carotenoid levels
They are an attractive alternative to psychophy: and optical methods that measure MPOD
at 2 Hmited number of coceniricities. Consequently, skin RRS and MPVUC at 9° are both
reasonable biomarkers of macular carotenoid status that could be readily adapted to rescarch
and clinical settings.

Keywords: macular pigment, carotenoids, macula




Raman Spectroscopy
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ARVO STUDY

Interrelationships between Macula, Skin and Serum
Carotenoids- Paul Bernstein,Werner Gellerman et al
ARVO May 2016

Conclusions:

"Our results emphasize the importance of
measuring the total amount of carotenoids
in the macula region using an objective
image based modality such as AFl w
Spectralis rather than subjective MPOD."




At-risk Patients May Convert to Wet AMD
at Any Point Between Follow-up Visits

O
isit isit
T dnb o™ 5

Converts
between
office visits

Reference: Rauch R, et al. Retina. 2012;32(7):1260-1264.




Notal Vision - ForeseeHome® product overview

Uses Preferential
Hyperacuity
Perimetry (PHP)

6,000+ actively
testing patients

Medicare
covered

Proven efficacy
with level 1
evidence

600+ active
prescribers
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Readjusting our point of view to preventable vision loss

AREDS
Dry AMD
Baseline

k4 Bl
20/25 Wet AMD
20/32 Onset

BUT WHERE DID

WE START?

v

ForeseeHome Study Results!’
* 20/32 average VA

* 94% 20/40 or better

* 0.23 medion disc area size lesions

Preventable Vision Loss

On average, those diagnosed at

driving vision maintain vision
[CATT 1 & 2 year dota)

+11.6/

+6.6

2 Yeors .
ANCHOR/MARR A 1.4

4 Yoors

O\HOKZO“S
.\
]

-8.6

7.3 Yaors

7-Up Study

Saving Lines

A

Current Standard of Care

* 20/83 averoge VA2

1. Chaw EY, Gemans TE, Brassier 5B, ot ol; Opivholmology.
4 * 13-41% 20/40 or better® 2014;121:535-544 2. Roo P, Lum F, Wood K, at al.
Ophhakmology. 2018;125[41:522.528. 3. Ho AC, Albini TA,
Beown DM, Soyer D3, Rogllo (D, Haier JS. JAMA
* 2.9-4.2 disc area size lesions® Ophthalmol. 2017;1353):268-273.



Notal Vision- PERIMETRY: The ForeseeHome Test

Total of 500 data points
tested 3 to 5 times each

Stimuli are presented Optic disk
on screen for 160 ms
B L T
snfj _F'.E
"I:‘r""- , T
Visual field — central 140 = ﬁ"‘"’"’ 0.75°
(4200 microns) i 41 e : resolution
ol F
. -
r-‘::L1
FH
Macula
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Once pathology is suspected, the area is
bracketed to localize and quantify pathology

When a patient clicks on the
“pathological distortion,”

the algorithm will present
stimuli of various magnitudes
over the location to determine
the size and shape

Optic disk

Macula

Patho|ogy

58



CASE1 86 y/o Male | Baseline Vision: 20/30 OU

Trend Score

2

N N A A/

6/23/17 1/3/18
STARTED TESTING ALERTED

20/60 OD and asymptomatic
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OCT in AMD

s~Need spectral domain to follow intermediate or worse AMD
s~Able to identify OCT predictors of progression

s Especially in identifying OCT predictors of progression
X Hyper-reflective foci
% Reticular pseudodrusen
* Nascent geographic atrophy
% Sub-RPE hyper-reflective columns
% Drusen substructures
* Drusen load and regression




Measure the Drusen with Your OCT

IV Auto Zoom

‘ Change Sclection ‘ \ Change Analysis 1




easure the Drusen with Your OCT
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Measure the Drusen with Your OCT




What is this layer called?
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The ellipsoid zone (EZ) is considered to be formed mainly by mitochondria

within the ellipsoid layer of the outer portion of the inner segments of the photoreceptors.
However, it was previously known as the junction between the photoreceptor IS/0S).
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Ganglion cell Layer
T Jnfer plexifagm ayer]
inner nuclear Layer y 3
g , s Outir PeXIformtayer Progress in Retinal and Eye Research

Henle fiber lay Volume 77 1
Outer nuclear Ve fiber layer lu , July 2020, 100828
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= Oiiter nuclear layer

Interpretation of OCT and OCTA
images from a histological approach:
Clinical and experimental

implications
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Fun Facts | Have Learned About the Mitochondria

¢~ Mitochondria produce energy from organic matter
¢ Live about 100 days

¢~ They produce 90% of energy in the body

¢ In return they product 90% of the free radicals
&~ When they become dysfunction when get many clinical consequences
¢~ Mitochondria are very sensitive to reactive oxygen and need antioxidant support
¢~ Mitochondria are one of cellular organelles
%X Electron transport chain — uses co-enzyme 10, and many other micronutrients
% Brain cell has 1-2 million/single neuron
* Heart cell has 5,000/cell
x Liver cell has 1000-2000/cell R EEG
* Photoreceptors 498/cell
* RPE cells >700/cell g

The ellipsoid contains a densely-packed array of mostly elongated mitochondria arranged -
broadly parallel to the long axis of the photoreceptor. The cell contained 498 individual T30 oo of oo iy
mitochondria i




Inflamm-aging

One of the consequences of failing mitochondria due to aging, beyond mtROS, is the
release of mtDNA. Plasma levels of mtDNA increase gradually after the fifth decade of life,
correlating with elevated levels of pro-inflammatory cytokines (i.e.,, TNF-a, IL-6, RANTES,
and IL-1ra)

These data indicate that mtDNA may promote the production of pro-inflammatory
cytokines in aging. Because cell stress, senescence and death are a part of the
pathophysiology of aging designing new therapeutic strategies against circulating mtDNA,
or other mtDAMPs, or their cognate receptors (e.g., TLRs or FPR1) may be a viable strategy
to approaching IA and its associated conditions.




EXPOSOME

(Silica, pesticides, Mitochondrion
bacterial toxin,

cellular stress)

Stimulation of
> interferon
genes

l

Nucleoid Activation of
-4/ C interferon
guanosine regulatory
monophosphate factor-3

!

k£ & & Produztion of
DO 3 3 2 Type-l interferon
PO Adenosine
— O =y monophosphate v
Pog: Simulation of synthase Apoptosis and
neutrophil activation

Neutrophil
- . extracellular
oltage-dependent Ollgsgrﬁélzed trap (netosis)

anion channel to remove
(VDAQ) cell debris

Mitochondrial exposure to exposomes or endogenous stress by fragmentation of DNA and its release into the cytosol induce inflammation and
Autoimmunity. Modified from Crow MK, Science, 2019, 366(6472): 1445-1446




AMD is a Disease Process that Starts Below the Surface
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OCT in AMD

s~Need spectral domain to follow intermediate or worse AMD
s~Able to identify OCT predictors of progression

s Especially in identifying OCT predictors of progression
X Hyper-reflective foci
% Reticular pseudodrusen
* Nascent geographic atrophy
% Sub-RPE hyper-reflective columns
% Drusen substructures
* Drusen load and regression




Hypo versus Hyper Reflectance
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Can We Learn From These Pictures?




Can We Learn From These Pictures?




Hypo versus Hyper Reflectance

Right / OD

Raster




Case 1 - OCT Predictors of Progression

HD Angio Retina Scan Quality 7/10 Right / OD

6.00 < 6.00 Scan Size (mm)

Eleyation | Color Oveslay | b X 0 Dsplay

¥ show 8ot




Case 1 - OCT Predictors of Progression
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ase 1 - OCT Predictors of Progression
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Case 2 - OCT Predictors of Progression

HD Angio Retina Scan Quality 8/10 Right / OD
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Case 2 - OCT Predictors of Progression
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Case 2 - OCT Predictors of Progression

HD Angio Retina Scan Quality 5/10 Left / OS

Overvue |
QuickVue |




Case 3 - OCT Predictors of Progression

Left/ OS

Scan Size (mm)

Scan Quality 5/10

3 Display

Overvue
Quickvue
Montage




Case 4 - OCT Predictors of Progression

Right / OD




Case 4 - OCT Predictors of Progression

Right/ OD




Case 4 - OCT Predictors of Progression

Left / OS
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OCT Angiography in AMD

Structure Test

&Able to identify occult or classic CNV before they leak
s~Non-invasive technique

s~Subclinical CNV or “Occult non-exudative CNV”

* Risk of exudation at 12 months is 15.2 times greater compared to eyes without subclinical
CNV




OCT Angiography
A New Approach to Protecting Vision

» Non-invasive visualization of individual layers of retinal vasculature
» Pathology not obscured by fluorescein staining or pooling
» Image acquisition requires less time than a dye-based procedure

» Reduced patient burden allows more frequent imaging to better follow disease
progression and treatment response

OCTA of CNV



Enface OCT-A Slabs
Based on Retinal Anatomy

Supetficial Plexus (ILM - IPL) Outer Retinal Zone (ONL - BM)

Deep Plexus (INL - OPL

En Face Visualization of Layers
Based on Retinal Anatomy




Normal Retinal Vasculature
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Superficial Capillary Plexus Deep Capillary Plexus Outer Retina Choriocapillaris

3um Below ILM — 15 pm 15um Below ILM — 70 pym 70um Below IPL — 30 pm 30 ym Below RPE Reference — 60 um
Below IPL Below IPL Below RPE Reference Below RPE Reference




RPE

Bruch'’s
Membrane

Choroid

» New vessels develop in the choroid

» New vessels located below RPE and above Bruch’s membrane




Type 1 “Occult”™ CNV

¢ New vessels develop in the choroid

s~ New vessels located BELOW RPE and
ABOVE Bruch’s membrane

Bruch’s
Membrane

Choroid




CNV?

72 y/o Hispanic male
20/30
History of “Dry AMD”




Multimodal imaging and OCTA
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And the not so obvious ones...
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Case example: 70 y/o WM, AMD
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Angio - Outer Retina Angio - Choroid Capillary

Below the RPE




Type 2 “Classic” CNV

Bruch’s Membrane

Choroid

¢~ New vessels develop in choroid
s~ New vessels located above the RPE and above Bruch’s membrane




Type 2 “Classic” CNV

¢~ New vessels develop in choroid

s~ New vessels located ABOVE the RPE
and ABOVE Bruch’s membrane

Bruch’s Membrane

Choroid




Type 2 CNV: Above RPE, Smallerthan Type 1, AvascularZone Always Involved.
Very Heterogeneous Shapes
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48 y/o WM 2-week history of “dark spot™ OD




OCT Angiography

Subclinical CNV or “Occult non-exudative CNV”




HD Angio Retina
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OCT Angiography Evaluation AMD
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Angio Retina QuickVue

OCT Angiography Evaluation AMD

After and Before Bevacizumab (Avastin)
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Cross Line Comparison
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April 27, 2021 — January 26, 2022 (9 months)

Raster Comparison Report

Right / OD

Right/ OD




Raster Coason' eort T

Scan 09/29/2020 13:20:09

Reference En Face ! IR

strength Indes

12,00 x 4.00 Scan Size mm) F\)lht / oD

A

) Right / OD
Scan 06/23/2021 10:22.11 Sign L

1846 AM
0OU Hepont =

@ 49F sunny ~ T2 g
Prim




Treat and Extend!

Comment:
* has exudative AMD i each eye. Heis doing well in euch eye loday with 1o recurrent CNVM
aciivily: Trecommend we reat each eye with Fylea again today and imerease our TolTow-up witerval

The patient has a stable operculated breuk in the right eye which we will continue Lo memitor moving forward as

well.

We'll sce him again in about 11 or 12 wecks and keep you apprised as to his progress. Sinee this is longer than
we have gone helore, especially in his lefteye, T asked him 10 keep 4 close waleh on his Vision and contact us
ripht away if there & /i ing prior to his next visit.

———

Sincerely,




Treatments for Choroidal Neovascularization (CNV)

s~ Current Anti-VEGF treatments

* Bevacizumab (Avastin)
Humanized full length monoclonal antibody
AMD
* Ranibizumab (Lucentis)
Humanized monoclonal antibody fragment
AMD, DME, DR, RVO
X Aflibercept (Eylea)
Fusion protein
AMD, DME, DR
X brolucizumab-dbll (Beovu)
Humanized single-chain antibody fragment
Up to 3 months dosing intervals, most are 4-6 weeks
— 50% remained 3 months after 1 year
%X Pegaptanib (Macugen)
RNA aptamer
AMD




Beovu (brolucizumab)

¢~ Indication: injection is used for the treatment of Neovascular (Wet) Age-related
Macular Degeneration (AMD)

* Offers a 3-month dosing schedule in the first year of treatment
s~Warning issued by the American Society of Retinal Specialists about a series of
intraocular inflammation events—some of which led to severe vision loss
¢~0n April 8, 2020, Novartis announced its completion of the review, which included an
assessment by an external, independent Safety Review Committee
¢~ Complications: n=1098
X Intraocular inflammation (10Ol) - 4.6% (n=50)
* 10Ol + retinal vasculitis — 3.3% (n=36)
* |Ol + retinal vasculitis —retinal (artery) vascular occlusion — 2.1% (n=23)
* Vision loss of 15 letters or more - <1%




Byooviz™ (ranibizumab-nuna)

sReference drug Ranibizumab (Lucentis™)
* Ten manufacturers are working on Ranibizumab biosimilar (as of 2021)

s~Samsung Bioepis, South Korea
X First ophthalmology biosimilar approved by US-FDA in September 2021

(1 Others have been approved around the world
* Treat wet AMD, Macular Edema following RVO, and myopic CNVM,

* A randomized phase 3 multicenter, parallel-group double-masked study compared efficacy,
safety, pharmacokinetics & Immunogenicity of Byooviz with the reference Ranibizumab in
patients of nAMD.

%X 705 patients were enrolled and randomized (1:1) to receive Byooviz or reference
Ranibizumab every 4 weeks through week 48.

* The safety and immunogenicity profile of SB11 and reference ranibizumab were comparable
at all points up to week 52




Thank You and Questions!

New Technologies for Managing
Macular Degeneration Patients

Greg A. Caldwell, OD, FAAO

Woo U — Distance Learning Event
Wednesday, November 9, 2022




