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Diabetes

Impact of Diabetes

Total Cost = 327 Billion Dollars

» Direct Medical Costs
» 237 Bilion Dollars

» (medical expenses)
» Indirect Medical Costs

» 90 Billion Dollars
» (disability, work loss, premature death)

Where Diabetes is Most Prevalent in the U.S.

@ >12percent

@ 100109p
@ 9.0-9.9 percent

<9 percent

€00 : statista¥
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Statistics — United States

diabetes mellitus.

mellitus.

» 88.1 million Americans 18 yo or older have prediabetes
» More men than Women

levels

» 4.4% of the US has some level of diabetic retinopathy

» 34.2 million people of allages or 10.5% of the US population, have

» 27.2% with DM (over the age of 18) do NOT know they have diabetes

» Prevalence of prediabetes was similar among all racial/ethnic groups and education

Percent of
people aged 18
years or older
with DM by

race/ethnicity
and gender
(males / females)
inthe U.S.

» Non-Hispanic Whites 8.6 / 6.6

» Asian Americans 10.0/8.5
» Hispanics 13.7/11.6
» Non-Hispanic Blacks 11.4/120

» American Indians/Alaska Natives
14.5/14.8

*2017-2018

Clinical Impact of Diabetes Mellitus

of new cases of increase in
end-stage ] cardiovascular risk
renal disease \ h /

/ Diabetes \
The leading cause U/f‘\ The leading cause of
of new cases of o/ nontraumatic lower

blindness in extremity amputations
working-aged adults

The leading cause A 2-to 4-fold
g r‘

Harris ML In: Diabetes in America. 2 ed. 1995, Washington, DC: National Institutes of Health;
1995, NIH publication 95-1468. Wingard DL et al. In: Diabetes in America. 2+ ed. 1995, NIH
publication 95-1468. Kuller LH. In: Diabetes in America. 2+ ed. 1995. NIH publication 95-1468.

Types of
Diabetes

Type | - bodies immune system destroys
pancreatic beta cells (autoimmune
condition)

Type Il - begins as insulin resistance and
then gradually the pancreas losesits'
ability to produce insulin.

Gestational

- Form of glucose infolerance during
the 279 or 3 trimester

- 5-10% dx'd with DM

= 50% chance of development of DM
in 5-10 years

» Monogenic forms of DM )
_ _ Helps muscle, fat, and liver cells
0 Mutafion from T gene (vs polygenic) absorb glucose from the bloodstream
- Mutationis genetic and sporadic (inability for this to occur causes insulin
» Account for 1-5% of DM in younger resistance)
patients
» Mostreduce the body's ability to
Rare forms of Drodues sulin Role. of
Diabetes » Neonatal Diabetes Meliitus Insulin
» Occurs in first 6 months of life
» Mature Onset of Diabetes of the
Young Insulin also lowers blood glucose by
- Occurs in early adolescence reducing glucose production in the liver
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Diabetes and Obesity

» Associated with obesity, older age,

physical inactivity, and race/ethnicity

» African Americans, Hispanics, Native
Americans, Asian Americans, and
Pacific Islanders

Type || DM

Seeing it more frequently dx'd in
children

family hx, impaired glucose metabolism,
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Diabetes 6.5 or above 126 or 200mg/dl or
above above

Diagnosing

Pre- 5.710 6.4 100 to 125 140 to 199
diabetes DM

Normal About 5 99 or below 139 or below

Pre- diabetes as an entity

v

Alc 5.7 10 6.5, fasting 100-125 mg /dl, OGTT- 140-199 mg/dl

Middle aged individuals with this diagnosis are 20 times at risk of
developing diabetes

v

» Older age group 75 years or greater ... This diagnosis is not as robust
diagnostic entity as in Middle Aged individuals

» Patients often regress to normoglycemic levels
» Death
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Diabetic eye disease

>
>
>
>

Retina takes a good 10-15 years of beating
Elevated blood glucose is the culprit
Metabolic controlis a must

Furthermore there is a big body of literature that MPOD is depleted in
diabetics

» Can we do anything with nutritional supplements without changing Alc?

Compromised trans,
e
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! nutrients
r

A Systematic Review of Carotenoids in the Management of
Diabetic Retinopathy

Drake W. Lem "0, Dennis L. Gierhart * and Pinakin Gunvant Davey

, specifically in patients with type 2 or poorly managed type 1 diabetes. Meanwhile, early

tional trials with dietary carotenoid supplementation show promise

ncomitant with ber

fits in visual pe

v and macular pigments ¢

may offer enhanced neuroprotective effects with therapeutic potential to function as an adjunct
nutraceutical strategy for management of disbetic retinopathy.

021, 13, 2441, https:// dok.org/ 10,3390,/ mul M72441

The Diabetes Visual Function Supplement

Study (DiVFuSS)

The Diabetes Visual Function Supplement Study (DiVFuSS) was designed to test the effects
of a novel, multi-component nutritional supplement on visual function. Participants included
patients with both type 1 and type 2 diabetes.

CLINICAL STUDY RESULTS WITHDVS
s —= ized, placebo-controlled study
demonstrated:

o/ ; -
i 2 1% improvement in color vision
19(y improvement in contrast sensitivity
'O (easier toread ink on an newspaper)**
o/ ;
1ZA improvement in central and

* six-months
* placebo controlled

peripheral vision™*

* 2016 British Journal of Ophthalmology
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Ocular Complications
Refractive Changes

* Due to increased glucose levels
in the lens

* 21% also demonstrate transient
“paralysis” of accommodation

* 40% have dry eyes

Ocular Complications

Dry Eyes Reduced
Reduce reflex tearing
GObIet. cell * Produce mucin (stability)
density
Affect on
Jacri * Correlated to length of
lacrimal DM
gland
Tear . .
Protein Lactoferrin, slgA, albumin,
lipocalin and lysozyme
Patterns

21
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Ocular Complications

“Snowflake” cataract

* Common in uncontrolled
Type | diabetic patients

* Sorbitol accumulates in
the lens fibers. Water
enters to correct the
osmotic imbalance

* Lens fibers swell / rupture

Ocular Complications

Posterior Subcapsular Cataract .
Earlier onset of age-

related cataracts

Due to binding of sugars
to lens proteins

Osmotic imbalance can
also increase cortical
changes

23
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Ocular Complications

Glaucoma

3

N

* LALES found 40% higher
prevalence in Type Il
diabetic Latino pt’s

* Neovascular glc
* VEGF-induced
neovascularization of the
iris and angle

* Normotensive glc

Ocular Complications

Sixth Nerve Palsy

50%

* Sudden onset

* Absence of other
neurologic involvement

* Resolves in 3-6 months.

25
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Cranial Nerve Palsies

CN Il Palsy (45%)

CN IV Palsy (5%)

Optic Neuropathy

Diabetic Papillopathy

* Can be unilateral or
bilateral

* Minimal affect on VA
* Resolved in 2-10 months

« If bilateral, need to r/o
[)S)pilledema (imaging or

27
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* Whatis a “typical” chief complaint from a
diabetic patient?

* Questions to ask:

Type of DM

* Duration of DM

* Blood sugars (Fasting / Post-prandial)
* AlC

Medications (compliance)

Who do they see / How often

* Hypertension/ BP

* Other medical Heart, Kidney, Legs

* Does the pt smoke (increase
progression)/ drink (excess = non-
compliance)

TABLE1 DIABETIC RETINOPATHY DISEASE SEVERITY SCALE AND INTERNATIONAL CLINICAL DIABETIC RETINOPATHY DISEASE
SEVERITY SCALE

Disease Severity Level g
No

Mikd NPDR (see Glossary) Microaneurysms only

Moderste NPDR (. y More than but bess

Severe NPOR

US. Definison Any of the fllowing (4-2-1 nde) and no signs of proklerative retinopathy.
. and rysms in each of four quadrants
= Definite venous beading in two or more quadrants.
= Moderate IRMA in one or more quadrants
Intematonal Definison ‘Any of the following and o signs of prolferative retinopathy.

«  More than 20 intrarefinal hemorrhages in each of four quadrants
» Definte venous beading in two or more quadrants
« Prominent IRMA in one or more quadrants

POR (One or both of the following:
= Neovascularization
.

IRMA = intraretinal NPDR = diabesic reinopathy; POR Y

NOTE

 Any patient with two or more of f PO y DR

30



3/28/2024

Non-Proliferative Diabetic
Retinopathy (NPDR)

* Mild

* Moderate

* Severe

* Very Severe

* High risk
 Low risk

—~—— IRMA

‘i e—— Exudates
g

~€———r——— Haemorthage
~——— Pigment vious laser
~———— Laser bum
PR

S
—~————— Microaneurysm

* Diabetic Retinopathy

31
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»Baseline Fundus Photography
o Seven Standard Diabetic
Photographic Fields
* ONH centered, Macula
— centered, Temporal to
macula,
Superotemporally,
Inferotemporally
Superonasally and
Inferonasally
(*all exclude ONH
except for #1)

Documentation/Testing

* Amsler Grid

* OCT

* Fluorescein Angiography — assessing vascular integrity

scoroma
(aLn SPa)

34

OoCT

* Diabetic Macular Edema

« CPT: 92133 (ONH) / 92134 (Retina)

« Requires Interpretation and Report

* Reimbursement ~ $50

* Unilateral or Bilateral

« Cannot do same day as DFE/Fundus
Photos (*if billing)

* 4x’s per year unless acute condition

Thyroid Eye Disease

35
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Thyroid Eye Disease (TED)

Thyroid secretion

Incidence 2.9 cases per 16 cases per Risk factors for the v i i . .
rate 100,000 100,000 @ development and » Excessive thyroid secretion » Decreased thyroid secretion
Peak age 4510 49 yearsand 40 fo 44 years and progression of TED? » Fast pulse » Weight gain
range 65 1o 69 years! 60 fo 64 years! » Palpitations » Hoarse voice
TED vs. Graves' Disease Nonmodifiable Factors Modifiable Factors » Profuse sweating » Thinning hair
» TED and Graves' Disease are nof synonymous. TED . .
may coexist, precede, or follow Graves' Disease? Age Environment » High blood pressure » Tredness
> TED can exist without hyperthyroidism' 2 * Advanced Aging * Smoking » Irritability/ fatigue/ heat intolerance » Weight gain/ puffy face
Gender " Radioaciivelodine > Weight loss » Slow heart rate
Hyperthyroidism, TED & Graves' Disease + Women (more Therapy 9
> TED not directly related to high serum thyroic . ;r/\ee(?wu(er;gre - Thmﬂ:;ﬁ;’[‘éﬁ?&n » Loss of hair/ changes in hair quality » Depression/ memory problems
concenirafions*
i + Hyperthyroidism
> However, euthyroid patients with Graves' Disease Genetics

tend to have less severe TED*

By .. Trons Am Ol S 190492, 477-55.2. Eckstn A et . B Ophhall 2008 S5 05210553 LeoM et Ty 2015 25315 07351 4 Gwuo et JAMA, 1982 4715 . 21352138
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Clinical Presentation of TED
The Natural History of TED

Conjunctiva and Corneal* Eyelidi+ Orbital Fat?$
i Acute (acfive) Stage + Chemosis * Upper eyelid + Proptosis 60%°
» Characterized by inflammation including I * Conjunctival redness retraction 91%* « Pain
periorbital chemosis, orbital congestion, and * Tearing * Eyelid swelling * Disfigurement.
fissue expansion associated with eyelid + Photophobia + Pain + Exposure
S Therspy iitiation

¥ > - Wi . —— « Foreign boch
g Chvonic ghaze refraction, proptosis, and diplopia for a variable 'gn bady

+ Lagophthalmos keratopathy
< 3 sensation + Exposure keratopathy + Vision loss.
period up to three years'3 ook 33101 sa0
+ Restricted ocular
Time - " .
‘ Chronic (inactive) Disease

Refined understandin . . .
n,,m“m,_,‘wﬂf » Inflammation will subside but the changes may
remain and result in permanent damage

* Compressive Optic Neuropathy 6-9%°
+ Loss of vision

+ Impairment of color vision

+ Optic disc swelling

« Visual field defect

+ Decreased vision &
depth perception

e o st 110 s D ulned November 13, 2016 Accesad
inany 10,2752 b E0 et ot 0003513551 . By . Bl it si2730 & cen Casl ol ComnarrCln 03531015 Neigel 1 1 & Opnthamoiog
IFGBFS(IVISISISET & MokeagDelf J Ophinoima. 20731 455.45.7, Fomondee oo Res. 016:243.65.8. orley GB ol o Am 1 Ophihaimol. 1996121 45426.434. 5. Terwes C o1 o, e
2014340)185197 3 ootun 0,1 in Cpvlnol 200 358357 Endiocinol 2002 146(41751 757
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TED Is an Autoimmune Inflammatory Eye Compressive Optic Neuropathy (CON) Can

BINToNs! Result in Irreversible Vision Loss

Healthy Eve and Orbital Tissue® While the exact autoimmune triggers for TED are

> Compressive Opfic Neuropathy [CON) s a rare, serious complication
unknown, autoantibody activation leads to T i 0 8% o tteis with s
and tissue exp in
the 12 »  Caused by compression of opfic nerve due fo enlargement of rectus
e eye muscles and increased volume of periorbital fissue®
»  Mayrequire urgent freatment with medical or surgical
Multifactorial causes: e 9

decompression fo avoid permanent or progressive vision [oss*

IGF-1R is overexpressed in TED orbifal fibroblasts* »  Clinicalfeatures include®

Autoantibodies acfivate he IGF-IR and TSHR-signaling

complex, whichsfimulates orbital fibrobiass' and leads
> Impairment of colorvision

o the release of inflammatory cyfokines and

hyaluronan productions”

> Slow, progressive oss of vision

Optic disc sweling
Once activated, orbital fibroblasts causerinflammation >
and expansion of fissue, muscle, and fot cells behind the
eye’®

apical

Relativeafferent pupillary defect

Visual field defect

Optic atrophy (or edemal

Front Epocrnc asonnal. 2167167 2 Wong Y f oI Opnihlal VS 2016 SS(3 173517483 eton Poma, evnts rsetctons, e noteherpauc comiatc EOM, extroocuor muscie: b
(sl scacs oat el Tesshcazcza. mccessd oy 102022 & ol 208161437 455 rchor .1 .3 ool 50 o e 45 6 S 11 S - Encoerilvelcb. ooy G, Tons Am Oph
| e AT AR i L L 20075145 458, 5. Famance:

41 42

TSoc. 1794 72477598 3. Bty GB.of o A Ophihaimol. 1996: 121 3428429, 3. Noiga 4.1 ol Ophiholmology. 1985 95(1 115151521 4, McKeag D, f ol ) Ophthalmol.
ol Ann Toeos fes 2016 26565
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TED Has Broad Implications for Patient

Diminished Quality of Life
TED impacts the way patients see, the way they look, and the way they feel.'3

In a study of 41 TED In a study of 41 TED patients, In another study with 102 TED
patients, 75.6% had altered 95.1% perceived a disturbance patients, 45% had anxiety
visual function.* in their appearance. and/or depression.®
8000 01 Ophlrl. 00,5415, 2. i B . il 01, 61243135, 3. bl G i vl 0 8395402 Do L€ Ach Endart et 2076141374301

The Palpebral Fissure

>
>
>
>

palpebral fissure

Normally 8-11 mm wide (vertically) and 27-30 mm long (horizontally)
Large eye with shallow orbit = prominent globe with a wider fissure
Forward displacement of globe= widening of palpebral fissure
Abnormal recession of the globe into the orbit results in narrowing of the

43
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Exophthalmos

v

Seen in Thyroid Disease

v

Retraction of the upper eyelids causes a widening of the palpebral
fissure

v

Thyroid eye disease: Exophthalmometry measurements are
remarkably similar to normal patients

Vertical fissure measurements are better

v

v

v

vV

Measuring Protrusion

the amount of protrusion of the normal eye can be important clinical

marker

protrusion is typically measured from the deepest part of the lateral

orbitalrim to the corneal apex
Hertel exophthalmometer- most accurate
Even a simple ruler can be used- screening

it fowewspkplentiesstar.com/Products/exarmi
nafion_instruments/image/k-0161 jpg

45
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Slideshare Ramachandra Hendge

47

AAQ.org Expphthalmometr

48
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Exophthalmometry measurement

» Measurementsrange from 12 to 21 mm -normal subjects

» meanof 16 mm

» thyroid eye disease yield values ranging from 12 to 24 mm

» meanof 18 mm.

» Measurements of greater than 19 mm however, were found in only about 5% of
normals, while 32% of those with thyroid eye disease fell above this level.

> Lot of ethnic variations

Proptosis Is Quantified With an
Exophthalmometer

> Exophthalmometer is a noninvasive fool designed fo measure fhe forward profrusion of the eye'?

> Normal ocular profrusion as measured from the lateral orbital fim fo comeal apex has fradifionally been
considered <21 mm in adulis?

> a tween the

> However, proptosis upper limits of normal varies by age. sex, and race*

Upper Limits of Normal (Proptosis)® Gorman Bahn Diplopia Scale*

Race Female Male Diplopia Score
Affican American 23mm 24mm 0. No diplopia
White 19 mm 21 mm 1. Intermittent, i.., diplopia in primary position of gaze, when tired or
when first awakening
B Py 17 mm (Thai) 2. Inconstant, i, diplopia at extremes of gaze
or 18.6 mm (Chinese)
3. Constant, i.e, continuous diplopia in primary or reading position

an ot A 2003 35415512 Bamy i) L. Opthomal 2015 015349135, 3 xah 1 t .l Enrinl, 205, 63854024 Dol LC st A o7 sz
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Thyrotoxicosis

» Dalrymple's Sign
Retraction of the upper lid(s)

» Von Grafe's Sign

» Delay of movement of the upper lid when shifting gaze from up to down;
causes a staring expression

Clinical Activity Score Is a Measurement of TED Activity

For

ial CAS, only score
+ Clinical Activity Score (CAS) is based on four

1 Spontaneous orbital pain N . N
P P classical signs of inflammation: pain, redness,
2 Gaze-evoked orbital pain swelling and impaired function’
3 Eyelid sweling that s considered to be due to active TED _ One point for each item, weight for each itemis
4 Eyelid erythema the same
5 Conjunctival redness considered to be due to active TED - Total CAS may range from 0to 7 or 0 to 10
6 Chemosis ~ CAS23out of 7 on initial visit or CAS > 4 out of
2 inflammation of carancie OR plica 1(0 anofu?:n-:p visitimplies active inflammatory
stageof
Patients assessed after follow-up (1-3 month) can be scored + Validated as a predictor of response to
out of 10 by including ftems 8-10 it
immunosuppression

8 Increase of 22 mm in proptosis « ATA Guidelines and European Thyroid
9 Decrease in uniocular excursion in any one direction of 25° Association/EUGOGO recommend CAS to

10 Decrease of acuity equivalent to 21 Snellen line determine TED activity??

ATA, Amercan Thyad Asoctions EUGOS0, European Goup of e Okopaty.
ok Mot G Ol 158, T139-54. 2 RGss0S63 Toroi, 2016, 2610133431421 3. Barlens el Ee Thyrkd . 2016, S0)9-2. 4 S-S ./ pttholmol 2015, 015209125
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American Thyroid Association
TED Severity Grades

M TS atents whosefestres of TED have oy Moo Sevwe TED: Pkt bt St Theeatening TED: Pationts with aptic
a minorimpact on daly ife, generally insufficient to e ye % neuropathy andfor coreal breakdown,
justify immunosuppressive or surgical treatment. on dailylife to] of f

f
2 immediate
active) or surgical intervention (if inactive). interanton

Grade! d refraction Soft fissues Proptosi Diploj Corneal exposure O”'s'u"“z“’e
Mild <2mm Mild involvement <3mm  Transient or absent Absent Normal
Moderate
> >
Moderate 22mm e 23mm Inconstant Mild Normal
Severe
>
Severe 22mm R 23mm Constant Mild Normal
sight _ _ _
Trestering Severe Compression

The European Thyroid Associafion has similar severily grades with one exception. The severily grades of moderate and severe are combined fo be
oderate/Severe. All of the signs and symptoms for ATA and ETA are the same?

IGF-1R/TSHR Signaling Complex Activation Triggers Inflammatory

Response Leading to Tissue Expansion and Remodeling

)
Orbital fibroblasts (OFs) are the ——
principal cells that drive the
inflammation and expansion of
orbital soft fissues'

» OFs from patients with TED are
more prone to activation,
leading to proliferation,
differentiation into adipocytes
and increased hyaluronan
secretion than OFs from healthy
controls'34

v

IGF-1R and TSHR are co-localized
and form a signaling complex®
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Historically, Treatment Options for TED Selected
Based on Disease Activity and Severity”

[ Disease Severity

Moderate-
to-severe

sight-
threatening

+ WVsteroids
Acute 0 Ll S atelbicios i UDCREY « IV steroids + urgent orbital
. + Oralsteroids if acute + Orbitalradiation P
age stageor decreased QoL+ Orbital decompression surgery P! ery
or clinical trial enroliment
Chronic | ool measures © SgElIREHEE ) - Surgicalintervention
Disease months observation (as needed) €

« Teprotumumab is
indicated for
the treatment of
Thyroid Eye Disease
« Approved January
21, 2020'

c
o
O
Q
el
£
<
[a]
v

eprotumumalb-trow Overview
e

Mechanism of Action

* Teprotumumab-
frow i

* One infusion every 3
weeks across
21 weeks (8 total
infusions)?
First infusion of 10
mg/kg follo
y 7 infusions of 20
/kg!

that binds
R and
its acfivation

Administration

o) ool e A SR 1471, 2 Bl ek s ) 208 50135 55
55 56
OPTIC Study

Mechanism of Action of
Teprotumumalb-trow for TED

Pathophysiology of TED

+ The body attacks ifs own orbital cells which overexpress IGF-
1R12

IGF-1R and TSHR are co-localized and form a signaling
complex.2

This leads to severe inflammation and expansion of tissue,
muscle and fat cells behind the eye.'3

May cause proptosis (bulging of the eyes) and opfic nerve
compression.'

Teprotumumab-trbw Mechanism of Action3

+ Fully human monoclonal antibody inhibitor of IGF-1R.

+ Blocks IGF-1R and turns off signaling complex at the source of
the disease.

+ Infended to reduce inflammation and prevent excessive cell
growth behind the eye.

Patient Criteria

« ActiveTED <9 months since active TED
onset with o prior treatment

« T4 and FT3 <50% above or

. CAs24 below normal limits.

* 18-80years

Primary endpointat Week 24

percentage ofpartcpants with
22mm reductionin proptosis

Teprotumumab: 8 infusions (Q3W)
Off Treatment
 — Cbraes

Placebo: 8 infusions (Q3W)

Diplopia Responders (2 1 grade improvement)
100
H p<0.001 p<0.001  P<0.001
Proptosis 0001 p<0.001 = i o
Responders p<0.001 = ” H
75 g “Teprotumurmab. Diffe ]
(22 mm ™ : {oPTC N28) 3090%
reduction) £ 5 % w0 B Placebo > (N=28) (95% C1: 15.55, 62.02)
i B Teprotumumab-trbw (N=41) 3
;E B placebo -> »
[ (N=42)
g ot
B " o s M 1 2
» B 0 Weeks
0
o s B s 2
[T — Weeks B R p— Py

59

60
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CAS score responders

CAS Responders (CAS 0 or 1)

m Teprotumumab-trbw (OPTIC, N=41)
& M Placebo -> (N=42)

CAS Responder

Douges 15,6t g e 0203820134135

GO-QolL Improvements Overall

Change from Baseline in GO-QOL Overall Score

Drivers of decreased QoL:
B Teprotumumab-trbw (N=41) 1728 « TED activity* and ocular paints
W Placebo (N=42)
+ Disease severity>57:
* Proptosis®®1% and asymmetric proptosis (22 mm
difference between eyes)*

Diffrence:15.48. « Diplopia**51

* Blurredvision®

Weeks 1 cesmrt roue i,
(05, 200563395 4022 Chor v et .5

Mdapted trom:Dougles 5, L. Ent s ed. 2020, 38241341352

o) 015 10193 5. Kahaly G, et . Ty 003 1223723, & Pl e a1
Opmihimol 20068075 7. 7. Dot L€ 613 Ah Enscrn et 207 61374381 5
Telvans M, et al. £/ Ophiholmo. 2004; 14:193-199, 11, Bradiey EA, etal Ophthaimology. 2006;
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Womm?s Precautions, and Special

Popula

Infusion Reactions

> Teprotumumab-itow may cause infusion reactions. Infusion reactions have been reported in approximately 4% of
patients reafed wih feprofurmumab-ow

of y Bowel Disease

> Teprotumumab-itow may cause an exacerbation of preexisting inflammatory bowel disease (1BD). Monitor
patients with IBD for flare of disease. If IBD exacerbation is suspected, consider disconfinuation of teprotumumab-
trow

Hyperglycemia

> Hyperglycemia or increased blood glucose may occur in patients freated with feprotumumab-frbow. In clinical
tridls, 10% of patients (two thirds of whom had pre-existing diabetes or impaired glucose folerance] experienced
hyperglycemia. Hyperglycemic events should be controlled with medications for glycemic confrol, if necessary

> Assess patients for elevated blood glucose and symptoms of hyperglycemia prior fo infusion and confinue fo
monitor while on freatment with teprotumumab-frow. Ensure patients with hyperglycemia or pre-existing
diabetes are under appropriate glycemic confrol before and while receiving teprofumumab-trow

Special Population

> Teprotumumab-itow should not be used in pregnancy, and appropriate forms of contraception should be
implemented prior fo iniiation, during freatment, and for 6 months following the last dose of feprotumumab-frow

Adverse Reactions

Adverse Reactions Occurring in 25% of Patients Treated
With Teprotumumab and Greater Incidence Than Placebo

Adverse Teprotumumab Placebo
Reactions (n=84 ), n (%) (n=86), n (%)
Muscle spasms 21 (25%) 6 (7%)
Nausea 14 (17%) 8 (9%)
Alopecia 11 (13%) 7 (8%)
Diarhea 10 (12%) 7 (8%)
Fafigue 10 (12%) 6(7%)
Hyperglycemia 8(10%) 1(1%)
Hearing 8 (10%) 0
Dysgeusia 7 (8%) 0
Headache 7 (8%) 6 (7%)
Dry skin 7 (8%) 0
Weight decreased 5 (6%) [
Nail disorder 4(5%) [
Menstrual disorders like amenorrhea, . and dysmenorrhea were reported in approximately 23% (5 of 22 patients)
of menstruating women treated with Veprcwmumob frow compared fo 4% (1 of 25 patients) freated with placebo in clinical
frials.

LIEPEA ecrotumumon trow) [crescibng nformaton] Horzor
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Evolving TED disease state

understanding

“This treatment has the
potentialto alter the course
of the disease, potentially
sparing patients from
needing multiple invasive
surgeries by providing an

alternative, nonsurgical
ﬁﬂ -6{ treatment option."
- Wiley Chambers, M.D.,
DG = dpw = e shers
Transplant and Ophihaimology

Products in the FDA's Center for Drug
Evaluation and Research

Acute Phase

Chronic Phase

Signs & Symptoms

Time

Source:

Efficacy and Safety of Teprotumumab in Patients
With Thyroid Eye Disease of Long Duration and Low
Disease Activity

Raymond S. Douglas,'® Steven Couch,” Sara T. Wester,® Brian T. Fowler,* Catherine Y. Liu,®
Prem S. Subramanian,®’ Rosa Tang,® Quang T. Nguyen,” Robi N. Maamari,? Shoaib Ugradar,’
Kate Hsu,'® Michael Karon,'®® and Marius N. Stan'’
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Screen time stress, cortisol
and cognitive performance

Carotenoids and health ¢

» Carotenoids in macula improves vision and decreases ocular fatigue- easy
sell

» But not so straightforward....

67
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Frontiers in nufrition

A Machine Learning Based Dose
Prediction of Lutein Supplements for
Individuals With Eye Fatigue

Juntao Kan'"', Ao Li*', Hong Zou®, Liang Chen' and Jun Du"™

69 70
Screen time issues- prediction and precision nutrition
» Visual health score (VHS) was a composite
score developed from 4 most
‘ correlated/predictive parameters
||||||||H||||||||” ||||”||||||||||”| 1. Total score of eye fatigue, Most individuals
i i i 67.24% need high 29.31% may fake a 3.45% cannot be
‘ 2. Visuognosis persistence, dose of carotenoids lower dose - 10 mg ! cljmelped
||||||||”H||||||||”||‘||||||“||| ||||||||||||| 3. Macular pigment optical density (most = 14mg lutein utein equivalent
o equivalent
predictive)
4. Schirmer's test
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» Young adulfs given

13 mg Carotenoids
- 27 mg Carotenoids'
-+ Placebo
- Baseline and 6 Month
+ Serum BDNF, IL-6, IL-1B, TNF-a
« Cognitive function test batten

Porystalagy & Rebavior 211 (2019) 112650

ol Physiology & Behavior
£

change from ba

27 mg MXans

13 mg MXans

73

] gy & Behavior
ekl

Six months of daily

L ; supplementation with at least 13
: mg of Macular carotenoids
. significantly reduces serum IL-1B,

significantly increases serum
Macular carotenoids , BDNF,
MPOD, and AOC, and improves
. several parameters of cognitive
s performance.

g

Change

Supplementation with macular carotenoids
reduces psychological stress, serum cortisol,
and sub-optimal symptoms of physical and
emotional health in young adults

Nicole Tressa Stringham <2, Philip V. Holmes*, James M. Stringham - *

Young adults given
» 13 mg Carotenoids
* 27 mg Carotenoids’

» Placebo
» Psychological stress
measure
R « Cortisol testing Baseline ,6

and 12 Month
* MPOD testing

Nutitionsl Newroscience  20%6 o 21 w0 4
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Supplementation with macular carotenoids
reduces psychological stress, serum cortisol,
and sub-optimal symptoms of physical and
emotional health in young adults

Nicole Tressa Stringham - %, Philip V. Holmes*, James M. Stringham <

Young adults given

» 13 mg Carotenoids
27 mg Carotenoids’
Placebo
Psychological stress
measure

Cortisol testing
Baseline ,6 and 12
Month

MPOD testing

Percant change from baselne

Nutitional Newoscience 207

Supplementation with macular carotenoids
reduces psychological stress, serum cortisol,
and sub-optimal symptoms of physical and
emotional health in young adults

Nicole Tressa Stringham < 2, Philip V. Holmes**, James. M. Stringham - *

Nutitionsl Newroscience  20%6 o 21 w0 4
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Macular Carotenoid Supplementation Improves
Visual Performance, Sleep Quality, and Adverse
Physical Symptoms in Those with High Screen
Time Exposure

James M. Stringham **, Nicole T. Stringham * and Kevia |. O'Brien

48 healthy young adults
6 hours of screen time
Placebo versus Macular
carotenoids

MPOD testing with HFF
Critical flicker fusion
frequency

Photo stress recovery
Conftrast sensitivity
Disability Glare

Foods 2017, 6, 47: doi:10.3390/ foods6070047

n foods mMoP!

Macular C. id Suppl ion Imp <
Visual Performance, Sleep Quality, and Adverse
Physical Symptoms in Those with High Screen

Time Exposure

Jomes M. Stringham "+, Nicole T. Stringham * and Kevia J. O Brien

48 healthy young adults

6 hours of screen time

Placebo versus Macular

carotenoids

* MPOD testing with HFF

« Critical flicker fusion
frequency

* Photo stress recovery

« Contrast sensitivity

« Disability Glare

Foods 2017, 6, 47: doi:10.33%0 / foods6070047
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Macular Carotenoid Supplementation Improves
Visual Performance, Sleep Quality, and Adverse
Physical Symptoms in Those with High Screen
Time Exposure

James M. Stringham "%, Nicole T. Stringham ! and Kevia J. O/Brien

Increased MPOD significantly improves visual performance
and, in turn,improves several undesirable physical
outcomes associated with excessive ST. The improvement

in sleep quality was not directly related to increases in
MPOD, and may be due to systemic reduction in oxidative
stress and inflammation.

Foods 2017, 6, 47; doi:10.3390/ foods6070047

m foods MDPI

Macular Carotenoid Supplementation Improves
Visual Performance, Sleep Quality, and Adverse
Physical Symptoms in Those with High Screen
Time Exposure

Jomes M. Stringham 1+, Nicole T. Stringham | snd Kevia J. O Brien

A @] alel
Increased MPOD significantly improves visual performance
and, in turn,improves several undesirable physical
outcomes associated with excessive ST. The improvement

in sleep quality was not directly related to increases in
MPOD, and may be due to systemic reduction in oxidative
stress and inflammation.

« Critical flicker fusion

frequency
« Photo stress

Foods 2017, 6, 47; doi:10.33%0 / foods6070047
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» Carotenoid supplementation has a real role in decreasing stress and
betterment.

Dose matters

v

Duration matters -6-12 months effects visible

vV

Don't turn your computers on unless you have taken your Lutein and
Zeaxanthin

SCAN ME

» Don't be Lazy; take your LZ (Lutein and Zeaxanthin)

Cognition and MPOD
Children and Adults
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 lutein

W zeaxanthin

& cryptoxanthin

i b-carotene

 Ilycopene

Johnson EJ et al. 2013

Vishwanathan et al, 2014

Correlation — Human retina and occipital cortex
concentrations of lutein and zeaxanthin.

have an amazingly strong correlation

o ©
5 . N
£ Bivariate 0.784  0.004
& €
3= % Agedsex g3 0.010
5 o adjusted
3
3w 2 Age, sex &
2 5 cognitive 0.887 0.008
"o status
adjusted
] ) a
MaculsrCaraC

Macular pigment carotenoids = Lutein (Meso-zeaxanthin) + Zeaxanthin in the retina
Vishwanathan R, Schalch W, Johnson E JNutr Neurosci. 2016;19(3):95-101
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Renzi et al., The relation between serum xanthophyllls, fatty
acids, macular pigment and cognitive function in the Health

ABC Study.
FASEB J ;22:877.5.

n =118 healthy older subjects in the Memphis, Tennessee area

ages 76-85 y; equal numbers of men and women, were assessed for serum lutein and
zeaxanthin, MP density, and various measures of cognitive function.

MP was related to performance on a variety of
indexes designed to assess processing speed,
accuracy, and completion ability (P < 0.05).

Hammond BR et al, Effects of lutein/zeaxanthin supplementation on
the cognitive function of community dwelling older adults: A

Randomized, Double-Masked, Placebo-Controlled Trial,
Front. Aging Neurosci. 9:254,

- AREDS Il carotenoid dosing (12 mg LZ) was evaluated in
community dwelling older adults 73.7 +/- 8.2 yrs. of age.

Participants receiving the active LZ dietary supplement had
statistically significant increases in MP (P<0.03)

Improvements in complex attention (p<0.02) and
cognitive flexibility domains (p < 0.04) relative to
study participants taking the placebo.
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Dietary carotenoids related to risk of incident Alzheimer dementia (AD)
and brain AD neuropathology: a community-based cohort of older
adults

Heakh, Bosbon, MA. USA

927 participants (No AD ) were followed up for 7 years- Rush Memory and
Ageing project
AD neuropathy was assessed in 508 deceased participants

Results were controlled for Age, sex, education, cognitively stimulating
activities, physical activities, Apolipoprotein

clusions: Our findings support a beneficial role of total
noid consumption, in particular lutein/z nthin, on AD
nce that may be related to the inhibition of brain B-amyloid

deposition and fibril formation

Asa J Clin Nl 2021:113:200-208

=
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L
Macular pigment optical density is positively
- associated with academic performance among
05 preadolescent children
S B 1 N & 1 6. A .1
Results: T
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=
Maternal Intake of Lutein and Zeaxanthin

during P y Is Positively A i d

with Offspring Verbal Intelligence and

Behavior Regulation in Mid-Childhood in the

Project Viva Cohort

Conclusions: Higher materal L/Z intake dur

Pinakin Davey OD, PhD, FAAO, FARVO
Professor & Director of Clinical research
Western University of Health Sciences
pdavey@westernu.edu
909-469-8473
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