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Assignment

e Review the definition,
impact, classification,
mechanism & risk
factors of dry eye disease

* Highlight the new
therapeutic approaches
and challenges for the
treatment of dry eye
disease




“Dry eye is a multifactorial disease of the
tears and ocular surface that results 1n
symptoms of discomftort, visual disturbance,
and tear film 1nstability with potential
damage to the ocular surface. It 1s

accompanied by
increased osmolarity of
the tear film and
inflammation of the
ocular surface.”




Dry Eye Disease

e Afflicts > 40 million
people in USA

* [eading cause of
patient visits to eye
care practitioners

e Has no cure




Global Prevalence of Dry Eye in Adults
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Dry eye disease:

Risk factors




Sex Differences in DED Prevalence

Rate Ratio (95% Confidence Interval)

50-54 . 1.54 (1.26, 1.90)

55-59 2.02(1.72 2.36)

60-64 2.28(1.90 2735)

65-69 2.05(1.71, 2.46)
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70-74 1.75(1.43, 2.14)

7ot 1.38(1.07, 1.77)

All (crude) 1.57 (1.47, 1.69)

Standardized 1.70(1.54, 1.88)
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Rate Ratio (95% Confidence Interval)

Schaumberg DA, Dana R, Buring JE, Sullivan DA. Arch Ophthalmol. 2009 Jun;127(6):763-5.
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Prevalence of Dry Eye by Age
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Prevalence of Dry Eye in US, by Race

M Clinically Diagnosed DES
E Severe Symptoms
B Sx or Dx

White

Black

Asian

Hispanic

Native American

Other/Unknown

000 050 1.00 150 200 250 3.00 350 4.00 4.50
Odds Ratio and 95% Confidence Interval

Schaumberg DA, Sullivan DA, Buring JE, Dana MR_Am J Ophthalmol. 2003 Aug;136(2):318-26.
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Additional risk factors for DED

Androgen deficiency

Relationship of Dry Eye Estrogen replacement
Syndrome with HRT in Women
therapy

Benign prostatic hyper-
plasia & associated
Clinical Dx Either Sx or Dx medic ations

Dry Eye Definition
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Hypertension

Antidepressant medications




Dry eye disease:

Quality of life




Dry eye & quality of life

e Impact of moderate to severe dry eye 1s comp-
arable to dialysis and severe angina

 DED leads to problems with reading, computer
use & work performance, and 1s associated with
role limitations, lower vitality & poorer general




Dry eye disease:

Approved treatments




Topical Restasis

“Restasis is indicated to increase tear production
in patients whose tear production 1s presumed to
be suppressed due to ocular inflammation
associated with keratoconjunctivitis sicca.”




Restasis sales in 2010: > $700 million

“... statistically significant increases in Schirmer
wetting of 10 mm versus vehicle...effect was seen
in ~ 15% of RESTASIS® ophthalmic emulsion
treated patients versus ~ 5% of vehicle treated
patients.”




SanEN  Mechanism of Action - Diquafosol tetrasodium - a

-+ Conjunctiva

Tear film side
~g |

Parenchymal
layer side

—
G: G protein, PLC: Phospholipase C,

IP; Inositol triphosphate,
ER: Endoplasmic reticulum

J. 1. Ocular. Pharmacol., in press, 2011




Dry eye disease:

Potential treatments




Treatment Targets

Mucin deficiency
Aqueous tear deficiency
Lipid deficiency
Ocular surface damage




New therapeutic approaches for the
treatment of mucin deficiency

Diquatasol
Gefarnate
Eupatilin
Rebamipide
Galectin 3
Tamarind seed

Trefoil factor family peptide 3 (TFMP3)
Mycophenolate mofetil

Nerve growth factor & mimetic




Stimulation of ocular surface mucins

T MUC5AC in human
conjunctiva

-1
MUCs 1, 2, 4, 5AC, 5B &

16 1n human conjunctiva A BN SN AR
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— causes
mucus secretion (activates
cyclooxygenase 2)

— stabilizes
mucous layer Gipson IK, TOVS 2007:48:4391-4398




Nerve growth factor & mimetic

T Goblet cell number &
MUC 5AC production

T Corneal sensitivity

* Promotes corneal
epithelial cell wound
healing




New approaches tfor the treatment of
aqueous tear deficiency

Immunomodulation

Lacrimal gland stimulation




Immunomodulation
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[.acrimal Gland Stimulants

TRPV1 receptor
modulators

Taste & salivation
Anethol trithione
Uridine
Hydroxychloroquine
Vitamin A

Muscarinic receptor
agonists

Topical androgens




Transient receptor potential vanilloid
1 (TRPV1) receptor modulator

Intranasal application of
Civamide, a TRPV1
receptor modulator,
reportedly increases tear

production. TRPV1 1s a
permeable, non-selective
cation channel.




Increased Schirmer Wetting Score

cholagogue

— metabolized
into P2Y2 agonist

in Sjogren’s syndrome
patients with a-fodrin
antibodies

— retinyl
palmitate eye drops




Muscarinic Receptor Agonists

Salagen (M3 agonist,
oral pilocarpine)
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Oral Pilocarpine and Cevimeline

Sjogren’'s Syndrome:

Beneficial effect on
subjective eye
symptoms

No effect on tear

volume
Pilocarpus pennatifolius




New approaches tfor the treatment of
lipid deficiency

LipiFlow & Maskin Intraductal Probe
Azithromycin & IL-1Ra

Topical androgens




Treatment of Meibomian Gland Duct
Obstruction

TearScience LipiFlow

Maskin Intraductal
Probe




Treatment of Posterior Blepharitis

OUULAR WA Azithromycin

Beating T —
Blepharitis’ (Azasite, Azyter)

Fﬂﬁm

Interleukin-1 receptor
antagonist




Topical androgens: Treatment of
meibomian gland dysfunction

-
-

P release of

F keratinization
4 inhibition -
i decreased  andior  increased
\  aberrant Y PER-KERATINIZATIO INCREASED VISCOSITY VISCOSITY VOLUME
‘. progenitor migration ' Bl meibomian ductal system of meibum of oily-SECRETION

v & differentiation y - a

.

4
rd
/
£ low

«l DELI

increased
PRESSURE

DEFICIENCY of
tear film lipid layer
i film INSTABILITY
« increased EVAPORATION
* HYPEROSMOLARITY
- ocular surface ALTERATIONS

Evaporative

ATROPHY
of secretery ACINI

CONTACT LENSES =g Gland 7 - AGING PROCESS
dropout '




reatment of Ocular Surface
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Immunomodulation
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Omega 3 fatty acids & nutritional foods

Glucocorticoids
NSAIDs
Calcineurin 1nhibitors
Antibodies & other drugs




Omega 3 fatty acids & nutritional foods

HEALTHY SWEETS (such as
plain dark chocolate) Sparingly

E |

RED WIME (opticnal) -

Ho more than 1-2 glasses a day

a SUPPLEMENTS

Daily
TEA (white, green, oolome)
2-4 cups a day

o
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OTHER SOURCES OF PROTEIN (high quality natural chesses and
yogurt, omoaga-3 enriched oggs, skinless poultry, loan meats) 1-2 a week

WHOLE 50Y FOODS (edamame, soy nuts,
soymilk, tofu, tempeh) 1-2 a day

)
€ }k_

HEALTHY FATS [extra virgin olive oil, expeller-pressed canola oil,
nuts - especially walnuts, avecados, seads - including homp soods

and freshly ground flaxseeds) 3-7 a day

HEALTHY HERBS & SPICES (such as garlic,

ginger, turmeric, cinnamon) Unlimited amounts

COOKED ASIAN MUSHROOMS
Unlimited amounts

FISH & SEAFOOD (wild Alaskan salmon,
Alaskan black cod, zardines) 2-6 a week

-

-

\

PASTA
(al dente)
2-1 a week

WHOLE & CRACKED g

GRAINS
3-5 a day

s &f‘__ﬁ“t -~

YEGETABLES (both raw and cooked, from
all parts of the color spectrum, organic when

possible) 4-5 a day minimum

-‘:'5‘f i*@‘ :
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BEANS &
LEGUMES
1-1 a day

FRUITS (frosh in
season or frozen,
arganic when possibla)
3-4 a day




Glucocorticoids

: Extracellular
i inflammatory insult

cytokines . :
IFNYy, MIF | =/ - '
A Y

. O lMAPi{S '
kK ‘ p38 andJNK‘

— EyeGate
Pharma, dexamethasone & I
. . Anti-inflammatory p '
transscleral 1ontophoresis - | ' T

Glucocorticoids, _
IL-10, CTB, cytokines

— B &L’ anandamide l .

selective glucocorticoid P
receptor agonist

MNature Reviews | Immunology

— Santen, selective
glucocorticoid receptor
agonist

— B&L




Ocular side effects have included blurred vision, discharge, ocular
pain and discomfort, increased intraocular pressure, foreign body
sensation, pruritus, and hyperemia in 1% to 5% of patients.

Dry eye, tearing, conjunctival and corneal edema, keratitis,
photophobia, corneal erosion, corneal ulcer, corneal staining,
increased fibrin, tearing, photophobia, edema, irritation, browache, lid

margin crusting, and infiltrate have been reported 1n less than 1% of
patients.

In addition, prolonged use of topical ophthalmic corticosteroids has
caused ocular hypertension/glaucoma, optic nerve damage, defects in
visual acuity and fields of vision, posterior subcapsular cataract
formation, and secondary infections of the eye. The use of topical
corticosteroids has caused perforation of the globe where there 1s
preexisting thinning of the cornea or sclera.




Non-steroidal anti-inflammatory drugs

PHOSPHOLIPIDS
12-HPETE

ARACHIDONI
Aspirin

and other
5-Lipoxygenase Prostaglandin H

NSAIDs
5.HPETE (ALOXS) Synthase
(COX-1 or COX-2)

LEUKOTRIENES

PROSTAGLANDIN
H:

Prsu:':fﬁ:: 2" Prostaglandin E; Thromboxane Prostaglandin D3z

(PGIS) Synthase Synthase Synthase

PROSTAGLANDIN I, PROSTAGLANDIN THROMBOXANE PROSTAGLANDIN
=PROSTACYCLIN Ez Az D>

Remura (ISTA Pharmaceuticals) & ISV-101
(InSite Vision) — bromfenac, thought to
inhibit cyclooxygenases 1 & 2




Calcineurin inhibitors

1 Activation of the

Antigen-

presenting
cell

T-cell receptor
results in increased
intracellular Ca2+

Activation of

Cell-mediated
immune respons:

'

calcmeurln
acCa? -dependent
phosphatase

Tacrolimus Cyclosporine

K-binding proteins
(FKBP)

CYTOPLASM
_a-//
L

NFATc associates
with other nuclear
components leading
to activation of genes

NUCLEUS encoding cytokines

Release
of IL-2 {

T Cell
receptor

As a result of
dephosphorylation
by calcineurin,
NFATc moves from
the cytoplasm to
the nucleus

IL-2 gene




Additional formulations

Novagali — Cyclokat, a
cyclosporine

LuxBio — LX214, a
VOClOSpOI’ine Calcineurin inhibitors.

tacrolimus (Prograf)

pimecrolimus (Efidef\l :




Antibodies
(Novartis) —

neutralizes IL-17A

Im_munesystemc_ells . ( AlCOn) _
-—~1 @ fragment against TNF-o

infected cell

: ‘/ i " ( G SK) B

actwal macrophage T cells
presents. activated
antigen
AN
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. VNG human monoclonal
= ) e inhibits B cell
A ) activation factor
(Biogen) —
murine/human anti-
CD20 monoclonal




Inhibiting BAFF or BAFF + APRIL ?

Belimumab BR3-Fc (BAFF-R-lg) Atacicept

HGS/Glaxo Smith Kline Genentech/Biogenldec ZymoGenetics/
(Anti-soluble BLyS mAhj "i (Soluble receptor that ﬂ Merck-Serono
% ﬁ binds BLyS only) (Soluble receptor that
binds BLyS, APRIL

and heterotimers)
Ligands x

ﬂEAFF ﬁAFRIL

Th

Proteoglycans

._1-.




Other anti-inflammatory drugs

— oral
adenosine3 receptor agonist,
induces inflammatory cell
apoptosis

(Regenerx) — topical
thymosin 34

(MacuSight) —
sirolimus, subconjunctival

injection, inhibits response to IL-
2




Resolvins
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Goal — Break Cycle of Inflammation
SAR 1118 Binds to LFA-1 on T-cells and Prevents Interaction with ICAM-1

Resting T-cell Activated T-call

SAR 1118 Inhibits @ AAntigen
Tl @ﬁ}
1 | LFA-1IHCAM-1 LF.|“-‘1 ICAM 1

) immunological Synapse
2. Adhesion

3. Migration

ICAM-1

4. Proliferation (2] O] O Ok O
Normal Epithelium % * Inflamed Epithelium ’

5. Cytokine Release Cytokine €

= Ko~ S @

LFA-1: lymphocyte function-associated antigen-1 (CD11a/18; aLB2)
ICAM-1: intercellular adhesion molecule-1 (CD54)

TCR: T cell receptor

APC: antigen presenting cell

MHC 1I: major histocompatibility complex class ||




Other anti-inflammatory compounds

Rivoglitazone (Santen) — binds to PPARSs
Cilomilast (Alcon) — phosphodiesterase 4 inhibitor
DA-6034 (Dong-A) — inhibits NF-«xB activation

Chitosan-N-acetylcysteine conjugate — thiolated polymer,
suppresses inflammation, no effect on corneal staining

Tranilast — inhibits lipid mediator and cytokine release
N-acetyl aspartyl glutamic acid — neuropeptide
Astaxanthin — oral carotenoid

Curcumin - natural polyphenol extracted from turmeric

Catechins — from green tea
KLS-0611 & KCT-0809 (Kissel) - treat surface damage




Hydration

reduces tear osmolarity

(Lantibio) — 4% 1=

promotes hydration

— moisture barrier




Boundary Lubrication

*Protects against shear stress

e Addresses central causative mechanism (i.e. shear
stress) of ocular surface damage 1n dry eye disease




Virtual kaleidoscope of potential
treatments for dry eye disease







Common signs and symptoms of
dry eye disease do not correlate




Clinical Challenges in Dry Eye Therapeutics

» Existing treatments fail to address causative mechanisms
— Inflammation 1s low gain, peripheral to central loop
e Difficult inclusion/exclusion criteria

— Historically subjective signs

— Symptoms & signs don’t correlate

e Schirmer strips and corneal staining are primary
endpoints in most clinical trials, but their diagnostic value
1s limited

 Symptoms alone are insufficient to track severity

ATearlab’



Schirmer Strip Severity Analysis
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Tear Film Breakup Time (TBUT) Severity Analysis
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Corneal Staining Severity Analysis
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Symptoms (OSDI) Severity Analysis
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Blepharitis

Deficient or
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Figure 2. Mechanlsms of dry eye.




Hyperosmolarity 1s Bad

 Hyperosmolarity is recognized as the central pathogenetic
mechanism of dry eye disease

 Hyperosmolarity is common across all forms of dry eye
disease

w

Hyperosmo!

Hyperosmo

arity causes epithelial cell death

arity causes inflammation

w

Hyperosmo!

arity reduces the ability of mucins to lubricate

— LLoss of lubrication causes friction, which leads to wear

— Wear roughens ocular surface

— Rough ocular surface nucleates faster breakup times
STearlab
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Osmolarity Severity Analysis
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Osmolarity is a Superior Marker of Therapeutic
Efficacy
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Osmolarity is a Superior Marker of Therapeutic
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We need new diagnostic approaches to
help solve the puzzle of dry eye treatment




Ocular Surface Disease Spiral
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Thank you for your attention




