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by all subcommittee members and by the entire Dry Eye
WorkShop membership. Comments and suggested revi-
sions were discussed by the subcommittee members and
incorporated into the report where deemed appropriate
by consensus.
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Hi. ASSESSMENT OF CURRENT DRY EYE THERAPIES

A. Tear Supplementation: Lubricants
1. General Characteristics and Effects

The term “artificial tears” is a misnomer for most prod-
ucts that identify themselves as such, because they do not
mimic the composition of human tears. Most function as
lubricants, although some more recent formulations mimic
the electrolyte composition of human tears (TheraTears®
jAdvanced Vision Research, Woburn, MAP).! The ocular
lubricants presently available in the United States are ap-
proved based on the US Food and Drug Administration
(FEA) monograph on over-the-counter (OTC) products
(21 CFR 349) and are not based on clinical efficacy. The
monograph specifies permitted active ingredients (eg,
demulcents, emulsifiers, surfactants, and viscosity agents)
and concentrations, but gives only limited guidance on
inactive additives and solution parameters. Certain inac-
tive ingredients that are used in artificial tears sold in the
US (eg, castor oil in Endura™ [Allergan, Inc., Irvine, CA]
and guar in Systane® [Alcon, Ft Worth, TX]) are notlisted
in the monograph.

It is difficult to prove that any ingredient in an ocular
lubricant acts as an active agent. If there is an active in-
gredient, it is the polymeric base or viscosity agent, but
this has proved difficult to demonstrate. This is either
because it is not possible to detect the effects or differences
in clinical trials with presently available clinical tests or
because the currently available agents do not have any
discernable clinical activity beyond a lubrication effect.
Although certain artificial tears have demonstrated more
success than others in reducing symptorns ofirritation
or decreasing ocular surface dye staining in head-to-head
comparisons, there have been no large scale, masked,
comparative clinical trials to evaluate the wide variety of
ocular hubricants.

Whatis the clinicaleffect of ocular lubricants orartificial

tears? Do they lubricate, replace missing tear constituents,
reduce elevated tear film osmolarity, dilute or wash out
inflammatory or inflammation-inducing agents? Do they,
in some instances, actually wash out essential substances
found in normal human tears? These questions remain to
be answered as more sensitive clinical tests become avail-

able to detect changes in the ocular surface.
The foremost objectives in caring for patients with dry

eye disease are to improve the patient's ocular comfort and
quality of life, and to return the ocular surface andtear film
to the normal homeostatic state. Although symptoms can
rarely be eliminated, they can often be improved, leading
to an improvement in the qualityof life. It is more difficult
to demonstrate that topical hibricants improve the ocular
surface andthe tear film abnormalities associated with dry
eye. Most clinical studies fail to demonstrate significant
correlation between symptoms and clinical test values
or between the clinical test values themselves.?It is not

unusual for a dry eye with only mild symptoms to show
significant rose bengalstaining. Until agents are developed
that can restore the ocular surface and tear film to their
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normal homeostatic state, the synyptoms and signs of dry
eye disease will continue.

Ocular lubricants are characterized by hypotonic or
isotonic buffered solutions containing electrolytes, surfac-
tants, andvarious types of viscosity agents. In theory, the
ideal artificial lubricant should be preservative-free, contain
potassium, bicarbonate, and otherelectrolytes and have a
polymeric system to increase its retention time.1°§ Physical
properties should inchide a neutralto slightly alkaline pH.
Osmolarities of artificial tears have been measuredto range
from about 181 to 354 mOsm/L.? The main variables in the

formulation of ocular hibricants regard the concentration
of and choice of electrolytes, the osmolarity and the type
of viscasity/polymeric systera, the presence or absence of
preservative, and, if present, the type of preservative.

2. Preservatives

The single most critical advance in the treatment of dry
eye came with the elimination ofpreservatives, such as benzal-
konium chloride (BAK), frorm OTC hubricants. Because
of the risk of contamination of multidose products, most
either contain a preservative or employ sere mechanisxn
for minimizing contamination. The FDA has required that
multidose artificial tears contain preservatives to prevent
microbial growth.’ Preservatives are not required in unit
dose vials that are discarded after a single use. The wide-
spread availability of nonpreserved preparations allows
patients to administer lubricants more frequently without
concern about the toxic effects of preservatives. Por patients
with moderate-to-severe dry eye disease, the absence of
preservatives is ofmorecritical importance than the particu-
lar polymeric agent used in ocular lubricants. The ocular
surface inflammation associated with dry eye is exacerbated
bypreserved hibricants; however, nonpreserved solutions
are inadequate in themselves to improve the surface inflam-
mation and epithelial pathology seen in dry eye disease.!!

Benzalkonium chloride is the most frequently used
preservative in topical ophthalmic preparations, as weil as
in topical hubricants. lts epithelial toxic effects have heen
well established." The toxicity of BAK is related to its
concentration, the frequency of dosing, the level or amount
of tear secretion, and the severity of the ocular surface
disease. In the patient with mild dry eye, BAK-preserved
drops are usually well iclerated when used 4-6 times a day
or fess. In patients with moderate-to-severe dry eye, the
potential for BAK toxicity is high, due to decreased tear
secretion and decreased turnover.!? Some patients may be
using other topical preparations (eg, glaucoma medications}
that contain BAK, increasing their exposure to the toxic
effects of BAK. Also, the potential for toxicity exists with
patient abuse of other OTC products that contain BAK,
such as vasoconstrictors.

BAK can damage the corneal and conjunctival epithe-
lium, affecting cell-to-cell junctions and cell shape and
ticrovilli, eventually leadingto cell necrosis with sloughing
of 1-2 layers of epithelial cells!” Preservative-free formuutla-
tions are absolutely necessary for patients with severe dry
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eye with ocular surlace disease and impairment oflacrimal
gland secretion, or for patients on multiple, preserved
topical medications for chronic eye disease. Patients with
severe dry eye, greatly reduced tear secretion, and punctal
occhusionare at particular risk for preservative toxicity. In
such patients, the instilled agent cannot be washed out; if
this risk has not been appreciated by the clinician, preserved
drops might be used at high frequency.

Anotheradditive used in OTC formulations is disodium

(EDTA). It augments the preservative efficacy of BAK and
other preservatives, but, by itself, it is not a sufficient pre-
servative. Used in some nonpreserved solutions, it may
help limit microbial growth in opened unit-dose vials.
Although use of EDTA may allow a lower concentration of
preservative, EDTA mayitselfbe toxic to the ocular surlace
epithelium. A study comparing two preservative-free solu-
tions, Hypotears PF® (Novartis Ophthalmics, East Hanover,
NP containing EDTA and Refresh® (Allergan, Inc., Irvine,
CA) without EDTA, showed that both formulations had
identical safety profiles and were completely nontoxic to
the rabbit corneal epithelium.'8 Other studies found that
EDTA-containing preparations increasedcorneal epithelial
permeability 52° The potential exists that patients with
severe dry eye will find that EDTA-containing preparations
increase irritation.

Nonpreserved, single unit-dose tear substitutes are
more costly for the manufacturer to produce, more
costly for the patients to purchase, and less convenient
to use than bottled ocular lubricants. For these reasons,
reclosable unit dose vials (eg, Refresh Free [Allergan Inc.,
irvine, CA]; Tears Natural Free® [Alcon, Fort Worth,
TX) were introduced. Less toxic preservatives, such as
polyquad (polyquaternium-1), sodium chlorite (Purite®),
and sodium perborate were developed to allow the use
of multidose botded lubricarus and te avoid the known

toxicity of BAK-containing sohitions.?!? The “vanishing”
preservatives were sodiurn perborate and sodium chlorite
(TheraTears® [Advanced Vision Research,Woburn, MAI,
Genteal® [Novartis, East Hanover, NJ], and Refresh Tears®
{Allergan Inc., Irvine, CA]).

Sodium chlorite degrades to chloride ions and water
upon exposure to UV light after instillation. Sodium perbo-
rate is converted to water and oxygen on contact with the
tear film. For patients with severe dry eye, even vanishing
preservatives may not totally degrade, due to a decrease in
tear volume, and may be irritating. Patients prefer bottled
preparations for reasons of both cost and ease of use. The
ideal lubricant would come in a multidose, easy-to-use
bottle that contains a preservative that completely dissipates
before reaching thetear film,or is completely nontoxic and
nonirritating and maintains absolute sterility with frequent
use. One such multi-use, preservative-free product has
been introduced to the market (Visine Pure-Tears® (Pfizer,
Inc, NJ).

Ocular ointments and gels are also used in treatment of
dry eye disease. Ointments are formulated with a specific
mixture ofmineral oil and petrolatum. Sore contain lanolin,
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which can beirritating to the eye and delay commeal wound
healing7 Individuals with sensitivity to wool mayalso be
sensitive to lanolin.Some cinuments contain parabens as
preservatives, and these ointments are not well tolerated
by patients with severe dry eye. In general, ointments do
not support bacterial growth and, therefore, do not require
preservatives, Gels containing high molecular weight cross-
linked polymers of acrylic acid (carbomers) have longer
retention times than artificial tear solutions, but have less
visual blurring effect than petrolatum ointments.

3. Electrolyte Composition
Solutions containingelectrolytes and or ions have been

shown to be beneficial in treating ocular surface damage
due to dry eye.15704445 To date, potassium and bicarbon-
ate seem to be the most critical. Potassium is important to
maintain comeal thickness.’ In a dry-eye rabbit model, a
hypotonic tear-matched electrolyte solution (TheraTears®
[Advanced Vision Research, Woburn, MAJ) increased con-
functival goblet cell density and cormeal glycogen content,
and reducedtear osmolarity and rose bengal stainingafter 2
weeks of treatment.2> The restoration of conjunctival goblet
cells seenin the dry-eye rabbit model has beencorroborated
in patients with dry eye after LASTK.26

Bicarbonate-containing solutions promote the recovery
of epithelial barrier function in damaged comeal epithelium
and aid in maintaining normal epithelial ultrastructure.
They may also be important for maintaining the mucin layer
of the tear film.® Ocular lubricants are available that mimic

the electrolyte composition of human tears, eg, TheraTears®
(Advanced Vision Research, Woburn, MA) and BION Tears®
(Alcon, Port Worth, TX}.!4 These also contain bicarbonate,
which is critical for forming and maintaining the protec-
tive myucin gel in the stomach.’ Bicarbonate may play a
sitnilar role for gei-forming mucins on the ocular surface.
Because bicarbonate is converted to carbon dioxide when

in contact with air and can diffuse through theplastic unit
dose vials, foil packaging of the plastic vials is required to
maintain stability,

4. Osmolarity
Tears of patients with dry eye have a higher tear film

osmolarity (crystalloid osmolarity} than do those of normal
patients.282? Elevated tear film osmolarity causes mor-
phological and biochemical changes to the corneal and
conjunctival epithelium)?" andis pro-inflammatory.This
knowledge influenced the development of hypo-osmotic
artificial tears such as Hypotears® (230 mOsm/L [Novartis
Ophthalmics, fast Hanover, NJ}) and subsequently Thera-
Tears® (181 mOsnV/L [Advance Vision Research, Woburn,
MA]).22

Colloidal osmolality is another factor that varies in
artificial tear formulations. While crystalloid osmolarity
is related to the presence of ions, colloidal osmolality is
dependent largely on macromolecule content. Colloidal
osmolarity, also known as oncotic pressure,is involved in the
control ofwater transport in tissues. Differences in colloidal
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osmolality affect the net water flow across membranes, and
water flow is eliminated by applying hydrostatic pressure
to the downside of the water flow. The magnitude of this
osmotic pressure is determined by asmolality differences
on the two sides of the membrane. Epithelial cells swell
due to damage to their cellular membranes or due to a
dysfunction in the pumping mechanisrn. Following the
addition of a fluid with a high colloidal osmolality to the
damaged cell surface, deturgescence occurs, leading to a
return of normal cell physiology. Theoretically, an artificial
tear formulation with a high colloidal osmolality may be of
value. Holly and Esquivel evaluated many different artificial
tear forrwulations and showed that Hypotears® (Novartis
Ophthalmics, East Hanover, ND had the highest colloidal
osmolality ofail of the formulations tested.*> Formulations
with higher colloidal osmolality have since been marketed
(Dwelle® [Dry Eye Company, Silverdale, WAI).

Protection against the adverse effects of increased os-
molarity (osmoprotection) has led to development of OTC
drops incorporating compatible solutes (such as glycerin,
erythritol, and levocarnitine (Optive® [Allergan Inc., Irvine,
CAD. It is thoughtthat the cormpatible solutes distribute be-
tween the tears and the intracellular fluids to protect against
potential cellular damage from hyperosmolar tears.34

3. Viscosity Agents
The stability of the tear film depends on the chemical-

physieal characteristics of that film interacting with the
conjunctival and corneal epithelium via the membrane-
spanning nrucins (ie, MUC-16 and MUC-4). In the classical
three-layered tear flm model, the mucin layer is usually
thought of as a surfactant or wetting agent, acting to lower
the surface tension of the relatively hydrophobic ocular
surface, rendering the corneal and conjunctival cells “wet-
table.”"? Currently, the tearfilmis probably best described
as a hydrated, mucin gel whose mucin concentration
decreases with distance from the epithelial cell surface. It
may have a protective role sirnilar to that of mucin in the
stomach.” lt may also serve as a “sink” or storage vehicle
for substances secreted by the main and accessory lacrimal
glands and the ocular surface cells. This may explain why
most of the available water-containing lubricants are only
minimally effective in restoring the normal homeostasis
of the ocular surface. In addition to washing away and
dilating outirritating or toxic substances in the tear film,
artificial lubricants hydrate gel-forming mucin. While some
patients with dry eye have decreased aqueouslacrimalgland
secretion, alterations or deficiencies involving mucin also
cause dry eye.

Macromolecular complexes added to artificial lubricants
act as viscosity agers. The addition of a viscosity agentin-
creases residence time, providing a longerinterval ofpatient
comfort. For example, when a viscous, anionic charged
carboxymethyl-cellulose (CMC, 100,000 mw) solution was
compared with a neutral hydroxymethylcellulose (HPMC)
sohition, CMC was shown to havea significantly slowerrate
of clearance from the eye.** Viscous agents in active drug
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formulations may alse prolong ocular surface contact, in-
creasing the duration of action and penetration of the drug.

Viscous agents may also protect the ocular surface
epithelium, It is known that rose bengal stains abnormal
comeal and conjunctival epithelial cells expressing an al-
tered mucin glycocalyx.*’ Agents such as hydroxymethycel-
lulose (HMC), which decrease rose bengal staining in dry
eye subjects,may either “coat and protect” the surface
epithelium or help restore the protective effect of raucins.

In the US, carboxymethyl cellulose is the most com-
monly used polymeric viscosity agent (RI Market Share
Data, Chicago, 11), typically in concentrations from 0.25%
to 1%, with differences in molecular weight also contrib-
uting to final product viscosity. Carboxymethy! cellulose
has been found to bind to and be retained by human epi-
thelial celis.°° Other viscosity agents included in the FDA
monograph (in various concentrations) include polyvinyl
alcohol, polyethylene glycal, glycol 400, propylene glycol
hydroxymethyl cellulose and hydroxypropyl cellulose.

The blurring ofvision and esthetic disadvantages of cak-
ing and drying on eyelashes are drawbacks ofhighly viscous
agents that patients with mild to moderate dry eye will
not tolerate. Lower molecular-weight viscous agents help
to minimize these problems. Because patient compliance,
comfort, and convenience are important considerations, a
range of tear substitute formulations withvarying viscosi-
ties are needed.

Hvdroxypropyl-guar CAP-guar) has been used as a gel-
ling agent in a solution containing glycol 400 and propyl-
ene glycol (Systane®, Alcon, Fort Worth, TX). It has been
suggested that HP-guar preferentially binds to the more
hydrophobic, desiccated or damaged areas of the surface
epithelial cells, providing temporary protection for these
cells4-4! Several coramercial preparations containing oil in
the form of castor oil (Endura™ [Allergan Inc., Irvine, CAD
or mineral oil (Soothe® [Bausch & Lornb, Rochester, NYD
are purported to aid in restoring or increasing the lipid layer
of the tear film.*.*3 Hyaluronic acid is a viscosity agent that
has been investigated for years as an “active” compound
added to tear substitute formulations for the treatment of

dry eye. Hyaluronic acid (0.2%) has significantly longer
ocular surface residence tirnes than 0.3 percent HPMC
or 1.4 percent polyvinyl alcohol.* Some clinical studies
reported improvement in “8 dry eye in patients treated
with sodium byaluronate-containing solutions compared
to other lubricant sohitions, whereas others did not.‘
Although lubricant preparations containing sadium hyal-
uronate have not been approved for use in the US, they are
frequently used in some countries.

& Stm«,ary
Although manytopical lubricants, with various viscos-

ity agents, may improve symptoms and objective findings,
there is no evidence that any agent is superior to another.
Mostclinical trials involving topical lubricant preparations
will document some improvement (but not resolution) of
subjective symptoms and improvement in some objective
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parameters.* However, the improvements noted are not
necessarily any better than these seen with the vehicle or
other nonpreserved artificial lubricants. The elimination
of preservatives and the development of newer, less toxic
preservatives have made ocular lubricants better tolerated
by dry eye patients. However, ocular lubricants, which
have been shown to provide some protection of the ocular
surface epithelium and some improvement in patient symp-
toms and objective findings, have not been demonstrated
in controlled clinical trials to be sufficient to resolve the

ocular surface disorder and inflammation seen in most dry
eye sufferers.

8. Tear Retention

1. Ponctal Occlusion
a. Rationale

While the concept of permanently occluding the lacri-
mal puncta with cautery to treat dry eye extends back 70
years,*® and, although the first dissolvable implants were
used 45 years ago,the modern era of punctal plug use
began in 1975 with the report by Freernan.?! Freeman de-
scribed the use of a dumbbell-shapedsilicone plug, which
rests onthe opening of the punctum and extends into the
canaliculus. His report established a concept ofpunctal oc-
clusion, which opened the field for developmentofa variety
of removable, long-lasting plugs to retard tear clearance
in an attempt to treat the ocular surface of patients with
deficient aqueous tear production. The Freeman style plug
remains the prototype for most styles of punctal plugs.

Bb. Types
Punctal plugs are divided into two main types: absorb-

able and nonabsorbable. The former are made ofcollagen
or polymers and last for variable periods of time (3 days
to 6 months). Thelatter nonabsorbable “permanent” plugs
include the Freemanstyle, which consists of a surface collar
resting on the punctal opening, a neck, and a wider base, In
contrast, the Herrick plug (Lacrimedics [Eastsound,WA}
is shaped like a golf tee and is designed to reside within
the canalicuhus. It is bhue for visualization; other variations
are radiopaque. A newly designed cylindrical Smartplug™
(Medennium Inc [Irvine, CA]) expands and increases in
diameter in situ following insertion into the canaliculus
due to thermodynamic properties of its hydrophilic acrylic
composition.

c, Clinical Studies

A variety of clinical studies evaluating the efficacy of
punctal plugs have been reported.**>* These series generally
fall into Level Il evidence. Their use has been associated

with objective and subjective improvement in patients
with both Sjogren and non-Sjogren aqueous tear deficient
dry eye, Hlamentary keratitis, contact lens intolerance,
Stevens-Johnson. disease, severe trachoma, neurotrophic
keratopathy, post-penetrating keratoplasty, diabetic kera-
topathy, and post-photorefractive keratectomy or laser in
situ keratomileusis. Several studies have been performed
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0348



DEWS MANAGEMENT AND THERAPY

to evaluate the effects of punctal plugs on the efficacy of
glaucoma medications in reducing intraocular pressure,
and these studies have reported conflicting results.°78
Beneficial outcomein dry eye symptoms has beenreported
in 74-86% of patients treated with punctal phigs. Objective
indices of improvement reported with the use of punctal
plugs include improved corneal staining, prolonged tear
film breakup time (IFBUT), decrease in tear osmolarity,
and increase in goblet cell density. Overall, the clinical util
ity of punctal plugs in the management of dry eyedisease
has been well documented.

a. Indications and Contraindications

In a recent review on punctal plugs, it was reported
that in a major eye clinic, punctal plugs are considered
indicated in patients who are symptomatic of dry eyes,
have a Schirmer test (with anesthesia) result less than 5
mm at 5 minutes, and show evidence of ocular surface
dye staining.>®

Contraindications to the use of punctal plugs include
allergy to the materials used in the plugs te be implanted,
punctal ectropion, and pre-existing nasolacrimal duct ob-
struction, which would, presumably, negate the need for
punctal occlusion. It has been suggested that plugs may
be contraindicated in dry eye patients with clinical ocular
surface inflammation, because occhision of tear outflow
would prolong contact of the abnormal tears contain-
ing proinflammatory cytokines with the ocular surface.
Treatment of the ocular surface inflammation prior to
plug insertion has been recommended. Acute or chronic
infection of the lacrimal canaliculus or lacrimal sac is also

a contraindication to use of a plug.

&. Complications
The most common complication of punctal plugs is

spontaneous plug extrusion, which is particularly common
with the Freeman-style plugs. Over time, an extrusion rate
of 50% has been reported, but many of these extrusions
took place alter extensive periods of phig residence. Most
extrusions are of small consequence, except for incon-
venience and expense. More troublesome complications
inchide internal migration ofa phig, biohim formation and
infection,” and pyogenic granuloma formation. Removalof
migrated canalicular plugs can be dificult and may requite
surgery to the nasolacrimal duct system.®°4!

f Summary
The extensive literature on the use of punctal plugs in

the management of dry eye disease has documented their
utility. Several recent reports, however, have suggested
that absorption of tears by the nasolacrimal ducts into sur-
rounding tissues and blood vessels may provide a feedbac
mechanism to the lacrimal gland regulating tear produc-
tion.In one study, placementofpunctal phigs in patients
with normal tear production causeda significant decrease
in tear productionfor up to 2 weeks after plug insertion.©
This cautionary note should be considered when deciding

whether to incorporate punctal occlusion into a dry eye
disease management plan.

2. Moisture Chamber Spectacles
The wearing of moisture-conserving spectacles has for

many years been advocated to alleviate ocular discomfort
associated with dry eye. However, the level of evidence sup-
porting its efhicacy for dry eye treatment has been relatively
limited. Tsubota et al, using a sensitive moisture sensor,
reported an increase in periocular humidity in subjects
wearing such spectacles.“ Addition of side panels to the
spectacles was shown to further increase the humidity
The clinical efficacy of moisture chamber spectacles has
been reported in case reports.“Kurihashi propased a
related treatment for dry eye patients, in the form of a wet
gauze eye mask. Conversely, Nichols et al recently report-
ed in their epidemiologic enidy that spectacle wearers were
twice as likely as emmetropes to report dry eye disease.
The reason for this observation was not explained.

There have been several reports with relatively high
level of evidence describing the relationship between
environmental humidity and dry eve. Korb et al reported
that increases in periocular humidity caused a significant
increase in thickness of the tear film lipid layer. Dry eye
subjects wearing spectacles showed significantly longer
interblink intervals than those who did not wear spectacles,
and duration of blink (blinking time) was significantly
longerin the latter subjects.” Instillation of artificial tears
caused a significant increase in the interblink interval and
a decrease inthe blink rate. Maruyama et al reported that
dry eye symptoms worsened in soft contact lens wearers
when environmental humidity decreased.

3. Contact Lenses

Contact lenses may help to protect and hydrate the
corneal surface in severe dry eye conditions. Several differ-
ent contact lens materials and designs have been evaluated,
includingsilicone rubberlenses and gas permeable scleral-
bearing hard contact lenses with or without fenestration.7-77
imaproved visual acuity and comfort, decreased corneal
epitheliopathy, and healiag of persistent corneal epithelial
defects have been reported.2-" Highly oxygen-permeable
materials enable overnight wear in appropriate circum-
stances.’? There is a small risk of corneal vascularization

and possible corneal infection associated with the use of
contact lenses by dry eye patients.

©. Tear Stimulation: Secretogeguas
Several potential topical pharmacologic agents may

stimulate aqueous secretion, mucous secretion, or both.
The agents currently under investigation by pharmaceuti-
cal companies are diquafosol (one of the P2Y2 receptor
agonists}, rebamipide, gefarnate, ecabet sodium Gnucous
secretion stimulants}, and 15(S)-HETE (MUC1stirnulant).
Among thera, a diquafosol eye drop has been favorably
evaluated in clinicaltrials. 2% diquafosol (INS365, DE-O89
[Santen, Osaka, Japan|; Inspire (Durham, NC] provedto
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be effective in the treatment of dry eye in a randomized,
double-masked trial in humans to reduce ocular surface

staining,’® A similar study demonstrated the ocularsafety
and tolerability of diquafosol in a double-masked, placebo-
controlled, randomized study’? This agent is capable of
stimulating both aqueous and mucous secretion in animals
and bumans.®°*3 Beneficial effects on corneal epithelial
barrier function, as well as increased tear secretion, has
been demonstrated in the rat dry eye madel.™ Diquafosal
also has been shown to stimulate mucinrelease from goblet
cells in a rabbit dry eye model55.86

Theeffects of rebamipide (OPC-12759 [Otsuka, Rock-
ville, MD]; Novartis [Basel, Switzerland]) have been evalu-
ated in human clinicaltrials. In animal studies, rebamipide
increased the mucin-like substances on the ocular surface

of N-acetyleysteine-treated rabbit eyes.?” It also had hy-
droxyl radical scavenging effects on UVE-induced corneal
damage in mice.®

Ecabet sodium (Senju [Osaka, Japan]; ISTA [Irvine,
CA]) is being evaluated in clinical trials internationally,
but only limited results have yet been published. A single
instillation of ecabet sodium ophthalmic solution elicited
a statistically significant increase in tear mucin in dry eye
patients.2° Gefarnate (Santen [Osaka, Japan}) has been
evaluated in animal studies. Gelarnate promoted mucin
productionafter conjunctival injury in monkeys.** Gefar-
nate increased PAS-positive cell density in rabbit conjunc-
tiva and stimulated raucin-like glycoprotein stimulation
frorn rat cultured comealepithelium.94%? An in vivo rabbit
experiment showed a similar result.

The agent 15(S)-HETE, a unique molecule, can
stimulate MUC] mucin expression on ocular surface
epithelium.15(S)-HETEprotected the cornea in a rabbit
model of desiccation-induced injury, probably because af
mucin secretion.it has been shown to have beneficial

effects on secretion of mucin-like glycoprotein by the rab-
bit corneal epithelium.*” Otherlaboratory studies confirm
the stimulatory effect of 15(S)}-HETE.%*!°! Some of these
agents may become useful clinical therapeutic modalities
in the near future.

Two orally administered cholinergic agonists, pilocar-
pine and cevilemine, have been evaluated in clinical trials
for treatment of Sjogren syndrome associated keratocon-
junctivitis sicca (KCS). Patients who were treated with pi-
locarpine at a dose of 5 mg QUID experienced a significantly
greater overall improvement than placebo-treated patients
in “ocular problems”in their ability to focus their eyes dur-
ing reading, and in symptoms of blurred vision compared
with placebo-treated patients.°? The most commonly
reported side effect from this medication was excessive
sweating, which cecurred in over 40% of patients. Two
percent of the patients taking pilocarpine withdrew from
the study because of drug-related side effects. Other stud-
ies have reported efficacy of pilocarpine for ocular signs
and symptoms of Sjogren syndrome KCS,!°33 including
an increase in conjunctival goblet cell density after 1 and
2 months of therapy!
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Cevilemine is another oral cholinergic agonist that
was found to significantly improve symptoms of dryness
and aqueous tear production and ocular surface disease
compared to placebo when taken in doses of 15 or 30 mg
TID. 107.108 This agent may have fewer adverse systemic side
effects than oral pilocarpine.

D. Sleiegical Tear Substitutes
Naturally occurring biological, ie, nonpharmaceutical

fluids, can be used to substitute for natural tears. The use
of serum or saliva for this purpose has been reported in
humans. They are usually unpreserved. When of autologous
origin, they lack antigenicity and contain various epithe-
Hotrophic factors, such as growth factors, neurotrophins,
vitamins, immunaglobulins, and extracellular matrix
proteins involved in ocular surface maintenance. Biologi-
cal tear substitutes maintain the morphology and support
the proliferation of primary hurnan corneal epithelial cells
better than pharmaceutical tear substitutes.’ However,
despite biomechanical and biochemical similarities, rel
evant compositional differences compared with normal
tears exist and are of clinical relevance.!° Additional

practical problems concern sterility and stability, and a
labor-intensive production process or a surgical procedure
(saliva) is required to provide the natural tear substitute to
the ocular surface.

k. Serum

Serumis the thrid component of full blood that remains
after clotting. Its topical use for ocular surface disease was
much stirnulated by Tsubota’s prolific work in the late
1990s! The practicalities and published evidence of
autologous serum application were recently reviewed}?
The use of blood and its components as a pharmaceuti-
cal preparation in many countries is restricted by specific
national laws. To produce serum eye drops and to use
them for outpatients, a license by an appropriate national
body may be required in certain countries. The protocol
used for the production of serum eye drops determines
their composition and efficacy. An optimized protocol for
the production was recently published.+ Concentrations
between 20% and 100% of serum have been used. The

efficacy seems to be dose-dependent.
Because of significant variations in patient populations,

production and storage regimens, andtreatrnent protocols,
the efficacy of serum eye drops in dry eyes has varied sub-
stantially between studies.'! Three published prospective
randomized studies with similar patient populations (pre-
dominantly immune disease associated dry eye,ie, Sjogren
syndrome) are available. When comparing 20% serumwith
¢.9% saline applied6 times per day, Tananuvatet al found
only a trend toward improvement of symptoms and signs
of dry eyes,whereas Kojima et al reported significant
improvement of symptom scores, fluorescein-breakup time
(FBUT), and fluorescein and rose bengal staining.15

A prospective clinical cross-over trial compared 50%
serum eyedrops against the commercial lubricant previously
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used by each patient. Symptoras improved in 16 out 16
patients, and impression cytological findings improved in
12 out of 25 eyes.Noda-Tsuruya and colleagues found
that 20% autologous serum significantly improved TFBUT
and decreased conjunctival rose bengal and cornea fluo-
rescein staining 1-3 months postoperatively, compared to
treatment with artificial tears, which did nat change these
parameters.” Additional reports of successful treatment
of persistent epithelial defects—where success is more
clearly defined as “healing of the defect”-~with autologous
serum substantiate the impression that this is a valuable
therapeutic option for ocular surface disease.!'8

2. Salivary Gland Autotransplantation
Salivary submandibulargland transplantation is capable

of replacing deficient mucin and the aqueous tear film
phase. This procedure requires collaboration between an
ophthalmologist and a maxillofacial surgeon. With appro-
priate microvascular anastomosis, 80% of grafts survive.
In patients with absolute aqueous tear deficiency, viable
submandibular gland grafts, in the long-term, provide
significant improvement of Schirmer test FBUT, and rose
bengalstaining, as well as reduction of discomfort and the
need for pharmaceuticaltear substitutes. Due to the hypo-
osmolarity of saliva, compared to tears, excessive salivary
tearing can induce a microcystic corneal edema, whichis
temporary, but can lead to epithelial defects.!!° Hence, this
operation is indicated only in end-stage dry eye disease with
an absolute aqueous tear deficiency Schirmer-test wetting
of 1 mmorless), a confunctivalized surlace epithelium, and
persistent severe pain despite punctal occhision and atleast
hourly application of unpreserved tear substitutes. For this
group of patients, such surgery is capable of substantially
reducing discomfort, but often has no effect on vision219.128

=. Anthnflammatory Therapy
Disease or dystunction of the tear secretory glands leads

to changes in tear composition, such as hyperosmolarity,
that stimulate the production of inflarnmatory mediators on
the ocular surface?!47! Inflaramation may, in turn, cause
dysfunction or disappearance of cells responsible for tear
secretion or retention.!** Inflammation can also be initiated

by chronic ixritative stress (eg, contact lenses) and systemic
inflammatory/autoimmunedisease (eg, rheurnatoid arthri-
tis). Regardless of the initiating cause, a vicious circle of
inflammation can develop on the ccular surface in dry eye
that leads tc ocular surface disease. Based on the concept
that inflarnmation is a key componentof the pathogenesis
of dry eye, the efficacy of a number of anti-inflarmmatory
agents for treatment of dry eye disease has been evaluated
in clinical trials and animal models.

kL. Cyclosporine
The potential of cyclosporine-A (CsA)for treating dry

eye disease was initially recognized in dogs that develop
spontaneous KCS.'3 The therapeutic efficacy of CsA for
human KCS was then documented in several small, single-

center, randomized, double-masked clinical trials.124225
CsA emulsion for treatment of KCS was subsequently
evaluated in several large multicenter, randomized, double-
masked clinical trials.

In a Phase 2 clinical trial, four concentrations of CsA
(0.05%, 0.1%, 0.2%, or 0.4%) administered twice daily
to both eyes of 129 patients for 12 weeks was compared
to vehicle treatment of 33 patients.’*6 CsA was found to
significantly decrease conjunctival rose bengal staining,
superficial punctate keratitis, and ocular irritation symp-
toms (sandy or gritty feeling, dryness, and itching) in a
subsetof 96 patients with moderate-to-severe KCS. There
was no clear dose response; CsA 0.1% produced the most
consistent improvement in objective endpoints, whereas
CsA 6.05% gave the most consistent improvement in pa-
tient symptoms (Level D.

Two independent Phase 3 clinical trials compared
twice-daily treatment with 0.05% or 6.1% CsA or vehicle
in 877 patients with moderate-to-severe dry eye disease 2?
When theresults of the two Phase 3 trials were cormbined

for statistical analysis, patients treated with CsA, 0.05% or
0.1%, showed significantly (P < 0.05) greater improvement
in two objective signs of dry eve disease (comealfluorescein
staining and anesthetized Schirmertest values) conypared to
those treated with vehicle. An increased Schirmer test score

was observed in 59% of patients treated with CsA, with
15% of patients having an increase of 10 mmor more. In
contrast, only 4% of vehicle-treated patients had this mag-
nitude of change in their Schirmertest scores (P < 0.0001).

CsA 0.05% treatmentalso produced significantly greater
improvements (P < 0.05) in three subjective measures of dry
eye disease (blurred vision symptoms, need for concornitant
artificial tears, and the global response to treatment). No
dose-response effect was noted. Both doses of CSA exhib-
ited an excellent safety profile with no significant systemic
or ocular adverse events, except for transient burning
symptoms alter instillation in 17% of patients. Burning was
reported in 7% ofpatients receiving the vehicle. No CsA was
detected in the blood of patients created with topical CsA
for 12 months. Clinical improvement from CsA that was
observed in these trials was accompanied by improvement
in other disease parameters. Treated eyes had an approxi-
mately 200% increase in conjunctival goblet cell density.}28
Furthermore, there was decreased expression. of irmmune
activation markers (ie, HLA-DR), apoptosis markers (Ge,
Fas), and the inflammatory cytokine IL-6 by the conjunc-
tival epithelial cells.'92°The numbers of CD3-, CD4-, and
CD8-positive T lymphocytes in the conjunctiva decreased
in cyclosporine-treated eyes, whereas vehicle-treated eyes
showed an increased number of cells expressing these
markers./5! After treatment with 0.05% cyclosporine, there
was a significant decrease in the numberofcelle expressing
the lymphocyte activation markers CD] 1a and HLA-DR,
indicating less activation of lymphocytes corapared with
vehicle-treated eyes.

_ fwo additional immunophilins, pimecrolimus and ta-
crolimus, have been evaluated in clinical trials of KCS.
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2. Corticosteroids

a. Clinical Studies

Corticosteroids are aneffective anti-inflammatory
therapy in dry eye disease. Level 1 evidence is published
for a mumberof corticosteroid forraulations. In a 4-week,
double-raasked, randomized study in 64 patients with
KCS and delayed tear clearance, loteprednol etabonate
0.5% ophthalmic suspension (Lotemax [Bausch and Lomb,
Rochester,NY), q.i.d., was foundto be moreeffective than
its vehicle in impraving some signs and symptoms. !*4

In a 4-week, open-label, randomized study in 32 pa-
tients with ECS, patients receiving fuorometholone plus
attificial tear substitutes (ATS) experienced lower symptom
severity scores and lower fluorescein and rose bengal stain-
ing than patients receiving either ATS alone or ATS phus
flurbiprofen. ©?

A prospective, randornized clinical trial cornpared the
severity of ocular irritation symptorns and corneal flucres-
cein staining in two groups of patients, one treated with
topical nonpreserved methylprednisolone for 2 weeks,
followed by punctal occlusion (Group 1), with a group
that received punctal occlusion alone (Group 2).54 After 2
ronths, 80% of patients in Group 1] and 33% of patients in
Group 2 had completerelief of ocularirritation symptoms.
Cornealfluorescein staining was negative in 80% of eyes in
Group | and 60% ofeyes in Group2 after 2 months. No
steroid-related complications were observed in this study.

LevelIl] evidenceis also available to support the efficacy
of corticosteroids. in an open-label, non-camparativetrial,
extemporaneously forrmiated nonpreserved methylpred-
nisolone 1% ophthalmic suspension was foundto beclini-
cally effective in 21 patients with Sjogren syndrome KCS$.55
in a review, it was stated that *...clinical improvernent of
KCS has been observed alter therapy withanti-inflamma-
tory agents, including corticosteroids.”6

In the US Federal Regulations, ocular corticosteroids
receiving “class labeling” are indicated for the treatment
* of steroid responsive inflammatory conditions of the
palpebral and bulbar conjunctiva, cornea and anterior
segment of the globe suchas allergic conjunctivitis, acne
rosacea, superficial punctate keratitis, herpes zoster kerati-
tis, iritis, cyclitis, selected infective conjunctivitides, when
the inherent hazard of steroid use is accepted to obtain an
advisable diminution in edema and inflammation.” We in-

terpret that KCSis inchaded in thislist ofsteroid-responsive
inflammatory conditions, }77-140

b. Basic Research

Corticosteroids are the standard anti-inflammatory
agent for mimerous basic research studies of inflarnma-
tion, including the types that are involved in KCS. The
corticosteroid methylprednisolone was noted to preserve
comeal epithelial srmoathness and barrier function in an
experimental murine model of dry eye.4! This was at-
tributed to its ability to maintain the integrity of corneal
epithelial tight junctions and decrease desquamation of
apical corneal epithelial cells.'* A concurrent study showed

that methylorednisione prevented an increase in MMP-9
protein in the corneal epithelium, as well as gelatinase
activity in the corneal epithelium andtears in response to
experimental dry eye.!4#

Preparations of topically applied androgen and es-
trogen steroid hormones are currently being evaluated
in randomized clinical trials. A trial of topically applied
0.03% testosterone was reported to increase the percent-
age of patients that had meibornian gland secretions with
normal viscosity and to relieve discomfort syraptoms after
6 months of treatment compared to vehicle? TFBUT and
lipid layer thickness were observed to increase in a patient
with KCS who was treated with topical androgen for 3
months,4Jear production and ocularirritation syrmptoms
were reported to increase following treatment with topical
17 beta-oestradiol solution for 4 months.'*9

3. Tetracyclines
a. Properties of Tetracyclines and Their Derivatives
1) Antibacterial Properties

The antimicrobial effect of oral tetracycline treatment
analogues (ez, minocycline, doaycline) has previously been
discussed by Shine et al,’ Dougherty et al,!*’ and Ta et
al. 4 I: is hypothesized that a decrease in bacterial flora pro-
ducing lipolytic exoenzymes!*!* and inhibition oflipase
production!’ with resultant decrease in meibomianlipid
breakdown products! may contribute to improvementin
clinical parameters in dry eye-associated diseases.

2) Anti-Inflammatory Properties
The tetracyclines have anti-inflammatory as well as

antibacterial properties that may make them useful for
the raanagement of chronic inflarnmatory diseases. These
agents decrease the activity of collagenase, phospholipase
A2, and several matrix metalloproteinases, and they de-
crease the production of interleukin (IL)-1 and tumor
necrosis factor CTNF)-alpha in a wide range of tissues,
including the corneal epithelium.'491"! At high concentra-
tions, tetracyclines inhibit staphylococcal exotoxin-induced
cytokines and chemokines, 152.153

3) Anti-angiogenic Properties
Angiogenesis, the formation of new blood vessels, oc-

curs in many diseases. These include benign conditions (eg,
rosacea) and malignant processes (eg, cancer). Minocycline
and doxycycline inhibit angiogenesis induced by implanted
tumors in rabbit cormea.t°* The anti-angiogenic effect of
tetracycline may have therapeutic implications ininflamma-
tory processes accompanied by new blood vessel formation.
Well-controlled studies must be performed, at both the
laboratoryand clinicallevels, to investigate this potential."

b. Clinical Applications of Tetracycline
1) Acne Rosacea

Rosacea, including its ocular manifestations, is an in-
flammatory disorder, occurring mainly inadults, with peak
severity in the third and fourth decades. Current recom-
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tnendations are to treat rosacea with long-term doxycycline,
minocycline, tetracycline, or erythromycin.1% These recom-
mendations may be tempered by certain recent reports that
in women,therisk of developing breast cancer and ofbreast
cancer morbidity increases curnulatively with duration of
antibiotic use, inchucling tetracyclines. 575% Another large
study did not substantiate these findings '°?

Tetracyclines and their analogues are effective in the
treatment of ocular rosacea,!%!6) for which a single daily
dose of doxycycline may be effective.’In addition to the
anti-inflammatory effects of tetracyclines, their ability to
inhibit angiogenesis may contribute to their effectiveness in
rosacea-related disorders. Factors that promote angiogen-
esis include protease-triggeredrelease of angiogenic factors
stored in the extracellular matrix, inactivation of endothelial
growth factor inhibitors, and release of angiogenic factors
from activated macrophages.1746

Tetracyclines are also known to inhibit matrix metal-
loproteinase expression, suggesting 2 rationale for their use
in ocular rosacea.!©* Although tetracyclines have been used
for managementof this disease, no randomized, placebo-
controlled, clinical trials have been performed to assess
their efficacy)?

2} Chronic Posterior Blepharitis: Meiboméianitis,
Meibomian Gland Dysfunction
Chronic blepharitis is typically characterized by inflam-

raation of the eyelids. There are multiple forms of chronic
blepharitis, including staphylococcal, seborrheic (alone,
mixed seborrheic/staphylococcal, seborrheic with meibo-
mian seborrhea, seborrheic with secondary meibomitis),
primary meibomitis, and others, like atopic, psoriatic, and
fungal infections.'©? Meibomian gland dysfunction (MGD)
has been associated with apparent aqueous-deficient dry
eye. Use oftetracycline in patients with meibornianitis has
been shown to decrease lipase production by tetracycline-
sensitive as well as resistant strains of staphylococci. This
decrease in lipase production was associated with clinical
improvement.’ Similarly, minocycline has been shown to
decrease the production of diglycerides andfree fatty acids in
meibomian secretions. This may be due to lipase inhibition
by the antibiotic or a direct elect on the ocular floraOne
randomized, controlled clinicaltrial oftetracycline in ocular
rosacea compared syrnptom improvement in 24 patients
treatedwith eithertetracycline or doxycycline.All but one
patient reported an improvementin syraptoms alter 6 weeks
of therapy. No placebo group wasincludedin this tial.

A prospective, randomized, double-blind, placebo-
controlled, partial crossover trial compared the effect of
oxyteuacycline to provide symptomatic relief ofblepharitis
with or without rosacea. Only 25% of the patients with
blepharitis without rosacea responded to the antibiotic,
whereas 50% responded when both diseases were pres-
ent.!67 In anothertrial of 10 patients with both acne rosa-
cea and concomitant meibomianitis, acne rosacea without
concomitant ocular involvement, or seborrheic blepharitis,
minocycline 50 mg daily for 2 weeksfollowed by 100 mg

72

daily for a total of 3 months significantly decreased bacte-
vial flora (P = 0.0013), Clinical improvement was seen in
all patients with meibomianitis ‘+

Because of the improvement observed in small clinical
trials of patients with meibomianitis, the American Acad-
emy of Ophthalmology recommends the chronic use of
either doxycycline or tetracycline for the management of
meibomianitis.© Larger randomized placebo-controlled
trials assessing symptom improvement rather than surro-
gate markers are neededto clarify the role of this antibiotic
in blepharitis treatrment.'°? Tetracycline derivatives (eg,
minocycline, doxycycline) have been recommended as
treatment options for chronic blepharitis because of their
highconcentration in tissues, low renal clearance, long hali-
life, high level ofbinding to serum proteins, and decreased
risk of photosensitization1

Several studies have described the beneficial effects of

minocycline and other tetracycline derivatives (eg, doxy-
cycline) in the treatment of chronic blepharitis, 46.147,196.169
Studies have shown significant changes in the aqueoustear
parameters, such as tear volume and tear flow, following
ireatraent with tetracycline derivatives (eg, minocycline).
One study aiso demonstrated a decrease in aqueous tear pro-
duction that occurred along with clinical irnaprovernent.!7

A recently published randomized, prospective study
by Yoo Se et al compared different doxycycline doses in
150 patients (300 eyes) who had chronic meibomian gland
dysfunction and who did not respondto lid hygiene and
topical therapy for more than 2 months.!”All topical
therapy was stopped for at least 2 weeks prior to begin-
ning the study. After determining the TFBUT and Schirmer
test scores, patients were divided into three groups: a high
dose group (doxycycline, 200 mg, twice a day), a low dose
group (doxycycline, 20 mg, twice a day) and a control group
(placebo). After one month, TFBUT, Schirrner scores, and
symptorns improved. Both the high- and low-dose groups
hadstatistically significant improvement in TFBUTafter
treatment. This implies that low-dase doxycycline (20
mg twice a day) therapy may be effective in patients with
chronic meibomian gland dysfunction.

3) Dosage and Safety
Systemic administration of tetracyclines is widely recog-

nized for the ability to suppress inflammation and improve
symptoms of meibomianitis.\’473 The optimal dosing
schedule has not been established; however, a variety of
dose regimens have been proposed inciuding 50 or 100 mg
doxycycline once a day,” or an initial dose of 50 mg a day
for the first 2 weeks followed by 100 mg a day for a period
of 2.5 months, in an intermittent fashion. 46-4470 Others
have proposed use of a low dose of doxycycline (20 mg)
fortreatment of chronic blepharitis on a long-term basis.!71
Thesafety issues associated with long-term oral tetracycline
therapy, including minocycline, are well known. Many
managernent approaches have been suggesied for the use of
tetracycline andits derivatives; however, a safe but adequate
option in management needs ta be considered because of
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the new information regarding the potentially hazardous
effects of prolonged use oforal antibiotics. A recent study
suggested that a 3-monthcourse of 100 mg of minocycline
might be sufficient to bring significant meibomianitis under
control, as continued control was maintained for at least 3
months after cessation of therapy?”°

In an experimental murine modelofdry eye, topically
applied doxycycline was foundto preserve corneal epithe-
Hal smoothness and barrier function‘! It also preserved
the integrityof corneal epithelial tight junctions in dryeyes,
leading to a marked decrease in apical corneal epithelial cell
desquamation.'*? This corresponded to a decrease in MMP-
9 protein in the corneal epithelium and reduced gelatinase
activity in the corneal epithelium and tears.!4!

F Essential Fatty Acids
Essential fatty acids are necessary for complete health.

They cannot be synthesized by vertebrates and must be
obtained from dietary sources. Among the essential fatty
acids are 18 carbon omega-6 and ormega-3 fatty acids. In
the typical western diet, 20-25 times more omega-6 than
omega-3 fatty acids are consumed. Omega-6 fatty acids are
precursors for arachidonic acid and certain proinflarmma-
tory lipid mediators (PGE2 and LTB4). In contrast, certain
ornega-3 fatty acids (eg, EPA found in fish oil} inhibix the
synthesis of these lipid mediators and block production of
IL-1] and TNF-alpha.t75476

A beneficialclinical effect of fish oil omega-3 fatty ac-
ids on rheumatoid arthritis has been observed in several

double-rnasked, placebo-controlled clinical trials.177178 In a
prospective, placebo-controlled clinical trial of the essential
fatty acids,linoleic acid and gammma-linolenic acid adminis-
tered orally twice daily produced significant improvement
in ocularirritation symptoms and ocular surface Hssamine
green staining.‘7? Decreased conjunctival HLA-DRstaining
also was observed.

&. Environmental Strategies
Factors that may decrease tear production or increase

tear evaporation, such as the use of systemic anticholiner-
gic medications (eg, antihistamines and antidepressants)
and desiccating environmental stresses (eg, low bumid-
ity and air conditioning drafts) should be minimized
or eliminated }8°18? Video display terminals should be
lowered below eye level to decrease the interpalpebral
aperture, and patients should be encouraged to take pe-
riodic breaks with eye closure when reading or working
on a computer.A humidified environment is recom-
mended to reduce tear evaporation. This is particularly
benehcial in dry climates and high altitudes. Nocturnal
lagophthalmos can be treated by wearing swim goggies,
taping the eyelid closed, or tarsorrhapy.

fY. TREATMENT RECOMMENDATIONS

In addition to material presented above, the subcom-
mittee members reviewed the Dry Eye Preferred Practice
Patterns of the American Academy of Ophthalmology and
the International Task Force (IEF) Delphi Panel on dry
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eye treatment prior to formulating their treatment guide-
lines. 184.189 The group favored the approach taken by the
ITE which based treatment recommendations on disease
severity. A modification of the ITF severity grading scheme
that contains 4 levels of disease severity based on signs and
symptoms was formulated (Table 2). The subcommittee
merabers chose treatments for each severity level from a
menu of therapies for which evidence of therapeutic effect
has been presented (Table 3). The treatment recommenda-
tions by severity level are presented in Table 4. It should
be noted that these recommendations may be modified
by practitioners based on individual patient profiles and
clinical experience. The therapeutic recommendations for
level 4 severity disease include surgical modalities to treat
or prevent sight-threatening corneal complications. Discus-
sion of these therapies is beyond the scope ofthis report.

¥. UNANSWERED QUESTIONS AND FUTURE
DIRECTIONS

There have been tremendous advances in the treat-

ment of dry eye andocular surface disease in the last two
decades, including FDA approval of cyclosporin emulsion
as the first therapeutic agent for treatment of KCS in the
United States. There has been a commensurate increase in

knowledge regarding the pathophysiology of dry eye. This
has led to a paradigm shilt in dry eye management from
simply lubricating and hydrating the ocular surface with
artificial tears to strategies that stimulate natural produc-
tion of tear constituents, maintain ocular surface epithelial
health and barrier function, and inhibit the inflammatory
factors that adversely impact the ability of ocular surface
and glandular epithelia to produce tears. Preliminary ex-
perience using this newtherapeutic approach suggests that
quality oflife can be iraproved for many patients with dry
eye and that initiating these strategies early in the course of
the disease may prevent potentially blinding complications
of dryeye. It is likely that future therapies will focus on

74

 
replacing specific tear factors that have an essential role in
maintaining ocular surface homeostasis or inhibiting key
inflammatory mediators that cause death or dysfunction
of tear secreting cells. This will require additional research
to identify these key factors and better diagnostic tests to
accurately measure their concentrations in minute tear
fluid samples. Furthermore, certain disease parameters
may be identified that will identify whether a patient has
a high probability of responding to a particular therapy.
Based on the progress that has been made and the number
of therapies in the pipeline, the future of dry eye therapy
seems bright.
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Topical Cyclosporine 0.05% for the Prevention of Dry Eye
Disease Progression

Sanjay N. Rao

Abstract

Purpose: To assess the prognosis of dry eye in patients treated with cyclosporine 0.05%orartificial tears by
using the International Task Force (ITF) guidelines.
Methods: This wasa single-center, investigator-masked, prospective, randomized, longitudinal trial. Dry eye
patients received twice-daily treatment with either cyclosporine 0.05% (Restasis®; Allergan, Inc., Irvine, CA;
n = 36) or artificial tears (Refresh Endura®, Allergan, Inc., Irvine, CA; n = 22) for 12 months. Disease severity was
determined at baseline and month 12 accordingto the consensus guidelines developed by the ITF. Dry eye signs
and symptoms were evaluated at baseline and months 4, 8, and 12.
Results: Baseline sign and symptom scores and the proportion of patients with the disease severity level 2 or
3 were comparable in both groups (P > 0.05). At month 12, 34 of 36 cyclosporine patients (94%) and 15 of 22 ar-
tificial tear patients (68%) experienced improvements or no change in their disease severity (P = 0.007) while
2 of 36 cyclosporine patients (6%) and 7 of 22 artificial tears patients G2%) had disease progression (P < 0.01).
Cyclosporine 0.05% improved Schirmertest scores, tear breakup time, and Ocular Surface Disease Index scores
throughout the study, with significant (P < 0.01) differences compared with artificial tears being observed at
months 8 and 12.

Conclusions: Treatment with cyclosporine 0.05% may slow or prevent disease progression in patients with dry
eye at severity levels 2 or 3.

introduction

into 4 levels (Table 1), with increasing severity from 1 to 4,
ATIENTS WITH DRY #YE disease suffer from ocular irri- and developed consensus treatmentguidelines. Thelevel of
tation often accompanied by vision impairment, which

limits important daily activities and negatively impacts
quality of life (QoL).The prevalence of dry eye disease is
estimated to be from 5% to >30%.“" The largest US cross-
sectional survey studies, the Women’s Health Study (WHS)
and the Physician Health Study (PHS), indicated that the
prevalence of dry eye disease among women and men aged
over 50 years is 7.8% and 4.3%, respectively. Using this prev-
alence data, ~4.9 million Americans aged over 50 years are
estimated to be affected by dry eye disease.©”

The diagnosis and treatment of dry eye is challenging.®
The Wilmer Eye Institute at Johns Hopkins University re-
cently invited the International Task Force (ITF) of 17 dry
eye experts to create guidelines for the diagnosis and treat-
ment of dry eye disease by using a Delphi consensus tech-
nique? The ITF panel categorized dry eye disease severity

, “Lakeside Bye Group, Chicago, Ulinois.

disease severity was considered the most importantfactor in
determining the appropriate range of therapeutic options?
While counseling, education, and preserved artificial tears
were recommended for the management of patients diag-
nosed at severity level 1, unpreserved artificial tears, topical
cyclosporine, and/or corticosteroids were recommendedfor
patients at severity level 2, Punctal plugs, oral tetracyclines,
systemic immunomodulators, and surgery were reserved
for the management of dry eye patients diagnosed at se-
verity levels 3 and 4?

A key recommendation of the ITF panel was the use of
topical anti-inflammatory therapy in patients with clini-
cally apparent ocular surface inflammation’ This recom-
mendation stemmed from the recent evidence indicating
that inflammation plays a major role in the disease etiology
and may be a unifying mechanism that underlies dry eye
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TaBLe 1. Crireria Usep ro DereRMINe THE Leve.s or Dry Eve Severrry Accorpine To ITF Guipeiines*®

Symptoms Signs Staining

Levell Mildtomoderate  Mild/moderate conjunctival None
signs

Level2 Moderatetosevere Tear film signs, visual signs Mild punctate corneal and conjunctival staining
Level3 Severe Cornealfilamentary keratitis Central corneal staining
Level4 Severe Corneal erosions, conjunctival Severe corneal staining

scarring

Disease severity is categorized into 4 levels based on the severity of symptoms and signs. At least one sign and one symptom
of each category should be present to qualify for the correspondinglevel assignment.

disease.""? Therefore, it was suggested that the chronic use
of safe anti-inflammatory therapies that normalize tear film
composition early in the disease process may have the po-
tential to slow, prevent, or reverse dry eye progression.

Ophthalmic cyclosporine 0.05% emulsion (Restasis®;
Allergan, Inc., Irvine, CA) is the only anti-inflammatory
medication approved by the Food and Drug Administration
to increase tear production in dry eye patients.’ In T lym-
phocytes, cyclosporine binds to cyclophilin A and inhibits
calcineurin-catalyzed dephosphorylation of the nuclear
factor for T-cell activation.Cyclosporine thereby inhibits
IL-2 transcription, which upon secretion stimulates T-cell di-
vision by a self-propagating autocrine and paracrine loop.’
In humans, topical administration of cyclosporine 0.05% has
been shown to decrease the numberof activated T cells and

expression of inflammatory markers in the conjunctiva of
dry eye patients.” These findings suggest that topical cy-
closporine 0.05% targets the underlying inflammatory pro-
cesses in dry eye disease. Therefore, chronic treatment with
cyclosporine 0.05% mayoffer the potential to alter the course
of dry eye disease.

Wilson and Stulting recently evaluated the clinical appli-
cability of the ITF guidelines.” Physicians participating in
that study successfully implemented the ITF guidelines for
diagnosis and treatment of dry eye patients. Using the ITF
guidelines, this study was designed to assess the prognosis
of dry eye disease in patients treated with cyclosporine
0.08% or artificial tears.

Methods

Study design

This was a single-center, investigator-masked, random-
ized, prospective, longitudinal clinical trial. The study was
approved by the Western institutional review board in
Olympia, WA, and was registered with ClinicalTrials.gov
(identifier # NCT00567983). Inclusion criteria were of age 18
years or older, diagnosis of dry eye without lid margin dis-
ease or altered tear distribution and clearance, and a disease

severity of level 2 or 3 as defined by the ITF guidelines (Table
1)? Primary exclusioncriteria were prior use of topical cyclo-
sporine 0.05% within the last year, topical or systemic use of
anti-inflammatoryor anti-allergy medications, active ocular
infection or inflammatory disease, or uncontrolled systemic
disease that can exacerbate dry eye disease. Patients who
wore contact lenses were also excluded from the study. All
participating patients signed a written consent form before
initiation of the study-specific procedures.

Patients were randomly assigned in a 3:2 ratio to twice-
daily treatment with either cyclosporine 0.05%orartificial
tears (Refresh Endura®; Allergan, Inc., Irvine, CA) in both
eyes for 12 months. The randomization ratio was an empir-
ical estimation due to lack of adequate epidemiological in-
formation to conduct powercalculations prior to initiating
the study. Randomization was performed bya statistical
program and was overseen by the research coordinator.
Patients were enrolled in the study and initiated therapy
after screening and randomization on the same day at
the baseline visit (month 0). All patients were allowed to
utilize rescue artificial tears as needed if discomfort was

experienced. The primary objective of this study was to
assess the potential of topical cyclosporine 0.05% therapy
to halt or slow disease progression relative to control at
month 12 based on the ITF severity categorization (Table
2). The secondary outcome variables were the changes in
dry eye signs and symptoms. The study was conducted
in compliance with regulations of the Health Insurance
Portability and Accountability Act and the Declaration of
Helsinki.

Disease severity and dry eye signs
and symptoms

Disease severity was assessed according to the ITF
consensus guidelines at baseline and month 12 (Table 1)?
Patients were evaluated for signs and symptoms of dry eye
by Schirmer test with anesthesia, tear breakup time (TBUT),
ocular surface staining, and Ocular Surface Disease Index
{OSD)) at baseline (month 0) and after receiving the study
treatments at months 4, 8, and 12. In each study visit, TBUT
wasevaluated first, followed by ocular surface staining and
Schirmertest, respectively. The TBUT was measured using
fluorescein dye. Ocular surface damage was assessed by the
Oxford method using sodium fluorescein to stain the cornea
and lissamine green to stain the nasal and temporal bulbar
conjunctiva.’ The scoring scale for ocular staining was 0 to 5
in cornea, 0 to 5 in temporal conjunctiva, and 0 to 5 in nasal
conjunctiva, with 0 representing no staining and 5 repre-
senting severe staining. These individual scores were then
summed for the total Oxford score, which ranged from 0 to
15. The change from baseline was calculated by subtract-
ing the baseline score from the months 4, 8, and 12 scores.
The symptoms of ocular irritation and their impact on vi-
sual functioning was assessed by OSDL, a validated 12-item
questionnaire, on a scale of 0 to 100 with 0 representing
asymptomatic and 100 representing severe debilitating dry
eye disease.”
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Goblet cell density

The density of goblet cells in bulbar conjunctiva was
evaluated at baseline and month 12. Impression cytology
was performed in both eyes after evaluation of TBUT, oc-
ular staining, and Schirmer test. Goblet cells were collected
on cellulose acetate filters (HAWP 304 FO; Millipore Corp.,
Billerica, MA). The filters were fixated in glacial acetic acid,
formaldehyde, and 70% ethanol and subsequently stained
with a modified periodic acid-Schiff Papanicolaou stain.
Goblet cells were counted in 5 400 x 400 mm) representa-
tive microscopic fields on each filter.

Statistical analyses

Patients who completed 12 months of treatment were
included in the analyses. The results were presented as
mean + SD. Intergroup comparisons of categorical variables
were performed using the chi-square or Fisher's exacttest.
Continuous variables were analyzed using nonparametric
tests (Mann-Whitney tests for between-group comparisons
and Wilcoxon signed rank tests for within-group compari-
sons). A P value < 0.05 was considereda statistically signifi-
cant difference. Statview software (SAS Institute, Cary, NC)
was usedfor all analyses.

Results

Patient disposition and disease characteristics

Of 74 patients enrolled between February 2006 and
January 2007, 58 patients completed the 12-month study and
were included in the analyses (Table 2). Forty-one patients
were female and 17 patients were male. The distribution
of patients with disease severity of level 2 or 3 was similar
in both treatment groups at baseline. Approximately two-
thirds of dry eye patients in both groups were diagnosed
at severity level 2, while one-third of patients was diag-
nosed at severity level 3 (Table 2). There were no significant

188

between-group differences in the mean age (P = 0.667) or
distribution of gender (P = 0.800).

Sixteen patients discontinued the study. The number of
discontinuations was significantly higher among patients
treated with artificial tears compared with those treated with
cyclosporine 0.05% (11 vs. 5; P = 0.028; Table 2). Of 11 discon-
tinuations in the artificial tear group, 9 patients discontin-
ued the study because of discomfort upon instillation, and
2 patients were lost to follow-up or moved. Seven of these
patients had a disease severity of level 2, and 4 patients had a
disease severity of level 3. Of the 5 discontinuations in the cy-
closporine group, 2 patients discontinued the study because
of discomfort upon instillation while 3 were lost to follow-up
or moved. Three of these patients had a disease severity of
level 2, and 2 patients had a disease severity of level 3.

Disease severity

At month 12, significantly more patients treated with artifi-
cial tears had more severe signs and symptoms of disease than
did those treated with cyclosporine 0.05% and, therefore, were
categorized as progressing to a higher disease severity level
(7 of 22 [82%] patients vs. 2 of 36 [6%], respectively; P < 0.007;
Fig.1). In contrast, a greater percentage of patients treated with
cyclosporine 0.05% had less severe signs and symptoms of
disease and were categorized as improving to a lower disease
severity level (14 of 36 [39%] patients vs. 4 of 22 [18%] patients,
respectively). This difference, however, was not statistically
significant (P = 0.098}. When combined with those who did
not have a change in the disease severity levels at month 12,
significantly more patients treated with cyclosporine 0.05%
had either improvements or no change in disease severity than
did those treated with artificial tears (54 of 36 [94%] patients vs.
15 of 22 [68%] patients, respectively; P = 0.007).

Schirmer test scores

The mean baseline Schirmer test score was 7.7 + 0.6 mm

in patients randomized to artificial tears and 79 + L2 mm

Taste 2. Parrents’ Disrosrrion AND DISEASE CHARACTERISTICS

Patients (1)
Enrolled in study
Discontinued study
Completed study

Mean age‘ + SD, years
Range

Gender‘, n (%)}
Female

Dry eye severity at baseline,‘ 1 (%)
Level 2
Level 3

Artificial Tear Cyclosporine 0.05%

33 41
118 5e
22 36

48.2 + 63 47.5 + 5.94
39-59 30-57

16 (73) 25 (69)

15 (68) 24 (67)
7 82 12 (33)

*"Nine patients discontinued the study because of discomfort uponinstillation. Two
patients were lost to follow-up or moved. P = 0.028 comparedto patients who received
cyclosporine 0.05%.

*Ewo patients discontinued the study because of discomfort upon instillation.
Three patients were lost to follow-up or moved.

‘For patients who completed 12-month study.
4P = 0.667 compared to the mean age of patients who received artificial tears.
*P = 0.800 comparedto the artificial tear group.
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Q Artificial Tear (n = 22)

& Cyclosporine 0.05% ({n = 36)

 40 39

20PercentageofPatients pnnninancenschnnnnnnnntincesnntintontphbeninniterreenee  
improvedWorsened

Change in Dry Eye Severity Levels

FIG. 1. Changes in dry eye severity at month 12 compared with baseline. Patients were treated with cyclosporine 0.05%
or artificial tears for 12 months. Disease severity was assessed according to the International Task Force (ITF) consensus
guidelines at baseline and month 12. The changesin disease severity levels were categorized as worsened, no change, or im-
proved whenapatient had a, respectively, higher, same, or lower disease severity level at month 12 compared with baseline.
*P < 0.007 compared with the treatment with artificial tears.

in patients randomized to cyclosporine 0.05% (P = 0.625).
Patients treated withartificial tears did not have a significant
change in their Schirmer test scores throughout the study,
whereas those treated with cyclosporine 0.05% had increas-
ingly higher mean Schirmer test scores at each follow-up
visit. The mean Schirmer test scores of patients treated with
cyclosporine 0.05% were significantly greater than those of
patients treated with artificial tears at month 8 @.1 + 1.0mm
vs. 7.5 + 1.1mm; P < 0.000 and month 12 9.8 + 1.0 mm vs.
76 + 1.1; P < 0.001; Fig. 2).

TBUT

The mean baseline TBUT was 5:
randomized to artificial tears and 4:

oO + 0.8 5 in patients
+ 0.8 s in patients.<]

ah fe

12

19 
4 ® Cyclosporine 0.05% {n = 36}

® Artificial Tear (9 = 22)

MeanSchirmerTestScores(mm)
 

0 4 8

Time (months)

12

FiG. 2. Schirmer test scores. Patients were treated with cy-
closporine 0.05% orartificial tears for 12 months. SchirmerI
test was performed with anesthesia at indicated study vis-
its. *P < 0.001 compared with patients treated with artificial
tears.

randomized to cyclosporine 0.05% (P = 0.550). The mean
TBUT of patients treated with artificial tears slightly de-
creased throughout the study, whereas patients treated with
cyclosporine 0.05% had increasingly longer mean TBUT
at each follow-up visit (Fig. 3). The mean TBUT of patients
treated with cyclosporine 0.05% was significantly longer
than those of patients treated with artificial tears at months
86.2 + 148 v8.46 + 0.65; P = 0.002 and 1265 + Lis vs.
4.6 + 0.78; P < 6.001).

Ocular surface staining scores

At baseline, patients randomized to cyclosporine 0.05%
or artificial tears had similar mean Oxford staining scores

 MeanTBUT(s)
® Cyclosporine 0.05% (7 = 36)
© Artificial Tear (n = 22)

 
0 4 8

Time (months)

12

FIG. 3. TBUT. Patients were treated with cyclosporine
0.05% or artificial tears for 12 months. Tear breakup time
Tear breakup time (TBUT). was measured with fluorescein
dye at indicated study visits. *P = 0.001 compared with
patients treated with artificial tears.
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Taste 3. MEAN OcULAR SUREACE STAINING SCORES

Baseline 7.86 + 113 (NA)
Month 4 7.73 + 0.99 (-0.12 + 0.64)
Month 8 7.53 + 1.01 (-0.25 + 0.94)
Month 12 7.54 £ 0.91 (-0.32 + 0.94)

Cyclosporine 0.05% (n = 36) P

8.44 + 0.94 (NA) 0.056 (NA)
8.31 + 0.95 --0.13 + 0.35) 0.036 (0.787)
7.78 £ 0.93 (-0.64 + 0.63) 0.576 (0.087)
7.28 + 1.28 (-1.19 + 1.36) 0.223 (0.013)

Patients were treated with cyclosporine 0.05%or artificial tears for 12 months. Ocular surface
damage was assessed at indicated times by the Oxford method. The mean changes from baseline
and corresponding P values are indicated in brackets.* The change from baseline was calculated by
subtracting the baseline score from the month 4, 8, or 12 scores.

NA = not applicable.
"The changes form baseline were paired comparisons. If a data point was missing, the

baseline was also excluded from that calculation.

(8.4 + 0.9 vs. 79 + 11; P = 0.056; Table 3). At month 4, patients
treated with cyclosporine 0.05% had significantly higher
mean staining scores than those treated withartificial tears
(8.3 + 10 vs. 7.7 = 1.0; P < 0.036). There was no between-
group difference in ocular staining at months 8 and 12
(Table 3). Nonetheless, the mean improvement from baseline
in the ocular staining scores of patients treated with cyclo-
sporine 0.05% was significantly greater than of those treated
with artificial tears at month 12 (1.2 + 14 vs. 0.3 + 0.9, re-
spectively; P = 0.011; Table 3). These findings indicate that
cyclosporine 0.05% improved ocular surface staining signif-
icantly more than did artificial tears at month 12 compared
with baseline.

OSD! Scores

Patients randomized to artificial tears or cyclosporine
0.05% had similar OSDI scores at baseline (19.1 + 19
and 18.9 + 2.9, respectively; P = 0.571). The mean OSDE
scores of patients treated with artificial tears remained
unchanged throughout the study (Fig. 4). Patients treated
with cyclosporine 0.05%, however, had increasingly lower
OSDI scores at each study visit, with the scores at months
8 and 12 being significantly lower than those of patients
treated with artificial tears G74 + 3.4 vs. 19.6 + 16 at
month 8; P = 0.011 and 14.9 + 4.2 vs. 19.7 + 2.0 at month
12; P < 0.001).

16 nah heMeanOSD!Scoresco0
® Artificial Tear (n = 22)

4 ® Cyclosporine 0.05% (7 = 36)

 
0 4 &

Time (months)

12

[19.7

Gobletceil density

At baseline, patients randomized to artificial tears or cy-
closporine 0.05% had similar mean goblet cell density in
bulbar conjunctiva 05.8 + 12.5 cells and 93.6 + 9.4 cells, re-
spectively; P = 0.446; Fig. 5). By month 12, goblet cell density
was significantly higher in patients treated with cyclo-
sporine 0.05% than those treated with artificial tears (116.8
+ 14.8 cells vs. 92.7 + 11.0 cells; P < 0.001).

Safety

No adverse events attributable to the study medications
were reported other than discomfort upon instillation dur-
ing the study.

Discussion

Dry eye is a multifactorial disorder of the tears and the
ocular surface that results in tear film instability and symp-
toms of discomfort and visual disturbance.” Traditionally,
treatment of dry eye has been palliative and largely based
on over-the-counter artificial eyedrops and lubricating oint-
ments.“ The vast majority of patients seek new therapies
after using several over-the-counter products over years.2
However, it is not known if dry eye severity progresses
through the course of disease during the years. Recently
developed ITF guidelines provide a clinical standard for

FIG. 4. Ocular Surface Disease Index (OSDD scores.
Patients were treated with cyclosporine 0.05% or artificial
tears for 12 months. Dry eye signs and symptoms were
assessed by the self-reported OSDI questionnaire at indi-
cated study visits. *P < 0.011 and “P < 0.001 compared
with patients treated with artificial tears at months 8 and
12, respectively.
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FIG. 5. Conjunctival goblet cell density at baseline and
month 12. Patients were treated with cyclosporine 0.05%or
artificial tears for 12 months. Conjunctival goblet cells were
collected by impression cytology and counted following
staining with modified periodic acid—Schiff Papanicolaou at
baseline and month 12. *P < 0.001 compared with artificial
tears at month 12.

categorization of dry eye patients based on the disease se-
verity and thereby allow longitudinalstudies to evaluate the
progression of dry eye disease. This study not only soughtto
assess the progression of dry eye disease in patients treated
with artificial tears, but also evaluated the impact of cyclo-
sporine 0.05% therapy in modulating the course of dry eye
disease.

Treatment of dry eye patients with cyclosporine 0.05%
improved Schirmer test scores, TBUT, conjunctival goblet
cell density, ocular surface staining scores, and OSDI scores
throughoutthe study. Treatment with artificial tears was not
effective in improving the signs and symptoms of dry eye
disease. Similar toe these findings, several other studies dem-
onstrated that cyclosporine 0.05% significantly increased
tear production, decreased the intensity of ocular staining,
and decreased the severity of symptoms in patients with
moderate to severe dry eye.** A recent prospective study
indicated that cyclosporine 0.05% therapy significantly im-
proved signs and symptoms in patients at all stages of dry
eye disease: mild, moderate, and severe.* Other studies
have shown that treatment with cyclosporine 0.05% also in-
creased conjunctival goblet cell density in patients with dry
eye disease.7)””

Physicians participating in a study to develop treat-
ment regimens based on the ITF consensus guidelines
for newly diagnosed dry eye patients chose to treat over
40%of patients at severity level 1 with the severity level 2
treatments(ie, unpreserved tears and topical cyclosporine
0.05%).® Hence, the use of ITF guidelines resulted in greater
focus on treatmentof the disease at early stages. This shift
in the patterns of anti-inflammatory therapy use stems
from the notion that early interruption of inflammatory
cycles may be instrumental in preventing disease progres-
sion.® The impact of dry eye in limiting daily activities and
causing discomfort is known to become clinically moresig-
nificant as the disease progresses from mild to moderate in
severity.”
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In addition to alleviating dry eye signs and symptoms,
topical cyclosporine 0.05% therapy appears to be capable
of slowing the rate of disease progression. Reassessment of
patients at the end of the study period (month 12) indicated
that a greater number of cyclosporine patients compared
with the artificial tear patients (94% vs. 68%) had improve-
ments or no change in their disease severity status, and far
fewer (6% vs. 32%) experienced disease progression. These
findings suggest the progressive nature of dry eye disease
and indicate that dry eye patients may benefit from cyclo-
sporine 0.05% therapy by achieving disease stabilization ora
slowerrate of progression. A recent retrospective study pro-
vided evidence that cyclosporine 0.05% therapy may change
the course of dry eye disease. In that study, 8 chronic dry eye
patients diagnosed at severity level 2 or 3 were free of signs
and symptoms of dry eye disease for a minimum of 1 year
after completing a 6- to 72-month course of cyclosporine
0.05% therapy.”

In somepatients, dry eye is a difficult-to-treat disease that
requires long-term anti-inflammatory therapy. The safety
profile of a topical anti-inflammatory agent andits suitability
for long-term use is, therefore, a key factor in successful
managementof dry eye disease. Topical corticosteroids have
been effective in alleviating the signs and symptoms of dry
eye following short-term use (2-4 weeks).™” Prolonged ad-
ministration of topical corticosteroids is complicated by the
associated adverse evenis including elevation of intraocular
pressure, defects in visual acuity and fields of vision, cat-
aract formation, and increased risk of ocular infections"!

Tepical cyclosporine 0.05%, however, appears to be safe for
a long-term use. Several clinical studies demonstrated that
cyclosporine 0.05% was well tolerated for up to 3 years with
most adverse events being transient in nature and mild to
moderate in severity.45"

The present study had a number of limitations. The
sample size was small, as this was a pilot study to assess the
feasibility of the study design. It should also be noted that
the differences between the treatment groups reported in
this study can be applied only to the use of Refresh Endura®
as the artificial tears. Otherartificial tears may have variable
efficacies in alleviating the signs and symptomsof dry eye.

Strategies to treat dry eye disease are evolving as our
understanding of dry eye as a tear volume insufficiency
condition is changing to a disease of abnormal tear film
composition with proinflammatory characteristics.
The findings of the current study are the first evidence in-
dicating that dry eye can be progressive in patients treated
with artificial tears alone, whereas topical anti-inflamma-
tory therapy with cyclosporine 0.05% may slow or prevent
the disease progression in patients with dry eye at severity
level 2 or 3. Large-scale, controlled studies are warranted to
confirm these findings.
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The Impact of Dry Eye Disease on Visual Performance
While Driving
SSSSS   
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NATHALIE DESCHAMPS, XAVIER RICAUD, GHISLAINE RABUT, ANTOINE LABBE, CHRISTOPHE BAUDOUIN,
AND ALEXANDRE DENOYER

* PURPOSE: A specific simulator was used to assess the
driving visual performance in patients with dry eye
disease (DED) and to determine clinical predictors of
visual impairments while driving.
¢ DESIGN: Prospective case-control study.
e METHODS: The study was conducted in the Center
for Clinical Investigation of Quinze-Vingts National
Ophthalmology Hospital, Paris, France. Twenty dry eye
patients and 20 age- and sex-matched control subjects
were included. Vision-related driving ability was assessed
using a specific driving simulator displaying randomly
located targets with a progressive increase in contrast to
be identified. Other examinations included clinical exam-

inations, serial measurements of corneal higher-order
aberrations (HOAs), and vision-related quality-of-life
questionnaire (Ocular Surface Disease Index [OSDI)).
Data collected during driving test (ie, the number of
targets seen, their position, and the response time) were
compared between groups and analyzed accordingto clin-
ical data, aberration dynamics, and quality-of-life index.
* RESULTS: The percentage of targets missed as well as
average response time were significantly increased in
DED patients as compared with controls (P < .01).
Morespecifically, the visual function of DED patients
was more impaired in specific situations, such as cross-
road or roundabout approaches. In DED patients, the
response time was foundto positively correlate with the
progression index for HOAs (P < .01) and with the
OSDI “symptoms” subscale (P < .05).
* CONCLUSIONS: Degradation of ocular optical qualities
related to DEDis associated with visual impairments dur-
ing driving. This study objectively has demonstrated the
impactoftear film—related aberration changes on activities
of daily living in DED. (Am J Ophthalmol 2013;156:
184-189. © 2013 by Elsevier Inc. All rights reserved.)
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RY EYE DISEASE (DED) IS RECOGNIZED AS

[) a growing public health problem and one of the
most frequent reasons for seeking eye care. The

DED definition has evolved with recent epidemiologic
studies as well as a better understanding of the pathophys-
iology of the disease. It is estimated to affect from 5% to
over 30% of the population, depending on the diagnostic
criteria.’ This commonhealth problemis likely to be over-
looked because it tends not to be a commoncauseofvisual

morbidity as standardly measured. Nevertheless, there is
increasing evidence that DED is a major cause ofvisual
disturbance, which degrades the quality of everydaylife
and can impacthealth status.”

According to a recent overview arising from the 2007
International Dry Eye Workshop, DED causes damage to
the ocular surface and symptoms ofocular discomfort associ-
ated with impaired visual quality.’ Indeed, patients with DED
often report vision-related difficulties in doing daily activities.
In clinical practice, the main difficulty in managing DED
stems from thevariability of the symptoms,the lack ofa single
reliable diagnostic test, and weak correlations between clin-
ical tests, optical and biological examinations, and patient-
reported deterioration in quality of life.“ The precorneal
tear film plays an important role in ocular optical quality
since it is the most anterior refractive surface of the eye.’*
In the majority of patients with DED, the visual acuity is
still 20/20 as standardly measured, but instability of the tear
film introduces wavefront higher-order aberration (HOA)
changes that always contribute to a decrease in the quality
of vision.”** Our team recently demonstrated thata specific
analysis of the time course of HOAsprovides objective and
quantitative data that are correlated with both clinicalsigns
and patient-reported outcomes,raising the possibility of using
this instrumentas a new surrogate markerfor the disease.'!

Beyond conventional clinical examination and visual
acuity measurement, a specific evaluation of the visual
function in daily living tasks is now required to better
define the impactof the disease on this population’s health
status but also to better assess eligibility or changes over
time in clinical trials. Although DED patients commonly
complain ofdifficulties in doing vision-related daily activ-
ities, as previously reported using quality-of-life question-
naires," no study has been conducted to determine
whether or not DED could be responsible for an objective
decrease in visual performance while driving. The present
study addresses the impact of DED on a crucial daily
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activity of modem living. A driving simulator dedicated to
visual function evaluation was used in patients with DED
and in age- and sex-matched healthy controls in order to
better specify the relationship between driving difficulties,
objective ocular signs and optical degradation, and patient-
reported vision-related quality oflife.

METHODS

e PATIENTS: The study was conducted in the Clinical
Center for Investigation of Ocular Surface Pathology
(Quinze-Vingts National Ophthalmology Hospital,
National Institute for Health and Medical Research 503,
Paris, France} in accordance with the Declaration of
Helsinki, Scotland amendment, 2000. Previous approval
was obtained from the National Ethical Research

Committee (Comité de Protection des Personnes Ile de
France V, agreement number 10793). All patients pave
informed consent to participate in this clinical research
study. Twenty white patients with DED and 20 white
age- and sex-matched control subjects were prospectively
and consecutively included. DED was diagnosed by the
association of ocular symptoms and tear film abnormalities
(Schirmer I test <5 mm/5 min and/or tear break-up test
<10 s)}, with or without ocular surface damage (corneal
and conjunctivalstaining}, according to the DEWScriteria
from the modified Delphi Panel Report.4Only the
subjects with a best-corrected visual acuity of at least
Q logMAR were included, since this study focused on
a decrease in visual function related to tear film degrada-
tion and ocular symptoms but not to extensive corneal
damage. At inclusion time, all patients were treated with
tear substitutes only, without any anti-inflammatory or
cyclosporin medication, and without changes within the
last 3 months. Healthy age- and sex-matched subjects
with no ocular pathology, with no treatment, and without
any symptoms or signs of DED (Schirmer I test >10 mm/
5 min and Oxford score = 0} were included as controls.
All participants were in good general health and were
licensed drivers with at least weekly driving practice.
Exclusion criteria were any ocular pathology but DED,
eyelid malposition or dynamic disorders, previous ocular/
eyelid surgery, contact lens wear, systemic disorder, preg-
nancy, and treatment changes within the last 3 months.

® CLINICAL EXAMINATION AND QUESTIONNAIRE: Slic-
lamp evaluations were conducted in a defined sequence!*
and included tear break-up time measurement (s, mean of
3 consecutive tests), ocular surface fluorescein staining
(grade 0-5, according to the Oxford score), lissamine green
staining (grade 0-9, according to the van Bijsterveld score),
and Schirmer I test (mm/5 min, without anesthesia). Before
clinical examination, a trained interviewer (G.R.) adminis-
tered the French version of the Ocular Surface Disease

Vor. 156, No.1

Index (OSDI} questionnaire, which was developed to quan-
tify the specific impact of DED on vision-targeted healrh-
related quality oflife.'° This disease-specific questionnaire
includes 3 subscales: ocular symptoms (OSDI-symptoms),
vision-related activities of daily living (OSDI-function),
and environmental triggers. Each subscale (0-100) was
computed, as well as an overall averaged score (0-100).

e DYNAMIC ABERROMETRY: Serial measurements of

cormeal and ocular wavefront aberrations were simulta-

neously performed every secondfor 10s after blinking using
the dynamic aberrometer KR-1 (Topcon, Clichy, France).
The entire procedure has been previously described."
Briefly, HOAs were recorded in mesopic conditions
without any pharmacologic mydriasis, analyzed by expand-
ing the set ofZernike polynomials up to the sixth order, and
expressed for the central 4-mmi diameter. The progression
index of total (third- to sixth-order) HOAs was defined
as the slope of the Hnear regression line of HOAs
throughout the recording period, as previously defined."

® DRIVING TEST: We used a driving simulator purchased
from Develter Innovation (Ile de France, France}. This
simulator has an automatic shift. Driving tests were
performed with the best spectacle correction in scotopic
conditions on a standardized 5-km circuit. Each test had

a series of 7 lighted targets, increasing in intensity for
15 s and then disappearing. Lighted targets randomly
appeared during the test at various positions and various
driving conditions: straight forward, straight backward, at
a crossroad entrance, and on the right-hand or left-hand
side of a crossroad. For each target seen, the patient had
to press a remote button on the wheel. Data included the
number of targets seen/missed, their respective location,
and the average response time. The results were deter-
mined as the mean of 3 consecutivetests.

® STATISTICAL ANALYSIS: All data are given as the mean
<= SD. For ocular examinations—clinical evaluation, tear
osmolarity measurement, and wavefront aberrometry—1
eye per patient was selected using a random numbertable
in order not to bias the statistical relevance of the results.

Data were controlled for normality, homogeneity of vari-
ances, and sphericity in order to perform the adequatetests.
The 2 groups were compared using parametric t tests. In the
DED group, scatterplots and Spearman correlation coeffi-
cients were used to assess the association between pairs of
variables. The probability level of significance was adjusted
according to the post hoc Bonferroni procedure in order to
maintain an overall type | error equal to 0.05.

RESULTS

THE PROFILE, CLINICAL FEATURES, AND OSDI SCORES OF

each group are detailed in the Table. Six patients presented
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TABLE. Subject Profiles and Ocular Surface Disease Index Scores Between Dry Eye Patients and Age- and Sex-matched Controls 
Dry Eye Patients (n «20), Mean + SD (min/max [98% Ci}

Age fy) 53.4 + 16.2 (22/84 [46.3-60.5})
Sex ratio (nvf} 0.25
Clinical data

Tear break-up time {8} §.9 + 2.2 (2/10 [5.0-6.9}
Schirmer (mm) 9.5 + 5.4 (1/20 [7.2-11.9}
Oxford (0-5} 1.1-0.8 (0-4 [0.7-1.4}}
Van Biljsterveld (0-9)

Ocular Surface Disease Index
2.7 © 1.6 (0-6 [1.9-3.3}

Overall score 48.1 + 18.4 (10.4/89.6 [40.6-56.6}

OSDI symptoms 43,3 + 16.6 (15/80 [86.4-50.7
OSDI functions 41.3 + 27.8 (0/93.8 [29.1-53.4)

OSD! triggers 58.3 +. 29.2 (8.3/100 [45.6-71.1)

Cantrols (n= 26), Mean « SD (min, max (95% CI}

53.1 + 16.4 (22/84 [45.9-60.3)
0.25

11.4 & 3.7 (4/15 [(9.9-13.1}
19.6 + 0.6 (15/20 [19.4-19.9}

9

0.1 + 6.1 (0/1 [0-0.19

2.2 + 2.9 (0/10.4 [0.9-3.5)
2.4 £3.1 (0/15 [0.8-3.5}
1.8 + 2.9 (0/12.5 (0.5-3.1)

caAAAUNEHAAAAAAAAAAAA

OSDI -= Ocular Surface Disease Index.

CERRINAAAUAAVAAAAAAAAAIAAAAAAAAAAAAAARNE2.4 + 3.9 (0/16.7 [0.7-4.1)AAAAAARAAAAANAAPARAAAA

 

mild-severity DED and 14 patients presented moderate-
severity DED, according to the Delphi approach.* Signifi-
cant differences in all the clinical characteristics and

OSDI scores were found between DED patients and
controls (paired t test, P < .01 for each).

¢ COMPARATIVE ANALYSIS OF ABERRATION DYNAMICS

BETWEEN GROUPS: Significant variation with time in
corneal total HOAs (repeated-measures ANOVA,
P < .01), third-order coma (P < .01), and third-order
trefoil (P < .01) was found in DEDpatients, whereas no
significant change occurred in the control group
throughout the recording period. As detailed in Figure 1,
the progression index ofcorneal total HOAsandofcorneal
third-ordertrefoil was significantly higher in DED patients
than in healthy controls (P < .01 and P < .05, respec-
tively).

* DRIVING VISUAL PERFORMANCE: Theaverage response
time to identify targets was significantly higher in DED
patients than in controls (P < .01) (Figure 2, Left). More-
over, a significant difference in the average number of
targets seen was found between groups (P < .01), further
depending on target location (Figure 2, Right): interest-
ingly, targets appearing at a crossroad entrance and at the
right-hand side of a crossroad were more often missed
by DEDpatients than by healthy subjects (P < .01 and
P < .05, respectively). On the contrary, targets appearing
straight on (forward or backward) were equally detected
in the 2 groups.

In DED patients, a positive correlation was found
between the response time to identify targets and the
progression index for corneal HOAs (R? = 0.40, P < .01)
as well as between response time and the OSDI “symptoms”
subscore (R? = 0.25, P < .05) (Figure 3). No significant
correlation was found between the driving simulation
data and the other computed data (Supplemental Table,
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FIGURE 1. Comparative analysis of corneal aberration
dynamics between dry eye patients and age- and sex-matched
controls. Significant difference in the progression index for
third- to sixth-order higher-order aberrations and for third-
order trefoil between dry eye patients and controls (paired
t test, *P < .05, **P < .01).

available at A}OQ.com). Following a stepwise regression
procedure, the response time was found to significantly
depend on the progression index for corneal HOAsonly
(R? increment = 0.40, P < .01).

DISCUSSION

DED IS A CHRONIC OCULAR SURFACE DISEASE THAT

affects millions of people worldwide.' The majority of
patients with DED experience chronic ocular discomfort
associated with impaired daily visual function and subse-
quent vision-related quality-of-life disturbance, further
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while driving, as assessed by the response time to identify targets during a driving simulation, was analyzed in correlation with the
other data. (Left) Positive correlation between the response time and Ocular Surface Disease Index (OSDI) “symptoms” subscore
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higher-order aberrations (P < .01).
 

impacting health status.? The present study objectively
reports that the visual function is impaired during specific
driving situations in DED patients as compared with
healthy controls, further demonstrating that driving visual
performance is correlated with ocular optical aberrations
and patient-fele quality of life in this disease.

Tearfilm instability is reported to increase the progression
with time of corneal HOAsafter a blink.'©"® Thepresent
study originally found a relation between tear film—related
ocular optical degradation and driving difficulties. An
increased blink rate is thought to compensate for corneal

Vor. 156, No.1

dryness, which stimulates tear secretion and creates a new
tear film layer.'” Goto and associates!” found a deterioration
ofvisual function duringthe fixation without blinking in 22
DED patients compared with 8 controls. The deterioration
of vision after blinking supports the hypothesis that the
tear film of patients with DED is unstable, especially when
blinking is delayed. Precisely, we reported herein that
DED patients missed more frequently targets at crossroad
entrances than targets appearing straight on. We could
hypothesize that this result is linked with a decrease in blink
rate and subsequent increase in corneal HOAs when
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a specific driving situation requires more attention. Indeed,
the elapsed time between blinks is known to increase in
specific conditions, such as high driving speed.’ In the
presentstudy, it could also have been interesting to record
blink rate during the simulation to more precisely examine
this point. Hence, other aspects of vision than standard
visual acuity may be taken into account to better reflect
the daily visual function, as clearly detailed by Owsley and
McGwin.”

The association between loss of contrast sensitivity and
driving disability has been previously studied on the one
hand, and a decrease in contrast sensitivity has been
reported in DED patients on the other hand. However,
nothing was known about a direct link between DED-
related contrast sensitivity impairments and driving diffi-
culties. Although conventional contrast sensitivity testing
was not performed in the present study, we reported
a pronounced increase in response time in the DED group,
which corresponds to the needfor higher signal intensity to
be perceived since the target contrast was increasing with
time during a 15-second period. Rubin and associates
studied the relationships between various indexes of visual
function and driving ability in a population of 222 healthy
volunteers.”! The authors reported contrast sensitivity as
the strongest correlating factorfor subject-felt driving diffi-
culty. Indeed, standard visual acuity, the most commonly
used measure of visual function, does not correlate with
some types of functional disability, such as driving.?!??
Owsley and associates also reported that people with low
contrast sensitivity have 8 times more road accidents
than other people.*** In dry eye, Rolando and associates
compared 30 DED patients (18 patients with corneal
damage and 12 without) with 15 healthy subjects.” They
showed a significant decrease in contrast sensitivity in
both DED groups as compared with controls. Interestingly,
the authors confirmed that the quality of vision was
reduced in DED whatever the visual acuity as standardly
measured. In the present study, it could also have been
interesting to perform conventional contrast testing, but
our primary goal was to assess the visual performance in
more realistic conditions. Our study confirms that visual
impairments in patients with DED are not accurately eval-
uated by routine examination, further indicating the need
for new visual criteria to better reflect visual function in

daily living.
The subjective relationship between DED and driving

difficulties has been previously described through the
use of vision-related quality-of-life questionnaires.’?”°
Complementarily, our study is the first, to our knowledge,
to objectively assess visual function in DED patients

 
while driving, further establishing a direct link between
DED, ocular optical degradation, and driving difficulties.
Miljanovic and associates assessed vision-related quality
of life with a questionnaire in a series of 190 DED patients
vs 399 controls. They reported a decrease in drivingability
in DED patients as compared with controls.’> Herein
several quantitative standardized measuresofvisual quality
were correlated with patients’ subjective perceptions,
showing a significant correlation between the patient-
reported OSDI symptoms score and visual difficulties
during daytime driving as objectively assessed by a driving
simulation. Difficulty in viewing lighted targets may be
related to a disability in seeing or identifying external
signals such as lights or traffic signs, but also pedestrians
or other vehicles, when driving. Although subjects may
have more difficulty while driving, it does not necessarily
mean that they cannot drive safely. Future studies should
evaluate the correlation with accidents rates. Such an

approach could aid in developing efficient counseling for
patients with DED and also in improving the driver's envi-
ronment by providing, for example, high-contrast signs.
The delayed reaction time found in DED patients could
be linked with subject-felt discomfort when driving regu-
larly, which could explain a feeling of insecurity and
some loss of confidence in patients with ocular dryness.
Since this feeling is reported to be enhanced when driving
at night, it could be interesting to perform such a simulation
in mesopic/scotopic conditions. Otherwise, a furure study
using artificial tears in driving conditions may aid in deter-
raining whether such a driving simulator could be useful in
the evaluation of treatments.”®

A current challenge for a physician in managing DED
stems from the difficulty in making allowances for both
objective clinical findings and patients’ complaints in order
to assist the patient as best as possible and optimize the
therapeutic strategy. Today’s lifestyle—which includes
intensive daily visual activities, such as reading, driving,
and using a computer/smart phone—requires excellent
visual performance to achieve well-being. Our results
better elucidate one of the reasons in which DED is respon-
sible for a decrease in patient-perceived quality of life by
establishing a direct link between DED, ocular optical
degradations, and impairment in visual performance while
driving. Hence we demonstrate that, beyond the conven-
tional visual acuity measurement, specific ocular optical
degradations related to DED may impact on daily living
tasks, such as driving. We believe that such objective
measures of visual performance could be relevant to better
evaluate the severity of the disease and the impact of DED
on this population's health status worldwide.
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Purpose: To determine utilities (patient preferences) for dry eye disease.
Design: Survey study.
Participants: Fifty-six patients with mild, moderate, or severe dry eye treated by ophthalmologists in the Eye

Gare Services department of Henry Ford Health Care Syste.
Testing: Patients completed interactive software ulllty assessment questionnaires by the time trade-off

(TTO) method. Utility scores were scaled such that a score of 1.0 = parfact health and 0 = death. Dry eye severity
was independently classified using clinical pararneters and physician/patient assessrnents. Giobal health status,
visual functioning, and ocular symptoms were assessed by the Short Form-36 Health Survey, 25-ltem National
Eye institute Visual Function Questionnaire (NEI VFQ-25}, and Ocular Surface Disease index survey instruments.

iain Guicome Measures: Utility scores for a range of dry eye severity states. These utilities were com-
pared with utilities reported for other disease states. Correlations with the general and vision-related health status
measures were conducted.

Resulfs: Fifty-six patients completed the ulllty assessments with acceptable reliability. Mean utilities for
moderate (0.78) and severe dry eye (0.72) by TTO were similar to historical reporte for moderate (0.75) and more
severe (class HI/V) angina (0.71), respectively. Utility scores correlated with the NEI VFQ-25 cornposite score (p
= 0.32; P = 0.037) and with components of other health measures.

Conclusions: Ulllties for the more severe forms of dry eye are in the range of conditions like class Hi/iV
angina (0.71) that are widely recognized as lowering health ulllHies. Our results underscore how significantly dry
ays impacts patients compared with other medical conditions. Ophthalmology 2003;110:1412-1419 © 2003 by
the American Academy of Ophthalmology.
 

Dry eye disease is one of the most frequently encountered
ocular morbidities, with as many as 4.3 million Americans
older than age 65 with symptoms either often or all the
time.’ The dry eye syndrome is composed of a number of
diverse medical and ocular diseases that involve decreased

tear production and/or increased tear evaporation.” Because
of the wide-ranging etiologies of dry eye and the great
variability of clinical signs of the condition, it has been
difficult to develop a consistent classification systemfor dry
eye or reliable and valid measures of disease severity. This
has complicated efforts to determine the incidence and
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prevalence of dry eye, to monitor disease progression and
response to treatment, and to adequately quantify the impact
that dry eye has on patients’ quality of life. To this end, we
have used several validated instruments to evaluate dry
eye, including the health-related Short Form-36 Health
Survey (SF-36),* the vision-related quality-of-life measure
NEI VFQ-25,° the Ocular Surface Disease Index (OSDD,
and the Patient Perception of Ocular Symptoms.* Although
nearly all of these measures yield a multidimensional profile
of health status, none yields a single measure of howpa-
tients value various health states or outcomes.

Utility assessment is a formal method for quantifying
patient preferences for health outcomes. For assessment at
the societal or policy level, scale utility scores are typically
anchored at perfect health (utility = 1) and death (utility =
0) and are measured on an interval scale.® Investigators
might also assess clinical scale utility scores with less
exiremie anchors, such as the presence or absence of a
condition of interest, for example, perfect vision (utility =
1) and blindness (utility = 0). The closer the utility value is
io 1.0, the better the quality of life associated with that
health state. Once utilities are scaled by use of comparable
anchors, the impact of very different health states on quality
of life can easily be compared.

Utilities can be measured in a number of ways. The time
trade-off (TTO)’ and standard gamble methods are the most
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widely used. Numerous researchers have concluded that
patients most readily understand TTO.*-"' Hence, the TTO
method was used in this study. In TTO, the subject is
offered two choices: (1) living r years, the life expectancy
for a person in the current disease state followed by death,
or (2) being in perfect health for fewer years (x < 9
followed by death. The time in complete health, x, is varied
until the subject is indifferent between the two choices. The
utility weight is then x/t, A benefit of TTO compared with
other utility tests is that it is more intuitive to patients while
still capturing their risk preference. A limitation of TTO is
that results might be biased upward, because subjects are
asked to give up years at the end of life, which might be
valued less.'!}?

The purpose of this stady was to measure utilities by
TTO for the full severity range of dry eye states in a group
of patients with dry eye and to determine how utilities
correlate with disease severity and other health and vision
quality-of-life measures. These utilities then could be used
to compare patient preferences for dry eye disease outcomes
with different symptomatic medical conditions, such as
angina or blindness. They also could be used as weights in
the calculation ofquality-adjusted life years.° These quality-
adjusted life years could be used as “denominators” in
cost-utility analyses that allow health care policy makers to
rigorously compare costs and health benefits across a wide
range of medical interventions.

Material and Methods
 

Study Overview

Eligible participants completed several questionnaires between
August 2000 and March 2001 to assess their sociodemographic
status, general health status, visual functioning, and ocular symp-
toms. Next, they completed TTO utility assessments and under-
went a detailed ophthalmic examination. Questionnaires and utility
assessments were completed before the examination to ensure that
the clinical encounter would not influence patients’ responses. A
convenience sample of patients returned 2 weeks later to complete
the utility assessments a second time to determine test-retest
reliability.

This study was conducted in compliance with the Code of
Federal Regulations for sponsors and investigator obligations.
Institutional review board/ethics committee approval was ob-
tained. Written informed consent was obtained from all patients
before enrollment.

Patient Selection

Patients were recruited if they were at least 18 years of age, had
been diagnosed with dry eye (International Classification of Dis-
eases, ninth revision = 375.15) at the Henry Ford Health System
in the last 6 months and had symptoms for at least 3 months. Those
scoring =8 on the OSDI were confirmed as symptomatic. A
minimum score of 8 was chosen to ensure that all patients had at
least mild symptoms, because a prior study found normal subjects
to have an OSDI composite score of 4.5 & 6.6 (mean < standard
deviation [SDD> Participants had a life expectancy 21 year,
corrected visual acuity of 20/40 or better in each eye, were English
speaking, and were able to complete surveys without significant
assistance. Those older than age 65 were screened with the Fol-

stein mini-mental status examination questionnaire’? to confirm
that they were cognitively intact to participate in the study.

Exclusion criteria included uncontrolled systemic disease or
disability affecting daily activities (such as ocular allergy, infec-
tion, irritation, or inflammation unrelated to dry eye disease). Also
excluded were patients who had undergone ocular surgery (includ-
ing calaract surgery} within the previous 6 months, who had
undergone temporary or permanent punctal occlusion within the
past 3 months, and those known to be allergic to any component of
any study agent (e.g., lissamine green, fluorescein, or anesthetic).

Patient enrollment was prospective and consecutive from Au-
gust 2000 to March 2001.

Main Outcome Measures

Utility Assessments for Dry Eye Disease. Utility assessments
were made by meaus of the computerized interview U-titer soft-
ware program (Computer Assisted Patient Education, Houston,
TX), which provides a standard framework for measuring utili-
ties,'* taking into account patient life expectancy while permitting
investigators the flexibility to program disease-specific scenarios

for patients. U-titer has been used to measure utilities for psoria-
sis,’> angina,"® osteoporosis,*” and prostate cancer.'®

Por the TTO utility assessments, patients reacted to a total of 9
scenarios or health states, including asymptomatic dry eye (requir-
ing routine artificial tear use to completely avoid symptoms), mild
dry eye (Wequiring only occasional treatment to treat periodic dry
eye symptoms}, moderate dry eye (equiring somewhat more fre-
quent treatment for more persistent symptoms,} severe dry eye
(requiring very frequent tweatment for very severe symptoms),
severe dry eye requiring tarsorrhaphy, monocular painful blind-
ness, and binocular painful blindness. See Figure 1 for an example
scenario and Figure 2 for a sample utility assessment question.
Painful blindness was specified, because many symptomatic pa-
tients with dry eye perceive their dry eye symptoms as painful.
Patients also assessed the utility of their current dry eye status.
Finally, patients reacted to a scenario about their own comorbidi-
ties in the absence of dry eye. It is believed that patients can project
what it would be like if they did not have the health condition
being studied but had all other comorbidities.?'619-?! As de-
scribed later, this projection permitted us to estimate the utility for
each of the health states in the absence of comorbidities.

Scaling of Utility Scores. TTO dry eye utility scores, which
were reported on a scale with anchors of “death” and “perfect
painless vision,” were converted to a scale ranging from “death” to
“perfect health.” The latter scale is the traditional policy scale that
permits comparisons with the broadest range of health states. This
rescaling was conducted using the patients’ own comorbidity
utility score. The comorbidity utility score represents a subject’s
health were he or she to have all their current comorbidities but no

dry eye. Ht represents the upper limit of what a patient’s utility
score could be before dry eye symptoms are taken into account. To
rescale, the patient’s utility score was multiplied by the reported
comorbidity utility score to achieve a final utility score, which
incorporates dry eye and all comorbidity and is scaled fom
“death” to “perfect health.”?°

Dry Eye-specific Utility Loss. If one fails to take comorbidity
into account, it is possible to overestimate the lost utility because
of the condition of interest and hence to overestimate the potential
benefit of treatment.'? To compute the magnitude of utility loss
caused by dry eye alone, the patient’s final utility score (comor-
bidity-adjusted dry eye utility score, the preference for having dry
eye disease in the presence of associated comorbidities, on the
“death” to “perfect health” scale) is subtracted from the patient's
comorbidity utility score (the preference for being free of dry eye,
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Severe Dry Eye

Imagine that your eyes feel dry, gritty or sore most or all of the time. Your vision is
frequently blurred and fluctuates quite a bit. You use eye drops in both eyes every 1-2 hrs,
but that provides only temporary and partial relief of your symptoms. You will use a
lubricant at bedtime in both eyes. You will also undergo a painless 10-minute procedure
in the doctor’s office to block off the tear drainage system. There are no complications
from this procedure.

Now imagine there's a treatment that would cure all of your symptoms of dry eye,
including any vision problems you might have from dry eyes. You would no longer
require any eye drops or any other medications for your dry eyes, nor would you require
any procedures or surgeries for your eyes. This treatment, however, is accompanied by a
reduction in your life expectancy (you will live a shorter life). Now, think about how
much life expectancy you would be willing to trade in order to cure your symptomsof
dry eye.

 
Figure 1. Sample scenario presented to patients undergoing the time trade-off utility assessment.

but still having all other comorbidities, also on the “death” to
“perfect health” scale).

Additional Measures

Disease Severity. The severity of dry eye disease was rated by

physician assessment and also by a composite disease severity score,
The composite disease severity score, described previously,? is sub-
stantially less dependent on physicians’ subjective assessments and is
easily computed. It combines traditional clinical measures of dry
eye (Schirmer's type-1 and ocular surface staining) with a symp-
tom-based measure (patient perception of ocular symptoms) to
evaluate dry eye in adherence with the recommendations of the
National Eye Institute Workshop on Clinical Trials in Dry Eyes.”

Health Status Measures. General health-related quality-of-

life was measured with the SF-36. Vision-related quality oflife
and ocular symptoms were assessed with the OSDI, the Patient's
Perception ofOcular Symptoms, and the NET VFQ-25. All surveys
were completed by self-administration.

The SF-36is a reliable, valid, and responsive measure of global
health status that measures health status in 8 dimensions, including
physical functioning, role limitation because of physical disability,
bodily pain, general health, vitality, social functioning, emotional
limitation because of emotional disability, and mental health.
These measures are summarized by a physical component sum-
mary score and mental component summary score.*

The OSDI, developed by Allergan, Inc., is a reliable, valid,
12-item questionnaire designed to measure ocular disability from
ocular surface disease (Drug Information J 1997;31:1436). The

Now imagine you can choose between the following boxes.

Click in thet f

Live with perfect- painless vision in both eyes for
30 years, then die.

(give up 10 years)

Live with total painful blindness in both eyes for
40 years, then die.

{give up no time)

it is too hard to choose

Figure 2. Sample question posed by U-titer in the time trade-off method of utility assessment. The number of years the patient has to consideris varied
systematically until a point of indecision is reached. The initial number of years proposed to respondents depends on the demographic characteristics of
the patient.
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three subscales assess vision-related function, ocular symptoms,
and environmental triggers?

The Patient’s Perception of Ocular Symptoms is a nine-level
subjective facial expression scale used previously in dry eye stud-
ies’ and is a componentof the disease severity composite score.

The NEF VFQ-25is a reliable 25-item questionnaire containing
12 scales: General Health, General Vision, Visual Pain, Near
Vision, Distance Vision, Driving, Color Vision, Peripheral Vision,
Vision-specific Social Functioning, Mental Health, Role Difficul-
ties, and Dependency. It has been validated across a broad range of
coular disorders.5

Clinical and Sociodemographic Measures. Clinical measures
included “walking-around” binocular Early Treatment of Diabetic
Retinopathy Study visual acuity, ocular surface staining with flu-
orescein for the cornea and lissamine green for the conjunctiva
(graded according to the Oxford scale}, and tear production using
Schirmer’s test type-1 Gvithout anesthesia). Sociodemographic
data collected included age, race, gender, educational level, and
household income.

Statistical Methods

Mean utility scores (4: SD) were computed for all health states. To
determine whether associations existed between patients’ current
dry eye utility and other health status measures, data were ex-
tracted from prospectively completed data forms, and Spearman
correlation coefficients were computed. The x statistic was used to
evaluate agreement. between patients and physicians regarding
their assessments of disease severity. Finally, test-retest reliability
was evaluated by computing intraclass correlations.

Statistical Power. The target sample size of 20 patients in each
of mild, moderate, and severe dry eye groups (on the basis of
physician assessment) was selected to detect an effect size of 0.4
for the utility scores, using a power of 0.80 and an a of 0.05. In this
setting, an effect size of 0.4 corresponds to a difference between
the largest and smallest group means that is approximately equal to
the common standard deviation. Therefore, the chosen sample size
yields adequate power to detect a mean group difference of 0.2,
given an SD of approximately 0.2. This difference is clinically
relevant; for example, mild angina has been shownto have a utility
of 0.90, moderate angina 0.70, and severe angina 0.50.2 For the
total of 60 patients within each health state, a correlation coeffi-
cient of 0.36 would be detectable with a power of 0.80 (at an a
level of 6.05).

Results
 

Study Population and Disposition

Fifty-seven patients with dry eye were enrolled. The mean age of
this sample was 52,7 + 13.9 years (range, 22-77). Eighty-one
percent of patients were female. Sixty-one percent were white, and
39% were black. The mean number of years of education was 14.5
+ 2.8 (mean = SD), and the mean yearly income was $49,000 +
$25,600 (mean + SD).

Patients reporting higher utilities for binocular blindness than
monocular blindness (indicating their preference for binocular
blindness) or a higher utility for severe dry eye requiring surgery
than for asymptomatic dry eye (indicating their preference for
severe dry eye requiring surgery} were considered to have not
understood the utility assessment process and were deemed inter-
view failures. The interview failure (misordering rate) for the
utility assessment was 29%. There were no significant predictors
of interview failure as assessed by linear regression using socio-
demographic factors (such as age and gender) as independent

Table 1. Test-retest Reliability by Utiliry Assessment Method 

Time Trade-off (n = 11)

Disease Severity Scenario Tneraclass Correlation P

Asymptomatic dry eye 0.75 8.065
Mild dry eye 0.50 0.100
Moderate dry eye 9.43 0.161
Severe dry eve 0.73 0.007
Severe dry eye requiring surgery O31 0.323
Currene dry eye 0.07 0.837

variables. Thus, assessments were based on 40 patients. Of the 40
patients, physicians classified 10 as having severe dry eye, 16
moderate dry eye, and 14 mild dry eye.

Study Validation
Test-retest Reliability. Overall, reliability was moderate to good
for each of the dry eye states, as assessed by an analysis of
test-retest reliability for a subset of patients (n = 11) who returned
for a repeat utility assessment. Because of the modest sample size,
only asymptomatic dry eye and severe dry cye scenarios were
statistically significant (Table 1). The lowest test-retest reliability
was seen for patients’ self-assessment of their own condition
(“current dry eye"), which was the only outcome that could theo-
retically change between test and retest.

Patient-physician Agreement in Designation of Dry Eye Se-
verity. There was mild agreement between patients’ self-assess-
ment of disease severity and physician-assessed severity (x =
0.39, 95% confidence interval, 0.18-0.61) and between self-as-
sessed severity and disease severity composite score (x = 0.33;
93% confidence interval, 0.13-0.52), For each disease severity,
patients tended to grade their dry eye condition as less severe than
that was assessed by the physician. This finding is not surprising
considering that the National Eye Institute/industry Workshop on
Clinical Trials in Dry Eyes concluded that subjective and clinical
findings in dry eye patients do not correlate with each other.?

Utility Scores for Comorbidity, Blindness, and
Dey Eve

Table 2 displays utility scores for comorbidity, blindness and for
each dry eye severity grade. Blindness and dry eye scores are
adjusted for comorbidity and scaled such that 0 = death and | =
perfect health. Comorbidity is also scaled from death to perfect
health.

For each dry eye state, utility scores ranged from 0.62 to 0.78.
As expected, scores for the dry eye states made internal sense
relative to the most extreme visual ovtcome assessed (binocular
painful blindness}. For example, utility for the most severe form of
dry eye (requiring surgery} was 0.62 compared with 0.35 for
binocular painful blindness. When patients were asked to rate their
own current dry eye state, the mean utility score was the same as
the mild dry eye utility score (0.81). However, the reported values
ranged from 0.16 to 0.97.

Utility Loss Solely Attributable to Dry Eye

The lost utilities (“dysutility”) caused by each blindness and dry
eye state are presented in Table 3. As expected, there was modest
condition-specific loss of utility for the mildest dry eye conditions
(0.07), whereas the greatest loss of utility occurred with binocular
blindness (0.52). Dry eye-specific utility loss because of the pa-
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Time Trade-off Untility Score (n = 43}

Comorbidiry
ine the Monocular Binocular

Absence of Painful Painful Asymptomatic
Dry Eye Blindness Bindness Dry Eve

Mean 6.88 0.64 0.35 0.78
$D O14 6.29 O31 0.23
Median 0.94 0.74 0.33 0.86

Seale: 0 = death to 1 = perfect health.
SD = standard deviation.

Severe

Dry Eye
Mild Moderate Severe Requiring Current

Dry Eve Dry Eye Dry Eve Surgery Dry Eye

0.81 9.78 0.72 0.62 0.81
9.18 0.19 0.23 0.26 6.19
0.85 6.82 0.77 0.68 0.85

 

tients’ current dry eye status (0.07) was on the average comparable
to mild dry eye.

Association Between Current Dry Eye Utility
Scores and Other Health Measures

in general, worsening utility scores for current dry eye correlated
with worsening scores on the health status measures. The magni-
tude of correlation was generally mild. Unadjusted utilities for
current dry eye correlated significantly with the ocular symptoms
subscale of the OSDI, the bodily pain and role-emotional subscales
of the SF-36, as well as the distance acuity and composite scores
of the NEI VFQ (all P =< 0.048) (Fable 4. For adjusted utilities,
significant associations were seen with the physical functioning,
role physical, bodily pain, and vitality subscales, and the physical
component summary score of the SF-36 (all P < 0.045), and also
with the NEI VFQ composite score (P = 0.037).

Comparison of Utilities Between Dry Eye and
Other Diseases

Table 5 compares our utility scores with other medical conditions
reported on a scale of 0 = death to 1 = perfect health. Although
all utilities Hsted were anchored on this policy scale, only some of
these explicitly incorporated medical comorbidities as we have
done. Those studies that explicitly reported comorbidity adjust-
ments are denoted with asterisks in Table 5. Because of the

possible differences in method, some caution should be exercised
when making direct comparisons.

Mild dry eye requiring only intermittent treatrnent was the dry
eye state resulting in the least dysutility (utility = 0.81). This level
of dysutility is greater than that experienced by patients with mild
psoriasis (utility = 0.89). The comorbidity-adjusted utility for
moderate dry eye (0.78) was in the range of that reported for

 Table 3. Lost Urility Caused Solely by Ocular Condition

moderate angina (0.75), which was also comorbidity-adjusted.
Severe dry eye and severe dry eye requiring tarsorrhaphy were
associated with more dramatic reductions in utility (0.72 and 6.62,
respectively). This is in the range of utilities reported by patients
with class TV/IV angina (comorbidity-adjusted utility = 0.71) and
is worse than the utility for disabling hip fracture (0.65). Dry eye
requiring tarsorrhaphy had even lower unlity than monocular
painful blindness (0.64). Conditions producing more dysutility
than the most severe form of dry eye included moderate and major
stroke, complete blindness, and AIDS. As a control, the utility
calculated in this study for binocular painful blindness (0.35) was
found to be similar to that seen in a previous study examining
complete blindness (0,33).

Discussion  

To our knowledge, this is the first report of utilities for dry
eye disease. We estimated the mean utility loss of severe dry
eye in the absence of comorbidities to be 0.16 by the FTO
method (Table 3). The interpretation of this lost utility is
that patients expecting to live 10 more years would give up,
on average, 1.6 years of that time to be rid of severe dry eye.
This loss of utility is similar to that reported for moderate to
severe (class IIV/IV) angina.!? Less severe dry eye problems
might carry a quality-of-life impact greater than that of mild
chronic psoriasis. Even moderate dry eye yields comorbid-
ity-adjusted utility scores and lost utility comparable to
moderate angina (calculated from references 7 and 19. This
suggests that effective treatments for dry eye disease can be
expected to restore patient benefits of a magnitude compa-
rable to the benefits produced by treatment for angina.

Numerous methods are available to measure utility. TTO

 

Time Trade-off Lost Ucility* (n = 43) 

 

Monocular Binocular Severe Dry Eve
Painful Painful Asymptomatic Mild Moderate Severe Requiring Current

Blindness Blindness Dry Eye Dry Bye Dry Bye Dry Eye Surgery Dry Bye

Mean 0.24 0.52 O10 0.07 0.10 0.16 0.26 0.07
sD 0.22 0.29 0.16 0.07 0.10 0.14 0.20 0.07
Median 0.16 0.49 0.03 0.04 0.07 0.12 0.19 0.04

Scale: 0 = Nolose uriliry; = utility loss equivalent to che difference berween perfect health and death.
*Lost ucility = (Utility of comorhidiries alone)-(Unility of ocular condition adjusted for comorbidities).
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Table 4. Correlation of Unadjusted and Comorbidity-adjusted
Current Dry Eye Utiliry Scores With Other Healch Measures 

Time Trade-off (n = 43)

Unadjusted Adjusted

B P g B

OSDI
Vision. ~O.17 0.298 -0.14 0.377

Environmental triggers —-O.12 0.447 6.01 6.932
Ccular symptoms ~O31 0.048% -~-O21 6.186
Total —G.16 0.326 ~O.08 0.632

SF-36

Physical functioning 0.29 0.060 0.36 =60.018*
Role limitation/physical 0.30 6.057 0.35 0.024*
Bodily pain 033 6.035* 032 0.037*
General health 6.16 0.310 0.15 0348
Vitality 0.19 0.241 633 0.033*
Social functioning 0.27 0.084 0.26 0.103
Role-emotional 0.32 0.036* 0.24 0.125
Mental health 0.2 0.086 O19 0.241

Physical component summary O30 6.056 O31 6.045"
Mental component summary O27=0.084 0.16 O315

NEI VFQ-25
General health O12 0.453 0.25 0.112
General vision 6.16 0.327 O21 0.173
Ocular pain 0 0.594 0.09=0.579
Near vision 0.24 0.127 024 0.127
Distance acuity O31 o.047* 0.25 0.110
Social functioning 0.17 0.273 0.19 0.232
Mental health 0.18 0.253 O17 0.291
Role difficulties 0.28 0.078 0.30 0.056

Dependency 0.19 0.234 0.15 0.350
Driving 0.26 0.106 0.15 0.342
Coior vision O22 0.166 0.28==60.070

Peripheral vision 0.02 6.922 0.24 0.130
NEI VEQ-25 composite 0.33 0.036* 0.32 §.037*

=P = 0.05.
OSDI = Ocular Surface Disease Index.
 

incorporates the quantity of Hfe directly into the utility
measure, which some belicve makes this a preferred mesa-
sure**. however, others have argued that, because the years
given up are at the end of life, this could lead to an upward
bias.'? Perhaps the most important consideration is that
comparisons across medical conditions should be made only
using similar utility assessment methods and on similar
scales.

TTO utilities had only modest correlations with the other
health status measures. This was expected, because TTO
requires patients to trade years oflife, which depends in part
on one’s degree of risk aversion. The OSDI, NEI VFO, and
SF-36 require no such trade-offs and are not related to the
respandent’s risk tolerance. In general, unadjusted scores,
which did not incorporate comorbidity, correlated better
with the vision-related subscales, such as the ocular symp-
toms subscale of the OSDI and the distance acuity subscale
of the NEI VFQ, whereas comorbidity-adjusted utility
scores correlated better with global health status measures.
Although current dry eye utility significantly correlated with
NEI VPQ-25 composite score, the NEI VFO-25 is not an

 

adequate replacement for the TTO assay, because it is not a
preference-based measure. Furthermore, the NEI VFQ-25
composite score is an unweighted average of the individual
components and is not as theoretically valid as the TTO
assay. Nonetheless, it is interesting to note that they corre-
late, underscoring how utility measures are important for
measuring the way patients value their health state.

Several observations support the validity of our results.
First, our utilities for monocular and binocular blindness are
comparable with previously reported results.?7? Utilities for
dry eye were acceptably reliable on the basis of test-retest
intraclass correlations (the lowest reliability was seen for
patients’ self-assessment of their own condition, consistent
with the fluctuations that patients with dry eye have with
their symptoms}. Moreover, the correlations of unadjusted
and comeorbidity-adjusted utility scores with other health
status measures were in the expected direction for cach
health measure.

Although we specified “painful” blindness instead of
blindness in our scenarios (because dry eye has painful
symptoms}, this did not result in any reduction in utility
scores as might have been expected. It might be that our
patients were more risk-averse compared with previously
reported populations, or perhaps the marginal dysutility of
“painful” in the presence of blindness was perceived as
insignificant. Notwithstanding this, our utilities for blind-
ness are strikingly similar to other reports.?”?

Some of our observations reflect the well-known com-

plexity of utility assessment analysis and the multiple eti-
ologies of dry eye disease. For example, our rate of misor-
dered data was comparable to previous reports for utilities
by TTO.’ Although a high failure rate has the potential to
bias the data, there were no significant predictors of failure
rate in our analysis, indicating impartiality. The failure rate
might have been lower had we used a selected patient group
rather than consecutive enrollment. Also, physician-patient
agreement on disease severity was weak, underscoring the
differences between patient and physician perceptions of
symptoms, and is consistent with the lack of correlation
between dry eye symptoms and clinical signs.”

We did observe variability in dry eye utilities, as has
been reported with utility assessments for other diseases.’
As a result, it should be cautioned that ourutilities might not
apply to individual patients; however, from a societal pro-
spective, these estimates (and particularly their trends} seem
reasonable given the comparable results with previous re-
ports for blindness.?*

Increasing severity of dry eye from the asymptomatic dry
eye to moderate dry eye range did not result in markedly
lower mean utilities. For example, TTO utilities were higher
for asymptomatic dry eye than for mild dry eye. However,
the mean TTO utilites declined as the severity of dry eye
increased across the entire spectrum of disease, consistent
with our expectations.

Finally, although some analysts recommend assessing
utilities from patients not affected with the medical condi-
tion of interest (to capture the societal perspective),?? we
desired to maximize the relevance of responses and there-
fore deliberately chose to sample patients with dry eye. This
population also permitied us to correlate patients’ utility
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Medical Condition
Health Seate of Subjects

Treatment wich warfarin Atrial fbriflaion
Mild psoriasis Psoriasis
Mild dry eye* Dry eye
Asymptomatic dry eve* Dry eye
Moderate dry eye* Diy eye
Moderate angina* Angina
Severe dry eye* Dry eye
Class TLYTV angina*® Angina
Disabling hip fracture Hip fracture
Monocular painful blindness* Dey eye
Severe dry eye with tarsorrhaphy* Dry eye
Moderate stroke Atrial abrillation

Binocular painful blindness*® Dry eye
Complete blindness Cataract
AIDS HIV

Major stroke Arial fibrillacion

*Comorbidiry explicitly incorporated in utiliry.
*Caloulared trom data presented in both articles.

Table 5. Utility of Dry Eye Compared with Other Health Srares  

Mean Uniliey Bar
Time Trade-oft Source

0.98 25
0.89 15

0.81 This study
0.78 This study
0.78 This study
0.75" 7,19
O72 This study
0.74 9
0.65 17

0.84 This study
0.62 This study
0.39 25

0.38 This study
0.33 23
0.21 26
Oui 23

 

assessments with other clinical and vision-related quality-
of-life measures among patients with the disease.

in summary, all severities of dry eye disease reduced
quality of life, with severe dry eye resulting in lost utility
comparable to that reported for moderate to severe (class
TTY) angina, underscoring the seriousness with which
patients with dry eye view their disease. This substantial lost
uulity represents an opportunity for therapeutic interven-
tions, and these results provide the basis for rigorous cost-
effectiveness analyses for dry eye disease.
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THE 2002 GALLUP STUDY OF

ORY EYE SUFFERERS

Summary Volume 



ATTITUDES TOWARD DryEYE

¢ Eight in ten dry eye sufferers (79%) agreethatif left untreated, dry eye can lead to

more serious eye problems. Despite this widespread agreement, six in ten (61%)

say they don't treat their dry eye as regularly as they should.

> Three in four (74%) wish there was a more effective treatmentfor their dry eye, yet

nearly as many (69%) say they are satisfied with the treatment being used.

However,it should be noted that almost twice as many strongly agree that they wish

there was something moreeffective than are satisfied with the current treatment

(34% vs. 19%). Eennnncteeteresecennrvbnneetiobes.cadetPoneto...
 & A majority of sufferers take their dry eye problem seriously as only onein three

(35%) agree “dry eyes are no big deal”.
ee

& Fewerthan fourin ten (36%)feel their dry eye problem might be a symptom of

another heaith problem.

 
M8 21108 Muls-Sponsor Surveys, Inc.
NOAMPASOR NENTS EONSRAENTEN TORO REE CRS AN ORT R TT AN EATEN ENOERENTANY TERE EYE ATETON TANSh UCN OOROREERCPATEN ee eeuEseEEeeLeReyAVELSeerAteldenaeneeaieneae



You can never be too careful

when it comes to eye health.

if left untreated, dry eye
can lead to more serious

eye problems.

| wish there was something
more effective to treat

my dry eye.

| am satisfied with the dry
eye treatment | am using.

Dry eyes are an inevitable
part of aging.

1! don't treat my dry eye
as regularly as | should.

| am worried my dry eye
is a symptom of another
health problem.

Dry eyes are nobig deal.

(n=501)

MS 21109
Peeerosesee SE OTSIES ESE CE ETERS PRE Ree Renee eee DEER TRL eRe eeeRe eT EO EeoeOseo

ATTITUDES TOWARD DRY EYE

Agree Agree Disagree Disagree Don't
Strongly Somewhat Somewhat Strongly Know Total

% % % %

73 22 4

31 48 18

34 40 19

19 50 21

14 53 25

43 48 23

10 26 37

6 29 32

The 2002 Gallup Study ofDry Eye Sufferers

14 force werneorers cateseseeareserseee

% %

0 1 - 100

2 t 100

5 2 100

8 2 100

6 1 100

14 2 100

25 2 100

31 2 100

Multi-Sponsor Surveys, Inc.
SUE EE SEER CANS RUE OTEES ER LRU Aee SER



IMPORTANCE OF ATTRIBUTES In BRAND PURCHASE DECISION

+ A doctor's recommendation (85%)is the attribute mostlikely to be rated very

important in the brand purchase decision of eye ointment or gel. Majorities also

assign very important ratings to a product that is long-lasting (73%) or fast-acting

(66%).

& Substantially smaller proportions rate as very important the brand reputation (40%)

 

or price (31%).

Users of Ointment/Gel

Very Somewhat Not Very Not At All Don't
important important Important Important Know Total

% % % % % %

Physician recommended 85 5 1 5 4 100

Long-lasting 73 14 2 2 9 100

Fast-acting 66 17 4 2 11 100

Brand reputation 40 23 12 10 15 100

Price 31 23 32 1 13 100

(n=47*)

* Sample size too small for reliable statistical analysis.

 
MS 2710° Muiti-Sponsor Surveys, Inc.
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1. INTRODUCTION

Dry eye symptomsarise from a series of etiologies and are manifest in different pa-
tients with varying severity. The National Eye Institute/Industry Workshop on Clinical
Trials in Dry Eyes, under the chairmanship of Dr. Michael A. Lemp, defined specific sub-
types of dry eye in order to standardizeclinical tests used in diagnosis and design of clini-
cal studies.' The use of artificial tears is palliative at best, resulting in a reduction of
ocular surface eyelid shear forces and some symptomaticrelief. Future research should fo-
cus on mechanistic endpoints. What causative factor(s) initiates the sequence of events re~
sulting in the clinical symptoms suffered by the patient?

This review emphasizes observations that the ocular surface (comea, conjunctiva,
accessory lacrimal glands, and meibomian glands), the main lacrimal gland, and the inter-
connecting reflexive innervation compose a “functional unit” (Fig. 1) whose parts act to-
gether as a servomechanism and notin isolation. In the normal individual, when afferent
nerves of the ocular surface are stimulated, a reflex results in immediate blinking, with-
drawal of the head, and secretion of copious amounts of reflex tears from the main lacri-
mal gland. These tears contain proteins, mucin, and water. Similarly, in people who face
chronic ocular surface irritation due to environmental factors (contact lens, low humidity,
wind,etc.), there is chronic stimulation of the lacrimal gland resulting in secretion of “sup-

Lacrimal Gland, Tear Film, and Dry Eve Syndromes 2
edited by Sullivan er a/., Plenum Press, New York, 1998 643
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LACRIMAL GLAND/ OCULARae
Functional Unit

  
 

impulses

sd Sensory nerve
impulses

Gland Cornea

Mircheft

Figure 1. The functional unit comprising the ocular surface. the main lacrimal gland, and the interconnecting in-
nervation.

portive” tears that can maintain and repair the ocularsurface. In individuals suffering from
dry eye, however, chronic inflammation of the ocular surface as well as of the lacrimal
glands can be detected.

This “chronic” inflammation results in inflammatory cytokine secretion from the
main lacrimal gland as well as the ocular surface that may interrupt both afferent and ef-
ferent arcs of the reflex and therefore impair function. The result of this pathology is a
constant ocular surface irritation, which in its most severe form propagates a debilitating
disease progression resulting in an inability of the patient to function normally at home or
in the workplace.

Thealterations in each componentof the ocular surface/lacrima] gland reflex will be
described.

2. OCULAR SURFACE

The ocular surface is challenged by the shear force across its surface due to blink-
ing,” air currents, low humidity-induced desiccation, and foreign bodies (including contact
lenses). Additionally, the ocular surface is confronted with several types of bacteria as
well as viruses. The ocular surface in normal individuals remains intact and is able to re-

pair the damage produced by these constantinsults. Pflugfelderet al.° have shown,that di-
agnostic dyes, rose bengal and fluorescein, do not stain normal conjunctiva or cornea.
Nelson etal.,° using impression cytology, however have indicated that some transient ab-
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normalities can be foundin clinically normal conjunctiva of people living in challenging
environments. Patients with Sjogren's syndrome, who demonstrate a severe lack of aque-
ous tears, stain abundantly in the exposure zone.‘ In normal individuals, minor traumas,
such as those already described, are rapidly healed and pose no chronic threat to the ocular
surface. This is possibly due to the presence ofa trophic surface environmentconsisting of
a normal, non-inflammatory tear film. The tears in the normal individual may vary in
quantity. It appears that a chronic alteration in nerve stimulation of the lacrimal gland in a
dry eye individual results in inflammation and lymphocytic infiltration of the lacrimal
glands. This results in secretion of diminished and altered tears that contain inflammatory
cytokines, resulting in an abnormal ocular surface epithelium. The conjunctival and cor-
neal epithelia have also been demonstrated to be competent to secrete IL-1a, TNF-a, IL-
6, and IL-8.° The question then becomes, what conditions result in the inability of the
ocular surface and the lacrimal glands to respond normally to chronic environmental chal-
lenges? Althoughthis has not been resolved, several studies have indicated that a dramatic

loss in systemic androgens found in a major target population, the peri- and post-meno-
pausal female, results in a loss of support for lacrimal secretory function and production of
an anti-inflammatory environment.*’

3. CONJUNCTIVA

The conjunctiva covers the entire ocular surface outside of the cornea. Its surface is
composed ofa stratified mucus-secreting epithelium and a population of goblet cells also
responsible for the mucus secretion. Mucusis one of the main defense mechanismsagainst
various microtrauma. Shear forces applied during blinking (12—-15/min) can cause signifi-
cant tauima io the ron-lubricated oculsr surface.’ If s uperfic ‘al traumais induced by plaz
ing a Schirmertest strip or impression cytology membrane on the conjunctival surface, the
eye will stain with rose bengal. In the normal eye, staining will no longer be observed af-
ter 24 h, indicating that a reparative process actively restores the normal surface barrier.
Pflugfelder et al. (personal communications) have developed a model of conjunctival re-
sponses to microtrauma in the rabbit using nitrocellulose membranes to remove the super-
ficial two cell layers. Then healing and cellular wound healing behavior are followed. An
increase in epithelial proliferation was detected within 1 h and remained elevated for 3
days. Abnormalpatterns of expression of various cell markers were detected for | week. A
marker for basal epithelial cells, cytokeratin 14, was expressed throughout the entire epi-
thelium,® and the numberofcells staining for the presence of conjunctival mucin wasre-
duced.” Increases in the concentrations of mRNA for inflammatory cytokines such as
TNF-a, IL1-a, and IL-8 were also detected within conjunctival epithelial cells at the site
of the microtrauma.'° This phenomenon is important in part because of the conjunctival
squamous metaplasia seen in moderate to severe dry eye as well as in Sjégren’s syndrome.
This response is seen as chronic wound healing due to the constant motion of the upper
eyelid shear forces generated during blinking. Cytokine synthesis is then initiated in the
traumatized corneal and conjunctival epithelium, as well as cytokines present in the lacri-
mal secretions, in an individual with an unsupported ocular surface (Fig. 1). In Sjégren's
syndromepatients, T-cell infiltration of the conjunctiva has been found in both the epithe-
lium and stroma.'''? Increased levels of IL-la, TNF-a, IL-6, IL-8, and IL-10 have been
found in the conjunctival epithelium of these patients when compared to control.*'? These
patients, for the most part, also demonstrated expression of immune activation markers
HLA-DR and ICAM-1.° The immunomodulatory drug cyclosporine,” as well as steroids,
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have been found to reduce ocular surface rose bengal staining. Additionally, studies in the
dry eye dog model have demonstrated that cyclosporine A eliminates both the conjuncti-
val and lacrimal gland lymphocytic infiltrates. ‘

Alterations in the conjunctiva, such as those mentioned, occur as increased tear film
abnormalities in people with keratoconjunctivitis sicca (KCS). A chronic inflammatory
environment on the ocular surface results in pathologicalterations ofthe conjunctivalepi-
thelium known as squamous metaplasia.*'* A decrease in tear fluid secretion has beencor-
related with an increase in conjunctival rose bengal staining.‘ Patients with Sjégren’s
syndrome, who are unable to tear even in response to stimulation of the nasal mucosa,'®
have very severe ocular surface irritation. Patients with a decrease in lacrimation also have
a decrease in various proteins such aslactoferrin and lysozyme.'”'* Several otherproteins,
secreted in tears, that may be trophic to the ocular surface as well as providing an anti-in-
flammatory environment, are also being investigated.'*"” It is reasonable to assume that in
situations where these proteins are diminished, a pathogenic environmentwill exist in the
ocular surface.

In many types of dry eye, in particular those associated with systemic signs of
autoimmune disease, the lacrimal gland becomes infiltrated with lymphocytes. These in-
flammatory cells adversely affect the function of the lacrimal gland, resulting in altered
tear composition and compromise of the ocular surface. The initial glandular dysfunction,
however, is most probably caused by a “disconnect” at the neural/glandular interface in
the perivascular region. Interruption of the neural signal at this juncture is probably part of
the same mechanism that initiates the migration and proliferation of lymphocytes in the
lacrimal gland and conjunctiva.

4. OCULAR SURFACE INNERVA7TION

The ocular surface is exquisitely innervated, with the cornea having a density offree
nerve endings approximately 60X that of tooth pulp. Corneal sensation is very acute andis
centrally processed and interpreted solely as pain. The conjunctiva does not transmit as
acute sensations as does the cornea and is knownto feel itch as well as some temperature
discrimination. It is well known that corneal stimulation results in a rapid reflex including
immediate blinking, profuse reflex tearing, and withdrawal of the head. The neural path-
way for this reflex as well as normal tearing have been partially elucidated (Fig. 2). Sen-
sory (afferent) traffic from the cornea and conjunctiva travels down the ophthalmic branch
(1) of the trigeminal nerve (V) through the trigeminal ganglion into the spinal trigeminal
nucleus located in the brainstem. The initial synapse occurs in this nucleus, and neurons
then travel up to the midbrain (pons), or the preganglionic sympathetic neuronsin the spi-
nal cord and then the superior cervical ganglion, located in the paravertebral sympathetic
chain. Efferent fibers from the pons extend, via the facial (VII) nerve, to the pterygopalat-
ine ganglion located adjacent to the orbit, where they again synapse and then send fibers
to the lacrimal gland where they influence the secretomotor function (modulation of water
and protein transport). Sympathetic fibers from the superior cervical ganglion also enter
the lacrimal gland. Schafer et al.'* have indicated that parasympathetic neural transmission
can be inhibited by cytokines. Therefore, the pro-inflammatory cytokines such as are
found in the lacrimal and salivary gland biopsies of patients with Sjégren’s syndrome may
inhibit neural stimulation of these target tissues.

It is important to note that the control of accessory lacrimal glandular secretion as
well as conjunctival goblet cell secretion is only now being investigated. Work by Seiffert

0395



A Unified Theory of the Role of the Ocular Surface in Dry Eye $87

WATER TRANSPORT comeal and/or conjunctival

A emeccees =. epithellum
 Coo 4“ ™\ sensory nerve endings 
 
  
 
 

zygomatic
nerve

 

 
 ganglion

(joins ¥2} 

 
    yidian —

nerve (spinal chord} 
 

  
Parasympathetic

was Sympathetic ements19 a
i gangiius | (sep. from Vil) |

Figure 2. Afferent and efferent paths of lacrimal gland innervation for stimulation of tear flow.

et al.,”° has demonstrated that the accessory glands are innervated, and Dartt et al..?' have
also shown that the conjunctival gobletcells are innervated and respond to the presence of
vasoactive intestinal peptide (VIP),

5. LACRIMAL GLAND

The lacrimal glandssit at the other end of the neural reflex. The main lacrimal gland
resides just superior and temporal to the ocular globe. The accessory glands of Wolfring
and Krause reside with the superior bulbar conjunctiva and the upperlid respectively. Al-
though the etiology of dry eye is believed to be multifactorial and can be related to defi-
ciencies in any of the three layers of the tear film, the major cause in Sjogren's syndrome
has been reported to be a deficiency in aqueous tear production from the main and acces-
sory lacrimal glands.'’ As in the salivary glands of patients with Sjégren’s syndrome, as
well as the conjunctiva in dogs with KCS,"* the lacrimal glands of patients with immune-
related dry eye have been found to be progressively infiltrated with lymphocytes. Immu-
nohistochemical studies have demonstrated that these infiltrates consist primarily of CD4+
T cells and B cells.” Classically, this type of lymphocytic accumulation in the intersti-
tium of the lacrimalor salivary gland is thoughtto result in immune-associated destruction
of the epithelial cells in the target tissues, reduce aqueous tear secretion, and subsequently
cause dry eye. The possible mechanisms are currently under investigation and discussion.
The accumulated evidence indicates that the epithelial cells in the lacrimal and salivary
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tissues have the potential to be antigen-presenting cells. In vitro, the lacrimal acinar cells
have shownthe ability to express MHCII following carbachol induction.” In vivo, acinar
cells in the salivary gland of patients and the lacrimal gland of MRL/Ipr mouse model of
Sjégren’s syndrome strongly express class II antigens.‘**"* Additionally, a recent study
using PCR-single-strand conformation polymorphism (SSCP) showed that someinfiltrat-
ing T cells in both lacrimal and salivary glands of Sjégren’s patients recognize the shared
epitopes on autoantigens, suggesting the importance ofrestricted epitopes of common
autoantigens in the initiation of Sjégren’s syndrome.’ Therefore,it is reasonable to pro-
pose that the epithelial cells in inflamed lacrimal or salivary tissues are able to present
autoantigens to the cell surface receptors such as T cell antigen receptors. The activated T
cells can then secrete inflammatory cytokines such as IL-1B, IL-2, IFN-y, and TNF-a,
which may contribute to a continued local autoimmunestimulation and result in infiltra-
tion and proliferation of migrating T-cells within the glands, which, left unchecked, would
result in glandular destruction.***° Additionally, these pro-inflammatory cytokinescanin-
hibit neural transmission of parasympathetic pathways and subsequently suppress neural
stimulation of the lacrimal gland.'

It has becomeclear that lacrimal gland function is significantly influenced by sex
hormones."'**? Amongtheseactions discovered during the past decade, androgen has been
found to exert essential and specific effects on maintaining the normal glandular function
as well as suppressing the inflammation in the lacrimal gland of normal and autoimmune
animal models.**"’ This unique capacity of androgensis initiated through its specific
binding to receptors in the acinar nuclei of the lacrimal gland and, in turn, lead to an al-
tered expression of various cytokines and proto-oncogenes in these lacrimal gland epi-
thelial cells.’“* The immmunosuppressive activity of androgens in lacrimal gland during
Sjégren’s syndromeis proposed to be attributedto its ability to induce the accumulation of
anti-inflammatory cytokirzs suck as TGF-B."” Giventhe critical role that androgen piayr
in many aspects of lacrimal gland, from anatomy to molecular modulation, it has been hy-
pothesized that a decrease in androgen level below a certain threshold mayresult in lacri-
mal atrophy.® Apoptosis in the plasma cells of the lacrimal gland interstitium was detected
4h following withdrawai ofandrogen in ovariectomized rabbits with atrophic and necrotic
changes in the acinar cells occurring over the ensuing several days.’’ The resulting apop-
totic fragments are also suggested to be a source of potential autoantigens and could be
subsequently presented either by interstitial antigen-presenting cells or acinar cells to CD4
cell antigen receptors to initiate the autoimmune response. Our recent study in KCS dogs
indicated that apoptosis plays an important role in dry eye pathogenesis. The data suggest
that both the elevated epithelial cell apoptosis and the suppressed lymphocytic apoptosis
in the lacrimal and conjunctival tissues of KCS dogs may be involved in the dry eye
mechanisms.*°

6. SUMMARY

It is our belief that the pathology of dry eye occurs when systemic androgen levels
fall below the threshold necessary for support of secretory function and generation of an
anti-inflammatory environment(Fig. 3). When this occurs, both the lacrimal gland and the
ocular surface becomeirritated and inflamed, and they secrete cytokines that interfere
with the normal neural connections that drive the tearing reflex. This leaves the Jacrimal

gland in an isolated condition, perhaps exacerbating atrophic alterations of the glandular
tissue. These changes allow for antigen presentation at the surface of the lacrimal acinar
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Figure 3. Proposed modelof etiology and pathogenesis of dry eye. Included are etiologic factors (background, in-
itiator) and the sequence of events resulting in alterations of the ocular surface. Possible therapeutic interventions
(cyclosporine, androgens) are indicated.

 
cells and increase lymphocytic infiltration of the gland. A similar series of events may be
occurring on the ocular surface.

From this hypothesis we conclude:

1. The ocular surface, lacrimal gland, and interconnecting innervation act as an in-
tegrated servo-mechanism.

2. Once the lacrimal gland loses its androgen support,it is subject to immune/ neu-
rally mediated dysfunction.

3. The ocular surface is an appropriate target for dry eye therapeutics.
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integrating Restasis into the

Management of Dry Eye

tm §=Stephen C. Pflugfelder, MD

The approval of cyclosporin emulsion for treatment of the inflam-
matory componentofdry eye by the US Food and Drug Administration
in December 2002 represents a major paradigm shift in the treatmentof
dry eye and in our understandingofits pathogenesis. There is mounting
evidence from basic andclinical research demonstrating that inflamma-
tion is both a cause and consequence ofdry eye. Certain inflammatory
mediators, such as interleukin 1 have been found to cause lacrimal

dysfunction though functional paralysis of the secretory epithelia,’
whereas others (eg, interferon-y and tumor necrosis factor-a)

may interfere with normal differentiation and promote apoptosis of
lacrimal gland and ocular surface epithelial cells.”

Topical cyclosporine emulsion has been found to have a salutary
effect on ocularirritation symptoms,tear production,and ocular surface
epithelial disease in patients with keratoconjunctivitis sicca.* Several
mechanismsof action of cyclosporine emulsion have been identified,
including inhibition of epithelial apoptosis and cytokine production
by the activated T lymphocytes that infiltrate the conjunctiva in
keratoconjunctivitis sicca.>© ‘T-cell infiltration of the conjunctiva
has been foundto be a feature of Sjogren and non-Sjégren syndrome
keratoconjunctivitis sicca.’” These T cells seem to be chemoattracted
by the stressed ocular surface epithelia and once in place produce
factors such as IFN-y that push differentiation of the ocular surface
epithelium toward a poorly wettable skinlike pattern. These findings
suggest that keratoconjunctivitis sicca is similar to psoriasis and inflam-
matory bowel disease, conditions where T cells have been identified to
play a key role in the epithelial pathology.*® The improved
understanding of the pathogenesis of keratoconjunctivitis sicca, particu-
larly the role of T cells in this process, helps to explain the observed
clinical efficacy of topical cyclosporine emulsion for treatment of this
condition.
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How does cyclosporine emulsion fit into the armamentarium for
treatment of keratoconjunctivitis sicca? An international task force held
at the Wilmer Eye Institute in December 2003 proposed a treatment
algorithm for treatment of dry eye based on scientific evidence and
clinical experience.'° This group categorized dry eye into 4 severity
levels based on irritation symptoms, clinical signs, and diagnostic tests.
Patients with level 1 severity complain of mild episodic irritation
symptoms, may have an unstable tear film, mild conjunctival dye
staining and no corneal epithelial disease. In level 2, patients now
experience chronic irritation symptoms and show evidenceofperipheral
corneal epithelial disease. In level 3, the central cornea is involved and
patients may develop filamentarykeratitis and level4 is blinding dry eye,
such as severe Sjégren syndrome or Stevens-Johnson syndrome where
the cornea may opacify or ulcerate. Therapy of level 1 disease consisted
of artificial tears, elimination of offending environmental factors, or
systemic medications increasing oral intake of omega-3 fatty acids. The
addition of cyclosporine emulsion to these other therapies was recom-
mended for treatment of level 2 and worse disease where the chronic

nature of the disease and ocular surface epithelial changes indicates an
inflammatory component. There was consensus among the group that
ocular surface inflammation should be controlled before temporary or
permanent punctual occlusion.

The improved understanding of the role of inflammation in the
pathogenesis of dry eye raises the issue of whether cyclosporine therapy
should beinitiated prophylactically in patients who are at high risk for
developing level 2 severity or worse disease, such as patients
with Stevens-Johnson syndrome, systemic autoimmune conditions
(eg, rheumatoid arthritis and systemic lupus erythematosis) or early
signs of graft-versus-host disease after allogenic bone marrow trans-
plant.’ Early intervention may minimize the risks of developing
debilitating irritation and blinding complications such as permanent
goblet cell loss, stem cell deficiency, or corneal ulceration that can
develop in these diseases. Additional evidence will be required to
addressthis issue.

& References

1. Zoukhri D. Effect of inflammation on lacrimal gland function. Exp Eye Res.
2006;82:885-898.

2. Nakamura M, Matute-Bello G, Liles WC,et al. Differential response of human lung
epithelial cells to fas-induced apoptosis. Am J Pathol. 2004; 164:1949-1958.

3. Wei L, Debets R, Hegmans JJ, et al. IL-1] beta and IFN-gamma induce
the regenerative epidermal phenotype of psoriasis in the transwell skin organ
culture system. IFN-gamma up-regulates the expression of keratin 17 and keratino-
cyte transglutaminase via endogenous IL-1 production. J Pathal. 1999;187:
358-364.

0403



10.

1k.

Cyclosporin Therapy of Dry Eye & 4&3

. Sall K, Stevenson OD, MundorfTK,et al. Two multicenter, randomized studies of the
efficacy andsafety ofcyclosporine ophthalmic emulsion in moderate to severe dry eye
disease. Ophthalmology. 2000;107:63 1-639.

. Strong B, Farley W, Stern ME, et al. Topical cyclosporine inhibits conjunctival
epithelial apoptosis in experimental murine keratoconjunctivitis sicca. Cornea.
2005;24:80-85.

. Matsuda S, Koyasu 8. Mechanisms of action of cyclosporine. Immunopharmacology.
2000;47:119-125.

. Stern ME, Gao J, Schwalb TA,et al. Conjunctival T-cell subpopulations in Sjogren's
and non-Sjogren’s patients with dry eye. Invest OphthalmolVis Sci. 2002;43:2609-2614.

. Chow 8, Rizzo C, Ravitskiy L, et al. The role of T cells in cutaneous autoimmune
disease. Auéotmmunity. 2005;38:303-317.

- Korzenik JR, Podolsky DK. Evolving knowledge and therapy of inflammatory bowel
disease. Nat Rev Drug Discov. 2006;5:197-209.
Behrens A, Doyle JJ, Stern L, et al. Dysfunctional tear syndrome: a Delphi approach
to treatinent recommendations. Cornea. 2006. In press.
Kim 3K. Ocular graft vs host disease. Ocular Surface. 2005;3:5177-S179.

0404



0405



 

 
 

Volume 31 + Nurmber 1

COMPLICATIONS CONSUAT

Unfolding of IL key
to giued intrasclaral
fixation

 
  
 
 
 

Righty-six percent of patients with dry eye have both
encibomian gland dysfunction and aqueous deficiency,
an important consideration when optimizing the cor-
neal surface before surgery — any type of ophthalmic

i surgery.
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A higher incidence ofretained perfluorocarbon
was found in patients who underwent 23-gauge
vitrectomy rather than traditional 20-gauge re-
pair of retinal detachment.

“After transitioning from traditional
20-gauge vitrectomy to 23-gauge vitrectomy,
it appeared to me that there was an increased
incidence ofsubretinal perflucrocarbonliquid,
Suniz }. Garg, MD,said.

Garg retrospectively reviewed 234 retinal

 

 
 
 
 

 

period and found a 10.3% incidence ofretained
PPCL when he used the smaller-gauge instra-
mentation. incidence was 2.3% in the 20-gaugecases.

“Although microincision vitrectomy is a
great advance, with any new technology comes
subtle changes that we might not appreciate or
realize; Garg said. “I expected there might be
a slightly higher rate of subretinal PPCL with
23-gauige vitrectomy, but not a 4.5-fold in

 
  

 
 

 

Reducing turbulence within the eye is the
critical part ofprimary surgery. Garg has begun
using valved 23-gauge cannulas, which create
less turbulence, he said,

Two other options for decreasing turbulence
are reducing the infusion pressure when using
non-valved cannulas and clampingthe infusion
line when removing instruments from the eye.

A follow-up study using valved 23-gauge
cannulas is currently under way.
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Panel recommendstreating ocular surface
prior to any refractive procedure

Round table participants

Marguerite 8.
MeDonaid

‘The biggest risk factor for a poor outcome
im seirsctive surgery is pre-existing dry
eye, according to a panel ofexperts.

“We have taken a new approach of
evaluating patients for ocular surface
disease before considering any type of
surgery, including cataract sungery’ Eric
D. Donmenfeld, MD, OSN Cornea/Ex-
ternal Disease Board Member, said at a

panel gathered to address management
ofocular surface disease. Patients who are

being evaluated for LASIK and PRK over-
whelmingly have preoperative dry eye, he
said.

“We cam improve the outcomes dra-
matically by managing these patients,
Donnenfeld said at OSN New York during
the Dry Eye, Antiinflammatory and Al-
lergy Corneal Health Round Table, which
be chaired,

Getting started
Donnenfeld kicked off the discussion

with the case of a 43-year-old myopic
woman with mild tw moderate dry eye. The
edited round table follows; the panelists
discussed off-label use ofsome products.

Donnenfeld: In a myopic patient with ac-
dive staining ofthe conjunctiva and cornea
and with mild to moderate dry eye, what
is the best refractive procedure? Many
ophthalmologists would say PRK, and
others would say no treatment, as would
be expected, but there are additional op-
tons,

 

Douglas A. Katsey, MD: Hf the patientis
43 years old, it is hard to put in a phakic
TOL. PRK, in my experience, causes less
dry eye than LASIK, but certainly maxi-
mizing the tear film and treating with all
appropriate medications and heat to the
Uds is the mast important thing to do be-
fore getting started in any divection.

Bonnenfeld: How common is it to have
mixed mechanism disease, that is, both

meibormdian gland dysfunction (MGD}
and aqueous deficiency, and haw would
you treat it?

Marguerite B. McDonald, MD, FACS:
Michael Lemp published a paper proving
that 86% of the patients with dry eye have
concomitant MGD.

Donmenfeld: So this is the rule. In the

past, we treated one or the other. We need
to think about treating both of these dis-
eases to maximize results. Lets start by
talking about aqueous-delicient diry eye.
What would be your starting point for
managing this patient?

Treating aqueous deficiency
Henry D. Perry, MD: 3 would start with
non-preserved artificial tears and topical
cydosporine, which is sometimes unde-
rused in patients with mild dry eye dis-
ease, It is important in any type ofchronic
ocular surface disease, especially due to
aqueous deficiency, to begin topical cyce-
sporine.

Donnenfeld: Whatifthe patient does not
want to wait 3 to & months for cyclospo-
xine to hit fill stride?

Berry: Then we also have nutritional sup-
plements. Fish oll, especially omega-3,is
helpful, and we can see results in as litle
as 2 weeks.

Bonnenfeld: 1 like nutritional supple-
ments as well. In our practice, we use sec-
ond-generation omega-3 fish oils in which
the natural trigtyceride provides signili-
cantly greater DHA and EPA absorption
than first-generation fish oils that have
been converted with alcohol to an ethy!
ester form, I believe brands such as Nor-
dic Natural in stores and PRN in doctors’

offices, which is what I use, provide much
better results.

in addition, we have been adding topi-
cal corticosteroids such as loteprednol
when we initiate therapy. Combination
immunomodulation does great work to
get these patients comfortable, and it re-
duces burning and stinging,

McDonald: Some experis have recon:-
mended a run of topical steroids first and
then starting Restasis (cyclosporine oph-
thalmic emulsion 0.05%, Allergan), I start
patients on both simultaneously, largely
because when patients have steroids first,
they never want to start cyclosporine.
‘They do anything they can to stay on the
topical steroids, which do two things:
‘They blunt or totally eliminate the sting-
ing that often accompanies the induction
ofcyclosporine therapy, and they give im-
mediate symptomatic relief. So patients
have real belief that your suggested. regi<
men is working, And in 4 to 6 weeks, you
can turn this person fram a suboptimal
candidate for laser surgery into a pretty
good candidate.

BDonnenfeld: That is the key here. You
need to evaluate these patients, and if
they respond, they become good candi-
dates for LASIK or PRE. If they do not
respond, then you are probably best off
doing nothing, There is a new steroid that
will be coming out that I think is going to
be exciting forthis type ofcase, and that is
loteprednal gel, which will be available in
the first quarter of 2013. 1 think that will
provide even more ocular surface cover-
age and better contact me,

Perry: In our office, when we start topi-
cal cyclosporine, we always start a low-
dose corticosteroid, Several authors have

shown the efficacy of increasing the suc-
cess oftopical cyclosporine with low-dose
foteprednal, and it has been shown by pwo
other groups that the concomitant use of
steroids is beneficial, not only in the initial
treatment, butalso in allowing the success
of the long-term use of topical cyclaspo-Hine.

Katsev: When youaregoing to start cycla-
sporine, patients need to know that they
are going to be taking this medication for
4 to 6 months. They need to communi-
cate to me that they are willing to take it
that much. J also start topical steroids, sof
need commitment for 4 to 6 months and
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I need to know that they understand the
disease,

McDonald: With loteprednol etabonate
starting at the same time as cyclosporine,
i prescribe four times a day for 2 weeks,
twice a day for 2 weeks, and then the pa-
tient is off the loteprednel while the cyclo-
sporine continues,

Donnenfeld: That is the Asclepius Panel
recommendation.

Kenneth R. Kenyon, MD: I continue to
believe that it is important to definitively
diagnose aqueous-deficient dry eye by
determining if the patient, in fact, has
aqueous deficiency. Back in the day, we
performed basic secretion Schirmer tests
with topical anesthetic. Three decades
later, 1 continue to use this same test to

screen for aqueous deficiency. The no-
tion that a patient with a basic secretion
Schirmer score of perhaps 10 mm in §
minutes has an aqueous-deficient dry eye
and therefore deserves Restasis and/or

punctum occlusion is simply incorrect. In
such a case, other mechanisms of ocular

surface disease, such as MGD, exposure
or decreased corneal sensation, must be

investigated.
Tam sure we all have our differing

views, but I will say that it is important to
be clear when you are doing a pre-laser
vision correction workup te have space
on your diagnostic forms for both lids
and tear functions. it will keep you out
of trouble; it will keep you out of mal-
practice suits. I am certainly concurrent
with everything else that has been offered
about various medical and pharmaceuti-
cal therapies, but a Schirmertest tells mea
heck ofa lot and then allows me to decide

whether to go down the route of plugs or
even punctum cauterization, which after
the inflammatory componentof the sur-
face is under control, is a time-honored

valid therapy.

Dennenfeld: Punctal plugs work fairly
well in aqueous-deficient dry eye. You
want to stabilize the ocular surface first.

if you want to make a patient unhappy,
in my experience, put a punctal plug in
someane with significant MGD. Those
patients are just miserable. Sa, when do
you start punctal plugs in these patients?

Kenyom: I have become cognizant of the
notion that you de not want to create an
ocular surface cesspool, as it were, by to-
tally denying all aqueous and, hence, other
toxic waste outflow. But after you get the
surface in good anti-inflammatory status,
then it is time to intervene with punctum
occlusion, whether by a homemade “quick
and dirty” 3-mm length of 5-0 chromic
suture or with more extended duration
intracanalicular inserts such as Oasis or

semi-permanentsilicone plugs. These are
all variations on the theme. But first it is

anti-inflammatory and then it is punctal

occlusion, ifyou, in fact, have a true aque:
ous-deficient component.

Anti-inflammatories in glaucoma
Donsenfeld: Do you find that anti-in-
flammatory therapy, notablycyclosporine,
plays a role in glaucoma management?

Robert j. Noecker, MD, MBA: Without a

doubt. When you look at the demograph-
ic information,these are two diseases with

parallel comorbidities. In the general pop-
ulation, a rough statistic for ocular surface
disease in age-matched controls is around
15% vs. around 5096 in the glaucoma pop-
ulation. The argument is that glaucoma
therapy tends to make people worse.

Donnenfeld: A lot ofglaucoma specialists
resist the idea of early surgery, but for the
corneal specialist, often the best thing to
do is to get the patient off the glaucoma
drops. Often, I will recommend some-
thing simple, like laser trabeculectomy
or selective laser trabeculoplasty in pha-
kic patients or an iStent (Glaukos) if the
patientis having cataract sungery, to get a
patient offofa glaucoma medication.

Neecker: Certainly SLT and laser inter-
ventions are easier to do. And now we

have microinvasive glaucoma surgeries,
which are lowering the bar in terms ofnot
causing significant morbidity commonly
associated with glaucoma surgery.

The other pointis that it is an amazing
time in glaucoma medical therapy be-
cause there are 96 many options to avoid
the common preservative we talk about:
benzalkonium chloride (BAK). [fit is not

possible from a formulary standpoint
to eliminate BAK, then every new for-
mulation hasless and less BAK than the

formulation had 5 or 10 years ago. You
can have people on 4 preservative-free
prostaglandin or a non-BAK alternative
preservative prostaglandin. You can have
them on preservative-free dorzclamide
timolol. You can have them on preser-
vative-free timolal alone. You can have

alternatively preserved brimonidine. So
you could do a whole treatment regimen
without ever having to warry about the
preservative effect. Active ingredients
certainly and pH alse play a role, but the
preservative is the common denomina-
tor,

Donmendeld: As a corneal specialist, ifyou
can get patients offofthese drops fora life-
time, the quality of life and the improved
vision are significant.

Meibomian mechanism

Donmenfeld: Because we are talking
about a mixed mechanism of ocular sur-

face disease, let's move on to the manage-
ment of MGD. What would be your first
Une of therapy for managing someone
with MGD?

Coverstory continues on page 12
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the ocular surface and minimizing
preop dry eye, whatis the value of
the Schirmer test in particular before
conducting refractive surgery?

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 

 
 

Popularity of Schirmer test eroding

sefractive surgery Schimmertest.

correction.

evant financialdisclosures.

Schirmer test still relevant

aboutit hefare the laser, not afterward,

Reference:

 

|
With the emphasis on optimizing

Ocular surface optimization should be considered an integral
part and packageofcurrent day refractive surgery in orderto
deliver the optimal visual outcome, meet our patients’ high
expectations, and convert them to satisfied customers. in this
endeavorthere are various venues to pursue with regard to pre-
refractive surgery detection of dry eyes, and one age-old testIs
the Schirmer test. Since its entry inte this arena, Schirmer test
rapidly gained popularity amongclinicians, primarily driven by the
fact that it Is readily available, is relatively inexpensive,is easy to perform, and lacks
clinically noticeable side effects, However,like everything else in life, its sustained
popularity as an aqueous tear deficiency test has been slowly erading, as reflected
by one of the ASCRS surveys that reported 70% ofthe surgeons are not using pre-

 

So whyis there a changeof heart toward Schirmertest? it is multifactorial, and
some of the reasans may be attributed to the fact that the results can be quite
variable. Based on the Schirmertest, ane report showed that 17% of asymptomatic
subjects would be misdiagnosed as dry eye patients. A more recent study showed
that subclinical tear deficiency indicated by low Schirmertest values did not
influence PRK outcomes in patients matched by age and magnitudeofrefractive

it is Importantto listen to patient symptomsofdry eye,look for clinical
biomicroscopic signs of dry eyes even in those asymptomatic individuals, and
consider incorporating someofthe newer, technology-driven dry aye tests that may
be suitable in yourrefractive surgery practice.

Solomon KD, et al. /CataractRefractSurg, 2002;28(2):346-355,
Tuunanen TH, Tervo TM.JCataractRefract Surg. 1996; 22:702-768.
Van Bijsterveld OP. Arch Ophthalmol. 1969;82:10.

ThomasJoin, MB, is an OSN Cornea/Extemal Disease Board Member, Disclosure;John hes no ref-

Dry eye continues to be a significant problem and a causeofdissatisfaction
after laser susgery. There are a fot of reasons why these patients might have dry
eyes, but the key reason is preop dry eye disease. So when we
are thinking about laser, we should be thinking about preop
diagnosis of dry eye disease. in a study that asked physicians
what they do to evaluate patients before refractive surgery,
as expected nearly 100% of physicians said they perform
corneal topography, but enly 36% of the physicians performed
Schirmer’s, We may argue that Schirmer’s isn’t the best dry eye
test: nonethelessit is interesting to see that the physicians were
not thinking about that. That’s a take-home message. Let's think

 
Excerpted from Asbeill PA, Gadaria N, Lee K-. “The Ocular Surface andfts impact

on LASIK and PRK’ presented at OSN New York, Nov. 16-18, 2012,

Solomon KD, et al, JCataractRefractSurg, 2002:2812):346-355,

Poany Asbell, MD, MBA, PACS, is OSN Contact Lenses Section Editor. Disclosure: Asbell receives re-
search funding from,is on the speakers bureau foror consults for the following: NIH, ToniandMartin
SosnoffFund, Alcon, Allergan, Aton, Bausch + Lomb , Merck, inspire, Clinical Research Consultants,
Johnson andJohasan, Pfizer, Santen, Research to PreventBlindness and Vistakon Pharma,
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Perry: The first thing is be sure ofthe diag-
nosis, ag Dr. Kenyon said. 1 like to express
the glands to get a feeling for the consis-
tency and where we are in terms of the
MGDin that particular patient. Heatis es-
seiitial to melt the fats to get them dowing,
andit is important that we zemember that
in this particular disease the change from
long-chain fatty acids to free fatty acids
with the inflammation leads to saponifi-
cation or a soap formation. The problem

surgery.”
— ERIC BD. DONNENFELD, MD

 
is that there is too much detergent in the
tears. Artificial tears can do a lot to help,
and topical cyclosporine, topical steroids
and nutritional supplements are also heip-
fal. Lid hyperthermia is essential, Oral
doxycycline changes the equilibrium con-
stant from free fatty acids back to long-
chain fatty acids and helps decrease the in-
flaramation, as does topical azithromycin.
Pulsed light therapy also helps in terms of
heating, but there have been some disas-
ters that occurred when theiris was fried

by mistake.

Donnenfeld: | have becomea big believer
in nutritional supplements, What do you
recommend to your patients who have
MGD?

Richard M. Awdehk, MID: The increased

importance of nutritional supplements
is clear, both to us as a society and to us
in clinic and with our patients, I will rec-
ommend that patients go on a vitamin
therapy or TheraTears (Akorn) type of
nutritional supplement, but addition-
ally I ask patients to review their diet for
rich foods -—~ chocolates, cheeses, wines,
caffeine, nuts — and [ will ask them ia

modify their diet.
Por these patients, I do notlike putting

them on an oral systemic therapy unless
we get to that point, and if we do, then
we will put them on oral doxycycline 100
mg two times per day for a few weeks and
then switch te 100 mg daily. We ask them
to take it with a snack and avoid sun expo-
sure and ambient sun.

We have had success with topical
azithromycin, again doing a staged ap-
proach, starting a low-dose steroid and
then tapering the steroid down as the
azithromycin has dme to work.

With topical cyclosporine, there are in-
stances whenpatients are not comfortable
with it. We have a compounding pharma-
cy that creates the topical cyclosporinein
different concentrations and in different

vehicles, including a corn oil, for instance.
We sometimes notice a good response in

patients who were previously intolerant.

Kenyon: Half of my blepharitis and mei-
bomitis patients do well simply with a
warm. compress for $ rainutes and eryth-
romycin. That is traditional. Another 2596
with any hint of rosacea will be knocked
offwith low-dose doxycycline or minocy-
cline, which can go on benigniy for years.
So all this is good stuff, including LipiFlow
(TearScience), but there is still a lot ont
there in the traditional armarmentarium.

“We have taken a new approach ofevaluating patients
for ocular surface disease before considering any type of

LipiFiew expression
Bonnenfeld: Consider the case of a

55-year-old patient with a long history of
tired eyes, no medications, no corneal or
conjunctival staining, drinks heavily, 2+
MGD,shortened tear break-up time who
is treated with hot compresses, nutrition
and LipiFlow, Patients whe have mar-
ginally compensated ocular surfaces re-
spond by blinking more often, and when
they blink more offen, they develop tired
eyes. He had the therapy, the tired eyes
got better, and the blinking reduced.

Kenyon: I have no proprietary interest
here, but one ofmy practice partners, Jack
V. Greiner, MD, has been doing studies
for TearScience, so 1 have watched devel-

opments with interest. 1 believe LipiFlow
works, butit is pricey.

Having said that, Greiner has done
follow-up studies on some ofhis patients
for more than 2 years, and this single
12-minute pulsed heat therapy does in-
deed unblock the glands. Whether it is by
the subjective surveys such as the Ocular
Surface Disease Index and the Standard

Patient Evaluation of Bye Dryness, or all
the objective measures, LipiFlow therapy
does seem to have a protracted effect. So
despite the self-pay “sticker shock” disad-
vantage, you can at least reassure patients
that they will benefit for at least a year or
perhaps longer.

McDonald: When we do hot compresses
at home, most of that heat is wicked away
by the lid structures, which are highly vas-
cular. So little ofthe externallyapplied heat
gets all the way back to where we want it
to — the meiborsian glands. But with the
LipiFlow system, the heat is applied from
the tarsal plate conjunctival side ofthe lid,
so that the altered meiburn becomes lig-
uefied; then gentle pulsations start and the
aktered melburm is extruded. It is a much

more effective way to apply heat, and to a
much higher temperature — though still
to a controlled and comfortable degree -~
than patients could ever get at home.

GERSS INEST GRRE | JANUARY 96, 2089 | Nakeconeprthaimalogy

Years and optimizing the surface
for surgery
Donnenfeld: Consider the same patient
wheis going to have LASIK or PRE who
had mixed mechanism ocular surface
disease and is now better. Lets talk about

what can be done surgically.
Literature now shows that making

thin planar flaps gives better results. Bev-
el and side cuts provide better adhesion.
Flaps can be smaller, In the old days, we
were making 9.5-mim flaps for myopes.
in a patient with a small pupil, you can
go down to 8.1- or $-mm flaps. You have
half the surface area; half the corneal

nerves are cut. There are a lot ofways for
surgical modification. I de not think per-
sonally that there is now a big difference
between PRK and small-flap LASIK with
advanced techniques. In the old days
when we made 150-yum flaps there was a
big difference, but now I think PRK and
LASIK are both reasonable techniques
for managing these patients.

Awdeh: I agree. The key is to get the pa-
tient to baseline before surgery and to
make sure that their symptoms have im-
proved. Make sure that your objective
is such that the patient is also true to the
Schirmer’s test and staining ofthe cornea.

Donnenfeld: Dr. McDonald, you wrote
one of the definitive articles on using cy-
clasporine in these patients. How long do
you continue cyclosporine after LASIK,
and does it really affect the visual results?

McDonald: Ves. There are now at least

five papers in the peer-reviewed literature
documenting that whether you are old or
young, male or female, and dry or not,
you will have a better post-LASIK clini-
cal outcome with a preop run-in ofcyclo-
sporine and usingit for at least 3 months
afterward. One of those papers is ours,
asing cyclosporine in extremely dry eye
patients, who are considered very high-
risk LASIK candidates, It made a big dif-
ference in the percentage of patients who
achieved 20/20 uncorrected vision and in

the percentage that needed an enhance-
ment, both in favor of the cyclosporine-
treated group,

Kenyon: Based on your work, I use
Restasis for at least a month preop in any
patient with a Schirmer test value ofless
than 5 mm basic secretion. 1 can con-

Gnue it for up to 3 months postop. I al-
ways do LASIKin these patients because
I think that their ocular surface is less

compromised from the beginning, so the
neurotrophic component of creating a
LASIK flap is far offset by the need for the
epithelium to regenerate in a potentially
drier environment. Ifyou do everything
that we have described here to optimize
the ocular surface first, then you will not
get into trouble later with ocular sur-
face difficulties, whether due to a single

mechanism or a combined mechanism.

Donnenfeld: Ed Manche just published a
paper in Ophthalmology, in which LASIK
was done in one eye and PRK in the other
eye, and patient healing was evaluated.
‘There was no difference in dry eye be-
tween the two groups, and the healingwas
better in the LASIK group because of the
problems ofepithelial remodeling, “BRR
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Article Date: 9/1/2013

Focus on Dry Eye

Restasis: 10 years after launch

The drug has found a strong niche in dry eye therapy.

By Jerry Helzner, Senior Editor

Launched by Allergan in the United States in April 2003, Restasis (cyclosporine ophthalmic emulsion 0.05%) had the
advantage of being the first — and still the only — FDA-approved prescription drug for chronic dry eye disease. For people
who had spent years trying to cope with their disease, primarily with oceans ofartificial tears, just two drops of Restasis
each day was designed to attack the underlying inflammatory characteristic of the disease and allow patients to produce
more natural tears.

Sales continue strong growth

Now, a decade after it was introduced, Restasis can be deemed a success. Ophthalmologists interviewed for this article say
it has earned a significant place in their overall treatment plan for combating dry eye disease. Patients worldwide have now
accounted for 16 million prescriptions for the drug, translating to a compounded 40%annual sales growth, according to
Allergan. In 2004,its first full year of US sales, Restasis totaled $98 million in revenues. This year, Allergan expects
Restasis to record between $870 and $900 million in worldwide sales, making it the company’s best-selling ophthalmic
drug by far.

In the latest reported quarter, the second quarter 2013, Restasis was still growing sales by double-digits (10.5%), even
though the drug has been in the marketplace for a decade. What’s more, Restasis has been blessed with an ongoing
marketing campaign featuring a series of television ads that focus on the endorsement of cornea specialist Alison Tendler,
MD, of Vance Thompson Vision in Sioux Falls, S.B.

Given that Restasis has made a considerable impact on the treatment of dry eye disease over the past 10 years, what
have ophthalmologists who treat dry eye learned about the drug during this time that allows them to use it more
effectively? This article will focus on the experiences of three corneal specialists who have successfully integrated Restasis
into their arsenal of dry eye treatments, two of whom actually use Restasis themselves.
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A scene from one of a series of Restasis television ads featuring spokesperson Alison Tendler, MD.

THE LEARNING CURVE

Restasis needs time to work

Stephen Pflugfelder, MD, of the Cullen Eye Institute at Baylor College of Medicine in Houston, has extensive experience
with Restasis, having served as an investigator in the drug’s pivotal phase 3 trial. He believes Restasis came along at just
the right time. “In terms of treating dry eye and ocular surface disease, prior to the introduction of Restasis, artificial tears
just weren't cutting it because inflammation is a big part of the disease,” he says. “Restasis has helped us to treat the
inflammation.”

Dr. Pflugfelder says he went through a learning curve in the use of Restasis that has helped him to be more accurate in
selecting patients for whom the drug is most effective. “First, it’s very important for both doctors and patients to recognize
that it takes a while for Restasis to begin to work,” he notes. “It could be four to six weeks and it could even be longer, but
I have found that the drug’s effectiveness gets better with time. It is so safe that you can use it indefinitely, whichis a
major advantage.”

Dr. Pflugfelder says patients who produce low tear volume at baseline tend to do better on Restasis than patients who
produce more of their own tears. He has also conducted in-house research that points to patients with low goblet cells as
good responders to Restasis therapy. “Restasis appears to have the ability to repair goblet cells,” he notes.

Can Allergan fight off generic Restasis?

i rest form of flattery, than Allergan should feel quite flattered these days. As the basic patent for
‘Restasis is set to expire in May 2014, generic drug manufacturers are salivating at the chance to getinto the marketplace i
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(with:their veversionOF ‘whatisis now’ close.to:‘a$i-billion--a-~year drug.

‘A generic version of Restasis may be close at hand if recent FDA draft guidance becomesa reality. In June, the federal
{agency proposed that humantrials of generic Restasis may not be necessary if laboratory testing can demonstrate the
{chemical equivalence of the drugs. With that standard for approval, the timetable for a generic version could be pushed
‘ahead by years. That fact was not lost on Allergan stockholders as the price of Allergan shares tumbled 12%the day after
ithe FDA draft guidance was announced.43

{Allergan has already begun the fight to ensure that human trials are conducted for any generic version of Restasis, In a
4istatement issued following the FDA announcement, Allergan said it believes the FDA’s proposed testing method “cannot
{predict clinical safety and efficacy, and thus cannot be used to establish bioequivalence.”
‘Allergan said it will provide feedback to the FDA during the 60-day comment period. The company asserts it is weighing al
.‘options in an effort to prove the FDA's proposal, if carried out, would not be in the best interests of consumers.
‘Two factors could work in Allergan’‘s favor to forestall competition. First, the Restasis manufacturing process is highly
‘complex and could delay a potential competitor's ability to make the drug. Second, an improved, next-generation Restasis
would provide a competitive advantage and more years of patent protection for the improved product. Allergan is also now
4conducting a phase 2 clinical trial for a next-generation dry eye therapy called Restasis X. The company would not

mu ent on a possible timetable for approval ofthenext-generation product.

 
 
   

Short-course steroids can help

Because Restasis takes a while to begin to work, Dr. Pflugfelder often starts his dry eye patients with a short course of
topical steroids, which lasts about a month. “The topical steroid does two things,” he says. “It provides earlier relief for the
patient and it mitigates the burning or stinging sensation that many patients feel when they begin Restasis.”

TREATMENT PLANS AND TIPS

Dr. Pflugfelder’s treatment plan

The cornea specialists interviewed for this article agree that Restasis must be part of an overall treatment plan. It is not a
panacea that can stand on its own. “No single drug can work for all patients,” says Dr. Pflugfeider. “An overall treatment
plan for dry eye disease could include one or more of the following: supplernents such as fish oil, the antibiotic anti-
inflammatory doxycycline, punctal plugs and the antibiotic AzaSite (azithromycin, InSite Vision, Alameda. Calif.).”

About 80%of the patients to whom he prescribes the drug do well on it, Dr. Pflugfelder says. “I have patients who have
gonefrom debilitating dry eye to functioning very well. Another benefit is that these patients can decrease the use of
artificial tears.”

The doctoris also a patient

Christopher Starr, MD, FACS, of New York-Presbyterian Hospital, Weill Cornell Medical Center in New York, was just
completing his fellowship training when Restasis was launched in the United States a decade ago. “I have had the benefit
of being able to prescribe Restasis for my entire career,” he notes. “I consider it the foundation of my dry eye treatment
plan.”

Dr. Starr also has dry eyes and uses the drug himself with good effect. “I keep it in my medicine cabinet, right near my
toothbrush, because that way I’m sure to useit,” he laughs.

Unlike Dr. Pflugfelder, who recommends patients refrigerate Restasis to reduce any stinging sensation from instilling the
drug, Dr. Starr has never found the need to refrigerate it himself because he feels the drop is comfortable uponinstillation.
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Dr. Starr’s treatment plan

“I liked Restasis from the beginning and I have increased my prescribing of it over the years as I’ve gained more
experience and witnessed its impressive results,” says Dr. Starr. The definition of dry eye disease has changed as
knowledge of the disease continues to grow, he notes. “The most recent definition of dry eye disease from the Dry Eye
WorkShop (DEWS)report notes hyperosmolarity and inflammation as key pathophysiologic factors, which supports the use
of anti-inflammatory medication such as Restasis.”

Dr. Starr agrees that treating dry eye disease requires an overall treatment plan tailored to each patient because dry eye
is a multi-factorial disease. “I start most patients with early moderate and higher disease severity on Restasis because
those patients are more likely to have significant ocular surface inflammation,” he says. “A short course of the topical
steroid Lotemax (lotoprednol, Bausch + Lomb, Tampa) with Restasis can be used to jump start the reduction of
inflammation and help ease the mild burning associated with the initiation of Restasis.”

Treating hyperosmolarity

Dr. Starr prescribes Restasis for most patients with significant hyperosmolarity as diagnosed by the TearLab device
(TearLab Corporation, San Diego). Other elements of his dry eye treatment regimen can include AzaSite, which he finds
helpful in treating anterior and posterior blepharitis off-label, omega-3 fatty acid supplementation, an emphasis on lid
hygiene, warm compresses and lid massage, adjunctive use ofartificial tears for symptom control and punctal plugs,
among other treatments.

“We consider a decrease in the use of artificial tears a metric of success in treating this disease,” Dr. Starr says. “A
significant reduction in artificial tear use was seen in the pivotal clinical trials for Restasis.”

Dr. Starr finds that educating patients in the proper use of Restasis is one of the primary keys to success with the drug.
“First, patients must understand that Restasis is not an artificial tear and should not be used ‘as needed,’” he says. “They
should use one drop in the morning and one drop in the evening, no more and no less. They should expect some mild
burning or stinging at first but a short-course of topical steroid and time will lessen this.”

Dr. Starr says that some patients need as much as three to six months to obtain the full benefits of Restasis. This needs to
be explained up front to maintain patient compliance through this initial period.

Dr. Yeu’s treatment plan

Elizabeth Yeu, MD, of Virginia Eye Consultants in Norfolk, is another cornea specialist who both prescribes Restasis and
uses it for her own dry eye condition. “I truly believe in the product for early-to-moderate dry eye,” she says. “It does not
work that well in the more severe case, stages three and four.”

Dr. Yeu postpones using Restasis in patients who already have a burning sensation in their eyes. “First, we want to calm
the eye down with a topical steroid before starting Restasis,” she says. “If they have a foreign-body sensation or blurred
vision but no burning we can start Restasis right away.”

“Dr. Yeu says she postpones using Restasis in patients who already have a burning sensation In thelr eyes”

Episcleritis and lid inflammation
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Dr. Yeu alsolikes to use Restasis for episcleritis, characterized by redness and inflammation. “With dry eye, you must
customize the treatment for each patient,” she says. “Younger patients tend to have more symptoms and few signs. For
them, Restasis can be very helpful along with omega-3s. Older patients can be just the opposite, with strong signs and few
symptoms. They don’t seem to have the discomfort we see in younger patients. That could be because they have been on
a number of medications and their senses have become a bit dulled over the years. But they do very well with Restasis,
especially if they have a good tearfilm.”

Dr. Yeu also treats inflamed lids as she wants to stop lid inflammation from spilling over onto and affecting the ocular
surface. “I find that about 80% of my dry eye patients do very well on Restasis and just about all patients get some level
of relief,” she observes. “Patients who come off Restasis, for whatever reason, almost always get worse. Though they may
not have seen improvement from the Restasis when they were using it, it was at least keeping the disease from getting
worse. Restasis itself can only do so much, especially with patients who are dealing with other health factors that limit the
effectiveness of the Restasis.” OM
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Dry Eye Drug Development: When Will the Floodgates
Open?

New therapies have the potential to turn the prescription market from
a trickle to a deluge.

By René Luthe, Senior Associate Editor

Clinicians waiting for a new prescription drug for their long-suffering dry eye patients are
going to have to wait a little longer. While many drug makers are on the case, their
offerings will not be an option in the near future. Allergan's Restasis remains the only game
in town in the wayof prescription remedies. "The regulatory approval process for dry eye
drugs is a nightmare," concedes EyeGate Pharma's president and chief executive officer,
Stephen From.

Whatgives? Miami's William B. Trattler, MD, allows that part of the problem may be the FDA
setting the bar too high. Yet the main problem, he believes, is dry eye's own peculiar
nature. "Dry eye can be caused by aqueous deficiency or it can be due to poor tearfilm
quality related to Meibomian gland dysfunction," Dr. Trattler notes. "Or, it can be a
combination of these two forms of dry eye. Importantly, inflammation is present in both
conditions."

However, not all the news is discouraging: Some drugs are inching closer to approval and
researchers continue to gain valuable insights into the disease. Here's a snapshot of
prescription dry eye remedies on the horizon.

More Obstacles Than Most

The combination of factors at work in dry eye disease is widely held to be the main reason
for the lack of progress on the new-drug front. "The diseaseitself is highly variable," says
Simon Chandler, PhD, director of clinical research at Ista Pharmaceuticals.

Eddy Anglade, MD, chief medical officer at Lux Biosciences, agrees. "There isn't a very good
correlation between signs and symptoms,” he says, "so trying to find that group of patients
who havedisease that will respond in a way that is convincing from a regulatory standpoint
is challenging, given that the current regulatory approval standard is to demonstrate
significance in a sign and in a symptom."

It has been so difficult to achieve, Mr. From points out, that no company has succeeded in
getting a New Drug Application (NDA)filing approved. Where many drugs run aground, he
says, is in trying to transition from phase 2 clinical trials to phase 3. "Most people worry
about transiating from animal models into humans," Mr. From explains. "In dry eye, we
worry about phase 2 data translating into phase 3 ~ can somebody repeat a study a second
time?"

Other experts familiar with FDA clinical trials and dry eye disease concur. Dry eye’s
variability means that whenit is time for sponsors to scale their phase 2 trials to phase 3,
the drug's efficacy may be harder to demonstrate. The disease's multifactorial nature also
contributes to the difficulty in navigating the approval process. For each different cause,
there is at least one way to potentially treat it. Matching the drug to the right kind of patient
is crucial (see "Clinical Trial Pearls,” below),
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