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CLINICAL SCIENCE

Dry Eye Medication Use and Expenditures: Data From the
Medical Expenditure Panel Survey 2001 to 2006

Anat Galor, MD, MSPH, *7‘ D. Diane Zheng, MS,,z‘ Kristopher L. Arheart, EdD,,Z‘ Byron L. Lam, MD,7"

Victor L. Perez, MD, 7'" Kathryn E. McCollz'ster, PhD,f Manuel Ocasio, BS,,2’“ Laura A. McClure, MSPH,,z‘

and David J. Lee, PhD7‘,z‘

Purpose: To study dry eye medication use and expenditures from
2001 to 2006 using a nationally representative sample of US adults.

Methods: This study retrospectively analyzed dry eye medication
use and expenditures of participants of the 200] to 2006 Medical
Expenditure Panel Survey, a nationally representative subsample of
the National Health Interview Survey. Afizer adjusting for survey
design and for inflation using the 2009 inflation index, data from 147
unique participants aged 18 years or older using the prescription
medications Restasis and Blepharnide were analyzed. The main
outcome measures were dry eye medication use and expenditures
from 2001 to 2006.

Results: Dry eye medication use and expenditures increased between
the years 2001 and 2006, with the mean expenditure per patient per
year being $55 in 2001 to 2002 (n = 29), $137 in 2003 to 2004
(n = 32), and $299 in 2005 to 2006 (n = 86). This finding was strongly
driven by the introduction of topical cyclosporine emulsion 0.05%
(Remasis; Allergan, Irvine, CA). In analysis pooled over all survey
years, demographic factors associated with dry eye medication expen-
ditures included gender (female: $244 vs. male: $122, P < 0.0001),
ethnicity (non—Hispanic: $228 vs. Hispanic: $106, P < 0.0001), and
education (greater than high school: $250 vs. less than high school:
$100, P < 0.0001).

Conclusions: We found a pattern of increasing dry eye medication
use and expenditures from 2001 to 2006. Predictors of higher dry
eye medication expenditures included female gender, non—l-lispanic
ethnicity, and greater than a high school education.

Key Words: dry eye syndrome, Medical Expenditure Panel Survey,
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Dry eye syndrome (DES) has recently gained recognitionas a public health problem.'"3 In the decade between
1970 and 1980, 670 articles were published on DES (search
terminology dry eye syndrome, limits humans, and English);
this increased to 1485 articles in the 1980s, 2511 articles in
the 1990s, and 4887 articles in the last decade. Part of this
recognition came from several US population—based and
international population-based studies demonstrating that
the condition was present in between 5% and 30% of the
population aged 50 years or older.‘*2*"”” Another part of the
recognition came fi'orn understanding that the symptoms of
DES, which include constant irritation, foreign body sensa-
tion, and blurred vision, interfere with the ability to work and
carry out daily functions."‘2° A study using the Impact of
Dry Eye Living Questionnaire found that severe dry eye
symptoms were correlated with difficulties in physical, social,
and mental fiinctioning.“ Such difliculties translate into a rel-
atively lower health-related quality of life compared with the
general population“-patients with severe dry eye symptoms
have health—related quality of life scores in the range of con-
ditions like class III/IV angina.”

An additional event that helped push DES into the
limelight was the release of the first Food and Drug
Administration-approved prescription medication for DES,
cyclosporine emulsion 0.05% (Restasis; Allergan, Irvine,
CA). The Food and Drug Administration approved the med-

ication in 2002, and the pharmaceutical company Allergen
launched cyclosporine emulsion in the United States in late
2003. As part of its sales strategy, Allergan used direct to
consumer marketing and cormnissioned magazine and televi-
sion advertisements to reach its target audience; it also
heavily promoted cyclosporine emulsion within the eye care
community. These activities had the effect of increasing phy-
sician and patient awareness of the prevalence of DES, its
morbidity, and its potential treatments.

Although there is a sense that the economic implica-
tions of DES are substantial, few articles have studied the
direct costs associated with DES and other ocular surface

disorders. These include costs associated with oflice visits,
prescription medication, over-the—counter medication, alter-

native or complementary medication, and nonpharmacologio
purchases (cg, humidifiers). A retrospective claims analysis
evaluating costs in 9065 patients who received topical
cyclosporine for DES found a mean health care cost of
$336 per patient with a total cost of $3.05 million.” A retro-
spective analysis of the annual cost ofDES in patients treated
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by an ophthalmologist in 6 European countries estimated
a total annual healthcare cost between 0.27 and 1.10 million

US dollars per country. However, this cost did not take into
consideration patients who self—tIeated their condition or were
treated by their primary care physician.”

The Medical Expenditure Panel Survey (MEPS) is an
annual survey of families and individuals, their medical
providers, and employers across the United States. MEPS,
which is designed to be representative of the US population,
provides the most complete source of data on the cost and use
of health care and health insurance coverage.“ Given that
prescription cost information is available through the MEPS
data set, we examined recent patterns in dry eye medication
expenditures. We aimed to confirm our hypothesis that a sub-
stantial increase in expenditures has occurred over the past
few years, perhaps in response to the increased public and
provider awareness of the condition along with the availabil-
ity of a new prescription medication.

MATERIALS AND METHODS

Sample
The MEPS is a nationally representative subsample of

the National Health Interview Survey, a continuous multipur-
pose and multistage area probability survey of the US civilian
noninstitutionalized population living at addressed dwellings.
To have an adequate number of persons in important
population subgroups, the MEPS oversampled Blacks and
Hispanics in all years and began oversampling of Asians in
2002.25 The overall MEPS response rate ranged from 66% in
2001 to 58% in 2006. Sampling weights were applied to ensure
that the resulting sample was nationally representative of US
households and includes adjustment for oversampling of race/
ethnic groups and survey nonresponse.

To obtain dry eye medication expenditures, a compre-
hensive list of available prescription medications, including
name brands, generics, and chemical names, for the study
period was first generated and used to identify those MEPS
participants who used any medication via the MEPS Pre-
scribed Medicines files. The Prescribed Medicines files

contained comprehensive information on medications used
by MEPS participants.” From this list, 2 medications used in
the setting of DES were identified: cyclosporine emulsion
0.05%, used to treat aqueous tear deficiency, and sulfaceta-
rnide sodium—prednisolone acetate ophthalmic suspension,
USP 10%/0.2% (Blephamide), used to treat lipid tear defi-
ciency (blepharitis), among other conditions.

Data from MEPS 2007 were available but were not

included in this analysis because the methodology in editing the
pharmacy data was changed. Comparison of prescription drug
spending before and after 2007 was therefore not recommended
by the Agency for Healthcare Research and Quality.“ MEPS
initially had an over-the-counter medication section that col-
lected details about nonprescription medication purchases; how-
ever, this section was omitted fi'om the questionnaire beginning
in 2002." Because we were interested in dry eye medication
costs in the years since the launch of cyclosporine emulsion,
we were unable to include over-the-counter medications in our
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analysis. For the study period, 147 unique participants aged
18 years or older were found to have used sulfacetaniide
sodium-prednisolone acetate ophthalmic suspension and/or
cyclosporine emulsion and were included in the analysis.
Expenditure of these medications for each participant over
2-year intervals was analyzed. The data were adjusted for sur-
vey design, and the expenditure was adjusted for inflation using
2009 inflation index.

Demographic Data
Demographic and insurance information of the qualified

participants was obtained from the MEPS Full-Year Consoli-

dated Data Files. Demographic data collected included gender,
age, race (white, black, other/multiple), ethnicity (Hispanic,
non-Hispanic), health insurance status (private, public only, and
uninsured), and education level (less than high school, high
school, greater than high school). Family income, measured as
a percentage, was calculated by dividing total family income by
the applicable poverty line (based on family size and compo-
sition). The resulting percentages were gmuped into 3 catego-
ries: low income/poverty (less than 200%), middle income
(200% to less than 400%), and high income (400% or more).

Statistical Analyses
All statistical analyses were performed using SAS 9.2

(SAS Institute, Inc., Cary, NC) and SUDAAN l0 (RTI
International, Triangle, NC) statistical packages. To account
for complex survey design of the MEPS data, analyses were
completed with adjustments for sample weights and design
efl’ects. We conducted descriptive analyses to evaluate
patterns in dry eye medication expenses per person over
a 2-year interval. T tests were performed to compare average
medication expenditure across different demographic groups.
A multivariate linear regression was performed to study dc-
mographic variables that predict high dry eye medication
expense. The University of Miami Institutional Review Board
reviewed and approved this study, which was conducted in
accordance with the principles of the Declaration of Helsinki.

RESULTS

More patients used prescription dry eye medications in
2005 to 2006 (n = 86) compared with the previous 4 years
(n = 29 and 32 for 2001-2002 and 2003-2004, respectively),
and the total number of prescriptions filled increased with

each year (Fig. 1). The cost associated with dry eye prescrip-
tion medications also increased between 2001 and 2006, with
a mean expenditure per patient of $55 in 2001 to 2002, $137
in 2003 to 2004, and $299 in 2005 to 2006 (Fig. 2). The
introduction of topical cyclosporine significantly affected
both the number ofprescriptions filled and the dry eye expen-
ditures because after its introduction, 68% of prescriptions
and 80% of expenditures were related to cyclosporine emul-
sion in 2003 to 2004 and 84% of prescriptions and 92% of
expenditures were related to cyclosporine emulsion in 2005 to
2006. The mean cost of sulfacetamide sodium-prednisolone
acetate ophthalmic suspension increased from $36.27 in 2001

© 2012 Lippincott Williams & Wilkins
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FIGURE 1. Graphic representation of the total number of dry
eye prescriptions filled using the MEPS database, 2001 to
2006.

to 2002 to $54.56 in 2003 to 2004 to $64.43 in 2005 to 2006.

Likewise, the mean cost of cyclosporine emulsion increased
from $98.98 in 2003 to 2004 to $113.06 in 2005 to 2006. The

increase in mean dry eye expenditures over the period, there-
fore, can be explained by both increased medication usage
and cost.

Several demographic factors were associated with med-
ication expenditures in the treatment of dry eye. Gender had
a significant effect, with mean spending for women being
double that for men ($244 vs. $122, P < 0.0001) (Table 1,
Fig. 2). Similarly, spending for non~I-Iispanics was double that
for the Hispanic population (S228 vs. $106, P < 0.0001).

Dry Eve Medication Expenditure Overall and by Gender,
MEPS 2001-2006

MeanExpenditure PerPersonUsingDryEyeMeditation
2003-04 2005-06

Year

FIGURE 2. Graphic representation of mean dry eye medication
expenditures per patient (overall and by gender) using the
MEPS database, 2001 to 2006.

2001-02
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Dry Eye Medication Use and Expenditures

Level of education was also an important factor, with individ-
uals with more than a high school education spending more
than those with less than a high school education ($250 vs.
$100, I’ < 0.0001). Race, age, and income status were not
found to significantly aifect dry eye medication expenditures
in our analysis.

In a rnultivariable linear regression analysis considering
all demographic factors, gender and education remained
significant predictors of dry eye medication expenditures.
Female gender was associated with a $159 higher mean
expenditure compared with male gender (P = 0.0004). Greater

than high school education was associated with a $145 higher
mean expenditure compared with less than a high school edu-
cation (P = 0.0016). Although not significant in our univariable
analysis, with adjustment for all other covariates, those in the
65 and older age group spent $107 more on dry eye medica-
tions than those in the 45- to 64-year-old group (P = 0.04).

DISCUSSION

In this nationally representative study of patterns in
prescription dry eye medication expenditures from 2001 to
2006, we found that the number of patients treated with
prescription dry eye medications and their associated expen-
ditures increased between these years. This finding was
strongly driven by the introduction of cyclosporinc emulsion
in 2003. Considering demographic factors, female gender,
non—Hispanic ethnicity, and a greater than high school
education were factors significantly associated with a higher
mean yearly expenditure for DES in our univariate models.

Although studies have suggested that the economic
implications ofDES are substantial," limited data are available
to support this statement. Fiscella et 3122' analyzed claims data
fioru a proprietary research database containing pharmacy
claims data on over 13 million individuals. They identified
9065 subjects that had one or more prescriptions filled for
topical cyclosporine emulsion between January 1, 2004, and
December 31, 2005. The mean yearly prescription cost by the
health insurance plans was $336, and the mean out-of-pocket
prescription cost for the patient was $98. This compares favor-
ably with our findings because the cost analysis above includes
both patient and insurance expenditures combined.

Putting these numbers in the context of other chronic

ocular and nonocular diseases, a recent MEPS study found that
patients with glaucoma spent a mean of $556 per year on me»
scription glaucoma medications in 2006 (adjusted for inflation
using 2009 inflation index)?” Similarly, another article using
the MEPS database found that people with spine problems
spent a mean of $397 per year on prescription medications in
2006.” The findings in this study suggest that although DES is
not a blinding condition, individuals are willing to spend a non-
trivial amount of money per year to alleviate the discomfort
associated with this disorder. It is also important to note that
the expenditures presented in this study do not incorporate the
costs of nonprescription medications and doctor’s visits and
therefore the total amount of money spent on the disease is
likely to be significantly higher.

We found that several demographic factors affected the
expenditures ofdry eye medications, including gender, ethnicity,
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TALE 1. Mean and Standard Error Cost (in Dollars) Per Prescription of Dry Eye Medications by Demographic Factors, 2001 to2006 MEPS Data

Characteristics Mean SE 1’

217.31 23.41 -

122.24
244.30

6.87
24.35 <0.0001

White
Black
Other

Ethnicity
Hispanic
Non-1-lispanic

Age group, yr
1844
45-64
65+

Insurance type
Private insurance

Public insurance only
Uninsured

Education
Less than HS 27
HS 43
Greater than HS 77

Poverty
Low income/poverty 33
Middle income 40

High income 74

220.51
141.94
214.18

20.63
27.39
95.84

White vs. Black = 0.07
White vs. Other = 0.95
Black vs. Other 0.47

106.23
227.99

18.89 -

20.78 <0.0001

192.51
206.44
235.88

34.40
27.06
34.50

18-44 vs. 45-64 = 0.78
18-44 vs. 65+ = 0.38
45-64 vs. 65+ = 0.51

225.06
194.26
166.56

23.01
45.82

7.84

Private vs. public = 0.57
Private vs. uninsured = 0.02‘
Public vs. uninsured = 0.56‘

100.18
204.54
250.52

15.82
46.43
21.78

<HS vs, HS = 0.05
<HS vs. >HS = <0.000]
HS vs. >HS = 0.36

219.62
168.49
240.57

37.10
25.46
38.41

Low vs. middle = 0.14

Low vs. high = 0.64
Middle vs. high -1 0.06

Bold values represent factors significantly associated with increased dry eye expenditures.
‘Statistical analyses for the uninsured group are reported but are considered unstable due to small sample size.
1-IS, high school; SE, standard error.

and education. The presence of gender and ethnic disparities in
medical expenditures has been described in other conditions,
including mental health” and hypertension managerncnt.” An
association between higher expenditures and higher education
levels has been reported in systemic lupus erythcmarosus.”
Although the etiologies behind these discrepancies are not clear,
it is important to recognize the role of demographic factors when
considering the myriad determinants of health.

As with all retrospective studies, the study findings
must be considered hearing in mind its limitations. One
limitation is that information on nonprescription medications
was not available in the MEPS database, and we could
therefore only estimate costs associated with prescription dry
eye medications. As many more patients use over-the-counter
medications to treat DES, we failed to include patients with
less severe forms of the disease in our analysis. Furthermore,
because of changes within MEPS that started in 2007,25 med-
ication information for this year was not included in the anal-
ysis. Another limitation is that the sample size in the present
analysis was relatively small, limiting our ability to examine
trends in dry eye medication expenditures and in our compar-
isons in subgroups of interest (eg, the uninsured). Because of
the relatively small sample size, it should not be assumed that

1406 1 www.comeajm|.com

our analytic sample of dry eye medication users are nationally
representative despite the fact that they were obtained from
a population-based survey. However, if present patterns con-
tinue, there will be a growing number ofpersons in the IVHEPS
who will use these medications, facilitating future subgroup
analyses. Furthermore, both cyclosporine emulsion and sulfa-
cctamide sodium—prednisolone acetate ophthalmic suspen-
sion can be used to treat ocular surface disorders other than

DES. Because we did not have diagnosis information linked
to medication use, it is possible that we included patients
treated for ocular surface conditions other than DES in our

analysis. Finally, we acknowledge that other medications are
used to treat subtypes of DES, including corticosteroids and
tetracycline derivates; we chose not to include these in our

analysis, given their multiple indications for use. Despite
these limitations, there is no other ongoing population-based
studies that look specifically at drug medication cost patterns;
therefore, the analysis of the MEPS provides us with the
best expenditure estimates for newly introduced ocular
medications.

In summary, we found a pattern of increased dry eye
medication use and expenditure fi'om 2001 to 2006. Women,
non-Hispanics, and those with greater than a. high school

© 2012 Lippincott Williams & Wilkins
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education had higher expenditures compared with their
counterparts. Additional research is necessary to understand
the underlying reasons for the difierence in dry eye medica-
tion expenditures by patient characteristics.
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Sysiunctlorsal Tear Syndrome

A Delphi Approach to Treatment Recommendations
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Purpose: To develop current treatment recommendations for dry
eye disease from consensus of expert advice.

Methods: Of25 preselected international specialists on dry eye, 17
agreed to participate in a modified, 2-round Delphi panel approach.
Based on available literature and standards of case, a survey was
presented to each panelist. A two-thirds majority was used for
consensus building from responses obtained. Treatment algorithms
were created. Treatment recommendations for dilfcrent types and
severity levels of dry eye disease were the main outcome.

Results: A new term for dry eye disease was proposed: dysfunctional
tour syndrome (DTS). Treatment recommendations were based
primarily on patient symptoms and signs. Available diagnostic tests
were considered of secondary importance in guiding therapy.
Development of algorithms was based on the presence or absence
of lid margin disease and disturbances of tear distribution and
clearance. Disease severity was considered the most important factor
for treatrnent decision-making and was categorized into 4 levels.
Severity was assessed on the basis of tear substitute requirements,
symptoms ofocular dismmfort, and visual disturbance. Clinical signs
present in lids, twr film, conjunctiva, and cornea were also used for
categorization of severity. Consensus was reached on trwtrnent al-
gorithms for DTS with and without concurrent lid disease.

Conclusion: Panelist opinion relied on symptoms we signs (not
tests) for selection oftreatment strategies. Therapy is chosen to match
disease severity and presence versus absence of lid margin disease or
tear distribution and clearance disturbances.
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he syndrome known as “dry eye” is highly prevalent,
affecting 14% to 33% of the population worldwide,“

depending on the study iuul definition used. Syrnptcrns related
to dry eye are among the leading causes of patient visits to
ophthalmologists and optonrenists in the United Sl'.ates.5
However, a stepwise approach to diagnosis and treatment is
not well established.

Treetrnent algoritluns are often complicated, especially
when multiple therapeutic agents and strategies are available
for one single disease and for (lilfercnt stages of the same
disease. Dry eye syndrome is particularly challenging, because
the diagiostic criteria used Vary among studies, there is poor
correlation between signs and symptoms, and efficacy criteria
are ofien not uniform. As a result, there is no clear current
approach to assign therapeutic recommendations as “first,”
“secon ” or “thir ” line.

Clinical research is usually orienterl to assess the efficaey
of medications in the treatment of dry eye Reports are
based on either comparisons of one medication relative to
untreated placebo controls or comparisons between different
therapies.“ Categorization of treatment alternatives is usually
not implicit in these studies. Strategies combining medications
or medications and surgery are usually not clearly discussed in
the literature. A panel of experts may be a good method to
develop such strategies based on current knowledge, because
publication of research may not precede practice. Frmermore,
clinical trials are typically performed on highly selected
populations wiux specific interventions that may not refiect
the spectrum of disease encountered in usual practice.

Where unanimity of opinion noes not exist because of a
paucity of scientific evidence and where there is contradictory
evidence, consensus methods can be useful. Such methods
have been used in developing therapeutic algorithms in other
ophthalmic (glaucoma) and nonophthalmic disease states.”

Cornea - Volume 25, Number 8, September 2006

Copyright © Lippineott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
cornea 2006;25(8l =9oo—so7 mrggggggggflgagjffl2 O 0 7 0 6 0 9 8 2 LAlN(l1 lfifl)



113

Cornea - Volume 25, Number 8, September 2006 Dysfunctional Tear Syndrome

The Delphi panel technique was first proposed in 1946
by the RAND Corporation as a resource to collect information
from different experts and to prepare a forecast of future
technological capabilities. This tool has been expanded to
technological,” health,“ and social sciences research.” De-
spite some reasonable criticisms ofthis technique,” the Delphi
approach has been used to provide reproducible consensus to
create algorithms of treatment.‘‘‘-‘5

In this study, we proposed to establish expert consensus
by using the Delphi approach with an international panel to
obtain current treatment recommendations for dry eye syndrome.

MATERIALS AND METHODS

Panelist Selection

The ideal number of panelists expected with this
technique is not well defined, with reported ranges from 10
to 1685.“ No specific inclusion criteria are established, other
than the qualification ofpanelists in the topic of interest. Some
authors stress the importance of the diversity of panelists’
opinion to obtain a wide base of knowledge.”

The following criteria were considered for inclusion of
panelists:
1. Active clinicians (ophthalmologists and optometrists)
2. Scientific contributions to clinical research on dry eye

syndrome, as reflected by at least 2 of the following: peer-
reviewed publications, other forms ofwritten scientific corn-
munication, specialty meeting presentations, and member-
ship in special-interest groups focused on dry eye syndrome

. International representation

. Proficiency in English language to facilitate interaction

. Able to respond to sets of questionnaires and available to
attend a final meeting at the Wilmer Ophthalmological
Institute in Baltimore, MD

The search for panelists’ scientific contributions was
conducted over available medical databases (Medline, EM-
BASE) and other major Internet-based search engines
(Scirusccm, Google.com, Allthewebcom). Twenty-five can-
didates from 3 continents that met the selection criteria were

initially contacted.
A contract research organization (Analytica Group, New

York, NY) was selected to act as moderator/facilitator for the
questionnaire and panel meeting exercise. A 2-round modified
Delphi approach was used.” A set ofdry eye therapy literature
was provided to each panel member along with the first-round
questionnaire. These studies were selected in part from an
ongoing systematic review of the literature on dry eye disease
therapy. Three of the panelists suggested additions of some
references that they considered valuable. Those citations were
also disseminated to the rest of the panelists.

Preparation of Surveys
Questionnaires were based on collected literature, current

practice patterns, and clinical experience in dry eye. Topics in
the survey were related to pathophysiology, diagnostic tests,
criteria used to guide treatment, and therapeutic alternatives.

Nominal variables were assigned binary values to
tabulate responses in a spreadsheet (Excel 2002; Microsoft

© 2006 Lippincott lVIliams & Willdns

Corp., Redmond, WA) for analysis. Ordinal variables were
originated fiom 5-point Likert scales to categorize the strength
of agreement and facilitate the statistical analysis.

Survey questions were based on the use of the current
classification of dry eye disease and the available guidelines
for the treatment. Diagnostic methods and severity assessment
were also surveyed. Panelists were asked to support their multi-
level treatment recommendation with a categorical, nominal
score of l to 3, depending on the level of evidence to sustain
their decision:

1. Supported by a clinical trial
2. Supported by published literature of some type
3. Supported by my professional opinion

Finally, determinant factors influencing the treatment
decision-making process were stratilied scmiquantitatively to
evaluate the most representative for the selection of therapy.

Survey Deployment
The forms were deployed by electronic mail to the

panelists. The information obtained from the surveys was
tabulated and organized for presentation at the face-to-face
meeting of the Delphi process.

Data Analysis
Descriptive statistics were calculated for the question-

naire data by using StatsDirect 2.3.7 for Windows (StatsDirect,
Cheshire, UK).

Consensus

There exists controversy regarding the numbers neces-
sary to obtain consensus. Some authors agree that a simple
majority (>50%) is enough to constitute consensus,” whereas
others propose that more than 80% of panelists should be in
agreement to have the recommendation considered as con-
sensual.“’° Degree of consensus has also been quantified
statistically using the Cronbach or method, a method for
measuring internal agreement.“ For the purposes ofthis study,
consensus was defined as a two-thirds majority.

Personal Interaction

The meeting was conducted by a facilitator (J.J.D.) with
previous experience in consensus-building strategies.‘ Panel-
ists reacted and discussed the data collected from the surveys
over an intensive 1-day, l2—hour—long, face-to-face meeting.
According to the tabulated initial responses, iterative discus-
sions were conducted toward majority agreement.

RESULTS

Panelists’ Response
From the initial selection of 25 candidates who met the

inclusion criteria, 17 were able to participate in all stages of the
study and therefore were included in the panel. The candidates
who refused to join the panel did not have substantive reasons
precluding their participation. Most of them declined to
participate because of scheduling conflicts. The list of par-
ticipants is shown in Table 1. All surveys deployed were re-
turned with responses from all of the panelists.
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TABLE 1. Experts Who Participated in the Delphi Approach
(W5 ..

Panelist Nme .. ..
Dimitri ’I'. Am, MD. Boston. MA United States
Hnrminder S. Due, M.D., Ph.D Nottingham England
Milton Horn, 0.)). Azuss, CA United States
Paul M. Ksrpeclti, OJ). Overland Park, KS United States
Peter R. Laibson, MI). Philadelphia, PA United States
Michael A. Lernp, MD. Washington, DC United States
David M. Meisler. M.D. Cleveland, OH United States
Juan Murube del Castillo, MD., Ph.D. Madrid Spain
Terrence l’. O’Brien, MD. Baltimore, MD United Smtes
Stephen C. Pfiugfclder, MD. Houmn, TX United States
Maurino Rolando, MD. Genoa Italy
Oliver D. Schein, M.D., M.P.H. Baltimore, MD United States
Berthold Seitz, M.D. Erlangen Germany
Scheffer C, Tseng, MD., Ph.D. Miami, FL United States
Gysbert B. van Setters, MD., Ph.D. Stockholm Sweden
Steven E. Wilson, MD. Cleveland, OH United States
Samuel C. Yiu, MD, Ph.D. Los Angeles, CA United States

Conflicts of interest

Travel expenses of panelists were covered hy the
contracted company (Analytics Group), which is an in-
dependent firm. The Wilmer Eye Institute originated the
invitation, and panelists were unaware of any indirect support
from pharmaceutical industry to avoid bias in the ireannent
selection.

Use of Existing Disease/Treatment Guidelines
The majority of panelists (ll of 17) responded that they

did not follow any of the available guidelines for the treatment
of dry eye syndrome. Three of 17 followed the National Eye
Institute guidelines,” 1 of 17 followed the American Academy
of Gphthalrnology Preferred Practice Patterns,” l of 17 fol-
lowed the Madrid classification,“ and 1 of 17 followed a corn-
‘oination of the first 2 guidelines.

When panel members were asked about their opinions
regarding the adherence of the ophthalmic eoinmunity to new,
simplified guidelines for the treatment of dry eye, the majority
(13 of l7) agreed that they would use them if most recent
findings on the disease were included. Those who responded
that they would not use them (4 of 17), based their response on
the low sensitivity and specificity of the available tests for the
diagnosis of dry eye and the variability of the clinical
presentation in digffezrent patients.

Diagnostic Tests for Dry Eye
When panelists were surveyed before the meeting on

diagnostic measures used to detect dry eye, the most fire-
quently cited tests were slit~lamp examination and iluorescein
staining (l00% of panelists). Tear breakup time and medical
history were also frequently used (both in 94%). Sohirnrer test
with anesthesia (71%) and without anesthesia (65%) were less
frequently used, as well as rose hengsl staining (65%). A
combination of different tests was typically preferred in an
effort to improve the specificity and sensitivity (Table 2).
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TABLE 2. Most Commonly Used Diagnostic Tests Reported
ifwins a Patient Pl_

Respondents Regularly
Diagnostic Tests Using Them ('93)

l-“luorescein mining 100
Test breakup time 94
Schirmer test 71

Rose hengal staining 65
Comeul topography 41
Impression cytology 24
Tear tluorescein clearance 24

Ocular Surface Disease Index Questionnaire l8
NEWFQ-25‘ 6
Tear osmolarity 6
Conjunetival biopsy 6

*NEIVFQ~25: National Eye Institute Vision Function Questionnsixezs.

Classification of Dry Eye Disease
More than one half of the respondents felt that the

current classification of aqueous-deficient versus evaporative
dry eye failed to incorporate inflammatory mechanisms and
drew a. sharp distinction between disorders where there is
significant overlnpfiz‘ Furthermore, the historical distinction
between Sjligren kerntoconjunctivitis sioca (KCS) as repre—
senting an autoimmune disorder as opposed to non—Sjiigren
KCS failed to reflect the evidence that both conditions may
share an underlying imInune—medisted inflammation. The
majority ofexperts did not consider this useful for establishing
a treatment scheme for the ocular disease (12 of 17). The
panelists mnsidered the disease severity and the effect of
medications on symptoms and signs as the 2 most relevant
factors to consider when selecting the adequate therapy for dry
eye (Table 3).

Face-to-Face Meeting
At the face-to-face meeting, panel members made

comments on the term “dry eye” classically used to name the
disease. On the basis of the known pathophysiology, symp-
toms, and clinical presentation, all panelists agreed that this
term did not necessarily reflect the events occurring in the eye.
Specifically, all patients with this condition do not necessarily

TABLE 3. Most Relevant Factors influencing Treatmeiiiiiiii H
Decision Making

Fnetnr Considered Mean Score (Standard Deviation)

1.47 (0.72)
2.79 (0.77)
2.08 (1.07)
2.20 (1.05)
3.07 (1.53)
3.30 (1.17)
3.92 (no)

Severity of the disease
Effect of the treatrnent

Etiology of the disease
Diagnosis of Sj5g‘en’s syndrome
Use of artificial tears
Costs of treatment
Access to reimhursernent

0 = most relevant; 5 = least relevant.
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suffer from reduced tear volume but rather may have abnor~
malities of tear film composition that include the presence of
proinflammatory cytolcines."‘“7 The panelists unanimously
recommended dysfiinctional tear syndrome (DTS) as a more
appropriate term for this disease in fiiture references. This term
has been incorporated in the rest ofthis report in lieu ofdry eye
disease.

Underlying Pathophysiology and
Diagnostic Testing

There was consensus that most cases of DTS have an

inflammatory basis that either triggers or maintains the
condition. However, panelists also agreed on the difliculty
in clearly identifying inflammation in most patients. The panel
therefore agreed to subclassify the disease as either DTS with
clinically apparent inflammation or DTS without clinically
evident inflammation.

After discussion at the meeting, the panelists were in
agreement that commonly available clinical diagnostic tests
did not correlate with symptoms, should not be used in
isolation to establish the diagnosis of DTS, and were of
minimal value in the assessment of disease severity.

Creation of Therapeutic Algorithms for DTS
First, the panel recommended that patients with DTS

should be classified into 1 of 3 major clinical categories at the
time of the initial examination: patients with lid margin
disease, patients without lid margin disease, and patients with
altered tear distribution and clearance.

The panel agreed that the second group, patients who do
not have coexistent lid margin disease, is the most common
form of presentation of DTS. Within each of these 3 cat-
egories, the pancl listed the main subsets or specific disease
entities or, in the case of DTS without lid margin disease, the
patients were divided by severity (Fig. 1). Second, the panel
agreed that the assessment of DTS severity is important to
guiding therapy, especially in that subset of DTS patients

WITH IJD MARGIM USEABE

Ir:O
E

Eom
FIGURE 1. Algorithm of the 3 major
subsets found in DTS. Each subset

should be treated separately, be-
cause treatment modality varies ac-
cording to this separation.

o 2005 Lippincort Williams & Willdns

without lid margin disease. The panel reached consensus that
the level of severity should be based primarily on symptoms
and clinical signs.

The panel members agreed that diagnostic tests are
secondary considerations in determining disease severity. The
value of diagnostic tests was considered to be in confirming
clinical assessment. Again, many of the available tests were
deemed not useful for the diagnosis, staging, or evaluating
response to therapy in DTS.

Panelists agreed on 3 particularly relevant symptoms and
historical elements to be considered in DTS: ocular discomfort,
tear substitute requirements, and visual disturbances. In ocular
discomfort, a variety ofsymptoms including itch, scratch, burn,
foreign body sensation, and/or photophobia may be present.
Depending on the frequency and impact on the quality of life
of these elements, symptoms could be categorized as either
mild to moderate or severe. The relevant clinical signs to be
considered in the evaluation ofDTS patients are summarized in
Table 4. The panel suggested evaluating the presence of these
clinical features to assign a severity level fluctuating from mild
to severe.

To create a categorization of the severity of the disease,
a scoring system was proposed. Basically, patients were ag-
gregated into 1 of 4 levels of severity according to the signs
and symptoms involved (Table 5). The severity of disease
indicated the appropriate range oftherapeutic options available
for the patient, because the panelists agreed that certain
therapies were most appropriately reserved for patients with
more severe DTS.

Treatment Algorithm for Patients With Lid
Margin Disease

The proposed treatment algorithm for these individuals
began with division of patients according to the site (anterior
vs. posterior) of the lid pathology (Fig. 2). Anterior lid margin
disease is treated with lid hygiene and antibacterial therapy,
whereas posterior lid margin disease is treated initially with

lIlV3FlX¢TlONAL TEAR SYNUQOME

TEAR DlB'lRlBUl’l0N WITHOUT UD IMROIN DIS EASE

O0N.llAK1TlVOG'tM.A8lS LDARDLASHMALPOSFHOBB ELEVATEDSURFA$IESIOMB REl1X3EDORNODIPLETEBUNKING SEVERE‘!LEIEL1 BEVERHYLEVEL2 SEVERHYLEVEL3 SEVEHTIYLEVEL4
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TABLE 4. Clinical Signs in DTS to Consider in Severity Assessment
Cnujuucfiva

'l'clangieetasis Luster
liyperemia
Scales, crusts
Lash loss or
abnormalities

Inspissation
Mcihomian gland diseases
Anatomical abnormalities

Oil excess

warm massage, with addition of oral tetracyclines and topical
corticosteroids, if necessary.

Treatment Algorithm for DTS Patients with
Primary Tear Distribution and
Clearance Abnormalities

The panel considered that there were patients in whom
the even distribution of tears across the ocular surface is
impaired, typically related to an anatomic abnormality or to
abnormal lid function (Fig. 3). The recommended therapeutic
approach to these patients varied in accordance with the
specific underlying problem, which is din Figure 3.

Treatment Algorithm for DTS Patients Without
Lid Margin Disease

Patients with mild disease are best managed with patient
education about the disease and strategies for minimizing its
impact, preserved artificial tears, modification as appropriate
ofsystemic medications that might contribute to the condition,
and perhaps changes in the home or work environment to
alleviate the symptoms (Fig. 4).

In patients in whom the disease state is moderate or
severe, the panelists agreed that the more iirequent use of tears

TABLE 5. Levels of Severity of DTS Without Lid Margin
Disease According to Symptoms and Signs
Severity* Patient Profiles

Level l s Mild to moderate symptoms and no signs
9 Mild to moderate conjunctival signs
0 Moderate to severe symptoms
or Tear film sign:
- Mild corneal puncuttc staining
3 Conjunctival staining
0 Visual sign;
a Severe symplmns
-a Marked corneal puuctete staining
on Central corneal staining
0 Filarncntary lmatitis
~ Severe symptoms
a Severe comesl staining, erosions
o Conjunctival scarring

Level 2

‘At least one sign and one symptom ofcach category should be present to qualify for
the corresponding level assignment.

904

Hyperemia
Wrinkles

Staining
Syrnlslephamn
Cicatrization

Puncinte changes
Emsions (micro, mncm)
Filaments
Ulceration
Vssenlarimtion

Scarring
Keratinizntion

Fhietuations

mandated a switch to unprcserved lubricants, with tears during
the day, ointment at night, and consideration ofprogression to
a gel formulation during the day ifreliefwas not adequate with
team. in the absence of signs, the panel recommended lubri-
cation, with frequency determined by the clinical response.

In the presence of sips (cg, moderate corneal staining,
filaments), the panel agreed on a stepwise introduction of
additional therapies. The panelists noted that patients with DTS
may have an inflammatory component, which may or may not
be clinically evident. In addition to the use ofunpreserved tears,
the panel recommended a course of topical corticosteroids
and/or cyclosporine A to suppress inflammation.

In patients who fail to respond adequately to lubricants
and topical imrnunomodulators, 3. course of oral tetracycline
therapy was recommended, as well as punctal occlusion with

ANTERNDR

noHYGEENE ‘”i~6:s:1z:;e‘;LAe~;a‘w‘1i:z:‘T1"c‘:““A
TETRACYCUNES‘“‘“‘;

LOCALHYPERTHERMIA; moMASSAGE;

it‘aégsiéieiiéieliban
FEGURE 2. Algorithm on treatment recommendations for DTS
with lid margin disease.
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HGURE 3. Algorithm on treatment recommendations for DTS
with abnormal tear distribution.

plugs. Because of the possible presence of non-clinically
apparent inflammation, puncial plugs could result in retention
ofproinfiarnrnatory tear components on the ocular surface and
may enhance damage to the ocular surface, accelerate the
disease process, and produce greater padent discomfort. There-
fore, the panel agreed that it is important to treat the inflam-
matory condition before blockage of rear drainage with
punctal plugs.

Patients with severe disease who are not adequately con
trolled after the above therapeutic interventions may benefit
from more advanced interventions. These would include sys-
temic irnmunornodulators for the control of severe inflamma-

tion, topical acetylcysteinc for filament formation caused by
mucin accumulation, moisture goggles to reduce tear evap-
oration, and surgery (including punctai cautcry) to reduce tear
drainage. Patients with Sjdgrcn syndrome would fit within this
category.

Dl$ClJ$SlQN

Some researchers have stressed the use of Delphi panels
in clinical research, despite some flaws in terms of

© 2006 Lippincott Williams & Wilh’n.s'

D sfunctional Tear $yndrome

ore WETHOUT LlD MARGIN DISEASE

Environmental Modifications §
Control on Systemic Medications ;

SEVERITY LEVEL 1

l . Prusemars
Allergy Control j

Unpreserved Tears
; GelsINig!st-time Ointment: 3

SEVERITY LEVEL 2 ‘_ ; p p
CLINICAL INFLAMMATTON

L Steroids
Cyeiosporine A

i Secretagogufi
; Nutritional Supplements (Flax-seed
‘ nil)

Tetrecyclirres
Antologous Serum

Punctai Plugs (alter control of
inflammation)

SEVERITY LEVEL 3

Topical Vitamin A
Contact Lens
Acemcysteine

Moisture Gocgles
Surgery

SE\/ERIW LEVEL 4

HGURE 4. Algorithm on treatment recommendations for DTS
without lid margin disease according to severity.

repromrcihility and other confounding factors that may
adversely influence the results.”’'” Delphi approach is not
necessarily “evidence-based”: Good cvidencc may exist
contradicting a particular consensus; or conversely, evidence
for a particular consensus may be absent, because it has not
been adequately studied. Especially for areas where there is little
or no good evidence in the literature, the process relies on the
opinion of the participating panelists, potentially tapping into
collective error-.3" Moreover, consensus is subject to pmicular
interpretation of evidence and personal experience, which may
affect reproducibility.“ Nonetheless, this process has lately
become popular to delineate guidelines of treatment of various
disordcrs,3°’33

Bias of panelists’ selection may inevitably occur as
a result of the inclusion criteria chosen. It is a common

observation that highly published authors tend to have some
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form of commercial support from pharmaceutical industry.
Nine of 17 panelists disclosed a past or present relationship as
a speaker/consultant/research funds recipient from companies
having products for the treatment of DTS.

The success of at Delphi panel is based largely on the
ability of the facilitator to maintain balanced participation of
panelists.” One of the major challenges in such panels is to
avoid the inadvertent control of one or more leaders over the

discussion.” The facilitator in our study was a person with
previous experience in consensus panels. He had the ability to
encourage homogeneous participation of panel members. The
facilitator focused on the varied responses previously given by
panelists in the survey to avoid discussions over a single
topic/therapeutic approach raised by individual participants
during the meeting. Inevitable discrepancies were observed
during the DTS panel meeting; however, consensual agree-
ment among panelists was finally achieved.

We believe that one significant consequence of the panel
meeting was the recommendation for a change from the term
dry eye, frequently used to describe the condition, to the term
dysfunctional tear syndrome. Panelists unanimously agreed that
the label dry eye reflects neither patient symptoms nor neces-
sarily the pathogenic mechanism ofthe disease. Panel members
also wed that diagnosing patients with dry eye may be
misleading to both colleagues and patients. Patients may be
confused when excess tearing is their primary complaint and
are diagnosed as having dry eye. Even more confusing for
patients is their subsequent treatment with anti-inflarnmatory
agents or antibiotics. For these reasons, the term DTS was
coined, because the panel felt that this term was sufficiently
broad to encompass the myriad of etiologies while still
representing a common denominator among them.

There was consensus that severity of disease should be
the primary determinant for the therapeutic strategy chosen. In
addition, observation of the patient response to initial therapy
was deemed as an important indicator of disease severity and
further treatment selection. The failure on improvement using
medications in one level assigns the patient to additional
therapy in the immediate superior severity level. The available
diagnostic tests were not considered important in the
assessment ofdisease severity and therefore were not included
in the classification. However, this should not underestimate
the value of these tests in the diagnosis of DTS, because they
were regularly used by panelists to confirm the presence of the
disease.

The task of creating guidelines for DTS is complex,
because practitioners encountering DTS are faced with a mul-
tifactorial disorder with several pathophysiological events that
may require a variety of customized therapeutic schemes.
Moreover, significant overlapping between the categories
selected by the panel is also likely. The summary treatment
recommendations (Table 6) relating severity of disease with
clinical symptoms and signs created by the panel may serve as
a useful guide. It is recognized that individual patient
characteristics may require deviation from recommended
treatment, but panelists were clear that the ideal therapy for
DTS is often achieved with a combination of interventions.

Assignment of levels of severity may work only as a stepwise
guide to approaching the best combination of medications to
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TABLE 6. Treatment Recommendations for DTS on the Basis

of Level of Severity
Treatrnent

DTS Severity Recommendations
Level I - No treatment

I Preserved tears
I Errvironmental

management
- Allergy drops

0 Unpreserved Dears
- Gels
- Ointments

0 Use of hypoallergenic
products

I Water intake

- Psychological suppon

- Avoidance of drugs
contributing to
do are

0 Secretagogues
1- Topical steroids
in Topical cyclosporine A

- Nutritional support
(flaxseed/fatty acids)

- Tetracyclines
- Punctal plugs
- Surgery
- Systemic

anti-inflammatory
therapy - Contact lenses

0 Oral eyelosporine
- Moisture goggles

- Punctal cautery
- Acetyleysteine

avoid symptoms. It is important to stress that patients may
present with signs belonging to different categories ofDTS (ie,
a patient may have DTS with lid margin disease and exhibit
tear distribution problems).

Those particular patients should be treated according to
recommendations for both categories to succeed in controlling
their symptoms and signs. Published guidelines in other dis-
ease areas have proven useful to general practitioners to ap-
proach a complex disease like DTS.“‘*”*” Some examples
using the Delphi technique have been reported in esophageal
cancer management,“ systemic hypertension treatment algo-
rithms,” and acute diarrhea management in children.” In this
study, the Delphi approach was used to gain a practical
approach to the diagnosis and treatment ofDTS, as opposed to
an extensive evaluation of available diagnostic methods or
pathophysiology mechanisms, already well documented in the
literature3"‘3“ (Table 7).

TABLE 7. Advantages of the Proposed Recommendations by
the Delphi Panel
a Proposes a new terminology for dry eye disease (dysfunctional tear

syndrome) from recent pathophysiologic findings
Iv Includes novel therapeutic options in the market
0 Provides simplified therapeutic recommendations in a stepwise approach
u Patients without lid margin disease/tear distribution problems are assigned to

4 severity levels
- Severity levels are categorized according to patient‘s signs and symptoms,not tests

I Therapeutic options are oriented by severity levels
0 Easier approach for general eye care practitioners

© 2006 Lippincatl William & Wilkins
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Young Ll, George I. Do guidelines improve the process and outoornes of
care in clelirium? Age Ageing. 2003;32:525-528.

19. Evans C. The use of consensus methods and expert panels in
pharmacoeoonornic studies. Pmatical applications and methodological

All guidelines are limited by the fixture development of 18-
new treatments and by new insights that future research will
bring. We therefore regard these guidelines as a platform onto
which future updates may he added.
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his report summarizes the management and thera-
\. peutic options for treating dry eye disease. The level
. of evidence for supporting data from the literature
is evaluated according to the modified American Academy
of Ophthalmology Preferred Practices guidelines {Table 1).

ii. GUALS GF 'E'HE MANAGEMEFET AME THERAPY
SUBCQMMSWEE

Goals of this committee were to identify appropriate
therapeutic me-thcds for the management of dry eye disease
and recommend a sequence or strategy for their app}i<:ation.,
based cm evidence-based review of the literature.

The quality of the evidence in the iitaraiure was graded
according is ea mod.i&<:ation of the scheme used in the
American Academy of Ophthaimciiogy Preferred Practice
Patterns series. ‘When possible, pe:er—1“::viewed full publica-
timis, not abstracts, were used. The repair: was rgviewed
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by all subcommittee members and by the entire Dry Eye
'Worl<Shop membership. Comments and suggested reviu
sions were discussed by the subcommittee members and
incorporated into the report where deemed appropriate
by consensus,

Ell. AS$§$ME*§"§ GF CURRENT ER? EYE ‘ll-l$APlE5

A. ‘Fear fiunplerneotation: Lubricants
E. Qeneral Cliaraeteristiszs and Efiects

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 {1”hera"fears®
{Advanced Vision Research, Wobum, MAD.” Tlie ocular
lubricants presently available in the United States are ap-
proved based on the US Food and Drug Administration
(Fall) monograph on ovetzthe-counter (GTO products
(21 CFR 349) and are not based on clinical efileacy. 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" [Allergart, inc, Irvine, CA}
and guar in Systanew l_Alcon, Ft Worth, TXD are not listed
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 dillerences
in clinical trials with presently available clinical tests or
because the currently available agents do not have any
dlscernahle clinical activity beyond a lubrication effect.
Although certain artificial tears have demonstrated more
success than others in reducing syrnptonts of imitation
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 lubricants.

What is the clinical effect of ocular lubricants or artificial

tears? Do they lubricate, replace missing tear constituents,
reduce elevated tear film osrnolarity, dilute or wash out
inllarnrnatory or inflainrnation-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 patients ocular comfort and
quality of life, and to return the ocular surface and tear film
to the normal homeostatic state. Although symptoms can
rarely be eliminated, they can often be improved, leading
to an improvement in the quality of life. It is more difficult
to demonstrate that topical lubricants improve the ocular
surface and the tear film abnormalities associated with dry
eye. Most clinical studies fail to demonstrate significant
correlation between syrnpterns and clinical test values
or between the clinical test values thernselves.3‘5 it is not

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

Ocular lubricants are characterized by hypotonic or
isotonic buffered solutions containing electrolytes, surfac-
tants, and various types of viscosity agents. in theory, the
ideal artificial luliricant slioulcl lie pres;s:rvative~frec, contain
potassium, bicarbonate, and other electrolytes and have 8
polymeric sysizern to increase its retention time. l ‘*3 Physical
properties should include a neutral to slightly alltaline pit.
Osmolarities of artificial tears have been measured to range
from about l 81 to 354 mOsm/L." The main variables in the

formulatic-n of ocular lubricants regard the concentration
of and choice of electrolytes, the osmolatity and the type
of viscosity/polymeric system, the presence or al:2se:n.ce oi’
preservative, and, if present, the type of preservative.

2. Presexviitivm

The single most critical advance in the treatment of dry
eye carne with the eliinirration ofpreservatives, such as l:er1zal--
konium chlcrirlc (BAX), from OTC lubricants. Because

of the risk of contamination of rnulti-close products, most
ei=.;h.er contain a preservative or employ some me<:harai:sr>:i
for minimizing contamination. The FDA has required that
multidose artificial tears contain preservatives to prevent
miczrobial grovv:h.‘° lilresetvativesz are not required. in unit
close vials. that are discarded alter a single use. The W'l(.l€-
spread availability of nortpreservetl pre*,oara1:ions allows
patients to acltninister lulzzrlizantzs more frequently without
concern about the toxic effects or" preservatives. For patients
with anoderate~to—severe dry eye disease, the absence of
preservatives is ofniorc critical irnportatice than the particu
lar polymeric agent used in ocular lubricants. The ocular
surface inflzirrirrazition associated with dry eye is exacer‘-.*)ated
by preserved ltibricants; however, nonprescrvccl solutions
are inaclequate in tlieniselves to improve the surface inilarm
mation and epithelial pathology seen -dry eye disea.=;e.“

Bermalleonlum chloride is the most frequently used
preservative in topical ophthalmic preparations, as well as
in topical lub-ric:zan:s. lu; epitlielial toxic effects have been
well establishetlfiml The toxicity of BAK is related to its
concentration, the frequency of dosing, the level or amount
f tear secretion, and the severity of the ocular surface

disease. in the patient with mild dry eye, BAK~pieserved
drops are usually well tolerated when used 4-5 times a clay
or less. in patients with morleratexto-severe dry eye, the
potential for BAK toxicity is high, due to decreased tear
secretion and decreased turnover. 57 Some patients may be
using other topical prepariations (cg, glaucoma medications)
that contain BAK, increasing their exposure to the toxic.
effects of BAR. Also, the potential for toxicity exists with
patient abuse of other OTC products that contain BAK,
such as vasoc<instricl.ors.

BAK can damage the corneal and conjunctival epithe—
liurn, affecting cell~to—eell junctions and cell shape and
microvilli, eventually leacling to cell necrosis with slmighing
of l~2 layers of epithelial cells. 17 P’reservative—iree formula-
tions. are absolutely necessary for patients with severe dry

eye with ocular surface disease and impairment of lticrimal
gland setzretlon, or for patients; on multiple, pretervecl.
topical medications for chronic eye disease. Patients with
severe dry eye, greatly reduced tear secretion, and punetal
oc::l.ussior1a.i'e at ‘pan'.i::ular risk lot‘ preservflive toxicity. In
such patients, the instilled agent cannot be washed out; if
this has not been appreciated by the clinician, preserved
drops might be usecl at high frequency.

Another additive used in OTC formulations is clisotlium

(BETA). it augments the preservative efficacy of EAK and
other preservatives, ‘out, by itself, it is not a sufficient pre-
servative. Used in some nortpreserved solutions, it may
help limit microbial growth in opened unit—dose vials.
Although use of EDTA may allow at lower concentration of
preservative, EDTA may itselfbe toxic to the ocular surface
epithelium. A study comparing two preserva-tive— free solu-
tions, I-Iypotears PW (Novartis Ophthalmics, East Hanover,
NJ) containing EDTA and Refresh@ (Allergen, inc, lrvine,
CA) without EDIA, showed that both formulat.i0n.s2 had
identical safety profiles and were completely nontoidc to
the rabbit corneal epitlielium.“’ Other studies found that
l?.D7l1’-‘i-containing preparatiotis increased. ccimeal epithelial
permeability 193“ The potential exists that patients with
severe dry eye will find that ElC3”lfis—containiiig preparations
increase irritation.

Nonpreserved, single unit—dose tear substitiites are
more costly for the rtiatxmacturer to ‘pro-:luce, more
costly for the patients to purchase, and less convenient
to use than bottled ocular lubricants. For these reasons,
recloszilole unit close vials (cg, Refresh Free {Allergen inc,
irvine, CAl; Tears Natural Free@ EAlcon, Fort Worth,
TXED were introduced. Less toxic preservatives-, such as;
polyquatl (polyquaternium-1), sodium clilotite {i’urite®),
and sodium perhorate were developed to allow the use
of rtiultidose lzvottlecl lularicants and to avoid the lrnown

toxicity of BAK-contzaitairag solutioris.3l>23 The “vanishing”
preservatives were sodium perborate and sodium ehlorize
(Tl‘iera'fears°5° Erldvariced Vision Research, 'W-Dlzuru, lvlAl,
Gentealfl lNovartis, East 1-ianover, Nil . and Refresh Tears®
{Allergen inc, Irvine, CAD.

Sodium chlorite degrades to czliloricle ions and water
upon exposure to UV light after instillation. Sodium perl3o~
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
rear volume, and may lie irritating. llatients prefer bottled
preparations for reasons of both cost and ease of use. The
ideal lubricant would come in a tnultidose, easy--to-use
bottle that contains a preservative that completely dissipates
before reaching, the tear film, or is completely nontoxic and
tionirritating and tiiaintains absolute sterility with frequent
use. One such multi-use, preservative-free product has
been introduced to the market (‘Value l’ure-'.l‘cars‘3’ ll’fizer,
l1’1C, Nll).

Ocular ointment; and gels are also used in treatment of
dry eye disease. Ointments are formulated with :3 specific
tnizuure of ruitieral oil and petrolatuin. Some contaui lanolin,
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wliich can be irritating to the eye and delay corneal wound
healing.” Individuals with sensitivity to wool may also be
sensitive to lanolin.” Some ointniems ctmtairi paralaens as
preservettives, ztml these ointments are not well tolerated
by patients witli severe dry eye. in general, ointments do
not support bacterial growth and, tlicrefore, do not require
presenratives. Gels containing high molecular weight cross-
llnked polymers of acrylic acid (carljotnersl have longer
retention times than artificial tear soltttinrts, lzint have
visual laltrrnng eflecrt than petroliaturn ointrnents.

3. Elecwolytc Composition
Solutions containing electrolytes and or ions have been

shown to be beneficial in treating ocular surface damage
due to dry e},'c.lt5»3°~Z”5 To date, potassium and bicarbon-
ate seem to be the most ::rtt.ical. Potassium is important to
maintain corneal thickness.’ ln a drywcye rabbit model, a
hypotortic te:ar—mat«: ted electrolyte solution (”l"l1era'.i"ears®
ljldvanced Vision Research, Wobum, MAE) increased con~

junctival goblet cell density and corneal glycogen content,
and recluctecl. tear osmolarity and rose ‘oertgal staining after 2
weeks of treatrncnt.” The restoration ofconjunctival goblet
cells seen in the dry—eyc rabbit model has been cc2‘rrol:3omte<l
in patients with dry eye after l_A£ilKtZ5

Bicarbonate-containing solutions promote the recovery
of epithelial barrier function in damaged corneal szpitlicliurn
and aid in rn.aint2ti.ning rtorrnal epithelial ultrastructurc.
They may also be important for maintaining the mucitr layer
of the tear film.“ Ocular lnbriearzts are available that mimic

the electrolyte corn.position. ofhuman tears, cg, Thcralcarsa’
{Advanced Vision Research, Woburn, MA.) and BIDN Tears“
(Alcoti, Fort \M>r1;h., 'l"X.}.‘~2 'l‘hcse also contain bicarbonate,
which is critical for forming and maintaining the protec~
rive mucin gel in the stomach.“ Bicarbonate may play a
similar role for gel-~l'orrni.ng mticlns on the ocular surface.
Because bicarbonate is convened to carbon dioxide when

in contact with air and can tlilluse through the plastic unit
dose vials, foil ‘packaging oi the plastic vials is required to
maintain stability

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

(PS!'Ki()l:aEiIy(:C1’)r'Sl.8llt)l(.l (ssrnolarityl than do those. of normal
patient5.33-Z9 Elevated tear film osmolarity causes mor-
phological and lriochcmical changes to the cortical and
ccsnjnnctival epitliel‘iurn‘35"‘ and is pro-inflammatory“ This
knowledge influenced the development of hypo-osmotic
artificial tears such as i—lypoi.ears@ (2363 mOsm/L llflovartis
Ophtlialmics, East Hanover, N31) and subsequently Theta»
Tears?“ (181 rnOsmfl_ {Advance Vision Resear<:lx, Wolaum,
MAD}:

Colloidal osmolality is another factor that varies in
artificial tear formulations. ‘While crystalloicl osmolazity
is related to the prcsencze of ions, colloidal osrnolality is
dependent largely on macrornolcculc content. Colloidal
osmolarity, also known as oncutic pressure, is involved in the
control oiwater transport in tissues. Differences in colloidal

osrnolality affect the net water flow across membranes, and
water llow is elimlnatecl by applying hydrostatic pressure
to the downside of the water flow. The magnitude of this
osmotic pressure is determined by osrrrolality differences
on tlte two sides; of the mcmbranc. Epithelial cells swell
clue to damage to their cellular membranes or clue to a
dysfunction in the punipirag 1‘E1€Cll;8.l.‘ElSm. Following the
adnition of a flnitl with a liigh colloidal osmolality to the
clarnagctl cell surface, clctnrgesccncc occurs, leading to at
return of nortnal cell physiology. Theoretically, an artificial
tear fc>rrrtulatiort with a high colloidal osmolality may be of
value. Holly and Esq‘-nivcl cvaluatccl many different artificial
tear formulations and showed that llypotears“‘° (Novartis
Oplrtltalrnics, East. l-iariovcr, Nj) had the highest colloidal
osmolality oi all of the formulations tested.” Formulations
with higher colloidal osmnlality have since been marltcteti
(l)welle“" llfiry Eye Company, Silverclalc, WAD.

Protection against the adverse ellects of increased os~
molarity losmoprotecztionl has led to development of OTC
drops incorporating compatible solutes (such as glycerin,
erytluitol, and lcvoczrnitinc ffiptiveg [Allergart Inc, Irvine,
CAD. it is thought that the compatible solutes distribute be-
tween the tears and the intracellular fluids to protect against
potential cellular damage from liyperosmtslar tezars.“

5. Viscosity Agents
The stability of the tear film siepentls on the cl1cm,ical~

physical cliaractt=.risttt;=. of that film interacting with the
conjttnctival and corneal erzitlieliurrt via the mern‘omne-
spanning rnnciris (ic, MUG l6 and MUC-4}. In the classical
tlircmliiyered tear film 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-
t:ablc.”33 Currently, the tear is prolctalfly best described
as a ltiyrlrated, mucin gel whose rnttcin concentration
decreases with distance from the epithelial cell sufliace. it
may have a protective. role s;lmilar1.ca that of trmcin in the
stornacli.-‘S It may also serve a “sink” or storage velrlclt-2
for substances secreted by the main and accessory lscrirnal
glands and the ocular surface cells. lltis may cxplain why
roost of the available water-containing lubncants are only
minimally cifcctivc in restoring the normal homeostasis
of the ocular surface. ln addition to washing away and
diluting out irritating or toxic substances in the tear film,
artificial lubricarits hydrate gel--fomiing rnuciri. While some
patients with dry eye have decreased aqueous lacritnal gland
secretion. alterations or deficiencies involving rmtcin also
cause dry eye.

Macromolecular complexes added to artificial lubricants
act as viscosity agents. ’l"he acldltiort of El viscosity agent in-

resi<lenc:c time, providing a longer interval of patient
comfort. For example, when a viscous, anionic charged
carboxymetliylncellulnse (CMC, 100,000 mw) solution was
comparccl with a neutral liyclroxyrnetliylccllulose (llPl.‘»/EC}
solution, CMC was shown to have a sigriillc.artt.ly slower rate
of clearance from the eye.” Viscous agents in active. drug;

16:’; O€.'.Ul.All SURFACE 1’ APRIL ZEJB7, Vfll... 5, N0. 2. I Www.tlreoc=.2larsurface.c0tn



125

DEWS lVlAl\l.Af3El\/IENT AND Tl-lERAl?Y

formulations may also prolong ocular surface contact, in-
creasing the rluzation of action and penetration of the drug.

Viscous agents may also pml.ect the ocular surface
epithelium. it is lmowri that rose bengal stains abnormal
cortical and conjurtctival epithelial cells expressing er: al»
tered niuein glycoaalyx. 37 Agents such as liyclroxyrnetlty<:el--
lulose (HMC), which decrease rose bengetl staining in dry
eye: sub;le.cts,33 may either “coat and protect” the surface
epithelium or help restore the prczlzcctive effect of mucins.

In the US, carboxyittetliyl cellulose is the most com-
monly used polymeric viscosity agent (iRl lvlarl—tet Slisre
Data, Clticzago, ll..), typically in concentratioris l’2‘orn 0.23%
to 1%, with differences in molecular weight also eontrib~
uting to final product viscosity Carboxymetliyl cellulose
has been found to lnirid to and be retains-.<l liy liumaan epi-~
thelial cells?“ Other viscosity agents included in the FDA
trionograpli (iii various concentrations) include polyvinyl
alcohol, polyethylene glycol, glycol 400, propylene glycol
liyclroxymethyl cellulose and hyriroxypropyl cellulose.

Tlie blurring ofvision and esthetic disadvantages ol cak-
ing and drying on eyelashes are drawbacl<s ofhighly viscous
agents that patients with mild to moderate dry eye will
not tolerate. Lower molecularaweight viscous agents lielp
to minimize these problems. Because patient compliance,
comfort, and coiivcriicnce are important considerations, a
range of tear substitute lomiulatioris with varying viscosi~
ties are needed.

l-lydroxypropyl-g‘-.1ar (HP~guar) has been used as a gel
ling agent in a solution conl.alnln.g glycol 400 and propyl~
ezie. glycol {$ysta1ie®, Alcou, Port Wortli, TX). it has been
suggested that HP--gum,’ ‘pl‘E‘3f€.‘E’CIilIlEil.ly l)ll1ClSE to the more
hydrophobic, desiccated or damaged areas of the surface
epithelial cells, providing temporary protection for these
cells.‘”l’”'l ;.I‘~£':\/erzil commercial preparatiorizs containing oil in
the form of castor oil (Euduram lzillergan irie, iwine, CAB
or mineral oil (Sootlie@ lB3‘i;L‘.SCl'1 cc: Lomla, Rochester,
are purported to aid in restoring or increasing the lipid layer
of the tear filial.“-‘*3 l-lyaluronic acid is a viscosity agent that
l‘li3..’5 been investigated for years as an “active” compound
added to tear subs‘i'imt.c icu“rnulati.oi1s lot the treatrxrent of

dry eye. llyalutoriic acid (0.3%) lies significantly longer
ocular surface resiclericc times than 0.3 percent l*l'PlviC
or 1.4 percent polyvinyl alcohol.“ Some clinical studies
reported imgsrovemerit in ‘M45 dry eye in patients treated
widi soclitim lryaluronate--containing solutions compared
to other lubricant solutions, whereas others did not.“
Although lubricant preparations zzoritaining sodium ltyal--
uronate have not been. approved for use in the US, tliey are
frequently uwd in some countries.

6.. Summary
Although many topical lubricants, with various viscos-

ity agents, may improve symptoms and objactive findings,
there is no evidence that any agent is superior to another.
Most clinical trials involving topical lubricant preparations
will document tSO'EIl'.8 improvement (but not rcssolutionl of
subjective syrnptorris and improvement in some objective

parameters.‘ However, t re improvements noted are not
necessarily any better than those seen with the vehicle or
other uonpre.sc3.'ved artificial lul3ric2mt.s. The elimination
of preservatives and the development of newer, less toxic:
preservatives have made ocular lubricants better tolerated
by dry eye patients. ‘However’, ocular lularlcasits, which
have been shown to provide some protection of tlie ocular
surface epithelium and some improvenient in patient symp-
toms and obje.t::.ivc fimliriggs, have not been demonstrated
in controlled clinical trials to be suffieieut to resolve the

ocular‘ surface disorder and inflauniuailori seen in most dry
eye sufferers.

3.. ‘rear Retention
1. Pmnetal {Exclusion
as. Rationale

W’l*1ile the concept of permanently occluding the lacti~
mal ptmcta with cautcry to treat dry eye. extends l)aCl( 7'9
years,"5’ and, although the first dissolvable implants were
used 4:5 years ago,” the modern era of punctal plug use
‘began in 1975 with the report by Freeman.“ Freeman clc~
scribed the use of a dumbbell-shaped silicone plug, which
rests on the operiirig of the ptmcmm, and extends into the
caualiculus. His report established a concept of punctal oc-
clusion, which opened the field for development ofa variety
of removable, lorigulasting plugs to retard tear <:lear2rnc:c
in an attempt to treat the ocular surface of patients with
deficient aqueous tear production. The Freeman style plug
remains the prototype for most st.yl<=s of punctzil plugs.

ls. Ifyym
Puncial plugs are divided into two main types: absorb-

alsle and nonalasorbable. former are made of collagen.
or polymers and last for vzrriable periods of time (3 days
to 6 months). The latter nouabsorlzaable “perrnanerit” plugs
include the Freeman style. which consists ofa surface collar
te'si:irtg on the ptinclal opening, 2;: neclt, and at wider base, in
contrast, the I-ierriclr plug (Lacrirncdics lEae<;tsound,\7y’Al)
is shaped like :3: golf tee and is clesignecl to reside witliizi
the czmaliculus. lt is blue for V‘l$l.EEil2lZ2£l.'.l(3K'l; Oll.'1('i!'V2£3,’l8Il€)IiS

are radiopaque. A newly designed cylindrical Sniartplugm
{Medezmiurra lric Eirvine, CAD expaaitls and ittcreases in
diameter in situ following insertion into the czmaliculus
due to therirtodynarnic properties of its lrydrophilic acrylic
composition.

£3. Clinical Studies

A variety of clinical studies evaluating the efficacy of
purictal plugs have been reported.53‘5“ These series generally
fall into level II eviderzce. Their use lies been associated

with objective and subjective improvement in patients
with both Sjogrert and non-Sjogren aqueous tear deficient:
dry eye, filamentary l:e‘rati.tis, conta(:t lens in,tole.ran.ce,
Stevetis-johrisori disease, severe michoma, neurotrophic
keratopathy, post—perietrating lceratoplasty, diabetic l<era--
topatliy, and post-pliotorelractivc keratectomy or laser in
situ keratomileusis. Several studies have been performed
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to evaluate the effects of punctal plugs on the efficacy of
glaucoma medications in recluczlng intraoczulzar pressure,
and these studies have reported conflicting results.“-59
Beneficial outczome in dry eye symptoms has been reported
in 7°‘.-—85% of patients treated with punctal plugs. Objective
mclices of improvement reported with the use oi pnnctttl
plugs; incliicle improved corneal staining, prolonged tear
film breakup time ('.E‘l<'I8't'.3'i'), decrease in tear osrnolarity,
and increase in goblet cell density Overall‘ the clinical util-
ity of pimctal in the management of dry eye disease
has been well cloonmentecl,

ti, Imlimtiozss and Ctmirrtitadiwtiotas

in a recent review on pimctal plugs, it was reported
that in a major eye clinic, punctal plugs are considered
inrlicatied in patients who are syriipiornatie of dry eyes,
have a Scliirmer test (with sinwthegsial result less than 5
mm at 5 minutes._ and show evidence of ocular surface

dye sl;a:in:ing.55
Contraindications to the use of punctal plugs include

allergy to the materials used in the plugs to be implanted,
punctal ectropion, aocl preexistirig nasolacrimai duct. ob-
struction, which would, presumably, negate the need for
punctal occlusion. lt has been suggested that plugs may
be contrain.dicate:d in dry eye patients with (“.lllTilC53,l ocular
surface inflammation, because occlusion of tear outflow
would prolong Contact of the abnormal tears oontainn
ing proinllammatory cytokines with the ocular surface.
‘Treatment of the ocular surface inflammation prior to
plug insertion has been reazotnmended. Acute or (Il’lX'(}E).l(I
infection of the lactimal canalieulus; or laczrirnal sac is also

a stontraindication to use of a plug.

a. Complications
The most common complication of punctal plugs is

spontaneous plug egnttmion, which is particularly -common
with the Freemamstyle plugs. Over time, an extrusion rate
of 50% has been reported, but many of these extrusions
took place after extensive pe.‘E’l0{l5é of plug re.-;i<lene:¢:. Most
extrusions are of small consequence, except for incon-
veniemrr and expense. More troulalessonie CO1‘[l}3llC;3li.ClEl.'S
inclttde internal migration of a plug, lsiofilm formation and
irilection ,5” and pyogenlc grariulorna formation. Removal of
inigratecl t:anali::ular plugs can be clilfioult. and may require
surgery to the nasolacrirnal duct system.5°»‘”

f. Summmy
The extensive literature on the use of punctal plugs in

the rnanagemt-:nt of dry eye disease has doourrtented their
utility. Several recent reports, however, have suggested
that absorption of tears by the nasolacrirrial duets into 5ur—
roimcling tissues and blood vessels may provide a feedback
mechanism to the lacrimal gland regulating tear prod‘-.ic«
lion.“ In one study, placement of pnnctal plugs in patients
with normal tear production caused. a sigriificaritz decrease
in tear production. for up to 2 weeks after plug insertior:-1.53
This oautionary note should be considered when deciding

wliether to incorporate ptmetal (3-i‘.Cl1lSi0l’1 into a dry eye
disease management plan.

2. Moistnm 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 evldenoe sup»
porting its eificaty for dry eye t1‘(€zti.1'l1§‘:t‘3t has been relatively
limited. Tsubota et al, using a sensitive moisture sensor,
reported mi increase in periocular liuiniciity in subjects
wearing such specmcles.“ Aclditiori of side panels to the
spectacles was shown to further increase llllillitilltjfifi
The clinical elficacy of moisture chamber spectacles has
been reported in case reports.“-57 Kuriliashi proposecl a
related treatment for dry eye patients, in the lorrn of a wet
gauze eye masltfil Conversely, Nichols et 31 recently report-
ecl in their epidemiologic study that spectacle wearers were
twice as lilozly as emmettopes to report dry eye clisease.‘7”‘—’
The reason for this observation was not explained.

There have been several reports with relatively high
level of evidence describing the relationship between
environrnemal humidity and dry eye. Korh er al reported
that increases in periocular humidity causecl a significant
increase in thickness of the tear film lipid layer.” Dry eye
stihlects wearing spectacles showecl significantly longer
interblink intervals than those who did not wear spectacles,
and duration of blink (blinking time) was significan.tly
longer in the latter s-.1bjec.ts.7° lnstillation of artificial tears
caused a significant increase in the interhlink interval and
a decrease in the blink rate.“ Nlsrnya.-ma et al reported that
dry eye symptoms worsened in soft contact lens wearers
when environmental humidity decreased. ‘'2

3. Contact lenses

Contact lenses may help to protect and hydrate the
corneal surface in severe. dry eye contlitions. Several differ»
ent Contact lens materials and designs have been evaluated,
including silicone rubber lenses and gas perrneable seismi-
‘oearing hard coritzact lenses with or without ieriestr2ation.73“77
Improved visual acuity and comfort, decreased corneal
epitheliotzathy, and healing of persistent cc-meal epithelial
defects have been repoi“tetl.73‘77 Highly o3tygen—penneal3le:
materials ezialzle overnight wear in appropriate
stances.” There is a small. of corneal vssezularization

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

3. ‘fear stimulation: iteorotogogaos
Several potential topizzal pharrr1:acol.ogi<: agents may

stimulate aqueous secretion, mucous secretion, or both.
The agents currently under investigation by }3ll31’!1'l2EC€l1[l."
cal cornpanies are ciiquafosol (one of the PZEYE receptor
agonists), rebetmipicle, gefamate, eczibet sodium (mucous
secretion stimulants), and l5(S)~I~{ETE {ix/lUCl stimulant).

Among them, 3 cliqualosol eye drop has been favorably
evaluated in clinical trials. 2% diqnafosol GNS365, DE—i)£l9
léianien, Osakmjapan}; Inspire llilurham, NED proved to
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be ellective in the treatrnem of dry eye in it randomized,
double--znasked trial in humans to reduce ocular surface

staining.“ A similar study demonstrated the ocular safety
and tolerability of tliquaiosol in 3 <:loul)le~rn:isl<ed, placel)o-
controlled, randomized study” This agent is capable of
stimulating l’)(3l.li aqueous and mucous secretion in animals
and l1‘ilI1‘t9.1.’1S.8O‘€3 Beneficial effects on corneal epithelial
loariier furtctiori, as well as increased tear secretion, has

been demonstrated in the rat dry eye l'E1<}£lE:l.Ml}lC{i1alt3SC?l
also has been shown to stimulate rnucin release from goblet
cells in a rabbit dry eye inodel.55=5’5‘

The effects; oi" relisarnipide -(Ol’C- l,2‘}’fS9 lfitsulca, Rock-
ville‘ MD}; Novaztis liiasel, Switzerlandl) have been evalu-
ated in human clinical trials. in animal studies, rebamipide
increased the mucin--like substances on the ocular su’t'lace

of Nacetylcysteine-treated rabbit eyes.” it also had ny-
tlroxyl radical scavenging effects on l.WB—inducetl corneal
drainage in mice.“

Ecabet sodium Csenju iOs2tl{a, japan]; ISTA llrviric,
CAI) is being evaluated in clinical trials internationally;
but only limited results have yet been p‘LllC?li.5l"i6(2l. A single
iustillation oi ecabet sodium ophthalmic solution elicited
$3 statistically significant increase in tear mucin in dry eye
patients.” Gefarnate (Santen lOsaka, japan}? has been
evaluated in animal studies. Gefarnate promoted niucin
prociuction alter <:onjunc:tiv2tl injury in rnonkeysfm {Belar-
nate increased PAS-positive cell density in rabbit <:.on_iunc—
tiva and stirnulated l'{l‘-UiCl1't~lll{€ glycoprotein stimulation
from rat cultured corneal. e;3itlieli.um.9‘~97 An in vivo rabbit
experiment showed a similar result.”-9‘

The agent 15(S)—HETE, a unique molecule, can
stimulate MUCI rriucin expression on ocular surface
epithelium.951i5(S)«l-IETE protected the comes in a rabbit
model oi desiccation-induced injury, probably because oi
mucin secretion?“ it has beetn sliowri to have bene:fic:ial

effects on secretion of Ifl‘tiC‘lfi~lil(e'E glycoprotein by the rab-
bit corneal €.pltl‘t£’.’l_li.1l’E3.,§'7 ()i.l‘i€1’l£?tl'3()I“:if.()K}’ studies confirm
the stimulatory effect of 15(5)-l-iE'l"E.93"°1 Some of these
agents may liccorne useful clinical therapeutic modalities
in the near future.

Two orally administered cholinergic agonisu, pilocau'~
pine and cevilemine, have been evaluated in cli teal trials
for treatment of Sjogrcn syndrome associated lteratocon
junctivttis siccza (RC5). i’atients who were treated with pi~
locarpine at 2: dose of 5 mg QED experienced a significantly
greater overall improvement than placebo-treated patients
in “ocular probleins” in their ability to focus their eyes dur-
ing reading, and in symptoms of blurred vision c:ompareti
with placebo—treated patients.“ The most commonly
reported side effect from this medication was excessive
sweating, which occurred. in over 40% of patients; “lino
percent of the patients taking pilocarpine withdrew from
the study because of druguelzated side effects. Other stud~
ies have reported efficzacy of pilocarpine for ocular signs
and symptoms of Sjogren syndrome l(CS,l°3"°5 inclutling;
an increase in conjunctiva! goblet cell density after 1 and
2 months of therapy 195

Cevilemitie is another oral ::liolinergi.c:. agonist that
was found to significantly improve syrnptorns oi dryness
and aqueous tear production and ocular surface disease
comparecl to placebo when taken in doses of 15 or 30 mg
1'lD.l‘”~”’3 This agent may have fewer adverse systemic side
eilects than oral pilocarpine.

9. Elologcal ‘Tear Substitutes

Naturally occurring biological, ie, nor1;.;2liai'::1aceutical
fluids, can be used to substitute for riatiuul tears. The

of serum or saliva for this purpose has been reported in
liumans. They are usually uupreserved. ‘When ofautologous
origin, they lack antigenicity and contain various fipltlliiw
liotropliic: factors, such as growth factors, neurotrophlns,
vitamins, iminunoglobulins, and extracellular matrix
proteins involved in ocular surface mai.ntenance. Biologi-
cal tear substitutes maintain the morphology and support
the proliferation of }m“maiy liunian corneal epithelial cells
better than pltamnaceutieal tear :substitut.es.l°" However,
despite biomeclianical and biochemical similarities, rel—
evarit conipositional diflerences compared with normal
tears exist and are of clinical relei-'ance.”° Additional

practical problems concern sterility and stability, and a
lzaborwintensive production process or a surgical §>ror:.e:l.ure
(saliva) is required to provide the natural tear substitute to
the ocular surface.

1 . Serum

Serum is the fluid component all full blood that rernains
alter clotting. its topical use for ocular surface disease was
much stimulated by Tsubotas prolific work in the late
lt9QOs."“ The prac:l;i<::.ilil.ies and pul>li:shea:l evitlence of
autologous serum application were recently reiriewerlflll
The use of blood and its components as a pliamiaceuti--
cal preparation in nanny countries; is restricictl. by specific
national laws. To produce serum. eye drops and to use
thern for outpmieitts, :3 license by an appropriate national
bocly rnay be required in ceitairi countries. The protocol
used for the production of serum eye drops detemtiiiies
their tzoniposition and efficacy. An optirraizecl protocol for
the production was recently pul3lisl‘icd.“3 Concentrations
between 20% and l.(lCi% of serum have been used. '.E'lic

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

prozzlutztiort and storage regimens, and treatment protocols,
the efficacy of serum eye drops in dry eyes has varied sub-
stantially between studies. “*3 Three publislied prospective
rzmdcnniized studies with similar patient populations (pre-
donunantly immune disease associated dry eye, ic, Sj ogren
syndrome) are available. When comparing 20% serum with
(19% sizilinc applied 5 times per day, 'l.‘an.anuvat et al found
only a trend toward improvement of symptoms and signs
of dry eyes.” whereas Kojima at al reported sigrtifitzant
improvement ofsymptom scores, fluoiesceinubreakup time
(FEET), and fluorcscein and rose b-engal staining.”

A prospective clinical eross~ovei' trial coniparecl 50%
serum eyedrops against the commercial lubricant previously
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used by each patient. Symptoms improved in l{? out 16
patients, and impression cytological findings improved in
i2 out of 25 eyes?” Nodri—1'suruya and colleagues found
that. 20% autologons serum significantly itnproved ’l”FBU'l‘
and decreased c.on_iunctival rose ‘Bengal and cornea flue»
rescein staining L3 m‘-.O1'll'_l'iS postoperatively; compared to
treatment with :artifi<:ial. tears, wliicli did not czliarige these
pararnetersfi” Additional reports of successful treatment
of persistent epithelial delects~——wl'iere success is more
clearly defined as “healing of tlie tlet'ec:t;“~---~wit;i'i sautologous
serum substantiate the impression that this is a valuable
therapeutic option for ocular surface disease.‘ ‘-5

2. Salivary Gland Atutotransplaintation
Salivary submandibular gland transplantation is capable

of replacing deficient mucin and the aqueous tear film
phase. This procedure requires collaboration between an
ophthalmologist and a rnaxillofacial surgeon. With appro-
priate rnictovzascular iinastotntasis, 80% of grafts survive.
in patients with absolute aqueous tear deficiency, viable
suljtnanciibular gland grafts, in the l,ong--term, provide
significant improvement of Scttirzner test E8131, and rose
laengal staining, as well as reduction of discomfort and the
need for pharmaceutical tear sul:stit.ui.es. Due to the hypo-
osinolarity of saliva, compared to tears, excessive salivary
tearing can induce a rnicrowstic corneal edema, which is
temporsiry, but can lead to epithelial defects.“"lr-lence, this
operation is in.dicated only in end-stage dry eye disease with
an absolute aqueous tear deficiency (Scltit'tner—test wetting
of l mm or less), a conjuractivalized surface egziitlieliurn, and
persistent severe pain despite punctsl occlusion and at least
hourly application ofunpreserved tear substitutes. For this
group of pati.eri!s, such surg,e>:y is c.apabl.e of substantially
reducing discornfort, but often has no effect on vision. 1 19-“O

E. Mail-inflammatory Therapy

Disease or dysfunction of the tear secretory glands leads
to changes in tear coingaosition, such as liyperosrizolarityy
that stirnulette the production ol inllarmnatory mediators on
the ocular sutface.3“”‘ ltttlarrirtiatiori may, in turn, cause
dysfunction or clisappearance of cells responsible for tear
secretion or retention. 127‘ inflammation can also be initiated

by climate imitative stress (cg, Contact lenses) and systemic
inflammatory/autoimmune disease (eg, rheumatoid arthri—
tis}. Regardless of the initiating cause, :a vicious circle of
inflaniniatioii can develop on the ocular sufifacze in dry eye
that leads to ocular surface disease. Based on the concept
that inflammation is a key component of the pathogenesis
of dry eye, the efficacy of :3 number of anti—ini'lammatory
agents for treatment of dry eye disease has been evaluated
in clinical trials and animal models.

1. Cyclosporimr
The potential of cyclosporine-A (C.sA) for treating dry

eye disease was initially recognized in dogs that develop
spontaneous KCSV3 The therapeutic efficacy of CsA for
hurnan KCS was then docurnentecl in several small, single-

center, randomized, dou'cle~rnasl<:ed clinical trials.”“35

CsA emulsion for treatment of KCS was subsequently
evaluated in several large inulticenter, randctn‘i:ed, doul:le--
rnaskezi czlinical trials.

in a Phase 2 clinical Cflflly four concentrations of CSA

{:’.3.C95%, 0.1%, 0.2%, or 0.4%) adrninistered. twice daily
to both eyes of 12.9 patients for 12 weeks was compared
to vehicle treatment of 33 patients.”5 CSA was founcl to
sigtaifi-;nrit;ly decrease t2(I>E)._‘lt,il'ii2l.‘lVi3\l rose bengal staining,
superficial punctate keratitis, and ocular irritation symp-
toms {sandy or gritty feeling, dryness, and itching) in a
subset. of £30 patients with mo<lera‘::e~to~-severe KCS. Tltere
was no clear dose response; CSA (3.1% produced the most
consistent improvement in objective endpoints, whereas
CsA 0.05% gave the most. cons;i.+ste'n.t improvement in pa-
tient symptoms (Level 1).

Two independent l"l1ase 3 clinical trials wmpared.
twice-—<iail.y treatment with 0.05% or (3. ‘l6 Cstt or vehicle
in 877 patients with rnoderateto-severe dry eye disease. 127
When the results of the two ’i’hase 3 trials were combined

for statistical analysis, patients treated with CSA, 0.135% or
0, 1%, showed significantly (P < 0.05) greater improvement
in two ob;Ze<:tive signs of dry eye disease. (corrteiil. lluorescein
staining and anesthetized Schinner test values) cotnparecl to
those treated with vehicle. An increased Scliiirtner test score

was observed in 59% of patients; l3‘9.2El.€(l with Cs/A, with
15% of patients having an increase of l0 mm or more, in
contrast, only 4% cl velxielotreateci patients had this mag-
rmucle of change in their .‘3cl'ii.rrrier test scores; (P < 6.0001).

Cszi 0.05% treatment also produced significantly greater
improvements (P < 5.05) in three subjective tneastzres of dry
eye flzlurred vision syrnptoins, need for concomitant
artificial tears, and the global response to treatment). ‘No
dose—resporise effect was noted. Both doses oi (ISA exhib-
ited an excellent safety profile with no significant systemic
or ocular adverse events, except for transient l)l.1‘i1Ttit‘1g
sytnptortis after ‘instillation in 17% of patients. Burning was
reported in 7% ofpatients receiving the vehicle. No tZ."sA
detected in the blood of patients treated with topical Csit
for 12 months. Clinical improvement from (ISA 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. “*5
Furthermore, there was decreased expression oi" immune
activation markers (ie, Hi.A~DR), apoptosis rnarkers (ie,
Fas), and the inflammatory Cytokine ll_—6 by the conjunc-
tival epithelial cells. ”""»‘3°”I'lae rturnlaers of CD3-, CD4—, and
CD8--positive T lymphocytes in the conjunctiva decreased
in cyclosporine-treated eyes, whereas veliicle~t.re;ated eyes
showed an increeseti l.’1ll‘IT1l)€.‘l” of cells expressing t iese
marl«:ers.33‘ After treatment with 0.05% cyclospotine, there
was a significant decrease in the number of cells expressing
the lymphocyte activation markers CD113 and HLA~DR,
indicating less activation of lymphocytes compared with
vehic;le—treated eyes.

‘ Two iadclitiortal immunophilirts, pirnecrolirnus and ta-
crolimus, have been evaluated clinical trials of KCS.
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2.. Cortiitsosretmirls
:3. Clinical Studies

Corticostztroitzlss are an t-.ffe.<:a;ivt—. ant.i-inflammatory
therapy in dry eye disease. isvcl i evidence is published
for a number of corticosteroid formulations. in a 4--woelc,
douhle~masl<cr:l, randomized study in 64 patients: with
KCS and delayed tear clearance, loteprednol etabonate
0.5% ophthalrnic suspension (Loiemax lfiausch and Lomh,
Rochester, N‘z’]), q.i.cl., was found. to be more ai:fe.::t.ive than
its vehicle. in improving some signs and symptoms. 132

In a ‘l'—W€€l{, opemlabel, randomized study in 32 paw
iififlifi with KCS, patients reczaiving lluororrietholone. plus
attiiicizal tear substitutes (AIS) exprariericccl lower symptom
sevaiity scores arid lower fluorcscein and rose berigal :~;iai:1~
irtg tlaart patierras K'€€Z?2l‘Vl3’lg either ATS alone or ATS plus
llurhiproien. 133'

A prospective, randomized clinical trial compared the
severity of ocular irritation symptoms and corneal fluore:s~
Cain staining in two groups of patients, one treated with
topical nonpmserved metlxylpretinisolone for 2. weeks.
followed by punctal occlusion (Group 1), with a group
that received pimctal occlusion alone (Group 2113"“ After 2
months, 80% ofpat'ier1t.sr'n Group 1 and 33% of patients in
Group 2 had complete relief of ocular irrimtion symptoms.
Cortical iluoresceiri staining was ncgative in 80% of eyes in
Group 1 and 60% of eyes in Group 2 after 2 months. No
steroid-related. complications were observed in this study

Level 111 evidence is also available to support the efficacy
of corticosteroids. In an ope,t1~l.al:-9:1, ':1ori~<:omparativc trial,
cxterriporancously forrmilatcd rionprcserved mcthylprad-
nisolorie 1% ophthalmic suspension was found to he clitii»
sally effective in 21!. patlerxts with Sjogreri syndrome i(CS.135
in :1 review, it om; stated that “. . cliriical improvement of
KCS has both oliservcd after therapy with a;t1ti--iriflamma-
tory agents, iticlutlirig corticosteroi<ls."‘35

In the US Federal Regulations, ocular cori.ico:stercsids;
receiving “clsiss labclitig” are lIEi:lli::il’.€-1,‘l for the trcatmant
“...of steroid responsive irillammatory conditions of the
palpelaral and bulhar conjunctiva, cornea and anterior
sezgtntcnt oi the globe such as allergic. conjunctivitis, acne
rosacea, superficial purictatc lxaratitis, herpes zostcr kemti~
tis, iritis, cyclitis, selected infective CQE'lj'aJIlCtl\T.lilCl-:5, when
the ‘izihetartt hazatrl oi ste.roicl is accepted to obtain an
advisable diminution in edema and irlllammatiortf’ We in-

terpret that KCS is included in this list ofsteroicl-responsive
inflammatory rcon<li.tions. '*37'1“*"

F2. Basia: Resarracla

Corticosteroids are the standard anti—iufl:an1niatory
agent for numerous ‘basic research stu<lie:.s of inllzarnma
tion, inctluding the types that are involved in KCS. The
corticosteroid metliylprednisolorae was noted to preaerve
corneal epithelial smoothness aticl barrier function in an
experimental murirre model of eye.”-1 This was at—
tributed to its ability to maintain the integrity of corneal
cpitlielial tight. jurrctions and decrease dcsquamation of
apical corneal cpithclial ccllam A concurrent study showed

that riiethylpradriislona prevented. an it3<:i“ca:Sk: in Mix/1'P«9
proteiio. in the comeal epi.tlie1ium, as well as gelaatinasc
activity in the corneal epithelium and tears in response to
axperimcntal clry eye.”

Preparations of topically applied androgen and es~
troger: steroid hormones are currently hcing evaluated
in randomized clinical trials. A trial of topically applietl.
0.03% testosterone was mported to imzresasse: the porcentu
age of patients that had mcihomian gland secretions with
tiormal viscosity and to relieve ciiscomfort symptoms after
6 months of tt‘catrrt<—:nt cotrtpatccl to velrticla. 143 TI""'BU"l" and
lipitl layer tliiclmesss were observed to increase in a patient
with KCS who was treated with topical androgrzta for 3:
zriorrths. W Tear praxlut:ti<>n and ocrtalar irritation symptoms
Wart: reported to increase following treatment with topical
17' l)eta—oestradiol solution for 4 l‘E1Olltl'lSiH5

3. Iciracydines
(IL Pmpertiozvr of Tetracyrilimm: and Tlrzir Berrivarives
1) Antibacterial Properties

The antimicrolaial effect of oral tmracyczlirte treatment
analogiiezs (cg, mio.oc:yclirie., cloxycline) has previously been
discussed by Shine at al,“5 Daugherty at al,”7 and ‘la at
31.143 It is hypothesized that a decrease. in hadcrial flora pro»
tinting lroolytic cxocnzymcsl"ér“‘* and inhibition of lipase
prozluctioril“ with resultant decrease in meibomiair lipid
brealcdown products“ may com.ril'Jute to improvezment in
clinical parzrrxietcrs in dry eye-associated diseases.

2) A1iil~l§ifl:E.}i‘imaEOI’fy' Progaertiess
Tlie te.tra<:yclirie:s have artti~inllamm,atory as well as

antibacterial properties that may make them useful for
the rrianaggertierat of srhronis: inflzirorraatory tl.ise.ases. These
agents decrease the activity of collagenasc, phospholipase
A2, and several matrix rne:tall.oprotr:itrases, anti they d!3*
crease. the production of interleukin (IE3-1 and tumor
necrosis factor (INF)-alplra in a wide range of tissues,
including the oomeal epithel.iurra.”'°*'l5‘ At high -t2DY1C€.1it1‘ar
tiorts, tctracyclincs inhibit staphylococcal cxotoidii-itsclticed
cytokines and chemokixaes.‘~52—l53

3) Anti-artgiogcnic Properties
Arigiogeriesis, the iorrziatiorr. of new lilood vessels, oc-

curs; in marry diseases. These include benign coriditions (tag,
rosacea) and malignant processes (eg, cancer). Minocycline
and cloxycyclinc inhibit angioggenesi-5 iraczluct-.cl by implanted
tumors in rabbit comea.‘5" The anti~aragiog«.=:nic ellect of
tetracycline may have therapeutic implications in irtilamma~
tory gsrocesses accompanitzzi by new blood vessel lOI1Tl&‘ll.O1’1.
Well-controlled studies must be p€IlG‘i'I1'i€£l, at ‘ooth the
laboratory and clinical levels, to it2ve5t*igzate tlllfi potential. ‘55

E2. Clinical Agxplimziorrs of Taetrwrysline
I) Acne Rosacea

Rosacca, including its ocular maiifiestations, is em l1'i-
llammatory disorder. occurring mainly in adults, with peak
sev2:riz.y in the third and fourth decades. Current recom-
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memiaticms are ta) treat rosacesi with lorig--term doxyeyclirie,
mitiocyelitie, tetrarryeline, or E—3TjiEl'iI‘(:‘3‘lri}’CiIE.15é These recom-
mendations may be tempered by certain recent reports that
in women, the risk of developing hreast cancer and ofbreast
C.a‘E1C<’.E’ morbidity i.m:reeisess cumulatively duration of
smtihio,-tie use, including tetra<:yclines.l57=153 Another large
study did riot substantiate these findings. ‘59

Tet.r:i<:ycl.ine:s and their analogues are effective in the
treatment of ocular rosace:t,“5"-3°‘ for which a single daily
dose of doxycyclitie may he effecttve."'2 in addition to the
attlll-vlnllflftlrtltilflty effects of tetracyelines, their ability to
inhibit angiogenesis may contribute to their effectiveness in
rosacea—related disorders. Factors that promote atigiogem
esis include pmteaise--t.tiggerecl release of angiogenic factors
stored in the extracellular matrix, iriectivatioti of endethelial

growth factoi'inl1ihiturs, and release of srigtogeriic facturs
from activated macrophages.”57‘53

Tetracycliries are also lumwri to inhibit matrix metal»
loproteinase expression, suggestirig a rationale for their use
in ocular rosa<:ea.15" Although tetracyclines have been used
for management of this disease, no rand»-Jmized, pla<;eho~
controlled, dinical trials have been performed to assess
their efiicacy.353

2;) Chronic i‘-’c>ster1'0r Blepharitis: Meihomianitis,
Meilmmian Gland Dysfunction
Chronic blepharitis is typically characierizecl hy infiam~

mation of the eyelids. There are multiple forms of chronic
hlepharitis, iricludirig staphylococcal, seborrheie (alone,
mixed seborrheic/staphylococcal, seborrheie with IE'l€.ll)O~
miari seborrheti, seborrheic with secondary meihomitis),
primary rneiborriitis, and others, like ample, psoriatie, and
fungal iX1l‘:)Ct'l£)il‘tS. "55 lfizieihxzxtrtiazi gland zzlyslimctiort {MERE}
has been assecizated with apparent aqueouswiefieietit dry
eye. Use of tetracycline in patiertts with meihomiarutis has
been shown to clecrease lipase production by tetracycline-
sensitivx: as well as resistant strains of staphylococci. This
decrease in lipase production was assoe:i.ated with clinical
improvement, W Similarly, rrtiriocycline has heen Shawn to
decrease the production of ciiglyceiicles and free fatty acids iii
meiboiriiart sectetieras. This may he due to lipase inhibition
by th 2 antibiotic or a direct effect an the ocular llora.1‘“3Orte
randomized, controlled clinical trial of tetrecyclirte in titular
rosacea compared symptom impriaverrterit in 24 patients
trezateti with either twttcycline or doitycycltne. 156 All but one
patient reported an improvement in symptoms after 6 weelts
oi therapy; No placebo group was; irielueietl in this trial.

A prospective, randomized, dflliblevblliid, placeho-
corttmllecl, partial crossover trial compared the effect of
oxytettueyrzlirte to provide symptomatic relief ofblepharitis
with or without rosacca. Only 25% of the patients with
hlepharitis without: rosacea responded to the antibiotic,
vvhereas 50% responded when both diseases were pres-
erit.“"" In another trial of 10 patients with both acne rosa-
cea and coricotriitant meihomianitis, acne rosacea without
concomitant ocular involvement, or sehorrheii: hlepharitis,
minocyclirie 50 mg daily for 2 weeks followed by 100 mg

daily for a total of 3 months significantly decreased ha-;t;e-
rial llora {P = 0.0013). Clinical i.rti.provetrierii: was seen in
all patients with rrieihomiariitis.”'5

Because of the improvement observed in small eliitical
trials of patients with riieilaomiartitis, t .e Ameri-ram Acaci-
emy til Ophthalmology recommends the chronic use of
either dtixycycline or tetracycline for the management of
meihornianltis.‘55 Larger ratidoinized pla<:eh<3~t:ori:.rt)lled
ttiztls assessirig sympteim improvement rather than surm—
gate markers are needed to clarify the role of this aI1‘.‘.ll3lfJl.lC
in blepharitis treatrtaerttfl-*3 Tletraeyelirie derivatives (eg,
triinoeyclirie, doztycyeline) have been recommended as
treatment options for chronic: blephaiitis because of their

concentration in tissues, law renal cilearame, long hall-
liie, high level of ‘binding to serum proteins. and decreased
risk of photosensitizationflfig

Several s!;11diesli2ive described the beneficial effects of

minocyeline and other tetracycline derivatives -(eg, doxy--
eycline) in the treatment of Clllfillliic hlepharitis. “’5~l‘*7=”‘"’»l‘5‘-’
Studies have shown significant changes in the aqueous Lear
parameters, such as tear volume and tear flaw, following
treatment with tetracycline derivatives leg, rriiriocyeline).
Que study also ciemoristxeted e deeuzase in aqueous tear pro-
ziuction that occurred along with clinical improverrier1t.”°

A recemly published rarix:lom.izecl, prospective study
hy ‘foo Se et al compared different doxycycline doses in
150 patients (300 eyes} who had chronic meihomian gland
dysfunction and whe did nut respond to lid hygiene and
t:>pic:2al. therapy for more than 2 months?” All ta-pica!
therapy was stopped for at least 2 weeks prior to begin-
ning the stu-;ly. After de:t;etriiir3irig the ’l“FBl_}T and SCl’llYI‘r1€i'
test scores, patients were divided into three grmips: Si high
dose group -(doxyeyelirie, 200 mg, twice a day), a low dose
group itioxycyclirie, 20 mg, twice a day) and -.a control group
{placebo}. After one menth, TFBUT, Schirmer scar-as, and
symptoms improved. Both the high- and low--dose groutzs
had statistically sigriificant improvement in TFBU'l.' after
treatment. This implies that low—-dose duxyeycline (20
mg tv«1'.c:e a day) therapy may be effective in patients with
chttmic meihomian gland dysfutictiori.

3) ‘Dosage stud Safety
Systemic: administration of tetrecyclirtes is widely recog

nized for the ability to suppress inllarnmati.ori and improve
S)7TI'1'pt-i)IT}S of trteibomiarxitis. 173373 The optimal dosing
schedule has riot been established; however, a variety of
dose regimens have heeri proposed including 50 or 100 mg
iioxycyeline otiee a clay,” or an initial dose of 5% mg a day
for the first 2 weeks followed by 100 mg a day for a period
of 2.5 months, in an intermittent l3Sl'li0!1.l%'H3’170 Others

have proposed use of a law close of doxycyczhrae (20 mg)
for treatment of chronic blepharitis on a long—term hasism
The safety mixes associated with lorig—term oral tetracycline
therapy, including ininocyeline, are well known. Many
marxagemertt. approaches have been suggested for the use of
tetracycline and its derivatives; however, a safe hut adequate
option in management needs to be considered because of
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the new iriforrnatimi regarding the potentially hazardous
effects of prolonged use tit" oral antibiotics, A receni; study
. ttggested thzai: a 3--motitti. ccsurse of M0 mg of minocyciine
might be sufficient to bring significant nieiboiniarniis under
control, as cnntiiiued control was meaintaineai far at least 3

mciriths after -zzesszatiaii oi tiriei'apy.”°
In an experimental muririe made} ei dry eye, mpicaiiy

appiied doxycyeiine was fmind to preserve cornea} epithe-
iiai smoothness and barriet function.” it also pi~ese:'ved
the integrity of cnmeai epithelial [‘igi'i?.jL3.E\Cti-DE1.‘5 in city eyes,
leading to 21 markexzi cie.<:t'ea.se in apical corneai epitiieliai cell
desquamation. 1'” 1‘his corresponded to a Cieetease in MM?"
9 pwtein in the corneal epithelium and rediitted geiatirisase
activity in the cortical epitiieiium and t.eat:s.'*’”

F. Esssmiai Fatty Anise

‘Eissemiai fatty‘ acitis are necessary for ccampiete heaith.
they cannot be synthesized by vertebrates and must be
obtained item dietary sources. Among the essential fatty
actids are 13 carbon omegaaé and omega—3 fatty acids. in
the typical western diet, 20-25 times more omega-6 than
omega-3 fatty acids are consutneci Omega-6 fatty acids are
precursors for araciiicioiriic acid and certain ipr0ini1amm2i--
tory lipid mediators (FGEZ and IIIB4). in contrast, certain
omega-3 fatty acids (eg, EPA found in oil) inhibit the
synthesis of these lipid mediators and biock pmducxitm of
IL~1 and TNF—a1ph;a{ 5375

A beneficial ciinicai effect of fish oil omega~3 fatty ac~
ids on rheumatoid arthritis has been obsterved in several

daubie~rn2iskeci, placebo-ccmtrcsiieci clinical tria1s.”7=”3 In a
prospective, piaeebo—controiied ciinicai trial cf the essential
fatty acids, lincsieic acid axid gamma--iinoiexiie acid aciminis
tereci oraiiy twice ciai.i.y' prociticeci significant improvement
in ocuiar imitation sympteiiis and ocular surface iiasamme
green staitiiiig.”‘-‘ Detzreased CO‘E‘iji3t‘tE2i.‘LV2ii Hi.A-DR staining
also was observed.

3. Envimnmentet fitratwfi

Facters that may decrease tear prtiduction or increase
tear evapatatirm, such as the use of systemic ariiit:ho1iner—
gie me<i.i<:at:i<)iis (tag, antihistamines and aiititiepressimi;s)
and desiceating environmental stresses (eg, imv humid-
ity and air cenditirniirig drafts) simuid be minimized
or eiimiiiated.‘5°"5?~ Video display terminais shouid be
lowered beiow eye level to decrease the interpaipebral
aperture, am} patients should be erimuraged to take pe-
riociic breaks with eye closure when reading or wc)ri«t'mg
on a computer.”‘3 A humidified en‘virs)nmerii: is recom~
niendeci to ‘reduee tear evaporation. This is particularly
beneficial in city climates and high aititudes. Nocturnal
iagcphthaimos can be tresiteci by wearing swim goggies.
taping the eyelid closed, or tarsoirhapy.

W. 1”REA‘i'i¥EEi'i§T fiEGGMMEl§DA‘i‘i@N$

in addition to material presented shave, the subcorn-
mittee members revieweci the Dry Eye Preferred Practice
Pati;erx3.s (if the Academy of Ophthalmology and
the intematioriai Task Force (ET?) H}-eipirti Panei on dry

THE OCUEJKR SHJREACE 1' APRKL ZGCPY, VOL. 5, NO. 2 / ww*9v.i}teoet3larsuriace.com 173



132

DEWS MANAGEMENT AND THERAPY

eye treatment prior to formulating their treatment guide-
lines.“"‘-l35 The group favored the approach taken by the
III‘; 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
members chose treatments for each severity level from a
menu of therapies for which evidence of therapeutic eilect
has been presented (Table 3). The treatment recommend -
lions 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 cornplicatiorrs. Discus-
siori of these therapies is beyond the scope of this report.

V. UKANSWERED QE.§E§Tl5N5 ANS FLE’§'£.§¥§E
3lRE§'2'l’lG?€§

There have been tremendous advances in the treat-

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

knowledge regarding the parhophysiology of dry eye. This
has led to a paradigm shift in dry eye management from
simply lubricating and hydrating the ocular surface with
artificial tears to strategies that stimulate natural produo
{ion of tear constituents, maintain ocular surface epithelial
health arid 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 new therapeutic approach suggests that
quality of life can be improved for many patients with dry
eye. and that initiating these strategies early in the course of
the disease may prevent potentially blinding complications
of dry eye. It is likely that future therapies will focus on

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. Eurrlierrnore, certain disease parameters
may be identified that will identify whether a patient has
a high probability of resportriirrg to a particular therapy.
Based on the progress that has been made and the nurriher
of therapies in the pipeline, the future of dry eye therapy
seems bright.
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Topical fiyciosporine o.o5% tor the Prevention of Dry Eye

Disease Progression

Sanjay N. Fiao

Abstract

Purpose: To assess the prognosis of dry eye in patients treated with cyclosporine 0.05% or artificial tears by
using the International Task Force (ITF) guidelines.

Methods: This was a single-center, investigator-masked, prospective, randomized, longitudinal trial. Dry eye
patients received twicedaily treatment with either cyclosporine 0.05% (R.estasis‘3’; Allergen, Inc, Irvine, CA;
1: w .36) or artificial tears (Refresh Endura‘l°; Allergen, Inc, Irvine, CA; 21 = 22) for 12 months. Disease severity was
determined at baseline and month 12 according to 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 (§8%) experienced improvements or no change in their disease severity (P = 0.00?) while
2 of 36 cyclosporine patients (6%) and 7 of 22 artificial tears patients (32%) had disease progression (P -< 0.01).
Cyclosporine 0.05% improved Schirrner test 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 I), with increasing severity from 1 to 4:,
and developed consensus treatment guidelines. The level of
disease severity was considered the most important factor in
determining the appropriate range of therapeutic options.’

ATIENTS WITH om rm: disease suffer from ocular irri-

tation often accompanied by vision impairment, which
limits important daily activities and negatively impacts
quality of life (QoL).“3 The prevalence of dry eye disease is
estimated to be from 5% to >30”/$.45 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 78% 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

"N"iiiéifiglé'i£§&§§;‘Emmg;;fiiMi;‘W

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 recommended for
patients at severity level 2. Punctal plugs, oral tetracyclines,
systemic immunomodulators, and surgery were reserved
for the management of dry eye patients diagnosed at sea
verity levels 3 and 4.9

A key recommendation of the ITF panel was the use of
topical anti-inflammatory therapy in patients with clini-
cally apparent ocular surface irLflammation.9 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. CRITERIA Use!) To DETERMINE rm: Lsvms or Dar Err. Ssvsmrr Accononsrc ro ITF Gino]-:1.1Ni~:s9

Signs

Mild to moderate

signs
Moderate to severe
Severe
Severe

scarring

Tear film signs, visual signs
Corneal filamentary keratitis
Corneal erosions, conjunctival

Staining

Mild/moderate conjunctival

Mild punctate corneal and conjunctival staining
Central corneal staining
Severe corneal staining

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 corresponding level assignment.

disease.“H2 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 (Restasisgg
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 lyin-
phocytes, cyclosporine binds to cyclophilin A and inhibits
calcineurimcatalyzed 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 sell’-propagating autocrine and paracrine loop.“
In humans, topical administration of cyclosporine 0.05% has
been shown to decrease the number of activated T cells and

expression of inflammatory markers in the conjunctiva of
dry eye patients."i“* 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% may offer 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 FTP
guidelines, this study was designed to assess the prognosis
of dry eye disease in patients treated with cyclosporine
0.05% or artificial tears.

Methods

Study design

This was a single-center, investigator~masl<ed, random-
ized, prospective, longitudinal clinical trial. The study was
approved by the Western institutional review board in
Olympia, WA, and was registered with Clinical'l”rials.gov
(identifier it 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 exclusion criteria were prior use of topical cyclo-
sporine 0.05% within the last year, topical or systemic use of
anti—inflammatory or 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% or artificial
tears (Refresh Endura®; Allergan, lnc., 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 power calculations prior to initiating
the study. Randomization was performed by a 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 0.65% therapy
to halt or slow disease progression relative to control at
month l2 based on the ITF severity categorization (Table
1). 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 FTP
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
((3591) at baseline (month 0) and after receiving the study
treatments at months 4, S, and 12. In each study visit, TBUT
was evaluated first, followed by ocular surface staining and
Schirmer test, respectively. The TBUT was measured using
tluorescein dye. Ocular surface damage was assessed by me
Oxford method using sodium Eluorescein to stain the cornea
and lissamine green to stain the nasal and temporal bulhar
conjunctiva.“ The scoring scale for ocular staining was (2 to 5
in cornea, 0 to 5 in temporal conjunctiva, and O to 5 in nasal
conjunctiva, with 0 representing no staining and 5 repre-
senting severe staining. These individual scorcs were then
summed for the total Qxford score, which ranged from O 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. lmpression cytology
was performed in both eyes after evaluation of TEUT, oc-
ular staining, and Schirmer test. Goblet cells were collected
on cellulose acetate filters (I-IAWP 304 F0; Millipore Corp.,
Billerica, MA). The filters were fixated in glacial acetic acid,
formaldehyde, and 701% ethanol and subsequently stained
with a modified periodic acid-Schifl Papanicolaou stain.
Goblet cells were counted in 5 (400 X 40G 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 1 SD. lntergroup comparisons of categorical variables
were performed using the chi—square or Fisher's exact test.
Continuous variables were analyzed using nonparametric
tests (Mann—Whitney tests for betweeregroup comparisons
and Wilcoxon signed rank tests for withingroup co>:npari~
sons). A P value < 0.65 was considered a statistically signifi-
cant difference. Statview software (SAS Institute, Cary, NC)
was used for all analyses.

Results

Patient disposition and disease characteristics

Of 74 patients enrolled between February 2006 and
lanuary 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
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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 discontim
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.

DISQESQ 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 9.05% and, therefore, were
categorized as progressing to a higher disease severity level
(7 of 22 [32%} patients vs. 2 of 36 [(5%], 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 (34 of36 94%} patients vs.
15 of 22 (68% patients, respectively; P = 0.007).

Schirmer test scores

The mean baseline Schirrner test score was 7.7 d: 0.6 mm

in patients randomized to artificial tears and 7.9 : 1.2 mm

TABLE 2. Parrsrrrs’ Drsrosmon AND DISEASE CHARACTERISTICS

Patients ($1.)
Enrolled in study
Discontinued study
Completed study

Mean age‘ it SD, years
Range

Gender‘, n (%}
Female

Dry eye severity at baseline,‘ 12 (%)
Level 2
level 3

Artificial Tear Cyclosporine 0.05%

as 41
ll“ 5”
22 36

48.2 : 6.3 47.5 : 5.94
39-59 30-57

16 (73) 25 (s9)e

15 (68)
7 (32)

24 (67)
12 (3:2)

‘Nine patients discontinued the study because of discomfort upon instillation. Two
patients were lost to follow-up or moved. P = 0.028 compared to patients who received
cyclosporine 0.05%.

"Two patients discontinued the study because of discomfort upon instillation.
Three patients were lost to follow—up or moved.

‘For patients who completed 12~inc-nth study.
‘P = Q66? compared to the mean age of patients who received artificial tears.
‘P = 9.800 compared to the artificial tear group.
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PercentageofPatients MQ ...n.«...rLe“....«««.4«.«,.J.“.......«............
Nu Change

& Artificial Tear (:1 = 22)

E Cyciasperine 0.05% (n = 35)

39

improved

Change in Dry Eye Severity Levels

FlG. 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 lntemational Task Force (ITF) consensus
guidelines at baseline and month 12. The changes in disease severity levels were categorized as worsened, no change, or im-
proved when a patient had a, respectively, higher, same, or lower disease severity level at month 12 compared with baseline.
‘P < 0.00? compared with the treatment with artificial tears.

in patients randomized to cyclosporine 0.05% (P = 0.625).
Patients treated with artificial, 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 Schirrner test scores at each follow—up
visit. The mean Schirmer test scares of patients treated with
cyclosporine 0.05% were significantly greater than those of
patients treated with artificial tears at month 8 (9.1 i 1.0 mm
vs. 7.5 t 1.1 mm; P < 0.001) and month 12 (9.8 1 1.0 mm vs.
7.6 1 1.1; P < 0.001; Fig. 2).

TBUT

The mean baseline TBUT was 5.0 i 0.8 s in patients
1 0

randomized to artificial tears and 4.9 .8 s in patients

.3 -L

...n N

..n O

32%
9 Cyclosporine 0.05% (rs = 36)
0 Aniliciai Tear (n = 22)

MeanSchirmerTestScores(mm)
4

Time (months)

FIG. 2. Schirrner test scores. Patients were treated with cy~
ciosporine 0.05% or artificial tears for 12 months. Schirrner I
test was performed with anesthesia at indicated study vie»
its. *1? < 0.001 compared with patienes treated with artificialtears.

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
cyclnsporine 0.05% had increasingly longer mean TBUT
at each fellow-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
8 (6.2 i 1.4 s vs. 4.6 : 0.6 s; P = 0.001) and 12 (6.5 :2: 1.1 s vs.
4.6 *1 0.7 5; P < 0.001).

Ocular surface staining scores

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

MeanTBUT(s) —~ManAasaw-z1:: us.=>. <9‘<9 9W9' >~.|.2. G‘)j .4> 633

'9 Cyclosporine 0.05% (n = 36)
0 Artificial Tear (n = 22)

O
4

Tame (months)

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 fiuorescein
dye at indicated study visits. ‘P 5; 0.001 compared with
patients treated with artificial tears.
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TABLE 3. MEAN Ocouaa SURFACE Smmmo Scoaas

Artificial tear (n = 22)

7.86 : 1.13 (NA)
7.73 : 0.99 (-0.12 : 0.64)
7.53 : 1.01 («(3.25 1 0.94)
7.54 : 0.91(—0.32 : 0.94)

Baseline
Month 4
Month 8
Month 12

0.31 : 0.95 (.013 : 0.35)
7.78 : 0.93 (-0.64 : 0.03)
220 : 1.20 (-1.19 : 1.36)

Cyclosporine 0.05% (r: = 36)

0.056 (NA)
0.050 (0.707)
0.570 (0.007)
0.223 (0.011)

8.44 : 0.94 (NA)

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 i 0.9 vs. 7.9 ;t 1.1; P = 0.056; Table 3). At month 4, patients
treated with cyclosporine 0.05% had significantly higher
mean staining scores than those treated with artificial tears
(8.3 ;t 1.0 vs. 7.7 i 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 t 1.4 vs. 0.3 1 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.

OSDI Scores

Patients randomized to artificial tears or cyclosporine
0.05% had similar QSDI scores at baseline (19.1 1 1.9
and 18.9 : 2.9, respectively; P = 0.571). The mean OSDI
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 (17.4 i 3.4 vs. 19.6 1 1.6 at
month 8; P = 0.011 and 14.9 i 4.2 vs. 19.7 i 2.0 at month
12; P < 0.001).

Nab-

....MM0)G l......_...J...........J...........l............l..._........L._........lMeanOSDEScores on
5 Artificial Tear (IF = 22)

0 Cyclosporine 0.05% (n = 36)«F

O l

4

Time (months)

Goblet cell density

At baseline, patients randomized to artificial tears or cy-
closporine 0.05% had similar mean goblet cell density in
bulbar conjunctiva (95.8 1" 12.5 cells and 93.6 i 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 (116.3
i 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 muitifactorial 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 ovexkthe-counter products over years.”
However, it is not known it 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 (OSDI) 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 OSDE 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 longitudinal studies to evaluate the
progression of dry eye disease. This study not only sought to
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 Schirrner test scores, TBUT, conjunctival goblet
cell density, ocular surface staining scores, and OSDI scores
throughout the study. Treatment with artificial tears was not
effective in improving the signs and symptoms of dry eye
disease. Similar to 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.2‘:25 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.’-6 Other studies
have shown that treatment with cyclosporine 0.05% also in—
creased conjunctiva] goblet cell density in patients with dry
eye disease.“37

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 (is, unprcserved tears and topical cyclosporine
0.05"/o).“3 Hence, the use of ITF guidelines resulted in greater
focus on treatment of the disease at early stages. This shift
in the patterns of antidnflamrnatory 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 more sig-
nificant as the disease progresses from mild to moderate in
severity.”

RAG

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 or a
slower rate 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 ?2—month course of cyclosporine
0.05% therapy.“

in some patients, dry eye is a difficult-to-treat disease that
requires long-term anti—inflammatory therapy The safety
profile of a topical anti-inflammatory agent and its suitability
for long-term use is, therefore, a key factor in successful
management of dry eye disease. Topical corticosteroids have
been effective in alleviating the signs and symptoms of dry
eye following shortterm use (24 weeks).’”“ Prolonged ad-
ministration of topical corticosteroids is complicated by the
associated adverse events including elevation of intraocular
pressure, defects in visual acuity and fields of vision, cat-
aract formation, and increased risk of ocular iniections.29«5‘~

Topical cyclosporine 0.05%, however, appears to be safe for
a longterm 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.“~1’4"~32

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. Other artificial tears may have variable
efficacies in alleviating the signs and symptoms of 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 proinflarnmatory characteristics.‘°~33»”’4
The findings of the current study are the first evidence in-
dicating that dry eye can he 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 Qty Eye Disease on Visuai Performance
Whiie Brivirig

NATHAIJE 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.
0 DESIGN: Prospective case-control study.
0 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 according to clin-
ical data, aberration dynamics, and quality-of-life index.
0 RESULTS: The percentage of targets missed as well as
average response time were significantly increased in
DED patients as compared with controls (P < .01).

More specifically, 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 found to positively correlate with the
progression index for HOAs (P < .01) and with the
OSDI “symptoms” subscale (P < .05).

0 CONCLUSIONS: Degradation of ocular optical qualities
related to DED is associated with visual impairments dur-
ing driving. This study objectively has demonstrated the
impact of tar filrn—related aberration changes on activities
of daily living in DED. (Am J Ophthalmol 2013;l56:
184-189. © 2013 by Elsevier Inc. All rights reserved.)
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RY EYE DISEASE (DED) IS RECOGNIZED AS

D 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 common health problem is likely to be over-
looked because it tends not to be a common cause of visual

morbidity as standardly measured. Nevertheless, there is
increasing evidence that DED is a major cause of visual

disturbance, which degrades the quality of everyday life
and can impact health status?‘

According to a recent overview arising from the 2007

International Dry Eye Workshop, DED causes damage to
the ocular surface and symptoms of ocular discomfort associ-

ated with impaired visual quality. i Indeed, patients with DED
often report vision-related difficulties in doing daily activities.
In clinical practice, the main difficulty in managing DED
stems from the variability 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 precomeal
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 that a specific
analysis of the time course of HOAS provides objective and

quantitative data that are correlated with both clinical signs
and patient-reported outcomes, raising the possibility of using
this instrument as a new surrogate marker for 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 impact of 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 of difficulties in doing vision-related daily activ-

ities, asApreviously 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

0002-9394/$36.00
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activity of modern living. A driving simulator dedicated to
visual function evaluation was used in patients with DB1)

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 visiorm-‘elated quality of life.

METHODS

0 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 dc Protection cles Personnes Ile de

France V, agreement nurnher 10793). All patients gave
informed consent to participate in this clinical research
study. Twenty white patients with DED and 20 white
age» and sexarnatched control subjects were prospectively
and consecutively included. DEB was diagnosed by the
association of ocular symptoms and tear film abnormalities

(Schirmer I test <5 mml5 min and,/or tear l:>realt—up test
<10 s), with or without ocular surface damage (corneal
and conjunctival staining), according to the DEWS criteria

from the modified Delphi Panel Report.4“3 Only the
subjects with a besvcorrected visual acuity of at least

0 logMAR were included, since this study focused on
a decrease in visual function related to tear film degradav
tion and ocular symptoms hut not to extensive corneal
damage. At inclusion time, all patients were treated with
tear suhstitures 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 BED {Schirnier l test >l0 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.

0 CIJNICAL  ATlON AND QUESTIONNAIRE: Slit?

lamp evaluations were conducted in a defined sequence”
and included tear hreak—up time measurement (3, mean of
3 consecutive tests), ocular surface fluorescein staining
(grade 06, according to the Oxford score), lissamine green
staining (grade 0~9, according to the van Bijsterveld score),
and Schirmer l test (mm/S min, without anesthesia). Before
clinical examination, a trained interviewer (G.R.) adminis-
tered the French version of the Ocular Surface Disease

VOL. 156, No. 1

lndex (OSDI) questionnaire, which was developed to quan-
tify the specific impact of DED on visiomtargeted health»

related quality of lifeds This diseasespeciiic questionnaire
includes 3 suhscales: ocular symptoms (OSDl—sytnptoms),

visiorwelated activities of daily living (OSDl—function),
and environmental triggers. Each suhscale (0400) was
computed, as well as an overall averaged score (0400).

0 DYNAMIC ABERROMEHRY: Serial measurements of
corneal and ocular wavefront aberrations were simulta-

neously perfotrned every second for l0 s after blinking using
the dynamic aherrometer KR-1 (Topcon, Clichy, France).
The entire procedure has been previously described.”
Briefly, lrlOAs were recorded in mesopic conditions
without any pharmacologic mydriasis, analyzed by expand~
ing the set of Zernike polynomials up to the sixth order, and
expressed for the central ‘lrmrn diameter. The progression
index of total (thltd— to sixtlvorder) HO./is was defined

as the slope of the linear regression line of l-lOAs

throughout the recording period, as previously defined,“

0 DRIVENG TEST: We used a driving simulator purchased
from Develtet Innovation (lle cle 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 cronroad entrance, and on the right~hand or lefohand
side of u crossroad. For each target seen, the patient had
to press a remote button on the wheel. Data included the
number of targets seer:/missed, their respective location,
and the average response time. The results were deter»
mined as the mean of 3 consecutive tests.

9 S’I‘A'i’lS'I’lCAI. ANALYSIS: All data are given as the mean
i SD. For ocular examina.tions——clinical evaluation, tear

osmolarity measurement, and wavefront aberrometryml
eye per patient was selected using a random number table
in order not to bias the statistical relevance of the results.

Data were controlled for normality, homogeneity of varir
ances, and sphericity in order to perform the adequate tests.
The 2 groups were compared using parametric t tests. ln the
DED group, scatterplots and Spearman correlation coei/li—

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 I error equal to 0.05.

RESULTS

THE l’RC3FlLEa QLlNlCAl. FEATURES, AND CSDI SCORES OF

each group are detailed in the Table. Six patients presented

DRY Err DISEASE AND DREVBNG VESUAL PERFORMANCE 185
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'!ABLE. Subject Profiies and Ocuiar Surface Disease Index Scores Between Dry Eye Patients and Ae— and Sex~n1atehed Conircia

Dry Eye Patients (n s-. 20), Mean 7: so (min/max 195% can

53.4 16.2 (was [ass-a1:1.5;)
Sex ratio (tr:/ft 9.25
Clinical data

Tear break~up time (3)
Schirmer (mm)
Oxiord (E3~5)
Van Bijstarveld (0-9)

Ocular Surface Disease index
Overall score

OSDI symptoms
OSDR functions

O30! triggers

O30! .~.~= Ocular Surface Disease index.

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).

o COMPARATIVE ANALYSIS or 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 DED patients, whereas no
significant change occurred in the control group
throughout the recording period. As detailed in Figure 1,
the progression index of corneal total HOAs and of corneal
third—order trefoil was significantly higher in DED patients
than in healthy controls (P < .01 and P < .05, respec-
tively).

0 DRIVING VISUAL PERFORMANCE: The average response
time to identify targets was significantly higher in DED

patients than in controls (P < .01) (Figure 3, 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 DED patients 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 (R2 = 0.40, P < .01)
as well as between response time and the OSDI “symptoms”
subscore (R2 ..~.~: 0.25, P < .05) (Figure 3). No significant
correlation was found between the driving simulation
data and the other computed data (Suppiernentai Tabie,
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5.9 2 2.2 (21o{5.o-5.93)
9.5 x 5.4 was (7.2-11.91}

1.1-as ((1-4 (0.74 .41} 0
2.7 ~_~ 1.6 (0-5 {1.s—s.s})

43.1 s 13.4 (1o.«1xsa.s §4t1.s~ss.s1)
43.3 x 15.6(15/80[36.-4-50.11)
41.3 2 27.21 (<1/ass 129.1-53.4))
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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 higheroorder aberrations and for third-
order trefoil between dry eye patients and controls (paired
ttest, *P < .05, **P < .01).

available at A_lO.com). Following a stepwise regression
procedure, the response time was found to significantly
depend on the progression index for corneal HOAs only
(R2 increment x 0.40, P < .01).

DISCUSSION

DED IS A CHRONIC OCULAR SURFACE DlSEASE 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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‘FIGURE 2. Comparative analysis of visual performance while sirivlrrg lzretween siry eve patients and age» and sex-matched controls.
(Left) Average response time to identify‘ targets in «in: eye patients and in controls. Dam axe presesltesl as median, §:'§% confidence
interval. and range. (Right) Percentage of mergers seen depending on target locatlou (pairecl I test: *3’ <3; .95, W3" <1 .01).
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FIGURE 3. Linear relations between visual performance while driving anal tlxe other data in sin; eye patients. Visual performance
while driving, as assessesl by the response time to idemify mrgers during a zlriving simulation, was analyzed in correlation with the
other data. (Left) Positive correlation between the response time and Ocular Surface ‘Disease lmiex (OSDI) “symptoms” sulrscore
(Spearman correlation test, P < .05). (Right) Positive correlation between the response time and progression index (PI) for corneal
lniglrer-order aberrations (P < .31).

impacting health status} The present study objectively
reports that the visual function is impaired (luring specific
driving situations in DED patients as compared with
healthy controls, firrther clemonstrating that cilriving Visual
performance is correlated with ocular optical aberrations
and patienofelt quality of life in this disease.

Tear film instability is reported to increase the progression
with time of corneal I-{OAS after a l:slinla:.l6“8 The present
study originally found a relation between rear filmmrelatecl
ocular optical degradation and driving difficulties. An
incteaseci blink rate is thought to ccxmpensate for corneal

VOL. 156, No. 1

dryness, which stimulates tear secretion and creates a new

rear film layer.” Goto anal associates” found a deterioration
of visual function during the fixation without blinking in 22
DEE) patients comparecl with 8 controls. The deterioration
of vision after blinking supports the hypotlmesls that the

tear film of patients with DED is unstable, especially when
blinking is clelayecl. Precisely, we reported herein that
BED patients missed more frequently targets at Crossroad
entrances than targets appearing straight on. We czoirld
lwpotlresize that this result is linked with a decrease in ‘clinic;

rate and subsequent increase in corneal I-lOAs when

Dav EYE DISEASE AND Dmvmc VlSUAi. PERFORMANCE 18?
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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
present study, 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
l\/lcGwin.7'°

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 lrnown about a direct link between DEE)»

related contrast sensitivity irnpairrnents and driving dill‘:-
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 need for 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 factor for subjectefelt 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.“'22
Owsley and associates also reported that people with low
contrast sensitivity have 8 times more road accidents

than other people.23'z‘l in dry eye, Rolando and associates
compared 30 DED patients (18 patients with corneal

damage and i2 without) with 15 healthy suhjectszz 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 visionerelated quality-olllife questionnaires.12'Z5
Complementarily, our study is the first, to our knowledge,
to objectively assess visual function in DED patients

while driving, further establishing a direct linl: 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 driving ability

in DI-El) patients as compared with cont:rols.2‘5 Herein
several quantitative standardized measures of visual 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, highvcontrast signs.
The delayed reaction time found in DE) patients could

he 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 mesopiclscotopic conditions. Otherwise, a future study
using artificial tears in driving conditions may aid in deter»
mining whether such a driving simulator could be useful in
the evaluation of treatrnentszé

A current challenge for a physician in managing DEB
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-vbeing. 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 DEE), ocular optical
degradations, and impairment in visual performance while
driving. Hence we demonstrate that, beyond the conven-

tional visual acuity measurement, speciiic 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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Utility Assessment ernertg ?etlettts with Ery
Eye Etseese

Rhett M. Schijfman, MD, MHSAJ ]ohn G. ‘Walt, MBA,‘ Gordon Jacobsen, MS,Z}o.’1n]. Doyle, MPH?
Garry Lelaoyics, BA,3 Walton Sumner, MD‘

Pumese: To determine utilities {patient preferences} fer dry eye disease.
Eesigrr: Survey study.
Participants: Fiftymsix patients with mild, moderate, or severe dry eye treated by ophthalmologists in the Eye

Care Services department of Henry Ford Health Care System.
Testing: Patients completed interactive software utility assessment questionnaires by the time trede~oti

(‘l'l”Q) method. Utility scores were scaled such that a score of ‘l .0 = perfect health and 0 = death. Dry eye severity
was independently classified using clinical parameters and physlcianiputlent assessments. Global health status,
visual functioning, and ocular symptoms were assessed by the Short Forrn—35 Health Survey, 25-item National
Eye institute Visual Function Questionnaire {NEE VFQ-25}, and Gculer Surface Disease index survey lnstrumenm

Main Qutcorne Measures: Utility scores for a range of dry eye severity states. These utilities were com-
pared with utilities reoortecl for other disease states. Correlations with the general and y§s§on—related health status
measures were conducted.

Results: Fitty—slx patients completed the utility assessments with accentable reliability. Mean utilities for
moderate (6.1%) and severe dry eye (832) by TFO were similar to historical reports for moderate (0.75) and more
severe (class ill/iv) angina {(3.71}, respectively. Utility scores correlated with the NE VFCl—25 composite score {p
= 0.32; P = (3.03?) and with components of other health measures.

Conclusions: Utilities for the more severe forms of dry eye are in the range of condltlens like class Ell/EV
angina (3.71) that are widely recognized as lowering health utilities. Qur results underscore how significantly dry
eye impacts patients comgaared with other medical conditions, Ophthalmology 2£l03;l 10:14l2-‘i419 © 20623 by
the American Academy of Qphthelmoiogy.

Dry eye disease is one of the must frequently encountered
ocular morhldities, with as many as 4.3 mililen 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 andfor increased tear evaperation.3 Because.
of the wirieranging etiologies of dry eye and the great
variability of clinical signs of the condition, it has been
difficult to develop a consistent classification system for 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—rela,ted Short Forrn~36 Health
Survey (SF~35),“ the vlsiou—related quality—of~life measure
NEI VFQ—25,5 the Ocular Surface Disease index (03:31),
and the Patient Perception of Ocular Symptoms} Although
nearly all of these measures yield 21 rnulrlrilrnensional profile
of health status, none. yields a single measure of how pa,-
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 = l) and death (utility ==
0) and are rrseesureri on an interval scalef Investigators
might, also assess olinlcul scale utility scores with less
exuerne anchors, such as the presence or absence of a
condition of interest, for example, perfect vision (utility =
l) and blindness {utility = G). The closer the utility value is
to Ll), the better the quality of life associated with that
health stunt, 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 ('l'l'O)7 and standard gamble methods are the most

ISSN Q161—«S420il33:$~see. from rmtm
eioizmlfllfilwlfil-642l)((Y3)i)(l462r7
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widely used. Numerous researchers have concluded that
nznients most readily unrlerstantl ’l"1'O.8“’” Hence, the TTO
method was used in this study. In TFO, the subject is
offered two choices: (l) living a‘ years, the life expectancy
for a person in the current disease state followed by death,
or (2) being in perfect health for fewer years {r < t)
followeri by death. The time in complete health, .r, is varied
until the subject is indifferent between the two choices. The
utility weight is then stir. A benefit of ITO compared with
other utility tests is that it is more intuitive to patients while
still capturing their rislc preference. A limitation of TTO is
that results might be biased upward, because subjects are
asked to give up years at the curl of life. which might he
valued less.‘ ""1

The purpose of this study was to measure utilities by
'l"l‘{) for the full severity range of dry eye states in a group
of patients with tiry eye anti to detennine how utilities
correlate with disease severity and other health ann vision
quality-—ot"—life measures. These utilities then coulci he used
to compare patient preferences for dry eye disease outcomes
with different symptomatic medical conditions, such as
angina or blindness. They also coulti he used as weights in
the calculation of qual:ity—ad§usted life years.6 These quality-
aiijusted life years could he used as “dcnoniinators” in
cost»-utility analyses that allow health care policy tnalters to
rigorously compare costs and health benefits across a wide
range of medical interventions.

Material aria Methane

Study Overview

Eligible participants completed several qucsnonnair-as hetween
August 2909 and March 2001 to assess their societlernographic
status, general health status, visual functioning, and ocular syrup-
torns. Next, they completed TFO utility assessments and unticr~
went a detailed ophthaiinic 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 soccer: time to deterinine test—retest
reliability.

This study was conducted in compliance with the Code of
Federal Regulations for sponsors and investigator obligations.
institutional review hoardicthics committee approval was on
rained. Written infonnccl consent was obtained from all patients
before enrollment.

?atient 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 haul symptoms for at least 3 mounts. Those
scoring 28 on the ()SDl were confirmed as symptomatic. A
minimum score of 8 was chosen to ensure that all patients hail at
least mild symptoms, because a prior stuéy found normal subjects
to have an ()SDl composite score of 4.5 i 6.6 (mean i standard
deviation {SD}? Participants hail a life expectancy at 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 rnini-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 fllergy, infec-
tion, irritation, or inflammation unrelated to dry eye disease). Also
excluoed were patients who had undergone ocular surgery (includ-
ing cataract surgery) within the previous é months. who had
undergone temporary or permanent punctal occlusion within the
past 3 rnonths, and those known to he allergic to any component of
any sturiy agent {e.g., lissamine green, fiuorescein, or anesthetic),

Patient enrollment was prospective and consecutive from Au~
gust 2006 to March 2001.

Main Gntcorne Measures

Utility Assessments for Dry Eye Disease. Utility assessments
were maria lsy means of the computerized interview ll-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 penuitting
investigators the flexibility to program :;liscase—specit”1c scenarios
for aiients. U—titcr has been used to measure utilities for psoria-
sis. 5 angina,“ osteoporosis.” and prostate cancer.“

For the TTO utility assessments, patients reacted to a total of 9
scenarios or health states, including asyrnpicnxatic airy eye (sequin
ing routine artificial tear use to completely avoid symptoms), mild
dry eye (requiring only occasional treatment to treat periodic dry
eye symptoms}, moderate dry eye (requiring somewhat more fro»
quent treatment for more persistent symptoms.) severe dry eye
(requiring very frequent treatment for very severe symptoms),
severe dry eye requiring tarsorrhaphy, rnoocular painful hlind-=
ness, and binocular painful blimlness. See Figure l for an example
scenario and Figure 2 for a sample utility assessment question.
Faintul 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, eatients reacted to a scenario about their own comorhirli—
ties in the ahwnce 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 cetnorhidities.7"”"“’"‘“ As de-
scribed later. this projection permitted us to estimate the utility for
each of the health states in the absence of comorhidities.

Scaling of Utility Scores. TTO dry eye utility scores, which
were reported on :1 scale with anchors of “cieath" anti “perfect
painless vision,” were converted to a scale ranging from “death” to
“perfect health." The latter scale is the tranlitienal policy scale that
permits comparisons with the broadest range of health states. This
rescuing was conducted using the patients’ own cnmorbidity
utility The comorlzaitlity utility score represents a subjects
health were he or she to have all their current comorhidiiies hut no

dry eye. it 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 reporterl
cornorhidity utility score to achieve a final utility score, which
incorporates dry eye and all comorhiciity and is scaled from
“death” to “perfect hcalth.””’

Dry Eve—-specific Utility Less. ll" one fails to take coruorhirlity
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’: iinal utility score (comer
hidity-adjusted dry eye utility score, the preference for having dry
eye disease in the presence of associated comorhidities, an the
“death” to “perfect health” scale} is subtracted from the patienfs
eornorbidity utility score (the preference for lacing free of dry eye,

I413
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Severe Bry Eye

linegne that your eyes feel dry, giiiy or sure most at all of the lime. Yen: vision is
frequently blurred and fluctuates quite a bit. You use eye drops in both eyes every 1-2 hrs,
but that pruvides only leinpnrnry and parfial relief in? ycui‘ symptoms. Ynu will use a
lulnticani at bedtime in bnth eyes. You will also unneigc a painless l0~minute procedure
in the uoetufs effice to bleak eff the tear drainage system. There are nn complications
freni this proeeeurc. 1

New iinegne there's a neenneni that weuld cure: all of ynur eynipzoms ef dry eye,
including any visinn problems yuu might have fmin dry eyes. You woulefi no longer
requiie any eye drone or any other medications for your dry eyes, net would you require
any procedures or surgeties for your eyes. This neennent, hewever, is aceoinnanied by n

; reduction in your life expectancy {ynu will live a shorter life). New, think ahnut haw

much life exneelancy you weuld be willing to trade in order to cure your symptoms of
dry eye.

Figure 1. Sample scenario presented to patients uudergalng (her time made-oi‘? utility assessment.

but still having all other corn-nrliidiliee, also on lhe “death” to
“perfect health” scale}.

Aziditiennl Measures

Disease Severity. "Flee severity of dry eye disease was rated by
physician assessment and also by e composile eiisease severity score.
Tile composite disease severlly sense, described previously,’ is sub-
stantially less dependent on gihysicians’ subjective esmsnients and is
easily ceznpuled. ll cembines umiitienal clinical measures of dry
eye (Schinnefs typed and ocular surface staining) with a symp-
tom-buseci measure (patient pereeplion of ocular symptoms) in
evaluate dry eye in adherence wish the rscommendanions 0f the
Natiunal Eye institute Workshop on Clinical Trials in Dry Eyes}

Health Status Measures. Geneml health-{elated quality-oh

life was measured with the SF—36. Vision-related quality of life
and ocular symptoms were assesses: with the 03131, {lie l’aiiem’s
Perception of Ocular Symptoms, and the NE} VFQ—2.5. All surveys
were cempleted by self-aziminisiratienl

The SF36 is n reliable, valid, and responsive measure of global
health status that measures health sleius in 8 dimensions, including
physical functiening, role limitation because of physical disability,
bodily pain, general health. vii.-allay, sueial functioning, emetienal
limiiation because of emotional disability, and mental healing
These meslsures are summarized by a physical component sum»-
mary score and mental component summary score.‘

The OSDH, developed by Allergen, lnc., is a reliable, valid.
12-ilern questionnaire designed to measure ncular disability from
ocular surface disease (Drug lnferxnadnn 3 19973121436). The

Now imagine you can elxmsc between the following lacxes.

 

Live will: pesfecb painless vision in hm}: eyes far
39 yarn. then die.

(give up lil yeare)

live with lanai painful blinainese in basal; eyes for
=39 yeexs, Kllfill die.
(five up no time)

ltisusalaazdvzochoose

Figure 2. Sample question posed by Uvtiier in the time tnasl-':»cff method of utility assessment. The number of years the patient has tn ctmslder is varied
systematically until a paint ef indecision is xeacheil. The initial number of years prapssecl to respondents depends an the ciemograplaic chntncreristic-s of
the gs-went.
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three suhscales assess vision-related function, ocular symptoms,
and environmental triggers?

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

The NEI VFQ45 is a reliable 25~item questiennaire containing
l2 scales; General Health, General Vision, Visual Pain, Near
Vision, Distance Vision, Driving, Color Vision, Peripheral Vision,
Visionepecific Social Functioning. Mental Health, Role Diffienl~
ties, and Dependency. it has been validated across a hrcari range of
ocular disorders.5

Clinical and Sorziodcniograpl-tic Measures. Clinical measures
included “walking-around” binocular Early Treatment of Diabetic
Retinopathy Study visual acuity, ocular surface staining with ilu—
orescein for the cornea and lissarnine green for the conjunctiva
(graded according to the Oxford scale), and tear production using
Schirmer’s test type-l (without anesthesia). Sociodeinographic
data collected included age. race, gender, educational level, and
household income.

Statistical Methods

lvlean utility scores (‘ SD) were ctirnputed for all health smtes. To
determine whether associations existed between patients‘ current
dry eye utility and other health stains measures, data were ex-
tracted from prospectively completed data forms, and Spearman
correlation coefficients were computed. The K 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 (3.4
for the utility scores, using a power of 0.86 and an oz of 0.05. in this
setting, an effect size of (3.4 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 diffemnce cf 0.2,
given an SD of approximately 0.2. This difference is clinically
relevant; for example, mild angina has been shown to have a utility
of 0.90. moderate angina ll.’/‘G, and severe angina 0.50.22 For the
total of 60 patients within each health state, a correlation certifi-
cient of 0.36 would be detectable with a power of 0.80 (at an a
level of 0.05).

Resuha

Study ?opulatlon and Disposition

Fifty-seven patients with dry eye were enrolled. The mean age of
this sample was 52.7 t l3.9 years (range, 22-77). Eighty—nne
percent of patients were female. Sixty-one percent were white, and
39% were black. The mean number of years of education was 14.5
:t 2.3 {mean : SD), and the mean yearly income was $4El,0ll(l :3:
$25,600 (mean 1* 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 {rnisordering rare) 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 l. Test»:-etest Reliability by Utility Assessment Method

Time Trade-=cff in = 11)

Disease Severity Scenario uclrrrs Correlation

Asymprornarlr. dry eye
Mild dry eye
lvlodemte dry eye
Severe dry eye
Severe dry eye requiring surgery
Current dry eye

variables. Thus, assessments were based on -‘ill patients. Of the 40
patients, physicians classified ll} as having severe dry eye, id
moderate dry eye, and 14 mild dry eye.

Study Validation
Test—rs-ates: Reliability. Overall, reliability was moderate to good
for each of the dry eye states, as assessed by an analysis of
restmreiest reliability for a. subset of patients (n l l) who returned
for a repeat utility assessment. Because of the modest sarnple size,
only asymptomatic dry eye and severe dry eye scenarios were
statistically significant (Table l). The lowest testmretest reliability
was seen for patients’ self-assessment ef their own condition
(“current dry eye”), which was the only outcome that could rhoo~
retically change between test and retest.

Patienvphysician Ageernent in Designatien of Dry Eye Se—
verity. There was mild agreement between patients’ self-assessu
inch: of disease severity and physician-assessed severity (K =
tl.3§. 95% confidence interval, l).l8—(l.6l) and between self-as—
sessed severity and disease severity composite score (it “—‘ 0.33;
95% confidence interval, l}.l3—O.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 lnstituteilndustry Workshop on
Clinicfl Trials in Dry Eyes concluded that subjective and clinical
findings in dry eye patients do not correlate with each other?

Utility Scores for Cornorbidity, Blindness, and
Dry Eye

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

For each dry eye state, utility scores ranged from 9.62147: 0.78.
As expected, scores for the dry eye states made internal sense
relative to the most extreme visual outcome assessed (binocular
painful blindness). For example, utility for the most severe form of
dry eye (requiring surgery): was 9.62 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 £1.97.

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
ccnditien—specii’ic loss of utility for the mildest dry eye conditions
($.97), whereas the greatest loss of utility occurred with binocular
blindness (0.52). Dry eye~—spccific utility loss l:-ecauee of the na-
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Table 2. Utlliry Assessments of Ocular Conditions and Cornorbidiries

Time Trarieasff Utility Score (in = 43)

Cornrrrbidizy
in size lvlrirzrwcuiar

Absence of Pamfiai
Dry Eye Blindness

liinxular
Painful

Blimim-‘s3

Median

Scale: 0 = death to 1 = perfect lieziltli.
SD = standard deviation.

iients’ current dry eye status (9.07) was on the average comparable
to mild day eye.

Association Between Current Dry Eye Utility
Scores and Other Health Measures

in general. worsening utility scores for currern dry eye correlated
with worsening scores on the health status measures. The magni-
iude of correlation was generally mild. Unadjusted utilities for
current dry eye correlated signilicaruiy with the ocular symptoms
sulxscnle of the OSDI. the bodily pain and role-emotional subscales
of the SE35, as well as rhe distance acuity and composite scores
of the NE! VFQ (all P 5 0.048) (Table 4). For adjusted utilities.
significant associations were seen with the physical functioning.
role physical, bodily pain, and vitality suliscalcs. and rise physical
component summary score of the SF-36 (all P 5 0.945), and also
with the NEE VFQ compcsiie score (P = 0.037),

Comparison of Utilities Between Dry Eye and
Gtlier Diseases

Table 5 compares our utility scores with other medical conditions
reported on a scale of 0 —'~'~'- death to l = perfect: health. Although
all utilities listed were anchored on this policy scale, only some of
rliese explicitly incorporated medical comorbiditins as we have
done. These studies that explicitly reported comorlaidizy adjust-
ments are denoied with asterisks in Table: 5. Because of line

pnssiblc differences in method, some caution should lac. exercised
when making direct comparisons.

Mild dry eyes requiring only inlermitlent treatment was {lie dry
eye stale resulting in the least dysuziiiiy (utility = €).8l). This level
nf dysntility is greater than that experienced by patients with mild
psoriasis (utility = 0.89). The conicrbidilyndjusted utility for
moderate dry eye (0.78) was in the range of that reported for

Asymialnmaixlr
Dry Eye

Mean 0.88 0.64 0.35 0.78
SD 3.14 3.29 9.31 0.23

0.94 6.74 0.33 (3.86

Serra-re
Dr.» Eye

Mild Moderate Severe Curran:
D2)‘ Eye Dry E32 Dry Eye Surgery Eye

0.81 .78 0.72 0.62 0.81
0.18 0.19 0.23 0.26 (3.15?
3.85 0.82 0.7? 9.63 0.85

moderate angina (E175), wliicli was also comorbiditysadjusled.
Severe dry eye and severe dry eye requiring tarsorrlanphy were
associated with more dramatic reductions in utility (0.72 and 0.52,
respectively). This is in the range of utilities reported by patients
with class Ell/‘IV angina (ccrnorbidity-adjusted utility 0.71) and
is worse than the utility for disabling hip fracture {(165). Dry eye
requiring tarsoriliaphy liar! even lower uiility than monocular
painful blindness (0.64). Conditions producing more dysutilily
than the most severe form of dry eye included moderate and major
stroke. complete blindness, and AlDS. As a control, the utility
calculated in this study for binocular painful l}llTld!i€SS (£3.35) was
found to be similar to that seen in a previous study examining
complete blindness (l).33).23

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 cornorbidities in be O.l6 by the TTO
rnelliod (Table 3). The interpretation of this lost utility is
{hat patients expecting to live 10 more years would give up,
on average. 1.6 years of ‘Ilia: time to be rid of severe dry eye.
This loss of utility is similar to that reported for moderate to
severe (class llIflV) angina.” Less severe dry eye problems
might carry a quality-cl‘-life impact greater than that of mild
chronic nsnrinsis. Even moderate dry eye yields comorbi<l—
ity—adjusted utility scores and lost utility comparable to
moderate angina (calculated from references '7 and 1Q. This
suggests that effective treatments for dry eye disease can he
expected to restore patient benefits of a magnitude cornpa~
rable in the benefits produccd by treatment fnr angina.

Numerous methods are available to measure utility. TTO

Table 3. Lost Utility Caused Solely by Ocular Condition

Time Trade-off Lost Utility°‘ {:3 = 43}
Monccuiar Birunular Severe Dry Eye

Painful Painful Asymptnrnzzzic Mild Modermz Severe
Blindness Blimlness Dry Eye Dry E3-r Dry Eye Dry Eye

Mean 53.24 0.52 0.10 0.07 0.10 0.16 0.26
SD 0.2.2 0.29 3.16 0.0? 0.10 0.14 0.20
lvlecliari 0. i6 0.49 0.03 0.04 0.07 O.lZ 0.19

Rrqiairirrg
Surgery

Scale: G = No losr utility; l = utility loss equivalent to the difference l:-erween perfect liealrli and dearli.
“Lost utility = (Utility sf comorixidizics alone)-{Utility uf ocular condition adjusted for coziiorlaidltiesl.
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Table 4. Correlation of Unadjusted and Comorlxiclirwadiuszed
Current Bry Eye Utility Scores With Orher llealth Measures

Time Trade-«off in = 43-)

Unadjusted Adjusted

p F g: P
-Z)SDl

Vision
Emzirzmmental triggers
Ocular symptoms
Total

85.36
Physical functioning 0.29
Role liizxirarionlphysical 0.30
Bodily pain (3.3
General health @316
Vitality 0.19
fiscial funcriariing 0.2?
Rolerezuatiorial 0.32
Mental health 0.2?
Physical component summary 0.313
Mentzil component summary 0.2,?

NEE VFQ-ZS
General health 5.12 0.453 G15
General visizsrx 0.16 0.32? 0.21
Ocular pain G. 0.594 5.09
Near vision 0.24 (3.122 9.24
Distance acuity 9.31 i104?‘ 0.25
Social fimctionirrg 0.17 6.273 0.19
lvlerital health 6.18 5.253 9.17
Rule difficulties 0.28 0.078 9.33
Deperudericy (319 0.234 0.15
Driving 0.26 {M96 0.15
Color vision 0.22 13.166 0.23
Peripheral vision 0.02 9.922 0.24
NEI VFQJ5 composite 0.3} (l.G36* 0.32

-1298 -0.14
5.44? 0.01
0.048‘ -0.21
0326 v0.03

-“£3.17
-0.12
=-0.31
—0.l6

-3.060 0.36
3.05? 0.35
<3.035* 0.32’.
0.310 CH5
0.241 (.133
QG84 0.26
0336* 0.24
0.086 0.19
0.056 13.31
0.084‘: £3.16

*3?‘ § 0.05.
QSDI = Ocular Surface Dirmse index.

incorporates the quantity all life directly into the utility
measure, which some believe makes this a preferred mea-
sure“; hcwevcr, others have argued thal, because the years
given up an: at the end of life, this could lead to an upward
bias.” Perhaps the most importani cunsideraiion is that
comparisons across medical cunditicris should he made only
using similar utility ass-cssmcnl rncthcds and on similar
scales.

ETC utilities had only modest correlaticns will: the odrer
health status measures. This was expected, because T’l‘0
requires patients rd irade years of life, which depends in part
on mrc’s degree of risk aversion. The OSDI, NEI VFQ, and
SF-36 require no such trade-—0ils and are rant related to the
resprsndcrzfs risk tolerance, In general, uriadjustcd scores,
which did not irlcarporalc comorlsidity, correlated hetrcr
with the visiorwelared suhscales, such as the ocular synag-
torris subscalc of the OSDI and the distance acuity suhscalc
of the N51 VFQ, whereas cemorlzidiiy-rld_iusicd utility
scores correlated hcrtcr with global health status measures.
Allhriugli currcril dry eye utility sigriiiicanlly correlated with
Nlil VFQ-25 composite scare, the NE} VFQ-25 is her arr

adcqualc replacement fer the TTO assay. because it is not a
prcferencc—hased measure. Furthermore, lhc NEE VFQ—2S
cemposite scare is an urrweighred average of rhe individual
ccmgrmerlls and is hot. as rhecretically valid as the TFO
assay. Naurethelcssi it is interesting is) more that they corre-
late, underscoring haw utility measures are impormrrt for
measuring the wary patients value their health state.

Several rshscrvalions support the validity (Sf rmr results.
First? slur utililics for mmiacular and binocular blindness are

comparable with ;3rr,vicusl.y reported results.9’23 Utilities fur
dry eye were acceptably reliable oh the basis of test-retest
iniraclass correlations (the lowest reliability was seen for
patients’ sclfirassessrrrerri of their own coriditiari. consistent
with the iluctualiorrs aha: pallcrris with dry eye have will:
their sympmms). Morcevcr, the c0rre:lati<ms 01' unadjusscd
and (:0rr1dr‘hidity~adjustc<l utility scores with earlier health
slams measures were in the cxpcclcd dircctioh fer each
health measure.

Allhhugh we specified “painful” blindness instead (if
hlirrdriess in our sceharids {because dry eye has painful
sympthms), lhis did l’i0E result in any rcduclirarr in utility
scares as might have been expected. It might be the: our
patients were more risk-averse compared with prcvihusly
repaired pdpulariorrs, or perhaps the marginal ciysutility cal’
“painful” in the presence cf blindness was perceived as
.irisigrii:fi<mrrt. Notwithstanding this, cur utilities fur blind-
ricss are strikingly similar to «usher rcpa>rrs.9’23

Some cf cur observations reflect the wcll~l<rrowri cem-

plcxily of uiility assessment analysis and the rriuirgiplc eti-
cldgies cf dry eye: disease. For example, our rare hf rriisor—
derecl data was ccmparahlc to previous reports for utilities
by 'lT’l‘0.7 Although a high failure rate has the potential re
‘bias the data, rhere were no significant predictors cf failure
rare in cur analysis, irldicadhg imparrialiry. The failure rate
might have been lower had we used a selecred patient group
rather than carrsecutive enrollment. Also, physiciarrpatient
agreement on disease severity was weak, underscoring the
differences between patient and physician perceptions sf
symptoms, and is consistent with the lack of correlation
between dry eye symptoms and clinical sigris?

We did observe variability in dry eye utilities, as has
been reported with utility assessments for other diseases?
As a result, it should be caulioncd that our utilities might ram
apply to individual patients; however, from a societal pm-
spectivc, these estimates (and particularly their trends) seem
reasonable given the comparable results with previous re-
pairs for hlindness.9'23

lncrcasirzg severity of dry eye from the asymptomatic dry
eye to rnnderate 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 utilities declined as the severity 9:" dry eye
increased across the entire spectrum of disease, consistent
with our expectations.

Finally, allhcaugh some analysis rccnmuiemtl assessing
utilities fmm patients he-t affected with the medical condi-
ricri of interest (to capture the socieral pcrspecriveffiz we
desired I0 maximize the relevance of resplmscs and there-
fore dcliheralcl.y chase to sample parietm with dry eye. This
population lillll) permitted us in correlate patients’ utility
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Taiiie 5. Utility 95 Dry Eye Compared with Odie: Eieairh States

Medicai Cunditimt
E-{saith Smite o§ Subjects

Treatment with umrfarin Atria‘: fibriiiaticm
Mild psoriasis Praoriasis
Mild dry eye‘°‘ Dry eye
Asyaziptmrtariz: airy eye‘ Dry eye:
Ivitrderaite dry eye‘ Dry eye
bzioierare arigingfi‘ Arrginga
Severe dry eye” Dry eye
Cim §ii[’iV angina” Angina
Disabiing hip fracture Hip fraeztxsre
ixrirmoctiiar painful blindness‘ Dry eye
Severe dry eye with r2rs:.mrhapity* eye
Moderate stroke Atrial fibriiiarion
Binocuiar painfui biindness‘ Dry eye
Cumplete ifiiiniiness Cataract
AIDS HIV
Major rtmke Atria‘: frbriiiarioii

*Comorhidirv_; cry.-Eir:ir‘:ly inmrporared in uriiity.
’Cair;uE:s:e<i fmrr: data gsresentw;-d in bud: arlicies.

assessments with ether cliriicai and visiomreiared quaiity-=
of-iife measures am-mag giarierirs with rhe disease.

in summary, aii severiries of dry eye disease reduced
quality of iife, with severe dry eye resulting in iost utiiity
compamhie to that reperieri for moderate to severe (ciass
IIEIIV) aiigina, tmderseering the seriousness with which
patients with dry eye View their disease. This substantial lost
utility represents an eppomiriiry for therapeutic iiii'.6i’V€Ii-
tioris, and these resuits provide the basis fer rigoruus easi-
effectiveriess anaiyses for dry eye disease.
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ATT!T!;!£)ES ft}WAR!) flfit’ EYE

e ‘Eight in ten dry eye sufferers (79%) agree that if ieft untreated, dry eye can lead to

more serious eye probierns. Despite this widespread agreement, six in ten (81%)

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

e Three in four (74%) wish there was a more effective treatment for their dry eye, yet

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

However, it should be noted that almost twice as many st__i;Qm agree that they wish

there was something more effective than are satisfied with the current treatment

(34% vs. 19%).

A majority of sufferers take their dry eye prohiern seriously as only one in three

(35%) agree "idiy eyes are no big deal".

Fewer than four in ten (36%) feel their dry eye problem might be a symptom of

another heaith prohiern.

MS 3113?
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You can never be too careful

when it comes to eye neaith.

if left untreated, dry eye
can lead to more serious

eye probieme.

i wish there was something
more effective to treat

my dry eye.

1 am satisfied with the dry

eye treatment 3 am using.

Dry eyes are an inevitable

part of aging.

i don't treat my dry eye

es reguleriy as B should.

I am warned my dry eye

is a symptom of another

neaith prebiern.

Dry eyes are no big deal.

(n=501)
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A doctors recommendation (85%) is the attribute most iikeiy to be rated very

important in the brand purchase decision of eye ointment or get. Majorities aiso

assign very important ratings to a product that is tong-tasting (‘?'3%) or fast»-acting
(66%),

e Substantiaiiy smaiier proportions rate as very important the brand reputation (40%)
or price (31%).

Users of Gintmentifiei

Very Somewhat Not Very Not At Aii Don't
trrigortant irngortant imgortarit irngortant Know Iotai

% % E’/a % %

Physician recommended 85 5 1004

Long-tasting ?’3 14 9 199
‘iFast-acting 66 17 1 155

Brand reputation 40 23 15 169

Price 31 23 13 10!.)

(n=47")

* Sample size too small for refiabie statistical anaiysis.
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1. INTRODUCTION

Dry eye symptoms arise 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 standardize clinical 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 symptomatic relief. Future research should fo-
cus on mechanistic endpoints. What causative f'actor(s) initiates the sequence of events re-

sulting in the clinical symptoms suffered by the patient?

This review emphasizes observations that the ocular surface (cornea, 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 not in 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 lacti-

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-

Lacrinml Gland, Tear Film. and Dry Eye Svndrornes .2
edited by Sullivan 21:11., Plenum Press. New York, 1998 643

THiS MATERIAL MAY BE
PROTECTED BY COPYRIGHT
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Figure l. The functional unit comprising the ocular surface. the main lacrimal gland. and the intermnnccting in-nervation.

portive" tears that can maintain and repair the ocular surface. ln 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 nonnally at home or
in the workplace.

The alterations in each component of the ocular surface/lacrimal 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 constant insults. Pflugfelder et all." have shown. that di-

agnostic dyes. rose bengal and fluorescein, do not stain normal conjunctiva or cornea.
Nelson et 211.,‘ using impression cytology, however have indicated that some transient ab-
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normalities can be found in 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 nonnal 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 of a trophic surface environment consisting 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-lot, TNI-'—ot. II.-

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? Although this 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 ofsupport 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 of a stratified mucus-secreting epithelium and a population of goblet cells also
responsible for the mucus secretion. Mucus is one of the main defense mechanisms against
various microtrauma. Shear forces applied during blinking (I2-I5/min) can cause signifi-

cant trauma to the non-lubricated ocular surface.” If ruperfitlal trauma is induced by placv
ing a Schirmer test 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. Abnormal patterns of expression of various cell markers were detected for 1 week. A
marker for basal epithelial cells, cytokeratin 14, was expressed throughout the entire epi-

thelium.“ and the number of cells staining for the presence of conjunctival muein was re-
duced.” Increases in the concentrations of mRNA for inflammatory cytokines such as
TNF-ct, lLl-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 Sj6gren’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 cytoltines present in the lacti-
mal secretions. in an individual with an unsupported ocular surface (Fig. 1). In Sjogretrs

syndrome patients, T-cell infiltration of the conjunctiva has been found in both the epithe-
lium and stroma."'” Increased levels of lL—1ot, TNF-ct, 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-l .5 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 pathologic alterations ofthe conjunctival epi-
thelium known as squamous metaplasia."" A decrease in tear fluid secretion has been cor-

related with an increase in conjunctival rose bengal staining.‘ Patients with Sjogren’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 as lactoferrin and lysozyme.”‘”‘ Several other proteins.
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 environment will exist in the
ocular surface.

In many types of dry eye. in panicular 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 thisjuncture is probably part of
the same mechanism that initiates the migration and proliferation of lymphocytes in the
lacrimal gland and conjunctiva.

4-. OCULAR SURFACE INNF.RVA'3'ION

The ocular surface is exquisitely innervated, with the cornea having a density of free
nerve endings approximately 60X that of tooth pulp. Corneal sensation is very acute and is
centrally processed and interpreted solely as pain. The conjunctiva does not transmit as

acute sensations as does the cornea and is known to 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 neurons in the spi-
nal cord and then the superior cervical ganglion, located in the paravertebral sympathetic
chain. Efferent fibers from the pens extend, via the facial (VII) nerve, to the pterygopalat-
inc 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 ofpatients with Sjt'igren'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
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Figttre 2. Afferent and efferent paths oflacrirnai gland innervation for stimulation of tear flow.

et al.,3" has demonstrated that the accessory glands are innervated, and Dam et al..“ have
also shown that the conjunctiva] goblet cells are innervated and respond to the presence of
vasoactive intestinal peptide (VIP).

5. LACRIMAL GLAND

The lacrimal glands sit 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 upper lid 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 Sj6gren‘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 Sj(">gren’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 lacrimal or salivary gland is thought to 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 shown the ability to express MHC II following carbachol induction." In vivo, acinar

cells in the salivary gland of patients and the lacrimal gland of MRL/lpr mouse model of

Sj6gren’s syndrome strongly express class II antigens.”“° Additionally, a recent study
using PCR-single-strand conformation polymorphism (SSCP) showed that some infiltrat-

ing '1' cells in both lacrimal and salivary glands of Sjt5gren's patients recognize the shared
epitopes on autoantigens, suggesting the imponance of restricted epitopes of common

autoantigens in the initiation of Sjogren‘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-19, IL-2. ll-‘N—y, and TNF-0,,
which may contribute to a continued local autoimmune stimulation 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 cytokines can in-
hibit neural transmission of parasympathetic pathways and subsequently suppress neural
stimulation of the lacrimal gland.”

It has become clear that lacrimal gland function is significantly influenced by sex
hormones.‘“'” Among these actions 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 androgens is 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.7"“ The immmunosuppressive activity of androgens in lacrimal gland during
Sjogren’s syndrome is proposed to be attributed to its ability to induce the accumulation of

anti»inf|am'natory cytokires such as TCrF~[5.7' 3‘ Given the cri'i-fal role that androgen plays
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 may result in lacri-
mal atrophy.” Apoptosis in the plasma cells of the lacrimal gland interstitium was detected
4 h following withdrawal 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 become irritated and inflamed, and they secrete cytokines that interfere
with the normal neural connections that drive the tearing reflex. This leaves the lacrimal

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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Figures 3. Proposed modal of etiology aria pathogenesis of dry eye. included are etiologic factors (background. in-
itiator) and the sequence of events resulting in alterations of the ocular surface. Possible: thcrapcutic intcrvcntioris
(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:

l. 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-

raily mediated dysfunction.
3. The ocular surface is an appropriate target for dry eye therapeutics.
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integrating Eeesasfie into the

fianegement ef Eng Eye

Stephen C. Pfiugfelder, MD

The approval of cyclosporin emulsion for treatment of the inflam-

matory component of dry eye by the US Food and Drug Administration
in December 2002 represents a major paradigm shift in the treatment of
dry eye and in our understanding of its pathogenesis. There is mounting
evidence from basic and clinical research demonstrating that inflamma-
tion is both a cause and consequence of dry 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, interferorwy and tumor necrosis factor-oi)

may interfere with normal differentiation and promote apoptosis of
lacrimal gland and ocular surface epithelial cells.2’

Topical cyclospoxine emulsion has been found to have a salutary
effect on ocular irritation symptoms, tear production, and ocular surface
epithelial disease in patients with keratoconjunctivitis sicca.4 Several
mechanisms of 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
keratoconjunclivitis sicca.5’6 T-cell infiltration of the conjunctiva
has been found to be a feature of Sjogren and non-Sjogren syndrome
keratoconjunctivitis sicca.7 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 eflicacy of topical cyclosporine emulsion for treatment of this
condition.

‘I01
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How does cyclosporine emulsion fit into the armamentarium for
treatment of keratoconjiinctivitis 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 I severity complain of mild episodic irritation
symptoms, may have an unstable tear film, mild conjunctiva] dye
staining and no corneal epithelial disease. In level 2, patients now
experience chronic irritation symptoms and show evidence ofperipheral
corneal epithelial disease. In level 3, the central cornea is involved and

patients may develop filamentary lceratitis and level 4 is blinding dry eye,
such as severe Sjogren syndrome or Stevens—_]ohnson 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 be initiated prophylactically in patients who are at high risk for
developing level 2 severity or worse disease, such as patients
with Stevensflohnson 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
address this issue.
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surgery.

prim m any mfmatfiva pram
Eighty-six percent at’ patients wizh. dry eye have bath

3 meiba-mien giand afysfimction anti m_umu5 deficiency.
an imp-:3a'tant consideratima when optimizing the cor»
nasal sutf.-ace before surgery - any type of crcphthaizrxlc

Wheiher PRK, LASXK or caezcract saargxrry is the
scheduled pmceziure, the gxwaesfi xisk factor for a poor
outcome in refractive surgery is grc-existing dry eye.-
accurciing fie Exic E). Dumnenfeld, MD, wha chaired
the OSN New ‘fork Dry Eye, Anti~infla:mnatory anti

: Allergy Comes} Health Rmandtabie.
“We have taken a new approach of evaiuating grav

if tiants fox ocular suziace disease before considering any
3 type of surgery, including cataract aurgeryf Donnen—

felt! said. “We -can imprcve the outccmw dmmaticaily
by mama ” {Baas-2 patients”

CBSN ‘fed: Cornea! Health mundtabfie panie:.i=
pants tackle the issues aftxeatiztg aqueous deficiency as
well as meibomiar: gland eiysfimcwfioza. giving their own
twists an curren! recemmendaticns. Cmssizag specialty

a giaucoma speciaiist adds his Ehoughts on adu
sauces its medicai management afglauccqna that trend
toward miniznizing the effect on the omlar surface.

Cawer stnry starts an gag: Jr!
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Mazgueme E. Mciianaiafi, MD, F5425. is amazing anthers who have pubiished stuéses an
the minty as‘a precpamthaa cause as? cg-daspasrineq

...m__.w..ME

Retaéneaé sasbretinafi peyfiuemcamen mere

prevafient with smaiéer-gauge vitrefitomy
A higher incidence ofzersineé pexfiuemtzrbon
wa§ found in fiijents win) underwent 23=gaugc
vilrectcmy mther man irazditizsxzai 20-gauge re~
pair of teiizaal detachmem.

"Afier transitioning fmm tmditicmal
ZG—gauge viirectomy to 23—gauge vibzectomy.
it appeared to me that there was an increased
mcidence csfsubzetinai pcrfluoromzhon Eiquidf‘
$3133?! I. Garg. MD, said.

Garg rezrusgsectiveiy reviewed 234 retinal
«ietadam-mt repairs he haci dame ovar a 3-year

E51535
um

$95.~n»*

:2 ztommsa :29-sac ‘ '92925 1191:}-5 5€3§.u%Z.E'lV»saus:u'. zsamxas

period and found a 10.3% incidence sfretained
?FCL when he used the smailer-gauge Easing-
mentation. Encidcnct was 2.3% in the Zwgaugecases.

"Although micmincisiam vitrectamy is a
gen: advance, with any new technology comes
subtle changas that we might not appreciate or
realize.” Garg said. "X axpetted there might be
a siightiy Enlgfxer rate of subrexisaal PFC}. with
23-gauge viuwxmmy, but not a 4.5»foEd in~

Reducing turhuience within the eye is the
<.‘.\‘i§i:.:-1! pan afprimaxy surgery. Gazg has began
using valved 23~ga casmuias, which crate
less iurixuieme. he ‘ .

Two ethos: apticms for decreasing curb-ulenco:
are reducing the infuaion prcssure when using
mm-valved cannulas and damping the infusion
line when removing instmmanis from the eye.

A fol}x3w~up study using mfivesi 23-gauge
cxannulas is csarremly under way.

For more my this swry, see pug: 53.
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prim‘ ta any mfiaativa pmcediim

Ream} tibia partkipanss

- Masguerite B.Mcbonaid

The biggest risk fame: fax a poor outcome
in refractive surgery is pre-existing airy
eye, acccniing to ex panei afeacg-mm.

“We }'m'e taken Es new appwacix of
evaluating pfitienfis for a-cuiax surface
siismse before mnsi-daring any type :31?
surgery. in-niuciirsg cszaravct wrgery.” Eric
D. Drmnernfeixi. MD, OSN Cn-mea!Ex-
Kama! Diaessse Board Memben said at a

panel gs-Ahered an address management
ofbcuiar surface disease. Patients who are

being evaisaated For LASEK and PR3: ever-
whelmingiy have preoperative dry eye. he
said.

“We can imymve the maacomes dra-
maficaiiy by managizag these patients,”
Demncnfgid said 3: OSN New Yszrfk during
the Dry Eye, Anti-infiammaiory and AL
krrgy 6031122! Hezikh Rmsnxi Table, which
he chaired.

Getting saaneeeé
Doxmzrfeid kicketi Eli’? the ciisciissiora

wiif: the: case cf :1 43-ytanwoiri myopic
woman with miid in madame dz-yew. The:
cdiiesi round iahie ftriiowg ihr: paneiists
discuswd crfifi-lahei use ofmie pmciucts.

Bmmenfefiai: in at myopic patient with ac»
live seaming oftisa: ca-njunztivsa and cornea
and with mild to moderate dry eye, what
is the best refractive procedure?
aphtimixnaioysts would say PRK. and
utiaers wouid say no treatment, as wouid
be expected. but mam are a-fiditionai op»

‘ .\\\\\~'\
Robert I. seéémez

Daugisas A. Kmwv, MD: If the patient is
43 years oici. it is izzmi to put in a phaitic
EOL FRK, in my experience. causes iws
dry eye than LASEK, but cmaiaaiy maxi
nuizirsg the E::a.:' fiim anti imflng with ail
appmpriatss medicasions ami heat to the
lids is the most impomm thing in do be»
fore gatiing started in any dixetciiosi.

Donnerafeifl: How -:.4m':mem is is :0 have
mixcd mechanism discasa, fiwet Ls, bath
meibamian gland dysfunction (MGD)
and aqueous deficiency, and haw wouid
yam treat ii?

Maarguavriee E. Mcbzmaaisfl, MD, FACS:
Michnei Lamp pubiisiied a paper pmviug
that 36% of the paiiems with dry eye has
mmzomimnt MGD.

Donna.-mfeid: So this is the rule. in the

past. we treated one or the ether. We need
to think about treating both of these «is-
essszaz is maximize results. L395 start by
taikixag aimut aqueous-deiicieni airy eye.
Wizat would be yaus starting point for
manwng this paeicmt?

Treating aqaseqauss aissficiemy
Henry B‘. §’err3r, MD: I would start with
mm-preserves! arzificiai tears and tag:-icai
cydasparine, which is sumieximes unde-
med in patients vcrith miid dry eye diy
ease it is impamnt in my type ofchronic
ucuiar surface: diseaze, especialiy due to
aqua-ans dssficiency. £29 begin tespicai <:‘y4:1ev
sporizae.

Ehmnexafeid: What ifthe gsatient dam not
want to: wait 3 to 6 months 5533' cyciospm
zine to hit fill! stride?

Perry: Then we also have nutriiimtai sup-
plements. Fish oil, especiaily omega-3,, is
heipfui, «mi we: can see resuifs in as link:
as 2 weeks.

Dc-uxseufeld: X iike zxutxitianal xugxpiet»
mania as well In my practice. we use sen»
and-generation omega-‘3 fish e-xiis in which
the namm} trigiyceride pwfim sig:niii-
cantly gmeafer DHA and EPA absozrgrt-inn
than fixs:-gerxeratirm fish oiis that have
been crmveztcd with aicoiaoi to an edgy!
met iirmn. I§3:?1i£'V¢ brands such as New
dic Naturai in stores and PEN in doclmai

aificcs, which is what i use, prcsvide much
better xesuitsz

In addiiiam, wc have bcen adding tap-i—
-cal oonicosteroids such as ioteprecimi
when we initiate iherayy. Combination
immunomomniafinn dues great work 80
get Liaese patients comfombie, am} it Y‘E—
dums burning and stinging.

Mrfiiiaanaleiz Some experts have swam’-
mended EL rim sf mpiasi sternids first anti
than seaming Reslasis (cyciosporitae 0373:7-
thaimic emulsion 035%. Aflergan). I 513:1
patients on both simuieancmisly, lmgeiy
beaansse when paiimts have steroids first,
they never want us sitar! cycle-sparine.
‘Ehey d9 anything they was to stay on the
iupicai stemids, which do two
Thzty bismt DE‘ trsmiiy eiiminate the sting-
ing that often accompanies the imiuction
ofcyciowarina thexayy. and they give im-
mediata: symptamatic mliasf. So patients
have real belief that ycmr suggested 2v:gi~
mm is working. And in 4 to 6 weeks. yau
can tum this pea-sen mm a subopfimai
candidate fur izscr swgery into 2 pmay
gocd caandidaae.

Donxxenfeid: Thad is the key here. You
need £03 evaluate these patients, and if
may respond. they become good candi-
dates for LASIK or PRK. if ihcy dz: not
respmasil, Rhea you are pmhalziy best off
doing nothing. Time £5 a new stemid that
will be arming nut that I think is geing to
be exciting for this type ofcase. and that is
ioteprednol gei, which wiii be availabie in
the first quarter s2i’3i)i3. i think that wiii
pmsrizie ever: mere «scalar surfiaoe cover»
age and better wmm time.

Pm:-a*y: in our uffiice, when we swt zo§yi~
cai cyciosporine, we aiwayas start a inw-
dsse comwmmist Several audwxs have

shown time efliczscy of increasing the suc-
cess oftopicai cyduspcrine with Iovwdose
inteprednoi, am} it has been sisawn by two
mher gmups rim the concomitant use of
szemisis is beneficial, not only in the initiai
tmettnent, bu: aim in aiiowing the? success
cf the i(>ng~t-eras: use of topicai v;ycIusp(3~maze.

Kavmr, ‘When you are gning to stari -cycicy
sperine, patients need in kt-sesw that they
are gazing to be takizsg this mexiicaficn far
4 to 6 momhs. They need to wmmuni-
caxetometimtiieyarewflfingtutaizeie
that much i also start tspicai stemiois. so I
neesi comrziiixmnt for 4 ta 6 mmsihs and
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I need to know ihai they uucierstazid the
disease.

Mefluniaié: ‘With ieteprednoi etaixsueie
sixrtizag as the same rim: as eycicsperine,
ipntscribefouriimesadayiiorzweeks,
rwiee :2 clay for 3 weeks, and then use pa-
iient is at‘? the iuteprednul wisiie size cycie-
sporine eontirauesa.

De-smenfeid: The! is the Asciepius Pane}
recommendation.

Kenneth iii. Keuyou, MD: I cmtirme to
beiieve the: it is important to defmitiveiy
ziiaguose aquecms-deficierii dry eye by
det..°rm.ir1irrg if the patient, in fact. has
aquenus deficiency. Back in rhe day, we
perftsrnned basic seccretiun Sehirmer tests
wiih tupieal anesthetic. Three aiecadm
Eater. )2 continue to use this same tee: in
screen for aqueous deficiency. ‘me im-
tion that a pafieszt with a imic secretion
Sehimie: score of perhaps 10 mm in 5
minutes has an aqueuus—deiicimi dry eye
and tiierefom deserves Resiasis audio:

puncium occiusism is simpiy incorrect. In
such a mac, other xszecimasisms of ocuiar
surfice disease. such as MGD, exposure
sir decreased eemeai sensmun, must be
investigated.

Iamsuxeweaiiixavvsuurdiifering
views, but I wiii say that it is impomm to
be dear when you are doing a pre~Easezr
vision correflion workup to have space
on yeur ziiagmstic forms for but}: iiifis
and Ear fimctiours. it wiii keep yam aim:
of tmuisie; it wiii keep you out of ma.-
pracaéee suits. I am cerlairiiy coxicurrenz
with everything 2355: iiiai has ire-cu oiienzé
abuut wxiaus medicai and gixaimaeeuti
mi iiiempies, but a Scirirmer test teiis ms: a
heck rsfa Po! and than aliuws me to decide

whether to go down the mute ofpiugs at
even puuetum eauterization. which after
the infiamrrsatury mm;-amen: as” the sur-
face is under contmi. is a flmehenoxed
vaiid tiiea-spy.

Dzsixriesifeiér Purina! pings work fairiy
well in uqueourmiefieiem Q/e. You
want :9 zaiabiiize the ocular surface fine

if you want to make a patient unhappy,
in my experience. put a punctai plug in
somersrse with significam MGD. T11-use
padents are just miserabie. So, when (in
yuu start punciai pings in shes: patients?

Kmycrs: i have is-ecume cogiimnt art’ the
autism that yam eics net wan: to create an
ocuiar surface cesspooi. as it were, by :0-
tuiiy denying aii aqueous anti. iien-re, other
taxis: waste outflass: But afier you get the
surface in good anii—infl.a.uu1‘iatory status.
than it is time to intervene wflh punctum
occlusion, whether by a homemade “quick
and diriy” 3-mm iengiii of 5-0 chmmic
suture as with more exiended siuxasimi
itztracanaiieuiar inserts such as Oasis or

sezni-pennznent silicone giuge. These are
ail variaticrss on the theme. But firs: it is

anti-iniiammatorv and then it: is puiictai

aceiusien, ifyuu, in fact, have a Sm: aqua»
auswieficient compuaaem.

Anaidiniiamrnaseries in giaumsrsa
 ¢ Du v-nu find xiiai anti-~ii's~
flammaimj; therapy, rxaiuhiyeyciosporiiie,
piavs a rceie in glaucoma management?

Raiser? 3. Nm&r, MD, MBA; ‘Witiiuur a
doubt. When you kick as she demegjmgfir
is information, these are two diseases with
peraiiei eemorhiaiities. Eu tine general pop-
uiaiion. a rough siatistic for ocular surfice
disease in age-marched amtmis is around
£596 ve. around 56% iii the gaucema pop—
uiazicri. The argument is that glaucoma
tiierapy ieuds in make peopie worse:

Dennenfeid: A is: ofgiaueuma gpecialism
{wise the idea ofeariy smrgery, but far the
corneal speaxiziist, ufteu the best skiing in
xio is to get iixe patient of the giaumma
dmps. Ofien, I wiii recommend some-
thing sixupie, like iaser traisecuieciomy
or seieczive Ease: traiaecuiupiarty in pha-
kic paiienis or an isient (Giaukos) if the
patieni is having mtaracl surgery‘ to get a
patieni ofiofa giaucema medication.

Naediet Cenainiy SLT anei iaser inter-
veuiioiis are easier to :13. Anti new we

have micminvasive giaucema surgeries.
which are iawcring the bar in terms oinoi
causing significant morbidity eommoraiy
assuciated with giaucama surgery.

The ether point is tiiarii is an arziazing
time in glaucoma medical therapy be-
cause share are sex marry options in avoid
the cemmuu preservative we tail: about
beumiitnuium ciiioride (BAX). ifii is not
possibie from a formula’? siamipaint
:0 eliminate BAK. then every new fee
muiatiun has less and iess EAK than the

formuiatiuu had 5 er )0 years ago. Yuu
an have people on a preservative-free
prostagiamiirs or a nnn~«BAK aiternative
preservative pmszagiandin. You can have
them on preeervaiive-iiree dormimrriide
timesiai. ‘ism can have them on preser-
vazivefree timoaioi ssierie. You can have

alternatively preserved iarimoaidizie. 3::
you cuuid data a whole treatment regimen
without ever having to warty about the
preservative eifect. Active ingredients
certainly and pH aiscs play a role. Em: the
preservative is the commun denomina-
ior.

iluniierifeitiz As a gorrxeai speciaiist, ifyasu
can get patiersrs‘ offefthese drops for a fife-
time, the quaiiiy uf life and the impmved
vision are sigrzifieaiii.

Eviaibomien mechanism

Donnenfeid: Because we are talking
aiawt a mixed meehmisim of ocuiar sur-

faoediseaseietkmoveontutlaemaziage»
merit of MGD. Wines wuuizi be your firs:
iine af Eiaerzzgy for managing mmeone
with MED?

Ca-verseery cmrtfaues -an page 12
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with the emphasis an epiimizirig

the ueuier surfaee and minimizing

preep éry eye, what is the uaiue ei

the §$i1§E‘§‘i‘i§f test in gereieuier beiere

eundueiirig reireeiive surgery?

iwpuiarifiy ef Sehirmer seer as-eding
Ckruiar surface agstimizatiuss sirauid be considered an integrai

95!: and package of current day refrartive surgery in order to
zieiiver me cmimai visuai euzcume, met our patients’ high
expectations. and canvert them to sasisfieci customers. In this:
erideaver there are various venues in pursue with regard in me-
refraezive surgery detectian of dry eyes, and me ageaid test is
the Schirmer test. Since its entry imu this arena, Schirmer fies!
rapidiy gained ueegzuiarity among ciinicians, primariiy driven bytiae

Thames Juhn

fact that it is readily avaiiabie. is reiativeiy inexpensive, is easy to sserfurrn. and iadcs
cimicaiiy natizeahie side effect: Hawever, iike everything else in iife, its sustained
popuiarity as an aqueous tear deficiency test has been siowiy eredirsg. as reiiected
kw we 6? the AS-CR5 surveys that reparreé ?G% cftiie surgeons are not using me
refm-ztive surgery Schirmer test

5:: why is there :5 change ei‘ heart reward Sehirmei test? It is muizifaeruriai, anti
some of the reascns may be aitvibuted (0 the fact that the results can be Quite
variabie. Based on the Schimser test. one report shewed that 37%‘; of asymgzrumatic
subjects wcsuid be misdiagnosed as dry eye patients. A mere recent siuaiy showed
that subdinicai tear deficiency indicated by low Schirmer test waives did mi
influence PRK outcnmes in patients matched by age and magnitude of refractive
correction.

It is Empertant ta iist-sh ta patient symprarns of dry eye. lock for ciinicai
binmicruscouic signs ofdry eyes even in these asymutumatic individuals, and
«insider incorporating some of the newer, tecimoiogy-driven dry eye tests that may
he suitabie in your refractive surgery practice.
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Ssirirmer test stiii ruievaae
my eye cuntinues 39 be an significant probiem anri 2 cause of dissatisiacticn

after laser surgery.There are a ior of reasons why these patients might have dry
eyes, but the key reason is weep dry eye disease, Se when we
are thinking abaut laser, we shout-ri be thinking abuut preog:
diagnosis of dry eye disease. in a study that asked physieians
what they do ta evaiuate patients befere refractive surgery,
as expetsed neariy iOfi§*;~ of physicians said Eiiey perform
ccmeai Eoscgrasihy, but aniy 36%: at’ the physician; eeriermed
Sehirmefs. we may argue that $chirmer‘s isn‘: the best dry eye
test: nrsnerheiess it is interesting to see Ehat the physicians were
nu: thinking about thai.That's a take-home message. Lars think
abaut it before the Easter, not afterward,
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Article Date: 9/1/2013

Focus on Dry Eye

Restesis: so years after launch

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

By Jerry l-lelzner, Senior Editor

Launched by Allergen 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 of artificial tears, just two drops of Restasis
each day was designed to attack the underlying inflammatory characteristic of the disease and allow patients to producemore 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
Allergen. In 2004, its first full year of US sales, Restasls totaled $98 million in revenues. This year, Allergen expecs
Restasls to record between $870 and $900 million in worldwide sales, making it the company's bestselling 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, SD.

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 sewed 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 theinflammation."

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, which is 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.

N""‘E53XiiE}§§B‘?i§E£’Ef?‘EEi:erIc Restasis?

§iFi}}1"i£2:‘£}'6}i"i§‘EHé“§iBEE}E§Frorm of flattery, than Allergan EH5ifiii'?ééi'2}EiEé‘fi$EEEF€&‘Ei%E§é‘659EI')é{§‘Ei%E’Béiéic patent for
§Restasi5 is set to expire in May 2014, generic drug manufacturers are salivating at the chance to get into the marketplace
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:§A|lergan has already begun the fight to ensure that human trials are conducted for any generic version of Restasis. In a
§§statement 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."

?3‘Allergan said it will provide feedback to the FDA during the 60-day comment period. The company asserts it is weighing all ‘
floptions in an effort to prove the FDA’s proposal, if carried out, would not be in the best interests of consumers. \

3‘ ith their version of what is now close to a $~1;-—billion-a—year drug.i

§A generic version of Restasis may be close at hand if recent FDA draft guidance becomes a reality. In June, the federal
Eagency proposed that human trials of generic Restasis may not be necessary if laboratory testing can demonstrate the
ggchemical equivalence of the drugs. With that standard for approval, the timetable for a generic version could be pushed
§ahe-ad by years. That fact was not lost on Allergan stockholders as the price of Allergan shares tumbled 12% the day after
gthe FDA draft guidance was announced.
\

F .»

§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
_1~§would provide a competitive advantage and more years of patent protection for the improved product. Allergan is also now
jiconducting a phase 2 clinical trial for a next-generation dry eye therapy called Restasis X. The company would not
:‘_ omment on a possible timetable for approval of the next—generation product. I

E

Short-course steroids can help

Because Restasis takes a while to begin to work, Dr. Pfiugfelder 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 patienls feel when they begin Restasis.”

TREATMENT PLANS AND TIPS

Dr. Pflugfe|der’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. Pflugfelder. “An overall treatment
plan for dry eye disease could include one or more of the following: supplements such as fish oil, the antibiotic anti-
inflammatory doxycycline, punctal plugs and the antibiotic A2aSite (azithromycin, Ii'lSite Vision, Alameda. Ca|if.).”

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

The doctor is 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 dnig himself with good effect. “I keep it in my medicine cabinet, right near my
toothbrush, because that way I'm sure to use it," 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 upon instillation.
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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 offnlabel, omega—3 fatty acid supplementation, an emphasis on lid
hygiene, warm compresses and lid massage, adjunctive use of artificial 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 forelgn—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 their eyes”

Episcleritis and lid inflammation
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Dr. Yeu also likes 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 Restasls,
especially if they have a good tear film.”

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 ilself 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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Article Date: 11/1/2010

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 way of prescription remedies. "The regulatory approval process for dry eye
drugs is a nightmare," concedes EyeGate Pharma's president and chief executive officer,
Stephen From.

What gives? 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 tear film
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 disease itself 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 have disease 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 translating 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 when it 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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Part of the problem might reside with the regulatory process itself. The process for
clearance of a new drug is complex and as the knowledge base concerning dry eye disease
expands, the scientific basis for drug testing changes. According to Michael A. Lemp, MD,
clinical professor at Georgetown and George Washington universities, "it was anticipated
that the FDA would issue new guidelines for clinical trials in dry eye disease several years
ago, but these have not been made public. The delay may rest with senior management
within the Agency."

The result is that there is no "one-stop shopping" source where would-be sponsors can learn
the guidelines for clinical trial endpoints. Instead, sponsors must go to the FDA and make a
proposal as to how they would perform a clinical trial; the FDA reviews the proposal and
informs the sponsor if it is acceptable, or which portions are acceptable or unacceptable.

"While the FDA is quite open to these inquires and willing to listen to novel ap proaches,
many times companies new to this field feel as if they are guessing what the FDA wants,"
Dr. Lemp explains. "They wonder if the FDA has changed what is acceptable since the last
time they heard. It's like trying to read the tea leaves.''

chugging Along

Despite the regulatory hurdles, some dry eye drugs are making slow but steady progress
toward beleaguered physicians and their patients. Most are anti-inflammatories, so their
approval would fulfill a wish of Dr. Trattler's. "I use pulses of topical steroids frequently for
dry eye patients, and if there were additional anti—inflammatory drugs that could work in
this area, that would be very helpful for patients, since dry eye is an inflammatory
condition."

0 EGP-437. The closest drug to the goal is EyeGate's EGP—437. Currently in a phase 3
efficacy study, it's a dexamethasonederived corticosteroid solution delivered to the eye via
an iontophoretic drug delivery system that enables the drug to overcome the problem of low
bioavailability that limits other topical agents. "You have to try to bypass natural barriers
that are in place: the tear film and cornea," Mr. From says. "It's very difficult to get a large
quantity of drug into the front of the eye, or any drug to the posterior pole of the eye for
retinal diseases." Iontophoresis also allows EGP-437 to bypass the method physicians have
had to resort to deliver large quantities of drug into the eye: needles.

The doughnut—shaped applicator holds a sponge saturated with drug; the applicator is
placed on the sclera after a topical anesthetic is applied to prevent the patient's blinking. An
electrode at the base of the applicator is connected to a small, handheld generator that
supplies a charge. A negatively charged drug in the foam portion gets a negative charge to
the electrode, thus using the principle of electrorepulsion to push the drug at a high velocity
into the eye.

The process, Mr. From says, requires only a couple of minutes. "Depending on how high the
current is, or how long we leave this on the eye, will dictate how much drug goes into the
eye and how deep it penetrates into the eye."

EGP-437 is a small molecule. In its recently-completed phase 2 study, it was able to treat
multiple signs and symptoms of dry eye, rather than just one in each category, Mr. From
says, "So we actually had the lucky advantage of being able to choose the best sign and the
best symptom for our phase 3 trial." Even better, he says, was its onset of action, which
begins within hours. "If you're a Sjogren's patient and you have severe dry eye, you are in a
lot of discomfort and pain" and at risk for scarring, Mr. From explains. Such patients would
welcome a therapy with rapid onset of action. "No other drug that I'm aware of works as
quickly as our drug is working," he says.

Although data from EyeGate's 83-patient phase 2 trial are not yet available, the company
did say that staining decreased in both fluorescein and lissamine green dyes, that
conjunctival redness was reduced and that tear film breakup time increased.

As for dosage, the drug would be administered in a physician's office, probably on a
quarterly basis, according to Mr. From, depending on severity. The company has begun
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enrolling patients for the phase 3 clinical trial of approximately 180 planned. Mr. From
anticipates that the trial should be completed during the first quarter of 2011, with top-line
data available at the end of that period.

He describes EyeGate's approach as acute therapy for a chronic problem. "We are able to
put so much drug in so quickly to the tissues of the eye that we're knocking down the
inflammatory cascade very rapidly. The drug doesn't stay in the eye very long, but the
pharmacological effect lasts for a long time."

0 CF101. Can-Fite BioPharma Ltd. recently opened an Investigational New Drug application
(IND) with the FDA for a phase 3 study of its lead drug, CF101, for treatment of moderate
to severe dry eye disease. Dr. Pnina Fishman, Can-Fite's CEO, says that CF101 exerts an
anti-inflammatory effect and also an immunomodulatory one. The study will be initiated in
few months.

An earlier phase 2 study, in which CF101 was taken orally as a monotherapy for 12 weeks,
showed a statistically significant benefit in the clearing of fluorescein staining in the nasal,
temporal, pupillary and inferior cornea, the company reports. CF101 also was found to be
safe and well tolerated in the Phase 2. Further, the study showed a decrease in intraocular
pressure in patients with dry eye, findings that have prompted Can-Fite to initiate a phase 2
clinical study for the drug's treatment of glaucoma.

The randomized, double—masked phase 3 trial will compare two oral doses of CF101 to
placebo. Approximately 240 patients will be enrolled at multiple centers, to be treated for 24
weeks. The clinical endpoints are improvement of corneal fluorescein staining, tear
production and dry eye symptom score.

0 Low—dose bromfenac. Ista Pharmaceuticals’ phase 2 trial of low-dose bromfenac
(Remura) demonstrated improvement in both a key sign (lissamine green staining) and in
symptoms (as measured by the Ocular Surface Disease Index) of dry eye in 38 patients
over a six—week period. Further, patients treated with low-dose bromfenac maintained the
improvement in signs and symptoms for 10 days after discontinuing treatment. The
company is currently in the process of initiating the efficacy portion of the phase 3 program,
which will entail two studies with a total of approximately 1,000 patients followed over a six-
week period, according to Dr. Chandler. The safety portion of the phase 3 trial is tentatively
scheduled to begin later this year and will comprise a six-month and a 12-month trial, with
a total of approximately 4,000 patients.

Dr. Chandler notes that low-dose bromfenac could address the impact of inflammation on
the ocular surface, a central feature of dry eye. "Controlling inflammation could both quiet
the symptoms — that is, irritation, dryness, gritty, sandy feeling, burning in some cases —
and improve the signs, such as staining, of ocular surface disease," he explains. The
approach yields a dual benefit, Dr. Chandler contends, because of bromfenac‘s efficacy in
dealing with pain as well as its ability to interrupt the inflammatory cycle, thereby allowing
the ocular surface to heal. "There are very few medications that truly address the
inflammatory cascade that is central to the disease while improving patient comfort," he
says.

Although the inflammatory etiology of dry eye remains theoretical, Dr. Chandler says it does
explain the results seen in the phase 2 open-label trial. Dr. Chandler contends that low-dose
bromfenac has an onset of action that is "much faster" than the approximately eight weeks
required for topical cyclosporine. In studies completed to date, he says, the drug produced a
response rate that hovers around 70%.

Regarding safety, Dr. Chandler points out that higher-dose bromfenac studied in more than
1,600 patients did not result in any serious corneal adverse events; ocular adverse events
observed in these studies resolved with no sequelae. From the perspective of global clinical
experience with bromfenac, in about 19 million ophthalmic uses of the currently marketed
higher concentration, there have been 22 serious corneal adverse events reported overall.
Not all were considered drug related, Dr. Chandler points out, and most were in subjects
who had undergone cataract surgery. "Lowering the concentration of bromfenac as we have

done could further reduce the likelihood of severe corneal adverse events," he says. As part
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of its commitment to patient safety, Ista has incorporated frequent monitoring of the cornea
into the protocols for the large safety trials being planned.

I SAR 1118. Sarcode Corp. says that the phase 2 results for SAR—118, a topical small-
molecule lymphocyte function—associated antigen—1 antagonist, showed clear improvements
in signs and symptoms of dry eye at 12 weeks. The trial was a randomized, multisite,
doublemasked study involving 230 subjects. Various dose levels (0.1, 1.0 and 5.0%) were
compared to placebo, with subjects receiving the drops BID for 12 weeks. The primary
objective measure was inferior corneal staining; major secondary measures were OSDI
symptom score and tear production by Schirmer test. The company will present full details
of the phase 2 study in spring 2011. Sarcode is currently preparing for a phase 3 trial to
begin in mid—2011.

I Mapracorat. Bausch + Lomb is addressing the issue of tear hyperosmolarity in dry eye
disease, which research suggests is a mechanism involved in ocular surface inflammation,
with its selective glucocorticoid receptor agonist (mapracorat), currently in phase 2 trials. In
vitro studies suggest mapracorat inhibits hyperosmolar—induced cytokine release and
mitogenactivated protein kinase pathways in human corneal epithelial cells. Development of
the compound continues to progress as a novel product with a new mechanism of action for
the treatment of dry eye, according to B+L.

A study in the September 2010 issue of Molecular Vision showed it to have comparable
activity to dexamethasone in combating inflammation. The investigators evaluated
mapracorat's anti—inflammatory effects in an in vitro osmotic stress model that induced
hyperosmolar conditions in cultured human corneal cells. The model stimulated the release

of pro-inflammatory cytokines lnterleukin—6, interleukin—8 and monocyte chemotactic
protein-1, and also altered the phosphorylation state of p38 and c—Jun N—terminal kinase
(JNK), and the transcriptional activity of NFkappaB and AP-1. The researchers found that
the incubation of cells with mapracorat inhibited hyperosmolarinduced cytokine release with
potency comparable to the dexamethasone control group. Additionally, increased
phosphorylation of p38 and JNK caused by hyperosmolarity was inhibited by mapracorat,
and the compound caused a significant decrease in the hyperosmolar-induced rise in
NFkappaB and AP-1 transcriptional activity.

I RX-10045. One of a class of medicines called resolvins, RX-10045 is a small-molecule
lipid mediator that Resolvyx Pharmaceuticals says activates the body's own mechanisms for
shutting off inflammation. It is administered as a topical eye drop. Resolvyx completed a
phase 2 trial last year for chronic dry eye. In the randomized, placebo—controlled, 232-
patient trial, RX-10045 produced dose-dependent, statistically significant improvement on
the primary endpoints for both the signs and symptoms of dry eye, and was generally
shown to be safe and well tolerated, the company says.

The phase 2 study examined three doses of RX-10045 and used a controlled adverse
environment (CAE) simulator to measure corneal staining in a stressful drying environment,
as well as daily patient diaries using a standard visual analog scale to assess symptom
improvement over the course of the 28-day study. The drug produced a significant
dosedependent improvement from baseline in symptoms recorded in daily patient diaries. It
also reduced staining of the central cornea by 75% (P<0.00001) versus placebo, the
difference approaching statistical significance (P=0.11). Additionally, the drug showed a
significant improvement in CAE—induced staining in the inferior cornea and in the composite
of central and inferior cornea, which also approached statistical significance over placebo
(P=0.09).

Resolvyx says the phase 3 trial should begin by the end of the year.

0 Azasite. Currently there is no prescription product indicated for blepharitis, a void Inspire
Pharmaceuticals would like to fill with AzaSite (azithromycin). The drug is already approved
as a treatment for bacterial conjunctivitis, but it did not meet statistically significant
endpoints in two phase 2 trials for anterior blepharitis last spring. Though a four—week trial
did demonstrate improvement in measured signs and symptoms compared to placebo,
statistical significance was not achieved for the primary endpoint of mean lid margin
hyperemia.
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On the secondary endpoints, however, Inspire president and chief executive officer Adrian

Adams reports seeing some statistical significance in the areas of signs and symptoms. In
the two—week trial, there were no statistically significant improvements for AzaSite
compared to vehicle; this included the primary endpoint of clearing of lid debris.

The company says it will use the data obtained from these studies to continue to develop
trial parameters using Azasite as a treatment for both anterior and posterior blepharitis,
and expects to refine the trial design through the end of this year. The refinement will
include study populations and "seeking improved mappability for assessing and measuring
signs and symptoms," says Mr. Adams. "with that, we are looking to utilize the
photographic reading centers to maximize the trial."

Inspire anticipates completing the additional phase 2 Azasite clinical work in 2011. The
initiation of the phase 3 trial should begin sometime later next year.

0 LX—214. Lux Biosciences' dose—ascending phase 1 trial showed that LX-214, a novel
topical formulation of voclosporin, was well tolerated by healthy volunteers. There was no
difference in tolerability between the vehicle control and the concentrations of drug tested
(0.2% and 0.02%). In five subjects diagnosed with dry eye syndrome, the cohort "showed
some improvement in their signs (measured by Schirmer's tear test) and symptoms
(measured by the OSDI); most notably, the changes observed occurred in the relatively
brief timeframe of the study, two weeks compared to what has been reported previously
with cyclosporine emulsion," according to Dr. Anglade.

Voclosporin affects the immune response at the surface of the eye, he explains. "We think
by controlling the local inflam matory response, it will allow the tear—producing lacrimal
gland and the surface of the eye to heal and improve tear production.

LX—214 belongs to a class of agents known as calcineurin phosphatase inhibitors, developed
by the company into a nanomicellar formulation. "This renders LX214, a highly insoluble
compound, a solution as opposed to an emulsion," Dr. Anglade explains. He believes the
drug's solution formulation will help make it better tolerated than cyclosporine emulsion.

Another advantage, says Dr. Anglade, is voclosporin's higher concentration. "A limitation of
other forms of topical cyclosporine is that sufficiently high concentrations may not be
achieved locally. The ability to achieve high local concentrations may translate into
improved efficacy. We'll be able to assess that concept hopefully in the phase 3 when we do
a large dose—ranging study."

Dr. Anglade adds that the company is planning a phase 2 proof—of—concept study for the
near future.

0 Restasis X. Allergan reports that it is currently testing a new variation of cyclosporine,
Restasis X, in phase 2 clinical trials. The company is not able to speculate on expected
timing for FDA approval.

In related news, in a study published in the August issue of the British Journal of
Ophthalmology, researchers evaluated the efflcacy and safety of two concentrations (0.05%
and 0.1%) of cyclosporine A in aqueous solution compared to vehicle in treating the signs

and symptoms of moderate-tosevere dry eye patients.‘ At Day 21, the 1% group showed
statistically significant improvement (p<0.05) in four symptoms and three ocular signs; the
0.05% showed statistically significant improvement in three symptoms and three signs; and
the vehicle—only group in two symptoms and two signs. According to the researchers, at Day
42, the 0.1% group performed demonstrated improvement in four symptoms, while the
0.05% group demonstrated improvement in one symptom and one sign.

Hope for The Future

Dr. Lemp’s vantage point as a participant in many FDA trials gives him reason to believe
that the regulatory situation for dry eye drugs will soon improve. "As we learn more about
the pathological processes at work in dry eye disease, new treatment strategies are
emerging and data to support new endpoints are being published," he notes.
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For one thing, in a meeting earlier this year, the FDA‘s Wiley Chambers, MD, expanded the
criteria for primary endpoints that the agency will accept, including studies that document a
correlation between signs and symptoms. Included in that slide was a list of inflammatory
cytokines in the tears and tear osmolarity. "That's new," says Dr. Lemp. "That's potentially
big."

Patient-reported outcomes are gaining favor with the FDA as well. The most common

vehicle for reporting patient symptoms has been the 100-point scale OSDI. However,
showing the required 29-point improvement in symptoms has been onerous. It has required
sponsors to find patients who were highly symptomatic —— "Who at least start out with 50 to
60 points on the scale," Dr. Lemp says. "And that rules out 90% of the population with dry
eye."

New studies re—examining the relationships between subjective patient changes and levels
of disease severity, novel ways to assess patient—reported improvement and a better
understanding of the relationship between signs and symptoms in dry eye disease all have
the potential to open the door to less onerous but scientifically rigorous study designs, Dr.
Lemp notes. He believes that this augurs well for demonstration of clinical efficacy and the
appearance of an expanded therapeutic portfolio of drugs for the more effective
management of dry eye disease.

Perhaps the best reason to believe that the fortunes of prescription dry eye drugs will
improve? "Let's put it this way, to my knowledge, there are probably more than 30 drugs in
the pipeline," says Dr. Lemp. Many companies are investing in the dry eye market, and not
just "the usual suspects" such as Alcon, Allergan and B+L.

The fact that Restasis could generate an approximate half a billion dollars in revenue last
year despite its demonstrated effect in only about 15% of the patients studied (according to
the package label), indicates significant unmet medical need and a healthy bottom line for
those willing to invest.

with industry on board and the FDA willing to update its clinical trial criteria, the conditions
for victories seem to be increasingly in place. OM
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clinical Trial Pearls

Ora, Inc. has been helping drug makers navigate clinical trials for 15 years, says George
Ousler, director of the company's dry eye department, so they have a lot of experience in
knowing what makes for a successful program. Here are his recommendations:
0 Identify proper inclusion/exclusion criteria. Because there are many different
causes of dry eye, and different medications that could potentially treat it, it is critical that
companies take the time to match the medication's mechanism of action to the
appropriate patient population.
0 Focus on both signs and symptoms. Related to proper inclusion criteria, it is
necessary to only include patients who show both signs and symptoms of dry eye. "It
sounds pretty straightforward, but there's actually a fair amount of lack of correlation
between the two," Mr. Ousler says.
0 Design well-controlled studies and standardize. Certain clinical models enable

better control for the endpoints of dry eye. Toward this end, Ora has developed the
Controlled Adverse Environment (CAE). By controlling environmental factors such as
humidity, temperature, air flow and visual tasking, "you can establish a screening tool to
identify the right patient, and an endpoint to demonstrate efficacy. If it's better controlled,
there's not so much background noise like traditional environmental studies," Mr. Ousler
explains. '
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Inspire shelves dry-eye drug, shifts

focus with Allergan

Jeff Drew

After a decade of development and disappointment, Inspire Pharmaceuticals finally has put

a stop to its efforts to win U.S. Food and Drug Administration approval of a dry eye drug
now called Prolacria.

The Durham company on Wednesday unveiled a modified collaboration agreement with

longtime partner Allergan (NYSE: AGN) that opens the way for Inspire to close the door on

Prolacria and move its focus to pink eye treatment AzaSite and the ggggmjsjggg

Investors hailed the new agreement, pushing up Inspire shares by 3.88 percent, to $4.66, in

mid-day trading Wednesday.

Inspire twice saw its dry eye drug fail to outperform a placebo in the last stage of human

testing. The company tried changing the drug's name and adjusted the end point of the

phase III clinical trial but g’1£ié3_d..%~l;£; Wit§73“§“i3§m$“3_“F§3;§mE‘_§_§“;j3;§.

After studying the potential of moving forward with Prolacria, Inspire and Allergan were
ready to move on. But the complicated nature of their drug development deal — which

involves another dry eye treatment, Restasis — left Inspire facing a significant and
immediate revenue hit.

Inspire (Nasdaq; ISPH) receives royalties from Allergan on sales of Restasis and received

payments from the Irish company for hitting development milestones on Prolacria. The

previous terms called for a 30 percent reduction in Inspire’s Restasis royalty rate of 7.5

percent if the company dropped the Prolacria program and didn't begin contributing to the
marketing and promotion of Restasis.

The new terms keep Inspire’s Restasis royalty rate unchanged at 7.5 percent for 2010,

before reducing it by 3 percentage points in 2011, a further 0.25 percentage point in 2013,

and a final 0.50 percentage point in 2014. The rate will remain at 3.75 percent until 2020,
when the contract runs out.

Restasis generated $11.2 million in royalty revenue for Inspire during the second quarter,

which ended June 30. That was up from $8.9 million in the year-ago quarter.
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For the quarter, Restasis accounted fer mere than 46 percent at Inspires total revenue of

$27.3 miiiien and tapped AzaSite, which produced revenue of $9.6 miiiien.

“This agreement provides ciarity en the revenue stream and respective respensibiiities of the

parties in our ophthaimic coiiaboratipn,” said Adrian Adams, president and CEG of Inspire,

which has 243 empioyees.

Reporter e-maii: jdrew@bizjournais.com
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