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Objective: To compare the efficacy and safety of cyclosporin A ([CsA] 0.05% and 0.1% ophthalmic
emulsions) to vehicle in patients with moderate to severe dry eye disease.

Design: Multicenter, randomized, double-masked, parallel-group, 6-month, vehicle-controlled.

Participants: A total of 877 patients with defined moderate to severe dry eye disease (292 to 293 in each
treatment group).

Methods: Two identical clinical trials; patients were treated twice daily with either CsA, 0.05% or 0.1%, or
vehicle. The results of these two trials were combined for analysis.

Main Outcome Measures: Efficacy: corneal and interpalpebral dye staining, Schirmer tear test (with and
without anesthesia), tear break-up time, Ocular Surface Disease Index (OSDI), facial expression, patient subjec-
tive rating scale, symptoms of dry eye, investigator’s evaluation of global response to treatment, treatment
success, and daily use of artificial tears. Safety: occurrence of adverse events, best-corrected visual acuity,
intraocular pressure, biomicroscopy, and blood trough CsA concentrations.

Results: Treatment with CsA, 0.05% or 0.1%, gave significantly (P = 0.05) greater improvements than
vehicle in two objective signs of dry eye disease (corneal staining and categorized Schirmer values). CsA 0.05%
treatment also gave significantly greater improvements (P < 0.05) in three subjective measures of dry eye disease
(blurred vision, need for concomitant artificial tears, and the physician’s evaluation of global response to
treatment). There was no dose-response effect. Both CsA treatments exhibited an excellent safety profile, and
there were no significant topical or systemic adverse safety findings.

Conclusions: The novel ophthalmic formulations CsA 0.05% and 0.1% were safe and effective in the
treatment of moderate to severe dry eye disease yielding improvements in both objective and subjective
measures. Topical CsA represents a new pharmacologically based treatment for dry eye disease that may
provide significant patient benefits. Ophthalmology 2000;107:631-639 © 2000 by the American Academy of
Ophthalmology.

Despite the millions of individuals who have dry eye dis- well as an increased risk of ocular surface damage and
eas€e’~*there is currently no therapeutic treatment for thisocular infectio®=® Yet, at this time, the only treatments
condition. Individuals plagued by the discomfort, burning, available are palliative in nature, consisting of lubricating
irritation, photophobia, and other symptoms of dry eyeeyedrops or punctal occlusion procedures that attempt to
disease may also have blurred vision, gradual contact lersupplement the patient's natural tears or improve the resi-
intolerance, and the inability to produce emotional tears, aglence time of the limited quantity of tears that the patient
can produce.

Until recently, attempts to develop therapeutic treatments
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Turner et al, Invest Ophthalmol Vis Sci 1999;40[4]:S558) agents, parasympathomimetic agents, and punctal occlusion. Eli-
studies that demonstrate that topical treatment with th@ible patients were enrolled if they were deemed capable of
immunomodulatory agent cyclosporin A (CsA) can havefollowing the study protocol and considered likely to complete the
beneficial effects on the underlying inflammatory patho_treatment period and return for all scheduled visits; if they had

. . . . ormal lid position and closure, and a best-corrected ETDRS
qu|c condition of dry eye .d'sease’. as well as improve thenvisual acuity score oft0.7 LogMar or better in each eye.
signs and symptoms of this condition.

. - . Patients were excluded from the study if they had participated
Evidence of the inflammatory nature of dry eye diseasey an earlier clinical trial with CsA ophthalmic emulsion or had

and the success of preliminary investigations into the effectgsed systemic or topical ophthalmic cyclosporine within 90 days
of topical CsA treatment led to a large-scale multicenter pefore the study. Other exclusion criteria included the presence or
vehicle-controlled, dose-ranging (phase 2) clinical trial ofhistory of any systemic or ocular disorder or condition (including

the efficacy and safety of CsA treatment in moderate tocular surgery, trauma, and disease) that could possibly interfere
severe dry eye disease. This study demonstrated that sugith the interpretation of the study results; current or recent use of

treatment was safe and resulted in significant improvement@pical ophthalmic or systemic medications that could affect a dry
in the signs and symptoms of the dise&se. eye condition; known hypersensitivity to any component of the

The objective of the studies described here was to Com§tudy or procedural medications; required contact lens wear during

. . . he study; recent (within 1 month) or anticipated use of temporary
pare the efficacy and safety of twice daily CsA, 0.05% anQ}unctal plugs during the study; permanent occlusion of lacrimal

0.1%, ophthalmic emulsions to vehicle in the treatment ofoyncta within 3 months of the study; or if they were pregnant,
moderate to severe dry eye disease in patients with Qgctating, or planning a pregnancy. Patients were also excluded if
without Sjayren’s syndrome. In addition, specialized assayshey appeared to have end-stage lacrimal gland disease (Schirmer
were performed on conjunctival biopsy specimens from aeading with nasal stimulation ef 3 mm/5 min) or if their dry eye
subset of patients to investigate the levels of several inflamdisease was the result of destruction of conjunctival goblet cells or
matory markers and the density of conjunctival goblet cellsscarring. Any patient who no longer met the criteria for moderate
before and after treatment. The results of these specializé@ Severe dry eye (as defined previously) after completing the
studies will be reported separately; preliminary reports hav@';"rfteghgjsr:gfF:L‘Z‘Ssetu"é’ss excluded from enrollment in the treat-
Eggg-fé?djégt?e?dl-(ﬁﬂ?ﬁg 2{ :II’ Ilrr1]\\//§;[ g pr?ttr?aallrrnngll \Xf SSC?F] Patients could be discontinued before the completion of the
’ : ! ! P study because of adverse events, pregnancy, protocol violations,
1999;40[4]:S558). lack of efficacy, or administrative or personal reasons.

Study Medications. CsA, 0.05% and 0.1%, ophthalmic emul-
sions and the vehicle of CsA ophthalmic emulsion were the study

Materials and Methods medications, with individually packaged preservative-free artificial
tears (REFRESH Lubricant Eye Drops, Allergan, Inc.) provided as
Study Design an adjunctive treatment to be used as frequently as needed. The

doses of CsA used were based on the results of an earlier dose-

Two identical multicenter, randomized, double-masked, parallel+anging study?* Both the CsA emulsions and vehicle were sterile,
group clinical trials were conducted to compare two concentrationsionpreserved castor oil in water emulsions whose precise formu-
of CsA ophthalmic emulsion to its vehicle. The 6-month treatmentlation is proprietary. All the study medications were supplied in
phase was preceded by a 2-week run-in phase to standardize afhit dose vials.
patients to a common regimen of artificial tear use. The results of Concomitant Medications. Any therapy considered necessary
these two trials were combined for analysis. for the maintenance of patient welfare was given at the discretion

Both trials were conducted in compliance with Good Clinical of the investigator and noted on the case report form. If the
Practices, investigational site Institutional Review Board Regula-medication would not interfere with the response to study medi-
tions, Sponsor and Investigator Obligations, Informed Consentation, the patient was kept in the study. During the study, all
Regulations, and the Declaration of Helsinki. Potential patientsconcomitant medication treatment regimens were kept as constant
signed a prescreening informed consent. A second written inas permitted by accepted medical practice. Systemic and topical
formed consent was obtained from all patients before actual enephthalmic medications that could interfere with the response to
rollment, and a separate informed consent was obtained for thetudy medications or the interpretation of the study results were
subset of patients who participated in the pharmacokinetic evaluprohibited during the study. This included cyclosporine, other
ations. immunomodulatory agents, general anesthetics, antihistamines,

Patients. Adult patients of either sex were eligible for partic- cholinergic agents, antimuscarinic8;blocking agents, tricyclic
ipation if they had a diagnosis of moderate to severe dry eyeantidepressants, phenothiazines, topical ophthalmic steroids, estro-
disease as defined by the following criteria (detailed descriptiongen-progesterone (or other estrogen derivatives), or any topical
of each parameter are given under “Outcome Measures”): (1dcular medications other than the assigned study medication and
Schirmer test without anesthesiasf5 mm/5 min in at least one assigned artificial tears.
eye (if Schirmer test without anesthesia=ef0 mm/5 min, then Study Protocol. During the 2-week run-in phase, all patients
Schirmer with nasal stimulation had to be 3 mm/5 min in the  were instructed to use the assigned artificial tears only (as needed).
same eye); (2) sum of corneal and interpalpebral conjunctivaDuring the treatment phase, patients were instructed to instill 1
staining of= +5 in the same eye where corneal staining was drop of study medication twice daily in each eye for 6 months;
+2; (3) a baseline Ocular Surface Disease Index ([OSDI]; semnce on waking in the morning and once at bedtime. Patients were
later) score of 0.1 with no more than three responses of “notllowed to use the assigned artificial tears as needed up to month
applicable”; and (4) a score of 3 on the Subjective Facial 4. To avoid dilution of the study medication, patients were in-
Expression Scale (see later). Signs and symptoms must have bestucted not to use artificial tears within 30 minutes before or after
present despite conventional management, which may have iruse of the study medication. To minimize the habitual concomitant
cluded artificial tear drops, gels and ointments, sympathomimetiuse of artificial tears, patients were asked to stop using artificial
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tears 1 week before their month 4 study visit. At this visit, patientsusing a 7-point scale in which®© completely cleared, £ ~90%
were encouraged to use artificial tears less than eight times a damprovement, 2= ~75% improvement, 3= ~50% improvement,

for the rest of the study period. = ~25% improvement, 5= condition unchanged, and &
During the treatment phase, patients returned for evaluatiowondition worsened. Treatment success was defined as a global
after 1, 3, 4, and 6 months of treatment. evaluation of~90% improvement or better.

Patient use of concomitant artificial tears was also monitored.
At each study visit, patients were queried about the average num-
Outcome Measures ber of times they used artificial tears each day during the past week
Efficacy. The objective signs monitored were corneal and inter-and the number of days during the past week when they did not use
palpebral conjunctival staining, Schirmer tear test (with and with-any artificial tears.
out anesthesia), and tear break-up time. The subjective endpoints Safety. The primary safety variable monitored was the occur-
used were the OSDI, the facial expression subjective rating scaleence of adverse events. The severity of each adverse event ob-
symptoms of dry eye, investigator's evaluation of global responseserved was rated from mild (awareness of sign or symptom, but
to treatment, treatment success, and artificial tears use. All thesmasily tolerated) to severe (incapacitating with inability to work or
variables were evaluated at baseline and at each study visit, exceo usual activity). The relationship of the event to the study
for tear break-up time, which was not evaluated at the 1-monthmedication was assessed by the investigator as none, unlikely,
visit; the investigator’s evaluation of global response to treatmentpossible, probable, or definite.
which could not be meaningfully assessed at baseline; and the Other safety variables monitored included best-corrected visual
Schirmer tear test with anesthesia, which was only evaluated atcuity (using the ETDRS chart), intraocular pressure (using Gold-
baseline, month 3, and month 6. man applanation tonometry), and biomicroscopy (using slit-lamp
For corneal fluorescein staining, the entire cornea was examexamination without pupil dilation). Pharmacokinetic testing was
ined using slit-lamp evaluation with a yellow barrier filter and also done on a subset of patients to determine blood trough CsA
cobalt blue illumination. Staining was graded using the Oxfordconcentrations during treatment.
Scheme 6-point scale (from 0 to 5), with each investigator using Safety variables were evaluated at baseline and at all study
the same set of photographs (provided by the study sponsor) asvésits, except for intraocular pressure, which was only evaluated at
guide. Lissamine green was then instilled, and interpalpebral conbaseline and month 6, and CsA blood levels, which were evaluated
junctival staining was evaluated more than 30 seconds, but lesat baseline and months 1 and 6.
than 2 minutes, later. Using white light of moderate intensity, the
interpalpebral regions of the temporal and nasal conjunctiva wer
graded using the same Oxford Scheme. The sum of corneal an
interpalpebral staining was therefore a 0 to 15point scale. On  Blood was collected from all patients for autoantibody testing to
all scales, a negative change from baseline indicated an improvesid in the prospective identification of individuals with"§jen’s
ment. syndrome. Frozen samples were sent to a central laboratory (Co-
The Schirmer tear test was performed both with and withoutvance Central Laboratories Inc, Indianapolis, IN) for log in and
anesthesia and graded on a 5-point scale as follows: 3 hm/5  inventory before shipment to the Scripps Reference Laboratory
min), 2 (3—6 mm/5 min), 3 (7-10 mm/5 min), 4 (11-14 mm/5 (San Diego, CA) for the actual tests. Blood samples were evalu-
min), and 5 &14 mm/5 min) using the worse eye. A positive ated for the presence of antinuclear antibodies, rheumatoid factor,
change from baseline indicated improvement. Categorized valueand class SS-A and class SS-B @jen’s antibodies.
were used to reduce overall within-patient variability known to  Blood was also collected from a subset of patients for deter-
occur for Schirmer wetting scores. The categories were chosen mination of mean blood CsA trough concentration. Frozen samples
priori on the basis of cutoff points suggested by a review of thewere sent to the sponsor (Allergan, Inc.) for analysis, under Good
medical literature and consultation with clinical investigators.  Laboratory Practices regulations, using liquid chromatography-
Time until random location tear break-up between blinks wasmass spectrometry mass/mass spectrometry (LC-MS/MS) with a
measured only up to 10 seconds and recorded only if the value waguantitation limit of 0.1 ng/ml.
less than 10 seconds.
_The' OsDI quest_ionnaire was _used to evaluatg the impact of R¢atistical Methods
patient’s dry eye disease on vision-related functiorfihdt. con
sisted of 12 questions that were each rated from Aone of the  All analyses presented in this report were conducted on the intent-
time to 4 = all of the time. An overall score was calculated by to-treat patient population (all patients randomized). A last-obser-
dividing the sum of the responses for all questions answered by theation carried-forward method was used to input missing data,
total possible score. Thus, overall scores ranged from @0 although baseline data (before study treatment) were not carried
disability to 1 = complete disability. A negative change from forward. For efficacy variables collected on both eyes, only the
baseline indicated an improvement in vision-related functioning. data from the “worse” eye were included in the analyses. The
The Subjective Facial Expression Rating Sé&leonsisted of  “worse” eye was defined as the eye with the worse Schirmer tear
nine facial schematics ranging from 1 (the happiest face) to 9 (théest value (without anesthesia) and the worse sum of corneal and
unhappiest face) analyzed in five grades from 1 (pictures 1 and Anterpalpebral conjunctival staining. If both eyes were comparable,
to 5 (pictures 8 and 9). A negative change from baseline indicatethen the right eye was used. The “worse” eye was defined on the
an improvement. basis of the baseline measurements, and data from this eye were
Symptoms of ocular discomfort, such as stinging/burning, itch-used for all subsequent analyses. However, it should be noted that
ing, sandiness/grittiness, blurred vision, dryness, light sensitivitydata were collected on both eyes throughout the study. All safety
pain or soreness, were graded using a 5-point scale ranging fromnalyses included data from both eyes.

ther Measures

0 = do not have this symptom te-4 = always notice this Descriptive statistics were used to summarize all continuous
symptom). A negative change from baseline indicated an improvevariables (such as all staining variables and the OSDI score) and
ment. categorical variables (such as the Subjective Facial Expression

The investigator completed a global evaluation of the overallRating Scale, symptoms of dry eye disease, and categorized
effect of the study medication relative to the qualification visit Schirmer values). A two-way analysis of variance (ANOVA), with
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Table 1. Patient Disposition

CsA 0.05% CsA 0.1% Vehicle

Enrolled 293 292 292
Completed 235 (80.2%) 218 (74.7%) 218 (74.7%)
Discontinued

Lack of efficacy 1 (0.3%) 3 (1.0%) 3(1.0%)

Adverse events 19 (6.5%) 29 (9.9%) 13 (4.5%)

Lost to follow-up 4(1.4%) 3(1.0%) 11 (3.8%)

Personal reasons 9 (3.1%) 14 (4.8%) 9 (3.1%)

Protocol or enrollment violations® 19 (6.5%) 21 (7.2%) 30 (10.3%)

Other" 6(2.0%) 4 (1.4%) 8 (2.7%)

CsA = cyclosporin A.
* Protocol or enrollment violations included improper entry, non-compliance, and use of prohibited medications.

" Other included pregnancy, relocation, and removal from the study by the sponsor.

group and investigator effects and interaction, was used to test foR esults
among-group differences in continuous variables. The Cochran
Mantel-Haenszéf procedure with modified ridits, stratified by Participant Flow and Follow-up
site, was used to test for differences in change from baseline

among treatment groups in categorical variables and for amonga total of 877 patients was enrolled in approximately equal num-
group differences in global response distributions. The paitest  pers in the three treatment groups and more than 76% (671/877)
method was used to analyze within-group changes from baseline iBompleted the study (Table 1). The first patient was enrolled in
continuous variables, whereas the Wilcoxon signed rank test Wagyly 1997 and the last patient completed the 6-month treatment
used to analyze within-group changes from baseline in categoricgleriod and evaluation in September 1998. Most of the patients who
variables. . ) ) exited the study prematurely did so as a result of protocol or
Statistical adjustment oP values for multiple comparisons —enroliment violations, personal reasons, lost to follow-up, or other
have been addressed by use of the Fisher’s least significant diffefiontreatment-related reasons. Only 0.8% of patients (7/877) were
ence protected tests to ensure that the experimental-wise error rgigcontinued because of lack of efficacy; 1 of 293 (0.3%) in the
was 0.05. Specifically, a pair wise comparison between eithetsa 0.05% group, 3 of 292 (1.0%) in the CsA 0.1% group, and 3
cyclosporine group and vehicle groups is considered statisticallyf 292 (1.0%) in the vehicle group. Only 7.0% (61/877) were
significant if and only if (1) the overall comparison among the giscontinued because of adverse events; 19 of 293 (6.5%) in the

three groups is significant at th_e 0.05 Ievel_, anq (2_) the pair wisezsa 0.05% group, 29 of 292 (9.9%) in the CsA 0.1% group, and
comparison between cyclosporine and vehicle is significant at thg 3 of 292 (4.5%) in the vehicle group.

0.05 level. In addition, although patients were evaluated at multi-
ple time points throughout the study, the primary endpointis onthe .
last observation while on treatment during the 6-month studyPatient Demographics

period, and no further adjustments need to be made. The d hic ch - fth d lati listed
Each trial was powered separately, whereby given an expect e demographic characteristics of the study population are fiste
' ﬁé Table 2. Overall, most of the patients were women (82%;

sample size of 100 per group, the power to detect a three-gra ) ) o
‘ - . [15/877) and Caucasian (84%; 740/847). There were no statisti-
? (;frf(terzznszembgft Vggﬁll;e;;[jnm;ggﬁgw| tchoenj(l:;irt]i?/; fsr'?;inn i?]zsvig%ceally significant differences between the treatment groups in any of
. e . - the demographic variables measured. The use of prior therapy, or

greater than 0.86, using a two-sided Wilcoxon rank sum test Wltr}he types of concomitant medications used during the study for

an estimated standard deviation of 6.49. other medical conditions, were similar among the treatment
_ A tw_o-s_ic_ied test with @& value < 0.05 was considered statis- groups '
tically significant. Sjogren’s syndrome was defined as the presence of ocular
symptoms, oral symptoms, and a Schirmer te& mm, as well as
. . the presence of at least one of the following autoantibodies:
Patient Treatment Assignment antinuclear antibodies, rheumatoid factor, anth&a’s antibodies
. ) . ) class SS-A and SS-B. Of the 877 enrolled patients, 270 (30.8%)
Qualified patients were randomly assigned to receive one of thgare getermined to have '$jeen’s syndrome on the basis of these
three stuply medications ilj a 1:1:1 ratio using a block size of 3yiteria. The number of patients with $jen’s syndrome identi-
Only a single randomization was used per trial. There was NGjeq may underestimate the number in the study population be-
stratification by either site or baseline factors. cause some patients left the studies without having autoantibody
data collected and therefore could not meet the criteria for
Sjogren’s syndrome.

Study Masking

The study medication was packaged, labeled, and masked in Efficacy Analysis

manner consistent with Good Manufacturing Practices for invesCorneal Staining. At baseline, the mean values for corneal stain-
tigational supplies. Identical unit-dose vials were used to hold theng in the different treatment groups ranged between 2.61 and 2.77
study treatments, which were each of an identical milky color. (using the Oxford scale from 0 to 5), with no statistically signif-
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Table 2. Patient Demographics

CsA 0.05% CsA 0.1% Vehicle
(n = 293) (n=292) (n=292)
Age (mean = SD) 58.7 £ 13.9 60.1 +13.3 59.9 + 14.3
Sex
Male 49 (16.7%) 54 (18.5%) 59 (20.2%)
Female 244 (83.3%) 238 (81.5%) 233 (79.8%)
Race
Caucasian 253 (86.3%) 243 (83.2%) 244 (83.6%)
African-American 8 (2.7%) 16 (5.5%) 15 (5.1%)
Asian 8 (2.7%) 6(2.1%) 6(2.1%)
Hispanic 23 (7.8%) 26 (8.9%) 26 (8.9%)
Other 1(0.3%) 1(0.3%) 1(0.3%)
Iris color
Blue 97 (33.1%) 95 (32.5%) 109 (37.3%)
Brown 126 (43.0%) 127 (43.5%) 116 (39.7%)
Green 20 (6.8%) 26 (8.9%) 18 (6.2%)
Black 0 (0.0%) 2 (0.7%) 0 (0.0%)
Hazel 48 (16.4%) 38 (13.0%) 46 (15.8%)
Other 2 (0.7%) 4 (1.4%) 3 (1.0%)
Sjogren’s syndrome patients 96 (32.8%) 83 (28.4%) 91 (31.2%)

CsA = cyclosporin A.

icant differences among the groups. There was a statistically Schirmer Tear Test. At baseline, the mean categorized
significant improvement from baseline in corneal staining (de-Schirmer values (obtained with anesthesia) in the different treat-
crease in mean score) within all treatment groups at all follow-upment groups ranged between 1.94 and 2.11 (on a scale from 0 to
visits (P < 0.001). The improvement in corneal staining was 5 with 1< 3 mm/5 min, 2= 3—-6 mm/5 min, 3= 7-10 mm/5 min,
significantly greater in both CsA groups than the vehicle gréup ( 4 = 11-14 mm/5 min, and 514 mm/5 min), with no statistically
= 0.044) at month 4, and in the CsA 0.05% group at montR 6 ( significant differences among the groups. At month 3, there was a
= 0.008). There was also a trenB & 0.062) toward a signifi-  significant worsening with the vehicle group & 0.014) and a
cantly greater improvement in the CsA 0.1% group than thesignificant difference among the treatment groups, with the CsA
vehicle group at month 6 (Fig 1). 0.05% group significantly greater than the vehicle groBp=(

Conjunctival staining. At baseline, the mean values for tem- 0.009). At month 6, there was a statistically significant improve-
poral interpalpebral conjunctival staining ranged between 2.22 anchent from baseline within both CsA groups. Moreover, the
2.26 (using the Oxford scale from 0 to 5), with no statistically changes in Schirmer values in each of the CsA groups was signif-
significant differences among the groups. Similarly, the meancantly better than in the vehicle group € -0.007; Fig 2).
baseline values for nasal interpalpebral conjunctival staining Schirmer tear tests were also conducted without anesthesia. At
ranged between 2.42 and 2.45, with no statistically significanbaseline, the mean categorized Schirmer values (obtained without
differences among the groups. Statistically significant improve-anesthesia) in the different treatment groups ranged between 1.47
ments from baseline were seen in both temporal and nasal corand 1.50 (on the same scale as was used for the Schirmer test with
junctival staining within all study groups at all follow-up visits anesthesia), with no statistically significant differences among the
(P < 0.001), but there were no statistically significant among-
group differences.

Change From Baseline in Categorized Schirmer Values

Measured With Anesthesia
06 -

Change From Baseline in Corneal Staining M CsA 0.05% ZACsA 0.1% [ Vehicle N
05 -
Month 1 Month 3 Month 4 Month 6 0.4 *
0 . —
03
0.1 *
Change 02
-0.2 4 in |
Schirmer o1
0.3 1 Score .| !
Change -04 - 0.1
in
Staining *° 02 -
Score .06 03 * P < .05 compared to vehicle
0.7 0.4
081  * P <.05compared to vehicle * Month 3 Month &
t = i * . . . . .
09 P =62 compared to vehicle Figure 2. Change from baseline in categorized Schirmer values (measured
4 [ CsA 0.05% ZCsA 0.1% O Vehicle| * t with anesthesia). Mean value * standard error. Categorized Schirmer
values were graded on a 5-point scale as follows: 1 (< 3 mm/5 min), 2 (36
Figure 1. Change from baseline in corneal staining. Mean value * mm/5 min), 3 (7-10 mm/5 min), 4 (11-14 mm/5 min), and 5 (>14 mm/5
standard error. Graded on a scale from O to 5. min) using the worse eye.
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Change From Baseline in Blurred Vision Change From Baseline in Average Daily Use of Artificial
Tears
Month 1 Month 3 Month 4 Month 6 Month 1 Month 3 Month 4 Month 6

-0.1

-0.2

Change 5 Change
in in
Mean Units per "
Score 047 Day
-05 -
*
0.6 * P < .05 compared to vehicle . 0.5 - * P < .05 compared to vehicle
o7 | (MCsA0.05% FACsA0.1% O Vehicle| | [mCsA 0.05% @ CsA 0.1% O Vehicle] *
: 06
Figure 3. Change from baseline in blurred vision. Mean value *+ standard Figure 4. Change from baseline in assigned lubricating eyedrop use. Mean
error. Graded on a scale from O to 4. value *+ standard error.

groups. Statistically significant impro_vements from baseline wer 25 units in the CsA 0.05% group, and 5.56 units in the CsA 0.1%
;se”en n thes.‘:{f S(k:)hltrrtr;]er values within a_lfl_ trer:ument groups z?jt_fa roup; these between-group differences at baseline were statisti-
f° Oow-up visits, but there were no significant among-group dit- 05" significant P = 0.019) (Fig 4). Within both CsA groups,
eresnces. ¢ Drv Eve Di of th biecti | there were statistically significant decreases in artificial tear use at
ymptoms of Dry Eye Disease. Of the subjective ocular - ,nis 3 4, and /(= 0.002), whereas within the vehicle group

symptoms monltored,.the most notable changes Were Seen e gecrease in artificial tear use was only statistically significant at
blurred vision. At baseline, the mean score for blurred vision in the

qiff { treat i d bet 183 and 2.04 month 4 £ < 0.001). At month 6, the decrease in artificial tear use
ifferent treatment groups ranged between 1.83 and 2.04 (on g ¢ significantly greater in the CsA 0.05% group than the vehicle
scale from 0 to 4), with no statistically significant differences

th The d ; baseline in blurred visi roup P = 0.006). In addition, there was a statistically significant
amo”% f et_grﬁups_. _f_e ticre_;s_,e gO{E Cas: Iné in utrre” \f/'“T"O crease from baseline in the number of days without artificial tear
e vt v USe il l eaiment roups at al o up 1S € 001
group @ — 0.039). Moreover, the improvement in blurred vision but there were no statistically significant among-group differences.

N X . Other Efficacy Analyses. Within all treatment groups at all
was significantly greater in the CsA 0'_05% group than the Veh'd%llow-up visits, there were statistically significant improvements
group at all follow-up visits R = 0.014; Fig 3). £

rom baseline in both the OSDI and the Subjective Facial Expres-

Statistically significant changes from baseline were observe%ion Rating ScaleR < 0.001). However, there were no statisti-
within all treatment groups at all time points in dryne$s € - T g y
0.001), sandy/gritty feelingq < 0.001), and itchingR = 0.038). cally significant among-group differences.
Statistically significant improvements from baseline were seen in
photophobia within both CsA groups at all follow-up visiB €  Safety Analysis

0.028) and within the vehicle group at months 3, 4, an®P6<(  Adyerse Events. Treatment-related adverse events were defined
0.023). Statistically significant improvements from baseline wereys those adverse events that the investigators rated as possibly,
also seen in burning and stinging within both CsA groups atyopaply, or definitely related to the study medication. Those
months 4 and 6R = 0.024) and within the vehicle group at yeatment-related adverse events that were reported by at least 3%
months 3, 4, and 6R = 0.019). There was also a statistically of patients in either cyclosporine group are listed in Table 3.
significant improvement from baseline in pain within the CsA Overall, 25.3% (74/293) of patients treated with CsA 0.05%,
0.1% group at all follow-up visitsR =< 0.012) and the CsA 0.05% 9 194, (85/292) of patients treated with CsA 0.1%, and 19.5%

group and vehicle group at month B € 0.012). There were no  (57/292) of patients treated with vehicle experienced one or more
statistically significant among-group differences in any of these

variables.

Physician’s Subjective Assessment of Global Response to Table 3. Most Common* Treatment-Related Adverse Events
Treatment. According to the physician’s subjective assessment of
global response to treatment, most patients in all treatment groups CsA 0.05% CsA 0.1% Vehicle
demonstrated a response to treatment at all follow-up visits. At (n = 293) (n=292) (n = 292)
months 3 and 4, the distribution of global responses was signifiz, o o o
cantly better in the CsA 0.1% group than the vehicle grdeips( gaggfggi 41% 844%’) ﬂ 241}65‘1%)/;) IZ E?ZQ;
0.006). At month 4, the percentage of patients exhibiting anpisfarge eye 9 (3.1%) 2 (0.7%) 7 (2.4%)
improvement (i.e., slight response or better) was 63.3% in the CSAisreign body sensation 9(3.1%) 3 (1.0%) 6 (2.1%)

0.05% group, 65.4% in the CsA 0.1% group, and 53.1% in theConjunctival
vehicle group. These percentages improved to 68.5%, 67.3%, andhyperemia 6 (2.0%) 9(3.1%) 2 (0.7%)
63.0%, respectively, at month 6. At month 6, the percentage oWVisual disturbance 5(1.7%) 9 (3.1%) 12 (4.1%)
patients with at least a moderate response to treatment was 35.58%¢ pain 3 (1.0%) 10 (3.4%) 4 (1.4%)
in the CsA 0.05% group, 39.3% in the CsA 0.1% group, and 31.9%
in the vehicle group. CsA = cyclosporin A.

Concomitant Use of Artificial Tears. The average daily use

o . o . * Those reported by =3% of patients in either cyclosporine group.
of artificial tears at baseline was 4.86 units in the vehicle group P Y vore yeosp sroup
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treatment-related adverse events. Most of these events were milire a result of a resolution of the underlying pathophysiol-
to moderate and transient. The most commonly reported treatmenggy of this disease and are not just symptomatic.

related adverse event was mild ocular burning and stinging. How- ~“The significant decrease in corneal staining is of partic-

ever, only 19 of the 877 (2.2%) patients enrolled were discontiny, oy clinical relevance because it indicates an improvement
ued because of burning and stinging (5 [1.7%] in the CsA 0.05% P

group, 9 [3.1%] in the CsA 0.1% group, and 5 [1.7%] in the(réhe |Ttef§fjr|t3t/ offttr?e orc]ular surfacg as a.result of tree;t_m(taﬁt.
vehicle group). It is also important to note that only two patients Irect efiect ot this change may be an improvement in the

experienced ocular infection during treatment and both were in th@Ptical properties of the ocular surface; hence the significant
vehicle group. improvement seen in blurred vision in this study. However,

Blood CsA Levels. A total of 338 blood samples (131 at day because the ocular surface, lacrimal glands, and the neuro-
0, 113 at month 1, 94 at month 6) was assayed for trough CsAal feedback loop that links them effectively make up a
concentrations. Trough blood concentrations of CsA were belovsingle functional unit for the maintenance of ocular surface
the limit of quantitation (of 0.1 ng/ml) in all samples from the CsA homeostasi$® 2> the improvement in corneal staining may
0.05% group and the vehicle group (113 and 112 samples, respeggye broader effects. Just as the aqueous tears produced by
t""fly): Trougr: b'?Od c_;or;lgf(fantrat;onsi_ oftCs_At\;]verg ‘i‘:g“fof/'able Nthe lacrimal glands lubricate and support the ocular surface,
only sIX samples 1or six dirrerent patients In the Cs 1% grou . . .
(allyat or Iessr':han 0.299 ng/ml), thFr)ee patients at month 1 an% thr%tehe OCUI.ar surface send_s_lnformatmn that can influence tear
patients at month 6. There were no negative safety findings of notQrOdUCtlon and composition t_)ack to the lacrimal glands by
in any of these six patients. way of sensory and autonomic neural pathways. As inflam-

mation decreases and the epithelial integrity of the ocular
surface improves, sensory nerve endings in the cornea and

Discussion conjunctiva may be stimulated more effectively by blinking
and other stimuli, and the neural signals to the lacrimal
Several recent publications have suggested that dry eygland may normalize. This, in turn, could improve the
disease is the result of complex inflammatory processes amguantity and quality of the tears produced by this gland; a
suggest that the immunomodulatory drug cyclosporine maypossibility that is supported by the improvements in
have potential as a novel therapeutic treatment for moderatgchirmer values seen in this study.
to severe dry eye disease (Foulks et al, Invest Ophthalmol This study found improvements in categorized Schirmer
Vis Sci 1996;37:3S646; Helms et al, Invest Ophthalmol Visvalues obtained with anesthesia but not without anesthesia.
Sci 1996;37; 3S646; Kunert et al, Invest Ophthalmol VisA Schirmer’s test with anesthesia measures baseline tear
Sci 1999;40[4]:S771; Turner et al, Invest Ophthalmol Vis production, whereas a Schirmer’s test without anesthesia
Sci 1999;40[4]:S558%:10:11.13.14.19-211n  this study, the measures a combination of baseline tearing and reflexive
most important overall finding was that topical treatmenttearing caused by the presence of the Schirmer strip in the
with either CsA 0.05% or 0.1% resulted in significantly eye. Consequently, the results presented here suggest that
greater improvements than vehicle treatment in two objecCsA treatment is affecting baseline tearing and not reflexive
tive signs of dry eye disease (corneal staining and categdearing.
rized Schirmer values), whereas treatment with CsA, The conclusion that the decrease in corneal staining
0.05%, resulted in significantly greater improvements thamrepresents an improvement in the health of the ocular sur-
vehicle P = 0.05) in three subjective parameters (blurredface caused by the suppression of inflammatory processes is
vision, use of lubricating eyedrops, and the physician’ssupported by the results of several investigations performed
evaluation of global response to treatment). In additionon superficial conjunctival epithelial biopsy specimens from
both CsA treatments were found to be exceptionally safe@ subset of patients from this study. These studies examined
and well tolerated. These findings add to the growing bodythe effects of CsA treatment on markers of inflammation
of evidence demonstrating a beneficial effect of topical CsAand immune reactivity and on goblet cell density (Turner et
on dry eye disease in patients both with (Foulks et al, Invesal, Invest Ophthalmol Vis Sci 1999;40[4]:S558; Kunert et
Ophthalmol Vis Sci 1996;37:35646; Helms et al, Investal, Invest Ophthalmol Vis Sci 1999;40[4]:S771). The first of
Ophthalmol Vis Sci 1996;37; 3S646)** and without®?!  these investigations showed that conjunctival levels of the
Sjogren’s syndrome. inflammatory cytokine interleukin-6 (measured as a de-

The improvements in the subjective measures of blurre@rease in mRNA expression) significantly decreased after 6
vision, physician’s global assessment, and the decreasadonths of treatment with CsA 0.05%  0.002; Turner et
need for use of artificial tears are consistent with the im-al, Invest Ophthalmol Vis Sci 1999;40[4]:S558). The sec-
provements in subjective measures seen in previous studiend demonstrated a significant decrease in the immune
of the use of topical CsA in dry eye disease (Foulks et alactivation markers HLA-DR and CD11a after 6 months of
Invest Ophthalmol Vis Sci 1996;37:35646; Helms et al,treatment with CsA 0.05% that were also significantly
Invest Ophthalmol Vis Sci 1996;37; 3S646).21 The greater than that seen in patients treated with vehRle (
among-group difference in the decreased use of artificiaD.05; Kunert et al, Invest Ophthalmol Vis Sci 1999;40[4]:
tears is particularly telling because the use of this palliativeésS771). Taken together, these two findings further demon-
treatment by patients will be driven by a number of factorsstrate the ability of topical CsA treatment to decrease in-
related to their condition and suggests that the overall imflammatory processes in patients with moderate to severe
provement in symptoms is sufficient to cause a change idry eye disease. In the third investigation, the density of
self-medication behavior. The improvements in objectiveconjunctival goblet cells was observed to be significantly
measures strongly suggest that the subjective improvemenggeater after 6 months of treatment with CsA 0.05% than
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had been seen at baseline (an increase of 1$1%60.014), the improvements in two of the objective signs of dry eye
or than was observed after 6 months of treatment wittdemonstrate that CsA treatment is not purely palliative in
vehicle (which only produced an increase of 13Po;= nature and that it thus represents the first therapeutic treat-
0.013; Kunert et al, Invest Ophthalmol Vis Sci 1999;40[4]: ment specifically for dry eye disease and a significant break-
S771). This finding is of particular importance becausethrough in the management of this common and frustrating
goblet cells make an essential contribution to the productioondition.
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