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Background: Dry eye may be caused or exacerbated by deficient lipid secretion. Recently,
lipid-containing artificial tears have been developed to alleviate this deficiency. Our study
compared the efficacy, safety, and acceptability of lipid-containing eye drops with that of
aqueous eye drops.

Methods: A non-inferiority, randomized, parallel-group, investigator-masked multicenter trial was
conducted. Subjects with signs and symptoms of dry eye were randomized to use one of two lipid-
containing artificial tears, or one of two aqueous artificial tears. Subjects instilled assigned drops
in each eye at least twice daily for 30 days. The primary efficacy analysis tested non-inferiority of
a preservative-free lipid tear formulation (LT UD) to a preservative-free aqueous tear formulation
(AqT UD) for change in Ocular Surface Disease Index (OSDI) score from baseline at day 30.
Secondary measures included OSDI at day 7, tear break-up time (TBUT), corneal and conjunctival
staining, Schirmer’s test, acceptability and usage questionnaires, and safety assessments.
Results: A total of 315 subjects were randomized and included in the analyses. Subjects reported
instilling a median of three doses of study eye drops per day in all groups. At days 7 and 30,
all groups showed statistically significant improvements from baseline in OSDI (P<<0.001)
and TBUT (P=0.005). LT UD was non-inferior to AqT UD for mean change from baseline
in OSDI score at day 30. No consistent or clinically relevant differences for the other efficacy
variables were observed. Acceptability was generally similar across the groups and there was
a low incidence of adverse events.

Conclusion: In this heterogeneous population of dry eye subjects, there were no clinically
significant differences in safety, effectiveness, and acceptability between lipid-containing
artificial tears and aqueous eye drops. The results suggest that lipid-containing artificial tears
can be used to counteract lipid deficiency that is common in dry eye, without compromising
overall acceptability.

Keywords: artificial tears, emulsion, dry eye, Ocular Surface Disease Index, tear break-up
time, tear film lipid layer

Introduction
Dry eye is a multifactorial disease characterized by insufficient lubrication of the
ocular surface.! Lubricant eye drops, also known as artificial tears, are the mainstay
of symptomatic treatment of dry eye. They may be used alone in mild to moderate
disease, or in conjunction with other therapies (eg, pharmacological agents or surgical
procedures) in moderate to severe disease.’

Artificial tear formulations aim to supplement the deficient tear film and lubricate
the ocular surface, thereby providing symptomatic relief and reducing the potential for
corneal damage.? It is now recognized that excess evaporation of the tear film, often
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due to dysfunction of the meibomian glands and loss of the
normal lipid layer of tears, is a key feature of the etiology
of the disease in many individuals with dry eye.’ As a con-
sequence, lipid-containing eye drops have been introduced
as a means of replenishing both aqueous and lipid compo-
nents and reducing the rate of evaporation of the tear film.
In addition to the presence or absence of lipid, artificial tear
formulations may be available in multidose bottles containing
a preservative, or alternatively provided as preservative-free
formulations in unit-dose packaging.

The purpose of the present study was to compare the
efficacy, safety, and acceptability of novel lipid-containing
eye drop formulations with and without a preservative, in
subjects with dry eye disease, with that of otherwise similar
aqueous eye drops that do not contain lipid.

Subjects and methods
Study design and participants

This 30-day, multicenter, randomized, subject-masked and
investigator-masked, active-controlled, non-inferiority trial
(ClinicalTrials.gov identifier NCT01459588) was conducted
at 13 sites in the USA. The study was carried out in accor-
dance with Good Clinical Practice guidelines. Institutional
review board approval for the study was obtained at each
center, and all subjects provided written informed consent.
Adults with signs and symptoms of dry eye disease were
enrolled into the study. The key inclusion and exclusion
criteria are shown in Table 1.

Randomization and study treatment
At the baseline study visit (day 1), subjects were random-
ized with a computer-generated randomization scheme in

a2:2:1:1 ratio to receive one of the four following artificial
tear formulations: preservative-free unit-dose lipid tear
formulation (LT UD), preservative-free unit-dose aqueous
tear formulation (AqT UD), preserved multidose lipid tear
formulation (LT MD), or preserved multidose aqueous
tear formulation (AqT MD; Table 2). Randomization was
stratified by baseline Ocular Surface Disease Index (OSDI)
score (mild/moderate, 18-32; severe, 33-65).” LT UD
and AqT UD were supplied in identical 0.4 mL unit-dose
vials, and LT MD and AqT MD were supplied in identical
15 mL multidose bottles. Subjects were instructed to instill
one to two drops of the assigned study treatment in each
eye as needed, but at least twice daily, for 30 days. The
use of adjunctive treatments (such as warm compression
or eye lid cleansing) was allowed to continue during the
course of the study but any change in use (add or stop)
was prohibited.

Outcome measures and efficacy

endpoints

Study visits were scheduled for days 1 (baseline assess-
ment, including eligibility), 7, and 30. The primary efficacy
measure was the OSDI score, which was based on the
frequency of symptoms over the previous week. Second-
ary efficacy measures (in order of conduct) included tear
film break-up time (TBUT) assessed during the 2 minutes
waiting period for corneal staining, corneal staining with
fluorescein, conjunctival staining with lissamine green, and
Schirmer’s test with anesthesia (performed last to avoid
interfering with other ophthalmic tests). Questionnaires
were used to assess study treatment usage and acceptability.

Table | Key inclusion and exclusion criteria assessed at baseline (day )

Inclusion criteria®
e =18 years of age and in good general health
e OSDI score 18-65

e Use of artificial tears at least twice daily, on average, for =3 months prior to baseline

e Three consecutive measures of TBUT =10 seconds in at least one eye

e Mild to moderate corneal or conjunctival staining, as indicated by grade =1 (modified NEI grid) staining, related to dry eye in at least one eye

Exclusion criteria
e Schirmer’s test (with anesthesia) =<2 mm/5 minutes in either eye®

e Severe corneal or conjunctival staining, as indicated by grade 5 (modified NEI grid) staining, in either eye®

e Wearing of contact lenses within 6 months prior to baseline

e Current use or use within 2 weeks of enrollment of topical ophthalmic medications such as corticosteroids, hypotensive agents, and generic cyclosporine

(Restasis® [Allergan Inc., Irvine, CA, USA] was allowed if used =6 months prior to enrollment), or use of a systemic medication affecting dry eye

o Active ocular infection, inflammation, allergy, or blepharitis

e Abnormal corneal sensitivity, recent anterior segment surgery (eg, LASIK surgery or any surgery involving a limbal or corneal incision within

12 months of baseline visit) or trauma, anticipated or planned elective surgery during the study, or punctal occlusion

Notes: *Subjects with Sjogren’s disease, rheumatoid arthritis, or thyroid disease were eligible for enrollment provided they met all inclusion criteria; “criteria used to identify

subjects with severe dry eye.

Abbreviations: LASIK, laser-assisted in situ keratomileusis; NEI, National Eye Institute; OSDI, Ocular Surface Disease Index; TBUT, tear film break-up time.
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CMC, glycerin, boric acid, sodium

CMC, glycerin, polysorbate 80,

CMC, glycerin, boric acid, sodium

CMC, glycerin, polysorbate 80, boric

Composition

borate, sodium citrate, potassium

boric acid, Pemulen™, erythritol,

borate, sodium citrate, potassium

acid, Pemulen™, erythritol, levocarnitine,

chloride, erythritol, levocarnitine,

chloride, erythritol, levocarnitine, levocarnitine, castor oil (0.25%),

castor oil (0.25%), sodium hydroxide,

calcium chloride, magnesium chloride,

Purite®, sodium hydroxide,

calcium chloride, magnesium chloride,

purified water

Purite®, sodium hydroxide, purified

purified water

sodium hydroxide, purified water

water

Notes: *All artificial tear formulations manufactured by Allergan, Inc., Irvine, CA, USA; all were isotonic with a neutral pH.

Abbreviations: LT UD, preservative-free unit-dose lipid tear formulation; AqT UD, preservative-free unit-dose aqueous tear formulation; LT MD, preserved multidose lipid tear formulation; AqT MD, preserved multidose aqueous tear

formulation; AE, adverse event; CMC, carboxymethylcellulose sodium.

Safety assessments included monitoring adverse events,
biomicroscopy (slit lamp examination without pupillary
dilation), and evaluation of distance visual acuity, with
correction if necessary.

The primary efficacy endpoint was the change from
baseline in the OSDI score at day 30. The treatment dif-
ference and 95% confidence interval (CI) in change from
baseline in OSDI score at day 30 between LT UD and
AqT UD were calculated based on the analysis of variance
model. Non-inferiority was to be established if the upper
limit of the 95% CI was less than the pre-specified margin
of 7.3.% Secondary efficacy endpoints were the change from
baseline in the OSDI score at day 7, change from baseline
in OSDI subscale scores at days 7 and 30, and TBUT, cor-
neal and conjunctival staining, and Schirmer’s test values at
days 7 and 30.

Sample size calculation and data analysis
A sample size of 96 subjects per treatment group was
estimated to provide 90% power to establish non-inferiority
of LT UD to AqT UD in mean change from baseline in
OSDI score at day 30 based on a non-inferiority margin of
7.3. With the addition of the multidose treatment groups,
total enrollment of approximately 300 subjects was planned.
The intent-to-treat population consisted of all randomized
subjects and was used for all efficacy analyses.

Two-way analysis of variance, accounting for treatment
and baseline OSDI score stratification, was used to compare
treatment differences for primary and secondary efficacy
analyses. Within-treatment changes from baseline were ana-
lyzed using paired #-tests (alpha level 0.05). Additional
analyses of OSDI subgroups and questionnaire data were
also performed using analysis of variance. Safety data were
summarized using descriptive statistics.

Results

Subject disposition and baseline
characteristics

A total of 315 subjects were enrolled and randomized
(LT UD, n=105; AqT UD, n=103; LT MD, n=51; and AqT
MD, n=56). Among the randomized subjects (intent-
to-treat population), 98.4% (310/315) completed the study.
Completion rates were similar across the treatment groups
(96.1%-99.0%); of the five subjects who failed to complete
the study, three discontinued as a result of adverse events
(one LT UD, one LT MD, and one AqT MD) and two owing
to protocol violation (one AqT UD and one LT MD). Ten
subjects were excluded from the per-protocol population

Clinical Ophthalmology 2015:9
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Table 3 Baseline demographic and clinical characteristics of subjects

Characteristic LT UD AqT UD LT MD AqT MD
(n=105) (n=103) (n=51) (n=56)
Age, years
Mean (SD) 54.4 (14.8) 55.8 (14.1) 55.2 (14.5) 53.5 (13.9)
Range 22-85 24-84 23-8I 22-83
Female, n (%) 83 (79.0) 87 (84.5) 44 (86.3) 41 (73.2)
Race, n (%)

Caucasian 91 (86.7) 83 (80.6) 45 (88.2) 47 (83.9)
Non-caucasian 14 (13.3) 20 (19.4) 6 (11.8) 9 (lé.l)
OSDI score, mean (SD) 41.5 (14.8) 40.3 (13.5) 38.3 (12.8) 40.2 (13.4)

TBUT, seconds, mean (SD) 4.9 (1.8) 4.9 (1.8) 4.6 (1.7) 5.1 (1.7)
Schirmer’s test, mm/5 minutes, mean (SD) 10.3 (7.4) 10.4 (6.8) 84 (7.3) 10.1 (7.6)

Staining score, mean (SD)
Corneal 49 (3.8) 5.0 3.9) 5.0 (3.8) 47 (3.2)
Conjunctival 6.7 (5.7) 6.1 (4.4) 6.3 (4.8) 6.7 (5.4)
Meibomian gland dysfunction, n (%) 7 (6.7) 5(4.9) 3 (5.9) 7 (12.5)
Use of cyclosporine ophthalmic emulsion, n (%)* 8 (7.6) 7 (6.8) 7(13.7) 4(7.1)
Use of Optive® lubricating eye drops, n (%) 16 (15.2) 10 (9.7) I (21.6) 8 (14.3)

Notes: *Restasis® (Allergan, Inc., Irvine, CA, USA) use prior to enrollment and continuing during the study.
Abbreviations: LT UD, preservative-free unit-dose lipid tear formulation; AqT UD, preservative-free unit-dose aqueous tear formulation; LT MD, preserved multidose lipid
tear formulation; AqT MD, preserved multidose aqueous tear formulation; OSDI, Ocular Surface Disease Index; SD, standard deviation; TBUT, tear break-up time.

(n=305). Study eye drops were instilled a median of three
times per day in each treatment group.

All randomized subjects had a history of dry eye disease
and artificial tear use. Overall, only seven (2.2%) subjects
had previously used lipid-containing eye drops for dry eye;
four (3.9%) in the LT UD group, one (1.0%) in the AqT UD
group, one (2.0%) in the LT MD group, and one (1.8%) in
the AqT MD group. There were no statistically significant
differences between the treatment groups in age, sex, or race.
Similarly, disease characteristics and prior use of lubricating
eye drops at baseline were comparable among the treatment
groups (Table 3).

Efficacy

For the primary efficacy measure, OSDI scores at day 30 were
improved significantly compared with baseline in each treat-
ment group (P<<0.001; Figure 1). Improvements in the LT UD
and AqT UD groups were similar, and met the non-inferiority
criterion (the upper limit of the 95% CI for the mean change
from baseline was 2.51, below the pre-specified margin of 7.3).
OSDI scores were also significantly improved compared with
baseline in each treatment group at day 7 (P<<0.001; Figure 1).
Additional comparisons of OSDI scores for mild/moderate
versus severe subjects demonstrated some differences between
LT UD and LT MD in the mild/moderate symptoms group
at day 30 (P=0.004, in favor of LT UD; Figure 2). Examina-
tion of OSDI subscale scores for ocular symptoms, visual
functions, and environmental triggers showed similar overall
results among the four treatment groups.

For secondary efficacy measures, statistically significant
improvements from baseline in TBUT were observed for
each treatment group at days 7 and 30 (P=0.005; Figure 3).
Inthe LT UD group, TBUT improved from a mean (standard
deviation) of 4.92 (1.79) seconds at baseline to 6.28 (3.29)
seconds at day 30; in the LT MD group, TBUT improved
from 4.61 (1.74) seconds at baseline to 5.82 (2.81) seconds
at day 30. Similar increases in TBUT were observed with the
aqueous eye drop formulations (Figure 3). No statistically
significant differences were observed in any of the between-
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Figure | Mean OSDI scores at baseline and days 7 and 30 of study treatment.
Notes: OSDI scores were assessed on a scale of 0—-100, where a higher score
represents a more severe disease status. P<0.001| for LT UD, AqT UD, LT MD, and
AqT MD at day 7 and day 30 compared with baseline; error bars represent SEM.
Abbreviations: LT UD, preservative-free unit-dose lipid tear formulation; AqT UD,
preservative-free unit-dose aqueous tear formulation; LT MD, preserved multidose
lipid tear formulation; AqT MD, preserved multidose aqueous tear formulation;
OSDI, Ocular Surface Disease Index; SEM, standard error mean.
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Figure 2 Mean change in OSDI scores at day 30 by baseline OSDI score.

Notes: OSDI scores =18-32 were grouped as mild/moderate; scores >32-65
were grouped as severe. P=0.004 for LT UD compared with LT MD in the mild/
moderate group; error bars represent SEM.

Abbreviations: LT UD, preservative-free unit-dose lipid tear formulation; AqT UD,
preservative-free unit-dose aqueous tear formulation; LT MD, preserved multidose
lipid tear formulation; AqQT MD, preserved multidose aqueous tear formulation;
OSDI, Ocular Surface Disease Index; SEM, standard error mean.

group comparisons. Similar to TBUT, at day 30, within-group
mean changes from baseline were statistically significant
for all groups in Schirmer’s test scores (P<<0.05), but there
were no significant differences in mean changes among the
treatment groups (Figure 4).

Statistically significant reductions from baseline in cor-
neal staining were observed at days 7 and 30 for the LT UD,
AqT UD, and AqT MD groups (P<0.05), but not for the
LT MD group (Table 4). Although the reduction in corneal
staining from baseline to day 30 was significantly greater
for the AqQT UD group than the LT UD group (mean
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Figure 3 Mean TBUT at baseline and days 7 and 30 of study treatment.

Notes: The eye with the shorter average TBUT at baseline for each subject was
used in the analysis. P=<0.005 for LT UD, AqT UD, LT MD, and AqT MD at day 7
and day 30 compared with baseline; error bars represent the SEM.
Abbreviations: LT UD, preservative-free unit-dose lipid tear formulation; AqT UD,
preservative-free unit-dose aqueous tear formulation; LT MD, preserved multidose
lipid tear formulation; AqT MD, preserved multidose aqueous tear formulation;
TBUT, tear break-up time; SEM, standard error mean.
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Figure 4 Mean Schirmer’s score at baseline and days 7 and 30 of study treatment.
Notes: Schirmer’s score was measured for 5 minutes (with anesthesia). P<0.0| for
LT UD at day 7 and day 30 compared with baseline; P<<0.04 for LT MD at day 7
compared with baseline; P<<0.0l for LT MD at day 30 compared with baseline;
P=0.001 for AqT UD at day 7 and day 30 compared with baseline; P=0.004 for AqT
MD at day 30 compared with baseline; error bars represent SEM.

Abbreviations: LT UD, preservative-free unit-dose lipid tear formulation; AqT UD,
preservative-free unit-dose aqueous tear formulation; LT MD, preserved multidose
lipid tear formulation; AqT MD, preserved multidose aqueous tear formulation;
SEM, standard error mean.

between-group difference 0.78; P=0.045), the 95% CI for the
between-group comparison of these two groups was 0.02—
1.54 at day 30. Since the upper limit (1.54) was less than the
pre-specified clinical margin of 3.0, the data do not support a
conclusion of clinically relevant differences between AqT UD
and LT UD. Statistically significant reductions from baseline
in conjunctival staining were observed at days 7 and 30 for
the AqT UD group (P<<0.001) and at day 7 for the AqT MD
group (P<<0.05), but not for the LT UD or LT MD groups
(Table 4). However, the upper limits of the 95% CI for the
between-group analyses were less than the pre-specified
clinical margin of 3.0, indicating that there were no clinically
relevant differences in between-group comparisons.
Product usage and acceptability questionnaires showed
that the lipid eye drop formulations were equally utilized and
acceptable as the aqueous eye drop formulations. Overall,
acceptability scores were similar across the treatment groups
at each visit, except for responses to question 5 (“I prefer the
study eye drops to the artificial tears I used prior to entering
the study”) in the LT MD versus AqT MD (P=0.023 at day 7,
in favor of AqQT MD) and LT UD versus LT MD (P=0.021 at
day 30, in favor of LT UD) comparisons. Acceptability data at
day 30 are shown in Figure 5. There were no between-group

Clinical Ophthalmology 2015:9
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Table 4 Severity rating of corneal and conjunctival staining

LT UD AqT UD LT MD AqT MD Between-group comparisons (P-value)
LT UD versus LT UD versus LT MD versus
AqT UD LT MD AqT MD
Corneal, mean (SD)
Baseline 4.9 (3.8) 5.0 (3.9) 5.0 (3.8) 47 (3.2) 0.813 0.777 0.603
Change to day 7 —0.7 2.6)*  —1.3 (2.2)%** —0.3 (2.6) 1.1 (2.5)%* 0.074 0.291 0.076
Change to day 30 -0.7 (2.9)* —1.5 (2.4)%** 0.1 3.2) —1.4 (2.9)¥* 0.045 0.079 0.004
Conjunctival, mean (SD)
Baseline 6.7 (5.7) 6.1 (4.4) 6.3 (4.8) 6.7 (5.4) 0.368 0.590 0.655
Change to day 7 -0.5 (3.9) —1.2 (2.9)%** 0.2 (4.0) =11 (2.7)** 0.185 0.248 0.069
Change to day 30 —0.6 (4.2) —1.2 (3.7)%** 0.5 (3.8) -0.8 (3.7) 0.227 0.088 0.076

Notes: P-values for within-group analysis of changes from baseline using paired t-test: *P<<0.05; **P<<0.01; and ***P<<0.001. Staining was rated on the modified NEI rating
scale of 0-5. For each subject, the eye with the higher score at baseline was used in the analysis.

Abbreviations: LT UD, preservative-free unit-dose lipid tear formulation; AqT UD, preservative-free unit-dose aqueous tear formulation; LT MD, preserved multidose lipid
tear formulation; AqT MD, preserved multidose aqueous tear formulation; NEI, National Eye Institute; SD, standard deviation.

differences in the number of times the study treatments were
used during the week preceding the day 7 and day 30 visits,
and subjects instilled study treatments at a median of 3.0
(range 2—20) times a day prior to the visits for each group.

Safety

Treatment-emergent adverse events were reported in 11.4%,
15.5%, 13.7%, and 10.7% of subjects in the LT UD, AqT UD,
LT MD, and AqT MD groups, respectively (Table 5). A total of
21 subjects reported treatment-related adverse events; the most
frequent were instillation site pain and blurred vision. There were
no statistically significant differences between the treatment

groups in the incidence of clinically relevant biomicroscopy
findings or changes in distance visual acuity at days 7 or 30.

Discussion

This study demonstrated that both unit-dose and multidose
lipid-containing eye drops are similar to standard aqueous
eye drops in terms of efficacy, safety, and acceptability. All
four eye drop formulations resulted in statistically significant
improvements in OSDI scores from baseline at days 7 and 30,
and LT UD was shown to be non-inferior to AqT UD in
reducing the severity of dry eye symptoms at day 30 (primary
endpoint). There were no clinically significant differences in

Average acceptability score (1-100)

0

20 40 60 80

100
]

How comfortable are the study eye drops in
your eyes? (0= not comfortable at all, 100= very
comfortable)

How much blur do you have with the study eye
drops in your eyes? (0= much blur, 100= no blur)

How much burning/stinging do you have with the
study eye drops in your eyes? (0= much
burning/stinging, 100= no burning/stinging)

The study eye drops provide long-lasting relief
of dry eye discomfort (0= strongly disagree,
100= strongly agree)

| prefer the study eye drops to the artifical tears
| used prior to entering the study (0= strongly
disagree, 100= strongly agree)

Figure 5 Acceptability of study treatment at day 30 of study treatment.

LT UD (n=104)
[ AqT UD (n=103)
I LT MD (n=49)

Il Aa7 MD (n=55)

Notes: Acceptability was assessed with a 5-item questionnaire, scored on a visual analog scale of 0—100, with 0 representing minimal acceptability and 100 representing

maximum acceptability.

Abbreviations: LT UD, preservative-free unit-dose lipid tear formulation; AqT UD, preservative-free unit-dose aqueous tear formulation; LT MD, preserved multidose lipid

tear formulation; AqT MD, preserved multidose aqueous tear formulation.
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Table 5 Summary of adverse events

Incidence, n (%) LT UD AqT UD LT MD AqT MD
(n=105) (n=103) (n=51) (n=56)
Treatment-emergent AEs 12 (11.4) 16 (15.5) 7 (13.7) 6 (10.7)
Treatment-related AEs 5(4.8) 9 (8.7) 4(7.8) 3 (54)
Serious AEs? I (1.0) 0 (0.0 0 (0.0 | (1.8)
Treatment-emergent AEs reported in =2% of subjects in any treatment group
Instillation site pain 4(3.8) 4 (3.9) 2 (3.9) 2 (3.6)
Vision blurred 3(29) 4(3.9) 2(3.9) 2 (3.6)
Foreign body sensation in eyes 1 (1.0) 0 (0.0) 1 (2.0) 0 (0.0)
Visual acuity reduced I (1.0) 0 (0.0 1 (2.0) 0 (0.0
Ocular discomfort 0 (0.0) 3(29) 1 (2.0) 0 (0.0
Eyelid pruritus 0 (0.0 I (1.0) 1 (2.0) 0 (0.0
Conjunctival hemorrhage 0 (0.0) 0 (0.0) 1 (2.0) 0 (0.0)
Contusion 0 (0.0 0 (0.0 1 (2.0) 0 (0.0
Madarosis 0 (0.0 0 (0.0 1 (2.0) 0 (0.0

Notes: *Bile duct stone (LT UD, not treatment-related) and ankle fracture (AqT MD, not treatment-related).
Abbreviations: LT UD, preservative-free unit-dose lipid tear formulation; AqT UD, preservative-free unit-dose aqueous tear formulation; LT MD, preserved multidose lipid
tear formulation; AqT MD, preserved multidose aqueous tear formulation; AE, adverse event.

performance in TBUT, corneal staining, conjunctival staining,
and Schirmer’s test among the artificial tear formulations.
Mean conjunctival staining improved compared with baseline
in all treatment groups, reaching statistical significance in the
AqT UD group at day 30; however, the changes observed
were small (less than 2 units) and did not lead to any clinically
meaningful conclusions. All treatment groups had similar inci-
dences of adverse events; biomicroscopy and distance visual
acuity assessments did not reveal any safety concerns.

Eye drop utilization and acceptability scores were positive
and similar across treatment groups, except for the question
about subject preference of the study eye drops over their pre-
vious artificial tears. This could possibly be due to the higher
percentage of subjects who previously used Optive® in the LT
MBD group (21.6%), compared with the AqT MD group (14.3%),
which may have minimized the change observed at day 7 in the
LT MD group. However, the higher percentage of subjects who
previously used Optive® in the preserved LT MD group (21.6%)
compared with the preservative-free LT UD group (15.2%),
is unlikely to have favored LT UD at 30 days as there was no
significant difference in tolerability between the two groups.
Additionally, subjects used artificial tears a median of three times
aday, thus there may have been a difference between the adverse
effects observed with preservative versus non-preservative for-
mulations in subjects who used the eye drops more frequently
for treatment of more severe dry eye.

Previously published studies have reported that a single
instillation of an emulsion eye drop containing castor oil
induced restructuring of the lipid tear film in patients with dry
eye disease.”!’ Lipid-based eye drops used for 2 weeks!'' or
30 days'? have also been found to have a significantly greater
effect than aqueous drops in reducing the rate of tear film
evaporation. A more recent prospective, multicenter study

of 1,209 patients conducted in a routine clinical setting in
Germany confirmed the effectiveness of the same multidose
artificial tear formulation containing castor oil (LT MD) evalu-
ated in the current study in reducing the signs and symptoms
of all types of dry eye, although it was recommended for lipid-
deficient dry eye disease.'® In addition, eye drops containing a
2% concentration of castor oil have been shown to be effec-
tive in treating non-inflamed, obstructive meibomian gland
dysfunction, without causing complications such as blurred
vision.'* Other studies of emulsion eye drops with higher con-
centrations of castor oil and without carboxymethylcellulose or
osmoprotectants have reported adverse event rates (including
blurring of vision and burning/stinging) as high as 19.5% in
subjects with severe dry eye.'® Therefore, the results from the
current study suggest that reduction in the total amount of oil,
both LT UD and LT MD contained 0.25% castor oil which
is lower than the 1.25% to 5.5% concentrations reported in
other eye drop products containing oils,'>'*!1® and addition
of carboxymethylcellulose and osmoprotectants, provide a
substantial improvement in subject comfort and acceptability
compared with earlier lipid-based eye drops.

A recent systematic review concluded that there is
substantial evidence that lipid-containing eye drops are
effective in improving signs and symptoms of dry eye, and
recommended their use in clinical practice.'” Since this study
demonstrates that efficacy, safety, and acceptability were
similar for the lipid-containing formulations and advanced
aqueous drops, the results support the use of these lipid-
containing artificial tears in individuals with dry eye to
improve tear film stability without compromising overall
clinical performance.

A potential limitation of the study was the use of the
OSDI score, which assesses the frequency of symptoms but
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does not account for the severity of each symptom episode.
In addition, the absence of a washout period before initiation
of study treatment could have influenced outcomes, espe-
cially at day 7. However, overall results of the study were
consistent at days 7 and 30.

Conclusion

The lipid-containing artificial tears tested were as safe,
effective, and acceptable as the aqueous eye drops. All four
formulations produced statistically significant improvements
in OSDI scores from baseline at days 7 and 30, and LT UD
was non-inferior to AqT UD in reducing the severity of dry
eye symptoms at day 30 (primary endpoint). Overall accept-
ability was also similar across the groups.
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