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ABSTRACT

Purpose/Aims: This study assessed the efficacy and safety of brimonidine tartrate ophthalmic solution,
0.025% for treating ocular redness in adult subjects.

Materials and Methods: This was a single-center, double-masked, randomized, vehicle-controlled, paral-
lel-group study in subjects =40 years, with ocular redness. Subjects were randomized 2:1 to brimonidine
or vehicle, instilled QID for four weeks. Subjects completed four visits, the last occurring one week after
treatment discontinuation. The investigator assessed ocular redness on a scale of 0-4 pre-instillation and
5-240 minutes post-instillation on Day 0, pre-instillation and 5 minutes post-instillation on Days 14 and
28, and on Day35; subjects assessed redness in diaries throughout the 28-day treatment period and
following treatment discontinuation. Safety assessments included adverse events (AEs), rebound redness
on treatment discontinuation, comprehensive ophthalmic exams, and vital signs. Drop comfort was
assessed upon instillation, and 30 seconds and 1 minute post-instillation at Day 0.

Results: Fifty-seven subjects (brimonidine, n = 38; vehicle, n = 19) were randomized. Investigator-
assessed ocular redness was significantly reduced with brimonidine across the entire post-instillation
time period (overall treatment difference: —1.37; P < 0.0001) and at all individual time points (P < 0.0001).
Subject-assessed ocular redness was also significantly lower with brimonidine (P < 0.0005). No tachy-
phylaxis was evident. There were few ocular AEs, all mild to moderate in severity, and no redness
rebound was observed upon brimonidine discontinuation. There were no effects on any safety mea-
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sures, and both brimonidine and its vehicle were reported to be very comfortable.
Conclusions: Brimonidine 0.025% appeared safe, well tolerated, and reduced ocular redness for at
least 4 hours. No tachyphylaxis or rebound redness upon treatment discontinuation was observed.

Introduction

Ocular redness, or hyperemia, is a common ophthalmic con-
dition typically caused by inflammation of the conjunctiva
due to allergy, exposure to environmental irritants, or as a
reaction to infectious agents (e.g., bacteria, virus). Preferred
treatment depends on the cause of redness.”> For instance,
current agents used to treat allergic conjunctivitis include
antihistamines and mast cell stabilizers. Topical vasoconstric-
tor agents (i.e. ocular decongestants) are commonly used to
treat ocular redness, particularly non-allergic and non-infec-
tious redness caused by minor eye irritations."* Current over-
the-counter (OTC) vasoconstrictors are a-adrenergic receptor
(a-AR) agonists. These agents induce smooth muscle contrac-
tion and differ in their affinity for the a;- and a,- AR sub-
types. Phenylephrine and tetrahydrozoline are considered
selective a;-AR agonists,” while naphazoline and oxymetazo-
line are considered mixed a;/a,- AR agonists.*

Current topical vasoconstrictors are highly efficacious in
treating congestion in the eye (ocular redness); however, their
use can be associated with tachyphylaxis (tolerance or loss of
effectiveness) and redness rebound upon treatment disconti-
nuation (worsening of condition as compared to baseline),

pupil dilation, and systemic side effects (e.g., somnolence,
dizziness), all of which may restrict long term use of these
drugs.””® Research suggests that tachyphylaxis is caused by an
internalization of the a;-ARs and subsequent downregulation
of surface a;-ARs and that a,-AR vasoconstrictors may not be
subject to this side-effect.””" In addition, a;-ARs appear to
be predominantly expressed in the arteries and therefore
sustained use of a;-AR agonists may result in vasoconstric-
tor-induced tissue ischemia and release of vasodilators.*'*"!
In contrast, a,-ARs appear to be predominantly expressed in
veins and likely have a reduced potential for this associated
risk.!%!! Hence, recent efforts have been aimed at developing
a,-AR specific agonists for use in the reduction of non-aller-
gic or non-infectious ocular redness.

Brimonidine is a third-generation selective a,-AR agonist
with a relative binding affinity for the a,- and a;-AR of
~1000:1."*"* First approved at a concentration of 0.2% in
1996 for the reduction of elevated intraocular pressure (IOP)
in patients with open-angle glaucoma or ocular hypertension,-
'~ brimonidine has been shown to be an effective vasocon-
strictor in the skin, and a 0.33% brimonidine gel (Mirvaso®,
Galderma Laboratories, Fort Worth, TX) was approved in
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2013 as a topical dermal treatment for non-transient facial
erythema secondary to rosacea in adults.">'® Brimonidine has
been shown to control bleeding and/or subconjunctival hemor-
rhaging during ocular surgery, attesting to its potent vasocon-
striction function in ocular tissue.”~>* It has also been reported
to prevent bleeding associated with intravitreal injections
and to induce conjunctival blanching prior to surgery.'”*>**
While allergic reactions are associated with a,-AR agonists and
have been reported with brimonidine, the incidence appears
dose-related and is expected to occur less frequently at lower
doses.”>*°

The aim of this study was to evaluate the safety and efficacy
of a low dose formulation of brimonidine, namely brimoni-
dine tartrate ophthalmic solution, 0.025%, compared to its
vehicle for relief of ocular redness in a population of adult
(defined as 40 years of age or older) subjects with redness of
an undetermined nature representative of a real world popu-
lation. Redness reduction was evaluated in-office through
4 hours following a single-dose. Thereafter treatment was
instilled four times daily for one month to assess the potential
for tachyphylaxis; in addition, redness was assessed following
treatment discontinuation to evaluate the potential for
rebound redness.

Materials and methods
Study design

This was a single-center, double-masked, randomized, vehi-
cle-controlled, parallel-group, safety and efficacy study
(ClinicalTrials.gov identifier: NCT01675609). The study was
comprised of four visits and lasted approximately five weeks.
The study was approved by an Institutional Review Board
(Alpha IRB, San Clemente, CA), and was performed in com-
pliance with the ethical principles of the Declaration of
Helsinki and Good Clinical Practice (GCP). All subjects, or
their legally acceptable representative, signed IRB-approved
written consent and Health Insurance Portability and
Accountability forms before study participation.

Subject eligibility criteria

Healthy adult (aged 240 years) subjects with stable ocular
health, defined as no ocular conditions requiring therapy or
surgical intervention, were enrolled in the study. Additionally,
subjects were required to have a history of vasoconstrictor
(redness relief drops) use or a desire to use vasoconstrictors
for redness relief within the last six months and have ocular
health otherwise within the normal limits, including a calcu-
lated best-corrected (if necessary) visual acuity of 0.3 logMar
or better in each eye. Females of child-bearing potential had
to agree to a pregnancy test at Day 0 (Visit 1) and at study
exit. At Visit 1, the subject must have had a baseline redness
score >1 on a scale of 0-4 (where 0 = no ocular redness,
4 = extremely severe ocular redness) in both eyes as scored by
the investigator using the Investigator Ocular Redness Scale
(Ora Calibra®, Ora, Inc., Andover, MA); this scale is based on
photographic standards and has been used in a previous
study.

Exclusion criteria included: known contraindications or
sensitivities to study medication; ocular surgery within three
months or refractive surgery within the past six months; any
current or prior ocular or systemic condition that, in the
opinion of the investigator, could have confounded study
data, interfered with the subject’s study participation, or
affected the subject’s safety or trial parameters; a known
history of retinal detachment, diabetic retinopathy, or active
retinal disease; the presence of an active ocular infection or
positive history of an ocular herpetic infection; prior (within
5 days of beginning study treatment) or anticipated concur-
rent use of artificial tear products, eye whiteners (e.g., vaso-
constrictors), decongestants, antihistamines (including OTC
and herbal topical ophthalmic medications), any other topical
ophthalmic agents, and contact lenses; prior (within 14 days
of beginning study treatment) or anticipated concurrent use
of systemic corticosteroids or cancer chemotherapy, and/or
any other systemic medications which the investigator felt
may have confounded study data, interfered with subject’s
study participation, or affected the subject’s safety or trial
parameters; prior (within 30 days of beginning study treat-
ment) or anticipated concurrent use of an investigational drug
or device; planned surgery (ocular or systemic) during the
trial period or within 30 days after the study period; abnormal
blood pressure; IOP <5 mm Hg or >22 mm Hg; or a normal
IOP with a diagnosis of glaucoma at Day 0 (Visit 1).

Treatment and assessments

The concentration of brimonidine selected for this study was
based on results of a prior dose-response study (ClinicalTrials.
gov identifier: NCT01275105), which evaluated two low-dose
concentrations of brimonidine tartrate (0.01%, 0.025%) in
alleviating ocular redness and found the 0.025% dose to
have a stronger effect. The investigational product, brimoni-
dine tartrate ophthalmic solution, 0.025%, and its vehicle
(formulation without brimonidine tartrate), were manufac-
tured by Bio-Concept Laboratories (Salem, NH) and con-
tained benzalkonium chloride 0.01% as the preservative.
Treatments were supplied in identical 10-mL sterile bottles.
For masking purposes, all kits of active treatment or vehicle
were identical in appearance.

On Day 0 (Visit 1), subjects were randomized at a ratio of
2:1 (active: vehicle) to receive either brimonidine tartrate
ophthalmic solution, 0.025% or vehicle. Subjects instilled
one drop of study treatment bilaterally under the supervision
of a study technician and assessed drop comfort on a 0-10
unit scale (0 = very comfortable, 10 = very uncomfortable)
immediately upon instillation and 30 seconds and one minute
post-instillation. The investigator assessed ocular redness on a
scale of 0-4 (0 = none, 4 = extremely severe, with half-unit
increments) at 5(+1), 15(+1), 30(+1), 60(+10), 90(+10), 120
(+15), 180(+15), and 240(+15) minutes post study treatment
instillation using the Investigator Ocular Redness Scale.
Following these assessments, subjects were instructed to
dose one drop bilaterally, four times daily (QID) through
Day 28 + 2 days (Visit 3) with no less than a 3.5 hour
separation between doses, beginning the next morning.
Subjects were instructed to assess ocular redness for each
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eye (0-4 unit scale, with whole unit increments, based on the
same photographic standards as those used in the Investigator
Ocular Redness Scale) prior to dosing and then approximately
2 minutes after each dose for each of the four daily doses, and
to record the time of dosing in their diaries. For the first dose
of each day, the subjects were also asked to assess whether or
not the drop made their eyes whiter. If the subject reported
eye whitening, he/she was to record how long the whitening
effect lasted.

Subjects returned for clinic visits on Day 14 + 2 days (Visit
2), Day 28 + 2 (Visit 3), and Day 35 + 1 day (Visit 4), and
were instructed not to dose within 3.5 hours of their sched-
uled clinic visits on Day 14 and Day 28. At these visits, study
treatment was instilled by a study technician and ocular red-
ness was assessed by the investigator prior to and five minutes
post-instillation. Subjects did not instill any study treatment
from Day 28 to Day 35, but continued to record their ocular
redness QID. Finally, the investigator assessed ocular redness
at the last visit, approximately 7 days following treatment
discontinuation, to evaluate the presence of any rebound
redness.

Subject compliance with dosing instructions was evaluated
by in-office review of subject dosing diaries at Day 14 (Visit 2)
and Day 28 (Visit 3) and was determined by dividing the
number of doses taken (based on diary entries) by the number
of doses expected, multiplied by 100. Subjects were considered
non-compliant if they had dosing compliance <80%.

Efficacy and safety parameters

The primary efficacy endpoints included ocular redness eval-
uated by the investigator prior to study treatment instillation
and at indicated time points post instillation at Day 0 (Visit
1), and ocular redness evaluated by the subject throughout the
treatment period (between Day 0 [Visit 1] and Day 14 [Visit
2] and between Day 14 [Visit 2] and Day 28 [Visit 3]). Ocular
redness evaluated by the investigator at Day 14 (Visit 2) and
Day 28 (Visit 3) was considered a secondary efficacy end-
point. Duration of the whitening effect evaluated by the sub-
ject throughout the treatment period was an exploratory
efficacy endpoint. Drop comfort was a tolerability endpoint.
Safety measures included vital signs, visual acuity (VA;
best-corrected if necessary), slit lamp biomicroscopy, 1OP,
dilated ophthalmoscopy, alertness evaluation, and rebound
redness examinations. All adverse events (AEs), regardless of
relationship to the study drug, were monitored and reported
throughout the study. A subject was considered to have ocular
redness rebound if they had ocular redness evaluated by the
investigator at Day 35 (Visit 4) greater than that at baseline
prior to drug treatment and/or they had noted ocular redness
in their dosing diary in the follow-up period, after dosing had
ceased, greater than that observed at baseline. Investigators
evaluated subject alertness by asking questions based on the
previous week using a 6-point scale (0 = fully alert, 5 = coma).

Data analysis and statistical methods

For efficacy, tolerability, and non-ocular safety assessments,
data were analyzed by subject and the average of both eyes
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was used for analysis of assessments. Ocular safety assess-
ments were analyzed for each eye with the exception of ocular
redness rebound, which used the average of both eyes.
Categorical variables were summarized using frequencies
and percentages and continuous variables were summarized
using the descriptive statistics. All randomized subjects who
received at least one dose of study treatment were included in
the intent-to-treat (ITT) and safety population. All subjects
who completed the study with no major protocol deviations
were included in the per-protocol (PP) population.

A sample size of 40 subjects in the brimonidine group and
20 subjects in the vehicle group was determined to have
approximately 95% power to detect a between treatment dif-
ference of 1.0 unit in mean ocular redness using a two-sample
t-test, assuming a standard deviation (SD) of 1.0 unit.

For the primary efficacy parameter of ocular redness as
assessed by the investigator at Day 0, brimonidine was com-
pared to vehicle using an analysis of covariance (ANCOVA)
model accounting for repeated measures and adjusting for
treatment, time point, treatment by time point interaction,
and baseline (pre-instillation) scores. In addition, the differ-
ences between treatments at each time point were analyzed
using two-sample t-tests. The primary efficacy parameter of
ocular redness, as recorded in subject diaries during the
treatment period, was analyzed using a repeated measures
analysis of variance (ANOVA) model. Treatment, day, and
the treatment by day interaction were all included in the
model and daily averages were used for each subject. The
primary efficacy analyses were performed on the ITT popula-
tion with the last observation carried forward (LOCF) or on
observed data only, where indicated. Supportive efficacy ana-
lyses were performed on the PP population as observed.

Treatment differences in ocular redness as assessed by
investigators at Days 14 and 28 (Visits 2 and 3) were analyzed
using two-sample t-tests. Additionally, Fisher’s exact test was
used to compare the percentage of subjects with total clear-
ance (redness scores of 0) in the two treatment groups post-
instillation at each of the on-treatment visits (Day 0, 14, and
28). Ocular whiteness assessments, as captured in subject
diaries throughout the treatment period, were summarized
descriptively.

AEs were coded by MedDRA (version 13.1) system organ
class and preferred term. An AE was considered if it occurred
or worsened after the first dose of study treatment. AEs were
summarized with frequencies and percentages by treatment
group and for all subjects. Drop comfort was summarized in
the safety population using descriptive statistics and compar-
isons were made across treatment groups using two-sample
t-tests. All other safety outcomes were summarized by treat-
ment group using continuous summary statistics for contin-
uous variables and percentages for discrete variables.

Results
Subject disposition and demographics

A total of 72 subjects were screened and 57 subjects were
randomized (brimonidine, n = 38; vehicle, n = 19) at Day 0
(Visit 1) and included in the ITT population and safety
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population. Of the 57 subjects in the ITT population, 14
subjects did not complete the study (brimonidine, n = 11;
vehicle, n = 3). Reasons for discontinuation included admin-
istrative reasons (no-show/loss to follow-up; brimonidine,
n = 6; vehicle, n = 2), AEs (brimonidine, n = 3; vehicle,
n = 1), and protocol violations (brimonidine, n = 2, both
non-compliance). One additional brimonidine-treated subject
was excluded due to a major protocol violation (non-compli-
ance). Hence, the PP population contained 42 subjects.
Subject demographics were balanced between the two treat-
ment groups with regard to age, gender, race, and iris color
(Table 1). Day 0 (Visit 1) mean (SD) ocular redness score
before drug instillation was 1.82 (0.376) in the brimonidine
group and 1.96 (0.346) in the vehicle group.

Overall, 47/57 (82%) of subjects were >80% compliant with
dosing instruction (30/38 [79%] in the brimonidine group and
17/19 [89%] in the vehicle group). None of the 10 subjects
that were <80% compliant completed the study.

In-office ocular redness assessment

Day 0 (Visit 1) in-office investigator-assessed ocular redness
scores prior to study treatment instillation through 4 hours
post study treatment instillation are shown in Figure 1. The
mean post-dose redness for the entire post-instillation time
period was statistically significantly different in favor of bri-
monidine 0.025% treatment with a least squares (LS) mean
difference (95% CI) between brimonidine and vehicle treat-
ment of —1.37 (-1.56, —1.18) for both mean redness and for
mean change from baseline in redness (P < 0.0001 for both).
Additionally, redness was significantly lower in brimonidine-
treated eyes compared with vehicle-treated eyes at each indi-
vidual post-instillation time point from 5 minutes to 240 min-
utes for both mean scores and for mean change from baseline
(P < 0.0001 for all). Brimonidine had a rapid onset of action
with a significant reduction in ocular redness seen at 5 minutes
post-instillation, the first evaluation time point. Mean (SD)
ocular redness scores were 0.17 (0.377) and 1.75 (0.589) in the
brimonidine and vehicle group, respectively, at this time

Table 1. Baseline subject demographics.

point. Peak efficacy was achieved at 15 minutes post-instilla-
tion, and brimonidine maintained statistically significant effi-
cacy compared to vehicle through 4 hours post-instillation,
the last evaluation time point. Analyses using the PP popula-
tion with data as observed were consistent with findings with
the ITT population.

Day 14 and 28 (Visits 2 and 3) investigator-evaluated
ocular redness prior to study treatment instillation and 5 min-
utes post instillation were comparable to those observed at
Day 0 (Visit 1). Day 14 and 28 mean (SD) ocular redness
scores were 1.46 (0.731) and 1.40 (0.529) pre-instillation
decreasing to 0.63 (0.646) and 0.59 (0.524) post-instillation,
respectively, in the brimonidine group. In contrast, Day 14
and 28 mean (SD) ocular redness scores were 1.69 (0.583) and
1.69 (0.520) pre-instillation and 1.50 (0.690) and 1.61 (0.532)
post-instillation, respectively, in the vehicle group. The differ-
ence between treatments at these visits 5 minutes post study
treatment instillation was significant whether comparing the
mean redness or mean change from baseline in redness
(P < 0.0002 for all). These results were supported by the
ocular redness analyses in the PP population with data as
observed.

As expected based on results for mean ocular redness, the
percentage of subjects with total clearance of ocular redness at
Day 0 (Visit 1) was significantly higher in the brimonidine
treatment group compared to the vehicle treatment group at
all post-instillation assessment times (P < 0.040; Figure 2).
The proportion of subjects with total clearance peaked at the
15 minute time point with 78.9% of the subjects in the
brimonidine group showing total clearance, and at 4 hours
post-instillation, 22% of subjects still maintained total clear-
ance. Brimonidine remained effective at reducing ocular red-
ness throughout the study with 34.5% and 33.3% of
brimonidine-treated subjects showing total clearance of red-
ness at 5 minutes post-instillation on Days 14 and 28 (Visits 2
and 3), respectively, compared to none of the vehicle-treated
subjects (P < 0.0161). Similarly, in the PP population, a
greater percentage of subjects in the brimonidine treatment
group had total clearance of ocular redness compared to the

Brimonidine 0.025% Vehicle All Subjects
(N = 38) (N=19) (N =57)
Age
Mean (SD) 56.8 (9.64) 54.3 (8.69) 55.9 (9.33)
Median (Min—Max) 55.5 (41-77) 51.0 (43-69) 55.0 (41-77)
Geriatrics (=65 years), n (%) 8 (21.1%) 4 (21.1%) 12 (21.1%)
Gender
Male, n (%) 8 (21.1%) 5 (26.3%) 13 (22.8%)
Female, n (%) 30 (78.9%) 14 (73.7%) 44 (77.2%)
Ethnicity
Hispanic, n (%) 3 (7.9%) 0 (0.0%) 3 (5.3%)
Non-Hispanic, n (%) 35 (92.1%) 19 (100.0%) 54 (94.7%)
Race
American Indian or Alaskan Native, n (%) 1 (2.6%) 0 (0.0%) 1(1.8%)
Black or African American, n (%) 1 (2.6%) 3 (15.8%) 4 (7.0%)
White, n (%) 36 (94.7%) 16 (84.2%) 52 (91.2%)
Iris Color*
Blue, n (%) 38 (50.0%) 12 (31.6%) 50 (43.9%)

Brown, n (%)
Hazel, n (%)
Green, n (%)

22 (28.9%)
8 (10.5%)
8 (10.5%)

18 (47.4%)
6 (15.8%)
2 (5.3%)

40 (35.1%)
14 (12.3%)
10 (8.8%)

SD = standard deviation; n = number of subjects; % = percentage of subjects in the treatment group.

*For iris color, n = number of eyes.
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Figure 1. Investigator-evaluated ocular redness scores (0-4 scale) before and after instillation of brimonidine tartrate ophthalmic solution, 0.025% or its vehicle at
Day 0 (Visit 1). Data are the mean (SD) for the ITT population with last observation carried forward.
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P<0.0404 for the difference between treatments at each post instillation time point.

Figure 2. Percentage of subjects with total clearance of ocular redness at Day 0
(Visit 1) following instillation of brimonidine tartrate ophthalmic solution,
0.025% or its vehicle.

vehicle treatment group at all time points throughout the
study (P < 0.014), with the exception of the 240 minute time
point on Day 0 (P = 0.1374).

At-home subject diary ocular redness assessment

Evaluation of the subject diary data showed that subjects
treated with brimonidine 0.025% had lower pre-dose and
post-dose mean ocular redness compared to subjects in the
vehicle group (Table 2). Mean (SD) post-dose redness
scores were significantly lower in the brimonidine 0.025%
group compared to vehicle group for post-instillation time
points evaluated between Days 0 and 14 (Visits 1 and 2;
P = 0.0005) and between Days 14 and 28 (Visits 2 and 3;
P < 0.0001). These results were supported by analyses in
the PP population as observed. Figure 3 presents average
daily post-instillation ocular redness scores based on sub-
ject diaries during each on-treatment day of the study and
redness scores reported for the 7 days following treatment
discontinuation. Brimonidine-treated eyes had greater
reductions in redness starting on Day 1 of the 4 week

treatment period, and this treatment effect continued
through Day 28. Thereafter, following discontinuation of
treatment, ocular redness scores returned to baseline levels.
Analysis of morning and last daily dose diary data showed
that brimonidine-treated eyes had significantly less ocular
redness than vehicle-treated eyes at each time point on
treatment through Day 28 (P < 0.0069 and P < 0.0264,
respectively).

Subjective assessment of ocular whitening was an explora-
tory endpoint. There were more subjects reporting that their
eyes were whiter in the brimonidine treatment group com-
pared with the vehicle treatment group following the first
dose of each day throughout the treatment period (Table 3).
However, less than half of subjects reporting whiter eyes
reported the duration of whitening in their diaries. Analysis
of the available data showed that there was a significant
difference between treatments in duration of whiteness in
favor of vehicle between Days 0 and 14 (Visits 1 and 2;
P < 0.0001), but not between Days 14 and 28 (Visits 2 and 3).

Ocular redness rebound

To assess ocular redness rebound, study treatment was dis-
continued at Day 28 (Visit 3), and subjects continued to
record their ocular redness QID for seven days until Day 35
(Visit 4) at which point the investigator assessed ocular red-
ness. There was no evidence of redness rebound (i.e. worsen-
ing) after subjects discontinued dosing based on investigator-
evaluated ocular redness at Day 35 (Visit 4) and based on
subject diaries for assessments over the seven days between
Days 28 and 35 (Visit 3 and 4) as shown in Table 4. Day 35
(Visit 4) mean in-office ocular redness score for the brimoni-
dine and vehicle treatment groups were similar to mean in-
office pre-instillation scores on Day 0, 14, and 28 (Visits 1, 2
and 3). Likewise, subject diary data showed that the ocular
redness scores recorded between Days 28 and 35 (Visit 3 and
4) were similar to those recorded at pre-instillation time
points evaluated between Days 0 and 14 (Visits 1 and 2) and
between Days 14 and 28 (Visits 2 and 3) for each treatment
group. Diary assessments of ocular redness following
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Table 2. Ocular redness (Mean [SD]) - subject diaries — ITT population with last observation carried forward.

Brimonidine 0.025% Vehicle
(N =38) (N=19)
Day 0-Day 14 (Visit 1 - Visit 2)
Daily Pre-Dose 1.00 (0.858) 1.53 (1.023)
Daily Post-Dose 0.51 (0.650) 1.35 (1.031)
P value* 0.0005 -
Day 14-Day 28 (Visit 2 - Visit 3)
Daily Pre-Dose 1.00 (0.811) 1.53 (0.925)
Daily Post-Dose 0.50 (0.607) 1.39 (0.921)
P value* <0.0001 -

ITT = intent-to-treat; SD = standard deviation.
*P-value from ANOVA based on least squares means.
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Figure 3. Average daily post-instillation ocular redness scores (0-4 scale) based
on subject diary data during treatment (Days 0 to 28) and for seven days
following treatment discontinuation (Days 29 to 35). Data are the mean (SEM)
for the ITT population with observed data only.

treatment discontinuation (diary days 28-35) showed that the
return of ocular redness to baseline levels occurred within
24 hours of treatment discontinuation (Figure 3).

Safety evaluations

Three (7.8%) subjects in the brimonidine group and 1 (5.3%)
subject in the vehicle group discontinued from the study due
to AEs. The three brimonidine-treated subjects were

withdrawn for AEs (2 ocular and one non-ocular) suspected
of being related to study treatment (eye irritation, instillation
site pain, and nasal discomfort), and the vehicle-treated sub-
ject was withdrawn for bacterial pneumonia that was consid-
ered unrelated to study treatment. The brimonidine-treated
subject with eye irritation was recovering at the end of the
study, and the other three subjects’ AEs had resolved by the
end of the study.

There were no reports of serious AEs, and all AEs were
considered mild to moderate in severity. In the brimonidine
group, 10 (26.3%) subjects reported 11 ocular AEs and 8
(21.1%) subjects reported 10 non-ocular AEs. In the vehicle
group, three (15.8%) subjects reported four ocular AEs and
four (21.1%) subjects reported five non-ocular AEs. Ocular
AEFs are presented in Table 5. The most common ocular AEs
with brimonidine were instillation site pain and dry eye, whereas
the most common ocular AEs with vehicle were instillation site
pain and eye irritation. Among ocular AEs, all but three events in
brimonidine subjects (dry eye, conjunctival hemorrhage, visual
acuity reduced) and two events in one vehicle-treated subject
(eye irritation) were suspected of being treatment-related. Of the
15 non-ocular AEs, two events, both in brimonidine-treated
subjects were suspected of being treatment-related and included
rhinitis (2.6%) and nasal discomfort (2.6%).

Brimonidine 0.025% did not appear to have any significant
effects on the overall health or mean heart rate/blood pressure
of subjects (data not shown). No clinically meaningful
changes were noted in VA, ophthalmic examinations, or

Table 3. Ocular whitening - subject diaries — ITT population with observed data only.

Brimonidine 0.025% Vehicle
Time Point Statistic (N = 38) (N =19)
Day 0-Day 14 (Visit 1 - Visit 2) Total Number of Subject Days with Responses 423 227
Post Dose 1 Instances of Whiter Eyes 228 (53.9%) 66 (29.1%)

Duration of Whitening (Hours)

n 154 58
Mean (SD) 2.72 (1.326) 4.13 (2.379)
Median 3.00 4.00
Min - Max 0.1-8.0 0.3-8.0
P value* <0.0001 -

Day 14-Day 28 (Visit 2 - Visit 3) Total Number of Subject Days with Responses 408 226

Post Dose 1 Instances of Whiter Eyes

205 (50.2%) 57 (25.2%)

Duration of Whitening (Hours)

n
Mean (SD)
Median
Min - Max
P value*

116 39
2.62 (1.150) 2.98 (1.833)
2.00 3.50
1.2-8.0 0.3-8.0

0.1524 —

ITT = intent-to-treat; SD = standard deviation; N = total number of subjects in each treatment group; n = total number of instances where the whitening duration
was reported; percentages are based on the total number of subject days with responses; duration = length of time that the eyes stayed white, and only includes

instances where duration was provided.

*P value calculated using a two-sample t-test comparing the active treatment to the vehicle.
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Brimonidine 0.025% Vehicle
Time Point Statistic (N = 38) (N=19)
In-Office
Day 0 (Visit 1) N 38 19
Pre-Instillation Mean (SD) 1.82 (0.376) 1.96 (0.346)
Day 14 (Visit 2) N 30 17
Pre-Instillation Mean (SD) 1.46 (0.731) 1.69 (0.583)
Day 28 (Visit 3) N 27 16
Pre-Instillation Mean (SD) 1.40 (0.529) 1.69 (0.520)
Day 35 (Visit 4) N 27 16
Mean (SD) 1.70 (0.537) 1.81 (0.512)
Diary
Visit 1-Visit 2 N 35 18
Pre-Dose Mean (SD) 1.00 (0.858) 1.53 (1.023)
Visit 2-Visit 3 N 31 17
Pre-Dose Mean (SD) 1.00 (0.811) 1.53 (0.925)
Visit 3-Visit 4 N 27 16
Mean (SD) 1.11 (0.894) 1.78 (0.957)
SD = standard deviation; N = number of subjects.
Table 5. Ocular adverse events — safety population.
Brimonidine 0.025% Vehicle
(N = 38) (N=19)
System Organ Class/Preferred Term * Events Subjects Events Subjects
Total number of ocular AEs 11 10 (26.3%) 4 3 (15.8%)
Eye Disorders
Dry Eye 3 3 (7.9%) 0 0 (0.0%)
Eye Irritation 1 1 (2.6%) 2 1 (5.3%)
Conjunctival Hemorrhage 1 1 (2.6%) 0 0 (0.0%)
Eye Discharge 1 1 (2.6%) 0 0 (0.0%)
Eye Pain 1 1 (2.6%) 0 0 (0.0%)
Visual Acuity Reduced 1 1 (2.6%) 0 0 (0.0%)
General Disorders and Administration Site Conditions
Instillation Site Pain 2 2 (5.3%) 2 2 (10.5%)
Instillation Site Irritation 1 1 (2.6%) 0 (0.0%)

*MedDRA coding dictionary (version 13.1).

dilated fundoscopy. Mean (SD) change from baseline in IOP
at Visit 3 was similar across treatment groups (brimonidine:
OD = —0.1 [1.49], OS = —0.4 [1.31]; vehicle: OD = —0.1 [0.93],
OS = 0.0 [0.82]). Of the brimonidine eyes that showed a
decrease in IOP, the majority (67%) had a decrease of 1 mm
Hg suggesting that brimonidine had no substantial impact on
IOP following QID dosing for four weeks. There were no
subjects with a decrease (or increase) in IOP >3 mm Hg.

Brimonidine 0.025% did not cause any somnolence when
dosed QID for 28 days; all subjects were assessed as “fully
alert” by the investigator throughout the study. Subjects assessed
drop comfort immediately upon instillation, 30 seconds and
1 minute after drug instillation and reported the drug to be
very comfortable. No significant differences were noted between
the two treatment groups for drop comfort. Mean (SD) drop
comfort scores in the brimonidine and vehicle groups, respec-
tively, were 0.8 (1.48) and 0.5 (1.42) upon instillation
(P=0.4399),0.7 (1.05) and 0.4 (1.38) 30 seconds post-instillation
(P = 0.5637), and 0.6 (0.93) and 0.3 (0.93) 1 minute post-
instillation (P = 0.2175)

Discussion

While treatment of ocular redness should be directed at the
cause of redness, topical vasoconstrictors may be an option
when there is no obvious underlying pathology. Ocular

redness relief medications available today have a less than
optimal safety and efficacy profile with side effects that
include tachyphylaxis, rebound redness upon discontinuation,
pupillary dilation, and systemic side effects. Therefore, there is
a need to develop drugs that provide effective relief from
ocular redness with minimal side effects. Brimonidine is a
third-generation selective a,-AR agonist. This study evaluated
the safety and efficacy of brimonidine tartrate ophthalmic
solution, 0.025% compared to vehicle for treatment of ocular
redness when dosed QID in adult subjects with redness of an
undetermined nature. Subjects with redness from common
conditions such as bacterial or viral infections or prior/cur-
rent illness that could confound the study results were
excluded from participation.

Results of investigator assessments showed that brimoni-
dine 0.025% effectively reduced ocular redness as early as
5 minutes following drug instillation and maintained ocular
redness reduction through 4 hours, the last post-instillation
time point evaluated. The majority (79%) of brimonidine-
treated subjects had total clearance of redness 15 minutes
after drug administration and a significant number (22%) of
subjects maintained total clearance through 4 hours.
Consistent with research suggesting that the tachyphylaxis is
caused by downregulation of a;-AR receptors,””™"" brimoni-
dine, a selective a,-AR agonist, remained effective in reducing
ocular redness even after 4 weeks of QID dosing, with
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significant reductions in investigator-evaluated ocular redness
5 min post-instillation in brimonidine-treated eyes at each
follow-up in-office visit compared to baseline. Likewise, sub-
ject post-dose diary data showed that initial reductions in
redness in brimonidine-treated eyes were maintained through
the 4 week treatment duration (Figure 3). Of interest, diary
data also showed that subjects in the brimonidine group had
lower pre-dose and post-dose mean ocular redness scores
compared to subjects in the vehicle group. The differences
in the pre-dose averages between the two treatment groups
were likely driven by the fact that the duration of action of
redness reduction with brimonidine was longer than
3.5 hours, the minimum suggested dosing interval for at-
home dosing. Finally, subjects’ assessment of “eye whitening”,
an exploratory endpoint, showed that approximately twice as
many brimonidine-treated subjects reported whiter eyes com-
pared with vehicle-treated subjects.

Treatment with brimonidine 0.025% appeared safe and
well tolerated. Among the safety outcomes examined in this
study, investigators reported no significant ocular redness
rebound following discontinuation of brimonidine 0.025%.
Indeed, 1 week following treatment discontinuation, ocular
redness scores for both treatment groups were lower than
baseline scores. While there appeared to be a small difference
in ocular redness at baseline between these groups, this dif-
ference was present and constant throughout the pre-dose
assessments and was apparent again following treatment dis-
continuation on Day 28. Similarly, there was no evidence of
redness rebound following brimonidine 0.025% discontinua-
tion based on subject diaries.

There were no substantial effects of brimonidine 0.025%
on IOP, and there were few AEs reported overall. Only two
ocular AEs were reported more than once with each treatment
(dry eye and instillation site pain with brimonidine, and eye
irritation and instillation site pain with vehicle), and there
were only two withdrawals due to an ocular AE with brimo-
nidine (instillation site pain, eye irritation). Notably, there
were no reports of mydriasis for any brimonidine-treated
subject suggesting that brimonidine 0.025% does not dilate
the pupil contrary to non-selective a;-AR agonists. Studies
with high dose formulations of brimonidine (0.15-0.2%) used
for lowering IOP in subjects with glaucoma or ocular hyper-
tension have reported pupillary constriction, particularly
under scotopic conditions; however, there were also no
reports of miosis with low dose brimonidine in this study.>’~
* High doses of brimonidine have also been associated with
development of ocular surface allergic disease,’™' yet no
allergic reactions were reported during the course of our
study involving one month of treatment, nor were there AEs
commonly associated with ocular allergy such as conjunctival
hyperemia or pruritus. In keeping with the reported observa-
tion that the 0.15% brimonidine dose has a lower rate of
associated allergic disease than the 0.2% dose,”>* the rate
with the 0.025% brimonidine dose (6- to 8-fold lower than
in currently marketed formulations) may be negligible. It
follows that much larger studies and/or real-world experience
may be required to determine the precise incidence of ocular
allergy with low dose brimonidine; as well, studies with longer
treatment duration would inform or rule out the potential for

late-onset allergic reaction on long-term and/or repeated use.
Finally, most patients rated drop comfort of both brimonidine
and its vehicle as very comfortable with no difference between
treatments.

Systemic a,-AR agonists have been exploited pharmacolo-
gically for their sedative properties (e.g. dexmedetomidine)
and cardiovascular effects.”**> Previous studies following
topical instillation of brimonidine at concentrations up to
0.2% found minimal to no cardiovascular effects, although
fatigue and drowsiness were reported,”***® especially in
pediatric patients.’”*® Results from the current study demon-
strate brimonidine 0.025% did not cause any somnolence and
had no significant effect on mean heart rate or blood pressure,
suggesting that any sedative and cardiovascular effects follow-
ing topical administration are dose-dependent and not
expected in adults following low dose brimonidine, although
further studies are warranted.

A limitation of the study was the small sample size. Of the
subjects randomized, 14 (25%) failed to complete the study,
including 8 (14%) who were lost to follow-up. Despite the
small sample size, a significant treatment difference in redness
of >1.0 unit was observed in the ITT population as well as the
PP population, attesting to the efficacy of low dose brimoni-
dine as a redness reducer. Another potential study limitation
was the use of subject diaries to measure dosing compliance,
as subject self-reported data may sometimes be unreliable.

In conclusion, the results from this trial suggest that bri-
monidine tartrate ophthalmic solution, 0.025% is safe and well
tolerated and is effective in reducing ocular redness in adult
subjects. Additionally, use of brimonidine 0.025% does not
appear to be limited by side effects associated with currently
marketed ocular redness relief medications.
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