Brimonidine Ophthalmic Solution 0.025% for Reduction of Ocular
Redness: A Randomized Clinical Trial
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SIGNIFICANCE: The az-adrenergic receptor agonist brimonidine has been reported to induce conjunctival blanching
in cataract, strabismus, laser refractive, and filtration procedures. Clinicians are often faced with red eyes with no
apparent underlying pathology. Low-dose brimonidine reduced ocular redness in such subjects with efficacy main-
tained over 1 month and negligible rebound redness.

PURPOSE: The aim of this study was to evaluate the safety and efficacy of brimonidine tartrate ophthalmic solution
0.025% for the treatment of ocular redness.

METHODS: In this single-center, double-masked, phase 3 clinical trial, adult subjects with baseline redness of
more than 1 unitin both eyes (0- to 4-unit scale) were randomized 2:1 to brimonidine 0.025% or vehicle. A single
dose was administered in-office (day 1); thereafter subjects instilled treatment four times a day for 4 weeks, with
clinic visits on days 15, 29, and 36 (7 days post-treatment). Efficacy end points included investigator-evaluated
redness 5 to 240 minutes post-instillation on day 1 (primary); investigator-evaluated change from baseline 1,
360, and 480 minutes post-instillation on day 1, and 1 and 5 minutes post-instillation on days 15 and 29; total
clearance of redness, and subject-assessed redness. Safety/tolerability measures included adverse events, re-
bound redness, and drop comfort.

RESULTYS: Sixty subjects were randomized (n = 40 brimonidine, n = 20 vehicle). Investigator-assessed redness
was lower with brimonidine versus vehicle over the 5- to 240-minute post-instillation peried (mean [SE], 0.62
[0.076] vs. 1.45 [0.108]; P < .0001) and at each time point within that pericd {P < .0001). At 1, 360, and
480 minutes post-instillation, respectively, the mean differences (95% confidence interval) between treatments
were =0.73 (-~1.05 to -0.41), -0.57 (-0.84 to -0.29), and -0.39 (-0.67 to —-0.10), respectively. No
tachyphylaxis was evident with brimonidine on days 15 and 29, and minimal rebound redness was observed follow-
ing discentinuation. Adverse events were infrequent, and brimonidine was rated as very comfortable.
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CONCLUSIONS: Brimonidine 0.025% appeared safe and effective for reduction of acular redness, with an 8-hour
duration of action, no evidence of tachyphylaxis, and negligible rebound redness.
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Ocular redness is commonly due to inflammaticn of the con-
junctiva resuliing in vasodilation of the conjunctival blood vessels,
with multiple possible causes including allergy, infection, dryness
or fatigue, prolonged visual tasking, trauma, foreign body, and con-
tact lens wear.)'? Once all pathological causes of redness have
been ruled out, conjunctival vasoconstriction is of therapeutic
value, providing temporary relief of congestion. Current cphthaimic
decongestants are adrenergic receptor agonists and include the
sympathomimetic amine phenylephrine and the imidazolines
naphazoline, tetrahydrozoline, and oxymetazoline. These agents
are a;- or mixed o, /ap-adrenergic receptor agonisis and reduce oc-
ular redness through vasoconstriction.™* However, their use is as-
sociated with tachyphylaxis (tolerance or loss of effectiveness) with
continued use and/or rebound redness upon treatment discontinu-
ation, which restricts their long-term use.*® These adverse effects
are likely related to the actions of these agenits at the a,-adrenergic
receptor. Tachyphylaxis is thought to be due to a tolerance-related

internalization of g;-adrenergic receptors and subsequent down-
regulation of surface ay-adrenergic receptors.>1° Because of the
predominant vasoconstrictive effects of aj-adrenergic receptors
on arterial beds, ! rebound redness is thought to result from a gen-
eralized ischemia brought about by vasoconstriction with secondary
activation of an inflammatory cascade and/or loss of basal vascular
tone due to receptor down-reguiation.>®

Brimonidine tartrate is a selective imidazoline ay-adrenergic re-
ceptor agonist currently marketed as a 0.1 to 0.2% ophthalmic so-
fution for the treatment of ocular hypertension.*** Brimonidine
acts on the iris-ciliary body az-adrenergic receptors to mediate in-
traocular pressure lowering through reduction of aquecus humor
production and alse increases uveoscleral outfiow over the longer
term.' %% Brimonidine tartrate 0.5% gel is approved as a vasocon-
strictor for the treatment of nontransient facial erythema secondary
to rosacea.”’ As brimonidine affects vasoconstriction primarily via

the az-adrenergic receptor, it may have decreased potential for re-
£,

dampening of the ay-adrenergic receptor response, possibly through bound redness or tachphylaxis.®'®*¥ Brimenidine's effect on
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conjunctival blood vessels is dose dependent; at the high doses
used for intraocular pressure lowering, it has been associated with
hyperemia.?®?! In contrast, at low doses, it has been shown to be
associated with conjunctival whitening or “blanching”?%?> and to
control bleeding during ophthalmic surgery or associated with in-
travitreal injections.?>#4-2% These and other studies have driven
the development of a low-dose brimonidine formulation for the re-
duction of ocular redness, which was recently approved by the Food
and Drug Administration.

The objective of this phase 3 clinical trial was 1o evaluate the effi-
cacy and safely of brimonidine tartrate ophthalmic solution 0.025%
for treating ocular redness in a population of subjects with redness
of an undeterminad nature representative of a real-world population.
Radness reduction was evaluated in-office through 8 hours following
a single dose. Thereafter, treatment was instilled four times daily for
1 month in order to assess the potential for tachyphylaxis with con-
tinued use. Post-treatment assessments were also carried out to iden-
tify if rebound redness occurred following treatment discontinuation.

SESEESsssssaaes

METHODS

Study Design

This was a single-center {Total Eye Care, PA, Memphis, TN),
double-masked, randomized, vehicle-controlied, paraliel-group,
efficacy and safety study (Clinicalirials.gov NCT01955230). The
study was performed in compliance with the Declaration of Helsinki,
international Conference of Harmonization, Good Clinical Practice
Guidance, and all applicable local, state, and federal requirements.
Each subject or histher legal representative provided written in-
formed consent prior 1o any study-related procedures. The study
protocol, informed consent, and related documents were approved
by the investigational review board, Alpha IRE (San Clemente, CA).

Subjects

Subjects were 18 yesars or older with stable ocular health (de-
finad as no ocular conditions requiring therapy or surgical interven-
tion} and either a history of ocular vasoconstrictor use or a desire to
use over-the-counter vasoconstrictors for redness relief within the
previous & months, Participants were required to be able to seli-
administer or have a care provider available to administer study
treatmenis. Female subjects of childbearing potential underwent
urine pregnancy testing at day 1 {visit 1}, and at exit, and all sub-
jects agreed to use at least one medically acceptable form of birth
contrcl. All subjects had ccular health otherwise within normal
limits, including a best corrected visual acuity of 0.3 logarithm of
the minimum angle of resolution or better in each eye, as measured
using an Early Treatment Diabetic Retinopathy Study chart, at visit 1.
Subjects had a baseline redness score of greater than 1 in both eyes as
assessed by investigators using the Ora Calibra Ocular Hyperemia
Scale {0- to 4-unit scale of none, mild, moderate, severe, and ex-
tremely severe, allowing half-unit increments). This scale, which has
been used in a previous study,>” is based on photographic standards
and is a global assessment of ocular redness taking into account the
redniess manifested in the bulbar and palpebral conjunctiva.

Subjects were excluded if they had known contraindications or
sensitivity 1o brimonidine or any ingredients in the formuiation, or
if they had an ocular surgical intervention during the study or within
3 months of visit 1, andfor a history of refractive surgery within the
past & months. Subjects with a history or presance of any ophthal-
mic or systemic disorder or disease that, in the opinion of the
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investigator, could have confounded study data, interfered with
the subject's study participation, or affected the subject's safety
or trial parameters were excluded. Subjects were also excluded if
they had prior (within & days of beginning study treatment) or antic-
ipated concurrant use of artificial tear products, other ocular vaso-
constrictors, ocular decongestants, ocular antihistamines, ocular
corticosteroids, phenylephrine dilating drops, any cther topical
ophthalmic agents, or contact lenses; had prior {(within 7 days of
beginning study treatment) or anticipated concurrent use of sys-
temic antihistamines or decongestants; had prior {within 14 days
of beginning study treatment) or anticipated concurrent use of sys-
temic corticosteroids, cancer chemotherapy, or any other systemic
medications that the investigater felt may have confounded study
data or interfered with subject's study participation; or had prior
(within 30 days of beginning study treatment) or anticipated con-
current use of an investigational drug or device. Subjects who
had an abnormal blocd pressure (defined as <90 or >160 mmHg
sysitolic or <60 or > 100 mmHg diastolic), had intraccular pressure
that was less than b mmHg or greater than 22 mmHg, or had a di-
agnosis of glaucoma were also excluded.

Study Treatments and Assessmenis

Brimonidine tartrate ophthalmic solution 0.025% and its vehi-
cle {formulation without brimonidine tartrate) were manufactured
by Bausch & Lomb, Inc. (Tampa, FL}, and supplied in identical
10-mL sterile bottles. For masking purposes, bottles of active reat-
ment and vehicle were identical in appearance.

Eligible subjects completed a screening visit and four study
visits (including three on-treatment visits and one follow-up safety
visit) over approximately 36 days. Informed consent was obtained,
and demographics and medical and ophthalmic history were col-
lected at the screening visit.

On day 1 (visit 1), subjects who met the inclusion criteria were
randomized 2:1 according fo a computer-generated randomization
code to bilateral treatment with one drop of brimonidine tartrate
ophthalmic solution 0.025% or vehicle. A single dose was instilled
onday 1 in-office by the subjects under the supervision of a frained
technician. The investigator graded ocular redness prior to freatment
instillation and at 1, 5, 15, 30, 60, 90, 120, 180, 240, 360, and
480 minutes post-treatrnent instiliation using the Ora Calibra Ocular
Hyperemia Scale, and subjects assessed drop comfort on a 0- to 10-
unit scale {from very comforiable to very uncomfortable} uporn instil-
fation and at 30 seconds and 1 minute after treatment instillation. In
addition, subjects completed the Ora Calibra Drop Descriptor Query
at 3 minutes post-instiliation. Subjects were asked fo choose three
words that best described how the drop felt using prompted (e.g.,
burning, filmy, comfortable, cool, refreshing, smooth) or spontaneous
word descriptors.

Subjects instilied study treatment four times daily {approxi-
mately 4 hours apart) at home beginning the day following visit 1
and continued dosing four times daily for up 1o 4 weeks axcept
ondays 15+ 2 {visit 2} and 29 + 2 {visit 3) when one of the doses
was instilled in-office by a trained technician. Al these visils, as
well as the day 36 + 1 visit (visit 4; approximately 7 days after treat-
ment discontinuation), ocular redness was assessed in-office by
the investigator. During the on-treatment visits (i.e., days 15 and
29}, redness assessments were conducted prior to and at 1 and
5 minutes after in-office drug institiation (approximately 4 hours
from the previous at-home dose).

Subjects were provided with a diary at visits 1 fo 3 to document
dosing between study visits and o record their ocular redness
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during these study periods. Subject dosing compliance was deter-
mined by an in-office review of the dosing diary at the next visit
and calculated as the number of doses taken divided by the num-
ber of doses expected mulliplied by 100. Any subject who had
rnissed more than 20% or had dosed at graater than 120% in ei-
ther of their two on-treatment diaries was considerad noncompli-
ant. Subjects scored their ocular redness using a photographic (O
to 4 units, no half-unit increments) scale (Ora Calibra Qcular Hy-
peremia Scale) four times daily for the duration of the study.

Ateach study visit, medication, medical histories, and treatment-
emergent adverse events were collected; best corrected visual acuity
was assessed; and slit-lamp examinations of the lid and fid margin,
bulbar and palpebral conjunctiva, cornea, and anterior chamber
were conducted (before and after drop instillation for visits 1 to 3).
in addition, vital signs (resting blood pressure and pulse) were
monitored, and the subjects' alertness was evaluated on a 6-point
scale {fully alert, alert, lethargy, obtunded, stupor, coma) at each
on-treatment study visit {visits 1 to 3). A full physical examination,
dilated ophthalmoscopy and intraocular pressure measurement
were also performed at visits 1 and 3.

Outcome Measures

The primary efficacy end peint was the investigator-assessed
ocular redness evaluated at 5, 15, 30, 680, 90, 120, 180, and
240 minutes post-instiliation at visit 1. Secondary end points in-
cluded the change from pre-instiliation ocular redness at 1, 360,
and 480 munutes at visit 1 and at 1 and 5 minutes at visits 2 and
3; ocular redness scores recorded in the subject diaries throughout
the treatment period; and investigator-assessed total clearance of
ocular redness at visits 1, 2, and 3. Visits 2 and 3 investigator
and subject redness scores were used to evaluate the potential
for tachyphylaxis of effect after dosing for approximately 15 and
29 days, respectively.

Tolerability measurements included drop comfort. Safety as-
sessments included physical examination, vital signs, adverse
events, best corrected visual acuity, slit-lamp examination, intracc-
ular pressure, dilated ophthalmoscopy, alertness evaluation, and
rebound redness based on investigator- and subject-assessed ocu-
far redness scores following treatment discontinuation. Rebound
redness was defined as an increase of 1 unit or greater in investigator-
assessad ocular redness scores at visit 4 comparad with the
pre-instiliation score at visit 1 or an increase of 1 unit or graater
in subject-assessed mean ocular redness score over the follow-up
pericd after dosing had ceased (determined by first calculating
the average daily score from both eyes and then averaging all daily
scores between visits 3 and 4) compared with the pre-instillation
score at visit 1 as recorded in patient diaries.

Statistical Methods

The primary efficacy analysis was performed in the intent-to-
treat population, which included all randomized subjects who re-
ceived at least one dose of study medication and completed at ieast
one post-instiflation ocular redness evaluation at visit 1. The safety
population included all randomized subjects who received at least
1 dose of study treatment. Investigator-assessed ocular redness
scores were the average of both eyes. Actual scores and change
from baseline scores for brimonidine-treated eyes versus vehicle-
treated eyes were compared using a mixed-effect repeated-
rmeasure model over the first 4 hours post-treatment instiliation at
visit 1 {from 5 to 240 minutes), accounting for repeated measures
and adjusting for baseline score and with last observation carried
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forward for missing data. The model contained treatment, time
point, treatment by time point interaction, and baseline score as
covariates using the unstructured variance-covariance matrix. The
least squares mean, standard errors (SEs), least squares mean differ-
ences with 95% confidence interval {C1), and P values were calcu-
lated. Analysis was repeated with observed data only. The mixed-
effect repeated-measure model was also used o analyze the entire
time course {1 to 480 minutes; cbserved data only). The differences
between brimonidine and vehicle investigator-assessed ocular red-
ness scores were also analyzed using two-sample f tests for each
time point at each visit {last observation carried forward). A sample
size of 40 subjects in the active group and 20 subjects in the vehicle
group was determined to have approximately 95% power to detect a
difference of 1.0 unit in mean ccular redness using a two-sample ¢
test, assuming an SD of 1.0 unit.

Two-sample ftests were used to analyze the change from base-
line in ocular redness at the correspending visit for the 1-, 360-,
and 480-minute time poinis atvisit 1 and the 1- and 5-minute time
points at days 15 and 28 {observad data only) and drop comfort at
visit 1. Subject-assessed ocular redness for brimonidine and
vehicle-treated eyes was compared by first calculating the average
of the mean of the four daily scores in both eyes over the periods be-
tween visits 1 1o 2 {days 1 t0 15, visits 2 t0 3 {days 1510 29}, and
visits 3 fo 4 (days 29 t0 36} and then comparing these values using
a mixed-effect repeated-measure model, accounting for repeated
measures with last observation carried forward for missing data.
The percentage of subjects with total clearing for each post-instiliation
time point at each visit was analyzed using Fisher exact tests {ob-
served data only).

Adverse events were summarized using discrete summaries at
the subject and event level by using the Medical Dictionary for Reg-
ulatory Activities (version 16.1) coding for the system organ class
and preferred term for each treatment group, as well as by severity
(mild, moderate, severe) and relationship to drug. The investigator
deemed an adverse event treatment related if a reasonable possibil-
ity existed that the study treatment caused the adverse event and not
related if, in their opinion, a reascnable possibility did not exist.

T ——————

RESULTS

Subject Disposition and Demographics

Sixty subijects were randomized (n = 40 brimonidine; n = 20 vehi-
cle}, received at least one dose, and had at least one post-instillation
redness assessment. All subjects received their assigned treatment;
herice, the Safety population and intent-to-treat population were the
same. Table 1 provides a summary of demographic information. Of
the 60 subjects randomized, 55 subjects (91.7%) completed the
study. Reasons for discontinuation included withdrawal of consent
{n = 2, brimonidine), administrative reasons (no show; n = 2,
brimonidine), and failure fo follow required study procedures
(n =1, vehicle). There were no major protocoi violations.

Compliance with dosing instructions was assessed at 95.2%
across all subjects. The majority (S0%) of subjects in the brimonidine
group and all of the subjects in the vehicle group were compliant
within 80 to 120% of the required dosing regimen. Four subjects
(10%)}) in the brimonidine group were undercompliant (<80%.).

Efficacy Resulis

Mean (3D} ocular redness scores at baseline were comparable
between treatment groups (brimonidine: 1.82 {0.41]; vehicle:
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TABLE 1. Subject demographics of the intent-to-treat population

Brimonidine 0.025%

(n=40)

Vehicle
{n=20)

Age y)
Mean (SD)
Median {min-max}

Sex, n (%}

47.6{15.37}
48.0{19 70}

47.4(15.36)
49,522 78}

Brimonidine for Ccular Redniess — Melaurin et al.

1.71 {D.37D. The mixed-effect repeated-measure model least
squares mean (SE) ocular redness was significantly lower in
brimonidine-treated eyes versus vehicle-treated eyes cver the 5-
to 24C-minute post-instiflation period {0.62 [0.08] vs. 1.49
[0.11}; P < .0001). There was also a significantly greater change
from baseline in redness of —~1.16 (0.08} for brimonidine versus
-0.29{0.11) for vehicle (P < .0001) over this time frame. The ieast
squares mean differences (25% C1) between brimonidine and vehi-
cle were —0.87 (—1.13 {0 ~-0.60) both for the actual redness score
and for the change from baseline in redness. {n addition, mean oc-

Male 18 {45.0} 4(20.0) e e -
S 20 (5500 16 (50.0 ular redness scores were significantly lower in brimonidine-treated
Female 55. 6®0.0) eyes compared with vehicle-treated eyes at each of the individual
Race, n (%) primary efficacy time points from 5 to 240 minutes post-instillation
Asian 1(2.5) 0(0.0) (P <.0001 for each, ttest; Fig. 1). The mean difference in change
Black or African American 13(32.5) 10 (50.0} from baseline in ocular redness was also significantly greater for
- o brimenidire as compared with vehicle at each individual time point
White 26 {65.0) 10 (50.0) (P< 0001 for each, ttest). All changes from baseline to individual
Ethnicity, n (%} primary time points over the 5- to 240-minute period were at least 1
Hispanic or Latino 2(5.0) 0(0.0) unitin brimonidine-treated eyes. Results for primary end point anal-
TR e g 38 (95.0) 20(100.0) ysis using datg as observed were consistent with findings using last
; observation carried forward,
iris color, n (% Similar results were observed for the secondary measuremenis
Black 0{0.0) 2(5.0) of ccular redness at 1 minute, 6 hours (360 minutes), and 8 hours
Slue 20(25.0) 6 (15.0) (480 minnutes) at.visi.t 1 {observed data o:T;Iy)', ;Iso shown in Fig. 1.
; g o At 1 minute post-instillation, there was a significantly greater reduc-
i i toea) coa iRt tion in mear ocular redness with brimonidine compared with vehicle
Hazel 2(2.5) 4(10.0 (mean difference [95% Cl}, -0.73 [-1.05tc -0.41]; P=.0001), as
Green 8{10.0 5 (15.0) well as a significantly greater change from baseline in mean redness
with brimonidine compared with vehicie (mean difference [95%
Cl], -0.84 {1.16 to -0.52}, P < .0001). Ccular redness was also
20~
& .
1
15. I 1
2 I #
£ )
g - O &
o 10-
k: 4
3 Q % bl
Q B '(IL
b S, o—
0.5 I
O Brimonidine 0.025%
o Vehicle
o h N ¢
(\ by { f g : . grosssssssase ssrang
LO 18 15 %0 3 4 8 8
é’;\\\ Minutes Hours
A e .
Q‘e Post-instillation Time

FIGURE 1. Investigator-evaluated oculer redness (0- to 4-unit scale} at day 1 by treatment in the intent-to-treat {ITT) population. Data are means (SE)
*P < 0001 vs. vehicle at the indicated time point (last observation carried forward), "2 < 0.01 vs. vehicle at the indicated time peint (cbserved data only).
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significantly lower in brimonidine-traated eyes versus vehicle-treated
eyes at 6 hours (360 minutes) and 8 hours {480 minutes)
post-instillation (mean difference [$5% Cl], -0.57 [-0.84 to
-0.291 and ~0.39 [-0.67 to ~0.10}; P < 0.0098 for both). In ad-
dition, the change from baseline in mean redness was significantly
greater with brimonidine than vehicle at these two time peints
(mean difference {95% ClI, -0.68 [-0.95 to -0.41] and -0.50
[-0.80 to —0.201 at 6 and 8 hours post-instillation, respeclively;
P < 0.0008 for both). Analysis of the entire post-instiliation time
course at day 1 {from 1 minute to 8 hours) demonstrated a statistically
significant difference between treatment groups (0.72 [0.073] vs.
1.52 10.104] for brimonidine and vehicle, raspectively; P < .0001).

in order to determine whether continued dosing of brimonidine
was associated with tachyphyiaxis of effect, ocular redness was
evaluated by investigators after 15 days (visit 2) and 29 days {visit
3) of dosing. Mean (SD) ocular redness scores on these respective
days in brimonidine-freated eyes were 1.57 (0.65) and 1.64
(0.46) pre-instillation decreasing to 0.80 (0.52) and 0.76 (0.51)
at 1 minute post-instiliation and 0.54 (0.43) and 0.43 {0.41} at
5 minutes post-instiflation. These scores were comparable to day
1 scores of 1.82 {0.41), 0.76 {0.56), and 0.58 {0.50) at the pre-
instiflation and 1- and 5-minute time points, respectively. In addi-
tion, at days 15 and 29, brimonidine-treated eyes had significantly
lower redness scores than vehicle-treated eyes at both the 1- and
5-minute post-instillation time points. Day 15 mean differences
{95% CI} in redness scores and change from baseline in redness
scores, respectively, were ~0.29 (-0.56 fo -0.03) and -0.62
(--0.87 to ~0.37) at 1 minute post-instillation and ~0.46 (--0.70
to-0.22} and ~0.78 (~1.07 to -0.50) at 5 minutes post-instiilation
(P < 0.0174). Day 29 mean differences (95% CI) in redness scores

and change from baseline in redness scores, respectively, were -0.35
(-0.62 10 -0.09) and -0.64 (-0.88 to —~0.40} at 1 minute post-
instillation and -0.56 (-0.78 to -0.33) and -0.84 {-1.06 to
-0.62) at 5 minutes post-instillation {P < 0.0038).

Fig. 2 presents mean (SE) subject-assessed ocular redness
scores by day throughout the dosing pericd and the period following
treaiment discontinuation. The brimoridine group reported a sig-
nificantly lower mean of the mean daily ocular redness score versus
the vehicle group post-instillation over the periods between visit 1
and visit 2 {mean difference [95% CI}, ~1.00 [~1.46 to ~0.54];
P < .0001) and between visits 2 and 3 (mean difference [95%
Cil, =0.83 [-1.28 t0 -0.38]; = .0005), demonstrating that red-
ness reduction with brimonidine was maintained over the entire
treatment period. Following discontinuation of treatment, between
visits 3 and 4 (days 29 to 36), there was no difference in mean {SE)
daily ocular redness scores between the brimonidine and vehicle
groups (1.69 [0.89]1 vs. 1.69 [0.90]).

A significantly greater number of subjects had total clearance of
redness based on investigator evaluation {observed data only) in
the brimonidine group as compared with the vehicle group at visit
1, a3t 5 (30% vs. 5%, P< ,043), 15 (30% vs. 5%, P < .043), 30
(27.5% vs. 5%, P < 047), and 120 minutes {(23.1% vs. 0%,
P < .022), and at visits 2 and 3, at 5 minutes post-instiliation
(24.3% vs. 0%, P« .021; 30.6% vs. 5.3%, P < .041).

Safety Resulis

There were no serious adverse events during the course of the
study and ro withdrawals due to an adverse event. A total of 12
(20%} of the 60 randomized subjects experienced 13 adverse
events, of which 11 were treatment-emergent adverse evenis in = 4

38

O Brimondine 0.026%

25. I Vehicle

20~

1.0~

QOcular Redness
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o 7 14 21 28 1234587
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»
\(@‘ Treatment Treatment
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FIGURE 2. Subject-graded ccular redness (0- to 4-unit scale) over the whole treatment period by treatment in the intent-to-treat population with

chserved data only. Data are means (SE).
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ocular, n = 7 nonocular). Four subjects {10%) in the brimonidine
group had one ocular treatmeni-emergent adverse event each {pru-
ritus, foreign body sensation, increased lacrimation, and pain), all
mild to moderate in severity (Table 2). The adverse event of pain
was considered to be related to the study medication and further
characterized as mild stinging. With the exception of pruritus, all
ocular adverse events resolved spontaneously. Six subjects (15.0%)
each in the brimonidine group and one subject (5.0%) in the
vehicle group had a nonocular treatment-emergent adverse svent.
These included nasopharyngitis, ligament sprain, muscle strain,
abdominal discomfort, termporomandibular joint pain, and bronchitis
in the brimonidine group and nasal congestion in the vehicle
group. None were considered related to study treatment, and all
were mild to moderate in severity.

There were no instancas of losses of greater than 0.05 in best
corrected visual acuity logarithm of the minimum angle of resolu-
tion. No safety concerns were raised as aresult of any of the clinical
examinations (slit-lamp biomicroscopy, intraocular pressure mea-
sures, and dilated ophthalmoscopy). While no reductions in mean
intraocular pressure were observed, an increase was noted in both
treatment groups at day 29 compared with baseline (mean [SD]
change from baseline {in mmHg] brimenidine: 0D = 1.6 [2.27],
08 =1.6[2.29} vehicle: OD =1.8[2.76], 0S8 = 1.5[2.74]) and
was presumed related to normal intraccular pressure fluctuation,
Further, all subjects were determined to be "fully alert” by investiga-
tors at every visit. There were no meaningful changes in vital signs
(pulse rate, blood pressure) or physical examinations observed at
any time point,

Rebound redness after treatment discontinuation was minimal
based on both investigator and subject assessments. At visit 4,
approximately 7 days after freatment discontinuation, invastigator-
assessad mean (3D) ocular redness was 1.55 (0.51) in brimonidine-
treated eyves and 1.17 (0.48) in vehicle-treated syes. Visit 4 mean
(5D} ocular redness in eyes previously treated with brimonidine was
comparable to day 1 {visit 1) baseline redness prior to brimonidine
treatment, or 1.82 (0.41). One subject in the brimonidine group
(2.88%) and no subject in the vehicls group experienced redness
rebound at day 36 based on investigator assessment. Evaluation
of subject-reported ocular redness during the 7-day post-treatment
period yielded similar results, with four subjects in the brimonidine
group (11.1%) and three in the vehicle group {15.8%) experienc-
ing rebound redness. The mean of the mean daily ocular redness
score over the post-treatment period for brimonidine was similar

TABLE 2. Ocular treastment-emergent adverse events

Brimonidine 0.025% Yehicle
{n =40}, n %) {n=20), n (%}

Total scular AR 4 {1D.0) 00D

Treatment related 12.5) 0(0.0)
Eve disorder

Eye pruritus® 1 (2.5} 0 {0.0)

Foreign body sensationt 1 (2.5 0.0}

Lacrimation increasedt 1 (2.5} 0 (0.0}
General disorders and administration site conditions

Painti 1{2.5) 0(0.0)

*Classified as moderate in severity; fclassified as mild in severity;
feonaidered related to study drug. AE = adverse event.

wivw.optvissclh.eom
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to the mean daily pre-instillation score belween days 1 and 15
(1.6910.885]and 1.52 [0.8571}.

Drop Tolerability

Mean (S04 drop comfort scores in the brimonidine group and ve-
hicle group, respectively, were 1.1 {2.11)and 1.3 (1.7 1} upon instil-
fation, 1.1 {1.89) and 1.0 (1.26) at 30 seconds post-instiliation,
and 0.9 (1.67) and 1.0 (1.13} at 1 minute post-instillation. Thers
were no differences between treatments in drop comfort at any of
these assessment time points {F > 0.75).

The three most common positive word descriptors used in the
brimonidine group were comfortable, cool, and gentle {used by
67.5%, 55.0%, and 32.5% of subjects, respectively). The three most
common negative word descriptors were buming, irritating, and sting-
ing (used by 5.0%, 12.5%, and 12.5% of subjects, respectively).

SEE—————-—————

DISCUSSION

This randomized, paraliel-group, vehicle-controlled, double-masked
study evaluated the safety and efficacy of brimonidine tartrate oph-
thalmic solution 0.025% for reduction of ocular redness. Partici-
pating subjects had ocular redness of an undetermined nature for
which there was no apparent underlying pathology but with other-
wise stable ocular health. Based on investigator evaluations, treatment
with brimonidine 0.025% resulied in statistically significantly lower
ocular redness and a greater change from baseling in ocular redness
compared with vehicle over the 5- to 240-minute post-instillation
time period, as well as at each time point within that pericd. Fur-
thermore, brimonidine resulted in a clinically significant (>1-unit
change) change from baseline in ocular redness at each time point
over this time period. Ocular redness scores were also significantly
lower comparad with vehicle at 1 minute post-instillation and at 6
and 8 hours post-instillation, supporting an onset of action of
brimonidine as early as 1 minute post-instiliation and lasting as
long as 8 hours. In additicn, complete clearing of ocular redness
was experienced by approximately one fourth of brimonidine-
treated subjects as early as 5 minutes following drop instillation
{see Fig. 3 for photographs from a representative eye hefore and
5 minutes after instillation of brimonidine 0.025%). While there
are no published data fo inform on the expected time to tachyphylaxis
with ophthalmic decongestants, redness reduction was maintained
with continued use over 4 weeks, suggesting that no tachyphylaxis
occurred with this selective az-adrenergic receptor agonist. Impor-
tantly, minimum redness rebound was observed after cessation of
therapy, with only one brimonidine subject experiencing an increase
in ocular redness of more than 1 unit. Subject self-assessed ocular
redness scores were consistent with investigator-evaluated find-
ings; brimenidine 0.025% maintained redness reduction cver the
entire 4-week treatment period, with minimal reporits of rednass re-
hound after treatment discontinuation, sirmilar in incidence as that
in the vehicle group.

in terms of telerability, brimonidine was rated as very comfort-
able and comparable to vehicle as evaluated by two independent
assessments, comfort score and drop description. With regard fo
adverse events, brimonidine 0.025% appeared safe when admin-
istered four times daily for a month in this study. Of the four
treatment-amergent ocular adverse events with brimoniding, only
one was considered to be related to treatment (mild pain) and re-
solved spontaneously despite continued treatment. There have
been reports of ocular surface allergic disease in association with
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FIGURE 3. Photegraphs from z representative eye with baseline ccular redness graded as moderate (score of 2} before (A) and 5 minutes after (B) instil-
lation of onie drop of brimonidine tartrate ophthalmic solution 0.025% {score of O or none).

the use of high doses of brimonidine,®**? yet only two subjects

treated with brimonidine 0.025% in the current study reported
an ocular adverse event potentially associated with allergic disease
(increased lacrimation and pruritus), neither of which was judged
by the investigator to be related to study drug. There were no re-
ports of atlergic conjunctivitis or of papiliary or follicular conjuncti-
valrespense. Considering that brimonidine 0.15% has a lower rate
of associated allergic disease than brimonidine 0.2%,373* the po-
tential for allergic disease with brimonidine 0.025% (6~ to 8-fold
lower than in current marketed formulations) may be minimal.
However, further studies, including longer duration studies, may
be warranted to fully evaluate the risk of allergic reactions with
low-dose brimonidine. While mydriasis is a known adverse effect
of a-adrenergic receptor agonists,® this was not reported with
brimonidine, in keeping with its known selectivity for the az-ad-
renergic receptor.®® Miosis, which is reported for higher doses of
brimonidine, particularly under scotopic conditions,®” 3% was
aiso not reported in this study. Finally, although fatigue and
drowsiness have been reported with topical use of high-dose
brimonidine,?**9*! gspecially in pediatric and geriatric pa-
tients,**** all subjecls in the current study were deemed “fuily
alert” at all visits, and there were no reports of somnolence. Over-
all, no clinically meaningful safety signals were observed, suggest-
ing that brimoniding could be safely used at this concentration and
dosing regimen for reduction of ocular redness.

Clinical trials defining the duration of action and adverse effects
for currently marketed ophthalmic a,-adrenergic receptor agonists
or nonselective a;-/ap-adrenargic receptor agonists on ocular red-
ness are scarce. Oxymetazoline was evaluated in randomized con-
trolied clinical trials in the early 1980s and was found to reduce

ocular redness for up to 6 hours. However, with only 1 week of freat-
ment, a complete evaluation of tachyphvlaxis and rebound redness
was not performed.***7 In: the present study, brimenidine, a selec-
tive az-adrenergic receptor agonist, was shown to have an 8-hour
duration of action and continued to demonstrate effective redness
reduction through 1 month of therapy. The data that led to the hy-
pothesis that ae-adrenergic receptor agonisis might be associated
with less tachyphylaxis and redness rebound™ ™% appear to be
substantiated clirically in the present study. While the precise
mechanism for the lack of tachyphylaxis and minimal redness re-
bound with brimonidine is currently unclear, studies in nonocuiar tis-
sues suggest that ap-adrenergic receptor agenists such as brimenidine
mediate vasoconstriction primarily on the venular side,*®1*1819
and therefore generalized ischemia is not expected to occur. The
sustained efficacy of higher concentrations of brimonidine than
used in this study on intraocular pressure lowering and in the treat-
ment of rosacea further supports that this ay-adrenergic receptor
agonist does not impact receptor down-regulation to the same ex-
tent as observed for a,-receptor agonists. 1% #148.43

To cur knowledge, this is the longest-duration, controiled clini-
cal irial conducted with a topical vasccenstricior to date. There is
an unmet need for a topical vasoconstricter that can be safely used
for long periods for reduction of conjunctival hyperemia. In this study,
hrirmonidine 0.025% reducad ocular redness hoth clinically and
statistically with a rapid onset of action (1 minute) and long dura-
tion of action (up to 8 hours). In conciusion, brimonidine tartrate
ophthalmic selution 0.025% dosed four times daily appears safe
and effective with continued month-long use for the relief of ocular
redness, with no evidence of tachyphylaxis of effect with continued
use and minimal rebound redness after treatment discentinuation.
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