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Purpose: To examine the pooled per-protocol ocular end points from two conjunctival allergen
challenge (CAC) clinical trials of the dual-action antihistamine bepotastine besilate ophthalmic
solution (BBOS) 1.5%.

Methods: Two Phase III, placebo-controlled, double-masked, randomized clinical trials were
conducted at a total of six separate centers using the CAC model of allergic conjunctivitis. The
same study design was employed for both clinical trials, with subjects randomly assigned to
either BBOS 1.5% (n=78) or placebo (n=79) treatment. Each subject received one eye drop of
the test agent bilaterally at different study visits 15 minutes, 8 hours, or 16 hours prior to a CAC.
Primary ocular end points included changes in ocular itching reported at 3, 5, and 7 minutes and
conjunctival hyperemia assessed at 7, 15, and 20 minutes following each CAC. Secondary ocular
end points included chemosis as well as episcleral and ciliary hyperemia judged by investigators,
and tearing (scored as either absent or present) and eyelid swelling judged by subjects.
Results: A statistically significant reduction in ocular itching was observed for BBOS 1.5%
treatment compared to placebo at all time points (P<<0.0001), while measures for onset and
8-hour persistence of action also reached clinical significance (ie, =1.0 unit difference) at a
majority of time points. In addition, a significant reduction in conjunctival hyperemia was
achieved at a majority of time points during the onset of action CAC test. Secondary end points
were also significantly improved compared to placebo, most prominently for reduced tearing
at all study visits and reduced eyelid swelling at the onset of action and 8-hour study visits.
Adverse events were generally mild and transient.

Conclusion: BBOS 1.5% rapidly reduced CAC-induced ocular itching with duration of
effectiveness of at least 8 hours after dosing. Certain secondary signs of inflammation were
also significantly reduced.
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Introduction

Allergic conjunctivitis (AC) is the most common allergic ocular disorder, affecting
up to 60 million Americans annually."? The hallmarks of AC include a combination
of ocular itching and conjunctival hyperemia (redness),>* which are often accom-
panied by chemosis, lid swelling, and tearing, as well as rhinorrhea and other nasal
symptoms.' The most common instigators of this allergic condition are either sea-
sonal pollens or perennial allergens, including, but not limited to, dust mites, molds,
or animal dander.>* Allergic responses generally occur in two phases. The early or
immediate (acute) phase occurs within minutes of allergen exposure, and results
from antigen-evoked mast cell degranulation and subsequent histamine release. This
is followed by a late or delayed (chronic) phase, hours or days after exposure, that is
manifested by proinflammatory mediators and recruitment of immune cells including
eosinophils and neutrophils.#
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AC is classified as a type 1, IgE-mediated hypersensitiv-
ity immune reaction and occurs in individuals previously
exposed to the offending allergen.** The signs and symptoms
of AC are primarily caused by the action of mast cell-derived
histamine, which acts on H, and H, histamine receptors in the
surrounding ocular tissues.*’ For this reason, medications that
stabilize mast cells and reduce degranulation and those that
directly antagonize the action of histamine at its receptors
have become the first-line therapy for AC.%° Medications of
this class, dual-action antihistamines, have both an improved
safety profile and increased therapeutic effect compared to
older topical agents (eg, pheniramine maleate) used in the
treatment of AC.3%?

Bepotastine besilate is an anti-allergic agent with mul-
tiple mechanisms of action that has been extensively inves-
tigated in both preclinical and clinical studies.'® Bepotastine
besilate is a dual-action agent, a highly selective histamine
H -receptor antagonist'®'' with potent mast cell-stabilizing
effects.'”!” The anti-inflammatory actions of bepotastine
besilate include inhibition of leukotriene B4'3 and attenuat-
ing eosinophil chemotaxis and activation.!*!” Bepotastine
has also been shown to inhibit the biosynthesis of proin-
flammatory IL-5 in vitro." Oral formulations of bepotast-
ine besilate have been well-characterized in Japan in both
preclinical'*!-'” and clinical reports,*®** as well as in several
clinical safety studies.?*2¢ Positive results from these studies
led to approval by the Japanese Ministry of Health and Wel-
fare in July 2000 of an oral bepotastine besilate formulation
(Talion® tablet; Mitsubishi Tanabe Pharma Corporation,
Osaka, Japan)?’ for the treatment of allergic rhinitis and sub-
sequently (in 2002) for urticaria and several types of dermal
prurituses.?2*230 Based on the history of clinical effective-
ness accumulated since the approval in Japan,*'*? bepotastine
besilate was reformulated for investigation of its topical use
in the treatment of AC.

Two clinical trials examined the efficacy, safety, and
comfort of a topical formulation of bepotastine besilate for
treatment of AC.**3* Both studies used the conjunctival aller-
gen challenge (CAC) model, a rigorously validated approach
to assess the efficacy of ophthalmic anti-allergics.*>3¢ The
CAC-based clinical trials (one single site, n=107* and one
multisite, n=130%*) established that bepotastine besilate
opthalmic solution (BBOS) (either 1.0% or 1.5%) provided
a statistically and clinically significant reduction in ocular
itching for up to 8 hours post-instillation in both trials as
well as statistically significant reductions in conjunctival
hyperemia associated with AC.**3* Additionally, several of
the secondary end points for both trials showed a statistically

significant improvement with BBOS compared to placebo
that approached the level of clinical significance in at least
one CAC trial. Thus, while results from these trials estab-
lished the clinical effectiveness of BBOS 1.5%, leading to
its specific approval for treatment of ocular itching associ-
ated with AC, it is possible that the true breadth of BBOS’s
efficacy in treating the signs and symptoms of AC was
underestimated by the relatively small sample size in each
CAC study.

To address this hypothesis, subject data from the two
clinical CAC trials were pooled to create a larger population
and then reanalyzed according to the statistical analysis plan
established in both CAC study protocols. In addition to the
primary end points of ocular itching and conjunctival hype-
remia, the goal of this post hoc analysis was to reexamine
secondary end points that approached clinical or statistical
significance in the earlier analyses.

Methods
Study design and approval

Data for this pooled analysis were collected over the course
of two Phase III clinical CAC trials; a single-center study
(NCT00424398) and a multicenter study (NCT00586664).
Data resulting from individual analyses of these stud-
ies have been provided elsewhere.*** Both trials were
double-masked, placebo-controlled, randomized trials
that employed essentially identical study protocols with
enrolled subjects 10 years of age or older. Both trials were
approved by independent institutional review boards prior
to initiation of the trial: IntegReview (Austin, TX, USA)
for the single-site trial and Coast IRB, LLC (Colorado
Springs, CO, USA) for the multisite trial. Both trials were
conducted in accordance with the International Conference
on Harmonization (ICH) Good Clinical Practice guide-
lines®” and the Declaration of Helsinki.*® Written informed
consent (or assent and parental/guardian permission in
subjects <18 years of age) was obtained from all subjects
before any clinical study procedures were conducted. All
ophthalmic examinations and study-related procedures
were conducted by clinically trained researchers who had
prior experience with the CAC methodology. Test agents
included in these post hoc analyses were the vehicle (pla-
cebo) and BBOS 1.5%.

Inclusion criteria

Male and female subjects =10 years of age were initially
recruited if they elicited a positive skin-test reaction to
common seasonal or perennial allergens (ie, cat dander,
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Table | Study design, conjunctival allergen challenge (CAC)

Visit | 2 3A 3B 4 5
Day -2143 —14£3 0 | 1413 2843
CAC v v V v v
Week | Week 2 Week 3 Weeks 4-5 Weeks 6-7
Study drug instillation V V \/
Purpose of CAC Screening period 16-hour persistence 8-hour persistence 15-minute onset

of action

of action of action

grasses, trees, or ragweed). Subjects also had to have a posi-
tive bilateral CAC reaction (=2 units itching and =2 units
redness in two of three vessel beds) within 10 minutes of
instillation of the last allergen titration at visit 1 and a simi-
larly positive bilateral CAC reaction at two or more time
points at visit 2 (Table 1). Subjects were further required to
have a best corrected visual acuity (BCVA) of 0.7 logMAR
(ie, 20/100 vision) or better in each eye and an intraocular
pressure (IOP) in the range of 5 to 22 mmHg in both eyes. A
negative urinary pregnancy test result was required at the first
and last study visit as was the use of a medically acceptable
contraceptive method for female subjects of childbearing
potential. Additional stipulations included a willingness to
avoid the use of disallowed medications and contact lenses
for the duration of each clinical trial.

Exclusion criteria

Potential subjects were excluded based upon criteria estab-
lished prior to the study. They were excluded if they were not
willing to attend all study visits, had a known contraindication
or sensitivity to the use of any study drugs or their compo-
nents, or had any active ocular disease or other significant
illness (eg, narrow-angle glaucoma, clinically significant
blepharitis, or severe cardiovascular disease) that could affect
their safety or study parameters during the trial. They were
also excluded if they had undergone refractive surgery within
the 6 months before screening, were concurrently enrolled in
another study of an investigational drug or device, or were
enrolled in another study within 30 days of the study. In addi-
tion, subjects could be excluded from enrollment following
results of visits 1 and 2, as described in the study protocol.

Study medications

Both the single-site and multisite CAC studies used identi-
cally formulated ophthalmic solutions. Both BBOS 1.5% and
placebo were manufactured by Alliance Medical Products,
Inc. (Irvine, CA, USA) and were packaged such that they
were indistinguishable to investigators and subjects in order
to maintain masking.

Study protocol
There were five study visits for enrolled subjects in each CAC
trial. At each study visit, the medical and medication histories
of the subjects were updated, the inclusion and exclusion
criteria were reviewed, and (when applicable) tolerability to
an assigned investigational product was assessed. Addition-
ally, visual acuity was measured, slit-lamp biomicroscopy
was performed, and baseline ocular allergic sign and symp-
tom assessments were recorded before any investigational
product instillation or CAC test. The study design is depicted
in Table 1. Following each CAC session, subject responses
were scored according to an established set of grading
scales.**3¢ Subjects were asked to grade the degree of ocular
itching on a 0—4 scale with half-unit increments allowed
(0= no itch, 4= severe itch) at 3, 5, and 7 minutes after the
CAC assessment. Conjunctival hyperemia and secondary
end points including episcleral or ciliary hyperemia, chemosis,
and eyelid swelling were each evaluated on a 0—4-unit scale,
with half-unit increments allowed, at 7, 15, and 20 minutes
after a CAC. Ocular hyperemia and chemosis were graded
by the investigator, while eyelid swelling was graded by the
subject. Tearing was separately scored by subjects as either
absent or present at 7, 15, and 20 minutes after a CAC.

Subjects who met initial entry criteria participated in the
first two study visits as part of the final eligibility criteria. All
subjects underwent an allergen titration at visit 1, at which
time a drop of allergen solution was instilled bilaterally, and
subjects were observed and scored after 10 minutes. This
process was repeated with increasing allergen concentration
until the subjects elicited a positive response (grade =2 units)
for both ocular itching and conjunctival hyperemia. Subjects
who did not reach this predefined value were excluded from
the remainder of the study. One week later (visit 2), subjects
were challenged with the same concentration of allergen,
and those subjects with reproducible responses of a =2 unit
score for both ocular itching and conjunctival hyperemia
were selected for randomization.

Atvisit 3A, enrolled subjects were randomly assigned to
one of three treatment groups, BBOS 1.0%, BBOS 1.5%, or
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vehicle (BBOS 1.0% results are not discussed in this article).
One drop of the assigned formulation was instilled in the
conjunctival cul-de-sac of each eye. The study drug vials
were masked to the subjects and investigators; labeling of
all investigational products was identical and included the
subject number. At visit 3B, 16 hours (30 minutes) after
study drug instillation at visit 3A, a CAC test was conducted
for each subject. Scores recorded for this visit provided an
evaluation of the 16-hour persistence of drug action.

In two additional trial visits at approximately 2-week
intervals, test agent instillation was followed by a CAC at
either 8 hours (£30 minutes; visit 4) or at 15 minutes (visit 5)
post-dosing. These visits provided an assessment of an 8-hour
persistence of action and the onset of action, respectively.

Outcome measures

The primary efficacy end points for the pooled data set were
subject-assessed ocular itching and investigator-assessed
conjunctival hyperemia in both eyes at each visit. Scores for
each end point were calculated by subtracting scores measured
for BBOS 1.5% treatments from scores measured for placebo
treatments at visits 3B, 4 and 5. Investigator-scored secondary
outcome measures included ciliary hyperemia, episcleral hype-
remia, and chemosis. Tearing and eyelid swelling were subject-
graded; tearing was graded as either present or absent.

Safety and adverse events (AEs)

At visit 1, subjects signed an informed consent (informed
assents for minors) prior to any study procedures. Medical
and medication histories were then obtained, inclusion and
exclusion criteria were reviewed, and subjects were informed
about the procedures for AE reporting. Visit 1 also included a
visual acuity measurement using an Early Treatment Diabetic
Retinopathy Study (ETDRS) chart, slit-lamp biomicroscopy
examination, dilated fundoscopy, and an IOP measurement.
The fundoscopy and IOP assessments were repeated at visit 5;
the other procedures were repeated at every visit before
the instillation of any investigational product or CAC test.
Records of concurrent medications were updated at each
return visit, and AEs were registered as they were reported.
AEs were recorded according to the categories in the Medical
Dictionary for Regulatory Activities (MedDRA).*

Data analysis and statistical methods
Demographics

Demographic data were pooled as part of the dataset analyses.
The mean, median, minimum, and maximum data values for
the per-protocol (PP) population were used to summarize

the quantitative demographic variables, which were then
analyzed between treatment groups with either a two-sided
t-test or the Fisher’s exact test.

Primary efficacy variables

The primary efficacy outcome analyses presented here are
for the PP population. For the purposes of these analyses
of pooled data, the PP population included subjects who
attended visit 3A/3B or visit 4 and also attended visit 5. All
ocular datasets other than tearing used the average scores of
both eyes of a subject from each post-CAC assessment to
calculate individual subject scores.

Statistical significance of between-group differences
in mean ocular itching and conjunctival hyperemia scores
(placebo versus BBOS 1.5%) was assessed using a non-
parametric Wilcoxon rank-sum test for each post-CAC
measurement during each visit. Treatment differences for
either primary variable were considered statistically signifi-
cant for the PP population at a study visit, at a two-sided
o of P=0.0125 for a majority of time points at visit 5, or at
a two-sided o of P=0.00625 for a majority of time points at
visit 3B or visit 4. The values used for these nonparametric
assessments were adjusted for multiple comparisons using
conservative Bonferroni corrections.

An overall assessment of treatment group differences for
each primary efficacy variable was also carried out across
all time points at each visit using an analysis of covariance
(ANCOVA) with repeated measures, with eyes nested within
a subject as the cluster unit, and using a linear contrast model.
Clinical significance for treatment group differences at a study
visit was prospectively defined in both CAC trials as a =1.0 unit
between-group difference in scores at the majority of observa-
tion time points at a study visit, and a =0.5 unit between-group
difference at all post-CAC time points at a study visit.

Subgroup analyses of potential statistical or clinical signifi-
cance for reduction in ocular itching or conjunctival hyperemia
scores were conducted as well in subjects in the PP population
with a more severe allergic response (itching score in at least
one eye =3.0 units at one or more time points at screening visit
2), and in subjects who had complete relief of CAC-induced
ocular itching (symptom score =0) in a study eye.

Secondary efficacy variables

P-values determined for all secondary efficacy variables
other than allergen-induced tearing were calculated for each
time point at a study visit by the Wilcoxon rank-sum test
and across all time points using ANCOVA with repeated
measures as described for the primary efficacy variables.
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Clinical significance for secondary efficacy variables other
than tearing was also defined the same as for the primary
efficacy variables.

P-values for treatment differences in tearing data (placebo
% scored “present” less BBOS 1.5% scored “present”) were
calculated at each time point using Fisher’s exact test, treating
each subject as a cluster. P-values were subsequently adjusted
for multiplicity by the false discovery rate method.* Statistical
and clinical significance for reduced tearing required adjusted
o (two-sided) =0.05 at a majority of observation time points
at a study visit. Clinical significance was prospectively
equated to statistical significance in the absence of a validated
standard for clinical relevance to describe reduced tearing.

Results

Subject characteristics
Subject demographics were well balanced between the BBOS

differences were found in the pair-wise comparison of the
demographic characteristics between the BBOS 1.5% and
placebo treatment groups.

Subject disposition

A total of 439 subjects were screened as part of either the
single-site or the multicenter trials. Of those, 202 subjects
were excluded at visit 1 or visit 2 because they did not meet
all of the inclusion criteria (Figure 1). A total of 237 patients
were subsequently enrolled and assigned to treatment groups
according to a computer-generated randomization code at
visit 3A. A third treatment arm that was not included in this
analysis of pooled data, BBOS 1.0%, accounted for 80 of these
subjects and has been previously discussed.”*** The remain-
ing 157 subjects comprised the intent-to-treat population. Of
these, 140 subjects completed the study without a significant
protocol deviation, and thus this subgroup constituted the per

1.5% and placebo treatment groups (Table 2). No significant ~ protocol population.
Table 2 Demographics for per-protocol population
BBOS 1.5% Placebo All subjects
(N=70) (N=70) (N=140)

Age (years)
Mean (SD) 38.3 (16.9) 37.1 (13.5) 37.7 (15.2)
Median 39 39 39
Min—max 11-73 13-65 11-73
P-value? 0.644

Sex, N (%)
Female 35 (50.0) 41 (58.6) 76 (54.3)
Male 35 (50.0) 29 (41.4) 64 (45.7)
P-value® 0.396

Ethnicity, N (%)
Hispanic 3(43) 4(5.7) 7 (5.0)
Non-hispanic 67 (95.7) 66 (94.3) 133 (95.0)
P-value® 1.000

Race, N (%)
African American 5(7.2) 5(7.2) 10 (7.1)
American Indian or Alaska Native 0 (0.0 0.0 (0) 0 (0.0
Asian 6 (8.6) 6 (8.6) 12 (8.6)
Caucasian 57 (81.4) 59 (84.3) 116 (82.9)
Other 2(2.9) 0 (0.0) 2(1.4)
P-value® 0.753

Iris color,“n (%) (n=140) (n=140) (n=140)
Blue 54 (38.6) 44 (31.4) 98 (35.0)
Brown 58 (41.4) 70 (50.0) 128 (45.7)
Green 12 (8.6) 12 (8.6) 24 (8.6)
Hazel 16 (11.4) 12 (8.6) 28 (10.0)
Other 0 (0.0) 2(1.4) 2(0.7)
P-value® 0.347

Notes: *P-value calculated using two-sample t-test comparing BBOS 1.5% to placebo. ®P-value calculated using Fisher’s exact test comparing BBOS 1.5% to placebo. Values

and percentages based upon number of eyes.

Abbreviations: BBOS, bepotastine besilate ophthalmic solution; min—max, minimum—maximum; N, number of subjects; n, number of eyes; SD, standard deviation.
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N=439
Subjects screened

|

N=237
Subjects randomized

l

N=237
Subjects received
investigational product

!

}

N=80 N=78 N=79
Bepotastine besilate Bepotastine besilate Placebo
1.0% 1.5%
PP
population
Not part of this study N=70 completed with N=70 completed with

no major protocol
violations

Figure | Subject disposition.
Abbreviation: PP, per protocol.

Efficacy

Ocular itching

For the PP population, the differences in mean ocular
itching scores between the BBOS 1.5% and the placebo
group were found to be statistically significant (P<<0.001)
at all visits and time points by the Wilcoxon rank-sum test
and across all time points at a study visit by ANCOVA
assessments (Table 3). In addition, the onset and 8-hour
persistence-of-action measures were also clinically sig-
nificant at all time points. A comparison of the difference

no major protocol
violations

between onset and 8-hour persistence-of-action scores
shows that the treatment effect remained relatively constant
over this time period (differences of 1.4—1.6 units at onset,
and 1.3—1.5 units at 8 hours). Differences in mean ocular
itching scores for BBOS 1.5% compared to placebo for the
16-hour persistence-of-action measures were also statisti-
cally significant (P<<0.001) at all time points; however,
the range of differences did not reach =1.0 unit difference
at a majority of time points, the standard prospectively
designated as clinically significant.

Table 3 Differences in mean ocular itching scores (observed data only) for subjects in the per-protocol population instilling BBOS 1.5%

or placebo eye drops in each eye following a CAC

Time of itching

Placebo mean

BBOS 1.5% Difference in mean

grading post-CAC score (n) mean score (n) itching score
(placebo — BBOS 1.5%)*

Visit 5: 15-min onset of action 3 min 1.9 (70) 0.4 (70) 1.5

5 min 2.1 (70) 0.5 (70) 1.6

7 min 1.9 (70) 0.5 (70) 1.4
Visit 4: 8-hour persistence of action 3 min 2.1 (67) 0.8 (64) 1.4

5 min 2.3 (67) 0.8 (64) 1.5

7 min 2.1 (67) 0.8 (64) 1.3
Visit 3B: | 6-hour persistence of action 3 min 2.0 (70) 1.2 (68) 0.8

5 min 2.3 (70) 1.3 (67) 1.0

7 min 2.1 (69) 1.2 (68) 0.9

Notes: Itching was graded by subjects in each eye at the indicated times post-CAC. Instillation of BBOS 1.5% or placebo occurred at 15 min, 8 hours, or 16 hours prior to
a CAC for each subject. *P<<0.0001 by Wilcoxon rank-sum test at each time point for all study visits and for ANCOVA analyses across all time points at a study visit.
Abbreviations: ANCOVA, analysis of covariance; BBOS, bepotastine besilate ophthalmic solution; CAC, conjunctival allergen challenge; min, minute(s); n, number of

subjects providing ocular itching grades at a study visit time point.
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¥

*
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8 hours duration of action
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|
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[ BBOS 1.5% n=104 eyes
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% of severe allergic subjects with itch score =0

u * H
*
*

Figure 2 Percentage of subjects who experience complete relief from ocular itch (itching score =0).

Notes: Bar graphs show the percentage of subjects who reported complete relief of ocular itching (A) with the same data compiled from those with the most severe allergic
symptoms elicited in a screening visit (B). Severe itch was defined as at least one baseline CAC score =3 (n=104 eyes for BBOS 1.5%; n=98 eyes for placebo). P-values were
calculated using Fisher’s exact test comparing percentages for BBOS 1.5% with placebo. All values for 8-hour and |6-hour duration of action in both (A) and (B) are significant
at *P=0.0125; all values for onset of action in both (A) and (B) are significant at **P=0.00625.

Abbreviations: BBOS, bepotastine besilate ophthalmic solution; CAC, conjunctival allergen challenge.

Figure 2A shows the data for ocular itching scores by
degree of resolution of itching (itching score =0), and demon-
strates that more subjects in the BBOS 1.5% group compared
to those in the placebo group experienced complete relief of
CAC-induced ocular itching. BBOS 1.5% was statistically
superior to placebo at all CAC visits. In addition, the major-
ity of BBOS 1.5% subjects reported zero itching at the onset
of action as early as 3 minutes after a CAC. Total itching
relief was sustained at the 8-hour persistence-of-action visit
for one-third of all subjects. In addition, a sizable number of
subjects experienced complete relief from ocular itch even
at the 16-hour persistence-of-action visit.

Figure 2B shows the proportion of severely allergic
subjects (baseline [visit 2] ocular itching scores =3) who

experienced complete resolution of CAC-induced ocular
itching. The data demonstrate that the extent of complete
relief was significantly better for BBOS 1.5% than for pla-
cebo at all study visits and was comparable to the results of
the entire PP population, as seen in Figure 2A.

Conijunctival hyperemia

Table 4 shows the differences in mean conjunctival hyperemia
scores for the PP population. Numerical reduction in hyperemia
scores was superior for BBOS 1.5% compared to placebo at
almost all time points. Statistically significant differences were
seen at a majority of time points for the onset-of-action CAC
test. However, the criterion for clinical significance (=1.0 unit
reduction) was not met at any study visit.

Table 4 Differences in mean conjunctival hyperemia scores (observed data only) for subjects in the per-protocol population instilling

BBOS 1.5% or placebo eye drops in each eye following a CAC

Time of hyperemia

Placebo mean

BBOS 1.5% Difference in mean P-value®

grading post-CAC score (n) mean score (n) hyperemia score for difference
(placebo - BBOS 1.5%)

Visit 5: 15-min onset of action 7 min 1.9 (70) 1.3 (70) 0.6 <0.0001
15 min 2.0 (70) 1.6 (70) 0.4 0.0012
20 min 1.9 (70) 1.6 (70) 0.3 0.0382

Visit 4: 8-hour persistence of action 7 min 1.7 (67) 1.4 (64) 0.3 0.0062
15 min 1.8 (67) 1.6 (64) 0.3 0.0716
20 min 1.8 (67) 1.6 (64) 0.2 0.1601

Visit 3B: 16-hour persistence of action 7 min 1.8 (70) 1.7 (68) 0.1 0.2168
15 min 1.9 (70) 1.8 (68) 0.1 0.5481
20 min 1.8 (70) 1.8 (68) 0.0 0.9949

Notes: Conjunctival hyperemia was graded by the investigator for each eye at the indicated times post-CAC. Instillation of BBOS 1.5% or placebo occurred at 15 min,
8 hours, or 16 hours prior to a CAC for each subject. *P-values were derived using the Wilcoxon rank-sum test.
Abbreviations: BBOS, bepotastine besilate ophthalmic solution; CAC, conjunctival allergen challenge; min, minute(s); n, number of subjects providing conjunctival hyperemia

grades at a study visit time point.
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Table 5 The number and percentage of eyes in the per-protocol population for which tearing was present at the indicated times for

placebo-treated compared to BBOS |.5%-treated eyes

Time of tearing

Number of eyes with tearing

Difference in % of eyes  P-value

grading post-CAC  present with tearing for difference
Placebo BBOS 1.5%  (placebo-BBOS 1.5%)
(n=140) (%) (n=140) (%)
Visit 5: 15-min onset of action 7 min 55 (39) 9 (6) 33 <0.0001
15 min 38 (27) I (8) 19 <0.0001
20 min 38 (27) 13 (9) 18 0.0002
Visit 4: 8-hour persistence of action 7 min 55 (39) 13 (9) 30 <0.0001
15 min 55(39) 9 (6) 33 <0.0001
20 min 38 (27) 13(9) 18 0.0003
Visit 3B: 16-hour persistence of action 7 min 46 (33) 21 (15) 18 0.0008
I5 min 45 (32) 12 (9) 23 <0.0001
20 min 32 (23) 12 (9) 14 0.0016

Note: P-values were derived using Fisher’s exact test and applying multiplicity corrections derived using the false discovery rate method.
Abbreviations: BBOS, bepotastine besilate ophthalmic solution; CAC, conjunctival allergen challenge; min, minute(s); n, number of eyes.

Secondary efficacy variables

Consistent improvements in several secondary efficacy
variables were seen with BBOS 1.5% compared to placebo.
Data for ocular tearing were notable and are summarized
in Table 5. The percentage of subjects exhibiting tearing in
response to a CAC ranged from 23%-39% from onset of
action to 16 hours after drug instillation in placebo-treated
eyes compared to 6%—15% from onset of action up to
16 hours after drug instillation in BBOS 1.5%-treated eyes.
This reduction was both statistically and clinically significant
for all time points measured.

Additional end points, including ciliary and episcleral
hyperemia, chemosis, and eyelid swelling, are summarized
in Table 6. All measures showed improvement for BBOS
1.5% compared to placebo based upon reduced mean scores.
In particular, all of the end points showed statistically sig-
nificant reductions by BBOS 1.5% at the onset-of-action
CAC test for either all time points (chemosis and eyelid

swelling) or the majority of the assessed time points (ciliary
and episcleral hyperemia), and the results for ciliary and
episcleral hyperemia were very similar to those seen for
conjunctival hyperemia. Eyelid swelling was significantly
reduced by BBOS 1.5% at all of the 8-hour persistence-of-
action time points.

Safety

The AEs from these studies were based upon a safety popula-
tion of all subjects who received at least one instillation of
BBOS 1.5% or placebo. Overall, there were a total of 24 AEs
in the PP population reported for the BBOS 1.5% treatment
group and ten AEs in the placebo treatment group (Table 7).
AEs in the PP population were generally non-ocular and not
considered related to the test agent. The most common non-
ocular AEs included nasopharyngitis (n=3 for both treatment
groups) and a mild taste upon instillation for the BBOS 1.5%
treatment group (n=4). Among the few AEs that were ocular,

Table 6 Differences in mean secondary end point values (placebo — BBOS 1.5%) assessed following a CAC (per-protocol population)

Mean grade differences: Ciliary Episcleral Chemosis Eyelid
placebo - BBOS 1.5% hyperemia hyperemia swelling
Visit 5: 15-min onset of action 7 min 0.54 (<0.001) 0.59 (<0.0001) 0.27 (<0.001) 0.38 (0.0001)
15 min 0.38 (0.004) 0.43 (0.002) 0.24 (0.011) 0.37 (<0.001)
20 min 0.19 (0.188) 0.27 (0.057) 0.32 (0.002) 0.40 (<0.0001)
Visit 4: 8-hour persistence of action 7 min 0.39 (0.004) 0.37 (0.049) 0.22 (0.011) 0.39 (0.0001)
15 min 0.27 (0.073) 0.26 (0.082) 0.16 (0.058) 0.49 (<0.001)
20 min 0.23 (0.164) 0.16 (0.259) 0.17 (0.092) 0.43 (0.002)
Visit 3B: 16-hour persistence of action 7 min 0.19 (0.178) 0.22 (0.060) 0.16 (0.078) 0.30 (0.008)
15 min 0.15 (0.436) 0.18 (0.277) 0.27 (0.007) 0.46 (<0.001)
20 min 0.15 (0.288) 0.07 (0.728) 0.25 (0.035) 0.29 (0.023)

Notes: Values in parentheses represent P-values for significance of mean values for the BBOS 1.5% treatment group (n=70) compared to the placebo treatment group (n=70)
and were derived using observed data only and applying the Wilcoxon rank-sum test. Measures were considered statistically significant at a study visit if a majority of time
points exhibited P<0.0125 (visit 5) or P=<0.00625 (visit 3B and visit 4).

Abbreviations: BBOS, bepotastine besilate ophthalmic solution; CAC, conjunctival allergen challenge; min, minute(s).
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Table 7 AEs in the per-protocol population

AEs Placebo BBOS 1.5%
(N=70) (N=70)

Total AEs 10 24

AEs considered 3 8

related to test agent

Ocular AEs

Eye irritation 2 3

Foreign body sensation | 0

Conjunctival cyst 0 12

Trace SPK 0 |2

Note: *Adverse event considered unrelated to instillation of test agent.
Abbreviations: AE, adverse event; BBOS, bepotastine besilate ophthalmic solution
1.5%; N, number of subjects; SPK, superficial punctate keratitis.

the most commonly reported was eye irritation, which was
seen in both the placebo (n=2) and BBOS 1.5% (n=3) treat-
ment groups. In addition, visits throughout both CAC trials
included an ocular examination by slit-lamp biomicroscopy
for each subject, and there were no clinically significant find-
ings reported in the course of these examinations.

Discussion
The analysis of this pooled data from two CAC clinical trials
was conducted to extend our ability to characterize the effi-
cacy of BBOS 1.5% for the treatment of AC. When analyzed
as a single integrated dataset, BBOS 1.5% provided clini-
cally and statistically significant reduction of ocular itching
for up to 8 hours post-dosing, as previously reported for the
individual CAC trials.?>* Subjects experienced rapid onset
(within 15 minutes) of clinical relief following instillation
of drug, as shown by the onset-of-action CACs. The clinical
relief was sustained even at 16 hours after dosing, at which
the reduction in ocular itching was significantly better and
approached a clinically meaningful 1.0 unit difference at all
time points (A =0.81-0.96 units) with BBOS 1.5% compared
to placebo. Ocular itch relief provided by BBOS 1.5% was
also sustained at the prospectively defined clinically signifi-
cant level for at least 8 hours. Overall, these data for the PP
population demonstrate that BBOS 1.5% can provide ocular
itching relief for up to 16 hours for many allergy sufferers.
To assess the extent to which subjects experience complete
relief from ocular itching when exposed to allergens, we
examined the percentage of subjects with itch scores of zero at
each time point following BBOS 1.5% or placebo instillation.
Over one-half (54%—68%) of the subjects in the BBOS 1.5%
group reported “complete relief” (no itch) at the onset-of-action
visit compared to 3%—6% of those in the placebo group. In the
BBOS 1.5%-treated group, 19%—-21% of subjects experienced
no CAC-induced itch symptoms even 16 hours post-instillation
compared to only 4%—6% of the placebo-treated subjects, thus

demonstrating the long, persistent effectiveness of BBOS
1.5%. This zero-itch, complete-relief response to BBOS 1.5%
was also seen in the more severely allergic subjects. In this
group, 68% of the subjects receiving BBOS 1.5% reported
zero itching at 3 minutes post-CAC in an onset-of-action CAC
test, while 25% of BBOS 1.5% subjects continued to report
zero itch 7 minutes post-CAC at 8 hours post-dose; <2%
of severely allergic subjects in the placebo treatment group
reported complete relief.

As with earlier analyses of conjunctival hyperemia data
in CAC trials with BBOS 1.5%,%** the assessment of pooled
data shows that BBOS 1.5% treatment consistently reduced
the extent of hyperemia, and that these reductions were
statistically significant at the earliest time points. Overall,
BBOS 1.5%-induced hyperemia reductions did not reach
the level designated for clinical significance. This result
has been seen with other ophthalmic antihistamines using
the CAC model** and may be due to the timing of the
efficacy assessments as well as a differential response to
H, receptor-specific antihistamines in dilated vascular tissue
and ocular nerve endings responsible for itching sensation
following a CAC.

The pooled analysis of secondary efficacy variables pro-
vides additional power to the assessments, allowing several
measures that were not significant in the earlier analyses
to reach the level of statistical significance. For example,
reductions in lid swelling at 8 hours were significant at all
time points in the pooled dataset. Similarly, BBOS 1.5%
significantly reduced chemosis and ciliary hyperemia for the
onset-of-action CAC tests for the pooled data analyses.

The CAC is amodel designed to replicate the accompany-
ing signs and symptoms of AC in a way that is reproducible,
quantifiable, and standardized among subject populations that
may have differing levels of allergen sensitivity.* In contrast,
studies that depend upon daily fluctuations in environmental
allergens are hampered by high variability and the resulting
need for a large number of subjects.” A limitation of the CAC
model is that it reproduces neither the exact manner in which
patients are typically exposed to allergens in the environment
nor the degree or constancy of exposure to environmental aller-
gens. Despite this, the CAC model is able to accurately measure
the ability of investigational products to prevent or treat both
the early and the late phases of AC*¢ and has been used to sup-
port approval of a number of ophthalmic allergy medications
for over 20 years.** The CAC-based trials of BBOS 1.5%
provided the basis for the US Food and Drug Administration
approval of this ophthalmic solution for treatment of itching
associated with AC in September 2009.4¢
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Conclusion

The pooled CAC trial data analysis affirms the usefulness
of BBOS 1.5% for treating ocular itching associated with
AC in a more substantially sized sample of allergy sub-
jects. These results show that BBOS 1.5% is an effective
anti-allergic medication that provides rapid and sustained
reduction of ocular itching, even for the most severe AC
sufferers. These post hoc results also show that BBOS 1.5%
provides statistically significant relief for other allergy-
associated ocular symptoms, including tearing, eyelid
swelling, and conjunctival hyperemia. In keeping with the
statistically significant findings discussed in this paper,
additional clinical trials may identify optimal use patterns
for improving allergen-induced ocular signs or symptoms
with BBOS 1.5%, in addition to ocular itching, and should
be considered.
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