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Background: This study was designed to evaluate the occurrence and severity of ocular
hyperemia in subjects with elevated intraocular pressure (IOP) due to primary open angle
glaucoma (POAG) or ocular hypertension (OHT) following treatment with bimatoprost 0.01%
in a real-world clinical setting.

Methods: This was an open-label, observational study conducted at 67 centers in Canada.
Subjects with elevated IOP due to POAG or OHT instilled bimatoprost 0.01% topically as
monotherapy once daily. Ocular hyperemia was graded by the investigator at baseline and weeks
6 and 12 using a photographic five-point grading scale. Change in IOP from baseline was also
evaluated at these time points. This analysis includes only the subgroup of 522 subjects who
were naive to IOP-lowering medication prior to the study.

Results: After 12 weeks of treatment with bimatoprost 0.01%, hyperemia was graded as none-
to-mild (grades 0, +0.5, or +1) for 93.3% of subjects and as moderate-to-severe (grades +2 or +3)
for 6.7%. At weeks 6 and 12, most subjects (93.2% and 93.5%) had no change in hyperemia
grade from baseline. [IOP was reduced by 7.4 mmHg (29.8%) at week 6 and 7.7 mmHg (30.9%)
at week 12 from baseline.

Conclusion: This real-world, observational study found that bimatoprost 0.01% instilled once
daily reduced IOP by a mean of 30% from baseline without moderate or severe ocular hyperemia
in 93% of treatment-naive subjects with POAG or OHT.
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Introduction

For patients with glaucoma or ocular hypertension (OHT), decreasing intraocular
pressure (IOP) is critical in preventing disease progression and forestalling visual loss.
Bimatoprost is a prostamide that effectively lowers IOP. Bimatoprost has been found
to be safe and effective as monotherapy and superior to timolol maleate in reducing
IOP.! Other studies have found that IOP-lowering with bimatoprost 0.03% is equal or
superior to that achieved with travoprost or latanoprost* and that bimatoprost further
reduces IOP in patients who switched from latanoprost.®’

Despite the efficacy of bimatoprost 0.03%, its full adoption has been limited by the
local side effect of hyperemia. Conjunctival hyperemia or “red eye” is a nonspecific
clinical term that implies vasodilatation of the conjunctival blood vessels. Moreover,
aside from cosmetic concern, there are no other proven consequences associated with
conjunctival hyperemia secondary to treatment with prostaglandins or prostamides.
Patient tolerance of a prescribed topical ocular IOP-lowering medication is critical in
order to maintain good IOP control, and hyperemia is the most frequently reported
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cause for patient intolerance of the prostaglandin analog class
of glaucoma medications.?

In an attempt to enhance tolerability and improve patient
compliance, bimatoprost 0.03% was reformulated to reduce
the concentration of active medication to 0.01%. In a
Phase I1I clinical trial, bimatoprost 0.01% was determined to
be equivalent to the original bimatoprost 0.03% formulation
in IOP-lowering efficacy throughout the 12 months of the
study.” Additionally, in the same study, treatment with
bimatoprost 0.01% was shown to have improved tolerability
and safety over bimatoprost 0.03%.° However, as with all
Phase III trials, questions concerning the performance of
approved therapies in larger patient populations are left
unanswered. As a result, Allergan Inc., the sponsoring
pharmaceutical company, and members of the Canadian
ophthalmic community formed a partnership to study the
performance of bimatoprost 0.01% in the setting of actual
clinical practice through The Canadian Lumigan RC Early
Analysis Review (CLEAR) study. Here we report the
results of this observational study in the group of subjects
previously naive to IOP-lowering therapy.

Materials and methods
Study design and subjects

This was a 12-week, open-label, noncomparative clinical
evaluation of patients with primary open angle glaucoma
(POAG) or OHT who were treated with bimatoprost 0.01%
(Lumigan® RC, Allergan Inc.) monotherapy at 67 centers
in Canada. The study was conducted between December 2,
2009 and March 23, 2011.

Subjects were eligible for inclusion if they were at least
18 years of age and had a diagnosis of elevated IOP due
to either POAG or OHT and had already been determined
by the treating physician to be a candidate for bimatoprost
0.01% therapy. Subjects were excluded if they reported any
hypersensitivity to benzalkonium chloride, any prostaglandin
analog, or any component of the study medication, or had
any other abnormal ocular condition or symptom that
would have prevented the subject from entering the trial.
Women who were pregnant, nursing, planning a pregnancy,
or of childbearing potential and not using a reliable form
of contraception were also excluded. The overall study
included both subjects who were naive to any IOP-lowering
medications as well as those whose target IOP was not
reached with their current therapy. However, the analysis
presented here only includes subjects who were naive to
IOP-lowering medications prior to the study and were treated
with bimatoprost 0.01% monotherapy. Data from subjects

who were previously treated with medication are described
in a separate paper.

The study was conducted in accordance with the
Declaration of Helsinki and the guidelines set forth by
the International Council on Harmonization of Technical
Requirements for Registration of Pharmaceuticals for Human
Use and the United States Code of Federal Regulations
CFR21. All investigators obtained appropriate institutional
review board or ethics committee approval before initiating
the study, and all patients provided written informed
consent before any study-related procedures or changes in
treatment.

Treatment

Bimatoprost 0.01% was obtained by the patient through
commercial means and not as investigational study drug
provided by Allergan Inc. At the baseline visit, subjects
were provided with bimatoprost 0.01% and were instructed
to self-instill their medication into the affected eye(s) in the
evening at approximately 8 pm. Other therapy considered
necessary for the patient’s welfare was given at the discretion
of the treating physician and was documented.

Outcome variables

Outcome variables were evaluated at baseline and at weeks
6 and 12 at 10 am (% 2 hours). The primary outcome variable
was the occurrence and severity of ocular hyperemia at
week 12, using a photographic five-point grading scale:
0, none, normal; +0.5 trace, trace flush reddish pink; +1, mild,
mild flush reddish color; +2, moderate, bright red color; +3,
severe, deep, bright, diffuse redness.’

The efficacy endpoints were IOP change and IOP percent
change from baseline at weeks 6 and 12. IOP was measured
using a tonometer affixed to a slit lamp with the patient
seated. The examiners performed IOP measurements at
approximately the same time of the day for a given patient
throughout the study. Adverse events were documented
throughout the study, including their seriousness, severity,
action taken and relationship to treatment.

Statistical analyses

All subjects who provided informed consent and completed
the screening/baseline visit were included in the analyses.
Individual hyperemia scores were summarized as frequency
counts and percentages for all visits, and change from
baseline was reported at weeks 6 and 12. Hyperemia
grading was collapsed into two categories, ie, none-to-mild
(ratings of 0, +0.5, or +1) and moderate-to-severe (ratings
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of +2 or +3). These data were summarized as frequency
counts and percentages at all visits. The change in hyperemia
grading responses from baseline at weeks 6 and 12 for the
collapsed grading categories was summarized as improved,
no change, or worsened. A change in hyperemia was defined
for statistical analysis as a shift from one hyperemia grouping
to another from baseline to week 6 or week 12 during the
study. A two-sided McNemar test was used to test for
treatment effect.

For IOP, data from the eye with the higher IOP at baseline
(worse eye) were used or the right eye was used if both eyes
had the same IOP at baseline. IOP was summarized at each
visit using descriptive statistics. IOP change and IOP percent
change from baseline were analyzed at weeks 6 and 12 using
two-sided paired #-tests.

The study was exploratory in nature and thus no formal
sample size calculations were carried out. The SAS® System
for Windows (SAS, Cary, NC) version 9.2 was used for the
analyses. All statistical tests were performed as two-sided
tests with the significance level set at P = 0.05. P values
were not adjusted for multiple comparisons.

Results

Demographics and disposition

A total of 1137 subjects were enrolled in the CLEAR
trial at 67 Canadian centers. Of the total population of
subjects, 615 subjects had been treated with a prior IOP-
lowering medication and were switched to bimatoprost
0.01% as adjunctive IOP-lowering therapy (n = 165) or as
monotherapy (n = 450); the latter group is considered in a
separate paper. The remaining 522 subjects were treatment-
naive (untreated prior to baseline) and are the basis of the
present analysis. Sixty-four of the 522 naive-to-treatment
subjects were discontinued for the following reasons: lost
to follow-up (n =28, 5.4%), ocular adverse event (n =23,
4.4%), other adverse event (n = 1, 0.2%), and reasons not
related to adverse events (n = 12, 2.3%). Of the 23 naive-
to-treatment subjects who discontinued the study due to
ocular adverse events, 20 subjects had reported a total of
31 ocular adverse events that were related to bimatoprost
0.01% monotherapy (Table 1). Additionally, one subject
had reported two ocular adverse events unrelated to bimato-
prost 0.01% monotherapy. Three subjects did not report an
adverse event.

Of'the 522 naive-to-treatment subjects enrolled to receive
bimatoprost 0.01% monotherapy, 276 (52.9%) were female,
with a mean age of 66.3 years. The mean age for the 246
(47.1%) male subjects was 63.9 years. Common associated

Table | Early discontinuation due to treatment-related ocular
adverse events

Adverse event Subjects Events
n (%) (n)
Ocular hyperemia 9(1.7) 9
Eye irritation 3(0.8) 4
Eye pruritus 4 (0.8) 4
Conjunctival hyperemia 2 (0.4) 2
Hyperemia 2 (0.4) 2
Conjunctival irritation 1(0.2) I
Dermatitis 1(0.2) I
Drug intolerance 1(0.2) |
Dry eye 1(0.2) |
Eye pain 1(0.2) |
Foreign body sensation in eyes 1(0.2) |
Headache 1(0.2) |
Lacrimation increased 1 (0.2) |
Pruritus 1 (0.2) |
Vision blurred 1(0.2) |

medical comorbidities among the enrolled 522 naive-to-
treatment subjects included hypertension (n = 231, 44.3%),
cardiovascular disease (n = 106, 20.3%), diabetes (n = 77,
14.8%), asthma (n = 44, 8.4%), and pulmonary disease
(n =27, 5.2%). Some of the enrolled naive-to-treatment
subjects had more than one comorbidity.

Hyperemia

Table 2 shows the occurrence and severity of ocular
hyperemia associated with the once daily use of bimatoprost
0.01% in subjects who were naive to treatment, based on the
five-point hyperemia grading scale.

Table 3 shows the rates of ocular hyperemia grading
collapsed into none-to-mild (0, +0.5, +1) and moderate-
to-severe (+2, +3) groupings. At baseline, 1.5% of naive-
to-treatment subjects presented with moderate-to-severe
hyperemia (+2, 4+3). At the 12-week primary endpoint of
the study, 6.7% of subjects were in the moderate-to-severe
hyperemia grouping, whereas 93.3% of subjects were in
the none-to-mild hyperemia grouping (0, +0.5, or +1).
Results showed an increase in the percentage of subjects in
the moderate-to-severe hyperemia grouping at week 6 and

Table 2 Rates of occurrence and severity of ocular hyperemia

Clinical Ophthalmology 2012:6

Hyperemia Baseline Week 6 Week 12
grade (n=522) (n=497) (n =460)
0 306 (58.6%) 153 (30.8%) 148 (32.2%)
+0.5 152 (29.1%) 208 (41.9%) 183 (39.8%)
+1 56 (10.7%) 98 (19.7%) 98 (21.3%)
+2 8 (1.5%) 33 (6.6%) 27 (5.9%)
+3 0 5 (1.0%) 4 (0.9%)
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Table 3 Hyperemia grouping frequency (%) of naive-to-treatment
subjects receiving bimatoprost 0.01% monotherapy

Week 6
459 (92.4%)

Week 12
429 (93.3%)

Baseline
514 (98.5%)

Hyperemia grouping

None-to-mild

(0, +0.5, +1)
Moderate-to-severe
(+2, +3)

8 (1.5%) 38 (7.6%) 31 (6.7%)

week 12 compared with baseline rates of ocular hyperemia.
There was no minimal change in moderate-to-severe
hyperemia between weeks 6 and 12 on treatment with
bimatoprost 0.01% monotherapy during the trial.

Figure 1 illustrates the change in hyperemia from baseline
during the study using a McNemar analysis of shift from
none-to-mild to moderate-to-severe hyperemia groupings
(worsening) or vice-versa (improving) or no change. A very
small percentage of subjects improved in hyperemia grading
(ie, from moderate-to-severe to none-to-mild) at the week
6 or 12 visits. A small percentage of the naive-to-treatment
population worsened in hyperemia grading (ie, none-to-mild
to moderate-to-severe) at the week 6 and week 12 visits. The
majority of subjects did not experience a shift in hyperemia
grading at weeks 6 or 12. The statistical analysis of the change
in hyperemia grading from baseline showed a statistically
significant (P < 0.05) worsening of hyperemia at both the
week 6 and week 12 visits.

Intraocular pressure

Mean (+ standard deviation) IOP at baseline was
23.5 + 5.8 mmHg. Following initiation of bimatoprost
0.1% monotherapy at weeks 6 and 12, mean + SD IOP
was 16.2 £3.9 mmHg and 15.9 £ 3.9 mmHg, respectively.

100 + 93.2% 93.5%
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80 m No change
@ Worsened
7]
]
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5
]
n
‘S 40
X
20 4
6.4% 5.9%
0.4% 0.7%
0
Week 6 Week 12

Figure | Change in ocular hyperemia groupings from baseline (ie, shift from

moderate-to-severe hyperemia to none-to-mild hyperemia or improved, no change,

and none-to-mild hyperemia to moderate-to-severe ocular hyperemia or worsened).
Note: The changes in collapsed hyperemia grading categories from baseline to
weeks 6 and 12 were both statistically significant (P < 0.05).

This reduction in IOP corresponds to a mean + SD
percent change from baseline of —29.8% + 15.5% at
week 6 and —30.9% *+ 15.4% at week 12, which was
statistically significant (both P < 0.05; Figure 2A). The
absolute mean level of IOP changed by —7.4 mmHg
and —7.7 mmHg at 6 and 12 weeks, respectively (both
P < 0.05; Figure 2B).

Safety

In this study population, 35 subjects reported 57 adverse
events, for an overall incidence of 6.7% (35/522). A total of
48 adverse events, reported by 29 subjects, were considered
related to treatment, for an incidence of 5.6% (29/522;
Table 4). One serious adverse event (death) occurred in this
study population and was considered unrelated to treatment.
The most frequently reported treatment-related adverse events
were ocular hyperemia (2.1%, 11/522), eye irritation (0.8%,
4/522), eye pruritus (0.8%, 4/522), conjunctival hyperemia
(0.6%, 3/522), and hypertrichosis (0.6%, 3/522).
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Figure 2 Change from baseline IOP. (A) Percentage change from baseline following
initiation of bimatoprost 0.01% monotherapy in naive to |OP-lowering treatment
subjects at weeks 6 and 12, error bars indicate standard deviation. (B) Absolute
change from baseline following initiation of bimatoprost 0.01% monotherapy in naive
to |OP-lowering treatment subjects at weeks 6 and 12, error bars indicate standard
deviation.

Note: *Significant change from baseline, P < 0.05.
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Table 4 Treatment-related adverse events reported by at least
two subjects

Adverse event Subjects Events

n (%) n
Ocular hyperemia I @.1) I
Eye irritation 4 (0.8) 5
Eye pruritus 4 (0.8) 4
Conjunctival hyperemia 3 (0.6) 3
Hypertrichosis 3 (0.6) 3
Dry eye 2 (0.4) 2
Eye pain 2 (0.4) 2
Foreign body sensation in eyes 2 (0.4) 2
Headache 2 (0.4) 2
Hyperemia 2 (0.4) 2
Pruritus 2 (0.4) 2
Discussion

The objective of the CLEAR study was to evaluate the
performance of bimatoprost 0.01% further in a real-world
setting beyond the confines of a randomized clinical trial with
its tightly defined eligibility criteria. In a larger population
with much wider enrolment criteria as in the CLEAR study,
the results might better reflect what one would observe in
actual clinical practice.

The findings from this 3-month, open-label,
noncomparative, observational study demonstrate that
treatment-naive POAG or OHT subjects who received bimato-
prost 0.01% showed a 30% mean change in IOP reduction
from baseline. The majority of subjects did not experience a
shift in hyperemia grading at week 6 or week 12 relative to
untreated baseline (ie, 93.2% and 93.5%, respectively). In this
naive to treatment population, there was only a statistically
significant shift to moderate or severe hyperemia in 6.4% of
patients at week 6 and 5.9% of patients at week 12. The results
of this study are consistent with those obtained by Katz et al
who demonstrated that bimatoprost 0.01% is not only equiva-
lent in IOP-lowering efficacy to bimatoprost 0.03%, but also
provides improved tolerability with less frequent and severe
conjunctival hyperemia.’ These results are also consistent
with those of a European, open-label observational study of
0.01% bimatoprost, which found a 6.5 mmHg lowering of
IOP in treatment-naive subjects, accompanied by a low rate
(2.5%) of ocular or conjunctival hyperemia.' In contrast with
the recent report by Pfennigsdorf et al,'® the data presented
here enable a more detailed analysis of ocular hyperemia
attributed to bimatoprost 0.01% monotherapy as first-line
1OP-lowering therapy for POAG and OHT patients through
inclusion of a standardized ocular hyperemia severity grading
system and assessment of IOP-lowering efficacy across three
study visits (ie, baseline and at weeks 6 and 12).

After 12 weeks of treatment with bimatoprost 0.01%,
93.3% of subjects had a hyperemia grade up to and including
grade 1, which was deemed none-to-mild, and 93.5% had
no change in hyperemia grade from baseline. The levels of
conjunctival hyperemia categorized as moderate-to-severe
(ie, grade +2 or +3, 6.7%) in the present study are higher
than that reported by Katz et al (ie, 3.2% showed moderate
to severe increase from baseline).’ It should be noted that in
addition to differences in study duration of the former versus
the latter study (12 weeks versus 6 months, respectively)
the subject population of this report involves analysis of
subjects who were naive to any IOP-lowering medication,
whereas subjects assessed by Katz et al included subjects
who received bimatoprost 0.01% following washout of any
previous IOP-lowering therapy.’

Hyperemia is a common side effect among all prostaglan-
din analogs, but its underlying mechanism remains unclear.
Ocular surface hyperemia has been postulated to be related
to either pharmacological or inflammatory processes or both.
However, a histological study failed to demonstrate increased
inflammation reactions in conjunctival biopsies derived from
patients with ocular hyperemia when compared with healthy
controls.!! This was later confirmed with in vivo experiments
of rabbits, dogs, and monkeys treated topically with bimato-
prost, which ranged in concentration from 0.001% to 0.1%
and was administered either four times, twice or once daily
over one, six or 12 months, which did not show evidence
of conjunctival inflammatory processes.'> Hyperemia due
to prostaglandin analogs seems to be caused by a common
signaling mechanism that involves nitric oxide, a known
vasodilator.'

The secondary objective in this study was to assess the
change from baseline IOP at the 6-week and 12-week study
visits. After 6 weeks of treatment with bimatoprost 0.01%, IOP
showed a mean decline of —7.4 mmHg and a mean percentage
change of —29.8% from baseline (23.5 £ 5.8 mmHg). At 12
weeks, the mean IOP decline was —7.7 mmHg or a —=30.9%
change from baseline. These results compare favorably with
the results reported by Katz et al, who found that bimatoprost
0.01% decreased IOP by —7.4 mmHg or —29% from baseline
at 12 months.’ These results are also similar to the 12-month
data from the Higginbotham study that showed reduction
of IOP from baseline of —7.6 mmHg (-30%) with the
bimatoprost 0.03% ophthalmic solution formulation.'

To date, lowering IOP is the only risk factor that has
been proven to modify glaucoma progression. In order for
existing medications to effectively reduce IOP, patients must
comply with treatment and, therefore, balancing patient
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tolerability with efficacy is a critical goal in the development
of medications for glaucoma and OHT patients. Additionally,
formulations that require less frequent dosing may yield a
higher degree of long-term patient compliance."

The present study was not without limitations. Due
to the open-label study design observer bias by the
participating physician, a Hawthorne effect for enhanced
patient adherence with the study therapy may have resulted.
It should also be noted that 28 (5.4%) and 23 (4.4%) of the
total naive-to-treatment subjects enrolled in the present
study were either lost to follow-up or discontinued the study
due to ocular adverse events. Given that exclusion of these
subjects may be related to ocular adverse events, the results
reported herein may understate the occurrence and severity
of hyperemia attributed to bimatoprost 0.01% monotherapy
in naive-to-treatment subjects.

In conclusion, the results of this open-label study suggest
that, in routine clinical use, bimatoprost 0.01% monotherapy
achieves a favorable balance by pairing effective IOP-low-
ering with a low rate of ocular hyperemia in treatment-naive
POAG or OHT subjects.
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