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Abstract

Purpose To describe pooled efficacy and

safety data from two phase 3 studies

comparing brinzolamide 1%/brimonidine

0.2% fixed combination (BBFC) with its

component medications, brinzolamide and

brimonidine, in patients with open-angle

glaucoma or ocular hypertension.

Methods Data were pooled from two nearly

identical clinical trials comparing BBFC with

its component medications, each given three

times daily. The 3-month efficacy outcome

was mean intraocular pressure (IOP) at 0800,

1000, 1500, and 1700 hours. Safety outcomes

included adverse events (AEs), best-corrected

visual acuity, examination of ocular

structures, pachymetry, perimetry, and

vital signs.

Results A total of 1350 patients were

enrolled and included in this analysis (BBFC,

n¼ 437; brinzolamide, n¼ 458; brimonidine,

n¼ 455). Baseline mean IOP levels were

similar among the three treatment groups. At

3 months, mean IOP of the BBFC group was

significantly lower than that of either

monotherapy group (Po0.0001) at all the four

time points. A total of 272 patients (20.1%)

experienced at least one treatment-related AE

(BBFC, 24.6%; brinzolamide, 18.7%;

brimonidine, 17.4%), the majority of which

were ocular AEs. One serious AE, moderate

intensity chest pain, was considered related

to brinzolamide treatment and resulted in

study discontinuation.

Conclusions This analysis strengthens the

conclusions drawn from the two individual

phase 3 studies showing that, in patients

with open-angle glaucoma or ocular

hypertension, BBFC had significantly

superior IOP-lowering activity compared

with either brinzolamide or brimonidine

alone and a safety profile consistent with that

of its individual components.
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Introduction

Pharmacological therapy is the most common

first-line approach for patients with glaucoma

requiring intraocular pressure (IOP) reduction.1

1Department of
Opthalmology, West
Virginia University Eye
Institute, Morgantown,
WV, USA

2Scripps Clinic, La Jolla,
CA, USA

3Huron Ophthalmology,
Ypsilanti, MI, USA

4Clayton Eye Center,
Morrow, GA, USA

Correspondence:
T Realini, Department of
Ophthalmology, West
Virginia University Eye
Institute, 1 Medical
Center Drive, Morgantown,
WV 26506, USA.
Tel: þ304-598-6926;
E-mail: realinia@
wvuhealthcare.com

Received: 15 February 2013
Accepted: 21 February 2013
Published online: 3 May
2013

C
L

IN
IC

A
L

S
T

U
D

Y

Eye (2013) 27, 841–847
& 2013 Macmillan Publishers Limited All rights reserved 0950-222X/13

www.nature.com/eye

http://dx.doi.org/10.1038/eye.2013.83
mailto:realinia@wvuhealthcare.com
mailto:realinia@wvuhealthcare.com
http://www.nature.com/eye


More than one medication is necessary in many cases,

with one study reporting that a 20% reduction in IOP to

r24 mm Hg required two medications in 30% of patients

and Z3 medications in an additional 9%.2 Patients

requiring two medications can either concomitantly

administer two separate medications

or use a single fixed-combination medication.

Fixed-combination therapy may be preferred due to

reduced exposure to ocular preservatives, avoidance

of the potential for washout of the first medication by

administration of the second, and increased patient

convenience resulting from having only one bottle of

medication, which could increase the likelihood of

adherence to glaucoma therapy and potentially lower

cost from fewer copays.3

Brinzolamide 1%/brimonidine 0.2% (BBFC) is an

investigational fixed-combination therapy that contains a

carbonic anhydrase inhibitor and an alpha agonist. All

currently available fixed-combination therapies contain

the beta blocker timolol. Although beta blockers are

among the most commonly used ocular antihypertensive

medications, they are contraindicated for patients with

certain respiratory or cardiac conditions.4 Thus, BBFC

will provide a non-beta blocker-containing fixed-

combination alternative to current fixed-combination

therapies for these patients.

Two phase 3 studies (C-10-033 and C-10-039) were

recently conducted that assessed the efficacy and safety

of BBFC using a nearly identical, randomized, 3-month,

contribution-of-elements design. The only difference

between the two trials was that the C-10-039 study

collected additional safety information during a 3-month

safety extension. The aim of the current analysis was to

more robustly describe the efficacy and safety of BBFC by

pooling the data from these two studies.

Materials and methods

Pooled analysis: study selection and data extraction

The data for this pooled analysis were obtained from two

nearly identical, phase 3, randomized, 3-month clinical

trials (Alcon studies C-10-033 and C-10-039) evaluating

the safety and efficacy of BBFC using a contribution-of-

elements design. The trials were identical in study design

and eligibility criteria, which allowed the data to be

pooled for analysis. The methodology of the two prior

studies has been described previously.5,6 Briefly, patients

with open-angle glaucoma or ocular hypertension were

randomly assigned to treatment for 3 months with BBFC,

brinzolamide 1%, or brimonidine 0.2%. Patients

demonstrated baseline IOP between 24 and 36 mm Hg at

the 0800 hours time point and between 21 and 36 mm Hg

at the 1000 hours time point, and they were seen at

2 weeks, 6 weeks, and 3 months, with IOP assessments at

0800, 1000, 1500, and 1700 hours at each visit. The only

difference between the two studies was that C-10-039 had

an additional 3-month safety extension (data will not be

presented here). Efficacy and safety methods and results

from each trial (through the 3-month visit for C-10-039)

have been previously published.5,6 Data obtained from

each study for the present analysis included

demographics, IOP at baseline, and at the 2-week,

6-week, and 3-month visits (at all the four time points),

percentage and absolute changes in IOP from baseline for

the 2-week, 6-week, and 3-month visits (at all four time

points), solicited and unsolicited adverse events (AEs),

best-corrected visual acuity (BCVA), slit-lamp

biomicroscopy observations, pachymetry, automated

perimetry, fundus parameters, and resting pulse and

blood pressure.

Statistical methods

The pooled analysis was performed according to a

predefined analysis plan. Pairwise comparisons of

pooled mean IOP (BBFC vs brinzolamide and BBFC vs

brimonidine) at each scheduled on-therapy study visit at

all the four time points (0800, 1000, 1500, and 1700 hours)

were based on the least squares means derived from a

statistical model that accounts for correlated IOP

measurements within patient. A two-sided a-level of 0.05

was used to declare statistical significance. The pooled

intent-to-treat population was used for primary analysis.

The pooled safety population, which included all

patients from both the studies who received study

medication, was used for safety analysis.

Descriptive statistics were calculated for all safety

parameters (AEs, BCVA, slit-lamp biomicroscopy

observations, pachymetry, automated perimetry, fundus

parameters, and resting pulse rate and blood pressure)

and for IOP, IOP change from baseline, and IOP

percentage of change from baseline. Statistical analysis of

the pooled data was performed using SAS (SAS Institute,

Cary, NC, USA).

We certify that all applicable institutional and

governmental regulations concerning the ethical use of

human volunteers were followed during this research.

Results

Participant flow

A total of 660 patients from C-10-033 and 690 patients

from C-10-039 were enrolled. Of these 1350 patients,

1209 patients (C-10-033, n¼ 594; C-10-039, n¼ 615)

completed the 3-month visit. Patient disposition is

described in Figure 1.
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Demographics and baseline characteristics

Demographic and baseline characteristics were well

balanced among the three arms (Table 1). Mean age of the

intent-to-treat population was 64.7±10.5 years, 58.4%

were women, and 71.0% had a diagnosis of open-angle

glaucoma.

Intraocular pressure

Baseline mean IOP levels were similar among the three

treatment groups at each of the four time points (Table 2).

For the 3-month primary end point, mean IOP of the

BBFC group was significantly lower than that of either

the brinzolamide group or the brimonidine group at each

time point (Po0.0001; Table 2). For the 2-week and

6-week supportive end points, mean IOP of the BBFC

group was significantly lower at all the time points

than the mean IOP of either the brinzolamide group

(Po0.0001) or the brimonidine group (Po0.0001; 2-week

data not shown). At each visit, the BBFC group

demonstrated the largest reduction in IOP from baseline

at all the four time points compared with either

monotherapy (Figure 2; 2-week data not shown).

Reductions in the BBFC group across visits and time

points ranged from 22.5 to 34.5% (5.5–8.9 mm Hg),

17.0 to 23.0% (4.2–5.9 mm Hg) in the brinzolamide

group, and 13.4 to 26.9% in the brimonidine group

(3.3–6.9 mm Hg).

Adverse events and other safety measures

A total of 272 (20.1%) patients experienced at least one

treatment-related AE (BBFC group, n¼ 107, 24.6%;

brinzolamide group, n¼ 86, 18.7%; brimonidine group,

n¼ 79, 17.4%), the majority of which were ocular AEs

(Table 3). The brinzolamide-containing groups showed a

higher incidence of blurred vision (5.3–6.5%) and

dysgeusia (3.9–8.3%) compared with the brimonidine

group (0.2% for both) and the brimonidine-containing

groups showed a higher incidence of ocular hyperemia

(2.1–3.3%), dry mouth (2.4–3.0%), and eye allergy

(1.1–2.5%) compared with the brinzolamide group

(0.7, 0, and 0%, respectively). Twenty patients

experienced 29 serious AEs, of which 1 was judged

by an investigator to be related to treatment. This was a

case of chest pain of moderate intensity experienced

by a patient in the brinzolamide group, which

resulted in study discontinuation and subsequent

resolution of the AE.

Figure 1 Participant flow chart.
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Seven of the treatment-related AEs were severe (BBFC

group, one case each of allergic conjunctivitis, fatigue,

blurred vision; brinzolamide group, two cases of blurred

vision; brimonidine group, one case each of eye allergy

and atopic dermatitis), three of which resulted in

treatment discontinuation. In total, 87 patients

discontinued participation due to treatment-related AEs

(BBFC group, n¼ 43, 9.9%; brinzolamide group, n¼ 10,

2.2%; brimonidine group, n¼ 34, 7.5%).

From the baseline visit to the 3-month visit, the change

in mean number of letters read was o1 letter in all the

groups. Of the five patients observed to have a decrease

in BCVA, one case was judged to be related to BBFC

treatment, but the reduced visual acuity was mild in

Table 1 Demographics and baseline characteristics

Demographic/baseline characteristics
Total population

N¼ 1328
BBFC

N¼ 427
Brinzolamide

N¼ 453
Brimonidine

N¼ 448

Age, years
Mean±SD 64.7±10.5 64.8±10.8 64.6±10.2 64.6±10.6
o65, n (%) 641 (48.3%) 202 (47.3%) 209 (46.1%) 230 (51.3%)
Z65, n (%) 687 (51.7%) 225 (52.7%) 224 (53.9%) 218 (48.7%)

Race, n (%)
White 968 (72.9%) 317 (74.2%) 320 (70.6%) 331 (73.9%)
Black 326 (24.5%) 98 (23.0%) 117 (25.8%) 111 (24.8%)
Asian 17 (1.3%) 6 (1.4%) 10 (2.2%) 1 (0.2%)
Multi-racial 3 (0.2%) 0 (0.0%) 1 (0.2%) 2 (0.4%)
American Indian/Alaska Native 1 (0.1%) 1 (0.2%) 0 (0.0%) 0 (0.0%)
Other 13 (1.0%) 5 (1.2%) 5 (1.1%) 3 (0.7%)

Sex, n (%)
Male 552 (41.6%) 173 (40.5%) 194 (42.8%) 185 (41.3%)
Female 776 (58.4%) 254 (59.5%) 259 (57.2%) 263 (58.7%)

Diagnosis, n (%)
Ocular hypertension 385 (29.0%) 132 (30.9%) 130 (28.7%) 123 (27.5%)
Open-angle glaucoma 943 (71.0%) 295 (69.1%) 323 (71.3%) 325 (72.5%)

Abbreviation: BBFC, brinzolamide 1%/brimonidine 0.2% fixed combination.

Demographics and baseline characteristics were presented from the intent-to-treat population.

Table 2 Intraocular pressure across the treatment groups and time points

Treatment group Baseline 6 Weeks 3 Months

0800
hours

1000
hours

1500
hours

1700
hours

0800
hours

1000
hours

1500
hours

1700
hours

0800
hours

1000
hours

1500
hours

1700
hours

BBFC
N 427 427 427 427 405 402 402 400 385 383 383 383
Mean±SDa 27.0±2.7 25.5±2.9 24.0±3.4 23.7±3.5 20.0±3.9 16.9±3.5 18.6±3.7 16.4±3.5 20.2±4.1 17.0±3.8 18.5±3.8 16.5±3.8
LS mean±SEa NA NA NA NA 20.6±0.2 17.5±0.2 19.2±0.2 17.0±0.2 20.8±0.2 17.6±0.2 19.1±0.2 17.1±0.2

Brinzolamide
N 453 453 453 453 438 434 434 434 429 426 424 424
Mean±SDa 27.2±2.7 25.7±3.0 24.1±3.4 23.9±3.6 21.3±4.1 19.7±3.8 19.6±3.5 19.2±3.6 21.2±4.2 19.9±3.9 19.9±3.8 19.5±3.8
LS mean±SEa NA NA NA NA 21.9±0.2 20.4±0.2 20.2±0.2 19.8±0.2 21.8±0.2 20.6±0.2 20.6±0.2 20.2±0.2

Brimonidine
N 448 448 448 448 420 416 412 410 395 393 392 389
Mean±SDa 27.2±2.7 25.6±2.9 24.0±3.3 23.7±3.5 22.2±4.5 18.9±3.8 20.4±4.1 17.8±3.5 22.5±4.3 19.0±3.7 20.6±4.0 18.0±3.8
LS mean±SEa NA NA NA NA 22.9±0.2 19.5±0.2 21.1±0.2 18.5±0.2 23.2±0.2 19.7±0.2 21.4±0.2 18.8±0.2

P-valueb

BBFC vs brinz NA NA NA NA o0.0001 o0.0001 o0.0001 o0.0001 o0.0001 o0.0001 o0.0001 o0.0001
BBFC vs brim NA NA NA NA o0.0001 o0.0001 o0.0001 o0.0001 o0.0001 o0.0001 o0.0001 o0.0001

Abbreviations: BBFC, brinzolamide 1%/brimonidine 0.2% fixed combination; brim, brimonidine; brinz, brinzolamide; LS, least squares; NA, not

applicable.

Intraocular pressure was analyzed using the intent-to-treat population.
a Measured in mm Hg.
b Pairwise t-test based on LS means.
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severity and resolved without treatment. Using slit-lamp

biomicroscopy, investigators observed Z1-unit increases

from the baseline visit to the exit visit (last on-therapy

visit up to and including 3-month visit) for evidence of

inflammation or significant structural changes in or

discharge from eyelids/conjunctiva in 9.9% (43 of 433) of

the BBFC group, 3.3% (15 of 458) of the brinzolamide

group, and 8.7% (39 of 450) of the brimonidine group. No

other significant changes were noted in visual acuity,

anterior or posterior segment examination, pachymetry,

or perimetry.

A slight trend towards a decrease in both systolic and

diastolic mean blood pressure was observed from the

baseline visit to the 3-month visit at the 1000 hours time

point for patients from the BBFC group (5.3 mm Hg

systolic decrease and 2.8 mm Hg diastolic decrease) and

the brimonidine group (3.8 mm Hg systolic decrease and

1.9 mm Hg diastolic decrease). For the brinzolamide

group, systolic and diastolic mean blood pressure

remained within 2 mm Hg of the mean baseline levels at

all the visits. Two patients from the BBFC group had a

blood pressure decrease coded as an AE. No patient

experienced a clinically meaningful decrease in pulse rate.

Discussion

Based on this pooled analysis of patients from the two

phase 3 BBFC clinical trials, we conclude that BBFC has

significantly superior IOP-lowering activity compared

with either brinzolamide 1% or brimonidine 0.2% in

patients with open-angle glaucoma or ocular

hypertension while providing a safety profile consistent

with that of its individual components. These

conclusions are consistent with the findings of the

individual phase 3 studies.5,6 In addition, the pooled

analysis showed that fewer patients in the BBFC group

(n¼ 2) discontinued due to a lack of IOP control than in

either the brinzolamide group (n¼ 8) or the brimonidine

group (n¼ 15). The magnitude of peak IOP reduction

from baseline observed with BBFC (33.4–34.5%) is

consistent with those of other fixed-combination

therapies, such as dorzolamide 2%/timolol 0.5%

(26.1–32.3%)7–9 and brimonidine 0.2%/timolol 0.5%

(32.3%).9 Taken together, these data suggest that BBFC

provides consistent diurnal IOP control (45.5 mm Hg

reduction) that is superior to either component through 3

months of treatment.

Due to its greater sample size, the pooled analysis

improved the robustness of the safety results relative to

those of the individual studies, permitting the potential

identification of uncommon AEs. Despite this, the pooled

analysis failed to identify any novel safety concerns, thus

supporting the safety conclusion of the individual

studies,5,6 which was that the safety profile of BBFC was

Figure 2 Change in mean IOP from the baseline visit
across the treatment groups and time points. IOP was
analyzed using the intent-to-treat population. Pairwise statistical
comparisons of groups were not calculated. (a) 6-week visit. (b)
3-month visit. CI, confidence interval.

Table 3 Treatment-related adverse events (incidence of Z1%)

Treatment-related adverse
event

BBFC
N¼ 435,

n (%)

Brinzolamide
N¼ 460,

n (%)

Brimonidine
N¼ 455,

n (%)

Ocular
Vision blurred 23 (5.3%) 30 (6.5%) 1 (0.2%)
Eye irritation 18 (4.1%) 6 (1.3%) 10 (2.2%)
Eye allergy 11 (2.5%) 0 (0%) 5 (1.1%)
Ocular hyperemia 9 (2.1%) 3 (0.7%) 15 (3.3%)
Eye pain 9 (2.1%) 8 (1.7%) 5 (1.1%)
Conjunctivitis allergic 8 (1.8%) 2 (0.4%) 7 (1.5%)
Eye pruritus 7 (1.6%) 5 (1.1%) 3 (0.7%)
Conjunctival
hyperemia

7 (1.6%) 5 (1.1%) 5 (1.1%)

Dry eye 6 (1.4%) 4 (0.9%) 7 (1.5%)
Conjunctivitis 6 (1.4%) 1 (0.2%) 8 (1.8%)
Foreign body sensation
in eyes

5 (1.1%) 3 (0.7%) 2 (0.4%)

Non-ocular
Dysgeusia 17 (3.9%) 38 (8.3%) 1 (0.2%)
Dry mouth 13 (3.0%) 0 (0%) 11 (2.4%)
Fatigue 3 (0.7%) 0 (0%) 6 (1.3%)

Abbreviation: BBFC, brinzolamide 1%/brimonidine 0.2% fixed combination.

Adverse events were analyzed using the safety population.
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consistent with that of the individual components.10,11

The incidence of treatment-related AEs was slightly

higher in the BBFC group than in the brinzolamide or

brimonidine groups (24.6 vs 18.7 or 17.4%, respectively),

as was the incidence of treatment-related AEs leading to

discontinuation (9.9 vs 2.2 or 7.5%, respectively). No

treatment-related serious AEs were experienced by any

patients taking BBFC.

As with the individual BBFC phase 3 trials, the BBFC

and brimonidine groups in the pooled analysis exhibited

modest, clinically insignificant reductions in cardiac

parameters, in accordance with the expected safety

profile of brimonidine.10

BBFC is unique among fixed combinations. All other

commercially available fixed-combination therapies

contain a beta blocker in combination with another IOP-

lowering drug. Beta blockers are associated with serious

side effects, such as severe respiratory and cardiac

reactions.12,13 Therefore, all current fixed-combination

therapies are contraindicated for patients with certain

respiratory or cardiac conditions, including patients with

asthma, severe chronic obstructive pulmonary disease,

sinus bradycardia, second- or third-degree

atrioventricular block, cardiogenic shock, or overt cardiac

failure.4 A study of nearly 26 000 veterans with glaucoma

revealed that 23% also had reactive airways disease (an

umbrella term encompassing bronchitis, emphysema,

asthma, and COPD diagnoses) and 12% had congestive

heart failure.14 This represents a substantial portion of an

elderly population (median age of 80 years)14 in whom

beta blocker use may be inappropriate. Furthermore, in

that study, 88% of patients with reactive airways disease

were dispensed glaucoma medications (primarily beta

blockers) that had the potential to aggravate

bronchoconstriction. In addition to serious respiratory

and cardiac concerns, beta blockers are also associated

with altered mental status,13 which may be insidious and

difficult to identify. All of this information taken together

demonstrates the unmet need for patients to have a

fixed-combination glaucoma medication that does not

contain a beta blocker.

This analysis has some limitations. The short-term,

3-month end point of the studies prevents conclusions to

be drawn regarding the long-term safety of BBFC. In the

future, the 6-month safety results from C-10-039 will be

published, providing additional information regarding

these AEs. However, neither this nor the 6-month safety

analysis of C-10-039 is capable of fully characterizing the

allergy-related AEs associated with brimonidine use.

Finally, the contribution-of-elements design of the two

studies provides no information regarding how BBFC

compares with other fixed-combination therapies in a

clinical setting, which is an important consideration for

physicians when making treatment decisions.

This analysis strengthens the conclusions drawn from

the two individual phase 3 studies of BBFC—that this

fixed-combination therapy has significantly superior

IOP-lowering activity compared with either

brinzolamide 1% alone or brimonidine 0.2% alone in

patients with open-angle glaucoma or ocular

hypertension. It also suggests that BBFC has a safety

profile consistent with that of its individual components.

Summary

What was known before

K Fixed-combination therapies are useful for the treatment
of open-angle glaucoma or ocular hypertension. They
have several advantages over concomitantly administered
medications. These advantages include reduced exposure
to ocular preservatives, avoidance of the potential for
drug washout, increased patient convenience, and
potentially lower copays. However, all currently available
fixed-combination therapies contain the beta blocker
timolol. Beta blockers are contraindicated for patients
with certain respiratory or cardiac conditions.

What this study adds

K In patients with open-angle glaucoma or ocular
hypertension, the non-beta blocker-containining fixed-
combination therapy, brinzolamide 1%/brimonidine
0.2%, had significantly superior intraocular pressure-
lowering activity compared with either brinzolamide or
brimonidine alone and a safety profile consistent with
that of its individual components.
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