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Aim: To evaluate the safety and efficacy of bimatoprost 0.03% once daily or twice daily compared
with timolol 0.5% twice daily in patients with glaucoma or ocular hypertension.
Methods: Multicentre, double masked, randomised, parallel group, 3 month trial comparing bimato-
prost once daily (n=240), bimatoprost twice daily (n=240), and timolol twice daily (n=122). The pri-
mary efficacy end point was diurnal intraocular pressure (IOP) (8 am, 10 am, 4 pm). Safety measures
included adverse events, ocular parameters, and systemic variables.
Results: Bimatoprost once daily provided significantly lower mean IOP than timolol twice daily at all
times and follow up visits (p<0.001). At month 3, mean IOP reductions from baseline at 10 am (peak
timolol effect) were bimatoprost once daily, 8.0 mm Hg (32.4%); bimatoprost twice daily, 6.3 mm Hg
(25.2%); timolol, 5.5 mm Hg (22.7%). Bimatoprost twice daily was also more effective than timolol, but
was not as effective as bimatoprost once daily. A higher percentage of patients achieved low target
pressures with bimatoprost once daily than with timolol. The most frequent side effects with bimatoprost
were eyelash growth and mild conjunctival hyperaemia. Systemic safety parameters were not affected
by bimatoprost.
Conclusions: Bimatoprost 0.03% once daily demonstrated superior efficacy compared with timolol
0.5% twice daily in patients with elevated IOP. Bimatoprost once daily was more effective than twice
daily dosing.

Bimatoprost is a member of a new class of agents called

prostamides.1 2 Originally described as biosynthetic pro-

ducts of anandamide,3 prostamides have been found to

effectively lower IOP.2 Bimatoprost also profoundly lowers IOP.4

The IOP lowering efficacy of bimatoprost has been

evaluated in phase II clinical trials.5 6 Bimatoprost 0.03% once

daily or twice daily was significantly more effective than

timolol 0.5% twice daily in lowering IOP in a 1 month clinical

evaluation.5 A second 1 month trial demonstrated that

bimatoprost 0.03% once daily lowered IOP as well as or better

than latanoprost 0.005% once daily.6 In these short term stud-

ies, bimatoprost 0.03% once daily provided mean IOP

reductions as large as 8.2 mm Hg (30%) from baseline and was

safe and well tolerated.

Two large, multicentre double masked phase III trials were

conducted to evaluate the efficacy and safety of bimatoprost as

part of Food and Drug Administration registration require-

ments. The result from one of the phase III studies showed that

bimatoprost provided significantly greater IOP lowering than

timolol at all follow up time points and visits. In addition, low

target pressures were attained in a greater number of patients

than in the timolol group.7 The data from the phase III study,

based on a different patient population, have been presented

here. These results demonstrate the superior IOP lowering effi-

cacy of bimatoprost compared to timolol, as was seen in both

the other phase III study and the pooled 6 month results.8

MATERIALS AND METHODS
The safety and efficacy of bimatoprost 0.03% dosed once or

twice daily was compared with that of timolol 0.5% dosed

twice daily in a prospective multicentre, double masked, ran-

domised, parallel group, 3 month, clinical trial at 27 centres in

the United States and four centres in Canada. The study had a

masked extension to 3 years to obtain additional safety and

efficacy data. The trial was conducted in compliance with the

Declaration of Helsinki, and all investigators obtained

appropriate institutional ethics committee or institutional

review board approval before initiating the study. All patients

provided informed consent before any study related proce-

dures or changes in treatment.

Patients
The primary inclusion criteria included age >21 years; diagno-

sis of glaucoma or ocular hypertension requiring treatment in

both eyes; IOP in each eye >22 mm Hg and <34 mm Hg at 8 am

on baseline after washout of any previous antiglaucoma medi-

cation; likely to be controlled on monotherapy; best corrected

visual acuity 20/100 or better in each eye; and two reliable visual

fields collected before dosing. Primary exclusion criteria

included any uncontrolled systemic disease; anticipated altera-

tion of ongoing therapy with agents that could have a substan-

tial effect on IOP or interact with study medications or

outcomes; required chronic use of ocular medications other

than the study medications during the study; functionally

significant visual field loss within the past year; clinically

relevant low or high heart rate or blood pressure; any contrain-

dication to β blocker therapy; pregnant, lactating, or female of

childbearing potential not using reliable birth control; filtering

surgery within the past 6 months or laser trabeculoplasty or

other intraocular or laser surgery within the past 3 months; his-

tory of corneal grafts or refractive surgery (for sites performing

endothelial cell counts).

Intervention
At the prestudy visit to determine patient eligibility, patients on

ocular hypotensive drugs began an appropriate washout period

before the baseline visit; for other patients, at least 2 days
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elapsed between the prestudy and baseline visits. Study visits

were at prestudy, baseline (day 0), weeks 2 and 6, and month

3. All visits began between 7 and 9 am in order to minimise the

effects of diurnal variations in IOP. On day 0 patients were

randomised to one of three treatment groups: bimatoprost

0.03% once daily, bimatoprost 0.03% twice daily, or timolol

0.5% twice daily in a 2:2:1 ratio based on a block size of 5. The

randomisation schedule was generated using the SAS (version

6.12) procedure PROC PLAN and the printout was stored in a

locked cabinet. Study medications were self administered by

instillation of one drop in each eye between 7 and 9 am and

between 7 and 9 pm. In the bimatoprost once daily group,

bimatoprost was administered in the evening, and a vehicle

solution was administered in the morning. Identically appear-

ing masked bottles were colour coded for use in the morning

or evening. On the morning of study visits, personnel at the

study centre instilled the masked medication after the eye

examinations.

Main outcome measures
The primary end point was IOP at 8 am, 10 am, and 4 pm at

week 2, week 6, and month 3 measured using Goldmann

applanation. Two or three measurements were taken for each

eye; analyses used data from the eye with the higher IOP at 8

am on day 0. Measurements were performed at 8 am (between

7 and 9 am; immediately preceding the morning dose of study

medication) and at 2 and 8 hours after the 8 am dose. At

selected sites, measurements were also taken at 12 hours after

the 8 am dose.

Safety measures were also monitored. Adverse events,

biomicroscopy, iris pigmentation, visual acuity, blood pressure,

and heart rate were assessed at each study visit. Ophthalmo-

scopic examinations as well as visual field, haematology, and

blood chemistry evaluations were conducted at prestudy and

month 3.

The severity of adverse events was assessed using the

following definitions as guidelines: mild = awareness of sign

or symptom, but easily tolerated; moderate = enough discom-

fort to cause interference with usual activity; severe =

incapacitating with inability to work or do usual activity. To

evaluate changes in iris pigmentation, investigator(s) at each

site compared Polaroid photographs of patient’s eyes from

baseline and follow up visits. A colour calibration strip was

photographed beside the eye to verify consistent photographic

colour processing. A reading centre at the sponsor site

(consisting of two evaluators) also evaluated all photographs

in a masked fashion and obtained slightly lower but generally

comparable results.

Statistical analysis
Nominal categorical variables were analysed using Fisher’s

exact test, Pearson’s χ2 test,9 or Cochran-Mantel-Haenszel

methods.10 Ordinal categorical variables were analysed with

the Wilcoxon rank sum test,11 with within group changes from

baseline analysed using the Wilcoxon signed rank test.12 Con-

tinuous variables were analysed using ANOVA, with within

group changes from baseline analysed using paired t tests. All

randomised patients received at least one dose of the study

medication and were included in safety analyses. IOP data

with last observation carried forward were analysed for the

intent to treat population. For the between group comparisons

of IOP, assessed at three time points on study visits at week 2,

week 6, and month 3, a strategy of combined tests of

non-inferiority and superiority was performed13 with a two

sided significance level of 0.05 considered statistically signifi-

cant. Two sided 95% confidence intervals (CI) of the

differences in mean IOP between each bimatoprost group and

the timolol group were calculated using least squares means.

In the analysis of IOP at each time point, bimatoprost was

deemed superior to timolol when the upper limit of the 95% CI

of the difference (bimatoprost minus timolol) was <0, and

bimatoprost was not inferior to timolol when the upper limit

of the 95% CI of this difference (bimatoprost minus timolol)

was less than a non-inferiority margin (1 mm Hg or 1.5 mm

Hg). Bimatoprost was claimed to be non-inferior to timolol

when (1) using a non-inferiority margin of 1 mm Hg, bimato-

prost was non-inferior to timolol at a majority of IOP

measurements, and (2) using a non-inferiority margin of 1.5

mm Hg, bimatoprost was non-inferior to timolol at all IOP

measurements. Bimatoprost once daily was compared with

bimatoprost twice daily using similar tests.

With 200 patients in each bimatoprost group and 100

patients in the timolol group, the power was 0.85 to claim

non-inferiority of bimatoprost to timolol based on a non-

inferiority margin of 1.5 mm Hg, using a standard deviation of

4.052, an estimate of variability from a phase II study.5

RESULTS
Patient demographics and disposition
A total of 602 patients were enrolled: 240 in the bimatoprost

once daily group, 240 in the bimatoprost twice daily group,

and 122 in the timolol group. There were no significant differ-

ences in demographic variables between treatment groups

(Table 1). Approximately half of the patients (49.8%) were

diagnosed with glaucoma. The patient population was 76.7%

white, 16.9% African-American, 5.6% Hispanic, and 0.7%

other. In general, ophthalmic and medical histories as well as

diurnal mean IOP were comparable among treatment groups.

Most patients in each treatment group (228/240, 95.0% in

the bimatoprost once daily group; 206/240, 85.8% in the

bimatoprost twice daily group; and 116/122, 95.1% in the

timolol group) completed 3 months of treatment. Few patients

discontinued owing to lack of efficacy (0 (0%) in the bimato-

prost once daily group, five (2.1%) in the bimatoprost twice

daily group, and 1 (0.8%) in the timolol group).

IOP lowering efficacy
Bimatoprost once daily provided significantly lower mean IOP

than timolol twice daily at all times of day and at all follow up

visits (p<0.001). For example, at 10 am (peak timolol effect),

mean IOP at month 3 was 16.7 mm Hg in the bimatoprost

once daily group, 18.6 mm Hg in the bimatoprost twice daily

group, and 18.6 mm Hg in the timolol group (Fig 1). At 8 am,

mean IOP at month 3 was 17.5 mm Hg in the bimatoprost

once daily group, 18.8 mm Hg in the bimatoprost twice daily

group, and 19.6 mm Hg in the timolol group.

Bimatoprost once daily also provided significantly greater

mean IOP reductions from baseline than did timolol twice

daily at all times of day and all follow up visits (p<0.001).

Mean IOP reductions from baseline (at 10 am, month 3) were

8.0 mm Hg (32.4%) with bimatoprost once daily, 6.3 mm Hg

(25.2%) with bimatoprost twice daily, and 5.5 mm Hg (22.7%)

with timolol. At 8 am, mean IOP reductions from baseline

were 8.4 mm Hg with bimatoprost once daily, 7.3 mm Hg with

bimatoprost twice daily, and 6.2 mm Hg with timolol.

The IOP lowering provided by bimatoprost was consistent

throughout the day as well as across all follow up visits. At the

month 3 visit, mean IOP at 8 am, 10 am, and 4 pm ranged from

16.7 to 17.5 mm Hg with bimatoprost once daily, from 18.0 to

18.8 mm Hg with bimatoprost twice daily, and from 18.6 to

19.6 mm Hg with timolol (Fig 2). The mean IOP reductions

provided by bimatoprost once daily were significantly greater

than those provided by timolol twice daily at 8 am, 10 am, and

4 pm at all follow up visits (p<0.001). Mean IOP reductions

were consistently greater with once daily than with twice daily

dosing of bimatoprost, and the difference between groups was

statistically significant at most time points.

Bimatoprost was shown to be non-inferior to timolol, based

on the non-inferiority criterion, at all follow up visits.

Importantly, the upper limit of the confidence intervals of the
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bimatoprost minus timolol difference in IOP was less than 0 at

all times of day at all follow up visits, demonstrating that

bimatoprost once daily was superior to timolol in IOP lowering.

A higher percentage of patients in the bimatoprost groups

than in the timolol group achieved low target pressures.

Response rates for all target IOPs were highest with the

bimatoprost once daily regimen (Fig 3). For example, at 10 am

at the month 3 visit, 62.1% of bimatoprost once daily patients

achieved IOP <17 mm Hg compared with 31.1% of timolol

patients (p<0.001). IOP <17 mm Hg was achieved by 41.7% of

bimatoprost twice daily patients (data not shown). At 8 am,

52.1% of bimatoprost once daily patients achieved IOP <17

mm Hg compared with 26.2% of timolol patients (p<0.001).

The bimatoprost once daily regimen was also superior in

allowing more patients to achieve large percentage reductions

in IOP from baseline (Table 2). For example, at 10 am at month

3, IOP reductions >35% from baseline were achieved by

42.10% of bimatoprost once daily patients compared with

18.0% of timolol patients (p<0.001). At 8 am at month 3, IOP

reductions >35% from baseline were achieved by 43.3% of

Table 1 Patient characteristics

Bimatoprost once
daily (n=240)

Bimatoprost twice
daily (n=240) Timolol (n=122) p Value

Mean age (SEM) (years) 60.3 (0.8) 61.4 (0.8) 60.0 (1.1) 0.459
(range 22–83) (range 33–90) (range 33–83)

Sex 0.623
Male 108 (45.0%) 117 (48.8%) 54 (44.3%)
Female 132 (55.0%) 123 (51.3%) 68 (55.7%)

Race 0.344
White 186 (77.5%) 191 (79.6%) 85 (69.7%)
Black 39 (16.3%) 37 (15.4%) 26 (21.3%)
Asian 0 (0.0%) 1 (0.4%) 2 (1.6%)
Hispanic 15 (6.3%) 10 (4.2%) 9 (7.4%)
Other 0 (0.0%) 1 (0.4%) 0 (0.0%)

Iris colour 0.125
Blue 69 (28.8%) 55 (22.9%) 24 (19.7%)
Brown 81 (33.8%) 88 (36.7%) 53 (43.4%)
Green 9 (3.8%) 5 (2.1%) 7 (5.7%)
Dark brown 22 (9.2%) 21 (8.8%) 13 (10.7%)
Yellow-brown 31 (12.9%) 30 (12.5%) 10 (8.2%)
Grey 1 (0.4%) 4 (1.7%) 0 (0.0%)
Blue-grey 6 (2.5%) 10 (4.2%) 3 (2.5%)
Green-brown 6 (2.5%) 6 (2.5%) 6 (4.9%)
Blue/grey-brown 11 (4.6%) 16 (6.7%) 2 (1.6%)
Other 4 (1.7%) 5 (2.1%) 4 (3.3%)

Diagnosis 0.407
Glaucoma 123 (51.3%) 122 (50.8%) 55 (45.1%)
OHT* 111 (46.3%) 108 (45.0%) 65 (53.3%)
Glaucoma/OHT† 6 (2.5%) 10 (4.2%) 2 (1.%)

Washout required 0.491
Yes 146 (60.8%) 153 (63.8%) 70 (57.4%)
No 94 (39.2%) 87 (36.3%) 52 (42.6%)

Mean (SD) IOP at baseline (mm Hg)
8 am 25.9 (3.2) 26.1 (3.1) 25.8 (2.9) 0.529
10 am 24.6 (3.9) 24.8 (4.0) 24.0 (3.6) 0.232
4 pm 23.9 (4.0) 23.9 (4.2) 23.2 (3.9) 0.148
8 pm‡ 21.4 (4.6) (n=39) 22.6 (5.0) (n=39) 22.6 (4.5) (n=20) 0.608

*OHT=ocular hypertension.
†One eye with glaucoma and the fellow eye with ocular hypertension.
‡Measurements only at select sites (bimatoprost once daily, n=39; bimatoprost twice daily, n=39; timolol,
n=20).

Figure 1 Mean IOP at 10 am at baseline and follow up study
visits. Mean IOP with bimatoprost once daily was consistently
significantly lower than with timolol or bimatoprost twice daily at
follow up visits. *p<0.001 v timolol and bimatoprost twice daily.

Figure 2 Diurnal mean IOP at month 3. Mean IOP was
significantly lower with bimatoprost once daily than with timolol at
8 am, 10 am, and 4 pm. Mean IOP in the bimatoprost twice daily
group was significantly lower than in the timolol group at 8 am and
4 pm. Smaller sample sizes at 8 pm resulted in inadequate power
for pairwise statistical comparisons. *p<0.001 v timolol and
bimatoprost twice daily; †p<0.048 v timolol; ‡Only measured at
selected sites.
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bimatoprost once daily patients compared with 25.4% of

timolol patients (p<0.001).

IOP was measured at 8 pm (that is, 24 hours after the last

study drug dose in the bimatoprost once daily group and 12

hours after the last dose in the twice daily treatment groups)

for a subset of 96 patients. Owing to the small sample sizes in

each treatment group, there was inadequate power for

non-inferiority tests. However, mean IOP in the bimatoprost

once daily group (n=39) at 8 pm ranged from 16.0 to 16.3 mm

Hg and was consistently approximately 2 mm Hg lower than

mean IOP in the timolol group (from 18.2 to 18.6 mm Hg;

n=20). Mean IOP at 8 pm ranged from 15.7 to 17.2 mm Hg

with bimatoprost twice daily (n=39).

Safety measures
The safety/tolerability profile of bimatoprost once daily was

favourable. Treatment related adverse events were mostly mild

and were less frequent with once daily than with twice daily

dosing of bimatoprost. The most frequent side effects were

eyelash growth and conjunctival hyperaemia. Only 6.2% of

bimatoprost once daily patients, 5.8% of bimatoprost twice

daily patients, and 0.9% timolol patients had a greater than

mild (1 grade) increase in conjunctival hyperaemia from

baseline at the month 3 visit. Mean scores of hyperaemia

(worse eye) were in the trace range (from 0.56 to 0.58 during

follow up with bimatoprost once daily).

A suspected change in iris pigmentation was reported for

one patient (0.4%) in the bimatoprost once daily group. There

were no significant differences among groups in changes from

baseline to month 3 in cup/disc ratio, visual acuity, or visual

fields. There were no consistent, clinically significant mean

changes from baseline in laser flare meter readings (n=123)

or in endothelial cell counts (n=126) in any treatment group.

Heart rate was consistently significantly decreased from

baseline only in the timolol group. There were no clinically

relevant changes in blood pressure or in urinalysis, haematol-

ogy, or serum chemistry in any of the treatment groups.

Scatter plots of liver function tests (LFTs) including AST

(aspartate aminotransferase), ALT (alanine aminotrans-

ferase), and alkaline phosphatase showed no clinically

relevant differences between the treatment groups and no

clinically significant adverse changes during the course of

treatment. Moreover, many patients who entered the study

with abnormal LFTs had normal LFTs at 3 months. In the

bimatoprost once daily group, 22 of the 26 patients with

abnormal LFTs at baseline had results in the normal range at

month 3. Thirteen of the 34 patients in the bimatoprost twice

daily group that had abnormal LFTs at baseline had normal

tests at month 3.

DISCUSSION
Bimatoprost 0.03% given once daily in the evening provided

statistically significant and clinically relevant IOP lowering

superior to timolol twice daily in patients with glaucoma or

ocular hypertension. The decreases in IOP achieved with

bimatoprost once daily were consistently approximately 2 mm

Hg greater than those with timolol. The IOP lowering provided

by bimatoprost once daily was sustained throughout the day

and over 3 months of treatment. Twice daily dosing offered no

additional benefit over once daily dosing for lowering IOP.

It is now accepted that IOP lowering efficacy of a

medication cannot be evaluated by IOP measurement at a sin-

gle time point on a single study visit. Regulatory agencies have

begun to assess efficacy of glaucoma medications by examin-

ing intraocular pressure at several times during the day and on

multiple study visits. In this study bimatoprost once daily pro-

vided superior IOP lowering compared to timolol at all time

points in all study visits. Further, using 95% confidence inter-

vals of the difference in mean IOP between groups, timolol

twice daily was not found to be non-inferior to bimatoprost

once daily. Together these analyses show that bimatoprost

once daily has IOP lowering efficacy superior to timolol twice

daily. This is consistent with the pooled phase III 6 month

results as well as the results from the other phase III study.7 8

Several studies have suggested that lowering IOP reduces

the risk of glaucoma in patients with elevated IOP.14 15 Further,

for patients with optic disc cupping and visual field loss,

reducing IOP clearly lessens the rate of visual field

progression.16 17 For any individual patient, the extent to which

IOP should be lowered will depend on multiple factors includ-

ing the extent of optic nerve damage.18 19 Target IOP levels in

the mid teens or lower are typical for patients with glaucoma.

In this study, patients receiving bimatoprost once daily were

significantly more likely to achieve target pressures in this

range than patients in the timolol group. Furthermore,

bimatoprost once daily patients were twice as likely as timolol

patients to achieve >35% reductions in IOP.

Large fluctuations in diurnal IOP are a risk factor for the

progression of open angle glaucoma,20 and IOP must be

controlled throughout the day to minimise optic nerve

damage. The results of this trial indicate that bimatoprost

provides excellent diurnal IOP control. The flat diurnal curves

indicate that bimatoprost effectively controls IOP fluctuations

during the day that might predispose the optic nerve to addi-

tional damage.20–22

Bimatoprost was safe and well tolerated in this trial.

Conjunctival hyperaemia was the most commonly reported

side effect, but almost 30% of the patients had conjunctival

hyperaemia at baseline and few patients showed more than a

mild increase in redness with therapy. Importantly, conjuncti-

val hyperaemia was not associated with intraocular inflamma-

tion or other sequelae. In contrast with the decrease in heart

rate found in timolol patients, there were no clinically signifi-

cant effects of bimatoprost on systemic safety parameters—

including liver function tests. The only reported treatment

related serious adverse event was acute pulmonary distress in

a timolol patient.

In conclusion, in this clinical trial bimatoprost 0.03%

ophthalmic solution was highly efficacious, well tolerated, and

Figure 3 Response rates. The percentage of patients that achieved
target IOP levels at 10 am is shown for the month 3 visit.

Table 2 Response rates. The percentage of patients
that achieved target % IOP reductions at 10 am at the
month 3 visit is shown

Target % IOP
reduction

Bimatoprost
once daily

Timolol twice
daily p Value

>35% 42.1% 18.0% <0.001
>30% 63.3% 32.0% <0.001
>25% 73.8% 42.6% <0.001
>20% 84.2% 54.9% <0.001
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systemically safe. Bimatoprost given once daily in the evening
was statistically and clinically superior to timolol in IOP lower-
ing throughout the day and was more effective than twice daily
dosing. Importantly, patients receiving bimatoprost once daily
were significantly more likely than timolol patients to achieve
substantial IOP reductions and reach low target pressures.
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