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Background: Intraocular pressure (IOP)-lowering medications for primary open-angle
glaucoma and ocular hypertension commonly contain preservatives that can cause ocular surface
damage in many patients. The purpose of this study was to evaluate the efficacy and tolerability
of, and compliance to, preservative-free (PF) bimatoprost 0.03% in patients with primary open-
angle glaucoma or ocular hypertension (IOP =18 mmHg) in a clinical practice setting.
Methods: This open-label study observed patients who were switched to PF bimatoprost 0.03%
for medical reasons. IOP was measured at baseline and ~12 weeks later at the final visit, and
the change in IOP was calculated. Tolerability and continuation of therapy were assessed at
two follow-up visits.

Results: A total of 1,830 patients were included in the study, and complete IOP data were
available for 1,543 patients. Mean IOP was reduced by 23% from 21.64 mmHg to 16.59 mmHg
(P<<0.0001). In subgroup analyses, the mean IOP was significantly reduced compared with
baseline, regardless of prior therapy, including those previously treated with PF monotherapy.
A total of 85.7% of physicians reported the IOP-lowering efficacy of PF bimatoprost 0.03%
to be as expected or better than expected. Adverse events (AEs) were experienced by 5.7% of
patients, and there were no serious AEs reported. The most common AEs were eye irritation
(1.7%) and hyperemia (1.4%). Physician-reported treatment compliance was reported as better
than (48.7%) or equal to (43.6%) prior treatment in most patients. Most patients (82%) were
expected to continue PF bimatoprost 0.03% after the end of the study.

Conclusion: This observational study showed that, in clinical practice, switching to PF
bimatoprost 0.03% was associated with a significant IOP reduction from baseline. There was a
low AE rate. PF bimatoprost 0.03% may, therefore, be an effective treatment option for patients
who are intolerant of preservatives or have an inadequate response to prior IOP-lowering
treatments.

Keywords: bimatoprost 0.03%, intraocular pressure, prostaglandin, preservative free,
benzalkonium chloride free

Introduction

Glaucoma is the second leading cause of blindness and a leading cause of visual
impairment, which can affect walking and mobility.!? Glaucoma-associated visual
impairment increases the risk of falls,® leads to avoidance of difficult situations
(eg, night driving),* and has a negative effect on patients’ quality of life.! In 2013, the
worldwide prevalence of glaucoma was 3.54% with an estimated 64.3 million people
affected by the disease. This number is expected to rise by 18.2% in 2020 and by 73.8%
in 2040, to 76.0 and 111.8 million people worldwide, respectively.
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In patients with primary open-angle glaucoma (POAG)
or ocular hypertension (OHT), the main goal of treatment is
to preserve the visual function and associated quality of life
by lowering intraocular pressure (IOP).? Prostaglandin analog
(PGA) monotherapy is a first-line treatment option owing to
its [OP-lowering efficacy, lack of systemic side effects, and
once-daily dosing requirement.”? A network meta-analysis
demonstrated that bimatoprost 0.03% (Lumigan 0.03%;
Allergan, Inc., Irvine, CA, USA) is the PGA with the greatest
overall ability to lower the mean IOP vs placebo.’

Glaucoma therapies, including PGAs, are frequently
formulated with preservatives. Preserved glaucoma therapies
have been shown to have cytotoxic effects on the tissues of the
ocular surface,® and preservatives may contribute to inflam-
mation, exacerbating preexisting ocular surface disease such
as dry eye disease and meibomian gland dysfunction.” There
is a high prevalence of ocular surface disease in glaucoma
patients, which is associated with glaucoma severity and
duration and the number of IOP-lowering medications that a
patient is taking.® Among those patients who switched from
preserved PGA monotherapy to preservative-free (PF) taflu-
prost, the number of patients with moderate or severe hyper-
emia fell significantly from baseline to the end of study.’

To address the need for PF glaucoma therapies for patients
who are intolerant to preservatives, PF bimatoprost 0.03% was
developed with the aim of delivering the IOP-lowering efficacy
of bimatoprost 0.03%, without the potential for long-term toler-
ability problems associated with preservatives. A randomized,
double-blind clinical trial assessed the IOP-lowering efficacy
and tolerability profile of PF bimatoprost 0.03% compared with
preserved bimatoprost 0.03%.'* Over 12 weeks of treatment,
PF bimatoprost 0.03% was found to be noninferior to preserved
bimatoprost 0.03% in terms of [OP-lowering efficacy and sig-
nificantly decreased IOP by 5.93—7.49 mmHg from baseline.
The efficacy and tolerability of PF bimatoprost 0.03% was
equivalent to that of preserved bimatoprost 0.03%.

The objective of this study was to evaluate the efficacy in
terms of change from baseline in IOP, tolerability, and con-
tinuation of the use of PF bimatoprost 0.03% monotherapy
in patients with POAG or OHT who switched from a prior
IOP-lowering therapy for medical reasons, in a real-life
clinical practice setting.

Methods
Study design

This noninterventional, open-label, prospective study
(NCTO01853085) collected data on the efficacy and
tolerability of PF bimatoprost 0.03% in a routine clinical
practice setting. The study was approved by an independent

ethics committee (Landesdrztekammer Baden-Wiirttemberg,
Stuttgart, Germany) and complied with the principles of
Good Clinical Practice and the Declaration of Helsinki. All
patients provided written informed consent.

This study was conducted in 312 centers across Germany.
Patients were required to have a diagnosis of POAG or OHT
with an IOP of =18 mmHg in at least one eye. Patients were
required to have been previously prescribed topical IOP-
lowering therapy but with insufficient IOP control prior to
the start of the study. There were no formal exclusion criteria
for this study, and patients were prescribed PF bimatoprost
0.03% at the discretion of their treating physician, following
their usual clinical practice. Treatment was guided by the
Summary of Product Characteristics, which recommends one
drop of PF bimatoprost 0.03% once daily to each affected
eye.' No washout period between treatments was required.
Patients were followed for up to 12 weeks, and IOP measure-
ments were made using a Goldmann tonometer. At the first
visit, patients were assessed for baseline characteristics prior
to commencing PF bimatoprost 0.03%, including IOP value
and ocular symptoms. Following the commencement of PF
bimatoprost 0.03% treatment, assessments were made at two
further visits: visit 2 at 2—4 weeks and visit 3 at 8—12 weeks.
Follow-up visit assessments included IOP values, adverse
events (AEs), physician assessment of efficacy, discontinua-
tion during the observational period, continuation of therapy
beyond the end of the study period, and compliance compared
with previous therapy. Physician and patient assessment of
tolerability were evaluated using the standard case report form
at each follow-up visit. The primary efficacy variable was the
mean change in IOP from baseline to final visit. The secondary
objectives were to evaluate the tolerability and continued use
of PF bimatoprost 0.03% in a routine clinical setting.

Analysis

Data entry and analysis were carried out using the software
of Syneed Medidata GmbH (Konstanz, Germany) and the
statistical software package SAS (SAS Institute Inc., Cary,
NC, USA). Medications were analyzed on the basis of
original entries and international nonproprietary names. Data
analyses were performed descriptively, and this included
preparation of data listings and summary statistics (extreme
values, interquartile section, mean and median values, and
SD) or frequency distribution tables, as appropriate for
each item. Data for demographic characteristics at baseline,
efficacy and tolerability assessments, discontinuation and
continuation of therapy, and compliance compared with
prior therapy were provided for all patients treated with PF
bimatoprost 0.03% (n=1,676). AE data were provided for the
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safety population, consisting of all 1,830 patients enrolled
in the study. Patients with complete data (n=1,543) were
included for statistical analysis of the change in IOP from
baseline to final visit. These data were compared using a
paired -test at the two-sided 5% level. Subgroup analysis by
prior IOP-lowering monotherapy was also performed.

Results

A total of 1,830 patients were included in the study, and the
PF bimatoprost 0.03% monitoring period took place between
April 2013 and March 2014. Baseline data were available
for 1,676 patients who were switched to PF bimatoprost
0.03% and who met the inclusion criterion of a baseline IOP
of =18 mmHg in at least one eye.

Patient demographics

Baseline patient characteristics are presented in Table 1.
Most patients (96.7%) had previously been treated with an
IOP-lowering therapy, and in the majority of these patients
(62.8%), the prescribed IOP-lowering therapy contained
preservatives. Prior therapies reported in =2% of patients
are shown in Figure 1. Tafluprost and latanoprost were the
most commonly reported prior therapies. Of those patients
previously treated, 37.2% switched from a PF prostaglandin
monotherapy to PF bimatoprost 0.03% monotherapy.

Reasons for switching to PF bimatoprost
0.03% therapy

The most frequently reported reason for switching from a
prior IOP-lowering therapy to PF bimatoprost 0.03% was
inadequate IOP control, which was reported in 73.9% of

Table | Patient demographic data at baseline

Patient characteristics Patients
Median age years, n (interquartile range) 68 (59.0-75.0)
Male, n (%) 668 (39.9)°
Female, n (%) 1,001 (59.7)°
Median time since first diagnosis, years 2.9 (0.9-7.7)
(interquartile range)
Diagnosis, n (%)
OHT 416 (24.8)
OAG 1,419 (84.7)
Pseudoexfoliation glaucoma 93 (6.6)
Pigmentary glaucoma 13 (0.9)
Previous IOP-lowering therapy, n 1,620
Preserved 1,017 (62.8)¢
Preservative free 603 (37.2)¢

Notes: All patients treated with PF bimatoprost 0.03% had an IOP of =18 mmHg in
at least one eye at baseline (n=1,676). Percentages may total more or less than 100
because of missing data or multiple namings. *Per protocol population. "Percentage of
the per protocol population (n=1,676). ‘Percentage of patients with OAG (n=1,419).
9dPercentage of patients on prior therapy (n=1,620).

Abbreviations: |IOP, intraocular pressure; OAG, open-angle glaucoma; OHT,
ocular hypertension; PF, preservative free.

patients. Insufficient tolerability, evidence of glaucomatous
disease progression, and lack of compliance with prior ther-
apy were reported in 37.4%, 18.8%, and 12.3% of patients,
respectively.

Effect on IOP

For patients with complete data, switching from a prior
IOP-lowering therapy to PF bimatoprost 0.03% significantly
decreased the mean IOP by 23.4% compared with baseline
(Figure 2).

For patients on any prior IOP-lowering monotherapy,
the mean + SD IOP was 21.43%+2.81 mmHg at baseline and
16.60+2.61 mmHg at the final visit, which was a reduction
0f 22.5% (P<<0.0001 [complete data on IOP were available
for 759 patients on any prior IOP-lowering monotherapy]).
For all other prior [OP-lowering therapy subgroups analyzed,
PF bimatoprost 0.03% monotherapy significantly decreased
the mean IOP compared with baseline (Figure 3). At the final
study visit, the majority of physicians stated that the IOP-
lowering efficacy of PF bimatoprost 0.03% was either better
than expected (36.8%) or expected (48.9%).

AEs and tolerability

Data on tolerability were available for 1,830 patients. A total
of 105 patients (5.7%) reported AEs (Table 2). The most com-
mon AEs reported were eye irritation (1.7%) and hyperemia
(1.4%). No serious AEs were reported. One fatal outcome
was recorded. In addition to POAG, this patient also suf-
fered from arterial hypertension and coronary artery disease.
According to the attending physician, there was no causal
relationship between the fatal outcome and PF bimatoprost
0.03% therapy. The tolerability of PF bimatoprost 0.03%
was rated as being either “very good” or “good” by 87.3%
of patients and 89.7% of physicians. In 1,676 patients with
an IOP of =18 mmHg at baseline who received PF bimato-
prost 0.03%, a minority of patients (7.5%) discontinued PF
bimatoprost 0.03% therapy (data on discontinuation were
missing for 3.3% of patients). The most common reasons
for discontinuation are shown in Table 3. Physician-rated
patient compliance with bimatoprost 0.03% was better than
previous therapy in 48.7% of patients, was equal in 43.6%
of patients, and was worse in 2.5% of patients.

Discussion

In this observational, open-label study, a PF formulation of
bimatoprost 0.03% was assessed for mean IOP-lowering
efficacy in patients with uncontrolled IOP, despite the use of
IOP-lowering agents. Switching from a prior IOP-lowering
agent to PF bimatoprost 0.03% was associated with a mean
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Tafluprost, PF (n=1,116) 68.9
Latanoprost, PF (n=246)
Latanoprost, P (n=209)
Travoprost, NS (n=120) 7.4
Timolol, NS (n=118) 7.3
Timolol, PF (n=88) 4.6
Bimatoprost, P (n=65) 4
Timolol/dorzolamide, P (n=61) 3.8
Brinzolamide, P (n=60) 3.7
Drug not otherwise specified (n=57) 3.5
Dorzolamide, P (n=41) 2.5
Latanoprost, NS (n=36) [u 2.2
0 10 20 30 40 50 60 70 80

Figure | Prior intraocular pressure-lowering therapy reported in =2% of patients.

Patients (%)

Notes: Medications as listed by treating physician. The figure includes patients receiving both monotherapy and combination therapy (n=1,620).

Abbreviations: NS, not specified; P, preserved; PF, preservative free.

1OP reduction of 23.4% after 12 weeks of treatment. Com-
pared with other classes of IOP-lowering agents, including
B-blockers, 02 adrenergic agents, and carbonic anhydrase
inhibitors, PGAs are among the most effective treatment
in reducing IOP in POAG and OHT." In a meta-analysis
of eight clinical trials, bimatoprost 0.03% demonstrated
significantly greater IOP-lowering efficacy compared with
latanoprost and travoprost. The improved 10OP-lowering
efficacy of bimatoprost 0.03% was stable throughout the
day, as measured at four time points.”> A network meta-
analysis also ranked bimatoprost 0.03% highest according
to IOP-lowering effect compared with other glaucoma

30 4

= N N
[6)] o (6,1

Mean IOP (mmHg)
]

Final visit

Baseline

Figure 2 Overall mean £ SD IOP in patients who switched from a prior IOP-
lowering therapy to preservative-free bimatoprost 0.03% monotherapy.

Notes: Data reported for patients with complete data (n=1,543 at both visits).
**P<0.0001.

Abbreviation: IOP, intraocular pressure.

therapies, including travoprost, latanoprost, and timolol.” It
should be noted that no head-to-head studies have compared
the efficacy and tolerability of PF bimatoprost 0.03% with
other types of PF or preserved IOP-lowering agents. Previ-
ously, PF bimatoprost 0.03% was shown to be equivalent
to preserved bimatoprost 0.03% in terms of IOP-lowering
efficacy and tolerability.!*

The negative effects of preservatives on the ocular surface
are becoming increasingly apparent.® The detergent proper-
ties of benzalkonium chloride (BAC) may destabilize the
lipid layer of the tear film, permitting excessive aqueous
evaporation and resulting in hyperosmolarity. This is further
supported by a study in a three-dimensional reconstructed
corneal epithelia model, where BAC-containing glaucoma
therapies induced significant corneal epithelial deterioration
compared with polyquad-preserved formulations.'> However,
an open-label surveillance study found that switching from
BAC- to polyquad-preserved tavoprost 0.004% was associ-
ated with an average 2.92 mmHg increase in [OP, suggesting
that polyquad may be less able to promote drug absorption,
thereby affecting the IOP-lowering ability.'¢

Increased tear osmolarity has been found in patients
with glaucoma and OHT, correlating with Ocular Surface
Disease Index questionnaire score and tear film break-up
time, a measure of the stability of the tear film. Furthermore,
a correlation has been found between the number of instil-
lations of preserved eye drops and ocular surface disease
symptoms, as well as tear osmolarity.'” Dry eye disease is
an ocular surface disease where tear hyperosmolarity is a
central driver, inducing apoptosis of corneal epithelial cells
and ocular inflammation.!”*
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Figure 3 Mean + SD |OP in patients switched from a prior IOP-lowering monotherapy to PF bimatoprost 0.03% monotherapy.

Notes: Data reported for patients with complete data. *P<<0.0001.

Abbreviations: excl, excluding; IOP, intraocular pressure; lat, latanoprost; monopr, monoprost; P, preserved; PF, preservative free; PGA, prostaglandin analog; taf,

tafluprost; tim, timolol; trav, travoprost.

Importantly, the current study demonstrated significant
IOP-lowering efficacy of PF bimatoprost 0.03% in patients
whose IOP had been insufficiently controlled by prior PF
prostaglandins, including tafluprost, latanoprost, and travo-
prost. This suggests that PF bimatoprost 0.03% may be a
suitable option in patients requiring PF glaucoma therapies
and in whom prior PF treatments have failed to sufficiently
lower 10P.

PF PGA therapy was well tolerated, and >90% of patients
did not report any AEs throughout the observational period.
In epidemiological studies where patients were switched from
preserved to PF IOP-lowering medications (PF PGAs were
unavailable at the time of the study), a significant reduction
in the prevalence of ocular pain or discomfort was found.?*?!
More recently, a study has investigated switching from a
preserved to a PF PGA, latanoprost, and found a similar trend
in ocular signs and symptoms.’ The majority of patients in
this study reported an improvement in burning, foreign body

Table 2 Incidence of adverse events reported in =0.5% of patients

Adverse event Patients, n (%)

Eye irritation 32(1.7)
Hyperemia 26 (1.4)
Erythema of the eyelid 19 (1.0)
Eye pain 17 (0.9)
Foreign body sensation 15 (0.8)
Eye pruritus 14 (0.8)

Note: *Percentage of the safety population (n=1,830).

sensation, itching, irritation, stinging, tearing, and dryness
following the change in PF medication. Therefore, it may
be of interest to investigate the impact of switching from a
preserved IOP-lowering therapy to a PF bimatoprost 0.03%
therapy on ocular surface symptoms in patients with preexist-
ing ocular surface disorders in a future study.

PF bimatoprost 0.03% was associated with high rates of
compliance compared with prior therapy. Physician assess-
ment of patient compliance was reported as better or equal
in 93.0% of patients, and the majority of patients (82.0%)
were expected to continue PF bimatoprost 0.03% therapy
after the study concluded.

Study limitations

As this was an open-label, observational study, there are
limitations that may affect the interpretation of the results.

Table 3 Reasons for discontinuing PF bimatoprost 0.03% therapy

Reason Patients, n (%)
Unacceptable ocular tolerability 64 (31.1)
Insufficient IOP control 61 (29.6)
Patients lost to follow-up 22 (10.7)
Patients’ decision to withdraw from study 17 (8.3)
Physicians decision to withdraw patient from study 14 (6.8)

Other reason 42 (20.4)

Notes: All patients treated with PF bimatoprost 0.03% had an IOP of =18 mmHg
in at least one eye at baseline (n=1,676). Percentages may total <100 because of
missing data.

Abbreviations: IOP, intraocular pressure; PF, preservative free.
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A selected patient population was included in the study
at the treating physician’s discretion, potentially leading
to selection bias, and patients with missing data were not
analyzed. A standardized procedure for data recording was
not used, meaning that factors such as the time of day that
the measurement was taken may affect the results. Data
on pseudoexfoliation and pigmentary glaucoma were not
requested by the protocol but, owing to the observational
nature of the study, some such data were provided. Addi-
tionally, the design was uncontrolled, and there was no
washout period between any prior therapy and beginning PF
bimatoprost 0.03%, meaning that outcomes may be affected
by residual effects of prior treatments. The short-term
duration of the study was inadequate for the evaluation of
long-term safety and efficacy with PF bimatoprost 0.03%.
Furthermore, as efficacy was compared with baseline
measurements and not a control group, it was not possible
to compare the IOP-lowering efficacy of PF bimatoprost
0.03% with that of other IOP-lowering therapies or to con-
trol the natural variation in IOP measurements that were
unrelated to treatment.

A controlled, double-masked, crossover study would
address some of these limitations and allow further assess-
ment of the comparative efficacy of PF bimatoprost 0.03%
with other preserved or PF IOP-lowering therapies.

Conclusion

Taken together, the results of this study suggest that PF
bimatoprost 0.03% may be an appropriate IOP-lowering
treatment for glaucoma patients who are sensitive to pre-
servatives or for those who have an inadequate response to
other IOP-lowering treatments. Switching to PF bimatoprost
0.03% was associated with a mean IOP reduction of 23%
from 21.64 mmHg to 16.59 mmHg (P<<0.0001). Physician-
reported treatment compliance was reported as better than
(48.7%) or equal to (43.6%) prior treatment in most patients.
There was a low rate of AEs (5.7%) and no serious adverse
drug reactions. Most patients (82%) were expected to con-
tinue PF bimatoprost 0.03% after the end of the study.
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