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Purpose: The aim of this study was to evaluate the efficacy and safety of bimatoprost ophthalmic
solution 0.03% (bimatoprost) in Japanese normal-tension glaucoma (NTG) patients with an
intraocular pressure (IOP) of 18 mmHg or less.

Methods: Bimatoprost was instilled into the unilateral conjunctival sac of Japanese NTG patients
with a baseline IOP of 18 mmHg or less. The time courses of IOP, conjunctival hyperemia,
superficial punctate keratitis, and adverse events were examined at 2, 4, 8, and 12 weeks post
bimatoprost instillation.

Results: Thirty-two of the 38 enrolled NTG patients (mean age, 64.1 + 12.6 years; 19 males and
19 females) completed the study, with six patients unable to complete the study (two patients
discontinued because of side effects and four patients withdrew). The levels of IOP in the treated
eyes were significantly reduced (P < 0.0001) from the baseline IOP levels. No significant
change in IOP was observed in the fellow eyes. There were significant increases in conjunctival
hyperemia. No significant superficial punctate keratitis scores were noted between the baseline
and each point examined. Eyelash disorder, eyelid pigmentation, and deepening of the upper
eyelid sulcus were observed in 28, six, and three eyes, respectively.

Conclusion: Bimatoprost effectively lowered the IOP. It was well tolerated in Japanese NTG
patients, with few patients having to discontinue because of adverse events.

Keywords: intraocular pressure reduction, superficial punctate keratitis, conjunctival hyperemia,
antiglaucoma drugs

Introduction

The lowering of intraocular pressure (IOP) using antiglaucoma drugs is considered
the first-line effective therapy for glaucoma treatment.'* In Japan, as well as in the
United States and the European Union, most antiglaucoma drugs have been approved
as a result of clinical efficacy against high-IOP glaucoma.

The Tajimi study proved that normal-tension glaucoma (NTG) is the most com-
mon type of glaucoma in Japan.>® The mean IOP in Japanese patients with primary
open-angle glaucoma is 14.6 + 2.7 mmHg; thus the IOP of 92% of Japanese patients
would be 18 mmHg or less, on the premise that the majority of these patients were
within the range of the mean plus or minus one standard deviation. Hence, in Japan,
the post-marketing evaluation of the usefulness of antiglaucoma drugs, including pros-
taglandins (PGs), has been required to reduce the IOP of NTG patients; however, few
independent clinical studies of antiglaucoma drugs have been conducted.” Bimatoprost
ophthalmic solution 0.03% (bimatoprost) has been marketed in Japan since 2009.
Sato et al® applied latanoprost to NTG patients as a treatment of choice and then
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changed the treatment to bimatoprost; the authors reported
the latter had a better effect.

To the best of the present authors’ knowledge, this is the
first report on the efficacy and safety of bimatoprost being
used solely on selected eligible NTG patients.

Material and methods
Study design

This prospective, open-label, multicenter, one-eye study
was conducted over a period of 12 weeks at Fussa Hospital,
Yoshikawa Eye Clinic, Ueno Eye Clinic, Sasaki Eye Clinic,
and Nakano General Hospital, Tokyo, Japan, from April to
October in 2010. The study was conducted according to the
ethical principles of the Declaration of Helsinki. All subjects
read and signed a written informed consent form, and the
Institutional Review Board of Fussa Hospital approved the
study in advance.

Participants

All patients were required to read and sign a voluntary, writ-
ten informed consent form at each hospital and private clinic
before participating in this study.

Inclusion criteria were as follows: (1) patients aged
20 years or older who were diagnosed with NTG in both eyes,
(2) IOPs of the bilateral eyes were 18 mmHg or less in at
least three consecutive measurements (baseline IOP), (3) no
history of laser irradiation or surgical treatment of glaucoma;
(4) best-corrected visual acuity of 0.5 or less, (5) spherical
equivalent refraction of —10 D or greater, (6) patients who
were medicated for glaucoma before study entry were
required to undergo a 4-week washout period.

Exclusion criteria were as follows: (1) mean deviation
(MD) values using the Humphrey central 30-2/24-2 Swedish
Interactive Threshold Algorithm standard program (Carl
Zeiss Meditec, Inc, Dublin, CA) was less than —15 dB,
(2) abnormalities of the anterior segment that disturbed
accurate IOP measurement using a Goldmann applanation
tonometer, (3) apparent findings of dry eye, (4) any active
ocular inflammations or blepharitis, (5) patients who use
steroid eye drops or those who might use steroid eye drops
during the study, (6) ocular fundus diseases that might influ-
ence the patient’s visual field, (7) patients judged ineligible
by each investigator.

Procedure
After the baseline measurements and observations were
made, one drop of bimatoprost was instilled into the

conjunctival sac once a day for 12 weeks post bimatoprost
instillation (PI), with this done at the same time of day each
day for each patient. The contralateral eye with IOP in each
subject was followed up without an instillation. The right
eye was selected as the treated eye in case the patients had
the same IOP bilaterally. Measurements of the IOP, best-
corrected visual acuity, slit-lamp examinations, and adverse
event interviews were conducted at the patient’s hospital or
clinic visits at 2, 4, 8, and 12 weeks PI. The IOP was measured
twice between 9 am and 1 pm by a single examiner in each
hospital or clinic, using the Goldmann applanation tonometer.
The mean of the two IOP measurements at each time point
was calculated and used for statistical analysis.

The degree of conjunctival hyperemia was scored from
0 to 3 and the degree of superficial punctate keratitis (SPK)
was scored from 0 to 4, both according to the graded standard
photograms based on the cornea diagram of the US National
Eye Institute classification system.*!° The authors have used
both standard photos for the evaluation in previous studies
on other PGs.*!!

Each of the adverse events — such as ocular irritation,
itching, foreign body sensation, and dry sensation — was clas-
sified into four grades: (1) “nothing,” (2) “almost nothing,”
(3) “sometimes,” and (4) “always.” Side effects such as
eyelash growth, eyelid pigmentation, and deepening of upper
eyelid sulcus (DUES) were compared using photographs
taken before and after treatment with bimatoprost.

Blood pressure and pulse rate were measured at the start
and end of the study. MD values were compared before and
after the study.

Statistical analysis

All collected data were sent to Juntendo University Urayasu
Hospital, Urayasu, Chiba, Japan, and an ophthalmologist
who did not enroll in the study confirmed the diagnosis
of NTG based on the presented data, including optic disc
photographs and visual field examinations. A statistician
at Kinki University, Nara, Nara, Japan, also independently
analyzed the data.

IOP levels obtained before the treatment as a baseline
and after the treatment with bimatoprost in the subjects who
could be followed up for at least 2 weeks were compared.
The IOP values obtained from the treated and the fellow
eyes were analyzed using a paired #-test with Bonferroni
correction after repeated analysis of variance. The IOP
reduction rate was calculated by dividing the difference in
IOP values between the treated and the fellow eyes at each
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time point by the baseline IOP values of the treated eye. The
composition ratio of the IOP reduction rate was analyzed
by chi-square testing. The IOP-lowering efficacy classified
by three different baseline IOP groups (low: <13 mmHg;
medium: 13-16 mmHg; high: =16 mmHg) was also
analyzed, using a paired r-test with Bonferroni correction
after repeated analysis of variance.

Scores of conjunctival hyperemia and SPK were analyzed
by a Wilcoxon signed-rank test. Other ocular adverse events
were analyzed using a chi-square test. Blood pressures, pulse
rates, and MD values before and after the treatment were
compared using the paired #-test. JMP software (v 9.0.2;
SAS Institute Inc, Cary, NC) was used for statistical analysis.
P-values less than 0.05 were considered significant.

Results

Thirty-eight subjects (19 males, 19 females; mean age:
64.1 £ 12.6 years) who met the inclusion criteria were
included in the study. Table 1 outlines the demographic
characteristics of the study participants. All patients were
diagnosed as NTG at Juntendo University Urayasu Hospital.
Thirty-two of the 38 patients (84.2%) completed this study.
Six patients discontinued the study: four withdrew and two
discontinued because of side effects. One of these patients
experienced mild conjunctival hyperemia at 2 weeks PI and
wished to discontinue the treatment. Despite the mild cell
infiltration in the anterior chamber, another patient resumed
instillation of bimatoprost upon her request; this patient’s
data up to 8 weeks PI were included.

There were no significant differences in the baseline
IOP values between the treated and the fellow eyes. The
IOP levels in treated eyes were significantly decreased at
each time point (P < 0.0001). On the contrary, significant
lowering was seen only at 8 and 12 weeks PI in the fellow
eyes. When the treated eyes were compared with the fellow

Table | Demographic characteristics of the study participants

Variable Participants’ results

Subjects (n) 38

Sex (male/female) 19719

Eyes (R/L) 38 (21/17)

Age (years)* 64.1 £ 12.6 (range: 33-84)

RE (D)* —1.28 £ 2.94 (range: —8.00 to 3.25)
MD (dB)* —5.22 + 4.07 (range: —14.39 to 1.15)
CCT (um)* 543.4 £ 38.0 (range: 474-621)

Note: *Value is presented as the mean plus or minus the standard deviation.
Abbreviations: R, right; L, left; RE, refractive error; MD, mean deviation;
CCT, central corneal thickness.

eyes, IOP levels were significantly decreased at each time
point during the study period (P < 0.0001) (Figure 1). There
were no significant differences in the average reduction rates
of IOP in the treated eyes at each time point (P = 0.0859).
Among them, reduction rates over 20% were seen in about
half of the subjects at each time point (Figure 2). At each
time point after the treatment, all three groups classified
according to the baseline IOP levels lowered their IOPs
significantly (Figure 3).

The scores for conjunctival hyperemia in the treated
eyes were increased at each time point but they were all
less than 1. The score for the fellow eyes remained in the
same range (Table 2). No significant differences in the SPK
scores were observed at each time point in the treated and
the fellow eyes (Table 2). The most common side effects
were eyelash growth (87.5%), eyelid pigmentation (18.8%),
and DUES (9.4%). The frequently observed adverse ocular
symptoms were itching (21.1%), irritation (15.8%), foreign
body sensation (21.1%), and dryness (13.2%). Sixteen of
38 patients (42.1%) complained of these adverse events
at “sometimes” or “always” during the study period. No
apparent systemic adverse reactions such as changes in blood
pressure (104.1 = 12.7 mmHg and 105.9 £ 14.7 mmHg,
P =0.3041) and pulse rate (69.5 £ 9.6 times per minute
and 68.5 £ 11.1 times per minute, P = 0.7678) during this
treatment were noted. There was no significant difference
in MD values before and after bimatoprost instillation
(-5.22£4.07 dB and —2.72 £ 4.06 dB, P = 0.0385).

Discussion

Bimatoprost has a potent IOP-lowering effect in Japanese
NTG patients with an IOP of 18 mmHg or less. There were
no serious local or systemic adverse events leading to dis-
continuation of bimatoprost administration.

NTG patients were treated with the intention of lowering IOP
levels. Bimatoprost is reported to have a better IOP-lowering
effect than latanoprost.'”>'* Hence, the authors studied the
IOP-lowering effect by applying bimatoprost to the unilateral
eye and using the contralateral eye as the control in Japanese
NTG patients.

The IOP levels of the treated eyes were significantly lower
than the baseline IOP values at each time point. Although the
IOP levels of the fellow eyes were significantly decreased
from the baseline IOP values at 8 and 12 weeks PI, the value
of IOP reduction remained at 1.3 mmHg. The reduction in
IOP observed was significantly greater in the treated eyes
than the fellow eyes at all time points, and the efficacy of
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Figure | Intraocular pressure values in treated and fellow eyes.

Notes: Each column represents the mean (plus or minus the standard deviation) intraocular pressure value at each time point; *P < 0.05; ***P < 0.001, for each time point
versus baseline, as measured by paired t-test using Bonferroni correction after repeated analysis of variance; P < 0.001, for treated eye versus fellow eye at each time
point, as measured by unpaired t-test using Bonferroni correction after repeated analysis of variance.

IOP lowering in Japanese patients with NTG was evident  reduction rates were approximately 20% from the baseline
through this one-eye trial. IOP at all the time points examined, and for 50% or more

A study period of 3 months was chosen because the patients, IOP lowered 20% or more from the baseline IOPs.
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Figure 2 Percentage reduction of intraocular pressure in the treated eyes at each time point.
Notes: Intraocular pressure reduction rates in the treated eyes are classified into four categories: >30%, >20%, >10%, =10%; closed circle (®) represents the mean plus
or minus the standard deviation; no significant difference in distribution at all time points observed, as measured by chi-square test (P = 0.0859).
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Notes: The treated eyes were classified into the three groups based on their
baseline IOP values (low: <I3 mmHg; medium: 13—16 mmHg; high: =16 mmHg);
each column represents the mean (plus or minus the standard deviation) of IOP
values at each time point; **P < 0.01; ***P < 0.001, each time point versus baseline,
as measured by unpaired t-test using Bonferroni correction after repeated analysis
of variance.

considered nonresponders. In general, nonresponders to PGs
account for approximately 20% of glaucoma patients with
high IOP."S The rate of “nonresponders” in NTG patients
with an IOP of 18 mmHg or less in this study was thought
to be similar to that of responders.

When the IOP-lowering efficacy was evaluated by group,
with the treated eyes classified into the three groups based on
their baseline IOP values (low, medium, and high groups),
the IOP levels of the treated eyes in all groups were signifi-
cantly lowered from the baseline IOP levels. In Japan, about
20% of NTG eyes have IOP levels equal to 13 mmHg or
less. Although the IOP levels of these patients are actually
not high, decreasing the IOP levels has been considered a
primary therapeutic goal for these patients. Considering these
situations, the results given indicate that bimatoprost is an
effective treatment of Japanese NTG.

A comparative study of bimatoprost and latanoprost
reported that the incidence of conjunctival hyperemia was more
than 40% after bimatoprost instillation and around 20% after
latanoprost instillation.'® To evaluate the conjunctival hyper-
emia, the present authors viewed the standard photograms of
the subjects during the study period. The incidence and severity
of conjunctival hyperemia with bimatoprost was lower than in
the previous studies.'®!” Conjunctival hyperemia may discour-
age patients from continuous treatment with bimatoprost.'” It is
important for patient adherence to the treatment that the possible
hyperemic side effects are explained to patients in advance.

SPK caused by latanoprost ophthalmic solution contain-
ing benzalkonium chloride has been reported.!! The low
incidence of SPK in those receiving the bimatoprost treatment
may be because of lower concentration of benzalkonium
chloride in the ophthalmic solution.!'

Under continuous usage of PGs, adverse reactions such as
eyelash growth, eyelid pigmentation, and DUES are thought
to be inevitable.' Eyelid washing immediately after instilla-
tion is necessary during PG treatment.

In this study, adverse events were observed in 16 of
the 38 subjects. However, the authors considered that the
frequency of these adverse events was not high and that the
adverse events remained mild and clinically tolerable.

Table 2 Time course of conjunctival hyperemia and superficial punctate keratitis (SPK) scores

Score Study period

Baseline 2 weeks 4 weeks 8 weeks 12 weeks
Conjunctival hyperemia
Treated eyes 0.26 + 0.45 0.71 £ 0.60 0.79 + 0.54 0.88 + 0.55 0.94 + 0.44
Fellow eyes 0.24 £ 043 0.11 £0.31 0.18 £ 0.46 0.22 £ 0.49 0.25 £ 0.44
P-value 0.5706 <0.0001 <0.0001 <0.0001 <0.0001
SPK
Treated eyes 0.07 £ 0.17 0.09+£0.19 0.06 +0.13 0.05+0.11 0.11 +£0.18
Fellow eyes 0.07 £ 0.19 0.04+0.16 0.02 + 0.06 0.03 +0.09 0.06 +0.13
P-value 1.0000 0.2919 0.0894 0.4664 0.1992
Notes: Scores are presented as the mean plus or minus the standard deviation; analyzed by Wilcoxon signed-rank test.
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Conclusion

The results of this study show that bimatoprost lowered
the IOP in the eyes of Japanese NTG patients at the rate of
around 20% from the baseline IOP, with a small number
of side effects and adverse events including conjunctival
hyperemia observed. These results indicate that bimatoprost
is a potent tool in the treatment of NTG in patients with an
IOP of 18 mmHg or less.

Disclosure

This study was performed without support from any asso-
ciations or companies. The authors report no conflicts of
interest in this work.
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