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Purpose: We previously investigated the efficacy and safety of adding 0.1% brimonidine
(Brim) or 0.5% timolol (Tim) to prostaglandin analogue (PGA) monotherapy to treat patients
with normal-tension glaucoma (NTG) with intraocular pressure (IOP) of <16 mmHg. Herein,
we describe an additional post-hoc stratifying analysis of the possible differences in the
effect of IOP-lowering and pulse rate (PR) after adjunctive Brim or Tim to PGA.

Patients and Methods: This study included 128 subjects. Patients with NTG treated with
PGA were stratified based on their baseline IOP. The changes in IOP from baseline and the
effect of patient factors on IOP changes were investigated. Patients were stratified by age for
investigation of their PR and blood pressure (BP). The change and the effect of patient
factors on PR and BP were investigated.

Results: After stratification analysis, in 52 eyes treated with Brim and 61 eyes with Tim
with baseline IOP 12 < IOP < 16 mmHg, both eye drops lowered IOP significantly (P <
0.0001), and the IOP-lowering efficacy of Brim was non-inferior to that of Tim. However, in
9 Brim- and 6 Tim-treated eyes with baseline IOP of <12 mmHg, no statistically significant
decrease in IOP was evident with either eye drop. In the Tim group, PR decreased sig-
nificantly (P < 0.05) after stratification by age.

Conclusion: The 10P-lowering efficacy of Brim was non-inferior to that of Tim after
stratification by baseline IOP (12 < IOP < 16 mmHg). The discrepancy in the IOP-
lowering effects of Brim and Tim observed in the previous study was thought to be related
to enrolled subjects with low baseline IOP. PR decreased significantly in the Tim group even
after age stratification. PR should be considered when selecting B-blockers for glaucoma
treatment.

Keywords: adjunctive therapy, brimonidine, intraocular pressure reduction, post-hoc
analysis, pulse rate, timolol

Introduction
In Japan, normal-tension glaucoma (NTG) accounts for more than 90% of open-
angle glaucoma cases.! Prostaglandin analogues (PGA) are used in the initial
treatment of NTG; however, B-blockers or brimonidine are often used for adjunc-
tive therapy” > to achieve the primary target of a 20% decrease in IOP from the
untreated baseline.’

In a multicenter, randomized, single-masked study, we previously investigated
the IOP-lowering efficacy and safety of the adjunctive administration of 0.1%
brimonidine eye drops (Brim) or 0.5% timolol eye drops (Tim) twice a day with
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PGA monotherapy in patients with NTG. We found that
both eye drops were safe and that Brim had as efficacious
an IOP-lowering effect as that of Tim; however, the sta-
tistical “non-inferiority” of Brim to Tim was not proven.

Additionally, in the previous study, a significant
decrease in pulse rate (PR) was evident after adjunctive
Tim administration from 4 to 12 weeks. NTG frequently
occurs in patients aged over 40 years."® The risk of
respiratory and cardiovascular diseases, such as chronic
obstructive pulmonary disease (COPD), also increases
with age."®?

In the present re-analysis of the previous study, we
planned an additional stratification-based evaluation of
the possible difference in the IOP-lowering effects of
these eye drops; we also aimed to determine the factors
that influence the PR and BP after administration of Brim
and Tim.

Materials and Methods

Study Design

This was a post-hoc analysis of our previous study.” The
study was approved by the Ethics Committee at Minami-
Matsuyama Hospital (Matsuyama, Japan) and performed
in accordance with ethical principles based on the
Declaration of Helsinki. Written informed consent was
obtained from all patients before participation. The study
was registered with the University Hospital Medical
Information Network (No. UMIN000014810). Only the
anonymized data of the subjects in the previous study’
were used in this post-hoc study.

Subjects

The re-analysis study subjects were patients with NTG
whose IOP had been lowered to 16 mmHg or less by
administration of a single PGA for at least 90 days.’
NTG was diagnosed at an independent data center
(Tokyo Teishin Hospital, Tokyo, Japan) based on the
visual field test that met Anderson’s criteria'® and apparent
glaucomatous changes in the optic disc by fundus photo-
graphy. Only the 128 subjects from the previous study’
who were eligible for its efficacy analysis were included in
this re-analysis.

Inclusion criteria were: (i) age > 20 years old; (ii)
patients who had received PGA monotherapy in the 6
months before enrolment and had a mean IOP (based on
measurements taken on three different dates) of < 16
mmHg; (iii) the duration of PGA monotherapy until the

screening IOP measurement was > 90 days; (iv) the cor-
rected visual acuity was > 0.5; (v) the mean deviation with
the Humphrey field analyzer was > —20 dB; (vi) the
corneal thickness of the evaluated eyes was 450-600 pm;
(vii) the IOP could be measured with a Goldmann appla-
nation tonometer; and (viii) the investigator judged that
adjunctive IOP-lowering agents were required.

Exclusion criteria were: (i) history of hypersensitivity
to or major adverse effects of Brim or Tim; (ii) current or
previous bronchial asthma, or bronchospasm, or severe
COPD; (iii) insufficiently controlled heart failure, sinus
bradycardia, second- or third-degree atrioventricular
block, or cardiogenic shock; (iv) active external ocular
disease, or inflammatory or infectious disease of the eye
or eyelid; (v) history of corneal refractive correction sur-
gery in the evaluated eye; (vi) fundus disease that affects
the visual field test results; (vii) intraocular surgery of the
evaluated eye within the previous 90 days; (viii) corticos-
teroid use within 7 days before IOP measurement; (ix)
history of trabeculectomy and trabeculotomy; and (x) par-
ticipation in this clinical study judged by the investigator
to be inappropriate for any other reason.

Procedures

The previous study was conducted at eight medical insti-
tutions in Japan between September 2014 and July 2015.
The study eye drops were allocated in an investigator-
masked manner, based on the block randomization
method, by the Drug Allocation Manager at Kindai
University (Nara, Japan). PGA administration was contin-
ued by the same eye drop and dosage prior to initiation of
the study. The eye drops used were Brim (0.1% brimoni-
dine  ophthalmic solution [Aiphagan®; Senju
Pharmaceutical Co., Ltd., Osaka, Japan]) or Tim (0.5%
timolol  ophthalmic ~ solution [Timoptol®;  Santen
Pharmaceutical Co., Ltd., Osaka, Japan]); these were
administrated twice daily with one drop at 12-hour inter-
vals for 12 weeks.

The ophthalmological tests, such as corrected visual
acuity, refraction, anterior ocular findings (conjunctiva,
eyelid, and cornea), IOP, condition of the fundus, visual
field, and central corneal thickness, and BP and PR were
evaluated in the previous study at baseline.” Additionally,
the anterior ocular findings, IOP, condition of the fundus,
BP, and PR were evaluated after adjunctive eye drop
administration for 4, 8, and 12 weeks. Corrected visual
acuity, refraction, and visual field were also evaluated at

the completion of the previous study.” IOP was measured
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twice at each time-point by the same investigator using
a Goldmann applanation tonometer, and the mean of the
two measurements was calculated. When the difference
between the two measurements exceeded 3 mmHg, an
additional measurement was made and the median of the
three measurements was used in the data analysis. PR and
BP were measured twice at 1-2 minute interval after 5
minutes’ rest in the sitting position, and the second mea-
surement data was used for analysis. The measuring equip-
ment for PR and BP was not unified, but the same
equipment was used throughout the study at each institu-
tion. At each observation time-point, the subjects were
interviewed about adherence and occurrence or non-
occurrence of adverse events.

Sample Size
In the current re-analysis, the setting of the non-inferiority
margin was just as that in the previous study, ie the margin
was determined as 0.75 mmHg by assuming baseline mean
IOP on PGA monotherapy of 15.0 mmHg, change in IOP of
—3.0 mmHg with add-on Brim or Tim to a PGA, and setting
ratio of 50% of the change in IOP achieved with comparator
Tim excluding its placebo effect (—1.5 mmHg).
Subsequently, 64 subjects were needed per group to
examine that the difference in the change in IOP, relative
to baseline, with Brim from that with Tim was not less
than 0.75 mmHg at the end of adjunctive treatment (at
a one-sided significance level (o) of 0.025, power (1-B) of
80%, and standard deviation of 1.5 mmHg). Considering
a withdrawal/dropout rate of 10% of the study population,
72 subjects should have been planned to be included in
each group.

Statistical Analyses
IOP
The baseline IOP was defined as IOP with PGA before
adjunctive administration with Brim or Tim, and mean IOP
was defined as the average IOP at 4, 8, and 12 weeks after
adjunctive administration. The distributions of IOP changes
with each eye drop after administration for 4, 8, and 12 weeks
were investigated and analyzed using the two-sided F-test.
Multiple regression analysis was performed with mean IOP
decrease after adjunctive eye drop administration as the
objective variable, and the adjunctive eye drop (Brim or
Tim), sex, age, and baseline IOP as the explanatory variables.
The registered subjects were stratified by baseline IOP
level as IOP < 12 mmHg, 12 <IOP < 14 mmHg, or 14 <IOP
< 16 mmHg. The IOP analysis after stratification with

baseline IOP by eye drop group was performed using
Repeated Measures Analysis of Variance using Mixed
model (MMRM ANOVA). An MMRM ANOVA model
included the changes from baseline IOP as the dependent
variable, baseline IOP group, observation time-points, and
interaction between baseline IOP group and observation
time-points as fixed effect, and subjects as random effect.
The P value was adjusted with the Bonferroni method.
A P value of less than 0.05 was considered statistically
significant.

PR and BP

Twenty-one patients were taking antihypertensive drugs, but
no remedy change was observed during the study period.
The eligible subjects from the previous study’ were stratified
by age as follows: age < 60, 60 < age < 70, 70 < age < 80,
and age > 80 years. With Brim and Tim, the mean PR and
BP after adjunctive eye drop administration was compared
with two-way ANOVA using mixed model.

Multiple regression analysis was performed by apply-
ing the mean PR and BP after adjunctive eye drop admin-
istration as the objective variable, and the adjunctive eye
drop (Brim or Tim), sex, age, and baseline PR and BP as
the explanatory variables.

Results

In this post-hoc analysis, a total of 128 subjects with NTG
were included — 61 subjects in the Brim group and 67 in
the Tim group, as reported in our previous study.7

Distribution of |IOP-Lowering Effects
There was no difference in the distribution of IOP changes
between the Brim and Tim group at 4 and 8 weeks after
adjunctive administration. After 12 weeks, the mean and
SD values of IOP changes from baseline with PGA were
—1.05 + 1.81 and —1.41 £ 1.40 in the Brim and Tim group,
respectively. The Brim group showed a significantly
broader distribution in IOP changes than the Tim group
(P = 0.0425, two-sided F-test) (Figure 1).

Effects of Patient Background Factors on
IOP Decrease

Among a variety of explanatory variables, such as type of
eye drops and patient background, mere baseline IOP was
significantly effective on the objective variable (mean IOP
decrease after adjunctive
(P =0.0010) (Table 1).

eye drop administration)
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Figure | Distribution of IOP change after 12 weeks from baseline. The distribu-
tions of IOP changes with each eye drop added to PGA monotherapy after admin-
istration for 12 weeks were investigated and analyzed using the two-sided F-test.
Abbreviations: |OP, intraocular pressure; PGA, prostaglandin analogue.

|OP-Lowering Effects of Brim and Tim
Stratified by Baseline IOP

The analysis of covariance revealed the P values of inter-
action effect was < 0.05 in all groups except the Brim
group with baseline IOP < 12 mmHg. In both the Brim and
Tim groups with baseline IOP with 12 < IOP < 14 mmHg
and 14 <IOP < 16 mmHg, the IOP at each time-point was
significantly decreased relative to the baseline IOP, except
that at 4 and 8 weeks in the Brim group of baseline IOP
with 12 < JOP < 14 mmHg. However, in either eye drop
group with baseline IOP < 12 mmHg (Brim, n=9; Tim,

Table | Effects of Patient Background Factors on IOP Decrease

Explanatory Estimate SE | T value P value

Variables

Eye drop (Brim) 0.110 0.110 1.00 0.3189

Sex (female) 0.003 0.109 0.03 0.9776

Age —0.003 0.011 —0.33 0.7408

Baseline IOP —0.271 0.080 -3.38 0.0010%
Note: *P < 0.01.

Abbreviations: IOP, intraocular pressure; SE, standard error.

n=6), no significant IOP decrease was found as compared
to the baseline IOP at any of the observation time-points
(Figure 2).

Effects of Brim and Tim on PR and BP

Although no significant difference in PR was observed in
the Brim-treated subjects among any of the age groups, in
the Tim-treated group, PR decreased significantly com-
pared with the baseline in all of the age groups
(Figure 3). A significant decrease of the systolic blood
pressure (SBP) was observed in two groups of Brim (60
<age <69 and 70 < age < 79 groups) and three groups of
Tim (age < 60, 60 < age < 69, and age > 80 groups).
Moreover, a significant decrease of the diastolic blood
pressure (DBP) was observed in two groups of Tim (age
< 60 and 70 < age < 79 groups) (Figure 4). One patient in
the Tim group was excluded because of missing PR and
BP values at baseline.

Multiple regression analysis revealed that the eye drop
and baseline PR were significantly associated with mean
PR after adjunctive eye drop administration. Age showed
the tendency of effect on PR (P=0.0587) (Table 2).
Multiple regression analysis of SBP and DBP revealed
that the eye drop, sex, age, and baseline BP were not
significantly associated with mean BP after adjunctive
eye drop administration (Table 3).

Discussion

In the previous study, there was no significant difference in
the IOP-lowering effect of both Brim and Tim at each time
point. In the present analysis, it was evident that the
distribution of IOP in the Brim-treated group after 12
weeks was significantly broader than that in the Tim-
treated group, suggesting that Brim and Tim differed in
the mode of IOP-lowering. Among a variety of factors,
baseline IOP on PGA was a mere explanatory variable that
may affect [OP-lowering after adjunctive eye drop admin-
istration. Therefore, in the present study, the baseline IOP
on PGA was stratified to investigate the possible difference
in IOP-lowering effects between adjunctive usage of Brim
and Tim. Consequently, in eyes with baseline IOP of 12 <
IOP < 14 mmHg and 14 <IOP < 16 mmHg, both Brim and
Tim definitely lowered the IOP, whereas, in the eyes with
baseline IOP < 12 mmHg, no significant decrease in IOP
was found in either the Brim or Tim group. The number of
subjects with baseline IOP < 12 mmHg on PGA mono-
therapy was only 9 for Brim and 6 for Tim, suggesting that
the chance of showing a difference was small. The results
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Figure 2 IOP-lowering effects of Brim and Tim stratified by baseline IOP on PGA. For IOP < 12 mmHg, n = 9 for Brim and 6 for Tim; for IOP < 12 and <4 mmHg, n = 28
for Brim and 26 for Tim; and for IOP <14 and < |6 mmHg, n = 24 for Brim and 35 for Tim. *P < 0.05, **P < 0.01, vs baseline IOP. Error bars represent standard deviation.

Abbreviations: |IOP, intraocular pressure; PGA, prostaglandin analogue.

Figure 3 Pulse rates stratified by age. **P < 0.001.
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Figure 4 Blood pressures stratified by age. *P < 0.05, **P < 0.01. The values inside the bars indicate the mean value. Error bars represent standard error.

revealed that the IOP-lowering effect was influenced by
the baseline IOP levels, as reported by Lee et al.'!

IOP reduction in both eye drops were —1.05+1.81
mmHg (Brim) and —1.41+1.40 mmHg (Tim), and the
difference in IOP reduction between the two eye drops
was 0.36 mmHg, with 95% confidence interval (CI
[-0.21-0.92]) after 12 weeks. Brim was not non-inferior
to Tim in our previous study’ (Table 4), and this may be

Table 2 Effects of Patient Background Factors on PR

Explanatory Estimate SE T value P value
Variables

Eye drop (Brim) 2.626 0.486 5.40 | <0.0001*
Sex (female) -0.217 0.484 —0.45 0.6546
Age —0.089 0.047 -1.91 0.0587
Baseline PR —0.255 0.051 —5.00 | <0.0001*

Note: *P < 0.0001.
Abbreviations: SE, standard error; PR, pulse rate.

attributed to that the baseline IOPs of the enrolled NTG
eyes was lower than the predetermined value of 15 mmHg,
ie Brim group: 13.4£1.4 mmHg, Tim group: 13.8£1.3
mmHg, and that the ratio of patients with baseline IOP <
12 mmHg was higher in the Brim group (9/61, 14.8%)
than in the Tim group (6/67, 9.0%).

In this re-analysis of the previous study, subjects were
stratified to two groups by baseline IOP of < 12 mmHg and
12 <IOP < 16 mmHg because no significant decrease in IOP
was found with either eye drop in the eyes with baseline IOP <
12 mmHg on PGA. The mean IOPs of three observation time
points (4, 8, and 12 weeks) after adjunctive eye drop admin-
istration were analyzed to prevent large variations due to
smaller number of patients after stratification. Hence, in
those eyes with baseline IOP < 12 mmHg on PGA, the
difference in IOP changes between the two eye drops was
0.82 mmHg, and its 95% CI (—0.46-2.10) exceeded the preset
inferiority margin of 0.75 mmHg; therefore, Brim was not
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Table 3 Effects of Patient Background Factors on BP (A and B)

Explanatory Estimate SE T value P value
Variables

A: SBP

Eye drop (Brim) 0.017 0.926 0.02 0.9850
Sex (female) 1.183 0.921 1.28 0.2014
Age —0.012 0.089 —0.14 0.8925
Baseline SBP —0.013 0.097 —0.14 0.8910
B: DBP

Eye drop (Brim) 0.832 0.682 1.22 0.2252
Sex (female) 0.764 0.679 1.12 0.2631
Age —0.053 0.065 —0.80 0.4235
Baseline DBP —0.083 0.072 -1.15 0.2515

Abbreviations: SE, standard error; BP, blood pressure; SBP, systolic blood pres-
sure; DBP, diastolic blood pressure.

non-inferior to Tim (Table 4). The enrollment of subjects with
IOP of < 12 mmHg on PGA may affect the verification of non-
inferiority between the two eye drops. In the group with base-
line IOP of 12 <IOP < 16 mmHg, both eye drops significantly
decreased mean IOP relative to the baseline IOP on PGA (both
P <0.0001). The difference in IOP changes between the two
eye drop groups was 0.18 mmHg with 95% CI (—0.29-0.65).
Thus, 95% CI was within the 0.75-mmHg range for the non-
inferiority margin; therefore, Brim was non-inferior to Tim in
the eyes with baseline IOP on PGA of 12 <IOP < 16 mmHg
(Table 4). In NTG patients with an IOP of 12 mmHg or more

using PGA, therefore we believe an additional Brim use would
be effective, similar to that of Tim.

In eyes on PGA monotherapy with IOP < 12 mmHg,
no significant decrease in IOP was found in either the
Brim or Tim group; hence, this result might question the
efficacy of glaucoma eye drops application in these eyes.
Glaucomatous field progression was evident in 66% of
untreated NTG eyes with a mean IOP of 12.3 mmHg
during the 5-year follow-up.'> In Japan, there are
a certain number of NTG patients with very low IOP' as
observed in our previous study, which included up to 10%
of the subjects with baseline IOP < 12 mmHg but requir-
ing IOP-lowering treatment. As the effect of additional
IOP-lowering, including glaucoma surgery,'*'* for NTG
patients with IOP < 12 mmHg is controversial, treatment is
aimed at neuroprotection. Brim and Tim have neuropro-
tective effects and long-term clinical data suggest that
Brim may be a remedy of choice for NTG patients with
very low IOP level."”

In our previous study,” we found that PR decreased
significantly and that this decrease lasted in patients after
adjunctive administration of Tim. The incidence of NTG
increases with age. In the present re-analysis of that study,
P value of age in multiple regression analysis was 0.0587
and age showed the tendency of effect on PR. The Brim
group showed no significant reduction in PR in any age
group, whereas in the Tim group, a significant decrease in

Table 4 Non-Inferiority Analysis of Brim to Tim After Stratification by Baseline IOP on PGA Monotherapy

Brim Tim Difference Between Two Non-
Groups (Mean [95% CI]) Inferiority
n IOP Change in P value n IOP Change in P value
(mmHg) | IOP (mmHg) | IOP
(mmHg) (mmHg)
Post-hoc analysis
Baseline |IOP Baseline | 9 11.0+£08 | —0.08 + 0.88 0.7967 6 11202 | —0.90 + .43 0.1839 0.82 [-0.46-2.10] No
< 12 mmHg
Overall 109+ 1.0 103+ 1.5
12 < baseline Baseline | 52 | 139+ 1.0 [ —1.24 147 | <0.0001* 61 | 140+ 1.1 | —142+1.06 [ <0.0001* | 0.18 [-0.29-0.65] Yes
IOP < 16
Overall 126+ 1.6 126+ 1.4
mmHg
Previous study”
Baseline | 61 | 134+ 1.4 67 | 138+13
12 124+20 [ —1.05+ 1.8 | <0.0001* 123+ 1.7 | —1.41 £ 140 | <0.0001* | 0.36 [-0.21-0.92] No
weeks
Notes: IOP and change in IOP represent mean * standard deviation, *P < 0.0001
Abbreviations: Cl, confidence interval; IOP, intraocular pressure; PGA, prostaglandin analogue.
Clinical Ophthalmology 2021:15 htps: 2881
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PR was observed in all groups. Brim and Tim affected PR
differently. Furthermore, Tim was selected as an explana-
tory variable for the decrease in PR even in multivariate
analysis. It has previously been reported that Tim affects
respiratory and cardiovascular function even in healthy
individuals aged over 65 years.'® It was reconfirmed that
PR monitoring was needed for patients of all ages on Tim
therapy, including those aged < 60 years. After stratifica-
tion by age, SBP decreased in two and three groups of
Brim and Tim, respectively, and DBP decreased in two
groups of Tim. However, the decrease in SBP and DBP
was less than 10 mmHg, and it was considered to be
clinically acceptable.

In this re-analysis of the previous study,” applying stratifi-
cation-based investigation, Brim was non-inferior to Tim in
the eyes with baseline IOP of 12 < IOP < 16 mmHg. On the
contrary, no significant IOP decrease as compared to baseline
IOP was found in the eyes with baseline IOP < 12 mmHg in
either eye drop group. These results indicate that when eval-
uating the IOP-lowering efficacy in NTG for adjunctive glau-
coma eye drops, baseline IOP level on a PGA should be a key
factor, especially for NTG eyes with IOP level of < 12 mmHg.
After stratification by age, PR decreased significantly com-
pared with the baseline, as expected. This also indicates that
the systemic side effect of B-blockers such as a decrease in PR
should be monitored during glaucoma treatment.

This study had the following limitations. By applying
stratification according to baseline IOP level on PGA, the
number of subjects in each group was reduced; therefore, the
accuracy of the investigation was statistically limited. It is
also a limitation that we did not perform an analysis focused
on each type of PGA. The original purpose of the study was
to confirm the additional effects of Brim and Tim in clinical
practice. We found variability among PGAs because PGA
was not specified. The performance of a prospective study
with an adjusted number of subjects treated with each type of
PGA is needed in the future.

Conclusion

When considering adjunctive therapy to topical PGA
monotherapy, we reaffirmed the importance of baseline
data collection including PR and treatment strategy devel-
opment in managing patients with NTG.
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able from the corresponding author on reasonable request.
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