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ABSTRACT

Objective We investigated the detailed time course of
conjunctival hyperemia induced by omidenepag isopropyl
ophthalmic solution 0.002% (omidenepag), a selective
prostaglandin E2 receptor 2 agonist.

Methods and analysis We recruited 34 healthy
subjects and administered omidenepag in the right

eye and ripasudil 0.4% in the left eye. We evaluated
conjunctival hyperemia using slit-lamp photography at
baseline and after 15, 30, 60, 120, 180 and 360 min.

The conjunctival hyperemia score was graded by three
independent observers using a scale from 0 (none) to 3
(severe). We also evaluated conjunctival hyperemia by
the pixel coverage of conjunctival blood vessels (per cent
coverage) determined using a conjunctival hyperemia-
analysing software.

Results In omidenepag, the conjunctival hyperemia
score and per cent coverage peaked at both 30 min (mean
score=SD: 1.57+0.67 and 11.90%=+3.66%, respectively)
and then gradually decreased at 60 min (10.79%=3.32%)
and 120 min (1.10+0.52) when they reached a level that
was not significantly different from the baseline values.
For ripasudil 0.4%, the peak time of the conjunctival
hyperemia score and per cent coverage were both at
15min (score: 2.42+0.54 and 15.26%=3.38%). The
degree of conjunctival hyperemia was significantly higher
for ripasudil 0.4% than that for omidenepag from 15 to
30min in both the conjunctival hyperemia score and per
cent coverage (p<0.007 by Bonferroni correction).
Conclusion Conjunctival hyperemia induced by
omidenepag gradually peaks to moderate severity, though
weaker compared with that induced by ripasudil 0.4%, and
subsides relatively quickly.

INTRODUCTION

Glaucoma is the leading cause of irrevers-
ible blindness worldwide, with approximately
60million individuals suffering from the
disease." Adequate reduction of intraocular
pressure (IOP) to avoid visual field deteriora-
tion remains the only established treatment
for the disease.”™" Since their development 20
years ago, prostaglandin F20 analogues have
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Key messages

What is already known about this subject?

» Previous studies have demonstrated that conjuncti-
val hyperemia is the most frequent complaint among
patients with glaucoma and the main adverse effects
of omidenepag isopropyl 0.002% were conjunctival
hyperemia.

What are the new findings?

» Our study demonstrated that conjunctival hyperemia
induced by omidenepag gradually peaks to mod-
erate severity, though weaker compared with that
induced by ripasudil 0.4%, and subsides relatively
quickly.

How might these results change the focus of

research or clinical practice?

» The results of this prospective clinical trial provide
useful adverse information for the patients with
glaucoma and clinicians about this new antiglauco-
ma eye-drop.

become the firstline monotherapy for the
treatment of glaucoma, owing to the lower rate
of systemic side effects. However, prostaglandin
F20 analogues are associated with specific local
side effects, termed ‘prostaglandin-associated
periorbitopathy,” around the prescribed eye.”®
These adverse effects influence the adherence
of patients to the treatment of glaucoma or
the results of filtering surgery.” Omidenepag
isopropyl, a selective prostaglandin E2 receptor
2 (EP2) agonist with a non-prostaglandin
structure, has been developed. Studies in
animals'’'' and humans'* " have confirmed the
IOP-lowering efficacy of omidenepag isopropyl.
Finally, in September 2018, the omide-
nepag isopropyl ophthalmic solution 0.002%
(EYBELIS; Santen Pharmaceutical, Osaka,
Japan) was approved in Japan for the treat-
ment of glaucoma and ocular hypertension.
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Different from the specific local side effects associated with
prostaglandin F20 analogues, the most frequently reported
adverse effects for omidenepag isopropyl 0.002% were
conjunctival hyperemia (24.5%'* and 18.8%,'” followed by
an increase in central corneal thickness (CCT) (11.7%),"
and macular oedema (6.4%)."” Conjunctival hyperemia
is the most common cosmetic side effect occurring in
patients receiving omidenepag isopropyl 0.002%. In a
study investigating the most common and most uncom-
fortable side effects of topical antiglaucoma medications,
conjunctival hyperemia was the most frequent complaint
(35.6%) and the second most uncomfortable side effect
(19.8%).'° One meta-analysis of conjunctival hyperemia
due to prostaglandin F20, analogues showed that the util-
isation of latanoprost 0.005% is associated with a lower
rate of conjunctival hyperemia compared with bimatoprost
0.003%."” Meanwhile, a novel antiglaucoma eye-drop, ripa-
sudil hydrochloride hydrate 0.4% is a Rho-kinase inhibitor
that effectively lowers IOP. The most frequently reported
adverse event of this agent is also conjunctival hyperemia,
occurring in more than 60% of patients.™*' Both types
of topical antiglaucoma medications induce conjunctival
hyperemia. However, it is difficult to evaluate the actual
extent of conjunctival hyperemia in the clinic, owing to the
amount of time passed since the eye-drops were prescribed
to patients. Previously, we reported the real-time course
of conjunctival hyperemia induced by ripasudil 0.4% in
healthy subjects™ and in patients with glaucoma.”

In previous trials of omidenepag isopropyl 0.002%,"* °
the adverse effects were judged at the clinic more than
9hours after the last prescription. Thus, the incidence
of conjunctival hyperemia in real life remains unknown.
Therefore, we conducted a prospective study to investigate
the detailed progression and offset of conjunctival hyper-
emia after a single instillation of omidenepag isopropyl
0.002% and also investigated the degree of conjunctival
hyperemia compared with ripasudil 0.4%.

MATERIALS AND METHODS

This is a prospective, interventional, non-randomised study
performed in accordance with the Declaration of Helsinki.
This study involved 34 healthy subjects (22 women). The
mean age of the subjects was 29.7 years (range: 23-48
years). Healthy subjects without any ocular disease and
those having previously undergone ocular surgery were
recruited from the hospital between November 2018 and
February 2019. Written informed consent was provided by
each subject prior to participation in this study.

Slitlamp photography and measurements of IOP and
CCT were performed on both eyes under fixed conditions
at baseline and 15, 30, 60, 120, 180 and 360 min after a
single instillation of omidenepag isopropyl 0.002% in the
right eye and ripasudil 0.4% in the left eye between 8:30
and 9:00. Slitlamp photographs were captured using an
SL-D7 camera (TOPCON, Tokyo, Japan). The detailed slit-
lamp photographic conditions were as follows: the angle
between the slit lamp and the microscope arm was set at
30°. The camera flash light was adjusted to level 1. The slit

width was set at 20mm, and the objective magnification
was set at 10x. The diffuser of the slit lamp was used. In
this study, we captured two photographs for each subject:
the whole bulbar conjunctiva in the front position and
temporal bulbar conjunctiva in each eye. Similar to our
previous reports, the photographic method was strictly
fixed during this study,” ** and the photographs were stored
as JPEG images. The IOP was measured using an Icare
PRO Rebound Tonometer (Tiolat Oy, Helsinki, Finland)
in the seated position. The methods using the Icare PRO
are established.”” ** All rebound tonometers have slightly
less instrumental reliability compared with the Goldmann
applanation tonometer*; however, its agreement with the
Goldmann applanation tonometer is the best among the
currently available rebound tonometers.”* The CCT was
measured using three-dimensional corneal and anterior
segment optical coherence topography (SS-1000; CASIA,
Tomey, Japan). The slitlamp photography and IOP and
CCT measurements were performed by trained orthoptists
(ET, YN, YF, KU, YK, SD, SO and MS) in random order.

Conjunctival hyperemia score

The whole bulbar conjunctival hyperemia at the front
position was scored in each case and judged according to
the Japanese guidelines for allergic conjunctival disease
using whole conjunctival photography.” In real world, the
patients will notice their conjunctival hyperemia in the
front position (eg, a mirror), so we used whole conjunctival
photography at the front position. The grading scales were
as follows: 0 (none: no hyperemia in the bulbar conjunc-
tiva), 1 (mild: dilation of a few conjunctival blood vessels
(2 or 3)), 2 (moderate: dilation of many conjunctival
blood vessels (<4to 9 vessels)) or 3 (severe: dilation of all
conjunctival blood vessels (=10 vessels)). The grading was
performed by three evaluators (ET, YN and SD)), who were
blinded to one another’s findings, using the photographs
captured at each of the seven time points. The mean score
was used for the subsequent analysis. The degree of agree-
mentamong the three observers regarding the conjunctival
hyperemia scores was also evaluated.

Pixel coverage of conjunctival vessels in the region of interest
(per cent coverage)

The photographs were processed using a hyperemia
analysis software program developed by the members of
our group (TY and AF).” This software was used in our
previous studies, demonstrating high reproducibility of
per cent coverage (r=0.998) and strong correlation to the
conjunctival hyperemia score, according to the Japanese
guidelines™ for allergic conjunctival disease (r=0.953).%****°
The software selects the optimal area of the conjunctiva
and calculates the proportion of blood vessels (%) in the
conjunctiva as the pixel per cent coverage. Therefore, the
photographs were transferred to the software for the auto-
matic calculation of the pixel value. For the measurement
of the per cent coverage, the temporal conjunctiva (700-
890 pixels widthx800-920 pixels height) was assessed in
all subjects because the temporal conjunctiva is the widest
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Figure 1 Changes in the conjunctival hyperemia score. Line

graphs showing the mean conjunctival hyperemia scores at
each study time point in both groups. Statistically significant
differences from baseline, as determined by the Steel test,
are denoted by an asterisk (*). Data were presented as the
means with SEs. Statistically significant difference was
found between omidenepag isopropyl 0.002% and ripasudil
0.4% at 15 and 30 min (Mann-Whitney U test, statistically
significant p<0.007 by Bonferroni correction). T symbol
denotes statistical significance.

area among four conjunctival fields (superior, inferior,
nasal and temporal). The measured location and area were
constant in each individual.

Patient involvement
Patients were not directly involved in the design of this
study.

Statistical analysis

The statistical analyses were performed using the statis-
tical programming language R (V.3.1.3; R Foundation for
Statistical Computing, Vienna, Austria) and Statcel 3 (OMS
Publishing, Tokyo, Japan). The degree of agreement among
the three observers regarding the conjunctival hyperemia
scores was evaluated according to intraclass correlation
coefficients (3,1). The conjunctival hyperemia score is non-
parametric data as described earlier in this article, whereas
per cent coverage is parametric data in normal subjects.”’
Therefore, multiple comparison tests were used to inves-
tigate the differences in the conjunctival hyperemia score
(Steel test) and per cent coverage (Dunnett test) over
the different time points after topical administration. For
comparison between groups at each time point, we used
the Mann-Whitney U test for the conjunctival hyperemia
score and Student’s t-test for per cent coverage (statistically
significant p<0.05/7=0.007 by Bonferroni correction).

In addition, any differences in the IOP and CCT over
time were evaluated through one-way analysis of variance
(ANOVA) after the instillation in both eyes. For comparison
between groups at each time point, we used Student’s t-test
for IOP and CCT (statistically significant p<0.05/7=0.007
by Bonferroni correction). The data were expressed as
the mean+SD (range). P-values <0.05 denoted statistical
significance. Our sample size (n=34) can detect a 0.382
difference in the conjunctival hyperemia score among the

time points, with a significance level of 5% and power of
80%, according to a SD of 0.555 in the baseline hyperemia
score in the omidenepag isopropyl 0.002% eye.
Furthermore, our sample size can detect a 1.837%
difference in the conjunctival hyperemia score among the
time points, with a significance level of 5% and power of
80%, according to an SD of 2.665 in the baseline per cent
coverage in the omidenepag isopropyl 0.002% eye.

RESULTS

Conjunctival hyperemia score

The intraclass correlation coefficient (3,1) among the three
observers for the conjunctival hyperemia score grading in
all eyes was 0.391 (95% CI, 0.335 to 0.447). There are no
missing data.

Figure 1 shows the time course for the conjunctival hyper-
emia score in both eyes. The conjunctival hyperemia scores
at baseline and 15, 30, 60, 120, 180 and 360 min after instil-
lation of omidenepag isopropyl 0.002% were 0.78+0.55
(0-2.33), 1.29+0.59 (0-3), 1.57+0.67 (0.33-3), 1.30+0.62
(0.33-2.66), 1.10+£0.52 (0-2.33), 1.04£0.54 (0-2.33) and
0.89+0.56 (0-2.33), respectively (figure 1). The conjunc-
tival hyperemia scores after instillation of ripasudil 0.4%
were 0.95+0.45 (0.33-2), 2.42+0.54 (0.66-3), 2.26+0.51
(0.66-3), 1.69+0.48 (0.66-2.66), 1.33+0.47 (0.33-2),
1.17+0.47 (0.33-2) and 1.00+0.41 (0.33-1.66), respectively
(figure 1).

In eyes in which omidenepag isopropyl 0.002% was
instilled, the highest score was observed at 30 min. Multiple
comparison tests (Steel test) showed significant differences
between the baseline score and the scores obtained at 15, 30
and 60 min (p<0.05). However, significant differences were
not observed at 120, 180 and 360 min (all p>0.05). In eyes
in which ripasudil 0.4% was instilled, the highest score was
reported at 15min. Multiple comparison tests (Steel test)
showed significant differences between the baseline score
and the scores obtained at 15, 30, 60 and 120min (p<0.05).
However, significant differences were not observed at 180
and 360min (all p >0.05). Notably, absence of an increase
in any score compared with baseline was recorded in one
subject (2.8%) per group.

Instillation of ripasudil 0.4% induced significantly
higher scores versus omidenepag isopropyl 0.002% at 15
and 30min (Mann-Whitney U test, statistically significant p
<0.007 by Bonferroni correction). There was no significant
difference found at baseline and 60, 120, 180 and 360 min
after instillation (all p >0.007).

The representative time course of conjunctival hyper-
emia scores induced by omidenepag isopropyl 0.002% is
shown in figure 2.

Pixel coverage of conjunctival vessels in the region of interest
(per cent coverage)

There are no missing data. The per cent coverage at base-
line and 15, 30, 60, 120, 180 and 360 min after instillation
of omidenepag isopropyl 0.002% were 9.28%+2.70%
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Figure 2 Representative photographs of different
conjunctival hyperemia scores. The eye of a 34-year-old
man, who received omidenepag isopropyl 0.002%. Figures
were presented with time and conjunctival hyperemia score.
The peak time was observed at 30 min (score: 3.00), and

conjunctival hyperemia was gradually decreased during the
measurement period.

(5.2-20.9), 9.32%+2.87% (4.8-20.3) and 8.85%+2.60%
(4.7-18.5), respectively (figure 3). The per cent coverage
after instillation of ripasudil 0.4% were 9.49%+2.29% (5.4—
17), 15.26%+3.38% (7.2-22.1), 14.05%+2.35% (8.5-21.1),
12.08%+3.01% (6.4-19.8), 11.02%+3.04% (5.5-18.3),
10.31%+2.46% (6.4-18.5) and 9.44%+2.03% (5.4-14.9),
respectively. For omidenepag isopropyl 0.002%, the highest
score was observed at 30 min, and multiple comparison tests
(Dunnett test) showed significant differences between the
baseline score and the scores recorded at 15 and 30 min (p
<0.05). However, significant differences were not observed
at 60, 120, 180 and 360min (all p >0.05). For ripasudil
0.4%, the highest score was noted at 15min, and multiple
comparison tests (Dunnett test) showed significant differ-
ences between the baseline score and the scores at 15, 30
and 60min (p <0.05). However, significant differences
were not observed at 120, 180 and 360min (all p >0.05).
Among those who received omidenepag isopropyl 0.002%,

-e—-Omidenepag Isopropyl
0.002%

=e-Ripasudil 0.4%

Pixel Coverage(%)
o

10
8
6
0 15T SOT 60 120 180 360
Time (min)

Figure 3 Changes in per cent coverage. Line graphs
showing the mean per cent coverage at each study time
point. Statistically significant differences from baseline, as
determined by the Dunnett test, are denoted by an asterisk
(*) in both groups. Data were presented as the means with
SEs. Statistically significant difference was found between
omidenepag isopropyl 0.002% and ripasudil 0.4% at 15
and 30min (Student’s t-test, statistically significant p<0.007
by Bonferroni correction). T symbol denotes statistical
significance.

0 min; 9.0% 30 min; 12.5% 60 min; 9.3%

120 min; %1% 180 min; 7.8%

=

Figure 4 Representative photographs of different per cent
coverage values. The eye of a 39-year-old woman who
received omidenepag isopropyl 0.002%. The blue rectangle
outlines the examined region (867 pixels (width)x907 pixels
(height)). The per cent coverage of conjunctival blood
vessels is shown in green. The peak time was observed at
30min (12.5%), and conjunctival hyperemia was gradually
decreased during the measurement period.

an increase in the per cent coverage compared with base-
line was not observed in three subjects (8.8%). Among
those who received ripasudil 0.4%, all subjects showed an
increase in the per cent coverage compared with baseline.

Ripasudil 0.4% induced significantly higher scores versus
omidenepag isopropyl 0.002% at 15 and 30 min (Student’s
t-test, statistically significant p <0.007 by Bonferroni correc-
tion). There was no significant difference found at baseline
and 60, 120, 180 and 360 min after instillation (all p>0.007).

The representative time course of per cent coverage
induced by omidenepag isopropyl 0.002% is shown in
figure 4.

All data sets are available as online supplementary file
(Online resource 1).

I0P and CCT

The IOP levels were not significantly changed by omide-
nepag isopropyl 0.002% (p=0.841 by one-way ANOVA)
or ripasudil 0.4% (p=0.06 by one-way ANOVA) during
the period (figure 5A). For ripasudil 0.4%, IOP showed a
tendency toward decrease at 60min (from 14.4mm Hg at
baseline to 12.7mm Hg at 60 min). There was no significant

A —~—Omidenepag isopropyl 0.002% ——Omidenepag isopropyl 0.002%

1 ——Ripasudil 0.4%
5| aa 145 ——Ripasudil 0.4% 0.543 ]

14
P 17 e

IOP (mmHg)
&
CCT (mm)

Baseline 15 30 80 120 180 360 Baseline 15 30 60 120 180 360
Time (min) Time (min)

Figure 5 Changes in intraocular pressure (IOP) and
central cornealthickness (CCT). (A) The IOP levels were not
significantly changed by omidenepag isopropyl 0.002%
(p=0.841) or ripasudil 0.4% (p=0.06) during the period.
Data were presented as the means with SEs. There was no
significant difference found between the groups at any of
the time points (p >0.007 by Bonferroni correction). (B) The
CCT levels were not significantly changed by omidenepag
isopropyl 0.002% (p=0.991) or ripasudil 0.4% (p=0.723)
during the period. There was no significant difference found
between the groups at any of the time points (p >0.007 by
Bonferroni correction).
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difference found between the groups at any of the time
points (all p >0.007 by Bonferroni correction).

The CCT levels were not significantly changed by
omidenepag isopropyl 0.002% (p=0.991 by one-way
ANOVA) or ripasudil 0.4% (p=723 by one-way ANOVA)
during the period (figure 5B). There was no significant
difference found between the groups at any of the time
points (all p>0.007 by Bonferroni correction).

DISCUSSION

In the present study, we showed the peak time and the
offset of conjunctival hyperemia induced by a novel anti-
glaucoma ophthalmic solution, namely, omidenepag
isopropyl 0.002%. Additionally, through a comparison with
ripasudil 0.4%, we can speculate the degree of conjunc-
tival hyperemia in the real world. Omidenepag isopropyl
0.002% is a selective prostaglandin EP2, which decreases
IOP by increasing outflow facility and the uveoscleral
outflow."”"” However, the apparent cause of conjunctival
hyperemia remains unknown similar to that of prosta-
glandin F20 analogues. One potential mechanism of
conjunctival hyperemia may involve stimulation of the EP2
receptor, inducing relaxation of smooth muscles. Studies
have confirmed this effect as dilated retinal arterioles in
rats.”® The effect of benzalkonium chloride® or inflam-
mation such as macular oedema (4.7%) or iritis (1.2%)
which has also been reported as an adverse event'” may
be another potential mechanisms of conjunctival hyper-
emia. Meanwhile, a probable mechanism through which
ripasudil 0.4% induces conjunctival hyperemia is smooth
muscle relaxation within the conjunctival blood vessel
walls and modulation of vascular endothelial cells.”” The
mechanisms of conjunctival hyperemia in each antiglau-
coma eye-drop preparation are slightly different.

Our previous study showed that conjunctival hyper-
emia induced by ripasudil 0.4% peaks at approximately
5—15min after administration; it tends to be moder-
ately severe, and the symptom generally resolves within
2hours.” This tendency was also confirmed in the present
study. Our results showed that the degree of conjunctival
hyperemia induced by omidenepag isopropyl 0.002% was
lower than that induced by ripasudil 0.4% and that this
effect occurs early (ie, 15 and 30min) after the instilla-
tion. Using the conjunctival hyperemia analysis software,
Sumi et al reported that the per cent coverage in users of
four prostaglandin analogues (ie, tafluprost, latanoprost,
travoprost and bimatoprost) was 8.2%=+3.9%, 11.5%+3.4%,
12.8%+5.4% and 14.5%+3.6%, respectively.” These results
were consistent with our impressions from the clinical
examination. Therefore, the present results match the
impressions of patients or ophthalmologists and may be
useful information.

Regarding the reduction of IOP, there were no apparent
changes observed in omidenepag isopropyl 0.002% instilla-
tion eyes (p=0.841 by one-way ANOVA), unlike in ripasudil
0.4% instillation eyes (p=0.06). Our previous study also
showed an immediate reduction in IOP by ripasudil
0.4% (peak time: from 60 to 90min after instillation).?

However, the previous study confirmed the reduction in
IOP more than 1week after initiating the instillation."* '”
Therefore, the immediate effect of omidenepag isopropyl
0.002% remains unknown. Additionally, in a phase III
trial investigating omidenepag isopropyl 0.002%, CCT
thickening was observed in 11.7% of subjects (note: not
described the criteria).'* In all subjects included in the
present study, there was no more than a 10pm increase
in the CCT value at each time point versus the CCT value
recorded at baseline. The CCT in healthy young subjects
exhibit diurnal variation of approximately 20 pm.”* There-
fore, immediate changes (<10pm) are not considered
clinically important. Similar to the IOP-lowering effect of
omidenepag isopropyl 0.002%, the increase in CCT may
require longer time after initiating continuous instillation
per day.

There are several limitations in the present study.
First, the study population was small and only included
healthy subjects. Therefore, the addition of omidenepag
isopropyl 0.002% to the therapeutic regimen of patients
already receiving another medication against glaucoma
(especially another prostaglandin F20. analogue) may
lead to an increased incidence of conjunctival hyperemia.
Further, a larger study is required for confirming the
severity of conjunctival hyperemia in both drugs. Second,
the effect of long-term use on conjunctival hyperemia
remains unknown. A previous study investigating conjunc-
tival hyperemia induced by prostaglandin F20o analogues
showed that it reached its peak at 15 days and started to
decrease 1month after the initiation of therapy.35 Third,
the selection of the eyes to which the two drugs would be
administered was not randomised in the present study. We
believe that this value is nearly zero because the evalua-
tors did not know the detailed drug information; however,
there remains a possibility that this may have affected
the ability of the evaluators in recording the conjunctival
hyperemia score. In addition, the interobserver correla-
tion in the conjunctival hyperemia score was relatively low
(0.391) because this measurement is subjective. Therefore,
an objective measurement using the conjunctival hyper-
emia score will be useful to support the evaluation of the
conjunctival hyperemia.

CONCLUSION

Conjunctival hyperemia induced by omidenepag isopropyl
0.002% gradually peaks to moderate severity, though
weaker compared with that induced by ripasudil 0.4%, and
subsides relatively quickly. Our findings will be useful for
the patient adherence in the real world.
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