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Abstract

Purpose To examine the effect of switching from a prostanoid FP receptor agonists to EP2 receptor agonist (omidenepag
isopropyl) on the deepening of the upper eyelid sulcus (DUES) and intraocular pressure (IOP) in Japanese glaucoma patients
over 3 months post treatment.

Study design Prospective observational study.

Methods Patients with glaucoma who received FP receptor agonists treatment and had complained of DUES-related reduc-
tion in quality of life were included. Their FP receptor agonists was switched to omidenepag isopropyl without a drug holi-
day. At baseline and 1 and 3 months post-switch, photographs were taken and the changes in DUES were assessed by three
independent observers. IOP and adverse events were also assessed.

Results The study included 23 eyes of 23 patients (6 men, 17 women; average age, 60.6 years). After switching, DUES
improved in 12 eyes at 1 month and in 16 eyes at 3 months; eyes in the remaining patients showed no worsening of the con-
dition. The mean IOP before switching was 15.3 +3.3 mmHg (95% confidence interval 13.9-16.7 mmHg). Following the
switch, the mean IOP values were 15.6+3.3 mmHg (14.1-17.0 mmHg) at 1 month and 15.5 +3.3 mmHg (14.1-16.9 mmHg)
at 3 months (P=1.0 at 1 month, P=1.0 at 3 months; both adjusted by Bonferroni correction). No adverse effects were
observed.

Conclusion Omidenepag isopropyl improved DUES while maintaining IOP in over 70% of Japanese patients with glaucoma
who exhibited DUES caused by FP receptor agonists; the improvement was observed within 3 months after switching from
FP receptor agonists.

Keywords Omidenepag isoproryl - EP2 receptor agonist - Glaucoma - Upper eyelid sulcus - Prostaglandin FP receptor
agonists

Introduction

In the Japan Glaucoma Society Guidelines for Glaucoma
(4th Edition), the first-line treatment for primary open-angle
glaucoma (POAG) are intraocular pressure (IOP)-lowering
Corresponding Author: Rei Sakata eye drops [1]. Prostaglandin FP receptor agonists (FP recep-
tor agonists) eye drops have an excellent IOP-lowering
effect, with good tolerability that facilitates adherence to
treatment [2]. As such, they are widely used as first-line
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? Yotsuya Shirato Eye Clinic, Tokyo, Japan reported thus far include conjunctival hyperemia, skin pig-
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to these side effects, prostaglandin-associated periorbi-
topathy syndrome (PAPS) has become a major problem
[6]. PAPS is a general term that refers to the deepening
of the upper eyelid sulcus (DUES) [7], flattening of the
lower eyelid, and retraction of the eyeball; it is a local
ocular phenomenon that affects the periorbital muscles
and fat [8, 9]. Many patients consider DUES a cosmetic
problem because it is directly related to appearance. Fat
production is suppressed via FP receptors an event con-
firmed by in vitro experiments [10]. The suppression of
fat production in the eyelids and orbits causes character-
istic periocular changes. Once DUES develops, the eyelids
harden, a sunken eye manifests, and the palpebral fissure
narrows. Daily medical care (e.g., IOP measurements with
an applanation tonometer) is affected in clinical practice
[11] and DUES can worsen postoperative trabeculectomy
outcomes [12].

Four FP receptor agonists available in Japan (latano-
prost, travoprost, bimatoprost, and tafluprost) are known to
cause DUES at varying frequency [13]. Because glaucoma
is a chronic disease, lifelong IOP management (including
the general use of FP receptor agonist treatment) is inevi-
table. DUES could considerably change a patient’s facial
appearance; consequently, it affects the quality of life
(QOL), especially in young people, women, and patients
receiving unilateral eye treatment [14].

Omidenepag isopropyl ophthalmic solution 0.002%
(Eybelis® ophthalmic solution 0.002%) is a selective
prostanoid EP2 receptor agonist [15]. This is the first eye
medication found to be non-inferior to latanoprost ophthal-
mic solution, the oldest FP receptor agonist, in lowering
IOP in Japanese OAG patients [16]. DUES has not been
reported with the use of omidenepag isopropyl in clinical
trials or basic experiments [17]. This is because the active
form of omidenepag does not bind to FP receptors, which
are thought to be the cause of suppressed fat production.
Therefore, omidenepag isopropyl could lower IOP while
avoiding the onset of periorbital changes, such as DUES.

In a previous study, patients who developed DUES
with the use of bimatoprost had the changes in appear-
ance improved after switching to latanoprost (85%) [18].
Among the four FP receptor agonists, latanoprost is the
least likely to cause DUES [13]. However, this data is a
frequency comparison among FP receptor agonists (i.e.,
latanoprost, travoprost, tafluprost and bimatoprost), all of
which can induce DUES. There is a need to evaluate clini-
cal changes in DUES using a method that does not involve
FP receptor agonists.

In this study, we prospectively investigated the effects
of omidenepag isopropyl treatment on DUES caused by FP
receptor agonists in Japanese patients with glaucoma over
3 months. We also assessed changes in IOP and the occur-
rence of adverse effects during the observation period.
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Patients and methods

This prospective study included data from the clinical
records of Japanese patients with glaucoma who were
recruited between May 2019 and March 2020 from Yot-
suya Shirato Eye Clinic (Tokyo, Japan). All protocols
and methods adhered to the tenets of the Declaration of
Helsinki; the protocol was approved by the Medical Cor-
poration TOUKEIKALI Kitamachi Clinic IRB (number:
STS06405). Written informed consent was obtained from
all patients. The registered UMIN ID is UMIN000036705.

This report provides interim 3-month follow-up results.
The enrolled patients will continue to be followed for a
total of 7 months (the conclusion of the study) with the
prescribed protocol.

Patients

The inclusion criteria were: (1) Japanese adult patients
(aged > 20 years) with glaucoma or ocular hypertension
receiving FP receptor agonists treatment (including con-
comitant drugs); (2) patients who wished to change their
treatment due to DUES-induced QOL decline (did not feel
good about their appearance); and (3) both genders were
eligible.

The exclusion criteria were an aphakic eye or intraocu-
lar lens in either eye.

Medication protocol

After patients had provided written informed consent, only
FP receptor agonists treatment was switched to omide-
nepag isopropyl without a drug holiday. Patients were
asked to apply one drop once daily. Patients using multiple
drugs were advised to continue their drugs’ routine, except
for the FP receptor agonists. Adverse events were assessed
over a 3-month follow-up period.

0P measurement

IOP was checked three times [day O (baseline), 1 month,
and 3 months]. At each visit to the clinic (at approximately
similar times on examination days), topical anesthesia was
applied and two measurements were taken by Goldmann
applanation tonometry (Haag Streit) by a well-trained
examiner. Whenever the difference between the two meas-
urements exceeded 2 mmHg, a third measurement was
taken. The average value of the two measurements within
2 mmHg was used in the analysis.
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Visual field test

Humphrey visual field (VF) Swedish Interactive Testing
Algorithm (SITA) 30-2 (Humphrey visual field analyzer,
Carl Zeiss Meditec) was used for the baseline VF (fix
loss < 15%, false-positive < 15%, and false-negative < 15%)
within the 6 months before enrollment.

Frontal photography

A frontal face photograph without makeup on the eye-
brows or lower eyelids was taken without the flash (Sony
Cyber-Shot: DSC-WX300, Sony Inc.) but with the same set-
tings (Auto photo mode). The initial photograph served as
baseline; all successive photos were taken using the same
method.

Sample size and power analysis

In a previous study, 85% of DUES patients who had switched
from bimatoprost 0.03% to latanoprost 0.005% showed a
reduction in DUES at 6 months [18]. In the present study,
we did not specify the FP receptor agonists used before the
switch and there was no information on a reduction in DUES
after switching from an FP receptor agonists to omidenepag
isopropyl ophthalmic solution 0.002%. Assuming an 80%
disappearance rate of DUES, we set up 30 cases in this
study to estimate the 95% confidence interval in the range
of 63-90%.

Statistical analysis

The primary outcome in this study was the objective change
in DUES (photographic evaluation). Secondary outcomes
were the changes in IOP and the presence or absence of
adverse events. Both eyes were switched to EP2 receptor
agonist, but the analysis was limited to one eye per patient.
The selection criteria were: (1) the eye with stronger objec-
tive symptom of DUES was selected, (2) whenever the
degree of DUES was the same, the eye with higher IOP at
the switching was selected, (3) whenever the IOP was the
same, the right eye was selected.

The evaluation method of DUES followed previous
reports [7, 13, 18, 19]. Three independent co-investigators
compared the 1 and 3-month anterior frontal photographs
with the baseline photographs; investigators were blinded
to the chronologies of the photograph sequences. Changes
in DUES at the two time points were evaluated on a three-
point scale (improved, no change, or worsened). When the
assessment was not unanimous, the final evaluation was
decided through discussion and determined final consensus
among the co-investigators. The numbers of patients judged
to exhibit improvement/no change/worsening at each time

point and the relevant ratios (95% confidence intervals, CI)
were calculated. The physician in charge of examining a
particular patient did not participate in the evaluation of that
patient’s photographs. Comparison of patient backgrounds
between the improvement group and the rest of the group at
1 month and 3 months was examined by unpaired t-test or
Fisher’s exact test. Baseline IOP measurements were com-
pared to IOP values at 1 and 3 months using a mixed model
[20]. The structure of the model was specified to include
time for fixed effects and repeated measures, and the covari-
ance structure for repeated measures was adopted compound
symmetry. In the present study, IOP data were measured
repeatedly at different times, and since it was necessary to
make comparisons at each time, analysis of variance was
performed and the Bonferroni method was adopted to cor-
rect for the significance. JMP (version 15.0, SAS Institute)
and IBM SPSS Statistics (version 23.0, IBM Corp.) software
were used. The significance level was set to 5%.

Results

Twenty-three patients with glaucoma were enrolled
(Table 1); 22 patients were followed up for 3 months (one
patient did not come to the clinic after the switch). In total,
22 eyes of 22 patients were analyzed. Before switching, nine
patients were using bimatoprost, nine travoprost, four latano-
prost, and one tafluprost. Eye drop adherence (self-report)
after switching to omidenepag isopropyl was 100% for all
patients. By 3 months, there were no clinical adverse effects.

After switching to omidenepag isopropyl, DUES had
improved in 12 eyes (57%; 95% CI 37-76%) by 1 month
and in 16 eyes (73%; 52-87%) by 3 months. None of the
remaining eight eyes exhibited worsening at 1 or 3 months
(Table 2).

A comparison of the patients’ background in the DUES’
improvement group and the DUES’ unchanged group

Table 1 Demographics and clinical characteristics of current study

Mean +SD

Male/female (number) 6/17
Age (years) 60.6+7.3
Right/left (number) 15/8
Spherical equivalent (diopters) —-49+35
Mean deviation (dB) —72+54%
Type of glaucoma (number)

Primary open angle glaucoma 11

Normal tension glaucoma 12

dB decibel, SD standard deviation
n=22
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Table 2 The objective changes of the deepening of the upper eyelid
sulcus

1 month? 3 months
Improvement 12 16
No change 9 6

Deterioration

Data were shown as number of eyes
IN=21

showed that the number of eye drops used at 3 months was
significantly lower in the unchanged group (Table 3).

A representative patient who exhibited improvement is
shown in Fig. 1. A 66-year-old woman had used travoprost
OU for 8 years. After switching to omidenepag isopropyl,

DUES decreased slightly after 1 month, with further
noticeable improvement after 3 months. The patient
reported that her dimpled eyes felt softened. In contrast,
some patients did not improve, as shown in Fig. 2. A
57-year-old man had used bimatoprost OU for 10 years.
It is slightly difficult to see in the photo, but DUES and
upper eyelid sclerosis are observed OU. Despite switch-
ing to omidenepag isopropyl, his DUES did not show any
clinically significant improvement at either 1 or 3 months.

The mean IOP before switching was 15.3 +3.3 mmHg
(95% range 13.9-16.7 mmHg). After the switch, the mean
IOP values were 15.6 +3.3 mmHg (14.1-17.0 mmHg)
at 1 month and 15.5+3.3 mmHg (14.1-16.9 mmHg) at
3 months (P=1.0 at 1 month, P=1.0 at 3 months; both
adjusted by Bonferroni correction). IOP changes in each
case were shown in Table 4.

Table 3 Comparison of improvement group and unchanged (no change) group

1 month

3 months

Improvement (n=12) No change (n=9) P value Improvement (n=16) No change (n=6) P value

Age (years) 61.4 59.1
Male/female (number) 4/8 1/8
Right/left (number) 5/7 8/1
Spherical equivalent (diopter) -3.8 -6.1
Mean deviation (dB) -7.8 -55
Type of glaucoma (POAG/NTG) 6/6 4/5
Number of glaucoma medication 2.5 2.7
(number?®)
Intraocular pressure (mmHg) 15.1 15.4

FP agonists use duration (years) 6.1 (n=9)

6.6 (n=7)

0.47 59.8 61.2 0.73
0.34 3/13 2/4 0.59
0.07 9I7 5/1 0.35
0.18 -4.9 -49 0.99
0.34 -7.6 -53 0.33
1.0 917 1/5 0.16
0.76 3.0 1.5 0.005
0.84 15.2 15.2 0.99

0.75 7.1 (n=12) 4.4 (n=5) 0.14

dB decibel, POAG primary open angle glaucoma, N7G normal tension glaucoma

#Count by the agent

Fig. 1 Representative patient
in whom DUES was allevi-
ated by switching treatment to
omidenepag isopropyl ophthal-
mic solution. This 66-year-old
woman showed DUES OU with
the use of travoprost ophthal-
mic solution (photograph a,
white arrow). DUES improved
after switching to omidenepag
isopropyl ophthalmic solu-
tion. Photographs a—c indicate
0 months (starting point), 1 and
3 months after starting omide-
nepag isopropyl, respectively.
DUES deepening of upper
eyelid sulcus
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Fig.2 Representative patient in
whom DUES was not alleviated
by switching to omidenepag
isopropyl ophthalmic solu-
tion. This 57-year-old man
showed DUES OU with the
use of bimatoprost ophthalmic
solution (photograph a, white
arrow). DUES did not change
after switching to omidenepag
isopropyl ophthalmic solu-
tion. Photographs a—c indicate
0 months (starting point), 1 and
3 months after starting omide-
nepag isopropyl, respectively

Table 4 Breakdown of FP receptor agonists, its usage period and
intraocular pressure in each patient

Patient FP agonists® Duration IOP_OM IOP_1M IOP_3M
number (yea:s)b (mmHg) (mmHg) (mmHg)
1 BIM 10 12.0 17.0 16.0
2 TRV Unknown 18.0 16.0 15.0
3 BIM Unknown 14.0 14.0 14.0
4 LAT Unknown 12.5 12.5 13.0
5 TRV 6 13.5 14.0 15.0
6 LAT 3 15.0 15.0 16.0
7 BIM 4 15.5 16.0 17.5
8 LAT 2 15.0 14.0 15.0
9 TAF 3 13.0 14.5 16.0
10 TRV Unknown 10.5 9.0 10.0
11 LAT 9 13.0 13.0 14.0
12 BIM 7 19.0 26.0 20.0
13 TRV 5 10.0 10.0 13.0
14 TRV 4 16.0 15.5 15.0
15 BIM 10 15.0 17.0 16.0
16 BIM 8 18.0 14.0 15.0
17 TRV 7 14.0 16.0 13.0
18 TRV 8 18.0 18.0 19.0
19 BIM 10 15.5 18.0 15.0
20 BIM 5 15.0 16.0 15.5
21 TRV 6 17.0 14.0 14.0
22 TRV Unknown 16.5 14.5 15.5
23 BIM 10 26.0 N/A N/A

N/A not applicable, IOP intraocular pressure, M month

#Prostaglandin FP receptor (BIM: bimatorpst, TRV: travoprost, LAT:
latanoprost, TAF: tafluprost)

Only patients whose medical records were available for investigation

“Mean intraocular pressure (IOP) of two consecutive measurements

Discussion

This study was a 3-month analysis of the changes in DUES
after switching from an FP receptor agonists to EP2 recep-
tor agonist (omidenepag isopropyl). The cohort included
Japanese patients with glaucoma who had reported a DUES-
induced decline in QOL. DUES improved in over 70% of
patients at the 3-month follow-up. No adverse effects were
observed, and there were no changes in IOP during the study
course. The use of omidenepag isopropyl in patients suffer-
ing from DUES caused by an FP receptor agonists could be
considered a therapeutic drug of choice.

DUES is associated with loss of fat in the eyelid and
orbital adipose tissue, as indicated by histological [9] and
orbital [21] examinations. The fat reduction is due to FP
receptor-driven inhibition of adipogenesis [10]. The fre-
quency of DUES depends on the type of FP receptor ago-
nists [13]. When DUES becomes prominent, the skin of the
upper eyelid loses its extensibility, causing difficulty in full
opening. Thus, performing routine medical eye care, such as
IOP measurements, becomes challenging. In such instances,
a recoil tonometer (e.g., Icare® tonometer) is useful [11].
However, measurement errors with Icare® compared with
Goldmann tonometry are reported [22], it is, therefore,
necessary to fully understand this point before using this
instrument. Furthermore, the outcomes of filtration surgery
are poor in patients with DUES [12]. Overall, glaucoma
management is likely to become difficult in these patients.
Although some of the patients enrolled in this study had dif-
ficulty with IOP measurements when using the Goldmann
applanation tonometer, the error was minimized by taking
two or three measurements.

In this study, photographs were used as an objective eval-
uation method as adopted by previous studies [7, 13, 18,
19]. After switching to omidenepag isopropyl, 57% of eyes
showed an improvement of DUES at 1 month; increasing to
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73% at 3 months. A previous study demonstrates that 85%
of eyes that developed DUES through the use of bimatoprost
improved after 2 months when bimatoprost was changed to
latanoprost [18]. Many parameters, including differences in
patient background, the degree of DUES, and the number
of patients may have contributed to the difference in the
improvement ratio observed in the present study. Neverthe-
less, over 70% cases showed objective improvement.

In the comparison of patient background between the
improved and unchanged groups, there were no significant
items at 1 month, but the number of eye drops applied in
the unchanged group was significantly lower at 3 months.
This might indicate that DUES can be expected to improve
regardless of the number of eye drops used. The duration of
use of FP receptor agonists tended to be longer in the DUES
improvement group, but the results were limited due to its
small sample size.

The mean IOP before the switch to omidenepag isopropyl
was 15.3 mmHg, whereas these values were 15.6 mmHg
at 1 month and 15.5 mmHg at 3 months after the switch
(P=1.0). Switching from an FP receptor agonists to omide-
nepag isopropyl produced similar trends in patients receiv-
ing single-agent treatment and those receiving the combined
treatment (data not shown). These data show that the IOP did
not elevate after switching to omidenepag isopropyl. This is
the most important aspect of glaucoma management and
patients would be concerned about this. A previous study
that observed DUES switching from bimatoprost to latano-
prost revealed that the mean IOP before (13.94+ 0.7 mmHg)
and after (14.4 +0.6 mmHg) the switch to latanoprost did
not differ significantly [18]. Taken together, these results
show that changing to a prostanoid receptor agonist that does
not or is unlikely to cause DUES does not change the level
of IOP.

Although the study period was only 3 months, no patient
discontinued treatment, which would have led to treatment
dropout with ocular side effects. For example, conjunctival
hyperemia, a common side effect with new administration
of omidenepag isopropyl, was scarcely observed as the pre-
vious FP receptor agonists had been instilled for at least
6 months and switched without any drug holiday. Only
slight hyperemia can be evident after the switch [23], when
a FP receptor agonists is newly administered after previ-
ous use of another FP receptor agonists. As both eye drops
are prostanoid receptor agonists, they may have a similar
mechanism.

This study had several limitations. First, the number
of patients recruited was relatively small. It is difficult
to collect a large number of patients in a single-center
for a prospective study; multicenter studies would allow
a larger number of patients, but high-quality photographs
presumably could not be collected by the same photog-
rapher. Furthermore, DUES does not always develop in
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patients receiving FP receptor agonists treatment; affected
patients may not always experience a reduction of QOL.
A second important limitation was that the relationship
between the onset of DUES and FP receptor agonists use
was not determined, because no photographs were taken
when the FP receptor agonists treatment was initiated.
However, the patients reported clear subjective awareness
of DUES. They had complained of a related reduction in
QOL, and their routine medical care (i.e., IOP measure-
ments) had become difficult. Thus, DUES was clinically
confirmed by a physician and the patient at the start of
the study.

The third limitation involves the subjective nature of
photographic judgment. The objective presence of DUES
was clear to many patients; however, the three glaucoma
specialists made judgments based on their qualitative
criteria. These decisions may have varied, particularly
concerning patients in whom DUES was not prominent
before and after the switch. However, there is no preferred
method to make quantitative decisions in the examination
room; thus, we presumed that the comparison between
baseline and follow-up photographs provided a more sen-
sitive means of detecting subtle changes in the eyelid. We
examined and photographed patients at approximately
the same time and under identical conditions. However,
a variety of factors could have affected the appearance of
the upper eyelid. This represents a limitation of the cur-
rent semi-quantitative measurement methods available to
evaluate DUES.

Additionally, patients’ subjective experience regard-
ing changes in DUES would be valuable but have not been
gathered. Patients will be interviewed at 7 months (i.e., the
conclusion of the study) and the results will be published in
a second report. The final limitation concerns the duration of
FP receptor agonists treatment and the glaucoma subtypes.
Patients in whom DUES improved relatively rapidly may
have only been using the FP receptor agonists eye drops for a
short period. Similarly, patients who had used an FP receptor
agonists for a long time may have exhibited smaller changes
and no improvement. The duration of FP receptor agonists
use was not recorded for some patients in this study. Future
studies should only include patients for whom the duration
of FP receptor agonists use is known. Additionally, this
study consisted of Japanese patients with glaucoma; thus,
the conclusions cannot be generalized to other populations.

In conclusion, changing treatment from an FP receptor
agonists to omidenepag isopropyl improved DUES in 73%
of Japanese glaucoma patients within 3 months. During this
same period, there were no adverse effects and no changes in
IOP. Given these results, patients with FP receptor agonists-
induced DUES that affects patients’ QOL and/or daily medi-
cal care may benefit from switching to omidenepag isopro-
pyl to alleviate DUES, while maintaining IOP.
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