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Abstract
Purpose To retrospectively evaluate the 3-year efficacy and safety of single-agent omidenepag isopropyl in patients with 
normal tension glaucoma (NTG).
Study design Retrospective.
Methods One hundred patients (100 eyes) who had newly been administered omidenepag isopropyl were enrolled in this 
study. Intraocular pressure (IOP) was compared at baseline and 6, 9, 12, 18, 24, 30, and 36 months after administration. The 
mean deviation values at baseline and 12, 24, and 36 months measured using the Humphrey visual field test (30-2 Swedish 
Interactive Threshold Algorithm standard) were compared. Adverse reactions and dropouts were assessed.
Results IOP significantly decreased from 15.5±2.7 mmHg at baseline to 13.8 ±2.3 mmHg after 6 months, 13.9± 2.3 mmHg 
after 12 months, 13.9±2.3 mmHg after 18 months, 13.8±2.1 mmHg after 24 months, 13.9±2.0 mmHg after 30 months, and 
13.6±1.7 mmHg after 36 months (P < 0.0001). There was no significant difference in the mean deviation values at baseline 
(-3.66±3.49 dB), 12 months (-3.41±3.80 dB), 24 months (-3.13±3.81 dB), and 36 months (-3.06±3.30 dB). Adverse reactions 
occurred in 11 patients (11.0%), including conjunctival hyperemia in 6 patients. Fifty-two patients (52.0%) were excluded 
from the analysis because they discontinued treatment either due to IOP measurement by NCT or the use of additional drugs.
Conclusion After the administration of omidenepag isopropyl, IOP in patients with NTG decreased within 3 years, visual 
fields were maintained, and safety was satisfactory. Thus, omidenepag isopropyl can be used as the first-line treatment for 
patients with NTG.

Keywords Omidenepag isopropyl · Normal tension glaucoma · Intraocular pressure-lowering · Adverse reactions · Visual 
field

Introduction

Glaucoma treatment begins with a single dose of eye drops 
[1]. Prostaglandin F (FP)-receptor eye drops are the first-line 
medication because of their strong efficacy in intraocular 
pressure (IOP)-lowering, low incidence of systemic side 
effects, and convenience of once-daily ophthalmic adminis-
tration. However, they can cause topical periocular adverse 
reactions, including eyelid pigmentation, iris pigmentation, 
eyelash growth, and deepening of the upper eyelid sulcus 
[2, 3]. Omidenepag isopropyl ophthalmic solution (omide-
nepag) [4–9] was developed as an ophthalmic solution with 
an IOP-lowering efficacy comparable to that of FP-receptor 
ophthalmic solutions while presenting fewer localized ocular 
side effects.
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There are numerous reports on the 1-year efficacy and 
safety of omidenepag eye drops for glaucoma and ocular 
hypertension [10–15]. However, there are few reports on 
the efficacy and safety of omidenepag in cases of normal 
tension glaucoma (NTG) [10, 11], which is common in the 
Japanese population. Long-term efficacy and safety studies 
are imperative as glaucoma treatment is inherently a long-
term process. We previously reported the efficacy and safety 
of omidenepag eye drops in patients with NTG over a 1-year 
period [10]. In the present study, we extended the follow-up 
period of 100 cases from this cohort to 3 years and reported 
the outcomes and safety profile.

Subjects and methods

Omidenepag isopropyl (EYBELIS ophthalmic solution 
0.002%, Santen Pharmaceutical Co., Ltd.) was adminis-
tered to 100 patients (100 eyes) with NTG treated at the 
Inouye Eye Hospital Group (Inouye Eye Hospital, Nishi-
kasai Inouye Eye Hospital, Omiya Inouye Eye Clinic, and 
Sapporo Inouye Eye Clinic) between December 2018 and 
September 2020. The definition of NTG was revised as per 
the Japanese Glaucoma Society Guidelines for Glaucoma 
5th edition, published in May 2021 [16]. It is described as: 
“Primary open-angle glaucoma (broad)”, characterized by 
chronic progressive optic neuropathy with morphologic fea-
tures such as an enlarged disc cup, thinning of the rim, and 
RNFL defect, all without the presence of any other diseases 
or congenital abnormalities. Although gonioscopy shows a 
normal open angle, this does not exclude the possibility of 
functional abnormalities in the chamber angle. NTG repre-
sents a subtype of “primary open-angle glaucoma (broad)” 
in which the IOP consistently falls within the statistically 
determined normal range during the development of glau-
comatous optic neuropathy. This study was conducted ret-
rospectively using patients’ medical records. Omidenepag 
isopropyl was administered to the patients once daily, spe-
cifically in the morning. Administered at night, it would be 
difficult to notice any adverse effects since the patient could 
be asleep. IOP was assessed at baseline and at 6, 12, 18, 
24, 30, and 36 months after initial administration, using a 
Goldmann tonometer. IOP values at these time points were 
compared, and the ranges and rates of IOP reduction from 
baseline to each follow-up visit were calculated and com-
pared. The mean deviation (MD) values were measured 
using the Humphrey visual field test program (30-2 Swedish 
Interactive Threshold Algorithm Standard) and compared at 
baseline and at 12, 24, and 36 months after initial adminis-
tration. Adverse reactions and dropout rates were assessed 
after admission.

For patients with both eyes satisfying the inclusion cri-
teria, the eye with the higher IOP at baseline was enrolled; 

however, if the IOP was the same OU, the right eye was 
enrolled. Changes in IOP were analyzed using one-way 
ANOVA and Bonferroni/Dunn tests. The IOP reduction 
range, rate, and MD were compared and analyzed using 
Friedman’s test. Statistical significance was set at P < 0.05. 
The study protocol adhered to the tenets of the Declara-
tion of Helsinki and approved by the Ethics Committee of 
Inouye Eye Hospital. Study information was provided at the 
hospital, and the participants had the opportunity to refuse 
inclusion.

Results

The participants comprised 36 men and 64 women. The 
mean age was 55.3±12.8 years (mean±standard deviation; 
range, 22-83 years). IOP measurements prior to treatment 
were 15.5±2.7 mmHg, with a range of 10-21 mmHg. MD 
values (100 eyes) for the Humphrey visual field testing 
program center 30-2 SITA-Standard were -3.66 ± 3.49 dB 
(range, -16.10 to 2.28 dB).

The results of the IOP measurements are shown in Fig. 1. 
IOP significantly decreased from 15.5±2.7 mmHg (range: 
10 to 21 mmHg) at baseline (100 eyes) to 13.8±2.3 mmHg 
(range: 10 to 21 mmHg) after 6 months (92 eyes), 13.9±2.3 
mmHg (range: 8 to19.5 mmHg) after 12 months (81 eyes), 
13.9±2.3 mmHg (range: 9 to 19 mmHg) after 18 months (70 
eyes), 13.8±2.1 mmHg (range: 8 to 18.5 mmHg) after 24 
months (67 eyes), 13.9±2.0 mmHg (range: 9 to 20 mmHg) 
after 30 months (57 eyes), and 13.6±1.7 mmHg (range: 10 
to 18 mmHg) after 36 months (48 eyes) (P< 0.0001). There 
was no significant difference in the IOP reduction range, 
which was 1.5±1.9 mmHg (range: -4 to 5 mmHg) after 6 
months, 1.5±2.2 mmHg (range: -4 to 8 mmHg) after 12 
months, 1.4±2.5 mmHg (range: -4 to 7 mmHg) after 18 
months, 1.3±2.2 mmHg (range: -4 to 6 mmHg) after 24 
months, 1.2±2.1 mmHg (range: -3 to 7 mmHg) after 30 
months, and 1.3±2.3 mmHg (range: -3 to 7 mmHg) after 36 
months (P= 0.2469). There was also no significant differ-
ence in IOP reduction rate and range, which were 9.1±12.9% 
(range: -40.0 to 31.3%) after 6 months, 8.4±13.0% (range: 
-26.7 to 50.0%) after 12 months, 7.5±15.8% (range: -31.8 to 
37.5%) after 18 months, 7.0±14.7% (range: -30.0 to 33.3%) 
after 24 months, 6.6±13.6% (range: -30.0 to 43.8%) after 
30 months, and 7.0±14.8% (range: -25.0 to 37.5%) after 36 
months (P= 0.2469). There was no significant difference 
in the MD values as assessed by the Humphrey visual field 
test program, which was -3.66±3.49 dB (100 eyes) before 
treatment and -3.41±3.80 dB (79 eyes) after 12 months, 
-3.13±3.81 dB (65 eyes) after 24 months, and -3.06±3.30 
dB (42 eyes) after 36 months (P=0.060).

Adverse reactions occurred in 11 patients (11.0%) 
(Table 1): conjunctival hyperemia in 6 (6.0%) patients, 
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1 after 1 week, 1 after 2 weeks, and 4 after 1 month, eye 
pain in 1 (1.0%) patient after 1 month, iritis in 1 (1.0%) 
and blepharitis in 1 (1.0%) patient after 7 months, eyelid 
swelling in 1 (1.0%) patient after 21 months, and corneal 
epithelial disorder in 1 (1.0%) patient after 33 months. Fifty-
two patients (52.0%) discontinued administration (Table 2) 
due to interruption of visits in 15 (15.0%) patients, added 
medication in 8 (8.0%), visual field disorder progression in 

7 (7.0%), adverse reactions in 6 (6.0%) (conjunctival hyper-
emia in 2, eye pain in 1, iritis in 1, blepharitis in 1, and eyelid 
swelling in 1), hospital transfer in 6 (6.0%), IOP measure-
ment with a non-contact tonometer in 6 (6.0%), change of 
medications in 2 (2.0%), and cataract surgery in 2 (2.0%) 
patients.

Discussion

In this study, we investigated the long-term efficacy and 
safety of omidenepag eye drops over a 3-year period in 
patients with NTG. IOP was significantly lower after than 
before treatment over a 36-month period. A possible reason 
for the high number of discontinuations could be the coro-
navirus disease 2019 (COVID-19) pandemic.

In the Phase 3 RANGE study in Japan [11], omidenepag 
eye drops were administered for 52 weeks to treat primary 
open-angle glaucoma (POAG) and ocular hypertension 
(OH). Patients were categorized into two groups based on 
baseline IOP: 16-22 mmHg (group 1) and 22-34 mmHg 

Fig. 1  Intraocular pressure 
before and after the administra-
tion of omidenepag isopropyl 
(*P<0.0001)
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Table 1  Adverse reactions after the administration of omidenepag 
isopropyl

W week; M month

Adverse reactions n

Conjunctival hyperemia 6 After 1W, 2W, 1Mx4
Eye pain 1 After 1M
Iritis 1 After 7M
Blepharitis 1 After 7M
Eyelid swelling 1 After 21M
Corneal epithelial damage 1 After 33M

Table 2  Dropout after the 
administration of omidenepag 
isopropyl

W week; M month

Reasons for dropout n

Interruption in visits 15 After 6M, 7Mx2, 8M, 10M, 12Mx2, 18M, 
20M, 26M, 27M, 28M, 30M, 31M, 33M

Addition of medications 8 After 1M, 4M, 5M, 6Mx2, 22M, 28M, 29M
Visual field disorder progression 7 After 7M, 12Mx2, 14M, 19M, 26M, 28M
Adverse reactions 6 After 1W, 2W (conjunctival hyperemia),

1M (eye pain), 7M(Iritis, Blepharitis),
21M (eyelid swelling)

Hospital transfer 6 After 1M, 4M, 10M, 27M, 34M, 35M
IOP measured with a non-contact device 6 After 14M, 18M, 27M, 33M, 34M, 36M
Change in medications 2 After 2M, 13M
Cataract Surgery 2 After 3M, 8M
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(group 2). The baseline IOP was 18.71±1.68 mmHg in 
group 1 and 24.06±2.36 mmHg in group 2. The IOP reduc-
tion range after 52 weeks was 3.7±0.3 mmHg (group 1) and 
5.6±0.5 mmHg (group 2). NTG was considered equivalent 
to Group 1. Nakazawa et al. treated patients with glaucoma 
and OH with omidenepag eye drops for 1 year [12]. IOP was 
17.0 mmHg before treatment and significantly decreased to 
13.8 mmHg after 12 months of treatment; the IOP reduc-
tion range was 3.2 mmHg. Ozaki et al. treated patients with 
POAG using omidenepag eye drops for 1 year [13]. IOP 
was 14.1±3.9 mmHg before treatment and significantly 
decreased to 11.8±3.1 mmHg 12 months after treatment, 
demonstrating an IOP reduction range of 2.3 mmHg. Rikii-
shi et al. treated patients with glaucoma and OH with omide-
nepag eye drops for 1 year [14]. IOP was 17.4±3.5 mmHg 
before treatment and significantly decreased to14.1±2.9 
mmHg 12 months after treatment, highlighting an IOP 
reduction range of 3.3 mmHg. Kozaki et al. treated patients 
with POAG and OH using omidenepag eye drops for 1 year 
[15]. IOP significantly decreased 12 months after treatment 
with an IOP reduction range of 3.7±2.8 mmHg. Ozaki et al. 
[13] had a lower pre-dose IOP than in the present study; 
however, the IOP reduction was greater. Other reports [11, 
12, 14] reported a higher pre-dose IOP than in the present 
case, which may have contributed to the slightly poorer IOP 
reduction observed in this study.

The 3-year efficacy and safety of PG-related drug eye 
drops for NTG are reported [17–20].

The IOP reduction rate for eye drops over 3 years was as 
follows: bimatoprost, 18.6 to 24.9% [17]; travoprost, 16.7 
to 19.6% [18]; tafluprost, 11.4 to 15.6% [19]; and latano-
prost, 14% [20]. The IOP reduction rate of omidenepag iso-
propyl in this study ranged from 6.6 to 9.1%, suggesting 
that omidenepag isopropyl may have a lower IOP reduction 
effect than other PG-related drugs. However, the baseline 
IOP was 16.7 ± 2.2 mmHg for bimatoprost and 16.8 ± 2.6 
mmHg for Travoprost, which is higher than the 15.5 ± 2.7 
mmHg observed for omidenepag isopropyl in the present 
study. This difference in baseline IOP may have influenced 
the results. In the Phase 3 RANGE Study [11], ocular local 
adverse reactions occurred in 47.9% of patients in group 1, 
including conjunctival hyperemia in 16.7%, macular edema 
in 10.4%, and cystoid macular edema in 6.3% with other 
reactions. Nakazawa et al. [12] report adverse reactions in 
23.2% of patients, including conjunctival hyperemia in 3.5%, 
refractive disorder in 2.8%, and myopia in 1.3% with other 
reactions. Ozaki et al. [13] report adverse reactions in 4.9% 
of the patients, all of whom had conjunctival hyperemia. 
Rikiishi et al. [14] report adverse reactions in the study 
group, including conjunctival hyperemia in 3.2% and pho-
tophobia in .8%. In this study, adverse reactions occurred in 
11 patients (11.0%), including conjunctival hyperemia in 6 
(6.0%), eye pain in 1 (1.0%), iritis in 1 (1.0%), blepharitis in 

1 (1.0%), eyelid swelling in 1 (1.0%), and corneal epithelial 
disorders in 1 (1.0%). The number of cases in this study was 
larger than those in previous reports [11, 13, 14] except for 
the report by Nakazawa et al. [12], which resulted in a lower 
rate of adverse drug reactions. In previous reports [11–14], 
conjunctival hyperemia was common; however, in our 
case, patient reports of conjunctival hyperemia were fewer 
because the patients had been informed before administra-
tion that conjunctival hyperemia could occur and because 
considerable time had elapsed since the administration of 
eye drops.

In this study, 9 of 11 (81.8%) adverse reactions occurred 
within 1 year of treatment, with eyelid swelling (after 21 
months of treatment) and corneal epithelial disorders (after 
33 months of treatment) occurring after 1 year. Particular 
attention should be paid to the appearance of side effects for 
up to 1 year after administration.

In this study, 6.0% of patients discontinued the drug 
owing to adverse reactions. In the Phase 3 RANGE Study 
[11], 11 patients (22.9%) in Group 1 discontinued treat-
ment. Among these, 8 patients had adverse reactions, and 
two patients had inadequate IOP reduction. Nakazawa et al. 
[12] report that, in all treatment groups, 17.6% of discontinu-
ations were due to side effects or inadequate IOP reduction. 
The most common cases of discontinuation in this study 
included 8 cases of medication issues (inadequate IOP-
lowering effect) and 7 cases of progression of visual field 
disorder. In addition, 15 cases were of interrupted visits, 6 
cases of transfers, and 6 cases of IOP measurement with a 
non-contact tonometer, which together accounted for 27% 
of the cases; however, these were cases of discontinuation, 
regardless of the efficacy or safety of the eye drops. The 
widespread disruption that COVID-19 caused may have 
also contributed. In Japan, a state of emergency had been 
declared four times since April 2020 (for 17 months); how-
ever, at present people are no longer required to refrain from 
going out or traveling. In some cases, IOP was measured 
using a non-contact tonometer rather than a contact Gold-
mann applanation tonometer owing to the fear of COVID-19 
infection. Excluding these discontinued cases, 25 (25.0%) 
other patients discontinued treatment, which is almost the 
same as that reported previously.

The MD values of the Humphrey visual field test were 
compared year-to-year in this study and were maintained 
over a 3-year period. However, in 7 cases, additional treat-
ment was required owing to the progression of visual field 
defects, and the medication was discontinued. The MD slope 
for all cases was calculated to be 0.00±1.15 dB/year, ranging 
from -1.71 to 1.28 dB/year. Some cases exhibited a rapid 
progression of visual field impairment and required careful 
follow-up.

A limitation of this study is that the interruption of visits 
and transfers owing to the COVID-19 outbreak prevented 
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an accurate evaluation of omidenepag ophthalmic solutions. 
Omidenepag eye drops are contraindicated in patients with 
pseudophakia or aphakic eyes; therefore, they are not admin-
istered to patients who had undergone cataract surgery.

Since omidenepag eye drops have become available, 
their long-term efficacy and safety over a 3-year period in 
patients with NTG have been investigated. In these inves-
tigations, IOP proved significantly lower after treatment 
over a 36-month period. Visual field impairment remained 
unchanged until 36 months after the treatment. Adverse 
reactions occurred in 11 (11.0%) patients, including con-
junctival hyperemia, eye pain, iritis, blepharitis, eyelid 
swelling, and corneal epithelial disorders. The long-term 
efficacy and safety of omidenepag isopropyl in patients with 
NTG were thus satisfactory. In conclusion, it is possible to 
use omidenepag isopropyl as the first-line treatment for 
patients with NTG.
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