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Abstract: Current therapeutic approaches for glaucoma aim to reduce intraocular pressure (IOP), which is the only available and
reliable strategy proven to control the risk of disease development and progression. Omidenepag isopropyl (OMDI) is a novel topical
ocular hypotensive agent that was launched onto the market for the treatment of glaucoma and ocular hypertension (OHT). After
topical instillation and during corneal penetration, OMDI is converted into the active metabolite omidenepag (OMD), which behaves
as a non-prostaglandin, selective E-prostanoid subtype 2 (EP2) receptor agonist. The topical administration of 0.002% OMDI once-
daily (QD) possesses a 20-35% IOP-lowering effect, comparable to that of prostaglandin analogs targeting F-prostanoid (FP) receptor
QD, which are the current first-line for pharmaceutical reduction of IOP. However, the mechanism of action and adverse events (AEs)
of OMDI are different from those of FP receptor agonists. OMDI reduces IOP by enhancing both conventional trabecular and
uveoscleral outflow facilities without complications of prostaglandin-associated periorbitopathy (PAP) seen with FP receptor agonists.
Moreover, OMDI was also effective and well-tolerated in non-/poor responders to latanoprost and showed a stable IOP-lowering effect
for one year, and its concomitant use with timolol enhanced the IOP-lowering effect. OMDI demonstrated acceptable safety and
tolerability with good adherence and can be used in almost every patient. However, OMDI has some AEs such as conjunctival
hyperemia, corneal thickening, macular edema/cystoid macular edema and ocular inflammation. Moreover, OMDI is contraindicated in
patients who are allergic to the product, in aphakic or pseudophakic eyes, and in combination with tafluprost eye drops. If used
appropriately in the right patients, OMDI could be an effective treatment option for glaucoma and OHT as a first-line alternative to FP
agonists. Here, we summarize the results of clinical studies of OMDI and discuss its efficacy and patient tolerability in glaucoma and
OHT in this review.

Keywords: omidenepag, EP2 receptor, intraocular pressure, adverse event, prostaglandin, glaucoma

Introduction

The number of blind and visually impaired people due to glaucoma increased markedly, and this upward trend will
continue with the growth and aging of populations, making glaucoma an important target for prevention and treatment.'*
Current therapeutic approaches for glaucoma aim to reduce intraocular pressure (IOP), which is the only available and
reliable strategy shown to control the risk of disease development and progression.” ® In 1977, the low-concentration
topical administration of prostaglandin F,, (PGF,,) or prostaglandin E, (PGE,) was demonstrated to decrease intraocular
pressure (IOP) by stimulating the respective F-prostanoid (FP) receptor or E-prostanoid (EP) receptor.” Then, prosta-
glandin analogs targeting FP receptors to lower IOP were developed to have a better penetration into the anterior
chamber and fewer side effects.'®'' Today, four prostaglandin derivatives (latanoprost, tafluprost, travoprost, and
bimatoprost) targeting the FP receptor, or FP receptor agonists, have been released. They are most commonly used as
once-daily eye drops across the world, being the first-line pharmaceutical treatment for glaucoma because of their
greatest IOP-lowering effect of all glaucoma eye drops, efficacy in all forms of glaucoma, suppression of diurnal IOP
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variation, additive effects in combination with other types of glaucoma eye drops, few systemic side effects, and good
patient adherence.''> FP receptor agonists decrease IOP by primarily increasing aqueous humor drainage via the
uveoscleral outflow pathway by stimulating Gg-protein-mediated increases in intracellular calcium concentrations and
various signaling cascades in the ciliary body and trabecular meshwork.'* '

However, despite the high efficacy and tolerability of FP receptor agonists administered once a day, there are some
unmet clinical needs. First, in addition to common ocular side effects such as conjunctival hyperemia and eye irritation,
the long-term or unilateral usage of FP receptor agonists frequently induces distinctive local side effects, named
prostaglandin-associated periorbitopathy (PAP), including hyperpigmentation in the iris and around the eyelids, eyelash
growth, blepharochalasis involution, periorbital fat loss, enophthalmos, deepening of the upper eyelid sulcus (DUES),
and hardening of eyelids and ptosis.'*'* Periorbital tissue changes could hinder the long-term management of glaucoma
by making IOP measurements difficult, increasing ophthalmic surgical failures of trabeculectomy, and reducing treatment
adherence due to cosmetic problems.'> '” Therefore, PAP is a well-known clinical and cosmetic concern in patients
receiving FP receptor agonists.'>'® Second, a small number of patients do not respond to FP receptor agonists and have
less than 10% or 15% IOP reduction (non-/poor responders to FP agonists). It was found that 28% of Japanese patients in
a retrospective study and 52% of predominantly Caucasian patients in a prospective randomized study were non-/poor
responders to latanoprost.'®!'? Therefore, an effective, well-tolerated, alternative monotherapy with a novel mechanism of
action would be clinically beneficial to treat glaucoma patients with PAP or non-/poor responders to latanoprost or other
FP agonists. In other words, the current developmental goal for glaucoma ophthalmic solutions would be to provide
a therapy with IOP-lowering effects equivalent to those of latanoprost throughout the day with a once-daily drop, the
possibility of use in combination with other eye drops, presenting fewer side effects, and with less inter-individual
variability in efficacy.

Besides the FP receptor for PGF2a, the EP subtype 1-4 receptors for PGE2 also play an important role in IOP
regulation.”’ In recent years, several attempts have been made to find compounds affecting IOP by modulating
prostaglandin signaling on multiple receptor subtypes. Of particular interest in the present context is the E-prostanoid
subtype 2 (EP2) receptor.”’** Evolving research suggests that selective EP2 receptor agonists, including DE-117
(omidenepag isopropyl, OMDI), PF-04217329 (taprenepag isopropyl), AGN-210961 (aganepag isopropyl) and JV-GL1
(PGN-9856 isopropyl), have an IOP-lowering potential in glaucoma and OHT, and some of these compounds are in
clinical development.”** Against this backdrop, several Phase I to III clinical trials of OMDI were conducted.?”>27>*3°
The phase I trial aimed to investigate the pharmacokinetic properties, safety, and IOP-lowering effect in a small number
of healthy people.>* The next Phase II trials were designed to assess the efficacy and safety in a larger group of
patients.”>*> Then, the Phase III clinical trials compared the efficacy and safety against the current standard treatment in
a large number of patients, at least several hundred.*®*’ Finally, a 0.002% OMDI ophthalmic solution (Eybelis, Santen
Pharmaceutical Co., Ltd., Osaka, Japan), the world’s first commercially available EP2 receptor agonist, was approved in
Japan in September 2018 as a new class of ocular hypotensive agents for the treatment of glaucoma and OHT.?* 252
Furthermore, OMDI was the first once-daily ophthalmic drug with a novel mechanism of action to demonstrate non-
inferiority in lowering IOP with minimal side effects in a direct comparison study with latanoprost.”* OMDI is currently
also approved in Singapore, South Korea, Taiwan, and Thailand. Moreover, India, Malaysia, the Philippines, and the
United States have pending reviews by their local regulatory agencies. Various clinical trials are revealing OMDI’s
potential as an alternative first-line drug for glaucoma and OHT treatment, as well as precautions for its use. Here, we
summarize the results of relevant studies'?:'>20-2329-3436-43 23-28,35,44-49
tolerability!3+15:25-28.34-36.50-65

and discuss its efficacy and patient

in glaucoma and OHT in this review.

Pharmacological Profile of OMDI

OMDI, a selective EP2 receptor agonist with a non-prostaglandin structure, was co-developed by Ube Industries Ltd.
(Tokyo, Japan) and Santen Pharmaceutical Co. Ltd. (Osaka, Japan). FP receptor agonists, the current first-line and most
prescribed glaucoma eye drops, have inherent problems with non-/poor responders and ocular local side effects.'> '’
Moreover, beta-blockers, another first-line ocular hypotensive agents, are not effective as FP receptor agonists in

lowering IOP, and have a problem with systemic side effects.**” Therefore, there was a requirement for the development
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of a new first-line ophthalmic agent for glaucoma and OHT with a novel mechanism of action and efficacy and safety
comparable to or higher than those of a FP receptor agonist.

The pharmacodynamic properties of OMDI have been clarified by various recent studies.'*'>%272%345 OMDI is
an isopropyl ester prodrug that undergoes hydrolysis to its active metabolite (omidenepag, OMD) during corneal
penetration (Figure 1A), which behaves a non-prostaglandin, selective EP2 receptor agonist.* 2*2% In in vitro studies
using human recombinant prostanoid receptors, OMD was shown to selectively bind to the EP2 receptor (K; = 3.6 nM)
and possess high agonistic activity (ECso = 8.3 nM) toward the EP2 receptor, with no detectable effects on other
prostanoid receptors (Figure 1B). OMDI showed weak or no binding affinity to the prostanoid receptors tested, including
EP1, EP2, and FP (Figure 1B).” Following the topical administration of OMDI in rabbits, OMDI was below the limit of
detection and OMD was the only detectable form in the aqueous humor.?® Therefore, the unique clinical side effects due
to nonspecific binding to the FP receptor, or PAP, do not occur.'> Recent in vivo and in vitro studies showed that OMD
has no or little effect on adipocyte differentiation, adipogenesis, and eye lash growth, which are PAP-related

A

Omidenepag isopropyl Omidenepag (active form)
(OMDI) (OMD)

EP1 EP3

DP2 EP4

DP1 FP

P
=@+« OMD] =—o=—OMD

Figure | Chemical structures of OMDI and its active form, OMD (A), and their binding affinity to prostanoid receptors evaluated with K; value (mol/L) (B). OMDI shows
no or little binding to the prostanoid receptors, while OMD has strong selective binding affinity to the EP2 receptor.

Note: Data from Kirihara et al.”?

Abbreviations: OMDI, omidenepag isopropyl; OMD, omidenepag.
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organizational changes seen with FP agonist use.’”*' Moreover, OMD has different effects on 3D human orbital
fibroblast organoids as compared to bimatoprost acid, which indicate that it may not induce deepening of upper eyelid
sulcus (DUES).** Antiglaucoma drugs such as OMD and bimatoprost acid modulate the structures and physical proper-
ties of Grave’s orbitopathy-related human orbital fibroblast 3D organoids in different manners by modifying the gene
expressions of ECM, ECM regulatory factors, and inflammatory cytokines.*®

The EP2 receptor is a Gs-coupled transmembrane receptor found in the ciliary body and trabecular meshwork. EP2
receptor agonists decrease IOP by increasing both trabecular and uveoscleral outflow by stimulating a Gs-protein-
mediated elevations in intracellular adenosine 3’,5-cyclic monophosphate (cAMP) levels and various signaling cascades
in the ciliary body and trabecular meshwork.'***2° In monkeys with laser-induced OHT, treatment with 0.002% OMDI
ophthalmic solution for 1 week resulted in a significant 71% increase in the aqueous outflow facility (thought to be the
conventional, pressure-dependent trabecular outflow facility) and a significant 176% increase in the uveoscleral outflow
compared with the control vehicle treatment (p < 0.05, respectively) (Figure 2).>* No significant difference was seen in
aqueous humor production for 0.002% OMDI ophthalmic solution compared with vehicle.”* Therefore, OMDI is thought
to lower IOP by promoting aqueous humor outflow via a dual mechanism of action, increasing both the trabecular

Fluorophotometric outflow facility Uveoscleral
= Trabecular outflow facility outflow
P<0.05 P<0.05
0.25- 4-
o0
% 0.20 T é 3 T
g 0.15+ S
£ il = 27
3 0.104 %
= £ T
& 005
0.00 ; | | 0 w
Vehicle 0.002% OMDI Vehicle 0.002% OMDI

FP agonist

Figure 2 Mechanism of action for |OP reduction with topical administration of OMDI in OHT monkey eyes. OMDI reduces IOP by enhancing both conventional trabecular
and uveoscleral outflow facilities, while FP agonists do it mainly via uveoscleral outflow.

Notes: Aqueous humor outflow parameters following treatment with vehicle or 0.002% OMDI are represented as mean+SEM. Statistical significance was analyzed with
a paired t-test. Data from Fuwa et al.?*

Abbreviations: Cg, fluorophotometric outflow facility; Fs, uveoscleral outflow; OMDI, omidenepag isopropyl; FP agonist, F-prostanoid receptor agonist.
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outflow facility and uveoscleral outflow as a result of EP2 receptor stimulation.>** Another recent study with human
trabecular meshwork (TM) cells, monkey Schlemm’s canal endothelial (SCE) cells, and porcine ciliary muscle showed
that the IOP-lowering effect of OMD through the conventional outflow pathway is exerted by increasing outflow
facilities with the modulation of TM cell fibrosis and SCE cell permeability.**

In monkeys without OHT, a single topical administration of 0.0006% OMDI ophthalmic solution in combination with
0.5% timolol maleate (timolol), 1% brinzolamide, 0.01% netarsudil mesylate, 0.4% ripasudil hydrochloride hydrate, or
0.15% brimonidine tartrate resulted in an IOP reduction that was significantly lower than that seen with monotherapy
with any of these drugs alone (p < 0.05, respectively).*> Namely, OMDI has additive IOP-lowering effects when
administered in combination with other classes of antiglaucoma eye drops such as p-adrenergic antagonists, carbonic
anhydrase inhibitors, Rho-associated coiled-coil containing protein kinases inhibitors, and a2-adrenergic agonists,
because of its unique mechanisms of action.*’

The pharmacokinetic properties of OMDI ophthalmic solution 0.002% in humans have been investigated in a phase
I trial of seven Japanese and seven Caucasian healthy volunteers.>* Following treatment with 0.002% OMDI ophthalmic
solution QD, OMD was rapidly absorbed in both subjects and the maximum plasma concentration (C,,.x) of the active
metabolite (OMD) was achieved (almost 30—40 pg/mL) after 10—15 min. The half-life (t,,) of OMD was approximately
30 min, and the plasma concentrations were below the limit of quantification 4 hours after eye drop administration.**
Moreover, OMD pharmacokinetic parameters were similar between Japanese and Caucasian subjects, and there was no
accumulation of OMD after 7 days of dosing.**

Efficacy — IOP-Lowering Effect of OMDI

Table 1 summarizes the twelve clinical trials registered in the US National Library of Medicine for DE-117, the OMDI
ophthalmic solution (searched on 2022/1/11). These are being or were conducted in the US, Japan, India, South Korea,
Singapore, and Taiwan. Currently, nine have been completed and the results of seven have been described in clinical
articles. Seven are phase III clinical trials for OMDI ophthalmic solution 0.002%. Two of these, SPECTRUM 3
(NCT03691649) and SPECTRUM 4 (NCT03691662), are in patients with glaucoma or OHT;, the other two, RENGE
(NCT02822729) and PEONY (NCT02981446), are in patients with open-angle glaucoma (OAG) or OHT; the other one,
AYAME (NCT02623738), is in patients with POAG or OHT; and the others, FUJI (NCT02822742) and SPECTRUM 5
(NCTO03697811), are in patients with POAG or OHT who are non-/poor responders to latanoprost.

Table 2 summarizes the IOP-lowering effect of OMDI ophthalmic solutions in published articles related to clinical
trials. For further investigation in a phase III clinical trial program, 3 randomized, masked, controlled, parallel group,
multicenter, dose-finding studies (NCT01868126, NCT02179008, and NCT02623738) were consecutively conducted to
determine the optimal dose concentrations of OMDI ophthalmic solution in patients with POAG or OHT. As a result, the
0.002% OMDI ophthalmic solution QD was found to have the optimal dose, which demonstrated stable IOP-lowering
effects with good tolerance.”> Moreover, a recent phase II clinical trial (SPECTRUM 6) supported that the 0.002% OMDI
ophthalmic solution was more favorable when administered QD than it was when administered twice-daily (BID),
considering the benefit-risk profile because of the 3 times higher incidence of local tolerability issues (BID: 41.7%; QD:
14.0%) without significant difference in IOP reduction in the BID arm.*

A series of three clinical trials conducted in Japan have confirmed the IOP-lowering effects of OMDI: (1) the non-
inferiority of OMDI over latanoprost (AYAME), (2) the long-term efficacy of OMDI and its additive effect in
combination with timolol (RENGE), and (3) the efficacy of OMDI in non-/poor responders to latanoprost (FUIJI).
A Phase III, randomized, single-masked, active-controlled, parallel group, multicenter, non-inferiority study (AYAME)
was conducted to compare the efficacies of treatment with 0.002% OMDI and 0.005% latanoprost ophthalmic solutions
QD in patients with POAG and OHT for 4 weeks after a washout period (n = 190).2° At week 4, the mean diurnal IOP
significantly decreased by 5.93 mmHg from baseline of 23.78 mmHg (24.9% reduction) in the OMDI group, and by 6.56
mmHg from baseline of 23.40 mmHg (28.0% reduction) in the latanoprost group (Table 2). However, the difference in
mean diurnal IOP reduction from baseline to week 4 between two arms was 0.63 (95% CI: 0.01-1.26) mmHg in favor of
latanoprost. The IOP reduction achieved with OMDI was found to be non-inferior to that achieved with latanoprost
because the difference is within the standard level for non-inferiority (1.5 mmHg). Therefore, OMDI was shown to be the
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Table | Summary of Clinical Trials Performed with Omidenepag Isopropyl (DE-117) Ophthalmic Solution

parallel group

Latanoprost 0.005% QD

Placebo QD

diurnal IOP change from
baseline
Number of subjects with

adverse events

NCT Study Design Enrollment, n | Status Condition Arms Treatment | Primary Outcome Measure | Reference
Number (Phase, Allocation, Duration
(Trial Masking,
Feature) Intervention Model)
NCTO01654484 | I/ll, randomized, single- | 60 Completed | POAG or OHT DE-117 (0.003%, 0.01% and 28 days IOP change from baseline at NA
masked, parallel group 0.03%) QD each time point (08:00, 10:00,
DE-117 (0.003%, 0.01% and 12:00, and 16:00)
0.03%) QD and tafluprost
0.0015% QD
Tafluprost 0.0015% QD
Placebo QD
NCT01868126 | ll, randomized, single- 91 Completed | POAG or OHT DE-117 (0.0003%, 0.001%, 4 weeks IOP at each time point (08:00, | Aihara et al.
masked, parallel group 0.002%, or 0.003%) QD 10:00, 12:00, and 16:00) and J Glaucoma, 2019
mean diurnal IOP
Latanoprost 0.005% QD Number of subjects with
adverse events
Placebo QD
NCT02179008 | Il, randomized, double- 184 Completed | POAG or OHT DE-117 (0.0012%, 0.0016%, 3 months IOP at each time point (08:00, | Aihara et al.
(SEE-1) masked, parallel group 0.002%, 0.0025%, or 0.003%) 10:00, 12:00, 16:00 and 18:00) | ] Glaucoma, 2019
QD and mean diurnal IOP
Latanoprost 0.005% QD Number of subjects with
adverse events
NCT02650063 I, open-label, single 14 Completed | Healthy Male Adults | DE-117 0.0025% QD I week Area under concentration-time | Aihara et al, | Ocul
group curve (AUC) Pharmacol, 2019
Maximum plasma
concentration (Cmax)
Time to maximum plasma
concentration (Tmax)
Elimination half-life (T1/2)
NCT02623738 | II/lll, randomized, 253 Completed | POAG or OHT DE-117 (0.002%, or 0.0025%) 4 weeks IOP at each time point (09:00, | Aihara et al.
(AYAME) single-/double-masked, QD 13:00, and 17:00) and mean ) Glaucoma, 2019,

Aihara et al. Am
] Ophthalmol, 2020
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L9TI

NCT02822729
(RENGE)

NCT02822742
(FUI

NCT02981446

(PEONY)

NCT03691649
(SPECTRUM 3)

NCT03691662
(SPECTRUM 4)

NCT036978] |
(SPECTRUM 5)

NCT03858894
(SPECTRUM 6)

Ill, randomized, open-

label, parallel group

Ill, open-label, single
group

Ill, randomized, single-
masked, parallel group

lll, randomized, double-
masked, parallel group

Ill, randomized, double-

masked, parallel group

Ill, open-label, single

group

Il, randomized, double-

masked, parallel group

125

26

370

427

409

150

98

Completed

Completed

Completed

Unknown
status

Unknown

status

Unknown

status

Completed

OAG or OHT

POAG or OHT who
are non-/poor
responders to
Latanoprost

OAG or OHT

Glaucoma or OHT

Glaucoma or OHT

POAG or OHT who
are non-/poor
responders to
Latanoprost

POAG or OHT

DE-117 0.002% QD

DE-117 0.002% QD and
Timolol 0.5% BID

Switching to DE-117 0.002%
QD from Latanoprost 0.005%
QD

DE-117 0.002% QD

Latanoprost 0.005% QD
Vehicle QD and DE-117 QD
for 3 months, followed by DE-
117 QD for 9 additional
months

Timolol Maleate 0.5% BID for 3
months, followed by DE-117
QD for 9 additional months
Vehicle QD and DE-117 QD

Timolol Maleate 0.5% BID
Switching to DE-117 0.002%
QD from Latanoprost 0.005%
QD

Vehicle QD and DE-117 0.002%
QD
DE-117 0.002% BID

52 weeks

4 weeks

3 months

12 months

3 months

3 months

6 weeks

IOP at each time point (09:00,
13:00, and 17:00) and mean
diurnal IOP

Number of subjects with
adverse events

Mean diurnal IOP change from
baseline

Mean diurnal IOP

IOP change from baseline

IOP change from baseline

IOP change from baseline in
Latanoprost low/non-

responder subjects

IOP at each time point (08:00,
12:00, and 16:00)
Number of subjects with

adverse events

Aihara et al, Jpn
J Ophthalmol, 2021

Aihara et al, Jpn
J Ophthalmol, 2020

NA

NA

NA

NA

Olander et al.
J Glaucoma, 2021

Notes: Data were obtained from the ClinicalTrials.gov website (https:/clinicaltrials.gov/ct2/results’cond=&term=DE- | | 7&cntry=&state=&city=&dist=&Search=Search) on January |1, 2022.

Abbreviations: NCT, national clinical trial; n, number of subjects; POAG, primary open-angle glaucoma; OHT, ocular hypertension; IOP, intraocular pressure; QD, quaque die; NA, not applicable; OAG, open-angle glaucoma, BID, bis die

sumendum.
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Table 2 Summary of Efficacy and Patient Tolerability of Omidenepag Isopropyl (DE-117) Ophthalmic Solution in Clinical Trials

Reference NCT Number Enrollment | Condition Primary Arms (n) Baseline Results
(Trial Feature) | Number Outcome Mean
Measure Diurnal Efficacy Patient Tolerability
lop Mean Mean AEs, n (%) Serious | AEs Leading to
(mmHg) Diurnal IOP Diurnal IOP AEs, Discontinuation,
Change Reduction n (%) n (%)
from Rate from
Baseline Baseline (%)
(mmHg)
Aihara et al. NCTO01868126 91 POAG or IOP at each time | DE-117 0.0003% QD (17) 24.6 -3.12 12.7 0 0 0
J Glaucoma, OHT point and mean
2019 diurnal IOP at
week 4
Number of DE-117 0.001% QD (15) 248 —4.59 18.5 1 (6.7) 0 0
subjects with
adverse events
DE-117 0.002% QD (14) 248 -7.39 29.8 9 (64.3) 0
DE-117 0.003% QD (15) 258 -5.99 232 7 (46.7) 0
Latanoprost 0.005% QD 255 -7.77 305 1 (6.7) 0
(13)
Placebo (15) 255 -1.94 7.6 2(13.3) 0 0
Aihara et al. NCT02179008 184 POAG or IOP at each time | DE-117 0.0012% QD (32) 25.1 —4.17 16.6 19 (59.4) 0 2 (6.3)
] Glaucoma, (SEE-1) OHT point and mean
2019 diurnal IOP at
month 3
Number of DE-117 0.0016% QD (29) 255 —4.69 18.4 15 (51.7) 0 0
subjects with
adverse events
DE-117 0.002% QD (29) 254 —-5.52 21.7 15 (51.7) 1 (34) 1 (3.4)
DE-117 0.0025% QD (30) 25.6 -5.98 234 19 (63.3) 1 (3.3) 1(3.3)
DE-117 0.003% QD (31) 248 —5.28 213 19 (61.3) 1 (32) 2 (6.5)
Latanoprost 0.005% QD 25.1 —6.55 26.1 17 (53.1) 0 0
(32)
Aihara et al. NCT02623738 63 POAG or IOP at each time | DE-117 0.002% QD (22) 238 =5.11 215 9 (40.9) 0 0
] Glaucoma, (AYAME) OHT point and mean
2019 diurnal IOP
change from
baseline at week
4
Number of DE-117 0.0025% QD (22) 237 —4.83 20.4 10 (45.5) 0 1 (4.5)
subjects with
adverse events
Placebo (19) 234 -2.18 9.3 2 (10.5) 0 0

|e 32 onsiely
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Aihara et al.
Am

] Ophthalmol,
2020

Aihara et al,
Jpn

] Ophthalmol,
2020

Aihara et al,
Jpn

] Ophthalmol,
2021

J Glaucoma,
2021

Olander et al.

NCT02623738
(AYAME)

NCT02822742
(FU

NCT02822729
(RENGE)

NCT03858894
(SPECTRUM 6)

190

26

125

98

POAG or
OHT

POAG or
OHT who
were non-/
poor
responders to
Latanoprost

OAG or OHT

POAG or
OHT

IOP at each time
point and mean
diurnal IOP
change from
baseline at week
4

Number of
subjects with
adverse events
Mean diurnal IOP
change from
baseline at week
4

IOP at each time
point and mean
diurnal IOP at
week 52
Number of
subjects with
adverse events

IOP at each time

point at week 6

Number of
subjects with
adverse events

DE-117 0.002% QD (94)

Latanoprost 0.005% QD
(95)

Switching to DE-117 0.002%
QD from Latanoprost
0.005% QD (26)

Cohort |: baseline diurnal
IOP of 2 16— < 22 mmHg
and treated with DE-117
0.002% QD (48)

Cohort 2: baseline diurnal
IOP of 2 22— < 34 mmHg
and treated with DE-117
0.002% QD (37)

Cohort 3: baseline diurnal
IOP of 2 22— < 34 mmHg
and treated with DE-117
0.002% QD and Timolol
0.5% BID (40)

Vehicle QD and DE-117
0.002% QD (50)

DE-117 0.002% BID (48)

23.78

23.4

25.0, end of
washout;

23.1, end of
latanoprost

run in

18.71

24.06

23.14

24.55

2539

-5.93

—6.56

—4.87 from
end of
washout;
—2.99 from
end of
latanoprost
run in

-37

-5.6

—6.18

—7.62

249

28.0

19.5 from
end of
washout; 12.9
from end of
latanoprost
run in

19.8

233

17.8

46 (48.9)

26 (27.1)

5(19.2)

38 (79.2)

27 (73.0)

37 (92.5)

7 (14.0)

20 (41.7)

3 (6.3)

I 27)

I (2.5)

I (2.0)

22.1)

2 2.1

8 (16.7)

I 27)

7 (17.5)

4(83)

Abbreviations: NCT, national clinical trial; IOP, intraocular pressure; AE, adverse event; n, number of subjects; POAG, primary open-angle glaucoma; OHT, ocular hypertension; QD, quaque die; OAG, open-angle glaucoma, BID, bis die

sumendum.
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first ophthalmic solution in more than 20 years to show non-inferiority to latanoprost.*® The phase III, 3-month PEONY
study, with a larger sample size (n = 370) and a study design similar to that of the AYAME study, has been completed in
India, South Korea, Singapore, and Taiwan, and its results await publication. The phase IIIl RENGE study (n = 125) also
investigated the long-term, 12-month efficacy of 0.002% OMDI ophthalmic solution QD in patients with OAG and OHT
divided into three cohorts.”® OMDI significantly decreased IOP over 52 weeks in a high-baseline IOP group with
a baseline diurnal IOP of 22-34 mmHg, a low-baseline IOP group with a baseline diurnal IOP of 16-22 mmHg, and
a concomitant-use-of-timolol group with a baseline diurnal IOP of 22 to 34 mmHg (p < 0.001%, respectively). Moreover,
the combination therapy of OMDI and timolol resulted in additional IOP-lowering effects, confirming recent basic
research results.*® In the phase III FUII study (n = 24), 0.002% OMDI QD was also effective for patients who had failed
to respond to latanoprost. The 4-week treatment with OMDI was well-tolerated and significantly reduced the mean
diurnal IOP from baseline in patients who exhibited under 15% IOP reduction following 8-week treatment with
latanoprost (non-/poor responders to latanoprost).>” Therefore, OMDI showed good IOP results both in patients with
newly introduced or switching treatment. Further phase III studies of non-/poor responders to latanoprost
(SPECTRUM 5) with a larger sample size over longer time periods are ongoing in the US.

Figure 3 demonstrated the relationships between baseline mean diurnal IOP and mean diurnal IOP reduction or
reduction rate from baseline with 0.002% OMDI QD treatment in published articles related to clinical trials using the
bubble chart. OMDI was shown to lower mean diurnal IOP by 3.7-7.4 mmHg (20-30%) from baseline. Since OMDI is
thought to lower IOP by increasing both trabecular and uveoscleral outflows through EP2 receptor stimulation, the IOP-
lowering effects may be influenced by baseline IOP.>***** There appears to be a positive correlation between baseline
IOP and IOP reduction or reduction rate in Figure 3. One retrospective study supported this idea, as NTG patients with
a mean baseline IOP of 15.7 mmHg showed a significant reduction in IOP with the topical administration of OMDI, but
the range of IOP reduction was only 12.0%—12.8%.*” However, this is uncertain due to the insufficiency of randomized
clinical trials in eyes with baseline IOP less than 21 mmHg, such as those with NTG. Therefore, further studies are
warranted.

Moreover, a prospective, open-label, experimental study demonstrated that 0.002% OMDI ophthalmic solution QD
provided stable 24-hour IOP reduction throughout the day and night in OAGs or OHTs, which suggested that OMDI
could be useful as a first-line treatment for new patients.*® Another clinically important aspect of the IOP-lowering effect
of OMDI is the presence of non-/poor responders, defined as patients with IOP reductions of less than 10% at both 1-2
months and 3—4 months after initiation of administration.*”*** The frequency of non-responder patients with NTG for QD
OMDI treatment in a retrospective study was 22.4%, which could be a higher percentage than those for FP receptor
agonist treatment.*”** Additional validation is needed to clarify this; however, careful follow-up is recommended after
starting ophthalmic treatment.

Patient Tolerability — OMDI Adverse Events and Patient Adherence
OMDI ophthalmic solution demonstrated acceptable safety and tolerability in 4 to 52 weeks treatment in patients with
glaucoma or OHT according to clinical trials.”>2*>> Table 2 summarizes the adverse events (AEs) of OMDI in published
articles related to the clinical trials.*> 22> The frequency of AEs of 0.002% OMDI ophthalmic solution QD varied from
14.0% to 92.5% depending on the report. Similarly, the frequency of serious AEs varied from 0% to 6.3%, and AEs leading to
discontinuation varied from 0% to 17.5%. Most ocular AEs were considered to be causally related to the study drug, and less
frequently reported non-ocular AEs were considered unrelated to the study medication.”> 2> Additionally, the serious AEs
reported were all considered to be unrelated to the treatment.>> 23 The ocular AEs leading to study withdrawal were of mild
or moderate severity, including eye pain/foreign body sensation, photophobia, blurred vision, conjunctival hyperemia/
conjunctivitis, macular edema/cystoid macular edema (ME/CME), and iritis with anterior chamber cells.”> %% All the
cases resolved or were resolving during the study or following study withdrawal.>> 253

Table 3 summarizes major AEs with a frequency of 1% or more associated with the administration of 0.002% OMDI
ophthalmic solution QD in the published articles related to clinical trials.*> **2> Overall, in patients receiving 0.002%
OMDI ophthalmic solution QD (n = 360), AEs were observed in 53.6% (n = 193). The most frequently reported ocular
AE was conjunctival hyperemia, which occurred in 19.7% (n = 71) of patients, followed by corneal thickening, which
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Figure 3 Relationship between baseline mean diurnal IOP and mean diurnal IOP reduction (A) or reduction rate (B) with 0.002% OMDI QD treatment in the published
articles related to the clinical trials.

Notes: The bubble size indicates the sample size for each study. Data from Aihara et al**® and Olander et al*°.

Abbreviations: |OP, intraocular pressure; OMDI, omidenepag isopropyl; QD, quaque die.

occurred in 5.0% (n = 18). The frequency of ME/CME which was the most common reason for study discontinuation in
the RENGE study, being 4.4% (n = 16).”® The frequency of subjective symptoms was eye pain in 3.6% (n = 13),
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Table 3 Summary of Major Adverse Events Associated with the Topical Administration of 0.002% Omidenepag Isopropyl Ophthalmic Solution Once-Daily in Clinical Trials

(SPECTRUM 6)

Reference NCT Number (Trial Subjects Major AEs Occurring at a Frequency of 1% or More
Feature) Analyzed, . . . . .
Conjunctival | Corneal Macular | Eye Pain, | Photophobia, | Blurred | Cells in
n Hyperemia, Thickening, | Edema/ n (%) n (%) Vision, the
n (%) n (%) Cystoid n (%) Anterior
Macular Chamber,
Edema, n (%)
n (%)
Total 360 71 (19.7) 18 (5.0) 16 (4.4) 13 (3.6) 12 (3.3) 6 (1.7) 5(1.4)
Aihara et al. | Glaucoma, 2019 NCTO01868126 14 2 (14.3) NA NA 2 (14.3) 2 (14.3) NA NA
Aihara et al. | Glaucoma, 2019 NCT02179008 (SEE-1) 29 5(17.2) NA NA 2 (6.9) 4 (13.8) NA NA
Aihara et al. | Glaucoma, 2019 NCT02623738 (AYAME) 22 5(22.7) 2 (9.1) NA NA NA NA NA
Aihara et al. Am ] Ophthalmol, 2020 NCT02623738 (AYAME) 94 23 (24.5) I (11.7) NA 4 (4.3) 4 (4.3) 2(2.0) NA
Aihara et al, Jpn | Ophthalmol, 2020 NCT02822742 (FUJI) 26 2(7.7) NA NA NA NA NA 2 (7.7)
Aihara et al, Jpn ] Ophthalmol, 2021 NCT02822729 (RENGE, 48 8 (16.7) 0 (0.0) 8 (16.7) 2 (42) NA I (2.1) 2 (4.2)
Cohort 1)
Aihara et al, Jpn ] Ophthalmol, 2021 NCT02822729 (RENGE, 37 8 (21.6) 2(54) 2(54) 0 (0.0) NA I (2.7) 0 (0.0)
Cohort 2)
Aihara et al, Jpn ] Ophthalmol, 2021 NCT02822729 (RENGE, 40 18 (45.0) 3 (7.5) 6 (15.0) 3 (7.5) NA 2 (5.0 I (2.5)
Cohort 3)
Olander et al. | Glaucoma, 2021 NCT03858894 50 0 (0.0 NA NA NA 2 (4.0 NA NA

Abbreviations: NCT, national clinical trial; AE, adverse event; n, number of subjects; NA, not applicable.

|e 32 onsiely

aro(q


https://www.dovepress.com
https://www.dovepress.com

Dove Matsuo et al

photophobia in 3.3% (n = 12), and blurred vision in 1.7% (n = 6). Anterior chamber cells were identified in 1.4% (n = 5)
of subjects, while iritis with anterior chamber cells was only observed in 0.8% (n = 3). It is possible that these
frequencies are underestimated, as not all clinical trials reported the presence or absence of all AEs. However, it should
be useful to have an overview of the relatively frequent AEs that can occur with once-daily topical administration of
0.002% OMDI. Clinically, OMDI-related conjunctival hyperemia has a relatively high frequency, and concomitant
OMDI and timolol treatment results in an increased incidence of conjunctival hyperemia.”® However, it should not be
of large concern, as long as an adequate explanation is provided before prescribing, because it is always mild and weaker
than that induced by 0.4% ripasudil and it usually settles down with time, as it does with FP agonists.’*>' Moreover, the
average increase in corneal thickness with OMDI is mild, less than 20 um, which is within the limits of the diurnal
variation in corneal thickness, and has no clinical significance related to visual acuity or IOP measurements in most
cases.”® However, corneal thickening could be a problem for those with a thinner cornea, for example due to a history of
LASIK, because some may complain of decreased naked eye visual acuity with OMDI treatment. In addition, the drug
should be discontinued or changed if subjective symptoms are severe, or if there are complications of ME/CME or iritis
that may lead to vision loss. As a special note, in the RENGE study, all cases of OMDI-related ME/CME occurred in
eyes with intraocular lens (IOL) implants, and the incidence of ME/CME in pseudophakia was almost half.*® Therefore,
OMDI has been contraindicated in patients with pseudophakia or aphakia.?®>* Moreover, it should also be administered
cautiously to patients with iritis or uveitis, which could show increased risk of CME.>** It should be noted that the use
of OMDI is contraindicated in patients who are allergic to any of its components or who are receiving tafluprost, a FP
agonist due to the possibility of it causing ocular inflammation.’>>* Therefore, it is advisable to avoid the concomitant
use of OMDI and other FP agonist eye drops.’> Moreover, since there are no clinical reports on the concomitant use of
OMDI with glaucoma eye drops other than timolol, it is recommended that OMDI should be used with caution until its
safety is confirmed.’” Future clinical studies will be needed to determine the efficacies and AEs of OMDI in combination
with other glaucoma ophthalmic solutions. Additional information should be provided by the post-marketing surveillance
of OMDI.

As above, OMDI is usually well-tolerated and should have good treatment adherence because of the QD dosing
regimen, as is the case with FP agonists.”>>**>* In fact, OMDI treatment compliance rates and dosing adherence
determinations for 1 or 3 months were reported to be high (>75%) in a clinical trial.*> A post-marketing retrospective
study of 0.002% OMDI ophthalmic solution also demonstrated that the early persistence of OMDI was good, and initial
OMDI monotherapy does not largely differ from initial latanoprost monotherapy.> Additionally, the OMDI discontinua-
tion rate until 3 months was 22% in total, because of an insufficient IOP-lowering efficiency (11%), followed by
conjunctival hyperemia (4%) and visual acuity disturbance (2%).”> Therefore, clinicians should also be cautious of early
failure in OMDI treatment, and patients should be informed of the risks and benefits of treatment with OMDI to increase
the likelihood of long-term adherence to self-medication with eye drops.

Additionally, it is clinically important to note that OMDI has no or little ocular PAP side effects, including eyelid
pigmentation, eyelash growth, and DUES, because of the no binding affinity to the FP receptor.'>>® Previously, a grading
or subjective measurement of PAP had been attempted for each PAP component such as conjunctival hyperemia, eyelash
changes, and DUES. However, these measurements seem to be too complex to use in real-world situations and do not
take into account the underlying mechanisms and difficulty of measuring IOP."**">? Therefore, we recently constructed
an in-house PAP grading system (Shimane University PAP Grading System, SU-PAP) which considers the mechanisms
involved in the development of cosmetic PAPs (ie, superficial and deep), and the effect of PAP in glaucoma management
(ie, difficult IOP measurements).'> SU-PAP can classify PAP into four grades, allowing for the assessment of its
progression. (Figure 4). Moreover, in previous clinical trials, none of the eyes treated with OMDI showed PAP,>> 2*->
and patients who were switched from conventional PGF,, analogs (FP agonists) to OMDI showed significant improve-
ments in PAP signs including DUES over time without significant IOP changes.®®®* Currently, the results of long-term
adherence of OMDI treatment are unknown. However, since OMDI does not induce PAP, it may not only be useful in the
treatment of patients with PAP or those concerned by it, but also achieve a better long-term adherence than that of FP

agonists.

Clinical Ophthalmology 2022:16 heeps: 1273

Dove:


https://www.dovepress.com
https://www.dovepress.com

Matsuo et al Dove

100.0
90.0 -
: 27.6
80.0
70.
60.
50.
40.
30.
20.
10.
0.0

Distribution of SU-PAP grades (%)

(=1

Omidenepag = Latanoprost Tafluprost Travoprost Bimatoprost
(n=20) (n=240) (n=97) (n=45) (n=58)
EP2 agonist FP agonists

Grade 3 (Tonometric PAP, difficulty performing GAT and/or reduced reliability of GAT-
measured IOP due to PAP-related DUES, hardening of eyelids, ptosis, or enophthalmos)
m Grade 2 (Deep cosmetic PAP, cosmetic change(s) with at least one sign of PAP including
DUES, blepharochalasis involution, periorbital fat loss, or enophthalmos)

® Grade 1 (Superficial cosmetic PAP, cosmetic change(s) including eyelid pigmentation
and/or eyelash growth)

B Grade 0 (No PAP, no cosmetic change)

Figure 4 Distribution of PAP grade in each prostanoid receptor agonist using patient groups as assessed by SU-PAP, which considers mechanisms involved in the
development of cosmetic PAP and effects of PAP in glaucoma management. SU-PAP can classify PAP into four levels, allowing for the assessment of PAP progression. OMDI
did not cause PAP.'®

Note: Data from Tanito et al.

Abbreviations: PAP, prostaglandin-associated periorbitopathy; SU-PAP, Shimane University PAP Grading System; OMDI, omidenepag isopropyl.

Case of OMDI-Related Macular Edema

The mechanism of ME/CME and iritis caused by OMDI has not been elucidated to date. However, considering that PGE,
could cause ocular inflammatory reactions similar to those caused by PGF,, and all OMDI-related ME/CME cases
occurred in IOL-implanted eyes in the clinical trial, EP2 stimulation may cause them when the blood-aqueous or blood-
retinal barriers in the treated eye had been damaged.'**:%*"%° Thus, the effectiveness and safety of OMDI in secondary
glaucoma subtypes, in which the eyes received ocular surgery or were inflicted with other retinal diseases, should be
closely evaluated. We experienced a case of ME/CME associated with the accidental usage of OMDI in patients with
glaucoma after uncomplicated cataract surgery and successfully treated with sub-Tenon triamcinolone injection (STTA)
and sub-Tenon injection of corticosteroids. Consent to publish the case report was obtained. This report does not contain
any personal information that could lead to the identification of the patient.

A 64-year-old Japanese female patient was referred to the Matsue Red Cross Hospital with a complaint of blurred
vision in the right eye. Her general clinical history was unremarkable. She had been taking 2% carteolol, a nonselective
B-adrenoceptor antagonist ophthalmic solution, QD for ocular hypertension and underwent uneventful cataract surgery
with posterior chamber IOL implantation in her right eye 3 years before the onset of symptoms. She was prescribed and
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started using 0.002% OMDI ophthalmic solution QD additionally for 5 months before the onset. The best-corrected
visual acuity (BCVA) was 20/25 and the IOP was 10 mmHg at initial examination. The anterior and posterior chambers
were clear, and the anterior chamber flare was 17.9 pc/msec. Fundoscopy and spectral domain optical coherence
tomography (SD-OCT) revealed a CME with serous retinal detachment (SRD) (Figure 5A). The patient wanted to
improve her symptoms promptly, so OMDI was discontinued, and the patient was treated with STTA 20mg on the
same day. After two months, an improvement in subjective symptoms was obtained, and the BCVA improved to 20/20.
The IOP was 12 mmHg, and the flare was 10.7 pc/msec. SD-OCT showed resolution of the CME with SRD (Figure 5B).
The case has been recurrence-free for 3 months, and the IOP has been controlled at 10-12 mmHg.

A

D (10/10 ) Regular Retinal 58 +5

D (10/10 ) Regular Retinal 338 +5

HD.( 3/10 ) Regular Retinal 5% +5

HD ( 10/10 ) Regular Retinal 3 +5

Figure 5 (A) Five months after starting 0.002% OMDI QD treatment, CME with SRD in the right pseudophakic eye was shown on SD-OCT. There was no pathology that
could cause CME other than the use of OMDI for IOL-implanted eyes. The discontinuation of OMDI and administration of STTA was decided. (B) Two months later, the
recovery of CME with SRD was observed. The horizontal and vertical red arrows indicate the cross-sectional line scans in 5A and 5B.

Abbreviations: OMDI, omidenepag isopropyl; QD, quaque die; CME, cystoid macular edema; SRD, serous retinal detachment; SD-OCT, spectral domain optical coherence
tomography; IOL, intraocular lens; STTA, sub-Tenon triamcinolone injection.
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In the RENGE study, all cases of OMDI-related ME/CME were mild or moderate in severity, and after discontinua-
tion of OMDI treatment, standard treatment with topical nonsteroidal anti-inflammatory drugs or steroids was successful,
and the time from onset of ME/CME to recovery was reported to be 89.5 days.'**® It is well-known that the topical
administration of FP agonists after cataract surgery can lead to CME, which is usually treated with the discontinuation of
eye drops, corticosteroid eye drops, and nonsteroidal anti-inflammatory drugs (NSAIDs), although the recovery can
require 1 month or more.’**%> One case report demonstrated that STTA resulted in the early disappearance of CME
associated with prostaglandin treatment after cataract surgery.®> Therefore, we selected STTA for OMDI-related ME/
CME treatment, which resulted in a relatively early improvement of ME/CME and subjective symptoms. Moreover, since
the CME decreased relatively early after sub-Tenon injection of corticosteroids and the flare value also decreased, some
inflammation may have been involved in the development of OMDI-related ME/CME.

Conclusion

OMDI is the world’s first commercially available selective EP2 receptor agonist, which promotes aqueous humor outflow
via the trabecular and uveoscleral outflow pathways. The once-daily topical administration of 0.002% OMDI possesses
IOP-lowering effects non-inferior to those of latanoprost QD, without PAP complications. OMDI was also effective and
well-tolerated in non-/poor responders to latanoprost in short term. Furthermore, it also showed a stable IOP-lowering
effect for a long period, and its concomitant use with timolol enhanced the IOP-lowering effect. Moreover, OMDI
demonstrated acceptable safety and tolerability with good adherence, and can be used in almost every patient. However,
OMDI shows some AEs such as conjunctival hyperemia, corneal thickening, ME/CME, and ocular inflammation.
Especially, since there are no clinical reports on the concomitant use of OMDI with glaucoma eye drops other than
timolol, it is recommended that OMDI should be used with caution until safety is confirmed. Additionally, OMDI is
contraindicated in patients who are allergic to the product, in aphakic or pseudophakic eyes, and in combination with
tafluprost eye drops. If used appropriately in the right patients, OMDI could be an effective treatment option for
glaucoma and OHT as a first-line alternative to FP agonists.
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