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ABSTRACT

Introduction: Netarsudil reduces intraocular
pressure (IOP) by increasing aqueous outflow
through the trabecular meshwork (TM) path-
way and decreasing episcleral venous pressure.
The primary objective of this phase 2 study was
to evaluate ocular hypotensive efficacy and
safety of three netarsudil concentrations
(0.01%, 0.02%, and 0.04%) relative to its pla-
cebo over 4 weeks in Japanese patients with
primary open-angle glaucoma (POAG) or ocular
hypertension (OHT).

Methods: Patients were randomized to one of
four treatment arms, netarsudil ophthalmic
solution 0.01%, 0.02%, 0.04%, or placebo, and
treated once-daily (QD) in the evening (P.M.) for
4 weeks. The primary efficacy variable was mean
diurnal IOP (average of diurnal time points at 9
A.M., 11 A.M., and 4 P.M.) at week 4.
Results: A total of 215 patients were random-
ized and 207 (96.3%) completed the study. The
mean of mean diurnal IOP at baseline ranged
from 20.28 to 21.14 mmHg across groups. At
week 4, least squares (LS) mean of mean diurnal
IOP adjusted for baseline was 16.53, 15.82,
16.06, and 18.94 mmHg in the netarsudil
0.01%, 0.02%, 0.04%, and placebo groups,
respectively, demonstrating the superiority of
netarsudil (all concentrations) over placebo. At
week 4, mean reduction (mean percentage
reduction) from baseline in mean diurnal IOP
was 4.10 (19.8%), 4.80 (23.5%), 4.81 (23.8%),
and 1.73 mmHg (8.2%), respectively, demon-
strating statistically significant reductions
(p\ 0.0001) in all netarsudil concentrations
over placebo. Adverse events (AEs) occurred in a
concentration-dependent manner, and the
incidence of ocular AEs was 34.5%, 42.6%,
68.6%, and 9.1% in the netarsudil 0.01%,
0.02%, 0.04%, and placebo groups, respectively.
The most frequently reported AE was conjunc-
tival hyperemia, with an incidence of 23.6%,
37.0%, 56.9%, and 1.8%, respectively. No seri-
ous AEs were reported.
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Conclusion: Netarsudil ophthalmic solutions
0.01%, 0.02%, and 0.04% dosed QD (P.M.)
demonstrated superiority to placebo in terms of
hypotensive effectiveness at week 4 and were
found to be safe and generally well tolerated.
Netarsudil 0.02% QD provided an optimal effi-
cacy and safety profile for the treatment of
Japanese patients with POAG or OHT.
Trial Registration: NCT03844945.

Keywords: Conjunctival hyperemia;
Glaucoma; Intraocular pressure; Netarsudil;
Rho-associated protein kinase

Key Summary Points

Why carry out this study?

Glaucoma is the most common cause of
irreversible blindness affecting around
4.65 million people in Japan and more
than 64 million people worldwide. The
incidence of glaucoma is expected to
increase to more than 112 million by
2040.

Rho-associated protein kinase (ROCK)
inhibitors represent a new therapeutic
class for glaucoma. Netarsudil is a novel
ROCK inhibitor lowering the intraocular
pressure (IOP) by increasing the aqueous
humor outflow through the trabecular
meshwork (TM) pathway.

The study evaluates the hypotensive
efficacy and safety of three different
concentrations (0.01%, 0.02%, and
0.04%) of netarsudil ophthalmic solution
relative to placebo over a 4-week period in
Japanese patients with primary open-
angle glaucoma (POAG) or ocular
hypertension (OHT) to determine the
optimal concentration of netarsudil
ophthalmic solution for the population.

What was learned from the study?

Netarsudil 0.01%, 0.02%, and 0.04% once
daily (in evening) were superior to placebo
in terms of lowering mean diurnal IOP
after 4 weeks of treatment (16.53, 15.82,
16.06, and 18.94 mmHg, respectively,
p\0.0001).

The incidence of ocular adverse events
(AEs) was 34.5%, 42.6%, and 68.6% in the
netarsudil 0.01%, 0.02%, and 0.04%
groups, respectively. The most common
ocular AE was conjunctival hyperemia
with the highest incidence in netarsudil
0.04% (56.9% subjects) followed by
netarsudil 0.02% (37.0% subjects), and
netarsudil 0.01% (23.6% subjects) groups.

Netarsudil 0.02% once daily provided the
optimal hypotensive efficacy and safety
profile for the treatment of Japanese
population with POAG or OHT.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13606589.

INTRODUCTION

Glaucoma, a progressive degenerative optic
neuropathy, causes characteristic loss of visual
field and is characterized by functional and
mechanical abnormalities of the eyes (i.e.,
death of retinal ganglion cells and related
damage to the optic nerve) [1]. As the leading
cause of irreversible blindness worldwide, glau-
coma impacts more than 64 million people
(aged 40–80 years) worldwide and the number is
expected to escalate to 112 million by 2040 [2].
In Japan, glaucoma is a major cause of blindness
affecting approximately 4.65 million people [3].
Primary glaucoma is often classified into the
two broad categories of primary open-angle
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glaucoma (POAG) and primary angle-closure
glaucoma, depending upon the type of angle
formed between iris and cornea (wide and open
angle or closed/narrow angle). The POAG is
further divided on the basis of intraocular
pressure (IOP) into POAG with elevated IOP and
POAG with IOP within the normal range (nor-
mal-tension glaucoma, NTG). In an epidemio-
logic study conducted in Japan, the prevalence
of glaucoma, POAG, and NTG was 5.0%, 3.9%,
and 3.6%, respectively, which revealed that
more than 90.0% of patients in Japan with
POAG had NTG [4, 5]. An approximately four-
fold higher incidence of NTG was also reported
in the Japanese American population compared
to high-tension glaucoma cases [6]. Ocular
hypertension (OHT) is defined as a pathological
condition without abnormalities in the optic
nerve and visual field despite elevated IOP.
Although it is a leading risk factor for the
development of POAG, its prevalence in Japan
was relatively low at 0.8% [4].

A major risk factor for glaucomatous visual
field loss is elevated IOP [7], which is most
commonly the result of dysfunction of the tra-
becular meshwork (TM) outflow pathway (i.e.,
increase in the stiffness of TM, changes in
extracellular matrix deposition or permeability
of the inner wall of Schlemm’s canal) resulting
in decreased aqueous humor outflow to venous
circulation [8, 9]. Currently, IOP reduction via
pharmacologic therapies or surgical interven-
tion remains the only reliable treatment for all
stages and types of glaucoma [10]. Various
studies have reported that every millimeter
reduction in IOP significantly delays the disease
progression not only in patients with POAG
with elevated IOPs but also in patients with
NTG [11–14]. Hence, to maintain the quality of
vision and quality of life of the patients, it is
critically important to diagnose, treat, and
reduce the progression of the disorder by
selecting the appropriate pharmacotherapy(ies),
which must be safe, well tolerated, and effective
in lowering IOP for an extended period of time.

There are various pharmacotherapies which
lower IOP by either increasing uveoscleral out-
flow (e.g., prostaglandins and alpha agonists) or
decreasing aqueous humor production (e.g.,
beta blockers, carbonic anhydrase inhibitors,

alpha agonists) without specifically targeting
the diseased TM pathway [15, 16]. Pros-
taglandin analogues are often recommended as
the first-line therapy, except in special circum-
stances, because of the overall safety, tolerabil-
ity, and efficacy profile and once-daily (QD)
administration. However, prostaglandins can
result in characteristic cosmetic adverse reac-
tions, such as eyelid and iris pigmentation,
elongation of the eyelashes, and deepening of
upper eyelid sulcus, that may impair the quality
of life of patients. Beta blockers, which are
positioned after prostaglandin analogues on the
basis of ocular tolerability and ocular hypoten-
sive efficacy, have contraindications based on
the systemic (e.g., cardiovascular and pul-
monary) adverse drug reactions and thus have a
significant drawback in treating elderly patients
with glaucoma who often have cardiovascular
and respiratory comorbidities [3]. Rho-associ-
ated protein kinase (ROCK) inhibitors represent
a new therapeutic class with a unique mecha-
nism of action. ROCK inhibitors increase aque-
ous outflow through the TM outflow pathway
by decreasing actomyosin-driven cellular con-
tractions, production of fibrogenic extracellular
matrix proteins, and cell stiffness to relax TM
outflow tissues and lower IOP [17–21]. In Japan,
ripasudil hydrochloride hydrate 0.4% twice
daily (BID) is a ROCK inhibitor that is broadly
used in clinical practice for the treatment of
glaucoma and OHT; however, adverse reactions
such as blepharitis or allergic conjunctivitis can
lead to the discontinuation of drug treatment at
a relatively high rate [22, 23]. Glaucoma is a
chronic and initially asymptomatic disease for
which poor adherence to drug treatment is
common and reported to be associated with the
progression of glaucoma [24]. Hence, there
remains a need for new treatment
option(s) with once-daily administration that
lower IOP by targeting the diseased TM outflow
pathway and have a good safety profile without
systemic adverse drug reactions.

Netarsudil mesylate (an amino isoquinoline
amide) lowers IOP by inhibiting ROCK1 and
ROCK2, and has been shown to increase TM
outflow facility in mouse [25], monkey [20, 26],
and human [27, 28] eyes. In addition, it is
believed to also reduce episcleral venous
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pressure [20, 28, 29]. Netarsudil ophthalmic
solution 0.02% was approved by the US Food
and Drug Administration on December 18,
2017 and by the European Commission in
November 2019 for reduction of elevated IOP in
patients with POAG or OHT with the recom-
mended dosage of one drop into the affected
eye(s) QD in the evening (P.M.) [30]. It has
demonstrated ocular hypotensive activity
throughout the day with equal effectiveness in
terms of IOP reduction in both nocturnal and
diurnal periods [31]. Various clinical studies
have shown netarsudil 0.02% dosed QD to be
safe and well tolerated with significant reduc-
tion in IOP levels in patients with POAG or OHT
including those with lower baseline IOP
[28, 32–35]. The drug is expected to have high
clinical utility in Japan where patients with
POAG and relatively low IOP, including
patients with NTG, are prevalent.

In a recent clinical study conducted in the
USA on 42 Japanese American patients with
POAG or OHT, both netarsudil ophthalmic
solution 0.02% and 0.04% QD were shown to be
safe, generally well tolerated, and efficacious. To
further evaluate netarsudil in a larger number of
Japanese patients and to confirm the optimum
concentration for the Japanese population, the
current phase 2 study was conducted to evalu-
ate the hypotensive efficacy and safety of three
different concentrations (0.01%, 0.02%, and
0.04%) of netarsudil ophthalmic solution rela-
tive to placebo over a 4-week treatment period
in Japanese patients with POAG or OHT.

METHODS

Study Design

This study was a prospective, double-masked,
randomized, placebo-controlled, parallel-group,
phase 2 study that evaluated efficacy and safety
of three concentrations (0.01%, 0.02%, and
0.04%) of netarsudil ophthalmic solution over a
4-week treatment period in Japanese patients at
least 20 years of age with POAG or OHT. The
study was conducted at 25 sites in Japan from
March 19, 2019 to September 19, 2019 (regis-
tered with ClinicalTrials.gov as NCT03844945).

All study-related documents were reviewed and
approved by appropriate ethics committees
(Table S1 in the supplementary material). The
study was conducted in accordance with ethical
principles based on the Declaration of Helsinki
and the guidance stipulated in Article 14, Para-
graph 3, and Article 80–2 of the Pharmaceuti-
cals, Medical Devices and Other Therapeutic
Products Act of Japan, Ministry of Health,
Labour and Welfare (MHLW) Ordinance on
Good Clinical Practice (MHLW Ordinance
No. 28 [March 27, 1997]), International Council
for Harmonization Guideline E6 (R2), the study
protocol, and the standard operating proce-
dures. All patients provided their written
informed consent before participating in the
study.

The patients attended a total of six study
visits, including the screening visit (visit 1),
qualification visit 1 (visit 2, after a washout
period of pre-study ocular hypotensive medica-
tion varying from 5 days to at least 6 weeks;
5 days for muscarinic agonists or carbonic
anhydrase inhibitors; 2 weeks for adrenergic
agonists; 4 weeks for prostaglandins or b-
adrenoceptor antagonists; 6 weeks for Rho
kinase inhibitor), qualification visit 2/day 1/
baseline (visit 3; 2–7 days after qualification
visit 1), and post-treatment visits at week 1
(visit 4; day 8 ± 2 days), week 2 (visit 5;
day 15 ± 3 days), and week 4 (visit 6;
day 29 ± 3 days). Those patients who met the
study eligibility criteria at screening visit and
qualification visits 1 and 2 were considered eli-
gible to participate in the study. All the eligible
patients were enrolled at qualification visit 2
(day 1) and were randomized (1:1:1:1) by a
computer-generated randomization list using
an interactive web response system to receive
the placebo or netarsudil ophthalmic solution
0.01%, 0.02%, or 0.04%. The study medication
was dosed (one drop) into each eye QD in the
evening (between 8 and 10 P.M.), beginning on
day 1 and up to and including the evening
before week 4.

Patients and designated study site personnel
(investigators, sponsor, monitor, data manager,
statistician, and personnel involved in study
management) were fully masked to treatment
assignments. Patients were permitted to have
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intermittent use of artificial tear lubricant
products (a gap of at least 10 min between the
use of artificial tear lubricant products and the
study medication) and wear contact lenses (a
gap of 30 min between the contact lens wear
and instillation of study medication). Patients
were prohibited to use any form of ocular
hypotensive medications; miotics; epinephrine-
related compounds; carbonic anhydrase inhibi-
tors; a- and b-adrenoceptor antagonists; mus-
carinic agonists; ocular prostaglandins
analogues; ROCK inhibitors; any corticosteroids
containing ocular or systemic drug; or systemic
medications known to cause corneal deposits or
cornea verticillata.

Procedures included efficacy (IOP) and safety
assessments, including ocular symptoms/ad-
verse events (AEs); National Eye Institute Visual
Function Questionnaire (VFQ-25); contrast
sensitivity (CS) testing; best corrected visual
acuity (BCVA); biomicroscopic examinations of
the eyelids, conjunctiva, cornea, anterior
chamber, iris, pupil, and lens of the eye; dilated
ophthalmoscopy examination of the retina,
vitreous, macula, choroid, optic nerve, and
vertical cup/disc ratio; vital signs (heart rate and
blood pressure); and clinical laboratory assess-
ments (urine pregnancy test, blood chemistry,
hematology, and urinalysis). The IOP was mea-
sured at screening visit, qualification visit 1, and
day 1 and weeks 1, 2, and 4 (9 A.M. ? 30 min,
11 A.M. ? 30 min, and 4 P.M. ± 30 min) at all
study visits using a calibrated Goldmann
applanation tonometer (the most clinically
accurate and the standard tonometer used in
the diagnosis and treatment of glaucoma [3]).
Two consecutive IOP measurements of each eye
were obtained at each time point. If the two
measurements differed by more than 2 mmHg,
a third measurement was obtained. The IOP was
recorded as the mean of two measurements or
the median of three measurements [36]. AEs
were collected from the time of administration
until 30 days after the last dose of study medi-
cation. The VFQ-25 (Japanese version) and CS
testing were done at day 1; BCVA and vitals at
screening visit, qualification visit 1, and day 1
and weeks 1, 2, and 4; biomicroscopy at
screening visit, qualification visit 1, and day 1
and weeks 1, 2, and 4; dilated ophthalmoscopy

at screening visit and week 4; and clinical labo-
ratory tests at screening visit and week 4.

CS was assessed using the CSV-1000E test at
the recommended test distance of 8 ft (2.5 m),
and at the spatial frequencies of 3, 6, 12, and
18 cycles/degree. BCVA was measured using a
Landolt-C chart or its equivalents, at a distance
as per the site’s standard practice, with the
patient’s best correction from the manifest
refraction in place. A decrease in BCVA of three
lines or more in visual acuity from baseline was
defined as clinically significant. The BCVA
assessment preceded IOP measurements and the
administration of topical anesthetic agents, or
any examination requiring contact with the
anterior segment. Biomicroscopic abnormal
findings were graded on scales of 0 (none) to
3 (severe), or 0–4 (cells and cornea verticillata),
and lens status was reported as phakic, pseu-
dophakic, or aphakic; and dilated ophthal-
moscopy findings were assessed as 0 (normal) or
1 (abnormal). The cup/disc ratio was scored on a
scale of 0.1 to 1.0 in 0.1 increments. A change of
0.2 units from baseline in either eye was con-
sidered as clinically significant.

Patients

Eligible patients had a diagnosis of POAG or
OHT in both eyes or POAG in one eye and OHT
in another (fellow) eye; age at least 20 years;
medicated IOP 14 mmHg or higher in at least
one eye and less than 30 mmHg in both eyes at
the screening visit; BCVA 0.1 or better in the
decimal unit using Landolt-C chart or its
equivalent (? 1.0 logMAR or better by Early
Treatment of Diabetic Retinopathy Study or
20/200 or better by Snellen chart); and were
able and willing to provide signed informed
consent and follow study instructions. The
unmedicated (post washout) IOP for POAG eyes
was at least 15 mmHg and less than 35 mmHg
in the study eye and for OHT eyes, it was at least
22 mmHg and less than 35 mmHg in the study
eye at qualification visit 1 (9 A.M.) and qualifi-
cation visit 2 (9 A.M., 11 A.M., and 4 P.M.).

Patients were excluded from entry into the
study if they had clinically significant ocular
disease; pseudoexfoliation or pigment
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dispersion glaucoma, history of angle closure or
narrow angles; ocular hyperemia score of mod-
erate (? 2) or severe (? 3) at day 1; previous
intraocular glaucoma or refractive surgery in
either eye; ocular trauma within 6 months or
ocular surgery or non-refractive laser treatment
within 3 months prior to screening; evidence of
ocular infection or inflammation in either eye,
clinically significant blepharitis, conjunctivitis,
keratitis or a history of herpes simplex or zoster
keratitis in either eye at screening; any corneal
disease or condition in either eye that in the
investigator’s opinion may have confounded
assessment of the cornea; current evidence of
corneal deposits or cornea verticillata in either
eye; use of ocular medication in either eye
within 30 days of screening and throughout the
study with the exception of ocular hypotensive
medications, lid scrubs, lubricating drops, non-
steroid allergy drops, cataract medicinal treat-
ment, and topical nutritional supplement;
mean central corneal thickness greater than
620 lm in either eye at screening; any abnor-
mality preventing reliable applanation tonom-
etry of either eye; known hypersensitivity to
benzalkonium chloride or excipients of netar-
sudil ophthalmic solution; or cannot demon-
strate proper delivery of the eye drop or in the
investigator’s opinion unable to deliver the eye
drop consistently. Patients were also excluded
from the study if they were currently using
systemic medications known to cause corneal
deposits or cornea verticillata; had clinically
significant abnormalities in laboratory tests at
screening or clinically significant systemic dis-
ease which might have interfered with the
study; had participated in any interventional
study within 30 days before screening; or had
used systemic medication(s) that could have
had a substantial effect on IOP within 30 days
before screening, or that were anticipated dur-
ing the study, including any corticosteroid-
containing drug regardless of route of adminis-
tration. Women of childbearing potential who
were pregnant, nursing, planning a pregnancy,
or not using a medically acceptable form of
birth control were also excluded from the study.
All women of childbearing potential must have
a negative urine pregnancy test result at the

screening examination and must not intend to
become pregnant during the study.

Study Variables

Efficacy Variables
The primary efficacy variable was mean of mean
diurnal IOP at week 4, with mean diurnal IOP
calculated by averaging IOP measurements at
9 A.M., 11 A.M., and 4 P.M. for each patient first
and then calculating the mean across patients
within each treatment group. The secondary
efficacy variables were mean of mean diurnal
IOP at weeks 1 and 2; mean change and mean
percentage change from baseline in mean
diurnal IOP at each post-treatment visit; mean,
mean change, and mean percentage change in
IOP at each post-treatment time point (9 A.M.,
11 A.M., and 4 P.M.) at each post-treatment visit;
and percentage of patients achieving pre-speci-
fied mean diurnal IOP, and mean change and
mean percentage change in mean diurnal IOP
levels.

Safety Variables
The ocular safety variables were ocular symp-
toms/AEs; BCVA; objective findings of biomi-
croscopic examinations; and dilated
ophthalmoscopy, including vertical cup/disc
ratio measurements. The other safety variables
were non-ocular AEs; vital signs; and clinical
laboratory evaluations.

Statistical Analysis

The statistical analyses were conducted using
SAS� (SAS Institute, Cary, North Carolina, USA),
version 9.4. The intent-to-treat (ITT) population
was used for efficacy analyses where the ITT
population included all randomized patients
who received at least one dose of the study
medication.

The analysis of the primary efficacy variable
employed an analysis of covariance (ANCOVA)
model with mean diurnal IOP at week 4 as the
response, baseline mean diurnal IOP as a
covariate, and treatment as the main effect,
using the ITT population with Monte Carlo
Markov chain multiple imputation techniques
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to impute the missing data. The ANCOVA
model explains additional variability (i.e.,
reduces standard error) through inclusion of
baseline covariates and therefore improves sta-
tistical power. The LS means calculated from
this model are the means adjusted for the
covariate. LS means are better estimates of true
population means compared to arithmetic
means. The LS mean difference (netar-
sudil - placebo) was calculated separately for
netarsudil 0.01%, 0.02%, and 0.04% as well as
two-sided p values and 95% confidence inter-
vals (CIs). Superiority for netarsudil concentra-
tion (0.01%, 0.02% and 0.04%) was concluded
if the two-sided p value for testing the LS mean
difference (netarsudil - placebo) to 0 was less
than 0.05 and the point estimate of the LS mean
difference was less than 0 at week 4. A similar
ANCOVA model to the primary variable was
used for the analysis of mean diurnal IOP at
weeks 1 and 2 and IOP at each post-treatment
time point. The change in IOP was tested using
a two-sample t test and 95% t distribution CIs
on the difference. Fisher’s exact test (two-sided
p values) was used to test differences between
netarsudil (0.01%, 0.02%, 0.04%) versus pla-
cebo for each category (number and percentage
of study eyes obtaining a mean diurnal IOP of
B 22 to B 14 mmHg, mean diurnal IOP reduc-
tion from baseline of C 4 to C 12 mmHg, and
mean diurnal IOP percentage reduction from
baseline of C 5% to C 40%) at each visit.

The safety analyses were done on the safety
population, which included all randomized (as
treated) patients who received at least one dose
of study medication. The AEs were coded using
the Medical Dictionary for Regulatory Activi-
ties/Japanese translation version 21.1. The other
safety variables were summarized by the
descriptive statistics where all continuous study
assessments were summarized by number of
observations (n), arithmetic mean, standard
deviation (SD), median, and range (minimum,
maximum) and the categorical study assess-
ments were summarized by frequency counts
and percentages.

The sample size was based on assumptions of
a two-sided test with alpha = 0.05, a common
SD of 3.5 mmHg at each time point yielding a
common SD of 3.0 for the mean diurnal IOP,

and a correlation among time points of 0.60. It
was estimated that 49 patients per arm in the
ITT population would yield at least 90% power
to demonstrate superiority (assuming a differ-
ence of at least 2.0 mmHg) in the mean diurnal
study eye IOP of netarsudil (0.01%, 0.02%, or
0.04%) to placebo at week 4. Accounting for
approximately 5.0% discontinuation rate,
52 patients per arm (208 total) were planned for
enrollment.

RESULTS

Demographics and Disposition

A total of 215 patients were randomized to
treatment (55, 54, 51, and 55 patients in
netarsudil 0.01%, 0.02%, and 0.04%, and pla-
cebo groups, respectively). The mean ± SD age
of the overall population was 63.4 ± 13.2 years,
the majority of subjects were female, and most
had POAG across all the treatment groups.
There was no statistically significant difference
in demographics and other baseline character-
istics across the treatment groups (Table 1).

Out of 215 patients, 207 (96.3%) patients
completed 4 weeks of treatment and 8 (3.7%)
patients discontinued the study. Of the eight
discontinued patients, six patients discontinued
because of AEs (netarsudil 0.01%, one patient
[dizziness]; netarsudil 0.02%, one patient [con-
junctival hyperemia]; netarsudil 0.04%, four
patients [two had conjunctival hyperemia, one
had conjunctival hyperemia and blepharitis,
and one had superficial punctate keratitis]), one
patient discontinued because of withdrawal of
consent, and one patient discontinued the
study because of lack of efficacy (Fig. 1).

Efficacy

All 215 patients were included in the primary
efficacy analysis (ITT population). The mean of
mean diurnal IOP of study eyes at baseline
ranged from 20.28 to 21.14 mmHg and showed
no statistically significant difference across
treatment groups. At week 4, the LS mean of
mean diurnal IOP adjusted for baseline of study
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eyes treated with netarsudil 0.01%, 0.02%, and
0.04%, and placebo was 16.53, 15.82, 16.06,
and 18.94 mmHg, respectively. The adjusted LS
mean difference between netarsudil and pla-
cebo (LS mean difference [95% CI]) was - 2.41
(- 3.15, - 1.67), - 3.12 (- 3.87, - 2.38), and -

2.88 (- 3.66, - 2.10) mmHg in the netarsudil
0.01%, 0.02%, and 0.04% groups, respectively,
with all concentrations achieving statistical
significance (p\0.05 and the point estimate of
the LS mean difference\0) for the primary
endpoint of the study. Similar results were
reported at weeks 1 and 2 (Table 2).

There was a statistically significantly greater
reduction in mean diurnal IOP from baseline in
all the netarsudil groups (ranging from 4.10 to
4.56 for 0.01%, 4.36–4.80 for 0.02%, and
4.81–5.14 mmHg for 0.04%) than in the placebo
group (ranging from 1.40 to 1.73 mmHg) at
weeks 1, 2, and 4 (all p\0.0001) (Table 3),
which corresponded to statistically significantly
higher percentage reductions in mean diurnal
IOP from baseline in all the netarsudil groups
(ranging from 19.8% to 22.1% for 0.01%,
21.4–23.5% for 0.02%, and 23.8–25.1% for
0.04%) in comparison with the placebo group

Table 1 Demographics and baseline characteristics (ITT population)

Parameter Netarsudil
0.01%

Netarsudil
0.02%

Netarsudil
0.04%

Placebo All patients p valuea

N = 55 N = 54 N = 51 N = 55 N = 215

Sex, n (%)

Male 19 (34.5) 25 (46.3) 24 (47.1) 24 (43.6) 92 (42.8) 0.5305

Female 36 (65.5) 29 (53.7) 27 (52.9) 31 (56.4) 123 (57.2)

Age (years)

Mean ± SD 62.7 ± 14.6 64.1 ± 12.2 62.0 ± 13.6 64.6 ± 12.6 63.4 ± 13.2 0.7216

Age category, n (%)

\ 65 22 (40.0) 23 (42.6) 28 (54.9) 23 (41.8) 96 (44.7) 0.4117

C 65 33 (60.0) 31 (57.4) 23 (45.1) 32 (58.2) 119 (55.3)

Study eye diagnosis, n (%)

Ocular hypertension 16 (29.1) 15 (27.8) 16 (31.4) 15 (27.3) 62 (28.8) 0.9686

Primary open-angle

glaucoma

39 (70.9) 39 (72.2) 35 (68.6) 40 (72.7) 153 (71.2)

Prior hypotensive therapy

No prostaglandin

therapy

36 (65.5) 32 (59.3) 32 (62.7) 28 (50.9) 128 (59.5) 0.4449

Prostaglandin therapy 19 (34.5) 22 (40.7) 19 (37.3) 27 (49.1) 87 (40.5)

Mean diurnal IOP (mmHg) at day 1 (baseline)

Mean ± SD 20.51 ± 2.84 20.28 ± 2.80 20.76 ± 3.20 21.14 ± 3.70 20.67 ± 3.15 0.5237

ITT intent-to-treat, N number of patients in the given treatment of ITT population, n number of patients in a given
category, SD standard deviation
a p values are from tests of differences between treatment groups and are two-sided. Fisher’s exact test was used for
categorical variables and one-way analysis of variance was used for continuous variables
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(6.6–8.2%) at weeks 1, 2, and 4 (all p\ 0.0001)
(Table 4).

The mean IOP was also statistically signifi-
cantly lower in all the netarsudil groups (rang-
ing from 15.56 to 16.95 mmHg for 0.01%,
15.00–16.32 mmHg for 0.02%, and 15.32–-
16.62 mmHg for 0.04%) when compared with
the placebo group (ranging from 18.99 to
19.89 mmHg) across all post-treatment time
points (9 A.M., 11 A.M., and 4 P.M.) at each study
visit (all p\0.0001) (Fig. 2). There was similarly
a statistically significantly higher mean reduc-
tion and mean percentage reduction from time-
matched baseline IOP at each post-treatment
time point in all the netarsudil groups when
compared with the placebo group (p = 0.0019 to
\0.0001).

In responder analyses, the patients in the
netarsudil groups (0.01%, 0.02%, and 0.04%
concentration) generally achieved lower mean
diurnal IOP compared to patients in the placebo
group at week 4. The data also showed a greater
magnitude of IOP reduction and percentage
reduction in mean diurnal IOP from baseline at
week 4 for patients treated with all concentra-
tions of netarsudil compared to those treated
with placebo (Fig. 3).

Safety

AEs
The incidence of AEs was higher among eyes
treated with netarsudil, with AEs reported most
frequently in the netarsudil 0.04% (70.6%)
group compared to the netarsudil 0.01%
(38.2%), netarsudil 0.02% (50.0%), and placebo
(9.1%) groups. All the events were assessed as
mild in severity other than two moderate ocular
AEs in each of the netarsudil 0.01% and 0.04%
groups (ulcerative keratitis and osteoarthritis in
the netarsudil 0.01% group [one patient each]
and conjunctival hyperemia and eye pain in the
netarsudil 0.04% group [one patient each]).
Treatment-related AEs were reported in 27.3%
(15/55) in the netarsudil 0.01% group, 38.9%
(21/54) in the netarsudil 0.02% group, 62.7%
(32/51) in the netarsudil 0.04% group, and 3.6%
(2/55) in the placebo group. There were no
serious AEs or deaths reported in the study.

The ocular and non-ocular AEs present in at
least 5.0% of patients are summarized in
Table 5. The most common ocular AE was con-
junctival hyperemia (n = 63), with a higher
incidence in all the netarsudil groups compared
to the placebo group (netarsudil 0.01%, 23.6%

Fig. 1 Study disposition. N total number of patients in the given treatment, n number of patients in a given treatment
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[13/55]; netarsudil 0.02%, 37.0% [20/54];
netarsudil 0.04%, 56.9% [29/51]; placebo, 1.8%
[1/55], p B 0.0009). All events of conjunctival
hyperemia were assessed as mild except 1
moderate event in the netarsudil 0.04% group.
The majority of conjunctival hyperemia cases
(96.8% [61/63]) were considered as related to
the treatment and 4 of 61 treatment-related
conjunctival hyperemia cases led to patient
discontinuation from the study (netarsudil
0.02%, one patient; netarsudil 0.04%, three
patients).

The next most common ocular AEs were eye
irritation and conjunctival hemorrhage and
were reported only in the netarsudil groups. All
cases of eye irritation (netarsudil 0.01%, 5.5%
[3/55]; netarsudil 0.02%, 9.3% [5/54]; netarsudil
0.04%, 3.9% [2/51]) and conjunctival hemor-
rhage (netarsudil 0.02%, 5.6% [3/54]; netarsudil
0.04%, 5.9% [3/51]) were assessed as mild. All
10 cases of eye irritation and 3 of 6 cases of
conjunctival hemorrhage (1 in the netarsudil
0.02% group and 2 in the netarsudil 0.04%
group) were assessed as related to netarsudil.

Table 2 Mean diurnal IOP (mmHg) of the study eye (ITT population, missing data imputed with Monte Carlo Markov
chain)

Visit statistics Netarsudil
0.01%

Netarsudil
0.02%

Netarsudil
0.04%

Placebo

N = 55 N = 54 N = 51 N = 55

Week 1 LS mean ± SE 16.39 ± 0.28 16.22 ± 0.28 15.69 ± 0.30 19.34 ± 0.28

Difference from placebo

(Netarsudil - placebo)

- 2.96 - 3.12 - 3.65 –

95% CI

p value

(- 3.73,

- 2.19)

\ 0.0001

(- 3.90, -

2.35)

\ 0.0001

(- 4.45, -

2.86)

\ 0.0001

–

Week 2 LS mean ± SE 16.04 ± 0.28 16.02 ± 0.29 15.72 ± 0.30 19.04 ± 0.28

Difference from placebo

(Netarsudil - placebo)

- 3.00 - 3.02 - 3.33 –

95% CI

p value

(- 3.79,

- 2.21)

\ 0.0001

(- 3.82, -

2.23)

\ 0.0001

(- 4.13, -

2.53)

\ 0.0001

–

Week 4 (primary endpoint) LS mean ± SE 16.53 ± 0.27 15.82 ± 0.27 16.06 ± 0.29 18.94 ± 0.27

Difference from placebo

(Netarsudil - placebo)

- 2.41 - 3.12 - 2.88 –

95% CI

p value

(- 3.15,

- 1.67)

\ 0.0001

(- 3.87, -

2.38)

\ 0.0001

(- 3.66, -

2.10)

\ 0.0001

–

CI confidence interval, IOP intraocular pressure, ITT intent-to-treat, LS least squares, N number of patients in the given
treatment of ITT population, SE standard error
LS means, SEs, CIs (two-sided), and p values (two-sided) are from ANCOVA model with treatment as a factor and baseline
diurnal mean as a covariate (missing data was supplemented by Monte Carlo Markov chain)
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All non-ocular AEs fell into the category of
Infections and Infestations, with nasopharyn-
gitis being the most common (netarsudil 0.01%,
0% [0/55]; netarsudil 0.02%, 3.7% [2/54];
netarsudil 0.04%, 5.9% [3/51]; placebo, 0% [0/
55]). All cases of non-ocular AEs were assessed as
mild with the exception of one case, which was
assessed as moderate (osteoarthritis in the
netarsudil 0.01% group). None of the non-ocu-
lar AEs were assessed as related to study drug.
No cases of cornea verticillata were reported
during the study.

Other Safety Measures
There were no clinically relevant changes
reported in visual acuity for the study eyes or
the fellow eyes at any post-treatment visits.
There were no statistically significant differ-
ences between netarsudil and placebo groups
for biomicroscopy findings other than con-
junctival hyperemia. The mean of the con-
junctival hyperemia score evaluated on a
4-point scale from 0 to 3 at 9 A.M. at week 1, 2,
and 4 was 0.2, 0.2, 0.1 in the netarsudil 0.01%
group, 0.3, 0.2, 0.2 in the netarsudil 0.02%
group, and 0.6, 0.4, 0.5 in the netarsudil 0.04%

Table 3 Mean change from baseline in mean diurnal IOP (mmHg) of study eye at each post-treatment visit (ITT
population, observed data)

Visit statistics Netarsudil 0.01% Netarsudil 0.02% Netarsudil 0.04% Placebo
N = 55 N = 54 N = 51 N = 55

Week 1 n 54 53 48 55

Mean ± SD - 4.24 ± 2.02 - 4.36 ± 2.08 - 5.14 ± 2.31 - 1.40 ± 1.97

Difference from placebo

(Netarsudil - placebo)a
- 2.84 - 2.97 - 3.74 –

95% CI

p valueb
(- 3.60, - 2.09)

\ 0.0001

(- 3.74, - 2.20)

\ 0.0001

(- 4.58, - 2.91)

\ 0.0001

–

Week 2 n 54 53 48 54

Mean ± SD - 4.56 ± 2.22 - 4.58 ± 2.13 - 5.11 ± 2.43 - 1.65 ± 1.84

Difference from placebo

(Netarsudil - placebo)a
- 2.91 - 2.93 - 3.46 –

95% CI

p valueb
(- 3.69, - 2.13)

\ 0.0001

(- 3.69, - 2.17)

\ 0.0001

(- 4.30, - 2.62)

\ 0.0001

–

Week 4 n 54 53 46 54

Mean ± SD - 4.10 ± 2.13 - 4.80 ± 1.82 - 4.81 ± 2.27 - 1.73 ± 1.75

Difference from placebo

(Netarsudil - placebo)a
- 2.36 - 3.07 - 3.08 –

95% CI

p valueb
(- 3.11, - 1.62)

\ 0.0001

(- 3.75, - 2.39)

\ 0.0001

(- 3.87, - 2.28)

\ 0.0001

–

CI confidence interval, IOP intraocular pressure, ITT intent-to-treat, N number of patients in the given treatment of ITT
population, n number of patients at a given visit, SD standard deviation
a Difference between the groups (netarsudil - placebo) was tested using t-test
b CIs and p values are two-sided
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group, respectively, and 0 in the placebo group
at all post-treatment visits (Fig. 4). No clinically
significant changes in vital signs or laboratory
(hematological and blood chemistry) values
were reported in any of the treatment groups
from baseline to any post-treatment visit. One
patient had urinary abnormalities (urine
leukocyte esterase positive) at week 4, which
was assessed as mild, unlikely related to the
treatment, and was resolved during the study.

DISCUSSION

In the current phase 2 study, netarsudil oph-
thalmic solution 0.01%, 0.02%, and 0.04%
dosed QD (P.M.) demonstrated clinically rele-
vant efficacy and met the primary endpoint of
superiority to placebo in mean diurnal IOP at
week 4 in Japanese patients with POAG or OHT
(p\ 0.0001). In this study population with rel-
atively low baseline mean of mean diurnal IOP
ranging from 20.28 to 21.14 mmHg, netarsudil
0.01%, 0.02%, and 0.04% achieved mean
reductions in mean diurnal IOP at week 4 of
4.10 (19.8%), 4.80 (23.5%), and 4.81 (23.8%)

Table 4 Mean percentage change from baseline in mean diurnal IOP of study eye at each post-treatment visit (ITT
population, observed data)

Visit statistics Netarsudil 0.01% Netarsudil 0.02% Netarsudil 0.04% Placebo
N = 55 N = 54 N = 51 N = 55

Week 1 n 54 53 48 55

Mean ± SD - 20.52 ± 9.00 - 21.35 ± 9.82 - 25.14 ± 10.79 - 6.58 ± 8.64

Difference from placebo

(Netarsudil - placebo)

- 13.94 - 14.77 - 18.56 –

Two-sided 95% CI

p value

(- 17.29, - 10.59)

\ 0.0001

(- 18.29, - 11.24)

\ 0.0001

(- 22.36, - 14.76)

\ 0.0001

–

Week 2 n 54 53 48 54

Mean ± SD - 22.12 ± 9.98 - 22.34 ± 9.99 - 25.07 ± 11.20 - 7.77 ± 8.26

Difference from placebo

(Netarsudil - placebo)

- 14.34 - 14.57 - 17.30 –

Two-sided 95% CI

p value

(- 17.84, - 10.85)

\ 0.0001

(- 18.08, - 11.06)

\ 0.0001

(- 21.14, - 13.46)

\ 0.0001

–

Week 4 n 54 53 46 54

Mean ± SD - 19.79 ± 9.38 - 23.52 ± 8.06 - 23.80 ± 11.02 - 8.21 ± 7.95

Difference from placebo

(Netarsudil - placebo)

- 11.58 - 15.31 - 15.58 –

Two-sided 95% CI

p value

(- 14.90, - 8.26)

\ 0.0001

(- 18.37, - 12.24)

\ 0.0001

(- 19.36, - 11.81)

\ 0.0001

–

CI confidence interval, IOP intraocular pressure, ITT intent-to-treat, N number of patients in the given treatment of ITT
population, n number of patients at a given visit, SD standard deviation
Difference between the groups (netarsudil - placebo) was tested using t test
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Fig. 2 Mean IOP ± SE of study eye at each time point (9 a.m., 11 a.m., and 4 p.m.) at baseline, week 1, week 2, and week 4
(ITT population, observed data). IOP intraocular pressure, ITT intent-to-treat, SE standard error

Fig. 3 Percentage of patients with a mean diurnal
IOP B 18 mmHg at week 4, b mean diurnal IOP reduc-
tion C 2 mmHg from baseline at week 4, c mean diurnal

IOP C 20% reduction from baseline at week 4 in the
study eye. IOP intraocular pressure
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mmHg, respectively, that were statistically sig-
nificantly greater than placebo (1.73 [8.2%]
mmHg). In a responder analysis, 20.4%, 35.8%,
and 34.8% of patients in the netarsudil 0.01%,
0.02%, and 0.04% groups, respectively,
achieved a mean diurnal IOP of 14 mmHg or
less at week 4 compared to 3.7% in the placebo
group. Though all concentrations of netarsudil
reduced mean diurnal IOP in comparison to
placebo, the overall ocular hypotensive efficacy
of netarsudil 0.02% and 0.04% were each
numerically greater than netarsudil 0.01%.

The ocular hypotensive efficacy of netarsudil
0.02% shown in the present study is consistent
with the results of the phase 3 studies con-
ducted in the USA, in which the IOP-lowering

effects of netarsudil 0.02% QD demonstrated
noninferiority to timolol BID [32–34]. In a
recent phase 3 study of brimonidine in Japan,
where a beta blocker (timolol 0.5% BID) was
used as a comparator, the mean change from
baseline in mean IOP of trough (before instil-
lation) and peak (2 h after instillation) at week 4
was - 4.7 mmHg in the timolol (baseline IOP
22.3 mmHg) [37]. Although the interpretation
of the comparison has limitations arising from a
cross-study comparison (e.g., different baseline
IOPs or no comparable placebo group), a com-
parable efficacy might be expected between
netarsudil 0.02% QD and timolol BID in terms
of IOP reduction for the Japanese population as
well. Currently, ripasudil (ripasudil 0.4% BID)

Table 5 Ocular and non-ocular AEs in at least 5.0% of patients in any group (safety population)

System organ class
Preferred term

Number (%) of patients p valuea

Netarsudil
0.01%

Netarsudil
0.02%

Netarsudil
0.04%

Placebo

N = 55 N = 54 N = 51 N = 55

Any ocular AEs 19 (34.5) 23 (42.6) 35 (68.6) 5 (9.1) 0.0022/\ 0.0001/

\ 0.0001

Eye disorders 17 (30.9) 22 (40.7) 35 (68.6) 4 (7.3) 0.0029/\ 0.0001/

\ 0.0001

Conjunctival hyperemia 13 (23.6) 20 (37.0) 29 (56.9) 1 (1.8) 0.0009/\ 0.0001/

\ 0.0001

Eye irritation 3 (5.5) 5 (9.3) 2 (3.9) 0 0.2431/ 0.0271/0.2291

Conjunctival

hemorrhage

0 3 (5.6) 3 (5.9) 0 – /0.1182/ 0.1079

Any non-ocular AEs 4 (7.3) 4 (7.4) 5 (9.8) 1 (1.8) 0.3634/ 0.2057/ 0.1033

Infections and

infestations

2 (3.6) 3 (5.6) 4 (7.8) 0 0.4954/0.1182/0.0503

Nasopharyngitis 0 2 (3.7) 3 (5.9) 0 –/0.2431/ 0.1079

AE adverse events, N number of patients in the given treatment of the safety population
Percentages are based on the number of patients (N) in the given treatment group for the safety population
When reporting incidence, a patient was counted once if they ever experienced an event within the system organ class or
individual preferred term more than once
AEs were coded using Medical Dictionary for Regulatory Activities in Japanese (MedDRA/J), version 21.1
a p values, expressed as p1/p2/p3, are from Fisher’s exact test comparing the incidence between netarsudil 0.01%, 0.02%, and
0.04% with placebo
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which belongs to the same ROCK inhibitor class
as netarsudil, is approved in Japan as a twice-
daily treatment for glaucoma and OHT when
other therapeutic agents are not effective or
cannot be administered and is broadly used in
clinical practice. In a phase 2 dose–response
study of ripasudil for patients with POAG or
OHT in Japan, patients were treated with ripa-
sudil in concentrations of 0.1%, 0.2%, and 0.4%
or placebo BID for 8 weeks [38]. The mean IOP
reductions of the last visit (week 8) from base-
line were 2.2, 3.4, 3.2, and 3.5 mmHg, respec-
tively, in the placebo, ripasudil 0.1%, 0.2%, and
0.4% groups at before instillation (trough) and
- 2.5, - 3.7, - 4.2, and - 4.5 mmHg at 2 h after
instillation (peak) with the mean baseline IOP
between 23.0 and 23.4 mmHg. On the basis of
those results, netarsudil 0.02% QD could have
the potential to provide at least comparable
ocular hypotensive efficacy to ripasudil 0.4%
BID and to be an alternative option in ROCK
inhibitors. Further clinical studies are needed to
draw firm conclusions regarding relative effi-
cacy of those IOP-reducing agents.

In terms of safety, netarsudil ophthalmic
solutions 0.01%, 0.02%, and 0.04% adminis-
tered QD were safe and generally well tolerated
in Japanese patients with POAG or OHT on the
basis of the AEs and assessments of ocular

parameters, vital signs, and clinical laboratory
findings. The number of patients with at least
one AE was 21 (38.2%), 27 (50.0%), and
36 (70.6%) in the netarsudil 0.01%, 0.02%, and
0.04% groups, respectively, representing an
increased incidence of AEs with higher con-
centration of netarsudil. In our study, there was
no evidence of netarsudil-related serious AEs.
The most frequent ocular AE among netarsudil-
treated patients in the study was conjunctival
hyperemia. Most reports of conjunctival
hyperemia were mild (mean conjunctival
hyperemia score across netarsudil groups via
biomicroscopy was less than 1 at all the time
points) and only four patients in netarsudil
groups discontinued the study drug because of
conjunctival hyperemia (one patient in the
netarsudil 0.02% group and three patients in
the netarsudil 0.04% group). Conjunctival
hyperemia is an expected consequence of the
known vasodilatory effects of ROCK inhibition
[18, 21, 39]. In the phase 3 studies with netar-
sudil 0.02%, conjunctival hyperemia was the
most frequently reported AE as well, and the
proportion of patients with conjunctival
hyperemia in the netarsudil 0.02% QD group
ranged from 47.9% to 61.0% [32–34, 40], which
was higher than that reported in our study
(37.0%). In the phase 2 dose–response study of

Fig. 4 Mean conjunctival hyperemia score in the study eye at 9 A.M. at baseline, week 1, week 2, and week 4
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ripasudil mentioned above, conjunctival
hyperemia was found in 7 (13.0%) of 54
patients in the placebo group, 23 (43.4%) of 53
patients in the ripasudil 0.1% group, 31 (57.4%)
of 54 patients in the ripasudil 0.2% group, and
32 (65.3%) of 49 patients in the ripasudil 0.4%
group [38]. It is important to note that this
ocular AE is not specific to ROCK inhibitors and
is widely observed in other IOP-reducing agents,
most notably prostaglandin analogues and
alpha agonists [41]. The other common AEs
(occurring in at least 5.0% of patients in any
treatment group) reported in our study, eye
irritation and conjunctival hemorrhage, were
also reported in the phase 3 studies with netar-
sudil 0.02% QD (eye irritation, less than 5.0%;
conjunctival hemorrhage, 13.3–19.5%)
[32–34, 40]. Conjunctival hemorrhage, which
was typically described by investigators as small
petechial hemorrhages, was reported as mild in
all (except one) cases in the study and generally
resolved with continued use of netarsudil. Cor-
nea verticillata was a commonly reported ocular
AE in the netarsudil phase 3 studies (netarsudil
0.02% QD, 5.4–25.5%) [32–34, 40]. It is a whorl-
like pattern of benign lipid microdeposits typi-
cally localized to the basal corneal epithelium
[42, 43] which rarely impacts vision and typi-
cally resolves upon discontinuation of medica-
tion. Consistent with a previous 4-week
netarsudil 0.02% study [35], cornea verticillata
was not reported in our study. This may be due
to the short duration of our study (4 weeks)
since cornea verticillata findings generally have
been reported only after 6 weeks or more of
treatment. Overall, the safety profile of netar-
sudil in our study for the Japanese population
was consistent with observations from the pre-
vious phase 3 studies, with no new safety issues
reported.

Our study has a few limitations. The 28-day
study duration did not provide information on
the long-term efficacy and safety of netarsudil.
In addition, there was no comparator oph-
thalmic hypotensive medication arm in the
study.

CONCLUSION

On the basis of its efficacy and safety profile,
netarsudil 0.02% dosed QD (P.M.) was confirmed
to be the optimal concentration for the Japa-
nese population. The clinically relevant IOP
reductions demonstrated in patients with rela-
tively low baseline IOP (mean of mean diurnal
IOP at baseline as 20.28–21.14 mmHg) suggest
that netarsudil ophthalmic solution 0.02% QD
may be beneficial in patients with POAG in
Japan, where NTG comprises more than 70% of
patients with glaucoma.
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