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e PURPOSE: To evaluate netarsudil 0.02% ophthalmic
solution in patients with open-angle glaucoma (OAG)
and ocular hypertension (OHT).

e DESIGN: Double-masked, randomized, multicenter,
parallel-group, noninferiority clinical study.

e METHODS: After a washout of all prestudy ocular hypo-
tensive medications, 756 eligible patients with elevated
IOP were randomized to receive netarsudil 0.02% once
a day (q.d.) (251); netarsudil 0.02% twice a day (b.i.d.)
(254); or timolol 0.5% b.i.d. (251) for 12 months, as
well as a noninterventional Corneal Observation Study
(COS) for patients manifesting cornea verticillata.

e RESULTS: On treatment, mean IOP at 8:00 AM
decreased from a baseline IOP of 22.5-22.6 mm Hg to
17.9-18.8 mm Hg, 17.2-18.0 mm Hg, and 17.5-
17.9 mm Hg for netarsudil q.d., netarsudil b.i.d., and
timolol, respectively, over 12 months. The most
frequently reported adverse events (AEs) were ocular,
with the most frequent ocular AE being conjunctival
hyperemia, with an incidence of 61%, 66%, and 14%,
respectively. The next most frequent AEs were corneal
deposits (corneal verticillata), with an incidence of
26%, 25%, and 1%, respectively, and conjunctival
hemorrhage (typically petechial), with an incidence of
20%, 19%, and 1%, respectively. All 3 AEs were gener-
ally scored as mild, with conjunctival hyperemia and/or
hemorrhage appearing sporadically during the study. In
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the observational follow-up component of this study,
there was no clinically meaningful impact of corneal
verticillata on visual function in affected patients.

e CONCLUSIONS: In this randomized, double-masked
trial, once-daily dosing of netarsudil 0.02% was effective,
consistently lowering IOP through 12 months, and was
tolerated by the majority of patients. (Am ]
Ophthalmol 2019;200:130-137. © 2019 The Authors.
Published by Elsevier Inc. This is an open access article
under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).)

blindness and affects more than 60 million people

G LAUCOMA IS A LEADING CAUSE OF IRREVERSIBLE
worldwide. "

Lowering intraocular pressure
(IOP) decreases the development and progression of
glaucomatous visual field loss.”" Although current ocular
hypotensive medications are generally effective at
lowering IOP, many patients do not achieve target
IOPs.”® Combining current medications with different
dosing frequencies can produce complex dosing regimens
that contribute to poor patient adherence to prescribed
therapy.”’

In an effort to provide novel pharmacotherapies that can
produce effective IOP lowering while providing a conve-
nient, once-daily dosing regimen, Rho kinase (ROCK)
inhibitors are being evaluated as a new class of topical
agents for the treatment of open-angle glaucoma (OAG)
and ocular hypertension (OHT).'Y The most commonly
prescribed ocular hypotensive medications reduce IOP by
increasing uveoscleral aqueous outflow (prostaglandin ana-
logues) or decreasing aqueous humor production
(B-adrenoceptor antagonists, a-adrenoceptor agonists,
and carbonic anhydrase inhibitors). ROCK inhibitors
lower IOP through a different mechanism of action,
increasing aqueous outflow through the trabecular outflow
pathway by decreasing actomyosin-driven cellular contrac-
tion and reducing production of fibrogenic extracellular
matrix proteins.' "7 It is dysfunction of the trabecular
outflow pathway that is responsible for elevated IOP in
patients with OAG and OHT.'®!"
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Netarsudil (previously AR-13324) is a potent ROCK
inhibitor and also an inhibitor of the norepinephrine trans-
porter.'™" In preclinical models, netarsudil has been
shown to lower IOP through 3 effects on aqueous humor
dynamics: (1) increases trabecular outflow facility, (2)
decreases production of aqueous humor,'* and (3) de-
creases episcleral venous pressure.”” In a clinical study in
normal healthy volunteers, once-daily dosing of netarsudil
ophthalmic solution 0.02% lowered IOP relative to base-
line primarily by increasing outflow facility, and it appeared
to reduce episcleral venous pressure.”’ In a 28-day phase 2,
randomized, double-masked, study, netarsudil ophthalmic
solution 0.02% produced clinically significant reductions
in mean diurnal IOP. In a prespecified subset analysis of pa-
tients with baseline IOPs <26 mm Hg, netarsudil 0.02%
and latanoprost were similarly effective.””

Results from the first 3 months of the 12-month Phase 3
ROCKET-2 study were recently published.”” In this report,
we extend the previous findings to include the long-term
results from the 12-month ROCKET-2 study. Netarsudil
ophthalmic solution 0.02% was approved for clinical use
by the U.S. Food and Drug Administration (FDA) in
December 2017.

METHODS

e STUDY DESIGN: ROCKET-2 was a 12-month, double-
masked, randomized, multicenter, parallel-group study
that compared netarsudil ophthalmic solution 0.02%
(netarsudil) to timolol maleate ophthalmic solution 0.5%
(timolol) in patients with OAG or OHT. Netarsudil was
dosed once a day (q.d.) PM or twice a day (b.i.d.). Timolol
was dosed b.i.d. The studies were conducted in accordance
with Good Clinical Practices Guidelines and adhered to
the Declaration of Helsinki, and written informed consent
was obtained from all subjects. A list of investigators and
sites that participated in these studies is provided in the
Addendum (Supplemental Material available at AJO.
com). ROCKET-2 is registered with clinicaltrials.gov as
NCT02207621.

Eligible patients were randomized by a computer-
generated method to receive netarsudil or timolol in both
eyes. Patients and designated study site personnel were fully
masked to treatment assignments. A vehicle bottle was
provided for AM dosing in the netarsudil q.d. PM treat-
ment groups to maintain masking. Patients were scheduled
to attend a total of 9 study visits: a Screening Visit, Qual-
ification Visit #1, Qualification Visit #2/Day 1 (baseline),
Week 2, Week 6, Month 3, Month 6, Month 9, and Month
12. Examinations included IOP measurements (8:00 AM,
10:00 AM, and 4:00 PM), best-corrected visual acuity
(BCVA) by Early Treatment of Diabetic Retinopathy
Study (ETDRS) charts,”* biomicroscopy, and assessment
of adverse events (AE). Diurnal IOP measurements (8:00
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AM, 10:00 AM, and 4:00 PM) were performed at baseline,
Week 2, Week 6, and Month 3; IOP was measured at 8:00
AM only at Month 6, Month 9, and Month 12. Dilated
ophthalmoscopy and static automated visual fields were
performed at Screening, Month 3, and Month 12.

IOP was measured using a calibrated Goldmann appla-
nation tonometer. Two consecutive IOP measurements
of each eye were obtained. If the 2 measurements differed
by more than 2 mm Hg, a third measurement was obtained.
IOP was to be recorded as the mean of 2 measurements or as
the median of 3 measurements.”” Biomicroscopic grading
was performed on 4-point scales from 0 = none to 3 = se-
vere for erythema and edema of the lid, hyperemia and
edema of the conjunctiva, edema and staining of the
cornea, anterior chamber flare, and lens opacity (phakic
only).

At the completion of the Month 12 visit and netarsudil
treatment, a subset of netarsudil-treated patients with the
finding of cornea verticillata were eligible to enroll in a
noninterventional Corneal Observation Study (COS,
AR-13324-OBS01) to assess the potential impact of cornea
verticillata on visual function. The first study visit occurred
within 2 weeks of completing the Month 12 visit, and sub-
sequent COS visits occurred monthly for 3 months and
bimonthly thereafter until cornea verticillata had resolved
(grade Q) or stabilized (>1 year after netarsudil cessation
without worsening). Cornea verticillata grading”® and
BCVA were performed at all COS visits. At the Week 2
and final COS visits, a Visual Function Index (VF-14)
questionnaire’’ and the Pelli-Robson contrast sensi-
tivity”®*” test were performed.

e PATIENTS: Eligible patients were adults (18 years of age
or greater) or, to meet FDA law, children aged 0-2 years
with a diagnosis of bilateral OAG or OHT. Unmedicated
IOP (after washout if required)’® was required to be
>20 mm Hg and <27 mm Hg at 8:00 AM in at least 1
eye at both qualification visits. At the second qualification
visit, unmedicated IOP was required to be >17 mm Hg and
<27 mm Hg at 10:00 AM and 4:00 PM. If both eyes qual-
ified for all criteria, the eye with the higher IOP was
selected to be the study eye for statistical purposes. If
both eyes had the same IOP, the right eye was selected as
the study eye. Corrected visual acuity in each eye was
required to be +1.0 logMAR or better by the ETDRS sys-
tem in each eye. Individuals were required to be able and
willing to give signed Institutional Review Board-
approved informed consent (parent or guardian consent
for pediatric patients) and follow study instructions.
Excluded from the study were individuals currently
treated with >2 ocular hypotensive medications and those
with pseudoexfoliation or pigment dispersion component
glaucoma, a history of angle closure or narrow iridocorneal
angles (including previous peripheral iridotomy), previous
glaucoma incisional or laser surgery, refractive surgery,
central corneal thickness greater than 600 wm, or known
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hypersensitivity to or contraindications to netarsudil or
timolol or their excipients. Also excluded were individuals
with clinically significant ocular disease in either eye or sys-
temic disease that might interfere with the study, as well as
women of childbearing potential who were pregnant,
nursing, planning a pregnancy, or not using a medically
acceptable form of birth control. At screening, individuals
were observed to assure proper performance of eye drop
instillation.”’

e STATISTICS: As previously reported, the primary efficacy
outcome was mean IOP at 8:00 AM, 10:00 AM, and 4:00
PM at Week 2, Week 6, and Month 3 in the per protocol
(PP) population with IOP <25 mm Hg at all baseline
time points.23

Power calculations and definition of noninferiority
margin are provided in the previous report.”’ Assessment
of safety and tolerability was based on patient reports in
response to open-ended questions (eg, “how are you
feeling”) and ophthalmic and systemic examinations.
AEs were coded using the Medical Dictionary for Regulato-
ry Activities (Versions 17.0-19.0). The safety population
included all randomized patients who received at least 1
dose of study medication.

Analyses were conducted using SAS (SAS Institute,
Cary, North Carolina, USA), version 9.2 or higher. Statis-
tical significance was P < .05, 2-tailed, with no adjustment
for multiplicity.

RESULTS

e DISPOSITION AND DEMOGRAPHICS: Pr: estudy
Characteristics. A total of 756 patients were enrolled.
The demographics for the safety population were previ-
ously reported.”” In brief, the population had a mean age
in the mid 60s, was predominantly female, and was
approximately three fourths white and one fourth African
American. There were no statistically significant
differences in demographics between treatment groups.
Although eligible for enrollment, no patients 0-2 years of
age were enrolled. At the time of prestudy screening,
approximately half of the patients were on prostaglandin
therapy (monotherapy or combination therapy) and the
remainder were on a non-prostaglandin therapy or were
untreated. One patient randomized to the netarsudil
b.i.d. treatment group did not receive study medication.

Disposition. In the original report at 3 months, 82%
(205/251), 60% (153/254), and 94% (237/251) of patients
in the netarsudil q.d., netarsudil b.i.d., and timolol b.i.d.
groups, respectively, completed the first 3 months. The pro-
portion of patients discontinuing prior to 3 months owing
to an adverse event was 12% (31/251), 30% (77/254),
and 1% (2/251), respectively.” For the entire 12 months
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58% (146/251), 34% (86/254), and 81% (204/251) of
patients in the netarsudil g.d., netarsudil b.i.d., and
timolol groups, respectively, completed the study. The
proportion of patients discontinuing owing to an adverse
event was 28% (71/251), 52% (132/254), and 6%
(15/251), respectively.

e INTRAOCULAR PRESSURE: The 3-month primary
efficacy analysis for ROCKET-2 was previously reported
and demonstrated that both netarsudil q.d. and b.i.d.
met the prespecified criteria for noninferiority to timolol."
Following the Month 3 visit, [OPs were measured at the
Months 6, 9, and 12 visits at 8:00 AM only. Therefore,
long-term ocular hypotensive efficacy of netarsudil
ophthalmic solution 0.02% was evaluated using mean
IOP measured at 8:00 AM from Week 2 to Month 12
in the primary efficacy population (PP population with
maximum baseline IOP <25 mm Hg). Mean IOP at base-
line at 8:00 AM was 22.5-22.6 mm Hg. Mean IOP at 8:00
AM ranged from 17.9 to 18.8 mm Hg and from 17.2 to
18.0 mm Hg for netarsudil dosed q.d. and b.i.d., respec-
tively, and from 17.5 to 17.9 mm Hg for timolol, thereby
demonstrating persistence of ocular hypotensive efficacy
of netarsudil (Table 1). There was little evidence of toler-
ance (reduction in ocular hypotensive efficacy) in any

treatment group over the 12 months of the study
(Table 1).

e ADVERSE EVENTS: AEs in patients treated with once-
daily netarsudil were predominantly nonserious and gener-
ally mild in intensity, whereas twice-daily dosing resulted
in a higher proportion of AEs with moderate intensity.
The incidence of ocular AEs over 12 months was 83%
(209/251) in the netarsudil q.d. group, 88% (222/253) in
the netarsudil b.i.d. group, and 49% (124/251) in the
timolol group. The most frequent AEs recorded over
12 months of treatment are shown in Table 2.

The most frequently reported ocular adverse event was
conjunctival hyperemia, with an incidence of 61%
(152/251) for netarsudil q.d., 66% (168/253) for netarsudil
b.i.d., and 14% (35/251) for timolol. For netarsudil, the
severity of these findings was mostly mild (q.d.: 75%,
114/152; b.i.d.: 61%, 102/168). For timolol, the severity
was also mostly mild (89%, 31/35). The onset of conjunc-
tival hyperemia in netarsudil-treated groups was relatively
early, with approximately 50%-60% of the first occurrence
within the first 24 days of the study. Conjunctival hyper-
emia was also assessed at the biomicroscope by the investi-
gators at regularly scheduled visits. From a mean baseline of
0.2 (0-to-3-unit scale) in all groups, the mean conjunctival
hyperemia score in the study eye at each on-treatment
study visit ranged from 0.5 to 0.7 in the netarsudil q.d.
group and from 0.6 to 0.8 in the netarsudil b.i.d. group
and remained at the baseline score of 0.2 in the timolol
group. The incidence of conjunctival hyperemia leading
to discontinuation of study drug was 12% (31/251), 24%
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TABLE 1. ROCKET-2: Mean Intraocular Pressure (mm Hg) by Visit: Primary Efficacy Population®

Mean |OP

Netarsudil g.d. (N = 129)

Netarsudil b.i.d. (N = 132)

Timolol (N = 142)

Netarsudil g.d.-Timolol (95% C.1.)

Mean Difference

95% Cl

Netarsudil b.i.d.-Timolol (95% Cl)

Mean Difference

95% Cl

Baseline
8:00 AM
10:00 AM
4:00 PM

Day 15
8:00 AM
10:00 AM
4:00 PM

Day 43
8:00 AM
10:00 AM
4:00 PM

Day 90
8:00 AM
10:00 AM
4:00 PM

Month 6
8:00 AM

Month 9
8:00 AM

Month 12
8:00 AM

22.54 (n = 129)
21.29 (n = 129)
20.43 (n = 129)

18.07 (n = 127)
16.72 (n = 126)
16.68 (n = 126)
17.95 (n = 122)
16.95 (n = 120)
17.00 (n = 120)
18.24 (n = 116)
17.03 (n = 114)
17.13 (n = 114)
17.92 (n = 105)
18.16 (n = 91)

18.80 (n = 86)

22,55 (n = 132)
21.27 (n = 132)
20.56 (n =132)

17.21 (n = 127)
16.35 (n = 120)
15.65 (n = 118)
17.64 (n = 111)
16.28 (n = 106)
15.75 (n = 106)
17.58 (n = 91)
16.94 (n = 88)
16.51 (n = 88)
17.71 (n = 69)
17.15 (n = 59)

17.96 (n = 56)

22.54 (N=142)
21.27 (N=142)
20.71 (n = 142)

17.69 (n = 142)
16.93 (n = 141)
16.83 (n = 141)
17.46 (n = 141)
16.63 (n = 141)
16.60 (n = 141)
17.47 (n = 140)
16.92 (n = 140)
16.95 (n = 139)
17.86 (n = 135)
17.47 (n = 125)

17.55 (n = 124)

0.00
0.02
—0.28

0.37
—0.21
—-0.15

0.49

0.32

0.40

0.77

0.10

0.18

0.07

0.69

1.25

(~0.25, 0.25)
(~0.37, 0.41)
(~0.71, 0.14)

(~0.25, 0.99)
(~0.82, 0.41)
(~0.75, 0.46)
(-0.13,1.12)
(~0.31, 0.95)
(~0.22, 1.02)
(0.03, 1.50)
(~0.59, 0.80)
(~0.55, 0.91)
(~0.68, 0.81)
(~0.13, 1.51)

(0.25, 2.26)

0.01
—0.01
-0.15

—0.48
—-0.57
-1.18
0.17
—-0.34
—0.85
0.11
0.02
—0.44
-0.15

-0.32

0.41

(~0.24, 0.26)
(~0.40, 0.38)
(~0.58, 0.29)

(~1.19, 0.22)
(~1.24, 0.09)
(~1.82, —0.54)
(~0.51, 0.86)
(~1.02, 0.33)
(-1.53, —0.17)
(~0.64, 0.86)
(-0.72, 0.77)
(~1.16,0.27)
(~0.97, 0.68)
(-1.22, 0.59)

(~0.54, 1.36)

b.i.d. = twice a day; Cl = confidence interval; g.d. = 4 times a day.

Difference from timolol 0.5% and 2-sided Cls and P values are based on 2-sample t tests comparing netarsudil vs timolol.

#Primary efficacy population: per protocol subjects with baseline IOP < 25 mm Hg.




TABLE 2. ROCKET-2: Treatment-Emergent Adverse Events (Safety Population) (Incidence > 3%)

Netarsudil .02% Netarsudil .02% Timolol .5%
q.d. b.i.d. b.i.d.
(N = 251) (N = 253) (N =251)
System Organ Class and Preferred Term n (%) n (%) n (%) P Value
Eye disorders 198 (78.9) 215 (85.0) 86 (34.3) <.0001/<.0001
Conjunctival hyperemia 152 (6.6) 168 (66.4) 35 (13.9) <.0001/<.0001
Cornea verticillata 64 (25.5) 64 (25.3) 2(0.8) <.0001/<.0001
Conjunctival hemorrhage 49 (19.5) 49 (19.4) 2(0.8) <.0001/<.0001
Vision blurred 27 (1.8) 44 (17.4) 7(2.8) .0005/<.0001
Lacrimation increased 19 (7.6) 25(9.9) 0 <.0001/<.0001
Visual acuity reduced 22 (8.8) 22 (8.7) 6(2.4) .0029/.0029
Eye pruritus 14 (5.6) 20 (7.9) 3(1.2) .0113/.0004
Conjunctival edema 8 (3.2 19 (7.5) 0 .0074/<.0001
Erythema of eyelid 14 (5.6) 12 (4.7) 2(0.8) .0036/.0118
Eye irritation 11 (4.4) 13 (5.1) 8 (3.2 .6411/.3731
Punctate keratitis 12 (4.8) 12 (4.7) 5(2.0) .1366/.1367
Eyelid edema 11 (4.4) 12 (4.7) 3(1.2) .0540/.0326
Eye pain 10 (4.0) 11 4.3 8 (3.2 .8111/.6412
Foreign body sensation in eyes 7(2.8) 14 (5.5) 1(0.4) .0681/.0008
Conjunctivitis allergic 6 (2.4) 11 (4.3 1(0.4) .1224/.0058
Photophobia 5(2.0) 8(3.2 1(0.4) .2159/.0374
Blepharitis 4 (1.6) 8(3.2 1(0.4) .3725/.0374
Corneal opacity 1(0.4) 11 4.3 0 >.9999/.0009
Eye discharge 4 (1.6) 8 (3.2 3(1.2) >.9999/.2214
General disorders and administration site 68 (27.1) 78 (3.8) 53 (21.1) .1439/.0147
Instillation site pain 45 (17.9) 45 (17.8) 41 (16.3) .7225/.7228
Instillation site erythema 14 (5.6) 32 (12.6) 5(2.0) .0586/<.0001
Instillation site discomfort 9(3.6) 7(2.8) 5 (2.0 A4173/.7717
Infections and infestations 28 (11.2) 37 (14.6) 29 (11.6) >.9999/.3557
Conjunctivitis 6 (2.4) 8 (3.2 3(1.2) .5038/.2214
Upper respiratory tract infection 5(2.0) 9 (3.6) 7(2.8) .7717/.8005
Investigations 36 (14.3) 28 (11.1) 24 (9.6) .1296/.6609
Vital dye staining cornea present 14 (5.6) 17 (6.7) 14 (5.6) .9999/.7115
Nervous system disorders 16 (6.4) 18 (7.1) 17 (6.8) >.9999/>.9999
Headache 6 (2.4) 10 (4.0) 9 (3.6) .6017/>.9999
Skin and subcutaneous tissue disorders 13 (5.2 15 (5.9) 7(2.8) .2534/.1253
Injury, poisoning, and procedural 13 (5.2) 6 (2.4) 11 (4.4) .8348/.2284
complications
Metabolism and nutrition disorders 7(2.8) 9 (3.6) 11 (4.4) .4725/.6561
Respiratory, thoracic, and mediastinal 10 (4.0) 6 (2.4) 14 (5.6) .5312/.0717
disorders
Musculoskeletal and connective tissue 12 (4.8) 3(1.2) 17 (6.8) .4447/.0012
disorders
Gastrointestinal disorders 2(0.8) 10 (4.0 9 (3.6) .0625/>.9999
Cardiac disorders 9 (3.6) 2(0.8) 7(2.8) .8004/.1052

b.i.d. = twice a day; q.d. = once a day.

Adverse events reported for 3.0% or more of subjects in any treatment group. P values, expressed as p1/p2, are from Fisher exact test
comparing the distribution of incidence between netarsudil g.d. vs timolol b.i.d. (p1) and netarsudil b.i.d. vs timolol b.i.d. (p2).

(60/253), and 0% for netarsudil g.d., netarsudil b.i.d., and
timolol, respectively.

The next most frequent adverse event was corneal de-
posits (also known as cornea verticillata), with an inci-
dence of 26% (64/251) for netarsudil q.d., 25% (64/253)
for netarsudil b.i.d., and 1% (2/251) for timolol. Cornea

verticillata in the netarsudil groups were predominantly
bilateral, asymptomatic, and of mild severity, with mean
onset times of 172.9 (range 40-396) days and 127.1 (range
14-363) days for the netarsudil 0.02% q.d. and b.i.d. groups,
respectively. The incidence of corneal deposits leading to
discontinuation of study drug was 5% (13/251), 10%
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(24/253), and 0% for netarsudil q.d., netarsudil b.i.d., and
timolol, respectively.

Of the 130 patients who developed cornea verticillata,
45 patients were eligible to participate in the COS. Of
these, 26 patients experienced resolution of cornea verticil-
lata prior to study start. Cornea verticillata resolved in all
patients except 3, in whom it improved but did not resolve
by the final study visit; further follow-up demonstrated res-
olution in all but 1 eye of 1 patient, which improved and
stabilized. The mean time to corneal deposit resolution or
stabilization from last dose of study drug was 341.2 days
(median = 314.5 days). There was no clinically meaningful
change in the visual function assessment (visual acuity,
contrast sensitivity, and VF-14 questionnaire) from the
start of the COS to resolution/stabilization of the corneal
verticillata.

The third most frequent adverse event was conjunctival
hemorrhage. Conjunctival hemorrhage was reported in 100
patients: 20% (49/251) of netarsudil q.d. patients, 19% (49/
253) of netarsudil b.i.d. patients, and 1% (2/251) of timolol
patients. For the most part, investigators described observa-
tions as typically unilateral, small microhemorrhages,
localized to the limbal area. The onset was variable, and
the duration typically 1-3 weeks. The incidence of
conjunctival hemorrhage leading to discontinuation of
study drug was 2% (6/251), 4% (9/253), and 0% for netar-
sudil q.d., netarsudil b.i.d., and timolol, respectively.

Other adverse events seen at >3% incidence associated
with once-daily netarsudil were instillation site pain,
blurred vision, increased lacrimation, reduced visual acu-
ity, eye pruritus, and erythema of the eyelid. More patients
in the netarsudil groups compared to the timolol group
experienced a 3-line ETDRS worsening in visual acuity
in the study eye at 1 or more visits: 6% (16/251) of netar-
sudil g.d. patients, 8% (19/253) of netarsudil b.i.d. patients,
and 4% (9/251) of timolol patients. However, visual acuity
worsening was predominately monocular, was observed at
sporadic visits, and, for most patients, resolved.

e OTHER SAFETY MEASURES: There were no notable dif-
ferences between treatment groups for pupil diameter,
ophthalmoscopy findings, cup-to-disc ratio, visual field,
drop comfort, vital signs, or clinical laboratory findings.
Mean corneal endothelial cell density in the study eye of
patients in the netarsudil q.d., netarsudil b.i.d., and timolol
groups was 2480, 2447, and 2455 cells/mm?, respectively, at
baseline and 2489, 2450, and 2451 cells/mm?, respectively,
at day 90. Values were similar in the netarsudil q.d. and
b.i.d. groups relative to timolol at both baseline and day
90. Similar values were reported in the fellow eyes at base-
line and at day 90. With respect to systemic safety, there
were changes in mean heart rate with timolol (-1.6 to
-2.7 beats/min) that were statistically significant at all visits
(P < .0001 to P < .0068). In contrast, there was no statis-
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tically significant change in mean heart rate at any study
visit in the netarsudil b.i.d. group, and the netarsudil q.d.
group had only 1 visit with a statistically significant change
in mean heart rate (-1.3 beats/min, P = .0281).

DISCUSSION

IN THE PREVIOUS REPORT OF 3-MONTH RESULTS FROM THE
ROCKET-1 and ROCKET-2 studies,”’ netarsudil 0.02%
dosed g.d. PM or b.i.d. effectively and safely lowered IOP
in patients with OAG or OHT. Both dosing regimens
met the criteria for noninferiority to timolol dosed b.i.d.
in patients with maximum baseline IOP < 25 mm Hg
(the primary efficacy population in ROCKET-2 and sec-
ondary population in ROCKET-1). In this report of the
12-month results from ROCKET-2, netarsudil maintained
stable hypotensive efficacy through the full 12 months of
dosing.

Netarsudil 0.02% administered q.d. PM was safe, was
tolerated by the majority of patients, and is the recommen-
ded dosing frequency.”’ This is the dose approved by the
FDA. As previously reported, netarsudil 0.02% adminis-
tered b.i.d. was not as well tolerated as q.d. dosing, resulting
in a greater number of discontinuations. There was a rela-
tively low incidence of discontinuation in the timolol
group, which may be expected given that subjects with
contraindications or a history of adverse reactions to
B-adrenoceptor antagonist therapy were excluded from
the study. Despite these exclusion criteria, statistically sig-
nificant reductions in heart rate were recorded at each on-
treatment visit in the timolol group through 12 months.

There were no netarsudil-related systemic safety issues
identified with longer-term dosing in ROCKET-2 and no
new adverse events. As was reported in the 3-month safety
analysis, the most frequent adverse events were conjunc-
tival hyperemia, conjunctival hemorrhage, and cornea
verticillata. The findings of conjunctival hyperemia and
conjunctival hemorrhage were generally mild and transient
as originally reported, but the incidence of each finding
increased somewhat owing to the longer study duration
and increased number of examinations. Cornea verticillata
was also typically scored as mild; however, this finding
persisted in affected individuals for the duration of treat-
ment. The majority of cornea verticillata findings occurred
after 3 months of treatment, with a mean time to onset of
approximately 6 months for g.d. PM dosing. As originally
reported, this finding could only be observed at the bio-
microscope and had no effect on visual function during
treatment.”’ For most patients, cornea verticillata were
self-resolving within several months after cessation of ther-
apy. The observational extension component (COS) of

NETARSUDIL ROCKET-2 LONG-TERM 135



this study further demonstrated no clinically meaningful
impact of cornea verticillata on visual function.

A variety of drugs that are both cationic and amphiphilic
are known to induce cornea verticillata, which arise owing
to the lysosomal accumulation of phospholipids within
corneal epithelial cells through a process called phospholi-
pidosis.”” Cornea verticillata have been associated with
many agents, including systemic amiodarone and nonste-
roidal anti-inflammatory drugs, and ocular gentamicin
and tobramycin.”’ Netarsudil is a cationic amphiphilic
drug and the developer has shown that netarsudil (although
not its active metabolite, AR-13503) can induce phospho-
lipidosis in Chinese hamster ovary cells, suggesting that the
etiology of the netarsudil-induced corneal verticillata is

phospholipidosis.”* It is probably unrelated to the
on-target pharmacology of this molecule. It is unusual for
cornea verticillata to result in reduction of visual acuity
or ocular symptoms, and the deposits typically resolve
with discontinuation of the drug.”’

In conclusion, in this randomized, double-masked trial,
once-daily dosing of netarsudil 0.02% was found to be
effective, consistently lowering IOP through 12 months,
and was tolerated by the majority of patients with open-
angle glaucoma and ocular hypertension. The novel phar-
macology and distinct aqueous humor dynamic effects of
this molecule suggest it may have utility as a first-line treat-
ment option and as an adjunct to the other classes of com-
pounds used to treat glaucoma.
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