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Purpose: This study seeks to evaluate the effectiveness of netarsudil (Rhopressa) in patients
with inadequately controlled IOP on otherwise maximally tolerated medical therapy.
Methods: This is a retrospective study of patients started on netarsudil at Stanford University.
Exclusion criteria included glaucoma surgery or laser within 6 months of starting netarsudil and
other modifications to the baseline medication regimen within 4 weeks of starting netarsudil. The
primary outcome was treatment success, defined as IOP reduction meeting a predetermined target,
and no further medication, laser, or surgery recommended subsequent to starting netarsudil.
Results: Sixty-two eyes were included, and 36 (58%) achieved treatment success at first
follow-up. Mean baseline IOP was 19.5 + 5.6 mmHg on a mean of 3.5 + 0.7 ocular
hypotensive medications. The mean change in IOP from baseline to first follow-up was
—3.53 mmHg (—17%). In patients who achieved treatment success, mean IOP change was
—5.22 mmHg (—28.0%). Of the eyes with baseline IOP <20 mmHg, 69% achieved treatment
success, compared to only 17% of eyes with baseline IOP > 21 mmHg (P < 0.05).
Conclusion: Netarsudil is effective in lowering IOP for patients on otherwise maximally
tolerated medical therapy, for which glaucoma laser or surgery would have been the only
remaining therapeutic options. Treatment success was more likely in eyes with baseline IOP
under 20 mmHg.
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Introduction

Glaucoma is the second-leading cause of blindness worldwide, with estimated
111.8 million individuals affected by 2040." Although the pathophysiology of this disease
is thought to be multifactorial, intraocular pressure (IOP) is currently the only modifiable
risk factor to slow glaucoma progression.” In 1996, the prostaglandin analogue latano-
prost was approved by the US Food and Drug Administration and quickly became
a mainstay in glaucoma treatment alongside topical beta blockers, alpha agonists, and
carbonic anhydrase inhibitors. It would be over 20 years until other medical therapies for
glaucoma were approved for use in the US market: latanoprostene bunod (Vyzulta,
Bausch and Lomb, Rochester, NY) and netarsudil (Rhopressa, Aerie Pharmaceuticals,
Bedminster, NJ).> Although prior to this, the existing topical medications for glaucoma
were overall effective and well tolerated, these new medications were seen as welcome
additions for patients who could not tolerate the existing topical therapies due to adverse
effects, or patients for whom the existing medical therapies did not result in sufficient IOP

lowering.
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Netarsudil inhibits a Rho-associated protein kinase
(ROCK), leading to expansion of the juxtacanalicular tra-
becular meshwork and dilation of the episcleral veins,
which in turn results in increased outflow facility through
the conventional outflow pathway.* Currently, netarsudil is
the only medical therapy for glaucoma that directly targets
outflow resistance through the conventional outflow path-
way—pilocarpine has an indirect effect on the trabecular
meshwork via pupillary constriction.

The ROCKET-1 and ROCKET-2 trials demonstrated
that netarsudil is a well-tolerated topical medication that
significantly lowers IOP with non-inferiority when com-
pared to timolol.” However, this non-inferiority was
demonstrated for a very specific patient demographic:
those with either primary open-angle glaucoma (POAG)
or ocular hypertension (OHT) with a washout IOP of
<25 mmHg, a maximum of 2 topical medications at
baseline, and no history of glaucoma surgery or laser.’
Subsequently, the ROCKET-4 trial demonstrated the
non-inferiority of netarsudil compared to timolol for
patients with a baseline washout IOP of <30 mmHg.°
This was in contrast to a prior study demonstrating that
netarsudil was non-inferior for patients with a baseline
washout IOP of <26 mmHg, but not as effective in
lowering IOP compared to latanoprost for patients with
a washout IOP < 35 mmHg.’

Thus, the pivotal trials for netarsudil demonstrated that it
was an effective primary therapy for POAG and OHT, with
comparable effectiveness to timolol and latanoprost for
a specific patient population. However, few studies exist on
the effectiveness of netarsudil on patients with secondary
open-angle glaucoma or angle closure glaucoma, patients
already on >2 IOP lowering medications, or patients with
a history of glaucoma laser or surgery.*'* These questions
are particularly relevant, as netarsudil is less often used as an
initial primary therapy owing to a high rate of conjunctival
hyperemia, challenges with insurance coverage, and the
existence of multiple drug classes with at least equivalent
effectiveness and fewer adverse effects. It is more commonly
used in clinical practice as a supplemental therapy for
patients already on multiple topical medications and patients
with inadequately controlled IOP despite prior glaucoma
laser or surgery; clinical scenarios for which the pivotal trials
do not offer clear data. This study seeks to better inform
clinicians on the effectiveness of netarsudil in the clinical
scenarios for which it is commonly used in real-world

practice.

Methods

We conducted a retrospective chart review of patients
started on netarsudil by glaucoma faculty at the Byers
Eye Institute at Stanford University. This study was
approved by Stanford University's Institutional Review
Board. Protocols were compliant with the Health
Insurance Portability and Accountability Act of 1996.

The Stanford Research Repository (STARR), an institu-
tion-wide electronic data warehouse repository of all electro-
nic medical records at Stanford since 1998, was used to
identify patients who were determined by the treating physi-
cian to require additional IOP-lowering treatment with netar-
sudil 0.02% once daily. Requirements for written consent
were waived because of the retrospective nature of the study.
For each study subject, right and left eyes were indepen-
dently assessed for eligibility and IOP outcomes. Electronic
medical records were reviewed to confirm eligibility of sub-
jects, and all variables were manually extracted.

Baseline data was obtained including age, race, sex, sub-
type of glaucoma, severity of glaucoma based on the 10th
Revision of the International Statistical Classification of
Diseases diagnostic criteria, number of IOP-lowering medi-
cations used at the time netarsudil was added, and history of
glaucoma surgery or laser. All sub-types of glaucoma and all
pre-treatment IOPs were included. Exclusion criteria
included a history of glaucoma surgery or laser within 6
months of starting netarsudil, starting or stopping another
glaucoma medication within 4 weeks of starting netarsudil
and until the first post-treatment follow-up visit. Patients who
discontinued netarsudil before the first follow-up visit due to
adverse effects were not included in this study.

The primary outcome measure of this study was
treatment success, defined as (a) IOP reduction from
baseline to a patient-specific IOP target predetermined
by the treating physician, and (b) no further medication,
laser, or surgery recommended subsequent to starting
netarsudil. IOP was measured by Goldmann applanation
tonometry by a physician, per standard practice at this
institution. Secondary outcome measures included mean
IOP reduction, relative IOP reduction from baseline, and
adverse effects secondary to netarsudil. Medication-
related adverse effects were captured and analyzed
only if documented in the medical record as sympto-
matic by the patient. Adherence was assessed in clinical
practice and was determined by patient confirmation of
medication use in response to questioning by the treat-
ing physician.
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Study outcomes were summarized using means, stan-
dard deviations, and proportions, as appropriate. The
change in IOP was calculated as the difference between
IOP at the visit when netarsudil was first prescribed and
the IOP at the first follow-up visit after this. Statistical
analysis was performed using the chi-square test and
2-sample #-test with a significance level of 0.05. Power
calculations of the comparison of 2 means was calculated
with a significance level of 0.05 and an effect size of 0.5.

Results
Baseline Demographic and Clinical

Characteristics

Netarsudil, an adjunctive ocular hypotensive therapy, was
prescribed to 45 patients (62 eyes) at the Byers Eye
Institute, who met the inclusion criteria, as identified via
STARR. Patients had no glaucoma surgery or laser within
6 months of starting netarsudil, and no change otherwise in
their baseline glaucoma medication regimen within 4
weeks of starting netarsudil and until the first follow-up
visit. Mean age in years was 61 + 15, and 45% were
female (Table 1). Most patients had a diagnosis of
POAG (59%), with the remainder of patients representing
a broad spectrum of glaucoma subtypes, and most eyes
were on >3 ocular hypotensive medications at baseline
(Table 1). The patient population included a diverse set
of ethnic backgrounds (Table 1).

Treatment Success

Treatment success was achieved in 36 (58%) eyes at the first
follow-up visit after starting netarsudil, which occurred at
a mean of 4.8 + 3.5 weeks. Of those who achieved treatment
success at the first follow-up, 27 (75%) were still using
netarsudil with treatment success at the end of the study
period, with a mean follow-up time of 33 + 22 weeks.

Of the eyes that achieved treatment success at first follow-
up but were no longer on netarsudil at the end of the study
period, reasons for discontinuation of netarsudil included
intolerance due to adverse effects (4 eyes), having glaucoma
surgery despite IOP decrease that was initially deemed suffi-
cient (1 eye), insurance coverage issues (1 eye), and subse-
quent IOP increase to an unacceptable level (2 eyes).

In eyes with a baseline IOP of <20 mmHg, 69%
achieved treatment success, with a mean IOP change of
—2.80 mmHg (—17%). Conversely, only 17% of patients

Table | Demographics and Baseline Characteristics

Characteristics Number of Eyes, n (%)
Age (years * SD) 6l £15
Sex
Female 28 (45)
Male 34 (54)
Types of glaucoma
POAG 37 (59)
PXG 4 (6)
MMG 5(8)
NTG 3 (4)
PDS 34
CACG 2 (3)
JOAG 2 (3)
PACG 2 (3)
Aphakic 2(3)
Angle recession I (1)
Race
East Asian 19 (30)
White 20 (32)
Hispanic 11 (17)
Black 6(9)
South Asian 4 (6)
Unknown 2 (3)
Number of baseline medications
<2 5(8)
3 19 (30)
24 38 (61)
Glaucoma severity
Mild 8 (12)
Moderate 10 (16)
Severe 42 (67)
Medication Classes
Prostaglandin analog 57 (91)
Beta-adrenergic antagonist 53 (85)
Alpha-2 agonist 48 (77)
Carbonic anhydrase inhibitor 54 (87)
Cholinergic agonist I (1)
Surgical glaucoma procedures
Glaucoma drainage implant 4 (6)
Trabeculectomy I (1)
Trabeculotomy 11 (17)
MIGS 5(8)
Trans-scleral CPC 0
LPI 3 (4)
Laser trabeculoplasty 8 (12)

Abbreviations: SD, standard deviation; POAG, primary open angle glaucoma; PXG,
pseudoexfoliation glaucoma; MMG, mixed mechanism glaucoma; NTG, normal tension
glaucoma; CACG, pigment dispersion glaucoma, chronic angle closure glaucoma; JOAG,
juvenile open angle glaucoma; PACG, primary angle closure glaucoma; MIGS, minimally
invasive glaucoma surgery; CPC, cyclophotocoagulation; LPl, laser peripheral iridotomy.
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with baseline IOP > 21 mmHg achieved treatment success,
with a mean IOP change of —5.05 mmHg (—18.73%). This
difference was statistically significant (P = 0.01).

In the 14 eyes with a baseline history of trabeculect-
omy or glaucoma tube shunt implant prior to starting
netarsudil, 6 eyes (42%) achieved treatment success. The
mean change in the IOP for this cohort was —2.70 mmHg
(—13.9%). The difference in treatment success between
eyes with and without a history of glaucoma incisional
surgery was not statistically significant. However, the
power of this calculation was not reached.

Inter-eye correlation was accounted for in a unit ana-
lysis per subject rather than eyes, choosing the right eye in
patients with both eyes enrolled in the study. In this
analysis, we found that 28 of 45 patients (62.2%) achieved
treatment success, similar to the 58% found when consid-
ering all 62 eyes in the cohort.

Change in IOP

The mean IOP at the time of starting netarsudil was 19.4 + 5.6
mmHg on an average of 3.5 medications. The mean change in
IOP for all patients from baseline to the first follow-up was
—3.53 mmHg (—17%), resulting in a mean post-treatment IOP
of 16.0 £ 5.8 mmHg (p < 0.05). In patients who achieved
treatment success, the mean change in IOP was —5.22 mmHg
(—28.0%) (p < 0.05). In patients who failed treatment, the
mean change in IOP was —1.19 mmHg (—3.42%).

The majority of eyes were on maximally tolerated
medical therapy (MTMT), with 54 eyes (87%) being trea-
ted with >3 topical medications. Most of the patients not
on 4 topical medications had either intolerable adverse
effects or no treatment response to the medications not
being utilized. Lowering of IOP was statistically signifi-
cant regarless of the number of baseline medications
(Table 2). Patients with 3 IOP-lowering medications at
baseline had a decrease of 4.26 mmHg versus 2.83
mmHg in the group with 4 medications, likely driven by
two outliers in the cohort with 3 baseline medications, one
with IOP decrease of 12 mmHg and another of 16 mmHg.

Table 2 Change in IOP Stratified by Number of Baseline
Medications

P-value was still significant after analysis without these
two patients and showed an IOP decrease of 3.11 mmHg.
Reduction in IOP did not depend significantly on glau-
coma severity or whether patients underwent prior glau-
coma surgical interventions.

In 17 eyes (27%), IOP actually increased or did not
change from the pre-treatment baseline. In patients in
whom IOP decreased with netarsudil, the percentage change
in IOP followed a normal distribution centered around the
21-30% range with 48.3% of patients achieving an IOP
reduction of >20%, 25.8% over 30%, and 12.9% over 40%.

Of the patients who were still on netarsudil at last
follow-up (33 £ 22 weeks), IOP was maintained at goal
throughout the follow-up period of the study for all but 2
patients, suggesting a low incidence of tachyphylaxis.

Glaucoma Surgery During Study
Follow-Up Period

All 26 eyes that failed treatment with netarsudil were offered
glaucoma surgery, with 13 (50%) of these eyes undergoing
glaucoma surgery by the end of the study period. An addi-
tional 6 (16%) eyes with initial treatment success with netar-
sudil had glaucoma surgery by the end of the study period.
The difference in the rate of glaucoma surgery between eyes
that achieved initial treatment success and those who did not
was statistically significant (p = 0.004).

The primary reason for not proceeding with glaucoma
surgery in patients who failed treatment was the patient's
refusal to undergo surgery despite recommendations to do
s0 (10 eyes). In other cases, visual ficlds were stable despite
IOP not at target (2 eyes), and in one patient surgery had been
planned but not yet performed at the end of the study period.

For the 6 patients who had glaucoma surgery despite initial
treatment success, surgery was performed due to treatment
failure at subsequent visits (3 eyes), discontinuation of netar-
sudil due to adverse effects (1 eye), subsequent minimally
invasive glaucoma surgery (MIGS) at the time of routine
cataract extraction (1 eye), and in one eye surgery was pet-
formed despite treatment success per patient’s request.

Adverse Effects

A total of 20% of patients self-reported an adverse effect
after starting netarsudil. The most common adverse effects
were conjunctival hyperemia (12.9% of eyes) and ocular
surface irritation (6.4% of eyes) (Table 3). Other less
common adverse effects included pruritus, cornea verticil-
lata, glare and halos. Adverse effects were significant

No. of Baseline Patients | IOP Decrease in mmHg

Medications (n) (P-value)

<2 5(8) 4 (0.001)

3 19 (30) 4.26 (<0.001)

24 38 (61) 2.83 (<0.001)
4370 https:
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Table 3 Adverse Effects

Adverse Effects N (%)
Total 13 (20.9)
Discontinued after first follow-up 4 (6.4)
Injection 8 (12.9)
Irritation 7(11.2)
Pruritus 2 (3.2)
Not specified 2 (3.2)
Verticillata 1 (1.6)
Glare/halo 1 (1.6)

enough to lead to discontinuation of netarsudil in 4 (6%)
of the patients who had initially met the treatment goal.

Discussion

In this study, netarsudil was found to be effective in sig-
nificantly lowering IOP for patients already on MTMT.
Moreover, it was successful in achieving a pre-specified
target IOP in 58% of eyes for which glaucoma laser or
surgery would be the only remaining therapeutic option in
the absence of this drug. In these eyes, the IOP reduction
was on average a robust 5.22 mmHg, or 28% from pre-
treatment baseline, which is clinically significant as it
resulted in a significantly reduced likelihood of under-
going glaucoma surgery during the study period.

Similar to our findings, pivotal clinical trials ROCKET-1
and ROCKET-2 showed a mean reduction in IOP with netar-
sudil 0.02% daily that ranged between 3.3 mmHg and 4.6
mmHg, in patients with baseline IOP < 25 mmHg’
A retrospective study by Prager et al of 175 eyes found
similar magnitudes of IOP reduction after adding netarsudil
as an adjunctive therapy, regardless of the baseline IOP or the
number of medications in use at baseline, with a 3.0 mmHg
IOP decrease in patients with 3 medications, and a 2.9 mmHg
decrease in patients with 4 medications.® Furthermore, Mehta
et al conducted a retrospective study with 95 patients that
found a mean reduction in IOP of 3.9 = 4.6 mmHg after
starting netarsudil, which also did not depend on baseline
number of IOP-lowering medications.” Other studies have
also demonstrated significant decreases in IOP regardless of
the number of IOP-lowering medications.'®'*

In our study, 6% of eyes discontinued netarsudil due to
adverse effects after the first follow-up visit (Table 3),
10% 12% in ROCKET-1
ROCKET-2 trials, respectively.” This lower incidence in

compared to and and
our study is likely due to only capturing adverse effects

reported by symptomatic patients, given the lack of an

adverse effect questionnaire in this retrospective study.
Moreover, most of our patients were already on multiple
topical medications at baseline, including prostaglandin
analogues, which may have resulted in a baseline degree
of conjunctival hyperemia. Of note, we only included
patients who were still on netarsudil on the first follow-
up visit. Patients who discontinued netarsudil due to
adverse effects before the first follow-up visit were not
included in the analysis. This may also explain the lower
incidence of adverse effects in our study.

The onset of hyperemia is thought to be the result of
a reduction in myosin light-chain phosphorylation of vascu-
lar smooth muscle cells and disinhibition of endothelial
nitric oxide synthase.'> As prior literature has demonstrated
reduced incidence and severity of conjunctival hyperemia
with repeated dosing, it may be prudent to continue netarsu-
dil for patients with this finding if they have achieved good
IOP reduction and are tolerating netarsudil otherwise.'®

Our results indicate that netarsudil is more likely to
successfully achieve a pre-specified target IOP when baseline
IOP is <20 mmHg. The reason for this may be multifactorial.
First, it is likely that patients with a lower baseline IOP
require a smaller absolute reduction in IOP in order to meet
their IOP target. Secondly, it is possible that eyes with a very
high IOP despite otherwise MTMT have more severe aqu-
eous outflow pathway dysfunction that is less likely to
respond to netarsudil. Finally, netarsudil’s possible effect on
episcleral venous pressure may lead to increased effective-
ness in eyes with lower baseline IOP. These findings suggest
that clinicians should temper their expectations when adding
netarsudil in patients with a baseline IOP of >21 mmHg.

The limitations of this study are primarily those inherent
to a retrospective study, including non-uniform follow-up, no
control cohort, IOP measurement times and drop instillation
times were haphazard, and the possibility of inconsistent
medication compliance. Indications for initiation of netarsu-
dil were at the treating physician’s discretion. Furthermore,
treatment success was defined as whether IOP decreased
below a predetermined, patient-specific target, or if no
further medication, laser, or surgery was recommended.
This threshold was decided in a non-standardized, patient-
specific manner rather than a uniform study protocol.
However, patients who achieved treatment success in our
study achieved a robust reduction in IOP, which may serve
as a more broadly applicable measure of success. Finally,
regression to the mean is a possibility in this study given that

the analysis included only one baseline IOP measurement.
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Conclusion

Adding netarsudil 0.02% once daily to glaucoma patients
with inadequate IOP reduction on otherwise maximally tol-
erated medical therapy can result in significant IOP reduc-
tion, thus deferring the need for glaucoma laser or incisional
surgery. Treatment success under these circumstances may
be more likely when baseline IOP is <20 mmHg.
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