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Original Article

Netarsudil monotherapy as the initial treatment for open-angle glaucoma and
ocular hypertension in Indian patients: A real-world evaluation of efficacy and
safety

Manoj Chandra Mathur, P. Venkat Ratnam’, S.]. Saikumar’, Manuel John?, Siddharth Ravishankar*, Dinesh M.B’,
Priya Chandil®, Kishore Pahuja’, Vidya Cherlikar®, Sunny Wadhwani®, Pankaj Bendale', Ajit Hazari",
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Rituparna Dey®, Debabrata Halder*, Sumit Choudhury®, Ajeet Kumar®, Sasmita Das”, Ashok Kumar Nanda”,
Vidya Bhushan Kumar®, Rama Dubey®, Gulam Ali Kamdar*’, Alka Pandey®, Sheetal Kishanpuria®, Rajat Mohan
Srivastava®, Parul Singh®, Sunil Kumar Verma®, Neha Sharma®, Rajeev Gupta®

Purpose: Glaucoma is the second leading cause of blindness worldwide, affecting more than 64 million
people aged 40-80. The best way to manage primary open-angle glaucoma (POAG) is by lowering the |ebsite:

intraocular pressure (IOP). Netarsudil is a Rho kinase inhibitor, the only class of antiglaucoma medications | https:/journals.lww.com/ijo
that reorganizes the extracellular matrix to improve the aqueous outflow through the trabecular pathway. |DOI:

Methods: An open-label, real-world, multicentric, observation-based 3-month study was performed for | 10.4103/J0.lJO_25_23
assessing the safety and ocular hypotensive efficacy of netarsudil ophthalmic solution (0.02% w/v) in
patients with elevated IOP. Patients were given netarsudil ophthalmic solution (0.02% w/v) as a first-line
therapy. Diurnal IOP measurements, best-corrected visual acuity, and adverse event assessments were
recorded at each of the five visits (Day-1: screening day and first dosing day; subsequent observations
were taken at 2 weeks, 4 weeks, 6 weeks, and 3 months). Results: Four hundred and sixty-nine patients
from 39 centers throughout India completed the study. The mean IOP at baseline of the affected eyes was
24.84 + 6.39 mmHg (mean + standard deviation). After the first dose, the IOP was measured after 2, 4, and
6 weeks, with the final measurement taken at 3 months. The percentage reduction in IOP in glaucoma
patients after 3 months of once-daily netarsudil 0.02% w/v solution use was 33.34%. The adverse effects
experienced by patients were not severe in the majority of cases. Some adverse effects observed were
redness, irritation, itching, and others, but only a small number of patients experienced severe reactions, as
reported in a decreasing order: redness > irritation > watering > itching > stinging > blurring. Conclusion:
We found that netarsudil 0.02% w/v solution monotherapy when used as the first-line treatment in primary
open-angle glaucoma and ocular hypertension was both safe and effective.
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Glaucoma is a chronic, progressive optic neuropathy
characterized by loss of retinal ganglion cells, resulting in
characteristic optic nerve head cupping and visual field
defects. By 2040, it is anticipated that the global glaucoma
burden will increase by more than 110 million.!" It is the
second leading cause of blindness worldwide, affecting
more than 64 million people aged 40-80.”) Furthermore,
it is the leading cause of irreversible blindness in India,
with at least 12 million people affected and approximately
1.2 million blind. According to the Directorate General of
Health Services, the Ministry of Health and Family Welfare
of India reports that glaucoma leads to blindness in 5.80% of
cases. More than 90% of glaucoma cases in the community
remain undiagnosed. In addition, the prevalence of glaucoma
increases with age.! According to the World Health
Organization (WHO), there are several types of glaucoma;
however, the two most common are primary open-angle
glaucoma (POAG), having a slow and insidious onset, and
angle-closure glaucoma (ACG), which is less common and
tends to be more acute.?

Intraocular pressure (IOP) elevation is a major risk factor for
POAG, and in most cases, the only way to slow or stop disease
progression is to use pharmaceuticals to reduce IOP. Lowering
IOP is the best way to manage POAG. The main contributors to
IOP are episcleral venous pressure (EVP), aqueous humor flow
rate, and resistance to outflow. IOP is regulated by a fine balance
between aqueous humor production and the rate of aqueous
outflow through the trabecular meshwork (TM) outflow and
the uveoscleral outflow pathway. The majority of the aqueous
humor is filtered through the TM pathway. Instead of directly
targeting the TM pathway, current therapeutic options primarily
increase uveoscleral outflow or decrease aqueous humor
production to lower IOP. The TM is abnormal in POAG and ocular
hypertension (OHT), but few medications specifically address
this issue. Inadequate IOP treatments exist, and older drugs that
targeted the TM either had a limited effect or were poorly tolerated.

Netarsudil is a Rho kinase inhibitor, the only class of
antiglaucoma medications that reorganizes the extracellular
matrix to improve the aqueous outflow through the trabecular
pathway. Its multimodal mechanism also includes a decrease
in aqueous secretion and EVP. Furthermore, netarsudil is also
believed to possess inhibitory action against the norepinephrine
transporter (NET). Inhibition of NET prevents the reuptake of
norepinephrine at the noradrenergic synapses, which increases
the strength and duration of endogenous norepinephrine
signaling. As a consequence of this enhanced signaling,
norepinephrine-induced vasoconstriction that can reduce blood
flow to the ciliary body may subsequently be responsible for
a mechanism in which the formation of aqueous humor may
be delayed, prolonged, or reduced as well.]

Major trials (like ROCKET-1, ROCKET-2) have evaluated
the efficacy and safety of netarsudil in patients with open-angle
glaucoma (OAG) or OHT. ROCKET-4 compared the efficacy
and safety profile of netarsudil once daily versus timilol twice
daily.

Using a post-marketing surveillance trial, we
evaluated the real-world efficacy of netarsudil ophthalmic
solution (0.02% w/v) monotherapy as the first treatment in
Indian patients to determine its safety and ocular hypotensive
efficacy in patients with elevated IOP.

Methods

An open-label, real-world, multicentric, observation-based
3-month study for assessing the safety and ocular hypotensive
efficacy of netarsudil ophthalmic solution (0.02% w/v) in patients
with elevated IOP was performed using Goldmann applanation
tonometry (GAT). The 6-month study involved 39 clinical sites in
India (1 month enrollment, 3 months study period, and 2 months
of data collection as well as analysis). Netarsudil ophthalmic
solution (0.02% w/v) was given to patients as a first-line therapy.

Adults (18 years of age or greater) with a diagnosis of POAG
or OHT, deemed to be appropriate for starting netarsudil at
the treating ophthalmologist’s discretion, were included in
the study. At the qualification visit, unmedicated IOP had to
be >17 mmHg and <27 mmHg. Each eye had 20/200 vision.
The eye with the higher IOP was chosen for the study. If
both eyes had the same IOP, the right eye was studied. Both
eyes may be studied depending on the ophthalmologist’s
individual choice.

Pseudoexfoliation, pigment dispersion, angle closure, or
narrow angles were excluded (previous laser peripheral
iridotomy). IOP >27 mmHg (unmedicated) in both eyes or
more than two ocular hypotensive medications within 30 days
of screening (two drugs make up fixed-dose combinations).
Patients with known hypersensitivity to any formulation
component, previous glaucoma intraocular surgery or
glaucoma laser procedures in either eye, refractive surgery in
either eye, ocular trauma in either eye within 6 months before
screening, ocular surgery or nonrefractive laser treatment
within 3 months before screening, and recent or current ocular
infection or inflammation in either eye were not included.

Current clinically significant blepharitis, conjunctivitis, or a
history of herpes simplex or zoster keratitis at screening in either
eye, ocular medication in either eye of any kind within 30 days of
screening, clinically significant ocular disease in either eye that
might interfere with the study, including glaucomatous damage
so severe that washout of ocular hypotensive medications for
1 month is not judged safe, and patients with central corneal
thickness in either eye greater than 600 um at screening were
excluded. Exclusion criteria included any eye abnormality
that prevented reliable applanation tonometry. Patients were
excluded if they had clinically systemic abnormalities (as
determined by the investigator) in laboratory tests at screening
that may impact the study; a clinically significant systemic
disease that may interfere with the study; or changes in systemic
medication that could affect IOP within 30 days before screening
or during the study. The primary efficacy outcome was mean
IOP, whereas the secondary outcome was exposure to study
medication in days for all treatment groups. The primary
endpoint was a change in IOP at the end of 3 months.

Diurnal IOP was measured by GAT in all centers. Also,
best-corrected visual acuity and adverse event assessments
were recorded at each of the five visits (Day-1: screening day
and first dosing day; subsequent observations were taken at
2 weeks, 4 weeks, 6 weeks, and 3 months). From each of the
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Table 1: Measured IOP in mmHg

Baseline 2 weeks 4 weeks 6 weeks 3 months
IOP of the IOP of the IOP of the 10P of the I0P of the
affected eye affected eye affected eye affected eye affected eye
Meanzstandard deviation 24.84+6.39 19.73+5.44 18.20+4.34 17.31+£3.57 16.56+3.43
n=469 patients at 39 centres; STD DEV=Standard deviation. IOP=intraocular pressure
Table 2: Observed adverse effects IOP MEASUREMENT
Nil Mild Moderate Severe o
3 30
Irritation 231 175 50 13 ? o
0T 25
Redness 135 189 116 29 [ E 20
Watering 307 111 39 12 ‘—§ 15
ltching 322 102 39 6 g 210
Blurring 380 65 21 3 £ 5
Stinging 292 129 44 4 0 :
=469 patients at 39 centers Baseline 2 weeks 4 weeks 6 weeks 3 months
Duration of study

39 centers, a consolidated set of real-world practice data was
collected and statistically analyzed.

Results

Four hundred and sixty-nine patients from 39 centers throughout
India participated in the study. The mean IOP at baseline was
24.84 mmHg for the affected eye (mean + standard deviation).
The IOP was measured after 2, 4, and 6 weeks, with the final
measurement taken 3 months after the first dose. As shown in Fig. 1
and Table 1, the IOP of the affected eyes was 16.56 mmHg. The
percentage reduction in IOP in glaucoma patients after 3 months
of once-daily netarsudil 0.02% w/v solution use was 33.34%.

In the majority of cases, adverse effects experienced by
patients were not severe. Patients’ irritation, itching, redness,
blurred vision, stinging, and tear production were classified
as mild, moderate, severe, or nonexistent [Fig. 2 and Table 2].
Sixty percent of patients had their right eye examined, while
40% of patients had their left eye examined.

Discussion

The US Food and Drug Administration (FDA) and the
European Medicines Agency (EMA) approved netarsudil
ophthalmic solution (0.02%) for glaucoma in December 2017.
This medication lowers IOP in OAG and OHT patients.
Netarsudil has no off-label uses. Netarsudil is a once-daily 0.02%
ophthalmic solution. IOP is controlled by the balance between
aqueous humor production and outflow via the TM and
uveoscleral pathways. TM filters most of the aqueous humor.!

Lowering the IOP improves the optic disk health not only in
glaucoma patients with high IOP (>21 mmHg), but also in those
with optic disk changes and normal IOP (i.e., patients with
normal-tension glaucoma). Reducing the IOP reduces aqueous
humor’s mechanical strain on the eye’s posterior structures,
halting glaucomatous optic disk changes. B-adrenergic
blockers, a-adrenergic agonists, and carbonic anhydrase
inhibitors can reduce the rate of aqueous humor production.
Cholinergic drugs (primarily trabecular outflow), a-adrenergic
agonists, and prostaglandin (PG) analogs can improve aqueous
humor drainage (largely uveoscleral outflow)./!

Figure 1: Changes in IOP in mmHg observed in both eyes.
IOP = intraocular pressure, LE = left eye, RE = right eye
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Figure 2: Observed adverse effects
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Figure 3: Eyes examined at 39 centers; right = right eye, left = left eye
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Netarsudil reduces fibrotic material deposition in the TM and
relaxes the overall tone of contractile cells, enhancing aqueous
humor outflow and reducing the IOP."! Netarsudil reduces
aqueous humor production and improves drainage (trabecular
pathway) by inhibiting NET, which lowers the IOP.®! Netarsudil
topical has good corneal penetration. Eye esterases metabolize
it to netarsudil-M1, a five-fold more potent active metabolite./?!
The IOP-lowering effect of netarsudil and its metabolite peaks
8 h after dosing and lasts 24 h. Once-daily netarsudil lowered
the IOP across all baseline pressures. Netarsudil and its active
metabolite are highly protein bound (>60%) to plasma proteins.
Netarsudil has a 3-h half-life (approximately 175 min).

Consequently, the active duration of IOP reduction justifies
a single daily dose of netarsudil 0.02% w/v solution. Similar
to previous studies in the American population by Zaman
et al.,” our findings demonstrate the effect of netarsudil on IOP
reduction in OAG and OHT in the Indian population. The safety
and efficacy of netarsudil 0.02% w/v solution over 3 months
were excellent, and minimal treatment-related adverse effects
were observed.l'”) Some adverse effects observed were redness,
irritation, itching, and others, but only a small number of patients
experienced severe reactions, as reported in a decreasing order:
redness > irritation > watering > itching > stinging > blurring. In
60% of patients, the right eye was examined, while in 40% of
patients, the left eye was examined [Fig. 3]. The pharmacology
and dynamic IOP-lowering effect of netarsudil monotherapy
as the First-line treatment in Indian patients suggest its utility
in the treatment of OAG and OHT.

Adpverse effects experienced by patients were not severe in
the majority of cases.

Possible retinal side effects were not evaluated in this study
because retinal examination before and after administering
netarsudil was not included in this study protocols. This should
be considered as a limitation of this study.

Conclusion

We found that netarsudil 0.02% w/v solution when used as
monotherapy as the first-line treatment in POAG and OHT
was both safe and effective.
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in this study.
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