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Abstract: Glaucoma causes irreversible vision loss, with elevated intraocular pressure (IOP)
being the only known modifiable risk factor. There are a variety of medical and interven-
tional options for lowering IOP; however, despite these treatments, glaucoma continues to be
a leading cause of visual impairment. Further research continues to strive for treatment
options with improved side effect profiles, additional IOP-lowering effects, and ease of use.
This review provides a brief summary of current IOP-lowering therapies and then outlines
pipeline ocular hypotensive agents, their mechanisms of action, benefits, and side effect
profiles. Advancements are seen within currently used eye drop classes such as prostaglandin
analogues, Rho kinase inhibitors and nitric oxide donors, whilst there are also new drug
classes, such as tyrosine protein kinase activators. Most developing drugs are topical drop
formulations, with a number already having entered Phase III trials. Alternative drug delivery
methods are also in development and will be briefly discussed. Pharmacological and drug
delivery developments continue to provide glaucoma patients and clinicians with new
options and the promise of better outcomes, particularly in terms of improved tolerance
and reduced frequency of dosing.

Keywords: glaucoma, ocular hypertension, intraocular pressure, ocular hypotensive drugs

Introduction

Glaucoma is a leading cause of visual impairment in the world. It is
a neurodegenerative disease characterised by distinctive optic nerve changes with
corresponding visual field defects. The only known modifiable risk factor for
glaucoma is elevated intraocular pressure (IOP). Patients with elevated IOP, but
without glaucomatous visual field changes or optic nerve damage, are diagnosed
with ocular hypertension (OHT). Ocular hypertension can progress to glaucoma,
and when combined with other risk factors such as family history, increased cup-to-
disc ratio or reduced central corneal thickness, may require IOP lowering
treatment."* Elevated IOP is the only modifiable risk factor for glaucoma, and so
treatment strategies concentrate on lowering IOP.

Intraocular pressure is dependent on the balance between aqueous humour
production and outflow within the anterior segment of the eye. Aqueous production,
or inflow, originates from the ciliary body, while outflow is achieved via two
pathways: the conventional and unconventional pathways. The conventional out-
flow pathway drains through the trabecular meshwork, Schlemm’s canal, and into
the episcleral veins. The unconventional pathway drains aqueous through the ciliary
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muscle into the supraciliary and suprachoroidal spaces,
otherwise known as uveoscleral outflow.’®

Glaucoma can be classified in many ways, but the
simplest classification is based on the anterior chamber
angle configuration. This gives rise to open-angle glau-
coma (OAG) or angle-closure glaucoma (ACG). The dif-
ference is based on anatomical changes seen in ACG,
which obstruct aqueous from draining via the conven-
tional and unconventional outflow pathways. The same
ocular hypotensive agents utilized in open-angle glau-
coma are useful temporizing measures in ACG, but defi-
nitive surgical or laser interventions are ultimately
required. Our discussion is focused on OAG, for which
medical therapy is often the mainstay of treatment, aug-
mented by laser and surgery in advanced cases. Open-
angle glaucoma can be divided into primary open-angle
glaucoma (POAG) and the secondary open-angle glauco-
mas, including exfoliative, pigmentary, uveitic, and pha-
colytic glaucoma. Secondary glaucomas often require
specific treatment for their underlying causes alongside
the use of ocular hypotensive drop therapies and filtration
surgery.

Lowering of IOP has been shown as the major modifi-
able risk factor for both glaucoma and OHT. A 20%
reduction in IOP reduced the rate of progression from
OHT to glaucoma and also delayed glaucoma onset
when compared with untreated patients with OHT.*
Glaucoma is a progressive disease with morbidity linked
to the duration of disease. Treatment of OHT may reduce
the risk or limit the amount of irreversible vision loss later
in life.

Current Treatment Options

Two main mechanisms can be exploited when reducing
IOP; suppressing aqueous production or increasing aqu-
eous outflow. Topical and systemic therapy can be used to
independently treat raised IOP, or augment surgical or
laser techniques, in order to reduce the rate of glaucoma
progression.

Aqueous Suppressants

Topical eye drops that decrease aqueous production
include beta-blockers (B blockers), carbonic anhydrase
inhibitors, and alpha-2 (02) agonists. The latter act by
simultaneously reducing aqueous production and increas-
ing aqueous outflow.>°

Beta-blockers (eg Timolol) used as topical agents in the

treatment of glaucoma and OHT, may have systemic

absorption, and so use in patients with asthma, chronic air-
flow limitation, or cardiac disease is generally avoided.’
Carbonic anhydrase inhibitors (CAls) are available in both
topical (eg Brinzolamide, Dorzolamide) and oral formula-
tions (eg Acetazolamide).® Despite limited IOP-lowering
effect, topical CAls remain beneficial as supplementary treat-
ment options. Acetazolamide has a potent IOP-lowering
effect but is also accompanied by an increased risk of poten-
tially life-threatening systemic complications.”'® Oral acet-
azolamide is beneficial either for acute IOP reduction, or as
bridging therapy until surgery, or uncommonly as a long-
term treatment for refractory glaucoma.

The use of alpha-2 agonists (eg Brimonidine) is often
limited by localised adverse effects in adults, such as
ocular erythema and irritation. In children, these agents
have also been known to cause central nervous system

depression, fatigue, and fainting episodes.''"*

Aqueous Outflow Facilitators
Agents that exclusively reduce IOP by increasing aqueous
outflow include prostaglandin analogues, cholinergic ago-
nists, and Rho Kinase Inhibitors.

Prostaglandin analogues (PGA) result in both short-
and long-term increases in unconventional aqueous
outflow."*'> PGAs (eg Latanoprost) have very few sys-
temic side effects and are considered first-line therapy in
glaucoma and OHT. However, they have local side effects
that effect cosmesis and uncommonly potentiate intraocu-
lar inflammation.'®!”

Cholinergic agonists (eg Pilocarpine) increase conven-
tional aqueous outflow, however are less commonly used
than other classes due to their poorly tolerated side effect
profile, including myopic shift, nyctalopia, and increased

risk of retinal tears and detachment.'®2?

New Agents

More recent developments have seen Rho kinase
(ROCK) inhibitors such as Netarsudil (Rhopressa™) and
Ripasudil approved for the treatment of glaucoma. This
class has dual-benefits of [OP-lowering and neuroprotec-
tion. The IOP-lowering effect of ROCK inhibitors is due
to a decrease in outflow facility through the conventional
pathway, which results from modification of the trabe-
cular meshwork and Schlemm’s canal cytoskeletons.?® %
ROCK inhibitors are mostly used as adjunctive treatment
because their IOP-lowering effect is modest compared
with PGAs currently in use.”® As such, combination
therapies such as Rocklatan (Netarsudil/Latanoprost)
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are a welcome advancement in the management of raised
IOP. Side effects of topical ROCK inhibitors are predo-
minantly local, including conjunctival hyperemia, and
blepharitis.*®

A nitric oxide donor in recent use is latanoprostene
bunod [(LBN) Vyzulta™]. LBN has proven successful in
lowering IOP as both a first-line monotherapy and an adju-
vant treatment.””*® As monotherapy, a mean IOP reduction
from baseline of 7.3 mmHg was achieved at the second visit
(mean at 141 days from initiation), with higher IOP reduc-
tion achieved in eyes with baseline IOP >21 mmHg.?’ In this
cohort of 125 eyes, LBN was well tolerated with one parti-
cipant reporting ocular hyperaemia. In another study, the use
of adjuvant LBN in 52 patients led to the withdrawal of 4

patients due to adverse effects.?”*®

Barriers to Current Medical Therapy

As with other chronic diseases, the main barrier to managing
glaucoma with IOP-lowering agents is patient adherence.
The reason for this is multifactorial with situational lifestyle
factors (such as lack of support for medication administra-
tion, poor understanding of management goals and compet-
ing health/life events) being most prominent.”” Complicated
medication regimens also have a negative impact on patient
adherence. Treatment can often be rationalized by using
combination drugs and reduced-frequency dosing options
to lessen the impact on the quality of life.

Method

To identify ocular hypotensive drugs in development, we
performed a search of ClinicalTrials.gov, cross-checking
drugs with the Adis Insight database, and the individual
pharmaceutical company websites, publications, and pipe-
line information.

Pipeline Drugs

Emerging drugs use a number of new and traditional
mechanisms to reduce IOP. The drugs discussed in our
review are in development and range from preclinical
trials to Phase III studies (Table 1).

Prostaglandin Analogues

reduce IOP by
uveoscleral outflow, which is also the case for novel
PGAs.” Currently available PGAs are prostaglandin F2
o pro-drugs that quickly lower IOP by relaxing the ciliary

Prostaglandin analogues increasing

muscle.'* PGAs may also cause prolonged uveoscleral

outflow due to matrix metalloproteinase-driven

remodelling within the ciliary body.'> The efficacy of
PGAs, combined with a favourable safety profile, has led
to their use as first-line drugs in the treatment of POAG
and OHT.*® Further development of PGAs attempts to
prolong drug action and reduce the rates of side effects.

Sepetaprost

Sepetaprost (formerly DE-126 or ONO-9056) is a dual
prostaglandin EP3 and prostaglandin F2 o agonist. The
Phase 2b ANGEL study was a dose-finding study of
Sepetaprost against a benchmark of 0.005% Latanoprost,
over a 12-week period, conducted in both American and
Japanese populations with either POAG or OHT.>* Once-
daily dosing of Sepetaprost 0.002% was the most effica-
cious dose, resulting in —7.0 mmHg reduction from
baseline IOP at 6 weeks, compared to —2.7 mmHg for
the placebo group, and —6.8 mmHg in the Latonoprost
group.®® Sepetaprost 0.002% showed a favourable side-
effect profile with 34.1% reporting side effects in compar-
ison to 50% of the Latanoprost cohort.>° The most
commonly reported side effect of Sepetaprost was hyper-
emia, but the drug was well tolerated overall.

Omidenepag Isopropyl

Omidenepag (formerly DE-117) is a selective, high-affinity
prostaglandin EP2 receptor agonist. It is a pro-drug, which is
hydrolyzed to its active form in the aqueous and produces
IOP-lowering effects in rabbits, dogs, and monkeys (Sharif,
Kirihara, et al 2020).*' A Phase 3 non-inferiority study
against latanoprost was undertaken in a Japanese population
with POAG or OHT, which revealed comparable IOP-
lowering effects at 4 weeks, with a non-inferiority margin
of 1.5 mmHg.>* The most commonly associated side effect
was transient conjunctival hyperemia, followed by corneal
thickening, with cases of macular oedema and iritis also
noted.>"*** Omidenepag Isopropyl is a promising treat-
ment of POAG and OHT, with significant IOP-lowering
effects both alone and in conjunction with other treatments.
Due to its selective activation of EP2, it avoids some of the
common adverse effects of commercially available PGAs,
including abnormal eyelash growth.*'-*?

Nitric Oxide Donors

Nitric oxide (NO) and its downstream mediator, cyclic
guanosine monophosphate (¢cGMP), work directly upon
trabecular meshwork cells to induce relaxation.*® This
reduces resistance and increases the conventional outflow
facility. It is suggested that NO also relaxes vessels within
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Table | Developing IOP-Lowering Drugs

Drug

Company

Stage of
Development

Mechanism of Action

Mechanism of IOP
Reduction

Sepetaprost (DE-126/
ONO-9056)

Santen Pharmaceutical

Phase llb

Prostaglandin EP3 and F2 o
agonist

Increased uveoscleral outflow

Omidenepag Isopropyl
(DE-117)

Santen Pharmaceutical

Approved in Japan and

South Korea

Prostaglandin EP2 agonist

Increased uveoscleral outflow

RKI-983)

Phase Ill in USA

NCX 470 NicOx Phase llI Nitric oxide donor (alongside | Increased conventional outflow
(Bimatoprost-NO) prostaglandin F2 o agonist)
AKB-9778/ Aerpio Pharmaceuticals Phase Il Tyrosine protein kinase 2 Increased conventional outflow
Razuprotafib receptor activator
H-1337 Allysta Pharmaceuticals/D. Phase lla Protein kinase inhibitor Increased conventional outflow

Western Therapeutics

Institute
SNJ-1656 (Y39983 or | Senju Pharmaceutical Phase Il Rho kinase inhibitor Increased conventional outflow

PHP-201 (AMAOQO076)

Amakem/pH Pharma

Phase llb (entering
Phase II)

Rho kinase inhibitor

Increased conventional outflow

ITRI-E-212

Industrial Technology

Preclinical study

Rho kinase inhibitor

Increased conventional outflow

(SYL040012)

molecule which inhibits 32

adrenergic receptors

Research Institute, Hsinchu, | completed
Republic of China
TAK-639 (SHP639) Takeda Phase | C type natriuretic peptide Increased conventional outflow
analogue
Bamosiran Sylentis Phase Il Small interference RNA Decreased aqueous humour

production

FMI0lI

Femta Pharmaceuticals

Preclinical study
completed

A3 adenosine receptor
modulator

Increased conventional outflow
and Decreased aqueous

humour production

the distal conventional outflow tract beyond Schlemm’s
NO (0] dual
mechanisms.>® Nitric oxide donors are required to over-

canal. Therefore, reduces via
come the short half-life of NO in vivo, instead of releasing

NO to the target tissue once metabolised.

NCX 470

NCX 470 is a newly developed combination drug, also
known as Bimatoprost-NO. Similar to latanoprostene
bunod, NCX 470 is a combination of a nitric oxide
donor and a prostaglandin F2 o agonist. This combined
therapy aims to enhance the activity of Bimatoprost, which
usually is associated with significant ocular hyperemia.
Indeed, in monkeys, rabbits, and canines, this combination
showed a greater IOP-lowering effect when compared to

the same dose of bimatoprost alone.*® Phase III trials are
planned to commence in America and China in late 2020,
which may show greater efficacy and increased tolerance
with reduced ocular hyperemia.

a-Antagonists
Traditionally, a2-agonists have been used to lower IOP in
the management of glaucoma. Now the focus has shifted
to o-antagonists as a possible IOP-lowering treatment.
Phentolamine (Nyxol®) is a developing a-adrenergic
antagonist, which is being investigated for multiple ocular
indications. The ORION-1 Phase 2b study showed no
statistically significant decrease in IOP on day 15, when
compared to baseline; however, IOP-lowering effects
seemed to be greater with a lower baseline IOP.*
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Phentolamine has a favourable side effect profile, with
predominantly transient mild-to-moderate conjunctival
hyperemia reported.>® Given its limitations in reducing
IOP, it is likely that future phentolamine studies will
focus on its other potential benefit, the reduction of noc-
turnal visual disturbances.

Tyrosine Protein Kinase Receptor

Activators

AKB-9778/Razuprotafib

AKB-9778 is a tyrosine protein kinase receptor 2 activator,
which lowers IOP by increasing conventional aqueous
outflow.* Phase 1b studies showed a statistically signifi-
cant reduction in IOP from baseline in those administered
AKB-9778,
a commonly used prostaglandin analogue.** However,
AKB-9778 achieved greater IOP reduction in those with
higher baseline IOP.* The only ocular side effect noted in

both alone, and in combination with

the Phase 1b study was minimal to mild hyperemia, which
resolved by 8 hours post-dose. Phase 2 trials are planned
for the second half of 2020.

Kinase Inhibitors

H-1337

H-1337 is a protein kinase inhibitor, centred on leucine-
rich repeat kinase (LRRK2). Its presumed IOP-lowering
mechanism is increased trabecular outflow.*'**> This pro-
tein kinase inhibitor was shown to have a prolonged dura-
tion of effect in rabbit and monkey models, where in the
latter, it lasted over 24 hours.*'*** H-1337 has the potential
for success, with no side effects noted in the animal
studies, and a promising Phase 2a clinical trial was com-
pleted in 2018.%"%2

Rho Kinase Inhibitors

Rho kinase (ROCK) inhibitors have great potential in
glaucoma, as they not only lower IOP through an increase
in conventional aqueous outflow, but they also display
neuroprotective effects, thought to have potential benefit
in other neurodegenerative conditions such as Alzheimer’s
disease.*’

SNJ-1656

SNJ-1656 (RKI-983 or Y 39,983) is a ROCK inhibitor that
increases conventional outflow by up to 65.5% and
thereby reduces IOP in rabbit, mice, and primate
models.***> The TOP lowering effect of Y 39,983 was
comparable to timolol and superior to latanoprost in one

mouse study.*’ A 7-day Phase 2 study found 0.1% dosing
of SNJ-1656 to be efficacious in lowering IOP from
a baseline of 22 mmHg. As with many topical eye drops,
SNJ-1656 is associated with side effects including con-
junctival hyperemia, which occurred in all patients in the
Phase 1 study and 60% of patients in the Phase 2
study, #4647

PHP-201

The ROCK inhibitor PHP-201 (previously AMAO0076)
relaxes the smooth muscle of the trabecular meshwork,
which increases aqueous outflow and lowers IOP.*® 1t is
a drug that is rapidly broken down to its inactive metabo-
lite upon contact with the ocular surface. This limits its
topical side effects such as conjunctival hyperemia.*® In
a Phase 1b human study, AMA0076 achieved a mean IOP
reduction of 3.7 mmHg, which was statistically significant
when compared to placebo.49 A Phase 2b dose-finding and
safety study was completed in normal tension glaucoma
patients with results not yet released. pH Pharma is cur-
rently planning Phase 3 clinical trials across China, Japan,
and Korea.>”

ITRI-E-212

ITRI-E-212, like other ROCK inhibitors, reduces IOP by
increasing aqueous outflow through the trabecular mesh-
work. In a rabbit model, ITRI-E-212 has been effective in
lowering IOP by nearly 25% in normotensive rabbits, with
an even greater reduction of 28.6% in hypertensive
rabbits.”' These IOP-lowering effects were found to last
for at least 6 hours following the once-daily dosing regi-
men utilized in this study. Similar to other ROCK inhibi-
ITRI-E-212
however, in this study, the side effect was found to be

tors, induced conjunctival hyperemia;
mild and transient in nature.>' This agent may have poten-
tial future use in the treatment of glaucoma, and we await

further human trials.

C Type Natriuretic Peptide Analogue
TAK-639

TAK-639 (previously SHP639) is a C-type natriuretic pep-
tide analogue that is presumed to increase trabecular mesh-
work outflow.”? Initial studies using topical administration
to penetrate the corneas of rabbits, dogs, and monkeys
have been promising.”® Furthermore, this study found
minimal systemic plasma concentrations of TAK-639,
mostly noted in the early period post-instillation.>®
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A subsequent Phase 1 study showed twice-daily dosing
of 0.6% TAK-639 did reduce IOP in participants. This was
associated with minimal systemic exposure, and the most
common adverse effects being ocular irritation and transi-
ent fluorescein staining of the cornea.”® These side effects
were tolerated by the participants and did not result in any
study withdrawals.>

Small Interference RNA (siRNA)

Bamosiran

Bamosiran (SYL040012) is a siRNA, which inhibits B2
adrenergic receptors. It was efficacious in a rabbit model,
with reduced aqueous humour production, and IOP-lowering
effects similar to dorzolamide and latanoprost.’*> A Phase
2a dose-finding placebo-controlled study found 0.75%
Bamosiran to be the optimal concentration for IOP lowering
effect at 14 days; however, further Phase 2 data suggest that
Bamosiran 1.125% was the only dose that was comparable
to timolol 0.5%.° It displayed non-inferiority, specifically in
eyes with baseline IOP >25 mmHg.

Adenosine Receptor Modulators

FMI01

FM101 is an A3 adenosine receptor modulator, which is
currently in development for multiple indications,
including glaucoma. This drug works by modifying the
actions of adenosine, which is a regulator of inflamma-
tion and fibrosis, thereby increasing the digestion of
collagen components within the trabecular meshwork
and decreasing outflow resistance.’’>® FM101 oral for-
mulations were administered to rats over a 28-day per-
iod, in a study to ascertain dose-related safety.”® This
was a safety and toxicity study that showed adverse
effects including irregular respirations, transient anor-
exia, and diarrhoea.”® Further preclinical research in
normotensive rabbits and glucocorticoid-induced glau-
coma mice models found the two highest doses of
FM101 (500 pm and 700 pm), taken once or twice
per day, were comparable to the IOP-lowering effect of
Xalatan.’® The peak IOP-lowering effect of FM101 was
achieved at approximately 2 hours post-administration,
whilst twice-daily dosing showed progressive 10P-
lowering to day 27 of administration.’® We await the
results of a Phase 1 clinical trial in healthy volunteers
that will assess safety, tolerability, and the pharmacoki-
netic profile of FM101.

Beyond Topical Agents
Our review focuses upon developing topical ocular hypo-
tensive agents; however, alternative drug delivery methods
are also being explored. In further attempts to mitigate the
side effects of topical therapy, progress has been made in the
fields of ocular implants, injections, and punctual plugs.
Drug-eluting implants can be categorised based on
(Table 2).
Extraocular devices include bimatoprost rings that are

extraocular or intraocular placement
nestled into the conjunctival fornices, drug-eluting punctal
plugs and intracanalicular implants. Contact lenses are
extraocular inserts that are familiar to patients and are
being considered as drug-eluting devices. These have
been tested during a week of continuous wear, with further
research required to ascertain the duration of effect and
optimal dosing.®

Intraocular devices with drug-eluting properties have
been placed within the trabecular meshwork, as well as the
intracameral space.®’ Difficulties with successful self-
administration of eye drops are well documented.
Implants shift this responsibility from the patient to the
clinician. This can improve treatment adherence and also
significantly =~ reduce  the  frequency of drug
administration.®” A Phase II study of the iDose (Glaukos,
San Clemente, CA, USA), a Travoprost eluting stent that
is injected directly into the angle via a preloaded injector
system, has demonstrated favourable safety and efficacy
profiles prompting a Phase III study.®> Further IOP-
lowering options include intraocular injections of sus-
tained-release compounds, with various sites of delivery
such as intravitreal or suprachoroidal (eg GB-401 encap-
sulated microparticle or Clearside’s microinjector).
Durysta™ is a Food and Drug Authority (FDA) approved
intracameral 10 pm Bimatoprost sustained-release (SR)
implant. The majority of these implants degrade by 12
months, and further trials are underway to ascertain the
efficacy and safety of other doses.®* Re-treatment is cur-
rently not recommended. These local delivery systems
limit systemic complications by using lower doses and
require less frequent administration. Another benefit of
these devices over implants is that they are biodegradable
and leave no permanent intraocular foreign material.®'
However, local implants can also have drawbacks, which
in the case of Durysta, include increased risk of corneal
endothelial cell loss, the need for caution in patients with
narrow angles and increased risk of macular oedema and

intraocular inflammation.®’
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Table 2 Alternate Delivery Routes

Route Options Brand Name - Stage (P/C/A) | Active Ingredient Duration
Extra-ocular | Surface implants Bimatoprost ring - C Bimatoprost 6 months
Topical Ophthalmic Drug Delivery | Can hold a number of agents: Timolol, 6 months
Device (TODDD) - C Latanoprost, Brimonidine, Pilocarpine
Drug-eluting contact lenses - P Latanoprost I week
Punctal plugs OTX-TP and Evolute — C Travoprost or Latanoprost 2-3 months
Gel forming drops SoliDrop - P Brimonidine Weeks
Intra-ocular | Injectables
- Supraciliary Clearside - P Brimonidine I month
- Subconjunctival and GB-401 - P Proprietry B-adrenergic antagonist prodrug 6 months
Intravitreal
- Anterior Chamber IBI-60,089 - P Sustained release Latanoprost 6 months
Implants
- Intracameral Durysta™ - A Bimatoprost SR 6 months
ENV515 - C Travoprost XR I'l months
LATA-CSI102 - C Latanoprost FA SR Up to 32 weeks
- Trabecular meshwork | iDose - C Travoprost 12 months
- Intrascleral Ophthalmic MicroPump - P Various drugs 12 months
- Subconjunctival Durasert - C Various agents. Latanoprost being trialled 12 months

Notes: P, preclinical trials; C, clinical trials; A, FDA approved.

Conclusion

Glaucoma is a condition with significant associated mor-
bidity, and the goal is to find IOP-lowering therapy that is
effective, simpler to use and can complement/augment the
options already available to the patient. There are promis-
ing new agents in classes that are already in use, and also
agents in novel classes that may provide IOP control and
in some cases, neuroprotection. Newer agents that are in
development may be useful as adjunctive medical therapy
and may also delay or avoid non-medical treatment.

While there are patients who will progress to require
interventional IOP-lowering procedures, most will achieve
adequate IOP control with adherence to topical medica-
tion. Poor adherence to treatment is often the cause behind
treatment failure and is due to increased frequency of
dosing or number of medications, as well as an unfavour-
able side effect profile. Therefore, future IOP-lowering
therapies need to address these issues to improve patient
outcomes.

Currently available PGAs, and those in development,
have significant IOP-lowering effect. Both Sepetaprost and
Omidenepag Isopropyl are promising PGAs that have been
shown to have comparable IOP-lowering effect to latano-
prost, but with more favourable side effect profiles. These

agents are likely to be first-line therapies, with the added
benefit of potentially improved patient tolerance and
adherence, compared with current PGAs.

Enhancing or augmenting the effects of currently effec-
tive agents is a promising direction for medical therapy in
glaucoma. NCX 470 is a combination drug that is present
in late-phase trials. By adding a nitric oxide donor to
bimatoprost, it is hoped that clinicians will be able to
theoretically improve IOP-lowering without increasing
medication instillation frequency. This combination has
the potential for improving the effect of an existing effi-
cacious PGA, as well as reducing patient intolerance,
owing to the drug’s favourable side effect profile.

Rho-Kinase Inhibitors, Netarsudil
Ripasudil, are recent additions in the management of glau-

such as and
coma. This drug class also appears to have an additional
neuroprotective effect making it an attractive option as
a first-line agent. Ripasudil in particular has a favourable
side effect profile compared to some currently available
therapies. Its main side effect is moderate severity con-
junctival hyperemia, which tends to resolve within 120
minutes.®® Future ROCK inhibitors, SNJ-1656, PHP-201,
and ITRI-E-212, have a similar limited side effect profile
with impressive IOP-lowering efficacy. We anticipate
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these drugs will be well tolerated and will be a positive
development in expanding treatment options.

Some of the novel drug classes also appear to have
great potential in improving patient adherence, as well as
being effective in lowering IOP. For example, the protein
kinase inhibitor H-1337 had a long duration of effect
(lasting over 24 hours in monkeys) with no side effects
noted in the Phase 1 and 2a trials. Further studies are
required to test whether the drug will consistently perform
in larger human trials. The favourable side effect profile
and daily (or possibly less frequent) dosing of H-1337 are
encouraging features for its potential use in clinical prac-
tice. Bamosiran is a siRNA that also shows potential in
lowering IOP, but its success seems to be limited to
patients with a higher pre-treatment IOP.

Topical ocular hypotensive agents currently in devel-
opment aim to improve patient adherence to treatment. For
the majority of new agents, this is achieved through
improved side effect profiles, which results in better toler-
ance. Some agents (such as H-1337) also act to increase
efficacy and reduce the frequency of dosing.
Rationalisation of patient medication regimens is possible
with current fixed-combination therapies. Further combi-
nation eye drop formulations are in development, and will
similarly take advantage of this method to improve the
IOP-lowering effect and patient adherence.

Alternative treatment delivery options including drug-
eluting punctal plugs, conjunctival/forniceal rings and
intracameral inserts, are an attractive way to improve
treatment adherence and tolerability. However, these
options come with a different set of potential adverse
events owing to their invasive nature. Oral administration
is another mode of drug delivery, but is associated with the
potential for systemic adverse events and has traditionally
been underutilized.

Non-medical therapies that have recently changed the
landscape of glaucoma practice include surgical devices
and selective laser trabeculoplasty. Multiple minimally
invasive glaucoma surgical (MIGS) devices have been
introduced to either independently lower IOP or work
alongside medical therapy. They carry their own set of
adverse events, including rare, but potentially sight-
threatening intraoperative and post-operative complica-
tions. Selective laser trabeculoplasty has also found
a role in newly diagnosed ocular hypertensives and open-
angle glaucoma patients.®” The favourable adverse effect
profile is a major advantage of SLT, but conversely, the
period of efficacy is variable and limited. These practice-

changing alternatives have provided the clinician with
more choice; however, the role of medical therapy remains
important as first-line or adjunctive therapy. Although
most of the medications mentioned in this review offer
similar or slightly less IOP-lowering effect than currently
available therapies, their favourable side effect profiles
appear to be promising.

Ultimately, glaucoma research aims to improve out-
comes through disease modification. The main targets in
medication research are the IOP-lowering effect and con-
currently, the drug’s safety profile. Numerous pipeline
drugs may offer these benefits and possibly prevent
patients from undergoing invasive interventions.
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