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Pharmacologic
[reatments for Presbyopia

Current understanding and the latest developments.

ore than a billion
individuals worldwide
experience presbyopia.'
Interest in the surgical
correction of the condition remains
high, but nonsurgical methods also
hold appeal. Current pharmacologic
efforts to address presbyopia
center on achieving miosis to
increase the depth of focus. In 2023,
Novartis terminated its US FDA
trial of an alternative approach
that used a lipoic acid choline ester
(UNR844) to soften the crystalline lens
when the study’s primary objective
was not met.2
The relationship between depth of
focus and pupil size is well known.?
Achieving a pupil smaller than 2 mm
is necessary to increase depth of focus
and near visual acuity significantly
(Figure 1).% The cholinergic activity
of miotics stimulates the pupillary
sphincter, but most of these agents
also stimulate the ciliary muscle,
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which can cause an accommodative
spasm, brow ache, and a myopic shift.
The last of these can improve the
patient’s near visual acuity but typically
degrades their distance visual acuity
except when the individual has low
hyperopia. Because the concentration
of any given cholinergic agent can
usually be raised sufficiently to obtain
a small pupil, the challenge is not
achieving miosis but doing so without
concomitantly stimulating the ciliary
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muscle. What is needed is what | refer
to as a pupil-selective miotic.

This article discusses the latest
developments in pharmacologic
treatments for presbyopia.

CURRENT MIOTIC AGENTS

The Table shows the current
development and approval status of
various miotic agents. Of these, only
Vuity (pilocarpine HCL ophthalmic
solution 1.25%, AbbVie) has been
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Figure 1. The relationship between pupil diameter and total depth of focus (A) and the improvement in near vision as a
function of pupil diameter under different lighting conditions (B).2°



TABLE. STATUS AND AVAILABILITY OF MIOTIC AGENTS

Agent Composition

Status

Aceclidine

LNZ100 (Lenz Therapeutics)

1.75% aceclidine

NDA submission expected
mid-2024 with potential launch in
second half of 2025

Carbachol

Brimochol (Visus)
brimonidine

2.75% carbachol + 0.1%

Phase 3 trial underway (BRIO-I)’

Pilocarpine

Apersure (MicroLine; Eyenovia)

2% pilocarpine

NDA on hold pending market
conditions®

MR-141 (Viatris)
phentolamine

0.4% pilocarpine + 0.75%

Second phase 3 trial beginning in
02 2024°

Qlosi (Orasis Pharmaceuticals)

pilocarpine 0.4%

US FDA-approved (October 2023),
not yet commercially launched"

Vuity (AbbVie)

1.25% pilocarpine

US FDA-approved and
commercially launched in 2021

Abbreviation: NDA, new drug application.

approved by the US FDA and

made commercially available. Qlosi
(pilocarpine HCL ophthalmic solution
0.4%, Orasis Pharmaceuticals) has also
been approved by the US FDA but is
not yet available.

Four of the miotic agents are
principally pilocarpine in various
proprietary formulations and
concentrations: Vuity, Qlosi, Microline
(Eyenovia), and Nyxol + Pilocarpine
(Viatris). Nyxol contains
phentolamine, a nonselective alpha-
adrenergic antagonist. Brimochol PF
(Visus Therapeutics) is a combination

of carbachol and brimonidine.
LNZ100 (Lenz Therapeutics) contains
the compound aceclidine. Lenz

also tested a second compound,
LNZ101, which contained aceclidine
and brimonidine but chose not to
pursue its development because

it was not found to be superior to
aceclidine alone.

As the first topical treatment for
presbyopia, Vuity’s launch in 2021
generated interest and excitement
in the ophthalmic and lay press.
Although the agent does not achieve
a sub-2-mm pupil, the drug improves

LNZ100 LENZ (LNZ100) Aceclidine 1.75%
== LENZ (LNZ101) Aceclidine 1.75% & Brimonidine
— Allergan (Vuity) Pilocarpine 1.25%
— Orasis (CSF100) Pilocarpine 0.4% (BID @ 2hrs)
— Visus (Brimochol PF) Carbachol 2.75% & Brimonidine 0.1%
= Ocuphire Nyxol 0.75% Evening Prior + Pilocarpine 0.4% @ T=0
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Figure 2. Pupil size over time for various miotic treatments.5"

INNOVATIONS IN REFRACTIVE SURGERY

near visual acuity in many individuals.
The pupillary nadir for Vuity occurs
1 hour after instillation. By 4 hours,
the mean pupil size has enlarged
to approximately 3 mm, providing
minimal near benefit. In March 2023,
the US FDA approved the drug for
twice-daily dosing, extending its
duration of effect.

All other compounds containing
pilocarpine have affected pupil
size similarly to Vuity (Figure 2).
Brimochol PF, a fixed combination of
carbachol and brimonidine tartrate,
has performed slightly better and
nearly achieved a 2-mm pupil at the
1-hour mark. The only compounds
that have demonstrated the
capability of achieving a pupil smaller
than 2 mm at their clinically studied
concentrations contain aceclidine.
This level of miosis persisted for
approximately 10 hours after
instillation.

A PUPIL-SELECTIVE MIOTIC?

Decades ago, aceclidine was used
outside the United States to treat
glaucoma. The agent’s efficacy
for IOP reduction was inferior to
that of pilocarpine, but aceclidine
created miosis without ciliary muscle
stimulation by targeting muscarinic
receptors specific to the iris sphincter.

Figure 3 shows the concentrations
of aceclidine, pilocarpine, and
carbachol required to achieve a
50% maximum muscle response
for the iris sphincter and ciliary
muscles. As shown in this figure,
the concentrations of pilocarpine
and carbachol that affect the ciliary
muscle undesirably do not differ
significantly from those required to
achieve miosis. In contrast, aceclidine
affects the ciliary muscle only at
concentrations 22 to 28 times higher
than those required to achieve miosis.
In theory, aceclidine should behave
as a pupil-selective miotic, whereas
pilocarpine and carbachol should
not. Aceclidine could therefore be
used at a concentration that provides
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Figure 3. The drug concentrations required to achieve a 50% maximum muscle response (EC, ) for the iris sphincter and
ciliary muscle for aceclidine, pilocarpine, and carbachol. Research based on 29 pairs of eyes and donors ranging from

41t0 89 years of age.®

much more miosis than any other
compound.

CLINICAL TRIAL RESULTS

Lenz Therapeutics recently released
data from the phase 3 CLARITY trial,
and the results were encouraging.®
At 30 minutes and 3 hours after
drug instillation, 71% of participants
experienced at least 3 lines of
improvement in their near visual
acuity, and the effect persisted for
10 full hours in 40% of participants.
A placebo-corrected headache
incidence of 7.6% was reported, and
the side effect was mild in most cases.

Peripheral retinal traction is a
concern with any miotic agent, but a
pupil-selective agent should minimize
this risk. The CLARITY 1, 2, and 3 trials
enrolled a total of 1,059 participants.
LNZ100 was well tolerated, and no
serious treatment-related adverse
events were observed in the more
than 30,000 treatment days across all
three CLARITY trials.
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LOOKING AHEAD

The public is interested in a safe
and effective topical treatment
for presbyopia, and the market is
large and likely growing. Assuming
LNZ100 achieves US FDA approval,
what remains to be seen is
whether it performs better in the
marketplace than the weaker agents
currently approved.

All miotic compounds rely on
small-aperture optics to achieve their
effect. None of them addresses the
underlying changes in lens elasticity
that cause presbyopia. Efforts in that
direction have been unsuccessful
thus far, but continued research
and development in this area seems
worthwhile.
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