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Purpose: To determine the safety, efficacy, and tolerability of combinations of pilocarpine (Pilo) and oxy-
metazoline (Oxy) ocular drops dosed once daily and identify the optimal concentration of each for the pharma-
cologic treatment of presbyopia.

Design: Two concurrent Phase 2, multicenter, double-masked, randomized, vehicle-controlled studies, 1
short-term and 1 extended study.

Participants: Emmetropic individuals affected by presbyopia and in good general health.
Methods: Uncorrected near visual acuity (UNVA) was measured throughout both studies with various

concentrations and combinations of Pilo (0%, 0.5% 1.0%, and 1.5%) and Oxy (0%, 0.0125%, 0.05%, and
0.125%). For safety, uncorrected distance visual acuity (UDVA) was measured, treatment-emergent adverse
events (TEAEs) were recorded, and a temporal/supraorbital headache assessment was completed.

Main Outcome Measures: The primary efficacy end point was mean change from baseline in UNVA.
Results: In the short-term study, Pilo was shown to produce a significant dose response in the average

increase of letters (P < 0.001), whereas Oxy did not have a significant impact (P ¼ 0.4797). The addition or in-
crease in concentration of Oxy did not reduce incidence or severity of headaches when compared with Pilo alone.
Efficacy results from the extended study supported the results from the short-term study. As early as 15 minutes
postadministration, a dose response could be seen, with peak effect at 1 hour. Peak improvement increased from
day 1 to day 14 and was maintained up to day 28. The most common TEAE was headache. There was no
clinically significant reduction in UDVA. A polynomial regression model was developed and determined that the
optimal concentration range of Pilo is between 1.16% and 1.32%.

Conclusions: On the basis of the results of the 2 Phase 2 studies, AGN-190584, a reading drop containing an
optimized concentration of pilocarpine HCl (1.25%) delivered using a proprietary formulation, was developed and
is currently under investigation in Phase 3 studies. Ophthalmology Science 2021;1:100065 ª 2021 by the
American Academy of Ophthalmology. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Presbyopia is a highly prevalent, progressive condition in
which the eye’s ability to focus on near objects reduces with
increasing age. This reduction is due to the decreased ability
of the lens to change shape to focus on near objects, known
as “accommodation.” Loss of accommodation is likely due
to lens hardening caused by the loss of viscoelasticity of the
crystalline lens and contraction power in the ciliary body.1,2

Uncorrected presbyopia is a worldwide vision impairment
condition that affects approximately 1.8 billion individuals
globally.3 It impacts an individual’s daily activities and
emotional well-being, and decreases the quality of life.4-7

Despite its prevalence, there are limited treatment options
for presbyopia. Current nonsurgical methods include the use
of reading, bifocal, or multifocal glasses and monovision or
ª 2021 by the American Academy of Ophthalmology
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/). Published by Elsevier Inc.
multifocal contact lenses. However, none can restore
dynamic range of accommodation,8 and multifocal glasses
can impair depth perception, which increases the risk of
falls.9,10 There are also surgical treatment options, but
similar to the nonsurgical options, vision quality is
reduced by at least at 1 viewing distance.8,11 Surgery also
has its own set of challenges and risks, such as infection,
loss of contrast sensitivity, optical aberrations, and
potential risk of retinal detachment.12-15

Because many individuals have expressed a preference
for eye drops,16 there is a need for a noninvasive, reversible,
pharmacological treatment for presbyopia. Pilocarpine (Pilo)
is a cholinergic muscarinic receptor agonist that has been
used as a glaucoma treatment for decades but has largely
1https://doi.org/10.1016/j.xops.2021.100065
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been replaced by topical prostaglandins and beta-blockers as
first-line therapies for glaucoma.17 The mechanism of action
of Pilo, for the treatment of presbyopia, is through
enhancing both depth of focus and accommodation.11,18,19

Pilo contracts iris sphincter muscles and ciliary muscles
by binding to and activating muscarinic M3 receptors.20,21

Contraction of the iris sphincter causes pupil constriction,
creating a pinhole effect that increases depth of focus and
improves the ability to focus on near objects.11,22 In
addition, contraction of the ciliary muscle enhances
accommodation and can also contribute to improving near
vision. In this study, the Pilo formulation has been
optimized with a proprietary vehicle that reduces ocular
irritation and blurry vision when compared with a
commercially available pilocarpine hydrochloride
ophthalmic solution for the treatment of glaucoma23 and is
being investigated for the treatment of symptoms
associated with presbyopia.

Oxymetazoline (Oxy) is a selective a1-adrenergic re-
ceptor agonist.24,25 As an ocular therapy, Oxy has been used
to treat minor eye redness26 and ptosis.27 When applied
topically to the eye, it can cause the contraction of the
dilator muscles, subsequently dilating the pupils.28 Oxy
also acts as a vasoconstrictor29 and has been added to
tetracaine, an anesthetic, to slow its absorption and
improve duration of action for intranasal applications.30,31

Although the addition of Oxy to Pilo is hypothesized to
dampen the initial peak effect of Pilo, it may also extend
the duration of action and potentially reduce the rate and
severity of Pilo’s adverse events (AEs) (JC Abad, personal
communications, December 24, 2013). Based on the
expectation that Oxy would reduce Pilo’s AEs and
potentially prolong its duration of action, combinations of
Pilo and Oxy were investigated for the treatment of
presbyopia.

The purpose of these dose-ranging, Phase 2 studies was
to determine the optimal concentrations of Pilo and Oxy for
the improvement of near vision in individuals with
presbyopia. The safety, efficacy, and tolerability of fixed
and unfixed Pilo/Oxy combinations were evaluated for this
purpose in 2 Phase 2 studies (NCT02595528, NCT0278
0115).

Methods

The studies were registered on clinicaltrials.gov with the identifiers
NCT02595528 and NCT02780115. They were performed in
compliance with Good Clinical Practice, the principles of the
Declaration of Helsinki, or the laws and regulations of the country
in which the studies were conducted. Institutional Review Board or
independent Ethics Committee approval was obtained at each site
before the study began, and all patients provided written informed
consent before undergoing any study-related procedure.

Study Design

The 2 concurrent Phase 2 studies had different study designs. Both
studies were randomized, dose-ranging studies with either unfixed
(i.e., drugs applied from individual bottles and dosed 5 minutes
apart) or fixed (i.e., both drugs applied from a single bottle)
combinations of Pilo (0%, 0.5% 1.0%, and 1.5%) and Oxy (0%,
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0.0125%, 0.05%, and 0.125%). Patients were randomized by the
interactive response system (IxRS). In the NCT02595528 study
(i.e., short-term study), patients were randomized in a 1:1:1:1 ratio
and were stratified by baseline uncorrected near visual acuity
(UNVA) (�20/80 and >20/80). At the time of randomization on
visit 1, eligible patients were placed into 1 of 2 strata and were
assigned to 1 of the 4 treatment groups. In the NCT02780115 study
(i.e., extended study), patients were randomized by IxRS in a
1:1:1:1:1 ratio stratified by age (�50 and >50 years) and iris color
(brown and not brown). At the time of randomization, eligible
patients were placed into 1 of 4 strata and assigned to 1 of the 5
treatment groups. For both studies, treatment group assignment
was based on the randomization scheme within the patient’s stra-
tum according to the order of enrollment. The IxRS will assign the
next available randomization number for the appropriate stratum to
the patient at the time the investigator requests randomization.
Study medication was labeled with a medication kit number, study
number, and dominant eye (DE) or nondominant eye (NDE). The
IxRS provided the site with the specific medication kit numbers for
each patient at the time of randomization. Randomization schemes
were prepared by Allergan Biostatistics. Sites were assigned study
medication kits according to the IxRS instructions and received the
IxRS confirmation notifications for each transaction. All notifica-
tions were maintained with the study source documents.

In the short-term study, there were 4 treatment groups that went
through five 2-day dosing periods with a 7- to 21-day washout in
between each dosing period. This study was conducted at 15 study
centers. This study was designed to quickly determine the efficacy
of 16 different combinations of Pilo and Oxy over a short period.
The 4 treatment groups were defined by Pilo concentration (0%,
0.5% 1.0%, and 1.5%). In 4 of the dosing periods, participants
within each group received an unfixed combination of a single
concentration of Pilo and 4 different concentrations of Oxy (0%,
0.0125%, 0.05%, and 0.125%). All participants also received a
fixed combination of Pilo 1.0% and Oxy 0.125% in a fifth dosing
period. The orders in which the participants received the 5 com-
binations were random, and all study treatments were masked.
Treatment was dosed once daily in the NDE, and vehicle (placebo)
was dosed in the DE (Fig 1).

To accelerate the development and understanding of dosing
Pilo and Oxy as fixed combinations over an extended period of
time, the extended study was performed concurrently at 14 study
centers. This study consisted of 5 fixed combination treatment
groups that went through a single dosing period of 28 consecutive
days with a 14-day follow-up. To test low, medium, and high fixed
combinations of Pilo and Oxy concentrations, the following
treatment groups were chosen from the short-term study for the
extended study: Pilo 0%/Oxy 0% dosed in both eyes (OU) (Vehicle
OU), Pilo 0.5%/Oxy 0.0125% dosed OU (Low OU), Pilo 1.0%/
Oxy 0.05% dosed OU (Medium OU), Pilo 1.5%/Oxy 0.125%
dosed OU (High OU), and Pilo 1.5%/Oxy 0.125% dosed in the
NDE with the DE receiving vehicle (High NDE) (Fig 1). Treatment
was dosed once daily. In contrast to the short-term study, all
treatments were fixed combinations, and all but 1 treatment group
was dosed in OU. The age range for the extended study was larger
than in the short-term study, and efficacy measurements were taken
at earlier time points to pinpoint onset of action. In both studies, the
drops were delivered with a proprietary formulation that quickly
equilibrates with tear pH upon instillation, and the NDE was used
as the study eye. For both studies, the investigators and participants
were fully masked to study drug and vehicle treatments.

Inclusion/Exclusion

The inclusion criteria for the short-term study were individuals
�40 and <51 years of age; in the extended study, the age was

http://clinicaltrials.gov


Figure 1. The treatment groups for the short-term and extended studies are shown. In the short-term study, participants were placed into 1 of 4 treatment
groups based on pilocarpine (Pilo) concentration (0%, 0.5%, 1.0%, and 1.5%) and went through 5 different dosing periods. In 4 of the dosing periods,
participants received the same concentration of Pilo and randomly cycled through different concentrations of oxymetazoline (Oxy) (0%, 0.0125%, 0.05%,
and 0.125%). In 1 of the 5 dosing periods, participants received a fixed combination of Pilo 1.0%/Oxy 0.125%. The stars represent the combinations that
were chosen as treatment groups for the extended study. NDE ¼ nondominant eye; OU ¼ both eyes.
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raised to include individuals �40 and �55 years of age. In-
dividuals had to be in general good health, emmetropes (defined
as sphere �0.50 diopters [D] to þ0.75 D and/or a cylinder
<0.75 D) with presbyopia in each eye, photopic, high-contrast
uncorrected distance visual acuity (UDVA) of 20/25 or better
in each eye at the screening and baseline visits, mesopic, high-
contrast UNVA of 20/40 (J3) to 20/200 (J17) in each eye at the
screening and baseline visits, magnitude þ1.00 to þ2.50
reading resulting in mesopic, high-contrast UNVA of 20/20 or
better in each eye, maximal accommodative amplitude >1.25 D
and <5 D in OU for the NCT02595528 study and maximal
accommodative amplitude �1.25 D in OU in the NCT02780115
study, mesopic pupil diameter <8.0 mm and photopic pupil
diameter >3.0 mm in OU, phakic in each eye, intraocular
pressure >10 mmHg and <21 mmHg. Individuals with severe
dry eye disease, corneal abnormalities that would likely inter-
fere with visual acuity, history of cataract surgery, phakic
intraocular lens surgery, corneal inlay surgery, or any intraoc-
ular surgery (exception: LASIK or photorefractive keratectomy
with UDVA and UNVA meeting inclusion criteria), narrow
iridocorneal angles, history of angle-closure glaucoma, or pre-
vious iridotomy, iris heterochromia, abnormal pupil shape,
anisocoria >1 mm between pupils under mesopic conditions,
history of migraine headaches requiring treatment, or on any
concurrent use of topical ophthalmic medications during the
study were excluded.

Efficacy

For the short-term study, mesopic, high-contrast UNVA was
measured at hours 0, 1, 3, 6, 8, and 10 on day 1 and 2 for
efficacy. The primary efficacy end point for the short-term
study was the average change from baseline in UNVA
letters in the NDE over the 2-day dosing period. In the
extended study, measurements were taken on day 1 at 0.25,
0.5, 1, 3, 6, 8, and 10 hours, on day 28 at 0.5, 1, 3, 6, 8, and
10 hours postadministration, and on days 14 and 21 at 0, 0.5,
and 1-hour postadministration. The primary end point for the
extended study was the mean change from baseline in mes-
opic, high-contrast UNVA letters in the NDE at day 28. Pupil
diameter was also measured at each time point. All mea-
surements were for monocular vision from the NDE.

Mesopic conditions were defined by lighting, 10 to 11 lux,
measured at the target. Ten different near logarithm of the
minimum angle of resolution charts (Cat No. 23212-1A, -1B,
-2A, -2B, -3A, -3B, -4A, -4B, -5A, and -5B) and 3 different
distance logarithm of the minimum angle of resolution charts
(Cat No. 2144, 2144B, 2144C) were used for UDVA and
UNVA measurements. The charts had the same settings but
different SLOAN letters. The sites selected which charts to
use but were required to rotate charts throughout each day to
avoid patient memorization of the letters. The chart used at
each measurement was tracked by the source worksheet. For
UNVA, charts were mounted 40 cm from the participant’s eye
by a metal bar attached to the top of the Grand Seiko that was
designed to suspend the charts at the desired distance. For
UDVA, charts were mounted 4 m away from the participant’s
eye, approximately in the middle of the visual field. For visual
acuity, participants were asked to read the lowest line they
could read on the chart and continued reading until 3 or more
errors were made on 1 line. The number of letters correctly
read, including the letters in the preceding lines, were counted
and recorded. Distance and near pupil size were measured by
a pupilometer (NeurOptics, VIP-200) or a Grand-Seiko
autorefractor while the participants were looking at the dis-
tance or near chart.
3



Table 1. Study Participants’ Demographics and Baseline Characteristics for Short-term Study

Treatment Groups

Total (N [ 157)Pilo 0% (N ¼ 40) Pilo 0.5% (N ¼ 37) Pilo 1.0% (N ¼ 42) Pilo 1.5% (N ¼ 38)

Mean age (SD), yrs 46.6 (2.9) 47.1 (2.6) 46.8 (2.8) 46.6 (2.2) 46.8 (2.6)
Min, Max 40, 50 40, 50 40, 50 41, 50 40, 50
Sex - male, % 20.0 32.4 31.0 39.5 30.6
Race, %
White 77.5 81.1 66.7 92.1 79.0
Black 15.0 13.5 31.0 7.9 17.2
Asian 7.5 0 0 0 1.9
Other 0 5.4 2.4 0 1.9

Baseline UNVA, %
20/40e20/80 65.0 70.3 66.7 68.4 67.5
20/100 or worse 35.0 29.7 33.3 31.6 32.5

Pilo ¼ pilocarpine; SD ¼ standard deviation; UNVA ¼ uncorrected near visual acuity.
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Safety

For safety, high-contrast UDVA was measured, and treatment-
emergent adverse events (TEAEs) were recorded in both studies.
A temporal and supraorbital headache assessment was also
completed using a 100-mm long visual analog scale (VAS) to rate
the headaches that were experienced in each eye at hours 0.5 and 1
at every study visit in the extended study. Tolerability was deter-
mined through a participant-reported ocular tolerability and drop
comfort assessment after drop administration at each study visit.
Participants were asked to rate symptom severity as “none,”
“trace,” “mild,” “moderate,” or “severe” upon drop instillation, as
well as the duration of symptoms as “<1 minute,” “1 to 5 mi-
nutes,” and “>5 minutes.” The symptoms included blurred vision,
foreign body sensation, pain, burning/stinging, and itching.
Table 2. Study Participants’ Demographics and B

Vehicle OU
Pilo 0%/Oxy 0%

(N [ 28)

Low OU
Pilo 0.5%/Oxy 0.0125%

(N [ 30)

Medium O
Pilo 1.0%/Oxy

(N [ 30

Mean age (SD),
yrs

48.3 (3.9) 49.4 (2.7) 47.9 (3.9

Min, Max 40, 55 43, 54 41, 54
Iris color brown,

n (%)
18 (64.3) 19 (63.3) 18 (60.0

Sex - male, % 32.1 33.3 40
Race, n (%)
White 23 (82.1) 23 (76.7) 25 (83.3
Black 3 (10.7) 5 (16.7) 5 (16.7)
Asian 0 1 (3.3) 0
American

Indian or
Alaska
native

1 (3.6) 1 (3.3) 0

Native
Hawaiian/
Pacific
Islander

1 (3.6) 0 0

Multiple 0 0 0
Baseline UNVA, %
20/40e20/80 71.4 66.7 60
20/100 or

worse
28.6 33.3 40

NDE ¼ nondominant eye; OU ¼ both eyes; Oxy ¼ oxymetazoline; Pilo ¼ pil

4

Participants also rated the comfort of the drops as “soothing,” “very
comfortable,” “comfortable,” “uncomfortable,” “very uncomfort-
able,” or “intolerable.”

Statistics

Statistical analysis was performed using analysis of covariance
(ANCOVA) techniques and 2-sample t tests for between-group
comparisons. Categorical variables were analyzed using Pear-
son’s chi-square test. In the extended study, 26 patients per treat-
ment group was determined as the sample size that would provide
99% power to observe a difference between an active group and
the vehicle group for �1 line of change from baseline in mesopic,
high-contrast UNVA and 68% power for �1 line of change from
baseline in photopic, high-contrast UNVA, with a type 1 error of
aseline Characteristics for the Extended Study

U
0.05%
)

High OU
Pilo 1.5%/Oxy 0.125%

(N [ 32)

High NDE
Pilo 1.5%/Oxy 0.125%

(N [ 31)
Total

(N [ 151)

) 49.2 (3.8) 48.6 (3.6) 48.6 (3.6)

41, 55 40, 55 40, 55
) 20 (62.5) 24 (77.4) 99 (65.6)

21.9 25.8 30.5

) 23 (71.9) 26 (83.9) 120 (79.5)
8 (25) 4 (12.9) 25 (16.6)

0 1 (3.2) 2 (1.3)
0 0 2 (1.3)

0 0 1 (0.7)

1 (3.1) 0 1 (0.7)

59.4 71 65.6
40.6 29 34.4

ocarpine; UNVA ¼ uncorrected near visual acuity.



Table 3. Mean Change in Mesopic, High-Contrast UNVA Letters from Baseline over the 2-Day Dosing Period in the Short-term Study

Treatment Group
Pilo % Oxy 0% Oxy 0.0125% Oxy 0.05% Oxy 0.125% Fixed Combination

Pilo 0%
N 39 38 39 39 40
LS Mean (SE) 1.12 (0.61) 1.27 (0.62) 1.62 (0.61) 1.02 (0.61)
Mean (SD) 1.00 (2.70) 1.13 (3.15) 1.48 (3.77) 0.85 (4.91) 3.01 (3.60)
Median 1.00 0.70 1.20 0.90 2.40
Min, Max �4.6, 7.5 �6.5, 8.5 �6.8, 11.3 �18.2, 10.5 �2.8, 13.3

Pilo 0.5%
N 37 35 35 35 35
LS Mean (SE) 3.40 (0.63) 3.96 (0.65) 4.89 (0.65) 4.27 (0.65)
Mean (SD) 3.20 (2.93) 3.75 (4.12) 4.68 (3.92) 4.06 (3.64) 4.61 (4.57)
Median 3.40 3.20 6.10 4.10 4.20
Min, Max �3.0, 9.1 �3.8, 11.5 �3.6, 13.7 �2.3, 13.6 �1.9, 17.8

Pilo 1.0%
N 42 41 41 41 42
LS Mean (SE) 5.25 (0.59) 5.36 (0.60) 5.17 (0.60) 5.34 (0.60)
Mean (SD) 5.09 (4.39) 5.22 (3.54) 5.05 (3.86) 5.22 (3.47) 5.07 (4.93)
Median 4.75 4.60 4.80 4.70 3.80
Min, Max �2.5, 16.2 �0.5, 13.3 �3.1, 13.7 �2.2, 11.4 �4.1, 19.6

Pilo 1.5%
N 36 36 35 37 37
LS Mean (SE) 5.11 (0.64) 6.65 (0.64) 4.83 (0.65) 5.64 (0.63)
Mean (SD) 5.01 (4.10) 6.56 (4.79) 4.73 (3.30) 5.49 (4.36) 5.18 (4.23)
Median 4.40 6.50 4.90 4.6 5.00
Min, Max �5.9, 14.4 �1.1, 22.0 �1.5, 10.6 �4.8, 18.3 �1.4, 16.2

LS ¼ least squares; Oxy ¼ oxymetazoline; Pilo ¼ pilocarpine; SD ¼ standard deviation; SE ¼ standard error; UNVA¼ uncorrected near visual acuity.
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0.05 and accounting for a 12.5% dropout rate. Statistical analysis
was carried out using SAS version 9.3 (SAS Institute Inc.).

Computational Model

A polynomial regression model was developed using SAS, based
on the short-term study results, to determine the optimal concen-
tration range for Pilo. The Pilo concentration profile, with no Oxy,
was based on a cubic regression model to find the average letter
change from baseline.
Figure 2. The mean change from baseline in mesopic, high-contrast uncorre
treatment group through all dosing periods with various oxymetazoline (Oxy) co
differences between any of the combinations at any time point measured.
Results

In the short-term study, a total of 163 participants were
enrolled, of whom 157 were included in the modified intent-
to-treat (mITT) population and 161 were included in the
safety population. For the mITT population, the mean age
was 46.8 years, ranging from 40 to 50 years. Most partici-
pants were female (69.4%) and White (79.0%) (Table 1). A
total of 151 participants were enrolled in the extended study,
cted near visual acuity (UNVA) letters was consistent in the Pilo 1.0%
ncentrations in the short-term study. There were no statistically significant
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Table 4. Mean Change from Baseline in Mesopic, High-Contrast UNVA Letters at Day 28 in the Extended Study

Statistics
Vehicle OU

Pilo 0%/Oxy 0%
Low OU

Pilo 0.5%/Oxy 0.0125%
Medium OU

Pilo 1.0%/Oxy 0.05%
High OU

Pilo 1.5%/Oxy 0.125%
High NDE

Pilo 1.5%/Oxy 0.125%

LS Mean (SE) 3.00 (1.03) 4.96 (1.00) 7.77 (1.00) 7.54 (0.97) 7.81 (1.02)
Mean (SD) 2.70 (4.62) 4.77 (5.03) 7.66 (7.16) 7.56 (4.84) 7.52 (4.88)
Median 2.86 3.29 5.71 7.29 7.57
Min, Max �6.0, 16.4 �7.0, 13.4 �4.1, 20.9 �1.1, 19.6 �0.3, 23.3
n 28 29 29 31 30
P value* – 0.1663 0.0009 0.0014 0.0008

LS ¼ least squares; OU ¼ both eyes; Oxy ¼ oxymetazoline; Pilo ¼ pilocarpine; SD ¼ standard deviation; SE ¼ standard error; UNVA ¼ uncorrected near
visual acuity.
*Analyses were based on ANCOVA model with treatment group, age group (<50 or >50 yrs), iris color (brown or not brown), and baseline UNVA. The
pairwise comparison was between active treatment group and vehicle group.
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and all were included in the mITT and safety populations.
The mean age was 48.6 years, ranging from 40 to 55
years. The majority of study participants were female
(69.5%) and White (79.5%) (Table 2).

Efficacy

The mean change from baseline in mesopic, high-contrast
UNVA letters for all treatment combinations in the short-
term study is shown in Table 3. The number of letters
gained increased as the Pilo concentration increased, up to
a concentration of 1.0%. Both the Pilo 1.0% and 1.5%
groups had a similar mean change in mesopic, high-
contrast UNVA letter gain of approximately 5 letters
across all Oxy concentrations. The addition of Oxy did not
appear to improve the efficacy of Pilo alone, because letter
gain did not significantly increase as Oxy concentration
increased at any of the 4 Pilo concentrations. Analysis of
covariance showed that Pilo produced a significant dose
response in the average increase of letters across multiple
time points compared with baseline (P < 0.001), but Oxy
concentration did not have a significant impact (P ¼
0.4797). Although a clear dose response was seen for Pilo,
there did not appear to be a dose response for Oxy. Figure 2
Figure 3. The graph shows the mean change from baseline in mesopic, high-
extended study. NDE ¼ nondominant eye; OU ¼ both eyes.
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demonstrates minimal differences in the change from
baseline in UNVA letters between any concentration of
Oxy (0%, 0.0125%, 0.05%, 0.125%) when dosed in
combination with 1.0% Pilo at any time point over the
2-day dosing period. There were no differences in efficacy
between the fixed and unfixed combinations.

The mean change from baseline in mesopic, high-
contrast UNVA letters at day 28 in the extended study
for the Vehicle OU (Pilo 0%/Oxy 0% OU), Low OU (Pilo
0.5%/Oxy 0.0125% OU), Medium OU (Pilo 1.0%/Oxy
0.05% OU), High OU (Pilo 1.5%/Oxy 0.125% OU), and
High NDE (Pilo 1.5%/Oxy 0.125% NDE) groups is shown
in Table 4. The Medium OU group had the highest mean
change from baseline of the groups dosed OU. Based on
an ANCOVA comparison between the vehicle group and
treatment groups, the difference was significant for the
Medium OU (P ¼ 0.0009), High OU (P ¼ 0.0014), and
High NDE (P ¼ 0.0008) groups, whereas the Low OU
group was not significant (P ¼ 0.1663). Mean change
from baseline in mesopic, high-contrast UNVA letters at
all time points from all treatment groups is shown in
Figure 3. Uncorrected near visual acuity was measured up
to 10 hours after dosing on day 1 and day 30, but only
measured up to hour 1 on day 14 and day 21. The 3
contrast uncorrected near visual acuity (UNVA) letters over time in the



Figure 4. The graphs show the percentage of study participants with 2-line improvement (A) and 3-line improvement (B) in mesopic, high-contrast
uncorrected near visual acuity (UNVA) compared with baseline on day 28 in the extended study. At each time point, treatment groups with a statisti-
cally significant difference compared with the vehicle group are indicated. NDE ¼ nondominant eye; OU ¼ both eyes.
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treatment groups with at least Pilo 1.0% had similar
changes in UNVA letters at all time points. In these
groups, efficacy is seen as early as 15 minutes after drop
administration on day 1, with a mean (standard deviation
[SD]) letter gain ranging from 4.5 (5.2) to 5.5 (6.2)
letters. Peak effect on each day was seen at 1 hour
postdose. On day 1, it ranged from 8.7 (6.6) to 9.8 (7.1)
letters. Efficacy gradually reduced after hour 1 and
reached a plateau at hour 6 on day 1. There was a slight
increase in daily peak effect from day 1 to day 14. On
day 14, the mean (SD) daily peak effect ranged between
10.8 (7.7) and 11.3 (6.2) letters and remained high at
day 28, ranging between 9.9 (6.6) and 11.7 (6.6) letters
with no tachyphylaxis effect observed. In the Medium
OU group on days 1 and 28, the mean (SD) change
from baseline in letters decreased between hour 1 and 6,
from 8.9 (7.2) to 4.3 (6.6) letters and 11.3 (9.5) to 6.7
(8.5) letters, respectively. However, this decrease was
less variable between hours 6 and 10, only changing
from 4.3 (6.6) to 3.9 (5.2) letters and from 6.7 (8.5) to
6.2 (7.1) letters, on days 1 and 28, respectively.
Figure 5. The graph shows the percentage of participants who achieved a visua
visual acuity (UNVA) at each time point on day 28 in the extended study. N
For the extended study, the percentage of participants
gaining 2 lines (�10 letters) and 3 lines (�15 letters) or more
from baseline in mesopic, high-contrast UNVA was also
calculated at each time point on day 28. The Medium OU
group was the only group to have a statistically significant
percentage of participants maintain 2-line improvement at
every time point on day 28 from 0.5 to 8 hours. Likewise, it
was the only group to have a statistically significant per-
centage of participants maintain 3-line improvement at day
28 from 0.5 to 8 hours, whereas the other groups maintained
a significant percentage only up to 3 hours (Fig 4A and B).
The Medium OU group also had the highest percentage of
participants who achieve UNVA of 20/40 or better at every
time point on day 28, except at hour 3 (Fig 5).

Pupil Diameter

Near vision pupil diameter, measured in the extended study,
showed a decrease in all 4 treatment groups compared with
vehicle. The pupil diameters at each time point on day 28
are shown in Figure 6.
l acuity score of 20/40 or better in mesopic, high-contrast uncorrected near
DE ¼ nondominant eye; OU ¼ both eyes.
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Figure 6. The graph shows the mean mesopic near vision pupil diameter on day 28 in the extended study. All treatment groups had a reduction in pupil
diameter. NDE ¼ nondominant eye; OU ¼ both eyes.
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Treatment-Related TEAEs

There were no unexpected safety findings in either the short-
term or extended study. There was no clinically meaningful
change in UDVA from baseline observed at any combina-
tion or time point in either study. Figure 7 shows the mean
change from baseline in letters for mesopic, high-contrast
UDVA in the extended study. The worst loss in UDVA
occurred in the medium OU group and was 2.6 letters on
day 1 at 0.5 hour.

Treatment-related TEAEs of >5% in any group are
shown in Tables 5 and 6 for the short-term or extended
study, respectively. Table 5 shows that increased Oxy
concentrations did not reduce the rate of treatment-related
TEAEs within each group. Additionally, increased concen-
trations of Oxy did not decrease the incidence of headaches
in each treatment group. There were no differences in safety
and tolerability between the fixed and unfixed combinations.
Table 6 shows that the most common treatment-related
TEAE was headache, and all groups reported it as a
TEAE, including the vehicle group. Most headaches started
at approximately 1 hour postdose and resolved by hour 3.
Only 2 headaches were moderate in severity, with the
Figure 7. The graph shows the mean change from baseline in letters for mesopic
extended study. NDE ¼ nondominant eye; OU ¼ both eyes.

8

majority being considered mild. All headaches in the Me-
dium OU group were considered mild in severity, and the
Medium OU group had a lower incidence of headache when
compared with the High OU group. The supraorbital and
temporal VAS headache assessment showed that all head-
aches from the vehicle, Medium OU, and High OU groups
scored between 0 and �20. In the supraorbital VAS
assessment, 7.14% of headaches in the Low OU group
scored between 20 and �40 and 3.70% in the High NDE
group scored between 40 and �60. In the temporal VAS
assessment, 3.45% and 3.23% scored between 20 and <40
in the Low OU and High NDE groups, respectively.
Overall, there were no clinically meaningful signals detected
from intraocular pressure evaluations at multiple time points
in any treatment group.

The results for the participant-reported ocular tolerability
and drop comfort assessment were similar for both studies.
A majority reported symptom severity levels of “none” and
that symptom duration was “<1 minute” or “1 to 5 mi-
nutes.” No participants reported drop comfort as “intoler-
able,” with a majority reporting them as “soothing,” “very
comfortable,” and “comfortable.”
, high-contrast uncorrected distance visual acuity (UDVA) throughout the



Table 5. Treatment-Related Treatment-Emergent Adverse Events of >5% in the Short-term Study

Treatment
Group (Pilo %) Preferred Term

Oxy 0%
N (%)

Oxy 0.0125%
N (%)

Oxy 0.05%
N (%)

Oxy 0.125%
N (%) Fixed Combination

0% N 40 39 40 40 40
Headache 0 0 1 (2.5) 1 (2.5) 3 (7.3)
Instillation site pain 1 (2.5) 1 (2.6) 1 (2.5) 1 (2.5) 0
Vision blurred 1 (2.5) 1 (2.6) 1 (2.5) 2 (5.0) 1 (2.4)

0.5% N 38 37 37 36 37
Headache 0 1 (2.7) 1 (2.7) 1 (2.8) 4 (10.3)
Lacrimation increased 2 (5.3) 0 2 (5.4) 2 (5.6) 3 (7.7)
Foreign body sensation in eyes 0 0 1 (2.7) 0 1 (2.7)

1.0% N 42 41 41 41 42
Headache 0 1 (2.4) 1 (2.4) 1 (2.4) 1 (2.4)
Punctate keratitis 2(4.8) 1 (2.4) 2 (4.9) 1 (2.4) 2 (4.8)

1.5% N 37 37 36 38 38
Headache 1 (2.7) 1 (2.7) 2 (5.6) 2 (5.3) 2 (5.3)
Vision impairment 3 (8.1) 3 (8.1) 3 (8.3) 3 (7.9) 3 (7.9)
Instillation site pain 0 0 0 2 (5.3) 2 (5.3)
Punctate keratitis 1 (2.7) 0 0 1 (2.6) 2 (5.3)
Visual acuity reduced 1 (2.7) 2 (5.4) 2 (5.6) 2 (5.3) 0
Vitreous floaters 1 (2.7) 0 1 (2.8) 1 (2.6) 1 (2.6)

Oxy ¼ oxymetazoline; Pilo ¼ pilocarpine.
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Model

The computational polynomial regression model indicated
that the optimal Pilo concentration range is between 1.16%
and 1.32% (Fig 8).
Discussion

The 2 Phase 2 studies intended to identify the optimum
concentration of Pilo andOxy for the treatment of presbyopia.
However, based on the results from the short-term study, Oxy
did not contribute to efficacy or safety of the Pilo and Oxy
combinations. Increased concentrations of Oxy did not
improve UNVA when compared with Pilo alone, and
ANCOVA analysis did not show that Oxy had a significant
impact on the increase in UNVA letter gain. In contrast, Pilo
drove a significant efficacy response and the polynomial
regression model determined that the optimal concentration
range for Pilo would be between 1.16% and 1.32%.
Table 6. Treatment-Related Treatment-Emergent A

Preferred Term
Vehicle OU

Pilo 0%/Oxy 0%
Low OU

Pilo 0.5%/Oxy 0.0125% Pil

Headache 3 (10.7) 5 (16.7)
Vision blurred 0 2 (6.7)
Instillation site foreign
body sensation

3 (10.7) 3 (10.0)

Instillation site pain 3 (10.7) 4 (13.3)
Instillation site pruritus 0 4 (13.3)
Instillation site
lacrimation

3 (10.7) 3 (10.0)

NDE ¼ nondominant eye; OU ¼ both eyes; Oxy ¼ oxymetazoline; Pilo ¼ pil
Efficacy results from the extended study supported this;
results showed that the Medium OU, High OU, and High
NDE groups outperformed the Low OU group. In addition,
the Medium OU group was the only group to have a sig-
nificant percentage of participants maintain both 2-line and
3-line improvement out to 8 hours. Both 2- and 3-line
improvement were included, as 2-line improvement is
considered clinically meaningful and 3-line improvement is
the Food and Drug Administration recommended outcome
measurement.32 The Medium OU group also had the highest
mean change from baseline in UNVA letters out of the 4
groups dosed OU, and mean change from baseline in
UNVA letters was stable from hours 6 to 10, indicating
that efficacy could be maintained to 10 hours in some
patients. The extended study showed that there were no
signs of tachyphylaxis, as dose-response and peak effect
were maintained at day 28. Although the short-term study
indicated that Oxy did not contribute to efficacy or safety of
the Oxy and Pilo combinations, the 2 study protocols were
designed at the same time, so the findings from the
dverse Events of >5% in the Extended Study

Medium OU
o 1.0%/Oxy 0.05%

High OU
Pilo 1.5%/Oxy 0.125%

High NDE
Pilo 1.5%/Oxy 0.125%

6 (20.0) 9 (28.1) 6 (19.4)
3 (10.0) 3 (9.4) 2 (6.5)
1 (3.3) 0 1 (3.2)

1 (3.3) 3 (9.4) 1 (3.2)
0 1 (1.31) 2 (6.5)

2 (6.7) 1 (1.31) 0

ocarpine.
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Figure 8. Scatterplot used to generate the polynomial regression computational model presented with 95% confidence intervals of the fitted values.
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short-term study could not be taken into consideration for
the study design of the extended study. Because of the
addition of Oxy to all treatment combinations, it is unclear if
efficacy results from the extended study can be attributed to
Pilo alone.

Two potential mechanisms of action are involved for Pilo
to treat presbyopia: pupil constriction to increase depth of
focus and ciliary muscle contraction to increase accommo-
dation. The pinhole effect, created by the pupil constriction,
reduces blurry circle and blocks aberrated or scattered
light.11,18,19 This results in an increased depth of focus and
likely contributes to the improved near vision after Pilo
treatment. Other presbyopia treatment options, such as
pinhole spectacles, pinhole contact lenses, or corneal inlay
surgery, create an artificial pinhole(s) with fixed
aperture(s).33 However, these options all suffer from
limitations. For example, corneal inlay surgery can be
associated with complications, including difficulty with
contrast sensitivity, problems with night vision,
double vision, ghost images, glare, halos, and corneal
scarring.12-14 Furthermore, the pinhole is usually located
on the cornea, which is away from the iris plane, restricting
the field of vision.18,33 In contrast to other treatment options,
our pharmacological approach uses the eye’s own iris to
create a natural pinhole, increasing the depth of focus and
allowing dynamic pupil modulation in response to varying
lighting and distance conditions. The pinhole is located on
the pupil plane, which helps avoid excessive visual field
restriction.33 A reduction in pupil size was seen in all
treatment groups. Overall, the largest reduction was
observed in the High NDE group, and the smallest
reduction was in the Low OU group. Pilo also causes a
mild contraction of the ciliary muscles, leading to
increased accommodation, another factor contributing to
the improvement of near vision.34 With contraction of the
ciliary muscles, the strain on the suspensory ligaments is
reduced and the lens is relaxed, causing the lens to
become more rounded, improving the ability to focus on
near objects.35 Given the age range of the participants in
the 2 studies, some would have early presbyopia with a
10
certain amount of accommodation amplitude. Therefore,
both mechanisms of action could contribute to efficacy.
Based on the change from baseline on UDVA (Fig 7), the
increased accommodation did not result in clinical
meaningful loss in distance vision, which may be partially
counteracted by the increased depth of focus. Together,
dynamic pupil modulation and mild contraction of the
ciliary muscles caused by Pilo improved near vision
without substantially impacting distance vision.

Although the studies used the Grand-Seiko auto-refractor
with the intention of measuring accommodation, the in-
strument did not generate reliable refraction data for calcu-
lating accommodation. The Grand-Seiko has a limited pupil
size range; when the pupil diameter was constricted to near
and below 2.3 mm, an erroneous reading was generated in
refraction.36 The lack of accommodation data is a limitation
and should be investigated using a different approach in
future studies.

Overall, there were no unexpected safety findings. The
safety results, from both studies, showed that Pilo concen-
trations up to 1.5% and Oxy concentrations up to 0.125%
have acceptable safety and tolerability profiles. Although
loss in UDVA when accommodation increases (myopic
shift) is a concern, there were no clinically significant losses
in UDVA in any treatment group. This is in agreement with
another study that showed that smaller pupils, between 2
and 3 mm, can improve focus on near objects without
significantly impacting distance acuity or quality37 and may
be due to the increased depth of focus from the pinhole
effect offsetting the myopic shift. As previously
mentioned, the addition of Oxy did not improve safety
when compared with Pilo alone. The incidence of TEAEs
did not decrease with the addition or increased
concentration of Oxy in the short-term study, and partici-
pants who were treated with Oxy alone still had incidences
of TEAEs.

Previous studies have shown that headaches/brow aches
are common AEs of Pilo38-43 and have even been the cause
of discontinuation from a study.39 The incidence of
headaches was variable between studies, with some
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showing that >20% of patients reported headaches with the
use of Pilo alone.41-43 Although headaches were also an AE
in our studies, based on the VAS headache assessment,
almost all headaches were considered mild, and incidence
was <5% when Pilo was dosed alone in the short-term
study. Incidence of headaches was higher in the extended
study and similar to what has been reported in the literature:
20.0% in the Medium OU group and 28.1% in the High OU
group. It is important to note that the rate of headache in the
vehicle group was 10.7%. Additionally, the majority of
headaches were mild, and none required treatment. How-
ever, it is difficult to make direct comparisons between our
studies and what has been reported in the literature as
different methods of assessing for headaches were used. In
addition, patients were specifically queried about headaches
for the VAS assessment, which may have brought out a
higher incidence of headaches.

Burning, stinging, ocular discomfort, and blurred vision
are also AEs associated with Pilo.38,39,42,43 In one study,
14% of patients reported blurred vision and 11% reported
burning/stinging,43 whereas in another study, up to 67%
of patients have reported blurred vision lasting less than
20 minutes.39 In contrast, our participants reported ocular
tolerability and drop comfort assessment showed that the
majority reported symptom severity levels of “none” and
the duration of any symptom lasted less than 5 minutes.
Our study results also showed that when Pilo was dosed
alone, the rate of similar AEs decreased when compared
with these previous studies. This decrease may be due to
the optimized formulation in the proprietary vehicle,
which was designed for fast equilibration to the
physiologic pH on the ocular surface to reduce stinging
and burning when instilling the eye drop. The proprietary
vehicle also helped mitigate blurring.23 In addition,
previous studies used higher doses (2% or 4%) and
dosing frequencies (twice daily) of Pilo compared with
our study, which may contribute to the increase in AEs
observed in the previous studies. The overall safety and
tolerability profile of Pilo in our studies may be
attributed to the proprietary vehicle, as well as the
relatively low concentrations and dosing frequency when
compared with other studies using Pilo formulations for
treating glaucoma.

Although these 2 studies were designed to work together
to determine the best treatment option, the differences be-
tween the study designs are a limitation. These differences
prevented pooled analyses and direct comparison. Another
limitation was that treatment groups of Pilo alone and Oxy
alone were not tested in the extended study. Nevertheless,
the Phase 2 studies informed the future development using
the optimal drug concentration range to achieve clinically
significant improvements in near vision. Population bias is
another limitation, because the majority of participants were
female and White, and had brown eyes, in both studies. It is
possible the results could be different for a cohort of patients
with different gender, race, and iris color demographics.

In conclusion, based on the results from both studies and
the polynomial regression model, the ocular reading drop
AGN-190584, containing an optimal concentration of pilo-
carpine HCl (1.25%) delivered using a proprietary formu-
lation, was developed. Oxy was removed from the
formulation because of the lack of contribution in efficacy
and safety shown in the short-term study. AGN-190584 is
under investigation in Phase 3 studies, GEMINI I and II, to
determine its efficacy and safety for the treatment of
presbyopia.
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