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ABSTRACT

Introduction: Pilocarpine hydrochloride (pilo)
ophthalmic solution has traditionally been used
for the treatment of glaucoma, with opportu-
nities to improve the tolerability profile expe-
rienced by patients. Pilocarpine hydrochloride
ophthalmic solution 1.25% (VuityTM, Allergan,
an AbbVie company) was approved in late 2021
for the treatment of adults with presbyopia.
This publication describes the properties of the
optimized, proprietary vehicle of this new
ophthalmic solution developed with the aim of
improving tolerability upon instillation.
Methods: An in vitro method determined the
time required for the pH of pilo 1.25% in the
proprietary vehicle (Optimized Formulation)
and a commercially available 1% pilo oph-
thalmic solution (Generic Formulation) to
equilibrate with the pH of simulated tear fluid
(STF). In a pilot study, five of the six screened

participants received one drop of the Optimized
Formulation in one eye and Generic Formula-
tion in the other. Ocular discomfort and vision
blur were evaluated for each eye just prior to
and at multiple times after drop instillation
using visual analog scales (VAS), and adverse
events were assessed.
Results: The in vitro method showed that the
Optimized Formulation achieved faster pH
equilibration than the Generic Formulation.
The pilot study revealed that the Optimized
Formulation demonstrated less ocular discom-
fort, vision blur, and adverse events compared
to the Generic.
Conclusion: The in vitro and pilot study of the
Optimized Formulation indicated that it rapidly
equilibrates to the physiologic pH of the tear
film, providing greater comfort and tolerability
while also minimizing vision blur. Overall, the
proprietary vehicle is expected to improve
comfort, result in less vision blur, and provide a
well-tolerated alternative method to deliver pilo
for the treatment of presbyopia when compared
to what is commercially available.
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Key Summary Points

Why carry out this study?

Unwanted side effects, such as ocular
discomfort and vision blur, are often
associated with topical ocular therapies.

There is a need to develop a better
tolerated vehicle to deliver some topical
ocular therapies.

What was the hypothesis of the study?

Is the Optimized Formulation a better
tolerated vehicle to deliver pilocarpine
when compared to the Generic
Formulation?

What were the study outcomes/conclusions?

The Optimized Formulation had overall
less ocular discomfort, less vision blur,
and fewer adverse events compared to the
Generic Formulation.

What has been learned from the study?

The Optimized Formulation is expected to
improve comfort, cause less vision blur,
and provide a well-tolerated alternative to
currently available ocular pilo
medications.

INTRODUCTION

Many challenges exist for the delivery of topical
ocular therapeutics, such as anatomical and
physiologic barriers and unwanted side effects.
Some of the side effects commonly associated
with topical ocular drops are ocular discomfort
and irritation, redness, inflammation, and
vision blur [1, 2]. The side effects could be due
to the therapeutic agent itself or one of the
additives in the vehicle of the ocular drop [3].

Pilocarpine hydrochloride (pilo) as an oph-
thalmic solution has traditionally been used to
treat glaucoma [4]. Pilo is a miotic that con-
tracts the iris sphincter muscle and ciliary

muscles causing pupil constriction and accom-
modation [5, 6]. It is one of the oldest glaucoma
treatments, but due to its side effects, it is not
always well tolerated and is currently not often
used to manage glaucoma [7–9]. As a cyclic
ester, pilo is highly susceptible to hydrolysis at a
physiologic pH. To stabilize pilo in ophthalmic
solution, a low pH (* 4) is needed [10]. How-
ever, at low pH, pilo is protonated or ionized
and poorly crosses the cornea [11], which limits
its bioavailability [12]. Approved commercially
available treatments that contain pilo have
been known to cause brow aches, headaches,
ocular discomfort, hyperemia, and vision blur
upon drop instillation. Examples of ocular sur-
face-related discomforts that patients may
experience include burning, stinging, and irri-
tation [8, 13–17]. Previous studies have shown
that pilo caused more adverse events (AEs) and
had increased discontinuation compared to
other glaucoma treatment options [14, 18, 19].
Patients also reported lower quality of life with
pilo and a higher preference for another glau-
coma treatment option [18]. The low pH of the
ophthalmic solution may cause some of these
side effects [10].

Although pilo is not currently used often to
treat glaucoma, miotics, such as pilo, are being
investigated as treatment options for presby-
opia, with pilo 1.25% (VuityTM; Allergan, an
AbbVie company) in an optimized formulation,
approved in late 2021, as the first pharmaco-
logic treatment for presbyopia. Presbyopia is a
progressive condition in which the eye’s ability
to accommodate reduces with increasing age.
Accommodation is the ability of the lens to
change shape and focus on near objects [20, 21].
Presbyopia affects around 1.8 billion individuals
and is a global issue [22]. There are limited
treatment options such as surgery or corrective
lenses, but dissatisfaction is often expressed
with these options [23, 24]. In addition, indi-
viduals affected by presbyopia have expressed a
preference for an eye drop therapy [24]. Pilo
ophthalmic solution 1.25% (Vuity) was devel-
oped based on this unmet need for a noninva-
sive, pharmacologic ocular therapy drop for
presbyopia and was reformulated with tolera-
bility in mind. The re-engineered ocular drop
was designed to equilibrate rapidly to the pH of
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the ocular surface, which, in turn, increases the
non-ionized pilo, improving bioavailability [12]
and reducing the side effects of pilo, such as
ocular discomfort and vision blur, upon instil-
lation. Here, we describe the in vitro study and
pilot study used to investigate this optimized
vehicle.

METHODS

An in vitro method and a clinical study were
performed to investigate the proprietary vehicle
(pHastTM technology, Allergan, an AbbVie
company) developed to improve the delivery of
pilo.

In Vitro Study

The in vitro method determined the time
required for the pH of pilo 1.25% in the propri-
etary vehicle (hereafter referred to as Optimized
Formulation) and a commercially available 1.0%
pilo ophthalmic solution (NDC number
61314-0203-15, lot 282976F, manufactured by
Sandoz) (hereafter referred to as Generic For-
mulation) to equilibrate with the pH of simu-
lated tear fluid (STF) [25]. To start, 250 ll of the
Optimized Formulation or Generic Formulation
was pipetted into the bottom of a 15-ml cen-
trifuge tube, and a micro pH probe was inserted.
Approximately 7.5 ml of STF was then gently
added, and the system was left undisturbed. The
pH was recorded at intervals for a period of
10 min. The intervals were 0, 0.5, and 1 min for
the Optimized Formulation and 0, 1, 3, 5, and
10 min for the Generic Formulation.

Clinical Pilot Study

A clinical pilot study was conducted at a single
center to determine the in-eye characteristics of
two dose strengths of the Optimized Formula-
tion compared to a single dose strength of the
Generic Formulation in healthy volunteers.
This study was approved by the Alpha Investi-
gational Review Board (San Clemente, CA) and
was performed in accordance with the Helsinki
Declaration of 1964 and its later amendments.

All participants provided informed consent. The
study consisted of a screening visit and two
assessment visits.

Inclusion criteria included being 18 years of
age or older, having the ability to follow study
instructions and likely to complete all required
visits, corrected-distance visual acuity (CDVA)
of 20/40 or better in both eyes with correction,
intraocular pressure\21 mmHg in both eyes,
and no signs of retinal pathology on dilated
fundoscopy. Exclusion criteria included having
an active ocular disease, history of retinal
detachment or uveitis, females who were preg-
nant, nursing, or planning a pregnancy, known
allergy or sensitivity to any study materials,
concurrent use of topical ophthalmic medicals
other than artificial tears, diagnosis of any type
of glaucoma or ocular hypertension, concurrent
enrollment in an investigational drug or device
study, and any participant who had or has any
condition that, in the investigator’s opinion,
may confound the study results. Contact lenses
were not worn on the days of assessment visits.

At the first assessment visit, participants
received the Generic Formulation with 1.0%
pilo in the right eye or left eye and the Opti-
mized Formulation with 1.0% pilo in the con-
tralateral eye. The eye that received the Generic
versus Optimized Formulation was determined
by a computer randomization method. An
Ocular Discomfort and Blurry Vision Question-
naire Visual Analog Scale (VAS) assessment was
performed prior to drop instillation (baseline)
and 30 s, 1, 1.5, 2, 3, 4, and 5 min after drop
instillation. For the VAS assessments, partici-
pants were asked to assess vision blur from no
vision blur to maximum vision blur and ocular
discomfort from no ocular discomfort to maxi-
mum ocular discomfort. The participants were
asked to mark the place that best captured how
each eye felt at that moment on an anchored
VAS and then trained study personnel used a
ruler to convert the participant’s response to a
numerical value (0–100). The VAS assessments
were answered simultaneously but indepen-
dently for both eyes. AEs were also assessed, and
biomicroscopy ocular surface examination was
performed at baseline and 5- and 60-min fol-
lowing drop instillation. Based on the biomi-
croscopy examination, conjunctival hyperemia
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was scored. The second assessment visit was
performed the same as the first, except that
participants received the Optimized Formula-
tion with 1.25% pilo in the right eye or left eye
and the Generic Formulation with 1.0% pilo in
the contralateral eye. The concentration of pilo
did not increase in the Generic Formulation at
the second assessment. Both investigators and
participants were masked, and the VAS assess-
ment was administered by a different investi-
gator than those administering the drops.

The summary statistics for the Ocular Dis-
comfort and Blurry Vision Questionnaire VAS
scores include the mean, standard deviation,
and standard error of the mean (SEM) by time
point. Biomicroscopy findings were summa-
rized using the mean scores by treatment group.
Paired t-tests were also performed for all ques-
tionnaire VAS scores comparing the Generic
and Optimized Formulations.

RESULTS

In Vitro

In the in vitro study, the pH of the Optimized
Formulation started at 4.35 and was able to
equilibrate to the predetermined final pH of the
mixture of 6.43 within 1 min. The pH of the

Generic Formulation started at 4.41 and did not
reach the expected final pH value at the end of
the 10-min period. The pH only increased to
4.44 by the end of the study (Fig. 1).

Clinical

In the pilot study, a total of six participants
were screened, and five participants passed the
screening and completed the study. Of the
participants who completed the study, three
were males and two females, and their ages
ranged from 26 to 56 years old.

The mean (SEM) ocular discomfort score was
lower for the Optimized Formulation at each
time point when compared to the Generic For-
mulation (Fig. 2a). The overall mean (SEM)
ocular discomfort scores were 1.66 (1.02) and
6.04 (3.18) for the Optimized Formulation and
Generic Formulation, respectively. The differ-
ence was not statistically significant
(p = 0.0966). When the Optimized Formulation
contained 1.25% of pilo, the mean ocular dis-
comfort score was lower than the Generic for-
mulation (with 1.0% pilo) up until the 2-min
time point (Fig. 2b). The overall mean (SEM)
ocular discomfort score was lower for the Opti-
mized Formulation, 6.00 (1.96), compared to
the Generic Formulation, 10.53 (4.74), but the
difference was not significant (p = 0.198).

The mean (SEM) vision blur score at each
time point for both the Optimized Formulation
1.0% and Generic Formulation can be seen in
Fig. 3a. The scores were lower for the Optimized
Formulation at each time point. The overall
mean (SEM) vision blur scores following instil-
lation were 3.53 (1.92) and 8.78 (3.48) for the
Optimized Formulation and Generic Formula-
tion, respectively, and the Optimized Formula-
tion was significantly lower than the Generic
Formulation (p = 0.016). Similarly, the mean
vision blur score for each time point was lower
at the second assessment when the Optimized
Formulation contained 1.25% of pilo and was
compared to the Generic Formulation with
1.0% (Fig. 3b). The overall mean (SEM) vision
blur scores were 6.85 (3.00) and 12.14 (5.11) for
the Optimized Formulation and Generic For-
mulation, respectively, and the Optimized

Fig. 1 In the in vitro assessment, the pH of the Optimized
Formulation with 1.25% pilocarpine (pilo) equilibrated in
less than a minute, while the pH of the Generic
Formulation with 1.0% pilo did not equilibrate by the
end of the 10-min time period
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Fig. 2 Average visual analog scale score for ocular
discomfort at each time point. A Optimized Formulation
with 1.0% pilocarpine hydrochloride (pilo) is compared to

the Generic Formulation with 1.0% pilo. B Optimized
Formulation with 1.25% pilo is compared to the Generic
Formulation with 1.0% pilo
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Formulation was significantly lower than the
Generic Formulation (p = 0.049).

AEs reported included eye pressure/pain,
brow ache, vision blur, stinging, itching, and
light sensitivity. No serious AEs were reported,
and all were mild or moderate in intensity. Only
one AE, eye pressure/pain, was reported in an
eye that received the Optimized Formulation
with 1.0%, while eight AEs were reported in
eyes that received the Generic Formulation
(Fig. 4a). Similarly, only one AE, brow ache, was
reported in an eye that received the Optimized
Formulation with 1.25%, and five were reported
with the Generic Formulation (Fig. 4b). Based
on the biomicroscopy examination at the first
assessment, the mean conjunctival hyperemia
scores at 5 min following instillation were 0.6
and 0.9 for the Optimized Formulation with
1.0% pilo and Generic Formulation, respec-
tively. Scores were 0.4 and 0.6 for the Optimized
Formulation with 1.25% pilo and Generic For-
mulation, respectively, at the second
assessment.

DISCUSSION

The Optimized Formulation with 1.25% pilo
achieved faster pH equilibration when diluted
with STF compared to the Generic Formulation
with 1.0% pilo in the in vitro study. The pilot
study demonstrated that overall the adminis-
tration of the Optimized Formulation produced
less ocular discomfort, vision blur, AEs, and
hyperemia than the Generic Formulation. Both
the 1.0% and 1.25% Optimized Formulation
had significantly less vision blur compared to
the Generic Formulation.

Although the difference was not statistically
significant, ocular discomfort was reduced at
every time point when comparing the Opti-
mized Formulation with 1.0% pilo to the

Generic Formulation, and the overall VAS
scores were lower for the Optimized Formula-
tion at both concentrations. The increased
concentration of pilo in the Optimized Formu-
lation (1.25%) may be why the VAS scores were
higher at some time points at the second
assessment. If the Generic Formulation also had
a pilo concentration of 1.25%, the scores could
have been lower with the Optimized Formula-
tion for all time points.

The structure of pilocarpine is susceptible to
hydrolysis at a physiologic pH; therefore, it is
formulated at a pH around 4 for stability. Ocular
solutions\pH 6.0 can cause increased discom-
fort upon instillation [10, 26]. The greater ocu-
lar comfort and reduced AEs associated with the
Optimized Formulation may be due to its rapid
equilibration to the physiologic pH of the tear
film. The results from the in vitro study showed
that the Optimized Formulation achieved faster
pH equilibration, and the pilot study showed
that participants had less ocular discomfort and
fewer AEs with the Optimized Formulation.
Together these results indicate that the rapid
equilibration of the re-engineered formulation
to the pH of the tear film may have improved
the drop comfort and reduced AEs. In addition,
the ocular bioavailability of the generic pilo is
low (1–3%) [27], given that most of the drug in
the tear film is in a protonated or ionized form
that poorly crosses the cornea [11]. The
immediate rise in pH rapidly increases the non-
ionized proportion of pilo on the ocular sur-
face, which may improve bioavailability because
of higher membrane permeability [28]. This
increased bioavailability translates to effective
drug delivery to the anterior segment [10] and
may contribute to the long duration of action.

Vision blur can be caused by the disruption
of the tear film and ocular surface. As vision blur
is often a symptom of the ocular surface disease,
dry eye disease, previous dry eye disease studies
have demonstrated that tear film irregularities
and instabilities can impact optical quality
[29–31]. The breakup of the tear film can lead to
optical aberrations, such as vision blur [32].
Upon application, ocular drops can disrupt the
ocular surface and tear film [30, 33, 34]. The
rapid pH equilibration of the Optimized For-
mulation with the STF in the in vitro study

bFig. 3 Average visual acuity scale score for vision blur at
each time point. A Optimized Formulation with 1.0%
pilocarpine hydrochloride (pilo) is compared to the
Generic Formulation with 1.0% pilo. B Optimized For-
mulation with 1.25% pilo is compared to the Generic
Formulation with 1.0% pilo
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indicates that the Optimized Formulation may
disrupt the tear film and ocular surface less,
resulting in less vision blur.

One limitation of this study is the low
number of participants. Although only five
participants were included in this study, the

Fig. 4 Total adverse events experienced with A the
Optimized Formulation with 1.0% pilocarpine hydrochlo-
ride (pilo) compared to the Generic Formulation with

1.0% pilo and B the Optimized Formulation with 1.25%
pilo compared to the Generic Formulation with 1.0% pilo
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proprietary vehicle was also used in both phase
2 and 3 studies, and the safety and tolerability
results are aligned with the findings from this
study. The phase 2 study used the Optimized
Formulation with various concentrations of pilo
(0.5–1.5%). Results showed that the rate of AEs
such as burning, stinging, vision blur, and
headaches were lower compared to previous
studies using pilo to treat glaucoma [8, 14–17].
A participant-reported Ocular Tolerability and
Drop Comfort questionnaire showed that the
majority reported ‘‘none’’ as the symptom
severity level.

CONCLUSION

Overall, the proprietary vehicle used in the
Optimized Formulation is expected to improve
comfort, result in less vision blur, and provide a
well-tolerated alternative to currently available
ocular pilo medications. A re-engineered topical
ophthalmic drop (AGN-190584) containingpilo-
carpine HCl (1.25%) delivered with the propri-
etary vehicle (pHastTM technology, Allergan, an
AbbVie company)has recently beenapproved for
the treatment of presbyopia.
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