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ABSTRACT

Introduction: This prospective, multicenter,
randomized, double-masked pivotal phase 3
trial evaluated the efficacy and safety of the
travoprost intracameral SE-implant (slow-elut-
ing implant, the intended commercial product)
and FE-implant (fast-eluting implant, included

primarily for masking purposes) compared to
twice-daily (BID) timolol ophthalmic solution,
0.5% in patients with open-angle glaucoma
(OAG) or ocular hypertension (OHT).
Methods: The trial enrolled adult patients with
OAG or OHT with an unmedicated mean diur-
nal intraocular pressure (IOP) of C 21 and
unmedicated IOP B 36 mmHg at each diurnal
timepoint (8 A.M., 10 A.M., and 4 P.M.) at baseline.
The eligible eye of each patient was adminis-
tered an SE-implant, an FE-implant or had a
sham administration procedure. Patients who
received an implant were provided placebo eye
drops to be administered BID and patients who
had the sham procedure were provided timolol
eye drops to be administered BID. The primary
efficacy endpoint, for which the study was
powered, was mean change from baseline IOP at
8 A.M. and 10 A.M. at day 10, week 6, and
month 3. Non-inferiority was achieved if the
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upper 95% confidence interval (CI) on the dif-
ference in IOP change from baseline (implant
minus timolol) was \1.5 mmHg at all six
timepoints and \1 mmHg at three or more
timepoints. The key secondary endpoint was
mean change from baseline IOP at 8 A.M. and
10 A.M. at month 12. Non-inferiority at
month 12 was achieved if the upper 95% CI was
\1.5 mmHg at both timepoints. Safety out-
comes included treatment-emergent adverse
events (TEAEs) and ophthalmic assessments.
Results: A total of 590 patients were enrolled at
45 sites and randomized to one of three treat-
ment groups: 197 SE-implant (the intended
commercial product), 200 FE-implant, and 193
timolol. The SE-implant was non-inferior to
timolol eye drops in IOP lowering over the first
3 months, and was also non-inferior to timolol
at months 6, 9, and 12. The FE-implant was
non-inferior to timolol over the first 3 months,
and also at months 6 and 9. Of those patients
who were on glaucoma medication at screen-
ing, a significantly greater proportion of
patients in the SE- and FE-implant groups
(83.5% and 78.7%, respectively) compared to
the timolol group (23.9%) were on fewer topical
glaucoma medications at month 12 compared
to screening (P\0.0001, chi-square test).
TEAEs, mostly mild, were reported in the study
eyes of 39.5% of patients in the SE-implant
group, 34.0% of patients in the FE-implant
group and 20.1% of patients in the timolol
group.
Conclusions: The SE-travoprost intracameral
implant demonstrated non-inferiority to timo-
lol over 12 months whereas the FE-implant
demonstrated non-inferiority over 9 months.
Both implant models were safe and effective in
IOP lowering in patients with OAG or OHT.
Trial Registration: ClinicalTrials.gov identifier,
NCT03519386.

Keywords: iDose� TR; Intraocular pressure;
Ocular drug delivery system; Ocular
hypertension; Open-angle glaucoma;
Travoprost intracameral implant

Key Summary Points

Drug delivery systems such as the
travoprost intracameral implant are being
developed to address poor patient
adherence with topical glaucoma
medications.

Both the slow-eluting and fast-eluting
travoprost intracameral implant provided
clinically relevant intraocular pressure
(IOP) reductions through 12 months in
patients with open-angle glaucoma and
ocular hypertension.

The IOP reductions with the slow-eluting
travoprost intracameral implant were
non-inferior to those produced by twice-
daily instillations of timolol ophthalmic
solution, 0.5% through 12 months; the
IOP reductions with the fast-eluting
implant were non-inferior to timolol
through 9 months.

Topical glaucoma medication burden was
substantially reduced in patients who had
received travoprost intracameral implant
12 months following implant
administration.

The intracameral implants had an
acceptable safety profile.

INTRODUCTION

Topical glaucoma medications are the predom-
inant treatment option for lowering elevated
intraocular pressure (IOP) in patients affected
by open-angle glaucoma (OAG) or ocular
hypertension (OHT). However, the typically
asymptomatic and chronic nature of the dis-
ease, complex dosing regimens, difficulty with
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instillation, lack of belief in the necessity of
treatment, and chronic side effects associated
with topical glaucoma medications undermine
patient adherence and quality of life [1–5].
Although non-adherence to glaucoma therapy
is known to contribute to the progression of
glaucoma [6–8], nearly half of patients with
glaucoma discontinue therapy within 6 months
[9].

Selective laser trabeculoplasty (SLT) has been
proposed as a viable therapeutic option that can
overcome the lack of patient adherence with
topical glaucoma medications. While studies
have shown that the IOP decrease after 360�
treatment with SLT is comparable to that
achieved with topical glaucoma medications
[9, 10], its effect diminishes over time requiring
additional intervention [11], the non-responder
rate may be twice that compared to a topical
prostaglandin analogue (PGA) [12], and com-
plications, although uncommon, can include
transient IOP spikes, anterior chamber inflam-
mation, hyphema, choroidal effusion, macular
edema, corneal haze, and shifts in refractive
error [13]. The utility of SLT is limited in
patients with physical constraints that prevent
accurate placement of the laser treatment (e.g.,
head tremor, deeply recessed eyes, moderate to
severe blepharospasm) [14], a patient popula-
tion that would benefit greatly from not need-
ing to administer topical medications.

Intracameral implants have also been devel-
oped as treatment modalities to address patient
non-adherence with topical glaucoma medica-
tions. Two such implants have now been
approved by the US Food and Drug Adminis-
tration (FDA) for the reduction of elevated IOP
in patients with OAG or OHT: the bimatoprost
intracameral implant (Durysta�, Allergan Inc.,
Irvine, California, USA), an unanchored
biodegradable implant designed to release
bimatoprost for 3–4 months [15, 16], and the
travoprost intracameral implant (iDose� TR;
Glaukos Corporation, Aliso Viejo, California,
USA) designed to release travoprost for up to
3 years [17].

The travoprost intracameral implant com-
prises a miniature biocompatible titanium
reservoir (0.5 mm in diameter by 1.2 mm in
length) and an anchor (0.6 mm in length) to

secure the implant through the trabecular
meshwork into the sclera at the iridocorneal
angle. The reservoir holds 75 lg of a proprietary,
preservative-free travoprost formulation, which
is approximately 25,000 times more concen-
trated than the travoprost in travoprost oph-
thalmic solution, 0.004%. Held in place by a
biocompatible titanium cap, the implant has a
nanoporous ethylene–vinyl acetate (EVA)
membrane which facilitates continuous, long-
duration elution of therapeutic levels of travo-
prost directly into the anterior chamber (Fig. 1).
The implant is pre-loaded into a sterile, single-
dose inserter facilitating administration via a
clear corneal incision.

Two versions of the implant have been
developed and evaluated in clinical trials: a
slow-eluting implant, herein referred to as the
SE-implant, and a fast-eluting implant, herein
referred to as the FE-implant. The two implants
differ in the thickness of the EVAmembrane but
are otherwise identical. In a phase 2b clinical
trial, both implant models provided robust,
sustained IOP-lowering, with 69% and 63% of
patients in the SE-implant and FE-implant
groups being well controlled on the same or
fewer topical glaucoma medications 36 months
following a single administration [17]. On the
basis of the combination of a more favorable
benefit-to-risk profile of the SE-implant over the
FE-implant in the phase 2b trial and its
enhanced manufacturability, the SE-implant
was chosen as the commercial model and the
FE-implant was maintained in trials for masking
purposes.

The current phase 3 trial, conducted as part
of the program to obtain US FDA approval, was
designed and prospectively powered to
demonstrate non-inferiority of the travoprost
intracameral implant to timolol eye drops in
IOP reduction over the first 3 months of the
trial. After the phase 3 trial was initiated, but
prior to the database lock and unmasking, a
12-month non-inferiority comparison to timo-
lol was included as a secondary endpoint based
on regulatory agency guidance; however, the
trial was not prospectively powered for the non-
inferiority comparison at 12 months. Further-
more, the trial was also designed to demonstrate
an acceptable safety profile of the implant over
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a 12-month period, with a long-term safety
extension ongoing through month 36.

METHODS

Design

This was a prospective, randomized, double-
masked trial conducted in 44 ophthalmology
clinics in the USA and one in the Philippines.
The trial was conducted in accordance with
recognized international scientific and ethical
standards, including but not limited to the
International Council for Harmonisation (ICH)
guideline for Good Clinical Practice (GCP), and
the original principles embodied in the Decla-
ration of Helsinki. Approval for the trial was
obtained from an institutional review board
(Western Institutional Review Board [20180735]
for 43 of the sites in the USA and Wills Eye
Hospital Institutional Review Board [18–763] for
one site in the USA) or an independent ethics

committee (St. Cabrini Medical Center-Asian
Eye Institute Ethics Review Committee
[2018–2023] for the single site in the Philip-
pines). All patients provided written informed
consent before undergoing any study-related
change in their treatment or any study-related
procedures. The trial was registered at Clini-
calTrials.gov (NCT03519386).

Participants

At the screening visit, potential participants in
the trial were required to be 18 years of age or
older, provide written informed consent, and be
willing and able to attend follow-up visits. Both
eyes could be screened, but the prospective
study eye was required to have a diagnosis of
OAG (juvenile, primary, or including a pig-
mentary or pseudoexfoliative component) or
OHT, be on zero to three topical glaucoma
medications (this criterion was subsequently
revised after the initiation of the trial to reduce
the maximum number of topical glaucoma
medications to two), have an IOP of
C 21 mmHg and B 36 mmHg if not on glau-
coma medication (there was no criterion in the
eye that was being treated with glaucoma
medications but the patient was required to
discontinue use of these medications prior to
the baseline visit), have a central corneal
thickness of 440 to 620 lm, and have an open
iridiocorneal angle (Shaffer grade C 3) with
normal anatomy and absence of angle abnor-
malities at the planned administration site. In
addition, each eye was required to have a best
corrected visual acuity (BCVA) of at least 20/80
Snellen.

At the baseline visit, the study eye was
required to have a mean diurnal IOP (based on
the average of the 8 A.M., 10 A.M., and 4 P.M.
timepoints) of C 21 mmHg, and the IOP was
required to be B 36 mmHg at each timepoint
(8 A.M., 10 A.M., and 4 P.M.).

Exclusion criteria pertinent to the study eye
included a cup-to-disc (C/D) ratio[0.8, visual
field mean deviation (MD) of - 12 dB or worse,
visually significant cataract expected to require
cataract surgery within the next 3 years, or
pseudophakia with complicated cataract

Fig. 1 Gonioscopic view of a travoprost intracameral
implant anchored in the trabecular meshwork and sclera
just anterior to the scleral spur, and oriented parallel to the
iris
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surgery that was performed within 90 days of
the screening visit, prior argon laser trabeculo-
plasty or incisional glaucoma surgery, an irido-
tomy or laser trabeculoplasty (selective or
micropulse) performed within 90 days of the
screening visit, any history of or presence of
active inflammation of the ocular structures,
clinically significant corneal guttata or corneal
dystrophy, or retinal or choroidal disorders. In
addition, the patient could not be pregnant or
planning a pregnancy, or have an immunode-
ficiency disorder or uncontrolled systemic dis-
ease. Patients with diabetes mellitus were not
excluded from participation provided their
condition was controlled and they were other-
wise eligible; no additional precautions or test-
ing (e.g., macular scans) was required.

The patient also was ineligible if the follow-
ing occurred within the 30 days prior to the
screening visit: use of an oral, intravenous,
inhaled, or dermal (if applied to within 0.6 cm
of the eye) steroid; use of a systemic carbonic
anhydrase inhibitor (CAI); or a change in an
existing systemic medication that could sub-
stantially affect IOP.

Procedures and Visits

At the screening visit, patients underwent the
informed consent process, followed by collec-
tion of demographic data, as well as informa-
tion regarding their medical/ocular history and
concomitant medications. In addition, a mani-
fest refraction was performed and Snellen visual
acuity (VA) was measured, visual fields were
measured via standard automated perimetry,
slit lamp biomicroscopy was performed to assess
the anterior ocular structures, IOP was mea-
sured via Goldmann tonometry at 8 A.M.,
10 A.M., or 4 P.M., ultrasonic pachymetry was
performed to measure central corneal thickness,
gonioscopy was performed to assess the irido-
corneal angle, and a dilated fundus exam was
performed to assess the structures at the back of
the eye, including nerve abnormalities and
vertical C/D ratio.

Patients were required to meet all eligibility
criteria at the screening visit and cease the use
of their glaucoma medication(s), if applicable,

prior to the baseline visit. The medication
washout was 8 weeks for rho-kinase inhibitors,
4 weeks for b-blockers and PGAs, 3 weeks for a-
agonists, 1 week for topical CAIs, and 5 days for
miotics. Patients who were on no glaucoma
medication could proceed directly to the base-
line visit as early as the next day.

At the baseline visit, patients were ques-
tioned regarding any update to their medical/
ocular history and concomitant medications,
and the occurrence of potential adverse events.
In addition, a pregnancy test was conducted on
all women of childbearing potential, a manifest
refraction was performed, and Early Treatment
Diabetic Retinopathy Study (ETDRS) visual
acuity was measured, a slit lamp exam was
performed (including assessment of conjuncti-
val hyperemia and iris color), specular micro-
scopy was performed at selected sites to assess
central corneal endothelial cell density, and IOP
was measured via Goldmann tonometry at
8 A.M., 10 A.M., and 4 P.M..

Patients who met all entry criteria at this
visit were designated a qualifying study eye by
the investigator. If both eyes qualified, the right
eye was designated as the study eye.

Following completion of the baseline visit,
eligible patients were scheduled for the opera-
tive visit and dispensed a topical fluoro-
quinolone or broad-spectrum antibiotic eye
drop for administration four times per day in
the study eye for at least 1 day prior to surgery.
Patients taking heparin were instructed to dis-
continue the medication 1 day prior to surgery.

On the day of surgery, patients were ques-
tioned regarding the occurrence of any adverse
events since their baseline visit, and an addi-
tional drop of antibiotic was administered
30 min prior to surgery. Patients were random-
ized to treatment, and per randomized assign-
ment, anesthesia (general, retrobulbar,
peribulbar, or topical for implant patients;
topical for sham procedure patients) was
administered and the study eye was implanted
with either an FE- or SE-implant or had the
sham surgical procedure performed under
aseptic conditions.

The implant procedure was performed with
the patient’s head stabilized and turned away
from the surgeon. A small amount of
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viscoelastic was placed on the cornea prior to
positioning of the gonioprism to allow for clear
visualization of the angle structures at the nasal
implant location. A clear corneal incision of
approximately 2.4 mm was created at the tem-
poral limbus, and a cohesive viscoelastic was
added to the anterior chamber to form the
chamber and improve visualization of the
angle. When ready for implantation, the sterile
single-dose inserter was entered into the ante-
rior chamber and advanced towards the angle
where the implant was pressed through the
trabecular meshwork with the anchor of the
implant securely embedded in the sclera. After
checking that the implant was fully anchored,
the surgeon withdrew the inserter from the eye,
and a high magnification examination was
performed to confirm that the implant was
properly positioned. Thereafter, the anterior
chamber was irrigated and aspirated with bal-
anced salt solution to remove all viscoelastic,
and the anterior chamber inflated with saline
solution, as needed, to achieve physiologic
pressure.

The sham procedure was performed by
placing the blunt hub of a sterile syringe against
the anesthetized conjunctiva.

Following the procedure, patients were dis-
pensed a topical non-steroidal anti-inflamma-
tory eye drop to be used for 1 week, and
instructed to continue with their topical
antibiotic eye drops four times per day for
1 week.

Postoperatively, for the duration of the
study, patients in the FE- and SE-implant groups
were instructed to use topical placebo eye drops
(artificial tears) twice daily (BID) in the study
eye, while patients in the control group, fol-
lowing the sham surgical procedure, were
instructed to instill topical timolol 0.5% solu-
tion BID in the study eye. Patients were to
administer their eye drops at 8 A.M. and 8 P.M.
daily, with the exception of study visits at
which 8 A.M. IOP measurements were per-
formed. At these visits, eye drops were admin-
istered after the 8 A.M. IOP measurement.
Patients continued with their routine glaucoma
treatment in their non-study eye.

Follow-up visits were scheduled at day 1–2,
day 10, weeks 4 and 6, and months 3, 6, 9, and

12. Diurnal (8 A.M., 10 A.M., and 4 P.M.) IOP
measurements were taken at day 10, week 6,
and months 3 and 12. An IOP measurement at a
single time of day (8 A.M., 10 A.M., or 4 P.M.) was
taken at day 1–2, week 4, and months 6 and 9.
Each time IOP was measured, two measure-
ments were taken and recorded unless they
differed by more than 2 mmHg, in which case a
third measurement was taken and recorded. The
IOP for each measurement timepoint was the
mean of two or the median of the three mea-
surements. Additional assessments at all visits
included questioning the patient for any treat-
ment-emergent adverse events (TEAEs) or
changes in concomitant medications, measure-
ment of VA (pinhole at day 1–2 and day 10;
corrected at weeks 4 and 6, and months 3, 6, 9
and 12), slit lamp biomicroscopy (including
assessment of conjunctival hyperemia in com-
parison to color photographs, and iris color at
all visits except for day 1–2). At selected visits,
the following additional assessments were per-
formed: visual fields at months 6 and 12, spec-
ular microscopy at months 3 and 12,
ophthalmoscopy at months 3, 6, 9, and 12 (in-
cluding C/D measurement at months 6 and 12,
and under dilation at month 12), pachymetry at
month 12, and gonioscopy at day 10, weeks 4
and 6, and months 3, 6, and 12.

If a postoperative increase in IOP was
observed within the first 2 days following sur-
gery, a paracentesis was performed as necessary
to remove any retained viscoelastic and to
reduce IOP, or a glaucoma medication could be
prescribed or administered. If an increase in IOP
was observed at day 3 or later and the IOP was
[22mmHg, IOP was rechecked within 7 days.
A topical glaucoma medication, preferably a
CAI, was administered or prescribed if the
rechecked IOP was [ 25 mmHg, or if the
rechecked IOP was [22 mmHg
but B 25 mmHg and the IOP reduction from
baseline was\ 20%.

Masking

Several procedures were implemented in this
trial to maintain masking. First, two models of
the implant, which were identical in
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appearance, were evaluated despite the intent
to seek regulatory approval for only the SE-im-
plant. Second, patients randomized to the
timolol eye drop group underwent a sham sur-
gical procedure. Third, patients randomized to
the implant groups received placebo eye drops.
Furthermore, all surgical kits were packaged
alike, in boxes labeled only with the study
number and unique kit number, and all bottles
of eye drops were identical in size, cap, and
bottle color and packaged in identical kit boxes
with masked labeling. Importantly, IOP was
measured using a two-person technique with
one person viewing through the oculars of the
biomicroscope and a second person masked to
treatment assignment recording the measure-
ment. Finally, the implants were placed at the
10 o’clock position (left eye) or 2 o’clock posi-
tion (right eye) to reduce visibility to the casual
observer. Therefore, both the study staff per-
forming certain measures (i.e., IOP readings,
assessment of symptomology) and the patient
remained masked as to the identity of the
assigned treatment.

Efficacy and Safety Outcomes Measures

The key efficacy outcome measure was the time-
matched change from baseline in IOP in the
study eye.

Safety parameters included intra- and post-
operative TEAEs, BCVA, findings from slit lamp
biomicroscopy, gonioscopy, ophthalmoscopy
(including C/D ratio), pachymetry, visual field
evaluation, specular microscopy, conjunctival
hyperemia assessment, and iris color assess-
ment. General guidelines for reporting TEAEs
included a C 30% reduction from baseline for
corneal endothelial cell density (that was con-
firmed at a follow-up visit), a C 10-letter
reduction from baseline for BCVA, a 2-grade
worsening from baseline for conjunctival
hyperemia, an IOP increase of C 10 mmHg from
baseline, and a C 2.5 dB worsening from base-
line in visual field mean deviation (that was
confirmed at a follow-up visit).

Statistical Analysis

The primary efficacy objective for the trial was
to demonstrate that the mean changes from
baseline in diurnal IOP in the study eye for the
SE-implant group, intended for regulatory
approval, as well for the FE-implant, utilized
primarily for masking purposes, were non-infe-
rior over the first 3 months of the trial to the
mean change from baseline in diurnal IOP in
the timolol group at 8 A.M. and 10 A.M. at each of
day 10, week 6, and month 3 visits (six time-
points). The key secondary efficacy objective,
which was included on the basis of regulatory
agency guidance after the trial was initiated but
prior to database lock and unmasking, was to
demonstrate that the mean change from base-
line in diurnal IOP in the study eye of the
implant groups was non-inferior to the mean
change from baseline in diurnal IOP in the
timolol group at 8 A.M. and 10 A.M. at month 12.
An additional secondary efficacy objective was
to demonstrate that the mean change from
baseline in IOP in implant groups was non-in-
ferior to the mean change from time-matched
baseline in IOP in the timolol group at
months 6 and 9.

For the primary efficacy endpoint, non-infe-
riority of the implant to timolol was established
if the upper limit of the two-sided 95% confi-
dence interval (CI) for the difference in the
mean of change from baseline in IOP was
\1.5 mmHg at each of the six post-baseline
timepoints and was\ 1 mmHg at half or more
of the six post-baseline timepoints. For the key
secondary efficacy endpoint, non-inferiority of
the implant to timolol was established if the
upper limit of the two-sided 95% confidence
interval for the difference in mean change from
baseline in IOP was \1.5 mmHg at the 8 A.M.
and 10 A.M. timepoints at month 12.

The sample size for the trial was based on the
primary efficacy endpoint (i.e., six IOP post-
baseline timepoints collected at 8 A.M. and
10 A.M. at day 10, week 6, and month 3). A total
of 186 patients per group were needed to reach
85% power to demonstrate non-inferiority of at
least one implant group over the timolol group
using a 1.5 mmHg margin at all six timepoints
and a 1.0 mmHg margin at three or more of the
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six timepoints. The calculations assumed a true
mean IOP difference of zero, standard devia-
tions (SD) of 3.0 mmHg for the timolol control
group and 4.0 mmHg for the implant groups,
normal distributions for the IOP measurements
at the six timepoints through month 3, and
one-sided t tests to test for non-inferiority at
a = 0.025.

To control the overall type I error at 0.05
level for comparing the two implant groups to
timolol, a fixed sequence hierarchical testing
procedure was used whereby the SE-implant
group was compared to timolol first at a two-
sided alpha level of 0.05. If the non-inferiority
criteria were met for the SE-implant group ver-
sus timolol, the FE-implant group was then
compared to timolol at two-sided alpha level of
0.05. The primary endpoint was tested first, and
if non-inferiority to timolol was established for
both implant groups, the key secondary end-
point was then tested; comparing the SE-im-
plant group versus timolol first and if the non-
inferiority criteria were met, then comparing
the FE-implant group versus timolol. Type I
error was not controlled for testing non-inferi-
ority of other secondary endpoints.

An analysis of covariance (ANCOVA) model
with change from baseline in IOP at the given
visit and timepoint as the response, treatment
as a main effect factor, and time-matched
baseline IOP as a covariate was applied for each
timepoint of each visit separately. Point esti-
mates (least squares [LS] mean) and corre-
sponding 95% CIs were calculated for the
difference between implant groups versus
timolol group (i.e., implant group minus timo-
lol group).

The primary analysis was performed for the
intent-to-treat (ITT) population with the worse-
half imputation method to handle missing/in-
tercurrent events at each visit and timepoint
separately. In addition, use of additional topical
glaucoma medication was accounted for at the
visit level.

For the primary analysis of the primary and
secondary efficacy endpoints, missing IOP data
for patients who had intercurrent events (e.g.,
patient dropout due to a TEAE or lack of effi-
cacy, use of additional glaucoma medications)
were imputed using a multiple imputation

(Monte Carlo Markov chain, MCMC) method
on the worse half of patients (i.e., for each
treatment group and timepoint, the worse half
of patients were those whose IOP reductions
from baseline were less than the median IOP
reduction for that treatment groups and time-
point). Missing IOP data for patients who did
not have an intercurrent event (e.g., those who
dropped out for reasons unrelated to treatment)
were imputed using multiple imputation tech-
niques (MCMC) from the randomized treat-
ment group with each timepoint within each
visit modeled separately.

Additional analyses were performed on the
proportion of patients in each treatment group
on no additional glaucoma medications at each
visit, the proportion of patients who were well
controlled on the same or fewer topical glau-
coma medications at month 12 compared to
screening, and of those patients who were on
glaucoma medication at screening, the propor-
tion who were well controlled on fewer topical
glaucoma medications at month 12 compared
to screening.

The ITT population, used for all efficacy
analyses, included all patients who were ran-
domized and allocated patients according to
their original treatment assignment regardless
of the actual treatment received.

Safety analyses were performed on the safety
population which included all patients who
were randomized and received at least one dose
of study treatment and allocated patients
according to the actual treatment received.

Statistical analyses were performed using SAS
(Statistical Analysis Software, SAS Institute, Inc.,
Cary, North Carolina, US) version 9.4 or higher.

RESULTS

Disposition

A total of 954 patients were screened, of which
364 patients (38.2%) were not randomized
because of failure at screening or baseline. Of
the 590 eligible patients that were randomized,
197 were randomized to the SE-implant group,
200 to the FE-implant group, and 193 to the
timolol group.
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A total of 565 of 590 randomized patients
(95.8%) completed the month 12 visit, and 22
patients discontinued prior to month 12, pri-
marily as a result of withdrawal of consent
(seven patients, 1.2%). Five patients (0.8%; one
in the FE-implant group and four in the timolol
group) discontinued prematurely because of
non-ocular serious adverse events resulting in
death, and five patients (0.8%; one in the SE-
implant, two in the FE-implant, and two in the
timolol groups) discontinued prematurely
because of TEAEs.

Demographic and Baseline Ocular
Characteristics

Demography and baseline ocular characteristics
of the patient population are presented in
Tables 1 and 2, respectively. Baseline character-
istics were well balanced among the treatment
groups regarding demography, as well as study
eye characteristics.

Efficacy

The trial met the primary efficacy endpoint.
Both the SE- and FE-implant groups were sta-
tistically and clinically non-inferior to timolol

Table 1 Demography (intent-to-treat population)

SE-implant
(N = 197)

FE-implant
(N = 200)

Timolol
(N = 193)

Total
(N = 590)

Age (years)

Mean (SD) 63.2 (12.6) 63.8 (11.5) 63.8 (11.4) 63.6 (11.8)

Min, max 24, 89 22, 86 28, 94 22, 94

Sex, n (%)

Male 98 (49.7) 91 (45.5) 85 (44.0) 274 (46.4)

Female 99 (50.3) 109 (54.5) 108 (56.0) 316 (53.6)

Race, n (%)

White 120 (60.9) 143 (71.5) 128 (66.3) 391 (66.3)

Black or African American 50 (25.4) 38 (19.0) 41 (21.2) 129 (21.9)

Asian 19 (9.6) 15 (7.5) 16 (8.3) 50 (8.5)

Native Hawaiian or Pacific

Islander

0 1 (0.5) 0 1 (0.2)

American Indian or Alaska

Native

0 0 2 (1.0) 2 (0.3)

Other or unknown 8 (4.1) 3 (1.5) 6 (3.1) 17 (2.9)

Ethnicity, n (%)

Hispanic or Latino 15 (7.6) 9 (4.5) 10 (5.2) 34 (5.8)

Not Hispanic or Latino 179 (90.9) 191 (95.5) 180 (93.3) 550 (93.2)

Unknown 3 (1.5) 0 3 (1.6) 6 (1.0)

FE-implant fast-eluting travoprost intracameral implant, ITT intent-to-treat, SD standard deviation, SE-implant slow-
eluting travoprost intracameral implant
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as the upper limit of the 95% CI of the differ-
ence between the implant groups and the
timolol group was \1.5 mmHg and
also\ 1 mmHg for all six timepoints (i.e., 8 A.M.
and 10 A.M. at day 10, week 6, and month 3)
(Fig. 2). Notably, the SE-implant was also supe-
rior to timolol at three of the six timepoints.

The trial also met the key secondary efficacy
endpoint for the SE-implant. The criterion for
statistical non-inferiority to timolol was met for
the SE-implant as the upper limit of the 95% CI

of the difference between the SE-implant group
and the timolol group was\ 1.5 mmHg at both
the 8 A.M. and 10 A.M. timepoints at month 12.

At months 6 and 9 (visits at which IOP was
measured at 8 A.M., 10 A.M., or 4 P.M. and used
time-matched baseline), non-inferiority to
timolol was demonstrated for both implant
groups using the same definition as used for
month 12, as the upper limit of the 95% CI of
the difference between the implant groups and
the timolol group was\1.5 mmHg.

Table 2 Baseline study eye characteristics (intent-to-treat population)

SE-implant
(N = 197)

FE-implant
(N = 200)

Timolol
(N = 193)

Total
(N = 590)

Diagnosis

Open-angle glaucoma

(OAG)a
170 (86.3) 175 (87.5) 167 (86.5) 512 (86.8)

Ocular hypertension (OHT) 27 (13.7) 25 (12.5) 26 (13.5) 78 (13.2)

Number of glaucoma medication classes used at screening, n (%)

0 54 (27.4) 43 (21.5) 46 (23.8) 143 (24.2)

1 99 (50.3) 116 (58.0) 100 (51.8) 315 (53.4)

2 38 (19.3) 37 (18.5) 41 (21.2) 116 (19.7)

3 6 (3.0) 4 (2.0) 6 (3.1) 16 (2.7)

Screening IOP (mmHg)

Mean (SD) 19.77 (4.46) 19.52 (4.50) 19.67 (4.35) 19.66 (4.43)

Mean (SD) IOP (mmHg) at baseline

8 A.M. 24.37 (3.25) 24.72 (3.40) 24.72 (3.51) 24.60 (3.39)

10 A.M. 24.09 (3.32) 24.27 (3.27) 24.03 (3.10) 24.13 (3.23)

4 P.M. 23.59 (3.15) 23.57 (3.14) 23.61 (3.17) 23.59 (3.15)

Iris color, n (%)

Blue 41 (20.8) 57 (28.5) 55 (28.5) 153 (25.9)

Brown 122 (61.9) 109 (54.5) 106 (54.9) 337 (57.1)

Green 7 (3.6) 7 (3.5) 7 (3.6) 21 (3.6)

Hazel 27 (13.7) 26 (13.0) 25 (13.0) 78 (13.2)

Other 0 1 (0.5) 0 1 (0.2)

FE-implant fast-eluting travoprost intracameral implant, IOP intraocular pressure, OAG open-angle glaucoma, OHT ocular
hypertension, SD standard deviation, SE-implant slow-eluting travoprost intracameral implant
aOpen-angle glaucoma included juvenile, primary, pigmentary, and pseudoexfoliative
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In more detail, during the initial 3-month
primary efficacy period, LS mean IOP changes
from baseline ranged from - 6.6 to
- 8.5 mmHg in the SE-implant group, from
- 6.6 to - 8.4 mmHg in the FE implant group,
from - 6.5 to - 7.7 mmHg in the timolol group
across the six timepoints (Fig. 2).

At months 6 and 9, the LS mean IOP changes
from baseline were - 5.7 and - 5.7 mmHg in
the SE-implant group, - 5.4 and - 5.6 mmHg
in the FE-implant group, respectively, and - 6.1
and - 5.9 mmHg in the timolol group (Fig. 2).

Finally, at the month 12 8 A.M. and 10 A.M.
timepoints, respectively, the LS mean IOP
changes from baseline were - 5.5 and
- 5.5 mmHg in the SE-implant group, - 5.4

and - 5.8 mmHg in the FE-implant group, and
- 6.2 and - 6.0 mmHg in the timolol group
(Fig. 2).

The clinical relevance of the IOP-lowering
efficacy achieved by the implants was also
evaluated by an analysis of the percentage of
patients completely free of topical glaucoma
medications. Most patients across all three
treatment groups required no additional glau-
coma medication in the study eye for up to
12 months post-baseline (Fig. 3), with similar
percentages at all visits in the SE-implant group
compared to the timolol group, and in the FE-
implant group compared to the timolol group
(P[0.05, Fisher’s exact test). At month 12,
81.1% of patients in the SE-implant group,

Fig. 2 LS mean change from baseline in IOP at the 8 A.M.
and 10 A.M. measurement timepoints at day 10, week 6,
month 3 and month 12, and at the 8 A.M., 10 A.M., or
4 P.M. measurement timepoint at month 6 and 9. Data
below the plot indicate the LS means difference and upper
and lower 95% CIs in the IOP change from baseline

(in mmHg) between the implant group and the timolol
group at each timepoint and visit. CIs confidence intervals,
FE-implant fast-eluting travoprost intracameral implant,
IOP intraocular pressure, LS mean least squares mean, SE-
implant slow-eluting travoprost intracameral implant
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76.9% of patients in the FE-implant group, and
83.0% of patients in the timolol group were not
using additional glaucoma medication.

Furthermore, at the month 12 visit, a signif-
icantly greater percentage of patients in the SE-
implant group (93.0%) and in the FE-implant
group (90.2%) compared with the timolol group
(70.3%) were on the same or fewer topical

glaucoma medications compared to screening
(SE-implant versus timolol, P\0.0001; FE-im-
plant versus timolol, P\ 0.0001; chi-square
test) (Fig. 4). In addition, of those patients who
were on glaucoma medication at screening, a
significantly greater percentage of patients in
the SE-implant group (83.5%) and in the FE-
implant group (78.7%) compared with the

Fig. 3 The proportion of patients who did not require
additional topical glaucoma medications was similar in the
SE-implant group and in the FE-implant group compared
to the timolol group at each visit (P[ 0.05, Fisher’s exact

test). FE-implant fast-eluting travoprost intracameral
implant, SE-implant slow-eluting travoprost intracameral
implant

Fig. 4 The proportion of patients on the same or fewer
topical glaucoma medications (at left) and of those who
were on glaucoma medication at screening, the proportion
of patients who were on fewer topical glaucoma medica-
tions (at right) at month 12 compared to screening. In
both analyses, the proportion of patients in the SE-implant

group and in the FE-implant group was significantly
greater than the proportion of patients in the timolol
group (*P\ 0.0001, chi-square test comparing each
implant group to timolol). FE-implant fast-eluting travo-
prost intracameral implant, SE-implant slow-eluting travo-
prost intracameral implant
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timolol group (23.9%) were on fewer topical
glaucoma medications at month 12 compared
to screening (SE-implant versus timolol,
P\ 0.0001; FE-implant versus timolol,
P\ 0.0001; chi-square test) (Fig. 4).

Adverse Events

A summary of TEAEs is presented in Table 3,
and study eye TEAEs in 3% or greater of patients
in any treatment group are presented in Table 4.

The majority of patients with study eye
TEAEs experienced mild, transient TEAEs, with
severe TEAEs occurring in six patients in the SE-
implant group (3.1%) and four in the FE-im-
plant group (2.0%). The most commonly
reported severe ocular TEAE was increased IOP
in four patients (two patients in each of the
implant groups) followed by TEAEs of visual
acuity reduced, in three patients (two in the SE-
implant group and one in the FE-implant
group). Both events were transient for the

Table 3 Summary of treatment-emergent adverse events (safety population)

SE-implant (N = 195) FE-implant (N = 200) Timolol (N = 194)
n (%) n (%) n (%)

TEAEs

Study eye 77 (39.5) 68 (34.0) 39 (20.1)

Non-ocular or non-study eye 54 (27.7) 65 (32.5) 54 (27.8)

Related to study treatment

Study eye 41 (21.0) 35 (17.5) 5 (2.6)

Non-ocular or non-study eyea 1 (0.5) 1 (0.5) 0

Maximum severity of severe

Study eye 6 (3.1) 4 (2.0) 0

Non-ocular or non-study eye 9 (4.6) 11 (5.5) 8 (4.1)

TEAEs leading to study discontinuation

Study eyeb 3 (1.5) 5 (2.5) 2 (1.0)

Non-ocular or non-study eyec 0 2 (1.0) 0

Serious TEAEs

Study eyed 3 (1.5) 1 (0.5) 0

Non-ocular or non-study eye 9 (4.6) 13 (6.5) 10 (5.2)

Deathse 0 2 (1.0) 4 (2.1)

COVID-19 Coronavirus disease 2019, FE-implant fast-eluting travoprost intracameral implant, IOP intraocular pressure,
SE-implant slow-eluting travoprost intracameral implant, TEAEs treatment-emergent adverse events
aNon-ocular or non-study eye TEAEs related to treatment included headache in the FE-implant group and rhinorrhea in
the SE-implant group
bStudy eye TEAEs leading to discontinuation included one serious adverse event of endophthalmitis
cNon-ocular TEAEs leading to discontinuation included benign brain tumor and hip fracture, both in the FE-implant
group
dStudy eye serious TEAEs included endophthalmitis, retinal detachment, and increased IOP in the SE-implant group, and
increased IOP in the FE-implant group
eDeaths included abdominal aortic aneurysm and metastatic lung cancer in the FE-implant group and two deaths due to
COVID-19, one due to cardiopulmonary arrest, one due to breast cancer in the timolol group
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majority of cases, and most often related to the
administration procedure.

Four of the reported severe TEAEs (two of IOP
increased, one of retinal detachment, and one
of endophthalmitis) were also considered seri-
ous adverse events (Table 4).

Endothelial Cell Density

Mean endothelial cell density, measured in a
subset of eyes (66 of the total 590), by visit is
shown in Fig. 5.

At baseline, mean (SD) endothelial cell den-
sity was 2403.95 (472.25) cells/mm2, 2230.55
(493.90) cells/mm2, and 2445.49 (282.23) cells/
mm2 in the SE-implant, FE-implant, and timo-
lol groups, respectively. No patient in the SE-
implant group exceeded the pre-defined
endothelial cell loss threshold of C 30% and the
more stringent C 20% from baseline.

Central Corneal Thickness

At baseline, mean (SD) corneal thickness in
study eyes was 550.3 (35.7), 554.0 (36.3), and
552.5 (36.4) lm in the SE-implant FE-implant,
and timolol groups, respectively. There was no
clinically meaningful change from baseline in
any treatment group at month 12; mean (SD)
changes were - 4.5 (15.3), - 5.1 (19.6), and 0.8
(13.3) lm in the SE-implant, FE-implant, and
timolol groups, respectively.

Visual Field

At baseline, mean (SD) visual field MD in study
eyes was - 1.72 (2.86) dB, - 1.91 (2.93) dB, and
- 1.87 (3.03) dB in the SE-implant, FE-implant,
and timolol groups, respectively. There was no
clinically meaningful change in visual field MD
in any treatment group. At month 12, the
mean (SD) changes in visual field MD from
baseline were - 0.59 (2.45) dB in the SE-implant
group, - 0.37 (3.04) dB in the FE-implant
group, and - 0.32 (2.75) dB in the timolol
group.

Visual Acuity

Visual acuity by visit is shown in Fig. 6.
At baseline, mean (SD) BCVA values (ETDRS

letters read) in study eyes were 83.6 (5.1), 83.2
(5.1), and 82.4 (5.8) in the SE-implant, FE-im-
plant, and timolol groups, respectively. There

Table 4 Study eye treatment-emergent adverse events in
3% or greater of patients in any treatment group (safety
population)

MedDRA SOC
PT

SE-
implant
(N = 195)

FE-
implant
(N = 200)

Timolol
(N = 194)

n (%) n (%) n (%)

Patients with any

TEAEs in the

study eye

77 (39.5) 68 (34.0) 39 (20.1)

Eye disorders

Cataract 7 (3.6) 3 (1.5) 3 (1.5)

Dry eye 7 (3.6) 6 (3.0) 3 (1.5)

Iritis 12 (6.2) 1 (0.5) 0

Ocular hyperemia 5 (2.6) 9 (4.5) 0

Punctate keratitis 3 (1.5) 6 (3.0) 5 (2.6)

Visual acuity

reduced

9 (4.6) 2 (1.0) 1 (0.5)

Investigations

Intraocular

pressure

increased

9 (4.6) 15 (7.5) 4 (2.1)

Nervous system disorders

Visual field defect 6 (3.1) 6 (3.0) 2 (1.0)

Adverse events verbatim terms were coded using MedDRA
(version 21.0, English) to the appropriate SOC and PT
FE-implant fast-eluting travoprost intracameral implant,
MedDRA Medical Dictionary for Regulatory Activities,
PT preferred term, SE-implant slow-eluting travoprost
intracameral implant, SOC system organ class,
TEAE treatment-emergent adverse event
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was no clinically meaningful change in BCVA
over the course of 12 months.

Conjunctival Hyperemia

Mean conjunctival hyperemia scores were gen-
erally very low in all groups at all timepoints

during the study with mean values at or below
0.4 on a scale ranging from 0 (normal) to 3
(severe) (Fig. 7).

Most patients had normal or trace (scores of
0 or 0.5) conjunctival hyperemia scores at
baseline (SE-implant, 90.3%; FE-implant,
91.0%; timolol, 91.8%). As a result of the sur-
gical procedure, the percentage of implant

Fig. 5 Mean (? SD) central corneal endothelial cell density at baseline, month 3, and month 12. FE-implant fast-eluting
travoprost intracameral implant, SD standard deviation, SE-implant slow-eluting travoprost intracameral implant

Fig. 6 Best corrected visual acuity (number of ETDRS
letters, ? SD) at baseline, weeks 4 and 6, and months 3, 6,
9, and 12. ETDRS Early Treatment Diabetic Retinopathy

Study, FE-implant fast-eluting travoprost intracameral
implant, SD standard deviation, SE-implant slow-eluting
travoprost intracameral implant
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patients with normal or trace hyperemia
decreased slightly in the earlier postoperative
visits and was lowest at day 10 for the SE-im-
plant group (83.6%) and at week 4 for the FE-
implant group (83.2%). However, at month 12,
88.3% of patients in the SE-implant group,
89.8% of patients in the FE-implant group, and
96.2% of patients in the timolol group were
back to baseline with normal or trace conjunc-
tival hyperemia. Severe hyperemia (score of 3)
was observed in only two patients during the
12-month period, both in the FE-implant group,
with one at day 10 and one at week 4.

No patient in any treatment group was
reported to have an increase in iris pigmenta-
tion, nor was any patient observed to have
periorbital fat atrophy during the 12-month
period.

DISCUSSION

This phase 3 clinical trial demonstrated that the
SE-implant, intended for regulatory approval,
produced IOP-lowering efficacy in patients with
OAG or OHT that was non-inferior to that
produced by BID administration of timolol
0.5% over the 12-month period. The FE-

implant, used in the trial primarily for study
masking purposes, was non-inferior to timolol
over the first 9 months.

Both implant models produced statistically
significant and clinically relevant IOP reduc-
tions from baseline over the entire 12 months,
and address the problem of poor patient
adherence to topical glaucoma medications, the
key challenge related to glaucoma management
[18, 19]. IOP reductions with the to-be-mar-
keted SE-implant ranged from 6.6 to 8.5 mmHg
at the primary efficacy endpoint (8 A.M. and
10 A.M. at day 10, week 6, and month 3) used for
application of regulatory approval in the USA.
At months 6 and 9, when IOP was measured at
8 A.M., 10 A.M., or 4 P.M., IOP reductions were
5.7 mmHg at both visits, while at month 12,
when IOP was measured at 8 A.M. and 10 A.M.,
IOP reductions were 5.5 mmHg at both time-
points, with non-inferiority of the SE-implant
to timolol being demonstrated over the entire
12 months.

Topical medication burden was substantially
reduced in patients in the SE-implant group,
with 81.1% of patients in the SE-implant group
completely free of topical glaucoma medica-
tions 12 months following administration of

Fig. 7 Mean conjunctival hyperemia score (? SD) at
baseline, and each post-baseline visit. Conjunctival hyper-
emia was measured at the slit-lamp against a photographic
scale with grades of 0 (normal), 0.5 (trace), 1 (mild), 2

(moderate), and 3 (severe). FE-implant fast-eluting travo-
prost intracameral implant, SD standard deviation, SE-
implant slow-eluting travoprost intracameral implant
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their implant. In contrast, in the Artemis-1 and
Artemis-2 studies conducted for the approval of
the 10 lg bimatoprost intracameral implant,
three implants were administered over a period
of 12 months with the third implant adminis-
tered at month 8. Four months after this last
implant administration, 81.8% and 84.3% of
implant patients did not receive additional
glaucoma medications [15, 16]. The results for
the patients treated with timolol were relatively
similar across the trials (83.0% in our trial, and
86.4% and 84.1% in the two bimatoprost
implant trials [15, 16]), validating the
comparison.

Furthermore, in our trial, 93.0% of patients
in the SE-implant group were well controlled
(based on protocol-specified criteria for post-
operative IOP management) on the same or
fewer topical medications 12 months following
implant administration compared to screening.
The 93.0% value from this phase 3 trial corrob-
orates results of a completed 3-year phase 2b
trial in which 92% of patients in the SE-implant
group were well controlled on the same or fewer
topical medications 12 months following
implant administration compared to screening
[17]. In the phase 2b trial, at 3 years 69% of the
patients in the SE-implant group were well
controlled on the same or fewer topical medica-
tions compared to screening; a similar 3-year
evaluation will be available from this ongoing
phase 3 trial.

In addition, in the current trial, of those
patients who were on glaucoma medication at
screening, 83.5% of patients in the SE-implant
group versus only 23.9% of patients in the
timolol group were well controlled on fewer
topical medications at month 12 compared to
screening. Reduction in topical glaucoma med-
ication burden has a significant impact on the
quality of life of patients with glaucoma
[20–22].

Both implant groups had an accept-
able safety profile, with the majority of ocular
TEAEs being mild. One implant patient had
endophthalmitis which resolved with treat-
ment. There were no clinically meaningful dif-
ferences between treatment groups in BCVA or
visual field outcomes. There was no evidence of
iris hyperpigmentation or periorbital fat

atrophy, side effects often associated with the
use of topical travoprost [23–26]. Remarkably,
the degree of conjunctival hyperemia in the
implant groups was very low and, despite the
surgical intervention associated with the
implant administration procedure, was less
than that reported for topically administered
travoprost [27]. In addition, TEAEs of ocular or
conjunctival hyperemia were 2.6% in the SE-
implant group, substantially less than the
30–50% reported with topically administered
travoprost [24, 27]. Thus, by delivering travo-
prost directly into the anterior chamber, the
travoprost intracameral implants reduced or
eliminated many of the side effects associated
with topical PGAs.

One limitation of the current study is that
IOP measurements at months 6 and 9 were not
collected at 8 A.M. and 10 A.M. to allow for more
direct comparison to other visits. However, IOP
was measured at 8 A.M., 10 A.M., or 4 P.M. and
compared to time-matched baseline. A second
limitation is that the non-inferiority analyses
for the month 6 and 9 visits were not prospec-
tively defined. However, the analyses used the
same definition as for month 12. A third limi-
tation of the study is that the trial was not
prospectively powered for the 6, 9, and
12-month IOP efficacy evaluations.

The strength of the study is its 12-month
duration allowing for the analysis of the long-
term efficacy and safety of the travoprost
intracameral implant, including that for iris
pigmentation changes and periorbital fat atro-
phy which may not be noticeable for several
months [28–30], and the long-term rate of
conjunctival hyperemia. Another strength of
the study was the ability to evaluate long-term
reduction of the topical glaucoma medication
burden.

CONCLUSION

The study showed that the SE-implant was non-
inferior in IOP reduction to timolol ophthalmic
solution, 0.5% BID over a 12-month period and
demonstrated a reduction in long-term topical
glaucoma medication burden. The FE-implant
was non-inferior to timolol over 9 months. Both
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models of the travoprost intracameral implant
were well tolerated and safe for use in patients
with OAG or OHT.
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