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ABSTRACT

Introduction: This study was conducted to
analyze and compare the intraocular pressure
(IOP) treatment effect of the slow-eluting (SE)
travoprost intracameral implant to the IOP
treatment effect of topical prostaglandin analog
(PGA) monotherapy in a subgroup of subjects
who were on pre-study PGA monotherapy prior
to enrollment in the two pivotal phase 3 trials of
the travoprost intracameral implant.

Methods: A combined study population of
133 subjects from two phase 3 trials, who were
on topical PGA monotherapy at screening, sub-
sequently underwent a washout period from
their topical PGA, and then were randomized
and administered an SE travoprost intracameral
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implant. The subjects were analyzed for the IOP
treatment effects of the pre-study topical PGA
monotherapy and the in-study SE travoprost
intracameral implant. Paired t-tests were used to
compare the difference in screening minus post-
washout baseline IOP versus month 3 minus
post-washout baseline IOP. The IOP-lowering
efficacy in eyes administered an SE travoprost
intracameral implant was compared to the IOP
lowering in the same eyes while on a topical
PGA monotherapy prior to study entry.
Results: Pre-study topical PGA monotherapy
and the SE travoprost intracameral implant dem-
onstrated IOP treatment effects of —-5.76 mmHg
and -7.07 mmHg, respectively. The IOP-low-
ering treatment effect was significantly greater
by 1.31 mmHg for the SE travoprost intracam-
eral implant relative to pre-study PGA mono-
therapy (95% confidence interval: -2.01, —0.60;
P=0.0003).

Conclusions: The SE travoprost intracameral
implant demonstrated superior IOP-lowering
treatment effect versus pre-study topical PGA
monotherapy with a superiority margin that was
both statistically significant and clinically mean-
ingful. The greater IOP reduction from baseline
while on the SE implant versus pre-study topical
PGA monotherapy may be a reflection of the
optimized adherence and continuous elution of
PGA therapy into the anterior chamber achieved
with the SE travoprost intracameral implant.
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Trial Registration: ClinicalTrials.gov identifi-
ers, NCT03519386 and NCT03868124.
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Key Summary Points

Topical intraocular pressure-lowering therapy
is associated with poor patient adherence and
troublesome side effects.

The slow-eluting travoprost intracameral
implant produced clinically relevant and sta-
tistically significant greater intraocular pres-
sure treatment effect than subjects’ pre-study
topical prostaglandin analog monotherapy.

Superior intraocular pressure reduction with
the intracameral implant is presumably

due to improved patient adherence with an
implant.

INTRODUCTION

Glaucoma is the leading cause of irreversible
blindness in the world [1]. Open-angle glau-
coma (OAG) currently affects approximately
53 million people worldwide, with this number
expected to increase to 79.8 million in 2040 as
the population ages [1]. Lowering intraocular
pressure (IOP) is the only treatment available
to delay the onset or progression of glaucoma-
tous vision loss [2-6], and medical therapy is the
most common initial treatment to lower IOP.
Of the various classes of topical IOP-lowering
medications, prostaglandin analogs (PGAs) are
the most prescribed pharmacotherapy due to
their highly efficacious IOP lowering, overall
tolerability, well-established safety profile, and
once-daily dosing regimen. However, despite
these favorable attributes of PGAs, many patients
tail to use their medication as prescribed [7]. If
medication is being used as prescribed, patients
may experience signs and symptoms of ocular

surface disease [8, 9], as well as hyperemia, iris
color change, eyelash growth/misdirection, and/
or orbital fat atrophy [10].

Various drug delivery systems have been
developed recently to specifically address the
problem of poor patient adherence and the trou-
blesome side effects associated with topical IOP-
lowering therapy [11]. The two extended-release
pharmaceuticals farthest along in the develop-
ment pathway are the bimatoprost intracameral
implant, an unanchored biodegradable implant
containing 10 mcg bimatoprost approved in
the US in 2020, and the travoprost intracameral
implant, an anchored implant consisting of a
titanium implant reservoir with a membrane
that controls the sustained release of travoprost
approved recently in the US in 2023. Two mod-
els of the travoprost implant, fast-eluting (FE-
implant) and slow-eluting (SE-implant) models,
were evaluated in the phase 2 and 3 trials for
the registration of this drug-device combination
product; however, approval was only requested
for the SE-implant (iDose® TR, travoprost intra-
cameral implant, 75 mcg).

We hypothesized that due to the optimized
adherence and continuous elution of travoprost
into the anterior chamber with the SE travoprost
intracameral implant, the IOP reductions with
the implant would be greater than that while on
topical PGA therapy. This analysis compared the
[IOP-lowering effect of the SE travoprost intra-
cameral implant to the IOP-lowering effect of
topical PGA therapy in a subgroup of subjects
who were on pre-study PGA monotherapy prior
to enrollment in the two pivotal phase 3 trials of
the travoprost intracameral implant.

METHODS

Study Design and Setting

This was a subgroup analysis of data from two
phase 3 trials (GC-010 and GC-012, Clinical-
Trials.gov, NCT03519386 and NCT03868124,
respectively), which were prospective, ran-
domized, double-masked, active-controlled
pivotal safety and efficacy trials conducted
to support the registration of the travoprost
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intracameral implant for the reduction of IOP
in patients with OAG or ocular hypertension
(OHT). The trials were conducted in a total of
95 clinical sites in the USA, Armenia, and the
Philippines. Both trials adhered to the tenets of
the Declaration of Helsinki and were conducted
in conformance with the International Confer-
ence on Harmonization good clinical practice
and local laws and regulations. Institutional
Review Board/Independent Ethics Committee
approval was obtained for each site and all sub-
jects provided written informed consent prior
to participation.

Study procedures and the safety and efficacy
results of these trials have been presented pre-
viously [12, 13]. In brief, adult subjects with
OAG or OHT on zero to three IOP-lowering
medications at screening, and mean diurnal
[OP221 mmHg (based on 8:00 a.m., 10:00
a.m., and 4:00 p.m. measurements) and IOP
of<36 mmHg at each of these three diurnal time
points at baseline following washout from prior
IOP-lowering medication (4 weeks for PGAs),
if applicable, were randomized to receive one
of two models of the travoprost intracameral
implant (slow-eluting or fast-eluting) or timo-
lol maleate ophthalmic solution, 0.5% twice
daily (BID). For masking purposes, subjects ran-
domized to the travoprost implants received
an artificial tear ophthalmic solution BID, and
subjects randomized to timolol 0.5% BID under-
went a sham surgical procedure. In both trials,
one eye of each subject was randomized.

At screening, IOP could be measured at any
time of day, whereas at baseline, day 10, week
6, and month 3, IOP was measured at 8:00 a.m.
(30 min), 10:00 a.m. (+30 min), and 4:00 p.m.
(30 min). At all visits, [OP was measured by two
observers. Observer 1 (unmasked to treatment)
looked through the slit lamp and turned the
dial, with the readings being masked. Observer
2 (masked to treatment) recorded the IOP read-
ings. Each time IOP was measured, two meas-
urements were taken and recorded unless they
differed by more than 2 mmHg, in which case
a third measurement was taken and recorded.

The primary efficacy objective for the trials
was to demonstrate that the mean change from
baseline in diurnal IOP in the study eye was not
inferior to the mean change from baseline in

diurnal IOP in the timolol 0.5% BID group at
8:00 a.m. and 10:00 a.m. at each of the day 10,
week 6, and month 3 visits (six time points).

The objective of the current analysis was to
compare the IOP-lowering treatment effects of
the pre-study topical PGA monotherapy and the
in-study SE travoprost intracameral implant. The
treatment effect for the pre-study topical PGA
monotherapy was determined as a difference
between IOP while on a pre-study topical PGA
collected at the screening visit and the post-
washout IOP collected at the baseline visit. The
treatment effect of the SE travoprost intracam-
eral implant was determined as described previ-
ously as a difference between IOP at month 3
and the post-washout baseline IOP.

Participants

The study population consisted of all rand-
omized subjects who received one of the two
models of the travoprost intracameral implant
(plus artificial tears ophthalmic solution BID
for masking purposes) or timolol maleate oph-
thalmic solution, 0.5% BID (plus sham surgical
procedure for masking purposes). Subjects who
were on topical PGA monotherapy at screening
and who were randomized to the SE travoprost
intracameral implant were selected from the
combined study population of the two trials for
the current analysis.

Outcomes and Statistical Analysis

Since IOP measurements at screening could be
performed at any time of day, whereas IOP meas-
urements at baseline, day 10, week 6, and month
3 were required to be performed at 8:00 a.m.
(30 min), 10:00 a.m. (+30 min), and 4:00 p.m.
(30 min), the IOP at screening was mapped to
the closest IOP time point (i.e., 8:00 a.m., 10:00
a.m., or 4:00 p.m.). Therefore, all IOP analyses
are based on a single time point.

IOP treatment effect in eyes administered an SE
travoprost intracameral implant was compared to
the IOP treatment effect (i.e., the difference in IOP
at screening while on a pre-study PGA and 10P
at the post-washout baseline) in the same eyes
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that were on a topical PGA monotherapy prior to
study entry.

Paired t-tests were used to compare the differ-
ence of screening minus post-washout baseline
IOP versus month 3 minus post-washout baseline
IOP, using the baseline and month 3 time-consist-
ent measures to screening. Two-sided 95% ¢-dis-
tribution confidence intervals and a two-sided
P-value were reported. SAS version 9.4 was used
for the analysis.

IOP analyses were performed on the intent-to-
treat population which included all subjects who
were randomized, with subjects analyzed accord-
ing to their original treatment assignment, regard-
less of actual treatment received. For the evalua-
tion of adverse events, analyses were performed
on the safety population, which included all sub-
jects who were randomized and received study
treatment, with subjects analyzed according to
the actual treatment received.

RESULTS

Demographics and Baseline Characteristics

In the phase 3 study GC-010, 590 subjects were
randomized in a 1:1:1 treatment allocation to
receive the SE travoprost implant, FE travoprost
implant, or timolol 0.5% BID in the study eye.
Similarly, in the phase 3 study GC-012, 560 sub-
jects were randomized in a 1:1:1 treatment allo-
cation to receive the SE implant, FE implant, or
timolol 0.5% BID in the study eye. Of the 380 sub-
jects across the two trials who were randomized to
the SE implant and in the intent-to-treat popula-
tion, 133 were on topical PGA monotherapy at
screening.

Demographic data and baseline ocular char-
acteristics for the 133 subjects are provided in
Table 1. The mean age was 63.59 years. Mean
(standard deviation, SD) IOP was 18.09 (3.29)
mmHg at the screening visit and 23.86 (3.23)
mmHg at baseline following washout from pre-
study PGA monotherapy.

Efficacy

Mean IOP at Screening, Baseline, and Month
3

Of the 133 subjects who were on PGA mono-
therapy at screening, 125 were included in
the month 3 analysis (six had been prescribed
additional IOP-lowering medication and were
removed from the month 3 analysis, and two
had missing month 3 data). The mean (SD) 10P
while on pre-study topical PGA monotherapy
was 18.00 (3.20) mmHg (collected at the screen-
ing visit) as shown in Fig. 1. Mean IOP at a post-
washout baseline was 23.76 (3.25) mmHg (col-
lected at the baseline visit after washout from
pre-study topical PGA monotherapy). The mean
IOP while on SE travoprost intracameral implant
at month 3 was 16.69 (4.13) mmHg.

Comparison of Pre-study PGA Monotherapy
to Travoprost Intracameral Implant
Monotherapy

The mean (SD) IOP-lowering treatment effect
while on pre-study PGA monotherapy was 5.76
(3.43) mmHg and the mean (SD) IOP-lowering
treatment effect while on the SE travoprost
intracameral implant was 7.07 (4.27) mmHg.
The magnitude of the treatment effect was sig-
nificantly greater by 1.31 (3.97) mmHg in the
same eyes while on the SE travoprost intracam-
eral implant compared to pre-study PGA (95%
CI -2.01, -0.60; P=0.0003) (Table 2, Fig. 2).

A similar trend of greater IOP-lowering treat-
ment effect while on the SE travoprost intraca-
meral implant compared to pre-study PGA was
shown regardless of pre-study PGA (Table 2). For
all pre-study PGAs other than latanoprost, treat-
ment groups were too small to provide meaning-
ful analyses.

Relative Contributions of the 8:00 a.m., 10:00
a.m., and 4:00 p.m. IOP Values to the Overall
IOP-Lowering Treatment Effect

Since IOP measurements at screening could
be performed at any time of day, whereas IOP
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Table 1 Subject demographics and baseline characteristics

SE travoprost

intracameral
implant
N=133
Age (years) Mean (SD) 63.59 (12.58)
Minimum, maximum 24,87
Age category 7 (%) > 18 years to < 65 years 60 (45.1%)
> 65 years 73 (54.9%)
Sex 7 (%) Male 65 (48.9%)
Female 68 (51.1%)
Race 7 (%) Asian 4(3.0%)
Black or African American 29 (21.8%)
White 97 (72.9%)
Other 2 (1.5%)
Unknown 1(0.8%)
Ethnicity 7 (%) Hispanic or Latino 15 (11.3%)
Not Hispanic or Latino 117 (88.0%)
Unknown 1(0.8%)
Type of disease 7 (%) Open-angle glaucoma 114 (85.7%)
Ocular hypertension 19 (14.3%)
Screening IOP (mmHg) Mean (SD) 18.09 (3.29)
Pre-study PGA 7 (%) Latanoprost 73 (54.9%)
Bimatoprost 29 (21.8%)
Travoprost 16 (12.0%)
Latanoprostene bunod 9 (6.8%)
Tafluprost 6 (4.5%)

I0P intraocular pressure, PGA prostaglandin analog, SD standard deviation, SE slow-cluting

measurements at baseline and month 3 were
required to be performed at 8:00 a.m. (+30 min),
10:00 a.m. (+30 min), and 4:00 p.m. (+30 min),
the IOP at screening was mapped to the closest
IOP time point (i.e., 8:00 a.m., 10:00 a.m., or
4:00 p.m.), and the IOP treatment effect values
are shown in Table 2.

Similar trends were observed in these anal-
yses performed on the subgroups of subjects

whose screening IOP measurement was pez-
formed closest to 8:00 a.m. (n=19), closest to
10:00 a.m. (n=535), and closest to 4:00 p.m.
(n=351); differences achieved significance in the
larger subgroups (i.e., P=0.0173 for the 10:00
a.m. subgroup and P=0.0207 for the 4:00 p.m.
subgroup).

The lack of a meaningful difference in out-
come based on IOP measurement time point
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Fig.1 Mean IOP at screening (while subjects were on their
pre-study PGA monotherapy), baseline (after washout
from pre-study PGA monotherapy), and at month 3 (after
administration of the slow-eluting travoprost intracameral
implant). Error bars represent standard deviation. IOP
intraocular pressure, PGA prostaglandin analog

validated the approach of comparing the IOP at
screening to the closest single time point IOP at
baseline and month 3.

IOP-Lowering Treatment Effect at Screening,
Baseline, Day 10, Week 6, and Month 3

Mean (SD) IOP in the combined study popula-
tion of 133 subjects from two phase 3 trials, who
were on topical PGA monotherapy at screening
is shown in Fig. 3.

The mean (SD) IOP-lowering treatment effect
while on pre-study PGA monotherapy was 5.77
(3.46) mmHg while on the SE travoprost intra-
cameral implant. The IOP-lowering treatment
effects were 8.16 (4.11) mmHg at day 10, 7.13
(4.01) mmHg at week 6, and 7.07 (4.27) mmHg
at month 3, treatment effects which were 2.36
mmHg, 1.43 mmHg, and 1.31 mmHg greater
(P<0.0003) than the IOP-lowering treatment
effect of the pre-study topical PGA monotherapy.

Safety

Treatment-emergent adverse events were
reported in the study eye of 30.3% of subjects
during the 3-month period following admin-
istration of the SE travoprost intracameral

implant, with most adverse events being mild
and transient in nature. The most frequently
reported adverse events were reduced visual acu-
ity, iritis, and increases in IOP; these events were
observed in< 6% of subjects.

DISCUSSION

Analysis of IOP data following topical IOP-lower-
ing medication washout was used in this work to
determine the IOP-lowering effect of pre-study
topical PGA monotherapy. This methodology
has been suggested as a means to better reflect
the real-world scenario and assess the real-world
efficacy of topical PGA pharmacotherapy, which
is likely diminished by patients’ low adherence
to their prescribed IOP-lowering medication [14].
Applying this methodology to data from two
large, well-controlled phase 3 trials of travoprost
intracameral implant, the treatment effect of the
pre-study topical PGA monotherapy was deter-
mined to be 5.76 mmHg from a 23.76 mmHg
baseline. The IOP reduction at month 3 while
on PGA monotherapy with the travoprost intra-
cameral implant was 7.07 mmHg. The statisti-
cally significantly greater IOP reduction while
on the travoprost implant may reflect the
enhanced IOP-lowering that can be achieved by
a treatment modality that provides continuous
intracameral elution of travoprost and, impor-
tantly, is independent of patient adherence. The
1.31 mmHg greater reduction in IOP with the
travoprost implant is also clinically relevant; the
Early Manifest Glaucoma Trial concluded that
for each 1 mmHg of IOP reduction from baseline
in the first 3 months of treatment, there was
an approximately 10% reduction in visual field
loss [15]. An IOP lowering intracameral implant
circumvents the issue of medication adherence,
the absence of which is a well-known risk factor
for glaucomatous progression [16-19].
Additional benefits associated with the travo-
prost intracameral implant include avoiding
ocular surface disease associated with preserva-
tives in topical medications [8, 9], avoiding
conjunctival inflammation which raises the fail-
ure risk of future glaucoma filtering surgeries,
if needed [20-22], and avoiding the difficulty
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Table 2 IOP-lowering treatment effect at month 3 for the overall population, by time-matched IOP measurement, and by

pre-study PGA

n IOP-lowering treatment effect mean (SD)  Difference in treatment effect
mmHg mean (SD) mmHg [95% CI;
Pre-study PGA SE travoprost intraca- P-value]
meral implant
Overall population 125 —5.76 (3.43) -7.07 (4.27) -1.31(3.97)
[-2.01, —0.60; P=0.0003]
By time-matched IOP measurement
8:00 2.m 19 550 (3.17) ~6.37(252) ~0.87 (2.71)
Time-matched [-2.18,0.44; P=0.1798]
10:00 a.m 55 -5.65 (3.62) -7.14 (5.03) —1.49 (4.50)
Time-matched [-2.71,-0.27; P=0.0173]
4:00 p.m 51 -5.98 (3.38) —7.25 (3.94) -1.27 (3.80)
Time-matched [-2.35,-0.20; P=0.0207]
By pre-study PGA
Latanoprost 69 -5.68 (3.27) -7.26(3.93) —-1.58 (3.60)
[-2.45,-0.71; P=0.0005]
Bimatoprost 27 —-6.11(3.91) —-7.13(3.50) —-1.02 (3.50)
[-2.40,0.37; P=0.1427]
Travoprost 15 —4.90 (3.60) -5.17 (6.62) —-0.27 (5.81)
[-3.49,2.95; P=0.8615]
Latanoprostene bunod 8 -5.75 (3.34) —6.06 (2.96) —0.31 (2.45)
[~2.36,1.73; P=0.7288]
Tafluprost 6 —-7.25(3.17) —10.67 (4.00) —3.42 (6.06)

[-9.78,2.94; P=0.2259]

CI confidence interval, JOP intraocular pressure, PGA prostaglandin analog, SD standard deviation, SE slow-eluting

Difference in treatment effect = 1.31 (3.97) mmHg
P =0.0003

5 5.76
mmHg

IOP Reduction (mmHg)

T
Pre-Study PGA  Travoprost Intracameral Implant

Fig.2 IOP-lowering treatment effect and treatment effect
difference. Error bars represent standard deviation. JOP
intraocular pressure, PGA prostaglandin analog

with multiple or complicated dosing regimens
and the struggle with accurate drop administra-
tion, particularly in the elderly or those with
decreased manual dexterity and/or poor eyesight
[23].

The 5.76 mmHg IOP increase post-washout
from PGA monotherapy observed in the cur-
rent analysis is similar to the 5.7 mmHg wash-
out IOP observed in a previous analysis of 705
subjects on IOP-lowering monotherapy, of
which 78.3% were on a topical PGA [14], and
who had a post-washout baseline mean IOP of
approximately 24.5 mmHg [24, 25]. In both
analyses, subjects underwent a 4-week washout
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Fig.3 Mean IOP for all subjects randomized to the slow-
eluting travoprost intracameral implant who had been on a
pre-study PGA monotherapy at screening. Since IOP was
assessed at a single time point at the screening visit and at
three time points (8:00 a.m., 10:00 a.m., 47d 4:00 p.m.) at
the bascline, day 10, week 6, and month 3 visits, the [OP
data at baseline, day 10, week 6, and month 3 are those
from the time point (8:00 a.m., 10:00 a.m., o 4:00 p.m.)
closest to that at which IOP was measured at screening.
Error bars represent standard deviation. /OP intraocular
pressure, PGA prostaglandin analog

for PGAs and had a post-washout baseline IOP
of approximately 24 mmHg.

A limitation of the current study is that sub-
jects were on a variety of pre-study PGAs, not
just travoprost. However, the IOP reduction
with bimatoprost, latanoprost, and travoprost
has been shown to be comparable [26], and
conversely, the IOP elevation following wash-
out of individual medications within the PGA
class has been shown to be comparable [14,
27]. In addition, our analysis demonstrated a
greater IOP reduction while on the SE travo-
prost intracameral implant regardless of pre-
study PGA. Another limitation is that the
washout from PGAs was only 4 weeks. Linger-
ing IOP effects of an insufficient washout may
prevent the observation of a true unmedicated
baseline IOP. However, a 4-week washout is the
most common duration for pre-study PGAs in
glaucoma clinical trials [28], and IOP has been
demonstrated to return to its untreated base-
line approximately 4 weeks after discontinuing

latanoprost, the most commonly used pre-
study PGA in this analysis [29].

Another limitation is that the use of IOP as an
outcome measure for estimating adherence may
be problematic due to diurnal variations in IOP.
However, while IOP was measured at a single
time point at the pre-study visit, it was meas-
ured at three time points (8:00 a.m., 10:00 a.m.,
and 4:00 p.m.) while on study, and a subgroup
analysis demonstrated the same trend (i.e., a
greater IOP-lowering treatment effect while on
the travoprost intracameral implant compared
to that while on pre-study PGA) in subjects in
whom screening IOP was measured closest to
8:00 a.m., 10:00 a.m., or 4:00 p.m.

CONCLUSION

The study provides compelling results on the
statistically significant and clinically relevant
superiority in the IOP-lowering treatment effect
with the travoprost intracameral implant com-
pared with the IOP-lowering treatment effect of
pre-study topical PGA monotherapy. The analy-
sis demonstrates that the travoprost intracam-
eral implant resulted in greater IOP reduction
than subjects’ prior topical PGA monotherapy,
presumably because it removes the factor of
patient adherence with dosing.
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Malayan, Yerevan, Armenia [approved on Janu-
ary 16, 2020] for the single site in Armenia). All
subjects provided informed consent to partici-
pate in the study.
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