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Abstract
Purpose A randomized, double-masked, multicenter, phase 2 trial to evaluate the long-term safety and efficacy of travo-
prost intraocular implant, an extended-release drug delivery system designed to provide uninterrupted sustained intraocular 
pressure (IOP)-lowering therapy, thereby reducing patient treatment burden and improving adherence with IOP-lowering 
medication.
Methods Patients with open-angle glaucoma or ocular hypertension were administered a fast-eluting implant (FE implant, n 
= 51) and received twice-daily (BID) placebo eye drops, a slow-eluting (SE implant, n = 54) and received BID placebo eye 
drops, or underwent a sham surgical procedure and received BID timolol 0.5% (n = 49). IOP was measured at baseline, day 
1–2, day 10, week 4, week 6, month 3, and every 3 months thereafter through 36 months. Efficacy was evaluated by mean 
change from 8:00 AM unmedicated baseline IOP through month 36, and the percentage of patients receiving the same or 
fewer topical IOP-lowering medications as at screening (pre-study). Safety was evaluated by adverse events and ophthalmic 
parameters.
Results Clinically and statistically relevant IOP-lowering treatment effects were observed through month 36 after a single 
administration of the travoprost implant compared with BID timolol with mean IOP reductions ranging from 7.6 to 8.8 
mmHg for the FE implant group, from 7.3 to 8.0 mmHg for the SE implant group, and from 7.3 to 7.9 for the timolol group 
at the 8:00 AM timepoint (P < 0.0001 for all treatment groups at all visits). At months 12, 24, and 36, a greater percent-
age of FE and SE implant patients versus timolol patients were well controlled on the same or fewer topical IOP-lowering 
medications compared with screening with 63 and 69% for the FE and SE implants groups, respectively, versus 45% for the 
timolol group at month 36. The safety profile of the implant was favorable; there were no dislodgements, no explantations, 
no adverse events of conjunctival hyperemia or periorbital fat atrophy, no discontinuations due to study eye adverse events, 
nor any serious adverse events in the study eye. Comparable changes from baseline in corneal endothelial cell counts were 
observed in the three treatment groups over the 36 months.
Conclusion The travoprost intraocular implant demonstrated robust IOP-lowering and substantially reduced topical IOP-
lowering medication burden for up to 36 months following a single administration, while maintaining a favorable safety 
profile. The travoprost intraocular implant promises to be a meaningful addition to the interventional glaucoma armamen-
tarium by addressing the key shortcomings of topical IOP-lowering medications, including low adherence and topical side 
effects while controlling IOP for up to 36 months.
Trial Registry ClinicalTrials.gov identifier NCT02754596 registered 28 April 2016.

1 Introduction

Glaucoma therapies have improved and diversified; how-
ever, the treatment burden and the loss of vision due to this 
disease remains high, causing decreased quality of life and 
more irreversible blindness than any other ocular disease 

The members of “The Travoprost Intraocular Implant Study Group” 
are listed in Acknowledgements section.

Extended author information available on the last page of the article

http://crossmark.crossref.org/dialog/?doi=10.1007/s40265-023-01973-7&domain=pdf
http://orcid.org/0000-0002-5468-7405
http://orcid.org/0000-0001-7633-2720
http://orcid.org/0000-0002-5035-2923
http://orcid.org/0009-0008-0572-2236
http://orcid.org/0009-0000-7971-5292
http://orcid.org/0000-0002-2799-0652
http://orcid.org/0009-0007-3577-3096


84 J. P. Berdahl et al.

Key Points 

The travoprost intraocular implant (fast-eluting and slow-
eluting models) effectively reduced intraocular pressure 
in patients with open-angle glaucoma or ocular hyper-
tension.

At month 36, 63% (fast eluting) and 69% (slow eluting) 
of implant patients reduced or maintained their topical 
medication burden relative to pre-study medications.

The safety profile of the travoprost intraocular implant 
was favorable over the 36 month study.

worldwide [1]. Intraocular pressure (IOP) is the only known 
modifiable risk factor, and numerous landmark glaucoma 
studies have established the vital role of IOP lowering in 
decreasing glaucoma development and progression [2–8]. 
Currently available glaucoma treatments include topical 
and oral medications, laser procedures, micro-invasive 
glaucoma surgery (MIGS), and/or more invasive procedures 
such as minimally invasive bleb-forming surgery (MIBS), 
traditional filtration surgery (e.g., trabeculectomy or tube 
shunt), or laser cilioablation. Pharmacotherapy with topical 
medications remains the primary means of treating patients 
with mild-to-moderate open-angle glaucoma (OAG) and 
ocular hypertension (OHT). Among medications, topical 
prostaglandin analogs (PGAs) are the most commonly used 
first-line glaucoma treatment [9], with proven effectiveness, 
safety, and ability to prevent visual field loss [10].

Despite these positive attributes, topical medications such 
as PGAs have a number of drawbacks such as poor adher-
ence and ocular side effects, which may negatively impact 
both their effectiveness and patients’ quality of life. Patient 
adherence with eye drops is poor, and worsens in proportion 
to increased medication burden in terms of both number 
of bottles and frequency of dosing [11–14]. Approximately 
half of patients on no-cost travoprost as monotherapy take 
fewer than three-quarters of the prescribed doses [15–17]. 
Moreover, greater than 90% of patients do not refill their pre-
scriptions for topical glaucoma medications uninterruptedly 
over a period of 3 years [11]. Medication adherence declines 
dramatically when more than one medication is prescribed 
[18–20]. Other factors resulting in patients’ nonadherence 
with treatment may include physical and cognitive difficul-
ties with administering eye drops, especially in an elderly 
population. Prior studies have demonstrated that glaucoma 
patients require an average of 1.4–1.8 drops to successfully 

instill one drop of medication on the eye [21], and approxi-
mately one-third of patients are persistently unable to get 
drops onto the eye [22]. Poor medication adherence is cor-
related with worsened disease prognosis and higher risk of 
blindness [23–26].

Chronic topical medication usage has consistently been 
shown to have a detrimental effect on patient quality of life 
due to several potential factors, including symptoms of 
ocular surface disease (OSD), adherence-related concerns, 
cosmetic side effects, caregiving needs, and lifestyle burden 
of frequent drop instillation and associated perception of 
overall health [27–33]. Topical glaucoma agents and their 
benzalkonium chloride (BAK) preservatives can induce 
chronic conjunctival inflammation; OSD, including film 
instability and dry eye; and periocular side effects [34–42]. 
Higher numbers of drops and greater dosing frequency are 
both correlated with increasing side effects [29]. Chronic 
conjunctival inflammation can negatively impact drug toler-
ability, further reducing adherence and increasing the risk of 
subsequent glaucoma surgical failure [37, 39, 43]. Given the 
impact of medication burden on adherence, ocular surface 
health, and quality of life, any therapy designed to reduce 
the number of topical medications is of significant interest.

To overcome the drawbacks of topical IOP-lowering med-
ications while still providing the eye with adequate levels of 
the active therapeutic agent, several extraocular and intraoc-
ular drug-delivery products have been proposed. Some 
examples of extraocular modalities have included a ring-
type drug-eluting insert located in the fornix, a drug-eluting 
contact lens, drug-eluting punctal plugs, and nanoparticulate 
drug-delivery systems [44]. Although promising, these prod-
ucts generally have been plagued by poor retention, toler-
ability, cosmesis, and inferior IOP reduction, with most not 
reaching later stages of human testing [45, 46]. Regarding 
intraocular implants, the bimatoprost sustained release (SR) 
biodegradable intracameral implant (Durysta™, bimatoprost 
intracameral implant, 10 µg; Allergan Corp, Irvine, CA) was 
approved by the US Food and Drug Administration (FDA) 
in 2020 to reduce IOP in patients with OAG and OHT [47]. 
Durysta is an unanchored implant that was designed to be 
injected into the anterior chamber every 3–4 months [48]. 
The phase 3 data for the product showed IOP reductions of 
5–8 mmHg from baseline over 15 weeks in patients with 
mean baseline IOP of 24.5 mmHg [49, 50].

Despite these promising findings, which show the poten-
tial of implantable drug-delivery products, the bimato-
prost implant has several limitations. Due to the slow rate 
of bimatoprost implant biodegradation and the 3–4 month 
dosing interval in the clinical trials, multiple bimatoprost 
implants were observed to reside in the iridocorneal angle at 
the same time [49, 50]. The accumulation of polymer matrix 
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from the bimatoprost implant in the iridocorneal angle has 
been hypothesized as one possible cause for the increased 
rate of corneal adverse events (e.g., endothelial cell loss, 
corneal edema) with each subsequent administration [49, 
50]. As a result, the prescribing information for Durysta 
includes a warning that due to possible corneal endothelial 
cell loss, administration of Durysta should be limited to a 
single implant per eye without retreatment [47].

One of the recent entrants into the sustained release 
pharmacotherapy armamentarium, designed to address the 
shortcomings of topical IOP-lowering medications, is the 
travoprost intraocular implant (Glaukos Corp., Aliso Viejo, 
CA, USA). The implant aims to overcome the limitations 
of prior drug-delivery modalities in several ways: micro-
scale size, which allows for a tissue-sparing, low-footprint 
presence in the angle and a fixed and stable intraocular 
position to eliminate implant mobility reducing the risk of 
contact with the corneal endothelium and other complica-
tions related to mobile implants. The travoprost intraocu-
lar implant is designed to continually elute travoprost in a 
gradual fashion over time. This elution profile eliminates 
the peaks and troughs of travoprost concentrations, thereby 
dampening peak IOP and minimizing IOP fluctuations that 
can predispose patients to progressive visual field damage 
[51–54]. Travoprost was selected as the active ingredient 
as it has a long history of safe and effective use and is more 
potent in binding to prostaglandin F2α receptors than other 
PGAs including latanoprost and bimatoprost [55]. Two mod-
els of the travoprost implant have been evaluated clinically: a 
fast-eluting travoprost intraocular implant (FE implant) and 
a slow-eluting travoprost intraocular implant (SE implant), 
with the results of this study helping to inform the deci-
sion to commercialize only the SE implant. The travoprost 
intraocular implant has also been evaluated for readministra-
tion, in which a new implant is administered and the previ-
ous implant with depleted travoprost is removed during the 
same entry into the anterior chamber.

The travoprost intraocular implant is a microscopic tita-
nium container, measuring 1.84 mm in length (including the 
anchor) and 0.494 mm in outer diameter (Fig. 1a), which 
elutes travoprost through one of two versions of a thin mem-
brane held in place with a titanium cap. Each implant was 
preloaded into a single-use biocompatible inserter which the 
surgeon advances ab internally across the anterior chamber 
to place the implant anchor through the trabecular mesh-
work into the scleral wall (Fig. 1b). The implant is thereby 
anchored into the sclera in the anterior chamber angle of 
the eye.

The objective of the current study was to report on the 3 
year safety of the implant, and percentage of patients who 
reduced or maintained their topical IOP-lowering medica-
tion burden relative to pre-study medications.

2  Methods

2.1  Study Design

This was a prospective, randomized, double-masked, sham-
controlled, parallel-group, multicenter, phase 2 clinical trial 
(ClinicalTrials.gov identifier NCT02754596). The study 
evaluated the safety and IOP-lowering efficacy of two travo-
prost intraocular implants with different elution rates versus 
timolol eye drops (Timolol Maleate Ophthalmic Solution, 
USP, 0.5%) in patients with OAG or OHT.

Patients were enrolled from 15 March 2016 to 21 July 
2020 at 23 sites in the USA and one site in the Philippines.

The study was performed in compliance with good clini-
cal practice and the principles of the Declaration of Helsinki. 
Institutional review board (Western Institutional Review 
Board for sites in the USA and the St. Cabrini Medical 
Center—Asian Eye Institute Ethics Review Committee for 
the site in the Philippines) approval was obtained at each 
site before the study began, and all patients provided writ-
ten informed consent before undergoing any study-related 
procedure.

2.2  Study Participants and Inclusion/Exclusion 
Criteria

A total of 154 patients, 18 years of age and older, diag-
nosed with OAG (primary, pseudoexfoliative, or pigmen-
tary) or OHT, on 0–3 topical IOP-lowering medications 
were included. Patients were required to meet all inclusion 
criteria and none of the exclusion criteria to be eligible for 
participation. Key inclusion criteria included the ability to 
provide an adequate interpretable visual field with a mean 
deviation no worse than − 12 dB, a cup/disc ratio of ≤ 0.8, 
best-corrected visual acuity score of + 0.6 logMAR (Snellen 
equivalent of 20/80) or better in each eye, an open iridoc-
orneal angle (Shaffer grade ≥ 3) with normal anatomy, and 
phakic or pseudophakic with a posterior chamber intraocular 
lens that had been implanted a minimum of 90 days prior to 
the screening visit. Phakic eyes were required to have a mini-
mum corneal endothelial cell count between 1600 and 2000 
cells/mm2 dependent on age, and pseudophakic eyes were 
required to have a minimum endothelial cell count between 
1120 and 1540 cells/mm2 dependent on age. Additionally, 
female patients of childbearing potential were required to 
have a negative urine pregnancy test result at the screening 
visit and agree to use reliable birth control throughout the 
study.

Key exclusion criteria included glaucoma of traumatic, 
uveitic, or neovascular etiology or associated with a vas-
cular disorder; prior glaucoma surgery including filtration 
surgery, incisional surgery, argon laser trabeculoplasty 
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(ALT), iridectomy/iridotomy, or trabecular bypass or 
suprachoroidal procedures; a history of selective laser 
trabeculoplasty (SLT) within the prior 90 days; a visual 
field status that would place the patient at risk by being 
washed out of IOP-lowering medication(s); active cor-
neal inflammation or edema; clinically significant corneal 
dystrophy or guttata; corneal thickness of < 440 microns 
or > 620 microns; presence of significant corneal scar-
ring or irregularities that could interfere with reliable IOP 
measurement; corneal opacities or disorders that inhibited 
visualization of the nasal angle; congenital or traumatic 
cataract, or visually significant cataract that was likely 
to require surgical intervention during the study period; 
choroiditis, choroidal detachment, effusion, neovasculari-
zation, or any active choroidopathy; degenerative or evo-
lutive retinal or optic nerve disorders (e.g., proliferative 

diabetic retinopathy, central retinal artery occlusion, 
central retinal vein occlusion, wet age-related macular 
degeneration, advanced dry age-related macular degen-
eration, significant retinal pigment epithelial changes, or 
optic atrophy). Additionally, patients were to be excluded 
if they had uncontrolled systemic disease (e.g., diabetes, 
hypertension) or an immunodeficiency disorder; used 
systemic medications (either current, within 30 calendar 
days of the screening visit, or anticipated) that may cause 
an increase in IOP [e.g., systemic steroids including oral 
or intravenous (IV) formulations, topical steroids applied 
on the periorbital surface within 1/4 inch of the exter-
nal lid margins] or oral inhaled steroids; were unable to 
discontinue use of nonsteroidal anti-inflammatory medi-
cations (NSAIDs) (topical dermal NSAIDs were accept-
able) or aspirin (any dosage) within 7 calendar days prior 

Fig. 1  Travoprost intraocular implant inserter system. A safety clip 
holds the release button in the forward position during shipping, 
storage, and handling, thus preventing the premature release of the 

implant. The magnified view shows the inserter tip with grasper and 
a released implant (a). Anchored location of the travoprost intraocular 
implant in the anterior chamber angle of the eye (b)
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to surgery and for 1–2 days following surgery; or were 
unable to discontinue blood thinners for a period of 1–7 
days dependent on the type of medication. Additionally, 
patients were to be excluded from participation if they 
used an oral carbonic anhydrase inhibitor (CAI); if they 
had a known allergy or hypersensitivity to the study medi-
cation or their components; used any ocular medications, 
other than IOP-lowering medications, within 1 week prior 
to the screening visit; and were not on a stable dosing 
regimen of chronic systemic therapy that could affect IOP 
within 30 days prior to the screening visit or anticipated a 
change in such therapy during the study duration.

Patients on no IOP-lowering medications within the 4 
weeks prior to the screening visit were required to have 
an IOP of 21–36 mmHg in the study eye, and then com-
plete a 3 day waiting period and return for a baseline visit. 
Patients on IOP-lowering medications at the screening 
visit were required to stop their medication and undergo 
a washout period dependent on the class of medication: 5 
days for miotics, 7 days for CAIs, 3 weeks for alpha adren-
ergic agonists, and 4 weeks for beta adrenergic antagonists 
and PGAs. A topical CAI could be substituted to replace 
a medication requiring a longer washout (e.g., PGA) pro-
vided that the CAI was stopped at least 7 days prior to the 
baseline visit.

At the baseline visit, all patients were required to have 
unmedicated mean diurnal IOP (average of the 8:00 AM, 
10:00 AM, and 4:00 PM values) of 21–36 mmHg in the 
study eye and meet all other entry criteria.

2.3  Study Treatments and Postoperative IOP 
Management

Eligible patients were randomized 1:1:1 to one of the follow-
ing three treatments: FE implant, SE implant, and timolol 
control group. The FE and SE implants were identical in size 
and appearance, which aided in masking.

To maintain postoperative masking, patients in both 
implant groups received a placebo topical ophthalmic 
solution (Advanced Eye Relief Dry Eye Rejuvenation; 
Bausch & Lomb, Bridgewater, NJ) to be administered 
twice daily (BID). Patients randomized to the control 
group underwent a sham surgical procedure before receiv-
ing masked timolol maleate ophthalmic solution, 0.5% to 
be administered BID. Following implantation of the travo-
prost intraocular implant or sham surgery, all patients were 
given fluoroquinolone antibiotic eye drops to be admin-
istered four times daily for 1 week and topical NSAID 
eye drops to be used in accordance with the prescribing 
information. The fellow eye was maintained on pre-study 
IOP-lowering medication(s).

From week 4 onward, additional topical IOP-lowering 
therapy was to be initiated in any study eye in which IOP 
exceeded 18 mmHg.

2.4  Assessments

Following the surgical or sham procedure, patients were 
evaluated at day 1–2, day 10, week 4, and week 6, as well 
as at month 3, 6, 9, 12, 15, 18, 21, 24, 27, 30, 33, and 36 
visits. IOP was measured at 8:00 AM ± 30 minutes at all 
study visits, with the exception of the day 10, week 6, and 
month 3 study visits at which diurnal assessments were col-
lected at 8:00 AM ± 30 min, 10:00 AM ± 30 min, and 4:00 
PM ± 30 min. IOP was measured by Goldmann applanation 
tonometry using a two-person technique in which one person 
unmasked to treatment viewed through the slit lamp and 
turned the dial, while the second person masked to treatment 
recorded the measurements.

Additional assessments included measurement of visual 
acuity (VA), slit lamp examination (of the cornea, anterior 
chamber, iris, pupil, and lens), gonioscopy, dilated fundus 
examination (including vertical cup/disc ratio), computer-
ized perimetry, specular microscopy, and pachymetry.

Conjunctival hyperemia was assessed at the slit lamp and 
graded on a five-point scale (normal, trace, mild, moder-
ate, severe) by comparison to a photographic images, iris 
color was evaluated for any changes in pigmentation, the 
periorbital region was assessed to detect PGA-associated 
periorbitopathy, and the eyelashes were assessed for density 
and length.

Adverse events were both solicited and based on observa-
tions, with any clinically significant worsening from baseline 
in a parameter reported as an adverse event.

2.5  Study Measures and Data Analysis

Safety outcomes included surgical complications and 
adverse events, best-corrected VA (BCVA), gonioscopy, 
ophthalmoscopy (including cup/disc ratio), central corneal 
thickness, conjunctival hyperemia, visual field, slit lamp 
biomicroscopy, endothelial cell density, and periorbital or 
eyelash changes.

The sample size of this phase 2 study was not determined 
to have prespecified power for formal hypothesis testing. 
Instead, the sample size was chosen to obtain appropriate 
precision around endpoints for subsequent phase 3 trials.

The mean change from baseline in IOP at each time-
point was analyzed with one-sample t tests comparing the 
reduction from baseline to 0. The percentage of study eyes 
at months 12, 24, and 36 that maintained or reduced their 
topical IOP-lowering medication burden was analyzed using 
a Pearson chi-square test.
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3  Results

3.1  Patient Baseline Characteristics and Disposition

A total of 270 patients were screened, of whom 116 (43.0%) 
were not enrolled due to not meeting inclusion criteria or 
meeting exclusion criteria at screening or baseline. The most 
common reasons for screen failure included inability or lack 
of willingness to attend follow-up examinations for 3 years 
postoperatively (30/116, 25.9%), failure to meet IOP entry 
criteria following washout (24/116, 20.7%), failure to meet 
IOP criteria at screening for patients not requiring a washout 
(11/116, 9.5%), withdrawal by patient at baseline (9/116, 
7.8%), and patient on greater than three IOP-lowering medi-
cations at screening (7/116, 6.0%).

A total of 154 patients were randomized 1:1:1 to the FE 
implant (n = 51), SE implant (n = 54), or timolol (n = 49), 
of whom 135 (87.7%) completed month 36 (FE implant, n = 
44; SE implant, n = 46; timolol, n = 45) (Table 1).

Demographics were similar among the three groups. 
Overall, mean age (± standard deviation, SD) was 62.7 ± 
12.2 years, 53.2% of patients where < 65 years of age, 52.6% 
were female, 77.3% were White, and 94.8% were not of His-
panic or Latino ethnicity (Table 2).

In addition, baseline ocular characteristics were well bal-
anced among the three treatment groups, with the exception 
of the distribution of patients on 0–1 IOP-lowering medica-
tion classes at screening (P < 0.0311). A greater proportion 
of patients in the FE implant group (82.4%, 42/51) were on 0 
or 1 IOP-lowering medication compared with the SE implant 
(68.5%, 37/54) and timolol (61.2%, 30/49) groups (Table 2).

3.2  Efficacy Outcomes

The 8:00 AM mean overall study eye IOP reductions through 
month 36 (unweighted average from day 10 to the indicated 
visit) are shown in Fig. 2. These mean IOP reductions varied 
between 7.6 and 8.8 mmHg for the FE implant group, 7.3 
and 8.0 mmHg for the SE implant group, and 7.3 and 7.9 
for the timolol group. Reductions from baseline at all visits 
for all treatment groups were statistically significant (P < 
0.0001).

Figure  3 shows the percentage of patients with well-
controlled IOP on the same or fewer topical IOP-lowering 
medications compared with screening. As noted previously, 
from the week 4 visit onward, the study protocol mandated 
that additional topical IOP-lowering therapy was to be initi-
ated in any study eye with IOP > 18 mmHg. At month 12, a 
significantly greater percentage of patients in the FE and SE 
implant groups (86 and 92%, respectively) versus the timo-
lol group (58%) were well controlled on the same or fewer 
topical IOP-lowering medications compared with screening 
(FE implant versus timolol, P = 0.0026; SE implant versus 
timolol, P < 0.0001). At month 24, these percentages were 
72% for both the FE and SE implant groups versus 50% for 
the timolol group (FE implant versus timolol, P = 0.0691; 
SE implant versus timolol, P = 0.0561), and at month 36, 
these percentages were 63% for the FE implant group and 
69% for the SE implant group versus 45% for the timolol 
group (FE implant versus timolol, P = 0.1545; SE implant 
versus timolol, P = 0.0548).

Corresponding 8:00 AM mean (SD) IOP reductions 
at months 12, 24, and 36 in the subgroup of FE implant 
patients who were well controlled on the same or fewer topi-
cal IOP-lowering medications at that visit compared with 

Table 1  Patient disposition (all randomized patients)

FE fast-eluting travoprost intraocular implant, SE slow-eluting travoprost intraocular implant
a Adverse event of lung cancer (not related to treatment)
b Adverse event of myasthenia gravis (treatment related)

Number of patients, n (%) FE implant SE implant Timolol 0.5% BID

Randomized 51 54 49
 Intent-to-treat set 51 (100) 54 (100) 49 (100)
 Safety set 51 (100) 54 (100) 49 (100)
 Per protocol set 51 (100) 53 (98.1) 49 (100)

Completed month 36 44 (86.3) 46 (85.2) 45 (91.8)
Discontinued prior to or at month 36 7 (13.7) 8 (14.8) 4 (8.2)
 Withdrew consent 3 (5.9) 4 (7.4) 0
 Investigator decision 1 (2.0) 1 (1.9) 1 (2.0)
 Lost to follow-up 1 (2.0) 1 (1.9) 2 (4.1)
 Death 0 2 (3.7) 0
 Adverse event 1 (2.0)a 0 1 (2.0)b

 Other 1 (2.0) 0 0
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Table 2  Patient demographics and baseline characteristics

FE implant
N = 51

SE implant
N = 54

Timolol 0.5% BID
N = 49

P valuea

Age (years) 0.5705
 n 51 54 49
 Mean (SD) 63.9 (9.8) 61.4 (13.9) 63.0 (12.6)

Age category, n (%) 0.7750
 ≥ 18 to < 65 years 28 (54.9) 30 (55.6) 24 (49.0)
 ≥ 65 years 23 (45.1) 24 (44.4) 25 (51.0)

Sex, n (%) 0.4353
 Male 24 (47.1) 29 (53.7) 20 (40.8)
 Female 27 (52.9) 25 (46.3) 29 (59.2)

Race, n (%) 0.8897
 White 41 (80.4) 41 (75.9) 37 (75.5)
 Black or African American 6 (11.8) 8 (14.8) 5 (10.2)
 Asian 4 (7.8) 5 (9.3) 6 (12.2)
 Native Hawaiian or Other Pacific Islander 0 0 0
 American Indian or Alaska Native 0 0 0
 Unknown 0 0 1 (2.0)

Ethnicity, n (%) 0.3542
 Hispanic or Latino 4 (7.8) 1 (1.9) 3 (6.1)
 Not Hispanic or Latino 47 (92.2) 53 (98.1) 46 (93.9)

Type of disease, n (%) 0.5339
 Open-angle glaucoma 38 (74.5) 45 (83.3) 40 (81.6)
 Ocular hypertension 13 (25.5) 9 (16.7) 9 (18.4)

Number of IOP-lowering medication Classes at 
screening, n (%)

0.0311b

0.0556c

 0 14 (27.5) 20 (37.0) 10 (20.4)
 1 28 (54.9) 17 (31.5) 20 (40.8)
 2 5 (9.8) 6 (11.1) 13 (26.5)
 3 4 (7.8) 11 (20.4) 6 (12.2)

Screening IOP (mmHg) 0.1822
 n 51 54 49
 Mean (SD) 20.73 (4.43) 20.22 (4.82) 19.07 (4.41)

Baseline mean diurnal IOP (mmHg) 0.6535
 n 51 54 49
 Mean (SD) 25.35 (3.55) 24.82 (3.94) 24.77 (3.01)

Lens status 0.7400
 n 51 54 49
 Phakic 33 (64.7) 37 (68.5) 30 (61.2)

Pseudophakic 18 (35.5) 17 (31.5) 19 (38.8)
Central endothelial cell density (cells/mm2) 0.5715
 n 51 54 49
 Mean (SD) 2353.13 (392.22) 2432.25 (414.45) 2428.08 (468.70)

Visual field mean deviation (dB) 0.5278
 n 50 54 49
 Mean (SD) −2.437 (2.571) −1.887 (4.234) −1.710 (2.900)

Vertical cup-to-disc ratio 0.4108
 n 51 54 49
 Mean (SD) 0.54 (0.18) 0.58 (0.16) 0.58 (0.18)

Corneal thickness (µm) 0.5658
 n 51 54 49
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screening were 6.1 (5.8), 7.9 (5.1), and 9.7 (6.8) mmHg, 
respectively. Reductions at these visits in the subgroup of 
SE implant patients were 7.0 (5.0), 6.8 (5.8), and 8.2 (5.1) 
mmHg, respectively, and for the timolol patients were 8.0 
(4.1), 8.5 (3.3), and 8.9 (3.3) mmHg, respectively (Fig. 4). 
Reductions from baseline for each subgroup at each of the 
three visits were statistically significant (P < 0.0001).

3.3  Safety

A summary of adverse events is presented in Table 3. Study 
eye adverse events reported in two or more patients in any 
treatment group are presented in Table 4.

Throughout the study, one or more ocular adverse events, 
mostly mild or moderate in severity, were reported in the 
study eyes of 54.9% (28/51), 40.7% (22/54), and 28.6% 
(14/49) of patients in the FE implant, SE implant, and 

timolol groups, respectively. The percentage of SE implant 
study eyes with adverse events was similar to timolol eyes (P 
= 0.2198). Most study eye adverse events had an onset more 
than 14 days after the administration procedure.

Severe study eye adverse events were reported in a similar 
number of patients in each treatment group; one patient with 
cataract and one patient with both cataract and Meibomian 
gland dysfunction in the FE implant group, single cases of 
cataract and hyphema in the SE implant group, and single 
cases of retinal detachment and IOP increase requiring inter-
vention and cataract surgery in the timolol group.

The most commonly reported treatment-related ocular 
adverse events in the study eye were eye inflammation, 
eye pain, and iritis (all of which were mild or moderate in 
severity, and resolved), occurring in three patients (3/51, 
5.9%) each in the FE implant group. In addition, cataract 
occurred in two patients (2/51, 3.9%) in the FE implant 
group and one patient (1/54, 1.9%) in the SE implant 

ANOVA analysis of variance, FE fast-eluting travoprost intraocular implant, IOP intraocular pressure, SD  standard deviation, SE  slow-eluting 
travoprost intraocular implant
a P value for difference in distribution among the three treatment groups based on two-sided Fisher exact test for categorical variables and on 
ANOVA F test for continuous variables
b P value for difference in distribution among the three treatment groups testing all four classes
c P value for difference in distribution among the three treatment groups for combined 0 and 1 IOP-lowering medication classes at screening ver-
sus combined 2–3 IOP-lowering medication classes at screening

Table 2  (continued)

FE implant
N = 51

SE implant
N = 54

Timolol 0.5% BID
N = 49

P valuea

 Mean (SD) 557.9 (34.5) 550.6 (37.1) 555.1 (34.5)

Fig. 2  Mean 8:00 AM IOP change from baseline in the travoprost 
intraocular implant (FE implant and SE implant) and topical timo-
lol 0.5% BID groups through month 36. IOP change from baseline 
was calculated using the unweighted average of the treatment group 
mean change from baseline from day 10 to the indicated visit. IOP 

change from baseline was statistically significant (P < 0.0001; one-
sample t tests) at all visits for all treatment groups. BID twice daily, 
FE Implant fast-eluting travoprost intraocular implant, IOP intraocu-
lar pressure, SE Implant slow-eluting travoprost intraocular implant
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group. One patient with cataract (in the FE implant 
group) underwent cataract extraction with placement of 
an intraocular lens.

There were no ocular adverse events resulting in study 
discontinuation, and no patient experienced a dislodgement 

of their FE or SE implant or required explantation of the 
implant.

There were no serious adverse events reported in the 
study eye. Nonocular or nonstudy eye serious adverse events 
were all considered unrelated to study treatment with the 
exception of one serious adverse event in the timolol group 
(exacerbation of myasthenia gravis).

No patient in either implant group had an adverse event 
of eyelash growth or periorbital fat atrophy, while a single 
patient in the SE implant group (1/54, 1.9%) had an adverse 
event of iris discoloration.

Based on investigator grading of conjunctival hyperemia, 
most patients had normal to trace conjunctival hyperemia at 
baseline. At most timepoints post baseline, the majority of 
observed hyperemia was trace or mild in nature. In addition, 
an increase in hyperemia of 1 grade or greater was observed 
in only a small percentage of patients (9.8% and 14.8% in 
the FE and SE implant groups, respectively, and 4.1% in the 
timolol group).

Corneal endothelial cell counts are shown in Fig. 5. At 
month 36, no statistically significant differences in change 
from baseline in endothelial cell counts were detected 
between the implant groups and the timolol group (P > 
0.1730).

Similarly, central corneal thickness showed no adverse 
trend throughout the observation period. At baseline, mean 
(SD) central corneal thickness was 557.9 (34.5), 550.6 
(37.1), and 555.1 (34.5) µm in the FE implant, SE implant, 
and timolol groups, respectively, and at month 36 was 545.4 
(34.7), 541.0 (37.5), and 550.2 (32.5) µm in the FE implant, 
SE implant, and timolol groups, respectively.

There was no clinically meaningful change in the mean 
visual field mean deviation (MD) over time. The baseline 
mean MD (SD) was − 2.437 (2.571), − 1.887 (4.234), and 
− 1.710 (2.900) dB in the FE implant, SE implant, and timo-
lol groups, respectively. At month 36, the MD was − 2.399 
(3.610), − 3.610 (6.608), and − 2.319 (5.052) dB in the FE 
implant, SE implant, and timolol groups, respectively.

4  Discussion

In this study, an intraocular implant containing a proprietary 
formulation of travoprost was studied in OAG and OHT 
patients over a period of 3 years.

Travoprost was selected as the PGA to be administered 
intraocularly because travoprost produg rapidly hydrolyzes 
to travoprost acid (the active form of travoprost) in the aque-
ous humor. Furthermore, travoprost free acid is more potent 
on the prostaglandin F ( FP) receptor than bimatoprost or 
latanoprost free acid [55].

Topically administered PGAs are highly efficacious when 
used as directed; however, due to a combination of their side 

Fig. 3  Percentage of study eyes in the travoprost intraocular implant 
(FE implant and SE implant) and timolol groups at month 12, month 
24, and month 36 with well-controlled IOP (i.e., those not requiring 
additional IOP-lowering medication per the protocol mandated cri-
terion) while on the same or lesser number of topical IOP-lowering 
medications as at screening. *P ≤ 0.0026 versus timolol, ‡P < 0.10 
versus timolol based on Pearson chi-squared test. BID twice daily, FE 
Implant fast-eluting travoprost intraocular implant, IOP intraocular 
pressure, SE Implant slow-eluting travoprost intraocular implant

Fig. 4  Mean IOP reductions in the subgroups of study eyes in the 
travoprost intraocular implant (FE and SE) and timolol groups at 
month 12, month 24, and month 36 with well-controlled IOP while 
on the same or lesser number of topical IOP-lowering medications as 
at screening. *P < 0.0001 for change from baseline in IOP based on 
one-sample t test. BID twice daily, FE Implant fast-eluting travoprost 
intraocular implant, IOP intraocular pressure, SE Implant slow-elut-
ing travoprost intraocular implant
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Table 3  Summary of adverse events

BID twice daily, FE fast-eluting travoprost intraocular implant, SE slow-eluting travoprost intraocular implant
a Adverse events related to study treatment include those related to the procedure, the implant or study medication
b P value based on two-sided Fisher exact test

FE implant (N = 51)
n (%)

SE implant (N = 54)
n (%)

Timolol 0.5% BID 
(N = 49)
n (%)

P  valueb

FE implant ver-
sus timolol

P  valueb

SE implant 
versus timolol

Adverse events
 Study eye 28 (54.9) 22 (40.7) 14 (28.6) 0.0090 0.2198
 Nonocular or nonstudy eye 27 (52.9) 27 (50.0) 24 (49.0) 0.8416 > 0.9999

Adverse event onset after implant surgery or sham procedure—study eye
 ≤ 14 days 6 (11.8) 6 (11.1) 0 0.0268 0.0278
 > 14 days 26 (51.0) 20 (37.0) 14 (28.6) 0.0261 0.4061

Severe adverse events
 Study eye 2 (3.9) 2 (3.7) 2 (4.1) > 0.9999 > 0.9999

Adverse events related to study  treamenta

 Study eye 14 (27.5) 8 (14.8) 3 (6.1) 0.0066 0.2070
 Nonocular or nonstudy eye 0 2 (3.7) 3 (6.1) 0.1139 0.6668

Adverse events leading to study discontinuation
 Study eye 0 0 0 > 0.9999 > 0.9999
 Nonocular or nonstudy eye 1 (2.0) 2 (3.7) 1 (2.0) > 0.9999 > 0.9999

Serious adverse events
 Study eye 0 0 0 > 0.9999 > 0.9999
 Nonocular or nonstudy eye 4 (7.8) 9 (16.7) 3 (6.1) > 0.9999 0.1279

Table 4  Study eye adverse events reported in two or more patients in any treatment group

BCVA best-corrected visual acuity, BID twice daily, FE fast-eluting travoprost intraocular implant, SE slow-eluting travoprost intraocular implant
a Adverse events of visual acuity reduced were not related to treatment except for two patients in the FE implant group and one patient in the SE 
implant group who had reductions of ≤ 10 letters
b Adverse events of intraocular pressure increased in the FE implant and timolol groups were not related to treatment due to their bilateral nature 
and/or intercurrent illness. The SE implant patient had a maximal increase from baseline of 22 mmHg at month 21 that was considered treatment 
related and resolved with treatment
c Allergies to medications other than assigned study medication
d P value based on two-sided Fisher exact test

Adverse event FE implant (N 
= 51)
n (%)

SE implant (N 
= 54)
n (%)

Timolol 0.5% BID (N 
= 49)
n (%)

P  valuec

FE implant versus 
timolol

P  valued

SE implant 
versus timolol

Cataract 4 (7.8) 3 (5.6) 1 (2.0) 0.3627 0.6194
Visual acuity  reduceda 3 (5.9) 4 (7.4) 1 (2.0) 0.6176 0.3659
Conjunctival hemorrhage 2 (3.9) 3 (5.6) 0 0.4952 0.2444
Vitreous detachment 2 (3.9) 2 (3.7) 1 (2.0) > 0.9999 > 0.9999
Blepharitis 2 (3.9) 1 (1.9) 1 (2.0) > 0.9999 > 0.9999
Dry eye 3 (5.9) 0 1 (2.0) 0.6176 0.4757
Eye pain 4 (7.8) 0 0 0.1178 > 0.9999
Foreign body sensation in eyes 1 (2.0) 3 (5.6) 0 > 0.9999 0.2444
Iritis 3 (5.9) 0 1 (2.0) 0.6176 0.4757
Eye inflammation 3 (5.9) 0 0 0.2427 > 0.9999
Intraocular pressure  increasedb 2 (3.9) 1 (1.9) 2 (4.1) > 0.9999 0.6035
Drug  hypersensitivityc 2 (3.9) 0 2 (4.1) > 0.9999 0.2239
Conjunctivitis 0 2 (3.7) 0 > 0.9999 0.4963
Visual field defect 0 0 2 (4.1) 0.2376 0.2239



93Efficacy and Safety of the Travoprost Intraocular Implant…

effects and the initially asymptomatic, silent nature of the 
disease, adherence to topical IOP-lowering medications is 
poor [11–14].

The study demonstrated that the travoprost intraocular 
implant (FE and SE models) attained a combination of 
robust IOP-lowering efficacy independent of patient adher-
ence, a long duration of efficacy, and a favorable safety pro-
file. This combination of attributes has been a longstand-
ing goal that has largely eluded the ophthalmic community 
to date. By virtue of being a sustained-release intraocular 
implant, travoprost implant reduced the number of topi-
cal IOP-lowering medications (eye drops) that the patients 
were using relative to the screening visit, indicative of their 
pre-study topical pharmacotherapy. At month 12, a signifi-
cantly greater percentage of patients in the implant groups 
(86 and 92% of FE and SE implant patients, respectively) 
compared with the timolol group (58% of patients) were 
well controlled on the same or fewer topical medications 
compared with screening. This favorable response rate, 
accompanied by robust IOP lowering, also was observed 
at the month 24 and month 36 visits, at which times the 
percentages of well-controlled patients were numerically 
higher in the implant groups (72% in both implant groups at 
month 24, and 63 and 69% in the FE and SE implant groups, 
respectively, at month 36) than in the timolol group (50 and 
45% of patients at months 24 and 36, respectively). This is 
notable since unmedicated baseline mean (SD) diurnal IOP 
was 25.4 (3.6), 24.8 (3.9), and 24.8 (3.0) mmHg in the FE 

implant, SE implant, and timolol groups, respectively, and 
the protocol required the investigator to prescribe additional 
IOP-lowering medication if IOP in the study eye was > 18 
mmHg at week 4 or later.

By eliminating or greatly reducing topical medications, 
an intraocular implant optimizes medication adherence, the 
absence of which is a well-known obstacle to efficacious 
glaucoma care [15, 18] and a risk factor for blindness [23]. 
Furthermore, the study’s efficacy outcomes were joined by 
a favorable safety profile. The intraocular delivery of the 
drug in the implant further optimized the well-established 
safety of travoprost resulting in a lower incidence of hyper-
emia, and absence of periorbital fat atrophy and eyelash/skin 
pigmentation. In addition, the implant was administered via 
an optimized insertion technique, resulting in the fixed and 
stable position of the implant in situ (Fig. 1b). This implant 
has demonstrated the longest duration of any implantable 
drug-delivery product for glaucoma to date. The reduction 
of topical medication burden represents substantial benefit 
for patients in the form of improved ocular surface, quality 
of life, and adherence to treatment.

The intraoperative and postoperative safety profile for the 
travoprost intraocular implants was favorable. The majority 
of adverse events were mild or moderate across all treatment 
groups. Only one treatment-related serious adverse event 
occurred in the study, which was in the control group (myas-
thenia gravis, related to timolol eye drop treatment). In addi-
tion, similar changes from baseline in corneal endothelial 

Fig. 5  Mean central corneal endothelial cell counts over time in study 
eyes treated with travoprost intraocular implant (FE implant or SE 
implant) or twice-daily (BID) topical timolol 0.5%. At month 36, the 
difference in change from baseline in corneal endothelial cell counts 
between the FE implant and timolol groups was −37.9 cells/mm2 
(two-sample t test, P = 0.1730, 95% CI: − 92.9, 17.0) and between 

the SE implant and timolol groups was − 18.3 cells/mm2 (two-sam-
ple t test, P = 0.4581, 95% CI: −  67.2, 30.6). Error bars indicate 
the standard deviation. BID twice daily, CI confidence interval, FE 
Implant fast-eluting travoprost intraocular implant, SE Implant slow-
eluting travoprost intraocular implant
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cell counts were observed in the travoprost implant groups 
and the timolol group at month 36. This high level of safety 
likely can be attributed to achieving the desired efficacy with 
micro-elution rate of travoprost released intracamerally, thus 
reducing the daily dose of travoprost by an order of magni-
tude (at least 10× lesser dose) compared with the topical 
pulsatile delivery of travoprost via eye drops. Furthermore, 
the implant’s small size, straightforward implantation tech-
nique, anchored position in the anterior chamber angle, 
and the intraocular tolerability of travoprost contribute to 
the favorable safety and efficacy profiles of the travoprost 
intraocular implant.

The study was not without limitations. The active compar-
ator in the trial was timolol eye drops, the most commonly 
used active comparator in phase 3 trials of new IOP-low-
ering medications. Travoprost could have been considered 
as an alternate comparator. Additionally, a contralateral eye 
control may have allowed for a more clinically relevant eval-
uation of the safety and efficacy of the travoprost intraocular 
implants. Observers and patients were masked to treatment 
assignment (sham procedure versus implant); however, it 
was not possible for surgeons to be masked and observers 
may have been able to see the travoprost intraocular implant 
on slit lamp examination, so may not have remained fully 
masked to sham versus implant assignment throughout the 
study. To mitigate this risk of bias, a two-person method was 
used throughout the study for IOP measurements. There was 
physician discretion in the type of IOP-lowering medication 
added if eye drop escalation were needed (e.g., beta-blocker, 
PGA). As stated previously, the protocol-mandated threshold 
for adding medication was intentionally set low (IOP > 18 
mmHg), reflecting a cautious and conservative approach to 
this new technology. However, in real-world clinical prac-
tice, where physicians may exert greater flexibility in their 
target IOP range for patients with OHT or mild glaucoma, 
the length of time before adding topical drops (hence the 
perceived duration of efficacy, as reported in this trial) would 
be expected to be greater. Finally, patients in the travoprost 
intraocular implant arms received an artificial tear solution 
containing glycerin and propylene glycol as the placebo 
eye drop, which may have reduced symptoms of dryness or 
irritation in the implant groups relative to patients receiv-
ing timolol eye drops. Two phase 3 trials (NCT03868124, 
NCT03519386) with larger sample size remain underway to 
demonstrate the safety and efficacy of this product. In addi-
tion, a trial has been completed which demonstrated the fea-
sibility and safety of the administration of a new SE implant 
followed by removal of the previous implant (“exchange” 
procedure) (NCT04615403). The SE travoprost intraocu-
lar implant was selected for further development due to a 
combination of more favorable risk-to-benefit profile and 
improved manufacturability compared with the FE implant.

Limitations notwithstanding, the promising findings of 
this study are clinically impactful to both physicians and 
patients, showing sustained and safe IOP reduction and 
decreased topical medication burden with an implantable 
drug-delivery product.

The travoprost intraocular implant demonstrated the 
potential for patient-independent medication delivery, with 
the objective of promoting steady IOP control that would 
serve to preserve visual function. Furthermore, reducing 
topical medications is well known to have substantial quality 
of life advantages, such as reduced exposure to eye drops and 
preservatives such as BAK, fewer burdensome side effects 
and drop instillation regimens, and improved disease prog-
nosis due to preventing the IOP high peak and IOP fluctua-
tions, and visual field damage progression associated with 
nonadherence to eye drop therapy [23–26]. These results 
suggest that the travoprost intraocular implant may represent 
a meaningful addition to the interventional glaucoma arma-
mentarium, demonstrating safe and well-tolerated IOP low-
ering for up to 36 months after a single administration and 
addressing the key shortcomings of topical IOP-lowering 
medications defined by low adherence and adverse impact 
on ocular surface health.
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