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Purpose: We evaluate the safety and intraocular pressure (IOP)-lowering effect of 15-µg bimatoprost implant (higher dose than the 
currently approved product) compared with selective laser trabeculoplasty (SLT) in patients with open-angle glaucoma or ocular 
hypertension.
Methods: Randomized, phase 3, 12-month, multicenter, paired-eye, patient- and efficacy evaluator–masked noninferiority study. 
Patients with inadequate IOP control were randomized to receive 360° SLT (day 1) or up to 3 administrations of 15-µg bimatoprost 
implant (day 4, weeks 16 and 32) in the primary eye and the alternative treatment in the contralateral eye. The primary endpoint was 
IOP change from baseline at weeks 4, 12, and 24.
Results: At weeks 4, 12, and 24, mean IOP change from baseline ranged from −7.01 to −6.65 mm Hg in implant-treated eyes (N=138) 
and −6.45 to −6.26 mm Hg in SLT-treated eyes (N=138). Differences in IOP change from baseline ranged from −0.70 to −0.25 mm Hg 
favoring implant; the upper limit of the 95% confidence interval of the difference (implant minus SLT) was <1.0 mm Hg at all 3 visits. 
The probability of requiring no additional (rescue) IOP-lowering treatment in implant-treated versus SLT-treated eyes was 93.6% 
versus 86.5% at day 180 and 74.6% versus 77.1% at day 360. Corneal endothelial cell loss was more common in implant-treated eyes 
and typically occurred after repeated implant administration.
Conclusion: Bimatoprost implant 15 µg met prespecified criteria for statistical and clinical noninferiority to SLT in lowering IOP, and 
after 1, 2, or 3 administrations, demonstrated a duration of IOP lowering similar to SLT. Bimatoprost implant 15 µg was associated 
with corneal adverse events in some patients, especially after repeated administrations at a fixed interval, and has been discontinued 
from development. A lower dose strength of implant (bimatoprost implant 10 µg, Durysta) is US Food and Drug Administration– 
approved for single administration.
Keywords: clinical trial, drug delivery device, intracameral, paired eye

Introduction
Intraocular pressure (IOP)-lowering eye drops are the standard first-line treatment for open-angle glaucoma (OAG) and 
ocular hypertension (OHT).1,2 Topical IOP-lowering medications are widely available and generally safe,3,4 and the 
prostaglandin analog/prostamide (PGA) class of topical IOP-lowering medications, which is most efficacious, is capable 
of providing substantial (>30%) IOP lowering in patients with elevated IOP.5 However, the use of eye drops to lower IOP 
has shortcomings, including patient nonadherence to daily treatment,6,7 tolerability issues,3,4,8,9 and the need for multiple 
clinic visits for treatment monitoring.

Selective laser trabeculoplasty (SLT) is an effective IOP-lowering procedure that eliminates the need for patient 
adherence to daily treatment and has a good safety profile.10 Studies have shown that IOP lowering is similar with SLT 
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and topical medication,11 and there are data supporting the use of SLT as first-line therapy in OAG and OHT.12–14 

Nonetheless, SLT is mainly used as an adjunctive treatment in patients requiring additional IOP-lowering beyond that 
achieved with eye drops.12 It is commonly understood that it may take 1 to 2 months for the full effect of SLT on IOP to 
be achieved, and the IOP-lowering effect subsides over time, but the procedure effectively lowers IOP when repeated,15 

and a second SLT treatment can be as successful as the initial procedure.10,16

Durysta® (Allergan, an AbbVie company, North Chicago, IL, USA) intracameral implant, consisting of bimatoprost 
10 µg in a sustained-release drug delivery system, was approved for single administration by the US Food and Drug 
Administration in 2020, based on results after the initial implant administration in two 20-month, phase 3, registration 
trials (ARTEMIS 1 and 2), which used 3 implant administrations at fixed 16-week intervals.17,18 In the ARTEMIS 
studies, bimatoprost implant 10 µg demonstrated noninferiority to topical timolol in lowering IOP, and the effect on IOP 
was sustained in most patients for at least a year after the last implant administration.17,18 The incidence of corneal and 
ocular inflammatory adverse events was higher with the bimatoprost implant than with timolol.17,18 Because of potential 
corneal endothelial cell loss with repeat treatment, administration is limited to a single implant, without retreatment.

As part of the bimatoprost implant development program, a higher dose strength of the implant (containing 15 µg 
bimatoprost) was also evaluated for efficacy and safety in the ARTEMIS studies. The higher dose strength (15-µg 
bimatoprost) implant was evaluated in the present study, which used SLT as the comparator treatment. Bimatoprost 
implant 10 and 15 µg are both cylindrical implants that are administered intracamerally and settle in the inferior 
iridocorneal angle,17,19 but bimatoprost 15 µg is 50% longer than bimatoprost 10 µg, and the larger size of the 15-µg 
implant is associated with increased risk of corneal contact and corneal adverse events.17,18 After three administrations of 
the 15-µg implant in the ARTEMIS studies, at month 20 the mean loss in central corneal endothelial cell density (CECD) 
was approximately 22%–24%, and 12%–16% of patients had a ≥20% decrease in CECD from baseline in the study 
eye.17,18 Bimatoprost implant 15 µg was discontinued from development in 2018 because of a determination that corneal 
adverse events associated with repeat, fixed-interval administration of the 15-µg dose strength of the bimatoprost implant 
would not support a favorable benefit:risk consideration.

The objective of this study was to evaluate the IOP-lowering effect and safety of bimatoprost implant 15 µg compared 
with SLT in patients with OAG or OHT. During the course of the study, the number of administrations of the implant was 
reduced from 3 to 2, because analysis of data from a completed phase 1/2 study20 and an ongoing phase 3 study 
suggested that sustained IOP lowering could be achieved with fewer administrations. A later protocol amendment ended 
study enrollment and discontinued implant administrations to ongoing participants because of the decision to discontinue 
development of bimatoprost implant 15 µg.

Materials and Methods
Study Design and Adherence to Ethical Standards
This phase 3, multicenter (33 sites in 8 countries—Denmark, France, Poland, Russia, Singapore, Spain, Thailand, and the 
United States), randomized, patient- and efficacy evaluator–masked, paired-eye, 12-month noninferiority study evaluated 
the IOP-lowering effect and safety of bimatoprost implant 15 µg compared with SLT in patients with OAG or OHT. The 
study was conducted from February 24, 2016 to January 26, 2021 in accordance with the International Conference for 
Harmonisation guidelines, applicable regulations, and the Declaration of Helsinki. An Institutional Review Board or 
Independent Ethics Committee (listed in Supplementary Materials) approved the study for each clinical site. All patients 
provided written informed consent before screening. The study is registered at ClinicalTrials.gov with the identifier 
NCT02636946.

Study Population
Adult patients diagnosed in each eye with OAG or OHT that required IOP-lowering treatment were enrolled. Baseline 
IOP at 8 AM after washout was required to be at least 22 mm Hg and no more than 34 mm Hg in each eye, with 
a difference in IOP between eyes of no more than 5 mm Hg. Other key inclusion criteria included: in the investigator’s 
opinion, IOP is inadequately managed with topical medication for reasons other than medication efficacy (eg, because of 
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intolerance or nonadherence); in the investigator’s opinion, IOP in both eyes could be adequately managed with SLT 
monotherapy; patient is considered a suitable candidate for SLT; and, in the investigator’s opinion, both eyes could be 
treated adequately with topical PGA monotherapy if the medication was taken as directed. Both eyes were required to 
have open inferior iridocorneal angles of Shaffer grade ≥3, peripheral anterior chamber depth by Van Herick examination 
of ≥0.5 corneal thickness, and CECD by specular microscopy confirmed by a central reading center to be ≥1800 cells/ 
mm2. Key exclusion criteria included history of laser trabeculoplasty, history or evidence of complicated cataract surgery 
(ie, intraoperative or lens placement complication), and history of phakic intraocular lens insertion for refractive error 
correction.

Randomization, Intervention, and Visit Schedule
For each enrolled patient, the eye with the higher IOP at baseline (or the right eye, if the IOP was the same in both eyes) 
was assigned as the primary eye. Primary eyes were randomized 1:1 to treatment with the bimatoprost implant or SLT; 
the randomization was stratified by baseline IOP in the primary eye (≤25 vs >25 mm Hg) and the difference in baseline 
IOP between the primary and contralateral eye (0–2 mm Hg vs 3–5 mm Hg). Contralateral eyes received the alternative 
study treatment (ie, if the primary eye received a bimatoprost implant, the contralateral eye received SLT and vice versa).

On day 1, the eye assigned to SLT received a 360° administration of SLT using standard procedure, and the 
contralateral eye received a sham procedure for masking. The sham procedure was performed using the same method, 
with the exception that the laser was not activated. Preparation for the SLT and sham procedures included instillation of 
apraclonidine or brimonidine and topical anesthetic drops; nonsteroidal anti-inflammatory drops were used for 3 days 
after the procedures.

The initial study protocol required three administrations of the bimatoprost implant in the implant-treated eye, on day 
4, week 16, and week 32. At each implant administration visit, a sham procedure was administered to the contralateral, 
SLT-treated eye for masking. Eyes were prepared for intraocular injection using standard aseptic procedure. The 
bimatoprost implant was administered intracamerally using a single-use, prefilled applicator system as described 
previously.17 In the sham procedure, a needleless applicator was used to touch the cornea.

The study protocol was amended during the study to reduce the number of bimatoprost implant administrations per 
eye. An amendment in September 2018 discontinued the week 32 administration, changing the number of administrations 
to 2 (on day 4 and week 16) to allow a longer duration of efficacy follow-up after the second administration. A later 
amendment in March 2020 ended the enrollment of new participants into the study and prohibited any additional study 
treatments for ongoing participants, reflecting the decision to discontinue development of the 15-µg dose strength of the 
bimatoprost implant. Therefore, the eye treated with the bimatoprost implant could have received 1, 2, or 3 implant 
administrations per protocol in place at the time.

Use of nonstudy (rescue) IOP-lowering treatment in either eye was prohibited unless the investigator determined that 
it was necessary for the safety of the participant because of inadequate IOP control. Inadequate control of IOP was to be 
confirmed at a subsequent visit (scheduled or unscheduled visit). Each eye was evaluated on an individual basis when 
determining the need for nonstudy IOP-lowering treatment; initiation of nonstudy treatment in one eye did not 
automatically lead to initiation of treatment in the contralateral eye. Use of nonstudy IOP-lowering treatment with 
a known crossover effect on the contralateral eye was prohibited.

All study participants were followed for the duration of the study through the week 52 exit visit. The schedule of 
study visits included a minimum of 20 visits and 5 phone calls for participants who received all study treatments. This 
schedule included screening (up to 28 days with a period for washout of any previous IOP-lowering medication of up to 
42 days for both eyes), a baseline visit (up to 3 days), the SLT and bimatoprost implant administration visits, safety visits 
at 1 day after each bimatoprost implant administration visit, phone calls for safety assessment 1 day after the SLT 
treatment visit and 3 days and 2 weeks after each bimatoprost implant administration visit, and follow-up study visits 
with efficacy and safety evaluations at weeks 4, 8, 12, 15, 20, 24, 28, 31, 36, 40, 44, 47, and 52/exit.
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Outcome Measures
The primary efficacy measure was IOP. IOP measurements were taken at 8 AM (± 1 hr) using a Goldmann applanation 
tonometer and a 2-person reading method at all visits except the SLT treatment visit. Key safety measures included 
treatment-emergent adverse events (TEAEs), CECD measured using specular microscopy and evaluated by a central 
reading center, corneal thickness by ultrasound (contact) pachymetry, gonioscopy, biomicroscopy, best-corrected visual 
acuity (BCVA), and dilated fundus examination. Corneal TEAEs of special interest included corneal disorder, corneal 
degeneration, corneal endothelial cell loss, corneal edema, corneal opacity, corneal thickening, and corneal touch. 
Anterior chamber inflammatory TEAEs of special interest included anterior chamber cell, anterior chamber flare, anterior 
chamber inflammation, iridocyclitis, iris adhesions, and iritis.

The primary efficacy endpoint was the change in IOP from baseline at weeks 4, 12, and 24. Secondary efficacy 
outcome measures included the time from initial treatment to the first use of nonstudy (rescue) IOP-lowering treatment 
and the percentage of eyes achieving at least a 20% reduction in IOP from baseline at each post-baseline visit.

Analysis
Baseline characteristics of patients and eyes were evaluated in the intent-to-treat (ITT) population of all randomized 
patients. The primary efficacy analysis used a modified ITT (mITT) population, which excluded participants who were 
ineligible for a second bimatoprost implant administration because the final study protocol amendment had been 
implemented. Safety parameters were evaluated in participants and eyes that received at least one study treatment.

Change from baseline in IOP in SLT- and bimatoprost implant–treated eyes at weeks 4, 12, and 24 was analyzed using 
a mixed-effects model for repeated measures with covariates of treatment, visit, eye, baseline IOP, treatment-by-baseline, 
treatment-by-eye, treatment-by-visit, and visit-by-eye interaction. The model used an unstructured covariance matrix for 
study visits and a compound symmetry covariance matrix for the between-eye correlation. Statistical noninferiority of the 
bimatoprost implant to SLT would be declared if the upper limit of the 95% confidence interval (CI) of the least-squares 
mean (LSM) difference in IOP change from baseline (bimatoprost implant minus SLT) at weeks 4, 12, and 24 was 
≤1.5 mm Hg at all 3 visits. Clinical noninferiority of the bimatoprost implant to SLT would be declared if the upper limit 
of the 95% CI of the difference was ≤1.0 mm Hg at 2 or all 3 visits. The analysis of IOP change from baseline excluded 
IOP measurements taken at any time after use of rescue IOP-lowering treatment.

The sample size calculation was based on paired-eye differences using a normal approximation with a 2-sided 
significance level of 0.05. Enrollment of approximately 160 patients was planned to provide 98% power to show 
statistical noninferiority and 90% power to show clinical noninferiority of the bimatoprost implant to SLT, assuming 
the same mean IOP change from baseline in the bimatoprost implant– and SLT-treated eyes, a standard deviation (SD) of 
the mean IOP change from baseline of 4 mm Hg in both groups, a between-eyes correlation coefficient in change from 
baseline IOP of 0.5, and a study discontinuation rate of 10%.

Results
A total of 144 patients were enrolled and randomized to primary eye treatment with SLT (n=72) or bimatoprost implant 
15 µg (n=72), with the alternative study treatment assigned to the contralateral eye. The study participants were primarily 
White, with a mean age of 60 years (Table 1), and most eyes were phakic, diagnosed with OAG, and had a baseline IOP 
no higher than 25 mm Hg after washout of any previous IOP-lowering medication (Table 2). The majority of eyes 
(70.8%) required washout of a topical PGA, most commonly latanoprost. Almost all (n=142) of the study participants 
received at least one study treatment, and the safety population of eyes consisted of 141 eyes that received SLT and 141 
eyes that received the bimatoprost implant (14 eyes received 1 implant, 94 eyes received 2 implants, and 33 eyes received 
3 implants). Among eyes that received the bimatoprost implant, 141, 127, and 33 eyes received a first, second, and third 
bimatoprost implant administration, respectively. The mITT population consisted of 138 study participants who received 
1 (n=11), 2 (n=94), or 3 (n=33) administrations of the bimatoprost implant in the implant-treated eye.

The study completion rate was high, and 135 of the 144 enrolled patients (93.8%) completed the study. Reasons for 
study discontinuation were ocular adverse event (n=4), lost to follow-up (n=2), protocol violation (n=2), and withdrawal 
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of consent (n=1). One of the ocular adverse events leading to study discontinuation occurred prior to study treatment (the 
adverse event was not a TEAE).

IOP-Lowering Effect
Mean (SD) baseline IOP in the mITT population was 24.38 (2.49) mm Hg for bimatoprost implant−treated eyes (n=138) 
and 24.45 (2.75) mm Hg for SLT-treated eyes (n=138). Analysis of the primary endpoint showed consistently greater 
reductions in IOP from baseline in the implant-treated eyes compared with the SLT-treated eyes at weeks 4, 12, and 24; 
the LSM difference between groups ranged from −0.25 to −0.75 mm Hg, with the between-group difference statistically 
significant at week 4 only (Figure 1). The upper limit of the 95% CI of the between-group difference (bimatoprost 
implant minus SLT) in LSM change in IOP from baseline was <1.0 mm Hg at all 3 visits. Therefore, bimatoprost implant 
15 μg met the prespecified criteria for both statistical and clinical noninferiority to SLT in the mITT population. 
Noninferiority of bimatoprost implant 15 μg to SLT was also confirmed in a sensitivity analysis using the ITT population.

Approximately one-quarter of bimatoprost implant–treated and SLT-treated eyes required nonstudy (rescue) IOP- 
lowering treatment during the study. In each case, the nonstudy IOP-lowering treatment was medication; no eye received 
laser or surgical rescue treatment. Nonstudy IOP-lowering medication was used in 38 of 144 eyes in the bimatoprost 
implant group (26.4%) and 34 of 144 eyes in the SLT group (23.6%). Kaplan–Meier analysis of time to first use of 
nonstudy IOP-lowering treatment after the initial study treatment (SLT on day 1 or bimatoprost implant on day 4) showed 
that the durability of IOP control after SLT was similar to the duration of IOP control after beginning bimatoprost implant 

Table 1 Baseline Demographics Overall and by Assigned Treatment in Primary Eye (ITT 
Population)

Parameter All Patients  
(N=144)

Primary Eye

Bimatoprost Implant 15 µg  
(N=72)

SLT (N=72)

Age, mean (SD), y 60.0 (11.0) 62.1 (11.4) 57.9 (10.2)

<45, n (%) 14 (9.7) 6 (8.3) 8 (11.1)

45–65, n (%) 84 (58.3) 36 (50.0) 48 (66.7)

>65, n (%) 46 (31.9) 30 (41.7) 16 (22.2)

Sex, n (%)

Female 67 (46.5) 39 (54.2) 28 (38.9)

Male 77 (53.5) 33 (45.8) 44 (61.1)

Race, n (%)

Asian 8 (5.6) 3 (4.2) 5 (6.9)

Black or African American 21 (14.6) 9 (12.5) 12 (16.7)

White 112 (77.8) 59 (81.9) 53 (73.6)

Not reported 3 (2.1) 1 (1.4) 2 (2.8)

Ethnicity

Hispanic 18 (12.5) 7 (9.7) 11 (15.3)

Non-Hispanic 125 (86.8) 64 (88.9) 61 (84.7)

Not reported 1 (0.7) 1 (1.4) 0

Abbreviations: ITT, intent-to-treat; SD, standard deviation; SLT, selective laser trabeculoplasty.
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treatment (Figure 2). At 120 days after first treatment, a time point when eyes in the bimatoprost implant group had still 
received only a single implant administration, the probability of not requiring rescue IOP-lowering treatment was 97.2% 
with the bimatoprost implant versus 91.5% with SLT. At 180 days, when most eyes in the bimatoprost implant group had 
received a second implant administration, the probability of not requiring rescue IOP-lowering treatment was 93.6% with 
the bimatoprost implant versus 86.5% with SLT. At 360 days, when most eyes in the bimatoprost implant group had 
received either 2 or 3 implant administrations, the probability of not requiring rescue IOP-lowering treatment was 74.6% 
with the bimatoprost implant versus 77.1% with SLT. None of the differences between treatment groups in probability of 
not requiring rescue were statistically significant. Among the 14 eyes that were treated with a single bimatoprost implant, 
10 completed the study; 4 of those eyes had been rescued, and 6 had not received any rescue therapy.

Responder rates were high with both study treatments. At follow-up study visits through week 15 (1 week before 
administration of a second implant, when the probability of having been rescued was <10%), the percentage of eyes 
achieving a ≥20% reduction in IOP from baseline ranged from 64.2% to 92.7% among bimatoprost implant–treated eyes 
and from 60.6% to 72.9% among SLT-treated eyes (Figure 3).

Safety
One or more TEAEs were reported for 81.0% (115/142) of study participants. Most TEAEs were ocular, and the 
incidence of ocular TEAEs was higher in the bimatoprost implant–treated eyes (70.2%, 99/141) than in the SLT-treated 
eyes (52.5%, 74/141). The incidence of treatment-related ocular TEAEs was also higher in the bimatoprost implant– 
treated eyes (52.5%, 74/141) than in the SLT-treated eyes (31.2%, 44/141). The only treatment-related non-ocular TEAE 
reported was headache, which was reported as related to the day 1 (SLT) treatment for 4.2% (6/142) of study participants. 
There were no deaths during the study.

Table 3 lists the most-reported ocular TEAEs. The most common ocular TEAE in both bimatoprost implant–treated 
and SLT-treated eyes was conjunctival hyperemia. Corneal TEAEs were reported in 19.9% (28/141) of bimatoprost 

Table 2 Baseline Characteristics of Eyes (Primary and Contralateral) by Study Treatment (ITT Population)

Bimatoprost Implant 15 µg  
(N=144 Eyes)

SLT  
(N=144 Eyes)

Diagnosis, n (%)

Ocular hypertension 28 (19.4) 27 (18.8)

Open-angle glaucoma 116 (80.6) 117 (81.3)

Primary open-angle glaucoma 114 (79.2) 115 (79.9)

Pseudoexfoliative glaucoma 1 (0.7) 1 (0.7)

Pigmentary glaucoma 1 (0.7) 1 (0.7)

IOP, mean (SD), mm Hg 24.37 (2.45) 24.40 (2.72)

≤25 mm Hg, n (%) 99 (68.8) 105 (72.9)

>25 mm Hg, n (%) 45 (31.3) 39 (27.1)

Lens status, n (%)

Phakic 125 (86.8) 124 (86.1)

Pseudophakic 19 (13.2) 20 (13.9)

Required washout of previous topical IOP-lowering medication, n (%) 128 (88.9) 131 (91.0)

CECD, mean (SD), cells/mm2 2488.8 (325.1) 2489.9 (310.1)

Abbreviations: CECD, central corneal endothelial cell density; IOP, intraocular pressure; ITT, intent-to-treat; SD, standard deviation; SLT, selective 
laser trabeculoplasty.
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implant–treated eyes compared with 4.3% (6/141) of SLT-treated eyes. The most frequent corneal TEAES were corneal 
endothelial cell loss and corneal edema. Corneal endothelial cell loss was infrequent in the bimatoprost implant–treated 
eyes after the first implant administration, but the incidence increased after the second and third implant administrations. 
Serious ocular TEAEs were reported for 6.3% (9/141) of the bimatoprost implant–treated eyes (5 corneal endothelial cell 
loss, 2 corneal edema, 1 cataract, 1 quadrantanopia), generally after the second or third implant administration. No 
serious ocular TEAEs were reported for the SLT-treated eyes. Anterior chamber inflammatory TEAEs, most commonly 
anterior chamber cell, were reported in 9.9% (14/141) of bimatoprost implant–treated eyes compared with 3.5% (5/141) 

Figure 2 Kaplan−Meier analysis of time to first use of nonstudy (rescue) IOP-lowering treatment. 
Abbreviations: IOP, intraocular pressure; SLT, selective laser trabeculoplasty.

Figure 1 Change in IOP from baseline in bimatoprost implant– and SLT-treated eyes. Data shown are least-squares means ± standard errors from a mixed-effects model for 
repeated measures. P values are for comparison of bimatoprost implant versus SLT. 
Abbreviations: IOP, intraocular pressure; SLT, selective laser trabeculoplasty.
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of SLT-treated eyes. Iritis was reported in 3 (2.1%) implant-treated eyes, in each case after the second implant 
administration.

Ocular TEAEs led to the early exit of three study participants. The ocular TEAEs leading to participant discontinua
tions (corneal edema, n=1; iritis, n=1; photophobia and lacrimation increased, n=1) all occurred in the bimatoprost 
implant–treated eye after the second implant administration. Eight of 141 bimatoprost implant–treated eyes (5.7%) 
required implant removal because of ocular TEAEs, most commonly corneal edema and corneal endothelial cell loss.

Specular microscopy findings showed greater loss in CECD in bimatoprost implant–treated eyes compared with SLT- 
treated eyes by week 40 (Table 4). During the study, 14.2% (20/141) of bimatoprost implant–treated eyes compared with 
3.5% (5/141) of SLT-treated eyes demonstrated a ≥20% decrease in CECD from baseline. Consistent with TEAE reports 
of corneal endothelial cell loss, the mean decrease in CECD from baseline was larger in eyes that had received multiple 
implant administrations (Table 4). However, regardless of whether eyes had received 1, 2, or 3 bimatoprost implant 
administrations, the mean change in CECD from baseline at week 52 represented a <10% loss in CECD in implant- 
treated eyes (Table 4).

On gonioscopic examination, the bimatoprost implant was often observed to swell after administration, then slowly 
decrease in size. By week 52, most of the implants administered on day 4 were reported to be ≤25% of the initial size or 
no longer visible. Overall, 22.7% (32/141) of study participants were reported to have bimatoprost implant contact the 
corneal endothelium in the implant-treated eye; most of these incidences occurred after the second implant administra
tion. It is thought that corneal touch was more likely after repeated treatment because of accumulation of polymer in the 
angle, given the 16-week fixed dosing interval used in the study.

In other safety evaluations, biomicroscopy and ophthalmoscopy findings were more frequent in the bimatoprost 
implant–treated eyes because findings of conjunctival hyperemia (>1-grade increase from baseline) were reported for 
23.4% (33/141) of implant-treated eyes compared with 6.4% (9/141) of SLT-treated eyes. Worsening of BCVA by more 
than 2 lines was reported for 9.9% (14/141) of bimatoprost implant–treated eyes and 4.3% (6/141) of SLT-treated eyes. 
There were no observed differences in cup/disc ratio between treatments, and there were no meaningful changes in 
central corneal thickness, with the mean change from baseline in central corneal thickness ranging from −4.5 to 2.9 μm in 
bimatoprost implant–treated eyes and 1.4 to 7.4 μm in SLT–treated eyes.

Figure 3 Proportion of eyes achieving at least a 20% decrease in IOP from baseline. Proportions were calculated using observed data for all eyes with IOP data available at 
baseline and the indicated visit. 
Abbreviations: IOP, intraocular pressure; SLT, selective laser trabeculoplasty.
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Discussion
This study evaluated a 15-µg bimatoprost implant, a higher dose than has been approved. The results showed a similar 
efficacy of the 15-µg bimatoprost implant and SLT in patients with OAG or OHT. In the analysis of the primary endpoint 
of change from baseline in IOP at weeks 4, 12, and 24, bimatoprost implant 15 µg met the prespecified criteria for 
statistical and clinical noninferiority to SLT. Furthermore, survival analysis demonstrated that the duration of IOP 
management without need for use of IOP-lowering eye drops was similar in bimatoprost implant–treated and SLT- 
treated eyes. SLT demonstrated a more favorable safety profile compared with the 15-µg bimatoprost implant. Serious 
ocular TEAEs were reported in 6.3% of implant-treated eyes versus no SLT-treated eyes, corneal TEAEs were reported in 
19.9% of implant-treated eyes versus 4.3% of SLT-treated eyes, and anterior chamber inflammatory TEAEs were 
reported in 9.9% of implant-treated eyes versus 3.5% of SLT-treated eyes.

Table 3 Incidence of Ocular TEAEs (Safety Population)

TEAE, No. of Eyes (%) Bimatoprost Implant 15 µg  
(N=141 Eyes)

SLT  
(N=141 Eyes)

Conjunctival hyperemia 47 (33.3) 28 (19.9)

Corneal endothelial cell loss 18 (12.8) 2 (1.4)

Punctate keratitis 18 (12.8) 14 (9.9)

Intraocular pressure increased 16 (11.3) 14 (9.9)

Corneal edema 14 (9.9) 2 (1.4)

Conjunctival hemorrhage 12 (8.5) 3 (2.1)

Photophobia 10 (7.1) 4 (2.8)

Eye irritation 9 (6.4) 6 (4.3)

Eye pain 9 (6.4) 7 (5.0)

Dry eye 7 (5.0) 5 (3.5)

Foreign body sensation 7 (5.0) 1 (0.7)

Anterior chamber cell 6 (4.3) 2 (1.4)

Conjunctivitis 5 (3.5) 1 (0.7)

Cataract 4 (2.8) 1 (0.7)

Blepharitis 3 (2.1) 3 (2.1)

Corneal dystrophy 3 (2.1) 2 (1.4)

Conjunctival edema 3 (2.1) 1 (0.7)

Corneal opacity 3 (2.1) 1 (0.7)

Hordeolum 3 (2.1) 0

Iris adhesions 3 (2.1) 2 (1.4)

Iritis 3 (2.1) 0

Vision blurred 3 (2.1) 1 (0.7)

Notes: All adverse events reported in at least 2% of eyes treated with bimatoprost implant 15 µg or 
SLT are listed. 
Abbreviations: SLT, selective laser trabeculoplasty; TEAE, treatment-emergent adverse event.
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The marketed bimatoprost implant (bimatoprost implant 10 µg, Durysta) was approved for single administration 
based on the phase 3 ARTEMIS studies. Single administration of the 10-µg bimatoprost implant has been demonstrated 
to be both safe and effective in IOP lowering, whereas the 15-µg bimatoprost implant evaluated in this study was 
discontinued from development. In the ARTEMIS studies, the 10-µg bimatoprost implant provided mean IOP reductions 
ranging from 4.9 to 7.0 mm Hg up to 15 weeks after the initial administration, compared with mean IOP reductions of 6.0 
to 6.3 mm Hg in eyes treated with timolol eye drops.21 Bimatoprost implant 10 and 15 µg both demonstrated 
noninferiority to topical timolol in IOP lowering.17,18 The mean IOP reduction and duration of IOP control without 
the use of IOP-lowering eye drops were not compared between the bimatoprost implant groups but generally appeared to 
be comparable with the 10-µg and 15-µg implants.17,18

Previous studies have demonstrated a long duration of IOP-lowering effect of the bimatoprost implant. In a phase 1/2 
study, 23.8% (10/42) of eyes treated with the 10- or 15-µg bimatoprost implant required no additional IOP-lowering 
treatment up to 24 months after a single implant administration.20,21 Moreover, in the ARTEMIS studies, eyes treated 
with bimatoprost implant 10 or 15 µg had a >70% probability of requiring no additional IOP-lowering treatment for 
1 year after their final implant administration.17,18 However, drug distribution studies using a canine model, analysis of 
drug concentrations in aqueous samples taken from patients who underwent implant removal, and in vitro drug release 
assays have suggested that intraocular bimatoprost concentrations decline to nondetectable levels by 3 to 4 months after 
administration of the bimatoprost implant.17 The extended duration of IOP lowering beyond the duration of intraocular 

Table 4 Corneal Endothelial Cell Density Findings on Specular Microscopy (Safety 
Population)

Parameter (SD), Cells/mm2 Bimatoprost Implant  
(N= 141 Eyes)

SLT  
(N=141 Eyes)

Mean CECD at baseline 2487 (324) [n=141] 2487 (311) [n=141]

Mean change in CECD from baseline

Week 4

After 1 implant administration +0.1 (64.4) [n=139] −53.5 (142.1) [n=137]

Week 12

After 1 implant administration −17.1 (74.0) [n=137] −55.8 (133.9) [n=136]

Week 24

After 1 implant administration −62.8 (285.1) [n=11] −25.0 (76.9) [n=10]

After 2 implant administrations −62.1 (154.3) [n=122] −60.0 (136.6) [n=122]

Week 40

After 1 implant administration −146.9 (431.1) [n=10] −24.7 (83.6) [n=9]

After 2 implant administrations −158.3 (342.9) [n=82] −75.9 (128.3) [n=82]

After 3 implant administrations −144.7 (348.4) [n=32] −40.3 (102.9) [n=32]

Week 52

After 1 implant administration −140.8 (423.3) [n=10] −36.6 (55.5) [n=9]

After 2 implant administrations −233.8 (448.0) [n=90] −68.1 (119.0) [n=89]

After 3 implant administrations −202.9 (381.1) [n=33] −49.4 (118.6) [n=33]

Notes: The analysis evaluated CECD change from baseline by the number of bimatoprost implant admin
istrations that had been received in the primary or contralateral eye. 
Abbreviations: CECD, corneal endothelial cell density; SD, standard deviation; SLT, selective laser 
trabeculoplasty.
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drug bioavailability has been proposed to result from durable, matrix metalloproteinase (MMP)-mediated remodeling of 
aqueous outflow pathways. It was hypothesized that the high concentrations of bimatoprost achieved in target outflow 
tissues with the implant produce enhanced MMP upregulation, leading to more extensive and enduring tissue remodeling, 
and sustained IOP reduction.22 In support of this hypothesis, in human trabecular meshwork cell cultures, bimatoprost 
was shown to induce dramatic upregulation of MMP1 only at the high concentrations observed in bimatoprost implant– 
treated eyes.23

The safety profile of bimatoprost implant 15 µg observed in this study is consistent with findings in the phase 3 
ARTEMIS studies.17,18 The majority of TEAEs were ocular, with higher incidence rates in the bimatoprost implant– 
treated eyes compared with the SLT-treated eyes. Some of the most common TEAEs observed in the implant-treated 
eyes, including conjunctival hyperemia, eye pain, conjunctival hemorrhage, and photophobia, typically occurred within 2 
days after the implant administration procedure and were likely caused by the procedure preparation, which included 
povidone-iodine irrigation.

Corneal TEAEs including corneal endothelial cell loss and edema were safety concerns in the 15-µg bimatoprost 
implant–treated eyes. Corneal endothelial cells play an important role in maintaining the cornea in its natural state of 
relative dehydration,24 and extensive corneal endothelial cell loss results in corneal edema, corneal opacity, and reduced 
visual acuity.24 Corneal endothelial cell loss occurs during normal aging, with an estimated rate of CECD loss in adults of 
0.6% per year.25 A 10% decrease in CECD may not be clinically meaningful or reliable,26 but larger losses in CECD can 
be of clinical concern. In this study, a ≥20% decrease in CECD from baseline was measured in 14.2% of eyes treated 
with bimatoprost implant 15 µg. Some eyes (3.5%) treated with SLT also had a ≥20% decrease in CECD from baseline. 
Worsening of BCVA by more than 2 lines was reported for 9.9% of the 15-µg bimatoprost implant–treated eyes 
compared with 4.3% of the SLT-treated eyes.

Among the 141 eyes treated with the 15-µg bimatoprost implant in this study, 8 (5.7%) required implant removal 
because of TEAEs. The implant removal procedure involves the use of an intraocular irrigating solution to flush the 
implant out of the eye through a keratome incision under sterile conditions.17 Corneal endothelial cell counts after study 
exit were not recorded in this study, but in the phase 3 ARTEMIS 1 study, in general, corneal TEAEs resolved and CECD 
stabilized after implant removal.17

Bimatoprost implant 15 µg was discontinued from development because the smaller 10-µg bimatoprost implant has 
a more favorable benefit-risk profile. The results of the present study are consistent with a greater risk of corneal adverse 
events with the 15-µg bimatoprost implant. In the present study, corneal endothelial cell loss was reported as a TEAE 
more frequently after multiple administrations of the 15-µg bimatoprost implant, but in three eyes, it was reported after 
the first (single) administration. Rare TEAEs of corneal endothelial cell loss were also reported after a single adminis
tration of the 15-µg bimatoprost implant in the ARTEMIS studies.17,18 In contrast, a single administration of bimatoprost 
implant 10 µg (the currently approved dose strength) was demonstrated to be safe in both ARTEMIS studies as well as in 
the phase 1/2 study.17,18,20 In all three studies, after a single administration of the 10-µg implant, there were no TEAE 
reports of corneal endothelial cell loss, corneal edema, or corneal touch, and no patient had a 20% or greater decrease in 
CECD from baseline.21

A limitation of this study is that the study design did not support evaluation of the duration of effect of a single 
administration of the bimatoprost implant because of the required re-administration at 16-week intervals. The number of 
implant administrations received varied among participants, with most receiving 2 implant administrations at a fixed 16- 
week dosing interval. Also, study enrollment was less than had been planned because the final study amendment ended 
patient enrollment. Nevertheless, the primary endpoint was met, and bimatoprost implant 15 µg demonstrated noninfer
iority to SLT in IOP lowering at 4, 12, and 24 weeks. Finally, the study did not use the 10-µg dose strength of the 
bimatoprost implant that is now approved for use (a single administration per eye) in the United States. A study 
comparing the approved 10-µg dose strength of the bimatoprost implant with SLT is currently in progress 
(NCT02507687), and the results are eagerly anticipated.
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Conclusions
Bimatoprost implant 15 µg demonstrated statistical and clinical noninferiority to SLT in lowering IOP in patients with 
OAG or OHT. SLT demonstrated a more favorable safety profile than the 15-µg bimatoprost implant, with fewer corneal 
and inflammatory adverse events and no serious ocular adverse events reported in the SLT-treated eyes. The most 
important safety issue in the study was corneal endothelial cell loss, generally occurring after multiple implant 
administrations. The 15-µg dose strength of the bimatoprost implant was discontinued from development. However, 
single administration of bimatoprost implant 10 µg has been shown to be safe and efficacious, with a long duration of 
IOP-lowering effect, and single administration of bimatoprost implant 10 µg is currently approved for lowering IOP in 
patients with OAG and OHT. A study comparing the approved 10-µg bimatoprost implant with SLT (NCT02507687) is 
in progress.

Abbreviations
BCVA, best-corrected visual acuity; CECD, central endothelial cell density; CI, confidence interval; IOP, intraocular 
pressure; ITT, intent-to-treat; LSM, least-squares mean; mITT, modified intent-to-treat; MMP, matrix metalloproteinase; 
OAG, open-angle glaucoma; OHT, ocular hypertension; PGA, prostaglandin analog/prostamide; SD, standard deviation; 
SLT, selective laser trabeculoplasty; TEAE, treatment-emergent adverse event.
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