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Purpose: To evaluate the long-term efficacy of the bimatoprost sustained-release (SR) implant focusing on time to additional
intraocular pressure (IOP) lowering intervention and changes in medication burden and IOP, with subgroup analyses by lens status
and prior trabecular meshwork (TM) procedures.

Patients and Methods: This retrospective study included patients who received a single bimatoprost SR implant between
September 2020 and June 2022 at a single center. Data was obtained from electronic medical records. The primary outcomes were
time to failure defined as addition of IOP-lowering medications, procedures, or surgery, changes in topical medication use, and IOP
over time. Kaplan-Meier survival analysis and linear mixed-effects models were used to assess overall outcomes and within subgroups.
Results: The study included 223 eyes from 134 patients. At 6-, 12-, and 24-months post-implantation, 67.3%, 38.5%, and 20.5% of
eyes, respectively, remained free of additional IOP-lowering treatment. The rates of survival were not statistically significant when
stratified by lens status or history of TM procedures. The mean number of topical medications was 1.8 + 1.3 at baseline and was
significantly reduced beginning at 1 month and through 18 months (p < 0.001). There was not a significant IOP decrease post
implantation. Subgroup analysis showed no significant differences in IOP and a borderline significant difference in medication use (p =
0.051) between phakic and pseudophakic eyes. Eyes with a history of TM procedures had higher IOP compared to those without prior
intervention (p = 0.042), and medication use was not significantly different between groups.

Conclusion: In this retrospective, single-center study the bimatoprost SR implant provided significant reduction in topical medication
burden for 18 months. The implant provided six months of freedom from additional IOP lowering interventions in more than half of
the eyes with an expected decline. A small group continued to be free from additional IOP lowering intervention for up to 24 months.

Plain Language Summary: Glaucoma is an eye disease that can lead to vision loss if eye pressure is not controlled. The bimatoprost
sustained-release implant is a small device placed in the eye that slowly releases medication and can reduce the need for daily eye
drops. This study reviewed medical records of patients treated with the implant in routine clinical practice and followed them for up to
two years. Outcomes included changes in eye pressure, number of glaucoma medications, and duration of treatment effect. The
implant provided stable eye pressure and reduced medication use in many patients, but its effect often declined over time, and
additional treatments were frequently required. These results provide real-world information on the performance of the implant outside
of clinical trials.
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Introduction

Glaucoma remains a leading cause of global blindness and estimates suggest more than 100 million people will suffer
from the disease by 2040." All current treatment options target the reduction of intraocular pressure (IOP), the only
clinically validated risk factor associated with development and progression of the disease.' The treatment landscape has
evolved considerably in recent years with introduction of new topical, laser, and surgical treatment options. These options

. . . . . . . . 1-3
include multiple classes of topical medications, wearable technologies, laser procedures and surgical devices.
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For topical medication use in the treatment of glaucoma, prostaglandin analogues are a common first-line
treatment option given their proven efficacy and favorable side effect profile.!4¢ Although the drops have proven
efficacy when used appropriately, there are known challenges with topical medications. These challenges include
drop adherence, complex medication regimens and difficulty with drop instillation.>” One study found the mean
compliance across 12 months for prostaglandin analogues to be 37%.% An additional study found that up to 50%
of patients purposefully discontinue their drops within the first 6 months.® This has stimulated interest in
alternative forms of drug delivery. Recently, bimatoprost, a proven prostaglandin analogue agent effective as
a topical medication, was reformulated into an intracameral sustained-release (SR) implant.* In clinical trials
leading to its approval, the bimatoprost SR implant was shown to have comparable efficacy to topical bimatoprost
0.03% and topical timolol 0.5%.%'% In the clinical trials, the implant was studied in eyes diagnosed with ocular
hypertension and open-angle glaucoma and notable exclusions included eyes with narrow angles or reduced
central endothelial count.*'°

The bimatoprost SR implant helps reduce medication burden by reducing reliance on eye drops through an
intracameral implant designed to elute the drug over the course of 90 days.* Although nearly all medication was released
by day 80 in the Phase I/II clinical trial, it was reported that 40% of eyes survived by 12 months and 28% of eyes
survived by 24 months without additional IOP-lowering intervention.* Given the sustained duration of effect, it is thought
that a higher concentration of medication at target tissues produces trabecular meshwork (TM) remodeling which leads to
long-term IOP lowering.*'""'? Additionally, by eluting medication intracamerally, ocular surface and periorbital side
effects are limited."”

In addition to clinical trials, several real-world studies have investigated outcomes of the bimatoprost SR implant.
These include studies by Ali et al, Wong et al, Xu et al, Teymoorian et al, and Mann et al. These studies reported varying
medication reduction from 0.5 to 1.2 drops and survival without IOP lowering treatment ranging from 32% to 77% at 12
to 18 months."*”'” This present study adds to and expands on the real-world time until failure, medication burden, and
IOP by examining the implant up to 24 months, incorporating Kaplan-Meier survival curve through 24 months, and
utilizing subgroup analyses based on lens status and previous trabecular meshwork procedures.

Materials and Methods
Study Design and Population

This was a retrospective, consecutive case review that included all patients that received their first intracameral
bimatoprost SR implant from October 1%, 2020, to May 31%, 2022, within a single practice (Sioux Falls, SD).
Approval to access records was granted by the institution. Bilateral implants were included. Patients undergoing selective
laser trabeculoplasty (SLT) the same day as the bimatoprost SR implant and repeat bimatoprost SR implants were
excluded. All other eyes were included in this study. This study was conducted in adherence to the Declaration of
Helsinki and approved by the University of South Dakota Institutional Review Board (IRB-22-70). Informed consent was
waived by the Institutional Review Board due to the retrospective nature of this study. Patient confidentiality was
maintained throughout the study and data was de-identified at the earliest opportunity.

Surgical Technique
The bimatoprost SR implant was administered using the standard technique described by Craven et al.* Following
implantation, patients were started on a topical antibiotic drop four times per day for four days in the operative eye.

Data Collection

All data were obtained from the electronic health record. Baseline data was collected for each eye from the most recent
office visit prior to implantation and included sex, glaucoma type and severity, previous IOP-lowering treatments or
procedures, current topical medications, and IOP. At post implantation visits, the IOP and the number of topical
medications were collected. In the case of combination medications, each medication was counted separately. Follow
up visits were based on days after implantation and collected at one month and every three months as follows: 7-60 days
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(1 month), 61-150 days (3 months), 151-240 days (6 months), 241-330 days (9 months), 331420 days (12 months),
421-510 days (15 months), 511-600 days (18 months), 601-690 days (21 months), and 691+ days (24 months). The time
to rescue, defined as additional IOP lowering therapies, including medications, lasers, or surgeries, was recorded. The
IOPs after the rescue treatment was not censored from further collection. Goldmann applanation tonometry was used for

IOP values when available; alternative methods were employed otherwise.

Outcome Measures and Safety Evaluation

The primary outcomes included duration until rescue, number of IOP-lowering medications, and IOP. The duration of
efficacy was determined by the time from implantation until rescue, which was defined as addition of any additional IOP
lowering therapies. Medication burden was evaluated by comparing the number of topical medications before and after
receiving the bimatoprost SR implant. IOP was evaluated by comparing the IOP before implantation to after implantation
without addition of other IOP lowering therapies. The secondary outcome included safety of the implant. This was

determined by adverse ocular events or need for implant removal.

Analysis

All eyes with available data were used in the “all” group for medications, IOP, and duration of efficacy. Subgroup
analyses were performed for eyes with history of minimally invasive glaucoma surgery (MIGS) or selective laser
trabeculoplasty (SLT) (the “TM procedure” group) and pseudophakic eyes (the “pseudophakic” group). Survival time
was assessed using a Kaplan-Meier survival curve. A p-value of < 0.05 was considered statistically significant. Means are
presented with standard deviations. A linear mixed-effects model was used to evaluate changes in medication use and
IOP over time, accounting for repeated measures within eyes and variable follow-up intervals. IOP data was censored
after initiation of any IOP-lowering therapy and number of glaucoma medications were censored after addition of an
IOP-lowering procedure. As this was a retrospective observational study designed to describe real-world outcomes rather
than to test a prespecified hypothesis, a formal power calculation was not performed. All eligible eyes meeting inclusion
criteria during the study period were included.

Results

Patient Characteristics

The study included 223 eyes from 134 patients who received a bimatoprost implant between September 2020 and June 2022.
Baseline characteristics of the included patients are presented in Table 1, and baseline characteristics of the eyes included in
the study are shown in Table 2. Of the 223 eyes, 159 were from female patients. The mean age was 77.7 + 10.6 years. Disease

severity ranged from mild to severe open-angle glaucoma, with severe disease being the most common (37.7%).

Table | Patient Demographics

Age, Mean (SD), Years 77.7 (10.6)

Range 41-98

Gender, n (%)

Male 64 (28.7)

Female 159 (71.3)

Treatment with implant, n (%)

One eye 45 (20.2)

Both eyes 89 (79.8)
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Table 2 Individual Eye Demographics

Demographic

Study Population (n=223)

Diagnosis, n (%)

Primary open-angle glaucoma 209 (93.7)
Pseudoexfoliation glaucoma 73.1)
Severity, n (%)

Mild 58 (26.0)
Moderate 73 (32.7)
Severe 84 (37.7)
Indeterminate 8 (3.6)
Classes of IOP-lowering medications at baseline

Alpha agonist 55 (24.7)
Beta blocker 88 (39.5)
Carbonic anhydrase inhibitor 61 (27.4)
Prostaglandin analogue 170 (74.0)
Rho kinase inhibitor 42 (18.8)
Number of IOP-lowering medications at baseline

Zero 30 (13.5)
One 74 (33.2)
Two 50 (22.4)
Three 44 (19.7)
Four 21 (94)
Five 4 (1.8)
Mean 1.84
Baseline IOP, mean (SD) 19.2 (6.9)
History of cataract surgery 173 (77.6)
History of SLT 62 (27.8)
History of MIGS 115 (51.6)

Abbreviations: IOP, Intraocular pressure; TM, trabecular meshwork; SR, sustained release; SLT,
selective laser trabeculoplasty; MIGS, minimally invasive glaucoma surgery.

Duration of Efficacy

A Kaplan—Meier survival curve for all eyes is shown in Figure 1. At 6 months, 67.3% of eyes did not require any
additional IOP-lowering treatment; this decreased to 38.5% at 12 months and 20.5% at 24 months.

Subgroup analysis by lens status is shown in Figure 2. Although pseudophakic eyes seemed to have a slightly higher
survival compared to phakic eyes, the difference was not statistically significant (p = 0.486). At 6 months, survival was
66.5% in pseudophakic eyes and 68.2% in phakic eyes. By 12 months, survival declined to 40.0% and 31.7%,

respectively, and at 24 months, survival was 21.8% and 16.2%, respectively.

4778

Clinical Ophthalmology 2025:19



Olevson et al

1.0
- All eyes
T 0.8}
2
2
A 0.6}
()
2
©04f
>3
1S
3 0.2t
OO 1 1 1 Il 1 Il 1 1
0 3 6 9 12 15 18 21 24
Number at risk
Time (Months): 0 3 6 9 12 15 18 21 24
All eyes: 216 216 169 135 91 71 53 39 32
Time (Months)
Figure | Kaplan-Meier survival analysis for all eyes included in the study.
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Figure 2 Kaplan-Meier survival analysis comparing phakic and pseudophakic eyes.

Subgroup analysis by TM procedure (MIGS or SLT) is shown in Figure 3. Eyes without prior TM procedures
demonstrated higher survival than those with prior TM procedures; however, this difference was not statistically
significant (p = 0.097). At 6 months, survival was 75.0% in eyes without prior TM procedures and 60.4% in eyes
with prior TM procedures. By 12 months, survival was 47.7% and 30.2%, respectively. At 24 months, survival was
similar between groups (20.6% vs 20.5%).

Of the 162 eyes that experienced treatment failure, 70.4% resumed topical medications, 18.5% underwent glaucoma
surgery, 11.7% received SLT, and 1.2% underwent repeat bimatoprost SR implantation.

Medications
At baseline, the mean number of topical medications was 1.8 = 1.3. The most used agents were prostaglandin analogues
(74.0%), followed by beta-blockers (39.5%). Overall, 86.5% of eyes were on one or more topical medications at baseline.

At one month following bimatoprost SR implantation, 53.4% of eyes were medication-free. The distribution at that time
was: 0 (53.4%), 1 (13.9%), 2 (21.1%), 3 (8.5%), and 4 (3.1%) medications.
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Figure 3 Kaplan-Meier survival analysis comparing eyes with history of a TM procedure and those without history of any procedures.

Medication use over time is shown in Figure 4. There was a statistically significant reduction in medication use beginning at
1 month (p <0.001), which persisted through 18 months. At 21 and 24 months, the reduction was no longer statistically significant
(p > 0.09). Eyes with severe glaucoma required significantly more medications over time (+1.95 medications, p = 0.01).
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Figure 4 Mean number of topical IOP-lowering medications used at baseline and during follow-up in all eyes with p-values. Data are presented as mean * standard deviation.
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Subgroup analysis by lens status (Figure 5) showed that pseudophakic eyes trended toward higher average medication
use (+0.34 medications), although this was borderline significant (p = 0.051). Subgroup analysis by TM procedure
history (Figure 6) showed no statistically significant difference in medication use (p = 0.136).
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Figure 5 Mean number of topical IOP-lowering medications used at baseline and during follow-up in pseudophakic and phakic eyes. Data are presented as mean * standard
deviation.
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Figure 6 Mean number of topical IOP-lowering medications used at baseline and during follow-up in eyes with a history of TM procedure and those without. Data are
presented as mean * standard deviation.
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Figure 7 Mean intraocular pressure (IOP) measured at baseline and subsequent time points in all eyes with p-values. Data are presented as mean % standard deviation.

IOP

Average IOP at baseline and across follow-up is shown in Figure 7. No significant change in IOP was observed through
21 months. At 24 months, however, there was a statistically significant mean reduction of 4.92 mmHg compared to
baseline (p < 0.001). Glaucoma severity did not significantly affect IOP (all p-values > 0.25).

Subgroup analysis by lens status (Figure 8) showed no significant difference in IOP between phakic and pseudo-
phakic eyes (p = 0.955). In contrast, subgroup analysis by TM procedure history (Figure 9) revealed a significant
difference. Eyes with a history of TM procedures had 1.65 mmHg higher IOP on average compared to those without
prior TM procedures (p = 0.042).

Safety

The overall safety profile of the bimatoprost SR implant was favorable. Five adverse events were reported, including
transient blurred vision, pain, and mild irritation, all of which resolved without lasting effects. One case of disc
hemorrhage and one case of macular edema were reported following implantation, both of which resolved.

Discussion

Although topical IOP-lowering drops are among the first-line treatments for glaucoma, patients may experience
challenges with their use. These challenges include adherence issues, complex regimens, and difficulty with drop
instillation.>” Bimatoprost was reformulated as an intracameral SR implant to help address these challenges.

The rates of survival without additional treatment in this study were 67.3% at 6 months, 38.5% at 12 months, and
20.5% at 24 months. These are similar to the phase I/II trial, which reported 68%, 40%, and 28% at the same time
points.4 In real-world studies, Ali et al reported survival rates of 69.2% at 3 months, 55.0% at 6 months, and 40.5% at 12
months.'? Xu et al reported a 67.4% survival rate at an average of 260 + 122 days.'* The ARGOS study by Mann et al
showed even higher rates: 88.6% at 6 months, 83.7% at 12 months, and 77.7% at 18 months.!” Differences in study
design, rescue definitions, and patient selection likely explain the variability in reported survival. Several eyes in our
study were rescued within 80 days, a period in which the implant is still expected to be eluting medication.*'" In these
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Figure 8 Mean intraocular pressure (IOP) measured at baseline and subsequent time points in pseudophakic and phakic eyes. Data are presented as mean # standard
deviation.
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cases, early rescue may reflect inadequate response due to disease severity or the need for further IOP lowering, rather
than early loss of implant efficacy. Baseline IOP in our cohort was higher than in several prior real-world studies,
including Teymoorian et al (+2.6mmHg), Ali et al (+3.2 mmHg), Wong et al (+0.7mmHg), and Xu et al (+2.7mmHg).
Similarly, our cohort had a higher proportion of eyes with severe glaucoma at baseline than Teymoorian et al (17.8%) and
Wong et al (26.3%).

In this retrospective study, bimatoprost SR demonstrated a significant reduction in the mean number of topical
medications over 18 months. At 3 months, the mean reduction in topical medications was 0.61 medications and 0.36 at
12 months. A decrease in IOP-lowering medications was also observed in four other retrospective studies of bimatoprost
SR, with reported mean reductions of 0.60 to 1.2 topical medications at 3 months and 0.51 to 1.2 topical medications at
12 months."*'® Although the effect of bimatoprost SR was similar to what has been reported in previous studies soon
after implantation, the effect tapered off more quickly in our study. As mentioned above, baseline IOP and glaucoma
severity were higher in our cohort. Additionally, our study censored data after IOP-lowering procedures. These
differences may partly account for the smaller reduction in topical medications compared to prior reports. Differences
in clinical practice, such as thresholds for reintroducing medications, may also contribute to variability between studies.

In both phakic and pseudophakic eyes, a reduction in the mean number of topical medications was sustained through 18
months. However, pseudophakic eyes required more medications on average with a borderline significant difference (p =0.051).
One possible explanation for this finding is that pseudophakic eyes, which may already have enhanced aqueous outflow
following cataract surgery, may respond less to the implant, leading to additional topical therapy despite similar baseline
TOPs."® There was no significant difference in mean number of topical medications in eyes with and without a history of TM
procedures (p = 0.136). This is similar to what has been reported in a retrospective study by Wonget al, which found that SLT
history did not affect medication burden following implantation.'* These findings suggest that lens status may influence
medication burden following implantation, while TM procedures do not appear to have a significant effect.

Although there was a significant decrease in mean IOP at 24 months, no significant change in IOP was observed at
any earlier time point compared to baseline. This late IOP decrease likely reflects censoring of rescued eyes and
a survivor bias, rather than a late sustained or peak treatment effect. Greater absolute reductions in IOP have been
reported in previous retrospective studies, with decreases between 0.93 to 3.3 mmHg in all eyes between 6 and 12
months, compared to a 0.07 mmHg decrease and 0.38 mmHg increase at 6 and 12 months in this study.'*'® In our study,
IOP was censored after any form of rescue with the goal to remove confounding IOP reduction by eye drops or surgery.
Additionally, in our clinical practice, the bimatoprost SR implant is often used to replace an existing medication. The
goal in these cases is not necessarily further IOP reduction, but rather to reduce eye drop burden while preserving current
IOP. This therapeutic goal may partially explain why our cohort showed minimal changes in mean IOP compared to prior
studies that reported greater reductions.

In both phakic and pseudophakic eyes, no significant difference in IOP was observed overall (p = 0.955), although
pseudophakic eyes trended toward a slightly higher IOP. Similarly, while IOP decreased in eyes with and without
a history of TM procedures, the reduction was smaller in eyes with prior TM procedures (p = 0.042). This suggests that
eyes with prior TM procedures may be less responsive to the bimatoprost SR implant. These findings are different than
those reported by Wong et al, which found no association between SLT history and IOP reduction.'* Potential reasons for
this discrepancy include the shorter follow up time (27.8 weeks) in Wong et al, which may not capture long-term trends.
Additionally, Wong et al did not censor IOP after additional topical medications or surgical intervention, potentially
underestimating differences between the two groups. Finally, combining MIGS and SLT into a single category in our
study may have introduced confounding, and the response may be attributable to prior MIGS rather than SLT. Overall,
the subgroup trends support the idea that patient-specific factors such as prior surgical history may help predict response
to the implant and should be considered in treatment planning.

Safety outcomes in this study were favorable. Five adverse events were reported: transient blurred vision, pain, and
mild irritation (each resolving spontaneously), as well as one case each of disc hemorrhage and macular edema. No
implant removals were required. As follow-up typically occurred more than one week after implantation, transient
adverse effects may have resolved prior to follow-up visits. However, endothelial counts were not routinely performed,
and adverse events were not systematically captured, limiting interpretation of safety. Safety outcomes for the
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bimatoprost SR implant have been favorable in previous studies. The most reported adverse effects are transient and
likely related to the procedure itself.*'*'® In the Phase III study, corneal and inflammatory adverse events were reported
with corneal endothelial cell loss being the most common.'®

This study’s strengths include its real-world applicability, as patients were not preselected, representing everyday
clinical practice. The implant was evaluated in the context of various ocular histories and ongoing treatments. The
inclusion of varied ranges of disease severity, surgical history, and lens status allowed for subgroup analysis. This study
incorporated Kaplan-Meier survival analysis to characterize treatment duration. The use of a linear mixed effects model
was another methodological strength. This model allows analysis of longitudinal IOP and medication use while
accounting for repeat measurements from the same eye and missing data points. Overall, this allowed for a more
accurate estimate of effects over time in a retrospective study such as this.

However, the study also has limitations. These include the lack of a randomized control trial design and the gaps in
data due to its retrospective nature. Without a formal study protocol, follow-up was not standardized, leading to missing
data at certain time points and potential IOP variability between visits. Additionally, bilaterality was not modeled at the
patient level, and power was not formally calculated. Although a linear-mixed effects model was used to account for
repeated measures and variable follow-up, more complex patient-level approaches could be considered in future
analyses. The lack of a control group prevents definitive conclusions about treatment efficacy relative to other interven-
tions. In addition, the absence of a washout period before implant administration makes it difficult to isolate the true
effect of the implant on IOP. Baseline IOP and medication use were likely influenced by concurrent therapies at the time
of implantation, which may confound results of treatment-related changes.

Overall, this study supports the bimatoprost SR implant as a tool for reducing topical medication burden and
improving adherence in appropriately selected patients, particularly in the short to medium term. However, its IOP-
lowering effects appear modest and inconsistent, and freedom from additional treatment declines substantially by 12 to
24 months. These results should be generalized cautiously to similar single-center, real-world settings, and future work
should focus on standardized data collection, patient-level modeling, and formal safety evaluation.

Conclusion

In this retrospective, single-center study the bimatoprost SR implant provided significant reduction in topical medication
burden for 18 months. The implant provided six months of freedom from additional IOP lowering interventions in more
than half of the eyes with an expected decline. A small group continued to be free from additional IOP lowering
intervention for up to 24 months.

Data Sharing Statement
The data set collected and analyzed for this present study is available from the corresponding author per reasonable
request.
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