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Abstract
Glaucoma is one of the leading causes of blindness and its prevalence increases with age. The most common form, primary 
open-angle glaucoma, is a chronic, slowly progressive optic neuropathy characterised by the loss of retinal ganglion cells and 
their axons, leading to irreversible visual field loss. Elevated intraocular pressure (IOP) is the only modifiable risk factor for 
glaucoma. Reducing IOP to a level that is safe for the patient’s eye has been shown to slow disease progression. Lowering 
IOP in open-angle glaucoma is achieved by eye drops, selective laser trabeculoplasty (SLT) and/or surgery. Many patients 
are treated with IOP-lowering eye drops, which require lifelong continuous instillation. However, as with other chronic, 
asymptomatic diseases, adherence to glaucoma treatment is poor for various reasons and is associated with faster disease 
progression. The purpose of this review is to discuss several sustained-release systems that have been investigated to reduce 
IOP over time, to address barriers to adherence and improve quality of life. Among these, non-invasive drug-eluting delivery 
systems such as contact lenses, punctal plugs, and conjunctival ocular inserts have not reached the market. Currently, only two 
intracameral implants have been approved by the Food and Drug Administration for single use due to corneal safety issues. 
The biodegradable bimatoprost implant releases the drug continuously for 4–6 months, and its effect on IOP may extend 
for up to 2 years in 25% of patients. The non-biodegradable intracameral implant releases travoprost for 36 months, when it 
needs to be removed. However, additional data are needed to assess safety following repeated administration, as well as in 
broader patient populations and in combination with other treatment approaches such as SLT. Several other biodegradable 
intracameral implants that release prostaglandin analogues are undergoing clinical trials. In the future, intraocular implants 
containing genetically modified cells that secrete neurotrophic factors may potentially offer an IOP-independent neuropro-
tective strategy, complementing existing IOP-lowering implants in glaucoma management.

Key Points 

In patients with open-angle glaucoma, lowering intraocular 
pressure (IOP) to a safe level (target IOP) for an individual 
eye to preserve visual function can be achieved with IOP-
lowering eye drops, laser trabeculoplasty, or surgery. Many 
patients require lifelong use of eye drops, a regimen often 
perceived as burdensome and affecting quality of life, inde-
pendent of the disease’s severity.

Sustained drug-releasing implants can address the 
challenge of poor adherence, but only two intracam-
eral implants, one releasing bimatoprost and the other 
travoprost, have been approved by the Food and Drug 
Administration for single administration.

Drug-eluting implants may hold promise for the future, 
but more information needs to be provided on their 
safety, cost effectiveness and use in a broader patient 
population.
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1  Introduction

Glaucoma is one of the most common causes of irrevers-
ible blindness worldwide, which can be prevented by timely 
diagnosis and treatment. It is characterised by a progressive 
loss of retinal nerve fibres and the corresponding retinal 
ganglion cells of the optic nerve, which leads to visual field 
loss and, if left untreated, to visual impairment and blind-
ness in some patients. The worldwide prevalence of the most 
common form of primary open-angle glaucoma (POAG) for 
the population over 40 years of age is estimated at 2.2% 
[1] and increases with age [2, 3]. The estimated prevalence 
of POAG depends on ethnicity, being 0.4% in the White 
population and 2.1% in the Black population at the age of 
40 years, increasing to 7.3 and 14.9%, respectively, at the 
age of 85 years [2]. As the proportion of older people in the 
population increases, there will be more patients with glau-
coma who need treatment to prevent the disease from pro-
gressing to visual impairment and affecting their quality of 
life [4]. The asymptomatic progression of the disease to the 
advanced stage of optic nerve damage is the main reason for 
late detection [5, 6]. Treatment of glaucoma focuses on low-
ering intraocular pressure (IOP), which is currently the only 
evidence-based modifiable risk factor [7, 8]. Lowering IOP 
to a level that is safe for the individual patient’s eye (target 
IOP) slows the progression of glaucoma [8, 9]. Setting the 
target IOP at diagnosis depends on the extent of glaucoma 
damage, life expectancy, untreated IOP, and the presence of 
additional risk factors (such as family history or the status 
of the other eye) [10]. In younger patients with advanced 
disease, the target IOP should be set lower [11]. In POAG, it 
is recommended to initiate treatment with eye drops contain-
ing prostaglandin analogues (monotherapy) or selective laser 
trabeculoplasty (SLT) [10, 12]. However, when the target 
IOP cannot be achieved and there is clinically significant 
disease progression that will lead to visual impairment dur-
ing the patient’s lifetime, surgery is required [10]. In early 
to moderate glaucoma, minimally invasive glaucoma sur-
gery, often combined with cataract surgery, can reduce the 
number of eye drops needed for IOP control [13–15]. Eye 
drops lower IOP by increasing aqueous humour outflow and/
or decreasing aqueous production [16]. As glaucoma is a 
chronic disease, patients usually must take their medication 
for the rest of their lives. Reported rates of non-adherence 
to topical glaucoma medication vary widely from 16 to 67% 
due to different methods of determining non-adherence as 
well as the lack of a quantitative standard to measure adher-
ence to glaucoma medication [17]. Adherence over a longer 
period is even lower. In Taiwan, for example, only a quarter 
of patients with newly diagnosed glaucoma continued their 
glaucoma medication after 2 years of follow-up [18], while 

in another study, only 15% with newly diagnosed glaucoma 
showed sustained good adherence over 4 years of follow-
up [19]. A recent study, however, demonstrated that good 
adherence during the first year is predictive of sustained 
long-term adherence, enabling the identification and strati-
fication of patients at risk for poor adherence [20]. The main 
barriers associated with non-adherence to treatment include 
forgetfulness, low self-efficacy, difficulties with instillation 
of drops and treatment schedule, medication side effects, 
lack of motivation and poor education [19, 21]. It is known 
that poorer adherence to glaucoma treatment leads to higher 
IOP, greater fluctuations in IOP and consequently progres-
sion of glaucoma [22–24]. In the longitudinal Collaborative 
Initial Glaucoma Treatment Study, patients who reported 
missing more doses of medication at visits showed faster 
visual field progression over 7.3 years [25].

To improve treatment adherence, several strategies have 
been used to target various barriers [26]. These include 
education and awareness of the disease, reminders, various 
drug delivery systems, reducing the side effects of topical 
medications by prescribing well-tolerated preservative-free 
eye drops, performing SLT, minimally invasive glaucoma 
surgery in combination with cataract surgery to reduce the 
number of eye drops, and implants that reduce IOP in the 
long term and do not depend on the patient’s adherence to 
medication [27].

This narrative review focuses on the various systems for 
sustained IOP reduction, including intracameral implants, 
contact lenses, punctal plugs and ocular inserts. Intraocu-
lar implants targeting retinal ganglion cell neuroprotection 
appear to be a promising approach for the future. We con-
ducted a literature search using the PubMed database. The 
following search terms were used: ‘drug delivery systems’ 
AND ‘glaucoma treatment’, ‘adherence’ AND ‘glaucoma’, 
and ‘intraocular implants’ AND ‘glaucoma’. We included 
articles in English published before July 2025, including 
clinical trials in humans, editorials, reviews, systematic 
reviews, and meta-analyses. After retrieving relevant articles 
using these keywords, we reviewed the reference lists of the 
selected studies and identified additional papers.

2 � Sustained Drug Delivery Systems 
Reducing Intraocular Pressure

2.1 � Intracameral Implants

Sustained release drug delivery reduces the burden of adher-
ence to medication, increases delivery to target tissues of 
the trabecular meshwork and ciliary body with fewer 
potential side effects on the ocular surface. Different plat-
forms, biodegradable or non-biodegradable, can be used to 
allow controlled release of the drug. Currently, only two 
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sustained-release intracameral implants are available for sin-
gle administration, while many intracameral implants are 
still in various stages of clinical trials.

2.1.1 � Bimatoprost Sustained‑Release Intracameral Implant 
(Durysta; Allergan, an AbbVie company, North 
Chicago, IL, USA)

The bimatoprost sustained-release (BmSR) intracameral 
implant is a biodegradable implant containing bimatoprost 
10 μg which is released continuously over 4–6 months. In 
March 2020, the BmSR implant was the first Food and Drug 
Administration (FDA)-approved intracameral implant to 
reduce IOP for the treatment of open-angle glaucoma and 
ocular hypertension [28]. It is a rod-shaped implant with a 
diameter of approximately 200 μm and a length of 1.1 mm 
that delivers medication using the Novadur® drug deliv-
ery system, which contains a polymer matrix of poly-d,l-
containing lactide-co-glycolide that degrades to lactic acid 
and glycolic acid [29]. This platform has been used since 
2009 for the slow release of dexamethasone for the treatment 
of macular oedema in other eye diseases. The implant is 
injected with a sterile single-use 28-gauge applicator under 
aseptic conditions at the slit lamp or in the operating theatre. 
The most frequently reported adverse event was conjunc-
tival hyperaemia related to the procedure. The treatment 
is approved for single administration only, due to the risk 
of corneal endothelial cell loss with repeated administra-
tion [30]. The BmSR implant has not been approved by the 
European Medicines Agency (EMA). AbbVie withdrew 
the application for marketing authorisation of Durysta in 
September 2024 because the major objections raised by the 
EMA could not be resolved within the available time frame 
[31]. In particular, the EMA considered the safety profile 
of Durysta unacceptable due to the increased occurrence of 
irreversible corneal endothelial cell loss and poor biodeg-
radation of the implant, which was still visible 24 months 
post-implantation in a large proportion of patients [32].

Bimatoprost is a prostaglandin analogue and prostamide 
that, when administered topically, lowers IOP by increasing 
the outflow of aqueous humour through both the trabecu-
lar meshwork and the uveoscleral pathway [33]. In clinical 
trials, BmSR implant with a dosage of 10 μg showed best 
efficacy and safety profiles with mean IOP reduction from 
baseline ranging from 7.4 to 9.7 mmHg, which was non-
inferior to timolol twice daily [30, 34]. The in-vitro study 
showed complete drug release within 90 days, and drug con-
centrations were below the detection limit (<0.05 ng/ml) in 
the aqueous humour samples from two patients taken 3–4 
months after the last implant administration [30]. Interest-
ingly, in phase I/II clinical trials (ClinicalTrials.gov identi-
fier: NCT01157364), the IOP-lowering effect of the BmSR 
implant persisted in 28% of patients for up to 2 years after 

a single administration [35]. Such a prolonged response in 
some patients may be due to the variability of matrix metal-
loproteinase upregulation stimulated by bimatoprost at high 
concentrations, which promotes sustained outflow tissue 
remodelling and long-term pressure reduction beyond the 
bioavailability of the drug [36].

Real-world retrospective studies in small patient groups 
showed a reduction in medication burden, effective IOP 
reduction and an adequate safety profile in a broader patient 
population, including patients with previous glaucoma sur-
gery, different types of glaucoma and certain populations not 
included in the clinical trials [37–40]. The BmSR implant 
was statistically and clinically non-inferior to SLT in lower-
ing intraocular pressure over 24 months [41].

2.1.2 � Travoprost Intracameral Implant (iDose® TR; Glaukos 
Corporation, Aliso Viejo, California, USA)

Travoprost 75  μm slow-eluting intracameral implant 
received FDA approval for single administration in Decem-
ber 2023 [42]. The implant is made of titanium, has a length 
of 1.84 mm and an outer diameter of 0.49 mm and slowly 
releases travoprost through a thin membrane over 36 months 
[43]. The implant is preloaded in a disposable inserter, 
which the surgeon advances across the anterior chamber to 
anchor the implant through the trabecular meshwork in the 
scleral wall [44]. When the drug reservoir is depleted, it 
needs to be removed.

Travoprost is a prostaglandin analogue that binds strongly 
to the prostaglandin receptors F2α and, when administered 
topically, lowers IOP by increasing the outflow of aque-
ous humour through the uveoscleral and trabecular mesh-
work pathways [33]. Travoprost, administered once daily, 
effectively lowers intraocular pressure in the range of 
6.6–9.0 mmHg in most studies [45].

The long-term efficacy and safety of the slow-eluting 
(SE) and fast-eluting (FE) travoprost implants showed an 
effective reduction in IOP over 36 months after a single 
administration, comparable to twice-daily administration 
of timolol with a favourable safety profile [43]. At 12, 24 
and 36 months, a greater proportion of patients with travo-
prost implants were well controlled compared with timolol 
patients on the same or fewer IOP-lowering drugs [43].

In a clinical phase III study (NCT03519386), the SE 
travoprost implant (iDose® TR) achieved a significant and 
clinically relevant reduction in IOP that was not inferior to 
twice-daily timolol [46]. In this study, of the patients tak-
ing glaucoma medications at the time of the study, 83.5% 
of patients in the SE travoprost implant group versus only 
23.9% of patients in the timolol group were well controlled 
at month 12 [46]. A pooled analysis of two phase III studies 
(NCT03519386; NCT03868124) evaluating the safety and 
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efficacy of SE and FE travoprost implants (a total of 1150 
subjects treated with FE implant [385 patients], SE implants 
[380 patients] and sham/timolol [385 patients]) showed 
statistical non-inferiority to timolol and clinically relevant 
reductions at month 12, with more patients completely free 
of topical medication in the implants groups versus sham/
timolol group [47]. Adverse events were mostly mild and 
transient and related to the administration procedure, includ-
ing iritis (5%) and ocular hyperaemia (2%), while serious 
adverse events included two increased intraocular pressures, 
one retinal detachment and one endophthalmitis in four 
patients [43, 48]. In addition, the travoprost implant pro-
duced a greater reduction in IOP than topical prostaglandin 
analogue monotherapy in subjects prior to the study, pre-
sumably due to better adherence of patients with an implant 
[49].

In a retrospective study of consecutive patients with 
glaucoma, travoprost implant (iDose® TR) was used in 65 
pseudophakic eyes, of which 54 eyes, the majority (74%), 
had mild glaucoma [44]. Three months after surgery, the 
mean IOP had been reduced by 33.2%, with a significant 
increase in the proportion of patients achieving lower IOP 
thresholds. There were no intraoperative complications, one 
eye had mild iritis, which resolved after topical corticos-
teroid therapy [44]. Recently, the intracameral travoprost 
implant, administered in conjunction with cataract surgery, 
was shown to be safe and achieved an average intraocular 
pressure (IOP) reduction of 10.6 mmHg at 3 months post-
operatively [50].

2.1.3 � Other Intracameral Implants in Clinical Trials

ENV515 (Envisia Therapeutics, Durham, NC, USA) is a 
biodegradable nanotechnology polymer drug delivery sys-
tem that uses particle replication in a non-wetting tech-
nology and enables extended release of travoprost over 6 
months. The polymer is printed, filled with travoprost and 
injected into the anterior chamber. In the open-label phase 
IIa study (NCT02371746), IOP was reduced by 6.7 mmHg 
(28%) on day 25 in one group, which was comparable to 
once-daily administration of travoprost ophthalmic solu-
tion 0.004% (Alcon) in the fellow eye. The 3-month interim 
results showed that the implant was well tolerated, and no 
serious adverse events occurred. The low-dose form of 
ENV5151 was planned for a 12-month safety and efficacy 
study (NCT02371746) [51]. The results have not yet been 
reported.

The travoprost implant OTX-TIC (Paxtrava™, Ocular 
Therapeutix, Bedford, MA, USA) is a biodegradable implant 
using travoprost (26 μg)-loaded microparticles embedded 
in hydrogel. The implant is administered into the anterior 
chamber of the eye with a 26-gauge needle and is released 
over 6 months. In a phase II study (NCT05335122), the 

intracameral Travoprost OTX-TIC implant achieved a simi-
lar reduction in IOP (24–30% from baseline) as the bimato-
prost implant (Durysta) over 6 months. The reported adverse 
events were of low severity and mostly related to the injec-
tion procedure [52].

PA5108 Latanoprost free acid sustained-release ocular 
implant (Polyactiva, Melbourne, Australia) is a biodegrad-
able implant that is inserted into the anterior chamber with 
a 27-gauge needle and releases latanoprost over 6 months. 
A phase II study is comparing the efficacy and safety of low 
and high dose ocular implants with latanoprost drops in the 
fellow eye over 53 weeks (NCT06964191).

2.2 � Other Sustained Drug Delivery Systems

2.2.1 � Punctal Plugs

Punctal plugs are made of polymeric material and can vary 
in shape and structural features, such as the core (polymer 
matrix or drug matrix that is permeable to tear fluid), the cap 
(semi-permeable or impermeable membrane with pores), the 
body (impermeable to drugs and tear fluid) and the nose 
(aid for inserting the plug). They are inserted into one or 
both puncta of each eye [53]. An important limitation of the 
punctal plug delivery systems is that they can only deliver 
low doses of the potent drugs typically required, such as 
prostaglandins [53].

The Latanoprost Punctal Plug Delivery System (Mati 
Therapeutics, Austin, Tx, USA) consists of a core of latano-
prost polymer matrix surrounded by non-biodegradable sili-
cone. In a phase II study (NCT01229982), the plugs were 
inserted into the upper and lower puncta of 95 subjects, with 
a combined latanoprost dose of 141 μg. After 4 weeks, mean 
IOP had statistically decreased by 5.7 mmHg from baseline, 
with 60% of subjects achieving a reduction of 5 mmHg or 
more. The most commonly reported adverse events were 
lacrimation and mild discomfort associated with the punctal 
plugs [54].

The travoprost punctal plug (OTX-TP, Ocular Therapeutix, 
Inc. Bedford, MA, USA) consists of travoprost encapsulated in 
polylactic acid microparticles suspended in a resorbable poly-
ethylene glycol hydrogel rod. After insertion, the hydrogel rod 
swells and gradually releases travoprost from the inner micro-
sphere matrix over a period of 90 days. The reduction in IOP 
was less than in the timolol eye drop group. The retention rate 
decreased to 42% by month 1. Side effects reported included 
discomfort, lacrimation and canaliculitis. There are no ongoing 
clinical trials with travoprost punctal plugs [55, 56].
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2.2.2 � Ocular Inserts

The ocular inserts are shaped to fit into the conjunctival 
fornix and allow the drug to be released over a prolonged 
period. They are not available on the market.

Pilocarpine ocular insert (Ocusert, Alza Corp., Palo Alto, 
California, USA), introduced in the early 1970s, was the 
first pilocarpine delivery system that was inserted into the 
conjunctival fornix once weekly and produced a comparable 
reduction in intraocular pressure to pilocarpine eye drops 
[57]. It was withdrawn from the market in 1993, although it 
was well tolerated by the eyes.

Bimatoprost sustained ocular insert (AbbVie; Allergan) 
consists of an inner polypropylene ring with a preservative-
free silicone matrix impregnated with bimatoprost 13 mg.

The ring is inserted into the fornices and is designed to 
remain in place for 6 months. In the 6-month phase II study 
(NCT01915940), the bimatoprost ring achieved a mean 
reduction in IOP from −3.2 to −6.4 mmHg with a good 
primary retention rate of the insert in 88.5% of patients 
over 6 months [58]. In the 13-month open-label extension 
study (NCT02143843), the bimatoprost ring was safe and 
well tolerated and remained in place in 95% of patients 
during the 13-month extension period. The most common 
adverse events were bimatoprost-related and of low sever-
ity and included conjunctival hyperaemia, ocular discharge, 
punctate keratitis, lacrimation, foreign body sensation and 
discomfort [59].

2.2.3 � Contact Lenses

The medication released by the contact lens into the tear film 
is retained in front of the cornea, which increases the resi-
dence time compared with eye drops from about 2 minutes 
to 30 minutes [60]. This longer retention time can lead to a 
higher bioavailability of the medication. Although research 
has been ongoing for many years, there are currently no 
approved products utilising this delivery system [61].

Contact lens-based delivery systems can incorporate the 
drug into the lens in a variety of configurations, including 
coating or embedding a drug-polymer film into the con-
tact lens, molecular imprinting the drug into a polymeric 
hydrogel, surface adsorption of nano-carriers or drugs in 
the contact lens with hydrogel, dispersion of nanoparti-
cles, liposomes or emulsions in the hydrogel of the contact 
lens, dispersion of surfactant-drug complexes in the lens, 
and adsorption of the drug to preformed contact lens mate-
rial by soaking [62]. Contact lenses loaded with timolol, 
brimonidine and latanoprost with a drug release of up to 1 
month have been investigated [63]. The main challenge is 
still to achieve prolonged drug release from contact lenses. 
Superficial impregnation of contact lenses with medication 
and the incorporation of vitamin E as a diffusion barrier 

as well as drug-loaded liposomes and micelles could also 
be an alternative to prolong drug release. Further research 
is needed to determine the efficacy, safety and comfort of 
contact lenses [53].

2.2.4 � Subconjunctival Drug Delivery

The latanoprost implant (Eye-D VS-101 insert; BioLight 
Life Sciences, Israel), is designed to release latanoprost over 
12 months. In the phase I/IIa clinical trial (NCT02129673), 
the latanoprost implant was inserted into the subconjunc-
tival space through an in-office surgical procedure. Eye-D 
Latanoprost Insert produced a 24% reduction in mean daily 
IOP from baseline over 24 weeks and had a favourable safety 
profile [64]. No further results are available.

Biodegradable nanoparticles and liposomes for prolonged 
drug release (latanoprost, brimonidine, timolol) are being 
investigated. Subconjunctival application of liposomal latan-
oprost reduced IOP over 3 months (NCT01987323) [56, 65].

2.2.5 � Intraocular Lens Implant Delivery (Spyglass System)

The SpyGlass System (SpyGlass Pharma, Aliso Viejo, 
California, USA) is an innovative device developed for use 
in cataract extraction and intraocular lens implantation. 
Drug-releasing pads are attached to the optic-haptic junc-
tion of a hydrophobic single-piece intraocular lens [66]. 
The intraocular lens together with the drug-eluting pads is 
inserted into the capsular bag through a standard 2.4-mm 
corneal incision. The drug-eluting pads are positioned out-
side the visual axis and slowly release medication for up 
to 3 years. A study of 23 patients with glaucoma or ocular 
hypertension who received the SpyGlass intraocular lens 
(IOL)-based drug delivery platform with bimatoprost during 
cataract surgery showed an average 45% reduction in IOP 
from baseline at the 9-month follow-up, with 100% of eyes 
maintaining an IOP of ≤18 mmHg and experiencing more 
than a 20% IOP reduction from baseline. All eyes remained 
free of additional IOP-lowering medications throughout the 
study period. Adverse events were rare and mild and were 
not related to the investigational product [67]. A phase I/
II study (NCT06120842) in the United States is planned 
to further evaluate efficacy and safety in a larger cohort of 
patients.

3 � Advantages and Limitations of Implants 
and Drug Delivery Systems

Drug delivery systems reduce the need for daily instilla-
tion of eye drops and the burden of adherence. In a semi-
structured interview about glaucoma treatment, expectations 
of treatment, the impact on their lives and daily activities, 



158	 B. Cvenkel, M. Kolko 

glaucoma patients expressed that glaucoma treatment is a 
burden that is different from the burden of the disease pro-
cess itself, and that this burden affects their quality of life 
[68]. For patients with varying degrees of glaucoma severity, 
the outcomes of both the disease and its treatment are impor-
tant [69]. Questionnaires were recently used to investigate 
awareness and acceptance of ocular drug delivery devices 
in 102 glaucoma patients [70]. The survey found that these 
devices would potentially be widely accepted and favoured 
by glaucoma patients over eye drops, particularly in patients 
severely affected by their disease. Contact lenses, punctal 
plugs and drug-eluting stents appear to be favoured over 
anterior chamber injections or subconjunctival implants. 
The most important factors in the decision to use an ocular 
delivery device were efficacy and long-lasting effect.

Intraocular implants that deliver drug directly to target 
tissues can reduce side effects. For instance, intracameral 
prostaglandin implants have been associated with only 
mild adverse effects, primarily related to the administration 
procedure itself. Notably, common side effects seen with 
prostaglandin eye drops, such as iris hyperpigmentation and 
eyelash growth, were not observed in patients treated with 
the bimatoprost implant [35, 71].

Glaucoma is a chronic disease and usually requires life-
long treatment. Currently, the two available intracameral 
implants are only approved by the FDA for single use due 
to safety issues. The travoprost implant is not degradable, 
and if the drug is depleted, the implant must be removed and 
re-administered. The average amount of travoprost remain-
ing in explanted travoprost implants (iDose TR) was 79% at 
3 months, 70% at 6 months, 50% at 12 months, 39% at 15 
months, 35% at 18 months, 28% at 21 months and 16% at 
24 months, demonstrating the potential for effective drug 
delivery beyond 2 years [72].

The biodegradation of the bimatoprost implant can vary 
from patient to patient, and over time, when the drug is 
released, the implant is still present and continues to degrade 
[73]. None of the studies looked at the optimal time to 
administer a second bimatoprost implant after the effects of 
the first implant have worn off. More real-world data with a 
broader patient population (different types and severities of 
glaucoma, after glaucoma surgery, in combination with other 
IOP-lowering therapies such as SLT or minimally invasive 
glaucoma surgery) with longer follow-up are needed to gain 
insights into the safety and efficacy of the implant [37].

Intraocular injections are an invasive procedure that car-
ries the risk of endophthalmitis and potentially the risk of 
hypersensitivity reactions. Finally, there are no cost-effec-
tiveness studies comparing the implants with conventional 
therapies in the long-term treatment of glaucoma [37].

4 � Future Horizon/Neuroprotection 
and Neuroenhancement

All current medical and surgical treatments are aimed at 
reducing IOP. In many patients, the disease progresses 
despite apparently controlled IOP. Therefore, strategies that 
target the neurodegenerative process itself by improving the 
survival, resilience and regeneration of retinal ganglion cells 
are an important treatment goal.

Ciliary neurotrophic factor (CNTF) is a protein that 
belongs to the interleukin (IL)-6 family of cytokines and 
plays an important role in the survival, growth and regen-
eration of neurons and their axons [74]. In animal models, 
continuous delivery of CNTF has a protective effect on 
retinal neurons, slowing the progression of photorecep-
tor degeneration and preserving retinal function [75–77]. 
Long-term retinal neuroprotection has been documented 
using encapsulated cells genetically engineered to produce 
a stable source of CNTF. Recently, this CNTF-secreted 
encapsulated cell technology (ECT) NT-501 (ENCELTO, 
Neurotech Pharmaceuticals, Inc. Cumberland, Rhode Island, 
USA) has received FDA approval for the treatment of macu-
lar telangiectasia type 2 [78]. The device measures 1 mm in 
diameter and 6 mm in length. It consists of an inner matrix 
framework and an outer semi-permeable membrane with a 
titanium anchor at one end. Each implant contains approxi-
mately 200,000 encapsulated cells from human retinal pig-
ment epithelium that have been genetically engineered to 
secrete human CNTF at a high dose of 20 ng per day [79]. 
The implant is inserted into the eye through the pars plana 
3.75 mm behind the limbus in the inferotemporal quadrant 
and secured with a 9-0 prolene suture. The safety and effi-
cacy of the NT-501 CNTF implant was evaluated in a phase 
I clinical trial (NCT01408472) in 11 patients with primary 
open-angle glaucoma who were followed for 18 months [79]. 
The implant was placed in one eye of each patient and the 
other eye served as a control eye. The implant was safe, 
adverse events were related to the insertion of the implant 
and had completely resolved 12 weeks after the procedure. 
The eyes with the implant showed an improvement in both 
structural (retinal nerve fibre layer thickness measured by 
optical coherence tomography and scanning laser polarim-
etry with variable corneal compensation) and functional 
parameters (visual acuity, contrast sensitivity, visual field) 
compared with the other control eyes [79]. A randomised, 
sham-controlled, masked, phase II clinical trial with a sin-
gle or second implantation after 12 months is underway 
(NCT02862938, NCT04577300). Table 1 lists sustained 
drug delivery systems, focused on lowering IOP and pro-
viding neuroprotection or neuroregeneration, which are at 
various stages of clinical development.
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5 � Conclusions

Adherence to glaucoma medication is a burden for patients 
that affects their daily activities and quality of life, regardless 
of the severity of the disease itself. Reducing the burden of 
correct and long-term regular instillation of eye drops by 
introducing effective, sustainable and safe delivery systems 
would be of great benefit to both patients and clinicians. 

Although patients prefer non-invasive drug delivery systems, 
such as contact lenses, these are not available for the treat-
ment of glaucoma. Implants that release prostaglandin ana-
logues in a controlled manner over longer periods of time are 
currently more promising. However, there are safety issues 
with repeated injections or removal of the non-degradable 
implants when the drug is released. In many glaucoma 
patients, particularly those with advanced glaucoma, several 

Table 1   Sustained drug delivery systems approved and at various developmental stages for the treatment of glaucoma

CNTF ciliary neurotrophic factor, FDA Food and Drug Administration, IOL intraocular lens, RPE retinal pigment epithelium

Delivery system Product name Developer Active agent Route of adminis-
tration

Duration of action Development stage

Reducing intraocular pressure
Intracameral 

implants
Durysta Allergan, North 

Chicago, IL, USA
Bimatoprost Biodegrad-

able intracameral 
implant

4–6 months FDA approved

iDose TR Glaukos, Aliso 
Viejo, CA, USA

Travoprost Non-degradable 
implant

Up to 36 months FDA approved

ENV515 Envisia Therapeu-
tics, Durham, NC, 
USA

Travoprost Biodegrad-
able intracameral 
implant

4–6 months Phase III 
NCT02371746

Paxtrava Ocular Therapeutix, 
Bedford, MA, 
USA

Travoprost Biodegrad-
able intracameral 
implant

6 months Phase II 
NCT05335122

PA5108 Polyactiva, Mel-
bourne, Australia

Latanoprost Biodegrad-
able intracameral 
implant

6 months Phase II 
NCT06964191

Punctal plugs Evolute Mati Therapeutics, 
Austin, TX, USA

Latanoprost Punctum 1 month or longer Phase II completed 
NCT03318146

OTX-TP—develop-
ment discontinued

Ocular Therapeutix 
Inc., Bedford, 
MA, USA

Travoprost Punctum Up to 3 months Phase III
NCT02914509; 

NCT01845038
External ocular 

inserts
Bimatoprost ocular 

ring
Allergan, North 

Chicago, IL, USA
Bimatoprost Nondegradable 

ring inserted into 
the conjunctival 
fornices

Up to 6 months Phase II
NCT01915940
NCT02143843

Contact lenses Various developers Timolol
Latanoprost
Brimonidine

Ocular surface 1 month Preclinical

Subconjunctival 
injection

Eye-D VS-101 BioLight Life Sci-
ences, Israel

Latanoprost Subconjunctival 
insert

Up to 12 months Phase I/IIa
NCT02129673

Liposomal latano-
prost

Singapore Eye 
Research Institute

Latanoprost Subconjunctival 
injection of lipo-
somal latanoprost

Up to 3 months Phase I
Phase II
NCT01987323

Intraocular lens 
implant

SpyGlass System SpyGlass Pharma, 
Aliso Viejo, CA, 
USA

Bimatoprost IOL pads eluting 
bimatoprost

Up to 3 years Phase I/II
NCT06120842

Neuroprotection/neuroregeneration
Intraocular 

implant—encap-
sulated cell 
technology

ENCELTO Neurotech Phar-
maceuticals, Inc., 
Cumberland, RI, 
USA

CNTF Nondegradable 
implant inserted 
and sutured 
behind the 
limbus, geneti-
cally modified 
RPE cells secrete 
CNTF

Neuroprotection 
and neuroregen-
eration of retinal 
ganglion cells

Phase II
NCT02862938
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classes of medication are required to reduce IOP to a safe 
level and prevent disease progression. In these patients, an 
implant that releases only one class of medication cannot 
be expected to achieve the target IOP without additional 
therapy.
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