1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Ther Deliv. Author manuscript; available in PMC 2021 October 15.

-, HHS Public Access
«

Published in final edited form as:
Ther Deliv. 2014 October ; 5(10): 1077-1083. doi:10.4155/tde.14.76.

Clinicians’ perspectives on the use of drug-eluting contact
lenses for the treatment of glaucoma

Elise V Taniguchil, Patricia Kalout!, Louis R Pasqualel, Daniel S Kohane?, Joseph B
Ciolino*1:2

1Department of Ophthalmology, Massachusetts Eye & Ear Infirmary, Harvard Medical School,
Boston, MA, USA

’Laboratory for Biomaterials & Drug Delivery, Department of Anesthesiology, Division of Critical
Care Medicine, Children’s Hospital, Harvard Medical School, Boston, MA, USA

Abstract

Glaucoma is the leading cause of irreversible blindness worldwide. The perspective of clinicians
who treat the disease is important and may ultimately dictate the adoption of new treatment
modalities, such as drug-eluting contact lenses. Recent advances have enabled contact lenses to
serve as a sustained-release drug-delivery platform capable of treating glaucoma. This review
covers the medical treatment of glaucoma, suboptimal adherence rates to treatment, and factors
that may influence the clinical applicability of drug-eluting contact lenses. Ophthalmologists who
treat glaucoma were surveyed to determine their perspective on treatment adherence, bandage
contact lens use and the use of a drug-eluting contact lens to treat glaucoma. Given the challenge
of treating glaucoma and the clinical need for improved drug delivery, drug-eluting contact lenses
appear to be a promising treatment option.

Glaucoma is the leading cause of irreversible blindness worldwide, affecting over 60 million
people [1]. Glaucoma is a group of progressive optic neuropathies characterized by slow
progressive degeneration of retinal ganglion cells, resulting in a distinct appearance of the
optic disc and a concomitant pattern of visual field loss. Although the pathogenesis of the
disease is not fully understood, intraocular pressure (IOP) is still recognized as a major risk
factor for glaucoma [2]. It is well established that lowering IOP slows the progression of
glaucomatous optic neuropathy [3] and consistency in lowering the IOP has been reported to
minimize the risk of progressive visual field loss [4].

Glaucoma therapy & adherence

Topical medications, or eye drops, are the mainstay of medical glaucoma therapy, which
primarily aims to lower 10P. Unfortunately, eye drops are an inefficient delivery system
and the eye absorbs only 1-7% of the medication in solution [5]. The remaining solution
washes down the nasolacrimal duct, is absorbed by periocular tissues or spills onto the
cheek. The excess solution contributes to side effects, such as symptomatic ocular surface
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toxicity, conjunctiva hyperemia, hyperpigmentation of the periocular skin and periocular fat
atrophy [6-8].

Adherence with glaucoma eye drops is suboptimal. The Travatan Dosing Aid Study [9]
reported that 44% of the participants took less than 75% of intended doses, despite the fact
that they knew they were using a bottle equipped with an electronic monitoring device.
Similarly, a study using pharmacy records demonstrated that 24% of patients admitted

to omitting eye drops either occasionally or frequently and 51% were found to have

had insufficient drops dispensed to comply with treatment as prescribed [10]. Overall,
persistence rates have been found to be less than 50% after 1 year of starting treatment
(Figure 1) [11].

There are many factors that likely affect the poor adherence. From the patients’ perspective,
the disincentives associated with the use of glaucoma drops may outweigh the incentives for
adherence. Eye drops frequently sting, burn and cause a transient blurring of vision upon
application [12]. Dosing regimens can become complex, costly, and taxing when more than
one medication is prescribed. Since glaucoma initially has a protracted asymptomatic phase
when patients are unaware of their visual dysfunction [1], patients lack an organic form of
positive feedback that motivates adherence [13,14].

Adherence with topical therapy is also dependent on proper drop administration. Glaucoma
is typically associated with advanced age and patients often have low visual acuity and

other physical limitations, such as poor manual dexterity due to rheumatoid disease [15].
Reduced skill in eye drop instillation may lead to underdosing or overdosing, which can lead
to increased local side effects. Overdosing can also lead to a treatment gap since using more
than one drop at a time can lead to a more rapid use of fluid in the bottle, which is typically
dispensed monthly with limited volume. Only 21% of glaucoma patients properly instill
their eye drops [16] and 29% miss their eye drops entirely [17]. When considering all these
factors, it is not surprising that 38% of glaucoma patients have someone else administering
their medication [18].

Unfortunately, physician estimation of patients’ adherence is an inaccurate reflection of
true behavior [9], and nonadherence could be misinterpreted as nonefficacy of medication.
This obstacle is exacerbated by ‘white-coat’ adherence, or patients who take their drops
only during the week prior to eye exams [11]. Electronic monitoring devices show that
patient adherence is significantly higher (p < 0.0001) the day prior to their eye exam [19].
In these instances, IOP may be temporarily controlled in the doctor’s office, but evidence
of glaucoma progression may result in additional medications and/or surgical procedures.
Therefore, a major unmet need in glaucoma treatment is a method of drug delivery that
improves patient adherence and simplifies the treatment decision process for practitioners
[1,20].

Sustained drug delivery for glaucoma treatment

The idea of sustained-release drug delivery for the treatment of glaucoma dates back over
four decades [21], and studies have demonstrated the applicability of innovative sustained-
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release drug-delivery systems, such as fornix inserts, punctal plugs (tear duct plugs) and
contact lenses.

Using a polymeric membrane system, Ocusert (Alza Corporation, CA, USA) was a device
introduced in 1975 and was inserted in the inferior fornix — also known as the inferior
ocular cul-de-sac — which is positioned between the lower lid and the eyeball. The Ocusert
released a therapeutic amount of pilocarpine for 7 days, but was never widely adapted
despite the fact that manual dosing may require application four times per day. Its limited
use has been attributed to factors such as discomfort, awareness of device movement and
lack of device retention. With the introduction of newer classes of glaucoma medications,
the use of the device decreased considerably [22]. Analogous to the Ocusert, other fornix-
based inserts have been used for glaucoma drug delivery. A fornix insert formed from
chitosan, a natural biodegradable polymer, was loaded with bimatoprost and released the
drug in a sustained manner for over a month. Over the same duration, it demonstrated the
ability to lower 10P in glaucomatous eyes of rats [23]. Another fornix insert composed of
a nondegradable polyhydroxyl ethyl methacrylate matrix incorporated with timolol-based
nanoparticles demonstrated /7 vitro release for over a month [24].

Punctal plugs are conventionally used to block the drainage of tears for the treatment

of aqueous deficient dry eye disease, but have also been used experimentally to deliver
glaucoma drugs, such as latanoprost [25] and timolol [26]. Research on the efficacy of
punctal plug delivery systems has advanced to human studies that were initiated as early as
2008. To date, results from these studies have not been reported within the peer-reviewed
scientific literature.

Drug-eluting contact lenses

The concept of drug-eluting contact lenses dates back to the 1960s [27]; however, sustained
and controlled delivery has historically been a significant challenge [28]. Drug-eluting
contact lenses could improve patient adherence by providing a simplified monthly treatment
regimen; reducing side effects related to drop overflow and preservatives; and by serving
as a treatment reminder through the ability to correct refractive errors, which are present in
the majority of glaucoma patients [29]. Sustained-release drug-eluting contact lenses may
be especially attractive for the 38% of glaucoma patients who require assistance placing
their eye drops [18]. Similar to drops, drug-eluting contact lenses could be inserted by
family members or caregivers who are not health care providers; this differentiates drug-
eluting contact lenses from other proposed sustained-release technologies, such as punctal
plugs or intraocular implants. Moreover, advances in contact lens technology, such as the
introduction of silicone hydrogels, has enabled 30-day continuous wear and this feature
may be particularly important when designing a contact lens intended for prolonged and
sustained drug release.

Commercial contact lenses can be used to absorb and release medications, but the release
rate is rapid and little drug is eluted after the first several hours [27,30]. To extend the
duration of drug release, novel contact lens designs have been developed. For example,
molecularly-imprinted cavities, nanoparticles, microparticles, drug—polymer films, vitamin
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E barriers, liposomes, b-cyclodextrins and ionic polymers have been incorporated into
contact lenses and have demonstrated varying drug release profiles within /n vitro studies
[28,30-33]. While there are relatively few in vivo studies showing sustained drug release
from contact lenses [34-37], the studies that have been published explored the use of
contact lenses for the delivery of glaucoma agents. In the eyes of rabbits, single latanoprost-
eluting contact lenses maintained, for 1 month, intraocular drug concentrations that were
comparable to those achieved by the daily application of topical latanoprost solution [34]. In
the eyes of glaucomatous beagles, timolol has been released from contact lenses loaded with
nanoparticles [35] or vitamin E [30,36,37].

Clearly, safety and efficacy will need to be demonstrated in human studies before drug-
eluting contact lenses are available for patient use. However, the long-term success of
drug-eluting contact lenses may ultimately be determined by practitioners and their adoption
of the technology as treatment for ophthalmic diseases.

Practitioners’ thoughts on drug-eluting contact lenses to treat glaucoma

A study published in 2004 found that 93% of eye care practitioners would be interested in
using a contact lens to deliver therapeutics if such a device was available [38]. While the
study found that providers were enthusiastic about the concept of contact lens drug delivery,
it did not explore the practitioners’ views on using contact lenses to treat specific ocular
conditions, such as glaucoma. Another unanswered question was whether practitioners

who treat glaucoma also use contact lenses, such as bandage contact lenses, which are
typically used for therapeutic purposes and lack the ability for refractive correction. This

is an important question since eye care providers may be more likely to adapt to a new
drug-delivery technology if it involves using a device that is already part of their practice
pattern. Since researchers have explored the possibility of using drug-eluting contact lenses
to treat glaucoma [30], a survey was developed to answer these questions and others related
to providers’ perspective on glaucoma adherence, bandage contact lens use, and the potential
use of a drug-eluting contact lens to treat glaucoma.

A voluntary one-page survey (Table 1) was distributed to ophthalmologists who stated that
they treat glaucoma, during glaucoma symposiums at the 2014 American Society of Cataract
and Refractive Surgery (ASCRS) meeting. Questions concerned practitioners’ perspectives
on glaucoma adherence, bandage contact lens use and the use of a drug-eluting contact lens
to treat glaucoma. In total, 100 of the surveys were completed, the results were evaluated
and a Chi-square test was carried out to compare the answers from glaucoma surgeons and
nonsurgeons.

Most of the respondents reported that they perform glaucoma filtration surgery, which
suggests that they treat advanced forms of glaucoma that have failed medical therapy. Not
surprisingly, the survey results indicate that the eye care providers believe glaucoma therapy
can be improved through better patient adherence to the prescribed treatment regimen. When
asked about the use of bandage contact lenses, the vast majority of practitioners responded
that they use the devices in their practice and that the lenses are worn overnight. While most
conventional contact lenses are worn instead of glasses to correct refractive errors, bandage
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contact lenses are typically used to promote cornea healing [39] or as an adjunctive therapy
following glaucoma filtration surgery [40]. The results of the survey indicate that contact
lenses are already part of the clinical practice of ophthalmologists who treat glaucoma and
that the lenses are well tolerated by their patients.

If a sustained-release drug-eluting contact lens was available, the overwhelming majority of
the surveyed ophthalmologists would consider using it to treat glaucoma or to differentiate
the efficacy of a topical medication from lack of adherence (e.g., patients not taking
glaucoma drops as prescribed). Because a drug-eluting contact lens could potentially
delivery a glaucoma medication to the eye for a duration as long as 1 month, the survey
asked practitioners to determine the wear times that they would consider using in their
practice. The results indicate that the respondents would use, with nearly an equivalent
preference, a drug-eluting contact lens continuously for 1 month, 2 weeks, 1 week or would
recommend daily lens removal (Figure 2A). Nearly 80% of the respondents would use

a drug-eluting contact lens continuously for 1 week or longer (Figure 2B). Interestingly,
ophthalmologists who perform glaucoma filtration surgery were less likely to use a daily-
wear lens than ophthalmologists who do not perform glaucoma filtration surgery (p<0.05,
Chi-square test) (Figure 2B). A limitation of this study is that only ophthalmologists were
surveyed. Future studies could potentially also survey optometrists who treat glaucoma, who
may be more likely to use refractive contact lenses and less likely to use bandage contact
lenses because of the patient populations that they typically assist.

Expert opinion

A major unmet need for the treatment of glaucoma is a method of sustained drug delivery
that would improve adherence with medical therapy. Drug-eluting contact lenses could
achieve this goal by facilitating topical administration, by reducing dosing frequency from
daily to as infrequent as monthly, and by minimizing the side effects associated with
glaucoma drops. When surveyed, the vast majority of ophthalmologists who treat glaucoma
use bandage contact lenses; they reported that the devices are well tolerated by their patients,
and would consider using a drug-eluting contact lens for the treatment of glaucoma if such a
device were available.

Future perspective

Currently, topical ophthalmic drug delivery is limited to eye drops and gels. In the future,
there may be a wide range of drug delivery options that will personalize glaucoma therapy
for each patient. A drug-eluting contact lens, containing a refractive correction, is one
potential option that may encourage better patient compliance and reduce glaucomatous
vision loss. Achieving regulatory approval is one of the most challenging obstacles for any
new medical treatment. Over the next 5-10 years a drug-eluting contact lens could meet
this challenge and become available for patient care. During the next decade it is also
conceivable that drug-eluting contact lenses could potentially be used to deliver medications
that are difficult to deliver by drops and may replace the need for some ocular injections.
Drug delivery to the back of the eye is a question that needs future investigation.
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Glaucoma

Executive summary

Glaucoma is a group of progressive optic neuropathies characterized by
slow progressive degeneration of retinal ganglion cells, resulting in a distinct
appearance of the optic disc and a concomitant pattern of visual field loss.

Consistency in lowering the intraocular pressure has been reported to
minimize the risk of progressive visual field loss.

Glaucoma therapy & adherence

Topical medications, or eye drops, are the mainstay of medical glaucoma
therapy, which primarily aims to lower intraocular pressure.

Adherence with glaucoma eye drops is suboptimal.

A major unmet need in glaucoma treatment is a method of drug delivery that
improves patient adherence and simplifies the treatment decision process for
practitioners.

Sustained drug delivery for glaucoma treatment.

Recent studies have demonstrated the applicability of innovative sustained-
release drug-delivery systems, such as fornix inserts, punctal plugs (tear duct
plugs) and contact lenses.

Drug-eluting contact lenses

Drug-eluting contact lenses could improve patient adherence by providing a
simplified monthly treatment regimen; reducing side effects related to drop

overflow and preservatives; and by serving as a treatment reminder through
the ability to correct refractive errors.

Recent /n vivo studies have explored the use of contact lenses for the delivery
of glaucoma agents.

Clearly, safety and efficacy will need to be demonstrated in human studies
before drug-eluting contact lenses are available for patient use.

Practitioners’ thoughts on drug-eluting contact lenses to treat glaucoma.

Contact lenses are already part of the clinical practice of ophthalmologists
who treat glaucoma and they are well tolerated by their patients.

The overwhelming majority of the surveyed ophthalmologists would consider
using a sustained-release drug-eluting contact lens to treat glaucoma if it was
available.

Expert opinion

Given the challenge of treating glaucoma and the clinical need for improved
drug delivery, drug-eluting contact lenses appear to be a promising treatment
option.
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Future Perspective

. Over the next 5-10 years a drug-eluting contact lens could become a medical
reality and a therapeutic option to help prevent glaucomatous vision loss.
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Figure 1. Percentage of glaucoma patients remaining on therapy after treatment initiation.
Data taken from [11].
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Figure 2. (A) Ophthalmologist preference for the duration of release for a drug-eluting contact
lens to treat glaucoma. (B) 80% of ophthalmologists would use a drug-eluting contact lens for a
duration of 1 week or longer.

Ophthalmologists who do not perform glaucoma filtration surgery are more likely to use a
drug-eluting contact lens that is removed daily (p < 0.05).
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