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Abstract: Inflammation and pain are two prevalent findings after ocular surgery.
Corticosteroids are widely administrated as a core treatment to control post-surgical inflam-
mation and pain. Improper patient adherence to post-operative eye drop regimens, limited
bioavailability of topical eye drops, and the negative impact of preservatives used in many of
these eye drops, has made a strong case for novel therapies in the treatment of post-operative
pain and inflammation. This review of the literature will focus on the role of intracanalicular
sustained-release dexamethasone (Dextenza, Ocular Therapeutix, Bedford, MA, USA) for
the management of ocular inflammation and pain.
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Introduction

While surgical techniques and equipment have advanced over the years, inflamma-
tion is still a common consequence of most ocular surgeries, including cataract
surgery.' If left untreated, post-operative inflammation can lead to elevated intrao-
cular pressure, photophobia, ocular pain, and an increased probability of posterior
capsule opacification, macular edema, secondary glaucoma and synechia
formation.”® Appropriate management of post-operative inflammation is critical
for achieving the best corrected visual acuity, anatomical surgical outcome, and
patient satisfaction in the most expedient way.”

Corticosteroids are widely used to manage inflammation in post-operative
patients as well as in ophthalmic conditions such as allergic conjunctivitis, dry
eye disease, diabetic retinopathy, age-related macular edema, macular edema, and
uveitis due to their inherent anti-inflammatory and anti-angiogenic properties.*®
Numerous types of steroids have been utilized to control inflammation, including
dexamethasone.’ Several studies have shown the beneficial effect of dexamethasone
in reducing pain and inflammation following cataract surgery.'®'> One study
involving phacoemulsification and intraocular lens implantation, demonstrated
that dexamethasone administered four times daily during the first week and twice
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daily during the second, third, and fourth week, signifi-
cantly reduced post-operative inflammation compared to
a placebo."?

Despite the proven ability of dexamethasone to
decrease ocular inflammation, if not appropriately admi-
nistered the effect may not be fully achieved. Eyedrop
non-adherence or improper instillation, including missing
the eye or contaminating the tip, is not an infrequent
phenomenon.'*'® The elderly, possibly affected by overall
decreased visual acuity and/or manual dexterity, in addi-
tion to patients taking multiple eye drops, are more likely
to report non-adherence or improper instillation technique.
One study involving eyedrop-naive post-operative cataract
patients found that 92.6% self-reported improper adminis-
tration technique, including missing the eye, instilling an
incorrect number of drops, contaminating the bottle tip, or
failing to wash hands before drop instillation.'®

Unfortunately, even when drops are administered
appropriately it has been estimated that less than 5% of
the applied dose reaches the intraocular tissues.'* Inherent
and unique barriers of ocular anatomy to topical eye drug
delivery include dosage spill-over, blinking, nasolacrimal
drainage, tear film and mucin, and low corneal
permeability.!” When a standard eye drop is delivered, it
is important to recognize that it will be immediately
diluted by the ocular tear film. Then, given that the normal
tear volume is 7-10 pL and the standard dose delivered by
an eye dropper is 35-50 pL, blinking will promote excess
to be spilled over the eyelids and into the nasolacrimal
duct.'”® The instillation of eye drops also promotes tear
production causing the residual drug to be washed away
within 30 seconds. This results in a diminished drug con-
tact time with the ocular surface and only a fraction of the
initially administered dose reaching the intraocular tissues,
making it a suboptimal route for drug delivery.'” Low
bioavailability per drop then often necessitates increased
frequency of administration, which contributes to patient
burden and non-compliance.

Furthermore, the effect of topical ophthalmic medica-
tions on ocular tissue is not universally positive. The
majority of topical ophthalmic medications contain preser-
vatives such as benzalkonium chloride (BAK), which are
used for their bactericidal and fungicidal properties in
order to increase the longevity of the medication.'” BAK
has been found to have a deleterious effect on ocular
tissues by causing tear film instability, ocular irritation,
conjunctival squamous cell metaplasia to apoptosis, and
disruption of the corneal epithelial barrier.”° It was thought

that these problematic effects occur as a result of long-
term exposure to preservatives, however, reduced corneal
epithelial cell viability has been demonstrated even after
only 20 mins exposure to 0.001% benzalkonium.?'

Given the importance of corticosteroids in controlling
ocular inflammation, the present barriers to patient com-
pliance and drug delivery, and the confounding effect of
topical medication preservative additives, novel techniques
for corticosteroid administration in the eye are needed.
Intravitreal injection of corticosteroids as an alternative
approach have been described, however, this approach is
variably tolerated by patients as it can lead to blurred
vision due to the administration of an opaque medication
into the vitreous.”*** Additionally, patients are then sub-
ject to the potential complications associated with intrao-
cular injections, including endophthalmitis and retinal tear
or detachment.***>

Punctal plugs, initially developed for the management
of dry eye disease, is a new area of investigation for drug
delivery and a promising substitute for eye drops given
their ability to provide continuous drug delivery to the eye
without a cumbersome medication regimen (Figure 1).2%%’
These depot systems provide not only drug delivery over
a desired period of time, but can also taper in concentra-
tion as we might in clinical practice if utilizing topical eye
drops.?® Sustained-release drug delivery systems therefore
have the potential to minimize or negate the impact of
medication non-compliance or improper instillation by
reducing or eliminating the burden of an eye drop regimen,
while still controlling post-operative inflammation.

Design and Development

Sustained-release intracanalicular dexamethasone insert is
a single application dexamethasone ophthalmic insert for
intracanalicular use that was recently approved by the
Federal Drug Administration (FDA) for the treatment of
ocular inflammation associated with ophthalmic surgery.
This depot provides up to 30 days of drug delivery without
the use of preservatives or the need for removal. The insert
delivers dexamethasone via hydrogel technology with
a micronized particle of dexamethasone conjugated with
fluorescein suspended in a polyethylene glycol (PEG)
hydrogel. The PEG hydrogel is a hydrophilic polymer
and safe biocompatible substance.”**° Both hydrogel and
PEG have previously been approved by the FDA based on
their applications in neurosurgery. The depot is inserted
into the vertical canaliculus and able to be easily visua-
lized due to its fluorescent yellow properties. When the
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DEXTENZA®

(dexamethasone ophthalmic insert)
for intracanalicular use, shown in
surgical forceps.

DEXTENZA® (d hasone ophthalmic insert)

for intracanalicular use.
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Figure | Sustained-release dexamethasone intracanalicular insert. Images courtesy of Ocular Therapeutix, Inc.>

hydrogel component of the dexamethasone depot contacts
the tear film, it swells and conforms to the canalicular
anatomy. Dexamethasone is then released by the depot
over the next 30 days as the PEG hydrogel degrades and
ultimately is cleared via the nasolacrimal duct system after
drug delivery is complete.

Animal Studies

Multiple studies have investigated the pharmacokinetics
and toxicity profile of sustained-release intracanalicular
dexamethasone inserts in animal models. Blizzard et al

inserted depots in two doses, 0.4mg or 0.7mg, into the
canaliculi of beagle dogs and found the drug delivery
provided sustained release today 15 in the 0.4mg group
and day 7 in the 0.7mg group before tapering to complete
release by day 28 (34). No significant change in intraocu-
lar pressure or ocular toxicities were noted in either group.
This study suggests minimal drug toxicity as well as
a tapering profile similar to most topical regimens, which
can aid in avoiding the potential risk of rebound inflam-
mation associated with sudden corticosteroid cessation.’'
Moreover, additional studies have demonstrated that the
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amount of drug released is not affected by variations in
temperature.?

Another study by Driscoll and Blizzard further inves-
tigated the potential for ocular and systemic toxicity by
inserting intracanalicular depots of sustained-release dex-
amethasone in beagle dogs again and sampling tear fluid,
plasma, urine and blood samples over a 35 day period.?®
Compared to a placebo group, there was no detectable
ocular or systemic toxicity or statistically significant dif-
ference in intraocular pressure.

Clinical Trials

Walters et al conducted a four-site multicenter randomized
double-masked study that inserted either a sustained-release
dexamethasone or placebo vehicle into the inferior canalicu-
lus during cataract surgery and monitored anterior chamber
inflammation and subjective pain for 30 days post-
operatively.* Patients receiving the sustained release dexa-
methasone were more likely to have no anterior chamber
cells (20.7% vs 10.0%, p =0.1495) and no ocular pain (79.3%
vs 30.0%, p<0.0002), at day 8 compared to the placebo
group. Furthermore, a higher proportion of patients in the
dexamethasone group had an absence of anterior chamber
cells or flare, and pain at several timepoints throughout the 30
days, compared to the placebo group (p < 0.0251).

Two prospective, Phase 3, multicenter (32 sites), ran-
domized, parallel-arm, double-masked vehicle control stu-
dies were then conducted to investigate the safety and
efficacy of sustained-release intracanalicular dexametha-
sone inserts.** Patients were again randomized to either
sustained-release dexamethasone or a placebo vehicle fol-
lowing cataract surgery and then monitored post-
operatively for 30 days. Reductions in anterior chamber
cell and flare and ocular pain continued to be demonstrated
in the sustained-release dexamethasone group, with fewer
anti-inflammatory rescue medications required at day 8
and 14 to control inflammation, compared to the placebo
group. No serious adverse events were found in either
treatment group and there was no statistically significant
difference in intraocular pressure. Similar results were
once again demonstrated recently by Tyson et al during
another prospective, multicentered trial.>®

Potential Future Applications

Beyond cataract post-surgical inflammation and pain, the
safety and efficacy of the intracanalicular dexamethasone
inserts in an allergic conjunctivitis model has also been
evaluated.*® In this randomized double-bind clinical trial,

patients were included if they had a history of ocular allergies
and a positive reaction to a conjunctival allergen challenge
which involved exposing the patient to a perennial allergen
and then monitoring for conjunctival injection and sympto-
matic pruritis. Included patients were then randomized to
receive a sustained-release intracanalicular dexamethasone
insert or a placebo vehicle and then exposed to repeated
allergen challenges over a 42 day period. Patients with the
dexamethasone insert experienced decreased ocular itching
and conjunctival erythema, suggesting the potential thera-
peutic indication for intracanalicular sustained-release dex-
amethasone in the treatment of allergic conjunctivitis.

Contraindications and Adverse

Events

Corticosteroids should be cautiously administered in patients
with active corneal, conjunctival, and canalicular infections
given that steroids may lower the natural defense mechan-
isms against infection and inhibit growth factors critical for
wound healing. Viral infections, such as herpetic keratitis
and fungal infection can also be exacerbated in the setting of
topical steroid use.’’ Patients with a known history of punc-
tal stenosis or cautery should be avoided when considering
a punctal drug delivery system. General complications of
punctal and canalicular plugs include epiphora, biofilm for-
mation, and device extrusion or migration.*® Walters et al
evaluated two phase 3 clinical trials, comparing sustained
release intracanalicular dexamethasone to a placebo and
found no serious adverse events.>* Less common adverse
events include anterior chamber inflammation and cystoid
macular edema (Table 1).

Table I Most Common Adverse Events with Sustained Release
Intracanalicular Dexamethasone Verses Placebo in Two Phase 3
Clinical Trials

Adverse Events Sustained Release Placebo
Dexamethasone (%) (%)

AC inflammation 5.6-6.2 6.3-8.3
IOP increase 4.4-6.8 3.6-5.0
Reduced visual acuity 1.3-1.9 0-3.6
Corneal edema 1.2-1.9 5.0-6.0
Eye pain 1.2-1.3 0-2.5
Iritis 0.6-7.5 4.8-13.8
Cystoid macular edema 0.6-2.5 0-2.5
Conjunctival hyperemia 0.6-1.9 1.2-2.5
Ocular discomfort 0-1.9 0-4.8
Corneal abrasion 0-0.6 1.2-3.8

Abbreviations: AC, anterior chamber; IOP, intraocular pressure.
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The sustained-release intracanalicular dexamethasone
inserts was not studied in a population younger than 18
years old, in patients with active or recurrent uncontrolled
ocular or systemic disease, history of inflammatory eye
disease, history of glaucoma or ocular hypertension, pro-
liferative diabetic retinopathy, or significant macular
pathology. Future studies in these patient types will
expand our understanding of the drug’s utility in a broad
clinical setting, especially in more complex patients.

Conclusion
Preservative-free sustained-release intracanalicular dexa-
methasone is a safe and effective therapeutic alternative for
the management of ophthalmic surgery related post-operative
pain and inflammation. Intracanalicular dexamethasone
insertion has the potential to reduce or avoid the negative
impact of medication non-compliance associated with topical
eye drop regimens as well as the detrimental effect of pre-
servatives in topical medication formulations. Further
research into additional applications is needed in order to
explore the full potential of this new therapeutic approach.
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