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Abstract: Dry eye disease (DED) is a prevalent ocular surface disease. Like with any chronic disease, patients with DED can
experience episodic flares. There are many existing and upcoming treatments for the chronic treatment of DED, yet treatments for
DED flares are limited. Loteprednol etabonate 0.25% is an FDA approved treatment modality for the short-term treatment of the
signs and symptoms of DED. This medication is formulated with the customized mucus-penetrating particle (MPP) technology,
which has a greater ability to penetrate the ocular surface and more effectively deliver the active steroid to the ocular surface
tissues as compared with conventional steroid preparations. There is also increasing utility of loteprednol etabonate 0.25% in the
treatment of DED before and/or after cataract or refractive surgery or as induction therapy prior to starting chronic immunomo-
dulatory medication for DED.
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Introduction

Dry eye disease (DED), or keratoconjunctivitis sicca, is one of the most common ocular problems. A large cross-
sectional, population-based study utilizing the National Health and Wellness Survey estimated the prevalence of DED in
US adults to be about 7% or 16 million people." Notable factors associated with higher prevalence of DED include
female sex and older age. Studies have found that individuals aged 75 or older were five times more likely to have
a diagnosis of DED compared to individuals aged 18 to 34 years old, and that the risk of DED was two times higher
among females than males.'

DED can be quite symptomatic, with patients reporting a myriad of symptoms including pain, dryness, and irritation,
all of which can negatively impact the general quality of life. Miljanovic et al found that compared to patients without
DED, patients with DED were more likely to report difficulty with activities of daily living including computer use,
professional work, and driving.* Given the significant prevalence and morbidity of DED, there has been a focus on
understanding the pathophysiology of the disease and identifying effective treatment modalities.

DED as an Inflammatory Disorder and Exploring the Unmet Need to Treat

DED Flares

DED is now well recognized to be a chronic inflammatory disease. As defined by TFOS DEWS II, DED is
a multifactorial disease characterized by a loss of homeostasis of the tear film, and accompanied by ocular
symptoms, in which tear film instability and hyperosmolarity, ocular surface inflammation and damage, and
neurosensory abnormalities play etiological roles.” Both extrinsic (ie desiccative environment, contact lenses, eye
drops) and intrinsic factors (ie aging and female sex) that disturb the homeostasis of the ocular surface can
negatively affect tear film stability and tear osmolarity, both which have been shown to have important roles in
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Figure | Slit lamp photo showing conjunctival injection suggestive of ocular surface inflammation during a dry eye flare.

stimulation of the inflammatory pathways and activation of stress-associated mitogen-activated protein kinase
(MAPK) pathways.® MAPK stimulation results in the production and release of proinflammatory cytokines (IL-
1, IL-6, TNF-alpha), chemokines (IL-8), and matrix metalloproteinases (MMPs). These then in turn promote the
maturation and migration of antigen-presenting cells and activation of T cells.”* Ultimately, a self-perpetuating cycle
of inflammation develops, driving the pathophysiology of DED.

It is less well recognized that DED can present with periodic flares or exacerbation (Figure 1). The ocular
surface is constantly exposed to outdoor and indoor environments. Desiccating environmental conditions of low
humidity and high airflow can negatively impact the ocular surface and result in an acute worsening of DED
symptoms. Additionally, lifestyle habits, especially those that demand prolonged visual focus like reading or using
a computer can also worsen DED symptoms. Iyer et al found that increased time spent doing daily activities such as
watching television, reading, and using air conditioning were associated with worse clinical signs and symptoms of
DED.’ Other studies have found similar results of worsening of DED signs and symptoms with visual activities such
as reading and computer use.'%''

Controlled adverse environment studies, where participants are exposed to environmental triggers like low
humidity and increased airflow, also support the existence of DED flares. A study of DED and non-DED patients
exposed to a controlled desiccating environment for two hours found a significant increase in fluorescein staining
and decreased tear break up time.'? In a similar study with a controlled environmental chamber meant to mimic
air plane cabins (typically characterized by low humidity and high air flow), patients reported increased incidence
of symptoms of burning, itching sensation, and were found to have increased corneal fluorescein staining and
decreased tear break up time.'’ These studies also found elevated levels of matrix metalloproteinase (MMP)-9
after exposure, demonstrating environmental activation as an inflammatory process well studied in the pathophy-
siology of DED.'*"?

Previously available immunomodulatory agents, cyclosporine A and lifitegrast, are intended for use in patients with
chronic DED and have a slow onset of action, often taking weeks to reach peak efficacy. Thus, there exists an unmet need
for treatment of these patients who suffer from periodic flares of DED.
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Role of Steroids in Treatment of DED

Ocular lubrication is often the initial management of DED. While still considered a mainstay of therapy, more
symptomatic DED patients often require additional treatment modalities. Previously, topical corticosteroids were only
used off-label to treat DED.' Potent anti-inflammatory agents, topical corticosteroids are thought to help break the cycle
of inflammation in DED. Animal models have shown that topical steroids significantly reduce expression of MMP-9 and
activation of MAPK signaling pathways, both which have been implicated in the pathogenesis of DED.'® Steroids also
inhibit production of inflammatory cytokine and chemokine production such as IL-1, IL-6, and TNF-alpha, and decrease
expression of cell adhesion molecules such as ICAM-1, all of which are involved in the inflammatory pathogenesis of
DED."” There are many clinical studies supporting the efficacy of topical corticosteroids in treatment of DED patients.'*
However, long-term use of topical corticosteroids has been associated with a number of ocular complications including
cataract formation, glaucoma development, and increased risk of infections.

Loteprednol etabonate is a topical corticosteroid retro-metabolically synthesized from an inactive metabolite of
prednisolone acetate where the ketone at the carbon-20 position is replaced by a cleavable 17B-chloromethyl ester.*
After exerting its therapeutic effects, it is rapidly de-esterified to inactive metabolites reducing risk of adverse reactions.'®
Accordingly, it has been shown to have lower side effect risk of clinically significant intraocular pressure (IOP)
elevations with both short-term and long-term use.'’

There have been several studies on the utility of loteprednol etabonate for the treatment of DED. Loteprednol etabonate
with a concentration of 0.5% monotherapy or in conjunction with artificial tears and cyclosporine A has been shown to

improve signs and symptoms of DED, particularly in patients with a more pronounced inflammatory component.'” "

How Does Loteprednol Etabonate 0.25% Work and What is the
Mucus-Penetrating Particle (MPP) Technology?

Delivery of topical medications to the anterior segment tissues can be challenging due to anatomic and physiologic
barriers that normally protect the eye and negatively affect the bioavailability of these topical formulations. These
barriers can be static such as the corneal and conjunctival epithelium and stroma, and dynamic such as conjunctival blood
and lymphatic flow and tear film.

Drugs can be carried away by the conjunctival lymphatic and blood circulation. The conjunctiva also secretes
hydrophilic mucin which is present in the tear film and can trap and clear topical drug formulations from the ocular
surface. The cornea contains both a hydrophobic epithelium and hydrophilic stroma which will restrict agents that are
either too hydrophilic or hydrophobic. Both the cornea and conjunctiva also contain efflux pumps. The tear film which
has a rapid restoration time of two to three minutes and can wash away most topically administered solutions within 15 to
30 seconds after instillation, with only less than 5% of applied dose being available for absorption.”**!

Innovation in drug delivery technologies such as nanoparticles may have the potential to improve ocular tissue
penetration, but the ability of nanoparticles to penetrate the ocular surface may still be undermined by the adhesive ocular
mucus layer. The viscous, adhesive mucus layer, primarily composed of crosslinked and entangled mucin fibers,
normally forms a protective layer, trapping and removing foreign particles. For nanoparticles to move through mucus,
they must have surface properties like hydrophilicity and neutral charge to avoid adhesion and be small enough to avoid
steric hindrance by the dense fiber mesh.*

Mucus-penetrating particle (MPP) technology involves engineering nanoparticles designed to effectively penetrate
mucus and prevent entrapment of drug particles by mucins (Figure 2). These nanoparticles are polymer coated with
a high density of low-molecular-weight polymer.>> Recently, MPP technology has seen the advent of drug-core MPPs,
which no longer require encapsulation of the drugs in a polymeric matrix, but rather are composed purely drug with
nanometer-scale particle size and a coating that prevents adherence to mucins. Drug-core MPPs can also be stored at
room temperature and are stable in ready-to-use aqueous suspensions, such as aqueous suspension eye drops.>*

Schopf et al have conducted preclinical studies investigating ocular delivery of topical loteprednol etabonate
formulated as MPPs.*>?® Utilizing a formulation of loteprednol etabonate-MPP, Schopf et al found that in rabbits that
received topical administration of loteprednol etabonate MMP suspension 0.4%, there was a 3.6-fold increase in
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Figure 2 Schematic diagram showing the difference between conventional micro and nanoparticles gaining access to surface epithelial cells as compared with mucus
penetrating particle technology. Mucus penetrating particles are engineered to effectively penetrate mucus and prevent entrapment of drug particles by mucins.
Reproduced with permission from Mary Ann Liebert, Inc. publishers. Popov A. Mucus-penetrating particles and the role of ocular mucus as a barrier to micro- and
nanosuspensions. | Ocul Pharmacol Ther. 2020;36(6):366-375.2*
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maximum drug concentration at the cornea as well as a 1.5-fold higher total drug availability at the cornea and 2.6-fold
higher total drug availability at the conjunctiva, as compared with rabbits that received topical administration of
traditional loteprednol etabonate ophthalmic suspension 0.5%.”° These studies showed that loteprednol etabonate
formulated with MMP technology had a greater ability to penetrate the ocular surface and more effectively deliver the
active steroid to the ocular surface tissues, even though the concentration of the drug was lower in the MPP formulation.

KPI-121 0.25% (EYSUVIS, Kala Pharmaceuticals, Inc) is the commercially available MMP formulation of loteprednol
etabonate ophthalmic suspension that was FDA approved in 2020 for short-term treatment (up to 2 weeks) of DED. KPI-121
0.25% was investigated for treatment in DED in one phase-2 (NCT02188160), and three phase-3 clinical trials (STRIDE 1
NCT02813265; STRIDE 2 NCT02819284; and STRIDE 3 NCT03616899). All studies were multicenter, double-masked,
randomized, and vehicle (placebo) controlled. Total enrollment across the four trials consisted of more than 2800 DED patients.
Patients received KPI-121 or vehicle drops four times a day for two weeks. Main efficacy outcome measures were conjunctival
hyperemia and ocular discomfort severity scores at the end of the 2 weeks. Significant improvements in conjunctival hyperemia
and ocular discomfort severity scores were seen in patients who received KPI-121 compared to those who received vehicle
drops. KPI-121 was well tolerated with the most frequently reported adverse effect being instillation site pain, and notably there
was no difference in intraocular pressure increase between the KPI-121 and vehicle arms.?’

KPI-121 with MPP technology was first approved by the Food and Drug Administration (FDA) in 2019 for the treatment
of postoperative inflammation and pain following ocular surgery but at a concentration of 1%.%® The 0.25% concentration was
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studied and selected for treatment of DED because it had an improved pharmacokinetic profile in the reduced dose strength
compared with that in conventional loteprednol etabonate suspension 0.5% without the MPP drug delivery technology.

Treatments for DED
It is difficult to formulate one treatment algorithm for DED given the heterogeneity and fluctuating nature of the disease.
In general, the majority of interventions are long-term treatments, likely due to the usually chronic nature of this disease.

The first step for the clinician is counseling, especially regarding lifestyle changes and environmental modifications
that can help ameliorate symptoms.'* Artificial tear substitutes are also often first-line treatments. There are numerous
different over-the-counter formulations available. A Cochrane systematic review concluded that the majority of over-the-
counter formulations likely have similar efficacies in treating DED.?’

There are three FDA approved medications aimed at decreasing inflammation in chronic DED, lifitegrast (Xiidra,
Novartis) cyclosporine A 0.05% (Restasis, Allergan) and cyclosporine A 0.09% (Cequa, Sun Pharma). Cyclosporine A is
an anti-inflammatory, immunomodulatory drug that inhibits IL-2 activation of lymphocytes. There have been many
studies that have shown cyclosporine A 0.05%’s efficacy in treating DED with improvement in tear function, improve-
ment in the ocular surface, and improvement in DED symptoms.*® In contrast, cyclosporine A 0.09% is the highest dose
of cyclosporine approved by the FDA for dry eye treatment, and is formulated with a novel NCELL technology to
improve the ocular penetration and absorption of cyclosporine.®” Its use has been shown to lead to an increase in
Schirmer’s test scores as well as improved corneal and conjunctival staining as compared with a vehicle drug and has
improved dry eye symptom scores by 30%.°%' Lifitegrast is a lymphocyte functional associated antigen-1 (LFA-1)
antagonist. It blocks the interaction of LFA-1 and the intracellular adhesion molecule-1 (ICAM-1) to inhibit T-cell
mediated inflammation in chronic DED. Three Phase III clinical trials (OPUS 1-3) showed improvement in signs and
symptoms of DED, notably significant improvement in eye dryness score within 14 days.*

Tear conservation with punctal occlusion either through punctal plugs or permanent surgical occlusion can be used in
patients who would benefit from aqueous retention on the ocular surface (ie contact lens wearer, refractive surgery). The use of
punctal occlusion in the presence of concurrent ocular surface inflammation remains controversial and is generally not
recommended as it may prolong the presence of pro-inflammatory cytokines on the ocular surface. A Cochrane review of
punctal plugs found while in general punctal plugs provided symptomatic improvement, few studies demonstrated a benefit of
punctal plugs over a comparison intervention and in general there is a lack of well-designed clinical trials.*

Autologous serum tears have been shown to improve signs and symptoms of DED. They have been shown to enhance
corneal epithelial wound healing and inhibit release of inflammatory cytokines. Many small trials support the efficacy of
autologous serum tears in treatment of DED. In general patients showed significant improvement in symptoms, and
improved tear break up time and corneal fluorescein staining.'* However, lack of a universally accepted methodology for
preparation of autologous serum tears and high cost limit its availability to patients.

Tetracyclines have been used off-label to treat DED and associated inflammatory disorders of DED including rosacea
and blepharitis.'* Tetracyclines have been shown to decrease the activity of collagenase, MMPs, and the production of
inflammatory cytokines like IL-1 and TNF-alpha.'> However, the optimal dosing schedule of tetracyclines has not been
established and can vary from provider to provider.

The Role of Loteprednol Etabonate 0.25% in the Treatment of DED
Clinicians can very commonly encounter DED patients who have recurrent flares of their DED despite use of the chronic
therapies. DED flares are characterized by episodes of worsening ocular surface discomfort, with an increase in ocular
surface inflammation, keratopathy or tear deficiency noted on clinical exam. This can then occur several times a year
despite baseline DED therapy.

When patients present with a DED flare, KP-121 0.25% therapy is an excellent adjunct.** Its favorable pharmacologic
profile allows for delivery of loteprednol etabonate onto the ocular surface with high concentration and rapid breakdown,
decreasing adverse effects such as elevated intraocular pressure or cataract formation. KP-121 0.25% should be
administered four times a day for two weeks during the course of a DED flare to relieve the patient’s acute symptoma-
tology and also quell the cycle of ocular surface inflammation. Flares occur a few times per year in most patients, and
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KP-121 0.25% can be used safely during these episodes. It is, however, important to realize that if a patient is having
very frequent flares, their underlying DED is poorly controlled. As such, alterations or augmentations need to be made in
their baseline DED therapy to reduce the frequency and severity of episodic flares.

Similarly, KP-121 0.25% can also be used to treat significant ocular surface disease prior to surgery. KPI-121 0.25%
can be used in place of traditional topical ophthalmic corticosteroids to optimize the ocular surface before cataract
surgery or refractive surgery as a stable ocular surface is critical when obtaining biometric measurements for intraocular
lens power calculations or when obtaining refractions for refractive surgery treatment planning to ensure patients obtain
excellent postoperative visual outcomes.**>> Similarly, ocular surface disease can worsen after cataract or refractive
surgery, especially if it is not treated adequately pre-operatively, and KP-121 0.25% can be used for short-term treatment
of DED in the pre- and post-surgical time frames.

Lastly, KP-121 0.25% can be used as an induction therapy for immunomodulatory therapy in DED. When a patient
starts topical immunomodulatory therapy, KPI-121 0.25% can be used for two weeks to quell ocular surface inflamma-
tion and DED symptoms until the new therapeutic agent takes effect, which is often after four to six weeks.

Conclusion

KP-121 0.25% with its custom engineered MPP technology allows for the effective and efficient delivery of loteprednol
etabonate onto the ocular surface for the short-term treatment of signs and symptoms of DED with minimal side effects.
Clinical trials have demonstrated the utility of this medication in DED flares and clinicians should incorporate this
medication into their DED treatment armamentarium.
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