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Abstract: Dry eye disease (DED) is a multifactorial disease of ocular surface and tear film,
and is a common disorder treated by eye care providers. It is well established that ocular
surface inflammation has an important role in the pathophysiology of DED and that anti-
inflammatory cyclosporine A (CsA) improves the treatment outcomes of most patients with
DED. The purpose of this review is to provide guidance for practitioners in the use of topical
CsA for the management of DED to improve patient satisfaction and the quality of life.
Keywords: keratoconjunctivitis sicca, dry eye disease, cyclosporine A

Background

Dry eye disease (DED) is a common ophthalmic disorder that affects more than 15
million people in the United States' and 5-50% of the global population.? DED has
higher prevalence among adults over age 40, and especially in women—Ilikely due to
hormonal factors.”*> The term DED describes a chronic, multifactorial disease that is
commonly associated with increased osmolarity of tear film and inflammation of
ocular surface and underlying tissues.* Individuals with this disorder experience eye
symptoms, including discomfort, pain, burning, foreign body sensation, and visual
disturbances.* DED negatively impacts a patient’s quality of life? and is estimated to
result in almost $4 billion annual costs in the United States.’

DED is caused by an increased evaporation of the tear film (evaporative type) and/or
reduced tear production (aqueous deficient type).*° Regardless of the primary cause, it is
recognized that a self-perpetuating inflammatory cycle underlies the pathophysiology of
DED.”? DED is accompanied by an unstable and hyperosmolar tear film, which has
been shown to activate an innate inflammatory immune response of the ocular surface
epithelium and subconjunctival tissues involving resident immune cells.'® Associated
inflammatory mediators induce apoptosis of conjunctival and corneal cells, and also
impair lacrimal gland function, further decreasing tear production and leading to a
pernicious cycle that worsens the symptoms of DED.”*!'"!? Evidence has shown that
T-cells are key contributors to the pathophysiology of dry eye and an adaptive CD4+ T-
cell immune response follows the initial innate immune response.'*'* The ultimate goal
of DED management is to restore ocular surface homeostasis by breaking this patho-
physiological cycle and preventing its recurrence.'’

Control of ocular surface inflammation has been a major contributor to
improved DED treatment outcomes.'> Long-term use of topical steroids in these
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cases has clinical limitations due to their potential side
effects, although short-term use of these medications can
be a useful adjuvant in the initiation of treatments or for

episodic worsening of symptoms and signs.'®!’
Conversely, the chronic use of cyclosporine A (CsA) has
been shown to be an effective and safe therapeutic strategy
for managing the majority of DED patients.'® %2

CsA: mechanism of action in DED

CsA was discovered in the early 1970s, originally as an
antifungal agent derived from the fungi Tolypocladium
inflatum and Beuveria nevus. This fungal metabolite was
later found to have a potent immunosuppressive activity.>
CsA is an inhibitor of calcineurin—an activator of T-cells
—and it prevents T-cell production of inflammatory cyto-
kines and disrupts the immune-mediated inflammatory
response.'*** The immunomodulatory activity of CsA
reduces DED-induced inflammation associated with the
corneal and conjunctival epithelium, accessory lacrimal
glands, and subconjunctival tissues and increases conjunc-

tival 25728

goblet cell density and tear production.
Moreover, CsA prevents apoptotic cell death by binding
to cyclophilin D, thereby inhibiting the opening of pores
on the mitochondria in response to cellular stress or
damage.?® As a result, CsA increases the natural produc-
tion of tears in patients whose tear production is sup-
pressed due to ocular inflammation associated with

keratoconjunctivitis sicca (KCS).

CsA ophthalmic solution:

pharmacological properties
CsA is a neutrally charged and hydrophobic molecule with
low aqueous solubility—which makes it challenging to
formulate a safe and effective ocular drug delivery system
for the drug.*® CsA ophthalmic solutions were initially
formulated in oil-based solvents such as castor oil or
corn oil, which were first studied in the early 1980s to
inhibit rabbit corneal allograft rejection.’’ However, the
oils used to deliver CsA produce side effects such as
blurred vision, burning and stinging, and are poorly toler-
ated by patients. In addition, these oils provide low bioa-
vailability of CsA. Therefore, the use of CsA in these oils
for management of human ophthalmic conditions has
decreased in favor of emulsions such as that developed
for Restasis.**?

Restasis (Allergan, Inc., Irvine, CA, USA) is an anio-
nic castor oil-in-water emulsion with 0.05% CsA and was

the first cyclosporine eye drop approved by US Food and
Drug Administration (FDA) in 2003 for KCS treatment.
Restasis was approved based on a statistically significant
improvement in tear production greater than 10 mm of
wetting in 5 mins measured by Schirmer’s test in 15% of
the patients, compared to 5% of the vehicle-treated
controls.>® A much higher percentage of Restasis-treated
patients have some increase in tear production than this
very impressive amount, considering that patients enrolled
in the Restasis Phase III trial had to have a Schirmer’s less
than 5 mm in 5 min to be entered in the study.

Although oil-in-water CsA emulsions reduce side
effects associated with oil-based CsA solutions, they
have not eliminated them completely. Research has
focused on developing a variety of novel formulations of
cyclosporine ophthalmic solutions, such as gel systems,
hydrogels, nanoparticles, liposomes, cationic emulsion,
and penetration colloidal carriers (micelles).>® The aim of
these formulations is to improve drug penetration and
effectiveness, while at the same time reducing side effects
such as stinging. Promising results have been found in
using these new drug delivery systems.’® However, further
research is needed to establish long-term safety and toler-
ability profiles—and also to verify if they are as effica-
cious as commercially available oil-in-water-based
formulations of CsA.

Ikervis (Santen SAS, Evry, France) is an unpreserved
cationic emulsion formulation containing 0.1% CsA. It was
registered in the European Economic Area in 2015 for the
treatment of severe keratitis in adults with DED.** Corneal
and conjunctival cells are negatively charged at physiolo-
gical pH, consequently allowing preferential passage of
positive ions.*> Thus, the cationic vehicle is thought to
adhere to and penetrate these cells more easily than anionic
solutions. Although there are theoretical advantages based
on its novel pharmacokinetics, it also produces complica-
tions such as stinging and other dysesthesias (reported in
37% of the patients treated with the CsA cationic emulsion
versus 21% of the vehicle-treated patients).*® Ikervis is not
approved in the USA.

More recently, in 2018, Cequa (OTX-101 0.09%) (Sun
Pharmaceutical Ind., Cranbury, NJ, USA) was approved
by the FDA for DED management in the United States.
This clear, aqueous nanomicellar solution containing
0.09% CsA has been reported to deliver therapeutic con-
centrations of CsA with minimal discomfort to patients.*
A list of some ocular formulations of CsA marketed in
different countries can be found in Table 1.
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Comparison of FDA-approved

ophthalmic CsA treatments

Several studies have demonstrated that both Restasis and
Cequa are efficacious and safe for the management of
DED patients,'®*® and preliminary studies suggested
Cequa may be more effective and better tolerated than
Restasis.*>**?° For example, a pharmacokinetic study
comparing the ocular CsA concentration between single
administration of Restasis 0.05% and CsA nanomicellar
formulation OTX-101 0.05% CsA showed significantly
higher concentrations of CsA in lacrimal gland, cornea,

Mexico, Chile, Columbia, Ecuador, Peru (2003b)

USA, Canada, and 33 other countries (2003)
Argentina (NA)
Japan (2005)

Region (market since)
USA (2019°)

Europe (2015)
South Korea (2003)

conjunctiva, sclera, aqueous humor, iris, ciliary body,

choroid, and retina (but not in superior eyelid, tears, vitr-
eous humor ,or lens) following administration of OTX-101
0.05% CsA.** In another study, OTX-101 was described as
the first DED product candidate that significantly
improved both conjunctival staining and anesthetized
Schirmer’s test, in addition to the reduction in corneal
staining.’® In a Phase III study of OTX-101 0.09% CsA,
the medication produced rapid onset treatment of KCS
(efficacy was seen as early as day 28), and only 13
(3.5%) of OTX-101 subjects reported moderate or severe

instillation site pain.*® By contrast, Restasis treatment
20,40

Sun Pharmaceuticals Industries, Inc.
Santen Pharmaceuticals Co. Ltd.
Santen Pharmaceuticals Co. Ltd.

Company

Allergan

Laboratories Sophia
Baush & Loum, Inc.
Taejoon Pharma Co. Ltd.

usually takes a longer time to be effective, and in
two multicenter studies, approximately 16% of the patients

using the medication reported ocular burning.'® Although

0.5 mg/mL
0.9 mg/mL
1.0 mg/mL
1.0 mg/mL
0.5 mg/mL
1.0 mg/mL
0.5 mg/mL

CsA dose

Cequa has been approved by FDA, it was not available in

pharmacies when this article was written and the cost of
the medication remains unknown.*” Future clinical trials
comparing Restasis and Cequa head-to-head will be help-
ful for clinicians who treat DED.

Management of DED

A recommended approach for management of DED was
proposed by the Tear Film Ocular Society Dry Eye
Workshop (DEWS) II in 2017. DEWS II advocated a
stepwise therapeutic guide (Figure 1 and Table 2) based
on the etiology and severity of the disease.'” The severity

Anionic oil-in-water emulsion (UD and MD)

Micelle-based solution (UD)
Cationic oil-in-water emulsion (UD)
Micelle-based solution (MD)
Oil-in-water emulsion (MD)
Micelle-based solution (UD)
Micelle-based solution (MD)

Formulation

of disease was categorized on a scale of 1-4, based on

symptoms and clinical findings.® Restasis CsA ophthalmic
solution was originally approved by the US Food and
Drug Administration for the management of moderate-to-
severe KCS (severity levels 2—3 in the DEWS guidelines).
However, it has been showed that patients with mild dry
eye (severity level 1 in the DEWS guidelines) may also
benefit from CsA treatment that may reduce the progres-

Pharm Biopharm. 2017;117:14-28. doi:10.1016/j.ejpb.2017.03.006. Creative Commons license and disclaimer available from: http://creativecommons.org/licenses/by/4.0/legalcode"http://creativecommons.org/licenses/by/4.0/legalcode >’

Notes: *Drug approved by FDA. PEstimated date. Adapted from Lallemand F, Schmitt M, Bourges JL, Gurny R, Benita S, Garrigue JS. cyclosporine a delivery to the eye: a comprehensive review of academic and industrial efforts. Eur |
Abbreviations: MD, multi-dose container; NA, not available; UD, unit-dose container.

Table | List of ocular formulations of cyclosporine A (CsA) marketed in different countries

Commercial name
Restasis®

Cequa®

lkervis

Modusik-A Ofteno
Lacrinmune

Papilock Mini

Ti Cyporin

sion of DED severity.*'**> The authors agree with this
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Patient History

Suspect
dry eye

Risk factors

+

Ocular tests

deficiency

lassification

Aqueous

Aqueous/evapor:

Figure | Dry eye disease (DED) management strategy. Data from Jones et al (2017)."°

approach since chronic inflammation anywhere in the
body damages tissues and early interventions in other
inflammatory diseases, such as arthritis and hepatitis,
reduce tissue damage. Moreover, DEWS 1I cautioned that
the management algorithm proposed in their report did not
represent a rigid stepwise approach. Thus, patients with
mild keratoconjunctivitis sicca often benefit from early
CsA therapy. It is also critical to determine whether a
patient has underlying Sjogren’s disease by consulting
with a rheumatologist if dry mouth or particularly severe
disease is noted since concurrent systemic treatments are
often indicated in such patients.*

CsA treatment recommendation

Once the decision has been made to use CsA therapy for
DED, the recommended dose of cyclosporine ophthalmic
solution is one drop instilled twice a day in each eye.
However, several studies have shown that four times a
day treatment with CsA can produce a more rapid clinical
response during induction of treatment or for patients who
have symptoms despite several months of twice a day
treatment.***> Four time a day CsA treatment has not
been associated with greater systemic side effects since
there is insignificant systemic adsorption of the drug after
topical application to the eye.'® Thus, in more severe

keratoconjunctivitis, more frequent dosing (three or four
times per day) may increase efficacy.***> No therapeutic
benefits were found after application of increased concen-
trations of CsA, but there is increased stinging and other
dysesthesias when higher CsA concentrations are used.'®
Thus, a dose-ranging, randomized trial showed that con-
centrations of CsA from 0.05% to 0.1% yielded the best
balance between efficacy and side effects.'®

Patient education and follow-up
When used systemically at higher doses, CsA is an immu-
nosuppressive agent. Therefore, education should be pro-
vided to patients on the proper use of the medication and
monitoring of signs of eye infection. However, in practice,
few infections have been noted in patients taking topical
CsA, including reactivations of herpes simplex keratitis
that were feared by designers of the early trials of
Restasis. Patients should be instructed to invert Restasis
vials a few times to obtain a uniform, white and opaque
emulsion before applying the medication to the eye.
Restasis causes transient blurred vision since it is an emul-
sion. CsA should not be administered into an eye wearing
a contact lens because the vehicle adheres to the lens and
creates deposits. Contact lenses may be reinserted 15 mins
after the administration of the drug.*?
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Patients should be warned about the possibility of side
effects such as burning, stinging, and conjunctival hyper-
emia, and be encouraged to continue treatment if these are
encountered since they typically dissipate as the ocular
surface improves.”® Thus, Deveci et al*® showed that
patients often noted a reduction in adverse effects with
continuous cyclosporine therapy. In addition, a 36-month
extension trial reported similar, but lower, burning sensa-
tion than previously reported in two Phase III 12-month
clinical trials, suggesting that the side effects are reduced
by the improved ocular surface.'”?° Even with burning or
stinging upon instillation, 95.2% of the patients surveyed
reported they could continue cyclosporine therapy and
97.9% would recommend it to other dry eye patients—
suggesting they valued the benefit of the therapy enough to
tolerate some discomfort associated with instillation.?
These application side effects are often decreased by chil-
ling the medication or applying a non-preserved artificial
tear a few minutes prior to the CsA.*’ Another approach to
improve drug compliance is the use of short-term topical
corticosteroids, such as 0.5% loteprednol or 1% methyl-
prednisolone, two to three weeks prior to or concurrent
with long-term 0.05% CsA—which reduces stinging,
burning, and others side effects of CsA.** This combined
therapy can also result in a faster decrease in symptoms,
yield a more rapid improvement in Schirmer’s test scores,
and a decrease in corneal lissamine green or fluorescein

staining.*>°

Length of treatment

Keratoconjunctivitis sicca, with or without Sjogren’s disease,
is a chronic disorder requiring long-term local therapy for the
majority of patients. Most studies, including the Restasis phase
11 clinical trials,'® have shown that the CsA treatment can take
four to six months to effectively relieve symptoms, although
some patients—usually those with milder disease—note
improvement within a month.>** The delay in symptom relief
with CsA is thought to occur because CsA does not deactivate
previously activated T-cells, but rather prevents new T-cell
activation.'*** Cyclosporine typically must be continued for
an extended period of time, and in most patients, indefinite
treatment is necessary to prevent relapse.'> Wilson and
Perry,”' however, found that a small subgroup of patients
appeared to have long-standing elimination of symptoms and
signs after a minimum six-month course of Restasis. Thus, if a
patient has complete resolution of symptoms and signs of
DED after six months of CsA treatment, it was these authors’
approach to discontinue the treatment and monitor the patient

for a recurrence of symptoms and signs.”' They found, how-
ever, that 71% (12/17) of the patients subsequently had a
return of symptoms and/or signs and resumed long-term treat-
ment. Rao™ assessed the progression of DED following dis-
continuation of CsA after 12 months of treatment. This
investigator found that withdrawal of the medication led to
the progression of the disease, and, therefore, they encouraged
extended maintenance therapy with CsA in patients with
chronic KCS. Su et al> proposed a reduction to once-daily
CsA application after 12 months of twice-a-day treatment,
while maintaining drug efficacy, although 14% of the patients
in that study did not tolerate this reduction. Further studies of
the long-term efficacy of CsA treatment for KCS would help
guide future therapy.

There have been few reported side effects of topical
CsA administration, other than discomfort upon applica-
tion. For example, a 36-month extension trial of 0.1% CsA
noted no serious adverse events reported during this treat-
ment period.”® Although systemic administration of CsA
has been implicated in cutaneous carcinogenic effects,>
no relationship between the occurrence of conjunctival
neoplasia and use of topical ocular CsA has been noted
in numerous prospective studies evaluating the safety and
efficacy of topical CsA. This is not surprising because no
CSA was detected in the blood of patients treated with
0.05% CsA (Restasis) twice a day in the phase III clinical
trials."”

Conclusion

CsA has been shown to prevent T-cell activation and
production of inflammatory cytokines—breaking the
inflammatory cycle of DED and increasing the production
of tears and conjunctival mucin-producing cells in patients
with KCS. A minimum twice-a-day six-month course of
CsA is recommended to assess efficacy in patients with
KCS. It is critical for patients to understand that DED is a
chronic disorder requiring long-term therapy in most
patients. Concurrent adjuvant short-term treatment with
topical corticosteroids may reduce the side effects and
speed up the response to topical CsA treatment. Long-
term CsA treatment may delay or halt the progression of
DED in some patients.
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