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Executive Summary:  
· Cyclosporine ophthalmic reduces T-cell activation, which can improve ocular surface health and decrease lacrimal gland inflammation. Additionally, it decreases cytokine production. This product is unique in that it is FDA approved to increase tear production, not just to lubricate the eye.

· The efficacy and safety of cyclosporine ophthalmic emulsion (0.1% and 0.05%) in moderate to severe dry eye disease were demonstrated in two 6-month, multicenter, randomized, double-blind, vehicle-controlled phase 3 trials. Although both cyclosporine and vehicle significantly decreased symptoms and objective signs compared with baseline, cyclosporine was significantly more effective than vehicle in improving several efficacy outcomes. Two objective outcomes— corneal fluorescein staining and the Schirmer test with anesthesia—were significantly more improved with cyclosporine (both 0.05% and 0.1%) than with vehicle.Three subjective outcomes— blurred vision, need for artificial tears, and physician’s evaluation of global response—were significantly improved with cyclosporine 0.05% (but not 0.1%) compared with vehicle. 

· Most AEs reported during the phase 3 trials were mild to moderate and transient. The most common treatment-related AEs were ocular burning and stinging, ocular discharge, eye pain, pruritus, foreign body sensation, and blurring of vision
· An open label extension trial of the Phase III trials demonstrated continued efficacy of cyclosporine ophthalmic over the three year period with no increase or development of new adverse events. The majority of  patients said they would continue cyclosporine therapy; as well as recommend it to other dry eye patients.
· Cyclosporine ophthalmic has shown a greater benefit in reducing the signs and symptoms of dry eyes when combined with tear replacement therapy (Systane®) containg two active demulcents then when cyclosporine ophthalmic is used in conjunction with a tear replacement product containing a single demulcent  (Refresh®).
· Cyclosporine ophthalmic has demonstrated long term efficacy and safety in the treatment of dry eye disease. In comparison to alternative agents, topical corticosteroids are effective but are not recommended for long-term use. Oral tetracyclines have been used for their anti-inflammatory activity, however, this use is off-label and is based on limited evidence. Topical NSAIDs have also been used off-label, but reports of serious AEs in patients with a compromised ocular surface have limited therapy.
Introduction

The purposes of this monograph are to (1) evaluate the available evidence of safety, tolerability, efficacy, cost, and other pharmaceutical issues that would be relevant to evaluating cyclosporine ophthalmic suspension for possible addition to the VA National Formulary; (2) define its role in therapy; and (3) identify parameters for its rational use in the VA.

Pharmacology/Pharmacokinetics1-9
Cyclosporine ophthalmic is believed to be an anti-inflammatory,  preventing T-cells from releasing cytokines. Inhibiting cytokine release leaves the tissue of the lacrimal glands and the ocular surface intact and prevents further triggering of T lymphocytes by cytokines. By affecting the inflammatory cascade, the ocular surface and the lacrimal gland both recover, promoting normal tear production. 

Evidence suggests that cyclosporine is disease modifying rather than merely palliative. In studies of dry eye disease patients, cyclosporine reduced conjunctival IL-6 levels, decreased activated lymphocytes in the conjunctiva, reduced conjunctival inflammatory and apoptotic markers,  and increased conjunctival goblet cell numbers.



FDA Approved Indication(s) and Off-label Uses1
Cyclosporine ophthalmic emulsion is indicated to increase tear production in patients whose tear production is presumed to be suppressed due to ocular inflammation associated with keratoconjunctivitis sicca (KCS) (also known as dry eye disease). 
Potential Off-label Uses

This section is not intended to promote any off-label uses. Off-label use should be evidence-based. See VA PBM-MAP and Center for Medication Safety’s Guidance on “Off-label” Prescribing (available on the VA PBM Intranet site only). Cyclosporine ophthalmic has been used in posterior blepharitis, ocular rosacea, LASIK associated dry eye, contact lens intolerance, atopic keratoconjunctivitis and graft versus host disease.
Dosage and Administration

The dosage regimen is twice daily and it can be used concomitantly with artificial tears. Patients should remove contact lenses prior to instillation of cyclosporine ophthalmic drops.
Efficacy 

Efficacy Measures

Corneal staining with fluorescein, the Schirmer test (without anesthesia), and subjective assessments, including symptom severity, the Ocular Surface Disease Index questionnaire, and the Facial Expression Subjective Scale, have all been employed as primary outcome measures in the trials of ophthalmic cyclosporine for the treatment of dry eye. 

Fluorescein staining occurs when the epithelial barrier is disrupted, due to the loss of the epithelial cells, is well tolerated by patients and evaluates better than corneal staining. Rose Bengal and lissamine green stain the conjunctiva more brightly than the cornea.

Additionally, tear film stability can be assessed with the fluorescein tearbreak-up time test, measuring the interval in seconds between a complete blink and the first appearing dry spot or discontinuity in the precorneal film.
Aqueous tear production is measured more commonly with Shirmer test, calculating the length in millimeters that a folded filter paper strip placed in the lower lid wets during a 5-minute test period. There are two ways to perform this test: a) Shirmer test I is performed without topical anesthesia, which evaluates better the ability of the ocular gland to respond to ocular surface

stimulation; b) Shirmer test II (or Basic Secretion test) which is performed after topical anesthesia, evaluating better the basal tear secretion.

Keratoconjunctivitis (KC)10-21
The efficacy of cyclosporine ophthalmic emulsion(COE) was first investigated in a randomized, double-blind, placebo controlled dose ranging  study of 90 patients with moderate to severe dry eye disease. Patients used 0.05%, 0.1%, 0.2% and 0.4% concentration of COE.
The safety and efficacy of 0.05% and 0.1% COE were evaluated in two separate phase III trials. The results were combined in a single publication which reported the results of the trials.11 Both trials were randomized, double blinded placebo controlled trials which evaluated the agent in moderate to severe dry eye disease over a 6 month period. The trials randomized 877 patients to receive COE 0.05%  (n=293), COE 0.1% (n=292) or emulsion vehicle (n=292) instilled twice daily for the 6 month period. The primary efficacy outcomes for the trials were corneal and interpalpebral dye staining, Schirmer tear test, tear break up time, Ocular Surface Disease Index, patient subjective rating schedule, dry eye symptoms and investigator’s evaluation of global response to treatment. There were 80.2% on the 0.05% COE arm that completed the trial and 74.7% in both the 0.1% COE and vehicle that completed the trial. Treatment with COE 0.05% or 0.1% demonstrated significantly greater improvements than vehicle alone in the outcomes of corneal staining and Schirmer tear test. For 0.05% COE the improvement in corneal staining was seen at both the 4 month and 6 month follow-ups, where as 0.01% COE showed significance only at the 4 month visit. For the Schirmer tear test, significant improvements were seen at both the 3 and 6 month follow-ups for both concentrations of COE. These improvements were demonstrated by 15% of the patients treated with COE vs. 5% of patients reated with vehicle. Patients reported a significant improvement in symptoms of dry eye disease including the following, dryness, sandy-gritty feeling, itching and photophobia. Patients in the 0.05% COE group reported a statistically significant decrease in the need for supplemental artificial tears products at months 3,4 and 6. At 3 months, the global response to treatment, rated by providers and patients, demonstrated a marked response in 2%, moderate response in 19.3% and slight response in 35.3% ( p=0.031 vs. vehicle).
One caveat to this trial was the response to the vehicle in the early months of the study. At the 3 month visit, response to vehicle alone was significantly improved. This may explain why a statistical change was not seen for the COE comparators. The vehicle itself contains an oil component which can provide sustained time on the eye, thus reducing evaporation of tears. 
The most common treatment-related AEs were ocular burning and stinging, occurring in 16.1% and 4.5%, respectively, of the cyclosporine 0.1% group; 14.7% and 3.4% of the cyclosporine 0.05% group; and 6.5% and 1.4% of the vehicle group. Burning and/or stinging led to discontinuation in 3.1% of the cyclosporine 0.1% group, 1.7% of the cyclosporine 0.05% group, and 1.7% of the vehicle group. The investigators noted that only 2 patients (both in the vehicle group) developed ocular infection during treatment. 

A multicenter, nonrandomized, open-label, phase 3 extension trial was conducted to further evaluate safety. Four hundred twelve patients who had previously been treated with cyclosporine (0.1% or 0.05%) for 6 to 12 months subsequently received cyclosporine 0.1% for an additional 1 to 3 years. The most common AEs were burning (10.9%), stinging (3.9%), and conjunctival hyperemia (3.4%). Most AEs were mild to moderate; no serious AEs occurred. Efficacy evaluation (for the first year only of the extension studies) showed that previous improvements in objective and subjective outcomes were maintained. More than 95% of responding patients said they would continue  cyclosporine, and nearly 98% said they would recommend it to others.11 
Ocular Rosacea22-24
Ocular rosacea is an inflammatory syndrome associated with ocular tear surface inflammation and chronic tear film dysfunction.Common therapies include topical antibiotics and/or steroids, low dose systemic tetracycline and good eyelid hygiene. However, these therapies may be complicated by an incomplete response  and/or intolerance to  therapy. Given the similarity to chronic dry eye syndrome COE therapy has been investigated for this condition.
An early retrospective review of cases that had failed traditional therapy (N=44) demonstrated that after 6 months of 0.05% COE administration, 18% had complete resolution of symptoms and 31% had a significant resolution of symptoms. Continued evaluation of this patient group for up to 17 months of COE therapy demonstrated that 5% of patients were able to discontinue all medications without reappearance of symptoms and 68% of patients were able to continue on monotherapy with COE, discontinuing oral tetracyclines and other artificial tear products.22 

A randomized, placebo controlled trial evaluated 0.05% COE in 37 patients with ocular rosacea for 3 months. The use of oral doxycycline was stopped two weeks before the start of the trial. Primary outcome measures included corneal staining, tear breakup time and Schirmer score. In all measures 0.05% COE showed statistically significant improvement over placebo (artificial tears). Results were as follows; corneal staining (-1.3 vs -0.2 p<0.001) tear break up (+3.56 vs. -0.04 p<0.001) and Schirmer score (+2.7 vs. -1.4 p= 0.002) for COE and placebo respectively.23
Posterior Blepharitis
Posterior blepharitis is often complicated by meibomian gland obstruction. Obstruction occurs due to an alteration of lipids in tears and bacteria colonizing the lid degrading lipids which then alters the tear composition. This results in symptoms of chronic dry eye.
Two randomized trials have investigated the use of COE in posterior blepharitis. Perry, et al.25 investigated the use of 0.05%COE vs. unpreserved artificial tears in 33 patients for a duration of 3 months. At completion of the treatment period mean corneal staining scores were significantly better in the COE treated group (1.3 vs 3.9 respectively, p=0.01), tear break up time improved but was not statistically significant between the groups and Schirmer scores demonstrated no significant improvement. Patients report of symptoms was not significantly different between the groups as well. An additional outcome of meibomian gland inclusions was significantly improved with COE therapy ( 12.2 vs 23.9 p=0.001). A subsequent randomized trial of 30 patients investigated the efficacy of COE versus a combination of tobramycin 0.3%/dexamethasone 0.1%.26 At completion of the 3 month treatment phase tear breakup ( +1.87 vs +1.30 p=0.018), Schirmer Scores (+2.33 vs +0.90 p<0.001) and viscosity of gland secretions (-0.77 vs -0.30 p=0.015) showed significant improvement with COE in comparison to the tobramycin/dexamethasone product.
Atopic Keratoconjunctivitis (AKCS)
AKCS can result in conjunctival scarring and corneal complications. Standard therapy is ocular corticosteroids which often manifest AE and result in discontinuation for some patients. The efficacy of 0.5% COE was evaluated in 22 patients enrolled in a randomized, placebo controlled, blinded trial.27 Patients were considered refractory to topical steroid therapy. However, patients continued on their topical steroid therapy during the duration of the study. The only significant finding of the study was an improvement in the composite score for signs of AKCS (p=0.002). 
Several other investigators have tried to demonstrate positive results for 0.5% COE in the treatment of AKCS. The outcomes in these trials have only been able to demonstrate significant benefit on disease signs and symptoms. Indeed, one of these trials in 40 patients with vernal KCS demonstrated no benefit from 0.05% COE in the signs, symptoms or steroid use in  AKCS.28 
One trial used markers of ocular inflammation, obtained by conjunctival biopsy,  such as CD4:CD8 ratios, reduction of T cell number and reduction of T-cell cytokine expression in a group of eight patients, 4 received 2% COE and 4 received placebo.  It was noted that there was a clinical improvement with a reduction in T cell number, normalized CD4:CD8 ratios and an overall decrease in T cell activation.29 
LASIK Associated Dry Eye30-33
The surgical procedure used in Laser-assisted in situ keratomileusis(LASIK) may be responsible for the development of dry eye syndrome in patients who have not previously exhibited symptoms. The severing of corneal nerves during the procedure is thought to disrupt the feedback loop between the lacrimal glands and the ocular surface. A small trial of 21 patients were evaluated.30
Ocular Graft versus Host Disease

Approximately 50% of patients undergoing allogenic bone marrow transplant will develop graft versus host disease (GVHD) during their post transplant course. Most often GVHD initially presents as dry eye and meibomian gland dysfunction. A small study of 8 patients who failed to show improvement in dry eye symptoms with artificial tears and punctual plugs, demonstrated statistically significant improvement in Schirmer score and tear break up time after 3 months of therapy.52  This finding was repeated in a study of 16 patients,  who demonstrated a response in 62.5% of patients with improved corneal fluorscein staining.53
Contact Lens Intolerance
Many of the same symptoms of dry eye disease can be found in patient who complain of discomfort/dryness when wearing contact lens. Hom reported the results of a  5 week pilot study of 17 patients with self-reported contact lens-related dryness. Patients were randomized to cyclosporine twice per day or rewetting drops (carboxymethylcellulose 0.5%, Refresh Contacts) twice per day, to be used before and after lens wear. Patients using cyclosporine decreased the use of rewetting drops by a mean 1.0 +/- 1.1 drops per day, and patients using rewetting drops increased their use (mean increase of 0.86 +/- 1.1 drops per day [P = 0.032]). Wearing time increased 1.9 +/- 2.1 hours per day with cyclosporine and 0.93 +/- 1.0 hours per day with rewetting drops (P = 0.258). There were no significant differences in mean corneal staining between groups.54
Adverse Events (Safety Data) 
In the Phase III trials resulting in the approval of COE, the most commonly reported adverse events were burning upon instillation (14.7% COE, 6.5% vehicle), stinging upon instillation ( 3.4% and 1.4% respectively), foreign body sensation (3.1% vs. 2.1%, respectively ) and hyperemia (2.0% and 0.7% respectively). The development of adverse events in the treated group accounted for 2.5% of the discontinuations of therapy in comparison to a 1.7% rate of discontinuation in the vehicle comparator group. There were no reports of changes in visual acuity or increases in intraocular pressure. Two patients did develop ocular infections , both of these patients were randomized to the vehicle comparator group and did not receive active treatment. 
In the open label extension trial which continued for three years after the Phase III trials there was no increase in adverse events. Burning was reported by 10.9%, stinging by 3.9% and hyperemia by 3.4%. 
Precautions/Contraindications

Precautions
The emulsion from 1 individual single-use vial is to be used immediately after opening for administration to 1 or both eyes, and the remaining contents should be discarded immediately after administration. 

Cyclosporine ophthalmic emulsion should not be administered while wearing contact lenses. Patients with decreased tear production typically should not wear contact lenses. If contact lenses are worn, they should be removed prior to the administration of the emulsion. Lenses may be reinserted 15 minutes following administration of cyclosporine ophthalmic emulsion.
.
Pregnancy-Teratogenic Effects

Pregnancy category C.
Teratogenic Effects
 No evidence of teratogenicity was observed in rats or rabbits receiving oral doses of cyclosporine up to 300 mg/kg/day during organogenesis. These doses in rats and rabbits are approximately 300,000 times greater than the daily human dose of one drop (28 μL) 0.05% COE twice daily into each eye of a 60 kg person (0.001mg/kg/day), assuming that the entire dose is absorbed.
Nursing Mothers

Cyclosporine is known to be excreted in human milk following systemic administration but

excretion in human milk after topical treatment has not been investigated. Although blood

concentrations are undetectable after topical administration of COE caution should be exercised when it is administered to a nursing woman.
Geriatric Use43
No overall difference in safety or effectiveness has been observed between elderly and younger

patients.

Look-alike / Sound-alike (LA / SA) Error Risk Potential

As part of a Joint Commission standard, LA/SA names are assessed during the formulary selection of drugs.  Based on clinical judgment and an evaluation of LA/SA information from four data sources (Lexi-Comp, USP Online LASA Finder, First Databank, and ISMP Confused Drug Name List), the following drug names may cause LASA confusion:

	NME Drug Name
	Lexi-Comp
	First DataBank
	USP
	ISMP
	Clinical Judgment

	Cyclosporine ophth
Restasis
	Cyclophosphamide
Cyklokapron®

Cycloserine

None
	Cycloserine
None
	Cephalexin%
Cyclophosphamide^#

None
	Cycloserine
None
	Systemic forms of cyclosporine
None


Drug Interactions

No drug interactions with the ocular administration of cyclosporine have been reported.

Acquisition Costs 
	generic
	trade_name
	va_price

	CYCLOSPORINE 0.05% (PF) EMULSION,OPH,0.4ML
	RESTASIS 0.05% OPTH, 60'S
	$151.77

	POLYETHYLENE GLYCOL 400 0.4% SOLN,OPH
	SYSTANE 0.4% OPH SOLN
	$6.27

	POLYETHYLENE GLYCOL 400 0.4% SOLN,OPH
	SYSTANE ULTRA 0.4% OPH SOLN
	$6.56


( FSS pricing as of September 2010)
Pharmacoeconomic Analysis44-46
A cost effectiveness model was developed using the results from the two Phase III that have been published.44 This model was developed by the Center for Value Based Medicine and employed comparative effectiveness analysis and average cost-utility analysis using societal and

third-party insurer cost perspectives. 
The model addressed the comparative effectiveness( to vehicle alone) of COE 0.05%, which confered a value gain (comparative effectiveness) of 0.0319 QALY per year compared with topical lubricant therapy, a 4.3% improvement in quality of life for the average patient with moderate to severe dry eye syndrome that is unresponsive to conventional lubricant therapy. From a societal perspective the incremental cost utility ratio (CUR) for COE over vehicle therapy is $34 953 per QALY and the societal perspective average CUR is $11 199 per QALY. 
This value based evaluation of  0.05% COE provides a 4.3% improvement in quality of life over

conventional lubricant therapy for the treatment of moderate to severe dry eye disease.

Conclusions
The treatment of dry eye disease varies by degree of the disease and the causative process. Initially, various nonpharmacologic approaches are employed such as eyelid hygiene and avoidance of exacerbating factors. Artificial tears are the mainstay of therapy for patients with mild to moderate dry eye disease. However, the use of these tear supplements is symptomatic and does not alter the course of the disease. Ophthalmic cyclosporine emulsion is currently the only pharmacologic treatment that is FDA approved specifically for dry eye disease. It is a disease modifying therapy, not a palliative one. In 2006 the International Task Force dysfunctional tear syndrome treatment algorithim incorporated ophthalmic cyclosporine emulsion in the treatment of moderate to severe dry eye disease. This algorithim employs the severity classification from the task force which provides specific guidance in quantifying stage of disease. 

Additionally, multiple chronic ocular surface disorders share features of dry eye disease. Several of these(e.g. ocular manifestations of graft versus host disease34-37 , contact lens intolerance38,39,  and prevention of corneal graft rejection40-42) have shown a positive response to the immunomodulation that ophthalmic cyclosporine emulsion can provide. Further studies are need to evaluate the safety and efficacy for these disease states. The use of supplemental artificial tears with COE has been studied as well. There is beneficial effect to the use of Systane (0.3% propylene glycol, 0.4% PEG-400) in conjunction with COE over either agent alone as well as in conjunction with Refresh (1% carboxymethylcellulose sodium) tears supplement.47  
The safety profile of ophthalmic cyclosporine reveals no serious concerns and does not result in a majority of patients discontinuing the drug due to them. Evaluation of blood levels to assess systemic absorption from the ocular cysclosporine emulsion has demonstrated that no active drug crosses into the systemic circulation so there are no concerns of systemic toxicity.
Cyclsporine ophthalmic emulsion provides a disease modulating effect on the inflammation which is found with moderate to severe dry eye disease. The ability to alter the inflammatory process which causes this disease without causing significant adverse effects is of key importance in managing ocular surface disorders. 
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