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The purpose of VA PBM Services drug monographs is to provide a comprehensive drug review for making formulary decisions. These documents will be updated when new clinical data warrant additional formulary discussion. Documents will be placed in the Archive section when the information is deemed to be no longer current.
Executive Summary:  
· Fingolimod is a sphingosine-1 receptor modulator. The mechanism of action involves both lymphocyte sequestering and potential modulation of astrocytes which can decrease the neurodegeneration in MS.
· The FREEDOMS trial compared fingolimod 0.5 mg and 1.25 mg with placebo over a 24 month period in patients with RRMS.
· In FREEDOMS both doses of fingolimod demonstrated a statistically significant reduction of annualized relapse rate, absence of relapse in the 24 month study period and absence of disease progression compared to placebo.
· The benefits of fingolimod in the FREEDOMS trials were shown regardless of treatment experience (naive or experienced).

· In TRANSFORMS, fingolimod 0.5 mg and 1.25 mg were compared to treatment with intramuscular interferon beta 1a 30 µg given weekly over a 12 month period.
· Fingolimod at either dose demonstrated a statistically significant decrease in annualized relapse rate, new or enlarged T2 weighted lesions and Gd+ lesions in comparison to interferon beta 1a.
· There have been 4500 patient years of exposure, with some patients in their seventh year of treatment with fingolimod.

· In 4 and 5 year extensions of the Phase III trials, fingolimod 0.5 mg continues to maintain a decrease in relapse rate and disability progression.
· There have been patient deaths reported in both Phase II trials of fingolimod. In the TRANSFORMS study, two fatal infections occurred. In the FREEDOMS trial two patient deaths in the placebo group (pulmonary embolism and traffic death) and a death due to suicide in the fingolimod 1.25 mg group.
· Fingolimod may cause bradycardia, atrioventricular block, hypotension with the initial dose. Due to this concern, patients must be observed for 6 hours after the initial dose.
· The development of macular edema, melanomas, basal cell carcinomas and infections may occur with fingolimod therapy.

· Laboratory changes reported with fingolimod include a decrease in peripheral blood lymphocyte counts and elevations in liver function tests.
Introduction

Fingolimod is the first oral agent approved by the FDA as a disease modifying treatment for Multiple Sclerosis (MS). Currently available disease modifying therapies (DMT) all require injection or infusion.  . 
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 considering fingolimod 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 1,-4
Fingolimod is a synthetic analogue of myriocin that is derived from a fungus (Isaria sinclairii). It is a S1P receptor modulator. Fingolimod is metabolized by sphingosine kinase to the active metabolite fingolimod-phosphate. Based on pre-clinical studies, oral fingolimod has a dual novel mode of action, targeting both the inflammatory and neurodegenerative components of MS in animal models of MS.4
Fingolimod targets the inflammatory components of MS through the reversible sequestration of the lymphocytes in lymph nodes preventing their migration into the CNS where autoreactive lymphocytes cause inflammation and tissue damage. By acting as a functional antagonist of S1P receptor on lymphocytes, fingolimod-phosphate selectively and reversibly retains naïve T cells (immune cells that have not been previously exposed to a pathogen) and central memory T cells in the lymph nodes, causing a redistribution, rather than depletion, of lymphocytes. This redistribution reduces the infiltration of pathogenic lymphocyte cells into the CNS where they would otherwise be involved in nerve inflammation and nervous tissue damage.3 Fingolimod readily crosses the BBB to bind to S1P receptor 1, 3, and 5 located in the CNS.
Additionally, fingolimod down-modulates S1P1 in neural cells/astrocytes, which may result in reduction of astrogliosis, a phenomenon associated with neurodegeneration in MS. This action may help restore gap-junctional communication of astrocytes with neurons and cells of the BBB and allow structural restoration of the CNS parenchyma. 

Pharmacokinetics/Pharmacodynamics 1-11
Fingolimod has a slow absorption period, with the time of maximal concentration at 12–24 hours post dose .5-7  The absolute oral bioavailability is 93%. Fingolimod has a large volume of distribution, due to distribution in red blood cells. Fingolimod has a half-life of ~9–10 days and with daily dosing, pharmacokinetic steady state is achieved after 1–2 months. Fingolimod and fingolimod-phosphate are more than 99.7% protein bound. Fingolimod and fingolimod-phosphate protein binding is not altered by renal or hepatic impairment. The drug is cleared by a metabolic pathway that predominantly utilizes the cytochrome P450 system. The major pathway involves CYP4F2 and by CYP2D6, 2E1, 3A4, and 4F12 to a lesser extent; therefore, inhibitors or inducers of these isoenzymes may alter fingolimod exposure. Given that this oxidative enzyme system is not known to contribute to the metabolism of any other drugs, there seems to be a low potential of drug–drug interactions.  The terminal half-life of fingolimod is ~6-9 days.
Pharmacodynamic studies show that the drug has a rapid onset. Within hours of the first dose of fingolimod, a dose-dependent decrease in the peripheral lymphocyte count is apparent. With continued daily dosing, both a stable blood concentration and a stable reduction in the number of circulating blood lymphocytes are observed, with an average reduction of 77% with the 1.25 mg dose and 73% with the 0.5 mg dose; cell counts remained stable for the entire treatment period.8-10 An increase of the peripheral blood lymphocyte count was evident within days of stopping fingolimod treatment, and it typically returned to normal range within 6 weeks.11
FDA Approved Indication(s) and Off-label Uses1
Fingolimod is indicated as a treatment of relapsing forms of MS to reduce the frequency of clinical exacerbations and to delay accumulation of physical disability.
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). Multiple animal models are being used to demonstrate the effects of fingolimod in areas such as transplant immunosuppression, immunotherapy in cancer, spinal cord injury patients to enhance nerve transmission to affected muscles and protection in cerebral ischemia. None of these potential uses have been tested in large, randomized clinical trials in humans.
Current VA National Formulary Alternatives

Currently, the MS disease modifying agents available on the VA National Formulary are beta-interferon, glatiramer acetate, natalizumab and mitoxantrone.
Dosage and Administration1
Fingolimod is dosed at 0.5 mg by mouth daily, with or without food.  Fingolimod doses higher than 0.5 mg are associated with a greater incidence of adverse reactions without additional benefit. Patients should be observed for 6 hours after the initial dose to monitor for signs and symptoms of bradycardia. 
Special Populations:

Hepatic Impairment: In subjects with mild, moderate, or severe hepatic impairment, no change in fingolimod Cmax was observed, but fingolimod AUC was increased, respectively, by 12%, 44%, and 103%. The apparent elimination half-life of fingolimod is unchanged in subjects with mild hepatic impairment, but is prolonged by about 50% in patients with moderate or severe hepatic impairment. No dose adjustment is needed for patients with mild or moderate hepatic impairment.  Patients with severe hepatic impairment should be monitored for adverse reactions.  

Renal Impairment: In patients with severe renal impairment, fingolimod Cmax and AUC are increased by 32% and 43%, respectively, and fingolimod-phosphate Cmax and AUC are increased by 25% and 14%, respectively, with no change in apparent elimination half-life. No dosage adjustment is recommended in patients with renal impairment. The effects of fingolimod have not been studied in patients with mild to moderate renal impairment.

Pregnancy: Fingolimod is a pregnancy category C drug based on animal studies demonstrating fetal harm. Elimination of fingolimod takes 2 months following discontinuation of the medication. Women of child-bearing age should use an effective form of contraception while taking fingolimod and for up to 2 months after discontinuing therapy to avoid pregnancy.

Efficacy  
 Multiple Sclerosis Efficacy Measures
Disease progression in MS is measured by several scales, with the Kurtzke Expanded Disability Status Scale (EDSS) being the most common. This scale ranges from zero to ten and progresses in increments of 0.5 degree, with higher scores indicating more severe disease. The scale allows for quantification of disability and allows neurologists to assign a functional score to affected systems, including pyramidal, cerebellar, brainstem, sensory, bowel and bladder, visual, cerebral, and other. The rate of relapse is an outcome measure in MS trials that serves as more of clinical marker of disease state. The presence of gadolinium (Gd+) enhancing lesions on MRI scans also serves as a marker of disease activity as does T2 weighted lesions.  The appearance of Gd+ lesions demonstrates an “acute” inflammation, with T2 lesions being related more to disease accumulation and progression.
Clinical Trials

The first clinical evidence that fingolimod may offer a  therapeutic benefit in MS was provided in a 6-month, placebo-controlled Phase II trial involving 281 patients with relapsing MS.12 Patients included in this trial had a diagnosis of relapsing MS defined as  at least one of the following: 2 or more documented relapses during the previous 2 years, 1 or more documented relapses in the year before enrollment, and 1 or more Gd+ lesions detected on MRI at screening; a score of 0 to 6 on the EDSS; and neurologically stable condition with no evidence of relapse for at least 30 days prior to study entry.  Patients receiving 1.25 mg fingolimod or 5.0 mg fingolimod daily had a lower median total number of gadolinium enhancing lesions (the primary end point) than those receiving placebo. The annualized relapse rate was 0.77 in the placebo group, compared with 0.35 in the 1.25 mg fingolimod group (p = 0.009) and 0.36 in the 5.0 mg fingolimod group (p = 0.01). When the 6-month placebo-controlled phase of the trial was completed, patients had the option to join a long-term extension in which all patients received fingolimod. During this extension phase, patients who switched from placebo to fingolimod also showed reductions in annualized relapse rates and lesion counts compared with the placebo phase.
The FREEDOMS trial was a 2-year, double-blind Phase III study, involving 1,272 patients with relapsing remitting MS (RRMS).10 The patients were randomized to receive a daily dose of 0.5 mg or 1.25 mg of fingolimod or placebo. At baseline, patients had a mean patient age of 37 years and median disease duration was 6.7 years. Patients had a mean of 1.4–1.5 relapses in the previous year and 2.1–2.2 relapses in the previous 2 years, and a mean expanded disability status scale (EDSS) score of 2.3–2.5. A total of 1,033 (81.2%) patients completed the study. The end points utilized in the trial were the annualized relapse rate (the primary end point) and the time to disability progression (a secondary end point). The annualized relapse rate (ARR) was 0.18 in the 0.5 mg fingolimod group, 0.16 in the 1.25 mg fingolimod group, and 0.40 in the placebo group (p < 0.001 for either dose versus placebo). Approximately 70.4% and 74.7% of patients were relapse free in the fingolimod 0.5 mg and 1.25 mg groups vs. 45.6% in the placebo group at 24 months (p<0.001).  At doses of 0.5 mg and 1.25 mg, fingolimod significantly reduced the risk of disability progression over the 24-month period. The cumulative probability of disability progression confirmed after 3 months was 17.7% with 0.5 mg fingolimod, 16.6% with 1.25 mg fingolimod, and 24.1% with placebo. Both fingolimod doses showed improved effects compared with placebo with regard to magnetic resonance imaging (MRI)-related measures (number of new or enlarged lesions on T2‑weighted images, gadolinium enhancing lesions, and brain-volume loss). See Table 1. Additionally, in an aggregate analysis, only age > 40 years was shown to have an effect on the ARR with the CI crossing one. Both treatment experienced and treatment naïve patients demonstrated significant reductions in ARR. 
The TRANSFORMS trial evaluated fingolimod against an active comparator, intramuscular interferon beta-1a (Avonex®).8  This double blind, double-dummy, parallel group trial evaluated 1,292 patients with RRMS. Patients were randomized to receive either fingolimod 0.5 mg (N=431) or 1.25 mg (N=425) by mouth once daily or intramuscular interferon beta-1a at a weekly dose of 30 micrograms (N=435). The duration of the trial was one year. The primary outcome of the trial was ARR with secondary outcomes including time to confirmed disability progression and number of new/enlarged hyperintense lesions onT2 weighted MRI scan. At baseline, mean patient age was 36 years and median disease duration of MS was 7.4 years. Patients had a mean of 1.5 relapses in the previous year and 2.2–2.3 relapses in the previous 2 years, and a mean EDSS score of 2.2. A total of 1,153 patients (89.2%) completed the study. The ARR was significantly lower in both groups receiving fingolimod — 0.20 in the 1.25 mg group and 0.16 in the 0.5 mg group than in the group receiving IFN-β1a (0.33). Disability progression was not different between the groups; however, the study duration may have been too short to adequately explore this end point. Both fingolimod doses showed improved effects compared with IFN-β1a with regard to MRI measures (number of new or enlarged lesions on T2-weighted images, gadolinium-enhancing lesions, and brain-volume loss at 12 months). See Table 2. There was no difference in the ARR when comparing treatment experienced and treatment naïve patients. 
It is likely that disease modifying therapy will continue for prolonged periods once a patient is diagnosed with MS and begins treatment. None of the known therapies actually cause a cure of the disease; they limit progression and relapses. Therefore, it is important to know the long term safety and efficacy beyond the two years used in the FREEDOMS study. Open label extension data has been presented up to 4 years from an extension of the original Phase II study reported by Kappos, et al.  Placebo-treated patients entering the extension were re-randomized to 1.25 or 5 mg while the fingolimod groups continued. For months 15-24 and onward, all patients received open-label fingolimod 1.25 mg. At 48 months the percentage of patients free of new inflammatory activity since 36 months, for the placebo/fingolimod 1.25 mg and continuous fingolimod 1.25 and 5/1.25 mg groups, were 88.2, 78.8, and 80, respectively. At month 48, patients continuously treated with fingolimod (1.25 or 5/1.25 mg) had a low ARR (0.18 or 0.20), respectively, and 63–70% of these patients remain relapse free; 51% of patients who switched to fingolimod from placebo at month 7 were relapse-free. In all groups, most patients (65– 75%), were free from confirmed disability progression after month 6 and forward. Nasopharyngitis, headache, influenza, fatigue, and back pain were the most frequently reported AEs (15% patients). Data on file with Novartis confirms these same trends continue in the patient population with 5 years of follow-up.
Table 1: Clinical and MR Endpoints from FREEDOMS
	End Point
	Fingloimod 1.25mg
	Fingolimod 0.5 mg
	Placebo
	1.25 mg vs. placebo
	0.5 mg vs. placebo

	Annualized relapse rate over 24 months
	0.16 (0.13-0.19)
	0.18 (0.15-0.22)
	0.40 (0.34-0.47)
	P<0.001
	P<0.001

	Risk of disability progression(hazard ratio)
	0.68
	0.70
	
	P=0.017
	P=0.024

	Mean number of new/enlarged T2 lesions at 24 months
	2.5
	2.5
	9.8
	P<0.001
	P<0.001

	Mean Change from baseline in  EDSS score at 24 months
	-0.03+0.88
	0.0+0.88
	0.13+0.94
	P=0.002
	P=0.002

	Disease free
	161 (37.5%)
	139 (32.7%
	54 (12.9%)
	P<0.001
	P<0.001


Table 2: Clinical and MR Endpoints from TRANSFORMS

	End Point
	Fingloimod 1.25mg
	Fingolimod 0.5 mg
	Interferon beta 1a
	1.25 mg vs. interferon
	0.5 mg vs. interferon

	Annualized relapse rate over 24 months
	0.20 (0.13-0.19)
	0.18 (0.15-0.22)
	0.40 (0.34-0.47)
	P<0.001
	P<0.001

	Patients with no confirmed disability progression, % (95% CI) at 12 months
	93.3 (90.9, 95.8) 
	94.1 (91.8, 96.3) 
	92.1 (89.4, 94.7) 
	0.50 
	0.25 

	Mean number of new/enlarged T2 lesions at 12 months
	1.5 ± 2.7 

1 (0 to 26) 
	1.7 ± 3.9 

0 (0 to 38) 
	2.6 ± 5.8 

1 (0 to 63) 
	<0.001 
	0.004 

	Mean Change from baseline in EDSS score at 12 months
	0.11± 0.90 

0 (-3.0 to 5.0) 
	-0.08 ± 0.79 

0 (-3.0 to 2.5) 
	0.01 ± 0.78 

0 (-2.0 to 3.0) 
	0.02 
	0.06 

	Disease free
	161 (38.3%) 
	195 (45.5%) 
	146 (33.9%) 
	P=0.176 
	p<0.001 


Table 3: Frequency (%) distribution of patients relapses in TRANSFORMS (ITT population) 

	Number of relapses
	Fingolimod 1.25mg n=420
	Fingolimod  0.5mg n=429
	interferon beta - 1a IM n=431

	Confirmed Relapses
	
	
	

	None
	338 (80.5)
	354 (82.5)
	302 (70.1)

	At least 1
	82 (19.5)
	75 (17.5)
	129 (29.9)

	At least 2
	21 (5.0)
	12 (2.8)
	39 (9.0)


Adverse Events (Safety Data)

Deaths and Other Serious Adverse Events (Sentinel Events) 
During the TRANSFORMS trial two fatal infections occurred in the fingolimod 1.25 mg group: disseminated primary varicella zoster (after exposure to an infected child with active chicken pox) and one death due to herpes simplex encephalitis. An additional two deaths within 1 year after study discontinuation were due to aspiration pneumonia and metastatic breast cancer.
During the FREEDOMS trial deaths reported in the placebo group included pulmonary embolism and traffic death and one death in the fingolimod 1.25 mg group was attributed to suicide. 

Infections 
The immunomodulatory properties of fingolimod may increase the potential risk for infections. In the FREEDOMS trial, the rate of infections overall was similar in patients treated with fingolimod 1.25 mg (68.5%), fingolimod 0.5 mg (71.5%), or placebo (72%). There was no increase in the risk of infections associated with fingolimod treatment compared to placebo with the exception of lower respiratory tract infection. A slight dose-dependent increased risk of lower respiratory tract infections (mainly bronchitis; 7 cases of pneumonia on fingolimod 1.25 mg, 2 on fingolimod 0.5 mg, and 1 on placebo) was noted with fingolimod (11.4%, 9.6%, and 6.0% in the fingolimod 1.25 mg, 0.5 mg, and placebo groups respectively) (Novartis, Data on file).

Neoplasms 
Pooled data which includes Phase 2 and Phase 3 trials including their extensions do not suggest an increased risk of skin malignancy. There is likewise no evidence of an increased risk of non-skin malignancy in patients treated with fingolimod. The incidence of malignancies in the 2-year placebo-controlled study was similar in all three treatment groups and no change in incidence was seen in the pooled studies group (Novartis, Data on file). 

Malignant neoplasms were reported in 4, 4, and 10 patients receiving fingolimod 0.5 mg, fingolimod 1.25 mg, and placebo, respectively. All 11 skin cancers (basal-cell carcinoma, malignant melanoma, or Bowen’s disease) that occurred (3 cases with fingolimod 1.25 mg, 4 with fingolimod 0.5 mg, and 4 with placebo) were removed successfully. 
Ocular

Macular edema was diagnosed in seven patients, all of whom were receiving 1.25 mg of fingolimod. No cases of macular edema were observed in the FDA approved dose of 0.5 mg.

Common Adverse Events

Similar proportions of patients (93% to 94%) in the three study groups were reported to have AEs; the events were mild to moderate in severity in 82%, 77%, and 77% of patients receiving fingolimod 0.5 mg, fingolimod 1.25 mg, and placebo, respectively. For the three most common AEs (headache, nasopharyngitis, and upper respiratory tract infection) there were no significant differences among dose groups. 
The overall incidence of infection was similar in the fingolimod and placebo groups (69% to 72%). Macular edema was diagnosed in seven patients, all of whom were receiving 1.25 mg of fingolimod. No cases of macular edema were observed in the FDA approved dose of 0.5 mg. A summary of the common AEs observed during treatment is provided in Table 4.
Table 4: Adverse events reported by at least two patients (combined data from the two Phase III trials)

	 Adverse Event 
	Fingolimod 1.25 mg once daily (n=429) 
	Fingolimod 0.5 mg once daily 
(n=425) 
	Placebo 
(n=418) 

	Cardiovascular disorders 
Bradycardia 

Myocardial infarction 
	3 (0.7%) 

0 
	4 (0.9%) 

0 
	1 (0.2%) 

2 (0.5%) 

	Neoplasms 
Basal-cell carcinoma 

Breast cancer 

Malignant melanoma 

Bowen’s disease 

Cervical carcinoma, stage 0 

Endometrial cancer 

Prostate cancer 
	1 (0.2%) 

1 (0.2%) 

1 (0.2%) 

1 (0.2%) 

0

0

0 
	4 (0.9%) 

0

0

0

0

0

0 
	3 (0.7%) 

3 (0.7%) 

1 (0.2%) 

0 

1 (0.2%) 

1 (0.2%) 

1 (0.2%) 

	Nervous system disorders 
MS relapse* 

Epilepsy 

Headache 
	3 (0.7%) 

2 (0.5%) 

2 (0.5%) 
	4 (0.9%) 

0

0 
	1 (0.2%) 

0

0 

	General disorders 
Chest pain 
	0 
	4 (0.9%) 
	2 (0.5%) 

	Macular edema 
	3 (0.7%) 
	0 
	0 

	Laboratory evaluation 
Abnormal LFT 

Lymphopenia 
	2 (0.5%) 

2 (0.5%) 
	0 

0 
	1 (0.2%) 

0 

	Depression 
	2 (0.5%) 
	0 
	1 (0.2%) 

	Musculoskeletal disorders 
Back pain 

Intervertebral disk protrusion 
	0

0 
	2 (0.5%) 

0 
	1 (0.2%) 

2 (0.5%) 

	Abortion 
	0 
	0 
	3 (0.7%) 

	Urinary tract infection 
	0 
	2 (0.5%) 


	0 


Tolerability 

In the FREEDOMS trial 14.2% of patients in the 1.25 mg fingolimod group discontinued therapy compared to 7.5% in the 0.5 mg fingolimod and 7.7% in the placebo groups. The major reasons for discontinuation were bradycardia and atrioventricular conduction block at the time of fingolimod initiation, macular edema, elevated liver-enzyme levels, and mild hypertension.
In the TRANSFORMS trial 10% of patients receiving 1.25 mg of fingolimod compared to 5.6% of patients receiving fingolimod 0.5 mg and 3.7% of patients receiving interferon beta 1a discontinued study treatment. A slightly larger percentage of patients in the fingolimod 1.25 mg group discontinued due to adverse events. The adverse events in this group were bradycardia and atrioventricular block which occurred after the first dose of study medication.  
Contraindications

.No absolute contraindications have been determined for fingolimod.
Warnings and Precautions

· Bradycardia may result from fingolimod initiation. All patients should be observed for 6 hours after the first dose for signs and symptoms of bradycardia.

· Electrocardiogram should be performed in patients using anti-arrhythmics, beta-blockers, calcium channel blockers, and those with cardiac risk factors (if not performed within the previous 6 months)

· Has not been studied in patients with resting heart rate < 55 bpm, 2nd or higher degree AV block, sick sinus syndrome, prolonged QT interval, ischemic heart disease, congestive heart failure, or in combination with Class I or III anti-arrhythmic drugs

· Transient AV conduction delays may occur which typically resolve within 24 hours after treatment initiation

· Increased risk for infection due to reduction in peripheral lymphocyte counts

· Macular edema

· Small dose-dependent reductions in respiratory function may occur

· Elevations in liver enzymes may occur.  Discontinue therapy if > 3-5x ULN. 

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

As part of a JCAHO standard, LASA names are assessed during the formulary selection of drugs.  Based on clinical judgment and an evaluation of LASA 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

	Fingolimod 0.5mg cap
Gilenya
	None
None
	None
None
	None
None
	None
None
	Imiquimod 5%
Glatiramer Inj


Drug Interactions
 Ketoconazole can increase fingolimod blood concentrations by 1.7-fold when given concomitantly, however the clinical significance of this has not been determined. The risk of adverse reactions may be increased. 
Acquisition Cost* 
Table 5: Cost Comparison : Disease Modifying Therapies for MS

	Drug
	Dose
	Cost/unit
	Cost/month
	Cost/year

	Fingolimod (Gilenya®)
	1 capsule daily
	$96.64
	$2,899.20
	$35,273.80

	Interferon beta 1a (Avonex®)
	30 mcg IM q week
	$278.41
	$1,113.64
	$14,477.32

	Interferon beta 1a (Rebif®)
	44 mcg TIW
	$95.11
	$1,141.32
	$14,837.16

	Interferon beta 1b (Betaseron®)
	250 mcg qod
	$58.15
	$872.25
	$10,641.45

	Glatiramer (Copaxone®)
	20 mg SC daily
	$40.48
	$1,214.40
	$14,775.20

	Natalizumab (Tysabri ®)#
	300 mg IV q month
	$1,464.90
	$1,464.90
	$17,578.80


*VA Prices as of 01-03-11; check VA pricing sources for update information 
# using DSS data the approximate monthly infusion center cost is an additional $342
Pharmacoeconomic Analysis
An economic model which was contained in the fingolimod AMCP dossier projects the cost effectiveness analysis calculated based on the cost per relapse avoided for each of the products. The cost per relapse avoided is calculated as the total cost of therapy over 2 years (including drug acquisition, relapses and monitoring) divided by the number of relapses avoided of 2 years.  The cost per relapse avoided was lowest for fingolimod at $74,843, followed by SC IFNβ-1b (Extavia®) at $84,509, SC IFNβ1-a at $93,529, SC IFNβ-1b (Betaseron®) at $96,117, glatiramer acetate at $111,398 and IM IFNβ-1a at $178,149. 
The manufacturer repeated the model using VA specific data regarding pricing, number of patients and average cost of hospitalization. Using these VA specific parameters, the cost per relapse avoided was $56,755 for fingolimod, $35,542 for interferon beta 1b, $53,374 for glatiramer acetate, $48,260 for three times weekly interferon beta 1a and $89,587 for intramuscular interferon beta 1a. 
Conclusions
Fingolimod has shown improved efficacy compared with placebo and with intramuscular interferon beta-1a therapy in patients with RRMS. Efficacy measures which have documented benefit include decreased annualized relapse rate, decrease in mean number of T2 weighted lesions as well as decreased number of Gd+ enhancing lesions. The benefits of fingolimod therapy have been followed for up to 5 years, gathering data in open label extensions of the Phase II trial. Open label extensions of the Phase III trials are underway.
Therapy with fingolimod does come with associated risks. Due to the pharmacologic action of the drug, patients may develop bradycardia, atrioventricular block, hypotension and other cardiac manifestations. Patients must be followed closely during the first 6 hours after an initial dose to recognize and treat these events if they occur. Other adverse events which require further investigation include development of macular edema, neoplasms and infections. In the Phase III trials these events did not occur at a significantly increased rate over placebo, however as more patients are exposed to fingolimod these events will need to be reassessed. 
Prepared January 2011. Contact person: Kathy Tortorice, Pharm.D., BCPS, Pharmacy Benefits Management Services 
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