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Executive Summary:  

· Riluzole is a neuroprotective agent whose primary action is to decrease the level of glutamanergic transmissions.
· Currently, riluzole is the only FDA approved agent indicated for the treatment of patients with amyotrophic lateral sclerosis (ALS)..
· Riluzole 100 mg daily prolongs median survival by two to three months in patients with probable and definite amyotrophic lateral sclerosis with symptoms less than five years, forced vital capacity greater than 60% and age less than 75 years.

· The most frequent side effects are nausea and asthenia. Liver function becomes altered and requires monitoring.
· In September 2008 the Secretary of Veterans Affairs made amyotrophic lateral sclerosis (ALS) a presumptively compensable illness for all Veterans with 90 days or more of continuous active service in the military.
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 riluzole 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, 21
Riluzole is a neuroprotective agent which has several potential mechanisms that contribute to its clinical effects.These mechanisms target the exciotoxic hypothesis of the neurodegenerative process. Riluzole inactivates the sodium channel on glutamageric terminals and activates the G-protein dependent process. This process inhibits the release of glutamic acid from neurons. Additionally, blocks the postsynaptic effects of glutamic acid by noncompetitive blockade of the N-methyl-D-aspartate (NMDA) receptors. These actions reduce the effects of glutamate on motor neurons.
Riluzole displays linear pharmacokinetics over a dose range of 25-100 mg dosed twice daly.The adverse effect profile of riluzole is also dose dependent. Riluzole displays an average absolute oral bioavailability of about 60%. Taking riluzole with meals, especially high fat meals, decreases absorption and lowers the AUC by approximately 20%. The mean elimination half-life of riluzole is 12 hours. Riluzole is 96% bound to plasma proteins, mainly to albumin and lipoproteins over the clinical concentration range. Riluzole undergoes extensive hepatic metabolism mediated by the P450 enzyme system. is extensively metabolized to six major and a number of minor metabolites, not all of which have been identified.There is marked interindividual variability in the clearance of riluzole, probably attributable to variability of CYP 1A2 activity, the principal isozyme involved in N-hydroxylation.
The clearance of riluzole is effectd by hepatic impairment. The area-under-the-curve (AUC) of riluzole, after a single 50 mg oral dose, increases by about 1.7-fold in patients with mild chronic liver insufficiency (n=6; Child-Pugh’s score A) and by about 3-fold in patients with moderate chronic liver insufficiency (n=6; Child-Pugh’s score B) compared to healthy volunteers. No significant difference in pharmacokinetics has been seen in patients with moderate to severe renal impairment. Riluzole has not been studie in patient son hemodialysis.
 
It does not appear that age effects riluzole pharmacokinetics. In limited trials, gender has effect ed riluzole , with femaleshaving a mean clearance 30% lower than males. Smokers may have increased metabolism of riluzole due to the induxtion of hepatic enzymes.  
Age: 

Clearance of riluzole in Japanese subjects native to Japan was found to be 50% lower as compared to Caucasians after normalizing for body weight. Although it is not clear if this difference is due to genetic or environmental factors (e.g., smoking, alcohol, coffee, and dietary preferences), it is possible that Japanese subjects may possess a lower capacity (oxidative and/or conjugative) for metabolizing riluzole. 
FDA Approved Indication(s) and Off-label Uses

Riluzole is indicated for the treatment of patients with amyotrophic lateral sclerosis (ALS). Riluzole extends survival and/or time to tracheostomy.

Many off label indications are under investigation. These include use in Parkinson’s Disease, Huntington’s Chorea, and various psychiatric indicstions.2-9
Dosage and Administration

The recommended dose for riluzole is 50 mg every 12 hours. In dose ranging studies no additional benefit was seen with higher doses of riluzole. Additionally, riluzole should be taken at least an hour before, or two hours after, a meal to avoid a food-related decrease in bioavailability.
Efficacy 

Efficacy Measures

Several outcome measures have been employed in riluzole trials. Time to tracheostomy( or endotracheal intubation)is  a common outcome for the larger clinical trials. Mortality at the end of the treatment period is used as well. 
Clinical Trials
Early data was generated by the use of  small non-randomized trials.. In these open label, nonrandomized trials, a trend toward a decrease in progression was noted. There are four randomized clinical trials of riluzole in ALS. Bensimon10 et al, 1994 compared riluzole 100 mg to placebo. The trial included 155 patients. Of the 77 patients randomized to receive riluzole, 38 were alive at the end of the trial compared to 29 of 78 patients on placebo. The results of this trial have been questioned as the number of bulbar onset pateients was small but this group accounted for the majority of the improved patients. A larger trial reported by Lacomblez11 in 1996, randomized 959 patients in a dose ranging study of riluzole 50 mg, 100 mg and 200 mg. Of the 236 pateitns assigned to 100mg riluzole, 134 were alive at the end of the trial, compared to 122 of 242 placebo treated patients. When two sided p values were used, a significantly prolonged survival at 9, 12 and 15 months was demonstrated. Improved survival was seen across all treatment doses, with actual survival rates of 50.4% for placebo, 55.3% for 50 mg, 56.8% for 100 mg and 57.8% for 200 mg of riluzole. A distinct patient population was studied in Bensimon12, et 2002. This trial more advanced patients (age >75, duration of illness > 5 years, forced vital capacity (FVC) < 60%) and compared riluzole 100 mg with placebo in 168 patients.Traynor13, et al  used data from the Irish ALS Register, to exam the survival of patients diagnosed with ALS between 1 January 1996 and 31 December 2000 who attended a general neurology clinic (n = 264 patients, MD = 16). An intention to treat analysis was employed for the 149 (61 %) patients were prescribed riluzole and the remaining 99 (39 %) were not. Riluzole therapy reduced mortality rate by 23 % and 15 % at 6 and 12 months respectively and prolonged survival by approximately four months.
A recent Cochrane Collaboration14 report discussed a meta analysis of the four trials discussed in the previous paragraphs. Since a riluzole dose of 100 mg daily was common to all trials, this is the dose used in the analysis.  For the primary outcome variable, an overall measure of treatment efficacy which combined survival results at different time points. Life table methods  estimating survival at 3-month intervals for each study and each dose of riluzole were employed. Median survival for treated and placebo groups were estimated by interpolation from the survival curves. Tracheostomy was a surrogate endpoint used for survival..The number of patients who had tracheostomy or intubation was low and balanced (17 riluzole, 16 placebo), across the earlier trial by Bensimon et al.1994 and that by Lacomblez et al. 1996 compared to 124 deaths in the riluzole group and 156 deaths in the placebo group. Combining survival results from these early trilas, riluzole 100 mg per day provided a slight benefit for the homogeneous group of patients (P value = 0.042, hazard ratio (HR) 0.80, CI 0.64 to 0.99) with  no evidence of heterogeneity (P value = 0.33). When the 100 mg results from these same trials  were pooled, the median survival was 15.5 months for treated and 13.2 months for placebo, a 2.3 month difference. When the Bensimon12 2002 trial is added, there was evidence of heterogeneity (P value < 0.0001) and the random effects model, which takes this into account, resulted in the overall treatment effect estimate falling just short of significance (P value = 0.056, HR 0.84, CI 0.70 to 1.01). When the data were pooled for the 100 mg dose for the three trials, the median survival was 14.8 months for treated and 11.8 months for placebo, a 3.0 month difference. The pooled hazard ratio for the three trials decreased from zero to six months and then increased from six to 18 months. An overall assessment, based on the hazard ratios for the three trials at all time points, indicated a 16% reduction in the hazard ratio for those taking 100 mg riluzole, which was not quite statistically significant (P value = 0.056). This represents a 10% absolute increase in the probability of surviving for one year (56% in the placebo and 66% in the riluzole group).

Adverse Events (Safety Data) 1, 15
There have been not reported sentinel events with riluzole at the time of this monograph preparation. 
Common Adverse Events

Table 1 lists treatment-emergent signs and symptoms that occurred in at least 2% of patients with ALS treated with riluzole (n = 794) participating in placebo-controlled trials and were numerically greater in the patients treated with riluzole 100 mg/day than with placebo or for which a dose response relationship is suggested.

The most commonly observed adverse associated with the use of riluzole more frequently than placebo-treated patients were asthenia, nausea, dizziness, decreased lung function, diarrhea, abdominal pain, pneumonia, vomiting, vertigo, circumoral paresthesia, anorexia, and somnolence. Asthenia, nausea, dizziness, diarrhea, anorexia, vertigo, somnolence, and circumoral paresthesia were dose related.

Approximately 14% (n = 141) of the 982 individuals with ALS who received riluzole in premarketing clinical trials discontinued treatment because of an adverse experience. Of those patients who discontinued due to adverse events, the most commonly reported were nausea, abdominal pain, constipation, and ALT elevations. In a dose-response study in ALS patients, the rates of discontinuation of riluzolefor asthenia, nausea, abdominal pain, and ALT elevation were dose related.

Table1: Treatment Emergent Effects

	Riluzole Adverse Reactions Occurring in Placebo-Controlled Clinical Trials (%)

	Body system/adverse 
reaction
	Riluzole
50 mg/day
(n = 237)
	Riluzole
100 mg/day
(n = 313)
	Riluzole
200 mg/day
(n = 244)
	Placebo
(n = 320)

	Cardiovascular
	     
	     
	     
	     

	Hypertension
	6.8%
	5.1%
	3.3%
	4.1%

	Palpitation
	0.4%
	0.6%
	1.2%
	0.9%

	Phlebitis
	0.4%
	1.0%
	0.8%
	0.3%

	Postural hypotension
	0.8%
	0%
	1.6%
	0.6%

	Tachycardia
	1.3%
	2.6%
	2%
	1.3%

	CNS
	     
	     
	     
	     

	Circumoral paresthesia
	1.3%
	1.6%
	3.3%
	0%

	Depression
	4.2%
	4.5%
	6.1%
	5.0%

	Dizziness
	5.1%
	3.8%
	12.7%
	2.5%

	Dry mouth
	3%
	3.5%
	2.0%
	3.4%

	Hypertonia
	5.9%
	6.1%
	5.3%
	5.9%

	Insomnia
	2.1%
	3.5%
	2.9%
	3.4%

	Somnolence
	0.8%
	1.9%
	4.1%
	1.3%

	Vertigo
	2.5%
	1.9%
	4.5%
	0.9%

	Dermatologic
	     
	     
	     
	     

	Alopecia
	0%
	1.0%
	1.2%
	0.6%

	Eczema
	0.8%
	1.6%
	1.6%
	0.6%

	Exfoliative dermatitis
	0%
	0.6%
	1.2%
	0%

	Pruritus
	3.8%
	3.8%
	2.5%
	3.1%

	GI
	     
	     
	     
	     

	Anorexia
	3.8%
	3.2%
	8.6%
	3.8%

	Diarrhea
	5.5%
	2.9%
	9%
	3.1%

	Dyspepsia
	2.5%
	3.8%
	6.1%
	5%

	Flatulence
	2.5%
	2.6%
	2%
	1.9%

	Nausea
	12.2%
	16.3%
	20.5%
	10.6%

	Oral moniliasis
	0.4%
	0.6%
	1.2%
	0.3%

	Stomatitis
	0.8%
	1%
	1.2%
	0%

	Tooth disorder
	0%
	1%
	1.2%
	0.3%

	Vomiting
	4.2%
	4.2%
	4.5%
	1.6%

	GU
	     
	     
	     
	     

	Dysuria
	0%
	1%
	1.2%
	0.3%

	Urinary tract infection
	2.5%
	2.6%
	4.5%
	2.2%

	Metabolic/nutritional
	     
	     
	     
	     

	Peripheral edema
	4.2%
	2.9%
	3.3%
	2.2%

	Weight loss
	4.6%
	4.8%
	3.7%
	4.7%

	Musculoskeletal

	Arthralgia
	5.1%
	3.5%
	1.6%
	3.4%

	Respiratory

	Decreased lung function
	13.1%
	10.2%
	16%
	9.4%

	Rhinitis
	8.9%
	6.4%
	7.8%
	6.3%

	Increased cough
	2.1%
	2.6%
	3.7%
	1.6%

	Sinusitis
	0.4%
	1%
	1.6%
	0.9%

	Miscellaneous

	Asthenia
	14.8%
	19.2%
	20.1%
	12.2%

	Headache
	8%
	7.3%
	7%
	6.6%

	Abdominal pain
	6.8%
	5.1%
	7.8%
	3.8%

	Back pain
	1.7%
	3.2%
	4.1%
	2.5%

	Aggravation reaction
	0.4%
	1.3%
	2%
	0.9%

	Malaise
	0.4%
	0.6%
	1.2%
	0%


Precautions/Contraindications

Precautions1
Riluzole should be used with caution in patients with concomitant liver or renal insufficiency. In particular, in cases of riluzole-induced hepatic injury manifested by elevated liver enzymes, the effect of the hepatic injury on riluzolemetabolism is unknown.

 Riluzole should be used with caution in elderly patients whose hepatic or renal functions may be compromised due to age. Also, females and Japanese patients may possess a lower metabolic capacity to eliminate riluzole compared to males and white subjects, respectively.
Among approximately 4000 patients given riluzole for ALS, there were 3 cases of marked neutropenia (absolute neutrophil count less than 500/mm3), all seen within the first 2 months of riluzole treatment. In 1 case, neutrophil counts rose on continued treatment. In a second case, counts rose after therapy was stopped. A third case was more complex, with marked anemia as well as neutropenia and the etiology of both is uncertain. Patients should be warned to report any febrile illness to their physicians. The report of a febrile illness should prompt treating physicians to check white blood cell counts.
Look-alike / Sound-alike (LA / SA) Error Risk Potential

The VA PBM and Center for Medication Safety is conducting a pilot program which queries a multi-attribute drug product search engine for similar sounding and appearing drug names based on orthographic and phonologic similarities, as well as similarities in dosage form, strength and route of administration. Based on similarity scores as well as clinical judgment, the following drug names may be potential sources of drug name confusion:

LA/SA for generic name riluzole; ropinirole, rebetol, letrozole, tapazole, virazole
LA/SA for trade name Rilutek; Ketek, Rifater, Phenytek
Drug Interactions


There is the potential for additive hepatoxicity with riluzole. The clinical trials excluded patients on the following medications; allopurinol, methyldopa and sulfasalazine. 

Riluzole is highly bound (96%) to plasma proteins, binding mainly to serum albumin and to lipoproteins. The effect of riluzole (up to 5 mcg/mL) on warfarin (5 mcg/mL) binding did not show any displacement of warfarin. Conversely, riluzole binding was unaffected by the addition of warfarin, digoxin, imipramine and quinine at high therapeutic concentrations.

In vitro studies using human liver microsomal preparations suggest that CYP 1A2 is the principal isozyme involved in the initial oxidative metabolism of riluzole and, therefore, potential interactions may occur when riluzole is given concurrently with agents that affect CYP 1A2 activity. Potential inhibitors of CYP 1A2 (e.g., caffeine, phenacetin, theophylline, amitriptyline, and quinolones) could decrease the rate of riluzole elimination, while inducers of CYP 1A2 (e.g., cigarette smoke, charcoal-broiled food, rifampicin, and omeprazole) could increase the rate of riluzole elimination.

CYP 1A2 is the principal isoenzyme involved in the initial oxidative metabolism of riluzole; potential interactions may occur when riluzole is given concurrently with other agents which are also metabolized primarily by CYP 1A2 (e.g., theophylline, caffeine, and tacrine). Currently, it is not known whether riluzole has any potential for enzyme induction in humans.
Acquisition Costs

The current FSS price for riluzole 50 mg is $10.38. using the daily dose of 100 mg therapy with riluzole is $20.76 daily or $7577 yearly.
Pharmacoeconomic Analysis16-20
. 

A Health Technology Assessment16 of the pivotal four riluzole trials found that there was no clear benefit to riluzole therapy in ALS. The combined results of these trials document a benefit in tracheostomy free survival. There was no significant impact on survival, additionally functional improvement was not seen. The period of follow up extended inly to 18 months so no long term data were available. Using these endpoint measures, the base case incremental cost effectivenessratio (ICER) produced a cost per life year of £39,000.and a cost per quality adjusted  life year of £58,000. The authors conclude that there was limited evidence of a modest benefit in time to tracheostomy. The CI of the results were wide and in some cases there was questionable benfit of riluzole over placebo.
Ginsberg17 et al concluded that  due to the the high degree of uncertainty pertaining to survival gains and the relatively high costs per life years or quality-adjusted life-years gained, it is still inconclusive as to whether or not riluzole can be considered as cost-effective therapies for ALS.
Tavakoli constructed a Markov Model based on a cohort of 954 patients drawn from a large randomised, double blind, placebo-controlled, multicentre trial between 1992 and 199418. Costs associated with riluzole included the acquisition cost and bi-monthly monitoring for raised ALT levels. Four distinct health states were used corresponding to mild, moderate, severe and terminal states. Applying the Markov model and extending the transitional probabilities using linear interpolation, the base case cost per life year gained was estimated at 15,192 pounds while applying Standard Gamble utility scores, the base case cost per quality-adjusted life-year (QALY) was assessed at 22,086 pounds.
An analysis of the initial two trials of riluzole concluded The lifetime survival gain (including 3% annual discounting) was, on average, 2.3 months per patient, while the incremental cost was around $US12,000 per patient. Hence, the cost-effectiveness ratio of riluzole versus usual care without riluzole was $US62,609 per life-year gained (discounted dollars per discounted years; 95% CI: $US13,458 to $US205,714). The sensitivity analysis, considering different values of national cost for riluzole, suggested an interval for this parameter ranging from $US45,048 to $US62,609.
The pharmacoeconomic benefit of riluzole has not been clearly documented. Longer clinical trials with functional outcomes would be of benefit in determing a net benefit. Given the costs of supportive care for an ALS patient, time spent in a better health state may contribute to an ecom=nomic benefit as well as a benefit in quality of life. 

Conclusions22
Riluzole 100 mg appears to prolong survival in patients with ALS by about two to three months. This reduction in estimated survival prolongation occurred as a result of the inclusion of a which enrolled older patients with more advanced disease. Although the therapeutic effects of riluzole on survival were consistent in two of the three studies with comparable outcomes, the impact on functional measures varied among the studies. There was no positive effect on muscle strength when the data were combined. Small beneficial effects on patient function were found in the limb and bulbar scale at the 100 mg dose. The beneficial effect of drug on health status has been derived from posthoc analysis of blinded data. Patients treated with riluzole remained longer in a more moderately affected health state compared with placebo treated patients. 
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