Ramelteon
(Rozerem™)
Classification: Hypnotic Agent
Pharmacology:

Ramelteon is a melatonin receptor agonist which selectively binds melatonin MT1 and MT2 receptors in the suprachiasmatic nucleus of the hypothalamus, with little affinity for the MT3 receptor.  Activation of MT1 and MT2 receptors by endogenous melatonin is believed to be involved in generation of the circadian rhythm underlying the normal sleep-wake cycle.  The MT1 receptor is believed to be involved in producing sleepiness, while the MT2 receptor is thought to be involved in phase-shifting effects on the circadian rhythm.  Ramelteon has a greater affinity and selectivity for MT1 receptors compared with melatonin, which would theoretically offer an advantage over melatonin in the treatment of sleep-onset insomnia.1,2 
Pharmacokinetics:


Absorption:
Absorption is rapid after oral administration, with a median time to peak concentration (Tmax) ranging from 0.5 to 1.5 hours. While total absorption is at least 84%, the absolute bioavailabilty is low (1.8%) due to extensive first-pass metabolism.
Distribution:
Ramelteon is approximately 82% protein-bound, primarily to albumin. Mean volume of distribution after IV administration is 73.6 L, suggesting substantial tissue distribution.
Metabolism:
Hepatic metabolism takes place largely through CYP1A2, with minor involvement of CYP3A4 and CYP2C9/19.  Ramelteon has 4 principal metabolites, with M-II being the most prevalent.  M-II has some affinity for MT1 and MT2 receptors, but is less potent than the parent drug.  Other known metabolites are inactive.  Mean systemic exposure is 20- to 100-fold higher for M-II compared with ramelteon.
Elimination:
Elimination is rapid, with an elimination half-life ranging from 1 to 2.6 hours.  Approximately 84% of the dose is excreted in the urine, with 4% eliminated through the feces.  Less than 0.1% of the dose is excreted unchanged.  The half-life of M-II is 2-5 hours.
Indications:

Ramelteon is indicated for the treatment of insomnia characterized by difficulty with sleep onset.
Dosage and Administration:

The recommended dose is 8 mg taken within 30 minutes of going to bed. Administration of ramelteon with or immediately after a high-fat meal is not recommended, as this has been shown to substantially delay Tmax.
Contraindications:

· Hypersensitivity to ramelteon or any component of the formulation
Precautions:
· Avoid use in patients with severe hepatic impairment; use caution in patients with moderate hepatic impairment
· Avoid use in combination with fluvoxamine

· Not recommended for patients with severe OSA or COPD

· Avoid use of alcohol in combination
· Avoid driving/operating heavy machinery following administration
· Activities following administration should be limited to those necessary to prepare for bed

· Worsening of depression or suicidal thoughts may occur in depressed patients

· Decreased testosterone levels and increased prolactin levels have been associated with use in adults

· Pregnancy Category C
Interactions:

Co-administration of fluvoxamine, a strong CYP1A2 inhibitor, substantially increases ramelteon AUC and Cmax.  Ramelteon should not be used in combination with fluvoxamine, and caution is advised when using ramelteon in combination with other CYP1A2 inhibitors (e.g. amiodarone, ciprofloxacin).1,2 Caution is also advised in subjects taking strong CYP3A4 inhibitors (e.g. ketoconazole) and strong CYP2C9 inhibitors (e.g. fluconazole), as exposure to ramelteon and M-II is increased with concomitant use.  Efficacy of ramelteon may be reduced when used in combination with strong CYP inducers, such as rifampin. 
Adverse Reactions:

In pre-marketing clinical trials of ramelteon, 6% of patients receiving ramelteon discontinued treatment secondary to an adverse event compared with 2% of those receiving placebo.  The most frequent adverse events leading to study discontinuation in patients receiving ramelteon were somnolence (0.8%), dizziness (0.5%), nausea (0.3%), fatigue (0.3%), headache (0.3%), and insomnia (0.3%).  Ramelteon does not appear to be associated with any next-day residual effects, or with rebound insomnia after abrupt discontinuation.
Cost Comparison of Sedative-Hypnotic Agents:

	Generic Name
	Brand Name
	Strength
	AWP Cost (per tablet)
	Net Cost
(per tablet)

	Temazepam*
	Restoril
	15 mg
	$0.71
	$0.10

	Triazolam*
	Halcion
	0.125 mg
	$0.64
	$0.19

	Lorazepam
	Ativan
	1 mg
	$0.91
	$0.17

	Clonazepam
	Klonopin
	1 mg
	$0.91
	$0.08

	Trazodone
	Desyrel
	100 mg
	$0.78
	$0.07

	Diphenhydramine
	Benadryl
	50 mg
	$0.13
	$0.04

	Zolpidem*
	Ambien
	10 mg
	$4.62
	$0.07

	Eszopiclone*
	Lunesta
	2 mg
	$4.40
	$3.41

	Zaleplon*
	Sonata
	10 mg
	$3.90
	$3.02

	Ramelteon*
	Rozerem
	8 mg
	$3.36
	$2.58


* FDA-approved for the treatment of insomnia

- Shaded rows indicate non-formulary items
Monitoring:

No standard monitoring is required.  Prolactin and testosterone levels may be appropriate for patients presenting with unexplained amenorrhea, galactorrhea, decreased libido, or problems with fertility.
Product Identification:

Round, pale orange-yellow, film-coated, 8 mg tablets; “TAK” and RAM-8” printed on one side
Efficacy:
A multicenter, randomized, double-blind, placebo-controlled, five-period crossover study was undertaken to evaluate the efficacy, safety, and dose-response of ramelteon in patients with chronic insomnia.  A total of 107 adult patients were randomized to a dosing sequence that included 4, 8, 16, and 32 mg of ramelteon and placebo.  Patients received a single dose of each treatment, with a 5- to 12-day washout period between treatments.  Polysomnography (PSG) was conducted on each night of treatment administration.  All doses of ramelteon resulted in statistically significant reductions in mean latency to persistent sleep based on PSG recordings.  The reduction in mean sleep latency with ramelteon compared to placebo ranged from 13.4 to 14.8 minutes.  Mean total sleep time recorded by PSG was also significantly improved with each dose of ramelteon, though subjective improvements in total sleep time were no different than placebo.  Increases in mean PSG-recorded total sleep time ranged from 10.7 to 17.9 minutes.3
Another study evaluated the effects of ramelteon in 405 adult patients with chronic insomnia using a double-blind, placebo controlled design.  Patients received ramelteon 8 mg, ramelteon 16 mg, or placebo for 35 nights.  PSG was conducted on the first two nights of weeks 1, 3, and 5 of treatment.  Based on PSG results, both doses of ramelteon significantly reduced the average latency to persistent sleep at the evaluated time points when compared to placebo.  The reduction in mean sleep latency at 5 weeks compared to placebo was 11.0 minutes for ramelteon 8 mg and 13.0 minutes for ramelteon 16 mg.  No statistically significant improvements in mean PSG-recorded total sleep time were found at study endpoint.1,4
The efficacy and safety of ramelteon in 829 outpatients aged 65 years and older with chronic insomnia was evaluated in a randomized, double-blind, parallel-group study.  Patients were randomized to receive ramelteon 4 mg, ramelteon 8 mg, or placebo for 35 nights.  Efficacy was assessed through patient-recorded sleep diaries.  A significant difference in patient-reported sleep latency was seen with both doses of ramelteon compared to placebo.  The reduction in mean sleep latency compared to placebo at the 5-week endpoint was 7.2 minutes for ramelteon 4 mg and 12.9 minutes for ramelteon 8 mg.  There were no statistically significant differences in patient-reported total sleep time for either dose of ramelteon at study endpoint.5  A similarly designed study performed in younger adults (aged 18-64 years) using ramelteon doses of 8 mg and 16 mg did not find a similar reduction in patient-reported sleep latency compared to placebo.1
A multicenter, three-period, crossover trial also evaluated the efficacy and safety of ramelteon in 100 patients aged 65 years and older with a history of chronic insomnia.  Ramelteon 4 mg, ramelteon 8 mg, and placebo were administered for two consecutive nights in three separate treatment phases.  PSG was used to measure sleep parameters. Both doses of ramelteon reduced PSG-recorded latency to persistent sleep compared to placebo, with a reduction in mean sleep latency of 9.7 minutes for ramelteon 4 mg and 7.6 minutes for ramelteon 8mg.  A statistically significant increase in PSG-recorded total sleep time was reported, though subjective improvements in total sleep time were not found.6
The effects of ramelteon on 375 healthy adult volunteers were studied in a randomized, double-blind, placebo-controlled trial.  The authors considered the study procedures to represent a model of transient insomnia, as subjects were required to stay overnight at a sleep laboratory for PSG recordings and would theoretically have disturbed sleep brought about by sleeping in a novel environment.  Patients were randomized to receive a single administration of ramelteon 16 mg, ramelteon 64 mg, or placebo prior to bedtime at the sleep laboratory.  Both doses of ramelteon produced a statistically significant reduction in mean PSG-recorded latency to persistent sleep as compared to placebo. Mean sleep latency was reduced by 10.5 minutes for ramelteon 16 mg and 9.1 minutes for ramelteon 64 mg.  Mean increases in total sleep time of 14.1 minutes for ramelteon 16 mg and 11.1 minutes for ramelteon 64 mg were found to be statistically significant.7
To date, no published studies have evaluated the efficacy of ramelteon compared to other sedative-hypnotic agents for the treatment of insomnia.  Although the greater selectivity and affinity of ramelteon for the MT1 receptor theoretically offers an advantage over melatonin in induction of sleep, this has not been proven in clinical trials.
Abuse and Dependence:
Ramelteon is not a controlled substance.  An 18-day, double-blind crossover study was conducted to evaluate the abuse potential and impairing effects of supratherapeutic doses of ramelteon compared with triazolam.  The study enrolled 14 adult patients with a current or past DSM-IV diagnosis of substance abuse or dependence who also reported nonmedical use of a sedative drug in the past year.  Each patient received ramelteon 16 mg, ramelteon 80 mg, ramelteon 160 mg, triazolam 0.25 mg, triazolam 0.5 mg, triazolam 0.75 mg, and placebo in seven separate experimental sessions.  Triazolam was associated with significant, dose-related effects on patient-reported drug strength and drug liking compared with placebo, though ramelteon did not differ from placebo on these measures.  Significant, dose-related impairment in cognitive and motor performance was also seen with triazolam, but not ramelteon.  When asked to guess the identity of the study medication given, 11 of the 14 patients identified the highest dose of ramelteon (160 mg) as placebo, while only 2 of 14 patients identified the highest dose of triazolam (0.75 mg) as placebo.8
Conclusions:
Ramelteon produces its hypnotic effect through a novel mechanism of action (agonism of melatonin receptors), and does not appear to have the concerning abuse potential associated with some other sedative-hypnotics.  In fact, ramelteon is the only FDA-approved prescription medication for the treatment of insomnia that is not a controlled substance.  The primary advantages of ramelteon appear to be its lack of abuse potential and safety profile.  Despite these advantages, the cost-effectiveness of using ramelteon for the treatment of insomnia is unclear.  Head-to-head clinical trials are required to determine the relative effectiveness of ramelteon compared to other available sedative-hypnotic agents.  Decreases in sleep latency with ramelteon compared to placebo in clinical trials were small, ranging from 7.6 to 13.4 minutes for ramelteon 8 mg.  In addition to the seemingly small treatment effect, ramelteon is much more expensive than other commonly used treatments for insomnia.  The net cost difference between one dose of ramelteon 8 mg and zolpidem 10 mg or trazodone 100 mg is $2.51.
Recommendation:

Not recommended for addition to the formulary.
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