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Study Objectives: Current pharmacological options for the treatment of insomnia insufficiently meet the needs of all insomnia patients. Approved treatments
are not consistently effective in improving sleep onset and sleep maintenance, while also having complicated safety profiles. These limitations highlight the
unmet need for additional medications and treatment strategies. Initial research suggests that the dual orexin receptor antagonists (DORAs) may offer an

additional pharmaceutical option to treat insomnia in some patients.

Methods: We reviewed the existing literature on dual orexin receptor antagonists in PubMed databases using the search terms “orexin receptor antagonist,”
“almorexant” “filorexant,” “lembroexant” and “suvorexant”; searches were limited to English language primary research articles, clinical trials, and reviews.
Results: Targeting the orexin receptor system for treatment of insomnia offers an additional and alternative pharmacological approach to more common
gamma aminobutyric acid agonist sedative hypnotic treatment. Effectiveness is not well established in the current literature; however, the literature does
suggest efficacy. Preclinical reports also suggest the potential for treatment in individuals with comorbid Alzheimer disease and insomnia.

Conclusions: DORAs offer an additional treatment option for insomnia. More clinical trials are needed to robustly evaluate their safety and effectiveness in
several subclasses of individuals with insomnia. Given the published literature, head-to-head comparisons to existing treatment for insomnia are warranted.
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INTRODUCTION

Insomnia is one of the most prevalent sleep disorders that af-
fects people across various age groups from childhood' to old
age, when it is the most common sleep disorder.? Intermit-
tent insomnia symptoms have been reported in at least 33% of
adults, whereas chronic sleep difficulties have been reported in
10% to 22% of adults.*® The disorder is characterized by com-
plaints of difficulty initiating sleep, difficulty staying asleep,
frequent bouts of wakefulness throughout the night, early
awakening with the inability to go back to sleep, and feelings
of one’s sleep being nonrestorative and is often comorbid with
cardiovascular disease and mood disorders such as depression
and anxiety.’ !> Patients with insomnia can experience dete-
rioration in their general health because of associated symp-
toms of daytime fatigue and decreased cognitive, social, and
physical functioning.® Insomnia poses an enormous economic
burden, costing the United States approximately $63 billion an-
nually as a result of increases in work-related accidents, higher
work absenteeism, decreased job performance, and increased
use of health care resources.”*'* Insomnia has been implicated
in higher risk of suicidal ideation' and exacerbation of mood
disorders,™'¢ and is also implicated in the pathogenesis of Al-
zheimer disease (AD)."” As such, effective treatment for insom-
nia has long-term benefits for patients beyond improved sleep.

Cognitive behavioral therapy for insomnia (CBT-I) is the
ethically preferred therapy for insomnia. CBT-I is a formal

Journal of Clinical Sleep Medicine, Vol. 14, No. 8

program offered by behavioral sleep specialists whose goal,
among others, is to restructure the patient’s maladaptive
thoughts and practices about sleep, eliminate arousal factors
that inhibit sleep, utilize relaxation techniques, and provide
education about circadian rhythms. CBT-1 procedures can
often be effective when applied consistently, but patient ad-
herence to these interventions can be impaired or limited.'®"°
Some patients reject the CBT-I approach, wanting medications
instead. Furthermore, efforts of CBT-I-like interventions in in-
stitutional populations may not be possible because of staffing
limitations. Safe pharmacological approaches have relevance
in such patient populations. Medications for sleep or agitation
in institutional settings have long been an area for regulatory
oversight because of the risk of using such psychotropic medi-
cations presents in such settings.?

The United States Food and Drug Administration (FDA)-
approved pharmacological treatment options for insomnia
include over-the-counter antihistamines, benzodiazepines,
nonbenzodiazepine receptor agonists (BzRAs), tricyclic an-
tidepressants, and melatonin agonists *** (Table 1). Non-
BzRAs, which are gamma amino butyric acid (GABA) acting
hypnotics, remain common pharmacological treatment for
the short-term and long-term management of both primary
and secondary insomnia. The number of prescriptions filled
for sedative/hypnotic agents have significantly increased in
the past 20 years.” Data from the National Center for Health
Statistics 2005-2010 show that more than 4% of United States
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Table 1—Summary of FDA-approved insomnia treatment options.

Medication . Trade Half Life Tmax .
Class Generic Name Name Dose (mg) (hours) | (hours) Common Side Effects
Ant Diphenhydramine | Benadryl 25,50 7-12 2 Dizziness, somnolence, dry mouth
nti-
histamines i inati ;
Doxylamine Unisom 125,25 10-12 24 D|22|qess, somnolence, dry mouth, constipation, urinary
retention
Estazolam Prosom 1,2 10-24 1.5-2 | Somnolence, hypokinesia, dizziness, abnormal coordination
Flurazepam Dalmane 15.30 47-100 1545 Ileluziilgess, drowsiness, lightheadedness, staggering, ataxia,
. Drowsiness, sedation, dizziness, weakness, unsteadiness,
Lorazepam Ativan 05,1,2 12 2 fatigue, memory impairment,
BzRAs - - —
Quazepam Doral 75,15 39-73 EFOWSIN?SS, headache, fatigue, dizziness, dry mouth,
yspepsia
Temazepam Restoril 7.5,15,30 3.5-18.4 Drowsiness, headache, fatigue
Triazolam Halcion 0.125, 0.25 1.5-5.5 1 Drowsiness, dizziness, lightheadedness
Eszopiclone Lunesta 1,2,3 6 1 Headache, somnolence, unpleasant taste
Headache, dizziness, drowsiness, paresthesia, nausea,
Zaleplon Sonata 510,20 ! ! abdominal pain, memory impairment
Non-BzRAs Zolpidem Ambien 5,10 2.6 1.6 Drowsiness, nausea, dizziness, nightmares, agitation
) . Drowsiness, nausea, dizziness, nightmares, agitation,
Zolpidem ER AmbienCR | 6.25,12.5 2.8 1.6 anterograde amnesia
Zolpidem SL Edluar 5,10 2.75 0.5-3 | Drowsiness, nausea, dizziness, nightmares, agitation
Melatonin Somnolence, dizziness, fatigue, nausea, exacerbated
Agonist Ramelteon Rozerem 8 1-2.6 0.75 insomnia
Tricyclic Anti- Doxepin Silenor 36 153 35 Head'acheI somnolence, sedation, nausea, upper respiratory
depressant tract infection
DORA Suvorexant Belsomra 5,10, 20 10-22 2 Daytime somnolence, headache, dizziness

BzRA = benzodiazepine receptor agonist, DORA = dual orexin receptor antagonist.

adults older than 19 years have reported prescription sleep aid
use in the past month.*

The aforementioned pharmacological treatment options
have been identified to have restricted efficacy profiles by the
FDA.? Not all of the non-BzRAs are effective at promoting
sleep maintenance throughout the night in all patients with
insomnia.” The GABA-acting sedatives that target the major
inhibitory neurotransmitter system in the central nervous sys-
tem (CNS) are associated with several adverse side effects such
as somnolence, grogginess, dizziness, ataxia, memory distur-
bances, and hallucinations.”® Hypnotics, particularly those
with longer half-lives, are associated with increased risk of
falls and motor vehicle accidents.?’” Non-BzR As, such as zol-
pidem and eszopiclone have increased risk for complex sleep-
related behaviors such as sleepwalking and sleep eating.”®
Further, the reappearance of insomnia with discontinuation,
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and rebound insomnia with discontinuation, along with devel-
opment of bedtime physical and psychological dependence,”
draws into question the safety of unmindful and generalized
chronic use.

The pharmacokinetic profile of any therapeutic agent used
for insomnia is a critical factor for potential adverse effects.
An agent with too short a half-life will fail to promote sleep
for the entire duration of the patient’s sleep period, and thus
will not be helpful in treating maintenance insomnia. How-
ever, an agent with too long a half-life poses risk of residual
sleepiness and a hangover effect beyond the necessary sleep
period.”” These specific requirements are often insufficiently
met by current sedative/hypnotic agents, though they do help
many patients. The current most common pharmacologic
treatment options for insomnia do not uniformly treat both
sleep onset and sleep maintenance across every patient, and
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too infrequently insufficiently treat the sleep needs of many pa-
tients. These agents have relevant safety concerns, highlight-
ing a need for additional pharmacological options.

In this review article, the potential of orexin receptor antago-
nists—primarily dual orexin receptor antagonists (DORAs)—
is discussed as an additional pharmacological option for
treatment of insomnia. The neurobiology of the orexin system,
the various DORAs, clinical trials, and the potential benefits
and risks of the use of DORAs for the treatment of insomnia
are reviewed. In addition, the theoretical basis for potential
benefits of DORA treatment for individuals with comorbid in-
somnia and AD, a need presently unmet, is discussed.

OREXIN SIGNALING

In 1998, two independent research entities simultaneously
identified the same novel neuropeptide. DeLecea et al. termed
the molecule hypocretin,*®and Sakurai et al. named it orexin.'
The simultaneous discovery and naming of this molecule has
resulted in the two names being used synonymously, but for
the remainder of this review it will be referred to as orexin.
Early indications of orexin’s crucial role in the maintenance
of arousal were revealed by animal studies showing that mice
lacking a gene for the orexin peptide®? and dogs with orexin
receptor mutations® displayed symptoms comparable to those
of humans with narcolepsy. In humans, narcolepsy is associ-
ated with a cell-type specific ~90% reduction in orexinergic
neurons,* affecting both the degree of sleepiness and sleep-
wake state stability.

There are two neurochemically distinct forms of orexin,
orexin A and orexin B, which show only 46% sequence homol-
ogy to one another. Orexin A consists of a peptide chain 33
amino acids in length, is cyclized at the N-terminal, contains
two sets of disulfide bonds, and amidation of the C-terminal,
whereas orexin B consists of 28 amino acids, contains an am-
ide at the C-terminal, and forms its secondary protein structure
with the help of hydrogen bonds of alpha helices.’ Orexin A
and B neuropeptides are exclusively synthesized by orexiner-
gic neurons located in the lateral and posterior hypothalamic
areas of the diencephalon.?

The most prominent effect elicited by orexinergic signaling
is the maintenance of wakefulness through continuous depo-
larizing effects in wake-promoting brain nuclei.’’ The sleep-
wake cycle is a complex system composed of reciprocally
regulating neural systems operating under a feedback loop (the
“flip-flop” cycle), which allows for stable transitions between
states of wakefulness and sleep (see Fuller et al. for review).>
When one state is active, the other is inactive. The ascend-
ing reticular activating system (ARAS) promotes wakeful-
ness, and the ventrolateral preoptic region (VLPO) promotes
sleep. In brief, strong activation of the ARAS, involving the
firing of cholinergic neurons, monoaminergic cell bundles,
and orexin nuclei of the lateral hypothalamus, effectively in-
hibit VLPO during wakefulness, whereas activation of VLPO
releases the inhibitory neurotransmitters GABA and galanin,
which suppress neural actions of the ARAS. Orexinergic neu-
rons innervate nearly all of the wake-promoting nuclei in the
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ARAS, including the locus coeruleus (LC), which contains
noradrenergic neurons, lateral dorsal tegmentum/pedunculo-
pontine tegmentum (LDT/PPT), which contains cholinergic
neurons, dorsal raphe nucleus (DR), which contains serotoner-
gic neurons, and tuberomammillary nucleus, which contains
histaminergic neurons.**¢ Additionally, a second action of the
hypocretin system is to stabilize the “flip-flop” switch, as its
absence in narcolepsy can lead to unstable sleep-wake states,
day and night.

Orexins A and B exert physiological effects by binding
to specific G-protein coupled receptors—orexin receptor 1
(OX1R) and orexin receptor 2 (OX2R).*” OXIR shows speci-
ficity for orexin A as its ligand, whereas OX2R shows dual
affinity for both orexin A and B. In a Sprague Dawley rat
model, OXIR and OX2R are widely distributed throughout
the CNS.*® Orexin signaling is implicated not only in the
regulation of sleep and arousal states, but also other physi-
ological functions such as memory, emotions, motivation,
attention, autonomic control, feeding, and energy homeosta-
sis.*~* In rat models, some brain regions show specificity for
one of the two receptor subtypes, whereas other regions show
abundant expression of both receptor types.* OX1R-specific
regions include the prefrontal and infralimbic cortex, an-
terior hypothalamus, and LC, and OX2R-specific regions
are more localized to hypothalamic regions including the
arcuate nucleus, lateral hypothalamus, tuberomammillary
nucleus, dorsomedial hypothalamic nucleus, paraventricular
nucleus, and medial septal nucleus.*®* Overlapping of both
receptor types is observed in the hippocampus, amygdala,
bed nucleus of the stria terminalis, paraventricular thalamic
nucleus, DR, ventral tegmental area, and LDT/PPT.**? The
increased concentration of orexin receptors in neural regions
that regulate sleep-wake state, but not in cortical areas that
underlie perception and cognition, create the opportunity
for pharmaceutical agents to have a more focused effect on
behavioral state regulation without direct, widespread al-
terations in cortical function. It is currently unknown what
genetic variability may exist between individuals in these
systems, or how they are epigenetically regulated.

AN OVERVIEW OF OREXIN RECEPTOR
ANTAGONISTS

Elucidation of orexin’s role in the maintenance of arousal led
to new pharmaceutical opportunities for treating various sleep
disorders by targeting the orexin system.® If the binding of
orexin to either of the orexin receptors is a contributing factor to
wakefulness, then an exogenous substance developed to act as
an agonist to the orexin receptors could promote wakefulness,
which could be helpful in patients with narcolepsy. Conversely,
a substance designed to act as an antagonist to the orexin re-
ceptor could induce the opposite effect to promote sleep, which
could be helpful to treat insomnia. The therapeutic strategy is
that by blocking the orexin receptor through antagonistic ac-
tion for an extended period of time, the typical wake-promot-
ing actions of the orexin system will be reduced, resulting in
subsequent sleepiness and longer sustained periods of sleep. In
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2009, Dugovic et al. demonstrated that blocking OX2R with
specially designed antagonists initiates and prolongs sleep in a
Sprague Dawley rat model, confirming previous implications
about the possibility of orexin system-targeted treatment op-
tions for insomnia.**

Since that time, two distinct classifications of orexin re-
ceptor antagonists have been developed: selective orexin
receptor antagonists (SORAs) and dual orexin receptor
antagonists (DORAs). As their name suggests, SORAs ex-
hibit receptor-type selectivity, as they have a binding affin-
ity for either OX1R or OX2R. Preliminary studies showed
OX2R signaling primarily dictates arousal, but both OXI1R
and OX2R signaling is involved in shifting between sleep
stages.®” DORAs offer a more holistic and systemic approach
to the treatment of insomnia, acting in a nonspecific manner
at both orexin receptor subtypes to stimulate sleep-promot-
ing effects.* Many DORAs have had success in their respec-
tive clinical trials, with one successfully obtaining FDA
approval for treatment of insomnia in 2014.** In our analysis
we explore the safety, efficacy, risks, and benefits for treat-
ment of insomnia associated with the extant orexin receptor
antagonists (Table 2).

ALMOREXANT

ACT-078573 (almorexant), developed by Acetelion and Glaxo-
SmithKline in 2007, was the first DORA to reach phase III
clinical trials. Preclinical trials of almorexant demonstrated
that it has low to moderate bioavailability, easily crosses the
blood-brain barrier, induces somnolence, and reduces loco-
motor activity and muscle tone.”>° As the preliminary test-
ing of almorexant advanced to the clinical trial stage, studies
indicated reduced locomotor activity, increases in sleep cata-
plectic episodes, improved sleep efficiency, increases in rapid
eye movement (REM) sleep, and decreases in time to sleep
initiation and time spent in slow wave sleep (SWS).5*3' With
a relatively long half-life, almorexant has longer sustained ef-
fects compared to other DORAs. Although this pharmaceu-
tical agent showed initial positive effects in the treatment of
insomnia symptoms, clinical advancement of almorexant was
ultimately discontinued in 2011 because of safety concerns re-
lated to abnormal elevated liver enzyme concentrations.*

SB-649868

SB-649868 is an orally administered DORA developed by
GlaxoSmithKline with a half-life of 3 to 6 hours. Preclinical
studies show that in rats, doses of 10 and 30 mg/kg are asso-
ciated with an increase in non-rapid eye movement (NREM)
sleep and REM sleep, reduction of sleep latency, with motor
impairments being completely absent.”® Clinical trials inves-
tigating the effects of SB-649868 have since shown improved
sleep induction and sleep maintenance, reduced sleep latency,
and increases in o, 8, and © waves 2 hours after administra-
tion in men with primary insomnia.>* Minimal adverse effects
of somnolence and fatigue have been reported throughout the
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clinical trial process, and the agent has generally been well tol-
erated with doses up to 80 mg.>*

LEMBOREXANT

Developed by Eisai, Inc., lemborexant was created from a par-
ent compound that was previously shown in rats to decrease
wakefulness and promote NREM sleep, with no effect on REM
sleep.” Phase 11 clinical trials have revealed lemborexant’s abil-
ity to significantly improve mean sleep efficiency compared to
placebo groups, including shortening sleep latency, and wake
after sleep onset (WASO) in patients with insomnia.>® Adverse
side effects such as somnolence, headache, and sleep paralysis
have been reported.”” In August 2015, Eisai, Inc. and Purdue
Pharma agreed to collaboratively develop lemborexant for the
commercial market.®® As of 2018, phase III trials in patients
with general insomnia are being conducted, along with a phase
II study testing lemborexant in patients with irregular sleep-
wake rhythm disorder and dementia.*

FILOREXANT

Filorexant (MK-6096) is a DORA developed by Merck and Co.
with a slightly different chemical composition from that of al-
morexant. Along with its treatment applications for insomnia,*
filorexant was originally investigated as a potential treatment
option for episodic migraines® and diabetic neuropathy.®* How-
ever, it was found to be ineffective for both afflictions. Preclini-
cal studies have shown oral administration of 100 mg/kg doses
of filorexant to be effective in decreasing locomotor activity in
a dose-dependent manner, as well as increasing NREM sleep
(+58.9%) and REM sleep (+122.2%) in mice for a 4-hour pe-
riod.®* Furthermore, oral administration of a 3 mg/kg dose of
filorexant elicited significantly reduced active wake time, and
increased phase I and phase II SWS and REM sleep in male
beagle dogs.® It has thus far shown a favorable pharmacokinetic
profile, indicating higher bioavailability and more rapid binding
to orexin receptors than almorexant at a significantly smaller
dose.®® In a double-blind, placebo-controlled, 51-site random-
ized study, filorexant was shown to significantly improve sleep
efficiency in nonelderly patients with insomnia; dose-related
improvements were observed in both sleep onset and mainte-
nance outcomes.* Filorexant allows for a favorable residual ef-
fect profile because of its short half-life (3 to 6 hours) relative to
other DOR As.® Somnolence was the most prominent residual
effect, but was only significant at doses above 10 mg.646

SUVOREXANT

Suvorexant, developed by Merck and Co., was approved by the
FDA as a Schedule IV controlled substance in August 2014,
making it the only DORA to be available to the public for treat-
ment of insomnia.*>%” Preclinical trials showed suvorexant to
be superior to almorexant across nearly all parameters in rats,
monkeys, and dogs.” Whereas almorexant primarily increases
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Table 2—Overview of DORASs.

Compound Trade Name Dose (mg) Tz(l,ful'risf; Tmax (hours) Status Chemical Structure
ACT-078573 Almorexant 200 8-9 0.9 Phase Il trials
SB-649868 N/A 5-30 3-6 25-3.0 Phase Il trials
E-2006 Lemborexant 2.5-25 55 1-5 Phase Il trials
MK-6096 Filorexant 10 3-6 1.7 Phase Il trials
MK-4305 Suvorexant 10-100 12 3 FDA approved

Chemical structure images from National Center for Biotechnology Information, PubChem Compound Database: https://pubchem.ncbi.nim.nih.gov/
compound/. DORA = dual orexin receptor antagonist, FDA = United States Food and Drug Administration.

REM sleep, suvorexant showed a more balanced sleep archi-
tecture profile due to its promotion of both REM and NREM
sleep. Suvorexant showed greater potency than almorexant,
eliciting a peak bioavailable concentration (Cmax) at a dose of
100 mg/kg of 5.1 uM, whereas almorexant has a Cmax of 0.06
uM at a similar dose—a near 100-fold difference in potency.*’

Journal of Clinical Sleep Medicine, Vol. 14, No. 8

A sleep architecture analysis by Snyder et al. found that su-
vorexant reduced WASO and sleep latency, while increasing
the time spent in each stage of sleep as well as the total sleep
time (TST), as compared to placebo (P < .05).°® The percent-
age of TST spent in each stage of sleep upon administration
of either 20/15 mg or 40/30 mg of suvorexant differed slightly
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as compared to placebo; stage N1 sleep (decrease of < 1%),
stage N2 sleep (decrease of < 2.2%), stage N3 sleep (decrease
of < 0.8%), and stage R sleep (increase of < 3.9%). The in-
crease in amount of time spent in each sleep stage was con-
sistent across each third of the night, with the exception of
stage N2 sleep showing greater increases in the last two-thirds
of the night and stage N3 sleep showing increases in the first
one-third of the night. Power spectral analyses of NREM sleep
in patients treated with suvorexant, as compared to placebo,
revealed minimal effect on the power spectral sleep profile.
One night of treatment showed slight decreases in the power
of gamma and beta bands (3% to 6%) and a small increase in
the power of delta band (4% to 8%), with no significant dif-
ference in power of these bands compared to placebo persist-
ing after 1 and 3 months. Reduced WASO along with reduced
sleep latency and increased TST were also confirmed with
polysomnography.

In a randomized, double-blind phase II clinical trial for pri-
mary insomnia with two 4-week periods of oral administration
of suvorexant at increasing doses (10 mg, 20 mg, 40 mg, and
80 mg),” results showed suvorexant significantly improved in
a dose-dependent manner. In two phase III trials, one lasting 3
months and the other lasting 1 year, suvorexant proved effec-
tive at improving sleep onset and maintenance in adult patients
with insomnia through nightly administration (20/15 mg and
40/30 mg) of suvorexant.”®”!

Existing data available on the safety profile of suvorexant
is limited because the sample sizes from published studies are
still relatively small and include mostly healthy volunteers.
Thus far, the medication has been well tolerated by elderly (age
65 years and older)”" and nonelderly (age 18—64 years) men and
women with insomnia at doses up to 20 mg.”* Several stud-
ies report somnolence as the most frequent adverse event.®7!72
Excessive sedation and falls are a risk for all sedative hypnot-
ics,” ™ and few data are currently available to assess these
risks in suvorexant. There was no reported difference in falls
for patients receiving suvorexant compared to placebo.”s Us-
ing an on-the-road driving performance assessment, there was
no residual impairment detected 9 hours after bedtime dosing
of healthy volunteers.”” However, further studies with larger
sample sizes are needed to better assess both the risk of falls
and accidents related to somnolence.

Headaches, abnormal dreams, dry mouth, cough, diarrhea,
and upper respiratory tract infection were all reported at the
20-mg dose in healthy volunteers.®” Doses of 40 mg and higher
had higher prevalence of adverse effects, such as mild som-
nolence, headaches, dizziness, and abnormal dreams whereas
doses of 10 and 20 mg showed adverse events similar to those
of the placebo group.®” Even after continual use for 4 weeks,
administration of suvorexant was not associated with next-day
hangover effects, rebound insomnia, complex sleep-related
behaviors, or withdrawal effects.”® Importantly, cognitive and
motor impairments, next-day hangover, anterograde amnesia,
rebound insomnia, and withdrawal effects were all absent.”*"?

Suvorexant reduces REM sleep latency and increases the
duration of REM sleep in mice.”®” This effect can potentially
exacerbate certain sleep disorders including obstructive sleep
apnea (OSA), REM sleep behavior disorder, or isolated sleep
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paralysis. In a randomized placebo-controlled crossover study
in patients with mild to moderate OSA, neither a single dose
(40 mg) of suvoxerant nor multiple doses resulted in clinically
meaningful respiratory effects during sleep compared to pla-
cebo. However, the study participants did not have evidence
of hypoxemia/hypoventilation on their baseline polysom-
nography. Effects of suvorexant in patients with severe OSA
have not been studied. Until further studies are completed, the
medication must be used cautiously at lower doses in patients
with OSA.* Reductions in orexin levels can result in cataplexy,
sleep paralysis, and both hypnogogic and hypnopompic hal-
lucinations, all of which have been reported in phase 3 clinical
trials.”® Suvorexant is a Schedule IV medication and, like most
other benzodiazepines and BzRAs hypnotics, there is addic-
tion potential that will need to be estimated over time.

DORAs IN COMPARISON WITH OTHER
CURRENTLY AVAILABLE SEDATIVE HYPNOTICS

Without head-to-head trials, comparisons between DORAs
and other currently available sedative hypnotics are specula-
tive. However, some inferences about efficacy and safety can be
made and underlying mechanisms of action can be compared.
Benzodiazepines and non-BzR As, enhance the functioning of
the brain’s primary inhibitory neurotransmitter at higher levels
in the limbic system and the cortex, which contributes to their
risk profile, including impaired motor coordination, lethargy,
slurred speech, dizziness, intense mood swings, and fatigue.®
Animal studies demonstrated that prolonged use of benzodi-
azepines leads to adaptations of GABA receptors, resulting in
tolerance and withdrawal symptoms.® In clinical observational
samples, long-term use of traditional sedative hypnotics is as-
sociated with dose tolerance, tachyphylaxis, and dependence
for sleeping. Studies also suggest increased all-cause mortal-
ity.” Although in these studies, confounding by comorbidity
limits certainty about causal relationships to medications used
for sleep.

DORAs offer an alternative approach in promoting and
maintaining sleep by targeting the orexin system. The scope
of orexin signaling in the brain is much more targeted that that
of the whole-brain population of GABA neurons, which may
result in a more favorable side-effect profile for some patients.
Initial research suggests that DOR As promote not only NREM
sleep but REM sleep as well, unlike the GABA-mediating
agents and SOR As.%2 Because of the relatively modest sample
sizes from the extant suvorexant trials, the prevalence of rarer
side effects might not yet be detected. Also, there is currently a
knowledge gap about potential drug interactions with DOR As,
including with other first-line insomnia treatments. For all
sedative hypnotics, side effects of sedation and risk for falls
are an important consideration. Whether DORAs pose less of
arisk for falls for vulnerable populations (including some geri-
atric patients, those on multiple polypharmacy) than traditional
hypnotics remains to be seen. The American Geriatric Soci-
ety recommended avoiding use of benzodiazepine hypnotics
for treatment of insomnia in the geriatric population because
of an increased risk of cognitive impairment, delirium, falls,
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Table 3—Cost of sedative/hypnotics in US dollars.

Sedative Cost (100 tabs)
Diphenhydramine 25 mg (generic) $10.96
Diphenhydramine 50 mg (generic) $16.13
Doxylamine 12.5 mg (generic) $34.06
Doxylamine 25 mg (generic) $16.20
Zolpidem CR 6.25 mg (generic) $611.63
Zolpidem CR 12.5 mg (generic) $611.63
Zolpidem 5 mg (generic) $462.49
Zolpidem 10 mg (generic) $462.48
Zaleplon 5 mg (generic) $368.74
Zaleplon 10 mg (generic) $378.79
Eszopiclone 3 mg (generic) $1,167.48
Ramelteon 8 mg $1,425.26
Suvorexant 5, 10, 15, 20 mg $1,228.00

Source: Pricing of individual drugs. https://www.uptodate.com. Accessed
April 28, 2018.

fractures, and motor vehicle crashes.®® Minimally this suggests
a need for additional insomnia treatments in the elderly. The
increased cost of suvorexant, the only FDA-approved DORA,
in comparison with other generic hypnotics, is another major
concern (Table 3). Finally, drug interactions with CYP3A in-
hibitors and suvorexant could pose challenges to clinicians.®
In comparison, non-BzR As and other sedative hypnotics have
a low to moderate potential for adverse drug interaction.

THEORETIC BASIS FOR A POTENTIAL ROLE
OF DORAs IN TREATMENT OF INSOMNIA IN

PATIENTS WITH AD

Current scientific exploration has discovered strong evidence
for a bidirectional relationship between sleep and AD?3%
(Figure 1). The pathogenesis of AD is initiated by aggregation
of amyloid B (Ap), leading to formation of amyloid plaques,
neurofibrillary tau tangles, and cerebral neuronal deficits (see
Sanabria-Castro®” for review). AD is preceded by mild cogni-
tive impairment (MCI), a preclinical stage of dementia with
both subjective and objective impairment in cognition that is
not severe enough to interfere with usual activities of daily
living.

In general, aging results in a decline of the amount of sleep,
and this decline is greater in individuals with AD.? Patients
with AD and MCI report insomnia and excessive daytime
sleepiness.®®* Sleep architecture in these patients is remark-
able for increased WASO and the reduced duration of stage N3
sleep and REM sleep,”°* which play major roles in declarative
memory (NREM), non-declarative memory (REM), and emo-
tion regulation (REM).”

Sleep deprivation studies using animal models have shown
an increase in levels of AP output and AP aggregation, thereby
increasing the risk for amyloid plaque formation.”* This sub-
sequently alters the neural circuitry underlying control of
sleep and circadian rhythms, thus exacerbating the sleep
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Figure 1—Conceptual model of the relationship between
sleep and pathogenesis of Alzheimer disease.

Sleep Disturbance

Reduced
glymphatic
clearance

Changes in
lifestyle, activity,
medication use

MCI / AD
symptoms

ISF AB
accumulation

Proposed model of the mechanistic connections between sleep
disturbance and the pathogenesis of Alzheimer disease (AD).
Disturbances in sleep, particularly slow wave sleep, reduce glymphatic
clearance, leading to accumulation of beta amyloid (AB). Greater AR
aggregation accelerates the pathophysiological progression of AD via
elevated AB burden, which in turn, accelerates mild cognitive impairment
(MCI), lifestyle changes, and sleep disruption.

disruption.™ Cognitive decline can actually expedite the
cascade of events via reduced lifestyle regularity, leading to
advancement of the AD."7 At the cellular level, fluctuation of
AP levels in the interstitial fluid (ISF) of the brain follows
sleep/wake rhythms. High neuronal activity during wakeful-
ness and REM sleep is associated with increased levels of ISF
AP, whereas AP and other ISF metabolic waste is cleared
via the glymphatic system during SWS.*® The orexin system
likely plays a significant role in modulating the relationship
between sleep disturbance and AD pathology. Patients with
MCI and AD with subjective sleep problems had higher ce-
rebrospinal fluid orexin levels than patients with MCI with-
out sleep disturbances and controls who had similar subjective
sleep problems.’” The association between orexin and AD is
strengthened by studies demonstrating significant increase in
brain interstitial fluid (ISF) A levels with infusion of orexin
to the hippocampus of in Tg2576 mice, an AD disease model.**
Similarly, an orexin knockout mouse strain, APP**¢/PSIdE9/
OR", showed increased amounts of sleep as well as decreased
amounts of AB.”> Animal studies also indicate that DORAs
may offer a mechanism for both enhancing sleep and reduc-
ing AP levels, which has implications for the progression of
the AD.”® In Tg2576 mice, intracerebroventricular infusion of
almorexant suppressed ISF AB.** Similarly, enhancing sleep
in Tg2576 mice through treatment with once-daily almorex-
ant for 8 weeks showed significant declines in A plaque for-
mation.”* These studies strengthen the evidence that orexin
potentially mediates the relationship between disturbed sleep
and the pathogenesis of AD via modulation of ISF AP con-
centrations. It is plausible that administration of DORAs to
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treat insomnia in patients with MCI in the early stages of AD
during the MCI period could not only treat the insomnia, but
could also mitigate cognitive deficits of the disease progression
via their effect on AP reduction.®® Further studies are needed
to evaluate the therapeutic potential of DORAs in managing
insomnia symptoms in patients with AD/MCI. A recent ran-
domized controlled trial found that for elderly patients newly
admitted to emergency care, 3 days of acute treatment with 15
mg of suvorexant reduced the likelihood of the development of
delirium while in the hospital, as compared to placebo.”” The
authors speculate this effect could be mediated by the improve-
ment of the sleep-wake cycle via the orexin system.

CONCLUSIONS

Current pharmacological options for the treatment of insom-
nia insufficiently meet the needs of all patients with insom-
nia, especially in more medically complex populations, such
as the elderly. Traditional therapeutic options for patients with
insomnia are complicated by their safety profiles and are not
always effective for improving both sleep onset and mainte-
nance. From the initial published clinical trials, targeting the
orexin receptor system offers an additional pharmaceutical op-
tion to treat insomnia.'?®!!

Some mild to moderate side effects have been reported for
suvorexant, but the sample sizes are likely insufficient to de-
tect all possible side effects. Participants in the studies were
mostly healthy volunteers with primary insomnia. Somnolence
and risk for falls is a consideration with all sedative hypnot-
ics, including DOR As. Suvorexant is expensive in comparison
with many generic sedatives, an important consideration. The
potential for adverse drug interactions is likely higher for su-
vorexant in comparison with non-BzR As.

Importantly, because of the newly established role of the
orexin system in AD, and the bidirectional relationship be-
tween disturbed sleep and AD progression,®7** DOR As may
offer a potential treatment of comorbid insomnia in patients
with AD. More clinical trials are needed to evaluate the ef-
fectiveness of DORAs for the treatment of not only primary
insomnia, but also in secondary insomnia with other medical
comorbidities. Head-to-head trials between DORAs and tra-
ditional sedatives and hypnotics and studies evaluating long-
term efficacy of the medications are warranted.

ABBREVIATIONS

AP, amyloid

AD, Alzheimer disease

ARAS, ascending reticular activating system
BzR A, benzodiazepine receptor agonist

CBT-I, cognitive behavioral therapy for insomnia
CNS, central nervous system

DORA, dual orexin receptor antagonist

DR, dorsal raphe nucleus

FDA, United States Food and Drug Administration
GABA, gamma amino butyric acid
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ISF, interstitial fluid

LC, locus coeruleus

LDT/PPT, lateral dorsal tegmentum/pedunculopontine
tegmentum

MCI, mild cognitive impairment

NREM, non-rapid eye movement

OSA, obstructive sleep apnea

OXIR, orexin receptor 1

OX2R, orexin receptor 2

REM, rapid eye movement

SORA, selective orexin receptor antagonist

SWS, slow wave sleep

TST, total sleep time

VLPO, ventrolateral preoptic region

WASO, wake after sleep onset
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