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Repurposing the dual orexin receptor antagonist suvorexant
for the treatment of opioid use disorder: why sleep on
this any longer?
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In 2017 the US Department of Health and Human Services
declared the epidemic of opioid use disorder (OUD) sweeping the
nation a public health emergency. Major aspects of OUD
management include detoxification, prevention of overdose, and
relapse prevention. The main approach to OUD treatment is
opioid substitution therapy (OST) using full (methadone) or partial
(buprenorphine) opioid agonists. Drawbacks of this approach
include restricted access, risk of overdose, stigma of iatrogenic
opioid dependence, and interference with pain management that
limit its effectiveness. Clearly, there is an urgent need for the
development of new medications that rely on different mechan-
isms, which could augment OST or serve as an alternative. In 2018,
the National Institute on Drug Abuse’s (NIDA) Division of
Therapeutics and Medical Consequences named ten mechanisms
of action, which NIDA has gauged to have the “highest probability
of a path to FDA approval for the treatment of some aspect of
OUD in the near term” [1]. Atop this list are antagonists and/or
negative allosteric modulators that dampen the signaling of the
hypothalamic orexin (hypocretin) neuropeptides. We believe this
focus to be well-justified given the 15+ years of preclinical data
indicating that orexin signaling, particularly at the orexin-1
receptor (Ox1R), selectively underlies the motivational and craving
properties of all drugs of abuse tested [2].
We and others have speculated that a rapid orexin-based

approach might be to repurpose the already FDA-approved dual
Ox1R/Ox2R antagonist, suvorexant, marketed by Merck as
BelsomraTM for the treatment of insomnia [2–4]. In addition to
reducing drug craving (primarily via actions at Ox1R), suvorexant
may have the additional benefit of indirectly reducing relapse
risk by normalizing sleep disturbances (primarily via Ox2R),
which are observed in ~80% of OUD patients. Indeed, the well-
known deficits in executive function that accompany disturbed
sleep may contribute to relapse vulnerability in treatment-
seeking OUD individuals, as sleep disturbance comorbidity is
negatively associated with OST outcomes [5]. Moreover, given
the known role for the orexin system in mediating stress and
anxiety behaviors [6], including opioid withdrawal syndrome [7],
additional therapeutic benefits of suvorexant may come from its
ability to treat underlying comorbid disorders. Several clinical
trials are currently underway to examine the efficacy of
suvorexant in normalizing sleep outcomes, as well as craving,
stress, and sleep indices, in OUD and other substance use

disorder patients (ClinicalTrials.gov Identifier numbers:
NCT03412591, NCT03897062, NCT03789214, NCT03937986,
NCT03789214, NCT03657355). These studies represent an
important step toward repurposing suvorexant for addiction,
and will provide proof-of-principle data to help guide the
development of further trials across various substances of abuse.
However, as we outline here, preclinical studies examining
systemic dual orexin receptor antagonism as a therapeutic for
opioid addiction remain nascent, and several key questions are
unanswered with respect to the efficacy and safety profile of
suvorexant in OUD individuals.
Notably, no clinical or preclinical study has yet directly tested

the efficacy of suvorexant in reducing opioid use and craving.
Indeed, all three studies that explored suvorexant as a treatment
for addiction were conducted in rodent models of psychostimu-
lant abuse [8]. This being said, many animal studies now support
the efficacy of selective orexin antagonists in reducing a wide
range of OUD-related behaviors, including demand and relapse
(e.g., see [9]. However, these studies have generally focused on
selective Ox1R antagonists, and thus it is unclear whether
suvorexant, which has a slightly higher binding affinity for Ox2R
(0.35 nM) over Ox1R (0.55 nM) [10], can reduce craving without
also causing unwanted sedation or off-target effects. Notably, one
study reported that Ox2R antagonism reduced heroin intake
following long duration drug self-administration sessions [11],
indicating that there may be therapeutic benefit to suvorexant’s
actions at both receptors.
Key questions also remain regarding the prospective dosing

regimen of suvorexant, as the overwhelming majority of studies of
selective or dual orexin receptor antagonists have tested their
efficacy only when administered acutely. This is important, as one
study reported that chronic Ox1R antagonism during cocaine
extinction training resulted in enhanced cued reinstatement when
tested in a drug-free state [12]. Also, new evidence indicates that a
single dose of an Ox1R antagonist can disrupt drug seeking
behavior beyond the bioavailability of the compound [13], raising
the possibility that daily dosing may not be necessary. It is also
unclear what time of day would be best to administer suvorexant;
when prescribed for insomnia, suvorexant is administered at
bedtime; however, the ~12 h half-life of suvorexant means that
this regimen might result in reduced bioavailability during the
daytime when opportunity for drug use is high. It is possible that
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twice a day dosing of suvorexant might counteract this problem;
however, lower doses might be necessary to avoid impairments in
daytime wakefulness. Relatedly, in a study of healthy adults, a
subgroup of patients reported daytime somnolence at 9 h post-
dosing which was associated with impaired driving ability [14].
Thus, patients are advised against next-day driving and other
activities requiring full alertness following 20mg suvorexant,
raising potential issues associated with compliance. Fortunately,
recent preclinical results indicate that low doses may be effective
for reducing drug craving, as Ox1R antagonists are more effective
at lower doses in rats that exhibit a strong addiction phenotype
[9, 15]. This would need to be tested explicitly for suvorexant. It is
also possible that suvorexant could be used as an adjunct to
existing OUD medications, however, significant preclinical work is
required to identify the optimal dosing regimen to maximize
efficacy and minimize side effects. An additional possible clinical
application includes the coadministration of suvorexant with
opioid-based pain medications to prevent drug-induced plasticity
in reward regions that might contribute to the development of
addiction [16], although this possibility remains to be tested in
animal models.
Prescribing suvorexant in OUD populations also raises safety

concerns that are yet to be addressed by animal studies. One
important concern is the potential for suvorexant, whether alone
or in combination with conventional opioid substitution therapies,
to exacerbate or precipitate sleep-disordered breathing and other
respiratory complications that are commonly observed in OUD
patients. Chronic opioid use is associated with a direct reduction
in ventilation, due in part to µ receptor activation in pre-Botzinger
nucleus, the presumed site of respiratory rhythm genesis [17].
Orexin neurons directly innervate central autonomic and respira-
tory regions, including pre-Botzinger complex as well as phrenic
motoneurons [18]. Orexin knockout mice exhibit compromised
chemoreflexes in response to hypercapnic conditions and a higher
number of spontaneous apneas during both NREM and REM sleep,
and these effects are largely recapitulated in wildtype mice with
systemic administration of an Ox1R antagonist [18]. Although
orexin-associated respiratory effects have not been fully eluci-
dated in humans, there is an increased prevalence of sleep-
disordered breathing in patients with narcolepsy, a sleep-wake
disorder associated with loss of orexin neurons [19]. In contrast,
suvorexant was reported to have no clinically significant effects in
persons with mild-to-moderate obstructive sleep apnea [20]. It is
also noteworthy that fewer respiratory effects might be predicted
with suvorexant compared with traditional hypnotic agents such
as benzodiazepines, which globally activate the GABAergic system
in the brain. Regardless, there is a clear need to study the impact
of suvorexant on metrics of sleep-disordered breathing such as
hypoxemia and the apnea-hypopnea index in persons with OUD,
or in those receiving opioid maintenance therapy.
In addition to potential respiratory complications, the hypnotic

effects of suvorexant could exacerbate opioid-induced daytime
drowsiness, a particular concern if suvorexant is administered
during the day to maximize its anti-craving properties. As
described above, the low doses needed for effectiveness of
OxR1 antagonists in strongly ‘addicted’ rats [9, 15] decrease such
concerns. A combination of suvorexant (at night) and a selective
OxR1 antagonist (in daytime, with limited sedating properties and
therefore potentially fewer contraindications) might be clinically
most acceptable.
Finally, it is worth noting that suvorexant is designated a DEA

schedule IV-controlled substance in the United States because it is
considered to have abuse liability similar to other sleep
medications (e.g., zolpidem; also schedule IV). Studies in opioid-
naive animals have failed to observe any evidence of withdrawal
or “discontinuation syndrome” following abrupt discontinuation of
suvorexant, and there is no evidence of suvorexant having

positive reinforcing effects in self-administration studies [21],
however it is important that these studies are repeated in opioid-
dependent animals.
In sum, the opioid crisis demands urgent and concentrated

efforts to examine the potential benefits of suvorexant for the
treatment of opioid use disorder. These efforts should occur at
both the preclinical and clinical levels—and preferably in parallel
—to address the key outstanding safety and efficacy questions
outlined here. Optimism might be drawn from the fact that a
recent preliminary, proof-of-concept investigation of suvorexant
administration in patients with cocaine use disorder reported
some improvement in behavioral domains related to relapse with
no major adverse outcomes [22]. This study was largely guided by
a solid foundation of preclinical work pointing to a high likelihood
of efficacy for cocaine addiction. It should now be a priority to
facilitate similar translational studies for opioid addiction.
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