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Introduction

Insomnia is defined as difficulty falling asleep or staying
asleep, as well as impairment in daytime performance, and
affects approximately 5–20% of the adult population world-
wide.1Daytime impairment can have avariety of detrimental
effects on a person’s quality of life. Daytime exhaustion,

distress, mood swings, and memory loss can have a substan-
tial impact on social, occupational, educational, academic,
and behavioural elements of life.2 Insomnia is also associated
with chronic non-communicable diseases like hypertension,
diabetes, and depression.3 The orexin neuropeptide signal-
ling system plays a role in a variety of physiological func-
tions, including sleep and arousal. Two neuropeptides,
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Abstract Insomnia is one of themajor challenges inmedical science nowadays as it leads to great
socio-economic burden by impairing daytime function as well as the development of
exhaustion, depression, and memory disturbance in affected individuals. Several
important classes of drugs have been tried, including the BZDs and non-BZD hypnotics.
Available drugs to combat this disease have the limitations of abuse potential,
tolerance, and cognitive impairment. In some instances, withdrawal symptoms have
been observed upon the abrupt cessation of those drugs. The Orexin system has been
very recently targeted as a therapeutic option to overcome those limitations. Treat-
ment of insomnia with Daridorexant as a Dual Orexin Receptor Antagonist (DORA) has
been evaluated in several preclinical and clinical studies. Available information
obtained from those studies has shown a promising future for this drug in the
management of insomnia. Beyond its effectiveness in insomnia, it has been success-
fully used in patients suffering from obstructive sleep apnoea, chronic obstructed
airway disease (COAD), Alzheimer’s disease (AD), hypertension, and cardiovascular
disorders. Larger studies need to address the safety issues as well as obtain robust
pharmacovigilance information to safeguard the risk-benefit aspect of this drug in
insomniac adults.
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Orexin A (OX-A) and Orexin B (OX-B), both generated from
the same pre-pro-orexin precursor, activate two post-syn-
aptically localised G protein-coupled receptors, Orexin Re-
ceptor type 1 (OX1R) and Orexin Receptor type 2 (OX2R).4,5

OXA preferentially interacts with OX1R, but OX2R has a high
affinity for both OX-A and OX-B.6 Activation of OX1R and
OX2R reduces the onset of REM sleep, whereas activation of
OX2R suppresses non-REM sleep.7 If orexin binding to either
of its receptors promotes arousal (wakefulness), then a drug
that acts as an antagonist of OX1R and/or OX2R for a long
time can promote sleep by suppressing the wake promotion
associated with the orexin signalling pathway.8,9

Available Treatment Options
American College of Physicians (ACP) recommends treat-
ment guidelines for insomnia that include drugs approved by
the Food and Drug Administration (FDA) like benzodiaze-
pines, non-benzodiazepine hypnotic ‘Z-drugs’, melatonin
receptor agonist Ramelteon, and Doxepin—a first generation
histamine antagonist, as well as use of other off-label
drugs.10 However, there isn’t enough data to assess the
efficacy or benefit-to-risk ratio ofmanyof thesemedications.
The guidelines don’t recommend any specific treatment
regimens in this regard. Similarly, the American Academy
of Sleep Medicine (AASM) recommends that certain phar-
macotherapy may be used to treat sleep onset and/or sleep
maintenance insomnia, targeting GABA-A, serotonin, mela-
tonin, and histamine receptors on a regular basis.11 Themost
extensively used hypnotics, Z-Drugs (Zolpidem, Zopiclone,
Zaleplon) are positive allosteric GABA-A subunit alpha-1
receptor modulators that provide a wide range of suppres-
sion of Central Nervous System (CNS) activity.12 The BZD
receptor agonist Zaleplon, the BZD triazolam, and the mela-
tonin agonist Ramelteon are all suggested therapy for sleep
onset insomnia, and doxepin is advised for sleep mainte-
nance insomnia. Drugs like Trazodone, Tiagabine and a few
over the counter (OTC) drugs (e.g., Diphenhydramine, L-
tryptophan, valerian) are not recommended by authorities
like ACP/AASM due to a lack of efficacy data and potential
safety concerns for which they come under the category of
“weak” recommendation. But it should not be misunder-
stood as if those drugs are ineffective in the management of
insomnia.

Use of the above-mentioned available drugs is limited by
their significant side effects like next-day residual sleepiness,
motor incoordination, frequent falls, memory and cognitive
impairment, aswell as the development of a riskof addiction,
dependence, and tolerance in spite of being highly effica-
cious. Many other medications used in earlier days for this
purpose had similar side effects, like next day somnolence,
withdrawal symptoms, physiological tolerance and depen-
dency, though they had potential benefits in their use.14 In
addition to that, healthcare workers expressed their concern
with regards to initiating the BZDs and non-BZD hypnotic
drugs to treat insomnia in elderly individuals due to the
safety concern as well as the propensity for drug dependence
in that particular age group.11 Some of the pharmacological
agents recommended in the treatment guidelinesmay have a

limited success rate in treating all phenotypes of insomnia,
and their use is also limited due to safety and tolerability in
special populations like hepato-renal disorders, elderly in-
dividuals, and patients suffering from impaired lung function
status. Apart from that, the FDA has issued warnings in
prescribing medications and patient guidance against the
use of drugs like eszopiclone, zolpidem, and zaleplon due to
an increased risk of complex sleep behaviours like sleep
walking and sleep driving.15 As a result, the formulation of
a pharmacological treatment plan is governed by several
factors, the most important of which are sleep patterns
(problems with sleep onset vs. sleep maintenance), drug
safety, and efficacy.16

Orexin as a Therapeutic Target in Sleep Management
There is strong experimental support for the central orex-
inergic system’s role in controlling alertness and sleep. A
considerable increase in the amount of time an animal
spends awake and a significant decrease in the percentage
of REM and non-REM sleep are caused by intracerebroven-
tricular administration of orexin A or orexin B at the start of
the typical sleep phase. Additionally, c-fos expression in
orexin neurons and orexin levels in cerebrospinal fluid
both positively and negatively correlate with the degree of
alertness and non-REMand REM sleep, respectively. Further-
more, orexin neurons fire during active waking, decrease
discharges during quiet waking, and essentially stop firing
during sleep in unanesthetized rats.17These results collec-
tively demonstrate that orexin neurons are mostly active
during wakefulness and largely quiet during sleep.

Dual Orexin Receptor Antagonists (DORA) inhibit OX1R
and OX2R and promote sleep by reducing arousal signalling.
It is believed to be a new pharmaco-therapeutic method of
insomnia management.18 Several DORAs have been evaluat-
ed in preclinical and clinical trials for the treatment of
insomnia. It’s worth noting that DORA doesn’t alter the sleep
architecture.19,20 These drugs were developed to shorten the
Rapid Eye Movement (REM) latency and prolong total sleep
time (TST), predominantly by increasing the total time spent
in REM sleep. The time spent on non-REM sleep remains
either unaltered or reduced.21 Apart from that, if the therapy
is terminated abruptly, the incidence of drug tolerance,
withdrawal symptoms, and rebound insomnia has not
been found in most cases.22–24 Another important fact to
mention about the mechanism of action of DORA is that it
suggests that day-time sleepiness is further aggravated with
the use of this drug in patientswith narcolepsy as they have a
poor orexin-mediatedwake signalling system. Hence, DORAs
are contraindicated in such individuals.

Pharmacology of Daridorexant
Darodorexant is a selective, highly potent, small-molecule
dual OX1R and OX2R antagonist. It is equally efficacious in
antagonising both the OX1 and OX2 receptors.25 By selec-
tively targeting and reducing the activity of wake-promoting
neurons, it bypasses the widespread neuronal inhibition and
adverse effects associated with the use of positive GABA-A
receptor modulators. Daridorexant curtails the time of
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wakefulness and promotes sleep without altering the sleep
architecture.26 It preserves the normal sleep architecture
(i.e., non-REM/total sleep and REM/total sleep ratios) by
increasing REM and non-REM sleep in physiological propor-
tions. It ismore efficacious in conditions associatedwith high
orexin neuronal activity, like sleep deprivation, insomnia,
activity phase and other situations of high sleep pressure.
The salient pharmacokinetic features of Daridorexant are
summarised in►Table 1.27Daridorexant displays the desired
target interaction profile of a dual, equipotent, and insur-
mountable antagonist of both OX1R and OX2R, which
ensures equally efficient inhibition of both arousal-/wake-
promoting receptor subtypes.28

Adverse Events–2% of patients treated with Daridorexant
in one trial (NCT03545191) and those were nasopharyngitis
(6% among 310 study participants who received Daridorex-
ant 50mg, 7% among 310 trial participants treated with
Daridorexant 25mg and 6% with placebo received by 310
trial participants), headache (6%, 5% and 4%), drug overdose
(3%, 1% and 2%), fatigue (2%, 2% and 1%), dizziness (2%, 2%, 2%
and 1%), nausea (2%, 1% and 1%), and somnolence (2%, 4% and
2% among 930 total study participants. Adverse events
leading to treatment discontinuation occurred in 1% of
Daridorexant 50mg recipients, 2% of Daridorexant 25mg
recipients, and 3% of placebo recipients. Serious adverse
events (1) occurred in 1% of Daridorexant 50mg recipients,
1% of Daridorexant 25mg recipients, and 2% of placebo
recipients.

Drug Interaction Features
Concomitant usewith a strongormoderate CYP3A4 inhibitor
increases exposure to Daridorexant, which may increase the
risk of ADRs. Concomitant use of Daridorexant with a strong
inhibitor of CYP3A4 is not recommended. Concomitant use
with a strong or moderate CYP3A4 inducer decreases expo-
sure to Daridorexant, which may reduce the efficacy of
Daridorexant.29

Concomitant use of alcohol or other CNS depressants with
Daridorexant may lead to additive impairment of psycho-
motor performance and an increased risk of CNS depression.
Co-administration of a single 50mg dose of Daridorexant
with alcohol at a blood level of 0.6 g/L led to additive effects
on impairment of psychomotor performance (postural sta-
bility and alertness). Daridorexant did not affect alcohol

concentrations and alcohol did not affect Daridorexant
concentrations.29

Age, sex, race (White, Black, Asian), body size, and mild to
severe renal impairment (Cockcroft-Gault 30mL/min, not on
dialysis) did not have a clinically significant effect on the
pharmacokinetics of Daridorexant. The effect of severe he-
patic impairment (Child-Pugh score 10) on the pharmacoki-
netics of Daridorexant has not been studied.29

The drug has not been studied in patients with severe
hepatic impairment (Child-Pugh score 10). Use in this popu-
lation is not recommended. Moderate hepatic impairment
may increase daridorexant systemic exposure to a clinically
relevant extent, which may increase the frequency or sever-
ity of adverse reactions. No dose adjustment is required in
patients over the age of 65 years.29

In a human abuse potential study conducted in 63 recre-
ational sedative drug users, the effect of single-dose admin-
istration of Daridorexant [50mg, 100mg (two times the
maximum recommended dose), and 150mg (three times
the maximum recommended dose)], zolpidem (30mg),
Suvorexant (150mg), and placebo on the subjective rating
of “drug liking” was evaluated. At the dose of 50mg, Dari-
dorexant showed significantly lower “drug liking” ratings
than zolpidem (30mg) and Suvorexant (150mg), but signifi-
cantly higher than placebo. At doses of 100mg (two times the
maximum recommended dose) and 150mg (three times the
maximum recommended dose), Daridorexant showed simi-
lar “drug liking” ratings to zolpidem (30mg) and suvorexant
(150mg).30

Safety and Efficacy Evaluation in Animal Models
Preclinical evaluation in freely moving rats found increased
time duration of REM and non-REM sleep of up to 17 and
55minutes, respectively, and total awake time decreased by
up to 66minutes when Daridorexant was administered at a
dose of 10, 30, 100, and 300mg/kg at night.31 The latency to
the first persistent episode of both REM and non-REM sleep
was decreased in DR-treated rats. In Beagle dogs, Daridor-
exant had a similar activity profile as in rats. Data obtained
from pre-clinical models of dogs and mice suggest that the
sleep promoting effects of this molecule can be surpassed
without any motor function impairment that can be seen in
normal physiological conditions. Apart from the clinical
benefits, the abuse potential of Daridorexant was also

Table 1 Salient Pharmacokinetic features of Daridorexant.27

Pharmacokinetic feature Daridorexant

Time to reach peak plasma concentration (T max) 1-2 hrs

Bioavailability 62%

Volume of Distribution (Vd) 31 litres

Plasma protein binding 99.7%

Half-life (t1/2) 8 hrs

Metabolism Extensively by CYP3A4 (89%)

Elimination 57% via faeces, 28% via urine and rest in bile
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evaluated in animal models. Based on molecular profiling, it
was found that Daridorexant does not bind to any abuse
associated CNS targets at clinically relevant doses. Experi-
mental rats treated chronically with Daridorexant didn’t
show any withdrawal symptoms on discontinuation of the
drug, which reveals that this drug lacks the physical depen-
dence property on long term use. Preclinical evidence sug-
gests that anxiety, sympathetic hyperactivity, mood changes,
and cognitive impairment may occur as long-term conse-
quences of untreated insomnia, and that these complications
can be effectively treated with Daridorexant.Daridorexant
exerted a dose-dependent anxiolytic action on three differ-
ent ratmodels.32 In addition to that, pre-clinical experiments
have also demonstrated the benefits of alleviating the fear of
not being able to sleep properly, poor day-time performance,
and memory deficit with the use of drugs in simulated
environments. Available pre-clinical data on the safety and
efficacy of Daridorexant on animal models has been sum-
marised in ►Table 2.33

Daridorexant’s Role in Clinical Practice
As a part of clinical evaluation, this drug was safe and well
tolerated in all Phase 1 studies conducted among healthy
participants, where dose-dependent somnolence and fatigue
were two predominant adverse events. In current times, two
phase 2 trials have been published where the safety and
efficacy of Daridorexant were evaluated. In one trial, dose-
dependent safety and efficacy were assessed at four different
doses (5mg, 10mg, 25mg, and 50mg) administered for
30 days in comparison to placebo or 10mg Zolpidem in
adults less than 64 years of age suffering from insomnia.
Daridorexant produced a dose-dependent reduction inWake
After Sleep Onset (WASO) and subjective latency to sleep
onset with no clinically relevant treatment-related serious
adverse events and a low rate of discontinuation due to
adverse events.34 In another phase 2 trial, the daridorexant-
treated patients developed statistically significant dose-de-

pendent improvements in latency to persistent sleep (LPS),
WASO, with almost similar rates of treatment-related ad-
verse events (TEAE) compared with placebo.35 Results from
these trials allowed the drug to progress further in the drug
development process, and Phase 3 trials were initiated
thereafter. Two consecutive trial results were announced in
themonths of April 2020 and July 2020, respectively.36,37 The
results of these studies showed objective and subjective
improvements in sleep measures (sleep onset, sleep main-
tenance, and subject-reported Total Sleep Time or sTST) with
daridorexant treatment. Additionally, there were no reports
of next-day tiredness or indications of rebound or withdraw-
al symptoms. The Phase 3 programme of Daridorexant
consists of three studies investigating its efficacy and safety
at dosages of 10, 25, and 50mg for up to a 12-month
treatment term (clinicaltrials.gov: NCT03545191,
NCT03575104, and NCT03679884). Apart from analysing
objective and subjective impacts on sleep, the Phase 3
programme also looks at potential improvements in next-
day functioning as complaints about daytime functioning are
a common symptom of insomnia. Available results revealed
that treatment with Daridorexant not only improved objec-
tive and subjective sleep metrics but also improved patients’
daytime functionality following the completion of the first
Phase 3 trial.38 Special emphasis was given to the assessment
of the residual next morning effect. Breathing issues, partic-
ularly in overweight adults, are frequently linked to insom-
nia-related symptoms. Therefore, regulatory authorities
anticipate corresponding safety studies in these populations.
In two safety studies, Daridorexant did not exhibit any
clinically relevant effect on nighttime respiratory function
in participants with moderate chronic obstructive pulmo-
nary disease (COPD) or obstructive sleep apnea.40 There are
certain limitations to the studies reported as well as the
concept of pharmacotherapy. Early PK, PD, and safety studies
of the drugwere conducted in small groups of people, such as
8–10 healthy subjects per dose group. As a result,

Table 2 Pre-clinical data on safety and efficacy of Daridorexant on animal models.33

Type of animal Effect of Daridorexant Reference

Free moving rat Decreases wakefulness and thereby promotes sleep in which sleep
architecture is preserved

Treiber et al 2017
Boss et al 2020

Wistar rat No impact on motor co-ordination or muscle strength Tang et al 1995
Voss et al 2003

Rat Did not bind to any known abuse associated CNS targets based on
molecular profiling.

Ufer et al 2020

Decreases orexin neuron firing and OXR activation during sleep Blouin et al 2013

Exerted dose dependent anxiolytic effect Steiner et al 2020

Beagle Dog Decreases wakefulness up to 77 mins over 6 hrs. post drug
administration and increases time spent in both REM & non- REM
sleep

Boss et al 2020

Rhesus monkey Did not produce residual sleep effect as well as no impairment of
memory and attention

Gotter et al 2013

Dog Did not affect their ability to wake up and behave normally upon
presentation of food as a salient positive environmental stimulus.

Boss et al 2020
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pharmacovigilance experience with Daridorexant is limited,
particularly at high exposure following supratherapeutic
dosage delivery (75mg Daridorexant and above were only
administered to healthy subjects). As a result, there is
currently no information on overdose, rare adverse
responses, or intoxication in patients, highlighting the lim-
itations of investigating medication effects in healthy
participants.

Daridorexant’s safety and effectiveness were evaluated in
two multicentre, randomised, double-blind, placebo-con-
trolled phase 3 trials at 156 sites in 17 countries. Thefindings
showed that Daridorexant 25mg and 50mg improved sleep
outcomes, and Daridorexant 50mg also improved daytime
functioning in people with insomnia disorder, with a favour-
able safety profile.41 The lists of clinical trials evaluating the
safety and efficacy of Daridorexant have been tabulated
in ►Table 3a and 3b.27

Current Approval Status
-Daridorexant has been approved recently by the interna-
tional regulatory authority FDA for the treatment of insom-
nia in adults. The judgement was based on a clinical trial that
involved 1854 adults from 160 clinical trial locations.42

Treatment with Daridorexant at a dose of 25- and 50-mg
resulted in significant improvements in objective measures
of sleep onset and maintenance, as well as patient-reported
total sleep time, when compared to placebo. The drug
improved sleep and daytime functioning among the study
participants statistically significantly, as measured by the
Insomnia Daytime Symptoms and Impacts Questionnaire,
while maintaining a favourable safety profile in adult and
paediatric patients.43

Daridorexant’s place in the current treatment arsenal is
as follows:Available treatment options for chronic insomnia
do not provide clinical benefits to all patients. Targeting the
orexin system could be a promising option in the current
scenario. Daridorexant, a recently approved DORA in the
treatment armamentarium of adult patients suffering from
chronic insomnia, has been developed through an intense
drug development program. It has been manufactured with
the aim of optimisation of the favourable pharmacokinetic
and safety profile of a sleep-promoting agent. Preclinical
experiments in animal models have demonstrated its effi-
cacy in sleep promotion and maintaining normal sleep
architecture without impairing motor function and the
ability to arouse in response to salient stimuli. These
features play a significant role in overcoming the usual
limitations arising due to the use of traditional hypnotic
medications. Reducing the sympathetic drive-in experi-
mental animals has also evolved a new probability in
controlling blood pressure and decreasing cardiovascular
risk among elderly individuals. Insomnia becomes more
common as people get older, and it can be a risk factor
for dementia. Several studies have found a bidirectional
relationship between sleep disruptions and Alzheimer’s
disease (AD), with sleep disorders leading to greater AD
pathology, which exacerbates sleep issues. Positive GABA-A
modulators impair memory and cognition and are linked to Ta
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an increased risk of dementia and Alzheimer’s disease. They
are not advised for the treatment of concomitant insomnia
in Alzheimer’s disease.

Insomnia as a chronic non-communicable disease has a
great impact on the socio-economic lives of human beings. It
affects the quality of life (QoL) through the development of
exhaustion, depression, daytime somnolence, and many
other related problems, ultimately increasing the risk of
serious health issues like diabetes, hypertension, and car-
diovascular diseases. Available treatment options have lim-
itations in drug abuse, drug tolerance, and drug withdrawal,
which are significant drawbacks. Targeting the orexin sys-
tem may overcome these limitations and has proven to be a
promising option in the current drug regimen for the treat-
ment of insomnia. Daridorexant has been developed bya vast
drug development programme as a novel Dual Orexin Re-
ceptor Antagonist (DORA) for insomnia treatment. Both the
available pre-clinical and clinical data have demonstrated
the safety, tolerability, and efficacy of this molecule over the
other classes of drugs used for this purpose. Use of this drug
in animal models also showed promising benefits in manag-
ing hypertension and other cardiovascular disorders. In spite
of all the positive results recently published on the safety and
efficacy of Daridorexant, the available information on phar-
macovigilance data of this DORA is limited,which needs to be
addressed on the basis of results of larger clinical trials to be
conducted in the coming days.
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