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Abstract: Narcolepsy is a sleep disorder marked by chronic, debilitating excessive daytime
sleepiness and can be associated with cataplexy, sleep paralysis and sleep-related hallucina-
tions. Pharmacological therapy for narcolepsy primarily aims to increase wakefulness and
reduce cataplexy attacks. Pitolisant is a first-in-class agent utilizing histamine to improve
wakefulness by acting as an antagonist/inverse agonist of the presynaptic histamine 3
receptor. This review summarizes the clinical efficacy, safety and tolerability of pitolisant
in treating the symptoms of narcolepsy. Randomized and observational studies demonstrate
pitolisant to be effective in treating both hypersomnolence and cataplexy while generally
being well tolerated at prescribed doses. The most common adverse reactions include head-
ache, insomnia and nausea.

Keywords: narcolepsy, pitolisant, histamine 3 receptor, excessive daytime sleepiness,
cataplexy

Plain Language Summary

Narcolepsy is a rare chronic sleep disorder associated with debilitating excessive daytime
sleepiness, cataplexy, sleep-related hallucinations and sleep paralysis. It affects approxi-
mately 0.02%-0.05% of various populations in European, USA and Asian countries. In
addition to physical symptoms, patients often have a decreased quality of life, with daytime
sleepiness affecting their social and work productivity. The deficiency of a brain neuropep-
tide, hypocretin, has been implicated as a main cause of narcolepsy. Histamine works
alongside hypocretin in regulating an individual’s sleep/wake cycle. Increased histamine
levels are found during wakefulness and return to lower levels during sleep. Pitolisant is the
first drug in its class that increases levels of histamine by targeting the histamine 3 receptor.
This review goes over the clinical outcomes, safety and tolerability of using pitolisant to treat

narcolepsy.

Introduction

Narcolepsy is a clinical syndrome marked by chronic, debilitating excessive day-
time sleepiness (EDS) and the presence of arousal state instability where the
thresholds between the various stages of sleep and wake are easily crossed.'~
There are two types of narcolepsy, differentiated by the presence of cataplexy
(recurrent brief episodes of sudden, usually symmetrical loss of muscle tone with
retained consciousness precipitated by strong emotions) and cerebral spinal fluid
(CSF) hypocretin-1 levels.> Narcolepsy type 1 (often referred to as narcolepsy with
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cataplexy) is distinguished by either the presence of cata-
plexy or low CSF hypocretin-1 levels (=<110 pg/mL) and
is estimated to have a prevalence of 14-50 per 100,000
people and an incidence of 4.87 per 100,000 person-
years.*® Narcolepsy type 2 has absent cataplexy and
either normal (>110 pg/mL) or unmeasured CSF hypocre-
tin-1 levels.? The prevalence of narcolepsy type 2 is not
well studied, but estimated to be about 20-65 per 100,000
people.®” Other symptoms common to both narcolepsy
types 1 and 2 include fragmented, disrupted sleep, hypno-
gogic and hypnopompic hallucinations (vivid auditory or
visual dreamlike perceptions at sleep onset or offset),
automatic behaviors (activities performed without aware-
ness) and sleep paralysis (temporary inability to move
while falling asleep or awakening).*® Patients with narco-
lepsy may enter rapid eye movement sleep (REM) earlier
(<90 min) after nighttime sleep initiation and have sleep-
onset REM periods that occur during daytime naps. Other
sleep abnormalities are also common, including sleep-
disordered breathing, periodic limb movements of sleep,
and REM sleep behavior disorder. Depression, anxiety,
and obesity also are frequently comorbid. Narcoleptic
patients have a reduced quality of life, as the diagnosis
affects many aspects of their day-to-day functioning,
including work/school performance, social relationships
and mental health. The onset of narcolepsy occurs most
often between ten and 25 years of age but can occur as
early as 5 years or after 40 years of age. The observation
of onset during late adulthood may be confounded by
delays in diagnosis.'

Pathophysiology of Narcolepsy

Wakefulness is promoted by multiple interconnected brain
circuits that control ascending arousal systems. These ori-
ginate from multiple nuclei that coordinate the release of
wake-promoting neurotransmitters including norepinephr-
ine, serotonin, dopamine, histamine and acetylcholine.
Lateral hypothalamic neurons containing hypocretin-1
and —2, also known as orexin A and B, sustain wakeful-
ness by activating wake-promoting neurons in other
hypothalamic regions, including the tuberomammillary
nucleus, and project both rostrally to the cortex, basal
forebrain and thalamus and caudally to brainstem mono-
aminergic nuclei, most prominently the locus coeruleus.’
Hypocretins also stimulate brain areas that inhibit REM
sleep. There are only 10,000-20,000 neurons that produce
hypocretin, and the selective loss of these neurons due to
a presumed autoimmune etiology is implicated as the main

cause of EDS and cataplexy in narcolepsy type 1.'%'" Two
receptors, hcrtrl and hcrtr2, mediate the effects of hypo-
cretin in mammals.'? The absence of hcrtr2 receptors in
mice results in cataplexy and disruption during wake
compared to wild-type.'>'* Dogs that lack hcrtr2 recep-
tors also have the canine form of narcolepsy with cata-
plexy and have decreased histamine and increased
dopamine concentrations in the cortex and thalamus.'®
The hypocretin system acts in conjunction with hista-
mine, which also has a pivotal role in the wake-promoting
pathway in the brain by regulating the light/dark circadian
cycle. It increases during wakefulness and returns to lower
levels during sleep.'® Histamine originates from the tuber-
omammillary nucleus in the posterior hypothalamus and
projects to multiple brain regions from the brainstem to the
cortex. There are four different histamine receptor sub-
types (H1-H4). The wakefulness activity of histamine is
mediated by H1 receptors (HI1R), which is targeted by
classical antihistamines resulting in a sedating effect. The
presynaptic H3 receptor (H3R) has a unique role as an
autoreceptor due to its inhibitory effect on histamine
release and formation.'” While concentrated in the central
nervous system (CNS), the H3R can also be found in the
pulmonary, gastrointestinal and cardiovascular systems.'®
It is also present on axon terminals of non-histaminergic
neurons (heteroreceptors) and has an inhibitory effect on
the release of other neurotransmitters, particularly norepi-
nephrine, y-aminobutyric acid (GABA), dopamine, seroto-
H3Rs

constitutively active resulting in a continued inhibitory
19

nin, acetylcholine and glutamate. remain
effect even in the absence of histamine.

Both the hypocretin and histaminergic system play
coinciding roles in the control of wakefulness.?’ The hypo-
cretin system innervates histamine neurons, as proven in
the rodent and zebrafish model.?'** Histaminergic neu-
through  hcrtr2

receptors.”**> Hypocretin-1 and hypocretin-2 depolarize

rons receive hypocretinergic input
the histaminergic tuberomammillary neurons and increase
their firing rate through action on postsynaptic receptors.
Immunocytochemical studies show that histamine and
hypocretin neurons are located very close to each other.?!
Hypocretin neurons are also heavily innervated by hista-
minergic neurons. Histamine also has an essential role in
the development of the hypocretin system in zebrafish
larvae, which is mediated through HIR.** In knockout
mice without HIR, hypocretin concentration in the CSF
was decreased compared to control.?® In narcoleptic

patients with reduced hypocretin neurons, histamine
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concentration in the CSF was also lower than healthy

controls.?”%°

Available Narcolepsy Medications

There are several nonpharmacologic interventions that can
help manage the symptoms of narcolepsy. These include
scheduled napping, good sleep hygiene, and avoidance of
drugs that can worsen daytime sleepiness.>® Most patients,
however, require medications to reduce sleepiness and
cataplexy. The wake-promoting agents modafinil and its
R-enantiomer armodafinil are first-line medications for the
treatment of EDS in narcolepsy. Their exact mechanism of
action in promoting wakefulness is not fully understood
but appears to be mediated by increased dopaminergic
signaling by blocking dopamine reuptake.’' Stimulants,
including amphetamines and methylphenidate, are second-
line agents due to abuse potential and sympathomimetic
side effects. Methylphenidate also inhibits dopamine and
norepinephrine reuptake in the CNS while amphetamines
increase both the release of dopamine and norepinephrine
in the CNS and block their reuptake. Solriamfetol, a novel
dopamine and norepinephrine reuptake inhibitor, was
recently approved by the United States Food and Drug
Administration (FDA) as a first-line treatment for adult
patients with EDS in the setting of narcolepsy.*> The only
drug approved by the FDA for the treatment of cataplexy
is sodium oxybate whose mechanism is poorly understood
but seems to be related to stimulation of GABAg recep-
tors. It also improves EDS and can be considered a first-
line therapy when cataplexy is coexistent and requires
therapy. Off-label medications used for cataplexy include
tricyclic antidepressants (TCAs), selective serotonin reup-
take inhibitors, and serotonin and norepinephrine reuptake
inhibitors.** Many of the available treatments for narco-
lepsy either only partially treat its symptoms (ie wake-
promoting agents without effect on cataplexy) or require
complex dosing schedules and self-discipline (sodium
oxybate). There is a need for new therapeutics that have
limited side effects, abuse potential and efficacy on the
predominant symptoms narcolepsy.>* Pitolisant (brand
name Wakix®™) is approved to treat narcolepsy without
cataplexy in the United States and narcolepsy with cata-
plexy in Europe. It is a first-in-class agent to uniquely
utilize the role of histamine in regulating wakefulness.
This review aims to discuss the safety, efficacy, and toler-
ability of pitolisant in the management of narcolepsy.

Pitolisant

Mechanism of Action
The blockage of H3R has become a target in the management
of disorders of hypersomnia, including narcolepsy. The H3R’s
participation in the tonic control of histamine release requires
prospective antagonists to have potent intrinsic activity as
inverse agonists in order to fully reverse its highly constitutive
activity.'” Pitolisant, previously known as BF2.649 and tipro-
lisant, is the first non-imidazole-based H3R antagonist/inverse
agonist to progress into clinical development.

Pitolisant is an N-piperidyl derivative that acts as
a high-affinity competitive antagonist and an inverse ago-
nist with an ECs of 1.5 nM and an inhibitor constant, Ki,
of 1 nM, consistent with high potency. It blocks the auto-
inhibiting activity of histamine and H3R agonists on endo-
genous histamine release (See Figure 1). It also increases
histamine release above the basal level. At a low concen-
tration of 100 nm, it has no significant interaction with
almost a hundred other human receptors and channels.>> It
also increases acetylcholine release in the prefrontal cortex
and hippocampus as proven in rats, enhancing arousal.
Pitolisant preferentially increases dopamine in the prefron-
tal cortex but not in the striatal complex that comprises the
nucleus accumbens.'” Pitolisant’s selectivity of dopamine
release was confirmed in rat models compared to modafi-
nil, which increased dopamine release in the nucleus
accumbens. This likely explains the lack of psychomotor
activity and drug-abuse liability of pitolisant.*® Pitolisant
is the first FDA-approved drug to treat hypersomnolence
in narcolepsy without being scheduled as a controlled
substance as studies in humans demonstrated that it was
found to have an abuse profile similar to placebo and
significantly lower than that of a phentermine, a mild
stimulant.®’

Pharmacokinetics

Pitolisant was initially approved by the European Medicines
Agency for narcolepsy at a dose range of 4.5-36 mg/day.>® It
was then FDA-approved for the treatment of daytime

NN

Figure | Chemical Structure of Pitolisant (C|7H2(,CINO).39

Notes: National Center for Biotechnology Information. PubChem Database.
Pitolisant, CID=9948102, https://pubchem.ncbi.nim.nih.gov/compound/Pitolisant
(Accessed April 29, 2020)
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sleepiness in adults with narcolepsy in August 2019 at
a recommended dose range of 17.8-35 mg/day. The FDA-
recommended dose titration starts at 8.9 mg/day, increasing
to 17.8 mg/day and then 35.6 mg/day at 1-week intervals
based on tolerability. It is available in film-coated tablets,
with dosage forms of 4.45 mg and 17.8 mg.***® Pitolisant
has a high affinity for H3R (K; = 1 nM) compared to other
histamine receptors (HIR, H2R, or H4R, K; >10 uM). In
addition, pitolisant binds to the mouse sigma-1 receptor
similar to that for the H3R, which could theoretically con-
tribute to its cognitive and mood effects. However, this
interaction with the sigma-1 receptor is not entirely under-
stood. Sigma -receptor agonists increase dopamine levels
in the nucleus accumbens, whereas pitolisant preferentially
increases its concentration in the prefrontal cortex. Pitolisant
also antagonizes the sigma-2 receptor and may diminish the
effects of cocaine.***' Pitolisant is readily absorbed and
reaches peak plasma concentration in 3 hrs. After a dose of
pitolisant 35.6 mg once daily, the steady-state C,,,x is 73 ng/
mL and the area under the curve (AUC) is 812 ng*hr/mL.
Pitolisant has a plasma half-life of 7.5-24.2 hrs and it
reaches steady state in 5 to 6 days, and almost always
by day 7 (See Table 1).

Due to its long half-life, it is recommended to take pito-
lisant early in the morning in order to prevent insomnia.
When absorbed, pitolisant is equally distributed between
red blood cells and plasma due its high serum protein bind-
ing. Metabolism of pitolisant occurs under the action of
CYP3A4 and CYP2D6 and is eliminated as inactive meta-
bolites. These metabolites are eliminated mainly through the
urine (63%), expired air (25%) and in the feces (<3%).*%**
Pitolisant dose adjustments may be needed in individuals
taking medicines that impact CYP3A4 and CYP2D6.

Pitolisant dosing varies in certain populations. The
plasma concentration of pitolisant is increased in patients
with renal failure (stage 2—3), and the maximum daily dose
recommended for these patients is 18 mg. It is not recom-
mended for patients with end-stage renal disease. No dose
change is needed for mild hepatic impairment. For patients

Table | Pitolisant Overview*’

Mechanism of
Action

H3 Receptor Antagonist/Inverse
Agonist

Pharmacokinetics Approximately proportional
35h (2-5h)
20 h (7.5-24.2 h)

CYP3A4 CYP2D6

tmax Median (range)

ti;2 median (range)

Metabolism/Clearance

with moderate hepatic impairment (Child-Pugh B), there
was a 2.4 increase in AUC and the half-life doubled. In
these patients, treatment should be initiated for 2 weeks
before increasing the daily dose to a similar maximum of
18 mg. Pitolisant is contraindicated in patients with severe
hepatic impairment.** Although one small study demon-
strated that pitolisant at therapeutic doses does not have
any inducer activity on CYP3A4, the drug’s manufacturer
suggests that women of reproductive potential on hormo-
nal contraception should still use an alternative nonhormo-
nal contraceptive during and up until 21 days after
treatment due to the drug’s long half-life. The effects of
in utero exposure to pitolisant are unknown, but it does
cross the placenta and teratogenicity was seen in some
animal studies. Data collection via a pregnancy registry
is ongoing to monitor pregnancy and infant outcomes
following in utero exposure to pitolisant. Animal studies
have demonstrated that pitolisant passes into breast milk,
and its use should, therefore, be avoided in breastfeeding
mothers until human studies are available.*> There are
limited data on the safety and efficacy of pitolisant in
elderly and pediatric populations.

CYP2D6 inhibitors such as paroxetine, fluoxetine, venla-
faxine, quinidine, duloxetine, bupropion, terbinafine and
cinacalcet may increase the serum concentration of pitolisant
and require a 50% dose reduction of pitolisant. CYP3A4
inducers decrease levels of pitolisant and necessitate an
increased dose. Antihistamines and TCAs should be avoided
as they may decrease the effect of pitolisant.

Cost

Following FDA approval of pitolisant, its manufacturer
Harmony Biosciences estimated an annual price tag of about
$140,000.* In a Swedish study, the cost per additional qual-
ity-adjusted life-year (QALY) was estimated at SEK 356,337
(~€35,600) and SEK 491,128 (~€49,000) for pitolisant as an
adjunctive treatment. Healthcare utilization and QALY's were
calculated assuming no treatment effect on survival.**

Efficacy

Lin et al first tested the histamine hypothesis in hypocretin
-/- mice by enhancing its release through administering
tiprolisant, a precursor of pitolisant.*> The study found
tiprolisant enhanced histamine levels and noradrenergic
neuron activity. When these mice were given modafinil
alone, histamine cortical concentration increased by about
42% with no major difference in noradrenergic activity. In
contrast, the co-administration of tiprolisant and modafinil
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resulted in a significant increase of about 216% cortical
histamine concentration, as well as a 121% increase in
noradrenergic activity. Clinically, tiprolisant promoted
wakefulness and decreased abnormal direct onsets of
REM sleep from wakefulness (DREMs), akin to a human
sleep-onset REM period. Total REM sleep was decreased
by tiprolisant and modafinil, but only tiprolisant consider-
ably decreased the number and duration of DREMs epi-
sodes. The group also performed a pilot, prospective,
comparative, sequential placebo-controlled, single-blind,
multi-center study of a single dose of pitolisant (40 mg)
in 22 patients. The patients received placebo followed by
tiprolisant for 1 week and were found to have a reduced
Epworth Sleepiness Scale (ESS) score from baseline by
1.0 with placebo (p > 0.05) and 5.9 with tiprolisant (p <
0.001). Patient sleep diaries suggested no differences in
nocturnal sleep, including duration and wake after sleep
onset number, compared to placebo.

This led to two further Phase II studies that demon-
strated clinical efficacy in humans.*® Both found signifi-
cant improvement in ESS score with pitolisant treatment.
They also supported a titration scheme for pitolisant by
starting at a lower dose and titrating upwards based on
normalization of symptomatology and lack of adverse
events.

Pivotal Trials

Four major Phase III studies, three of which were rando-
mized, have evaluated the efficacy of pitolisant in patients
with narcolepsy (See Table 2).

Harmony |

Harmony I was the first Phase III, randomized, double-
blind placebo-controlled trial investigating pitolisant for
narcolepsy.?’ It assessed the safety and efficacy of pitoli-
sant against placebo and modafinil. Patients older than 18
years of age meeting the International Classification of
Sleep Disorders 2 criteria of narcolepsy with or without
cataplexy were recruited from 32 centers in five European
countries. Eligible patients had a baseline ESS score of
>14. Psychostimulants were stopped for 14 or more days
prior to initiation, but anti-cataplectic drugs, including
sodium oxybate and antidepressants besides TCAs, were
continued. Participants were randomly assigned to receive
pitolisant, modafinil or placebo (1:1:1). The primary end-
point studied was a difference in change in ESS after an
8-week treatment period between pitolisant and placebo
include

group. Secondary and additional endpoints

a variety of objective and subjective measures of sleepi-
ness and health-related quality of life.

Patients were included if they had at least one dose of
the study drug and provided at least one post-baseline
value in the intention-to-treat population. Of the 94
patients that were included in the intention-to-treat analy-
sis, 76 (81%) had cataplexy, 42 (45%) had previously
taken psychostimulants, and 33 (35%) were on anti-
cataplectic drugs. Treatment lasted for 8 weeks and ranged
from 10 to 40 mg/day of pitolisant and 100400 mg of
modafinil. For the first 3 weeks, doses were adjusted at the
discretion of the investigator followed by a stable dose for
the last 5 weeks. At the 8-week result period, the pitolisant
group (—5.8 &+ 6.2) had a greater reduction in the ESS score
compared to the placebo group (—3.4 + 4.2), but less than
the modafinil group (—6.9 + 6.2). After adjustment for
baseline differences, pitolisant was superior to placebo,
but not noninferior to modafinil. When specifically looking
at the responder rate (defined as an ESS < 10 at treatment
conclusion), there was also a significant reduction in ESS
score compared to placebo (Figure 2).

Pitolisant was also superior to placebo in most of the
studied secondary efficacy endpoints, including the main-
tenance of wakefulness test (MWT), sustained attention to
response task (SART), and modified clinical global
impression of change scale (CGI-C). There was no differ-
ence between pitolisant and modafinil in these measures.
A post hoc analysis demonstrated pitolisant to be superior
to placebo in reduction of cataplexy rate from baseline and
noninferior to modafinil as assessed through sleep diaries
but no difference among treatment arms when cataplexy
was assessed by the CGI-C.

In summary, Harmony I demonstrated that pitolisant
reduced EDS as assessed by the ESS compared to placebo,
but was not noninferior to treatment with modafinil.

Harmony IBIS

Harmony Ibis followed Harmony I with a similar study
design.*® One hundred and sixty-three narcoleptic patients
with ESS > 14 with and without cataplexy were randomized
to pitolisant, modafinil and placebo (2:2:1) over an 8-week
period. Pitolisant doses were lower compared to Harmony
I at 520 mg/day and modafinil doses ranged from 100 to
400 mg/day. The mean ESS score reductions were —3.6 +
5.6 in the placebo group, —4.6 + 4.6 in the pitolisant group,
and —7.8 = 5.9 in the modafinil group. In contrast to
Harmony I, pitolisant was not superior to placebo (differ-
ence —1.94, 95% CI: —4.005 to —0.07; p = 0.065) and was
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Harmony CTP

Harmony lbis

Harmony 1

0% 10%

20%

30% 40% 50%

Pitolisant mPlacebo

Figure 2 Epworth Sleepiness Scale Responder Rate (%)~

Notes: “ESS < 10 or Baseline ESS — final ESS = 3 in | Harmony IBIS. BTreatment Effect Size. *p < 0.05. *¥p < 0.001.
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again not noninferior to modafinil (difference —2.75, 95%
CI: —4.48 to —1.02, <3 points) for the primary outcome of
improving mean ESS score. Patients receiving pitolisant did
have a higher ESS responder rate score compared to placebo
(OR 9.24 [95% CI: 3.82 to 22.35]; p = 0.001) and a similar
rate to modafinil (OR 1.06 [0.44 to 2.54]; p = 0.894) (See
Figure 2). In post hoc sensitivity analysis, a superiority test
demonstrated modafinil as superior to placebo in final ESS.
MWT scores were significantly increased in the pitolisant
group (A = +1.14 min) with a decrease in the placebo group
(A = —1.39 min) during the final visit. Other secondary
endpoints including SART, CGI-C, subjective EDS symp-
toms confirmed previous positive efficacy data seen in pito-
lisant in comparison to placebo.

Unlike Harmony I, pitolisant was not demonstrated to
reduce cataplexy rate in comparison to placebo. In both stu-
dies, pitolisant, modafinil and placebo recipients did not differ
significantly with respect to the quality of life from baseline.

Harmony CTP

Harmony CTP was a randomized, double-blind, placebo-
controlled trial focusing on the safety and efficacy of
pitolisant on cataplexy events in patients with narcolepsy
with cataplexy.*® Patients with a history of at least three
cataplexy episodes per week and EDS (ESS > 12) were
recruited from 16 sleep centers in nine countries and
randomly assigned to receive either pitolisant or placebo
once per day. Treatment duration was 7 weeks with the
first 3 weeks used for flexible dosing based on tolerance

and efficacy by clinical assessment (range 5-20 mg/day)
followed by 4 weeks of stable dosing (5—40 mg/day). The
primary endpoint was the change in an average number of
cataplexy attacks per week (iec weekly cataplexy rate
(WCR)) from baseline (WCRyaeiine) to the WCR during
4 weeks of stable treatment (WCRgpa1)-

A total of 54 patients were randomized into the pitolisant
group and 51 to the placebo group in the intention-to-treat
analysis. Pitolisant reduced the WCR compared to baseline by
75% (WCRgpar = 2.27; WCRpaseline = 9.15; WCRgnaivaseline =
0.25), while in the placebo group, the reduction was only 38%
(WCRgipa1 = 4.52; WCRpgseline = 7-31; WCRfnaybascline = 0.62).
The rate ratio was 0.512 and statistically significant in favor of
pitolisant (95% CI 0.43-0.6; p < 0.0001). Pitolisant was also
associated with significant improvement in comparison to
placebo in secondary outcomes including ESS and MWT.

Harmony Il

Harmony III, a phase III, pragmatic, prospective, open-
label study was an uncontrolled trial designed to assess the
long-term safety of pitolisant in the treatment of EDS
(ESS > 12) in narcolepsy patients with or without cata-
plexy regardless of previous treatment.*’ Of the 102
patients who received pitolisant, 29 were treatment naive.
Concomitant stimulants, H1 antagonists, and anti-
cataplectic agents, except for TCAs, were allowed.
A total of 68 patients (51 with cataplexy) completed the
12 months of treatment and had a mean decrease in ESS

score of 4.6+0.6. Two-thirds of patients were considered
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responders, defined as a final ESS < 10 or an ESS decrease
>3 points. The 1-year response rate (final ESS score <10
and/or decrease >3) was 64.7% (44/68), and ESS score
normalized (<10) in 36.8% (25/68). The largest improve-
ment was seen in patients taking pitolisant monotherapy de
novo (—6.5 + 1.3), although mean ESS score was higher in
these patients at baseline. In patients with generalized and
partial cataplexy, cataplexy rates decreased by 88% and
71%, respectively (p = 0.055). Frequency of hallucina-
tions, sleep paralysis and sleep attacks were reduced by
54%, 63%, and 27%, respectively.

The limitations of Harmony III, including its open-
label design, lack of reference therapy, concomitant pre-
sence of drug-naive and already-treated patients, and lack
of objective measures of EDS do not allow for impartial
conclusions of its efficacy. Nevertheless, it was the first
pragmatic trial looking at the long-term effects of pitoli-
sant in a realistic population and in conjunction with other
therapies. It supports pitolisant as a relatively well-
tolerated medication for narcoleptics with or without
cataplexy.

Safety and Tolerability

Adverse Reactions

The randomized, placebo-controlled Harmony trials, a US-
based pitolisant expanded access clinical evaluation
(PEACE) program, and supportive data from clinical trials
studying the efficacy of pitolisant in other hypersomnia-
related diagnoses have informed the safety profile of pitoli-
sant (See Table 3).>° Placebo-controlled trials best identify
adverse reactions directly attributable to treatment therapy.
Adverse reactions that occurred at least twice the rate of
placebo and were seen in >5% of patients include insomnia
(6%), nausea (6%), and anxiety (5%). Other adverse reac-
tions common to both pitolisant and placebo included head-
ache (18% in pitolisant vs 15% in placebo), upper respiratory
tract infection (5% vs 3%), musculoskeletal pain (5% vs 3%),
and anxiety (5% vs 1%).** The Harmony III study suggested
that the frequency of adverse events decreases during the
course of treatment: 54% reported adverse events over the
first 3 months versus 12.5% during the last 3 months. 13.1%
of adverse events in this study were considered severe but
only half considered related to the study drug, and all but one
patient had complete resolution of the adverse event. Patents
who were taking additional anti-narcoleptic agents had
a twice greater frequency of adverse events compared to
patients who took pitolisant alone (53.7% versus 29.2%,

p = 0.012). A recent abstract integrating the safety and
tolerability data from four randomized, placebo-controlled
trials corroborated these findings.”' Adverse events for pito-
lisant and placebo occurred in 49.4% and 41.2% patients,
respectively. Only two in the pitolisant group were consid-
ered serious. No clinically significant effects were seen in
vital signs, laboratory findings, or ECG parameters.
Pitolisant was determined to be generally safe and well
tolerated. The PEACE program further substantiated toler-
ability and safety. Despite most patients (91.1%) taking
maximal dose and many (60.1%) taking additional narco-
lepsy medications, only 8.2% patients discontinued therapy —
5.3% from adverse events and 1.1% for lack of efficacy. The
most reported adverse events included headache (8.1%),
anxiety (3.8%) and nausea (3.4%).”> The incidence of
adverse effects does appear to be related to dose. A large
study involving over 1800 subjects taking pitolisant for
a variety of etiologies (including off-label conditions) found
that the incidence of adverse events was dose-dependent
(11.1% at 4.5 mg/d; 20.3% at 9 mg/d; 32.5% at 18 mg/d;
36.4% at 36 mg/d). Again, the most common adverse effects
were neuropsychiatric, including insomnia (8.4%), headache
(7.7%), anxiety (2.1%), irritability (1.8%), dizziness (1.4%),
depression (1.3%), tremor (1.2%), sleep disorders (1.1%) and
vertigo (1.0%). Gastrointestinal effects including nausea
(4.8%), vomiting (1%) and diarrthea (1%) were also
observed.>

QTc Prolongation

The package insert for pitolisant states that it prolongs the QT
interval, and it recommends that patients with known QT
prolongation, taking medications that prolong the QT, or
those otherwise at risk for arrhythmias avoid its use.
Randomized studies that look at pitolisant prescribed at
recommended doses (40 mg), however, have not demon-
strated a significant increase in the QTc in comparison to
placebo.*® In contrast, various supratherapeutic doses
(120-240 mg) increased the QTc by about 10 ms. While
clinical trials using therapeutic doses did not identify any
cardiac safety issues, caution is advised in at-risk patients.*

Nighttime Sleep

The effect of pitolisant on nighttime sleep with narcolepsy
was recently studied.’® Data collected included the sub-
jective Pittsburgh Sleep Quality Index (PSQI) and objec-
tive overnight polysomnography (PSG). Post-treatment
and baseline PSG parameters were similar including total
recorded sleep time (354.1 vs 365.9 min), sleep efficiency
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Table 3 Pitolisant Adverse Reactions*>°

Adverse Effect Pitolisant (%) | Placebo (%) Includes the Following Terms:
(n =152) (n=114)

Headache 18 15 Migraine, premenstrual, cluster, tension

Insomnia 6 2 Initial, middle insomnia, poor quality sleep

Nausea 6 3

Upper Respiratory Infection 5 3 Pharyngitis, rhinitis, sinusitis, inflammation, viral

Musculoskeletal Pain 5 3 arthralgia, back pain, carpal tunnel Syndrome, limb discomfort, myalgia, neck
pain, osteoarthritis, pain in extremity, sciatica

Anxiety 5 | Nervousness, stress, stress at work

Increased Heart Rate 3 0 Sinus tachycardia, tachycardia

Hallucinations 3 0 Visual, hypnagogic

Irritability 3 2

Abdominal Pain 3 | Abdominal discomfort, upper abdominal pain

Sleep Disturbance 3 2 Dyssomnia, sleep disorder; sleep paralysis, sleep talking

Decreased Appetite 3 0

Cataplexy 2 |

Dry Mouth 2 |

Rash 2 | Eczema, erythema migrans, rash, urticaria

Note: *Adverse reaction that occur in = 2% of patients from three pooled randomized, placebo-controlled narcolepsy studies.

(79.6 vs 78.9%) and arousal index (17.2 vs 18.1 arousals/
hour). No change was observed on the overall PSQI,
although the component of sleep efficiency was negatively
affected.

Abuse Potential

Animal studies of pitolisant demonstrate a low potential of
abuse.’®>®> This was validated in a human study in
a randomized, double-blind, active- and placebo-controlled
four-period crossover study.’’ Nondependent recreational
stimulant users able to distinguish a known drug of abuse,
phentermine, from placebo in a drug discrimination test were
recruited and randomized to receive pitolisant at therapeutic
(35.6 mg) and supratherapeutic doses (213.6 mg), phenter-
mine 60 mg, and placebo. Using the primary endpoint of
maximum effect (E,,x) on the 100-point Drug Liking visual
analog scale, E, ., was similar between both pitolisant doses
and placebo and significantly greater for phentermine, sup-
porting a minimal abuse potential for pitolisant.

Pitolisant and Other Narcolepsy

Medications

Comparative studies investigating different medications and
optimal drug doses for patients with narcolepsy types 1 and 2
are sparse. A meta-analysis looked at 14 randomized con-
trolled trials in an attempt to compare the efficacy between
multiple treatments for narcolepsy using a random model that

assumed heterogeneity between studies and corrected for
multi-arm studies.’® Medications included sodium oxybate
(6 and 9 g/d), modafinil (between 200 and 400 mg/d), and
pitolisant (up to 20 and up to 40 mg/d). Although significant
heterogeneity (>50%) was found between 12/14 studies for
almost all endpoints, between-design consistency was pre-
sent. The meta-data analysis determined that pitolisant up to
40 mg/d, sodium oxybate 9 g/d, and modafinil 200-400mg/d
had similar efficacy for EDS as determined by the ESS and
MWT. For cataplexy, pitolisant 40 mg/d and sodium oxybate
9 g/d had similar efficacy. Although the effects between
medications on average were comparable, it remains to be
determined whether patients who do not respond well to any
given medicine will respond to medicines in another class or
whether a medicine’s effects may be potentiated by combi-
nation with a medicine from another class.

Summary

Narcolepsy is a debilitating sleep disorder marked by EDS
and, in many patients, cataplexy. The pharmacological
treatment options are slim but expanding. Modafinil and
armodafinil have historically been considered first-line
options for EDS. Sodium oxybate is the only FDA-
approved medication to treat cataplexy secondary to nar-
colepsy and is effective in reducing sleep fragmentation.’’
Pitolisant is a new addition to the pharmacological arma-

mentarium to treat EDS in narcolepsy, with several trials
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suggesting efficacy in cataplexy as well. Pitolisant is
a first-in-class wake-promoting medication that works as
an antagonist/inverse agonist of the H3R and is the only
narcolepsy drug not scheduled as a controlled substance. It
is generally well tolerated, with headache, insomnia, nau-
sea and anxiety being the most common adverse reactions.
Large, longitudinal studies of pitolisant’s effect on both
EDS and cataplexy in narcolepsy as well as comparative
and medication combination studies are needed to help
guide the overall rationale for physicians in narcolepsy
management. Pitolisant certainly will develop a niche in
the treatment algorithm in patients with narcolepsy, who
often remain with symptoms despite current recommended
therapy.
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