
1

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-
NoDerivs licence (http://creativecommons.org/licenses/by-nc-nd/4.0/), which permits non-commercial reproduction 
and distribution of the work, in any medium, provided the original work is not altered or transformed in any way, 
and that the work is properly cited. For commercial re-use, please contact journals.permissions@oup.com

Submitted: 30 April, 2019; Revised: 6 September, 2019

© Sleep Research Society 2019. Published by Oxford University Press [on behalf of the Sleep Research Society].

Original Article

Evaluation of the abuse potential of pitolisant, a selective  

H3-receptor antagonist/inverse agonist, for the treatment  

of adult patients with narcolepsy with or without cataplexy
Beatrice Setnik1,2,*, Michael McDonnell3, Catherine Mills3, Catherine Scart-Grès4, Philippe 
Robert5, Jeffrey M. Dayno6 and Jean-Charles Schwartz4

1Syneos Health, Raleigh, NC, 2Department of Toxicology and Pharmacology, University of Toronto, Toronto, ON, Canada, 3Syneos Health, 

Toronto, ON, Canada, 4Bioprojet Pharma, Paris, France, 5Bioprojet Biotech, Saint Grégoire, France, 6Harmony Biosciences LLC, Plymouth 

Meeting, PA

Work Performed: INC Research Toronto, Inc., Toronto, Ontario, Canada (now part of Syneos Health)

*Corresponding author. Beatrice Setnik, 6902 Cameron Crest Circle, Suite 206, Raleigh, NC 27613. Email: bsetnik@gmail.com.

Abstract
Objectives: To evaluate the human abuse potential of pitolisant, a selective histamine 3 (H3)-receptor antagonist/inverse agonist recently approved by the US Food 

and Drug Administration for the treatment of excessive daytime sleepiness in adult patients with narcolepsy.

Methods: Nondependent, recreational stimulant users able to distinguish phentermine HCl 60 mg from placebo in a drug discrimination test were randomized in a 

four-period, double-blind, crossover design to receive single doses of pitolisant 35.6 mg (therapeutic dose), pitolisant 213.6 mg (supratherapeutic dose), phentermine 

HCl 60 mg, and placebo. The primary endpoint was maximum effect (Emax) on the 100-point Drug Liking (“at this moment”) visual analog scale.

Results: In 38 study completers (73.7% male; 65.8% white; mean age, 33.3 years), mean Drug Liking Emax was significantly greater for phentermine versus pitolisant 

35.6 mg (mean difference, 21.4; p < 0.0001) and pitolisant 213.6 mg (mean difference, 19.7; p < 0.0001). Drug Liking Emax was similar for pitolisant (both doses) 

and placebo. Similarly, for key secondary measures of Overall Drug Liking and willingness to Take Drug Again, mean Emax scores were significantly greater for 

phentermine versus pitolisant (both doses) and similar for pitolisant (both doses) versus placebo. The incidence of adverse events was 82.1% after phentermine HCl 

60 mg, 72.5% after pitolisant 213.6 mg, 47.5% after pitolisant 35.6 mg, and 48.8% after placebo administration.

Conclusions: In this study, pitolisant demonstrated significantly lower potential for abuse compared with phentermine and an overall profile similar to placebo; this 

suggests a low risk of abuse for pitolisant.

Clinical Trial Registration: ClinicalTrials.gov NCT03152123. Determination of the abuse potential of pitolisant in healthy, nondependent recreational stimulant users. 

https://clinicaltrials.gov/ct2/show/NCT03152123.
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Statement of Significance

Except for pitolisant, all medications approved in the United States for the treatment of narcolepsy are controlled substances due to their 
potential for abuse. Pitolisant, a selective histamine 3 (H3)-receptor antagonist/inverse agonist that enhances the activity of histaminergic 
neurons in the brain, was recently approved by the US Food and Drug Administration (FDA) for the treatment of excessive daytime sleepi-
ness in adult patients with narcolepsy. This study shows that pitolisant has an abuse potential profile similar to that of placebo and signifi-
cantly lower than that of phentermine (a mild stimulant), with no findings suggestive of a risk of abuse. Based on these findings, along with 
preclinical data, pitolisant was approved by the FDA without being scheduled as a controlled substance.
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Introduction

Narcolepsy is a chronic, debilitating, rare neurological disorder 
of sleep–wake state instability that is characterized by excessive 
daytime sleepiness (EDS), cataplexy, and other manifestations of 
rapid eye movement (REM) sleep dysregulation [1, 2]. Narcolepsy 
imposes substantial psychosocial and economic burdens that in-
clude reductions in work productivity and quality of life, disrup-
tions to interpersonal relationships, and increases in healthcare 
resource usage and associated costs [3–6]. For most patients, the 
management of narcolepsy requires lifelong pharmacological 
treatment [7, 8].

Stimulants and wake-promoting agents, approved for the 
treatment of EDS, act primarily via dopaminergic mechan-
isms [9–12]; these agents are prone to abuse and thus are clas-
sified as controlled substances. Stimulant abuse continues to 
be a public health concern. In the United States (2017), an es-
timated 1.8 million persons aged 12 or older (including 715,000 
young adults aged 18 to 25 years) reported misusing prescrip-
tion stimulants in the previous month [13]. Abuse of stimulants 
has been linked to multiple health concerns including cardio-
vascular disease and psychiatric symptoms, with metham-
phetamine abuse leading to particularly severe consequences 
(e.g. increased risk of stroke) [14–18]. Sodium oxybate, a cen-
tral nervous system depressant approved for the treatment of 
EDS and cataplexy, works through an unknown mechanism 
of action, but the therapeutic effect is thought to be mediated 
by activity at gamma-aminobutyric acid B receptors [19, 20]. 
Sodium oxybate has a boxed warning regarding its risk of abuse 
(Schedule III controlled substance) and is available only via a re-
stricted access Risk Evaluation and Mitigation Strategy (REMS) 
program [19]. Hence, there is a need for narcolepsy medications 
with novel mechanisms of action that are associated with min-
imal or no abuse potential.

Pitolisant is a first-in-class medication for the treatment 
of narcolepsy, with a novel mechanism of action [21, 22]. As 
a potent, highly selective histamine 3 (H3) receptor antag-
onist/inverse agonist, pitolisant enhances the activity of 
histaminergic neurons in the brain and activates the release 
of other wake-promoting neurotransmitters [21, 23, 24]. In 
contrast to known drugs of abuse (e.g. amphetamines, opioids, 
ethanol, nicotine, and cocaine) [25, 26] and wake-promoting 
agents (i.e. modafinil and armodafinil) [11], pitolisant does 
not work primarily through dopamine and does not cause an 
increase in dopamine levels in the nucleus accumbens (the 
brain’s main reward center) [27]. No findings suggestive of 
abuse potential have been observed in preclinical or clinical 
studies of pitolisant [27, 28].

The efficacy of pitolisant in the treatment of EDS and cata-
plexy in patients with narcolepsy has been demonstrated in ran-
domized, placebo-controlled trials [28, 29]. Pitolisant is approved 
by the European Medicines Agency for the treatment of narco-
lepsy with or without cataplexy in adults [22, 30], and is not con-
sidered a controlled substance in the European Union. Pitolisant 
was recently approved by the US Food and Drug Administration 
(FDA) for the treatment of EDS in adult patients with narcolepsy 
[31]. As pitolisant is the first agent in a new pharmacological 
class that has central nervous system activity, it was necessary 
in the United States to evaluate the abuse potential of the drug 
in accordance with FDA requirements [32]. For example, assess-
ment of the abuse potential of an investigational medication 

requires comparison with both an active drug with known abuse 
potential and placebo [32]. In the case of pitolisant, although it 
is not a psychostimulant, it has demonstrated wake-promoting 
effects [28, 29]; therefore, a moderately active psychostimulant 
(i.e. phentermine HCl; Schedule IV) would serve as an appro-
priate active comparator.

The current study was conducted in accordance with the 2017 
FDA guidance on performing human abuse potential studies 
(Supplementary Table S1) [32]. The primary objective was to as-
sess the abuse potential of pitolisant relative to phentermine 
and placebo after single-dose administration in nondependent, 
recreational stimulant users. The secondary objectives were to 
evaluate the pharmacokinetic profile of pitolisant and assess 
the safety and tolerability of a single dose of the drug.

Methods

Study design

This was a single-dose, randomized, double-blind, active- and 
placebo-controlled, four-sequence, four-period crossover study 
conducted at one clinical site in Toronto, Canada, between 
March 2017 and October 2017. The study was conducted in ac-
cordance with the ethical principles that have their origins 
in the Declaration of Helsinki (1964); the guidelines for Good 
Clinical Practice, as outlined by the International Conference 
on Harmonisation; and FDA guidance [32] on the assessment 
of the abuse potential of drugs. The study protocol was sub-
mitted to the FDA (Controlled Substance Staff) before conduct 
of the study (with no comments received) and was approved 
by the institutional review board IRB Services. All participants 
provided written informed consent before study-related pro-
cedures began.

Participants

This study enrolled healthy males and females aged 18 to 
55 years (inclusive) with body mass index (BMI) in the range 
of 18.0 to 33.0  kg/m2 (inclusive). All participants were rec-
reational stimulant users, defined as users of stimulants for 
nontherapeutic purposes (i.e. psychoactive effects) at least 
10 times in the past year and at least 1 time in the previous 
8 weeks.

Potential participants were excluded if they had a his-
tory of alcohol or other drug dependence (excluding caffeine 
and nicotine) within the previous 2  years, as defined by the 
Diagnostic and Statistical Manual of Mental Disorders, Fourth 
Edition, Text Revision criteria [33], and/or a history of attend-
ance or a plan to participate in a rehabilitation program to 
treat alcohol or other substance dependence. Other exclusion 
criteria included clinically significant medical conditions, any 
history of suicidal ideation or behavior, and heavy use of to-
bacco products (>20 cigarettes per day and/or inability to ab-
stain from nicotine-containing products for ≥6 hr per day). Use 
of concomitant medications or natural health products was 
prohibited, except for nicotine-containing substances, acet-
aminophen, vitamin or mineral supplements, selected contra-
ceptives, and hormone replacement therapy. Negative alcohol 
breath test and negative urine drug screen results were re-
quired before admission for each study visit, although positive 

D
ow

nloaded from
 https://academ

ic.oup.com
/sleep/article-abstract/43/4/zsz252/5598311 by guest on 16 April 2020



Setnik et al. | 3

results for tetrahydrocannabinol (THC) were permitted at the 
discretion of the investigator, provided that residual levels 
were not indicative of recent use.

Procedure

Following a screening visit, a drug discrimination test was first 
conducted to ensure that enrolled participants could discern 
the effects of the active comparator (phentermine HCl 60 mg) 
compared with placebo (Figure 1). After an overnight fast, par-
ticipants received, in randomized order, phentermine or pla-
cebo, administered in a double-blind crossover manner, with 
each dose separated by approximately 24  hr. Ability to dis-
criminate phentermine from placebo was based on the 100-
point, bipolar Drug Liking visual analog scale (VAS), anchored 
with “strong disliking” at 0, “neither like nor dislike” at 50, and 
“strong liking” at 100, and defined by all of the following: peak 
score for phentermine of at least 65 points, peak score for pla-
cebo between 40 and 60 points (inclusive), and score differ-
ence of at least +15 points for phentermine relative to placebo. 
Consistent with the FDA guidance [32], only those participants 
who “report drug liking in response to the positive control and 
demonstrate a meaningfully different response from that pro-
duced by placebo…should participate in the Treatment Phase.” 
This methodology was used because a study population that is 
able to discriminate between the positive control (in the class of 
drug being tested) and placebo is necessary to assess for drug 
liking of the investigational agent. Participants were eligible to 
continue into the double-blind treatment phase if they met the 

discrimination criteria and were able to tolerate phentermine 
HCl 60 mg (e.g. no emesis within 4 hr postdose).

During the double-blind treatment phase, each participant 
was to receive all four treatments: pitolisant 35.6 mg (optimal 
therapeutic dose), pitolisant 213.6 mg (supratherapeutic dose), 
phentermine HCl 60  mg (active comparator), and placebo. 
Participants were assigned to receive one of four treatment 
sequences via computer-generated randomization according to 
a 4 x 4 Williams square randomization design. Study medica-
tion was administered in a randomized, double-blind, crossover 
manner, with a minimum 7 day washout period between treat-
ments. To maintain the integrity of the double-blind adminis-
tration, participants received four matching capsules containing 
active drug and/or placebo at each treatment visit. Study medi-
cation was administered in the morning after a fasting period 
of at least 8  hr, and participants were required to fast for at 
least 4  hr postdose. Participants were admitted to the clinical 
research unit the day before each treatment was administered 
and remained until approximately 24  hr after dosing or until 
discharge was deemed safe by the investigator.

Pharmacodynamic measures

Pharmacodynamic measures used to assess subjective drug 
effects were consistent with FDA guidance for abuse poten-
tial studies (Table 1) [32]. The primary endpoint was the max-
imum effect (Emax) for Drug Liking (“at this moment”) assessed 
on a bipolar (0 to 100) VAS. Key secondary endpoints included 
Emax for global drug effects (i.e. Overall Drug Liking, Take Drug 

24 hr 24 hr

(N = 206)

(N = 95)

(N = 67)
(N = 44)

(N = 40)
(N = 5)

(N = 5)
(N = 2)

(N = 2)
(N = 3)

(N = 43)

(N = 38)

Figure 1. Study design and participant disposition. HCl = hydrochloride.
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Again) and positive drug effects (i.e. Good Drug Effects, High). 
Additional VAS scores assessed other drug effects (e.g. Any Drug 
Effects, Bad Drug Effects, Relaxation/Agitation Effects, Drug 
Similarity). A modified version of the Addiction Research Center 
Inventory (ARCI) [34] consisted of items from four subscales: 
the Morphine-Benzedrine Group (MBG) scale, a measure of eu-
phoria; the Amphetamine and Benzedrine Group scales, to as-
sess stimulant effects; and the Lysergic Acid Diethylamide (LSD) 
scale, a measure of dysphoria.

Pharmacokinetic evaluation

During each treatment period, a 6-mL blood sample was col-
lected for pharmacokinetic analysis at each of the following 
time points: predose and at 0.5, 1, 1.5, 2, 3, 4, 5, 6, 8, 10, 12, 16, 
and 24 hr postdose. The pharmacokinetic parameters calculated 
were maximum observed serum concentration (Cmax), time to 
reach maximum serum concentration (tmax), and area under the 
concentration-time curve from time 0 to the last measurable 
concentration (AUC0-last).

Safety evaluation

The incidence and severity of adverse events were assessed 
during the drug discrimination and treatment phases, from the 
time of study drug administration until approximately 24  hr 
postdose. Other safety assessments included vital signs meas-
urements, physical examination findings, clinical laboratory test 
results, electrocardiogram parameters, and Columbia-Suicide 
Severity Rating Scale (C-SSRS) score [35].

Statistical analyses

The study was planned to randomize 44 participants into the 
treatment phase to ensure that at least 36 participants com-
pleted the study. As determined by a published algorithm [36], 
adjusting for four periods and four sequences, with a 1-sided 
significance level of 0.05 and a phentermine-placebo difference 
of 5 points, a sample size of 36 participants was estimated to 
have at least 90% power to detect a difference in Drug Liking 
VAS Emax, assuming within-group standard deviations of 17.5 for 
phentermine and 10.2 for placebo (based on unpublished data 
collected at the study site).

The analysis population for the pharmacodynamic endpoints 
consisted of participants who completed all four treatment 
periods and had at least one assessment on the Drug Liking VAS 
within 2 hr of tmax for each treatment (completers population). 
The pharmacokinetic analysis population included participants 
who received at least one dose of pitolisant in the treatment 
phase and had at least one evaluable serum pitolisant concen-
tration postdose. The safety population included participants 
who received at least one dose of any study medication in the 
treatment phase.

Pharmacodynamic endpoints were analyzed using a mixed-
effects model for a crossover study. The model included treat-
ment, period, treatment sequence, and first-order carryover effect 
(if applicable) as fixed effects; baseline (predose) measurement 
as a covariate (if applicable); and participant nested within treat-
ment sequence as a random effect. The residuals from the mixed-
effects model were investigated for normality, and parametric (e.g. 
paired t-test) or nonparametric (e.g. sign test) analyses were con-
ducted, as appropriate. Comparisons were 1-tailed for the primary 

Table 1. Pharmacodynamic measures used to assess drug liking and other drug effects

Measure Description Time(s) administered

Drug Effects VAS •  Drug Liking (“At this moment, my liking for this drug is”), scored on a bipolar  
100-point VAS anchored with “strong disliking” at 0, “neither like nor dislike”  
at 50, and “strong liking” at 100 

•  Good Drug Effects (“At this moment, I feel good drug effects”), High (“At this  
moment, I feel high”), Bad Drug Effects (“At this moment, I feel bad drug effects”), 
and Any Drug Effects (“At this moment, I feel any drug effect”), scored on a  
unipolar 100-point VAS anchored with “not at all” at 0 and “extremely” at 100 

•  Relaxation/Agitation (“At this moment, my mood is”), scored on a bipolar 100-point 
VAS anchored with “very relaxed” at 0, “neither relaxed nor agitated” at 50, and 
“very agitated” at 100

Predosea and 0.5, 1, 1.5, 2, 3, 
4, 5, 6, 8, 10, 12, and 24 hr 
postdose

Overall Drug Liking VAS •  “Overall, my liking for this drug is,” scored on a bipolar 100-point VAS anchored 
with “strong disliking” at 0, “neither like nor dislike” at 50, and “strong liking” at 100

8, 12, and 24 hr postdose

Take Drug Again VAS •  “I would take this drug again,” scored on a bipolar 100-point VAS anchored with 
“definitely not” at 0, “neutral” at 50, and “definitely so” at 100

8, 12, and 24 hr postdose

Drug Similarity VAS •  “How similar is the drug you most recently received to [drug name]?” scored on a 
unipolar 100-point VAS anchored with “not at all similar” at 0 and “very similar”  
at 100 

•  Similarity was rated for the study medication compared with a variety of drugs 
(eg, caffeine, cocaine, heroin, LSD, methadone, nicotine, d-amphetamine [“speed”], 
methamphetamine, THC) 

•  Item for Overall Familiarity (“How familiar was the effect of the drug you  
most recently received?”) scored on a bipolar 100-point VAS anchored with  
“very unfamiliar” at 0 and “very familiar” at 100

24 hr postdose

Addiction Research 
Center Inventory [34]

•  39 true–false statements comprising 4 subscales that assess euphoria (MBG),  
stimulant effects (BG, Amphetamine), and dysphoria (LSD)

Predose and 0.5, 1, 1.5, 2, 3, 
4, 5, 6, 8, 10, 12, and 24 hr 
postdose

aHigh and Relaxation/Agitation scales only.

BG = Benzedrine Group; LSD = lysergic acid diethylamide; MBG = Morphine–Benzedrine Group; THC = tetrahydrocannabinol; VAS = visual analog scale.
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and key secondary endpoints and 2-tailed for all other secondary 
endpoints; the significance level was set at 0.05 without adjust-
ment for multiplicity.

For the primary endpoint (Drug Liking Emax), statistical analyses 
evaluated three discrete questions: (1) did phentermine produce 
reliable abuse-related responses compared with placebo (to as-
sess study validity); (2) did pitolisant produce abuse-related re-
sponses that were smaller than those of phentermine (to assess 
the relative abuse potential of pitolisant); and (3) did pitolisant 
produce abuse-related responses that were similar to placebo 
(to assess the absolute abuse potential of pitolisant). For the first 
question, study validity was evaluated by comparing Drug Liking 
Emax between phentermine (the active control) and placebo; stat-
istical testing evaluated the hypothesis that the mean score for 
phentermine was at least 5 points higher than the mean score 
for placebo. A  statistically significant result would indicate that 
phentermine differed from placebo. Second, for comparisons of 
pitolisant (35.6 and 213.6 mg) to phentermine on Drug Liking Emax, 
statistical testing evaluated the hypothesis that the mean score 
for phentermine was higher (by any amount) than the mean score 
for pitolisant. A statistically significant result would indicate that 
phentermine differed from pitolisant. Third, for comparisons of 
pitolisant (35.6 and 213.6 mg) to placebo on Drug Liking Emax, stat-
istical testing evaluated the hypothesis that the mean score for 
pitolisant was less than 11 points greater than the mean score for 
placebo. The margin of 11 points was based on recommendations 
from a meta-analysis of eight abuse potential studies [37]. For 
the third hypothesis, a statistically significant result would mean 
that pitolisant was similar to placebo; this hypothesis testing is in 
contrast to the statistical evaluation used in efficacy studies but 
is appropriate for measures of safety (such as abuse potential). 
Evaluation of key secondary endpoints was based on the same hy-
pothesis testing conducted for Drug Liking Emax.

For other pharmacodynamic endpoints, statistical testing 
evaluated the hypothesis that the difference between treat-
ments was not equal to 0, with the absence of a statistically 
significant between-group difference indicating that mean Emax 
values were not different.

Pharmacokinetic parameters for pitolisant (Cmax, tmax, AUC0-last) 
were calculated from serum concentration data using standard 
noncompartmental analysis and were summarized using de-
scriptive statistics. SAS version 9.3 (SAS Institute Inc., Cary, NC) 
was used for all statistical analyses.

Results

Participants

A total of 95 participants were enrolled in the drug discrim-
ination phase (Figure 1). Of 43 randomized participants, 38 
completed the study and constitute the primary analysis 
(completers) population. Participants in the completers popula-
tion were predominantly male (73.7%) and white (65.8%), with 
a mean (range) age of 33.3 (21 to 54) years and a mean (range) 
BMI of 24.6 (18.9 to 32.5) kg/m2. In addition to recreational stimu-
lant use (required for study participation, per protocol), almost 
all randomized participants (95.3%) reported a history of alcohol 
use. Recreational drug use also included cannabinoids (95.3%), 
morphine or other opioids (58.1%), central nervous system de-
pressants (55.8%), hallucinogens (39.5%), and dissociative anes-
thetics (25.6%).

Primary pharmacodynamic outcome measure

Study validity and sensitivity were confirmed by the statistically 
significant difference in mean Drug Liking Emax for phentermine 
(78.7) compared with placebo (56.1; p  <  0.0001; Table 2). 
Phentermine also differed significantly from placebo in the max-
imum effect (Emax) on all other VAS and ARCI scales, except for Bad 
Drug Effects (Table 3).

At early time points and continuing for up to 10  hr, mean 
scores for the primary outcome, Drug Liking (“at this mo-
ment”) VAS, were greater for phentermine compared with the 
other treatments; from 3 to 24 hr postdose, scores were similar 
for pitolisant 35.6  mg and placebo and consistently lower for 
pitolisant 213.6  mg relative to placebo (Figure 2). Mean Drug 
Liking Emax was significantly greater for phentermine (78.7) com-
pared with pitolisant 35.6 mg (57.3) and pitolisant 213.6 mg (59.0; 
both p < 0.0001) and similar for pitolisant (both doses) compared 
with placebo (56.1). Because of the structure of the statistical 
hypothesis testing (difference between pitolisant and placebo  
< 11), the significant results for pitolisant 35.6 and 213.6  mg 
compared with placebo (Table 2) indicate that Drug Liking Emax 
scores were similar for pitolisant and placebo.

Key secondary pharmacodynamic outcome 
measures

For the Overall Drug Liking VAS and Take Drug Again VAS, 
mean scores were greater for phentermine compared with 
both pitolisant treatments at all assessments (8, 12, and 24 hr 
postdose; Figure 3A and B); Emax scores were significantly greater 
for phentermine relative to pitolisant (both doses) and similar 
for pitolisant (both doses) compared with placebo (Table 3). Mean 
scores for the Good Drug Effects VAS were markedly greater for 

Table 2. Analysis results for Drug Liking (“at this moment”) VAS Emax 
(primary endpoint) in the completers population (N = 38)

Comparison
Mean (SE) or median (Q1-Q3)  
of the paired difference P

Phentermine HCl 60 mg  
vs placeboa

22.7 (2.86) < 0.0001

Phentermine HCl 60 mg  
vs pitolisant 35.6 mga

21.4 (3.16) < 0.0001

Phentermine HCl 60 mg  
vs pitolisant 213.6 mga

19.7 (3.52) < 0.0001

Pitolisant 35.6 mg vs 
placebob

0.0 (0.0 to 6.0) < 0.0001

Pitolisant 213.6 mg vs 
placebob

0.0 (0.0 to 11.0) 0.0013

aPaired t-test was used to assess the difference between the two treatments. 

For these comparisons, the null hypothesis was that the mean difference for 

phentermine vs placebo was ≤5 and that the mean difference for phentermine 

vs pitolisant was ≤0.
bSign test (which evaluated statistical significance based on the proportion of 

patients for whom the pitolisant–placebo difference in Drug Liking Emax ex-

ceeded the prespecified threshold of 11) was used to assess the difference be-

tween the two treatments, because the paired differences were not normally 

distributed or quite symmetric. For these comparisons, the null hypothesis 

was that the difference between medians for pitolisant vs placebo was ≥11. 

Therefore, the significant results indicate that the null hypothesis was rejected 

and the Drug Liking Emax scores were similar for pitolisant and placebo.

Emax = peak maximum effect; Q1 = 25th percentile; Q3 = 75th percentile; 

SE = standard error; VAS = visual analog scale.
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phentermine compared with pitolisant (both doses) between 
1.5 and 3 hr postdose and remained higher until approximately 
10 hr postdose (Figure 3C); mean Emax scores were significantly 
greater for phentermine relative to pitolisant (both doses) (Table 
3). Pitolisant 35.6 mg was similar to placebo on Good Drug Effects 
Emax, but pitolisant 213.6 mg did not meet statistical criteria for 
similarity (<11-point difference from placebo). Mean scores for 
the High VAS were greatest for phentermine, intermediate for 
pitolisant 213.6 mg, and lowest for pitolisant 35.6 mg and pla-
cebo (Figure 3D). Mean Emax scores for High VAS were significantly 
greater for phentermine relative to pitolisant (both doses); nei-
ther dose of pitolisant met the statistical criteria for similarity 
(<11-point difference) to placebo (Table 3).

Other secondary pharmacodynamic outcome 
measures

On the other secondary VAS measures (Bad Drug Effects, 
Relaxation/Agitation, Any Drug Effects), mean Emax for pitolisant 
35.6  mg was not different from placebo (Table 3). Emax on the 
Bad Drug Effects VAS was significantly greater for pitolisant 
213.6 mg compared with both phentermine and placebo. On the 
Relaxation/Agitation VAS, Emax for pitolisant 213.6 mg was sig-
nificantly different from placebo (in the direction of agitation) 
but not significantly different from phentermine. On the Drug 
Similarity VAS, pitolisant was rated as dissimilar (median score 
near 0)  to all drug classes including stimulants, central ner-
vous system (CNS) depressants, opioids, THC, hallucinogens, 
and dissociative drugs. For the stimulant and hallucinogen drug 
classes, median Drug Similarity VAS scores for phentermine 
were markedly greater than those for pitolisant or placebo. 
Median scores on the Overall Familiarity item were compar-
able (and near the neutral point) for pitolisant 35.6  mg (52.5) 

and placebo (52.0); median scores were in the direction of more 
familiar for phentermine (78.5) and less familiar for pitolisant 
213.6 mg (19.0). Peak scores on the ARCI scales were significantly 
different for pitolisant (both doses) compared with phentermine 
and not different for pitolisant relative to placebo (Table 3), with 
the exception of the dysphoria (LSD) scale, on which mean Emax 
for pitolisant 213.6  mg was significantly greater than that for 
placebo and not different from phentermine.

Pharmacokinetic parameters

Mean (standard deviation [SD]) Cmax for pitolisant 35.6 mg was 
54.5 (27.7) ng/mL and mean (SD) AUC0-last was 501.2 (308.4) ng·hr/
mL (Figure 4); these parameters are consistent with the es-
tablished pharmacokinetic profile of pitolisant. For pitolisant 
213.6 mg (supratherapeutic dose), mean (SD) Cmax (425.0 [198.4] 
ng/mL) and AUC0-last (4001.5 [1523.9] ng·hr/mL) were approxi-
mately 7.8 times higher and 8.0 times higher, respectively, 
compared with pitolisant 35.6  mg. Median tmax was 3.0  hr for 
pitolisant 35.6 mg and 2.0 hr for pitolisant 213.6 mg. No pharma-
cokinetic and pharmacodynamic correlations or trends were 
identified between Cmax and the maximum pharmacodynamic 
effects (Emax) of pitolisant; in fact, higher plasma concentrations 
were associated with lower scores on the Drug Liking scale.

Safety and tolerability

The overall rate of adverse events was similar for placebo 
and pitolisant 35.6  mg and somewhat higher for pitolisant 
213.6  mg (supratherapeutic dose) and phentermine (Table 4). 
Headache was the most common adverse event for pitolisant, 
and the incidence appeared to be dose-related. The majority of 

Table 3. Summary of pharmacodynamic measures: mean (SE) Emax scores in the completers population (N = 38)a

Measure Placebo
Pitolisant 
35.6 mg

Pitolisant 
213.6 mg

Phentermine HCl 
60 mg

Primary endpointb

 Drug Liking (“at this moment”) 56.1 (2.1) 57.3 (2.1)**** ,††††,c,d 59.0 (2.1)**** ,††,c,d 78.7 (2.8)††††

Key secondary endpointsb

 Overall Drug Liking 54.4 (2.2) 52.7 (2.1)**** ,††††,c,d 49.2 (4.3)** ,†††,c,d 77.4 (3.8)††††

 Take Drug Again 51.0 (2.9) 49.4 (3.4)**** ,††††,c,d 44.5 (4.9)**** ,†††,c,d 78.7 (4.3)††††

 Good Drug Effects 15.3 (4.4) 15.7 (4.0)**** ,†,c,d 26.3 (4.8)****c 62.9 (5.2)††††

 High 12.3 (3.9) 15.7 (4.1)**** ,c 35.3 (5.6)*** ,c 58.6 (5.0)††††

Other secondary endpointse

 Bad Drug Effects 7.4 (3.2) 6.7 (2.9) 28.2 (5.7)* ,†† 14.7 (3.5)
 Relaxation/Agitation 52.4 (2.1) 53.2 (2.8) 60.8 (2.9)†† 62.9 (3.2)††

 Any Drug Effects 17.2 (4.9) 19.3 (4.5)**** 41.6 (6.1)** ,††† 63.6 (5.0)††††

 ARCI/MBG score 3.4 (0.7) 3.3 (0.7)**** 3.9 (0.7)**** 9.6 (0.9)††††

 ARCI/Amphetamine score 2.7 (0.4) 2.3 (0.4)**** 3.1 (0.5)**** 6.4 (0.5)††††

 ARCI/BG score 6.0 (0.3) 5.9 (0.3)**** 6.1 (0.3)**** 8.2 (0.4)††††

 ARCI/LSD score 4.4 (0.3) 4.5 (0.3)**** 5.8 (0.4)†† 6.1 (0.4)††††

ap values are based on a mixed-effects model for a crossover study and included treatment, period, treatment sequence, baseline, and carryover effects.
bBecause of the structure of the statistical hypothesis testing for the primary and key secondary endpoints, significant results for pitolisant compared with placebo 

indicate that mean Emax values were similar for pitolisant and placebo.
cStatistically significant comparison with phentermine indicates difference.
dStatistically significant comparison with placebo indicates similarity.
eFor other secondary endpoint comparisons, statistical significance indicates difference.

*p < 0.05 versus phentermine; **p < 0.01 versus phentermine; ***p < 0.001 versus phentermine; ****p < 0.0001 versus phentermine; †p < 0.05 versus placebo; ††p < 0.01 

versus placebo; †††p < 0.001 versus placebo; ††††p < 0.0001 versus placebo.

ARCI = Addiction Research Center Inventory; BG = Benzedrine Group; Emax = peak maximum effect; LSD = lysergic acid diethylamine; MBG = Morphine-Benzedrine 

Group; SE = standard error.
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adverse events were rated as mild in intensity by the investi-
gator; adverse events rated as moderate were headache (3 par-
ticipants after receiving placebo and 2 after receiving pitolisant 
213.6 mg), inability to concentrate (1 participant after receiving 
phentermine), and vomiting (1 participant after receiving 
pitolisant 35.6  mg). There were no deaths, serious adverse 
events, or severe adverse events during the study, and no parti-
cipants discontinued from the study because of adverse events.

Six participants experienced clinically significant vital sign 
values that were recorded as adverse events (i.e. hypertension, 
blood pressure increased, and tachycardia), all after adminis-
tration of phentermine. No participants exhibited any suicidal 
ideation or behavior during the study, as assessed by the C-SSRS.

Discussion
In this randomized, double-blind study involving recreational 
stimulant users, maximal scores on the primary endpoint 
of maximum Drug Liking (Emax) were significantly greater for 
phentermine HCl (60  mg) compared with pitolisant (single 
doses, 35.6 and 213.6 mg) and similar for pitolisant relative to 
placebo, with no apparent dose–response effect for pitolisant on 
Drug Liking. Results on the key secondary endpoints of Overall 
Drug Liking and willingness to Take Drug Again were supportive 
of the primary endpoint (Drug Liking “at this moment”). Across 
outcome measures, the profile for pitolisant 35.6 mg (the max-
imum therapeutic dose for the treatment of narcolepsy) was 
consistent with that for placebo, except for the High VAS, on 
which the maximal rating for pitolisant did not meet the statis-
tical criteria for similarity with placebo.

Differences between phentermine and the supratherapeutic 
dose of pitolisant (213.6  mg) were evident on some pharma-
codynamic measures. Maximal responses on the Good Drug 
Effects VAS and High VAS were significantly greater for 
phentermine compared with pitolisant 213.6 mg; peak scores for 
the supratherapeutic dose of pitolisant were greater than those 
for placebo. In addition, pitolisant 213.6 mg was associated with 

negative subjective effects, including significantly higher max-
imal scores than phentermine or placebo on the Bad Drug Effects 
VAS and significantly greater dysphoric effects than placebo on 
the ARCI-LSD scale, indicating that the higher dose of pitolisant 
produces aversive drug effects. Neither dose of pitolisant was 
associated with increased scores on the ARCI Amphetamine, 
Benzedrine Group, or MBG scales. By contrast, phentermine pro-
duced increased scores on all ARCI scales, indicative of signifi-
cantly greater stimulant and euphoric effects compared with 
pitolisant (both doses) and placebo. Pitolisant was perceived as 
dissimilar to all drug classes including stimulants, CNS depres-
sants, opioids, THC, hallucinogens, and dissociative agents. The 
clinical dose of pitolisant (35.6 mg) was rated as more similar to 
placebo than any other drug class. Study participants, all rec-
reational stimulant abusers, were relatively familiar with the 
effects of phentermine but unfamiliar with the effects of high-
dose pitolisant (213.6 mg), which supports the lack of similarity 
between pitolisant and stimulant medications. Overall, results 
from this study showed that pitolisant has significantly less 
abuse potential compared with phentermine (a known stimu-
lant) and an overall profile that is similar to placebo, with no 
signal suggestive of abuse even at the supratherapeutic dose.

Study design and methodology were consistent with the 
latest FDA guidance for assessing the abuse potential of drugs 
[32]. Because recreational drug users often exceed medically 
recommended doses to enhance the subjective experience 
produced by a drug, FDA guidance recommends evaluating 
a supratherapeutic dose 2 to 3 times greater than the thera-
peutic dose [32]. In this study, a larger supratherapeutic dose 
was selected (pitolisant 213.6  mg, 6 times the therapeutic 
dose) because it exceeded the FDA recommendation yet was 
well tolerated by healthy volunteers in previous studies (data 
on file). Phentermine was chosen as the active comparator 
for pitolisant because it has wake-promoting effects, has 
some common adverse events (e.g. insomnia), and is a sched-
uled drug (Schedule IV controlled substance) with demon-
strated abuse potential. Using a Schedule IV psychostimulant 
(e.g. phentermine) as the active comparator provides a more 

Figure 2. Primary pharmacodynamic measure, Drug Liking VAS, over time (completers population, N = 38). Error bars represent ±1 SE. SE = standard error; VAS = visual 

analog scale.

D
ow

nloaded from
 https://academ

ic.oup.com
/sleep/article-abstract/43/4/zsz252/5598311 by guest on 16 April 2020



8 | SLEEPJ, 2020, Vol. 43, No. 4

sensitive evaluation of abuse potential than using a Schedule 
II psychostimulant (e.g. methylphenidate and amphetamine), 

because it is more difficult to demonstrate significantly lower 
drug liking compared with a Schedule IV drug than to a 
Schedule II drug. The dose of phentermine used in this study 
(60 mg), although larger than the generally prescribed clinical 
doses (15 or 30 mg), was selected because it can be expected to 
reliably produce psychoactive effects, is in a range that can be 
safely administered, and is within the range (45–90 mg) used 
in previous abuse potential studies [38–40]. The sensitivity of 
the methodology and validity of the study were established by 
the statistically significant difference between phentermine 
and placebo on the primary endpoint of Drug Liking Emax (and 
also on secondary pharmacodynamic measures). These find-
ings were consistent with results for phentermine reported in 
previous studies [38–40].

Human abuse potential studies utilize validated measures 
of subjective drug effects that evaluate the propensity of drug 
liking, positive and reinforcing effects, willingness to take drug 
again, perceived drug value, and pharmacological effects that 
are similar in nature to drugs with known abuse potential [41]. 
These measures have been routinely used by regulatory agen-
cies (i.e. FDA, the US Drug Enforcement Administration [DEA], 
Health Canada) to make drug controlling and scheduling de-
cisions based on a drug’s abuse potential profile. Furthermore, 
these measures are recognized surrogates to approximate po-
tential real-world abuse of a drug and are recommended in 
the FDA’s 2017 guidance for the assessment of abuse potential 
[32]. Approximately 10-point difference between drugs was re-
ported to be clinically meaningful for Drug Liking [42] and High 
Emax scores [43]. In a study of opioid medications, reductions in 
Overall Drug Liking Emax were significantly associated with lower 
rates of nonmedical use [44].

With the exception of pitolisant, all medications currently 
approved by the FDA for the treatment of narcolepsy (i.e. stimu-
lants, wake-promoting agents, and sodium oxybate) are con-
trolled substances [7]; thus, there has been a need for effective 
pharmacologic options to treat narcolepsy that have reduced 
potential for abuse. Methylphenidate [45], dextroamphetamine 
[46], and mixed amphetamine salts [47] are Schedule II con-
trolled substances (high potential for abuse) and have long been 
recognized as drugs of abuse [34]. Modafinil [48] and armodafinil 
[49] are Schedule IV controlled substances (lower potential for 
abuse). Modafinil was shown to induce behavioral sensitization 
upon repeated administration in a preclinical animal study [27]. 
In addition, a positron emission tomography study in healthy 
volunteers showed modafinil to increase dopamine release in 
the human nucleus accumbens, a brain region associated with 
rewarding effects and abuse [50]. In an abuse potential study that 
included men with a history of polysubstance abuse (including 
cocaine), drug liking was significantly greater for modafinil (200, 
400, or 800 mg) compared with placebo, but the overall pharma-
cologic profile (including responses on the ARCI Amphetamine 
scale) indicated lower abuse potential for modafinil compared 
with methylphenidate [51]. In a clinical trial in which modafinil 
was compared with pitolisant, 10% of patients in the modafinil 
group (but none in the pitolisant group) displayed amphetamine-
like withdrawal symptoms [28].

Another dopaminergic agent—solriamfetol, a dopamine, and 
norepinephrine reuptake inhibitor—was recently approved by 
the FDA for the treatment of EDS in patients with narcolepsy 
or obstructive sleep apnea [52]. In an abuse potential study of 
adults with a history of recreational polydrug use (including a 

Figure 3. Key secondary pharmacodynamic measures over time (completers 

population, N  =  38) for (A) Overall Drug Liking, (B) Take Drug Again, (C) Good 

Drug Effects, and (D) High VAS. Error bars represent ±1 SE. SE = standard error; 

VAS = visual analog scale.
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stimulant), drug liking was significantly greater for solriamfetol 
(300, 600, and 1200  mg) compared with placebo [40]. Overall, 
the abuse potential of solriamfetol appeared to be similar to or 
lower than that of phentermine [40]. Solriamfetol is classified as 
a Schedule IV controlled substance [52].

The sodium oxybate oral solution approved for the treat-
ment of narcolepsy is a Schedule III controlled substance (abuse 
potential less than Schedule I  or II but more than Schedule 
IV); it is the sodium salt of gamma-hydroxybutyrate (GHB), a 
Schedule I controlled substance (high or very high potential for 
abuse) [19]. In a study of men and women with a history of 
sedative/hypnotic abuse, drug liking was significantly greater 
for sodium oxybate (at doses up to 18 g/70 kg) compared with 
placebo; overall, the abuse potential of sodium oxybate was 
found to be greater than that of triazolam but less than that 
of pentobarbital [53]. In a study of nondependent, recreational 
users of both ethanol and other sedative-hypnotics, drug liking 
was significantly greater for sodium oxybate (at doses up to 
10  g/70  kg) compared with placebo; drug liking for sodium 

oxybate was similar to that for alcohol, whereas willingness 
to take the drug again was significantly greater for sodium 
oxybate [54].

By contrast, the results of this study (which found that 
drug liking was similar for pitolisant and placebo) indicate 
that pitolisant was not associated with a profile suggesting a 
potential for recreational drug use or abuse. Based on these 
findings, along with preclinical data, pitolisant was approved 
by the FDA without being scheduled as a controlled substance 
by the DEA.

The minimal abuse potential observed for pitolisant, 
showing similarity to placebo, is consistent with its mechanism 
of action, which differs from that of other products used in the 
treatment of narcolepsy [55]. Pitolisant functions as an antag-
onist/inverse agonist at H3 autoreceptors, which increases the 
synthesis and release of histamine and enhances histaminergic 
signaling in the brain [56]. Studies in animals have shown that 
histaminergic signaling in the brain promotes wakefulness and 
suppresses non-REM and REM sleep [57]. Histamine activates 
wake-promoting neurons including norepinephrine neurons in 
the locus coeruleus, acetylcholine neurons in the pons and fore-
brain, and serotonin neurons in the dorsal raphe nucleus [58]; 
however, as noted above, histamine does not increase dopamine 
release in the nucleus accumbens [24, 27]. No cases of drug with-
drawal syndrome were reported in the clinical development pro-
gram for pitolisant in narcolepsy (8 studies), including during 
the 1 week placebo washout phase at the end of the pivotal trials 
[28, 29] or in patients who discontinued from the 1 year, open-
label, long-term extension study (data on file). Furthermore, 
pitolisant partially counteracts the stimulant properties of co-
caine, as demonstrated in an animal study [27]. Considering the 
preclinical and clinical evidence, pitolisant has a different pro-
file than psychostimulants.

The pharmacokinetic characteristics of pitolisant observed 
in this study of recreational stimulant users were consistent 

Figure 4. Serum concentration of pitolisant over time (pharmacokinetic population, N = 40). SD = standard deviation.

Table 4. Adverse events (safety population)a

Adverse event,  
n (%)b

Placebo 
(N = 41)

Pitolisant 
35.6 mg 
(N = 40)

Pitolisant 
213.6 mg 
(N = 40)

Phentermine  
HCl 60 mg 
(N = 39)

Any adverse event 20 (48.8) 19 (47.5) 29 (72.5) 32 (82.1)
Headache 5 (12.2) 6 (15.0) 10 (25.0) 4 (10.3)
Euphoric mood 4 (9.8) 4 (10.0) 7 (17.5) 16 (41.0)
Somnolence 6 (14.6) 4 (10.0) 3 (7.5) 3 (7.7)
Hypervigilance 1 (2.4) 3 (7.5) 5 (12.5) 13 (33.3)
Nausea 1 (2.4) 2 (5.0) 4 (10.0) 0 (0.0)
Dizziness 0 (0.0) 1 (2.5) 4 (10.0) 1 (2.6)
Feeling hot 0 (0.0) 0 (0.0) 4 (10.0) 2 (5.1)

aOccurring in >5% of participants for either pitolisant dose.
bCoded using the Medical Dictionary for Regulatory Activities version 20.0.

D
ow

nloaded from
 https://academ

ic.oup.com
/sleep/article-abstract/43/4/zsz252/5598311 by guest on 16 April 2020



10 | SLEEPJ, 2020, Vol. 43, No. 4

with those reported in previous studies [59]. Pitolisant is rapidly 
absorbed after oral administration and reaches peak serum con-
centration in approximately 3 hr [59]; median tmax was 3.0 hr for 
pitolisant 35.6 mg and 2.0 hr for pitolisant 213.6 mg in this study. 
Pitolisant exposure increases in a dose-dependent fashion [30] 
and was approximately 8 times greater for the 213.6 mg dose 
relative to the 35.6 mg dose in this study. Consistent with the 
absence of any correlation or trend between the pharmaco-
kinetic concentrations (i.e. Cmax) and pharmacodynamic effects 
(e.g. Drug Liking Emax) of pitolisant, no concentration-dependent 
abuse potential was observed in this study.

Pitolisant was well-tolerated in the study population of 
recreational stimulant users. The overall incidence of adverse 
events was comparable for pitolisant 35.6 mg and placebo, and 
there were no study discontinuations due to adverse events. 
Headache was the most common adverse event reported after 
administration of pitolisant in this study; in studies of patients 
with narcolepsy, the most common adverse events associated 
with pitolisant were headache, insomnia, and nausea [22, 31]. 
Unlike phentermine, pitolisant did not produce any clinically 
significant increases in blood pressure or heart rate.

Limitations of this study primarily concern the generaliz-
ability of the results. This study involved single-dose adminis-
tration of pitolisant in a highly controlled setting to a relatively 
small population of nondependent stimulant users. Although 
this design is consistent with FDA guidance and results are con-
sidered an accurate predictor of abuse potential, generalizability 
to other populations or settings may be limited.

Conclusions
Pitolisant, a first-in-class medication with a novel mechanism 
of action, increases histaminergic signaling in the brain and has 
demonstrated efficacy in the treatment of adult patients with 
narcolepsy, with or without cataplexy. In this study of recre-
ational stimulant users, pitolisant (at the recommended thera-
peutic dose of 35.6 mg and a supratherapeutic dose of 213.6 mg) 
produced pharmacodynamic responses that demonstrated sig-
nificantly lower abuse potential compared with phentermine. In 
addition, the response profile of pitolisant for maximum Drug 
Liking (“at this moment”), Overall Drug Liking, and willingness to 
Take Drug Again were similar to placebo, demonstrating a lack of 
reinforcing drug effects. Pitolisant, especially at the therapeutic 
dose of 35.6 mg, showed no signals suggestive of abuse, which 
contrasts with the other classes of drugs currently available to 
treat patients with narcolepsy. Given the public health crisis 
related to abuse, misuse, and diversion of prescription drugs 
(which includes both opioids and stimulants), a new treatment 
with minimal risk of abuse is an important therapeutic option 
for healthcare professionals to treat patients with narcolepsy.
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