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Abstract: Narcolepsy is a rare sleep disorder characterized by excessive daytime sleepiness and 

rapid eye movement sleep dysregulation, manifesting as cataplexy and sleep paralysis, as well 

as hypnagogic and hypnopompic hallucinations. Disease onset may occur at any age, although 

adolescents and young adults are mainly affected. Currently, the diagnosis delay ranges from 

8 to 10 years and drug therapy may only attenuate symptoms. Pitolisant is a first-in-class new 

drug currently authorized by the European Medicines Agency to treat narcolepsy with or without 

cataplexy in adults and with an expanded evaluation for the treatment of neurologic diseases such 

as Parkinson’s disease and epilepsy. This article reviews the pharmacokinetic and pharmacody-

namic profile of pitolisant, highlighting its effectiveness and safety in patients with narcolepsy. 

We performed a systematic review of the literature using PubMed, Embase, and Google Scholar. 

We report on the efficacy and safety data of pitolisant in narcoleptic patients regarding cataplexy 

episodes and subjective and objective daytime sleepiness. The development program of pitolisant 

was characterized by eight Phase II/III studies. One proof-of-concept study followed by two 

pivotal studies, three randomized controlled trials, and two open studies were evaluated. Our 

review confirmed the effectiveness of pitolisant in treating major clinically relevant narcolepsy 

symptoms, including cataplexy, as compared to placebo. In addition, pitolisant revealed a safe 

profile when compared with placebo and active comparators. Headache, insomnia, and nausea were 

the prominent side effects. Further long-term randomized controlled trials comparing the efficacy 

of pitolisant with active comparators (ie, modafinil and sodium oxybate) may clarify its real place 

in therapy and its possible use as a first-line agent on the basis of its safety and tolerability.
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Introduction
Narcolepsy is a rare sleep disorder characterized by excessive daytime sleepiness (EDS) 

and abnormal rapid eye movement (REM) sleep manifestations (ie, cataplectic attacks, 

sleep paralysis, hypnagogic, and hypnopompic hallucinations). This condition affects 

0.026%–0.05% of the general population in North America and Europe.1 Disease onset 

may occur at any age, although adolescents and young adults are mainly affected.2–4

The International Classification of Sleep Disorders third edition5 defines narco-

lepsy type 1 (NT1) and type 2 (NT2). NT1 is characterized by cataplexy and cerebro-

spinal fluid (CSF) orexin deficiency due to loss of orexinergic neurons in the lateral 

hypothalamus.6,7 The pathophysiology of the selective and substantial loss of orexinergic 

neurons is still unclear, although inflammatory/autoimmune processes seem to be highly 

involved.8–10 The autoimmune hypothesis is supported by the large association of NT1 

with human leukocyte antigen marker DQB1*0602.11 In addition, recent findings have 
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established an increased number of histaminergic neurons 

in NT1, suggesting involvement of the histamine system as 

a compensatory mechanism to orexin deficit.12 By contrast, 

no such increase has been detected in neurodegenerative 

disorders involving loss of orexinergic neurons, including 

Parkinson’s disease, Alzheimer’s disease, and Huntington 

disease. Both orexin and histamine have been implicated in 

sleep–wake regulation, and a reduction in histamine con-

centration in the CSF of narcoleptic subjects was previously 

described,12 although this finding has not been confirmed.13

EDS may represent the main presenting and often the 

most disabling symptom, with episodes of irresistible, 

typically short daily sleep that are associated with dreaming, 

followed by a feeling of being refreshed. In addition, NT1 

patients complain of cataplexy (the sudden loss of muscle 

tone triggered by strong emotions), as well as frequent sleep 

paralysis, hypnagogic/hypnopompic hallucinations, dis-

turbed night-time sleep with periodic leg movements, restless 

legs syndrome,14,15 and REM sleep behavior disorder.16 

Further critical issues are represented by obesity, affecting 

about 30% of patients, and weight gain, which is frequently 

reported close to disease onset.17 Depression and anxiety are 

often reported as psychiatric comorbidities and they may 

further worsen the quality of life of narcoleptic patients.18 

The clinical course of NT1 is chronic. EDS and cataplexy 

may improve over time; on the other hand, nocturnal sleep 

disturbance may worsen. NT2 is similar to NT1 except for the 

lack of cataplexy and orexin deficiency, although 10%–20% 

of non-cataplectic patients may show low CSF orexin levels 

and/or cataplexy may occur over time.19 Current therapy for 

narcolepsy may only attenuate clinical symptoms.

Recently, it has been demonstrated that hypothalamic 

orexinergic neurons (Hcrt) modulate histaminergic transmis-

sion by glutamate and orexin and inhibition of dynorphin-

mediated gamma-aminobutyric acid release.20,21 The Hcrt 

showed a neuromodulator role of sleep/wake cycle as 

reported in several studies.22–28

Pitolisant is a first-in-class drug acting on histamine H3 

receptors (H3Rs) as an antagonist/inverse agonist.29 It enhances 

histaminergic neuron activation and other neurotransmitters 

in the brain (ie, dopamine, acetylcholine, noradrenaline).30–32 

Preclinical studies showed that pitolisant may enhance 

histamine and noradrenaline neuronal activity, increase 

wakefulness, and increase REM sleep latency in narcoleptic 

orexin knockout mice.33 The experimental data obtained in 

wild-type and orexin knockout mice and in cats demonstrate 

that pitolisant enhances wakefulness and reduces slow-wave 

sleep and REM sleep, thereby corroborating the possibility of 

using it to treat human narcolepsy.30,31 Since this mechanism 

of action is different from the current treatment, pitolisant 

may represent an alternative drug for narcoleptic patients. 

Pitolisant should be started at the lowest effective dose and 

titrated up to a maximal dosage of 36 mg/day. The recom-

mended regimens should range between 9 and 36 mg/day, 

taken as a morning single dose.32,34 On Week 1, the initial dose 

of 9 mg/day should be proposed. On Week 2, the dose may be 

increased to 18 mg/day or decreased to 4.5 mg/day. Finally, on 

Week 3, the dose may be increased up to 36 mg/day. At any 

time, the dose can be decreased (down to 4.5 mg/day) or 

increased (up to 36 mg/day) according to the physician assess-

ment and the patient’s response. Each tablet contains 5 mg of 

pitolisant hydrochloride equivalent to 4.45 mg of pitolisant.34

Literature search strategy
Studies discussed in this paper were searched using the 

Embase, PubMed, and Google Scholar databases from 

inception to September 30, 2017. The following keywords 

were used: “pitolisant” and “narcolepsy”, “cataplexy” and 

“treatment”. The inclusion criteria were randomized con-

trolled trials (RCTs) and open studies examining the use 

of pitolisant on subjects suffering from narcolepsy with or 

without cataplexy. Comparators, language, and publication 

status did not constitute the exclusion criteria. We also con-

sidered unpublished data from RCTs presented in the reports 

of regulatory agencies. Two authors (AR and VF) screened 

the search results independently.

Pitolisant: design and development
Chemical properties
Pitolisant, formerly known as BF 2.649 and tripolisant, cor-

responds chemically to 1-{3-[3-(4-chlorophenyl)propoxy]

propyl}piperidine hydrochloride (Figure 1). It is a non-chiral 

molecule with no stereoisomerism, available as a white/

almost white crystalline powder. Pitolisant is highly soluble 

in water, methylene chloride, and ethanol and insoluble in 

cyclohexane.

Mechanism of action
Pitolisant is a selective H3R antagonist/inverse agonist. H3Rs 

are mainly located in the brain and primarily expressed in 

the cerebral cortex, hypothalamus, hippocampus, and basal 

CI

O

HCI

N

Figure 1 Chemical structure of pitolisant or 1-{3-[3-(4-chlorophenyl)propoxy]
propyl}piperidine hydrochloride.
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ganglia.35 The main action of pitolisant is mediated at a 

presynaptic level through activation of histaminergic neurons 

in the brain, which are involved in a large variety of functions 

including wakefulness, attention, and memory. In addition to the 

promotion of histamine release, pitolisant modulates the release 

of various neurotransmitters involved in wake promotion in 

the brain, such as dopamine, noradrenaline, and acetylcholine.36

Pharmacokinetic properties
In healthy volunteers, pitolisant exposure was established 

in .200 subjects after single oral doses up to 216 mg and for 

a 28-day period.36 The gastrointestinal absorption of pitolisant 

is rapid, with peak plasma concentrations usually attained 3 h 

after oral administration. A double pitolisant dose increase 

from 27 to 54 mg was associated with a 2.3-fold area under 

the concentration–time curve (AUC) increase from time 

zero to infinity.36

Pitolisant is highly bound to serum protein (.90%) and is 

distributed fairly evenly between plasma and red blood cells. 

Pitolisant is eliminated mainly in urine (about 63% of the 

administered dose) and has a plasma half-life of ~10–12 h, 

reaching steady state within 5–6 days. Urine metabolites include 

BP2.951, which is a pharmacologically inactive and glycine-

conjugated metabolite.36 Available evidence on pitolisant 

metabolism indicates that many hydroxylated and conjugated 

derivatives are generated. The primary pharmacologically inac-

tive metabolite is 5-aminovaleric acid recovered from serum 

and urine and mediated by cytochrome P450 (CYP) enzymes 

CYP3A4 and CYP2D6. Major conjugated metabolites include 

a glycuronidated ketone metabolite of monohydroxy desatu-

rated pitolisant and a glycine conjugate of the acid metabolite of 

O-dealkylated desaturated pitolisant. In vitro studies suggested 

that pitolisant is a CYP3A4, CYP2B6, and CYP1A2 inducer 

and a CYP2D6 and OCT1 inhibitor. In vitro studies showed 

that pitolisant is not a substrate and has no inhibitory effect on 

breast cancer resistance protein and human P-glycoprotein.36 

In elderly patients (aged 68–80 years), the pharmacokinetic 

parameters of pitolisant are not different from those observed 

in younger patients (aged 18–45 years). Mild hepatic dysfunc-

tion does not significantly affect pitolisant pharmacokinetics 

compared to that of healthy volunteers. However, an AUC 

increase by a factor of 2.4 and a double half-life were detected 

in patients with moderate hepatic impairment. In patients with 

renal disease (creatinine clearance 15–89 mL/min), a C
max

 and 

AUC increase was noted with no impact on half-life.36

Drug abuse liability
Regarding the abuse potential, discrimination, and locomo-

tor sensitization, conditioned-place preference, and self 

administration were evaluated in different animal models 

(rodents and primates), by different route of administration 

(oral, intraperitoneal, intravenous, subcutaneous), at dif-

ferent doses and with negative and positive control groups 

(modafinil, cocaine, and vehicle saline). The dependence 

potential of pitolisant was assessed in rats with morphine, 

cocaine, or amphetamine as positive references. These 

studies did not show evidence of any abuse or dependence 

potential on the part of pitolisant, except for the self-

administration study conducted in rhesus monkeys, as the 

highest pitolisant-tested dose served as a reinforcer for 

two out of four monkeys, though the obtained results were 

not conclusive.34,37 In addition, pitolisant showed affinity 

for sigma 1 (as agonist) and 2 receptors (as antagonist) 

with similar affinity for H3R.34 The reinforcing effects of 

sigma receptor agonists in rats with a history of cocaine 

self-administration has been previously reported, while 

some literature data reported the potential of sigma receptor 

antagonists as treatments for stimulant abuse.38 In addition, 

available studies indicated that sigma receptor agonists may 

induce an increase of dopamine concentration in rat nucleus 

accumbens shell.39 Thus, the available experimental data do 

not suggest any evident risk of abuse potential, but it could 

not be excluded. Furthermore, since pitolisant was found to 

enhance memory performance and the duration of acquisi-

tion in animal studies, diversion of pitolisant to improve 

intellectual performance has been considered as a potential 

risk in humans.40,41

Efficacy data
Starting from a reliable experimental model of narcolepsy, 

Lin et al31 confirmed the hypothesis that enhancing hista-

mine release in narcoleptic mice may circumvent orexin 

deficiency.30,42 These authors went on to conduct the first 

comparative single-blind, placebo-controlled, Phase II study 

to determine the potential effect of pitolisant on EDS in 

narcoleptic patients.31 The pitolisant development program 

in narcolepsy was characterized by eight Phase II/III studies 

(P07-03 and P09-15, respectively, Harmony I and Harmony 

Ibis were pivotal studies). In addition, two studies, P11-05 

(Harmony CTP)43 and P09-10 (Harmony III), were sup-

portive for the evaluation by EMA.44 Key characteristics 

of the study designs and a summary of the main results are 

reported in Table 1.

Phase II studies
Lin et al31 performed the first proof-of-concept study of 

pitolisant in narcoleptic patients. This trial was a Phase 

II single-blind, multicenter, placebo-controlled study 
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(Study P05-03). The authors selected 22 adult narcoleptic 

patients. All patients stopped psychostimulant treatments 

at least 3 days before inclusion; however, anti-cataplectic 

medications, at stable doses for at least 3 months, remained 

unchanged (except for tricyclic antidepressants which were 

withdrawn before the study due to their histamine H1 receptor 

antagonist activity and possible pharmacologic interactions 

with pitolisant). The main concomitant anti-cataplectic 

agent was venlafaxine (8/22 patients, 36.3%). Patients 

received placebo once a day for 1 week, followed by 40 mg 

of pitolisant taken in the morning, ~1 h after awakening, in 

the following week. The active treatment induced a signifi-

cant reduction in the Epworth Sleepiness Scale (ESS) score 

from a baseline value of 17.55±3.89 to 11.81±6.11, with a 

4.86±5.12 point reduction (95% CI: 2.22 to 7.56; p=0.0006) 

compared to placebo and a 5.85±5.51 point reduction (95% 

CI: 3.42 to 8.34; p,0.0001) versus baseline values, whereas 

with placebo, no significant decrease versus baseline was 

observed (p.0.05).44

In the P06-06 study, a multicenter, open-label, Phase II 

trial, pitolisant was evaluated in 26 narcoleptic patients in an 

escalating dose regimen of 10, 20, or 40 mg/day given for up to 

9 months. After 1, 3, and 9 months of treatment, the mean ESS 

scores were reduced by 4.8, 5.3, and 6.9 points, respectively.

The P07-07 study (Harmony II), a randomized, double-

blind, controlled, parallel-group trial to assess pitolisant 

efficacy in narcoleptic patients, compared a pitolisant group 

to pitolisant in add-on to modafinil. The study enrolled 

14 patients and was stopped precociously. The subjects were 

subsequently enrolled in Harmony III, a supportive Phase 

III study (P09-10).

Pivotal studies
The efficacy of pitolisant in treating narcolepsy was dem-

onstrated in two main, double-blind, 8-week, multicenter, 

parallel-group, placebo-controlled randomized trials.44 Each 

of these used a flexible dosing schedule. The starting dos-

age and the maximum dosage used were 9 and 36 mg/day, 

respectively, in the Harmony I study and 4.5 and 18 mg/day, 

respectively, in the Harmony Ibis study. The primary efficacy 

endpoint was defined as a minimal clinically relevant differ-

ence in the final ESS score between the pitolisant and placebo 

groups, with this value being set at 3 points. Eligible patients 

were aged 18 years and older, not taking psychostimulants 

for at least 14 days, and showing EDS (defined as an ESS 

score of 14 or more). The first pivotal RCT45 evaluated 

narcoleptic patients from 32 centers in Europe. Ninety-five 

out of 110 patients were randomized to pitolisant (n=32), 

modafinil (n=33), or placebo (n=30) for 8 weeks: 3 weeks 

of flexible dosing (10, 20, or 40 mg/day of pitolisant and 

100, 200, or 400 mg/day of modafinil) followed by 5 weeks 

of stable dosage. Over the 8-week treatment period, the 

mean ESS score reductions were -3.4±4.2 in the placebo 

group, -5.8±6.2 in the pitolisant group, and -6.9±6.2 in the 

modafinil group. After adjustment for baseline, pitolisant 

proved its superiority to placebo (difference -3.3, 95% 

CI: -5.83 to -0.83; p=0.024), but not its non-inferiority to 

modafinil (difference 0.12, 95% CI: -2.5 to 2.7; p=0.250). 

In addition, the superiority of pitolisant compared to placebo 

was confirmed by the significant increase in the ability to stay 

awake (min) as measured by the Maintenance of Wakefulness 

Test (MWT; difference 1.47, 95% CI: 1.01 to -2.14; p=0.044), 

a validated tool to test the efficacy of sleepiness treatment 

in narcolepsy.45 Superiority of pitolisant over placebo was 

also confirmed by the higher responder rate on the ESS score 

(defined as ESS#10) compared to placebo (odds ratio [OR] 

9.25 [3.82 to 22.35]; p,0.001), while no statistical difference 

was detected between the pitolisant and modafinil responder 

rates (OR 1.06 [0.44 to 2.54]; p=0.894). The authors, there-

fore, concluded that pitolisant up to 40 mg was efficacious 

on EDS compared with placebo, but not with modafinil.

The second pivotal RCT, Harmony Ibis44 evaluated nar-

coleptic patients randomly allocated to pitolisant (n=67), 

modafinil (n=65), or placebo (n=33). The drug regimen 

involved increasing the pitolisant and modafinil doses: 

3 weeks of flexible dosing according to clinical symptoms 

(10 and 20 mg/day of pitolisant; 100, 200, 400 mg/day of 

modafinil) followed by 5 weeks of stable dosage. Over 

the 8-week treatment period, the mean ESS score reduc-

tions 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. After 

adjustment for baseline, pitolisant failed to demonstrate 

superiority to placebo (difference -1.94, 95% CI: -4.005 

to -0.07; p=0.06, ,3 points). However, non-inferiority to 

placebo was statistically achieved after reallocation of small 

centers (not preplanned analysis), even though the result 

was below the minimum clinically relevant difference of 

3 points. A second planned analysis of non-inferiority of 

pitolisant compared to modafinil (up to 400 mg/day) with 

a predefined non-inferiority margin threshold of 2 points 

was performed, resulting in rejection of non-inferiority of 

pitolisant compared to modafinil (difference=-2.75, 95% 

CI [-4.48 to -1.02]). Furthermore, when a superiority test 

comparing pitolisant to modafinil was performed (sensitivity 

analysis), modafinil showed significantly (p,0.002) better 

results on the ESS final score (Δ=-2.75 points). The clinical 

efficacy of pitolisant over placebo was also confirmed by the 

higher ESS responder rate score (defined as ESS#10) versus 
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placebo (OR 9.24 [95% CI: 3.82 to 22.35]; p,0.001), similar 

to the modafinil responder rate (OR 1.06 [0.44 to 2.54]; 

p=0.894). Again, the responder rate on ESS scores according 

to responders’ definition of Harmony Ibis (ESS#10 or ESS 

baseline – ESS final $3 points) demonstrated the superiority 

of pitolisant when compared to placebo (response rate=0.60 

[95% CI: 0.41 to 0.88]; p,0.008). Moreover, on a final 

visit, pitolisant significantly increased MWT versus placebo 

(p,0.009), with an increase in the pitolisant group (delta 

+1.14 min) and a decrease in the placebo group (delta -1.39 

min). Analysis of secondary endpoints, including MWT, 

Sustained Attention to Response Task Total, Clinical Global 

Impressions of Change scores, and responder rate, on EDS 

symptoms confirmed the positive efficacy data observed on 

the primary endpoint. The anti-cataplectic effects in both 

studies were not consistent. The Harmony I study showed a 

significant reduction in the cataplexy rate from baseline to 

final visit (baseline .0.6 cataplectic episodes versus final 

visit ,0.2 episodes in the pitolisant group; RR=0.38, 95% CI 

[0.16 to 0.93]; p=0.034), whereas Harmony Ibis showed an 

increasing trend (0.84 episodes from baseline compared with 

1.69 episodes at the final visit in the pitolisant group with no 

statistically significant difference versus placebo p=0.077). 

Key characteristics of the study designs and a summary of the 

main results are reported in Table 1. Anti-cataplectic effects 

of pitolisant are summarized in Figure 2.

Phase III RCTs
P11-05 (Harmony CTP) was a supportive double-blind, ran-

domized, parallel-group study on pitolisant versus placebo 

in narcoleptic patients (n=105, age range 18–66, mean age 

34 years for the pitolisant group and 39 years for the placebo 

group).43 The patients included showed a high frequency of 

cataplexy attacks and an ESS score of 12 or more at baseline. 

The treatment phase lasted 7 weeks: 3 weeks of flexible 

dosing (5, 10, or 20 mg once daily) followed by 4 weeks of 

stable dosing (5, 10, 20, or 40 mg once daily). The primary 

endpoint was the effect of pitolisant on cataplexy expressed 

as a change in the average number of cataplexy attacks per 

week between the 2-week baseline period and the 4-week 

treatment period. This study confirmed the beneficial effect 

of pitolisant on cataplexy. The primary analysis showed a 

significant improvement in the pitolisant group at the end 

of the stable dose treatment period. The weekly cataplexy 

rate between the 2 weeks of baseline and the 4-week stable 

dosing period decreased from 7.31 to 6.79 in the placebo 

group and from 9.15 to 3.28 for pitolisant, with the ratio 

rate for pitolisant/placebo being 0.512 (95% CI: 0.435 to 

0.603; p,0.0001). At the end of treatment, the percentage 

of patients showing a high cataplexy rate (weekly cataplexy 

rate .15) was significantly higher in the placebo group 

(23.5% [12/51]) than in the pitolisant group (5.6% [3/54]; 

p,0.0001). Both 20 mg (9 patients) and 40 mg (35 patients) 

induced a significant decrease in the cataplexy rate (20 mg, 

from 8.42 to 3.38; 40 mg, from 8.46 to 3.57) as compared to 

placebo (from 7.09 to 6.28). In addition, this study confirmed 

a significant improvement in EDS symptoms induced by 

pitolisant versus placebo as measured by mean ESS scores 

(mean changes placebo -1.9±4.3 and pitolisant -5.4±4.3; 

p,0.001). The mean change in ESS was clinically relevant 

Figure 2 Anti-cataplectic effect of pitolisant expressed as cataplexy reduction (%) in the main clinical trials.
Notes: Harmony Ibis only did not show cataplexy reduction. In this study, the maximum pitolisant dose was limited to 18 mg/day (reached by 75% of patients). In addition, an 
important imbalance between the study sites of Harmony Ibis led to comparison of results with or without cluster grouping of sites. Cataplexy rates in Harmony Ibis were also not 
consistent with those seen in Harmony I.32 Harmony III study reported 76% reduction in total cataplexy and 64% reduction in partial cataplexy.46 *p,0.05 statistically significant.
Abbreviation: PL, placebo.
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(above 3 units) in the pitolisant group. The results obtained 

from MWT confirmed the improvement in alertness as 

expressed by the geometric mean of the ratios (MWT final/

MWT baseline) for pitolisant compared to placebo that was 

1.8 (95% CI: 1.19 to 2.71; p=0.005). This observation was 

confirmed by the aggregated z score (combining ESS and 

MWT), showing a final z score of 0.97 (SD=1.35) in the 

pitolisant group compared with 0.22 (SD=1.29) in the placebo 

group. This study confirmed that the efficacy of pitolisant on 

EDS was comparable to that observed in Harmony I, a trial 

on less-severe narcoleptic patients with the same maximal 

dosage (40 mg/day). The data from Harmony CTP supported 

previous data from the pivotal studies.

The last RCT was the P10-01 (Harmony IV) study, a ran-

domized, double-blind, 8-week, placebo-controlled, add-on 

to sodium oxybate in 48 narcoleptic patients. The study is 

completed, but data have not been published, although the 

French National Authority for Health47 included data from 

the study in the report of the Commission de la Transparence 

regarding pitolisant (21 June 2016). The inclusion and exclu-

sion criteria for this study were similar to those of Harmony I 

and Ibis. The initial dose was 5 mg, with a gradual increase 

up to 40 mg/day during the first 5 weeks. The dose had then 

to be maintained for 1 month. No difference in daytime 

sleepiness assessed by the ESS (primary endpoint) was 

found between the two groups: at the end of the study, the 

mean score decreased by 2.6 points in the pitolisant group 

and 2.1 points in the placebo group (p=0.595). No differ-

ences were found between pitolisant and placebo in addition 

to sodium oxybate treatment on the secondary endpoints, 

especially on the MWT, reduction of cataplexy attacks, and 

quality of life.47

Long-term studies
P09-10 (Harmony III) was a Phase III, open-label, prospec-

tive, longitudinal, uncontrolled, multicenter trial designed 

to evaluate the long-term safety of pitolisant in the treat-

ment of EDS in narcolepsy.44 The study enrolled 102 adult 

narcoleptic patients with or without cataplexy who had 

completed a double-blind controlled study with pitolisant 

(Harmony I, the prematurely stopped Harmony II, Harmony 

Ibis, or other Phase II studies in narcolepsy), patients who 

would be unable to participate in a double-blind study but 

could benefit from pitolisant, or patients receiving pitolisant 

under the French compassionate use program. The duration 

of the study was 12 months, and the maximal dose received 

was 36 mg/day in 88% of patients. The open-label design, 

the lack of reference therapy, and the concomitant presence 

of drug-naïve and already treated patients did not allow for 

unbiased conclusions on efficacy, even though open-label, 

naturalistic, and observational study may be considered a 

good alternative and accepted as the “best possible evidence” 

of efficacy for rare diseases.48 However, a comparison 

between the effect of pitolisant observed in the naturalistic 

study and the effects observed in pivotal trials confirmed 

the maintenance of clinical efficacy over a longer period, 

as demonstrated by the ESS change from baseline to final 

visit (-4.3 points), similar to those obtained in Harmony I 

(-5.8 points) and Harmony Ibis (-4.6 points). Similarly, the 

responder rate (ESS #10 or final ESS – basal ESS $3) was 

of the same magnitude as in Harmony Ibis (68.2%), using the 

same definition of responders. In addition, cataplexy reduc-

tion rate (76%) was similar to that obtained in short-term 

study (Harmony I 62%; Harmony CTP 75%; P06-06 40%; 

Harmony II 71%), as reported in Figure 2.

Safety
Although pitolisant treatment was generally well tolerated, 

its safety profile cannot be compared with active drugs with 

similar pharmacodynamics because it is the first antagonist/

inverse agonist H3R utilized in clinics.44

Safety was assessed mainly from data obtained in nar-

colepsy studies, but also from RCTs in different clinical 

contexts (Parkinson’s disease and sleep apnea related to EDS, 

epilepsy, dementia, attention-deficit/hyperactivity disorder, 

schizophrenia).44 At this moment, the clinical program for 

pitolisant involves 1,385 subjects (291 healthy controls and 

1,094 patients, of whom 342 were suffering from narco-

lepsy, while the remaining 742 patients were being treated 

for different indications). The median exposure time was 

64 days for narcoleptic patients, and the cumulative dura-

tion of exposure was higher than 1 year in 219/1,094 (20%), 

ranging between 6 months and 1 year in 150/1,094 (14%) 

and was ,6 months in 725/1,094 (66%). In narcolepsy, the 

percentage of patients treated with pitolisant (52.3%) who 

reported at least one adverse event (AE) was slightly higher 

than placebo (41.1%) and similar to a different active drug 

(modafinil, 55.1%). The AE profile of pitolisant in narcolepsy 

was similar to other indications.44

As a consequence of the mechanism of action, the most 

frequent AEs were neuropsychiatric effects. Psychiatric 

disorders were reported more frequently with pitolisant 

(21.9%) than with placebo (8.9%) and modafinil (13.3%). 

Gastrointestinal AEs were also more frequent with pitolisant 

(16.1%) than with placebo (8.2%). Conversely, central ner-

vous system disorders were slightly less frequently reported 
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in pitolisant groups (22.8% versus 23.5% modafinil versus 

20.9% placebo).

From pooled analysis, the most frequent AEs in narco-

leptic patients proved to be mild headache (16.1% versus 

modafinil 12.2% and placebo 12.7%), insomnia (7.6% versus 

placebo 1.9%), anxiety (3.5% versus modafinil 3.1%), depres-

sion (2.3% versus modafinil 1%), irritability (3.2% versus 

modafinil 3.1% and placebo 0.6%), dizziness (2.3% versus 

modafinil 5.1% and placebo 2.5%), hallucinations (1.8% 

versus modafinil 1%) and vertigo (1.2%). Other AEs were 

nausea (5.6% versus modafinil 2% and placebo 3.2%), weight 

increase (2.9% versus placebo 1.3%), vomiting (2.3%), and 

diarrhea (2% versus modafinil 6.1% and placebo 1.9%).31,33,49 

The most frequent side effects of pitolisant versus modafinil 

and placebo in narcoleptic patients, pooled from all studies, 

are reported in Table 2 and Figure 3.

The available data do not allow any clear conclusions 

concerning a weight modification profile of pitolisant. 

Even though, as previously said, weight gain was reported 

in 2.9% of narcoleptic patients, weight decrease was also 

reported, albeit less frequently.44 Obesity and weight gain 

were considered not so much a simple comorbidity, but 

an integral part of narcoleptic orexinergic dysregulation.50 

Hence, neurologists should carefully monitor significant 

body weight changes. Similarly, as depression and anxiety 

were frequently reported in narcolepsy (ranging from 15% 

to 37%),51 it may be difficult to find a causal relationship 

between treatment and these psychiatric AEs. However, 

the recent report by the EMA on pitolisant and narcolepsy 

advised caution in subjects with a history of psychiatric 

disorders and suicidal risk ideation.

Less-common AEs were hot flushes, leg pain, hallu-

cinations, apathy, lack of appetite, abdominal discomfort, 

diarrhea, sweating, and malaise. No withdrawal syndrome 

was detected following pitolisant treatment.

Pitolisant and narcolepsy: place in therapy
Narcolepsy is a rare, life-long, neurologic disease for which 

there is currently no cure and the pharmacologic treatment 

is still puzzling. Although behavioral therapy may be con-

sidered the most effective approach, patients’ quality of life 

is significantly affected by both daytime somnolence and 

cataplexy.52 Present treatment options may relieve the main 

narcoleptic symptoms (ie, EDS and cataplexy) and, to a lesser 

extent, lessen sleep disruption, hypnagogic/hypnopompic 

hallucinations, and sleep paralysis. Sodium oxybate is 

considered as a first-line agent for cataplexy and EDS, and 

may help sleep disruption, hypnagogic hallucinations, and 

sleep paralysis. Modafinil and its R-enantiomer armodafinil 

are considered first-line agents for the treatment of diurnal 

somnolence, although neither agent affects cataplexy.53

Antidepressant agents including norepinephrine serotonin 

reuptake inhibitors (ie, venlafaxine, duloxetine),54,55 selec-

tive serotonin reuptake inhibitors (eg, fluoxetine),56 norepi-

nephrine reuptake inhibitor (eg, reboxetine),57 and tricyclic 

agents (protriptyline, imipramine, or clomipramine)58 and 

monoamine oxidase B inhibitors (selegiline)59 represent the 

second-line agents for treating cataplexy.52 However, periodic 

leg movements in sleep, restless legs syndrome, and REM 

sleep behavior disorders are frequent sleep comorbidities 

in narcoleptic patients that may be exacerbated by sodium 

oxybate and/or antidepressant intake, and may require a 

modification in treatment, behavioral procedures, and iron 

addition when serum ferritin levels are reduced.52,60

Sodium oxybate showed clinical efficacy in NT1 and its 

use seems to be effective and safe,61 although the potential 

risks of abuse, diversion, uncertain tolerability, and a narrow 

safety margin are still debated. Furthermore, sodium oxybate 

should not be prescribed in combination with other sedatives, 

Table 2 Tolerability of pitolisant: AEs from all studies pooled

AE Pitolisant  
% (n), n=342

Modafinil  
% (n), n=98

Placebo  
% (n), n=158

Headache 16.1 (55) 12.2 (12) 12.7 (20)
Insomnia 7.6 (26) NR 1.9 (3)
Nausea 5.6 (19) 2 (2) 3.2 (5)
Weight increase 2.9 (10) NR 1.3 (2)
Anxiety 3.5 (12) 3.1 (3) NR
Depression 2.3 (8) 1 (1) NR
Vomiting 2.3 (8) NR NR
Irritability 3.2 (11) 3.1 (3) 0.6 (1)
Diarrhea 2 (7) 6.1 (6) 1.9 (3)
Dizziness 2.3 (8) 5.1 (5) 2.5 (4)
Back pain 2.3 (8) NR 0.6 (1)
Nasopharyngitis 2 (7) 6.1 (6) 0.6 (1)

Abbreviations: AE, adverse event; NR, not reported.

Figure 3 Most common adverse events (% of treated patients) reported for 
pitolisant, modafanil, and placebo pooled from all studies (insomnia was not reported 
for modafanil in pooled studies).
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respiratory depressants, or muscle relaxants, restrictions that 

are well known to sleep experts.62–64 Nevertheless, treatment 

options for NT1 and NT2 are inadequate and induce partial 

relief of symptoms.52

Pitolisant is a first-in-class drug acting as an antagonist/

inverse agonist of the H3Rs, and its mechanism of action is 

novel and distinctive compared to the currently available 

therapies. Very recently, the EMA recognized that the ben-

efits of pitolisant used to treat narcoleptic patients outweighed 

the risks and approved this drug for the treatment of NT1 

and NT2.34,44 As previously reported, pitolisant demonstrated 

efficacy on excessive daytime somnolence and cataplexy in 

short-term studies when compared with placebo.44

In addition, the anti-cataplectic effects were recently 

confirmed in a well-designed randomized, double-blind, 

placebo-controlled trial conducted in 105 patients suffering 

from narcolepsy with cataplexy; a reduction in the mean 

frequency of cataplexy was shown.43

Thus, pitolisant has been approved in the European Union 

as treatment of narcolepsy with and without cataplexy and 

recognized as an orphan drug by the EMA and US Food 

and Drug Administration. Pitolisant may be considered 

as a promising first-line option for daytime somnolence 

and cataplexy, even though the short-term duration of the 

studies, the lack of data demonstrating the non-inferiority 

of pitolisant versus active drugs and/or in case of failure 

or intolerance to alternative drugs (ie, modafinil, sodium 

oxybate, and methylphenidate) should be taken into account 

as well-recognized issues of rare diseases.43,48,65 Although 

the non-inferiority compared to modafinil, as measured by 

means of ESS score changes, failed to be demonstrated in 

pivotal studies, the historical comparison from six RCTs 

with modafinil, to which the Harmony I and Ibis studies 

were added, indicates that the effect of pitolisant on EDS 

in narcolepsy, when used up to 40 mg/day, is of the same 

degree as modafinil.34 Long-term efficacy data could not be 

obtained from Harmony III due to efficacy conclusions being 

biased by open design, no reference treatment, coexistence of 

drug-naïve and treated subjects, and the use of simultaneous 

psychostimulant drugs.34,44

However, the available data have allowed the approval of 

pitolisant for clinical use in a rare and orphan condition such 

as narcolepsy with and without cataplexy. As most narcolep-

tic patients treated with pitolisant were diagnosed based on 

the International Classification of Sleep Disorders, second 

edition criteria,66 the use of more recent and specific criteria 

should improve the quality of confirmatory studies regarding 

the effect of pitolisant on cataplexy and EDS.19

Further long-term RCTs comparing the effectiveness of 

pitolisant with active drugs (modafinil, sodium oxybate) are 

strongly called for to clarify its real place in therapy and its 

probable utility as a first-line agent, considering its safe and 

tolerable profile.
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