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ABSTRACT

Background: Narcolepsy is a chronic sleep disorder characterized mainly by excessive daytime sleepiness (EDS)
and cataplexy in the case of narcolepsy type 1 (NT1). Pitolisant is a histamine 3 receptor antagonist/inverse
agonist that reduces EDS and cataplexy in patients with narcolepsy.

Methods: We performed a prospective 5-year follow-up, non-interventional study of adults with NT1 and NT2
receiving pitolisant. The primary objectives were to collect information on the long-term safety of pitolisant and
analyze the utilization patterns of pitolisant. The secondary objectives were to assess clinical benefit, adherence,
impact on patients’ quality of life, disease burden, and patient satisfaction. We reported the results of an interim
analysis after 42.6 months.

Results: The population comprised 370 patients (mean age, 40 + 15 years; 51.4 % women; NT1, 71.4 %; NT2,
28.6 %); 364 received >1 dose of pitolisant. Data were available for 356 patients (97.8 %).

Most patients (68.4 %) had >1 comorbidity (obesity [BMI>30], 31.9 %; neuropsychiatric, 31 %; and cardio-
vascular, 22.8 %). Forty-eight patients (13.2 %) had received no prior narcoleptic treatment, while 98 (31 %)
were taking a previous therapy, which was switched to pitolisant. Treatment was combined with pitolisant in
218 (69 %) patients. Pitolisant was discontinued by 131 patients (35.4 %), mainly for safety reasons (14.3 %),
lack of response (8.7 %), and patient decision (7.6 %). Overall, 355 treatment-emergent adverse events (3
serious) were reported by 156 patients (42.9 % of safety population), with 218 possibly treatment-related (61.4
%) in 109 patients (29.9 %). Improvements were observed in EDS, cataplexy, and quality of life.

Conclusions: Pitolisant was generally safe and well tolerated in patients with NT1 and NT2 and can be used in
both types. Improvements were found in EDS, cataplexy, and quality of life, with good adherence and

satisfaction.

1. Introduction

Narcolepsy is a rare disabling sleep disorder classified by the Inter-
national Classification of Sleep Disorders-Third Edition into narcolepsy
type 1 (NT1) and narcolepsy type 2 (NT2) [1]. NT1 is characterized
clinically by excessive daytime sleepiness (EDS) and cataplexy, which is
defined as sudden loss of muscle tone triggered by positive emotions [2].
Other associated symptoms include sleep paralysis, hypnagogic and
hypnopompic hallucinations, and disturbed nighttime sleep. NT1 results
from the destruction of hypocretin/orexin neurons with absent or low
orexin levels (i.e., <110 pg/mL) in cerebrospinal fluid (CSF), possibly
caused by autoimmune mechanisms in genetically predisposed in-
dividuals [3,4]. NT2 patients share all the symptoms of those affected by
NT1, except cataplexy. The pathophysiology of NT2 remains unclear,
possibly because of the heterogeneous nature of the disease and vari-
ability in phenotypes [5]. All patients with NT2 exhibit CSF orexin levels
>110 pg/mL in the absence of cataplexy. Patients with narcolepsy often
experience comorbidities, such as metabolic disorders (e.g., over-
weight/obesity or type 2 diabetes), cardiovascular diseases [6-8], psy-
chiatric disorders (e.g., depression) [9], anxiety or eating disorders, and
sleep disorders (e.g., sleep apnea or restless legs syndrome) [10]. Of
note, most published studies focus on NT1 patients.

Management of narcolepsy includes behavioral strategies and phar-
macological therapies [11].

Pitolisant is a first-in-class pharmacological agent with wake-
promoting effects that acts presynaptically as a selective histamine H3
receptor inverse agonist, thereby activating mainly histaminergic
neurotransmission. Two evidence-based studies (Level 1) showed pito-
lisant to be effective in treating narcoleptic patients (with and without
cataplexy) and reducing EDS and cataplexy attacks [12,13]. The studies
showed pitolisant to be superior to placebo. The European Medicines
Agency (EMA)/Committee for Medicinal Products for Human Use
(CHMP) granted marketing authorization for pitolisant in adults in 2016
and in children aged >6 years in 2023 [14,15].

As long-term data on the drug’s safety and efficacy remained limited,
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the CHMP requested the marketing authorization holder to carry out a
post-authorization safety study (PASS) on pitolisant as a condition of
marketing authorization for pitolisant in narcolepsy with or without
cataplexy in adults.

This PASS is a 5-year European, multicenter (Italy, France, Germany,
and the United Kingdom [UK]), non-interventional, open-label study
that enrolled patients initiating pitolisant for treatment of NT1 and NT2.
The first patient was included in December 2016 and the last patient in
October 2019, with a follow-up of 5 years.

The main objectives were to collect information on the long-term
safety of pitolisant in adults, including all reported adverse events
(AEs), and to document the use of pitolisant in routine medical practice
(patient characteristics, history of narcolepsy, previous treatments,
initiation, and changes in pitolisant, and concomitant treatments). The
secondary objectives were to assess the clinical benefit of treatment with
pitolisant in a real-life setting according to the physician, to assess health
care resource use due to narcolepsy in patients receiving pitolisant, to
measure adherence, to measure quality of life, and to assess narcolepsy
symptoms and satisfaction with treatment.

In this study, we presented the interim results from data collected in
this PASS between December 2016 and January 2022.

2. Material and methods
2.1. Study design and setting

The study was conducted in the 4 countries where pitolisant was first
launched, with 33 participating centers (14 in Italy, 13 in Germany, 5 in
France, and 1 in the UK). All investigators were sleep experts with broad
clinical expertise in the field of narcolepsy.

2.2. Participants and data sources

The study population comprised patients with NT1 or NT2. Patients
had to be aged >18 years and eligible for treatment with pitolisant.
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Eligible patients were prescribed the product by specialists based on
their clinical opinion and in line with the summary of product charac-
teristics and real-world disease management experience. At least 300
patients were expected to be enrolled and followed up for at least 5
years.

The study was performed in accordance with the principles of the
Declaration of Helsinki. The protocol and patient consent forms were
approved by the local institutional ethics committees (EU PASS register
number: ENCEPP/SDPP/13818). All patients provided their informed
consent before entering the study.

Study visits and questionnaires were scheduled at a minimum of 1
visit per year over the course of the study. Planned follow-up was 5 years
after inclusion. During the Covid-19 pandemic, the investigators con-
tacted patients by phone for medical assessment to identify AEs, changes
in the dose of pitolisant, and discontinuation. Data were collected using
an electronic case report form, which was completed by the in-
vestigators, and paper questionnaires, which were completed by the
patients at each visit. Data were analyzed by a dedicated contract
research organization (Kappa Santé, Paris, France).

2.3. Assessments

The data recorded for each patient were as follows: demographic
data, including age and sex; vital signs including heart rate and blood
pressure; weight and height; comorbidities, including cardiovascular
diseases, hypercholesterolemia, neurological or psychiatric diseases,
obstructive sleep apnea, renal impairment, diabetes, obesity, and auto-
immune diseases; and other comorbidities. All AEs were monitored,
including AEs of special cardiovascular or psychiatric interest, changes
in weight, and pregnancy. Concomitant medications were recorded,
specifically treatments for EDS and cataplexy.

We also recorded the following: diagnosis of NT1 or NT2; age at
diagnosis; disease duration; and symptoms at diagnosis (cataplexy, sleep
paralysis, hallucinations, automatic behaviors, and disrupted nocturnal
sleep). EDS was measured at inclusion using the translated, cross-
culturally adapted, and local language-validated versions of the
Epworth Sleepiness Scale (ESS), with a score >10 indicating the pres-
ence of EDS [16,17]. Depressive symptoms were assessed using the short
version of the Beck Depression Inventory (BDI-13) [18]. Patient quality
of life was evaluated using the EQ-5D-5L tool [19]. The effect of
sleepiness-related impairment on the ability to carry out daily and rec-
reational activities was assessed using the short version of the Functional
Outcomes of Sleep Questionnaire (FOSQ-10) [20]. The Clinical Global
Impression Severity scale (CGI-S) was applied independently to assess
the severity of EDS and cataplexy [21]. Narcolepsy symptoms were
assessed using the Narcolepsy Symptom Assessment Questionnaire
(NSAQ) [22], including the number of inadvertent naps or sleep attacks,
sleep quality, and cataplexy attacks. Patient satisfaction with treatment
was evaluated using a visual analog scale (VAS). Adherence to pitolisant
was measured via the 8-item Morisky Medication Adherence Scale-8
(MMAS-8) [23], which addresses associated concerns, such as forget-
ting to take medication or discontinuing medication without guidance.
A higher score indicates better adherence.

2.4. Statistical analyses

Continuous variables were expressed as mean + standard deviation
(SD) or median and interquartile range, as appropriate. Categorical
variables were presented as frequencies and percentages and compared
using the chi-squared test. Fisher’s exact test was conducted for a post
hoc analysis. Continuous variables were compared using a 1-way
ANOVA, with post hoc comparisons based on Tukey’s test. Appro-
priate corrections for multiple comparisons were applied to take account
of type 1 errors. Statistical significance was set at p < 0.05 for all ana-
lyses, which were performed using SAS (Version 9.4, SAS Institute,
North Carolina, USA).
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3. Results

A total of 370 patients were enrolled, including 192 in Italy, 143 in
Germany, 25 in France, and 10 in the UK. Of these, 6 did not receive any
pitolisant tablets and were excluded from the analysis. Therefore, the
safety population comprised 364 patients, 356 (97.8 %) of whom had at
least 1 follow-up contact (patient questionnaire or visit). Follow-up
visits were at 6 months and at 1, 2, 3, and 4 years, respectively, for
195, 207, 172, 100 and 23 patients. At the time of the interim analysis,
163 (44.8 %) patients had withdrawn from the study: 131 (36.0 %) due
to discontinuation of pitolisant (mainly because of tolerability [14.3 %]
or lack of response [8.7 %]) (Fig. 1).

The mean age at diagnosis of narcolepsy was 33.6 + 14.4 years, and
the mean time from diagnosis to study inclusion was 6.5 + 7.3 years.
The percentage of men and women was similar (48.6 % and 51.4 %,
respectively). Most patients were affected by NT1 (260 [71.4 %]), with
fewer than one-third affected by NT2 (104 [28.6 %]) (Table 1).

At baseline, the mean ESS score was 15.4 + 4.3. This was similar
between countries, reflecting moderate-to-severe EDS within the safety
population. Of note, ESS >16, i.e., corresponding to severe EDS, was
recorded in 49.7 % of patients. Based on the CGI-S, 196 patients (53.8 %)
were markedly to extremely ill. The CGI-S for cataplexy showed that
around one-quarter of the 260 NT1 patients were markedly to extremely
ill (Table 1).

The associated narcolepsy symptoms recorded at diagnosis
comprised sleep paralysis in 188 patients (51.6 %), hallucinations in 212
(58.2 %), automatic behavior in 166 (45.6 %), and disrupted nighttime
sleep in 247 (67.9 %).

Most patients (68.4 %) experienced at least 1 comorbid condition,
the most common being obesity (BMI >30 kg/mz) (31.9 %), psychiatric
disorders (31.0 % [depression, 16.5 %; and anxiety, 8.2 %]), and car-
diovascular disease (22.8 % [hypertension, 15.9 %]) (Table 1). The
proportion of patients affected by obesity was similar across the coun-
tries, while the frequency of depression was clearly higher in French
(28.0 %) and German (25.4 %) patients than in UK (10 %) or Italian (8.6
%) patients.

3.1. Pitolisant patterns of use

At inclusion, 48 patients (13.2 %)—mainly in Italy and Germa-
ny—were treatment-naive (i.e., not previously treated for narcolepsy).
For the 316 patients who had been treated previously for narcolepsy,
treatment was generally with psychostimulants in 295 (81 %) (mainly
modafinil [271 patients] and methylphenidate [55 patients]). Almost
one-third of patients received an antidepressant (118 [32.4 %]), mainly
venlafaxine (65 %), and 89 patients (24.5 %) received sodium oxybate.

At inclusion, 139 of the 364 patients (38.2 %) were receiving pito-
lisant in monotherapy, and 225 (61.8 %) were receiving at least 1
concomitant treatment for narcolepsy, consisting of 1 other narcolepsy
medication in 137 cases (37.7 %), 2 others in 70 (19.2 %), and >3 in 18
(4.9 %). The most commonly co-prescribed drugs at inclusion were
modafinil (38.2 %), antidepressants used as anticataplectic drugs (23.6
%), and sodium oxybate (17.3 %) (Table 2)

The target optimal daily dose of pitolisant was 18 mg/day in 56.9 %
and 36 mg/day in 37.4 % of patients. The dose of pitolisant was changed
at least once in 279 patients (78.4 %). This consisted of at least 1 dose
increase in 75 % and at least 1 dose decrease in 16 %. Concomitant
narcoleptic treatment was changed in 160 patients (44.9 %): 112 pa-
tients (31.5 %) added a new treatment for narcolepsy, mainly modafinil
(45 [12.6 %]), antidepressants (38 [10.7 %]), and sodium oxybate (28
[7.9 %]).

A total of 55 patients (15.5 %) discontinued a concomitant narco-
leptic drug (mainly modafinil in 34 patients). The dose was adjusted in
the same percentage (15.5 %), mainly affecting modafinil (31 patients
[8.7 %]) (Table 3).
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Population enrolled
(N=370)

Safety population
(n=364)

Patients excluded (n

End of study:
discontinuation
(n=163 [44.8%])

n=131 (36%) n=32 other reasons
Safety: 51 (14.3%) (loss to follow-up,
Lack of response: 31 (8.7%) relocation, followed

Patient decision: 27 (7.6%) by another physician)

Continuing follow-up
(n=201 [55.2%])

Fig. 1. Flow diagram at the time of the interim report (February 03, 2022).
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Table 1
Clinical and demographic characteristics of the study group.

UK France Germany Italy Population

(n=10) (n =25) (n=142) (n =187) (N = 364)
Time from narcolepsy diag. to inclusion (years), mean (+SD) 15.1 (+16.5) 7 (£9.2) 5.2 (£6.3) 7 (£6.6) 6.5 (£7.3)
Age at diagnosis (years), mean (+SD) 28.8 (£14.8) 31.5 (£12.3) 31.6 (£12.2) 35.6 (+15.9) 33.6 (£14.4)
Age at inclusion (years), mean (+SD) 43.8 (£19.6) 38.5 (£14.6) 36.8 (£12.5) 42.5 (£16.2) 40 (£15)
Male sex 6 (60 %) 10 (40 %) 65 (45.8 %) 96 (51.3 %) 177 (48.6 %)
Cataplexy 8 (80 %) 19 (76 %) 89 (62.7 %) 138 (73.8 %) 254 (69.8 %)
Diagnosis of narcolepsy type 1 8 (80 %) 20 (80 %) 89 (62.7 %) 143 (76.5 %) 260 (71.4 %)
ESS score [0-24], mean (+SD) 15.2 (+£3.6) 15.5 (+4.8) 15.6 (+4.1) 15.2 (+4.4) 15.4 (+4.3)
CGI-S of EDS at inclusion
Normal 0 (0 %) 0 (0 %) 3 (2.1 %) 2(1.1%) 5 (1.4 %)
Borderline, mildly, or moderate mentally ill 10 (100 %) 7 (28 %) 55 (38.7 %) 86 (45.9 %) 158 (43.4 %)
Markedly, severely, or extremely ill 0 (0 %) 18 (72 %) 83 (58.5 %) 94 (50.8 %) 196 (53.8 %)
Not assessed 0 (0 %) 0 (0 %) 1 (0.7 %) 4 (2.1 %) 5 (1.4 %)
CGI-S of cataplexy at inclusion
Normal 2 (25 %) 1056 %) 1(1.1%) 14 (9.8 %) 18 (6.9 %)
Borderline, mildly, or moderate mentally ill 6 (75 %) 12 (60 %) 43 (48.3 %) 87 (60.9 %) 138 (56,9 %)
Markedly, severely, or extremely ill 0 (0 %) 6 (30 %) 25 (28.1 %) 35 (24.5 %) 66 (25.5 %)
Not assessed 0 (0 %) 1 (5 %) 20 (22.4 %) 7 (4.9 %) 28 (10.8 %)
History of associated symptoms
Sleep paralysis 8 (80 %) 8 (32 %) 62 (43.7 %) 110 (58.8 %) 188 (51.6 %)
Hallucinations 5 (50 %) 12 (48 %) 76 (53.5 %) 119 (63.6 %) 212 (58.2 %)
Disrupted nighttime sleep 8 (80 %) 16 (64 %) 95 (66.9 %) 128 (68.4 %) 247 (67.9 %)
Automatic behavior 7 (70 %) 13 (52 %) 77 (54.2 %) 69 (36.9 %) 166 (45.6 %)
Comorbidity (at least 1 of any type) 5 (50 %) 19 (76 %) 105 (73.9 %) 120 (64.2 %) 249 (68.4 %)
Cardiovascular disease 1(10 %) 1 (4 %) 31 (29.5 %) 50 (26.7 %) 83 (22.8 %)
Coronary insufficiency 0 (0 %) 0 (0 %) 2 (1.4 %) 0 (0 %) 2 (0.5 %)
Cardiac insufficiency 0 (0 %) 0 (0 %) 1 (0.7 %) 3 (1.6 %) 4 (1.1 %)
Arrhythmia 1(10 %) 0 (0 %) 2 (1.4 %) 10 (5.3 %) 13 (3.6 %)
Hypertension 0 (0 %) 1 (4 %) 26 (18.3 %) 31 (16.6 %) 58 (15.9 %)
Other cardiac and vascular disorders 0 (0 %) 0 (0 %) 0 (0 %) 6 (3.2 %) 6 (1.6 %)
Neuropsychiatric disease 3 (30 %) 11 (44 %) 52 (36.6 %) 47 (25.1 %) 113 (31 %)
Depression 1(10 %) 7 (28 %) 36 (25.4 %) 16 (8.6 %) 60 (16.5 %)
Anxiety 2 (20 %) 5 (20 %) 12 (8.5 %) 11 (5.9 %) 30 (8.2 %)
Epilepsy 0 (0 %) 1 (4 %) 3 (2.1 %) 9 (4.8 %) 13 (3.6 %)
Other 2 (20 %) 0 (0 %) 14 (9.8 %) 23 (12.3 %) 39 (10.7 %)
Sleep apnea 1 (10 %) 7 (28 %) 21 (14.8 %) 34 (18.2 %) 63 (17.3 %)
Renal impairment 1 (10 %) 0 (0 %) 0 (0 %) 0 (0 %) 1 (0.3 %)
Hepatic impairment 0 (0 %) 0 (0 %) 1 (0.7 %) 1 (0.5 %) 2 (0.5 %)
Hypercholesterolemia 0 (0 %) 2 (8 %) 10 (7 %) 29 (15.5 %) 41 (11.3 %)
Diabetes 0 (0 %) 0 (0 %) 5 (3.5 %) 14 (7.5 %) 19 (5.2 %)
Obesity (BMI > 30) 2 (20 %) 6 (24 %) 47 (33.1 %) 61 (32.6 %) 116 (31.9 %)
Autoimmune disease 0 (0 %) 2 (8 %) 7 (4.9 %) 11 (5.9 %) 20 (5.5 %)
Other 1 (10 %) 4 (16 %) 23 (16.2 %) 34 (18.2 %) 62 (17 %)

ESS, Epworth Sleepiness Scale; CGI-S, Clinical Global Impression Severity Scale; BMI, body mass index.
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Table 2

Concomitant medications for narcolepsy at inclusion (safety population).
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UK (n = 10) France (n = 25) Germany (n = 142) Italy (n = 187) Safety population (N = 364)
At least 1 treatment for narcolepsy Yes 8 (80 %) 11 (44 %) 82 (57.7 %) 124 (66.3 %) 225 (61.8 %)"
Treatments for cataplexy” Antidepressants 4 (40 %) 4 (16 %) 35 (24.6 %) 43 (23 %) 86 (23.6 %)
Treatments for EDS and cataplexy Xyrem (sodium oxybate) 4 (40 %) 1 (4 %) 14 (9.9 %) 44 (23.5 %) 63 (17.3 %)
Treatments for EDS At least one 7 (70 %) 8 (32 %) 58 (40.8 %) 91 (48.7 %) 164 (45.1 %)
Modafinil 3 (30 %) 7 (28 %) 39 (27.5 %) 90 (48.1 %) 139 (38.2 %)
Methylphenidate 1(10 %) 1(4 %) 21 (14.8 %) 1 (0.5 %) 24 (6.6 %)
Other” 3 (30 %) 0 (0 %) 11 (7.7 %) 4 (2.1 %) 18 (4.8 %)
Number of concomitant treatments 0 2 (20 %) 14 (56 %) 60 (42.3 %) 63 (33.7 %) 139 (38.2 %)
1 4 (40 %) 9 (36 %) 50 (35.1 %) 74 (39.6 %) 137 (37.7 %)
2 1 (10 %) 2 (8 %) 25 (17.6 %) 42 (22.5 %) 70 (19.2 %)
>3 3 (30 %) 0 (0 %) 7 (4.9 %) 8 (4.3 %) 18 (4.9 %)

@ 225 patients with concomitant narcoleptic treatment(s) at initiation of Wakix® versus n = 218 patients with Wakix® as add-on because 7 patients had new therapy

for narcolepsy initiated at baseline.

b Other treatments: psychostimulants (caffeine, fenethylline, piracetam)/Treatment for insomnia (melatonin, amphetamine: lormetazepam, promethazine, zolpi-

dem, zopiclone).

Table 3

Follow-up: change in dose and concomitant treatments for narcolepsy (safety population).

UK (n = France (n = Germany (n = Italy (n = Safety population (N
10) 25) 142) 187) = 364)
Patients with at least 1 change:
Pitolisant daily dose change Yes 9 (90 %) 17 (77.3 %) 80 (58 %) 173 (93 %) 279 (78.4 %)
Dose increase Yes 9 (90 %) 17 (77.3 %) 71 (51.4 %) 170 (91.4 267 (75 %)
%)
Dose decrease Yes 5 (50 %) 4(18.2%) 19 (13.8 %) 29 (15.6 %) 57 (16 %)
At least 1 change in concomitant narcoleptic Yes 4 4(18.2 %) 54 (38.8 %) 98 (53 %) 160 (44.9 %)
treatments with pitolisant
At least 1 dose change Yes 3 (30 %) 1 (4.5 %) 14 (10.1 %) 37 (20 %) 55 (15.5 %)
Type of treatment modified Antidepressants 0 (0 %) 0 (0 %) 6 (4.3 %) 5 (2.7 %) 11 (3.1 %)
Sodium oxybate 1 (10 %) 0 (0 %) 3(2.2%) 12 (6.5 %) 16 (4.5 %)
At least 1 treatment for 2 (20 %) 1 (4.5 %) 8 (5.8 %) 25 (13.5 %) 36 (10.1 %)
EDS
Modafinil 1 (10 %) 1 (4.5 %) 5 (3.6 %) 24 (13 %) 31 (8.7 %)
Methylphenidate 1 (10 %) 0 (0 %) 1 (0.7 %) 0 (0 %) 2 (0.6 %)
Other 0 (0 %) 0 (0 %) 3(2.1%) 1 (0.5 %) 4 (0.9 %)
At least 1 discontinuation Yes 2 (20 %) 0 (0 %) 16 (11.6 %) 37 (20 %) 55 (15.5 %)
Type of treatment stopped Antidepressants 1 (10 %) 0 (0 %) 7 (5 %) 5 (2.7 %) 13 (3.7 %)
Sodium oxybate 0 (0 %) 0 (0 %) 9 (6.5 %) 19 (10.3 %) 28 (7.9 %)
At least 1 treatment for 2 (20 %) 0 (0 %) 9 (6.5 %) 28 (151%) 39 (11 %)
EDS
Modafinil 1 (10 %) 0 (0 %) 8 (5.8 %) 25 (13.5%) 34 (9.6 %)
Methylphenidate 1 (10 %) 0 (0 %) 2 (1.4 %) 0 (0 %) 3 (0.8 %)
Other 0 (0 %) 0 (0 %) 3(2.71 %) 3(1.6 %) 6 (1.7 %)
At least 1 addition Yes 1 (10 %) 4(18.2%) 44 (31.7 %) 63 (34.1%) 112 (31.5 %)
Type of treatment added Antidepressants 1 (10 %) 1 (4.5 %) 17 (12.2 %) 19 (10.3%) 38 (10.7 %)
Sodium oxybate) 0 (0 %) 0 (0 %) 9 (6.5 %) 19 (10.3 %) 28 (7.9 %)
At least 1 treatment for 0 (0 %) 3(13.6 %) 29 (20.9 %) 39(21.1%) 71 (19.9 %)
EDS
Modafinil 0 (0 %) 1 (4.5 %) 16 (11.5 %) 28 (15.1 %) 45 (12.6 %)
Methylphenidate 0 (0 %) 1 (4.5 %) 7 (5 %) 0 (0 %) 8(2.2%)
Others 0 (0 %) 1 (4.5 %) 10 (7.1 %) 11 (5.9 %) 22 (6.2 %)

1/Possible anticataplectic: selective serotonin reuptake inhibitors (SSRIs): citalopram, escitalopram, sertraline, paroxetine, fluoxetine, zimelidine, dapoxetine,
fluvoxamine/Non-selective serotonin reuptake inhibitor (nSSRIs): clomipramine, trimipramine, amitriptyline, amineptine, imipramine/Serotonin-norepinephrine
reuptake inhibitors (SNRIs): venlafaxine/Norepinephrine reuptake inhibitors (NRIs): reboxetine/Other antidepressant treatment: duloxetine, agomelatine, bupro-
pion, mirtazapine, moclobemide, opipramol, trazodone, vortioxetine
2/Treatment for EDS: Amphetamine: dexamphetamine, lisdexamfetamine/Other psychostimulant treatments: caffeine, fenethylline, piracetam/Treatment for
insomnia: melatonin, lormetazepam, promethazine, zolpidem, zopiclone.
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3.2. Adverse events

From initiation of pitolisant, 355 treatment-emergent AEs (TEAEs)
were reported by 156 patients (42.9 %), including 54 (38.0 %) in Ger-
many, 82 (43.9 %) in Italy, 11 (44.0 %) in France, and 9 (90.0 %) in the
UK. In 109 patients (29.9 %), 218 TEAEs were considered possibly/
likely pitolisant-related (Table 4). The most frequent related TEAEs,
listed by order of frequency, were insomnia (9.4 %), headache (5.5 %),
nausea (3.6 %), anxiety (2.7 %), increased weight (1.6 %), and irrita-
bility, dizziness, depression, and migraine (1.4 % each), as well as
nervousness, nightmare, tremor, and hyperhidrosis (1.1 % each).

It is noteworthy that no withdrawal symptoms were reported after
temporary or permanent discontinuation of pitolisant.

3.2.1. Serious adverse events

Nineteen serious TEAEs (SAEs) were reported in 16 patients; only 3
SAEs in 2 patients were possibly related to pitolisant. In the first patient,
the 2 SAEs reported consisted of sinus tachycardia and chest discomfort.
Both were judged possibly pitolisant-related, as the patient recovered
after permanent discontinuation of pitolisant. The second patient with a
possibly pitolisant-related SAE was hospitalized owing to acute arterial
hypertension considered to be of moderate intensity. Therefore, pitoli-
sant was discontinued, and the patient recovered (Table 4).

Two patients died during the study. Both had cardiometabolic dis-
orders, and their death was deemed unrelated to pitolisant by the in-
vestigators (pulmonary edema in the first and stomachache associated
with mild fever in the second). An extensive listing of all AEs, including
TEAEs, SAEs, and AEs leading to temporary or permanent discontinua-
tion of pitolisant is provided in Table 5.

3.2.2. Adverse events of special interest

Blood pressure and heart rate parameters remained stable at all
timepoints (Fig. 2).

Psychiatric AEs were among the most commonly reported AEs and
included insomnia in 8 % (n = 29) and anxiety in 2.7 % (n = 10).

At baseline, 31.9 % of patients with narcolepsy were obese, and 29.1
% were overweight.

Regarding changes in weight at year 1, we found that 5.0 % of pa-
tients had lost weight (defined as a change >10 % from baseline) and
7.5 % had gained weight (defined as a change >10 % from baseline). At
year 2, 7.7 % of patients had lost weight and 11.5 % had gained weight.
At year 3, weight gain was reported in 13.3 % of patients, including 17.1

Table 4
Occurrence of TEAEs during treatment with pitolisant (safety population, sta-
tistical unit = patient).

Patients with at least 1: UK France Germany Italy Safety
population
n= n= n=142) (@@= (N = 364)
10) 25) 187)
TEAE 9 11 (44 54 (38 82 156 (42.9
(90 %) %) (43.9 %)
%) %)
Serious TEAE 0(0 0(0%) 6(42% 10 16 (4.4 %)
%) 5.3
%)
Related serious TEAE 0(0 00% 2(01.4%) 0( 2 (0.5 %)
%) %)

Related TEAE 9 9 (36 39 (27.5 52 109 (29.9
(relationship = (90 %) %) 27.8 %)
related/likely or %) %)
possible)

Related TEAE leading 4 4 (16 20 (14.1 17 45 (12.4 %)
to permanent (40 %) %) ©.1
discontinuation %) %)

TEAE leading to death 0 (0 0(0%) 0(0%) 2(1.1 2 (0.5 %)

%) %)

TEAE, treatment-emergent adverse event.
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%, 12.5 %, and 10 % of patients with normal BMI, overweight and
obesity at baseline. Weight loss was reported in 5.6 % of patients,
including 4.2 % and 13.3 % of patients with overweight and obesity, and
none with normal weight at baseline. Moreover, among patients with
NT1, 36.1 % were obese, and 29.4 % were overweight at baseline; in
those with NT2, 23.3 % were obese and 30.1 % overweight at baseline.
At year 3, weight was reported to be stable in 82.2 % of patients with
NT1 and in 76.5 % of patients with NT2. Weight loss was reported in 5.5
% of patients with NT1 and 5.9 % of patients with NT2. Weight
increased in 12.3 % of patients with NT1 and 17.6 % of patients with
NT2. After year 3, 29 % of patients were also receiving antidepressants
as anticataplectic drugs. At year 3, weight gain was reported in 18.5 %
and weight loss in 3.7 % of patients receiving antidepressants as anti-
cataplectic drugs and in 11.1 % and 6.3 %, respectively, of those who
were not.

One woman became pregnant during the study, resulting in a normal
delivery, with a healthy child at the 2.4-year follow-up. She did not use
any oral contraception and had been exposed to pitolisant in mono-
therapy for 3 months. She stopped Wakix after the first trimester.

3.3. Clinical benefits

Among the 305 patients with at least 1 follow-up visit, the mean ESS
score decreased from 15.3 at baseline to 11.9 at month 6, 11.6 at year 1,
10.8 at year 2, and 10.5 at year 3 (Fig. 3). The present article does not
provide results at 4 years owing to the low amount of data available (n
= 23).

The improvement in EDS over baseline based on the CGI as assessed
by the investigator was as follows: 84.5 % at year 1, 91.3 % at year 2,
and 81 % at year 3. No change was recorded in 25 patients (12.8 %) at
month 6, in 20 patients (9.7 %) at year 1, in 8 patients (4.7 %) at year 2,
and in 10 patients (10 %) at year 3. EDS worsened in 9 patients (4.6 %)
at month 6, in 9 patients (4.3 %) at year 1, in 6 patients (3.5 %) at year 2,
and in 9 patients (9 %) at year 3. Among the 209 NT1 patients with at
least 1 follow-up visit, the improvement in the CGI score for cataplexy
was as follows: 66 % of patients at year 1, 71.4 % at year 2, and 67.1 % at
year 3.

Among the 277 patients who completed the BDI at baseline and had
at least 1 follow-up visit, the mean baseline score was 7.5, with 27.4 % of
patients with moderate depressive symptoms [8<BDI score<15] and
14.1 % with severe depressive symptoms [BDI score >16]. Moderate and
severe depressive symptoms were reported at baseline in 32.2 % and
11.2 % of patients with NT1 and in 28.9 % and 18.6 % of patients with
NT2. The mean BDI score decreased from 7.5 to 5.6, 5.3, and 4.7 after
year 1, 2, and 3, respectively. The proportion of patients with moderate
or severe depressive symptoms (BDI score >8) decreased from 41.5 % at
baseline to 22.5 % after year 3 with pitolisant (Table 6). Moreover, after
year 3, moderate and severe depressive symptoms were recorded in 4.8
% and 17.7 % of patients with narcolepsy, in 5.8 % and 15.4 % of pa-
tients with NT1, and in 0 % and 30 % of patients with NT2. Among
patients also receiving antidepressants as anticataplectic drugs at year 3
(29 % of the global population), 47.4 % and 5.3 % had moderate and
severe depressive symptoms compared to only 4.7 % and 4.7 %,
respectively, of those who were not receiving these drugs.

Concerning quality of life, the mean EQ-5D-5L VAS score improved
by 12.3 points after 3 years with pitolisant (Table 6). In usual daily
activities, the proportion of patients with no problems increased from
39.1 % at baseline to 72.6 % at year 3. Moreover, the percentage of
patients without anxiety/depression increased from 46.0 % at baseline
to 74.2 % at 3 years; the percentage of patients with no pain/discomfort
increased from 58.3 % at baseline to 69.4 % at 3 years (Fig. 4).

Disease burden was evaluated at baseline and during follow-up using
the FOSQ-10 questionnaire, which yielded a total score ranging from 5
to 20 (a lower score indicating more difficulties). Compared to baseline,
the mean score for disease burden increased by 1.5 during the first year,
1.8 during the second, and 2.6 during the third year (Table 6).
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Table 5
Description of TEAEs and serious TEAEs.
Unit = AE® All AE (N All TEAE Serious TEAE ~ TEAE —temporary TEAE -permanent Fatal TEAE
= 357) (N = 355) (n=19) interruption of pitolisant (n discontinuation of pitolisant (n (n=2)
=12) =81)
SOC term Psychiatric disorders 114 (31.9 113 (31.8 3(15.8 %) 3 (25 %) 39 (48.1 %) 0 (0 %)
(MedDRA %) %)
v21.0)
Nervous system disorders 67 (18.8 66 (18.6 2(10.5 %) 4 (33.3 %) 18 (22.2 %) 0 (0 %)
0/0) 0/0)
Gastrointestinal disorders 44 (12.3 44 (12.4 2 (10.5 %) 2 (16.7 %) 11 (13.6 %) 1 (50 %)
%) %)
Musculoskeletal and 21(5.9%) 21 (5.9%) 2(10.5 %) 0 (0 %) 1 (1.2 %) 0 (0 %)

connective tissue disorders

AE: adverse event; TEAE: treatment-emergent adverse event; SOC: system organ class.

2 Numbers of AEs cannot be summed in each column and each line.

Systolic and diastolic blood pressure and heart rate

125,2
[*132]
140

during the study

126
[+14,6]

1251
[ 13,1]

1254
[£10,9]

124,8
[£10,7]

120

100

80

73,4
[+ 10,5]

60

S

741
[+10,1]

73,6
- [+84]

75,2
[+ 9]

40

20

Baseline (N=305) 6 months (n=195)

e SBP (MmHg)

1 year (N=207)

» DBP (mmHg)

2 years (N=172) 3 years (N=100)

e Heart rate (bpm)

Fig. 2. Systolic and diastolic blood pressure and heart rate during the study.

Most patients who self-completed the questionnaires during follow-
up reported an overall improvement in narcolepsy symptoms accord-
ing to the NSAQ, particularly in terms of inadvertent naps, cataplexy
attacks for those with NT1, and other symptoms (Table 6). The pro-
portion of patients with 3 or more inadvertent naps or sleep attacks
decreased from 46.5 % at baseline to 11.5 % at year 3. The proportion of
patients experiencing sleepiness classed as severe decreased from 32.5 %
at baseline to 6.6 % after 3 years. According to the self-assessment
questionnaires NSAQ, the proportion of patients with no cataplexy at-
tacks in the previous week was greater at 3 years (68.9 %) than at
baseline (47.8 %), and similar findings were recorded for most other
narcoleptic symptoms during follow-up.

3.4. Adherence to pitolisant

The median MMAS-8 score based on self-completed questionnaires
remained stable throughout the study, with a median of between 7 and
8. The percentage of patients with good adherence (MMAS-8 >6) tended
to increase, from 77.8 % at month 6-90.2 % at year 3 (Table 7).

4. Discussion
We performed an interim analysis as part of a prospective, non-

interventional PASS to assess the clinical characteristics, safety, and
efficacy of pitolisant. Our data confirmed pitolisant to be safe and well-
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tolerated in patients with NT1 and NT2, with sustained improvements in
EDS and cataplexy and no new safety signals. A total of 201 patients
(55.2 %) remain under study at the time of the present report.

The baseline characteristics of our cohort are similar to those of other
narcolepsy cohorts, with a mean age of 40 (+£15) years at baseline (31.6
at diagnosis) and almost three-quarters of patients with NT1 (71.4 %)
[24,25] and common associated symptoms, including disturbed night-
time sleep (67.9 %), hallucinations (58.2 %), and sleep paralysis (51.6
%) [26]. We recorded a low drug-related SAE rate (0.5 % of patients)
and a low AE-related treatment discontinuation rate (12.4 % of pa-
tients), with the most common AEs being non-serious, including
insomnia, headache, and nausea. These data are in line with those of
previous reports, with no new safety concerns [27].

At baseline, a high proportion of patients had obesity (116 [31.9 %]),
sleep apnea (63 [17.3 %]), or diabetes (19 [5.2 %]), all of which are
known to enhance cardiovascular risk. This finding reflects current
knowledge in the field of narcolepsy. An interesting finding emerging
from our PASS cohort was that, after a median of 42.6 months of follow-
up, cardiovascular parameters seem to remain stable, indicating that
pitolisant could be a treatment of interest for narcoleptic patients at risk
of cardiovascular comorbidities [7,8,28].

Patients with narcolepsy were more likely to be obese and over-
weight (61 % at baseline, 65.5 % in NT1, and 53.4 % in NT2). However,
after 3 years of treatment with pitolisant, weight remained stable in
most patients with NT1 and in patients with NT2, while only 5.6 % of
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Mean ESS and responders (ESS < 10) during the study
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Fig. 3. Mean ESS and responders (ESS <10) during the study
No 4-year results are presented owing to the low amount of data available.

Table 6

Clinical benefit of pitolisant in terms of ESS (safety population) with at least 1 follow-up visit and clinical benefit in terms of BDI, quality of life (EQ-5D-5L), and disease
burden (FOSQ-10) and assessment of narcolepsy symptoms (at least 1 self-administered follow-up questionnaire completed).

According to self-assessment questionnaire Baseline
(N = 305)
ESS score Mean (+SD) 15.3 (+4.1)
According to self-assessment questionnaire Baseline
(N =277)

BDI score [0-39]° Mean (+SD) 7.5 (+6.5)
BDI score categories None or minimal [0-4] 115 (41.5 %)

Mild [5-7] 47 (17 %)

Moderate [8-15] 76 (27.4 %)

Severe [16-39] 39 (14.1 %)
EQ-5D-5L visual analog scale - Health ~ Mean (£SD) 63.3 (£20.6)
Total FOSQ-10 score [5-20]" Mean (+SD) 13.4 (+3.5)
Total number of cataplexy attacks None 130 (47.8 %)

1to 10 107 (39.3 %)

>10 35 (12.9 %)
Number of inadvertent naps or sleep None 34 (12.4 %)
attacks each day

lor2 113 (41.1 %)

3 or more 128 (46.5 %)
Severe daytime sleepiness Severe 89 (32.5 %)
Quality of sleep at night, on average® Good and very good 76 (27.7 %)

Average 85 (30.9 %)

Poor or very poor 114 (40.5 %)

6 months [3-9 m]
(N =195)

11.9 (+5.6)

6 months [3-9 m]
(N = 249)

5.8 (£5.9)

131 (53 %)

44 (17.8 %)

54 (21.9 %)

18 (7.3 %)

70.1 (£17.3)

14.7 (+£3.4)

149 (60.3 %)

78 (31.6 %)

20 (8.1 %)

44 (17.7 %)

133 (53.6 %)
71 (28.6 %)
36 (14.5 %)
93 (37.5 %)
86 (34.7 %)
69 (27.9 %)

1 year [9-18 m]
(N = 207)

11.6 (+4.9)

1 year [9-18 m]
(N =188)

5.6 (£6.3)

106 (57.9 %)

27 (14.8 %)

28 (15.3 %)

22 (12 %)

70.6 (+£15.9)
14.9 (£3.5)

123 (66.1 %)

50 (26.9 %)

13 (7.0 %)

38 (20.4 %)

89 (47.8 %)
59 (31.7 %)
21 (11.2 %)
62 (33.1 %)
73 (39 %)

52 (27.8 %)

2 years [18-30 m]
(N =172)

10.8 (+4.4)

2 years [18-30 m]
(N =112)

5.3 (£5.7)

58 (52.7 %)

22 (20 %)

25 (22.7 %)

5 (4.5 %)

73 (+£16.2)

15.2 (£3.4)

73 (66.4 %)

33 (30 %)

4 (3.6 %)

27 (25 %)

58 (53.7 %)
23 (21.3 %)
11 (10.1 %)
44 (40.4 %)
40 (36.7 %)
25 (22.9 %)

3 years [30-42 m]
(N =100)

10.5 (+4.7)

3 years [30-42 m]
(N =62)

4.7 (£5.3)

39 (62.9 %)

9 (14.5 %)

11 (17.7 %)

3 (4.8 %)

75.6 (+£19.1)

16 (£3.3)

42 (68.9 %)

18 (29.5 %)

1(1.6 %)

25 (41 %)

29 (47.5 %)
7 (11.5 %)
4 (6.6 %)
28 (45.9 %)
21 (34.4 %)
12 (19.7 %)

No 4-year results are presented owing to the low amount of data available.

ESS, Epworth Sleepiness Scale; BDI, Beck Depression Inventory; EQ-5D-5L, EuroQol, 5-dimension, 5-level; FOSQ-10, Functional Outcomes of Sleep Questionnaire

(short form).

@ BDI: Higher total scores indicate more severe depressive symptoms; Score >8: moderate-to-severe depression.

Y FOSQ 10: Lower scores indicate patients with more difficulties.

¢ Assessed using the Narcolepsy Symptom Assessment Questionnaire (quality of sleep graded as very good, good, average, poor, and very poor).

patients lost weight and 13.5 % gained weight. The weight gains were
reported in patients with normal BMI, in overweight and obese patients,
in patients with NT1 and NT2, and, especially, in those co-treated with
antidepressants as anticataplectic drugs. In contrast, weight loss was
most common in obese patients, in both patients with NT1 and patients

with NT2. No effect of antidepressants used as anticataplectic drugs was

observed.

The target optimal dose of 36 mg/d was reached by 37.4 % of pa-
tients, suggesting that physicians are cautious in the use of the maximum
daily dosage when the drug is first marketed and indicating that the dose
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Quality of life (EQ-5D-5L) of patients with Wakix® treatment
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Fig. 4. Proportion of patients without problems according to EQ-5D-5L subscale (quality of life) at baseline and throughout treatment with pitolisant

No 4-year results are presented owing to the low amount of data available.

Table 7
Adherence to Wakix®: patients with self-administered questionnaire completed.

According to patients 6 months [3-9 m] (N =

1 year [9-18 m] (N = 2 years [18-30 m] (N = 3 years [30-42 m] (N =

249) 188) 112) 62)
MMAS-8 score [0-8] Mean (+SD) 6.7 (£1.3) 6.8 (+£1.2) 7.1 (£1.1) 7.3 (£1.1)
Median 7 7 7.8 8
MMAS-8 score Low adherence: score <6 55 (22.2 %) 37 (19.7 %) 16 (14.3 %) 6 (9.8 %)

(categories) Medium adherence: 118(47.6 %)
[6-8]
High adherence: score = 75 (30.2 %)
8

91 (48.4 %) 43 (38.4 %) 17 (27.9 %)

60 (31.9 %) 53 (47.3 %) 38 (62.3 %)

No 4-year results are presented owing to the low amount of data available.
MMAS-8, 8-item Morisky Medication Adherence Scale.

can be increased to 36 mg.

No typical withdrawal symptoms were detected upon abrupt
discontinuation of pitolisant [29].

Our real-world data confirm the observations of previous clinical
studies, revealing no abuse potential for pitolisant [27,29]. Therefore,
pitolisant is the only drug approved for the treatment of narcolepsy in
the United States that does not appear on the list of controlled sub-
stances. This may be explained by the mode of action of pitolisant, which
increases the activity of brain histaminergic neurons but does not in-
crease dopamine levels in the nucleus accumbens. By blocking the H3
receptor, pitolisant increases histaminergic release in a dose-dependent
manner; it is the first H3 receptor inverse agonist proposed for use in
clinical practice [30].

Our long-term follow-up data clearly revealed improved ESS scores
after initiation of pitolisant in the form of a reduction in EDS, with the
mean ESS score decreasing from 15.3 at baseline to 10.5 at 3 years.
Cataplexy attacks also improved among affected participants. At base-
line, depressive symptoms considered moderate or severe according to
the BDI score were reported in 43.4 % of patients with NT1 and in 47.5
% of patients with NT2. However, after 3 years of treatment with pito-
lisant, moderate or severe depressive symptoms were found in 21.2 % of
patients with NT1 and 30 % of patients with NT2. In addition, the per-
centage of patients with moderate or severe depressive symptoms
decreased from 41.5 % at baseline to 22.5 % at year 3. We found that, in
addition to pitolisant, 29 % of patients were receiving antidepressants
administered as anticataplectic drugs at year 3, with 52.7 % having
moderate or severe depressive symptoms compared to 9.4 % in those
who did not receive this treatment. Previous reports of similar
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associations suggest that prescription of antidepressant drugs at the
doses recommended for management of cataplexy were not effective in
treating depressive symptoms [31].

Patient quality of life according to the EQ-5D-5L improved, espe-
cially in the most commonly affected dimensions such as usual activities
and anxiety. Disease burden according to the FOSQ-10 also improved.

At inclusion, we found combination therapy to be common in the
management of narcolepsy, as reported in 61.8 % of our cases, with
modafinil (38.2 %), antidepressants applied as anticataplectics (23.6 %),
and sodium oxybate (17.3 %) being the most commonly prescribed
concomitant drugs. Polytherapy with different modes of action is often
prescribed to better control the symptoms and severity of narcolepsy
[32].

Our study is subject to a series of limitations, including the number of
patients discontinuing the study, the lack of a comparator group, the use
of concomitant treatments, and changes in dose. The data were collected
from major national sleep centers with broad experience and expertise
in narcolepsy research. Therefore, our findings are from a real-life,
observational study based on routine practice [33], in which we bring
new data with a longer follow-up than the HARMONY III study [27]. We
confirm that pitolisant is well tolerated and useful and can improve EDS
in both narcolepsy and cataplexy.

5. Conclusions
This PASS provides extensive clinical safety and efficacy data from a

large cohort of narcoleptic patients treated in 4 different countries in
Europe. Our results further support clinical data, with no new safety
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signals. Therefore, we can confirm that pitolisant is safe for real-world
treatment of narcolepsy.
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