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Abstract
Introduction Narcolepsy is a chronic and rare hypersomnia of central origin characterized by excessive daytime sleepiness 
and a complex array of symptoms as well as by several medical comorbidities. With growing pharmacological options, 
polytherapy may increase the possibility of a patient-centered management of narcolepsy symptoms. The aims of our study 
are to describe a large cohort of Italian patients with narcolepsy who were candidates for pitolisant treatment and to compare 
patients’ subgroups based on current drug prescription (drug-naïve patients in whom pitolisant was the first-choice treatment, 
switching to pitolisant from other monotherapy treatments, and adding on in polytherapy).
Methods We conducted a cross-sectional survey based on Italian data from the inclusion visits of the Post Authorization 
Safety Study of pitolisant, a 5-year observational, multicenter, international study.
Results One hundred ninety-one patients were enrolled (76.4% with narcolepsy type 1 and 23.6% with narcolepsy type 2). 
Most patients (63.4%) presented at least one comorbidity, mainly cardiovascular and psychiatric. Pitolisant was prescribed 
as an add-on treatment in 120/191 patients (62.8%), as switch from other therapies in 42/191 (22.0%), and as a first-line 
treatment in 29/191 (15.2%). Drug-naive patients presented more severe sleepiness, lower functional status, and a higher 
incidence of depressive symptoms.
Conclusion Our study presents the picture of a large cohort of Italian patients with narcolepsy who were prescribed with 
pitolisant, suggesting that polytherapy is highly frequent to tailor a patient-centered approach.

Keywords Polytherapy · Combined therapy · Pitolisant · Treatment · Sleepiness · Sleep

Introduction

Narcolepsy is a life-long disabling neurological disorder 
characterized by excessive daytime sleepiness (EDS) with 
REM sleep occurring at sleep onset (SOREMP) and other 
dissociated REM-sleep/wake symptoms including cataplexy 

and nocturnal sleep disruption. Narcolepsy includes two dif-
ferent disease entities, narcolepsy type 1 (NT1) and type 2 
(NT2). NT1 is a well-defined disease entity due to loss of 
orexin-producing neurons of the lateral hypothalamus, most 
probably of autoimmune origin, and it is associated with cat-
aplexy and/or low or absent cerebrospinal fluid (CSF) orexin 
levels [1]. Conversely, NT2 is a less defined disease entity 
sharing with NT1 the high sleep propensity with SOREMPs, 
but in the absence of cataplexy and with evidence (if lumbar 
puncture is performed) of normal CSF orexin levels.

Comorbid psychiatric disorders, such as mood distur-
bances, attention-deficit/hyperactivity disorder, eating disor-
ders, and anxiety, increase the burden of narcolepsy patients 
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and contribute to a more severe disease burden [2]. Narco-
lepsy patients suffer also from severe cardiovascular comor-
bidity, and it is unknown to which extent the disease per se 
and the long-term pharmacological treatments increase the 
risk of acute vascular events, calling for a regular assessment 
of cardiovascular health [3].

As for numerous rare diseases, underdiagnosis or late and 
even misdiagnosis are common, with diagnostic delay reach-
ing up to 14 years [4, 5], with negative consequences on 
patients’ wellbeing and health during diagnostic delay: lower 
quality of life, psychological distress, higher unemployment, 
and increased road accident risk [6].

Although NT1 symptoms arise primarily from a loss of 
orexin neurons in the lateral hypothalamus, the involvement 
of neural circuits, including histaminergic, noradrenergic, 
dopaminergic, and serotoninergic pathways, is also well 
established given the widespread interactions of the hypo-
cretinergic system within the central nervous system [7].

The European Medicine Agency (EMA) authorized phar-
macological approaches such as modafinil and solriamfetol 
only for EDS in narcolepsy. Pitolisant is indicated for both 
NT1 and NT2, and sodium oxybate only for NT1, given their 
efficacy on cataplexy. Tricyclic antidepressants, selective 
serotonin reuptake inhibitors (SSRI), and serotonin-norepi-
nephrine reuptake inhibitors (SNRI) are widely used as off-
label therapies to improve cataplexy despite the absence of 
evidence-based studies [8–10]. A specific methylphenidate 
brand is indicated for narcolepsy in some European coun-
tries, but not in Italy. The availability of several drugs with 
distinct effects requires a careful weighing of the efficacy/
safety balance of each approach and, at the same time, paves 
the way for tailored combination therapies. Several studies 
[11–20] addressed the use of drug combination in the man-
agement of narcolepsy in both adults and children. Recent 
guidelines for narcolepsy reported the need for polytherapy 
on the basis of symptom combinations and response across 
disease management [21], a due update consistent with the 
real-world disease management.

Post Authorization Safety Study (PASS)-pitolisant, 
requested by the EMA’s Committee for Medicinal Products 
for Human Use (CHMP), is a 5-year observational, multi-
center, international study, started in 2017, and aimed at 
documenting the long-term safety and management of the 
drug in routine medical practice. The main aim of this study 
is to present the clinical picture of a large cohort of Ital-
ian narcolepsy patients who were candidates for pitolisant 
treatment (enrolled in the PASS-pitolisant by tertiary Sleep 
Medicine Centers) and to compare patients’ subgroups 
based on current drug prescription (drug-naïve patients in 
whom pitolisant was the first-choice treatment, switching to 
pitolisant from other monotherapy treatments, and adding 
on in polytherapy).

Materials and methods

Study design and setting

The PASS-pitolisant study is an international, multi-
center, observational, prospective, open-label long-term 
post-authorization safety study, currently ongoing in sleep 
centers with expertise in the management of narcolepsy. 
The enrollment period started in December 2016, in Italy 
in April 2017, and ended in June 2019, except for the 
UK, where the enrollment period was extended until 31 
October 2019. In this paper, we present a cross-sectional 
study based on data from the inclusion visits performed 
in 14 Italian sleep centers that were included in the third 
interim report of the study updated as of January 2, 2020; 
therefore, none of patients was under pitolisant at the time 
of data analysis. Sleep centers participating in the study 
with the number of patients enrolled for each center are 
reported in Fig. 1.

The decision to initiate treatment with pitolisant was 
taken by the physician, according to routine clinical prac-
tice for a patient/symptom-centered approach, and inde-
pendently of the decision to enroll the patient into the 
study. The research protocol was approved in each site by 
the local ethics committee.

Participants and data sources

Eligible patients were aged ≥ 18 years with NT1 or NT2 
narcolepsy and suitable to be prescribed with pitolisant 
by specialists, according to clinical judgment and follow-
ing the prescribing information of the drug’s summary of 
product characteristics, consistent with the real-world dis-
ease management. The exclusion criteria were (1) known 
contraindication to pitolisant (hypersensitivity to the active 
substance or to any of the excipients, severe hepatic insuf-
ficiency, breastfeeding, and pregnancy) and (2) patients 
who had received pitolisant during the 12 months pre-
ceding the inclusion. Before enrollment, patients signed 
informed consent to participate in the study. Study visits 
and/or questionnaire-based re-assessments were scheduled 
after patients’ inclusion, according to each sleep center’s 
routine practice, with the minimum requirement of one 
yearly visit over the course of treatment (in line with the 
clinical need to confirm drug prescription in Italy). Data 
collection was performed both with an e-CRF completed 
by the investigators and a self-administered paper ques-
tionnaire answered by patients at each visit. Data were 
collected locally, while data analysis was performed cen-
trally by a dedicated contract research organization. In the 
current research, only data from the baseline visit were 
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analyzed. The study protocol provided for annual meet-
ings during which the investigators shared the patients’ 
treatment strategies.

The following data were recorded for each patient: demo-
graphics (age and sex), vital signs (heart rate, blood pres-
sure, weight, height, and BMI), and comorbidities including 
cardiovascular diseases (coronary or cardiac insufficiency, 
arrhythmia, hypertension, and other cardiac/vascular disor-
ders), hypercolesterolemia, neurological and psychiatric dis-
eases (depression, anxiety, and other neurological or psychi-
atric conditions), obstructive sleep apnea, renal impairment, 
hepatic impairment, diabetes, obesity, autoimmune diseases, 
and other types of comorbidities. For each patient, we col-
lected the diagnosis (NT1 or NT2), age at diagnosis, disease 
duration, diagnostic methodology (polysomnography plus 
multiple sleep latency test; CSF orexin deficiency), and the 
presence of symptoms (i.e., cataplexy, sleep paralysis, hal-
lucinations, automatic behaviors, and disrupted nocturnal 
sleep). Daytime sleepiness at study inclusion was evaluated 
by the Epworth Sleepiness Scale (ESS) [22], and a score > 
10 is consistent with the presence/persistence of EDS. To 
investigate the prevalence and impact of depressive symp-
toms, each patient completed the short version of the Beck 

Depression Inventory (BDI-13) [23], a self-administered 
form consisting of 13 items, scored from 0 to 3, and evalu-
ating the main components of depression (affective, somatic, 
and cognitive), with a score > 4 suggestive of the presence 
of depressive symptoms (5–7: mild depressive symptoms; 
8–15: moderate depressive symptoms; ≥16 severe depres-
sive symptoms). Quality of life was investigated by EQ-
5D-5L [24], a brief health status measure with five ques-
tions with Likert response options and a visual analog scale 
(EQ-VAS) where the patients are asked to rate their own 
health from 0 to 100 (the worst and best imaginable health, 
respectively). The descriptive part of the test evaluated 5 
dimensions of health (mobility, self-care, usual activities, 
pain or discomfort, and anxiety or depression), ranking them 
into five levels of severity (no problems, slight problems, 
moderate problems, severe problems, and unable to perform 
or extreme problems). The burden of sleepiness-related 
impairment on the ability to conduct daily and recreational 
activities was evaluated by means of the short version of 
the Functional Outcomes of Sleep Questionnaire (FOSQ-
10) [25], a brief and validated self-administered question-
naire consisting of 10 items with a 4-point Likert response 
format, which investigates the impact of sleepiness on five 

Fig. 1  Sleep centers participat-
ing in the study with the number 
of patients enrolled for each 
center
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main domains (general productivity, activity level, vigilance, 
social outcomes, and intimate and sexual relationships), with 
higher scores representing better status. The severity of EDS 
and cataplexy were also evaluated by means of the Clinical 
Global Impression severity scale (CGI-S) [ 26], a 7-point 
scale (ranging from “normal” to “among the most extremely 
ill patients”) that requires the clinician to score the severity 
of the patient’s illness at the time of assessment.

Concomitant medications were recorded for each 
patient, with particular regard for specific treatment of 
EDS (modafinil, sodium oxybate, and methylphenidate) 
and cataplexy (sodium oxybate, antidepressants). None 
of the patients included in the current study was under 
treatment with solriamfetol as long, as at the time of 
study enrollment, the drug was not yet available (EMA’s 
authorization on January 2020).

Statistical analysis

Continuous variables are presented as means and stand-
ard deviation and as median and interquartile range, as 
appropriate; categorical variables are presented as abso-
lute frequencies and percentages. Statistical analysis was 
performed in multiple steps. First, the study cohort was 
divided into three subgroups, according to the modal-
ity of prescription of pitolisant: patients who still were 
not under anti-narcoleptic medication at the inclusion 
visit and in whom pitolisant was prescribed as the first-
choice treatment (“naive group”), patients that stopped 
their prior narcoleptic medication while starting pitolisant 
therapy after the inclusion visit (“switched group”), 
and patients that continued at least one prior treatment 
together with pitolisant (“add-on group”). A univariate 
comparison for categorical variables was performed on 
these data using the χ2 test; Fisher’s exact test was used 
for post hoc analysis. Continuous variables were com-
pared by one-way ANOVA, and post hoc comparisons 
were carried out by means of Tukey’s test. Appropriate 
multiple comparison corrections were applied to take 
family-wise type-I errors into account.

Subsequently, to adjust for the effects of potential 
confounders, multivariate multinominal logistic regres-
sion was used to model the probabilities of the different 
modalities of prescription of pitolisant. Backward selec-
tion was used to identify significant clinical baseline 
dependent variables, among clinically relevant variables 
with p ≤ 0.25 with univariate analysis (NT1, ESS>10, 
BDI, VAS, QoL, FOSQ-10), adjusted for age and sex. 
The level of significance was set at p < 0.05. Statistical 
analyses were carried out with SAS software (version 9.4, 
SAS Institute, North Carolina, USA).

Results

Demographic and clinical data

A total of 191 narcoleptic patients (52.4% males; mean age: 
42.5±16.1 years) were enrolled by the 14 Italian sleep cent-
ers participating in the PASS-pitolisant study (see Fig. 1).

Most of the patients (146/191, 76.4%) were affected by 
NT1. The mean age at narcolepsy diagnosis was 35.5±15.8 
years (range 7.8–80.4) and the mean disease duration was 
7.1±6.7 years (range 0–31.9).

EDS (ESS > 10) was the commonest reported symp-
tom (164/191, 85.9%; median ESS score: 15; IQR: 12–19; 
range: 4–24). EDS was classified as severe (ESS > 15) 
in almost half of the patients (91/191, 47.6%). Cataplexy 
was reported in 74.3% of cases. Notably, a relatively small 
number of patients (27/191, 14.1%) reported an ESS score 
of ≤ 10. In these cases, pitolisant was prescribed in order 
to improve cataplexy.

Results of nocturnal polysomnography plus multi-
ple sleep latency test were available for 187/191 (97.9%) 
patients, and in 167/191 (87.4%), the latter showed a mean 
sleep latency ≤ 8 min and at least two SOREMPs. In the 
remaining cases, the diagnosis was established according to 
the presence of EDS and CSF orexin-A concentration below 
the cut-off value of 110 pg/mL.

Orexin-A levels were measured in 97 out of 191 (50.8%) 
patients, and 59 out of 97 (60.8%) had CSF orexin-A con-
centration below the cut-off value of 110 pg/mL, consist-
ent with a diagnosis of NT1, including a patient without 
clinical history of cataplexy.

The commonest associated narcoleptic symptoms were 
disrupted nocturnal sleep (69.1%), sleep hallucinations 
(64.4%), sleep paralysis (60.2%), and automatic behav-
iors (37.7%).

Patients’ self‑assessment of depression, quality 
of life, and disease burden

According to the BDI scores, 52.2% presented depressive 
symptoms (16.0%, 27.7%, and 8.5% of mild, moderate, and 
severe intensity, respectively).

Results of EQ-5D-5L showed that most patients did 
not complain of problems in mobility, self-care, or pain/
discomfort dimensions; conversely, around half of the 
patients’ reported problems in pursuing their usual activi-
ties and/or reported anxiety/depressive mood. The mean 
EQ-VAS value was 64.7 ± 20.7 (range 10.0–100.0); the 
mean FOSQ-10 score was 13.7 ± 3.8 (range 5.0–20.0).

The main demographic and clinical characteristics are 
summarized in Table 1.
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Disease severity assessment

Regarding EDS, the CGI-S showed that most included sub-
jects were described as moderately ill (29.8%), markedly ill 
(34.6%), severely ill (15.7%), or among the most extremely 
ill patients (0.5%). The remaining 19.4% of patients were 
deemed by the sleep specialists as normal, borderline ill, 
or mildly ill. With regard the cataplexy CGI-S, patients 
were categorized as borderline ill or mildly ill in around 
half of the cases (46.6%), with 24.7% being moderately ill, 
15.1% markedly ill, 8.2% severely ill, and 0.7% of patients 
described as among the most extremely ill.

Comorbidities

Most of the patients (121/191, 63.4%) presented at least 
one comorbidity. The commonest comorbidity was obesity, 
affecting up to one-third of patients (62/191, 32.5%), fol-
lowed by cardiovascular diseases (28.8%) and neurologi-
cal-psychiatric disorders (24.1%). Among cardiovascular 
comorbidities, hypertension (16.2%) and arrhythmias (5.2%) 
were the most frequent. Details regarding other comorbidi-
ties are provided in Table 2.

Previous narcolepsy treatments

Up to 84.8% of patients had received at least one prior 
treatment for narcolepsy. Treatment used for EDS included 
modafinil (79.6%), sodium oxybate (29.3%), and metyl-
phenidate (1.0%). Medications to treat concomitant insom-
nia disorder were used in a minority of cases (1.6%) and 
included melatonin, lormetazepam, promethazine, zolpidem, 

Table 1  Clinical and 
demographic characteristics of 
the study group

BDI, short version of the Beck Depression Inventory; BMI, body mass index; EDS,
excessive daytime sleepiness; EQ-5D-5L, 5-level EQ-5D version; FOSQ-10, Functional Outcomes
of Sleep Questionnaire; IQR, interquartile range; NT1, narcolepsy type 1; SD, standard deviation; VAS, EQ 
visual analogue scale
* Data are available for 107 patients

n° % Mean SD Median IQR

Age (years) 42.5 16.1 42.7 27.9–54.5
Sex (male, n°) 100 52.4
BMI (kg/m2) 27.3 5.5 26.5 23.4–30.9
NT1 (n°) 146 76.4
Age at diagnosis (years) 35.5 15.8 33.3 22.5–48.2
Mean disease duration (years) 7.1 6.7 6 0.8–11.3
EDS (ESS > 10) (n°) 164 85.9
ESS (score) 15.2 4.4 15 12–19
Cataplexy (n°) 142 74.3
Hypocretin deficiency (n°)* 59 60.8
Sleep paralysis (n°) 115 60.2
Sleep hallucinations (n°) 123 64.4
Automatic behaviors (n°) 72 37.7
Disrupted nocturnal sleep (n°) 132 69.1
BDI (score) 6.4 6.0 5.0 2.0–10.0
Mild depressive symptoms (BDI 5–7) (n°) 30 16.0
Moderate depressive symptoms (BDI 8–15) (n°) 52 27.7
Severe depressive symptoms (BDI 15-39) n° 16 8.5
EQ-5D-5L (in health) (n°) 54 29.2
EQ-VAS Health (score) 64.7 20.7 70.0 50.0–80.0
FOSQ10 (score) 13.7 3.8 14.5 10.9–16.7

Table 2  Types and prevalence of comorbidities in the study group

n° %

Comorbidities 121 63.4
Cardiovascular 55 28.8
Depression 17 8.9
Anxiety 11 5.8
Epilepsy 10 5.2
Sleep apnea 34 17.8
Diabetes 14 7.3
Obesity 62 32.5
Autoimmune disease 12 6.3
Others 30 15.7
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and zopiclone. Medications adopted to treat cataplexy 
included sodium oxybate (29.3%), venlafaxine (29.3%), 
non-SSRIs (e.g., clomipramine, trimipramine) (2.6%), 
NRIs (1.6%), SSRI (1.0%), or other antidepressant thera-
pies (3.1%). Detailed pharmacological treatment of the study 
cohort is reported in Table 3.

Treatment group comparison

Pitolisant was most commonly prescribed as an add-on 
treatment (120/191, 62.8%; “add-on group”), rather than 
switched from other therapies (42/191, 22.0%, “switched 
group”) or as first treatment (29/191, 15.2%, “naïve group”).

The three groups presented a significant difference in the 
prevalence of NT1 (χ2= 9.125, p = 0.010) which, in the 
post hoc comparison, was significantly higher in the “add-on 
group” (99/120, 82.5%) compared to the “switched group” 
(25/42, 59.5%) (p = 0.005, Fisher’s exact test). Similarly, the 
prevalence of cataplexy (χ2 = 9.222, p = 0.010) and of sleep 
paralysis (χ2 = 8.507, p = 0.014) differs among groups; in 
particular, cataplexy was significantly more frequent in the 
“add-on group” (97/120, 80.8%) compared to the “switched 
group” (24/42, 57.1%) (p = 0.004, Fisher’s exact test), while 
sleep paralysis were more commonly observed in the “naive 
group” (22/29, 75.9%) compared to the “switched group” 
(18/42, 42.9%) (p = 0.008, Fisher’s exact test). Also, the 
distribution of cases with the presence/persistence of EDS 
(ESS > 10) showed significant differences among the three 
groups (χ2 = 9.866, p = 0.007), being present in all patients 

of the “naive group” (29/29, 100%). The burden of sleepi-
ness-related impairment on the ability to conduct daily and 
recreational activities, evaluated by means of FOSQ-10, 
significantly differs among groups (F2, 188 = 72.770, p = 
0.001), with post hoc comparison in particular showing sig-
nificantly lower values of FOSQ10, consistent with a lower 
status in the “naive group” compared to the “add-on group” 
(FOSQ10 in the “naive group”: 11.6 ± 4.0; FOSQ10 in the 
“add-on group”: 14.4 ± 3.4; p=0.001). The BDI scores 
also showed a difference among groups (F2, 188=32.814, 
p=0.040) as a consequence of significantly higher values 
in the “naive group” than in the “add-on group” (“naive 
group”: 9.0±7.9, “add-on group”: 6.0±5.7; p=0.040) and 
a trend towards significance in the comparison between the 
“naive group” and the “switched group” (“naive group”: 
9.0±7.9, “switched group”: 5.8±4.9; p=0.068). In particular, 
the prevalence of “severe depressive symptoms,” defined as 
a BDI score greater than 15, differs among the three groups 
(χ2= 6.900, p=0.032) as a result of a significantly higher 
prevalence in the “drug-naïve group” (6/29, 21.4%) com-
pared to “add-on group” (8/120, 6.8%) (p=0.031, Fisher’s 
exact test). Finally, the three groups differed in time from 
diagnosis to inclusion (F2, 188 = 142.424, p < 0.001), which 
was significantly shorter in the “naive group” compared to 
the “add-on group” (“naive group”: 1.6±3.6 years, “add-
on group”: 8.5±6.7 years; p < 0.001) and to the “switched 
group” (“naive group”: 1.6±3.6 years, “switched group”: 
6.7±6.4 years; p = 0.003).

No other significant differences were observed in the 
comparison among the three subgroups. The most relevant 
significant results of post hoc comparisons are shown in 
Fig. 2. The results of the multivariate analysis substantially 
confirmed the findings of the univariate comparison. Further 
demographic and clinical details and comparison between 
groups are reported in Table 4.

Discussion

Herein, we provide a detailed picture of a large population 
of Italian narcoleptic patients candidate for treatment with 
pitolisant followed in 14 Italian sleep centers that share simi-
lar diagnostic and therapeutic approaches in the management 
of narcolepsy.

Our study showed as the first finding that pitolisant was 
more commonly prescribed in patients affected by NT1 
(76.4% of the total sample), likely due to its beneficial effect 
on both EDS and cataplexy, and possibly reflecting the lower 
prevalence of NT2 compared to NT1 in the context of central 
disorders of hypersomnolence [27]. The low representation 
of NT2 may be related to the characteristics of third-level 
sleep centers participating to the study, who generally have 
more severe patients’ referrals [28]. Regarding clinical data 

Table 3  Current treatments administered at the time of enrollment in 
the study group

EDS, excessive daytime sleepiness; NRI, norepinephrine reuptake 
inhibitor; SSRI, selective serotonin reuptake inhibitor

n° %

Treatment for EDS (total) 162 84.8
Modafinil 152 79.6
Sodium oxybate 56 29.3
Methyphanidate 2 1.0
Treatment for cataplexy (total) 60 31.4
Sodium oxybate 56 29.3
Venlafaxine 56 29.3
SSRIs 2 1.0
Non-SSRIs 5 2.6
NRI 3 1.6
Other antidepressants 6 3.1
Number of prior treatments
0 29 15.2
1 75 39.3
2 57 29.8
 ≥3 30 15.7
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of our cohort, it is of interest that dyssomnia was identified 
in most cases (69.1%), confirming that disrupted noctur-
nal sleep is an intrinsic feature of narcolepsy that does not 
impact on the sleep specialist’s therapeutical choice. We 
observed a mean age at diagnosis of 35.5 years consistent 
with the bimodal distribution of narcolepsy onset, with a 
main peak in the teens [29].

We found that most patients complained of severe impair-
ment of daytime functioning, with major impact on their 
ability to carry out daily activities and on psychological 
status. From this point of view, our study confirms that nar-
colepsy severely impacts the quality of life and wellbeing 
of patients [30, 31]. In particular, in our cohort, the bur-
den of sleepiness-related impairment on the ability to con-
duct daily and recreational activities, measured by means 
of FOSQ10, was higher in drug naïve patients. Similarly, 
the percentage of patients complaining of severe depressive 
symptoms was significantly higher in the treatment-naive 
group (21.4%) compared to treated patients (respectively 
4.8% in the switched and 6.8% in the add-on groups). This 
data may indicate the effectiveness of anti-narcoleptic treat-
ment on the psychological consequences of the disease or 
may suggest a direct antidepressant effect of anti-cataplec-
tic medications. Yet, the higher prevalence of depressive 

symptoms in drug-naïve patients may suggest also that sleep 
specialists are more likely to prescribe pitolisant as first line 
to people with comorbid depression instead of other cur-
rently prescribed medications acting on the dopaminergic or 
gabaergic neurotransmission. As a matter of fact, our study 
underlines that psychiatric disorders are frequent comorbidi-
ties and may represent a diagnostic and therapeutic challenge 
[32]. Thus, a prompt diagnosis and treatment of narcolepsy 
can counteract the impact of the disease on patients’ quality 
of life. From this point of view, diagnostic delay is a well-
known issue in the management of narcoleptic patients [5, 
29]. “Red Flags” for narcolepsy were recently proposed by a 
multidisciplinary panel of experts, supported by the “Asso-
ciazione Italiana Narcolettici e Ipersonni” (AIN, www. narco 
lessia. org) to help physicians heighten their awareness on 
typical clues [33].

Another evidence of our study is the high prevalence of 
cardiovascular comorbidities in narcolepsy. We found that 
28.8% of our sample, regardless of therapy, presented a car-
diovascular disease. This prevalence is higher compared to 
the general population of the same age. Moreover, a high 
percentage of patients suffered from sleep apnea, hypercho-
lesterolemia, diabetes, and obesity, which concur to worsen 
cardiovascular risk. These findings are in line with current 

Fig. 2  Significant post hoc 
comparisons between subgroups 
(“add-on group,” “switched 
group,” and “naive group”). 
Abbreviations: BDI, short 
version of the Beck Depres-
sion Inventory; ESS, Epworth 
Sleepiness Scale; FOSQ10, 
Functional Outcomes of Sleep 
Questionnaire
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knowledge on narcolepsy [3], but may also reflect the prefer-
ence, in clinical practice, to prescribe pitolisant in patients 
with high cardiovascular burden, given its known negligi-
ble impact on the cardiovascular system [34]. Therefore, 
the high prevalence of cardiovascular comorbidities may be 
over-estimated in our sample.

The second aim of our study was to compare patients 
according to their medication scheme at pitolisant initia-
tion, following the approach of the sleep specialists manag-
ing patients with narcolepsy. The naïve-group (drug-naïve 
at the time of data analysis) are newly diagnosed patients 
or patients likely responsive to pitolisant as first-line treat-
ment; the patients of the switched group are more complex 
patients, poorly responsive to a previous treatment but in 
whom the monotherapy still appears reasonable; finally, 
the add-on group includes patients with the highest level of 
complexity of the pharmacological management, in which 
monotherapy failed to reach an adequate control of narco-
leptic symptoms. First, we observed that pitolisant is more 
commonly prescribed as an add-on treatment, with 29.8% of 
our cohort already under two anti-narcoleptic medications 
and up to 15.7% taking three or more anti-narcoleptic drugs. 
The polytherapy applied in most cases pinpoints the clini-
cal need to adopt a complex pharmacological management 
to reach adequate symptoms’ control. Patients of the add-
on group were more commonly affected by NT1, showed 
a longer disease duration, and had a higher (although not 
significantly) prevalence of comorbidities suggesting that 
high disease severity might be a factor imposing the need of 
a complex drug management. At the same time, given the 
novelty of pitolisant at the time of study enrollment, clini-
cians may have preferred its use in complex cases that were 
still symptomatic despite the previous use of different drug 
combinations, as highlighted by the high prevalence (86.7%) 
of patients complaining EDS in the “add-on group”. On the 
other hand, it should be taken into account that, given the 
novelty of pitolisant, physicians could have preferred pre-
scribing it as an add-on rather than as first-line therapy in 
patients with narcolepsy. However, the polytherapy approach 
may take advantage of different drug specificities (e.g., 
wake-promoting, or sleep-stabilizing) to reach an adjunc-
tive or synergistic effect [35], or could enable effectiveness 
with a lower dose of different medications avoiding adverse 
events.

Among wake-promoting drugs, pitolisant is the first 
antagonist/inverse agonist of the histamine H3 autore-
ceptor (H3-R) proposed for clinical use. Blocking the 
H3-R, pitolisant enhances histaminergic release in a dose-
dependent manner and, in animal models, it indirectly 
promotes the increase of dopamine and acetylcholine 
release, but not in the nucleus accumbens [36]. Modafinil 
has several effects on catecholamine systems in the brain, 
resulting in increased levels of dopamine, norepinephrine, 

serotonin, and histamine; activation of the orexinergic 
system; and decreased GABA[37]. Solriamfetol had been 
hypothesized to act mainly through a selective dopamine 
and norepinephrine reuptake inhibition [38]. Sodium oxy-
bate is a sleep-stabilizing drug. It is the sodium salt of 
gamma-hydroxybutyrate (GBH), an endogenous metabo-
lite of the neurotransmitter GABA; the therapeutic effects 
of sodium oxybate are mediated to GABA-B receptor ago-
nist activity, resulting in enhancement of the slow wave 
sleep, an increase in sleep efficiency, and prolonged REM 
latency [39].

So far, few studies investigated the efficacy and safety 
of combined therapy in narcolepsy, but recent European 
guidelines promote the use of polytherapy as a second-line 
option [21]. In the light of the pitolisant prescribing scheme, 
we observed different levels of complexity of the pharma-
cological management of patients affected by narcolepsy. 
In the near future, a larger choice of medications will be 
available to manage EDS, cataplexy, and the vast spectrum 
of symptoms associated with narcolepsy. From this point 
of view, rational polytherapy will play a pivotal role in the 
management of patients affected by narcolepsy, allowing a 
more personalized treatment.

Our study has some limitations. First, our data cannot be 
generalized to the entire Italian narcolepsy population. In 
fact, patients enrolled in the current study were all candi-
date for pitolisant treatment, thus most probably favoring the 
inclusion of cases of difficult management who did not have 
adequate and stable symptoms’ control. Only in a minority 
of cases, pitolisant was prescribed as first-line treatment, 
most notably in NT1 patients in order to try to control EDS 
and cataplexy. Second, most of the data were collected by 
means of validated self-administered questionnaires, which 
provide only subjective measures of sleep and sleepiness, 
as required by the PASS pitolisant protocol. However, these 
tools are extensively adopted in clinical research and have 
all been rigorously validated. Moreover, data were collected 
from all the major national sleep centers with strong exper-
tise in the field. Another limitation of the current study is 
the cross-sectional design, which does not permit to report 
the outcome of patients being prescribed with pitolisant; 
thus, further studies will clarify, and possibly support, the 
appropriateness of prescription choice, as well as the effi-
cacy and safety of pitolisant in the context of polytherapy in 
a real-world setting.

Despite these drawbacks, our study provides extensive 
clinical data on a large cohort of Italian narcoleptic patients 
candidate for pitolisant treatment in a real-world setting. 
This study also reinforced the Italian network of sleep cent-
ers involved in the management of this rare disease, and the 
shared methodologies applied for the diagnostic work-up 
and follow-up of patients do constitute a step forward for the 
establishment of an Italian national database for narcolepsy.



 Neurological Sciences

1 3

Acknowledgements We thank the following collaborators for help 
in data collection: Filomena I.I. Cosentino (Oasi Research Institute - 
IRCCS, Troina, Italy), Pierluigi Dolso (University of Udine Medical 
School, Udine, Italy), Monica Fabbrini (University of Pisa, Pisa Italy), 
Michelangelo Maestri Tassoni (University of Pisa, Pisa Italy), Sara 
Marelli (Oasi Research Institute - IRCCS, Troina, Italy), Gaia Pillitteri 
(University of Udine Medical School, Udine, Italy), Jessica Marotta 
(Fondazione Policlinico Universitario A. Gemelli IRCCS, Rome, Italy), 
Antonella Tribolo (AOU Città della Salute e della Scienza, Turin Italy), 
Giuseppe Vitrani (IRCCS Neuromed, Pozzilli, Italy), and Marco Zuc-
coni (Università Vita-Salute San Raffaele, Milan, Italy).

Author contribution Carlotta Mutti and Valerio Brunetti: drafting the 
manuscript; study concept and design; analysis, acquisition, and inter-
pretation of data; final approval of the manuscript.

Michela Figorilli, Claudio Liguori, Fabio Pizza, Paola Proserpio, 
and Tommaso Sacco: study concept and design; analysis, acquisition, 
and interpretation of data; critical revision of the manuscript for impor-
tant intellectual content; final approval of the manuscript.

Giuseppe Pedrazzi: statistical analysis and interpretation of data; 
critical revision of the manuscript for important intellectual content; 
final approval of the manuscript.

Isabelle Lecomte, Nora Blanchard, Elio Clemente Agostoni, Enrica 
Bonanni, Diego Centonze, Alessandro Cicolin, Giacomo Della Marca, 
Luigi Ferini-Strambi, Raffaele Ferri, Gian Luigi Gigli, Francesca Izzi, 
Rocco Liguori, Raffaele Lodi, Lino Nobili, Liborio Parrino, Fabio Pla-
cidi, Monica Puligheddu, Andrea Romigi, Maria Antonietta Savarese, 
and Michele Terzaghi: analysis, acquisition, and interpretation of data; 
critical revision of the manuscript for important intellectual content; 
final approval of the manuscript.

Giuseppe Plazzi: study supervision; study concept and design; 
analysis, acquisition, and interpretation of data; critical revision of 
the manuscript for important intellectual content; final approval of the 
manuscript.

Funding Open access funding provided by Università Cattolica del 
Sacro Cuore within the CRUI-CARE Agreement. The study received 
financial support by Bioprojet.

Data availability The data that support the findings of this study are 
available from Bioprojet. Restrictions apply to the availability of these 
data, which were used under license for this study.

Declarations 

Ethics approval and consent to participate The research protocol was 
approved in each site by the local ethics committee. Before enrollment, 
patients signed informed consent to participate in the study.

Competing interests Isabelle Lecomte and Nora Blanchard are 
employees of Bioprojet. Tommaso Sacco is a consultant of Biopro-
jet and has received support for meeting attendance from Bioprojet. 
Valerio Brunetti has received support for meeting attendance from 
Bioprojet. Luigi Ferini-Strambi has received honoraria for lectures, 
presentations, or advisory board from Bioprojet, Jazz, Lundbeck, 
Sanofi, Italfarmaco, Valeas, and Angelini. Raffaele Ferri has received 
honoraria for lectures, presentations, or advisory board from Biopro-
jet and Elsevier. Rocco Liguori has received honoraria for lectures, 
presentations, or advisory board from Galen Symposion s.r.o., Plan-
ning Congressi s.r.l., P.T.S. s.r.l., LT3 s.r.l., PREX s.r.l., ARGENX BV, 
Alexion Pharma s.r.l., Amicus Therapeutics, and UCB. Lino Nobili 
has received honoraria for lectures from Bioprojet and consulting fees 
from Fidia Pharma, Eisai, and Roche. Fabio Pizza has received hono-
raria for presentation from Jazz and support for meeting attendance 

from Bioprojet. Giuseppe Plazzi has received honoraria for advisory 
board and consulting fees from Bioprojet, Jazz, Takeda, and Idorsia. 
Monica Puligheddu has received honoraria for educational events from 
Jazz and Livanova. Andrea Romigi has received honoraria for lectures, 
presentations, or advisory board from Bioprojet, Jazz, and Eisai. All 
other authors have no relevant conflict of interest to disclose related to 
the content of the current manuscript.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Latorre D, Kallweit U, Armentani E, Foglierini M, Mele F, Cas-
sotta A, Jovic S, Jarrossay D, Mathis J, Zellini F, Becher B, Lanza-
vecchia A, Khatami R, Manconi M, Tafti M, Bassetti CL, Sallusto 
F (2018) T cells in patients with narcolepsy target self-antigens 
of hypocretin neurons. Nature 562:63–68. https:// doi. org/ 10. 1038/ 
s41586- 018- 0540-1

 2. Dauvilliers Y, Paquereau J, Bastuji H, Drouot X, Weil JS, Viot-
Blanc V (2009) Psychological health in central hypersomnias: the 
French Harmony study. J Neurol Neurosurg Psychiatry 80:636–
41. https:// doi. org/ 10. 1136/ jnnp. 2008. 161588

 3. Jennum PJ, Plazzi G, Silvani A, Surkin LA, Dauvilliers Y (2021) 
Cardiovascular disorders in narcolepsy: review of associations 
and determinants. Sleep Med Rev 58:101440. https:// doi. org/ 10. 
1016/j. smrv. 2021. 101440

 4. Luca G, Haba-Rubio J, Dauvilliers Y, Lammers GJ, Overeem S, 
Donjacour CE, Mayer G, Javidi S, Iranzo A, Santamaria J, Peraita-
Adrados R, Hor H, Kutalik Z, Plazzi G, Poli F, Pizza F, Arnulf I, 
Lecendreux M, Bassetti C, Mathis J, Heinzer R, Jennum P, Knud-
sen S, Geisler P, Wierzbicka A, Feketeova E, Pfister C, Khatami 
R, Baumann C, Tafti M, European Narcolepsy N (2013) Clinical, 
polysomnographic and genome-wide association analyses of nar-
colepsy with cataplexy: a European Narcolepsy Network study. J 
Sleep Res 22:482–95. https:// doi. org/ 10. 1111/ jsr. 12044

 5. Thorpy MJ, Krieger AC (2014) Delayed diagnosis of narcolepsy: 
characterization and impact. Sleep Med 15:502–7. https:// doi. org/ 
10. 1016/j. sleep. 2014. 01. 015

 6. Ohayon MM (2013) Narcolepsy is complicated by high medi-
cal and psychiatric comorbidities: a comparison with the general 
population. Sleep Med 14:488–92. https:// doi. org/ 10. 1016/j. sleep. 
2013. 03. 002

 7. Szabo ST, Thorpy MJ, Mayer G, Peever JH, Kilduff TS (2019) 
Neurobiological and immunogenetic aspects of narcolepsy: impli-
cations for pharmacotherapy. Sleep Med Rev 43:23–36. https:// 
doi. org/ 10. 1016/j. smrv. 2018. 09. 006

 8. Kallweit U, Bassetti CL (2017) Pharmacological management of 
narcolepsy with and without cataplexy. Expert Opin Pharmacother 
18:809–817. https:// doi. org/ 10. 1080/ 14656 566. 2017. 13238 77

 9. Bassetti CLA, Adamantidis A, Burdakov D, Han F, Gay S, Kall-
weit U, Khatami R, Koning F, Kornum BR, Lammers GJ, Liblau 
RS, Luppi PH, Mayer G, Pollmacher T, Sakurai T, Sallusto F, 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1038/s41586-018-0540-1
https://doi.org/10.1038/s41586-018-0540-1
https://doi.org/10.1136/jnnp.2008.161588
https://doi.org/10.1016/j.smrv.2021.101440
https://doi.org/10.1016/j.smrv.2021.101440
https://doi.org/10.1111/jsr.12044
https://doi.org/10.1016/j.sleep.2014.01.015
https://doi.org/10.1016/j.sleep.2014.01.015
https://doi.org/10.1016/j.sleep.2013.03.002
https://doi.org/10.1016/j.sleep.2013.03.002
https://doi.org/10.1016/j.smrv.2018.09.006
https://doi.org/10.1016/j.smrv.2018.09.006
https://doi.org/10.1080/14656566.2017.1323877


Neurological Sciences 

1 3

Scammell TE, Tafti M, Dauvilliers Y (2019) Narcolepsy - clinical 
spectrum, aetiopathophysiology, diagnosis and treatment. Nat Rev 
Neurol 15:519–539. https:// doi. org/ 10. 1038/ s41582- 019- 0226-9

 10. Bassetti CLA, Kallweit U, Vignatelli L, Plazzi G, Lecendreux M, 
Baldin E, Dolenc-Groselj L, Jennum P, Khatami R, Manconi M, 
Mayer G, Partinen M, Pollmacher T, Reading P, Santamaria J, 
Sonka K, Dauvilliers Y, Lammers GJ (2021) European guideline 
and expert statements on the management of narcolepsy in adults 
and children. Eur J Neurol 28:2815–2830. https:// doi. org/ 10. 1111/ 
ene. 14888

 11. Black J, Houghton WC (2006) Sodium oxybate improves exces-
sive daytime sleepiness in narcolepsy. Sleep 29:939–46. https:// 
doi. org/ 10. 1093/ sleep/ 29.7. 939

 12. Aran A, Einen M, Lin L, Plazzi G, Nishino S, Mignot E (2010) 
Clinical and therapeutic aspects of childhood narcolepsy-cata-
plexy: a retrospective study of 51 children. Sleep 33:1457–64. 
https:// doi. org/ 10. 1093/ sleep/ 33. 11. 1457

 13. Black J, Swick T, Bogan R, Lai C, Carter LP (2016) Impact of 
sodium oxybate, modafinil, and combination treatment on exces-
sive daytime sleepiness in patients who have narcolepsy with or 
without cataplexy. Sleep Med 24:57–62. https:// doi. org/ 10. 1016/j. 
sleep. 2016. 07. 010

 14. Dauvilliers Y, Roth T, Guinta D, Alvarez-Horine S, Dynin E, 
Black J (2017) Effect of sodium oxybate, modafinil, and their 
combination on disrupted nighttime sleep in narcolepsy. Sleep 
Med 40:53–57. https:// doi. org/ 10. 1016/j. sleep. 2017. 07. 030

 15. Thakrar C, Patel K, D’Ancona G, Kent BD, Nesbitt A, Selsick H, 
Steier J, Rosenzweig I, Williams AJ, Leschziner GD, Drakatos P 
(2018) Effectiveness and side-effect profile of stimulant therapy 
as monotherapy and in combination in the central hypersomnias in 
clinical practice. J Sleep Res 27:e12627. https:// doi. org/ 10. 1111/ 
jsr. 12627

 16. Dauvilliers Y, Arnulf I, Szakacs Z, Leu-Semenescu S, Lecomte I, 
Scart-Gres C, Lecomte JM, Schwartz JC, group HIs (2019) Long-
term use of pitolisant to treat patients with narcolepsy Harmony 
III Study Sleep 42 https:// doi. org/ 10. 1093/ sleep/ zsz174

 17. Pascoe M, Bena J, Foldvary-Schaefer N (2019) Effects of phar-
macotherapy treatment on patient-reported outcomes in a nar-
colepsy and idiopathic hypersomnia cohort. J Clin Sleep Med 
15:1799–1806. https:// doi. org/ 10. 5664/ jcsm. 8088

 18. Pascoe M, Carter LP, Honig E, Bena J, Foldvary-Schaefer N 
(2019) Pregnancy and contraception experiences in women 
with narcolepsy: a narcolepsy network survey. J Clin Sleep Med 
15:1421–1426. https:// doi. org/ 10. 5664/ jcsm. 7966

 19. Takenoshita S, Nishino S (2020) Pharmacologic Management 
of Excessive Daytime Sleepiness. Sleep Med Clin 15:177–194. 
https:// doi. org/ 10. 1016/j. jsmc. 2020. 02. 006

 20. Ponziani V, Pizza F, Zenesini C, Vignatelli L, Pession A, Plazzi G 
(2021) BMI changes in pediatric type 1 narcolepsy under sodium 
oxybate treatment. Sleep 44:https:// doi. org/ 10. 1093/ sleep/ zsaa2 
95

 21. Bassetti CLA, Kallweit U, Vignatelli L, Plazzi G, Lecendreux 
M, Baldin E, Dolenc-Groselj L, Jennum P, Khatami R, Manconi 
M, Mayer G, Partinen M, Pollmacher T, Reading P, Santamaria 
J, Sonka K, Dauvilliers Y, Lammers GJ (2021) European guide-
line and expert statements on the management of narcolepsy in 
adults and children. J Sleep Res e13387. https:// doi. org/ 10. 1111/ 
jsr. 13387.

 22. Vignatelli L, Plazzi G, Barbato A, Ferini-Strambi L, Manni R, 
Pompei F, D’Alessandro R, Ginsen, (2003) Italian version of the 
Epworth sleepiness scale: external validity. Neurol Sci 23:295–
300. https:// doi. org/ 10. 1007/ s1007 20300 004

 23. Furlanetto LM, Mendlowicz MV, Romildo Bueno J (2005) The 
validity of the Beck Depression Inventory-Short Form as a screen-
ing and diagnostic instrument for moderate and severe depression 

in medical inpatients. J Affect Disord 86:87–91. https:// doi. org/ 
10. 1016/j. jad. 2004. 12. 011

 24. Herdman M, Gudex C, Lloyd A, Janssen M, Kind P, Parkin D, 
Bonsel G, Badia X (2011) Development and preliminary testing 
of the new five-level version of EQ-5D (EQ-5D-5L). Qual Life 
Res 20:1727–36. https:// doi. org/ 10. 1007/ s11136- 011- 9903-x

 25. Chasens ER, Ratcliffe SJ, Weaver TE (2009) Development of the 
FOSQ-10: a short version of the Functional Outcomes of Sleep 
Questionnaire. Sleep 32:915–9. https:// doi. org/ 10. 1093/ sleep/ 
32.7. 915

 26. Busner J, Targum SD (2007) The clinical global impressions 
scale: applying a research tool in clinical practice. Psychiatry 
(Edgmont) 4:28-37. https:// www. ncbi. nlm. nih. gov/ pubmed/ 20526 
405

 27. Baumann-Vogel H, Schreckenbauer L, Valko PO, Werth E, Bau-
mann CR (2021) Narcolepsy type 2: a rare, yet existing entity. J 
Sleep Res 30:e13203. https:// doi. org/ 10. 1111/ jsr. 13203

 28. Pizza F, Vandi S, Iloti M, Franceschini C, Liguori R, Mignot E, 
Plazzi G (2015) Nocturnal sleep dynamics identify narcolepsy 
type 1. Sleep 38:1277–84. https:// doi. org/ 10. 5665/ sleep. 4908

 29. Longstreth WT Jr, Koepsell TD, Ton TG, Hendrickson AF, van 
Belle G (2007) The epidemiology of narcolepsy. Sleep 30:13–26. 
https:// doi. org/ 10. 1093/ sleep/ 30.1. 13

 30. Dodel R, Peter H, Spottke A, Noelker C, Althaus A, Siebert U, 
Walbert T, Kesper K, Becker HF, Mayer G (2007) Health-related 
quality of life in patients with narcolepsy. Sleep Med 8:733–41. 
https:// doi. org/ 10. 1016/j. sleep. 2006. 10. 010

 31. Vignatelli L, Plazzi G, Peschechera F, Delaj L, D’Alessandro R 
(2011) A 5-year prospective cohort study on health-related quality 
of life in patients with narcolepsy. Sleep Med 12:19–23. https:// 
doi. org/ 10. 1016/j. sleep. 2010. 07. 008

 32. BaHammam AS, Alnakshabandi K, Pandi-Perumal SR (2020) 
Neuropsychiatric correlates of narcolepsy. Curr Psychiatry Rep 
22:36. https:// doi. org/ 10. 1007/ s11920- 020- 01159-y

 33. Vignatelli L, Antelmi E, Ceretelli I, Bellini M, Carta C, Cortelli 
P, Ferini-Strambi L, Ferri R, Guerrini R, Ingravallo F, Marchiani 
V, Mari F, Pieroni G, Pizza F, Verga MC, Verrillo E, Taruscio 
D, Plazzi G (2019) Red Flags for early referral of people with 
symptoms suggestive of narcolepsy: a report from a national mul-
tidisciplinary panel. Neurol Sci 40:447–456. https:// doi. org/ 10. 
1007/ s10072- 018- 3666-x

 34. Ligneau X, Shah RR, Berrebi-Bertrand I, Mirams GR, Robert P, 
Landais L, Maison-Blanche P, Faivre JF, Lecomte JM, Schwartz 
JC (2017) Nonclinical cardiovascular safety of pitolisant: compar-
ing International Conference on Harmonization S7B and Com-
prehensive in vitro Pro-arrhythmia Assay initiative studies. Br J 
Pharmacol 174:4449-4463. https:// doi. org/ 10. 1111/ bph. 14047.

 35. Garcia-Fuente A, Vazquez F, Vieitez JM, Garcia Alonso FJ, Mar-
tin JI, Ferrer J (2018) CISNE: an accurate description of dose-
effect and synergism in combination therapies. Sci Rep 8:4964. 
https:// doi. org/ 10. 1038/ s41598- 018- 23321-6

 36. Ligneau X, Perrin D, Landais L, Camelin JC, Calmels TP, 
Berrebi-Bertrand I, Lecomte JM, Parmentier R, Anaclet C, Lin 
JS, Bertaina-Anglade V, la Rochelle CD, d’Aniello F, Rouleau 
A, Gbahou F, Arrang JM, Ganellin CR, Stark H, Schunack W, 
Schwartz JC (2007) BF2.649 [1-{3-[3-(4-Chlorophenyl)propoxy]
propyl}piperidine, hydrochloride], a nonimidazole inverse ago-
nist/antagonist at the human histamine H3 receptor: Preclinical 
pharmacology. J Pharmacol Exp Ther 320:365–75. https:// doi. 
org/ 10. 1124/ jpet. 106. 111039

 37. Minzenberg MJ, Carter CS (2008) Modafinil: a review of neuro-
chemical actions and effects on cognition. Neuropsychopharma-
cology 33:1477–502. https:// doi. org/ 10. 1038/ sj. npp. 13015 34

 38. Baladi MG, Forster MJ, Gatch MB, Mailman RB, Hyman DL, 
Carter LP, Janowsky A (2018) Characterization of the neurochem-
ical and behavioral effects of solriamfetol (JZP-110), a selective 

https://doi.org/10.1038/s41582-019-0226-9
https://doi.org/10.1111/ene.14888
https://doi.org/10.1111/ene.14888
https://doi.org/10.1093/sleep/29.7.939
https://doi.org/10.1093/sleep/29.7.939
https://doi.org/10.1093/sleep/33.11.1457
https://doi.org/10.1016/j.sleep.2016.07.010
https://doi.org/10.1016/j.sleep.2016.07.010
https://doi.org/10.1016/j.sleep.2017.07.030
https://doi.org/10.1111/jsr.12627
https://doi.org/10.1111/jsr.12627
https://doi.org/10.1093/sleep/zsz174
https://doi.org/10.5664/jcsm.8088
https://doi.org/10.5664/jcsm.7966
https://doi.org/10.1016/j.jsmc.2020.02.006
https://doi.org/10.1093/sleep/zsaa295
https://doi.org/10.1093/sleep/zsaa295
https://doi.org/10.1111/jsr.13387
https://doi.org/10.1111/jsr.13387
https://doi.org/10.1007/s100720300004
https://doi.org/10.1016/j.jad.2004.12.011
https://doi.org/10.1016/j.jad.2004.12.011
https://doi.org/10.1007/s11136-011-9903-x
https://doi.org/10.1093/sleep/32.7.915
https://doi.org/10.1093/sleep/32.7.915
https://www.ncbi.nlm.nih.gov/pubmed/20526405
https://www.ncbi.nlm.nih.gov/pubmed/20526405
https://doi.org/10.1111/jsr.13203
https://doi.org/10.5665/sleep.4908
https://doi.org/10.1093/sleep/30.1.13
https://doi.org/10.1016/j.sleep.2006.10.010
https://doi.org/10.1016/j.sleep.2010.07.008
https://doi.org/10.1016/j.sleep.2010.07.008
https://doi.org/10.1007/s11920-020-01159-y
https://doi.org/10.1007/s10072-018-3666-x
https://doi.org/10.1007/s10072-018-3666-x
https://doi.org/10.1111/bph.14047
https://doi.org/10.1038/s41598-018-23321-6
https://doi.org/10.1124/jpet.106.111039
https://doi.org/10.1124/jpet.106.111039
https://doi.org/10.1038/sj.npp.1301534


 Neurological Sciences

1 3

dopamine and norepinephrine reuptake inhibitor. J Pharmacol Exp 
Ther 366:367–376. https:// doi. org/ 10. 1124/ jpet. 118. 248120

 39. Plazzi G, Pizza F, Vandi S, Arico D, Bruni O, Dauvilliers Y, Ferri 
R (2014) Impact of acute administration of sodium oxybate on 
nocturnal sleep polysomnography and on multiple sleep latency 
test in narcolepsy with cataplexy. Sleep Med 15:1046–54. https:// 
doi. org/ 10. 1016/j. sleep. 2014. 04. 020

Publisher's note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Authors and Affiliations

Carlotta Mutti1 · Valerio Brunetti2,3  · Michela Figorilli4 · Claudio Liguori5,6 · Fabio Pizza7,8 · Paola Proserpio9 · 
Tommaso Sacco10 · Giuseppe Pedrazzi11 · Isabelle Lecomte12 · Nora Blanchard13 · Elio Clemente Agostoni9 · 
Enrica Bonanni14 · Diego Centonze6,15 · Alessandro Cicolin16 · Giacomo Della Marca2,3 · Luigi Ferini‑Strambi17 · 
Raffaele Ferri18 · Gian Luigi Gigli19 · Francesca Izzi5 · Rocco Liguori7,8 · Raffaele Lodi7,8 · Lino Nobili20,21 · 
Liborio Parrino1 · Fabio Placidi5,6 · Monica Puligheddu4 · Andrea Romigi22 · Maria Antonietta Savarese23 · 
Michele Terzaghi24,25 · Giuseppe Plazzi26,27

1 Sleep Disorders Center, Department of General 
and Specialist Medicine, Parma University Hospital, Parma, 
Italy

2 Sleep Medicine Unit, UOC di Neurologia, Dipartimento 
Scienze dell’invecchiamento, neurologiche, ortopediche 
e della testa-collo, Fondazione Policlinico Universitario 
A. Gemelli IRCCS, Largo A. Gemelli 8, 00168 Rome, Italy

3 Department of Neurosciences, Università Cattolica del Sacro 
Cuore, Largo Francesco Vito 1, 00168 Rome, Italy

4 Sleep Disorder Research Center, Department of Medical 
Sciences and Public Health, University of Cagliari, Cagliari, 
Italy

5 Sleep Medicine Center, Neurology Unit, University Hospital 
of Rome Tor Vergata, Rome, Italy

6 Department of Systems Medicine, University of Rome Tor 
Vergata, Rome, Italy

7 Dipartimento di Scienze Biomediche e Neuromotorie 
(DIBINEM), Università di Bologna, Bologna, Italy

8 IRCCS Istituto delle Scienze Neurologiche di Bologna, 
Bologna, Italy

9 Sleep Medicine Center, Neurology and Stroke Unit, 
Department of Neuroscience, ASST Grande Ospedale 
Metropolitano Niguarda, Milan, Italy

10  Bioprojet Italia, Medical Department, Via Giovan Battista 
Pirelli 11, Milan, Italy

11 Department of Medicine and Surgery, Unit of Neuroscience, 
Interdepartmental Center of Robust Statistics (Ro.S.A.), 
University of Parma, Parma, Italy

12 Bioprojet, Study Medical Director, 9 Rue Rameau, Paris, 
France

13 Bioprojet, Pharmacovigilance Department, 9 Rue Rameau, 
Paris, France

14 Sleep Disorder Center, University of Pisa, Pisa, Italy
15 Unit of Neurology, IRCCS Neuromed, Pozzilli, IS, Italy
16 Centro di Medicina del Sonno, Dipartimento di Neuroscienze 

Rita Levi Montalcini, Università di Torino, AOU Città della 
Salute e della Scienza, Turin, Italy

17 Università Vita-Salute San Raffaele, Milan, Italy
18 Sleep Research Center, Department of Neurology I.C, Oasi 

Research Institute - IRCCS, Troina, EN, Italy
19 Clinical Neurology Unit, Department of Medicine (DAME), 

University of Udine and Santa Maria della Misericordia 
University Hospital, Udine, Italy

20 Department of Neuroscience (DINOGMI), University 
of Genoa, Genoa, Italy

21 Child Neuropsychiatry Unit, Istituto G. Gaslini, Genoa, Italy
22 Sleep Medicine Center IRCCS Neuromed, Pozzilli, IS, Italy
23 Neurology Unit and Stroke Center, Department of Basic 

Medical Sciences, Neurosciences and Sense Organs, 
University of Bari “Aldo Moro”, Bari, Italy

24 Unit of Sleep Medicine and Epilepsy, IRCCS Mondino 
Foundation, Pavia, Italy

25 Department of Brain and Behavioral Sciences, University 
of Pavia, Pavia, Italy

26 Dipartimento di Scienze Biomediche, Metaboliche e 
Neuroscienze, Università di Modena e Reggio-Emilia, 
Modena, Italy

27 Sleep Disorders, Narcolepsy and CNS Hypersomnias Center 
- IRCCS Istituto delle Scienze Neurologiche di Bologna, 
Bologna, Italy

https://doi.org/10.1124/jpet.118.248120
https://doi.org/10.1016/j.sleep.2014.04.020
https://doi.org/10.1016/j.sleep.2014.04.020
http://orcid.org/0000-0002-5714-5353

	Clinical characteristics of a large cohort of patients with narcolepsy candidate for pitolisant: a cross-sectional study from the Italian PASS Wakix® Cohort
	Abstract
	Introduction 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Study design and setting
	Participants and data sources
	Statistical analysis

	Results
	Demographic and clinical data
	Patients’ self-assessment of depression, quality of life, and disease burden
	Disease severity assessment
	Comorbidities
	Previous narcolepsy treatments
	Treatment group comparison

	Discussion
	Acknowledgements 
	References


