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Abstract

Background Pitolisant is approved in the USA and Europe for the treatment of excessive daytime sleepiness or cataplexy
in adults with narcolepsy.

Objective Analyses evaluated the time to onset of clinical response during treatment with pitolisant.

Methods Data were obtained from two randomized, double-blind, 7-week or 8-week, placebo-controlled studies
(HARMONY 1, HARMONY CTP). Study medication was individually titrated to a maximum dose of pitolisant 35.6
mg/day and then remained stable. Efficacy assessments included the Epworth Sleepiness Scale and weekly rate of cataplexy
(calculated from patient diaries). Onset of clinical response was defined as the first timepoint at which there was statistical
separation between pitolisant and placebo.

Results The analysis included 61 patients in HARMONY 1 (pitolisant, n = 31; placebo, n = 30) and 105 patients in
HARMONY CTP (pitolisant, n = 54; placebo, n = 51). Onset of clinical response began at week 2 (HARMONY 1) or week
3 (HARMONY CTP) for the mean change in Epworth Sleepiness Scale score, and week 2 (HARMONY CTP) or week 5
(HARMONY 1) for the mean change in weekly rate of cataplexy, with further improvements observed in pitolisant-treated
patients through the end of treatment. The percentage of treatment responders was significantly greater with pitolisant vs
placebo beginning at week 3 for excessive daytime sleepiness (defined as an Epworth Sleepiness Scale score reduction > 3)
and week 2 for cataplexy (defined as a > 50% reduction in weekly rate of cataplexy [HARMONY CTP]).

Conclusions Onset of clinical response for excessive daytime sleepiness and/or cataplexy was generally observed within the
first 2-3 weeks of pitolisant treatment in patients with narcolepsy.

ClinicalTrials.gov identifier NCT01067222 (February 2010), NCT01800045 (February 2013).
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1 Introduction

Narcolepsy is a disorder of sleep—wake state instability char-
acterized primarily by excessive daytime sleepiness (EDS)
and symptoms of rapid eye movement (REM) sleep dysregu-
lation, such as cataplexy [1, 2]. Excessive daytime sleepiness
is a required component of the diagnostic criteria for narco-
lepsy, whereas cataplexy—the sudden brief loss of muscle
tone usually triggered by emotion—is a hallmark symptom
of narcolepsy type 1 [3, 4]. In patients with narcolepsy, EDS
and cataplexy can be debilitating, with detrimental effects
on school performance, employment (opportunities, pro-
ductivity, and income), social functioning, and emotional
well-being [5-10].

Deficiency in hypocretin (also known as orexin) signal-
ing, resulting from the selective loss of hypocretin neurons
from the dorsolateral hypothalamus, has been identified as
the cause of narcolepsy with cataplexy (narcolepsy type 1);
the etiology of narcolepsy without cataplexy (narcolepsy
type 2) remains unclear [11]. Immune-mediated processes
appear to underlie the destruction of hypocretin-producing
neurons in narcolepsy type 1 and may also be involved in
some cases of narcolepsy type 2 [12, 13]. In the absence
of viable hypocretin-replacement therapies or hypocretin-
receptor agonists, treatments for narcolepsy are symptom-
driven and aim to promote wakefulness and suppress cata-
plexy and other symptoms of REM-sleep disturbance (e.g.,
hypnagogic hallucinations, sleep paralysis) [14, 15].

In the past several years, there has been increased recog-
nition of the important functions of histamine in the regula-
tion of sleep and wakefulness [16, 17]. Histaminergic neu-
rons originate in the hypothalamus, the primary brain region
for regulating sleep—wake timing and stability, and project
widely throughout the brain [16, 18, 19]. Histamine acti-
vates cortical and subcortical neurons to promote and sustain
wakefulness and also suppresses non-REM and REM sleep
via inhibition of neurons in sleep-promoting brain regions
[18-22]. Findings from preclinical research show that hista-
mine is important for normal sleep—wake behavior and may
stabilize sleep—wake transitions [16, 23].

Pitolisant is a selective histamine 3 (H;)-receptor antago-
nist/inverse agonist that increases the synthesis and release
of histamine in the brain via competitive binding to pre-
synaptic H; autoreceptors [21, 24]. Pitolisant also binds to
H; receptors on nonhistaminergic neurons [25-27], which
increases the activity of other neurotransmitters that promote
wakefulness (e.g., acetylcholine, dopamine, norepinephrine)
[18] and play a role in the control of cataplexy (e.g., nor-
epinephrine, serotonin) [28, 29]. In contrast to stimulant
medications, pitolisant does not increase dopamine release
in brain regions of the reward system (e.g., nucleus accum-
bens) in animal studies [30] and demonstrates minimal to no
potential for abuse in humans [31]. The efficacy and safety of

A\ Adis

pitolisant in the treatment of patients with narcolepsy have
been demonstrated in short-term, randomized, placebo-
controlled trials [32, 33] and a long-term, open-label study
[34]. The most common adverse reactions associated with
pitolisant in placebo-controlled trials were headache (18%
of patients), insomnia (6%), nausea (6%), anxiety (5%),
musculoskeletal pain (5%), and upper respiratory tract infec-
tion (5%) [35]. Pitolisant is approved by the US Food and
Drug Administration for the treatment of EDS or cataplexy
in adult patients with narcolepsy [35] and by the European
Medicines Agency [36] for the treatment of narcolepsy with
or without cataplexy in adults.

The recommended clinical dosing regimen for pitolisant
includes a 3-week titration period, with a maximum daily
dosage of 35.6 mg [35, 36].' There may be variability among
patients in the time needed to achieve a clinical response to
a medication, especially for compounds that require dose
titration. Thus, information about the time to the onset of
therapeutic effect can improve management of patients’
expectations regarding narcolepsy treatments, aid in medi-
cation selection, and optimize dosing. The objective of this
analysis was to evaluate the time to the onset of clinical
response with pitolisant for the treatment of EDS or cata-
plexy in adults with narcolepsy.

2 Methods

Data for this analysis were obtained from two randomized,
double-blind, 7-week or 8-week, placebo-controlled studies
of adults with narcolepsy in which pitolisant was admin-
istered up to the highest recommended dose of 35.6 mg/
day (HARMONY 1, HARMONY CTP). Primary results
for these studies have been published previously [32, 33].
Both studies were conducted in accordance with the Good
Clinical Practice guidelines of the International Council for
Harmonisation and the ethical principles of the Declaration
of Helsinki. Each study protocol was approved by an insti-
tutional review board or independent ethics committee, and
all patients provided written informed consent before study
enrollment.

2.1 Patients

These studies included adults aged 18 years or older
with a diagnosis of narcolepsy with or without cataplexy

! Pitolisant doses reported in some previous publications have
included the hydrochloride salt (5 mg, 10 mg, 20 mg, 40 mg). The
doses presented here reflect the pitolisant base, consistent with US
Food and Drug Administration guidance (4.45 mg, 8.9 mg, 17.8 mg,
35.6 mg). In Europe, doses reflect the pitolisant base but are rounded
to one fewer decimal place (4.5 mg, 9 mg, 18 mg, 36 mg).
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(HARMONY 1) or narcolepsy with cataplexy (HARMONY
CTP) according to International Classification of Sleep Dis-
orders, 2nd edition criteria. All patients were experiencing
EDS, with an Epworth Sleepiness Scale (ESS) score of at
least 14 (HARMONY 1) or 12 (HARMONY CTP) at base-
line. Patients in HARMONY CTP also were required to have
at least three cataplexy attacks per week at baseline. Patients
were excluded from study participation if they had another
condition that may cause EDS (e.g., sleep-disordered breath-
ing with apnea index > 10/h or apnea/hypopnea index
> 15/h, periodic limb movement disorder with arousal index
> 10/h, shift work sleep disorder, circadian rhythm disor-
der), current or recent (within 1 year) substance abuse or
dependence, significant cardiovascular abnormality, severe
hepatic or renal impairment, psychiatric or neurological dis-
orders, or other active clinically significant illness.

2.2 Study Procedures

Stimulants and other wake-promoting medications (e.g.,
methylphenidate, amphetamines, modafinil) were discon-
tinued prior to study baseline. Other anti-cataplectic medi-
cations (e.g., sodium oxybate, selective serotonin reuptake
inhibitors, serotonin—norepinephrine reuptake inhibitors)
were permitted, provided the dose had been stable for 1
month prior to screening and was not altered during the
study. Tricyclic antidepressants, which have antagonist
activity at H, receptors, were not permitted.

Study medication was individually titrated based on effi-
cacy and tolerability; however, the dosing regimen differed
slightly between studies (Table 1). The dose of study medi-
cation started at 8.9 mg/day in HARMONY 1 and 4.45 mg/
day in HARMONY CTP and was flexibly titrated over a
3-week period; the dose selected by the investigator at the
beginning of week 4 (up to 35.6 mg/day) remained stable for
the subsequent 4 (HARMONY CTP) or 5 (HARMONY 1)
weeks of treatment. Both studies included a 1-week placebo
washout period after the end of treatment.

Efficacy was evaluated using the ESS [37], frequency of
cataplexy attacks, and Clinical Global Impression of Change

Table 1 Pitolisant titration and dosing

(CGI-C) [38] for EDS and for cataplexy. The ESS was admin-
istered at baseline (prior to the first dose of study medication)
and at all post-baseline study visits (weeks, 2, 3, 7, and 8 for
HARMONY 1; weeks 2, 3, 6, and 7 for HARMONY CTP);
the CGI-C was administered at all post-baseline study visits.
Treatment response for EDS was based on the ESS score and
defined in two ways: a score reduction of > 3 from baseline and
a final score of < 10. Response on the CGI-C was defined by
ratings of “very much” or “much” improved. The weekly rate
of cataplexy (WRC) attacks was calculated using information
recorded in patient diaries. Treatment response for cataplexy
was calculated for HARMONY CTP using two thresholds:
> 25% and > 50% reductions in WRC. This categorical variable
was not analyzed for HARMONY 1 because of the small sam-
ple size of patients with cataplexy at baseline. Onset of clinical
response was defined as the first assessment timepoint at which
there was a statistically significant difference between pitolisant
and placebo in the mean change from baseline (for ESS score
and WRC) or percentage of responders (for EDS response,
cataplexy response, and CGI-C). Adverse events (AEs) were
assessed throughout the studies and coded using the Medical
Dictionary for Regulatory Activities.

2.3 Statistical Analysis

These analyses included patients in the intent-to-treat pop-
ulation who were randomly assigned to receive pitolisant
or placebo. The intent-to-treat population consisted of
patients who received one or more doses of study medi-
cation and completed one or more post-baseline assess-
ments. Changes from baseline in ESS scores and WRC
were compared for pitolisant vs placebo using an analysis
of covariance, with the last observation carried forward
for on-treatment timepoints and observed cases for the
placebo washout assessment. The percentage of respond-
ers was compared at each on-treatment timepoint for
pitolisant vs placebo using Fisher’s exact tests; missing
values were imputed using a last observation carried for-
ward approach. Adverse event data were summarized by
week using descriptive statistics.

Study name Titration period Stable-dose period Washout
Week 1 Week 2 Week 3 Dose Duration 1 wk
HARMONY 1 8.9 mg/d 17.8 mg/d 8.9 mg/d, 17.8 8.9 mg/d, 17.8 mg/d, or 5 wk Placebo
mg/d, or 35.6 35.6 mg/d
mg/d
HARMONY CTP 4.45 mg/d 8.9 mg/d 4.45 mg/d, 8.9 4.45 mg/d, 8.9 mg/d, 4 wk Placebo
mg/d, or 17.8 17.8 mg/d, or 35.6
mg/d mg/d

d day, wk weeks
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Table 2 Demographic and clinical characteristics at baseline

Characteristic HARMONY 1

Pitolisant (n = 31)

Placebo (n = 30)

HARMONY CTP

Pitolisant (n = 54)

Placebo (n = 51)

Age, y, median (range) 33.0 (19-65)
Female sex, n (%) 11 (35.5)
BMI, kg/m?, mean (SD) 30.4 (8.3)
Baseline score, mean (SD)
ESS score 17.8 (2.5)
WRC 10.5 (12.6)*
Concomitant anti-cataplectic 13 (41.9)

39.5 (19-75) 34.0 (18-64) 39.0 (18-66)
17 (56.7) 28 (51.9) 24 (47.1)
28.2 (6.0) 27.2(5.2) 28.8 (6.0)
18.9 (2.5) 17.4 (3.3) 17.3(3.2)
82 (5.7 11.7 (10.0) 9.6 (9.5)

9 (30.0) 4(7.4) 8 (15.7)

medication, n (%)°

BMI body mass index, ESS Epworth Sleepiness Scale, SD standard deviation, WRC weekly rate of cataplexy, y years

aSubset of HARMONY 1 patients with cataplexy at baseline: pitolisant, n = 17; placebo, n = 11

® Anti-cataplectic medications (sodium oxybate, selective serotonin reuptake inhibitors and serotonin-norepinephrine reuptake inhibitors, but not
tricyclic antidepressants) were permitted, provided the dose had been stable for 1 month prior to screening and was not altered during the study

3 Results
3.1 Patients

The analysis population included 61 patients from
HARMONY 1 (pitolisant, n = 31; placebo, n = 30) and 105
patients from HARMONY CTP (pitolisant, n = 54; placebo,
n =51). Baseline demographics, mean ESS score, and mean
WRC were similar across the two studies (Table 2). Mean
ESS scores at baseline ranged from 17.3 to 18.9, which is
indicative of severe EDS [37]. In HARMONY CTP, the
mean rate of cataplexy attacks at baseline was 11.7 per
week in the pitolisant group and 9.6 per week in the pla-
cebo group. In the subset of HARMONY 1 patients with
cataplexy at baseline (pitolisant, n = 17; placebo, n = 11),
the mean rate of cataplexy attacks at baseline was 10.5 per
week in the pitolisant group and 8.2 per week in the pla-
cebo group. Study medication was individually titrated over
a 3-week period that allowed for flexible dosing; the dose
administered at the beginning of week 4 remained stable
through the end of treatment. Pitolisant was titrated to the
maximum recommended dose of 35.6 mg/day in 61.3% of
patients in HARMONY 1 and 64.8% in HARMONY CTP.

3.2 Excessive Daytime Sleepiness

On the ESS, the least-squares (LS) mean change from base-
line was significantly greater for pitolisant compared with
placebo beginning at week 2 (the first post-baseline assess-
ment) in HARMONY 1 and week 3 in HARMONY CTP
(Fig. 1). All pitolisant-treated patients received 17.8 mg/
day during the second week of treatment in HARMONY 1;
during the third week of HARMONY CTP, the pitolisant
dose was 17.8 mg/day in 88.9% of patients, 8.9 mg/day in
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9.3%, and 4.45 mg in 1.9%. The significant difference in ESS
score change for the pitolisant group vs the placebo group
continued through the end of treatment (with the exception
of a marginally significant [p = 0.05] difference at week
7 in HARMONY 1) and remained statistically significant
after a 1-week double-blind placebo washout period in
both studies (Fig. 1). At the end of treatment, the LS mean
change from baseline ESS score was — 6.0 for pitolisant vs
— 2.7 for placebo (p = 0.026) in HARMONY 1 and — 5.6
vs — 1.6 (p < 0.001) in HARMONY CTP. More pitolisant-
treated patients were classified as EDS responders at each
post-baseline assessment than were patients in the placebo
group, and the ESS response rate was significantly greater
for pitolisant compared with placebo at the end of treatment
in each study (p < 0.05; Fig. 2). For response defined as an
ESS score reduction of > 3, pitolisant differed significantly
from placebo beginning at week 3 in both studies and con-
tinuing at each subsequent assessment except for week 7
in HARMONY 1. For a response defined as a final ESS
score < 10, separation from placebo was observed beginning
at week 3 in HARMONY 1 but not until week 7 in HAR-
MONY CTP. On the CGI-C for EDS, more patients were
considered by the investigator to be “much” or “very much”
improved with pitolisant vs placebo; however, the difference
only reached statistical significance in HARMONY CTP, at
the end of treatment (Fig. 3).

3.3 Cataplexy

In HARMONY CTP, the frequency of cataplexy attacks
was significantly reduced for pitolisant compared with pla-
cebo beginning at week 2 and continued through the end
of treatment (Fig. 4). All pitolisant-treated patients were
receiving 8.9 mg/day during the second week of treatment
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Fig. 1 Epworth Sleepiness Scale (ESS) scores over the course of treatment in A HARMONY 1 and B HARMONY CTP. Data are shown as
mean [standard error of the mean (SEM)] at baseline and least-squares (LS) mean (SEM) at other timepoints with the last observation carried
forward. Placebo washout phase: HARMONY 1: pitolisant, n = 26; placebo, n = 25; HARMONY CTP: pitolisant, n = 50; placebo, n = 48.
®Dosing information is based on the number of patients in the study at each timepoint; two patients did not receive a stable dose in HARMONY
1. *p < 0.05 vs placebo; 'p = 0.05 vs placebo; **p < 0.01 vs placebo; ***p < 0.001 vs placebo
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Fig.2 Epworth Sleepiness A
Scale (ESS) responders over the

course of treatment for response

defined as an A ESS score

reduction of >3 and B final

ESS score <10. *p < 0.05 vs

placebo; **p < 0.01 vs placebo;

*#%¥p < 0.001 vs placebo
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in HARMONY CTP. At the end of treatment, the LS mean
change from baseline WRC was — 6.5 for pitolisant vs
— 0.1 for placebo (p < 0.001). The percentage of cataplexy
responders in HARMONY CTP was significantly greater
with pitolisant vs placebo beginning at week 1 for a response
defined as a > 25% reduction in WRC and at week 2 for a
response defined as a > 50% reduction in WRC (Fig. 5). On
the CGI-C for cataplexy, more patients in HARMONY CTP
were considered by the investigator to be “much” or “very
much” improved with pitolisant vs placebo, with statistically
significant differences between groups observed at weeks 6
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Week 2 Week3 Week6 Week7

and 7 (Fig. 6). In the subset of HARMONY 1 patients with
cataplexy at baseline, the LS mean (standard error) change
in WRC at the end of treatment (week 8) was — 6.7 (2.4) in
the pitolisant group and + 2.5 (2.8) in the placebo group;
the LS mean (standard error) treatment difference was — 9.2
(3.7) attacks per week (p = 0.035). In this relatively small
subset of HARMONY 1 patients, a reduction in WRC was
significantly greater with pitolisant relative to placebo begin-
ning at week 5 [LS mean (standard error) treatment differ-
ence, — 8.5 (3.5); p = 0.047].
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Fig.3 Clinical Global Impres- A 100
sion of Change for excessive
daytime sleepiness over the
course of treatment in

A HARMONY 1 and 80
B HARMONY CTP. Response
on the Clinical Global Impres-
sion of Change was defined

by ratings of “much” or “very
much” improved. *No Clinical
Global Impression of Change
data for one patient in the
pitolisant group in
HARMONY 1. #*p < 0.05 vs
placebo
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After 1 week of double-blind placebo washout, no signifi-
cant difference in mean WRC was observed for pitolisant vs
placebo in HARMONY CTP; the between-group difference
in HARMONY 1 significantly favored pitolisant (p = 0.041).
In the pitolisant group in HARMONY CTP, LS mean WRC
was 11.7 at baseline, 4.2 at the last on-treatment assessment,
and 7.1 after the placebo washout period. In the pitolisant
group in HARMONY 1, LS mean WRC was 10.5 at base-
line, 2.0 at the last on-treatment assessment, and 1.3 after
the placebo washout period. Thus, there was no evidence of
rebound cataplexy, and no patients in either study experi-
enced status cataplecticus after pitolisant was discontinued.

3.4 Adverse Events

The most common AEs in pitolisant-treated patients (incidence
> 5%) were headache (35.5% vs 20.0% with placebo), nausea

m Pitolisant (n = 30)?
m Placebo (n = 30)

53.3 53.3

50.0

Week 3 Week 7 Week 8

m Pitolisant (n = 54)
m Placebo (n = 51)

42.6

Week 3 Week 6 Week 7

(6.5% vs 3.3%), insomnia (6.5% vs 0%), weight increase (6.5%
vs 6.7%), and nasopharyngitis (6.5% vs 3.3%) in HARMONY
1 and headache (9.3% vs 9.8%), nausea (5.6% vs 0%), anxiety
(5.6% vs 0%), and irritability (5.6% vs 2.0%) in HARMONY
CTP. The frequency of AEs over the course of treatment is
shown in Fig. 7. In HARMONY 1, AEs occurred primarily
early in treatment and declined over time. For headache, the
most common AE in pitolisant-treated patients, there were
seven events in the pitolisant group during the first week of
treatment, and no more than two events during any subsequent
week. In HARMONY CTP, the number of AEs varied by
week and was relatively low throughout the study. The major-
ity of AEs were mild or moderate in intensity; severe AEs were
reported for 6.5% of patients in the pitolisant group and 3.3%
of patients in the placebo group in HARMONY 1 and for 1.9%
and 0.0% of patients, respectively, in HARMONY CTP. Across
the two studies, one patient receiving pitolisant (in HARMONY
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Fig.4 Weekly rate of cataplexy attacks over the course of treatment
in HARMONY CTP. Data are shown as mean (standard error of the
mean [SEM]) at baseline and least-squares (LS) mean (SEM) at other

CTP) and three patients receiving placebo (in HARMONY 1)
discontinued study participation because of an AE.

4 Discussion

This analysis included data from two 7- to 8-week, placebo-
controlled studies that permitted titration of pitolisant to the
maximum recommended dose of 35.6 mg/day in adults with
narcolepsy [32, 33]. In these studies, pitolisant was initiated
at doses (4.45 mg/day or 8.9 mg/day) that were expected not
to have substantial benefit in the large majority of patients
and then flexibly titrated to an individualized dose (8.9 mg/
day, 17.8 mg/day, or 35.6 mg/day), which remained sta-
ble for the last 4 or 5 weeks of treatment. Findings from
this analysis suggest that a response may be observed for
some patients within the first or second week of initiating
treatment, while for other patients several weeks may be
required. In the overall patient population, onset of clinical
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timepoints with the last observation carried forward. “Placebo wash-
out phase, pitolisant, n = 36; placebo, n = 41. **p < 0.01 vs placebo;
*#%p < 0.001 vs placebo

response, as assessed using relatively sensitive measures
(i.e., the ESS and WRC), became apparent during dose titra-
tion. Mean reductions in EDS and cataplexy were signifi-
cantly greater with pitolisant relative to placebo after 2-3
weeks of treatment; initial statistical separation from placebo
was observed for EDS when most patients were receiving
a pitolisant dose of 17.8 mg/day and for cataplexy when
all patients were receiving 8.9 mg/day. Mean ESS scores
and cataplexy attack frequency continued to decrease in
pitolisant-treated patients throughout these 7- to 8-week
studies; from week 4 onward, the pitolisant dose was 35.6
mg/day in the majority of patients (61% or 65%). There was
no evidence of rebound EDS or cataplexy when pitolisant
was discontinued.

Compared with these outcome measures, there was a
longer time to the onset of response based on clinicians’
perceptions. Whereas the ESS and WRC are continuous
measures based on a sum of individual item scores (for
the ESS [37]) or a weekly average of cataplexy attacks
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Fig.5 Cataplexy responders
over the course of treatment in
HARMONY CTP for response
defined as a > 25% reduction in
the A weekly rate of cataplexy
attacks and B a > 50% reduction
in the weekly rate of cataplexy
attacks. *p < 0.05 vs placebo;
**p < 0.01 vs placebo; ***p <
0.001 vs placebo

Fig.6 Clinical Global Impres-
sion of Change for cataplexy
over the course of treatment in
HARMONY CTP. Response on
the Clinical Global Impres-
sion of Change was defined

by ratings of “much” or “very
much” improved. **p < 0.01

vs placebo; ***p < 0.001 vs
placebo
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Fig.7 Frequency of adverse A 304
events over the course of treat-
ment in A HARMONY 1 and B 26
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[Z]
s
S 20
o
4
]
>
5]
< 13
k] 12
2
€ 104
=
= 6
0 p
Week 1 Week 2
B 301
20

Number of Adverse Events

m Pitolisant (n = 31)
m Placebo (n = 30)

Week 3

Week 4 Week 5 Week 6 Week 7 Week 8

m Pitolisant (n = 54)
m Placebo (n = 51)

15
104 9 10
6
o 5
3 3 3
ol ol =l

Week 1

recorded in patient diaries (for the WRC), clinician reports
were obtained from the CGI-C [38], a 7-point categori-
cal scale with ratings that range from “very much worse”
to “very much improved.” Investigator-reported clinical
response, defined as a rating of “much improved” or “very
much improved” on the CGI-C, was significantly different
for pitolisant vs placebo later in treatment (typically week
6 or 7), while treatment response was detected earlier when
assessed via the ESS and patient reports of cataplexy attacks.

In this analysis, a clinically meaningful response was
defined for EDS in two ways (a > 3-point reduction from the
baseline ESS score or a final ESS score < 10) and for cata-
plexy as a > 25% or > 50% reduction from baseline in WRC.
The percentage of treatment responders was significantly
greater for pitolisant vs placebo, with some variation in time
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Week 2

Week 3 Week 4 Week 5 Week 6 Week 7

to onset by study and by definition of response. The pattern
of results also suggests variation in the timing of response
related to the dose of pitolisant, as the response rates in
the pitolisant group increased gradually over the course of
treatment. After treatment with pitolisant for a total of 7
(HARMONY CTP) or 8 HARMONY 1) weeks, a clinically
meaningful response in EDS was observed in 71% or 72%
of patients for a response defined as a > 3 point reduction in
the ESS score; 41% or 48% of patients had a final ESS score
< 10. A clinically meaningful response in cataplexy, defined
as a reduction in WRC of at least 50%, was noted in 61% of
pitolisant-treated patients at the last on-treatment assessment
in HARMONY CTP; 76% of patients had a WRC reduc-
tion of at least 25%. The definitions of clinically meaningful
response used in this analysis are consistent with clinical
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significance thresholds identified in the systematic litera-
ture review that supported the 2021 American Academy of
Sleep Medicine clinical practice guideline on the treatment
of central disorders of hypersomnolence [39].

The pattern of pitolisant-related AEs in HARMONY 1
is typical of many medications across therapeutic areas in
that the frequency was highest during the first few weeks
of treatment and declined over time. It is notable that only
one pitolisant-treated patient discontinued study partici-
pation because of an AE [32, 33]; this finding indicates
that discontinuation did not account for the reduction in
AE frequency over time, suggesting that side effects may
resolve with continued treatment. The relatively low fre-
quency of AEs in HARMONY CTP does not have an
obvious explanation but may be related to several factors
including the titration schedule (pitolisant was initiated
at the lowest possible dose [4.45 mg/day]) and cultural/
ethnic differences in AE reporting between patients (who
resided primarily in Eastern Europe in HARMONY CTP
and Western Europe in HARMONY 1). Adverse events
consistent with amphetamine-like withdrawal symptoms
were assessed after study medication was discontinued,
and the absence of withdrawal syndrome in the pitolisant
group was noted in the original study reports [32, 33].
These findings are consistent with the results of a human
abuse potential study, which found minimal to no abuse
potential for pitolisant [31].

This analysis extends the findings of the original study
reports by providing further information on the time course
of clinical response to pitolisant. It is important to man-
age patients’ expectations regarding improvements in their
narcolepsy symptoms during treatment. In some patients,
an initial clinical response may be experienced during dose
titration with pitolisant, whereas in others a longer time
receiving treatment may be required. The data suggest that
the clinical response to pitolisant improves with an increased
mean dose. Thus, in the absence of tolerability concerns,
the overall risk-benefit profile of pitolisant is supportive
of increasing the pitolisant dose (up to the recommended
maximum dose of 35.6 mg/day) to achieve maximum
therapeutic effect. Another important finding is that, while
standard measures of clinical response (ESS, number of
cataplexy attacks) demonstrated an earlier onset of response
to pitolisant (in the first 2-3 weeks), clinician assessment
did not appreciate an overall benefit until week 7 or 8. This
would suggest that using the ESS or another measure of
patient functioning earlier during treatment could offer a
more sensitive approach to identifying the onset of response
with pitolisant.

Limitations of this analysis include its post hoc nature and
the relatively short duration of the placebo-controlled stud-
ies. However, study duration was adequate for evaluating the
time to the onset and progression of clinical response with

pitolisant. Results for cataplexy may have been confounded
by the use of other anti-cataplectic medications, which were
permitted at stable doses during the studies. In addition, it
was not feasible to pool efficacy data across studies because
of variations in study design, most notably differences in
the titration schedule, duration of treatment, and assessment
schedule. Data from the Maintenance of Wakefulness Test
were not included in this analysis of time to the onset of
response because the Maintenance of Wakefulness Test was
administered at only two timepoints (baseline and end of
treatment [week 7 or 8]) to minimize the burden on patients
with regard to objective sleep testing throughout the trials.
Because pitolisant was flexibly dosed based on efficacy and
tolerability, a fixed-dose, parallel-group study could help to
identify differences in dose-related response. Assessments
of EDS and cataplexy over time were based on patient-report
measures (the ESS and patient diaries) rather than objective
measurement. Another patient-report measure (the Narco-
lepsy Severity Scale) assesses all five key narcolepsy symp-
toms (i.e., EDS, cataplexy, hypnagogic hallucinations, sleep
paralysis, disrupted night-time sleep) [40] and may be useful
in future studies.

5 Conclusions

Onset of a patient-reported clinical response, for reductions
in both EDS and cataplexy, was generally observed within
2-3 weeks of initiating treatment with pitolisant, which is
during the recommended dose-titration period, although
several additional weeks were required for the onset of a
clinician-rated treatment response. Inter-individual variation
was observed in the time to the onset of response, and find-
ings support the clinical practice of increasing the pitolisant
dose to 35.6 mg/day, within the limits of tolerability, in order
to achieve maximum therapeutic benefit. Overall, these data
support the importance of evaluating the onset of clinical
response early in treatment, as well as allowing adequate
time for a treatment response to become apparent when man-
aging patients with a chronic disorder such as narcolepsy.
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