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1. EXECUTIVE SUMMARY 
 

This New Drug Application is for an NME (pitolisant HCL; proposed trade name- WAKIX) 
submitted by Harmony Biosciences on behalf of Bioproject Pharma for the treatment of 
excessive daytime sleepiness (EDS) in adult patients with narcolepsy and cataplexy in adult 
patients with narcolepsy. 
 
Pitolisant is a histamine 3 receptor antagonist/inverse agonist which was approved by the 
European Medicines Agency (EMA) as WAKIX for the treatment of narcolepsy with or without 
cataplexy in adults in 2016. Pitolisant received Breakthrough Therapy Designation for the 
treatment of cataplexy in narcolepsy and Fast Track Designation for EDS. 
 
The efficacy and safety of WAKIX is established by several adequate and well-controlled 
clinical studies conducted in narcolepsy patients. The details are listed in the Medical/Clinical 
review (Martine Solages et. al.) 

 Harmony 1: Pivotal Phase 3 efficacy and safety study for excessive daytime sleepiness 
(EDS) 

 Harmony CTP: Pivotal Phase 3 efficacy and safety study for cataplexy 

 Harmony Ibis: Phase 3 efficacy and safety study for excessive daytime sleepiness (EDS) 

 Harmony III: Open label, long term safety study 

Clinical Pharmacology is supported by several clinical studies:  
 

 Six Phase I clinical studies (P02-02, P03-04, P09-11, P14-05, P11-01, and P11-03) 
evaluating the single dose PK of pitolisant from 5 to 240 mg in healthy subjects; 

 Four Phase I clinical studies (P03-03, P04-06, P09-12, and P15-02) evaluating the repeat 
dose PK of pitolisant from 20 to 50 mg QD in healthy subjects; 

 Six clinical studies with nine study parts (P11-03 Parts II and III, P11-10, P03-08, P03-01 
Part I, P14-07 Parts I and II, P15-15 Parts I and II), assessing drug interactions with 
pitolisant in healthy subjects; 

 Three clinical studies with PK data from adult (P05-03 and P06-06) and pediatric (P11-
11) patients with narcolepsy (ages 6 to <12 years and ages 12 to <18 years); 

 Four clinical studies assessing PK in specific populations, including cytochrome P450 
(CYP)2D6 poor metabolizers (PMs) (P15-02), elderly subjects (P09-12), subjects with 
hepatic impairment (P09-14) and subjects with renal impairment (P09-13). 
 

 
Several pharmacodynamic studies were also conducted: 
 
• Two TQTc (thorough QT/QTc) studies (P09-11 and P14-05); 
• A positron emission tomography (PET) study (P14-08; REB 103/2014); 
• A human abuse potential (HAP) study (P16-02, INC Research 1008541). 
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The recommended dose of pitolisant is 35.6 mg to be administered orally once daily in the 
morning upon waking up. Patients should be titrated to 35.6 mg once daily according to the 
following schedule:  

• Week 1: initiate treatment with a dose of 8.9 mg once daily  

• Week 2: increase dose to 17.8 mg once daily  

• Week 3: increase to the recommended dose of 35.6 mg once daily  
 

This identical product (film-coated oral tablets) has already been approved by the European 
Medicines Agency (EMA) as WAKIX® since March 2016 for the treatment of adult patients with 
narcolepsy with or without cataplexy. 
 
The entire clinical development program including all the efficacy and safety studies and all the 
clinical pharmacology studies have been conducted in European countries (several countries 
within eastern and western Europe). Though none of the clinical studies were conducted in U.S 
patients, the efficacy and safety results are applicable to U.S population because of the similarity 
of - etiology of the disease, diagnosis of disease and overall progression of disease – in EU and 
U.S (details in Medical/Clinical review by Martine Solages et. al.). Additionally, the 
pharmacokinetic of WAKIX is likely to be similar in U.S vs. European patients because the PK 
of pitolisant is known to be not impacted by gender, age, body mass index (BMI) etc. Thus, the 
results from the development studies are applicable to U.S patients.  

 

1.1 Recommendations 
 

The Office of Clinical Pharmacology has determined that there is sufficient clinical pharmacology 
information provided in the NDA package to support a recommendation of approval for WAKIX. The 
key review issues with specific recommendations and comments are summarized below: 

Key Review Issue Relevant Clinical Studies Reviewer Recommendations and 
Comments 

Is the proposed dosing 
regimen for general 
patient population 
acceptable? 

 Harmony 1: Pivotal Phase 3 
efficacy and safety study 
for excessive daytime 
sleepiness (EDS) 

 Harmony CTP: Pivotal 
Phase 3 efficacy and safety 
study for cataplexy 

 Harmony Ibis: Phase 3 
efficacy and safety study 
for excessive daytime 
sleepiness (EDS) 

The recommended dose of pitolisant is 
35.6 mg to be administered orally once 
daily in the morning upon waking up. 
Patients should be titrated to 35.6 mg 
once daily according to the following 
schedule:  
 Week 1: initiate treatment with a dose 

of 8.9 mg (two 4.45 mg tablets) once 
daily  

 Week 2: increase dose to 17.8 mg 
(one 17.8 mg tablet) once daily  
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 Additional support for 
safety via: 
Harmony III: Open label, 
long term safety study 

 Week 3: increase to the recommended 
dose of 35.6 mg (two 17.8 mg tablets) 
once daily  

The proposed general dosing regimen is 
supported by several independent clinical 
studies. The proposed dosing regimen is 
acceptable.  

Are the proposed 
dose-adjustments for 
organ impaired 
patients acceptable? 

Hepatic impairment study (# 
P09-14) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Renal impairment study (# P09-
13) 

A dedicated hepatic impairment study 
demonstrated that pitolisant exposures 
(Cmax and AUC) were generally similar 
in mild vs. normal healthy. However, 
moderate had 2-fold increase in AUC as 
well as prolongation of T1/2. There was 
no data in severe hepatic impaired 
subjects. 

 
 

The details are 
provided in Clinical Pharmacology 
Questions (Section 3.3). 

 Mild hepatic impaired= no 
dose adjustment 

 Moderate hepatic impaired = 
titrate the dose for a longer 
duration (i.e., 2 weeks  

 and cap the dose at 
17.8 mg/day 

 Severe hepatic impaired = 
contra-indicated 

 
A dedicated renal impairment study 
demonstrated that pitolisant exposures 
(Cmax and AUC) were generally 2-fold 
higher in all categories of renal 
impairment (i.e., mild, moderate and 
severe) vs. normal healthy. There was no 
data in end stage renal disease subjects. 

 
 

The details are 
provided in Clinical Pharmacology 
Questions (Section 3.3). 

 Mild renal impaired= no dose 
adjustment 

 Moderate renal impaired = cap 
the dose at 17.8 mg/day
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 Severe renal impaired = cap 
the dose at 17.8 mg/day 

 ESRD= not recommended 
 

Are there dose 
adjustments required 
for poor metabolizers 
(PMs) of CYP2D6? 

Mass Balance Study (# P15-02) An approximate 2-fold increase in 
exposure was observed in CYP2D6 
poor metabolizers (PMs) as compared 
to CYP2D6 normal metabolizers 
(NMs). Additionally, a dedicated drug 
interaction study with paroxetine (a 
strong CYP2D6 inhibitor) also 
resulted in a similar increase in 
exposure of pitolisant which supports 
the conclusion that exposures can be 
expected to be 2 -fold higher in 
CYP2D6 PMs. The details are 
provided in Clinical Pharmacology 
Questions (3.3). 

 Known CYP2D6 PMs = cap 
the dose at 17.8 mg/day 

Bridge between the 
to-be-marketed and 
clinical trial 
formulations 
 

Pivotal efficacy/safety 
studies as well as key clinical 
pharmacology studies were 
conducted with the final to-
be-marketed film-coated 
tablets. 

No additional PK bridging study 
required. 

   

 

 

1.2 Post-Marketing Requirements and Commitments 
 

None currently. 

2. SUMMARY OF CLINICAL PHARMACOLOGY ASSESSMENT 
 

2.1 Pharmacology and Clinical Pharmacokinetics 
 

Reference ID: 4465684



7 
 

WAKIX is a selective, orally active antagonist/inverse agonist (Ki of 0.3 nM) of the 
human histamine 3 (H3) receptor. By binding to presynaptic histaminergic H3 autoreceptors, 
WAKIX increases the synthesis and release of histamine, a key wake-promoting 
neurotransmitter. This results in increased histamine transmission in the brain. Increased 
histamine then binds to excitatory postsynaptic H1 receptors to activate wake-promoting regions 
in the brain directly, as well as stimulate other wake-promoting neuronal systems. 
 

The key PK characteristics of WAKIX are listed below: 

Following oral administration of pitolisant 35.6 mg once daily, the steady state Cmax and AUC 
is 73 ng/mL (42.9 to 126 ng/mL) and 812 (518 to 1468 ng*hr/mL), respectively. Pitolisant 
exposure increases proportionally with dose and steady state is reached by day 7. 
 
Absorption 
The median time to maximum plasma concentration (Tmax) of pitolisant is 3.5 hours (2 to 5 
hours). WAKIX has an oral absorption ~90%. No clinically significant differences in the 
pharmacokinetics of pitolisant were observed following administration with a high-fat meal. 
 
Distribution 
The apparent volume of distribution of pitolisant is approximately 700 L (5 to 10 L/kg). Serum 
protein binding is approximately 91% to 96%. The blood to plasma ratio of pitolisant is 0.55 to 
0.89. 
 
Elimination 
After a single dose of 35.6 mg, the median half-life of pitolisant is approximately 20 hours (7.5 
to 24.2 hours). The apparent oral clearance (CL/F) of pitolisant is 43.9 L/hr and renal clearance 
accounts for < 2% of the total clearance of Pitolisant. 
 

Metabolism 
Pitolisant is extensively metabolized primarily by polymorphic CYP2D6 and to a lesser 
extent, by CYP3A4 and Phase 2 glucuronidation. Though there are many circulating 
metabolites, all the major circulating metabolites were determined to be “inactive”. 
Additionally, the exposure ratio (i.e., AUC of metabolite/AUC of parent) of all major 
circulating metabolites is 0.5 or lower. 
 
Excretion 
After a single oral radiolabeled pitolisant 17.8 mg dose, approximately 90% of the dose 
was excreted in urine (< 2% as unchanged parent) and 2.3% in feces. 

2.2 Dosing and Therapeutic Individualization 
 

2.2.1 General dosing 
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The recommended dose of pitolisant is 35.6 mg to be administered orally once daily in the 
morning upon waking up. Patients should be titrated to 35.6 mg once daily according to the 
following schedule:  

• Week 1: initiate treatment with a dose of 8.9 mg (two 4.45 mg tablets) once daily  

• Week 2: increase dose to 17.8 mg (one 17.8 mg tablet) once daily  

• Week 3: increase to the recommended dose of 35.6 mg (two 17.8 mg tablets) once daily  
 

2.2.2 Therapeutic individualization 
 

Hepatic Impairment:  
A dedicated hepatic impairment study demonstrated that pitolisant exposures (Cmax and AUC) 
were generally similar in mild vs. normal healthy. However, moderate had 2-fold increase in 
AUC as well as T1/2. There was no data in severe hepatic impaired subjects.  

 The details are provided in Clinical Pharmacology 
Questions (3.3). 

 Mild hepatic impaired= no dose adjustment 

 Moderate hepatic impaired = titrate the dose for a longer duration (i.e., 2 weeks  
 and cap the dose at 17.8 mg/day 

 Severe hepatic impaired = contra-indicated 

 
 
Renal Impairment:  
A dedicated renal impairment study demonstrated that pitolisant exposures (Cmax and AUC) 
were generally 2-fold higher in all categories of renal impairment (i.e., mild, moderate and 
severe) vs. normal healthy. There was no data in end stage renal disorder subjects.  

 We disagree and have 
alternate recommendations. The details are provided in Clinical Pharmacology Questions (3.3). 

 Mild renal impaired= no dose adjustment 

 Moderate renal impaired = cap the dose at 17.8 mg/day 

 Severe renal impaired = cap the dose at 17.8 mg/day 

 ESRD= not recommended 

 
CYP2D6 Genetic Deficiencies: 
An approximate 2-fold increase in exposure was observed in CYP2D6 poor metabolizers (PMs) 
as compared to CYP2D6 normal metabolizers (NMs). Additionally, a dedicated drug interaction 
study with paroxetine (a strong CYP2D6 inhibitor) also resulted in a similar increase in exposure 
of pitolisant which supports the conclusion that exposures can be expected to be 2x -fold higher 
in CYP2D6 PMs. Therefore, the dose of WAKIX should be capped at 17.8 mg/day in known 
CYP2D6 PMs. The details are provided in Clinical Pharmacology Questions (3.3). 
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Drug-Drug Interactions:  

Strong CYP2D6 Inhibitors 
Concomitant use of pitolisant with paroxetine (a strong CYP2D6 inhibitor) increased pitolisant 
the Cmax and AUC of pitolisant by 1.5-fold and 2.2-fold, respectively. This may increase the 
risk of increased adverse events with WAKIX. Therefore, the dose of WAKIX should be reduced 
by half during concomitant dosing. The details are provided in Clinical Pharmacology Questions 
(3.3). 
 
Strong CYP3A4 Inducers 
Concomitant use of pitolisant with rifampin (strong CYP3A4 inducer) decreased pitolisant Cmax 
and AUC and by 39% and 48%, respectively. The detailed dose adjustments recommended for 
WAKIX when co-administered with strong CYP3A4 inducers (e.g., rifampicin, phenytoin etc.) 
are in Clinical Pharmacology Questions (3.3). 

 For patients stable on 8.9 mg/day or 17.8 mg/day: Dose to be increased gradually over a 
week to reach double the original dose level. Maintain for the duration of use of CYP3A4 
inducers. 

 For patients stable on the highest dose of 35.6 mg/day: No dose adjustments is 
recommended  

 
 

2.3 Outstanding Issues 
 

None currently. 

2.4 Summary of Labeling Recommendations 
 

Based on the review, the Office of Clinical Pharmacology made the following labelling 
recommendations: 

 Concrete dose adjustments for patients with hepatic impairments 

 Concrete dose adjustments for patients with renal impairments 

 Concrete dose adjustments for patients who are known CYP2D6 poor metabolizers (PMs) 

 Concrete dose adjustments for patients co-administered with CYP2D6 inhibitors 

 Concrete dose adjustments for patients co-administered with CYP3A4 inducers 

 Concrete dose steps for patients on oral contraceptives co-administered with WAKIX 

The detailed dose-adjustment strategies for all clinical scenarios (listed above) are provide in 
Section 3.3 
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3. COMPREHENSIVE CLINICAL PHARMACOLOGY REVIEW 
 

3.1 Overview of the Product and Regulatory Background 
 
Pitolisant is being developed for the treatment of excessive daytime sleepiness (EDS) and 
cataplexy in adult patients with narcolepsy. Pitolisant was approved by the European Medicines 
Agency (EMA) as WAKIX® in March 2016 for the treatment of adult patients with narcolepsy 
with or without cataplexy. It is planned as film-coated oral tablets at two strengths: 4.45 mg and 
17.8 mg.  

Pitolisant is a first-in-class, potent, highly selective, histamine 3 (H3) receptor antagonist/inverse 
agonist, which offers a novel mechanism of action for the treatment of EDS and cataplexy in 
patients with narcolepsy. It works by enhancing the activity of histaminergic neurons in the 
brain. Pitolisant binds to H3 receptors and blocks the normal negative feedback mechanism for 
histamine release, resulting in increased release of this wake promoting neurotransmitter. It also 
functions as an inverse agonist, resulting in enhanced histamine synthesis and release from 
presynaptic neurons.  

Pitolisant received Orphan Drug Designation by the FDA for the treatment of narcolepsy in May 
2010. An investigational new drug (IND) application for pitolisant was filed with the FDA on 27 
February 2018, and pitolisant was subsequently granted Fast Track status for the treatment of 
EDS in patients with narcolepsy and for the treatment of cataplexy in patients with narcolepsy 
(25 April 2018 FDA letter). Breakthrough Therapy Designation for the treatment of cataplexy in 
patients with narcolepsy was granted on 27 April 2018, based on preliminary clinical evidence 
that the safety profile of pitolisant may be superior to the only other approved treatment for 
narcolepsy with cataplexy (sodium oxybate) (27 April 2018 FDA letter). 

3.2 General Pharmacology and Pharmacokinetic Characteristics 
 

Pharmacology 

Mechanism of Action Pitolisant is a first-in-class, potent, highly selective, 
histamine 3 (H3) receptor antagonist/inverse agonist, which 
offers a novel mechanism of action for the treatment of EDS 
and cataplexy in patients with narcolepsy. 

Active Moieties Pitolisant is the only active moiety. Though there are many 
circulating metabolites, all the major circulating metabolites 
were determined to be “inactive”. Additionally, the exposure 
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ratio (i.e., AUC of metabolite/AUC of parent) of all major 
circulating metabolites is 0.5 or lower.  

QT Prolongation QTc study demonstrated that there was no clinically relevant 
prolongation of QT interval at the recommended highest dose 
of 35.6 mg. However, there was a clear and direct correlation 
of pitolisant exposure with QTc prolongation. Supra-
therapeutic single doses of pitolisant (106.8, 142.4, 178 and 
213.6 mg) all resulted in increases in QTcF with upper 
bounds of 90% CI between 12-18 msec.  

General Information 

Bioanalysis 

 

Pitolisant and its metabolites concentrations were measured 
using validated LC/MS/MS methods. A summary of the 
method validation reports is included as appendix. 

Drug exposure at steady state 
following the therapeutic 
dosing regimen 

 

The population PK model (developed by sponsor with data 
from multiple PK studies) demonstrated mean exposures at 
therapeutic dose of 35.6 mg at steady state levels as follows: 

- Mean Cmax = ~73 ng/mL 
- Mean AUC = 812 ng*hr/mL 

 
The exposures in CYP2D6 PMs were approximately 2-fold 
higher. 
 

Dose Proportionality Pitolisant PK is dose-proportional from 17.8 mg to 213.6 mg 

Accumulation Index at steady 
state 

There was approximately 2-fold accumulation of exposure 
(for both Cmax and AUC) at steady-state 

PK in healthy vs. PK in 
patient 

PK of pitolisant in patients was similar to the PK in healthy 
subjects  

Absorption 

 Although an absolute bioavailability study has not been conducted for pitolisant, mass 
balance study suggests that the absorption of pitolisant is ~90% (because ~90% of oral 
dose is eliminated via the urine, predominantly as metabolites) 

 Pitolisant PK is dose-proportional and reaches steady-state by day 7. 
 The median Tmax of pitolisant is 3.5 hours 
 Pitolisant has moderate to high inter-subject PK variability (40-60% between subjects). 
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Distribution 

 Volume of Distribution: 5-10 L/kg.                                                                                

 Plasma Protein Binding: 91-96%                                                                          

Elimination 

 Clearance: Pitolisant has a mean apparent oral clearance (CL/F) of 43.9 L/hr.                       

 Mean effective half-life:  20 hrs. 

 Metabolism: Pitolisant is primarily metabolized by CYP2D6 and to a lesser extent, by 
CYP3A4 and Phase 2 glucuronidations. 

 Excretion: After oral dosing, approximately 90% of the dose was excreted in urine (< 2% 
as unchanged parent) and 2.3% in feces. 

 Transporter: In vitro studies suggest that Pitolisant and the major circulating metabolites 
are unlikely to be substrates or inhibitors of key transporters at clinically relevant 
concentrations.                

 Inhibitor/Inducer to CYP enzymes: In vitro studies suggest that Pitolisant and the major 
circulating metabolites are unlikely to inhibit or induce any key CYP enzymes at clinically 
relevant concentrations.  
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3.3 Clinical Pharmacology Review Questions 
 

3.3.1  To what extent does the available clinical pharmacology information provide pivotal or 
supportive evidence of effectiveness? 
 

The efficacy and safety of WAKIX is established by several adequate and well-controlled 
clinical studies conducted in narcolepsy patients. The key Phase 3 studies supporting the efficacy 
and safety are listed below: 

 Harmony 1: Pivotal Phase 3 efficacy and safety study for excessive daytime sleepiness 
(EDS) 

 Harmony CTP: Pivotal Phase 3 efficacy and safety study for cataplexy 

 Harmony Ibis: Phase 3 efficacy and safety study for excessive daytime sleepiness (EDS) 

All the clinical efficacy and safety studies were conducted using a similar study design. All the 
studies were multicenter, double-blind, placebo-controlled studies with a duration of treatment 
with pitolisant of 7 or 8 weeks.Progressive individual dose titration was adopted to allow patients 
to adapt to the waking effects of the drug as well as its potential side effects. In these studies, the 
starting dose was 4.45 mg or 8.9 mg with dose escalations on week 2 and week 3. At Week 3, the 
pitolisant dose was titrated to a stable dose based on tolerability and effectiveness, and patients 
were maintained on this stable dose for the remainder of the study (additional 4-5 weeks at the 
stable dose). The maximum possible daily dose of pitolisant HCL was 35.6 mg in all studies 
except one where it was 17.8 mg. These studies collectively demonstrated the efficacy of 
pitolisant in the treatment of excessive daytime sleepiness and cataplexy in adult patients with 
narcolepsy. The details of the study design, end-points, study results and efficacy conclusions are 
in the Medical/Clinical review by Martine Solages et. al.  
 
Additionally, dedicated clinical pharmacology studies have been conducted to assess the impact 
of intrinsic factors on the PK of pitolisant. The results of those studies have led to concrete 
dosing recommendations in patient subpopulations: renal impaired, hepatic impaired, CYP2D6 
poor metabolizers [PMs]). Similarly, dedicated drug-interaction studies led to concrete dosing 
recommendations in patient concomitantly dosed with CYP2D6 inhibitors and CYP3A4 
inducers. In addition, clinical pharmacology studies and concentration-QT analyses provided 
evidence that there were clinically insignificant QT effects at the highest therapeutic dose and 
clinically manageable increases in QT at supra-therapeutic doses (i.e., QT increase of 9.8 msec at 
2.5X fold over the highest therapeutic dose). 
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3.3.2  Is the proposed dosing regimen appropriate for the general patient population for which the 
indication is being sought? 
 
 
The recommended dose of pitolisant is 35.6 mg to be administered orally once daily in the 
morning upon waking up. Patients should be titrated to 35.6 mg once daily according to the 
following schedule:  
 
• Week 1: initiate treatment with a dose of 8.9 mg once daily  

• Week 2: increase dose to 17.8 mg once daily  

• Week 3: increase to the recommended dose of 35.6 mg once daily  
 
Patients should be monitored for clinical response related to both efficacy and tolerability, as 
some patients may achieve benefit at lower doses and/or require a lower dose based on 
tolerability.  

In early clinical studies conducted in patients with ADHD (Study P05-07) or narcolepsy (Study 
P05-03), it was observed that patients starting directly on a dose of 35.6 mg (without any dose 
titration) had higher incidences of neuropsychiatric adverse events compared to those who 
started on a dose of 8.9 mg and subsequently titrated to higher doses. In Study P05-03 (Effect of 
35.6 mg once-daily pitolisant for 7 days on vigilance in patients with narcolepsy), it was 
observed that five patients had a plasma level above 150 ng/ml on Day 6-7.  Four of these 
patients experienced adverse events rated moderate or severe in intensity such as sweating 
nausea, malaise, dryness of the mouth. All occurred at the first day of treatment, except one 
(sweating) that occurred 3 days after. However, no patient stopped their treatment.  The 
appropriateness of titration schedule for efficacy was informed by the findings from Study P05-
03.   

Subsequently, the applicant conducted three well-controlled Phase 3 studies that contributed to 
the safety and efficacy data (key efficacy endpoints of Epworth Sleepiness Scale [ESS], 
Maintenance of Wakefulness Test [MWT], and cataplexy counts).  

In Study HARMONY_Ibis, the maximum dose studied was 17.8 mg (20 mg as salt form).  
However, in studies HARMONY I and HARMONY CTP, the maximum dose studied was 35.6 
mg (40 mg as salt from).  Figure 1 shows that a greater percentage of patients were stabilized on 
the highest dose of 40 mg (salt form) in HARMONY I and HARMONY CTP.  Similarly, a 
greater percentage of patients were stabilized on the highest dose of 20 mg (salt form) in the 
HARMONY Ibis study. However, two patients were stabilized on 5 mg dose (salt form) in 
HARMONY Ibis. 
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Figure 1.  Percentage of patients stabilized at various dose levels in 3 clinical studies 
(HARMONY CTP, HARMONY I and HARMONY Ibis)

 
Source: Reviewer’s analysis 

 

Data from clinical trials suggest that some patients may see a clinical response during the first 
few weeks after initiation of therapy, while others may take several weeks up to 8 weeks to 
achieve an optimal response.  Figure 2 shows the ESS score by time (week) in HARMONY I.  
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Figure 2.  ESS score by time (week) in HARMONY I

Source: Reviewer’s analysis 
 

Supportive data for the proposed dose level also comes from a positron emission tomography 
(PET) imaging study of receptor occupancy, which demonstrated that close to 90% of brain H3 
receptors were occupied after a 35.6 mg dose (40 mg as salt form) of pitolisant HCl.  

The overall risk-benefit profile of pitolisant is detailed in the Medical/Clinical review by Martine 
Solages et. al. 

 

3.3.3  Is an alternative dosing regimen and/or management strategy required for subpopulations based 
on intrinsic factors? 
 

Dedicated clinical studies have been conducted to assess the effect of hepatic impairment and 
renal impairment as listed below: 

Hepatic impairment study (P09-14): This was a multi-center, open-labeled, parallel group 
study in 6 subjects with mild hepatic impairment (Child Pugh A), 6 subjects with moderate 
hepatic impairment (Child Pugh B) and 12 healthy subjects matched for ethnicity, sex, age (±5 
years) and BMI (±20%). Each subject received a single dose of pitolisant HCl 20 mg. The 
Cmax and AUC were generally similar in mild hepatic impaired subjects and healthy control 
subjects. However, the PK parameters in moderate hepatic impaired differed from healthy 
control subjects as follows: 30% increase of Cmax, 140% increase in AUC and 2-fold longer 
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T1/2. The trends in PK were similar for total as well as unbound pitolisant. Severe hepatic 
impaired subjects were not included in this study.  
 
Table 1: PK of Pitolisant in Subjects with Hepatic Impairment and Matched Normal Subjects  

 

Source: Sponsor’s summary of clinical pharmacology studies 

Based on the PK changes observed in the hepatic impairment study, the following dose-
adjustments are recommended: 

 Mild hepatic impaired= no dose adjustment 
 Moderate hepatic impaired = titrate the dose for a longer duration (i.e., 2 weeks  

and cap the dose at 17.8 mg/day 
 Severe hepatic impaired = contraindicated  

 

Renal impairment study (P09-13): This was a multi-center, open-labeled, parallel-group, 
single-dose study of pitolisant HCl 20 mg administered in 4 subjects with mild renal impairment 
(estimated glomerular filtration rate [eGFR] of 60 to 80 mL/min/1.73 m2), 4 subjects with 
moderate renal impairment (eGFR of 30 to 59 mL/min/1.73 m2), 4 subjects with severe renal 
impairment (eGFR of 15 to 29 mL/min/1.73 m2), and 12 subjects with normal renal function 
(eGFR > 90 mL/min/1.73m2). Each subject received a single dose of pitolisant HCl 20 mg. 
Based on total pitolisant drug levels, mean Cmax and AUC for all categories of renal impaired 
subjects (mild, moderate and severe) was generally 2-fold higher than the exposure of normal 
subjects. However, based on the free drug levels, mild and moderate renal impaired subjects had 
exposure similar to normal subjects while the severe renal impaired subjects had higher 
exposures (slightly less than 2-fold higher) compared to normal subjects. 
 

Table 2: PK (total and free) of Pitolisant in Subjects with Renal Impairment and Matched 
Normal Subjects  
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Source: Sponsor’s renal impairment study report (P09-13) 

We also assessed the total number of subjects with the different degrees of renal impairment who 
were included in the pivotal efficacy and safety studies (HARMONY 1, HARMONY CTP, 
HARMONY Ibis) and other studies. As listed below, all the studies consistently had significant 
proportion of healthy normal subjects and mild renal impaired subjects , ~48% and ~47%, 
respectively. However, only ~5% of the subjects were moderate renal impaired and no severe 
renal impaired subjects were ever included in the studies.  

Table 3: Number of Patients with Renal Impairment at Baseline in the Clinical efficacy 
studies  
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Source: Sponsor’s Response to Clinical Pharmacology Information Request (01 February 2019) 

Additionally, the proportion of subjects who were escalated to the highest dose (40 mg/day salt 
form) as a maintenance dose was similar across the 3 subject types: normal renal, mild renal 
impaired and moderate renal impaired subjects. In spite of escalation and maintaining at the 
highest dose, the proportion of subjects having any treatment emergent adverse effects (TEAE) 
or significant adverse events (SAE) were also similar across 3 subject types: normal renal, mild 
renal impaired and moderate renal impaired subjects. A representative table for TEAE and SAE 
is listed below. 

Table 4: Treatment-Emergent Adverse Events and significant adverse events by Renal 
Function Category (HARMONY CTP: P11-05) 
 

 

Source: Sponsor’s Response to Clinical Pharmacology Information Request (01 February 2019) 

Considering the data from the PK changes (total and free) in the dedicated renal impairment 
study, the information regarding doses and AE’s in the subjects from different renal categories in 
the pivotal efficacy and safety studies and the mass balance information that suggests that 
pitolisant is extensively metabolized and is primarily eliminated entirely as metabolites (not 
parent) via the urine (~90% of dose in urine as metabolites)- we recommend the following dose-
adjustment strategy for renal impaired patients: 

 Mild renal impaired= no dose adjustment 
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 Moderate renal impaired = cap the dose at 17.8 mg/day 
 Severe renal impaired = cap the dose at 17.8 mg/day 
 ESRD= not recommended 

 
No alternate dosing regimen is required based on body weight, gender or race.  

Figure 3: Box Plot of Dose-Normalized Cmax and AUCinf of Pitolisant by Sex  

 

Figure 4: Box Plot of Dose-Normalized Cmax and AUCinf of Pitolisant by BMI 
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Figure 5: Box Plot of Dose-Normalized Cmax and AUCinf of Pitolisant by Race 
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Source: Sponsor’s Summary of Clinical Pharmacology Studies (2.7.2) 

CYP2D6 Genetic Deficiencies: 
The PK of pitolisant in PMs of CYP2D6 vs. Normal metabolizers (NMs) of CYP2D6 was 
assessed in 8 genotyped healthy adult, male subjects in a mass balance clinical study (P15-02). 
The PK after single dose as well as after steady state (on day 7) at 40 mg dose (in salt form) was 
used to compare the exposure in PMs (N=3) vs NMs (N=5). CYP2D6 alleles tested and 
genotyping methods were appropriate for determining CYP2D6 PM and NM status. An 
approximate 2-fold increase in exposure was observed in CYP2D6 PMs as compared to 
CYP2D6 NMs. Additionally, a dedicated drug interaction study with paroxetine (a strong 
CYP2D6 inhibitor) also resulted in a similar increase in exposure of pitolisant which supports the 
conclusion that exposures can be expected to be 2-fold higher in CYP2D6 PMs.  

Table 5: Cmax and AUC after repeat dosing at 40 mg/QD (salt form) in CYP2D6 NMs and 
PMs 

CYP2D6 status Cmax (ng/mL) AUC (ng*h/mL) 
NMs (N=5) ~73 ~812
PMs (N=3) ~153 ~1920

 

The prevalence of PMs is approximately 3-10%, but can vary in difference geographic regions of 
the world. Considering an approximate 2-fold higher Cmax and AUC in PMs compared to NMs, 
we recommend capping the dose at 17.8 mg/day in CYP2D6 PMs. 

 

3.3.4  Are there clinically relevant food-drug or drug-drug interactions and what is the appropriate 
management strategy? 
 

Dedicated clinical studies have been conducted to assess the effect of food and other co-
administered drugs (i.e., drug-drug interaction) on the PK of pitolisant. The key individual 
studies and the appropriate dose management strategies are listed below: 

Food effect study (P11-03; part I): This was a single-center, randomized two-way cross-over 
comparative bioavailability study of a single administration of pitolisant administered with or 
without a high-fat meal. A total of 12 healthy male subjects, (20 to 54 years), received 20 mg 
pitolisant HCl on 2 occasions, one with a high-fat meal (~963 Kcal, 17% protein, 21% 
carbohydrates, 62% fat) and one under fasting conditions. Both administrations were separated 
by a 1-week wash-out period. Serial blood samples were collected in each period over 72 hours 
post-dose. This study showed that when pitolisant was administered with a high-fat meal, 
pitolisant Cmax were reduced ~30%, but AUC ratio and 90% CI were within the 80- 
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125% bioequivalence (BE) criteria. Median Tmax estimates for pitolisant was delayed by 1.5 hr. 
Thus, food does not cause any clinically relevant effect on the PK of pitolisant and WAKIX can 
be administered with or without food. 
 
Figure 6: Mean (± standard deviation) pitolisant concentrations measured in 12 healthy male 
volunteers after a single oral administration at 20 mg in fasting or fed conditions 

 
Source: Sponsor’s Study Report for Food-Effect (P11-03; part 1) 
 
Drug-Drug Interactions Studies with Pitolisant as a Victim Drug 
 
Effect of paroxetine (CYP2D6 inhibitor) on the PK of pitolisant (P11-03; part III): This 
study was a comparative bioavailability study of a single administration of pitolisant alone or 
together with 20 mg paroxetine (at steady state) in a single sequence cross-over design. It was 
conducted in 18 healthy adult males aged 18 to 55 years. Concomitant administration of 
pitolisant 17.8 mg with paroxetine, a potent CYP2D6 inhibitor, at 20 mg QD x 7 days was found 
to increase the Cmax and AUC of pitolisant by 1.5- and 2.2-fold, respectively. Thus, considering 
a 2-fold increase in exposure of pitolisant with paroxetine, the clinical dose of WAKIX should be 
decreased by 50% when co-administrated with strong CYP2D6 inhibitors (e.g., paroxetine, 
fluoxetine etc.) 
 
Figure 7: Mean (± standard deviation) Pitolisant concentrations measured in 18 healthy male 
volunteers after a single oral administration at 20 mg alone or with paroxetine 
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Effect of rifampicin (CYP3A4 inducer) on the PK of pitolisant (P11-10): This study was a 
cross-over, single sequence, 2-period study with pitolisant alone as well as pitolisant with 
rifampicin at steady-state. It was conducted in 18 healthy adults aged 18 to 55 years. 
Concomitant administration of pitolisant 17.8 mg with rifampicin, a strong CYP3A4 inducer, 
at 600 mg QD x 8 days decreased the AUC and Cmax of pitolisant by 48% and 39%, 
respectively. Therefore, based on the significant reduction in exposure of pitolisant when co-
administered with strong CYP3A4 inducers (e.g., rifampicin, phenytoin etc.), the following dose-
adjustment strategy is recommended:  

 For patients stable on 8.9 mg/day or 17.8 mg/day: dose to be increased gradually over a 
week to reach double the original dose level. Maintain for the duration of use of CYP3A4 
inducers. 

 For patients stable on the highest dose of 35.6 mg/day: No dose adjustments is 
recommended  

 
Figure 8: Mean (± standard deviation) Pitolisant concentrations measured after a single oral 
administration at 20 mg alone or with rifampicin. 
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Effect of itraconazole (CYP3A4 inhibitor) on the PK of pitolisant (P11-03; part II): This 
study was a cross-over, single sequence, 2-period study with pitolisant alone as well as pitolisant 
with itraconazole at steady-state. It was conducted in 18 healthy adults aged 18 to 55 years.  
Concomitant administration of pitolisant 17.8 mg with itraconazole (200 mg QD for 7 days) had 
negligible effect on the PK of pitolisant. Therefore, no dosage adjustments are needed for 
WAKIX when co-administered with moderate or potent CYP3A4 inhibitors. 
 
Figure 9: Mean (± standard deviation) Pitolisant concentrations measured after a single oral 
administration at 20 mg alone or with Itraconazole. 
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Effect of Sodium Oxybate (approved narcolepsy drug) on the PK of pitolisant (P14-07; part 
I): This study was an open-label, 2 way cross-over study to evaluate the PK interaction of 
pitolisant (40 mg salt form) with sodium oxybate (XYREM; 2.25 gm, twice, 3 hrs apart) and vice 
versa in 16 healthy adult males. Sodium oxybate, which is a commonly administered drug to 
narcolepsy patients, had minimal effect on the PK of pitolisant. Therefore, no dosage 
adjustments are needed for WAKIX when co-administered with sodium oxybate. 
 
 Figure 10: Mean Pitolisant concentrations measured after a single oral administration at 20 
mg alone (Treatment- A) or with Sodium Oxybate (Treatment-B). 
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Effect of modafinil (approved narcolepsy drug) on the PK of pitolisant (P14-07; part II): 
This study was an open-label, one sequence, cross-over study to evaluate the PK interaction of 
single dose pitolisant (40 mg salt form) and a 22-day 200 mg/day modafinil (MODIDOAL200 
mg/day for 22 days) and vice versa in 16 healthy adult males. Modafinil, which is a commonly 
administered drug to narcolepsy patients, had minimal effect on the PK of pitolisant. Therefore, 
no dosage adjustments are needed for WAKIX when co-administered with modafinil. 
 
 
Figure 11: Mean Pitolisant concentrations measured after a 40 mg alone (Day 1 PK) or with 
Modafinil (Day 26 PK). 
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Drug-Drug Interactions Studies with Pitolisant as a Perpetrator drug 
 
 
Effect of pitolisant on the PK of midazolam (CYP3A4 substrate) (P15-15): A clinical study 
was conducted to assess the effect of pitolisant on CYP3A4 using Midazolam as a CYP3A4 
model substrate. This study showed that pitolisant (17.8 mg QD for 7 days) reduces exposures of 
midazolam (2.5 mg single dose) about 20%. Because the commonly used oral contraceptives are 
substrates of CYP3A4, an effect of pitolisant on the PK of oral contraceptives cannot be ruled 
out. Therefore, administration of pitolisant concomitantly with oral contraceptives may reduce 
the systemic exposure and the effectiveness of oral contraceptives, Thus, an alternative or 
additional reliable contraceptive method should be used when taking pitolisant. 
 
Effect of pitolisant on the PK of sodium oxybate and modafinil (approved narcolepsy 
drugs) (P14-07): Pitolisant 35.6 mg QD had no effect on exposures of sodium oxybate 2.25 g 
twice, 3 hours apart or modafinil 200 mg daily for 22 days, both of which are commonly 
administered to narcolepsy patients. Thus, no dosage adjustments are needed to the dose levels of 
these co-administered drugs (sodium oxybate or modafinil) when taken with Wakix. 
 
Effect of pitolisant on the PK of buproprion (CYP2B6 substrate) (P15-15): A clinical study 
was conducted to assess the effect of pitolisant on CYP2B6 using bupropion as a CYP2B6 model 
substrate. This study showed that pitolisant (17.8 mg QD for 7 days) does not affect the PK of 
bupropion (150 mg single dose) and, therefore, does not induce CYP2B6 metabolism. Therefore, 
no dosage adjustments are needed for CYP2B6 substrates when they get co-administered with 
pitolisant. 
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Figure 12: Effect of Pitolisant on concomitant medications 

 

Source: Sponsor’s Summary of Clinical Pharmacology 

3.3.5 Is the single dose and steady state PK of pitolisant characterized adequately? 

 

Single dose PK of pitolisant was fully characterized in a dedicated single ascending dose study in 
healthy adult subjects. The doses explored were- 1, 5, 10, 20, 40 and 60 mg of the salt form. 
Concentration vs. time profile for PK of pitolisant are shown below. The PK parameters and 
exposures were generally dose-proportional. The details of the PK parameters are in Section 2.1. 

Figure 13: Mean Serum Pitolisant Concentration vs Time Plots for single dose of 10, 20, 40, 
and 60 mg (as salt form). 
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Source: Sponsor’s Summary of Clinical Pharmacology 

 

The PK of pitolisant at steady state was assessed by a dedicated study at 40 mg (salt form) with 
daily dosing up to 8 days in healthy adult subjects. Concentration vs. time profile for pitolisant is 
shown below. As expected, there was an accumulation at steady state and the exposures were 
generally 2-fold higher at steady state. 

Figure 14: Mean Serum Pitolisant Concentration vs Time Profiles on Day 1 and Day 8 
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 Source: Sponsor’s Summary of Clinical Pharmacology 

 

Additionally, while full PK profiles have not been collected in adult patients with narcolepsy, 
sparse sampling was collected in two pilot studies of pitolisant in the treatment of narcolepsy. 
Those data show that PK of pitolisant in patients is not substantially different from that 
characterized in healthy subjects.  
 
 

 

3.3.6 Were there any QT increases observed at therapeutic dose levels or supra-therapeutic dose 
levels? 
 

The effect of pitolisant was evaluated in clinical studies P09-11 (TQT study) and P14-05 
(SAD Study) and the agency performed independent analysis of these data (Darrts- IRT Report, 
Jose Vicente Ruiz et. al., 3/22/2019). The data analysis suggested that the highest therapeutic 
dose of 40 mg (salt form) at steady state did not cause any clinically significant QTc 
prolongation. However, there was a clear and direct correlation of pitolisant exposure with QTc 
prolongation. At supratherapeutic doses, QTc increases greater than 10 msec are anticipated. The 
detailed concentration QTc analysis are included in the IRT report. 

Table 6: The Point Estimates and the 90% CIs for ΔΔQTcF (ms) increases at therapeutic and 
supra-therapeutic dose levels 
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Safety Window  Cmax at steady state 
(ng/mL)

ΔΔQTcF (ms) & 90% CI 

Highest therapeutic Dose (i.e., 40 mg 
in salt form at steady state) 

~ 73 ng/mL 4.2 (3.2, 5.2) 

2.5-fold over highest therapeutic 
Dose 

~ 175 ng/mL 9.8 (7.7, 11.8) 

3.8-fold over highest therapeutic 
Dose 

~ 280 ng/mL 15.5 (12, 18.9) 

 

Figure 15: Goodness-of-fit plot for QTc vs. steady state Cmax 

 

Source: IRT Review (Darrts- IRT Report, Jose Vicente Ruiz et. al., 3/22/2019). 

 

3.3.7 Are the elimination pathways (metabolism and excretion) for pitolisant adequately elucidated 
via mass balance study?   
 

Dedicated mass balance studies (P11-01 and P15-02) were conducted to elucidate the 
biotransformation pathways, mechanism of metabolism, circulating levels of drug-related 
moieties, and the extent of route of elimination/excretion via the urine and feces. Pitolisant is 
extensively metabolized primarily by CYP2D6 and to a lesser extent, by CYP3A4 and Phase 2 
glucuronidation. Though pitolisantt was the major circulating moiety (~50%) in human plasma, 
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there were several major circulating metabolites- BP2951, BP1.8054, BP1. 9733 etc. However, 
all the major circulating metabolites were determined to be “inactive”. Additionally, the 
exposure ratio (i.e., AUC of metabolite/AUC of parent) of all major circulating metabolites is 0.5 
or lower. Mass balance study demonstrated that approximately 90% of the dose was excreted in 
urine (majorly as a mix of a large number of metabolites with < 2% as unchanged parent) and 
~2% of dose in feces. 
 
Figure 16: Pitolisant metabolic pathway in Human 

 

Source: Sponsor’s Summary of Clinical Pharmacology 

 

3.3.8 Was the final to-be-marketed formulation (film coated tablet) used in the pivotal efficacy/safety 
studies and the key clinical pharmacology studies? 
 

Yes, the final to-be-marketed formulation (film coated tablet) was used in the pivotal 
efficacy/safety studies and the key clinical pharmacology studies. Therefore, no additional 
bridging PK studies were required.  
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4. APPENDICES 

4.1 Summary of Bioanalytical Method Validation and Performance 
 

Pitolisant and its metabolites (BP2.951, BP1.8054, BP1.9733, BP1.3473, BP1.3484, BP1.10556, 
BP1.0749, and BP1.8186) in serum and pitolisant and BP2.951 in urine were analyzed by high-
performance liquid chromatography (HPLC) or ultra-performance LC (UPLC) coupled with 
tandem mass spectroscopy after solid-phase or solid-liquid phase extraction. The lower limit of 
quantification was 1 ng/mL, 0.5 ng/mL, or 0.1 ng/mL for pitolisant and BP2.951 in serum; 1 
ng/mL or 2 ng/mL for pitolisant and BP2.951 in urine; 1 ng/mL for BP1.8054, BP1.9733, 
BP1.8186, and BP1.0556 in serum; and 5 ng/mL for BP1.3484 and BP1.3473 in serum. All 
methods used in human clinical trials were validated in accordance with GLP and GCP 
regulations. The validated methods used to analyze pitolisant and its metabolites demonstrated 
reliable and reproducible quantitation of these analytes.  
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4.2	 Individual	Study	Reports:	
 

1. Hepatic Impairment Study 
2. Renal Impairment Study 
3. Paroxetine DDI Study 
4. Rifampicin DDI Study 
5. Midazolam DDI Study 
6. Itraconazole DDI Study 
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CLINICAL PHARMACOLOGY STUDY REVIEW 
PK Study in Hepatic Impaired 

Study # P09-14 Study Period: 5/10/11—11/10/12

NDA 211150 WAKIX                             

Title 
Pharmacokinetic of 20 mg BF2.649 in single dose, in subjects with normal hepatic function 
compared to subject with impaired hepatic function.

Objectives: 

 
Primary objective: The primary objective of this study was to investigate the effect of 
hepatic impairment on the pharmacokinetics of BF2.649 and its main metabolite BP2.951 
following single oral dose of 20 mg. 
 
Secondary objective: The secondary objective of the study was the evaluation of biological 
safety and clinical tolerance of BF2.649. 

 
EXECUTIVE SUMMARY: 

 
Hepatic impairment study (P09-14): This was a multi-center, open-labeled, parallel group study in six 
subjects with mild hepatic impairment (Child Pugh A), 6 subjects with moderate hepatic impairment 
(Child Pugh B) and 12 healthy subjects matched for ethnicity, sex, age (±5 years) and BMI (±20%). 
Each subject received a single dose of pitolisant HCl 20 mg. The Cmax and AUC were generally similar 
in mild hepatic impaired subjects and healthy control subjects. However, the PK parameters in 
moderate hepatic impaired differed from healthy control subjects as follows: 30% increase of Cmax, 
140% increase in AUC and 2xfold longer T1/2. The trends in PK were similar for total as well as 
unbound pitolisant. Severe hepatic impaired subjects were not included in this study.  
 
Based on the PK changes observed in the hepatic impairment study, the following dose-adjustments are 
recommended: 

 Mild hepatic impaired= no dose adjustment 
 Moderate hepatic impaired = Titrate the dose for longer duration (i.e., 2 weeks  

) and cap the dose at 17.8 mg/day 
 Severe hepatic impaired = contra-indicated  

 
 
 
Study Design:  
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Pharoi.acokinetic assessments: 

Blood san1ples Vi'ete collecte.d on: 

- Day I at pre-do5"., l b, 1,5h, 2b, 3b, 4h, 6b, 8b, 12h and 16 hours after administration ofBF2.649; 
- Day 2 at. T24h and T36h; 
- Day 3 at T48h; 
- Day 4 at T72h; 
- Day 5 at T96h. 

UJine collcch·ons: 

- Day I : At pre-dose, [DITOh - DIT6h(; [D!T6h - D IT12h[; [DJT12h-D2T24h(; 
- Day 2 [D2T24h - D3T48h[. 

Safety: 

l'ital signs: 

- Blood pressure, Heart rate. and oral Tewperatw-e: at the screening visit, then on D-1 on D I at TOb, T2h, T4h, 
T6h and T12h, on D2 at T24h, D3 atT48h, D4 T72b, DS T96h and on follow-up visit. 

- Oral temperature at screening visit, D-1 and on follo\v-up visit 
- Body weight.: at the screening and at. t.he follow-up vi sit. 

ECG cvaluan·on: 

- 12-lead ECG: at the screening visit, t.heu ou D-1, on D I at TOb, T2b, T4h, T6h, and T l2b, on 02 at T24b, on 
D3 at T48b, ou 05 T96h and ou 04 at T72h and at t.he follow-up visit. 

Bioaoalyti cal mu hod$: 

Serum levels of BF2.649 and its melllbolite BP2.95 I were evaluated using a UHPLC/MSIMS tecbll.ique de\.'eloped 
and \1'llidated by Bioprojet-BIOTECH (B258 study). Urine levels of BF2.649 and its metabolites were evaluated 
using a UHPLC~lS/MS tecbll.ique de\·eloped and validaied by Bioprojet-BIOTECH (B256 wdy). Drugs serum 
binding were detemlined by equilibrium dialysis approach. Unbound fraction of BF2.649 and its metabolite 
BP2.951 in plasma were measured in order to correctly inte1pret the effect of hepatic f\mction on the BF2.649 
clearance. 

Statistical methods: 

!'Mm1acokinetics: 

Phnnnacokinetic par.uuetttS for 10!31 and unbound drug w~ estimated for each group: C,,,., T...., Ito, AUC10-a1-
AUCio-i- V IF. Cl/F _protein binding. 
Statistical TeStS: A one-way analysis of Variance (ANOVA) by comidtting lttat:meo.r group as • fi."ted facror wu 
conclucte<l 
Toltrl\nce: 

Individual advei·~ <veots were hsted and classified by st\-erity and rdationship to the drugs. Descriptiv-< statistics 

""'" cokulated. 
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Analytical Method 

Method Type LC/MS/MS Matrix Plasma

Analytes 
 
Pitolisant and its metabolites  

  
 

Validation 

 Method validated prior to use Yes No

 Method validation acceptable Yes No

Study 
Sample 
Analysis 

 Samples analyzed within the established stability period Yes No

 Quality control samples range acceptable  Yes No

 Chromatograms provided  Yes No

 Accuracy and precision of the calibration curve acceptable Yes No

 Accuracy and precision of the quality control samples acceptable Yes No

 Overall performance acceptable Yes No

 
 
Study Population:  
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Inclusion Crietria: 
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Exclusion Criteria: 
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PK Results 
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Safety Results 
Was there any death or serious adverse events? 
 

Yes No NA  
 
 

 
 
 
 
 
 
Overall Sponsor Conslusions 
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Reviewer Comments and Conclusions 
 
This was a multi-center, open-labeled, parallel group study in six subjects with mild hepatic 
impairment (Child Pugh A), 6 subjects with moderate hepatic impairment (Child Pugh B) and 12 
healthy subjects matched for ethnicity, sex, age (±5 years) and BMI (±20%). Each subject received a 
single dose of pitolisant HCl 20 mg. The Cmax and AUC were generally similar in mild hepatic 
impaired subjects and healthy control subjects. However, the PK parameters in moderate hepatic 
impaired differed from healthy control subjects as follows: 30% increase of Cmax, 140% increase in 
AUC and 2xfold longer T1/2. The trends in PK were similar for total as well as unbound pitolisant. 
Severe hepatic impaired subjects were not included in this study.  
 
Based on the PK changes observed in the hepatic impairment study, the following dose-adjustments are 
recommended: 

 Mild hepatic impaired= no dose adjustment 
 Moderate hepatic impaired = Titrate the dose for longer duration (i.e., 2 weeks instead of 1 

week) and cap the dose at 17.8 mg/day 
 Severe hepatic impaired = contra-indicated  
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CLINICAL PHARMACOLOGY STUDY REVIEW 
PK Study in Renal Impaired 

Study # P09-13 Study Period:  3/6/11—26/11/12

NDA 211150 WAKIX                             

Title 
Pharmacokinetics of 20 mg BF2.649 in single dose, in subjects with normal renal function 
compared to subject with impaired renal function.

Objectives: 

 
Primary objective: 
The primary objective of this study was to investigate the effect of renal impairment on the 
pharmacokinetics of BF2.649 and its main metabolite BP2.951 following single oral dose of 
20 mg. 
 
Secondary objective: 
The secondary objective of the study is the evaluation of biological and clinical safety of 
BF2.649. 

 
EXECUTIVE SUMMARY: 

 
Renal impairment study (P09-13): This was a multi-center, open-labeled, parallel-group, single-dose 
study of pitolisant HCl 20 mg administered in 4 subjects with mild renal impairment (estimated 
glomerular filtration rate [eGFR] of 60 to 80 mL/min/1.73 m2), 4 subjects with moderate renal 
impairment (eGFR of 30 to 59 mL/min/1.73 m2), 4 subjects with severe renal impairment (eGFR of 15 
to 29 mL/min/1.73 m2), and 12 subjects with normal renal function (eGFR > 90 mL/min/1.73m2). Each 
subject received a single dose of pitolisant HCl 20 mg. Based on total pitolisant drug levels, mean Cmax 
and AUC for all categories of renal impaired subjects (mild, moderate and severe) was generally 2xfold 
higher than the exposure of normal subjects. However, unbound pitolisant drug levels were also 
assessed for the individual subject in this study. Based on the free drug levels, mild and moderate renal 
impaired subjects had exposure similar to normal subjects while only the severe renal impaired 
subjects had higher exposures (slightly less than 2 Xfold higher) compared to normal subjects. 
 
Considering the data from the PK changes (total and free) in the dedicated renal impairment study, the 
information regarding doses and AE’s in the subjects from different renal categories in the pivotal 
efficacy and safety studies and the mass balance information that suggests that pitolisant is extensively 
metabolized and is primarily eliminated entirely as metabolites (not parent) via the urine (~90% of 
dose in urine as metabolites)- we recommend the following dose-adjustment strategy for renal impaired 
patients: 

 Mild renal impaired= no dose adjustment 
 Moderate renal impaired = cap the dose at 17.8 mg/day 
 Severe renal impaired = cap the dose at 17.8 mg/day 

 
 
 
Study Design:  
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Pharm..1cokinetic assessme-nts: 

Blood san1ples were c-0llected on: 

- Day I at.pre-dose, l b, 1,5h, 2h, 3h, 4h, 6h. Sh, 12h aod 16 hours after administration ofBF2.649; 
- Day 2 at T24h and T36h; 
- Day 3 at T48h; 
- Day 4 at T72h; 
- Day 5 at T96h. 

UJ·;ne collcch·ons: 

- Day I : At pre-dose, [DITOh - D IT6h(; [D!T6h - D IT12h(; [DIT12h-D2T24h(; 
- Day 2 [D2T24h - D3T48h(. 

Safetv: 

Vital siPJ1s: 

- B lood pressure, Heart rate and oral Teniperature: at the screening visit, then on D-1 on D I at TOh, 'f?.Ji, T4h, 
T6h and T12h, on D2 at T24h, D3 at T48h, D4 T72h, D5 T96h and on follow-up vi sit. 

- Oral temperature at screening visit, D-1 and on follo\v-up visit. 
- Body weight: at the screening and at the follow-up visit. 

ECG evaluan·on: 

- 12-lead ECG: at the screening visit, then ou D-1, on D I at TOh, T2h, T4h, T6h, and T 12h, on D2 at T24h, on 
D3 at T48h, ou D5 T96h and ou D4 at T72h and at the follow-up visit. 

Bioo.nolytiral mttbods: 

Serum levels of BF2.649 and its metabolite BP2.95 l were evaluated using a UHPLCIMSIMS technique developed 
and nlidated by Bioprojet-BIOTECH (B258 study) . Urine levels of BF2.649 and its metabolites were e\'aluatod 
using a UHPLCIMSIMS ttthnique developod and validated by Biopro1et-BIOTECH ·(B256 srudy). Drug$ stttun 
binding were de<ermioed by equilibriUUl dialysis approach. Unbound fr:icrion of BF2.649 and its meiabolite 
BP2.95 l in plaslllll were measured in or~r to CO!TKlly inte1pre1 the effect of bepa.tic function on the BF2.649 
clearance. 
Statistical m tchods: 

Pluumacokine11cs: 

Pbar!llllcokinetic patametei:s for total and unbound drug were estimated for each group: C,.,,., T_ , 11~, AUCio-2'1> 
AUCio-=1• V/F_ CllF, protein binding. 
Statistical Tesis: A on~way analysis of Vari.a.nee (ANOVA) by CO!l.•idering 1rea1mm1 group as a fhted factor was 
conducted_ 

Tolerance: 

Individual ad\-erse events were listed and classified by sewrity and relationship to the drugs. Descripti•e statistics 
were calculated. 
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Analytical Method 

Method Type LC/MS/MS Matrix Plasma

Analytes 
 
Pitolisant and its metabolites  

  
 

Validation 

 Method validated prior to use Yes No

 Method validation acceptable Yes No

Study 
Sample 
Analysis 

 Samples analyzed within the established stability period Yes No

 Quality control samples range acceptable  Yes No

 Chromatograms provided  Yes No

 Accuracy and precision of the calibration curve acceptable Yes No

 Accuracy and precision of the quality control samples acceptable Yes No

 Overall performance acceptable Yes No

 
 
Study Population:  
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Inclusion Crietria: 
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Exclusion Criteria: 
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Figure 13: RefatioJLsbip Between Cl'CL 01· eGFR and Pitolisant PK Parameters (P09-13) 
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Safety Results 
Was there any death or serious adverse events? 
 

Yes No

NA  
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Overall Sponsor Conslusions 
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Appears this way on original
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Reviewer Comments and Conclusions 
This was a multi-center, open-labeled, parallel-group, single-dose study of pitolisant HCl 20 mg 
administered in 4 subjects with mild renal impairment (estimated glomerular filtration rate [eGFR] of 
60 to 80 mL/min/1.73 m2), 4 subjects with moderate renal impairment (eGFR of 30 to 59 mL/min/1.73 
m2), 4 subjects with severe renal impairment (eGFR of 15 to 29 mL/min/1.73 m2), and 12 subjects with 
normal renal function (eGFR > 90 mL/min/1.73m2). Each subject received a single dose of pitolisant 
HCl 20 mg. Based on total pitolisant drug levels, mean Cmax and AUC for all categories of renal 
impaired subjects (mild, moderate and severe) was generally 2xfold higher than the exposure of normal 
subjects. However, unbound pitolisant drug levels were also assessed for the individual subject in this 
study. Based on the free drug levels, mild and moderate renal impaired subjects had exposure similar 
to normal subjects while only the severe renal impaired subjects had higher exposures (slightly less 
than 2 Xfold higher) compared to normal subjects. 
 
Considering the data from the PK changes (total and free) in the dedicated renal impairment study, the 
information regarding doses and AE’s in the subjects from different renal categories in the pivotal 
efficacy and safety studies and the mass balance information that suggests that pitolisant is extensively 
metabolized and is primarily eliminated entirely as metabolites (not parent) via the urine (~90% of 
dose in urine as metabolites)- we recommend the following dose-adjustment strategy for renal impaired 
patients: 

 Mild renal impaired= no dose adjustment 
 Moderate renal impaired = cap the dose at 17.8 mg/day 
 Severe renal impaired = cap the dose at 17.8 mg/day 
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CLINICAL PHARMACOLOGY STUDY REVIEW 
Drug Interaction Study—Pitolisant & Paroxetine (CYP2D6 inhibitor) 

Study # P11-03; part III Study Period: 8/8/11---9/29/11

NDA 211150 WAKIX                             

Title 

Objectives: 

 

 
EXECUTIVE SUMMARY: 

 
Effect of paroxetine (CYP2D6 inhibitor) on the PK of pitolisant (P11-03; part III): This study was a 
comparative bioavailability study of a single administration of pitolisant alone or together with 20 mg 
paroxetine (at steady state) in a single sequence cross-over design. It was conducted in 18 healthy adult 
males aged 18 to 55 years. Concomitant administration of pitolisant 17.8 mg with paroxetine, a potent 
CYP2D6 inhibitor, at 20 mg QD x 7 days was found to increase the Cmax and AUC of pitolisant by 
1.5x and 2.2x, respectively. Thus, considering a 2X fold increase in exposure of pitolisant with 
paroxetine, the clinical dose of WAKIX should be decreased by 50% when co-administrated with 
strong CYP2D6 inhibitors (e.g., paroxetine, fluoxetine etc.) 
  
 
 
 
Study Design:  
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Criteri.'l for e,·alunrioo: 

Fffisan· IPD· 
Nof applicable. 

E1';. 

On Day 1 and Day 14 , blood ,_!es lbc evaluarioo of BF2.649 (.wn compowd) and BP2.951 (wetabolite) 
coocentrarions ",... collected pre-dose and .rl 0.50, 1.00, 2.00, 3.00, 4.00, 6.00, S.00, 12.00, 24.00, 48.00 a.od 
72.00 hpost-dO'A. 

S:ifetv: 
M;"oring for the ocCl.Ul'ence of AEs. Changes in physical exmllnati.oa, \ital signs {blood pressure and pulse rafe), 
ECG and clinical laboratoty tests {blocbemistly, hematology, and winalysis). 

S tatistic:al methods: 
.PD: 

Not applicable. 

?li:. 
All•-·-=·-""" """"'1l'iad by my. 
The den-.d PK--...,. ii,...j by subject and~ bycby. 

The el&ct ofp:uoxetine on m. PK pMam<ters o f BF2.649 and BP2.951 ,..., enluared b...d onAUC...,, AGC.. 
and C.... by ANOVA u;mg • ......d effoct aiadt1 applied 1D log tt>mfonned PK pMam<ters ,.'Jlh trulmml ., bed 
effects md rubject as randc.:n. ef&ct. for ach ~. a. pcim emnu:re for the ratio of ;;eome.tric means 
(BF2.649 (BP2.9Sl) + puo:u<ine I Bf2649 (BP2.9Sl) .Jone) was -imd byulculmng tbe cbJiel'ODOt ofle.l;t 
:squan meam on ihe lopritb:mic t.ea!e md suir:..eqnent b:.tck tnnsform.~tica \\Uh the .mti-Io.: fimction.. Likewise.. 
9m~ 0 for the rib.ro w;t obtiw.ltd iUld ~ pomt e..mnate. for f:be. rabO of ~c Dlif!m:. BF2.649 (BP2.9Sl} """ 
puo,...;,,. / BF2.649 (llP2.951) ..i-""oba:ioed by lt .. t square "'""""· 

The .maly·ID. oft- U'a.S based on the non-paran:ietric Wilcoxoo si;goed rank te$t. 

S3ft h": 

All •li"'l'por.m-. (ECG, ,,w ,;,m, AE., to:.) Mn ~bycbyand timtpoUll (wt.ore ..,.,,_.i.). 
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Analytical Method 

Method Type LC/MS/MS Matrix Plasma

Analytes 
 
Pitolisant and its metabolites  

  
 

Validation 

 Method validated prior to use Yes No

 Method validation acceptable Yes No

Study 
Sample 
Analysis 

 Samples analyzed within the established stability period Yes No

 Quality control samples range acceptable  Yes No

 Chromatograms provided  Yes No

 Accuracy and precision of the calibration curve acceptable Yes No

 Accuracy and precision of the quality control samples acceptable Yes No

 Overall performance acceptable Yes No

 
 
Study Population:  
 

 
 
 
 
 
Inclusion Crietria: 
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Exclusion Criteria: 
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PK Results 
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3. Had any clinically significant abuonnality following review of pre-study 
laborato1y tests (aspartate aminotransferase (ASA1), alanine aminotransferase 
(ALA1) and alkaline phosphatase (ALP) had to be within normal ranges), vi.ta! 
signs, full physical exanlination and ECG, 

4. \Vere with.in the exdusiou period defined in the National Register for Healthy 
Volooteers of the French Minis11yofHealth, 

5. Forfeite-d their freedom by administrati\re or legal a\vard or \1/ho V.'ere wider 
guardianship, 

6. Unwilling to give their inforuied consent, 

7. Presented a positive laboratory test for Hepatitis B surface antigen (HbsAg), or 
anti-RN 112 or anti- HCV antibodies, 

8. Had a history of alle rgy, intolerance or photoseusitivity to any clrug, 

9. Had a history of serions allergy, asthma, allergic skin rash or sensitivity to any 
clnig, 

10. Were kno\vll or suspected alcohol or d1ng abusers (more than 14 units of 
alcohol per week, on e unit = 8 g or about I 0 mL of pure alcohol), 

11 . Drank more than 8 cups daily of beverage. containing caffeine, 

12. Presented a positive laboratory test for urine dt1.lg sc-reening (opiates, c.ocaine~ 
amphetamine, cannabis, benzodiazepiues ), 

13. Had tmoo·gone surgf1y or had donated blood wi thin 12 weeks prior to the st.art 
of the study, 

14. Had taken any prescribed or over the counter d1ng (including antacid dru_g), 
with the exception of paracetamol (up to 3 g pe· day) within 2 weeks prior to 
the first dose administration, 

15. Presented any clinical condition or prior therapy which, in the opinion of the 
Investigator, made the subject unsuitable for the st udy, 

16. Participated to any clinical trial with an investigational clrug in the past 
3 mouths preceding study entry. 
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Safety Results 
Was there any death or serious adverse 
events? 
 
 

Yes No NA  
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Overall Sponsor Conslusions 
 
Safety and tolerability was good with paroxetine.  
 
 
 
 
Reviewer Comments and Conclusions 
 
Effect of paroxetine (CYP2D6 inhibitor) on the PK of pitolisant (P11-03; part III): This study was a 
comparative bioavailability study of a single administration of pitolisant alone or together with 20 mg 
paroxetine (at steady state) in a single sequence cross-over design. It was conducted in 18 healthy adult 
males aged 18 to 55 years. Concomitant administration of pitolisant 17.8 mg with paroxetine, a potent 
CYP2D6 inhibitor, at 20 mg QD x 7 days was found to increase the Cmax and AUC of pitolisant by 
1.5x and 2.2x, respectively. Thus, considering a 2X fold increase in exposure of pitolisant with 
paroxetine, the clinical dose of WAKIX should be decreased by 50% when co-administrated with 
strong CYP2D6 inhibitors (e.g., paroxetine, fluoxetine etc.) 
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CLINICAL PHARMACOLOGY STUDY REVIEW 
Drug Interaction Study—Pitolisant & Rifampicin (CYP3A4 inducer) 

Study # P11-10 Study Period:  4/26/12---6/19/12

NDA 211150 WAKIX                             

Title 

Objectives
: 

 

 
EXECUTIVE SUMMARY: 

 
Effect of rifampicin (CYP3A4 inducer) on the PK of pitolisant (P11-10): This study was a cross-over, 
single sequence, 2-period study with pitolisant alone as well as pitolisant with rifampicin at steady-
state. It was conducted in 18 healthy adults aged 18 to 55 years. Concomitant administration of 
pitolisant 17.8 mg with rifampicin, a strong CYP3A4 inducer, at 600 mg QD x 8 days decreased the 
AUC and Cmax of pitolisant by 48% and 39%, respectively. Therefore, based on the significant 
reduction in exposure of pitolisant when co-administered with strong CYP3A4 inducers (e.g., 
rifampicin, phenytoin etc.), the following dose-adjustment strategy is recommended:  

 For patients stable on 8.9 mg/day or 17.8 mg/day: Dose to be increased gradually over a week to 
reach double the original dose level. Maintain for the duration of use of CYP3A4 inducers. 

 For patients stable on the highest dose of 35.6 mg/day: No dose adjustments is recommended  
 
 
 
 
Study Design:  
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Analytical Method 

Method Type LC/MS/MS Matrix Plasma

Analytes 
 
Pitolisant and its metabolites  

  
 

Validation 

 Method validated prior to use Yes No

 Method validation acceptable Yes No

Study 
Sample 
Analysis 

 Samples analyzed within the established stability period Yes No

 Quality control samples range acceptable  Yes No

 Chromatograms provided  Yes No

 Accuracy and precision of the calibration curve acceptable Yes No

 Accuracy and precision of the quality control samples acceptable Yes No

 Overall performance acceptable Yes No

 
 
Study Population:  
 

 
 
 
 
 
Inclusion Crietria: 
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Exclusion Criteria: 
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3. With any clinically significant abnonnality following review of pre-study laboratory tests 
(aspartate aminotransferase (ASAI), alanine aminou-.nsferase (ALAI) and all:aline 
pbos.pbatase (ALP) m\ist be \Vithlll no1mat ranges). ·vital signs, full physical exa1nination 
and ECG. 

4. Who were within the exclusion period defined in the National Re.gister for Htalthy 
VoluuteErS of the French Ministry of Health 

5. Who forfeited their freedom by administrative or le-gal av.•ard or \\•ho \Vere unde.r 
guardianship, 

6. Uo\villing to give their infom1ed c.onseut~ 

7. Who had a positive laborato1y test for Hepatitis B s1uface antigen (HbsAg), or anti-HIV 
1/2 or an'.i- HCV antibodies, 

8. Who had a history of allergy (serious or not), alle.rgic skin rash, asthma, intoleiance, 
sensitivity or photosensibility to any dmg, 

9. Who were known or suspected alcohol or dmg abusers (more than 14 units of alcohol per 
week, 011> unit = 8 g or about I 0 mL of pure alcohol), 

10. Who drank more than 8 cups daily of beverage containing caffeine, 

11. Who had a positive laborato1y test for urine dmg screening (opiates, cocaine, 
amphetamine, cannabis, benzodiazepines), 

12 . Who undenvent surgery or had donated blood within 12 weeks prior to the start of the 
st udy, 

13. Who had taken any prescribed or over the counter dmg (including antacid dmg), with the 
exception of parac.etamol (up to 3 g per da/) within 2 weeks prior to the first dose 
3dn1jnistration, 

14. \Vho had auy clinical condition or prior therapy \Vhic.h.. in the. opinion of the Investigator~ 
made the. subject unsuitable for the snldy. 

15. Who participated to any clinical trial with an investigational dmg in the past 3 months 
precedin! study entry. 

All excl11sion aud inclusion criteria must be observed. 

9.3.3 Remo,·;a) of subjects from therap)· or assessa.nent 

In accordanc.e ·,,rith the Declaration of Helsinki, stibjects \1.tere fr~ to withdra\v from the study at 
any time. shm1ld they \Vish so. 

The follo\Y·ing reasons \\'ere accepted for study discontinuation: 

Wi'.hdra\vaJ of subject consent, or loss to follo\\1-up. or inability to remain 
under me,dical observation including postsrudy examination, 

Non..c.ompliance. or major de\!iation from the. protocol, 

Appearance of a Serious Adverse Event (SAE), 

M y othe-r situation \Vhere, in the opinion of the Investigator, continuation of 
the study would not be in the. interest of the subject, 

Discontinuation of the study by the Sporuor. 
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Safety Results 
Was there any death or serious adverse 
events? 
 
 

Yes No NA  
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Overall Sponsor Conslusions 
 

 
 
 
 
Reviewer Comments and Conclusions 
 
Effect of rifampicin (CYP3A4 inducer) on the PK of pitolisant (P11-10): This study was a cross-over, 
single sequence, 2-period study with pitolisant alone as well as pitolisant with rifampicin at steady-
state. It was conducted in 18 healthy adults aged 18 to 55 years. Concomitant administration of 
pitolisant 17.8 mg with rifampicin, a strong CYP3A4 inducer, at 600 mg QD x 8 days decreased the 
AUC and Cmax of pitolisant by 48% and 39%, respectively. Therefore, based on the significant 
reduction in exposure of pitolisant when co-administered with strong CYP3A4 inducers (e.g., 
rifampicin, phenytoin etc.), the following dose-adjustment strategy is recommended:  

 For patients stable on 8.9 mg/day or 17.8 mg/day: Dose to be increased gradually over a week to 
reach double the original dose level. Maintain for the duration of use of CYP3A4 inducers. 

 For patients stable on the highest dose of 35.6 mg/day: No dose adjustments is recommended 
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CLINICAL PHARMACOLOGY STUDY REVIEW 
Drug Interaction Study—Pitolisant & Midazolam (CYP3A4 substrate) 

Study # P15-15 Study Period:  2/2/16---4/13/16

NDA 211150 WAKIX                              

Title 

Objectives
: 

 
EXECUTIVE SUMMARY: 

 
Effect of pitolisant on the PK of midazolam (CYP3A4 substrate) (P15-15): A clinical study was 
conducted to assess the effect of pitolisant on CYP3A4 using Midazolam as a CYP3A4 model substrate. 
This study showed that pitolisant (17.8 mg QD for 7 days) reduces exposures of midazolam (2.5 mg 
single dose) about 20%. Because the commonly used oral contraceptives are substrates of CYP3A4, an 
effect of pitolisant on the PK of oral contraceptives cannot be ruled out. Therefore, administration of 
pitolisant concomitantly with oral contraceptives may reduce the systemic exposure and the 
effectiveness of oral contraceptives, Thus, an alternative or additional reliable contraceptive method 
should be used when taking pitolisant. 
 
 
Study Design:  
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9.1 O V:ER.-\LL STUDY DESIGN 

This snidy part was an open label. single center. one sequence cross-over study. to evaluate PK 

characteristics of single oral dose of both 2.5 mg midazolam and 150 mg buprnpion when given 

alone or with 40 mg oral dose of BF2.649 at steady-state. The study was run in healthy male 

subjects wifo a body mass index (BMI) between 18 (inclusive) and 30 kg/m' (inclusive) . 

9.2 DISCUSSION OF THE STUDY DESIGN 

Biotransfonnation ofBF2.649 into its main metabolite BP2. 95 l is driven by both CYP2D6 and 

CYP3A4. Another possible enzy111atic pathway in pitolisant metabolism is UGT2B7 substrates. 

The ability ofBF2.649 to induce the catalytic activity of several isofonns of CYP450 has been 

assessed in in vitro studies. A weak induction for CYP2B6 isofonn has been observed. 

The aim of this snidy pa1t was to evaluate the impact of pitolisant. as potential inducer of both 

CYP3A4 and CYP2B6. by assessing midazolam and bupropion and their respective major 

metabolite PK. when given alone or combined with pitolisant under steady-state conditions. 
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Number of patien ts (planned and analyzed) : 

Plaimed 18 completed subjects Completed the trial 18 

Screened/enrolled 35 In PK analysis 19 

Included 19 In safety a11alysis 19 

Diagnosis and main criteriai for inclusion: 

The study was carried out in 19 healthy male voltmteers, aged 18 to 50 years old and with a BMI between 18 and 
30 kg/m2 

Duration of tre atment: 
Subjects had 14 days of treatment: 011 Day 1, Day 3 and from Day 7 to Day 18. 

Dosage regimen: 

Each subject received: 

• 011 Day 1: a 2.5 mg midazolam single oral dose, 

• 011 Day 3: a 150 mg bupropion single oral dose, 

• from Day 7 to Day 12: a 40 mg pitolisa11t single oral dose, 

• 011 Day 13: a 40 mg pitolisant s ingle oral dose combined with a 2 .5 mg midazolam single oral dose, 

• on Day 14: a 40 mg pitolisant single oral dose, 

• on Day 15: a 40 mg pitolisant single oral dose combined with a 150 mg bupropio11 single oral dose, 

• from Day 16 to Day 18: a 40 mg pitolisant single oral dose . 

Test product, dose a11d mode of administratio11, batch number : 

Product :md Fommlatio11: Pitolisant, 20 mg tablets 

Batch 11umber: 5008 

Expiry date: 07/2017 

Mode of admi11istratio11: Oral 

Dosage/regime11: 1 administration of 40 mg of pitolisant per day from Day 7 to Day 18. 

Test product, dose a11d mode of administratio11, batch number: 

Product a11d F ommlation: Midazolam, 2.5 mg/0.5 mL oro-mucosal solution 

Batch number: 15050 15 

Expiry date: 10/2016 

Mode of admi11istratio11: Oral 

Dosage/regime11: 2 s ingle administratio11s o f 2.5 mg o f midazolam 011e on Day 1 and one on Day 13. 
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Analytical Method 

Method Type LC/MS/MS Matrix Plasma

Analytes 
 
Pitolisant and its metabolites  

  
 

Validation 

 Method validated prior to use Yes No

 Method validation acceptable Yes No

Study 
Sample 
Analysis 

 Samples analyzed within the established stability period Yes No

 Quality control samples range acceptable  Yes No

 Chromatograms provided  Yes No

 Accuracy and precision of the calibration curve acceptable Yes No

 Accuracy and precision of the quality control samples acceptable Yes No

 Overall performance acceptable Yes No

 
 
Study Population:  
 

 
 
 
 
Inclusion Crietria: 
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Exclusion Criteria: 
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All the subjects inchided in the study did not have to meet the following non-inclusion criteria. 

Non included subjects were subjects: 
I. \Vho on direct questioning and physical exanlination had evidence of any clinically 

significant acute or chronic disease, 
2. \Vho were within the exclusion period defined in the National Register for Healthy 

Voltmteers of the French Ministry of Health, 
3. \Vho forfeited their freedom by administrative or legal award or who were under 

guardianship, 
4. Unwilling to give their infom1ed consent, 
5. \Vho had a positive Liboratory test for Hepatitis B surface antigen (HbsAg), or 

anti-human inummodeficiency virus (HIV) 1/2 or anti-Hepatitis C virus (HCV) 
antibodies, 

6. \Vho had a history of allergy, allergic skin rash, asthma, intolerance, se11Sitivity or 
photosensitivity to any drug, 

7. \Vho had history or current gastroiniestinal, hepatic or renal disease or any other 
condition lmow11 to interfere with absorption, distribution, metabolism or excretion 
of drugs, 

8. \Vho had history of seizure disorder or epilepsy, 
9. \Vho had a history of anorexia nervosa or bulimia, 
10. \Vho bad a history of alcoholism or drug abuse or were suspected alcohol or drug 

abusers (more than 14 units of alcohol per week, one unit = 8 g or about 10 mL of 
pure alcohol), 

11. \Vho drank daily more than 8 cups of beverage containing caffeine, 
12. \Vho bad a positive laboratory test for urine drug screening (opiates, cocaine, 

amphetanlines, carmabinoids, barbiturates and benzodiazepines), 
13. \Vho had lllldergone stl!gery or had donated blood within 8 weeks prior to the start of 

the snldy, 
14. \Vho had taken any prescribed or over the cotmter drug (including antacid drug), v.~th 

the exception of paracetamol (up to 3 g per day) v.~thin 2 weeks prior to the first dose 
administration, 

15. \Vho had any clinical condition or prior therapy which, in the opinion of the. 
lllvestigator, made the subject llllSUitable for the snidy, 

16. \Vho would have received more than 4500 €as indemllities for his participation in 
biomedical research within the last 12 months, including the indentnities for the 
present srudy. 
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Safety Results 
Was there any death or serious adverse 
events? 
 
 

Yes No NA  
 

 
 
 
 
Overall Sponsor Conslusions 
 

 
 
Reviewer Comments and Conclusions 
 
Effect of pitolisant on the PK of midazolam (CYP3A4 substrate) (P15-15): A clinical study was 
conducted to assess the effect of pitolisant on CYP3A4 using Midazolam as a CYP3A4 model substrate. 
This study showed that pitolisant (17.8 mg QD for 7 days) reduces exposures of midazolam (2.5 mg 
single dose) about 20%. Because the commonly used oral contraceptives are substrates of CYP3A4, an 
effect of pitolisant on the PK of oral contraceptives cannot be ruled out. Therefore, administration of 
pitolisant concomitantly with oral contraceptives may reduce the systemic exposure and the 
effectiveness of oral contraceptives, Thus, an alternative or additional reliable contraceptive method 
should be used when taking pitolisant. 
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CLINICAL PHARMACOLOGY STUDY REVIEW 
Drug Interaction Study—Pitolisant & Itraconazole (CYP3A4 inhibitor) 

Study # P11-03; part II Study Period: 8/2/11----10/21/11

NDA 211150 WAKIX                             

Title 

Objectives
: 

 
EXECUTIVE SUMMARY: 

 
Effect of itraconazole (CYP3A4 inhibitor) on the PK of pitolisant (P11-03; part II): This study was a 
cross-over, single sequence, 2-period study with pitolisant alone as well as pitolisant with itraconazole 
at steady-state. It was conducted in 18 healthy adults aged 18 to 55 years.  Concomitant administration 
of pitolisant 17.8 mg with itraconazole (200 mg QD for 7 days) had negligible effect on the PK of 
pitolisant. Therefore, no dosage adjustments are needed for WAKIX when co-administered with 
moderate or potent CYP3A4 inhibitors. 
 
 
 
 
Study Design:  
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9.1 0\"ERALL s n-oY DESIG~ 

The study was a cross-over. single sequence, two-period, open label, single dose (on 2 occasions) 
study in 18 subjects for each part. 

In this study, 18 subjects received 20 mg single dose ofBF2.649 on 2 occasions, one alone and 
one with itraconazole at therapeutic levels leading to extensive inhibition of CYP3A4. 

9.2 DISCUSSIO~ Of SIT'D\' DI:SIGN 

The intended dosage form to be marketed was 20 mg tablet and the optimal therapeutic dose for 
BF2.649 was 20 mg/ day. In severe case of EDS, mainly in narcolepsy, the dose could be 
increased to a maximum dose of 40 mg/day. 

Considering the mean tw of BF2.649 and BP2.951 (about 9 h, the approximate mean t112, 
observed in applicable studies), the time between 2 administrations was set to at least 7 days 
(148 h i.e., more than 16 times the mean tin) which was considered sufficient to enstu·e that the 
previous dose was eliminated and thereby avoided any carryover effects. 

Review of the PK profiles of BF2.649 over the 20-120 mg dose range indicated dose 
proportionality. Upon repeated administrations. the steady state was achieved after 5-6 days of 
administrntion with an accumulation leading to an increased scnun level aroWld 100%. So 40 mg 
in single dose led to a comparable systemic exposure than 20 mg at steady-state. 

The PK blood sampling time schedule for BF2.649 was determined to allow an accurate 
determination of ClWIX and t,,..., as well as an appropriate assessment of the AUC extrapolated to 
infinity i.e., an appropriate evaluation of the elimination phase. and thus an extrapolated AUC 
lower than 20%. 

The single dose of 20 mg BF2.649 (i.e., 1 tablet of 20 mg) was given on both occasions (Day 1 
and Day 13). This dose was deemed to allow an appropriate evaluation of the PK parameters of 
both BF2.649 and its metabolite BP2.951 while preventing as much as possible any systemic 
overexposure resulting from the change of drug metabolism induced by itraconazole. 

Itra.conazole dosing schedule comprised 200 mg once daily for 7 days which was a classically 
well-tolerated dose used for this type of study. Considering the mean h 12 of itraconazole (about 
30 h), once daily administration for 7 days of 200 mg of itraconazole (from Day 7 to Day 13) was 
deemed appropriate to reach therapeutic conditions at the time of second administration of 
BF2.649 (Day 13) while providing extensive CYP3A4 inhibition. 

Number of subjects (planned and aualysed) : 

Plaruied 18 

Screened/enrolled 

Included 

23 
19 

Completed the trial 

In PK analysis 

In safety analysis 

18 

18 

19 
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Diagnosis and main criteria for inclusion: 

The sn1dy was carried out in 18 healthy male volunteers, aged 18 to 55 years old and with a body mass index (Bl\l!I) 
between 18 and 30 kg/m2. 

Duration of treatment: 

Single dose ofBF2.649 on two occasions (Day l and Day 13). 

Itraconazole q.d. (morning administration) from Day 7 to Day 13. 

Dosage regimen: 

Single dose of20 mg on 2 occasions for BF2.649 (Day I and Day 13) 

Multiple dose for itraconazole (200 mg once daily for 7 days). Administration was performed in ambulatory 
conditions from Day 7 to Day 12 

Test product(s), dose and mode of aclminfatration, batch number: 

Product and Formulation: BF2.649 / tablet20 mg 

Batch mnnber: 

Expiry or retest date: 

Mode of administration: 

Dosage/regimen: 

112001 1156 

01/12/2011 

Oral 

Single dose of20 mg on 2 occasions for BF2.649 (Day I and Day 13) 

Test produd(s), dose and mode of administration, batch number: 

Product and Formulation: Itraconazole I capsule 1 OOing 

Batch number: LC05549 

Expiry or retest date: 

Mode of administration: 

Dosage/regimen: 

Criteria for evaluation: 

05/2012 

Oral 

Multiple dose (200 mg once daily for 7 days) 

Effk.acv I Pharmacoclvuamics: 
Not applicable 

PK: 
Ou"" Day I and Day 13, blood samples for evaluation of BF2.649 (main compotmd) and BP2.951 concentrations 
were collected pre-dose and at 0.50, LOO, 2.00, 3.00, 4 .00, 6.00, 8.00, 12 .00, 24.00, 48.00 and 72.00 h post-dose. 

Safetv: 
Monitoring for the occurrence of AEs. Changes in physical exanlination, vital signs (blood pressure and pulse rate), 
ECG, and clinical laboratory tests (biochemistry, hematology, and urinalysis). 
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Analytical Method 

Method Type LC/MS/MS Matrix Plasma

Analytes 
 
Pitolisant and its metabolites  

  
 

Validation 

 Method validated prior to use Yes No

 Method validation acceptable Yes No

Study 
Sample 
Analysis 

 Samples analyzed within the established stability period Yes No

 Quality control samples range acceptable  Yes No

 Chromatograms provided  Yes No

 Accuracy and precision of the calibration curve acceptable Yes No

 Accuracy and precision of the quality control samples acceptable Yes No

 Overall performance acceptable Yes No

 
 
Study Population:  
 

 
 
 
 
Inclusion Crietria: 
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Exclusion Criteria: 
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PK Results 

Reference ID: 4465684

Had any clinically significant abnonnality following review of pre-study laborato1y 
tests (aspartate aminotransferase (ASAT), alanine .aminotransferase (ALAT) and 
alkaline phosphatase (ALP) had to be within normal ranges), vital signs, full physical 
examination and ECG, 

Were within the exclusion period defined in the National Register for Healthy 
Volunteers of the French Ministty of Health, 

Fo1feited their freedom by administrative or legal award or who were tmder 
guardianship, 

Unwilling to give their infonned consent, 

Presented a positiv·e laboratory test for Hepatitis B surface antigen (HbsAg), or anti­
HIV 1/2 or anti- HCV antibodies 

Had a history of allergy, intolerance or photosensitivity to any drug, 

Had a history of serious allergy, asthma, allergic skin 1·ash or sensitivity to any drug, 

Were known or suspected alcohol or drug abusers (more than 14 tmits of alcohol per 
week, one unit= 8 g or about 10 mL of pm·e alcohol), 

Drank more than 8 cups daily of beverage c.ontaining caffeine, 

Presented a positive laborato1y test for tu1t1e drug screening (opiates, cocarne, 
amphetamine, cannabis, benzodiazepines ), 

Had tmdergone sur:gery or had donated blood within 12 weeks prior to the start of the 
study, 

Had t.aken any prescribed or over the cotu1ter drug (including antacid drug), with the 
exception of paracetamol (up to 3 g per day) within 2 weeks prior to the first dose 
administration, 

Presented any clinical c.ondition or prior therapy which, in the opinion of the 
Investigator, made tl1e subject unsuitable for the study, 

Participated to any clinical trial with an investigational drug in the past 3 months 
preceding study entry, 
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Safety Results 
Was there any death or serious adverse 
events? 
 
 

Yes No NA  
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Overall Sponsor Conslusions 
 
Safety and tolerability of pitolisant was good with Itraconazole and there was no drug interaction.  
 
 
 
 
Reviewer Comments and Conclusions 
 
 
Effect of itraconazole (CYP3A4 inhibitor) on the PK of pitolisant (P11-03; part II): This study was a 
cross-over, single sequence, 2-period study with pitolisant alone as well as pitolisant with itraconazole 
at steady-state. It was conducted in 18 healthy adults aged 18 to 55 years.  Concomitant administration 
of pitolisant 17.8 mg with itraconazole (200 mg QD for 7 days) had negligible effect on the PK of 
pitolisant. Therefore, no dosage adjustments are needed for WAKIX when co-administered with 
moderate or potent CYP3A4 inhibitors. 
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(b) (6)

(b) (6)

(b) (6)

(b) (6)

(b) (6)

(b) (6) (b) (6)

(b) (6)
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