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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.)

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

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

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

e Harmony III: Open label, long term safety study

Clinical Pharmacology is supported by several clinical studies:

e 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;

e 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;

e 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;

e 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);

e 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 | ¢ Harmony 1: Pivotal Phase 3 | The recommended dose of pitolisant is
regimen for general efficacy and safety study 35.6 mg to be administered orally once
patient population for excessive daytime daily in the morning upon waking up.
acceptable? sleepiness (EDS) Patients should be titrated to 35.6 mg
e Harmony CTP: Pivotal once daily according to the following
Phase 3 efficacy and safety | schedule:
study for cataplexy e  Week I: initiate treatment with a dose
e Harmony Ibis: Phase 3 of 8.9 mg (two 4.45 mg tablets) once
efficacy and safety study daily
for excessive daytime e Week 2: increase dose to 17.8 mg
sleepiness (EDS) (one 17.8 mg tablet) once daily
4
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e Additional support for
safety via:
Harmony III: Open label,
long term safety study

e 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

organ impaired

dose-adjustments for

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. ek

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

e Mild hepatic impaired= no
dose adjustment

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

and cap the dose at

17.8 mg/day

e 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).

e Mild renal impaired= no dose
adjustment

e Moderate renal impaired = cap
the dose at 17.8 mg/day
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e Severe renal impaired = cap
the dose at 17.8 mg/day
e ESRD=not recommended

Are there dose Mass Balance Study (# P15-02) | An approximate 2-fold increase in
adjustments required exposure was observed in CYP2D6
for poor metabolizers poor metabolizers (PMs) as compared
(PMs) of CYP2D6? 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).

e Known CYP2D6 PMs = cap

the dose at 17.8 mg/day

Bridge between the Pivotal efficacy/safety No additional PK bridging study
to-be-marketed and studies as well as key clinical | required.

clinical trial pharmacology studies were

formulations

conducted with the final to-
be-marketed film-coated
tablets.

1.2 Post-Marketing Requirements and Commitments

None currently.

2. SUMMARY OF CLINICAL PHARMACOLOGY ASSESSMENT

2.1 Pharmacology and Clinical Pharmacokinetics
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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. 0
The details are provided in Clinical Pharmacology

Questions (3.3).

e Mild hepatic impaired= no dose adjustment

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

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).
e Mild renal impaired= no dose adjustment

e Moderate renal impaired = cap the dose at 17.8 mg/day
e Severe renal impaired = cap the dose at 17.8 mg/day
e 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).
e 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.

e 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:

e Concrete dose adjustments for patients with hepatic impairments

e Concrete dose adjustments for patients with renal impairments

e Concrete dose adjustments for patients who are known CYP2D6 poor metabolizers (PMs)
e Concrete dose adjustments for patients co-administered with CYP2D6 inhibitors

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

e 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

10
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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

e 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)

e Pitolisant PK is dose-proportional and reaches steady-state by day 7.

e The median Tmax of pitolisant is 3.5 hours

e Pitolisant has moderate to high inter-subject PK variability (40-60% between subjects).

Reference ID: 4465684
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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.

Reference ID: 4465684
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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:

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

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

e 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).

13
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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.

14
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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)

FREQUENCY of SPDOSE

~_____HARMONY CTP
__ HARMONY I
" _HARMONY Ibis

Stable Pitolisant Dose ™ 5 @ 10 0 20 e 40

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 1.

15
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Figure 2. ESS score by time (week) in HARMONY I

ESS Score

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 HCI.

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 HC1 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

Analvte Parameter Healthy Aild Hepatic Moderate Hepatic
Controls =12 Impairment Impairment
= =5 ar o

Fitolisant Craax (D=0l ) 191=11.6 02717 MB=045

Tax (B} 2.5 (1.5-4) 2509 1.75 (1-8)

A ¢ (pe*h'mll) | 327 =327 457 =451 1‘851:33-5

i (1) 2212 M4+20 41 =31

Fu (%&) 430=117 393=044 G0l =176

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:
e Mild hepatic impaired= no dose adjustment
e Moderate hepatic impaired = titrate the dose for a longer duration (i.e., 2 weeks
and cap the dose at 17.8 mg/day
e Severe hepatic impaired = contraindicated

(b) (4)

Renal impairment study (P09-13): This was a multi-center, open-labeled, parallel-group,
single-dose study of pitolisant HC1 20 mg administered in 4 subjects with mild renal impairment
(estimated glomerular filtration rate [eGFR] of 60 to 80 mL/min/1.73 m?), 4 subjects with
moderate renal impairment (eGFR of 30 to 59 mL/min/1.73 m?), 4 subjects with severe renal
impairment (eGFR of 15 to 29 mL/min/1.73 m?), and 12 subjects with normal renal function
(eGFR > 90 mL/min/1.73m?). Each subject received a single dose of pitolisant HCI 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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BF2.649

Renal impairment

Normal Mild Moderate Severe
Parameter fn=12) m=4) (n=4) (n=4)
Cnax (ng/mL) 1437837 3132+1657 22321543 3676886
Ratio (/normal) 2.18 1.55 2.56
P-value 0.1305 (NS) 0.2028 (NS) 0.0004 ===
AUC_mnf (h*ng/mL) 222175 306270 443 + 364 428 =221
Ratio (/mormal) 1.78 2.00 1903
P-value 0.1560 (NS) 0.3145 (NS) 0.0760 (NS)
T (1) 2[1.54] 1.75[1.5-2] 3.5[1.5-8] 1.5 [1-2]
T1a (h) 20=65 2445 2710 24=14
Vz/Dose (L) 3050 = 1850 2000 = 2620 2300 =708 2010=1010
Ratio (/normal) 0.76 0.58 0.51
P-value 0.4283 (NS) 0.1094 (NS) 0.0685 (NS)
ClDose (L'h) 141014 030+054 63=205 57.7=300
Ratio (/normal) 0.67 045 041
P-value 0.3882 (NS) 00212* 0.1003 (NS)
A (%) 046 =037 0.31=0.06 143087 088=074
Ratio (/normal) 0.69 3.15 192
P-value 0.2408 (NS) 0.1435 (NS) 0.4043 (NS)
Clr (L'b) 052+032 030=+0.18 1.30+0097 057=049
Ratio (/normal) 0.57 249 1.08
P-value 0.2345 (NS) 0.2572 (NS) 0.8522 (NS)
f, (%) 480000 302055 331050 372102
Ratio (/normal) 0.63 0.69 0.78
P-value 0.0036 ** 00105 * 0.0818 (NS)
Craxy (ng/mL) 070041 0.93=0.55 0.76 =055 132=028
Ratio (/normal) 133 1.00 1.89
P-value 0.3759 (NS) 0.8154 (NS) 0.0140 *
AUC_mfy (h*ng/mL) 11=8 120 1513 15=7
Rafio (/normal) 1.00 1.36 1.36
P-value 0.7789 (NS) 04417 (NS) 0.3562 (NS)

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

Reference ID: 4465684
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Number of Number of Number of _
, . , . . . Total Number of
Study Patients with Patients with Patients with Patients with
ey Alild Remnal Aoderate Renal Normal Renal a 'g‘a:anl

Impairment Impairment Function
HARMONY I(P07-03) 27 4 29 60
HARMONY Ibis (P09-15) 46 5 43 94
HARMONY CTP (P11-05) 52 8 43 103
HARMONY III (P09-10) 43 1 47 96
HARMONY IV (P10-01) 13 0 32 45
All Phase 3 Narcolepsy
Studies 186 18 194 398

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)

Mild Renal Impairment MModerate Renal Normal Renal Function
(60 to <90 ml/min/1.73m?) Impairment (=90 ml/'min/1.73m")
(30 to =60 ml/min/1.73m)
Placebo Pitolisant Placebo Pitolisant Placebo Pitolisant
N=30) (N=22 (N=4) (N=4) N=17) (N=26)
Any TEAE 11 (36.7%) 7(31.8%) 0 2 (50.0%) 5(29.4%) 9 (34.6%)
Any SAE 1] ] 0 1] ] 0

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:

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

Reference ID: 4465684

Pitolisant Cmax/Dose (ng/mLmg)

Pitolisant AUCinf'Dose (h*ng/mLimg)

Cmax/Dose vs. Race

o
3 o o
L3
| .
14
" CACASIAN BLACK ASIAN OTHER
T = 222 N =25 r=3 P
Race
AUCInDose ws. Raca
78
a
(2]
g o
a5 -]
£ ' )
—
“ —F ]
@ . . .
CALCASIAN BLACK BSIAN GTHER
i =228 =25 =2 [N =31

Race

21



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 HCI 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

BF2.649
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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:

e 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.

e 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 CYP3 A4 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 ID):
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
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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% ClIs for AAQTcF (ms) increases at therapeutic and
supra-therapeutic dose levels
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Safety Window Cmax at steady state AAQTcF (ms) & 90% CI
(ng/mL)

Highest therapeutic Dose (i.e., 40 mg | ~ 73 ng/mL 4.2 (3.2,5.2)

in salt form at steady state)

2.5-fold over highest therapeutic ~ 175 ng/mL 9.8(7.7,11.8)

Dose

3.8-fold over highest therapeutic ~ 280 ng/mL 15.5 (12, 18.9)

Dose

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

wadpriasng

BP2.US]

o]

5
S

: LA,

BP1.B05E

e

& S &9

BPl M3

+

", . S e e e e . Sriomerostheaomhc
Y B T E
B N e Bpre4t
[ ] i ] N L
" e o I:]

LilElll =TT Bp2s1E
Pusive
irtermedate

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.

Analyte

Alethod Dezeription and Performance

pitolisant
(BF2 6407

liemsnm.ﬂ_‘}_fﬂmm An HPLC method followed by M5 detection wes developed m lumian semom fior the quantitation of

pitobzant Samples were prepared by solid-liquid ectraction, snd pitolisant was detected by LO-MEAS. The assay was fully validated

fior specificity, linearity, scouracy, precision and stability from 1-100 nz/ml and showed that hemthoi:samrapnaﬁeform

determination of BF2. 640 m buman senmm in the ranse of the tested doses in clincal stadies.

Internal standard 0@
Limits of quantitaton (nz'mL) 1 nz/ml
Average recovery of dmg (Yo mean) 1 ngml: 97%; Sngml.: §2%; 2Sngml.: 90%; 100ngml: 1%
Standard oarve conceniratons (nsml) , 2.5, 5, 10,25, 50, 1) ng/ml.
LLOG 1 ng/ml
L) inira-batch precision {262V 10.1%
LLO) inter-barch precision (%L 10. 7%
LK) infra-batch scouracy (Yebdas) -17.0%
LT inter-batch scouracy (Yebias) -0.1%
Validated range 1 to 100 nz/ml
(QJC intra and inter batch acouracy and precision
Inira-day predsion (2:0V) = 10.1%
Imter-day predsion (2:CV) = 10.7%
Acouracy (Ydbtas) -0.1% < biss < -5.3%
Processed exoract stabilicy 12 days (nominally +4°C)
Bench top stability Up to 24 hours at room temperanire in matrix
Stock stability T momths at -20°C in DMSO
Freere thaw stabilicy 3 ycles at -B0PC
Long term storage stability 1 year at nominally -80°C (smudy F-B158-1.1442) in matmix
Azzay specificity Mo interfering signal ohserved

Any'all other relevant paramsters

Matrix dibation factor (1/5) in smdy B-B058-2.64%9; processed sample extract
stability in sutosampler for 24 howrs at +4°C (smdy B-B158-1.1442); no matmx
et
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Climical
Studies

Analyte

MAlethod Dezcription and Performance

PO4-06

PO3-03 BP2.951
PO3-04 (metabaolite)

guidelines Timits for 1-10: ng/ml.

Method sunmary/description: An HPLC method followed by MSMS detection was developed in hmmen serum for the quantification
of BP2.951 for foure clinical pharmacokinetic stadies. Samples were extracted by solid-liquid mairices, and subjected to LC-MS/MS.
The analytical method was fully validsted in temms of specificity (no interferences), linearity, acouwracy and precision below the

Internal standard

(b) (@)

Limits of quanfitation (nz'ml)

1 ng‘ml

Average recovery of dmg (%o mesn)

BP2951: 1 ng/ml: E7%; 5 nz/ml: 79%; 25 ng/ml: 85% 100 ngml.: 4%

Standard oarve concentrations (nsml)

10, 25, 50 and 100 ng/ml

LLOGQ
L1} inira-batch precision (%:CV) 4.3%
LLO) inter-batch precision (%eCV) TP
LLOW) inira-batch acouracy (Yabias) D.0%
LLOW) imber-batch scouracy (abias) 5.4%
Validsted range 1 to 100 ng/'ml
QC inira and inter basch acouracy and precizion
Inira-day predsion (HeCV) =4.3%
Inter-day predsion (HeCV) = §.8%
Acomracy (Yebias) -7.1% < hiss << 7.9%%
Processed exract stability 24 hours {pominally +4°C) (smdy B-B158-1.1442)
Bench top stability Up to 24 hours at room femperanire
Seock stabiliny 3 months at -20°C in DMS0
Freeze thaw stability 3 freeze-thaw cycles at -20°C
Long term storage stability 1 year at nominally -20°C (study B-B158-1.1442)
Azzay specificity Mo interfering sigmal ohserved
Any'all other relevant parametsrs Mamix dilufion factor (1/5) in study B-B058-2.64%; processed sample extract

stability in sutosampler for 24 howrs at +4°C (sady B-B158-1.1442); no mamix
efect

Amnalyte

Mlethod Description and Performance

EP1.8054
{mesabolite)

Method sunmary/description: A UPLC method followed by MS/MS detection was developed in nmem and rat (Sprazue Dawley)
serum for the quantitation of BP1. 3054 (metsbolite). Solid-liquid excraction was used to prepare sanmples. The analytical method was
validated in termx of linearity, acouracy and precision from 1-200 ngml. Fecovery and matmix effect paramesters were satisfying,

Internal standard

Limifs of quantitation (ne/'ml)

(b) (4)
1 me/ml

Ayerage recovery of dmg (%o mesn)

EP1 8054: 1 ng/ml: 00.0%%; 5 ngiml: 30.2%; 10 ng/ml.: 92 8%; 20 ng/ml .- 81 8%;
50 ng'ml: 84. 7% 100 nr'ml: 84 3%; 200 nz/'ml: #0 3%

Standard corve concenirations (ng/ml)

1.0, 5, 10, 20, 50, 100, and 200 ngml

LLOG) 1 ngml
LLOKC) inira-batch precision {%CV) 137
LTO«) inter-batch precision (%L 13
L) infra-batch scoaracy (Pebias) 9.
L1} inter-batch acouracy (Yebias) 1.2%
Validated range 1 to 200 ng'ml
(JC intra and infer batch acouracy and precision

Intra~d=y precsion (F:CV) =13 ™

Imter-day precision (FeCV) = 13. 7% (at LLOGY

< 8. 7% {abowe LLOGY)

Aconracy (Ydbtas) 1. 2% < bias < 3.8%
Saability in DAISO 3 months at -20°C
Processed excract stabiliny 72 hours st 4°C
Bench top stability Up to 24 hours at room femperanire
Stock stability Up to 93 days at -20°C in DMSO
Freeze thaw stabilicy 3 cycles at -B0PC
Long term storage stability Up to 1040 days at -B0°C
Assay specificiy Mo interfering signal olbserved
Any'all other relevant paramsters Ko matmnx effect; no cammy over; dilution factor (1/10) validated
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Amnalyte

Mlethod Description and Performance

EPL9733
{mesabolite)

Miethod sunmarny description: A UPLC method followed by M5 MMS detection sitsble and relisble for routine analysis was developed
fior the quantitation of BP1 9733 in ieman and monkey semam. Sanyples were exiracted by solid-ligoid mamices. The assay was
walidated for specificity, linearity, acouracy, precision and stshility to quanttate BP1 9733 from 1-1000 ng/ml.

Internal stamdard

(b) (4)

Limits of quantitaton (ne/'ml)

1 me/ml

Average recovery of dmg (%o mesn)

1 me/ml: 80.5%; 2.5 ng/ml: 93 9% 10 nzml.: 94.9%; 25 ng/ml.: 803%;
100 ngml: 84 1% 500 ng/ml - 39 3% 1000 n=ml - §7.8%

Standard corve concenirations (nsml)

1.0,2.5, 10, 25, 100, 500 and 1000 ng'mlL

LLOG 1 n=/ml
LLOW) inira-batch precizion {26V 11.1%
LLOW) infer-batch precizion (%:CV) 11.1%
LLOW) infra-batch sccuracy (Yebdas) 4.5%
LLOW) inter-batch scouracy (Yebdas) 14%
Validated ranpe 1 to 1000 ng/'ml.
QC intra and inter basch accuracy and precision

Intra-day predsion (2:0V) = 11.1%

Imter-day predsion (22CV) = 11.1% (at LLOCK)

= 5.9% {abowve LLOCYH

Aconracy (Yebias) -1.7% < bias <2 4%
Processed exoract stabilicy 76 hours at 4°C
Bench top stability 24 hours st room temperatare and +4°C
Stock stability 98 days at -20°C
Freeze thaw stabilicy 4 cycles at -B0PC
Longz term storage stability 480 days ar -B0AC
Aszgay specificty Mo interfering signal observed
Any'all other relevant parameters Mo mamx effect; shight carmy owver; dilation factor (1/10) validated; inomrmed sample

reanalysis done in P15-15 clmical study
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4.2 Individual Study Reports:

Hepatic Impairment Study
Renal Impairment Study
Paroxetine DDI Study
Rifampicin DDI Study
Midazolam DDI Study
Itraconazole DDI Study

SANRANECE S e
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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

Pharmacokinetic of 20 mg BF2.649 in single dose, in subjects with normal hepatic function

Title compared to subject with impaired hepatic function.
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
Objectives: 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 HCI 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:
e Mild hepatic impaired= no dose adjustment
e Moderate hepatic impaired = Titrate the dose for longer duration (i.e., 2 weeks
) and cap the dose at 17.8 mg/day
e Severe hepatic impaired = contra-indicated

(b) (4)

Study Design:
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Study P09-14 was a mmlti-center, open-labeled, parallel group study in six subjects with nuld
hepatic impairment (Child Pugh A Model of End-stage Liver Disease [MELD] score 1 t0 9), 6
subjects with moderate hepatic impairment (Child Pugh B, MELD score 2 to 12) and 12 healthy
subjects matched for ethmcity, sex, age (£3 years) and BMI (=20%). Each subject received a
single dose of pitolisant HC1 20 mg. The primary objective of the study was to mvestigate the
effect of hepatic impatrment on the PK of pitolisant and BP2 951, The secondary cbjective was
to evaluate the safety and tolerability of pitolisant.

Serial blood samples were collected at pre-dose and up to 96 hours post-dose for determination
of serum pitolisant and BP2.951 using vahdated assays with LLOQs of 0.1 ng/ml.. PK samples
were retrospectively quantified for BP1.9733, BP1.8054, BP1.3473, BP1 3484, BP1.8186 and

BP1.10556 metabolites from a few subjects vsing validated assays with LLOQs of 1.0 ng/ml
1.0ng/ml 50ngml., 50ng'ml. 10ng/ml and 1.0 ng/ml., respectively.

Unne was collected for up to 24 howrs post-dose.

Vital signs and ECGs were collected pre-dose and until 12 howrs post dosing and at the times of
blood samples, thereafter. PE and laboratory parameters were collected at baseline and at
follow-up.

Patients were selected as following:

12 subjects with hepatic dysfunction were stratified according to Child-Pugh Classification:

- 5ix subjects from 18 vears of age with mild hepatic impairment (Child-Pogh A},

- 5ix subjects from 18 vears of age with moderate hepatic impairment (Child-Pugh B).

And 12 healthy subjects with normal hepatic function matched with impaired hepatic function subjects on ethnic
group, sex, age (+/- 3 years), and BMI {(+/- 20%).

Test product, dose, mode of administration, batch:

Product BF2.649

Unit dose per day 20 mg (tablet)
Fegimen single oral dose
Mode Oral

Batch N”: 111 00 11113 (expiration date: 01/12/2011)
111 00 11293 (expiration date: 01/04/2013)

Duration of treatment:
One day.
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Pharmacokinetic assessments:

Blood samples were collected on:

- Day1 at pre-dose, 1h 1.5h, 7h 3h 4h 6h 8h 17h and 16 hours after administration of BF2 649;
-  Day2 at T24h and T36h;

- Day 3 at T48h:

-  Dav4atT72h:

- Day 5 at T96h.

LUrine collections:

- Day 1: At pre-dose, [D1T0h — DIT6h[: [D1T6h — D1T12h[; [D1T12h-D2T24h[:
_ Day?2 [D2T24h — D3T48h[.

Safety:
Fital signs:

- Blood pressure, Heart rate and oral Temperature: at the screening visit, then on D-1 on D1 at TOh T2h T4h,
T6h and T12h, on D2 at T24h, D3 at T48h, D4 T72h, D5 T96h and on follow-up visit.

- Onral temperature at screening visit, D-1 and on follow-up visit.

- Body weight: at the screening and at the follow-up visit.

ECG evaluation:

- 12-lead ECG: at the screening visit, then on -1, on D1 at TOh, T2h, T4h, Téh, and T12h, on D2 at T24h. on
D3 at T48h, on D3 TO6h and on D4 at T72h and at the follow-up visit.

Bioanalytical methods:

Semum levels of BF2 649 and its metabolite BP2 951 were evaluated using a UHPLC/MS/MS technique developed
and validated by Bioprojet-BIOTECH (B258 study). Urine levels of BF2.649 and its metabolites were evaluated
using a UHFLC/MS/MS technique developed and vahidated by Bioprojet-BIOTECH (B256 study). Drugs serum
binding were determined by equilibrum dialysis approach. Unbound fraction of BF2.649 and its metabolite
BP2.951 1n plasma were measured m order to comectly interpret the effect of hepatic funchon on the BF2.649
clearance,

Statistical methods:

Pharmacokinetics:

Pharmacokinetic parameters for total and unbound drug were estimated for each group: Coue. Toae. tia. AUC 504,
AUCp.e;. V/F. CUF, protein binding.

Statistical Tests: A one-way analysis of Vanance (ANOVA) by considenng treatment group as a fixed factor was
conducted

Tolerance:

Individual adverse events were listed and classified by severity and relationship to the drugs Descriptive statistics
were calculated.
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Analytical Method

Method Type | LC/MS/MS | Matrix | Plasma

Analytes Pitolisant and its metabolites

= Method validated prior to use ¥ Yes [ No
Validation

= Method validation acceptable ¥ Yes [~ No

= Samples analyzed within the established stability period ¥ Yes I No

= (Quality control samples range acceptable ¥ Yes I~ No
Study » Chromatograms provided ¥ Yes I~ No
Samplq = Accuracy and precision of the calibration curve acceptable ¥ Yes I No
Analysis

= Accuracy and precision of the quality control samples acceptable ¥ Yes I No

= Qverall performance acceptable ¥ Yes I~ No

Study Population:

24 subjects were mcluded: 12 subjects were included 1in France (5 subjects with mmpaired hepatic function Child
Pugh A, 1 subject with impaired hepatic fonction Child Pugh B, 6 healthy matched subjects) and 12 subjects were
incloded m Bulgana (1 subject with impaired hepatic function Child Pugh A, 5 subjects with impaired hepatic
function Child Pugh B, 6 healthy matched subjects). All the subjects completed the study.

Study population (N = 24):

- 100 % were Caucasian volunteers.

- 75% were male, 25% were female.

- The age ranged from 49 to 74 years with a mean of 58.9 = 7.0 years.

-  The height ranged from 156 cm to 184 cm with a mean of 1686 £ 8.1 cm.

- The weight ranged from 59 to 105 kg with amean of 78.04 £ 11 82 kg

- The BMI ranged from 22.5 to 31.3 kg/m® with a mean of 27.37 = 2 91 kg/m®.

All subjects were non smokers (83.3%) or smokers of not more than 10 cigarettes a day (16.7%). 29.2% of the
subjects were alcohol consumers (mean consumption of 10.1 = 9.3 g/day). 62.5% of the subjects were caffeine
consumers (= 4 cups/day).

All the subjects in the impaired hepatic fonction group had a pertinent medical or surgical history: according to the
protocol, all subjects had hepatobiliary disorders (mainly cirrhosis).

Among the subjects with impaired hepatic function, Child-Pugh score was of 5.0 in class A and 7.0 in class B.

3/12 subjects in the healthy matched subjects group had a medical or surgical history (mainly appendectomy).
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Table #.5-1 — Main baseline characteristics — Included set (m = 24)

Impaired hepatic function (Case) Healthy matched subjects (Control)
Child Fogh A Child Fugh B Taotal Child Fugh A Child Fuzh B Total Owverall
Demography Statistic (N=f) N=f) =11 (N=6) (N=1) (N=11) N=14)
Age (years) M ] ] 12 ] 1] 12 4
Mean=5D 61.8=8.4 55.8=3.8 58.8=7.0 62.0=84 55.8=5 58974 589=7.0
MinMedian Max 40/63.0/74 51/55.0462 4057574 49/64.0070 51/54.5/64 42/58.0:70 4957 574
Fender
- Males N{%) 4(56.7) 5{(83.3) WT5.0) 466.T) 5(83.3) TS50 18(75.0)
- Female N (™) 2(33.3) 1{16.7) 3(25.00 2(33.3) 1(16.7T) 3(25.00) G(25.00
Height {cm) N ] ] 12 6 g 12 4
Mean=5D) 167 67=8 06 172.83=9.26 170.3=8.1 169.05=8.87 165.00=4.73 167 071 168.6=8.1
MinMedianMax | 1560168501780 [ 160.0V174.507184.0 | 15617200184 | 158.0/168.75/180.0 | 160.0V164.00/171.0 | 158/166.8/180 | 156/168.8/184
Weight (kz) N ] ] 12 6 1] 12 4
Mean=5D T8.50=14.15 B5.92=16.04 82211493 T283=5.78 T4.92£5.71 73.88+5.58 T8.04+11.82
MinMedianMax | 580 T7.0097.0 65589501050 | 590082501050 &62.074.00078.0 65.0/76.25/80.0 | 62.0475.25/80.0 | 59.0v76.50/105.0
BMI (kg/m”) N ] ] 12 6 g 12 4
Mean=5D 27. 724266 28.50=2.50 28.11=2.50 25.62=3.10 17.63£3.13 26.63+3.20 37.37=201
MinMedianMax | 23.328.0031.3 24.47204031.0 23.3/728.TV31.3 212.5/24.4530.8 1362795309 | 2152535309 | 12527.70:31.3
Ethnic origin
- Cancasian N{™s) G(100.0) G{100.0) 12{100.0) 6{100.0) 6(100.0) 12{100.0) 24(100.0)
Child-Pugh M ] ] 12
score Mazn=5D 5.0=0.0 7.0:0.0 6.0=1.0 HA
MinMedianMax 5/5.005 707 56007
Inclusion Crietria:
5
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All

subjects with impaired hepatic finction included in the study had to meet all of the followmg

eritenia for mnelusion in the study:

Panients = 18 years old wath stable mmpaired bepatic finchon classified Child-Pugh A or Child-
Pugh B.

Hepatic dysfunction due to hepatocellular dizeaze (not secondary to other dizeases) as documented
by medical history, phosical exammation, laboratory tests and biver biopsy results mdicating the
presence of hepatic curhosiz. It was possible to recommend the use of non-mmvasre alternative to
lrver biopsy, such as results from Fibrotest and for Fibroscan.

Stable Hepatic dysfunction ez, no chmical sigmficant change in disease status withm the last 30
days documented by recent medical history, mncluding no worsening of chmeal signs of hepate
imparment o no worsenng of total Biltubin or Prothrombin timee-50%.

Stable treztment regimen or dose of medication.

Patients with body mass index (weightheight") in the ranze 18 to 32 kg/m’ (inclusive).

Laboratory parameters within the normal range, unless the Inveshgator considered an abnormality
to be clmeally trelevant; with the exception of all hiclogical parameters affected by hepatic
impaoment. However, the followmg parameters had to be withm the followmg bats:

- ASAT and ATAT = 3ULM,

- Alkaline Phosphatases = 2ULM,

- Haemoglobin = 10g/dl.,

- Platelets = S0G/T.

Mommal 12-lead ECG or judged not climeally sigmaficant by investigator with QTe= 470 ms.

If female subject had to use an effechve contraception method according to the mvestzator,
except if she was stenlized for more than 3 months or postmenopausal. Menopause 15 defined as
over the age of 80 vears, or between 45 and &) vears being amencirheic for at least 2 years with
plasma F5H level = 30 ULL.

If smoker, smoking less than 10 cigarettes’day and able to stop smokng durng several days
covering the hosprialization time.

Mormal eating habats.

Be able to understand and willing to sign the mformed consent form.

For the French site, be remistered with the French Secial Secunty in agreement with the French
Law on iomedical expenimentation.

Subject not participating 1n another stedy or being in a follow—up penod for another study.

All bealthy subjects ncluded in the study had to meet all of the following criteria for inclusion in the
study:

Healthy subjects = 18 years old with normal bhepatic function matched with mpared hepatic
function subjects on etlmic group, sex. age (+/- 5 vears), and BMI (+/- 20%). Liver function tests,
albumin and prothrombm time should be within the normal ranges.

Be cerfified as bealthy by a comprehenszive chmeal assessment (detailed medical history, and a
complete physical examination) and laboratory imvestigations (haematological and blood
chemastry tests, and winaly=is), the resultz of which were within the normal range or mdged not
clmeally sigmificant by the imvestigator.

WNommal vital signs after 10 nunutes resting in supine position: 93 mmHg < sy=tolic blood prezsure
= 140 mmHg, 45 mmHg = diastolic blood pressure = 90 mmHg; 40 bpoy = heart rate == 100 bpm.
Mommal 12-lead ECG or judged not climcally sigmficant by mvestigator with QTe < 450 ms for
women o = 430 ms for men.

If female, subject had to use an effective contraception method according to the imvestizator,
axcept if she was stenlized for more than 3 months or postmenopausal. Menopause 15 defined as
over the age of 80 vears, or between 45 and &) vears being amencirheic for at least 2 years with
plasma F5H level = 30 ULL.

Be pon-smoker or if smeker, smokmg less than 10 cigarettes'day and able to stop smoking dunmg
several days covering the hospitalization fime.

WNommal eating habats.

Exclusion Criteria:
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All subjects with mmpawed bepatic function meluded in the study had not to meet any of the following

non melusion critena:

Chher underlving diseases that could alter Child Pugh components hke metastatic cancer to the

bramm or perttoneal swrface or cancer cachexia (hypoalbumimemia, encephalopathy, ascites).

Hepatocellnlar carcmoma confirmed by alpha-fetoprotein rate =50 mg/dl. no longer than 3 months

before inclusion.

S1gns of encephalopathy (grade 1 to 4 e.g. moderate to severe).

Presence of climcal ascites (slight to severe].

Dirug addicts patients treated with mwethadone or buprenorphine.

Presence of clmcal ascites and'or plewral effusion. According to the mwveshigator’'s judzment,

small ascites radiclogically detected but not clmcally relevant could be accepted.

Severs hepatic encephalopathy, (Grade = 2, portal systemue encephalopathy score).

Fecent history of gastrointestinal bleeding due to oesophageal vances. Accordmg to the

investigator’s judgment, patent who had oesophageal vances could be mchided iof suwrgically

treated by hizafion or sclerosis and with a prophylactc treatment by non-selective B-blockers (e.g.,

propranolol) and after checking by echography.

History of hepatic cyvtolysis due fo medication.

Enown HIV mfection.

Fenal impairment as measured by creatimine clearance < 75 ml/mun.

History of gastrointestinal, renal disorders or any surgery which put them at risk m the opimion of

the investzator.

History of allersy or hypersensiiivity to ome dmg (abnormal drg reachon idiesynerasy or

asthma).

If female, pregnancy (defined as positive B-HOG blood test) or breast feeding women.

Chromic abuse of alechol leading to addichon and impossibity for subject to stop consumphon

during the study.

Excessive consumphon of caffeme contaiming beverages (more than & cups of coffee per day or

equrvalent).

Presence of concomitant pathology requinng intake of any drmgs or substances known to be

inhibitors or inductors of CYP enzymes — mainly CYP3AL and CYPXDE wathin 14 days or 5 half

Irves pnor to dosme (e g St-john wort, nfampicin, efavirens, ete).

Who bad previously participated 1o a study during the last 3 months

Who had donated blood m the two months preceding the mfiation of the study or who would

donate blood dunng the study or within the three months following the study completion.

Wkho had recerved blood or plasma denvatives m the three months precedmg the mitiation of the

study.

Who, 1n the judgment of the inveshgator, was likely to be non-comphant or uncooperatrve dunng
study

Who had forferted ther freedom by adnunistrative or legal award or whe was under guardianship.

Who could not be contacted 1 case of emergency.

All healthwy subjects meluded 1o the study had not to meet any of the following non mmclusion cntena:

Subject with a hstory of gastroinfestinal, remal, cardiovascular, newrological, endocrine or
peyvehiatie disorders, or any other condition which, in the opimon of the mmwvestigator, would
jeopardize the safety of the subject, or impact the vahdity of the study resulis.

History of allergy or hypersensitivity to one drmug (abnormal dmug reachon, 1diosvnerasy or
asthma).

Acute or chronic disease within | month before inclusion

Encwn or suspected HIV, HEV and HCV infection.
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PK Results

PHARMACOEINETIC RESULTS
Circulating levels of BFZ.649 and of its metabolite BPZ2.951 showed a significant exposure of subjects receiving
EFI.649.

Pharmacokinefic parameters of BF2.649 and its major metabolite BP2 951 in healthy volunteers and subjects with
impaired hepatic fimction, after administration of single 20 mz BF2.4649 dose were analyzed and did not show amy
sizmificant differences berween nommal and patients with mild hepatic impairment

BFI.49 pharmacokinetic parameters such a5 Toe, tie, AUCk=y | VzDose, ClDose, fu showed sigmificant
difference between normal volunteers and patients with moderate hepatic Impairment.

BFL.649 Hapatic impairment
Normual Mdild Moaderare
Parameter fm=I12) n=0} in=3 ar 4l
AUC_inf (h*ng/ml) 327 £327 462 =450 TED = 334
Eatio {/normal) 141 241
P-value 04768 (H5) 0.0180 =
T () 2.5[1.5-4] 2514 1.75 [1-8]
Ty (0D 12+ 112 489 41=31
VzDose (L) 3640 = 2090 I8B0=1700 1050 =464
Batio {/normal) 0.7e 054
P-value 0.4590 (M5) 0.0190 =
ClDrwose (L'h) IT=164 259=070 30.7+157
Fatio {/normal) 0.71 022
P-value 0.5938 (H5) 0476+
£, (%a) 430=1.17 303=044 601=176
ERatio {/normal) 081 140
P-value 0.3738 (H5) 0.0344 *
AUC_inf , (h*ng/'ml) 520 17=14 50+ 30
Fatio {/normal) 113 333
P-value 0.8521 (H5) 0.0127 *
VzDose _ (L) 20600 = 55700 70000 = 37000 35200 = 13900
Batio {/normal) 078 03e
P-value 04485 (H5) 00064 ==
ClDrose . (L'h) 3470= 4390 1200 = 1930 607 = 508
Batio {/normal) 0.66 017
P-value 04405 (H5) 0.04464 *

Statistical significance (p-value) for unpaired data: M5 = not significant; * p<0.05; ** p=0.01

BPI.95]1 pharmacokinetics in mild or moderate hepatic impairment compared to healthy volunteers were not
stafistically differemt ewcept for C__, values smtistically different between normal volunteers and patients with

moderate hepatic impairment
Los Hapatic imparrment
Nowmal Adild Moderase
FParamater m=I1oril) (n=d} (m=4 to 4
Conee (2E/mL) 12.33=2.10 9.95=352 4.63 =547
Eatio {/normal) 081 038
P-value 0.0883 (NS) 0.0168 *

Statistical significance (p-value) for unpaired data: M5 = not significant; * p<30.05; ** p<0.01
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Analvte Parameter Healthy Controls | Mild Hepatic Moderate Hepatic
n=6 Impairment Impairment
n=6 n=5or
BP1.8054 | Cuu (ng/mL) 273=164 526 9331346
Tose, () # 1.5(1.5-3) 20w 16.0(1.5-24.00
AUC s (ng*h/ml) | 13544 116 2440
ts; (h) 80=x34 293 102
BP19733 | Cuu(ng/ml) 416=134 0.9 107142
Tase: () # 2323 ko 4(2-712)
AUC s (ng*h/ml) | 493 =140 N 393157
ts (h) 128=111 453 626320
BP13473 | Cow (ng/mL) NA 352275
BP13484 | Cowe (ng/mL) NA BLOQ-11.0
BP1.8186 | Cus (ng/mL) NA BLOQ-BLOQ
BP1.10556 | Cuas (ng/mL)* NA BLOQ-12 8
* median (min-ma)
* o=l
© min-max

NA=not avalable, BLOC=below the linat of quantification
Diatz presented as anthmetic mean = standard deviaton unless otherwise specifiad i .
" Temrsmmm o moar mmmmm s ' T ormma e mmaanT momane o anms T oo m Appearsthlswayon Orlglnal

Safety Results
Was there any death or serious adverse events?

SAFETT RESULTS

Dring the overall smdy penod, 524 (20.8%) subjects reported the occumence of 6 adverse events. 4 were

reament emergent adverse events (TEAE:):

- 2/6(33.3%) subjects reporied 3 TEAEs in the impaired hepatic function Child Pugh A group,

- 1/8 {16.7%4) subject reported 1 TEAE in the healthy subject matched with impaired bepatic fonction Child
Pugh A group.

No TEAE occurred in the impaired hepatic function Child Pugh B and healthy subject matched with impaired

hepatic function Child Pugh B groups.

Al TEAEs were of mild intensity and were resolved before the end of the stdy.

The relationship to smady drug seemed possibly related for one TEAE: one episede of headache reported i the

impaired hepatic fonction Child Pugh A group

The relaticnship o stady dmg seemed related for one TEAE: one episode of dysgeusia reported in the impaired

hepatic function Child Pagh A group.

The relationship to stady dmg seemed not related for 2 TEAEs: one episode of vertigo reported in the impaired

hepatic function Child Pogh A group and one episode of abdominal distension reported in the healthy subject

matched with impaired hepatic fimction Child Pogh A group.

Mo serions adverse events were reported during this smady. " Yes W No [ NA

Mo climcally relevant findings were observed in clinical examination laboratory parameters, vital sigms or ECG

PACAMETETs.

Overall Sponsor Conslusions
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CONCLUSION

This study was carried oot in 24 subjects. 12 subjects in France, (3 subjects with impaired hepatic function Child-
Pugh A, 1 subject with impaired hepatic function Child-Pugh B, 6 healthy matched subjects) and 12 subjects in
Bulgania (1 subject with impaired hepatic fonction Child-Pugh A 5 subjects with impaired hepatic function Child-
Pugh B. 6 healthy matched subjects). All the subjects completed the study.

No serious adverse events were reported during this study. 4 emergent adverse events were reported:

3 in the impaired hepatic function Child Pugh A group and 1 in the healthy subject matched with hepatic function
Child Pugh A group.

No clinically relevant findings were observed in climeal examination laberatory parameters, vital signs or ECG
parameters.

Circulating levels of BF2.640 and of its metabolite BP2 951 show a significant exposure of subjects receiving
BF2.649.

Pharmacolinetic parameters of BF2.649 and its major metabolite BP2 951 in healthy volunteers and subjects with
impaired hepatic function after administration of single 20 mgz BF2.649 dose were analyzed and did not show any
significant differences between healthy subjects and patients with mild hepatic impairment.

BF2.649 pharmacckinetic parameters such as Tpa. tin. AUCpo  Vz/Dose. Cl/Dose, fu showed significant
difference between normal volunteers and patients with moderate hepatic impairment.

BP2.951 pharmacokinetic parameters, in mild or moderate hepatic impairment compared to healthy volunteers,
were not statistically different except for Co,, values statistically different between healthy subjects and patients
with moderate hepatic impairment.

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 HCI 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:
e Mild hepatic impaired= no dose adjustment
e 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
e Severe hepatic impaired = contra-indicated

10

Reference ID: 4465684



CLINICAL PHARMACOLOGY STUDY REVIEW
PK Study in Renal Impaired

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

NDA 211150 WAKIX

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

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
Objectives: 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 HC] 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 HCI 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:

e Mild renal impaired= no dose adjustment

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

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

Study Design:
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AMethodology:
This was an open, parallel group study m subjects with normal renal fimehion compared to those with renal
dysfunchion

Twenty four subjects were to be shatified accordmg to remal functon by using assessment of glomerular
filbation rate (GFR) as defined by MDED formula as follows:

- Four subjects from 18 to 75 vears of aze wath muld mmopared renal fimetion defined by GEFE between 60 and
89 ml/pn [STAGE 2 according to the mternafional classification of chrome kidney disease),

- Four subjects from 18 to 73 years of age wath moderate mmpaired renal fimehon defined by GEE betwesn 30
and 3% ml/pom (STAGE 3 according to the international classafication of chrome kidney disease],

- Fow subjects from 18 to 75 vears of age with severe mmpaed renal fimehon defined by GEE. betwesn 13
and 29 ml/pom (S TAGE 4 according to the international classification of chrome kidney disease],

- Twelve bealthy subjects with noemal renal fimction defined by GEFE-90 mlmuin with po protemuria
(=0.15g_ determaned by wmalysis) matched with impaed renal funchion subjects on ethme group, sex, age
{+/- 5 years), and BMI (+- 20%3).

Mumber of subjects:
Planned: 24 subjects

Included: 25 subjects

Test product. dose, mode of administration, batch:

Product BF2.649

Unit dose per day 20 mg (tablet)
Regimen single oral dose
Mode Oral

Batch N°: 111 00 11113 (expiration date: 01/12/2011)
111 00 11293 (expiration date: 01/04/2013)

Duration of treatment:
One day.
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Pharmacokinetic assessments:

Blood samples were collected on:

- Day1 at pre-dose, 1h, 1.5h. 2h 3h 4h 6h 8h 12h and 16 hours after admunistration of BF2.649;
- Day 2 at T24h and T36h;

- Day3 at T48h;

-  Day4at T7h;

- Day 3 at TO5h

Urine collections:

- Day1: At pre-dose, [DITOh—DIT6h[; [D1T6h —DI1T12h[; [D1T12h-D2T240[;

-  Day2 [D2T24h —D3T48h[.

Safety:

Vital signs.:

- Blood pressure, Heart rate and oral Temperature: at the screening visit, then on D-1 on D1 at TOh, T?h, T4h,
T6h and T12h, on D2 at T24h, D3 at T48h, D4 T72h, D5 T%h and on follow-up visit.

- Oral temperature at screening visit, D-1 and on follow-up visit.

- Body weight: at the screening and at the follow-up visit.

ECG evaluation:

- 12-lead ECG: at the screening visit, then on D-1, on D1 at TOk T2k T4h, T6h. and T12h, on D2 at T24h, on
D3 at T48h on D3 T96h and on D4 at T72h and at the follow-up visit.

Bioanalyvtical methods:

Serum levels of BF2 649 and its metabolite BP2 951 were evaluated using a UHPLC/MS/MS technique developed
and validated by Bioprojet-BIOTECH (B258 study). Urine levels of BF2 649 and its metabolites were evaluated
uang a UHPLC/MS/MS technique developed and validated by Bioprojet-BIOTECH (B256 study). Drugs serum
binding were determuned by equilibrium dialysis approach. Unbound fraction of BF2.649 and its metabolite
BP2.951 in plasma were measured in order to comectly interpret the effect of hepatic function on the BF2.649
clearance.

Statistical methods:

Pharmacokinetics:

Pharmacokinetic parameters for total and unbound drug were estimated for each group: Cop. Tou. tia. AUC 024,
AUCp.o;. V/F. CUF. protein binding.

Statistical Tests: A one-way analysis of Vanance (ANOVA) by consuidenng treatment group as a fixed factor was
conducted.

Tolerance:

Individual adverse events were listed and classified by sevenity and relationship to the drugs. Descriptive statistics
were calculated.
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Analytical Method

Method Type | LC/MS/MS | Matrix | Plasma

Analytes Pitolisant and its metabolites

= Method validated prior to use ¥ Yes [ No
Validation
= Method validation acceptable ¥ Yes [~ No
= Samples analyzed within the established stability period ¥ Yes I No
= (Quality control samples range acceptable ¥ Yes I~ No
Study » Chromatograms provided ¥ Yes I~ No
Samplq = Accuracy and precision of the calibration curve acceptable ¥ Yes I No
Analysis
= Accuracy and precision of the quality control samples acceptable ¥ Yes I No
= Qverall performance acceptable ¥ Yes I~ No
Study Population:
25 subjects were meluded:

13 subjects were included m France (2 subjects with stage 2 mmpaired renal fanchon, 3 subjects with stage 3

mmpaired renal fimchon and 1 subject with stage 4 mmpaired renal fincton, 7 healthy matched subjects) and 12

subjects were mehided in Bulgana (2 subjects wath staze 2 impaired renal finction, 1 subject with stage 3

mpaired renal function and 3 subjects with stage 4 impared renal funchon, § healthy matched subjects).

Cme subject was withdrawn from the study for consent withdrawal and was replaced.

In the Included population (M = 25):

- 100 % were Cancasian volunteers

- B4% were male, 16% were female

- The age ranged from 35 to 70 vears with a mean of 53.2 £ 106 years.

- The height ranged from 158 emto 184 emwnth a mean of 1742263 em.

- The weight ranged from 57 to 98 kg with a psean of 81.26 = 11.37 kg

- The BMI ranged from 21.1 fo 31.6 kg'm® with a mean of 26.69 £ 295 kg/m®.

In the Pharmacokmete population (M=24):

- 100 % were Cancasian voluntesrs

- B3.3% were male 16 7% were female

- The age ranged from 35 to 70 vears with a mean of 52.9 £ 11.0 years.

- The height ranged from 158 cm to 180 cn with 2 mean of 173.8 6.1 con.

- The weight ranged from 57 to 38 kg with a mean of 806 = 11.12 kg

- The BMI ranged from 21.1 to 31.6 kg'm® with a2 mean of 26,61 = 298 ke'm*

All subjects were mon smokers (84%) or smokers of not more than 10 cigarettes a day (16%). 32% of the

subjects were aleokol consumers {mean consumphon of 8.3 = 6.1 g/day). 92% of the subjects were caffeine

consumers (= § cups'day).

As expected, all the subjects m the mpaned renal function group had a periinent medical or surgical ustory:

- 11712 subjects had renal and wrinary disorders (mainky glomemlonephntis chrome, renal fathore and renal
falure chrome).

- 11/12 subjects had vascular discrders {mamly hypertension).

- 712 subjects had metabolism and nuntion disorders.

Among the subjects with impaired renzl fonchon, Glomerular filbation mean score was of 64.4 (£6.4) ml 'oan

stage 2. 48.9 (= 6.4) ml ‘nun in stage 3 and 24.0 (= 3.9) ml /oun mn stage 4.

413 subjects m the nommal renal fimction group had a surgical history (appendectorny). Mo medical history was

reported.
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Table 9.5-1 — Alain baseline characteriztics — Included zet (u = 15)
Impeaired renal fanction (Case) Normal renal fonction (Control)
Stage 2 Stage 3 Stage 4 Total Staze 2 Stz 3 Stage 4 Total Overall
Demography Stafistic (m=1) (N=d) (=) M=11) (=) N=5) =) M=13) (N=15)
Azs (years) N 4 4 4 13 4 k1 4 13 15
Mean=5T0 546.5=113 H =103 40 (=122 333=108 555=132 55600 278114 H=l09 5321008
SEM 34 52 6.1 3 5.4 40 58 in 21
MinMedianMax V575847 41/56.0465 3549 582 350057 3056570 4158 0763 3348559 3556070 3556070
Cendar
Male N A100.0) 3(75.0) 3750 10(83.3) 4100 4(B0.0) 3(75.0) 11(34.8) 21340
Femals ] 0.0 125.0) 1250 HIST) Of0) 120.0) 1025.0) 2A154) 41610
Hisight (o) N 4 4 4 12 3 5 3 13 15
Mean=5T0 7313612 17400516 170.75=10.24 TL6ET2 T34 50 1754045 88 752504 B 175.7=52 174353
SEM 306 3.08 512 11 235 EL] 243 14 13
MinMedianMax | 1640175731770 | 1650776001790 | 13807172 501800 | 158175.00180 | 170007178 251800 | 1670077 00°184.0 | 159071 76.00/0800 | 1671780184 | 158176.0/184
Waizhs (k) N ] 4 4 1 4 3 n 13 5
Mean=5T 8038370 28 50=10.02 74.53=17.73 L1712 55 B163=R TS5 B6 =720 T20013.98 Bl 3510058 Bl 361137
SEM 190 501 B85 is 438 326 §.00 294 an
MinMedianMax | 74.080.75/860 TH.020.0098.0 SLWTIS0065 | STOERTROE0| TOOESTIEOOD TTOEN.00eTD 63.070.00/03.0 | 63.083.5097.0 | 57.083.3098.0
BN (kg'nr) N 4 4 4 13 4 k1 4 13 15
Mean=5T 26.83=1 20 20.18=238 2530=3 .51 2710201 2643167 2810279 13 083 37 2631305 26.50=0.05
SEM a7 118 181 084 084 135 1.68 0.85 0.5
MinMedianMax | 2462745278 26.5203031.6 DRA3955305 | 2ARITARGLE | M2 0281 24578, 70312 LB 05287 | 2112620312 | 2L127 X316
Ethric arigin
Cancasian e 41000y 4100.0) 4100.0) 100.0) H100.0) 1000 #1000 13(100.0) 35(100.0)

Inclusion Crietria:
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mchuded m the study had to meet all of the following cntenia

for melusion in the study:

Subjects from 18 to 75 years of age, with impared remal fimchon (MDED between 15 and
89 ml ‘min}, medically stable smee 3 months.

With body mass index (weightheight”) in the range 18 to 32 kg/m’ (inclusive).

Ecqulibrated blood pressure with or wathout treatment.

Normal 12-lead ECG or judged not chimically significant by mvestigator.

No climcally significant abnormalities on physical examination or laboratory tests, other than
those commonly observed for subject’s degree of renal mpairment.

If female subject had to use an effective confraception method according to the mwvestgator,
except if she was stenlized for more than 3 months or postmenopausal. Menopause 15 defined as
over the age of 60 years or between 45 and 60 years being amenorrheic for at least 2 years with
plasma FSH level = 30 UL'L.

If smoker, smoking less than 10 cigarettes/day and able to stop smoking dunng several days
covering the hospitalization fime.

Be able to understand and willing to sign the informed consent form.

For the French site, be registered with the French Social Secunty in agreement with the French
Law on hiomedical expenimentation.

Subject not participating in another study or bemg m a follow—up penod for another study.

All bealthy subjects included in the study had to meet all of the following critena for inclusion m the
study:

Healthy subjects with normal renal fimetion (MDED = 90 ml /omn) and no protemmma (= 0.15 g/l

determuined by unnalysis) matched with impaired renal fimetion subjects on ethme group, sex, age

(+/- 5 years), and BMI (- 2075,

Be certified as healthy by a comprehensive clinical assessment (detalled medical history and a

complete physical examination) and laboratory investigations [haematological and blood

chenustry tests and unmnalysis), the results of which were within 1:'|1e nommal range or judged not

climeally ﬂgm.ﬁn:ant by the mvestigator.

Nmmal vital signs after 10 punutes resting mn supme position: 95 mmHyg = systolic blood pressure
= 140 mmHg, 45 mmHg = diastolic blood pressure = 90 mmHg: 40 bpm = heart rate = 100 bpm.

Nmmal 12-lead ECG or judged not clmcally sigmficant by mvestigator with 120 ms = PR = 22

ms, QFS < 120 ms, QTc = 430 ms for men and QTc = 450 ms for women.

If female, subject had to use an effective confraception method according to the mwvestigator,

except if she was stenlized for more than 3 months or postmenopausal. Menopause 15 defined as

over the age of 60 years or between 45 and 60 years being amencrtheic for at least 2 years with

plasma FSH level =30 ULL.

Be non-smoker or if smoker, smoking less than 10 cigarettes/day and able to stop smoking during

several days covenng the hospitabization tume.

Nomal eating habits.

Be able to understand and willing to sign the informed consent form.

Be registered with the French Social Secunty i agreement with the French Law on biomedical

experimentation.
Subject had not to participate in another study or being n a follow—up penod for another study.

Exclusion Criteria:
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All subjects wath impaired renal fimction included in the study had not to meet any of the following

non inclusion cntena:

- Subject with a hustory of hepatic, cardiovascular (including conduction disturbance) or psychiatnic
disorder or any other condition which, m the opimon of the mvestgator, would jeopardize the
safety of the subject or impact the validity of study results.

- Subjects with evidence of liver disease { ALAT or ASAT = 2 ULN or total bilinubin = 2.2 ULN)

- Presence of concomutant pathology requmng mtake of amy dmgs or substances known to be
inhibitors or inductors of CYP enzymes — maimnly CYP3A4 and CYP2D6 - within 14 days before
mchsion (e.g: corbicosteniods, St-john wort, nfampm__ efavirenz. etc). For anhhypertensive dmgs.
only strong mhibitors/mductors of CYP enzymes were prolubited.

- Presence of metabolic or ilomic disorders not confrolled by adapted treatment such as
hyperkalierma (defined as kalienma = 5.5mmelT), h}’pCH:ElEEIEIlE (defined as calcemua =
2.2 mmolL) or hypoalbummemia.

- Presence of sigmificant anemia not controlled by erythropoietin which could be a contra-indication
to blood sampling.

- Presence of nephrotic syndrome.

- Renal transplantation.

- History of allergy or hypersensiivity fo one dmg (abnormal drug reaction, idiosyncrasy or
asthma).

- If female pregnancy (defined as positive p-HCG blood test) or breast feeding women

- Chronic abuse of alcohol leadng to addichon and mpossibility for subject to stop consumphon
durnng the study.

- Excessive consumphon of caffeine containing beverages (more than 6 cups of coffee per day or
equivalent).

- Practice or likely to practice strenuous physical activities (sports).

- Who previously participated in a study during the last 3 months.

- Who hadapuﬂmemnedmgsﬂeen_

- Who donated blood in the two months preceding the mmitiation of the study or whe would donate
blood dunng the study or within the three months following the study completion.

- Who received blood or plasma denvatives in the three months preceding the mitation of the
study.

- Who, m the judgment of the mvestigator, was likely to be non-compliant or uncooperative durng
the study.

- Who forfeited their freedom by admimistrative or legal award or who was under guardianship.

- Who could not be contacted in case of emergency.

All healthy subjects included in the study had not to meet any of the following non inclusion cnteria:

- Subject with a lustory of renal, cardiovascular, gastromtestinal, hepatic. nevrological, endocrine or
psychiatric disorders or any surgery which puts them at risk in the opinion of the nvestigator.

- History of allergy or ]I'i.‘pEl’EE]:Ijltn’l’['i. to one drug (abnormal drug reaction, idiosyncrasy or
asﬂ:lma}

- Acute or chrome disease within 1 month before meclusion.

- Regular use of drugs, sedatives, hypnotics, franquulizers or other addictive agents.

- Any freatment within 14 days before inclusion or within 5 ttimes the elmunation half-life of that
drug, whichever the longest, including treatment which could lead to mhibition or induction of
CYP enzymes — mamly CYP3A4 and CYP2D6 and with the exception of hormonal contraception
and menopansal hormone replacement therapy.

- Known or suspected HIV, HBV and HCV mfection.

- If female, pregnancy (defined as positive f-HCG blood test) or breast feeding women.

- History or evidence of acute or chromc abuse of alcchol (more than 30g per day) or acute
intoxication in the month preceding mclusion

- Excessive consumphon of caffeine contaming beverages (more than 6 cups of coffee per day or

equivalent).
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PK Results

Pharmacokinetic parameters of BF2.649 and its major metabolite BF2.951 in healthy
volunteers and subjects with impaired renal fimction, after admunistration of single

20 mg BEF2.649 dose.

Median plus range are presented for T.,,; harmome means = 5Ds are presented for T;o
and anthmetic means = SDs for other parameters. Subscript “u” stands for imbound dmg.

BElL.640 Eenal impairment
Normal Mild Modezrate Severa
Parametar m=12) fn=4) in=4) =4l
C e (mg/ml) 1437+ 837 313221657 223211543 36768286
PRatio (/normal) 218 1.55 256
P-value 01305 (NS} 02028 (N5) 0.0004 *===
AUC inf (h*ng/mL) 222+175 105=270 443 + 354 28+
Fatio (/normal) 1.78 200 193
P-value 01560 (NS) 0.3145 (N5) 0.0760 (N5)
T (h) 2[1.5-4] 1.75[1.5-2] 315[158] 15[1-2]
T14 (h) 2063 M+45 27=10 M+14
VzDose (L) 3950+ 1850 20900 = 2620 2300= 708 2010 £ 1010
Ratio (/mormal) 076 058 051
P-value 04283 (NS 0.1094 (NS) (.0685 (NS)
ClDosze (LK) 141914 939=054 63+£205 3773009
Fatio (/normal) 0.67 045 041
P-value 0.3882 (NS) 00212 * 0.1003 (N5)
A (%) 046037 031006 143087 088074
Fatio (/normal) 0.69 315 192
P-value 0.2408 (NS) 0.1433 (NS) 0.4043 (NS)
Clz (L'h) 052+£032 0.30=0.18 130007 057049
Fatio (/normal) 0.57 2449 1.08
P-value 0.2345 (NS) 02572 (NS) (.8522 (N5)
£ (%) 480 £090 102£0355 3310350 372102
Fatio (/mormal) 0.63 0.69 078
P-value 0.0036 ** 0.0105 * (0.0B18 (NS)
Crmamn (ng/ml) 070041 093=035 0760355 132028
Ratio (/mormal) 133 1.09 189
P-value 03739 (N5) 08134 (NS) 0.0140 =
AUC inf, (h*ngml) 11+8 12=9 15+13 137
PRatio (/normal) 1.09 134 136
P-value 0.7789 (NS) 04417 (N5) (.3562 (N5)
VzDoze . (L) 87400+ 53400 97100= 70200 7250031300 5350018100
Fatio (/normal) 1.11 083 0.61
P-value 0.7738 (NS) 0.6079 (NS) 0.2411 (N5)
ClDosze , (LK) 3180+ 2600 3020 = 2360 1050 £ 933 1320+ 516
Fatio (/normal) 083 0.61 048
P-value 0.9139 (NS) 0.3761 (NS) 0.0560 (NS)

Statistical significance (p-valwe) for unpaired data: M5 = pot significant; * p<i0.05; ** p<).01; *** p=10.001
Miote: More powerful statistical analysis will be described in another report, independent of this smdy.
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Fignre 13: Relationship Between CrCL or «GFR and Pitolisant PK Parameters (P09-13)
Coax vs CrCL Canax vs eGFR.

1] [t TT
518 0E F A% L a
] I — s
— Egr
[ H
fie i s
. — £ B
£ Py — = 3
# ] P -l -‘_\_\_‘_‘—-._\_ s
i i — ;
5 i I R
L _\_'_‘_‘—\—\_._‘_\_

I R E TS e
(1] - N [} am - " oan " (L]
el e
BOFE TR
AUCHs vs CiCL AUCinf vs wGFER.
2240 2r7 L
¥ = d26- 1R A= BTN = 501 - 23K AT 0 N0
184 =

= T
; e - i
i SR
Il i
;

L — , & —_——
= e e =4 _‘_‘—__._‘_‘—\—n_.___‘_-_\_‘_

:.I.... O e AR I =R T e = a r r F- -3 o = g - T

RS ol

[ =

Reference ID: 4465684



BP2.051 Renal impairment
Normal Mild Moderate Severe
Parameter =12} fn=4) in=4) in=4l
Crman (mg/mll) 11863935 1475543 1055724 19081319
Ratio {/normal) 1.2 (.89 161
P-value 02634 (NS) 0.6433 (NS) 0.3560 (N5)
AUC inf (h*ng/ml) 80 =28 11047 11260 136+ 74
Ratio {/normal) 138 140 195
P-value 0.1463 (NS) 03619 (NS) 0.1311 (N5}
T (1) 1.5 [1.5-2] 1.5[1-1.5] 1.5 [1.5-6] 1.5[1.5-2]
Tz (h) 11+12 1112 2314 1767
VzDose (L) 5940+ 2580 3200 =3710 G300 = 1480 4300 + 3360
Ratio {/normal) 088 116 0.76
P-value 06642 (NS) 04987 (N5) 0.2312 (NS}
ClDose (L) 275907 M7+873 209+888 172 £133
Ratio {/mormal) 0.75 0.76 0.63
P-value 02120 (N5) 0.2312 (N5) 0.1013 (N5}
AL (%) 749+201 520=073 433=0.66 217106
Fatio {/normal) 069 058 029
P-value 0.05536 (NS) 00117 * 0.0003 ===
Clz (L'h) 2150+£534 11.67+£362 1081+ 437 J4dL14
Fatio {/normal) 054 0.50 016
P-value 0.0059 ** 0.0042 == QE-(8 ***
£ (%) 4319+ 466 TS5TL£200 057212 3535+£4.73
Fatio {/normal) 0na7 092 084
P-value 0.0465 * 01821 (N5) n032e=
Crmae w (mg/ml) 5222215 5.58+217 410260 730500
Ratio (/mormal) 1.07 079 142
P-value 07769 (N5) 04036 (NS) 0.5185 (NS)
AUC inf, (h*ngml) 3513 4220 45+26 3829
Ratio {/mormal) 1.20 1.29 1.66
P-value 04484 (N5) 0.5063 (NS) 02070 (NS5)
VzDose, (L) 14000 £ 6640 14000 = 10400 173003210 13100+ 11800
Ratio {/normal) 1.00 1.24 0.94
P-value 0.0982 (NS) 0.3531 (N5) 0.8527 (N5}
ClDose , (L) 656+278 557+242 533+223 300 + 4564
Fatio {/normal) 083 081 078
P-value 0.5365 (NS) 04339 (N5) 0.4451 (NS)

Statistical significance (p-value) for unpaired data: NS = not sipnificant; ® p<20.05; ** p=10.01; *** p=10.001
HMote: More powerfal statistical analysis will be described in another report, independent of this smdy.

Safety Results

Was there any death or serious adverse events?

[ Yes
[ NA

[ No

Reference ID: 4465684
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Appears this way on original

SAFETY RESULTS

Dhmng the overall study penod, 8725 (32%) subjects reported the ocowrence of 1] adverse eves

treatment emergent adverse events (5 mn the mpamwed renal fimction group and 4 m the healthy mat:

group):

- 1/4 (25%) subject reported | treatment emergent adverse events (TEAEs) m the mmpaired re
(stage 2) group.

- 24 (50%) subjects reported 3 TEAE= m the mpaired renal fimction (stage 3) group,

- 24 {30%) subjects reported 2 TEAE: m the mmpaired renal function (stage 4) group,

- X5 {40%%) subjects reported 3 TEAEs m the healthy subject matched with mipaired renal fimets
S,

- 14 (253%) subject reported | TEAE in the healthy subject matched wath mopaed renal fimets
roup.

Mo TEAE: ocomred 1 the healthy subject matched wath impawed renal fimction (stage 2} zroup.

All TEAE: were of muld or moderate miensity and were resolved before the end of the study.

The relzhonship to study drug seemed possibly related for 2 TEAEs: one episode of mmsommia and on

erythema, all reported 1 the healthy subject mmtched with impaired renal fimchon (stage 3} zZroup.

Mo relationship to study dmg was noted for § TEAEs: one episode of influenza reported m the 1m

fimchon (stage 2} group, 2 episodes of Invpoglyeasmma and 1 episode of musculoskeletal saffness rey

mpaired renal function (stage 3) group, | episode of headache and 1 episode of crculatory collapss

the mipaired renal fimetion (stage 43, 1 episode of skin meachion reported in the healthy subject m

mipared renzl funchon (stage 3) group and 1 episode of amoventioular block first dezree rep

healthy subject matched with impaired renal fimetion (staze 4) group.

Mo senous adverse events were reported dunng thas study.

Mo climeally relevant findings were observed m clinical exammnation laboratory parameters, vital =1

parameters.

Overall Sponsor Conslusions

CONCLUSION

Thas study was camied out n 25 subjects. 13 subjects in France (2 subjects wath stage 2 mmpared renal function,
3 subjects with stage 3 mpaired renal fimction and 1 subject wath stage 4 impaired renal funchon, 7 healthy
matched subjects) and 12 subjects were mcluded in Bulzgana (2 subjects with stage 2 impamred renal fimehon, 1
subject with stape 3 nmpamed renal funchon and 3 subjects with stage 4 mmpaired renal fimetion, & healthy
matched subjects). One subject was withdrawn from the study for consent removal and was replaced.

Mo senons adverse events were reported during this study. 10 emergent adverse events were reported:

6 in the impaired renal funchon group and 4 in the healthy matched subject proup. 2 adverse events seemad
posaibly related to study dmg adounsstration (one eprsede of Insommia and one episode of erythema reported
the healthy subject matched with impawed renal fimetion (stage 3) group).

Mo climeally relevant findings were observed m chmcal exammation laboratory parameters, vital signs or ECG
parameters.

Circulating levels of BE2 649 and of its metabolite BF2 951 showed a sigmficant exposure of subjects recering
BF2.849. Mo stahstically sigmficant difference in most PE parameters was observed m renal insufficient patients
conpared to bealthy volunteers for BF2.649.

Coax and AUC are amyway approsamately increased by a factor 2.5, Mo half-hfe increzse has been noted in thas
study. Consequently it 15 not mandatory to adapt the dosing regmmen by starting by lower doses in patents wath a
renal mpaired fimehon and thus partienlarty because the dmgz has a good safety profile in the ranpe of the
exposures observed  Amway m order to nmprove tolerability and to aveid the ocommrence of a too marked and
strong effect in patients, 1t seems reazonable to start treatment with the half of the recommendsd doze 18 10 me
(instezad of 20 mg), then to inerease after 7 treatment davs to the 20 mg daly dose. Ii 15 not recommended to dose
patents sufferng from renal mpamment with kgher daily dose than 20 mg. This dose could be then potentially
adapted and reduced erther fo 15 mg or 10 mg daily, if needed based on clmical syvmptoms and efficacy.

11
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Reviewer Comments and Conclusions

This was a multi-center, open-labeled, parallel-group, single-dose study of pitolisant HCI 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
m?2), 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
HCI1 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:

e Mild renal impaired= no dose adjustment

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

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

12
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CLINICAL PHARMACOLOGY STUDY REVIEW

Drug Interaction Study—Pitolisant & Paroxetine (CYP2D6 inhibitor)

Study # P11-03; part 111 Study Period: 8/8/11---9/29/11

NDA 211150 WAKIX

Title

A three part study to assess the potential imopact of concommtant food effect (Study Part I), drug-drug mteraction of
iaconazole (Stady Part II), and paroxetne (Study Part [T} on the relatrre bioavailability of BE2.649 m healthy
male subjects (Study Part ITT)

Objectives:

Primary ohjective:

The primary objective of the study was to assess whether single dose BF2.649 (20 mg) oral eoavailabibity and mzn
PK parameters were modified by concomtant administration of paroxetine leading to an extensive inlibition of
CYP2D6.

Secondary ohjective:

The sacondary objectrve of the study was to assess safety and tolerabality of BE2.849 after single oral adoamstration
of 20 mz BF2.649 admumstered alone or after mmltiple dose of paroxetine m healthy male subjects.

EXECUTIVE SUMMARY:

Effect of paroxetine (CYP2D6 inhibitor) on the PK of pitolisant (P11-03; part III): This study_was a

Study Design:

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.)

Methodology:
The study was divided m 3 swecessive parts. In this ebmieal report, only results of Part IT] are presented.
The siudy was a comparative roavailabibity study of a smgle adommistranon of BF2.649 adowmstered alone or
together with paroxetine at steady-state according to a one sequence Cross-over deslEm.

A total of 18 subjects recerved BF2.649 on 2 occamons, erher alone or with concomutant admimstration of
paroxefme at steady-state.

Number of subjects (planned and analyzed):

Plarmed : 18 Completed the tal : 18

Screened/enrolled - 25 In PE analysis : 18

Included : 19 In safety analy=is : 19
1
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Diagnosis and main criteria for inclusion:
The study was camied out m 18 healthy male volunteers, aged 18 to 55 years old and wath a body mass mdex (BMI)
between 18 and 30 kp'm®.

Duration of treatment:
Single dose of BE2 649 on two occasions (Day 1 and Dav 14).
Paroxetine g.4. from Day & to Day 16.

Diosage regimen:
Single dose of 20 mg on 2 occasions for BF2.649 (Day | and Day 14)
Miultiple dose for paroxetine (20 me for § days and 10 mg for | day). Admamstation was perfonmed in ambulatory
conditions from Day 8 to Dav 13 and on Day 16.

Tezt product(z), doze and mode of adminiztration, batch number:
Product and Fornmulation: BF2.64%9 / Tablet 20 mez

Bateh mumber: 1120011158

Expiry date: 0171272011

Mode of admimstration- Chal

Diosageresimen Single dose of 20 mg on 2 oecasions

Test producti(z), doze and mode of adminiztration, batch number:
Product and Formmulation: Paroxetine / Tablet 20 mg

Batch mumiber- 600

Expuy date: 42014

Mode of admimstration- Chal

Dhosageregimen: Multiple dose (20 mg for 8 days and 10 mg for 1 dav)

Each subject was administered the following treatments (oral route):

— Dayl1: 1# 20 mg BF2 649 tablet,

— Day 8 to Day 13 inclusive: 1% 20 mg paroxetine tablet once daily,

— Day 14: 1* 20 mg BF2.649 tablet + 1* 20 mg paroxetine
tablet.

— Day15: 1* 20 mg paroxetine tablet once daily,

— Day 16: 12* 20 mg paroxetine tablet once daily.

Subjects under fasted conditions swallowed the appropriate tablet containing BF2649 or
paroxetine with 240 ml. of water at rocm temperature. Subjects were dosed whilst standing or
semi-recumbent and they were not allowed to lie flat for 4 h post-dose, except for study
procedures or if clinieally indicated.

All paroxetine and BF2. 649 administrations were performed in fasted conditions.

On Day 14, BF2.649 and paroxetine were given concomitantly.

Reference ID: 4465684



Criteria for evaluation:
Mot applicable.
b
On Day 1 and Day 14, blood sammles for evaluaton of BFZ 649 (main compound) and BP295] (metabolite)

conceniratons were collected pre-dose and at 0.50, 1.00, 2.00, 3.00, 400, 6.00, .00, 12.00, 2400, 45.00 and
72.00 b post-dose.

Safetv:
Mumrurmg for the ocomrrence of AFs. Chanpes in physical examination vital signs (blood pressure and pulse rate),
ECG and chmieal laboratory tests (biochenw=try, hematology, and wimalysis).

[ I I

Statiztical methods:
ED:
Mot appheable,
PE:
All serum concentration: were summarized by day
The denved PE parameters were listed by subject and sumenorized by day.

The effect of paroxetne on the PE parameters of BF2 649 and BP2 951 was evzluated based on AUC, . AUG,,
and Com by ANOVA uang a puxed effect modsl apphed to log transformed PK parameters wath treatiment a5 fixed
effects and subject as random effect. For each paramefer, 2 point eshmaie for the rato of geomemc means
(BF2.649 (BP2.951) + paroxetine | BF2 649 (BP2.951) alone) was obtained by calculating the difference of laast
square means on the logarithmc scale and subsequent back transformation with the anti-log fimetion Likewnse,
80% C1 for the rabos was obtained and a pomt esttmate for the ratio of peometne means BF2 640 (BP2 951) +
paroxetme [ BF2 649 (BP2.931) alone was obtamed by least square means,

The anzlymrs of fos W2s based on the non-parameine Wilcoxon =izned rank test,
Safery:

All safery parameters (ECG, viftal nigms, AEs, ste.) were summamized by day and time pomt (where appropnate)
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Analytical Method

Method Type | LC/MS/MS | Matrix | Plasma

Analytes

Pitolisant and its metabolites

Table 11.2.1 -1 Summary of demographic data

A total of 19 male subjects aged between 21 and 35 years old and with a BMI ranging from 19.9
to 20.8 I-:g-"m2 participated to this study as presented next.

= Method validated prior to use ¥ Yes [ No
Validation

= Method validation acceptable ¥ Yes [~ No

= Samples analyzed within the established stability period ¥ Yes I No

= (Quality control samples range acceptable ¥ Yes I~ No
Study » Chromatograms provided ¥ Yes I~ No
Samplg = Accuracy and precision of the calibration curve acceptable ¥ Yes I No
Analysis

= Accuracy and precision of the quality control samples acceptable ¥ Yes I No

= Qverall performance acceptable ¥ Yes I~ No

Study Population:

Reference ID: 4465684

N 19
Age (Years) Mhean (SIN 30.5 {10.00
Alin - Max 21-55
Height (cm) Alean (5D 177.7 (6.1
Alim - Max 167 - 190
Weight (k=) Alean (5D 7609 (11.68)
MAin - Max FT4-041
BMI (kz/m?) Aean (SD) 24.08 (3.34)
MAin - Max 109208
Source: Tables 14.1.1-1.
Inclusion Crietria:
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All subjects inchnded in the study had to meet all of the following criteria for inclusion in the
study.

1.  Male healthy volunteers 18 to 55 yvears of age,
2. Light smokers (less than 5 cigarettes per day) or subjects who were

non-smokers. No smoking (or nse of smoking substitute & g. nicotine patch)
was permitted from screening throughout the study,

3.  Male subjects with a body weight of at least 50 kg and a body mass iuflex
(BMI) calculated as weight in kg/height (in m]} from 18 to 30 lz/m* at
sCreening,

4. Able to communicate well with the Investigator and research staff and to
comply with the requirements of the entire study,

3. Provision of written informed consent to participate as shown by a signatore on
the volunteer’s consent form,

6. Nommal arterial blood pressure (BP) and pulse rate or, if abnormal considered
not clinically significant by the principal Investigator. These were measured
after resting for 5 min *

7. Registered with the French Social Security in agreement with the French law
on biomedical experimentation. {10.11)

*Mommal BP was taken to be [100-150] mmHg systolic and [45-5%0] mmHg diastolic. Mommal pulse rate was taken to
be [40-100] bpm

Exclusion Criteria:

All the subjects included in the study did not meet the following exclusion criteria:

1. On drect questiomng and physical examination had evidence of any climcally
significant acute or chronic disease, incloding known or suspected HIV, HBV
or HCV infection,

Previously recerved BF2.649,

I
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3. Had any chmically sigmficant abnormality following review of pre-study
laboratory tests (aspartate ammotransferase (ASAT). alanine amunotransferase
(ALAT) and alkaline phosphatase (ALP) had to be within normal ranges), vital
signs, full physical examination and ECG,

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

5.  Forfeited their freedom by adnumistrative or legal award or whoe were under

6. Unwilling to give their informed consent.

7. Presented a positive laboratory test for Hepatitis B surface antigen (HbsAg), or
anti-HIV 1/2 or anti- HCV antibodies.

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

9.  Had a history of serious allergy, asthma_ allergic skin rash or sensitivity to any
drug,

10. Were known or suspected alcohol or drog abusers (more than 14 umis of
alcohol per weelk, one unit = 8 g or about 10 ml. of pure alcohol),

11. Drank more than 8 cups daily of beverage contaming caffeine

12. Presented a positive laboratory test for urine drug screening (opiates. cocaine,
amphetamine cannabis, benzodiazepines),

13. Had undergone surgery or had donated blood within 12 weeks prior to the start
of the study,

14. Had taken any prescribed or over the counter diug (including antacid dmg).
with the exception of paracetamol (up to 3 g per day) within 2 weeks prior to
the first dose admunistration.

15. Presented any climical condifion or prior therapy which in the opimicn of the
Investigator, made the subject unsuitable for the study.

16. Participated to any clinical trial with an investigational dmg in the past
3 months preceding study entry.

PK Results
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A summary of the BF2.649 (parent drug) and BP2.931 (major metabolite) pharmacolkinetic
results obtained is provided below:

Reference ID: 4465684

FK BF2.649 BP2.951
parain eters
Day  |BF.649alone | BE=649% | pps 610 alone | BEX649
- DﬂlDIEl’IIIE palnxetme
Comar
(ngml) | 2840+11.458 |4000+1590 | 1014294 | 084356
Mean £ 5D 40.4 39.0 29.0 16.2
CVig
j p—
(h} 3.3 1.0 1.9 £0.6 3.3+10.5 1.9+ 0.6
Mean £ 5D 44.1 32,9 23.7 12.9
CV%
AUC,,
(mg'mLb) | 362 =108 682 + 107 T0+19 112 +23
Mean £ 5D 54.7 28.0 27.2 21.0
CVae
AUC,.
(ng/mL.h) 106 + 213 802 + 253 7122 128+ 27
Mean + 5D 58.8 31.6 30.3 21.0
Ve
e
(8) 0.040 +0.009 |0.029 = 0.007
\e1n 45D 21.6 24.1
CYo
Tin
(h) 18.2 £3.9 24,7+ 4.9
N 214 19.9
CV%
ClssF [53561 + 33285 | 27706 + 0505
(mL/h) 50.8 34.6
Alean £ 5D
CV%
VissF 1638000 = 0363890 =
(mL) 758412 104819
Meam 45D 46.3 21.9
CV%
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Mean (+ standard deviation) BF2.649 or BP1.951 concentrations measured in 18 healthy
male volunteers after a single oral administration of BF2.642 dosed at 20 mg alone or

with paroxetine
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Safety Results
Was there any death or serious adverse
events? [ Yes " No [ NA
8

Reference ID: 4465684




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

. A study to assess the potemhal mmpact of dmg-drug mteraction of nfammem on the relative hcavailaibty of
Title BF2 649 in healthy male subjects

Primary objective:

The pnmary objective of the studv was to assess whether single dose BF2.64% (20 mg) cral bioavalabahity and
main PE parameters were modified by concomitant advmmstration of nfampicin leading to an extensive immduction
Objectives of CYP3A4 and CYPICEICY activity

The secondary objectrve of the study was to assess safety and tolembility of BF2.649 after single oral
admimstration of 20 mg BF2 649 admimistered alone or after mmltple dose of nfampicm m healthy male subjects

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:

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

Study Design:

Methodology:

The study was a cross-over, single sequence, twro penod, open label =ingle dose {on 2 occazions) study m 18
subjects in order to have at least 16 evaluable Subjects recenved BF2 849 on ? occasions, one alone and one after
mltiple dose admimstration of nfampicin,

Number of subjects (planned and anabzed):

Plarmed : 18 Completed the tral : 18
Sereened/enrolled - 27 In PE anahy=is : 19
Included ; 19 In safety anabyv=s : 18

Diagnosis and main eriteria for inclusion:

The study was camed cut m 18 bealthy volunteers, aged 18 to 55 years old and with a body mass mdex (BMI)
between 18 and 30 kg/m”.
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Duration of treatment:
Single dose of BF2.649 on 2 occcamions (Day 1 and Diay 14).
Fafampeemn g.d from Day 8 to Day 15

Dozage regimen:
Singla dosa of 20 mg on 2 cccasions for BE2.649 (Dav 1 and Day 14}
Multiple dose for nfampicm (600 mg q.d for 8§ days from Day 8 to Day 13) =2 ambulatory admmstaton from
Day 8 toDay 13

Test product(z), dose and mode of admimztration, batch number:
Produet and Formulation: BF2.649 tablet

Batch mumbar: 1218212116

Expory or retest date: 01042013

Mode of admimistrzhon: Oral

Dosage/memmen: Single dose of 20 mg on 2 occasions (Day 1 and Day 14)

Reference/ Comparator product(z), dose and mode of admamstration, batch number:
Product and Fornmlation: Rifadine"

Batch mumber: AllGS

Expuy or retest date: 1072014

Mode of admmisirahon: Oral

Dosagerepmmen: Cmee daby for & days (Day 8 to Day 13)

Criteria for evaluation:
Efficacy / PIk
Mot applicable.
PK:
On Day 1 and Day 14, blood samples for evaluztion of BF2.649 (main compound) and BF2 93] concentations
were collected pre-dese and at 0.50, 1,2, 3,4, 6, 5, 12, 24, 48 and 72 h post-dose.
Safetv:
Momtonng for the ocowrence of AFs Changes m physical examination, vital signs (body temperahmre, O,
saturabon at ambilent room air, blood pressure and pulse rate), ECG, and climeal laboratory tests (brochenustry,
hemztology, and winalysis)

Statistical methods:

Mot applicable.

All serum concentrations were summanzed by treatment or by day where appropnate.

The derrved PE pammeters were hsted by subject and summan=ed by treatment or by day where approprate.

The effect of nfampicin on the PE parameters of BE2 649 and BP2 951 was evaluated based on AUC, . AUC,,
and C,,, bv ANOVA using a muxed effect model apphied to log transformed PE parameters wath treatment a5 fixed
effects and subject as random effect For each parameter, a pomnt estimate for the mho of zeometric means
(BF2.649 (BP2.951) + nfampicm [ BF2.649 (BPF2.951) alone) was obtained by caleulating the difference of least
square means on the loganthmme scale and subsequent back transformaton with the anti-log fimetion. Likewnse,
90%% (1 for the ratios were obtzmed and a pomnt eshmate for the mho of zeometnc means BF2 649 (BP2.951) +
nfampicin /| BF2. 649 (BF2.951) alone were obtained by least square means.

The analyzis of t,,,, was based on the non-parametrnic Wilcoxon signed rank test and was camed out.

Safety:

ANl safety parameters (ECG, vital signs, AP, ete.) were summanzed by day and time point (where appropriate).
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Analytical Method

Method Type | LC/MS/MS | Matrix | Plasma

Analytes Pitolisant and its metabolites

A total of lgjmaje subjects aged between 23 and 54 years old and with a BMI ranging from 18.1
to 203 kg/m” participated to this study as presented in Table 11.2.1 -1

Table 11.2.1 -1 Summary of demographic data (safety population)

= Method validated prior to use ¥ Yes [ No
Validation

= Method validation acceptable ¥ Yes [~ No

= Samples analyzed within the established stability period ¥ Yes I No

= (Quality control samples range acceptable ¥ Yes I~ No
Study » Chromatograms provided ¥ Yes I~ No
Samplq = Accuracy and precision of the calibration curve acceptable ¥ Yes I No
Analysis

= Accuracy and precision of the quality control samples acceptable ¥ Yes I No

= Qverall performance acceptable ¥ Yes I~ No

Study Population:

Al
N
1
Mean (5D 35.6(9.1)
Age (Years)
Min - Max RERLTY
Mean (5D 178.2 (2.1)
Height (cm)
Min - Max 160103
Mean (5D 75.8(11.3)
Weizght (ke
Min - Max 577027
Mean (5I¥) 13.0(3.5)
EMI (Lz'm)
Min - Max 18.1-293
Inclusion Crietria:
3
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The study was performed on healthy males 1n good general condition, who met all the inchision
criteria and none of the exclusion criteria presented in Sections 9.3.1 and 9.3.2.

All the volunteers selected in thus study belonged to the L N — panel. They were

therefore entered and identified in the national register of the French Ministry of Health by their
name_ sumame, date and place of birth For all these subjects, the list of the trials in which they
participated in the past, as well as the exclusion period after the last tnial and the total amount of
the fees earned during the last twelve months preceding this study were available.

All subyects gave their written informed consent at screening.
9.3.1 Inclusion criteria

All subjects mcluded in the study had to meet all of the following criteria for inclusion in the
study:
Male healthy veolunteers 18 to 35 years of age.
Light smokers (less than 5 cigarettes per day) or subjects who were non-smokers,
Male subjects with a body weight Enf at least 50kg and a body mass index (BMI)
calculated as weight in kg/height (1n m™) from 18 to 30 kg/m” at screemng,
4. Able to commumcate well with the Investigator and research staff and to comply with the
requirements of the entire study.
5. Provision of wrtten mformed consent to participate as shown by a signature on the
vohlumtesr consent form,

6. Normal artenal blood pressure (BP) and pulse rate or, if abnormal. considered not
climcally significant by the principal Investigator. These were measured after resting for
5 minutes (mun) *

Registered with the French Social Seconity in agreement with the French law on
biomedical experimentation. -7

*Normal BP was taken to be [100-150] mmHs systolic and [45-90] nmHs disstolic. Nermal pulse rate was tzken to be
[40-1007] bpr.

Exclusion Criteria:

None of the exclusion criteria had to be met unless, after discussion between the Investigator and
the Sponsor, 1t was concluded that any deviation would not have been of clinical significance.
The deviation and date of agreement had to be documented in the CEF.

All the subjects mncluded in the study did not meet the following exclusion criteria:

1. Who on direct questioming and physical examination had evidence of any climically
sipnificant acute or chronic disease, inchuding known or suspected HIV, HBV or HCV
infection,

2. Who previcusly received BF2.649 as reported during subject's interview,
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3.  With any clinically significant abnormality following review of pre-study laboratory tests
(aspartate anunotransferase (ASAT), alanine anunotransferase (ALAT) and alkaline
phosphatase (ALP) mmust be within normal ranges), vital signs, full physical examination
and ECG.

4  Who were within the exclusion period defined in the National Register for Healthy
Volunteers of the French Ministry of Health

5. Who fodfeited thew freedom by administrative or legal award or who were under
guardianship.

. Unwillmgz to give their mformed consent.

7. Who had a positive laboratory test for Hepatiis B surface antigen (HbsAg), or anti-HIV
1/2 or anti- HCV antibodies,

8. Who had a history of allerzy (serious or not), allergic skin rash asthma  intolerance.
sensitivity or photosensibility to any dmg,

0. Who were kmown or suspected alcohol or dmg abusers (more than 14 nmts of alcohol per
week, one unit = 8 g or about 10 ml of pure alcohol),

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

11. Who had a posiiive laboratory test for unne dmug screening (opiates, cocaine,
amphetamine, cannabis, benzodiazepines),

12.  Who underwent surgery or had donated blood within 12 weeks prior to the start of the
study,

13. Who had taken any prescribed or over the couater drug (including antacid drug), with the
exception of paracetamol (up to 3 g per day) within 2 weeks prior to the first dose
administration,

14. Who had any clinical condition or prior therapy which in the opmion of the Investizator,
made the subject nnsuitable for the smdy,

15. Who participated to any climical tnal with an mmvestigational drug in the past 3 months
preceding study entry.

All exclusion and inclusion criteria must be observed.
0.3.3 Removal of subjects from therapy or assessment

In accordance with the Declaration of Helsinki, subjects were free to withdraw from the study at
any time should they wish so.

The following reasons were accepted for study discontinuation:

—  Wihdrawal of subject consent. or loss to follow-up, or inability fo remain
under medical observation including post study examination

= Mon-compliance or major deviation from the protocol,
—  Appearance of a Serious Adverse Event (SAE),

—  Any other situation where, m the opinion of the Investigator, continnation of
the study would not be in the interest of the subject,

—  Discontimation of the study by the Sponsor.

— |
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PK Results

SUMMARY OF PHARMACOKINETIC RESULTS

A summary of the BF2.649 (parent drug) and BP2.951 (major metabolile) pharmacokinetic
results oblained is provided below:

PK

BF2.649 BP2951
parameters

Day BFL649 alone | BFL649 + rifampicin | BF2.649 alone |BF2.649 + rifampicin

CI:III.
ing/mL) 2493 +11.m 1474 +5.74 11.67 £ 3.18 12.24 £5.72
Mean + S0 44.2 39,0 273 46.7

CVe

T e

() 2.3+ 0.6 1L.9+05 1.9+0.2 L6+ 05
Mean + SD 25.2 250 12.1 3.1

CVe&

Medisn 2.0 20 2.0 2.0
[Min-Max] [1.0-3.0] [1.0-3.0] [1.0-2.0] [1.0-2.0]
AUC,

ing/ml. ) 289+ 123 152 £ 68 T1+£21 45 £ 11
Mesn + 5D 42.6 44.6 292 253
CV&
AUC, ..
(ng/mL.hy 303 +£132 156 £ 72 70 £ 22 44 £ 11
Mean = S0 43.5 45.8 308 241
CY %
A

(1) 0.047 £ 0.009 006l £0.012 0149 + 0,068 0.278 £ 0.050
Mean £ €D 18.8 201 46.0 158.1

CY %

Ty - - -

i) 152+28 119+ 25 5.8+£29 2604

18.7 20,9 si6 16.2
.'-it-n‘ n.i 1]

o 14.5 11.9 5.5 25
Median [10.9-21.2] [8.7-17.9] [2.6-13.7] [1.7-3.5]
[ min-ma
Clss'F T866T £ 33378 151844 £ 62799
{mL/h) 424 41.4
Mean £ 8D

CV &%

Vdss/F 1656111 + 2465000 = 729208

(mL) 604033 29.6
Mean + 8D 36.5

CV&%

Mean i+ standard deviation) BF1.64% or BP1.951 concentrations measured in 18 healthy
male volunteers after a single oral administration of BF2.649 dosed at 20 mg alone or
with rifampicin
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Semi-logarithmic coordinates

BE2.640 BF2.051

A0

—8—BF2640 dona AU, _, = AT ngmLh
—8—BFEM + rifampiin_ | AUC__ = 518 ngmih
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A i

—]
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2
=
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f
!
I
i
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Eezults::

Mot applicable.

Co-zdminmistration of nfampicin, 3 potent CYP3A4 and CYP2CE/CY mductor, with BF2 649 (zingle dose of 20 mg)
n 18 bealthy male subjects:

- Induced a sigmficant decrease of rate of absorption and extent of exposure of the BE2 649 (39%:, 47% and 48%
for Cis, AUy and AUC., peomseinic means, respectively); the 20%% Cls being excluded from the reference range
[0.8000-1.2500].

- [hdn't modify the rate of appearance (O, of the metzbolite BF2 851, the 90%% Cl being included i the
reference range [0.3000-1.2500] and mduced a decrease of extent of exposmre of BP2.951 (35% and 37% for
AUC,, and AUC, , geometic means, respectvely) wath 9% Cls completely excluded from the reference mierval
[0.8000-1.25007].

- Had no impact on median f. valee (2.0 howurs for both BF2 649 and BP2 951 1n both treatment condrtions}

- Induced an increase of about 20% of the zeometiic mean of metabolite:parent AT ratio.

PE analysis details are mncluded 1 a separate report (Appendix 16.5).

Safety Results

Was there any death or serious adverse

A total of 19 healthy male subjects were included and 13 of them completed the study wathout relevant deviation.
Omnly 4 AEs were recorded throughout the study dumtion. 3 of them were TEAEs (2 wath BF2.649 and 1 wath
nifampicin alone). 1 was observed on Day 2 (after BF2 649 alone), | was observed on Day 4 (after BF2 649 alone),
and 1 was observed on Day 9 (after nfampicin alone). Two (2) of the 3 TEAE: were not related sither to BF2 649
or to rifampicin. The only AE related to BF2 649 was a dizmness sensation reported in the hows followmg the
admumstration of BF2.849 alone (Dhay 1), Thiz AE was of mld mtensity and resolved sponfanecusly. The three
other AFs consisted I conpunctivifis (2 cases) and constipation (1 case). Mo other relevant change mn amy safety
parameters was observed.
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Overall Sponsor Conslusions

Conclusions:
Safety and tolerabibity of single oral dosa of 20 me BF2 649 srven alone or after induchon of CYP3A4 and
CYF2CR/CY activaty induced by mmlbaple dose of n 1010 Was Very good.
Based on the study result=, nfammicm a potent mmducer of CYPIAL and CYPACRCY activihes, mereased BF2 649
metabolizm leading to a approxmmately 2-fold decreasze of mean BF2 649 exposure (1e., decrease of zbout 47% of
peometnc mean of AUC, )

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:

e 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.
e 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

A two-part, open label, one sequence, cross-over pharmacokinetic study to evaluate :

Part I: At steady-state, the pitolisant (40 mg) interaction (as inducer) on both a single dose of midazolam (Buccolam®
Title 2.5 mg) and of bupropion (Zyban®™ L.P. 150 mg) in eighteen healthy male volunteers.

Part II: The probenecid (Benenude™), a UDP-glucuronosyltransferases inhibitor, interaction on a 40 mg pitolisant single
oral dose 1 eighteen healthy male volunteers.

Primary objectives:

The primary objectives of this study part were:

- To evaluate at steady-state the PK interaction of 40 mg pitolisant (as inducer) with a 2.5 mg midazolam single dose,

.. in 18 healthy male volunteers.

Objectives : : o ) : . L
- To evaluate at steady-state the PK interaction of 40 mg pitolisant (as inducer) with a 150 mg bupropion single dose,

in 18 healthy male volunteers.

Secondary objective:

The secondary objective was to evaluate the pitolisant tolerability when administered concomitantly with midazolam|
and bupropion in healthy male volunteers.

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 OVERALL STUDY DESIGN

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

subjects with a body mass index (BMI) between 18 (inclusive) and 30 kg/m? (inclusive).
0.2 DISCUSSION OF THE STUDY DESIGN

Biotransformation of BF2.649 into its main metabolite BP2.951 15 driven by both CYP2D6 and
CYP3A4. Another possible enzymatic pathway in pitolisant metabolism 1s UGT2B7 substrates.
The ability of BF2.649 to induce the catalytic activity of several 1soforms of CYP450 has been
assessed in in virro studies. A weak induction for CYP2B6 1soform has been observed.

The aim of this study part 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 patients (planned and analyzed):

Planned : 18 completed subjects Complered the trial : 18
Screened/enrolled - 35 In PK analysis ; 19
Included ; 19 In safety analysis : 19

Diagnosis and main criteria for inclusion:
The study was camed out i 19 healthy male volunteers, aged 18 to 50 years old and with a BMI between 18 and
30 kg/m’.

Duration of treatment:
Subyects had 14 days of treatment: on Day 1. Day 3 and from Day 7 to Day 18,

Dosage regimen:
Each subject recerved:

= onDay 1:a 2.5 mg midazolam single oral dose,
« on Day 3: a 150 mg bupropion single oral dose,
s from Day 7 to Day 12: a 40 mg pitolisant single oral dose_
= on Day 13: a 40 mg pitolisant single oral dose combined with a 2.5 mg nudazolam single oral dose.
* on Day 14: a 40 mg pitolisant single oral dose,
« onDay 15: a 40 mg pitolisant single oral dose combined with a 150 mg bupropion single oral dose,

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

Test product, dose and mode of administration. batch number:

Product and Formulation: Pitolisant. 20 mg tablets

Batch number: 5008

Expiry date: 07/2017

Mode of admunistration: Oral

Dosage/regimen: 1 adnunistration of 40 mg of pitohsant per day from Day 7 to Day 18,

Test product, dose and mode of administration, batch number:

Product and Formulation: Midazolam, 2.5 mg/0.5 mL oro-mucosal solution

Batch number: 1505015

Expiry date: 10/2016

Mode of administration: Oral

Dosage/regimen: 2 single admuimstrations of 2.5 mg of nudazolam one on Day 1 and one on Day 13.
3
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Criteria for evaluation:
Efficacy / PD:
Mot applicable.
PK:
On Day1l and Day 13. blood samples were collected for mudazolam and its major circulating metabolite
{1-hydroxymidazolam) levels determunations at pre-dose, then 0.25, 0.5, 0.75, 1.0, 1.5, 2.0, 3.0, 4.0, 6.0, 8.0, 10.0,
12.0 h post-dose (n = 26).
On Dav 3 and Day 15, blood samples were collected for bupropion and its major circulating metabolite
{6-hydroxybupropion) levels determinations at pre-dose, then 05, 10,15 20,30, 40, 60,80, 100, 120, 16.0,
240 360,480, 720,960 h post-dose (n=34)
From Day 10 to Day 18, blood samples were collected for pitolisant and major metabolites (BP2.951, BP1.8054 and
BP1.9733 levels determinations at pre-dose (n = 9).

The following PK parameters of pitolisant and its major metabolites (BP2 951, BP1.8054 and BP1.9733), nudazolam
and 1ts major circulating metabolite (1-hydroxymidazolam), bupropion and its major circulating metabolite
(6-hydroxybupropion) were determined: Cpay, e, t1o, AUC and AUC ...

Safety:
Momtoring for the occurrence of AEs. Changes in physical exammation, vital signs (blood pressure and HR). ECG
and clinical laboratory tests (biochenustry, hematology. and urinalysis) between screeming and EOS.

Statistical methods:
PD:
Mot applicable.
PK:
For each compound of interest, all serum concentrations were summarnized by treatment and day. The denived PK
parameters were listed by subject and summarized by treatment and day.

The effect of pitolisant on the PK parameters of midazolam and its related metabolite (1-hydroxyvmidazolam) was
evaluated based on AUC... AUCy, and Cpe by ANOVA using a mixed effect model applied to log transformed PE
parameters with treatment as fixed effects and subject as random effect. For each parameter, a point estimate for the
ratio of GM ([mudazolam + BF2.649] / midazolam alone) was obtaimned by calculating the difference of least square
means on the logarithmic scale and subsequent back transformation with the anti-log function. Likewise, 90% CT for
the ratios were obtained and a pomnt estimate for the ratio of GM ([mudazolam + BF2.649] / mudazolam alone) was
obtained by least square means.

Statistical methods (continued):

PK (continued):

The effect of pitolisant and all related metabolites on the PK parameters of bupropion and its related metabolite
(6-hydroxvybupropion) was evaluated based on AUC... AUCy, and Cp; by ANOVA using a nuxed effect model
applied to log transformed PK parameters with treatment as fixed effects and subject as random effect. For each
parameter, a point esttmate for the ratio of GM ([bupropion + BF2.649] / bupropion alone) was obtained by
calculating the difference of least square means on the loganthmic scale and subsequent back transformation with
the anti-log function. Likewise, 90% CI for the ratios were obtained and a point estimate for the ratio of GM
{[bupropion + BF2.649] / bupropion alone) was obtained by least square means.

The analysis of ty., was based on the non-parametric analysis.

Safetv:

All safety parameters (ECG, vital signs, AEs, etc.) were presented by using individual data listing and descriptive
statistics. All these parameters were summanzed by treatment, day and time point (where appropniate).
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Analytical Method

Method Type | LC/MS/MS | Matrix | Plasma

Analytes Pitolisant and its metabolites

Table 8 Summary of demographic data

Safety Analysis

Set

N 19
Age (vears)

Mean (SD) M47(95)

N 19
Height (cm) )

Mean (SD) 1754 ( 8.6)
Weight (kg N 19

eight (kg)

Mean (SD) 71.72(11.08)

N 19
BMI (ke/m*)

Mean (SD) 2324(254)

Inclusion Crietria:

= Method validated prior to use ¥ Yes [ No
Validation

= Method validation acceptable ¥ Yes [ No

= Samples analyzed within the established stability period ¥ Yes I No

= Quality control samples range acceptable ¥ Yes ™ No
Study =  Chromatograms provided ¥ Yes I~ No
Sample = Accuracy and precision of the calibration curve acceptable ¥ Yes I No
Analysis

= Accuracy and precision of the quality control samples acceptable ¥ Yes I No

= Overall performance acceptable ¥ Yes I No

Study Population:

A total of 19 male subjects (18 Caucasian and 1 black) aged between 19 and 50 years old and

with a BMI ranging from 18.7 to 27.9 kg/m’ participated to this study as presented in Table 8.
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1.

4

L

All subjects included 1n the study had to meet all of the following ecriteria for inclusion in the

study. They were:

Healthy male volunteers 18 to 50 years of age.

Light smokers (less than 5 cigarettes per day) or non-smokers. No smoking (or use of
smoking substitute e.g. nicotine patch) was permitted from screening throughout the
study.

Able to communicate well with the Investigator and research staff and to comply with
the requirements of the entire study.

Provision of written informed consent to participate as shown by a signature on the
volunteer consent form.

Normal arterial BP and heart rate (HR). normal physical examination. normal 12-lead
clectrocardiogram (ECG) recording and normal laboratory tests or. if abnormal.
considered as not clinically significant by the principal Investigator,

Registered with the French Social Security in agreement with the French law on
biomedical experimentation *,

Body weight of at least 50 kg and a BMI calculated as weight mn kg/(height in m2)
from 18 to 30 kg/m2 at screening.

Exclusion Criteria:
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All the subjects inchuded in the study did not have to meet the following non-mclusion criteria.
Non included subjects were subjects:

1. Who on direct questioning and physical examination had evidence of any climcally
significant acute or chronic disease,

2 Who were within the exclusion peniod defined in the National Register for Healthy
Volunteers of the French Ministry of Health,

3 Who forfeited their freedom by admumistrative or legal award or who were under
guardianship,

4. Unwilling to give their informed consent,

5 Who had a positive laboratory test for Hepatitis B surface antigen (HbsAg), or
anti-human mmuanodeficiency virus (HIV) 1/2 or anti-Hepatitis C virus (HCV)
antibodies,

6. Who had a history of allergy, allergic skin rash, asthma, intolerance, sensitivity or
photosensitivity to any drug,

7. Who had listory or current gastrointestinal. hepatic or renal disease or any other
condition known to mterfere with absorption distribution. metabolism or excretion
of drgs.

8 Who had history of seizure disorder or epilepsy.

9 Who had a history of anorexia nervosa or bulinua,

10.  Who had a history of alcoholism or drug abuse or were suspected alcohol or dmg
abusers (more than 14 units of alcohol per week, one unit =8 g or about 10 mL of
pure alcohol),

11.  Who drank daily more than 8§ cups of beverage contaming caffeine,

12.  Who had a posifive laboratory test for unne drug screeming (opiates, cocaine
amphetamines, cannabinoids, barbiturates and benzodiazepines),

13.  Who had undergone surgery or had donated blood within § weeks prior to the start of
the study,

14, Who had taken any prescribed or over the counter drug (including antacid drug), with
the exception of paracetamol (up to 3 g per day) within 2 weeks prior to the first dose
administration

15. Who had anv clinical condition or prnior therapy which, in the opinion of the
Investigator, made the subject unsuitable for the study,

16.  Who would have recerved more than 4500 € as indemmities for his participation in
bromedical research within the last 12 months, ncluding the indemnities for the
present study.

PK Results
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Figure 2

AMean midazolam serum concentrations vs. time profiles after single oral
administration of 2.5 mg midazolam without (Day 1) or with (Dav 13) co-
administration of BF2.649 (upper: lin-lin scale; lower: lin-log scale)
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Table @ Summary of descriptive and formal statistics of midazolam PK parameters on
Day 1 and Day 13
D tmass Cinas tiz ATUCo ATUC 0 A Iemb-:»]ilte_t::
’ (k) {ng/mL) (k) (h.ng/mL) {h.ng/mL) drug ratio**
N 18 19 19 1% 18 1%
Mean 0.5 19.8 3.7 53.1 56.7 0.54
! CV% 0.3-1.0 3% 63% 36% 15% 358%
GM 183 i3 487 533 0.51
N 18 19 19 19 18 19
Mean 0.8 150 i3 438 46.7 0.52
B CV% 0.5-1.0 19 1% 3% 1% 40%%
GM 144 3l 418 444 0.4
Point estimate 078535 0.8405 08330

* Median, Min-Max; ** AUC, . ratio
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Eesults:

Efficacy /FD:

Mot applicable.

PK:

VWhen co-administered with BF2.64%, rate and extent (AUC 1., of absorption of midazolam appeared to be decreased
by 21%% and 17% respectively and the comesponding 90% C1 was shghtly out of the BE houts. However, when
considenng l-bydroxyomdazolam, the primary metabolite of oudazolam formed by CYP3A4, no changes were
observed between both condinons of admmistration. Therefore, the mmpact of BF2.649 on the hiotransformation of

midazolam mnto |-hydroxymidazelam, i.e. nduction of CYP3 A4 activity, appeared neglizible and not to be clinically
relevant. Hence, BF2 649 15 not a CYP3A4 inducer.

Safety Results

Was there any death or serious adverse
events? [ Yes ¥ No | NA

Safetv:
A total of 25 TEAEs were reported by 13 subjects, 15 were considered related to at least one of the study treatments

{10 to BF2.649, 3 to bupropion, 1 to omdazolam. and 1 to BF2 649 and midazolam}.

Mo SAE: were reported. TEAE: intensity was mald (14 cases) or moderate (11 cases). Drug related TEAEs mammly
consisted m sleep disorders asenbed to BEF2.649,

Mean values of wvital signs and ECG parameters remained within the normal ranges from screemng to EOS. Ne
sigmficant mdrvidual abnormalites were recorded on laboratory parameters, vital signs and ECG parameters.

Overall Sponsor Conslusions

Impact of the co-administration of BF2.649 on midazolam and bupropion pharmacokinetics appeared of limited
magnitude and thus, unlikely to be of clinical relevance. Hence, BF2.649 is not a CYP3A4 and a CYP2B6 inducer.

Administration of BF2.649 with midazolam and/or bupropion was considered as well tolerated.

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 11 Study Period: 8/2/11----10/21/11
NDA 211150 WAKIX

A three part study to assess the potential imopact of concommtant food effect (Study Part I), drug-drug mteraction of
Title iaconazole (Stady Part IT), and paroxetne (Study Part D) on the relative bioavailababity of BE2 649 m healthy
male subjects (Study Part ITT)

Primary objective:
The primary objective of the study was to assess whether single dose BF2.649 (20 mg) oral bicavailability and main
PK parameters were modified by concomitant administration of itraconazole leading to an extensive inhibition of
CYP3A4.

Secondary objective:
The secondary objective of the study was to assess safety and tolerability of BF2.649 after single oral admimistration
of 20 mg BF2 649 administered alone or after multiple dose of 1itraconazole in healthy male subjects.

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:

1
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9.1 OVERALL STUDY DESIGN

The study was a cross-over, single sequence, two-period, open label, single dose (on 2 occasions)
study 1n 18 subjects for each part.

In this study, 18 subjects received 20 mg single dose of BF2.649 on 2 occasions, one alone and
one with itraconazole at therapeutic levels leading to extensive inhibition of CYP3A4,

9.2 DISCUSSION OF STUDY DESIGN

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 tio of BF2.649 and BP2.951 (about 9 h, the approximate mean tin,
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 t12) which was considered sufficient to ensure 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
administration with an accumulation leading to an increased serum level around 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 Cyax and tmax as well as an appropriate assessment of the AUC extrapolated to

infinity i.e., an appropnate 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.

Itraconazole 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 t12 of itraconazole (about
30 h), once daily administration for 7 days of 200 mg of itraconazole (from Day 7 to Day 13) was

deemed appropniate to reach therapeutic conditions at the tume of second admimstration of
BF2.649 (Day 13) while providing extensive CYP3A4 inhibition.

Number of subjects (planned and analvsed):

Planned 5 18 Completed the trial : 18

Screened/enrolled - 23 In PK analysis 3 18

Included : 19 In safety analysis 3 19
2
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Diagnosis and main criteria for inclusion:
The study was carried out 1 18 healthy male volunteers. aged 18 to 55 vears old and with a body mass index (BMI)
between 18 and 30 kg/m’.

Duration of treatment:
Single dose of BF2.649 on two occasions (Day | and Day 13).
Itraconazole g.d. (morming admimstration) from Day 7 to Day 13.

Dosage regimen:
Single dose of 20 mg on 2 occasions for BF2.649 (Day 1 and Day 13)

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

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

Product and Formulation: BF2.649 / tablet 20 mg

Batch number: 1120011156

Expiry or retest date: 01/12/2011

Mode of administration: Oral

Dosage/regimen: Single dose of 20 mg on 2 occasions for BF2 649 (Day 1 and Day 13)
Test product(s), dose and mode of administration, batch number:

Product and Formulation: Itraconazole / capsule 100mg

Batch number: LC05549

Expiry or retest date: 05/2012

Mode of adnmmistration: Oral

Dosage/regimen: Multiple dose (200 mg once daily for 7 days)

Criteria for evaluation:
Efficacy / Pharmacodvnamics:
Mot applicable
PK:
On Day 1 and Day 13. blood samples for evaluation of BF2.649 (main compound) and BP2.951 concentrations
were collected pre-dose and at 0.50, 1.00, 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 exanunation, vital signs (blood pressure and pulse rate),
LCG, and clinical laboratory tests (biochenustry, hematology, and urinalysis).
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Statistical methods:

Efficacv / PD:

Mot applicable

PE:

All serum concentrations were summarized by treatment or by day where appropriate. The denived PK parameters
were listed by subject and summanzed by treatment or by day where appropriate.

The effect of itraconazole on the PK parameters of BF2.649 and BP2 951 was evaluated based on AUCp... AUC,
and Crex by ANOVA using a mixed effect model applied to log transformed PK parameters with treatment as fixed
effects and subject as random effect. For each parameter, a point estimate for the ratio of geometric means
(BF2.649 (BP2.951) + itraconazole / BF2.649 (BP2.951) alone) were obtained by calculating the difference of least
square means on the loganthmic scale and subsequent back transformation with the anti-log function. Likewise,
90% CI for the ratios were obtained and a point estimate for the ratio of geometric means BF2.649 (BP2.951) +
itraconazole / BF2.649 (BP2.951) alone were obtained by least square means. The analysis of twme Was based on the
non-parametric Wilcoxon signed rank test and was carried out.

Safety:
All safety parameters (ECG, vital signs, AEs, etc.) were summarized by day and time point (where appropriate).
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Analytical Method

Method Type | LC/MS/MS | Matrix |

Plasma

Analytes Pitolisant and its metabolites

Method validated prior to use ¥ Yes [ No
Validation

Method validation acceptable ¥ Yes [ No

Samples analyzed within the established stability period ¥ Yes I No

Quality control samples range acceptable ¥ Yes ™ No
Study Chromatograms provided ¥ Yes I~ No
Sample Accuracy and precision of the calibration curve acceptable ¥ Yes I No
Analysis

Accuracy and precision of the quality control samples acceptable ¥ Yes I No

Overall performance acceptable ¥ Yes ™ No

Study Population:

A total of 19 male subjects aged between 18 and 54 years old and with a BMI ranging from 18.5
to 29.9 kg/m? participated to this study as presented next.

Table 11.2.1 -1 Summary of demographic data

All

N 19

Mean (SD) 31212
Age (Years)

Min - Max 158-54

Mean (SD) 178.6 (7.6)
Height (cm)

Min - Max 165 -193

Mean (SD) 76.22 (15.21)
Weight (kg)

Min - Max 55.0-111.2

Mean (SD) 23.74 (3.43)
BMI(kg/m®)

Min - Max 18.5-299

Inclusion Crietria:
5
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All subjects included in the study had to meet all of the following criteria for inclusion in the
study:

—  Male healthy volunteers 18 to 55 years of age,

—  Light smokers (less than 5 cigarettes per day) or subjects who were non-smokers. No
smoking (or use of smoking substitute e.g., nicotine patch) was permitted from
screening throughout the study,

—  Male subjects with a body weight of at least 50 kg and a body mass index (BMI)
calculated as weight in kg/height (in m?) from 18 to 30 kg/m’ at screening,

—  Able to communicate well with the Investigator and research staff and to comply with
the requirements of the entire study,

—  Provision of written informed consent to participate as shown by a signature on the
volunteer’s consent form,

—  Normal arterial blood pressure (BP) and pulse rate or, if abnormal, considered not
clinically significant by the principal Investigator. These were measured after resting
for 5 minutes (min),*

Registered with the French Social Security in agreement with the French law on
biomedical experimentation. ¢% 1V

*Normal BP was taken to be [100-150] mmHg systolic and [45-90] mmHg diastolic. Normal pulse rate was taken to be
[40—100] bpm.

Exclusion Criteria:
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Had any clinically significant abnormality following review of pre-study laboratory
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 Ministry of Health,

Forfeited their freedom by administrative or legal award or who were under
guardianship,

Unwilling to give their informed consent,

Presented a positive 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 rash or sensitivity to any drug,

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

Drank more than 8 cups daily of beverage containing caffeine,

Presented a positive laboratory test for urine drug screening (opiates, cocaine,
amphetamine, cannabis, benzodiazepines),

Had undergone surgery or had donated blood within 12 weeks prior to the start of the
study,

Had taken any prescribed or over the counter 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 condition or prior therapy which, in the opinion of the
Investigator, made the subject unsuitable for the study,

Participated to any clinical trial with an investigational drug in the past 3 months
preceding study entry.

PK Results
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A summary of the BF2.649 (parent dmg) and BP2.95]1 (major metabolite) pharmacokimetic
results obtained is provided below:
PR EFl.64% BEFR1.0:=1
pﬂ.l‘ilm?h‘.‘l‘? — —
Diay BF1.649 alome |. BE2.649 = BF1.649 alome |. BE2.643 +
iniraconazole iniraconazole
(.Illll
(ng/mL}) 3201341 [21.70£11.83 | 1165 +3.52 851 =246
Weam £ 5T 57.8 543 3.2 200
CF%
Tm.l.'l.
() 22:0.6 2207 1902 1.9 0.5
Weam £ 5D L | 3o 121 1.7
CV%
ATUC,,
(ng/mL k) 71 +£221 08+ 321 68 =24 s0£2]1
\eam £ 5D 814 1077 358 359
V%
ATC,.
(ng'ml h) 280 +£ 247 320+ 400 68 + 25 6l £2=
Afeam = 5D 85.5 121.5 S | 41.0
V%
-
(1) 0.048 = 0,013 | 0.049 £ 0.014
\eas £ 50 74 183
CF%
Tin
() 15752 15550
\eas £ 5D 333 320
CF%
ClssF 2482111 = 2X08611 +
(L) 2115773 1450627
\eas £ 5D 85.6 67.3
CV%
VdssF 121050 £ 115950 £
{mL) 102553 110079
\eas £ 5D 0.8 915
CV%
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Mean (£ standard deviation) BF2.649 or BP1.951 concentrations measured in 18 healthy
male volunteers after a single oral administration of BF1.649 dosed at 20 mg alone or

with tiraconazole
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Safety Results

Was there any death or serious adverse
events?

¥ No | NA
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Safety:
Subject No. . a 20 year-old man without specific medical history, suffered an accidental incision of the night
finger on R corresponding to Day 6 of the study (1.e.. on the day just before the first itraconazole
admimistration). He received the planned treatment on Day 7 and Day 8. In the morming of Day 9, a strong
mnflammation with secondary inflammation was observed around the wounded area without other clinical signs. The
subject was withdrawn from the study and consulted the surgical emergency department of ke
® O Diagnosis: septic wound with tenosynovitis. incision of the tendon and septic arthritis. The
subject received appropriate treatment consisting in wound cleaning, tendon suture and antibiotic therapy. He was
hospitalized from ®ONo complications were reported post-surgery and the
(b) (6) e - : (b) (6)
suture was remm’ed on : The SAE of severe mtensity resollved without sequelae on
. This SAE was completely independent from study conditions, mncluding study dmgs.

(b) (6)

A total of 5 TEAEs were reported by 4 subjects, none of them was serious. Among these 5 TEAEs, 2 were related
to etther itraconazole alone or BF2 649 and itraconazole. The intensity of treatment drugs related TEAEs was mild.

No subject was discontinued from the study due to AEs.

Nerther trends nor relevant changes from baseline were observed in wvital signs, ECG parameters, physical
exanunation, and in any laboratory parameters assessed.

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.

10

Reference ID: 4465684



Signature Page 1 of 1

This is a representation of an electronic record that was signed
electronically. Following this are manifestations of any and all
electronic signatures for this electronic record.

PRAVEEN BALIMANE
07/22/2019 12:05:23 PM

VENKATESH A BHATTARAM
07/22/2019 12:24:06 PM

JEFFREY B KRAFT
07/22/2019 02:40:44 PM

CHRISTIAN GRIMSTEIN
07/22/2019 02:48:30 PM

LUNING ZHUANG
07/22/2019 03:01:38 PM

MEHUL U MEHTA
07/22/2019 03:16:34 PM

Reference ID: 4465684





