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Memorandum 
 
 
Date:  July 12, 2019 
  
To:  Brendan Muoio, Regulatory Project Manager 
  Division of Psychiatry Products (DPP) 
 
 Kimberly Updegraff, Associate Director for Labeling, DPP 
 
From:   Dhara Shah, Regulatory Review Officer 
  Office of Prescription Drug Promotion (OPDP) 
 
CC: Aline Moukhtara, Team Leader, OPDP 
 
Subject: OPDP Labeling Comments for WAKIX® (pitolisant) tablets, for oral use 
 
NDA:  211150 O-1 & O-2 
 

 
 
In response to DPP’s consult request dated January 14, 2019, OPDP has reviewed the 
proposed product labeling (PI) and carton and container labeling for the original NDA 
submission for Wakix.   
 
PI: OPDP’s comments on the proposed labeling are based on the draft PI received by 
electronic mail from DPP (Brendan Muoio) on July 5, 2019, and are provided below.  
 
Carton and Container Labeling: OPDP has reviewed the attached proposed carton 
and container labeling submitted by the Sponsor and received by electronic mail from 
DPP (Brendan Muoio) on July 8, 2019, and we do not have any comments. 
 
Thank you for your consult.  If you have any questions, please contact Dhara Shah at 
(240) 402-2859 or Dhara.Shah@fda.hhs.gov.  

  

FOOD AND DRUG ADMINISTRATION 
Center for Drug Evaluation and Research 
Office of Prescription Drug Promotion  

Reference ID: 4461481

26 Page(s) of Draft Labeling have been Withheld in Full as B4 (CCI/TS) 
immediately following this page 
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M E M O R A N D U M
Department of Health and Human Services

Food and Drug Administration
Center for Drug Evaluation and Research

Date: July 10, 2019

To: Tiffany Farchione, M.D., Acting Director
Division of Psychiatry Products

Through: Dominic Chiapperino, Ph.D., Director
Chad Reissig, Ph.D., Supervisory Pharmacologist
Controlled Substance Staff (CSS)

From: Katherine Bonson, Ph.D., Pharmacologist
Controlled Substance Staff  

Subject: Pitolisant (Wakix)  
NDA 211150 (IND 111,842)
Indication:   

Dosage: two 17.8 mg oral tablets/day (35.6 mg total)
Sponsor:  Bioprojet Pharma, Inc.  
PDUFA Goal Date: August 14, 2019

 
Materials reviewed: NDA 211150 (submitted August 14, 2018, and including 

subsequent amendments)
Statistical Review of Human Abuse Potential Study with 
Pitolisant (DAARTS review, Dr. Wei Liu, Office of 
Biostatistics, CDER/FDA, July 2, 2019)
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I.  BACKGROUND

This memorandum responds to a consult request by the Division of Psychiatry Products 
(DPP) to CSS to evaluate abuse-related preclinical and clinical data submitted by 
Bioprojet Pharma, Inc. under NDA 211150 for pitolisant under the tradename WAKIX.  

Pitolisant is a histamine H3 antagonist and inverse agonist.  Although histamine 
antagonists generally produce sedation, the H3 receptor is an autoreceptor.  Thus, H3 
receptor antagonism produces wakefulness.

Pitolisant is indicated for the treatment of Excessive Daytime Sleepiness (EDS) in adult 
patients with narcolepsy and for the treatment of cataplexy in adult patients with 
narcolepsy.  The drug product is prepared as tablets containing 4.45 and 17.8 mg 
pitolisant base (equivalent to 5 mg and 20 mg of pitolisant HCl, respectively).  

The proposed dose of pitolisant is two 17.8 mg tablets/day (35.6 mg total) in the morning 
upon wakening.  Patients will be titrated to the 35.6 mg/day dose over three weeks:

Week 1:  two 4.45 mg tablets/day (8.9 mg/day total)
Week 2:  dose increased to one 17.8 mg tablet/day
Week 3:  dose increased to two 17.8 mg tablets/day (35.6 mg/day total)

During drug development, pitolisant was evaluated in 1513 patients in Phase 2/3 studies 
in comparison to modafinil (95 patients) and placebo (475 patients). Orphan designation 
for pitolisant for narcolepsy was granted in Europe in 2007 and by FDA in 2010. In April 
2018, pitolisant received Breakthrough Therapy designation by the FDA for the treatment 
of cataplexy in patients with narcolepsy.

Pitolisant was approved by the European Medicines Agency (EMA) in March 2016 for 
the treatment of adults with narcolepsy with or without cataplexy as an unscheduled drug. 
It is authorized in the European Union (EU) and is marketed or distributed through a 
compassionate use program in nine countries (France, Germany, Italy, Spain, Netherland, 
Ireland, Belgium, Switzerland, and the United Kingdom). The Sponsor states that to date, 
“There have been no clinical case studies or reports of abuse of the medication.”

In the NDA, the Sponsor proposes that Section 9 (Drug Abuse and Dependence) be 
deleted from the drug label for pitolisant, based on their conclusion that the drug does not 
produce either abuse potential or physical dependence.  Based on the Sponsor’s 
assessment that pitolisant does not produce abuse potential, they propose that their drug 
not be scheduled under the Controlled Substances Act.
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II.  CONCLUSIONS

CSS has reviewed the nonclinical and clinical abuse-related data submitted in NDA 
211150 for pitolisant and concludes that the drug has negligible abuse potential and does 
not require scheduling under the Controlled Substances Act.  This conclusion is based on 
the data described below:

 In receptor binding and functional studies, pitolisant was shown to be a histamine H3 
antagonist, a dopamine D3 antagonist and a serotonin 5HT2A antagonist.  None of 
these mechanisms of action are associated with abuse potential.  Pitolisant did not 
have affinity for any other receptor sites currently associated with abuse potential.

 In tests of general behavior, pitolisant did not produce any behavioral changes 
indicative of central nervous system activity, even at doses that produce plasma levels 
that are 12-fold greater than those produced by the proposed therapeutic dose.

 In a conditioned place preference (CPP) study, pitolisant did not produce a CPP for 
the pitolisant-paired cage quadrant, suggesting it does not have rewarding properties.

 In a human abuse potential (HAP) study, oral administration of pitolisant at 
therapeutic (40 mg) and supratherapeutic (240 mg, 6X) doses produced responses on 
positive subjective measures such as Drug Liking, Overall Drug Liking, and Take 
Drug Again that were within the acceptable placebo range and were not statistically 
significantly different from placebo responses.  This suggests pitolisant does not have 
abuse potential.

 Abuse-related adverse events (AEs) were not reported in Phase 2/3 clinical safety and 
efficacy studies following administration of pitolisant.  This demonstrates that 
pitolisant does not produce euphoria-related AEs supportive of abuse potential.

 Following discontinuation of pitolisant in Phase 2/3 clinical studies, there were no 
AEs indicative of withdrawal in the first 7 or 30 days after pitolisant discontinuation.  
This suggests that pitolisant does not induce physical dependence.

Although the Sponsor also conducted a mouse drug discrimination study, a monkey self-
administration study, as well as rat and human physical dependence studies, none of these 
evaluations are methodologically valid for evaluation of abuse potential (see study 
summaries below).

III.  RECOMMENDATIONS

Based on the CSS determinations that pitolisant has negligible abuse potential, will have 
a currently accepted medical use upon NDA approval, and does not appear to produce 
physical dependence, CSS concludes that:
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a) Section 9 (Drug Abuse and Dependence) may be deleted from the drug label, 
as proposed by the Sponsor.

b) Pitolisant should not be recommended for control under the Controlled 
Substances Act. 

IV.  DISCUSSION

A.  Chemistry

1.  Drug Substance

Pitolisant (USAN name) is a new molecular entity identified by CAS registry number: 
362665-56-3.  It is chemically known as (1-{3-[3-(4-chlorophenyl)propoxy]propyl} 
piperidine).  It has a molecular formula of C17H26ClNO and a molecular weight of 
295.851 g/mol.  It is a white or almost white crystalline powder with a melting point of 
190-193⁰C.   It is very soluble in water, ethanol and methylene chloride, freely soluble in 
acetone, and practically insoluble in cyclohexane.

2. Drug Product

The drug product is formulated as 4.45 and 17.8 mg of pitolisant base (equivalent to 5 mg 
and 20 mg of pitolisant HCl, respectively) in white, round, biconvex film-coated tablets. 
The formulation contains the following inactive ingredients: microcrystalline cellulose, 
crospovidone, talc, magnesium stearate, colloidal silicon dioxide, polyvinyl alcohol, 
titanium dioxide and polyethylene glycol. 

B.  Preclinical Abuse-Related Studies with pitolisant

1.  Receptor Binding and Functional Studies

a. Receptor Binding Studies with Pitolisant (Study # R-BF2.649-XL-001, R-BF2.649-
SK-001, 1009464, AB29480-1191016, R-BF2.649-IBB-005, R-BF2.649-IBB-006, R-
BF2.649-IBB-008, AB63151-1191016, R-BF2.649-IBB-012, R-BF2.649-IBB-011, R-
BF2.649-TC-001)

Pitolisant is a histamine H3 ligand (Ki = 150 nM) that acts as an autoreceptor antagonist 
and inverse agonist.  It also has affinity at sigma-1 receptors (Ki < 10 nM), sigma-2 
receptors (Ki = 52 nM), dopamine D3 receptors (Ki = 382 nM) and serotonin 5HT2A 
receptors (Ki = 544 nM), where it acts as an antagonist for each.

There was no significant affinity for sites associated with abuse potential:  opioids (mu, 
kappa, and delta), GABA/ benzodiazepine, cannabinoid, dopamine (D1 and D2), 
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serotonin (1A, 1B, 2A, 3, 5A, 6, and 7), NMDA/glutamate, channels (calcium, potassium, 
sodium, and chloride), or transporters (dopamine and norepinephrine).

The major human metabolites of pitolisant do not significantly cross the blood brain 
barrier and thus were not further evaluated.

b. Functional Study with Pitolisant (Study # R-BF2.649-XL-003)

i. Histamine H3 Receptors

Pitolisant (1 μM) induced a 40% decrease in calcium ionophore A23187-evoked 
[3H]arachidonic acid (AA) release from CHO cells expressing  rat histamine H3 
receptors (300-400 fmol/mg protein).  There was a 20% decrease in AA release when the 
study was run in human H3 receptors.  This shows that pitolisant has activity as an 
inverse agonist at H3 receptors.

Pitolisant produced a concentration-dependent decrease in [35S]GTPγS specific binding 
to membranes prepared from CHO cells expressing the human histamine H3 receptors 
(410-1000 fmol/mg protein), with an EC50 value of 1.5 ± 0.1 nM and a maximal 
decrease of 22-25%.  This shows that pitolisant has activity as an inverse agonist at H3 
receptors.

In HEK293 membranes expressing human histamine H3 receptors (1000 fmol/mg 
protein), pitolisant induced a parallel rightward shift of the increase in [35S]GTPγS 
induced by the histamine H3 agonist, imetit. This shows that pitolisant has activity as a 
competitive histamine H3 antagonist.

ii. Dopamine Receptors

Pitolisant did not produce an increase in [35S]GTPγS binding assay in CHO cells  
expressing the human dopamine D3 receptor. This shows that pitolisant does not have 
activity as a dopamine D3 agonist.  However, pitolisant inhibited the [35S]GTPγS 
binding response elicited by the dopamine agonist, quinelorane.  This shows that 
pitolisant has activity as a dopamine D3 antagonist (Ki value of 1537 μM).

iii.  Serotonin 5-HT2A Receptor

In HEK293 cells stably expressing the human serotonin 5-HT2A receptor, pitolisant did 
not display agonism in a calcium mobilization assay (up to 10 μM) or in a [35S]GTPγS 
binding assay (up to 100 μM).  However, pitolisant blocked the agonism produced by 
serotonin in the [35S]GTPγS assay, showing that it has activity as an antagonist at the 
5HT2A site (Ki = 373 nM).
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2.  Animal Behavioral Studies

As shown in Table 1 (below), the Sponsor provided data regarding the plasma levels 
produced by each of the doses used in the animal behavioral studies and the relation of 
these plasma levels to human exposure from the proposed therapeutic doses.  Each of 
these behavioral studies were conducted at supratherapeutic doses.

Table 1:   Summary of Exposures to Pitolisant in Animal Abuse Potential Studies

Species Test Pitolisant HCl 
Dose

Comparator
Pitolisant 

Cmax 
(ng/ml)

Margin 
versus 

Human 
Cmax

Mouse Drug 
Discrimination

1-30 mg/kg, i.p. Cocaine ~900 ~17 x

Rhesus 
Monkey

Self-Administration
(cumulative)

0.01-0.56
mg/kg/injection, 

i.v.

Cocaine *230 at no-
effect dose 
(0.1 mg/kg/
injection)

*1300 at 0.3 
mg dose

~4.3x

~24x

Rat Conditioned 
Place Preference

10 mg/kg, s.c. Nicotine 
Cocaine

~300 ~5.7x

Rat Physical 
Dependence

10 mg/kg, i.p. 
twice daily

Morphine 
(ascending 

doses)

~300 ~5.7x

a.  General Behavioral Observations

Mouse Irwin Test (Acute Oral Administration) (Study #FS-264901)

In an Irwin study conducted in mice, there were no significant effects of pitolisant 
observed at oral doses up to 30 mg/kg.  The 30 mg/kg oral dose produces a plasma level 
of 900 ng/ml, which is >12-fold greater than the human therapeutic plasma level of ~73 
ng/ml.  Toxic behavioral effects emerged at 60 and 100 mg/kg (p.o.) but these effects are 
not considered relevant because the doses tested are far outside the range comparable to 
human therapeutic levels.
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b.  Abuse-Related Behavioral Studies (Drug Discrimination, Self-Administration, 
and Conditioned Place Preference)

i.  Drug Discrimination Study with Oral Pitolisant (Study # R-BF2.649- 001)

Drug discrimination is an experimental method of determining whether a test drug 
produces physical and behavioral responses that are similar to a training drug with 
specific pharmacological effects.  Any centrally-acting drug can serve as the training 
drug.  When the training drug is a known drug of abuse, drug discrimination in animals 
serves as an important method for predicting whether the effects of a new drug will 
similarly have abuse potential.  Drugs that produce a response similar to known drugs of 
abuse in animals are also likely to be abused by humans.

In drug discrimination, an animal learns to press one bar when it receives the training 
drug and another bar when it receives a placebo.  Once responding to the training drug 
and placebo is stable, an animal is given a challenge session with the test drug.  A test 
drug is said to have "full generalization" to the training drug when the test drug produces 
bar pressing >80% on the bar associated with the training drug.
  
Method

Mice (n = 11) were trained to discriminate cocaine (10 mg/kg, i.p., 15-minute 
pretreatment time) from vehicle.  During training, the schedule of reinforcement was 
gradually raised from fixed ratio (FR) 1 to FR20.  Full generalization was defined as 80% 
accuracy on the drug-associated lever.

When cocaine discrimination was stable, animals were challenged with pitolisant (1, 3, 
10, 17, and 30 mg/kg, i.p.) and cocaine (0.3, 1, 3, 10, 17, and 30 mg/kg, i.p.).  

The 10 and 17 mg/kg doses of cocaine produced full generalization to the cocaine cue.  In 
contrast, no dose of pitolisant produced greater than 22% generalization to the cocaine 
cue.  Saline produced <2% generalization to the cocaine cue.

Although the data from this study appear to show that pitolisant does not generalize to 
cocaine, CSS conveyed the following concerns about the study design to the Sponsor in 
2016 when pitolisant was under IND:

 The training dose of 10 mg/kg for cocaine is not justified.  Typically, drug 
discrimination studies that use cocaine as the training drug use a dose of 5.6 
mg/kg or less.  Use of a very high dose of the training drug can skew responses 
from the test drug and prevent generalization.

 You should provide a justification for the doses of pitolisant that were chosen.  
Doses in animals should produce plasma levels that are equal to, as well as 
several multiples (frequently 2-3 times) greater than, the plasma levels produced 
by the highest proposed therapeutic dose in humans.  
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 Test sessions should occur at Tmax for each drug evaluated.  It is unclear whether 
a 20-minute pretreatment period produces Tmax in animals that receive pitolisant.

 Use of an FR20 schedule of reinforcement is too high when evaluating a new 
molecular entity.  CSS recommends the use of FR10.

 During the test session, responding on any lever should not be rewarded.

The Sponsor did not provide responses to any of these concerns in the NDA or in an 
addendum provided to the final study report (which was completed in 2006).  

These methodological concerns suggest that it is not possible to determine from this 
study whether pitolisant has interoceptive effects that are similar to those from cocaine.  
However, drug discrimination has a strong reliance on mechanism of action between 
drugs in order to show generalization between a training drug and a test drug.  Since 
pitolisant is an H3 histamine antagonist without significant effect on dopamine systems, 
it is unlikely that pitolisant would show generalization to cocaine, even if the 
methodological concerns had been adequately addressed.

ii.  Self-Administration Study in Rats Trained with Cocaine (Study # R-BF2.649-
001)

A self-administration study was conducted in Rhesus monkeys (n = 4) to evaluate 
whether pitolisant produces sufficient reward to be reinforcing.  Animals were trained to 
press a lever to receive cocaine (0.01 mg/kg/infusion, i.v., n = 1; 0.03 mg/kg/infusion, 
i.v., n = 3) using a fixed ratio (FR) 50 schedule of reinforcement.  After cocaine self-
administration was stable for three sessions, animals were challenged with saline to 
insure this was not self-administered.  Challenge sessions with pitolisant were then 
started.  Each test dose of pitolisant (0.01, 0.03, 0.10, 0.30, 0.56 mg/kg/infusion, i.v.) was 
available to monkeys for four consecutive test sessions using an FR50 schedule of 
reinforcement.

Only one dose of pitolisant (0.3 mg/kg/infusion) was self-administered by two of four 
monkeys at a level that was statistically significantly greater than saline (~16 infusions 
and ~22 infusions for pitolisant, compared to <10 infusions for saline and ~24 infusions 
for cocaine).  None of the other doses of pitolisant were self-administered by any of the 
monkeys.

Although the data from this study appear to show that pitolisant does not produce 
rewarding properties that sustain reinforcement, CSS conveyed the following concerns 
about the study design to the Sponsor in 2016 when pitolisant was under IND:

 You should provide a statistical justification for the use of only 4 monkeys in the 
self-administration study, based on the anticipated effect size and the desired 
power of the statistical test used. 

 The doses of pitolisant are not justified in relation to plasma levels produced by 
the highest proposed therapeutic dose in humans.
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 Use of an FR50 schedule of reinforcement is too high when evaluating a new 
molecular entity.  CSS recommends the use of FR10.

 All data from the study should be provided, including data from the first of four 
test session days (which the protocol states were excluded from analysis).

 Throughout the testing period, pitolisant intermittently produced self-
administration that was similar to that produced by cocaine.  This is especially 
striking given that the schedule of reinforcement was FR50 or greater.  In one of 
four animals (25%), the cumulative self-administration of pitolisant surpassed that 
of cocaine.  These data demonstrate that under some conditions, pitolisant 
produces rewarding responses indicative of abuse potential.

The Sponsor did not provide responses to any of these concerns in the NDA or in an 
addendum to the final study report (which was completed in 2006).  

Thus, it is not possible to conclude from this self-administration study whether pitolisant 
has rewarding properties.

iii.  Conditioned Place Preference (Study #R-BF2.649-MR-001)

In a rat conditioned place preference study, each rat was exposed to eight 30-minute 
conditioning sessions in an open-field with four different floor quadrants. On Days 1 to 4, 
rats were exposed twice daily to one of four test conditions: pitolisant (10 mg/kg, s.c.), 
cocaine (2 mg/kg, s.c.), nicotine (0.12 mg/kg, s.c.), and saline.  

On Day 5, rats were placed in the open-field without any barriers so that the animals 
could move anywhere in the cage during the 20-minute test session. The time spent on 
each floor texture was recorded. Rats received no injections before the test session. 

The results from this study show that:

 Rats that received saline spent the greatest amount of time (488 ± 40 seconds) on 
the saline-paired floor texture

 Rats that received cocaine spent 739 ± 66 seconds on the cocaine-paired floor 
texture, which was significantly greater than the time spent on the saline-paired 
floor texture.  

 Rats that received nicotine spent 681 ± 42 seconds on the nicotine-paired floor 
texture, which was significantly greater than the time spent on the saline-paired 
floor texture.  

 Rats that received pitolisant spent 502 ± 94 seconds on the pitolisant-paired floor 
texture, which is similar to the amount of time spent on the saline-paired floor 
texture.  
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Although the data from this study appear to show that pitolisant does not produce 
rewarding properties that would maintain CPP, CSS conveyed the following concern 
about the study design to the Sponsor in 2016 when pitolisant was under IND:

 Pitolisant was tested at only one dose.  Typically, a range of doses is tested that 
include a dose that produces plasma levels that are equivalent to and several 
multiples (usually 2-3 times) greater than the plasma doses produced by the 
highest proposed therapeutic dose in humans.

At the time the CSS comment was conveyed, no pharmacokinetic data were available.  
However, the Sponsor subsequently provided pharmacokinetic comparisons for animal 
and human exposures in the NDA (see Table 1, above) showing that the 10 mg/kg dose 
of pitolisant in the CPP study produces a 5.7-fold supratherapeutic plasma level.  Thus, 
there is some evidence from this study that pitolisant does not produce rewarding 
properties.  However, it is also possible that this supratherapeutic dose is too high relative 
to the human therapeutic dose and may produce adverse sensations in the rat that 
preclude the development of CPP.

3.  Physical Dependence Studies in Animals

Rat Physical Dependence Study (Study # R-BF2.649-XL-021)

A rat physical dependence study was conducted in which rats received either pitolisant 
(10 mg/kg, b.i.d.) or escalating doses of morphine over an 11-day regimen.  Rats were 
evaluated for withdrawal signs at 24 and 48 hours after final drug administration.

However, as acknowledged by the Sponsor in the study report, these two time points for 
evaluating possible withdrawal signs from pitolisant are inadequate, given that the half-
life of pitolisant is 1 hour in rats (see Table 2, below).  

Thus, it is likely than any withdrawal signs that had emerged following discontinuation of 
pitolisant would have occurred within the first 5 half-lives of the drug (e.g., 5 hours after 
the final drug administration) and subsided completely by 24 and 48 hours.

Therefore, this study is not valid for evaluating the ability of pitolisant to produce 
physical dependence.  

C.  Animal and Human Pharmacokinetics of Pitolisant

Oral administration of pitolisant to mice, rats, monkeys, and humans produced the 
following time to maximum plasma levels (Tmax), maximum plasma levels (Cmax) and 
half-life (t1/2), as shown in Table 2 (below):
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Table 2: Pharmacokinetic Parameters in Mice, Rats, Monkeys, and Humans 
Following Oral Administration

Species Tmax (hr) Cmax (ng/ml) t½ (hr)
Mouse (10 mg/kg) 0.25-0.5 590 2

Rat (10 mg/kg) 0.5 92 1

Monkey (10 mg/kg) 0.5-1 138 2-3

Human (40 mg/kg) 2-4 73 ~20

In humans, 35.6 mg oral pitolisant produces a Cmax of 73 ng/mL (range of 43 to 
126 ng/ml), with a median time to maximal plasma concentration (Tmax) of 3.5 hours 
(range 2-5 hours).  The 35.6 mg dose of pitolisant produces a median half-life of ~20 
hours (range 7.5 to 24 hours).  

Pitolisant is extensively metabolized in the liver, primarily through CYP2D6 and 
CYP3A4.  The major human metabolites of pitolisant do not significantly cross the blood 
brain barrier and are not pharmacologically active. Thus, none of the metabolites were 
further evaluated.

D.  Clinical Abuse-Related Studies

1.  Human Abuse Potential Study with Pitolisant (Study #P16-02 / BF2.649)

This HAP study was a single-dose, randomized, double-blind, active- and placebo-
controlled, single-dummy, 4-sequence, 4-way crossover study to determine the abuse 
potential of pitolisant relative to phentermine and placebo, in healthy, non-dependent, 
recreational stimulant users.  The study consisted of 4 phases: Screening, Qualification, 
Treatment, and Follow-up. 

Subjects

Subjects were male and female adults, from 18 to 55 years of age.  A total of 43 subjects 
were randomized to the Treatment Phase and 38 subjects completed the study.

Both inclusion and exclusion criteria are standard, but include the following criteria that 
are of specific interest to an abuse-related study:
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Inclusion Criteria include:

 Current stimulant users who have used stimulants for recreational purposes at 
least 10 times in the past year and used stimulants at least 1 time in the 8 weeks 
before Screening.

Exclusion Criteria include:

 Substance or alcohol dependence (excluding nicotine and caffeine) within the past 
2 years, as defined DSM-IV-TR

 Participation in a substance or alcohol rehabilitation program to treat substance or 
alcohol dependence  

 Use of alcohol or recreational drugs less than 24 hours prior to study participation. 
Urine tests will confirm drug use status.

 Consumption of more than 450 mg of caffeine per day

 Heavy smoker (>20 cigarettes per day) and/or is unable to abstain from smoking 
or unable to abstain from the use of prohibited nicotine-containing products for at 
least 6 hours

 History or presence of any clinically significant psychiatric or neurologic disease 
at Screening.

Qualification Phase 

During the Qualification Phase, subjects received 60 mg phentermine (a Schedule IV 
stimulant under the Controlled Substances Act) as the positive control or matching 
placebo. Subjects received phentermine or placebo in randomized order on Day 1 and 
Day 2, with study drug administration occurring approximately 24 hours apart.  Subjects 
received the study drugs on test days following a fasting period of at least 8 hours.  
Subjects were required to continue fasting during the test session for at least 4 hours after 
treatment administration.

The primary measure was:
  

 Drug Liking VAS (Emax)

Secondary measures included:
  

 Good Drug Effects VAS (Emax)
 High VAS (Emax)
 Bad Drug Effects VAS (Emax)
 Overall Drug Liking VAS (Emax)
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 Take Drug Again VAS (Emax)
 Any Drug Effects VAS (Emax)

Safety endpoints:

 Incidence, frequency, and severity of AEs
 Vital signs (blood pressure, respiratory rate, heart rate, and oral temperature)
 Electrocardiograms (ECGs)
 Clinical laboratory test results (clinical chemistry, hematology, urinalysis)
 Physical examination findings

Safety variables were monitored at 5 min, 15 min and 30 min as well as 1, 1.5, 2, 3, 4, 6, 
8, and 12 hours after the start of each study drug administration.

Criteria for Qualification to Participate in Treatment Phase:

1. Peak score in response to 60 mg phentermine that was greater than that of placebo 
on Drug Liking VAS (difference of at least 15 points).

2. Peak score of at least 65 points in response to 60 mg phentermine on other 
positive VAS measures.

3. Acceptable response to placebo on Drug Liking VAS (score between 40 and 60 
points).

4. Ability to tolerate 60 mg phentermine HCl, as assessed by available safety data.
5. General behavior suggesting that the subject could successfully complete the 

study.

Treatment Phase

Following confirmation of eligibility in the Qualification Phase, subjects who 
participated in the Treatment Phase were randomized to 1 of 4 treatment sequences 
according to a 4 × 4 Williams square design.

The last study drug administration in the Qualification Phase and the first study drug 
administration in the Treatment Phase were separated by a washout interval of at least 7 
days.  In humans, pitolisant has a half-life of 18 hours while phentermine has a half-life 
of 20 hours.  Thus, the washout period of 7 days is adequate to ensure complete washout 
of study drugs prior to the next dosing period.  The washout period during the Treatment 
Phase was also at least 7 days between study treatments.

Subjects received the study drugs following a fasting period of at least 8 hours.  Subjects 
were required to continue fasting during the test session for at least 4 hours after 
treatment administration.

Subjects received each of the following 4 treatments in a randomized-sequence, double-
blind, crossover manner following an overnight fast:
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 Pitolisant 40 mg (maximum proposed therapeutic dose)
 Pitolisant 240 mg dose (6X proposed maximum therapeutic dose)
 Phentermine 60 mg (standard dose for HAP studies)
 Placebo

Subjective and Cognitive Measures

The Tmax of pitolisant and phentermine in humans is ~3-4 hours.  All subjective and 
cognitive endpoints were assessed at baseline, 5 min, 15 min and 30 min as well as 1, 1.5, 
2, 3, 4, 6, 8, and 12 hours after the start of each study drug administration, except for 
VAS for Overall Drug Liking and Take Drug Again, which were assessed 8 and 12 hours 
after drug administration.  

The primary measure was:
  

 Drug Liking VAS (Emax)

Secondary measures included:
  

 Overall Drug Liking VAS (Emax)
 Take Drug Again VAS (Emax)
 Good Drug Effects VAS (Emax)
 High VAS (Emax)
 Bad Drug Effects VAS (Emax)
 Any Drug Effects VAS (Emax)
 Relaxation/Agitation VAS (Emax)
 ARCI – LSD (Dysphoria) (Emax)
 ARCI – Amphetamine (Emax)
 ARCI – Benzedrine (Stimulant) (Emax)
 ARCI – MBG (Euphoria) (Emax)
 Drug Similarity VAS

Psychological Scale:

 Profile of Mood States (POMS): Vigor and Confusion scales

Psychomotor and Cognitive Tests:

 Choice Reaction Time (CRT)
 Divided Attention Test (DAT)
 Digit Symbol Substitution Test (DSST)
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Pharmacokinetic Endpoints:

 Cmax
 Tmax
 AUC0-last and AUC0-infinity
 Half-life

Safety endpoints:

 Incidence, frequency, and severity of AEs
 Vital signs (blood pressure, respiratory rate, heart rate, and oral temperature)
 Electrocardiograms (ECGs)
 Clinical laboratory test results (clinical chemistry, hematology, urinalysis)
 Physical examination findings
 Columbia-Suicide Severity Rating Scale (C-SSRS)

Safety variables were monitored at 5 min, 15 min and 30 min as well as 1, 1.5, 2, 3, 4, 6, 
8, and 23 hours after the start of each study drug administration.

Results

Subjective Responses

Table 3 below depicts the effects of study treatments on subjective measures used in this 
study.  The mean and standard deviation numbers provided below were drawn from the 
Statistical Review and Evaluation of the present HAP study, as conducted by Dr. Wei 
Liu, FDA Office of Biostatistics (July 2, 2019).  The primary measure of Drug Liking, as 
well as the secondary measures Take Drug Again, Overall Drug Liking, Good Drug 
Effects, High, Bad Drug Effects, and Any Drug Effects in response to pitolisant, 
phentermine, and placebo were evaluated for statistically significant differences by Dr. 
Liu as well as the Sponsor.  The data and statistical evaluation provided in Table 3 were 
produced by Dr. Liu.  However, a statistical evaluation of the remaining secondary 
measures was conducted only by the Sponsor (see Table 4, below).

The subjective measures of Drug Liking, Take Drug Again, and Overall Drug Liking are 
bipolar scales ranging from 0-100 with 50 as neutral, and an acceptable placebo range of 
40-60.  The measures Good Drug Effects, High, and Bad Drug Effects are unipolar scales 
ranging from 0-100 with 0 as neutral and an acceptable placebo range of 0-20.

As shown in Table 3 (below), the positive control drug, phentermine, produced expected 
increases in positive subjective responses (Drug Liking, Take Drug Again, and Overall 
Drug Liking) that were outside the acceptable placebo range and were statistically 
significantly greater than those produced by placebo.  This validates the study.
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Table 3:  Effects of Oral Placebo, Phentermine (60 mg), and Pitolisant (40 and 240 
mg) on Key Subjective Measures (VAS) – Emax Scores (scale 0-100, mean and 
standard deviation) (n = 38)

Placebo Phentermine
60 mg

Pitolisant
40 mg

Pitolisant
240 mg

Drug Liking
(bipolar)

56 + 13 79 + 18
*

57 + 13
^

59 + 13
* ^

Take Drug Again
(bipolar)

51 + 18 79 + 26
*

49 + 21
* ^

45 + 30
* ^

Overall Drug 
Liking (bipolar)

54 + 14 77 + 23
*

53 + 13
* ^

49 + 27
* ^

Good Drug Effects
(unipolar)

15 + 27 63 + 32
*

16 + 25
* ^

26 + 30
* ^

High
(unipolar)

12 + 24 59 + 31
*

16 + 25
* ^

35 + 35
* ^

Bad Drug Effects
(unipolar)

7 + 20 15 + 22 7 + 18
*

28 + 35
*

Any Drug Effects
(unipolar)

17 + 30 64 + 31
*

19 + 28
* ^

42 + 38
* 

* = p < 0.01 compared to placebo
^ = p < 0.01 compared to phentermine

In comparison, pitolisant at 40 and 240 mg did not produce positive subjective responses 
that were outside the acceptable placebo range for any of the subjective measures, with 
one exception:  at the 240 mg dose of pitolisant (6-fold greater than the therapeutic dose), 
there was an increased response on both High and Bad Drug Effects.  

However, the value for High from 240 mg pitolisant (35 out of 100) was much less than 
that produced by phentermine (59 out of 100). For Bad Drug Effects, the response from 
pitolisant (28 out of 100) was greater than that produced by phentermine (15 out of 100).  
Neither of these responses suggest that pitolisant has abuse potential, even at 
supratherapeutic doses.

Table 4 (below) shows the results of subjective measures that were statistically evaluated 
by the Sponsor and not by the Office of Biostatistics.  These include Relaxation/Agitation 
VAS and four ARCI measures:  Lysergic Acid Diethylamide (LSD; Dysphoria, scale 0-
14), Amphetamine (scale 0-11), Benzedrine (Stimulant, scale 0-13), and Morphine-
Benzedrine Group (MBG; Euphoria, scale 0-11).
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Table 4:  Effects of Oral Placebo, Phentermine (60 mg) and Pitolisant (40 and 240 
mg) on Other Subjective Measures (VAS) – Emax Scores (mean and standard error) 
(n = 38)

Placebo Phentermine
60 mg

Pitolisant
40 mg

Pitolisant
240 mg

Relaxation/Agitation
(bipolar scale, 0-100)

52 + 2 63 + 3
*

53 + 3
^

61 + 3
*

ARCI – LSD 
(Dysphoria)
(scale = 0-14)

4.4 + 0.3 6.1 + 0.4
*

4.5 + 0.3
^

5.8 + 0.4
* 

ARCI – Amphetamine 
(scale = 0-11)

2.7 + 0.4 6.4 + 0.5
*

2.3 + 0.4
^

3.1 + 0.5
 ^

ARCI – Benzedrine 
(Stimulant)
(scale = 0-13)

6.0 + 0.3 8.2 + 0.4
*

5.9 + 0.3
^

6.1 + 0.3
^

ARCI – MBG 
(Euphoria) 
(scale = 0-11)

3.4 + 0.7 9.6 + 0.7
*

3.3 + 0.7
 ^

3.9 + 0.7
^

* = p < 0.01 compared to placebo
^ = p < 0.01 compared to phentermine

Phentermine produced statistically significant increases compared to placebo in 
Agitation, Dysphoria, Amphetamine, Stimulant, and Euphoria ratings.  Pitolisant 40 mg 
produced responses on these measures that were not statistically different from placebo 
and were statistically lower than those produced by phentermine.  Pitolisant 240 mg 
produced increases in Agitation and Dysphoria that were statistically greater than placebo 
but statistically similar to responses produced by phentermine.  However, pitolisant 240 
produced responses on Amphetamine, Stimulant, and Euphoria scales that were 
statistically similar to placebo and statistically less than the responses produced by 
phentermine.

Adverse Events

When abuse-related AEs were evaluated, the positive control drug, phentermine 60 mg, 
produced a high incidence of euphoria (41%).  Placebo produced an unexpectedly high 
incidence of euphoria (10%).  Pitolisant produced a euphoria incidence that was either 
similar to that produced by placebo (10% for 40 mg dose) or almost twice the incidence 
produced by placebo (18% for 240 mg dose).  

Although the incidence of euphoria produced by pitolisant was higher than that normally 
observed in HAP studies, it represents one-quarter to one-half the incidence of euphoria 
produced by phentermine.  Additionally, despite the high incidence of euphoria, neither 
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dose of pitolisant produce a corresponding increase in Drug Liking (the primary measure) 
or other positive subjective responses that were outside the acceptable placebo response.

The only stimulant-like AE reported was “hypervigilance,” but this likely connotes an 
increase in cognitive monitoring rather than a positive subjective effect.  Phentermine 
produced a 33% incidence of hypervigilance, which was much higher than that produced 
by either dose of pitolisant (8% at the 40 mg therapeutic dose and 13% at the 240 mg 
supratherapeutic dose).  

Thus, there do not appear to be meaningful abuse-related signals from the AE profile 
following administration of pitolisant.

Drug Similarity

On the Drug Similarity question (on scale of 0-100):

 The positive control, phentermine 60 mg, was identified as amphetamine (61), 
caffeine (52) and cocaine (50)

 Placebo was identified as placebo (60) 
 Pitolisant 40 mg did not produce a strong signal for any substance except for 

placebo (49)  
 Pitolisant 240 mg was not identified as any substance (<36 out of 100 on any 

scale) 

This measure shows that although pitolisant has a mechanism of action similar to that of 
caffeine and produces clinical efficacy through its ability to increase wakefulness, it is 
not identified as caffeine or other stimulants.  Instead, it was primarily identified either as 
placebo or as no substance.  This strongly suggests that pitolisant does not produce 
stimulant-like abuse potential.

Psychological, Cognitive and Psychomotor Measures

On the two POMS scales, phentermine 60 mg produced the highest mean score on the 
vigor-activity scale (14.2 out of 32 points) compared to placebo (9.7 out of 32 points), 
which is consistent with its known activity as a stimulant.  Pitolisant 40 mg and 240 mg 
both produced a response on this scale (9.5 out of 32 points) that was similar to that of 
placebo.  This shows that pitolisant is not producing stimulant-like effects.

On the confusion-bewilderment scale, all treatments were within ~2 points of each other:  
pitolisant 240 mg (9.1 points out of 28 points), phentermine 60 mg (7.7 out of 28 points), 
pitolisant 40 mg (6.8 out of 28 points) and placebo (6.7 out of 28 points).  This suggests 
that pitolisant does not produce significant confusion, even at the 6X supratherapeutic 
dose.

Cognitive and psychomotor results for CRT, DAT, and DSST showed that phentermine 
60 mg was associated with a significantly better performance for most tasks compared to 
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placebo.  However, performance on these tasks following administration of pitolisant 40 
mg and 240 mg was similar to placebo.  This shows that pitolisant does not produce 
impairment in cognition or psychomotor activity, even at the 6X supratherapeutic dose.
Overall Conclusions

The results of the HAP study show that:

 Phentermine (60 mg): 

o Produced statistically significant increases in positive subjective measures 
compared to placebo, as would be expected from a Schedule IV stimulant.  
This validates the study.

o Produced stimulant-like AEs

o Was identified as a stimulant in a drug similarity measure

o Produced increases in cognitive and psychomotor performance

 In contrast, pitolisant (40 and 240 mg):

o Did not produce statistically significant increases in positive subjective 
measures that were outside the acceptable placebo range.

o Did not produce any meaningful abuse-related AEs

o Was not identified as a stimulant or any other abusable drug

o Did not produce any change in cognitive and psychomotor performance

Thus, pitolisant at the therapeutic (40 mg) and 6X supratherapeutic dose (240 mg) did not 
produce signals from any of the experimental measures suggestive that the drug has 
abuse potential.

2.  Abuse-Related Adverse Events in Clinical Studies

The AE profile in response to pitolisant in Phase 2/3 studies with narcolepsy patients is 
shown in Table 5 (below).  Although the reported AEs include both central nervous 
system and gastrointestinal responses, none of the AEs reported following pitolisant 
administration are associated with abuse potential.  Specifically, there were no reports of 
euphoria in response to pitolisant at either dose.  

Thus, there are no abuse-related signals from the studies conducted with pitolisant in 
narcolepsy patients.
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Table 5:  Treatment-Emergent Adverse Events Reported in at Least 1% of Patients 
in the Pitolisant Group in Double-Blind Placebo-Controlled Studies by Preferred 
Term – Narcolepsy Indication (ISS Safety Population)

Double-Blind Placebo-Controlled
MedDRA Preferred Term Modafinil 

(N=95)
n (%)

Placebo 
(N=131) 

n (%)

Pitolisant 
(N=172) 
n (%)

TOTAL
Pitolisanta 

(N=303)
n (%)

Euphoria 1 (1.1) 0 0 0
Feeling abnormal 0 3 (0.6) 2 (0.2) 2 (0.2)
Headache 12 (12.6) 18 (13.7) 31 (18.0) 54 (17.8)
Insomnia 0 3 (2.3) 7 (4.1) 25 (8.3)
Anxiety 3 (3.2) 0 5 (2.9) 14 (4.6)
Irritability 3 (3.2) 1 (0.8) 5 (2.9) 10 (3.3)
Dizziness 5 (5.3) 3 (2.3) 6 (3.5) 8 (2.6)
Decreased appetite 1 (1.1) 0 4 (2.3) 6 (2.0)
Fatigue 3 (3.2) 3 (2.3) 4 (2.3) 4 (1.3)
Somnolence 2 (2.1) 4 (3.1) 3 (1.7) 4 (1.3)
Hallucination 1 (1.1) 0 3 (1.7) 3 (1.0)
Hypersomnia 1 (1.1) 1 (0.8) 2 (1.2) 2 (0.7)

Nausea 2 (2.1) 4 (3.1) 9 (5.2) 23 (7.6)
Diarrhea 6 (6.3) 3 (2.3) 3 (1.7) 9 (3.0)
Vomiting 0 0 3 (1.7) 8 (2.6)
Abdominal pain 4 (4.2) 1 (0.8) 2 (1.2) 7 (2.3)
Abdominal discomfort 1 (1.1) 0 3 (1.7) 6 (2.0)
Gastrointestinal pain 0 0 2 (1.2) 5 (1.7)

      a.  includes single- blind and open-label studies (N=137)

3.  Assessment of Human Physical Dependence (Study # P07-03, P09-15, P11-05,   
P10-01)

A human physical dependence evaluation was conducted on patients who completed 
Phase 3 clinical studies with pitolisant using the DSM-IV Amphetamine-Like 
Withdrawal Questionnaire and by evaluating AEs following drug discontinuation.
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Amphetamine-Like Withdrawal Questionnaire 

The Amphetamine-Like Withdrawal Questionnaire was administered to patients at the 
conclusion of four Phase 3 narcolepsy studies with pitolisant and two Phase 2 obstructive 
sleep apnea studies with pitolisant.  In these studies, patients received daily placebo 
administration during the first seven days after drug discontinuation.

However, the design of this evaluation is not valid for determining whether pitolisant 
produces withdrawal symptoms because the initial evaluation using the withdrawal 
questionnaire occurred too long after termination of drug treatment and the questionnaire 
was only administered once or twice.  In four of the studies (P07-03 and P09-15 for 
narcolepsy and P09-08 and P09-0 for sleep apnea), the questionnaire was administered 
twice, the first time at Day 3 after pitolisant discontinuation and then again at Day 7.  In 
two other studies (P11-05 and P10-01), the questionnaire was only administered once at 
Day 7 after pitolisant discontinuation.

As stated in the 2017 FDA Guidance for Industry:  Assessment of the Abuse Potential of 
Drugs, “Behavioral observations should begin several days before drug discontinuation 
and continue daily for at least 7 days or for a duration equivalent until the test drug is 
eliminated.”  Since the physical dependence evaluations with pitolisant did not conform 
to this design, it is possible that withdrawal symptoms were present and not observed 
during Days 1 and 2 after drug discontinuation, which overlaps with the first two half-
lives of pitolisant (t1/2 = 20 hours in humans).  Thus, the Sponsor’s conclusion that, “The 
DSM-IV amphetamine-like withdrawal syndrome questionnaire results revealed no 
indication of withdrawal effects,” is not supportable with the submitted data.

Adverse Events Indicative of Withdrawal

The Sponsor also conducted an analysis of AEs that were reported in the first 7 and 30 
days after pitolisant discontinuation for all Phase 2/3 studies with narcolepsy patients.  As 
shown in Table 6 (below), there was a very low incidence of any AE (<1.2% in double-
blind placebo-controlled studies).  

Table 6:  Adverse Events with Onset in the First 7 or 30 Days After the Last Dose of 
Modafinil, Placebo, or Pitolisant in Phase 2/3 Studies

Double-Blind Placebo-Controlled
Modafinil 

(N=95)
n (%)

Placebo 
(N=131) n 

(%)

Pitolisant 
(N=172)

n (%)

     TOTAL
Pitolisant 
(N=303) 
n (%)

Any AE with onset in the 
first week after the last dose 2 (2.1) 1 (0.8) 2 (1.2) 5 (1.7)
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Any AE with onset within 
30 days after the last dose 4 (4.2) 1 (0.8) 3 (1.7) 7 (2.3)

Although the analysis did not delineate the specific AEs, even if there had been a 1.2% 
rate of any AE associated with physical dependence, this would not be a large enough 
incidence to warrant concern. 

When data from the ISS were evaluated for the narcolepsy studies, only 1 patient (0.6%) 
reported dysphoria and 1 patient (0.6%) reported hypersomnia within 7 days following 
their final dose of pitolisant.  There were no other AEs that are typically associated with 
withdrawal that occurred during the drug discontinuation period.

Thus, there are no AE data from the clinical studies with pitolisant that suggest this drug 
produces a withdrawal syndrome indicative of physical dependence.
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I. OVERALL ASSESSMENT OF FINDINGS AND RECOMMENDATIONS 
 

The clinical sites of Drs. Rodenbeck, Podesta, and Zoltán were inspected in support of 
this NDA. Overall, based on the results of these inspections, the studies appear to have 
been conducted adequately, and the data generated by these sites appear acceptable in 
support of the respective indication. 
 
Of note, the inspection results for Dr. Rodenbeck are based on a summary provided by 
the FDA field investigator and are therefore preliminary. If significantly new or different 
information is contained in the final FDA Establishment Inspection Report, an 
addendum to this clinical inspection summary will be filed. 

 
II. BACKGROUND 

 
Wakix (pitolisant, BF2.649), an antagonist/inverse agonist of the histamine 3 (H3) receptor, 
was granted marketing authorization by the Committee for Medicinal Products for Human 
Use (CHMP), European Medicines Agency (EMA), for the treatment of narcolepsy with or 
without cataplexy in adults on March 31, 2016. 
 
Harmony Biosciences, the US Agent of the EMA applicant, Bioprojet Pharma, submitted 
this original New Drug Application (NDA 211150) for pitolisant tablets for the treatment 
of excessive daytime sleepiness (EDS) in adult patients with narcolepsy and for the 
treatment of cataplexy in adult patients with narcolepsy.  
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This NDA application relies solely on foreign clinical data to support marketing approval in 
the United States. Of note, EMA did not conduct any inspections when they approved the 
drug in 2016. The following protocols were inspected in support of this application: 
 
Protocol 0703, “Prospective, randomized double-blind study, placebo-controlled, parallel 
group, multicenter trial assessing the effects of BF2.649 in treatment of excessive daytime 
sleepiness in narcolepsy (“HARMONY I”)” 

 
This study took place at 24 sites in Europe: France (11 sites), Germany (7 sites), Hungary 
(4 sites), The Netherlands (1 site), and Switzerland (1 site), beginning May 26, 2009 and 
ending June 30, 2010. A total of 95 subjects were randomized. The study objective was to 
evaluate the efficacy and safety of BF2.649 in the treatment of narcoleptic subjects with or 
without cataplexy. 

 
This was a randomized, double-blind, placebo-controlled, parallel group multi-center trial 
assessing the efficacy and safety of BF2.649 in the treatment of excessive daytime 
sleepiness in narcoleptic subjects with or without cataplexy. To be eligible for enrollment, 
subjects aged 18 years and older had to meet the clinical diagnosis of narcolepsy with or 
without cataplexy according to the International Classification of Sleep Disorders (ICSD-
2) criteria; in addition, the Epworth Sleepiness Scale (ESS) score had to be ≥ 14 during the 
baseline period. Narcoleptic subjects without cataplexy could not have other conditions 
that could be the primary cause of their excessive daytime sleepiness (EDS). Subjects with 
severe cataplexy were permitted to remain on their anticataplectic or supposed 
anticataplectic medications at stable doses, except for tricyclic antidepressants. The 
authorized anticataplectic/supposed anticataplectic treatment had to be administrated for at 
least 1 month prior to the trial, and these doses could not be changed throughout the trial 
(from V1 to V8). 
 
This study included the following periods: two-week washout period from Visit 1, 1-week 
baseline period, 8-week treatment period, and 1-week withdrawal period. Eligible subjects 
were randomized 1:1:1 to BF2.649 at a dose of 10 or 20 or 40 mg/day, modafinil at a dose 
of 100, 200 or 400 mg/day, or Placebo. 
 
The Primary Efficacy Endpoint was the change in ESS score from baseline to the endpoint 
in the pitolisant group vs. the placebo group.  

 
Secondary Endpoints: 
 

• Change in Maintenance of Wakefulness Test (MWT) from baseline (V2) to 
endpoint (V7) in the pitolisant group vs. the placebo group.  
 

• Change in the frequency of cataplexy attacks from baseline to endpoint in the 
pitolisant group vs. the placebo group.  

 
Protocol 0915, “Randomized, double-blind, placebo and comparator-controlled, parallel-
group, multicenter trial assessing the effects of BF2.649 in the treatment of excessive 
daytime sleepiness in narcolepsy” 

 
This study took place at 32 sites: Argentina (2 sites), Austria (1 site), Finland (1 site), 
France (8 sites), Germany (4 sites), Hungary (4 sites), Italy (6 sites), and Spain (6 sites) 
beginning October 25, 2010 and ending July 24, 2012. A total of 166 subjects were 
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randomized. 
 
The study design was similar to that of Study Protocol 0703 except the dose of BF2.649 
was lower in Protocol 0915: either 5 or 10 or 20 mg/day instead of 10, 20 or 40 mg/day. 
 
Rationale for Site Selection 
 
A site selection tool was used to identify clinical investigator (CI) sites for inspection. 
The Division of Psychiatry Products (DPP) recommended these three CIs for inspection as 
the data from each site (except Site #26) had a significant impact on the study efficacy 
results. None of these CIs have had previous FDA inspections. Of note, Drs. Rodenbeck 
and Zoltán participated in both studies, with Dr. Zoltán having large enrollment in both 
studies. 
 
III. RESULTS  

 
1. Andrea Rodenbeck, M.D. 

Site # 26 & Site #7, Studienzentrum Wilhelmshöhe GmbH, Wilhelmshöher Allee 259 
Kassel, N/A 34131, Germany 

 
At this site for Protocol 0703 (Site #26), 12 subjects were screened, 11 were enrolled, 
and all enrolled subjects completed the study. For Protocol 0915 (Site #7), 7 subjects 
were screened, enrolled, and completed the study.  
 
A complete review of the records of all screened subjects for both studies was 
conducted, which included, but were not limited to, informed consent forms, drug 
accountability records, training records, delegation of authority, study eligibility, adverse 
event reporting, the primary and the secondary efficacy endpoint source documents, 
concomitant medications, and protocol deviations. 
 
The primary and the secondary efficacy endpoint data were verifiable. There was no 
evidence of underreporting of adverse events. 

 
2. Claudio Podesta, M.D. 
 Site #31,  Avda. Del Libertador 2588,  San Fernando, Buenos Aires, N/A 16426 

Argentina 
 

At this site for Protocol 0915, 15 subjects were screened, 11 were enrolled, and 9 subjects 
completed the study. Two subjects withdrew their consent. This inspection conducted a 
review of the study records of all 15 screened subjects, including source documentation, 
electronic subject data, study eligibility, informed consent forms, efficacy data, adverse 
event reporting, protocols/amendments, investigational product (IP) accountability 
records, ethics committee approvals, case reports forms (CRFs), site monitoring visit 
reports, and protocol deviations. 
 
The primary and the secondary efficacy endpoint data were verifiable. There was no 
evidence of underreporting of adverse events.  
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3. Szakács Zoltán, Ph.D. 
Site # 61 & Site #29, Military Hospital State Health Center EK, Department of Sleep  
Disorders, 44 Robert Karoly krt., Budapest, N/A H-01134, Hungary 

 
At this site for Protocol 0703 (Site #61), 20 subjects were screened and 19 were enrolled, 
all of whom completed the study. For Protocol 0915 (Site #29), 39 subjects were screened 
and enrolled, and 37 subjects completed the study. Two subjects withdrew consent before 
randomization. 
 
Due to the large enrollment at this site, this inspection, at the request of the review 
division, focused on the study records for all subjects randomized to the BF2.649 and 
placebo groups for both protocols (12 subjects total for Protocol 0703 and 22 subjects 
total for Protocol 0915) rather than the subjects randomized to the modafinil comparator 
groups. Records reviewed included informed consent forms, training records, delegation 
of authority, subject enrollment log, study eligibility, adverse event reporting, 
concomitant medications, protocol deviations, the primary and the secondary efficacy 
endpoint data as well as other relevant study records, such as the study protocol, the 
Maintenance of Wakeful Test (MWT) instruction manual, ethics committee approval 
records, drug accountability records, laboratory accreditation certificates, and site 
monitoring visit logs. The primary and the secondary efficacy endpoint data were 
verifiable. There was no evidence of underreporting of adverse events. 
 
However, during the inspection it was observed that four subjects did not meet eligibility 
criteria for Protocol 0915 (as specified below):  
 

• Subject #  (in BF2.649 group) did not meet inclusion criteria #2, which 
required that subjects have 2 or more sleep onset rapid eye movement periods 
within 15 minutes after sleep onset during the on the Multiple Sleep Latency Test 
(MSLT). This subject also met exclusion criteria #5 (see below) because the subject 
had an electrocardiogram with a Bazett’s corrected QT interval higher than 450 ms.  

 
• Three subjects met exclusion criterion #5, which included any significant serious 

abnormality of the cardiovascular system, e.g. electrocardiogram with Bazett’s 
corrected QT interval higher than 450 ms or history of mitral valve prolapse. 
o Subject #  (in the placebo group) and #  (in the BF2.649 group) 

had electrocardiograms with a Bazett’s corrected QT interval higher than 
450 ms 

o Subject #  (in the BF2.649 group) had a history of mitral valve 
prolapse  
 

 
Reviewer’s comment: These protocol deviations were not reported to the FDA. However, 
since this was a large, randomized, double-blinded study, the enrollment of the three 
subjects who did not meet criteria related to safety would unlikely impact the efficacy 
results of the study. The enrollment of the fourth ineligible subject, who may not have met 
the criteria for the indication, was an isolated event.  
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 DEPARTMENT OF HEALTH & HUMAN SERVICES        Public Health Service 

 
Division of Pediatric and Maternal Health  

Office of New Drugs 
Center for Drug Evaluation and Research 

Food and Drug Administration 
Silver Spring, MD  20993 

Tel   301-796-2200 
FAX   301-796-9744 

 
Division of Pediatric and Maternal Health Review 

 
Date:   June 27, 2019             Date consulted: January 23, 2019                     
 
From:   Carrie Ceresa, Pharm D., MPH, Clinical Analyst, Maternal Health 

Division of Pediatric and Maternal Health  
 

Through: Miriam Dinatale, D.O., Team Leader, Maternal Health  
Division of Pediatric and Maternal Health  

 
Lynne P. Yao, MD, OND, Division Director 
Division of Pediatric and Maternal Health  

 
To:              Division of Psychiatry Products (DPP) 
 
Drug:             WAKIX (pitolisant) 
 
NDA:  211150 
 
Applicant: Harmony Biosciences, LLC 
 
Subject: Pregnancy and Lactation Labeling Rule (PLLR) Formatting Recombination’s 
 
Proposed 
Indication:  

• excessive daytime sleepiness (EDS) in adult patients with narcolepsy 
• cataplexy in adult patients with narcolepsy 

 
Materials 
Reviewed:   

• December 14, 2018, Original New Drug Application for Wakix (pitolisant) for NDA 
211150 

• DPMH consult from DPP for Wakix (pitolisant) NDA 211150, DARRTS Reference ID 
4379887 
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Consult Question: “Requesting a review of the prescribing information for compliance with 
PLLR.” 
 
INTRODUCTION AND BACKGROUND 
On December 14, 2018, Harmony BioSciences, LLC submitted an Original New Drug 
Application for Wakix (pitolisant) tablets for excessive daytime sleepiness (ESD) in adult 
patients with narcolepsy, and cataplexy in adult patients with narcolepsy.  The Division of 
Psychiatry Products (DPP) consulted the Division of Pediatric and Maternal Health (DPMH) on 
January 23, 2019, to assist with the Pregnancy and Lactation subsections of labeling. 
 
Pitolisant is a histamine 3 (H3) receptor antagonist/inverse agonist not yet approved in 
the United States; however, pitolisant is currently marketed in Belgium, France, Germany, 
Ireland, Italy and the United Kingdom for the treatment of narcolepsy in adults with or without 
cataplexy.   
 
Table 1. Pitolisant Drug Characteristics1 
Drug Class histamine 3 (H3) receptor antagonist/inverse agonist 
Mechanism of Action 

Dose and Administration 35.6 mg orally once daily (two 17.8 mg tablets) in the morning 
upon awakening 

Molecular Weight 332 Daltons 
Protein Binding 91 to96% bound to serum proteins 
Terminal Half-Life Median half-life ~20 hours (range 7.5 to24.2 hours) after single 

dose of 35.6 mg 
Bioavailability 84% when comparing areas under the curves determined by 

radioreceptor assay after oral and IV administration2 
Adverse Reactions Most common: headache, insomnia, nausea, anxiety, irritability 

and decreased appetite 
Postmarketing: abnormal behavior and dreams, depression, 

, fatigue,  
, nightmare,  pruritus, 

, weight increase 
 
  

                                                           
1 Pitolisant proposed package insert. 
2 Schwartz J. The histamine H3 receptor: from discovery to clinical trials with pitolisant. British Journal of 
Pharmacology. 2011, 163:713-712. 
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REVIEW 
PREGNANCY 
Narcolepsy/Excess daytime sleepiness (EDS) and Pregnancy 

• Narcolepsy is rare (0.2 to 0.18% of the US and European populations).3 Narcolepsy onset 
is typically seen between ages 15 and 40. Patients with narcolepsy often require 
medication daily in order to control excess daytime sleepiness and cataplexy.3 

• How narcolepsy affects pregnancy is not well documented; however, there is one case 
report documenting cataplecticus during labor in a woman with narcolepsy who required 
an emergency cesarean delivery.3,4 

• In a retrospective cohort study in two European countries, female narcoleptic patients 
with and without cataplexy completed questionnaires regarding pregnancy and childbirth, 
and pregnancy outcomes were comparable to the general population.3 

• In a retrospective case-control study in 25 patients with narcolepsy with cataplexy 
compared to 75 women in the control group, outcomes related to pregnancy, birth, 
delivery and the puerperium were similar among both groups.5 

• In a survey sent worldwide to narcolepsy specialists, 34 responses were received from the 
US (n=10), Brazil (n=3), Czech Republic (n=2), France (n=2), Italy (n=2), Netherlands 
(n=2), Canada (n=1), Denmark (n=1), Finland (n=1), Germany (n=1), Japan (n=1), Spain 
(n=1), unknown (n=7), it was revealed that pregnancy patients are managed in a variety 
of ways and varies greatly from physician to physician and from country to country.6 

o Responders had 20 years of experience in sleep medicine and saw an average of 
five narcolepsy patients per week. 

o Most narcoleptic patients have vaginal delivery without complications and if 
cesarean section is warranted there appears to be no risk of anesthetic or surgical 
issues. 

• Lifestyle changes for narcolepsy includes short naps, maintaining a regular sleep 
schedule, avoiding caffeine or alcohol before bed, avoiding smoking, daily exercise, 
avoiding heavy meals before bedtime and having a relaxing bedtime routine.7   

• First-line medication treatment for narcolepsy includes a central nervous system 
stimulant such as modafinil.  Other approved medications treatments include 
amphetamine-like stimulants and sodium oxybate. 
 

Nonclinical Experience 
In animal reproductive studies, administration of pitolisant during organogenesis caused 
maternal and embryofetal toxicity in rats and rabbits at doses ≥ 13 and > 4 times the maximum 
recommended human dose (MRHD), of 40 mg based on mg/m2 body surface area, respectively. 
Oral administration of pitolisant to female rats during pregnancy and lactation adversely affected 
                                                           
3 Maurovich-Horvat E et al. Narcolepsy and pregnancy: a retrospective European evaluation of 249 pregnancy. J 
Sleep Res. 2013, 22:496-512. 
4 Ping LS et al. Status cataplecticus leading to the obstetric complication of prolonged labor. J Clin Sleep Med. 
2007, 3(1):56-7. 
5 Calvo-Ferrandiz E and R Peraita-Adrados. Narcolepsy with cataplexy and pregnancy: a case-control study. J Sleep 
Res. 2018, 27:270-274. 
6 Thorpy M et al. Management of narcolepsy during pregnancy. Sleep Medicine. 2013, 14:367-376. 
7 Narcolepsy Fact Sheet. National Institute of Health. National Institute of Neurological Disorders and Stroke. Last 
updated 14 May 2019. https://www ninds nih.gov/Disorders/Patient-Caregiver-Education/Fact-Sheets/Narcolepsy-
Fact-Sheet. Accessed 3 June 2019. 
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maternal and fetal health and produced developmental delay at doses ≥ 13 times the MRHD, 
based on mg/m2 body surface area and increased the incidence of major malformations at 22 
times the MRHD (see Data). The reader is referred to the pharmacology/toxicology review by 
James Miller, Ph.D., DARRTS. 
 
Clinical Development Program 
Three subjects reported pregnancies during the single-blind open-label pitolisant study 
(HARMONY III).  Out of the three subjects, there were two reported spontaneous abortions and 
two healthy babies.  One of the three subjects reported a spontaneous abortion and then later 
became pregnant again and reported a healthy delivery. 
 
Table 2. Pitolisant Clinical Development Program Reported Pregnancies 

Subject ID Subject Demographics Exposure Outcome 

 
34-year-old female with 
non-cataplectic 
narcolepsy treated with 
Pitolisant in study 09-10 
(HARMONY III) 

Pitolisant 5 mg/day; also 
taking oral contraceptives 

After 5 months of treatment 
patient reported spontaneous 
abortion at approximately 9 
weeks’ gestation; she 
withdrew from the study in 
order to try to have another 
child 

 
20-year-old female with 
narcolepsy treated with 
Pitolisant in study 09-10 
(HARMONY III) 

Pitolisant 40 mg/day; 
Positive pregnancy test 
approximately 12 months 
into treatment  

Voluntary abortion 
(unspecified date) and 
continued treatment; patient 
later decided to get pregnant 
again and discontinued birth 
control but continued 
Pitolisant; when she became 
pregnant at an unspecified 
date she decided to 
discontinue Pitolisant; 
delivered healthy baby 

 
29-year-old female with 
narcolepsy treated with 
Pitolisant in study 09-10 
(HARMONY III) 

Approximately two weeks 
after initiating Pitolisant 
patient had positive 
pregnancy test; dose 
unknown 

Healthy baby delivered 
prematurely but unknown 
gestational age 

 
Review of Pharmacovigilance Database 
According to the applicant’s pharmacovigilance database there were seven spontaneous reports 
of pregnancy in patients who received pilolisant during the post-marketing period from March 
31, 2016 through March 31, 2018.  Follow-up information is only available for five of the seven 
reports.  There were two live-births with no adverse events reported, two spontaneous abortions 
and one voluntary abortion.  The voluntary abortion occurred in a patient also taking modafinil; 
however, no additional information was given.  One spontaneous abortion occurred at an 
unknown gestational age and the other occurred very early in pregnancy approximately 4 days 
after pregnancy was able to be detected. 
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Review of Literature  
The applicant and DPMH conducted a review of published literature and no data with regard to 
pitolisant exposure during pregnancy were found.  There is no additional information in 
Micromedex or Drugs in Pregnancy and Lactation by Briggs and Freeman. 
 
Reviewer comment: The applicant provided an adequate review of the literature to address the 
PLLR requirements with regard to pitolisant exposure during pregnancy.  The reader is referred 
to the Discussion/Conclusion section at the end of this review for DPMH’s opinion of the data 
submission and recommendations. 
 
LACTATION 
Nonclinical Experience 
A study in lactating rats receiving a single oral dose of 30 mg/kg [14C] pitolisant showed that 
radioactivity was present in rat milk. Radiolabelled [14C]-pitolisant (30 mg/kg, free base; 8 
times the MRHD based on mg/m2), was administered to female rats during lactation on day 14 
post-partum. Radioactivity in milk was first measured at 0.25 h post-administration and reached 
a maximum by 6 hours post-administration. The level of radioactivity tended to be higher in milk 
compared to plasma, ranging from approximately 1 to 3 times higher in milk than plasma from 
0.25 to 6 hours post-administration. The reader is referred to the pharmacology/toxicology 
review by James Miller, Ph.D., DARRTS. 
 
Review of Literature 
The applicant and DPMH conducted a review of published literature with regard to pitolisant use 
during breastfeeding and no data were found.  Additionally, there is no information in LactMed, 
Medication and Mothers Milk, or Drugs in Pregnancy and Lactation by Briggs and Freeman. 
 
Reviewer comment: The applicant provided an adequate review of the literature to address the 
PLLR requirements with regard to pitolisant exposure during breastfeeding.  The reader is 
referred to the Discussion/Conclusion section at the end of this review for DPMH’s opinion of 
the data submission and recommendations. 
 
FEMALES AND MALES OF REPRODUCTIVE POTENTIAL 
Nonclinical Experience  
Oral administration of pitolisant at 30, 52, and 90 mg/kg/day to male and female rats prior to and 
throughout mating and continuing in females through early gestation resulted in adverse effects 
at the mid and high doses. These doses are 13 and 22 times the MRHD based on mg/m2 body 
surface area.  A dose-related increase in the percentage of post-implantation loss was observed 
compared to controls, leading to a decrease in the percentage of live conceptuses, at doses 13 and 
22 times the MRDH, based on mg/m2 body surface area. Pitolisant caused dose-related 
abnormalities in sperm morphology abnormalities and decreased motility at doses that are 13 and 
22 times the MRHD based on mg/m2 body surface area without any significant effect on fertility 
indices in male rats. No effects on fertility at 30 mg/kg/day (13-times the MRHD based on 
mg/m2 body surface area. The reader is referred to the pharmacology/toxicology review by 
James Miller, Ph.D., DARRTS. 
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Review of Literature  
The applicant and DPMH conducted a review of published literature with regard to pitolisant use 
in females and males of reproductive potential and no data were found. 
 
Reviewer comment: The applicant conducted a review of the literature to address the PLLR 
requirements with regards to pitolisant and females and males of reproductive potential, and no 
clinical data were found.  After discussion with the DPP Clinical Pharmacology team, it was 
confirmed that pitolisant may interact with hormonal contraception by reducing the systemic 
exposure and effectiveness of hormonal contraception.  Therefore, language will be added to 
subsection 8.3 Females and Males of Reproductive Potential, recommending alternate forms of 
contraception during treatment with pitolisant and for 21 days after discontinuing treatment due 
to the half-life of pitolisant combined with a wash out period.  
 
DISCUSSION AND CONCLUSIONS  
Pregnancy 
Limited available data from the applicant’s clinical development program and 
pharmacovigilance database with pitolisant use in pregnant women are insufficient to assess a 
drug-associated risk of major birth defects, miscarriage or adverse maternal or fetal outcomes.  
Additionally, in animal reproduction studies in rats, pitolisant was shown to cross the placenta 
and cause maternal and embryofetal toxicity in rats and rabbits at ≥ 13 and ≥ 4 times the MRHD 
based on mg/m2 body surface area. 
 
In addition, since pitolisant is indicated for a condition that would be expected to be seen in 
females of reproductive potential and during pregnancy and since there are concerns for fetal 
harm based on data from animal reproduction studies, DPMH recommends a post-marketing 
requirement (PMR) for the applicant conduct a pregnancy exposure registry and a 
complementary study of a different design.  DPMH also recommends that language regarding the 
pregnancy exposure registry is included in subsection 8.1 of labeling.  
 
Lactation 
Radiolabeled pitolisant is present in the milk of lactating rats during lactation on day 14 post-
partum ranging from 1 to 3 times higher in milk than plasma from 0.25 to 6 hours post-
administration.  There is no information about the presence of pitolisant in human milk.  When a 
drug is present in animal milk, it is likely that the drug will be present in human milk.  There are 
no data to assess the effects of pitolisant and its metabolites on the breastfed infant.  DPMH 
agrees with using the standard risk/benefit language in subsection 8.2 that would allow women 
who are taking pitolisant to breastfeed.   
 
Pitolisant is indicated for a condition that would be expected to be seen in females of 
reproductive potential and during lactation.  The drug is present in animal milk and given the 
drug’s characteristics (molecular weight <800 Daltons, long half-life), it is possible that the drug 
will be present and may accumulate in human milk. Therefore, DPMH recommends a PMR for 
the applicant to conduct a lactation study.  
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Females and Males of Reproductive Potential 
No effects on fertility were demonstrated at a 1-fold higher exposure compared to human 
exposures at therapeutic doses; however, mid and high doses (52 or 90 mg/kg/day) of pitolisant 
to male and female rats prior to and throughout mating and continuing in females through early 
gestation resulted in adverse effects at the mid and high doses.  These doses are 13 and 22 times 
the MRHD based on mg/m2 body surface area.  In addition, dose-related increases in the post-
implantation losses were observed compared to controls at 13 and 22 times the MRHD based on 
mg/m2 body surface area as well as dose-related sperm morphology and decreased motility 
without any significant effect on fertility indices male rats.   
 
In addition, since pitolisant may interact with hormonal contraception and may reduce the 
systemic exposure and effectiveness of hormonal contraception, language will be added to 
subsection 8.3 Females and Males of Reproductive Potential, recommending alternate forms of 
contraception during treatment with pitolisant and for 21 days after discontinuing treatment due 
to the half-life combined with a wash out period. 
  
PMR RECOMMENDATIONS 
DPMH recommends the following: 

1) The applicant should be required to conduct a prospective, registry based observational 
exposure cohort study that compares the maternal, fetal, and infant outcomes of women 
exposed to pitolisant during pregnancy to an unexposed control population. The registry 
will detect and record major and minor congenital malformations, spontaneous abortions, 
stillbirths, elective terminations, small for gestational age, preterm birth, and any other 
adverse pregnancy outcomes. These outcomes will be assessed throughout pregnancy. 
Infant outcomes, including effects on postnatal growth and development, will be assessed 
through at least the first year of life. 

2) The applicant should be required to conduct an additional pregnancy study that uses a 
different design from the Pregnancy Registry (for example a case control study or a 
retrospective cohort study using claims or electronic medical record data with outcome 
validation) to assess major congenital malformations, spontaneous abortions, stillbirths, 
and small for gestational age and preterm birth in women exposed to pitolisant during 
pregnancy compared to an unexposed control population. 

3) The applicant should be required to conduct a lactation study in lactating women who have 
received therapeutic doses of pitolisant using a validated assay to assess concentrations of 
pitolisant in breast milk.  

 
LABELING RECOMMENDATIONS 
DPMH revised sections 8.1, 8.2, 8.3 and 17 of labeling for compliance with the PLLR (see 
below). DPMH refers to the final NDA action for final labeling.   
 
 
 
 
 
 
 

Reference ID: 4455218



8 
 

DPMH Proposed Pregnancy and Lactation Labeling 
 
FULL PRESCRIBING INFORMATION 

WAKIX may reduce the effectiveness of hormonal contraceptives. Patients using hormonal 
contraception should be advised to use an alternative non-hormonal contraceptive method during 
treatment with WAKIX and for 21 days after discontinuation of treatment [see Use in Specific 
Populations (8.3) and Clinical Pharmacology (12.3)]. 
 
8 USE IN SPECIFIC POPULATIONS 
8.1 Pregnancy 
Pregnancy Exposure Registry 
There is a pregnancy exposure registry that monitors pregnancy outcomes in women who are 

 exposed to WAKIX during pregnancy. Patients should be encouraged to 
enroll in the WAKIX pregnancy registry if they become pregnant. To enroll or obtain 
information from the registry, patients can call … 
 
Risk Summary 
Available case reports from clinical trials and postmarketing reports with WAKIX use in 
pregnant women have not determined a drug-associated risk of major birth defects, miscarriage 
or adverse maternal or fetal outcomes.  In animal reproductive studies, administration of 
pitolisant during organogenesis caused maternal and embryofetal toxicity in rats and rabbits at 
doses ≥ 13 and > 4 times the maximum recommended human dose (MRHD), of 40 mg based on 
mg/m2 body surface area, respectively. Oral administration of pitolisant to female rats during 
pregnancy and lactation adversely affected maternal and fetal health and produced 
developmental delay at doses ≥ 13 times the MRHD, based on mg/m2 body surface area and 
increased the incidence of major malformations at 22 times the MRHD (see Data). 
 
The estimated background risk of major birth defects and miscarriage for the indicated 
populations are unknown.  All pregnancies have a background risk of birth defect, loss, or other 
adverse outcomes.  In the U.S. general population, the estimated background risk of major birth 
defects and miscarriage in clinically recognized pregnancies is 2-4% and 15-20%, respectively. 
 
Data 
Animal Data 
Pitolisant was administered orally to pregnant rats during the period of organogenesis at doses of 
30, 52, 90 and 110 mg/kg/day, which are approximately 7, 13, 22 and 27 times the MRHD, 
based on mg/m2 body surface area. Maternal toxicity occurred at > 22 times the MRHD and 
included decrease in body weight, food consumption and convulsions. At these maternally toxic 
doses, no adverse effects on embryofetal development were noted and the no-adverse-effect level 
for embryofetal toxicity is 27 times the MRHD based on mg/m2 body surface area.   
 
Pitolisant was administered intramuscularly to pregnant rabbits during the period of 
organogenesis at doses of 4, 8, and 16 mg/kg/day, which are approximately 2, 4 and 8 times the 
MRHD, based on mg/m2 body surface area.  Maternal toxicity occurred at ≥ 4 times the MRHD 

Reference ID: 4455218

(b) (4)

(b) (4)



9 
 

and included, significant body weight loss and decreased food consumption. Mortality and 
convulsions occurred at 8 times the MRHD. At the maternally toxic dose (8 times the MRHD), 
the incidence of pre-implantation loss and abortions increased with a consequent decrease in the 
number of implantations and live fetuses. Pitolisant was not teratogenic at doses up to 8 times the 
MRHD, however, delayed skeletal development (incomplete ossification and supernumerary 
ribs), was observed. The no-adverse-effect level for maternal toxicity and embryofetal 
development are 2 and 4 times the MRHD based on mg/m2 body surface area, respectively.   
 
Pitolisant was administered orally to pregnant rats from gestation day 7 through lactation day 20 
post-partum at doses of 30, 52, and 90 mg/kg/day, which are 7, 13 and 22 times the MRHD, 
based on mg/m2 body surface area, respectively. Maternal toxicity occurred at 22 times the 
MRHD and included death, CNS signs including convulsions, and significant decrease in body 
weight and food consumption.  At this maternally toxic dose, fetal toxicity included stillbirths, 
postnatal pup mortality (due to lack of milk and/or failure to nurse), and decreased pup length 
and weight. A single female at the mid dose (13 times the MRHD) also failed to produce milk 
resulting in pup mortality. At the maternally toxic dose (22 times the MRHD), pitolisant was 
teratogenic causing major malformations (cleft palate, abnormal limb flexure). F1 toxicity 
included delay in postnatal development (decrease in body weight and length, delay in incisor 
eruption, and delay in testes descent), which occurred at ≥ 13 times the MRHD; however, there 
was no effect on sexual maturation or reproductive capacity of the F1 generation. The no-
adverse-effect level for developmental toxicity is approximately 7 times the MRHD, based on 
mg/m2 body surface area. 
 
8.2 Lactation 
Risk Summary 
There are no data on the presence of pitolisant in human milk, the effects on the breastfed infant, 
or the effects on milk production.  Pitolisant is present in the milk of lactating rats (see Data).  
When a drug is present in animal milk, it is likely that the drug will be present in human milk.  
The developmental and health benefits of breastfeeding should be considered along with the 
mother’s clinical need for WAKIX and any potential adverse effects on the breastfed infant from 
WAKIX or from the underlying maternal condition. 
 
Data  
Radiolabelled [14C]-pitolisant (30 mg/kg, free base; 8 times the MRHD based on mg/m2), was 
administered to female rats during lactation on day 14 post-partum. Radioactivity in milk was 
first measured at 0.25 h post-administration and reached a maximum by 6 hours post-
administration. The level of radioactivity tended to be higher in milk compared to plasma, 
ranging from approximately 1 to 3 times higher in milk than plasma from 0.25 to 6 hours post-
administration. 
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8.3 Females and Males of Reproductive Potential  
Contraception 
WAKIX may reduce the effectiveness of hormonal contraceptives. Patients using hormonal 
contraception should be advised to use an alternative non-hormonal contraceptive method of 
contraception during treatment with WAKIX and for 21 days after discontinuation of treatment 
[see Drug Interactions (7.1) and Clinical Pharmacology (12.3)]. 
 
 
17    PATIENT COUNSELING INFORMATION 
Contraception 
Advise patients that use of WAKIX may reduce the efficacy of hormonal contraceptives.  Advise 
patients using hormonal contraceptive to use an alternative non-hormonal contraceptive method 
of contraception during treatment [see Drug Interactions (7.1) and Use in Specific Populations 
(8.3)].  
 
 

Reference ID: 4455218



--------------------------------------------------------------------------------------------
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.
--------------------------------------------------------------------------------------------
/s/
------------------------------------------------------------

CARRIE M CERESA
06/27/2019 02:32:56 PM

MIRIAM C DINATALE
06/27/2019 03:08:49 PM

LYNNE P YAO
07/03/2019 12:34:34 PM

Signature Page 1 of 1

Reference ID: 4455218



1

MEMORANDUM 
REVIEW OF REVISED LABELS AND LABELING

Division of Medication Error Prevention and Analysis (DMEPA) 
Office of Medication Error Prevention and Risk Management (OMEPRM)

Office of Surveillance and Epidemiology (OSE)
Center for Drug Evaluation and Research (CDER)

Date of This Memorandum: June 6, 2019

Requesting Office or Division: Division of Psychiatry Products (DPP)

Application Type and Number: NDA 211150

Product Name and Strength: Wakix (pitolisant) tablets
4.45 mg and 17.8 mg 

Applicant/Sponsor Name: Bioprojet Pharma

FDA Received Date: May 31, 3019

OSE RCM #: 2019-23-1

DMEPA Safety Evaluator: Loretta Holmes, BSN, PharmD

DMEPA Team Leader: Sevan Kolejian, PharmD, MBA

1 PURPOSE OF MEMORANDUM
The Division of Psychiatry Products (DPP) requested that we review the revised container labels 
and carton labeling for Wakix (Appendix A) to determine if they are acceptable from a 
medication error perspective.  The revisions are in response to recommendations that we made 
in a previous labels and labeling review.a 
2  CONCLUSION
The Applicant submitted revised container labels and carton labeling, received on May 31, 
2019, for Wakix. The Applicant implemented all of our recommendations and we have no 
additional recommendations at this time.

a Holmes L. Labels and Labeling Review for Wakix (NDA 211150). Silver Spring (MD): FDA, CDER, OSE, DMEPA (US); 
2019 May 06. RCM No.: 2019-23.

Reference ID: 4444754

2 Page(s) of Draft Labeling have been Withheld in Full as B4 (CCI/TS) 
immediately following this page 
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LABELS AND LABELING REVIEW
Division of Medication Error Prevention and Analysis (DMEPA) 

Office of Medication Error Prevention and Risk Management (OMEPRM)
Office of Surveillance and Epidemiology (OSE)

Center for Drug Evaluation and Research (CDER)

*** This document contains proprietary information that cannot be released to the public***

Date of This Review: May 6, 2019

Requesting Office or Division: Division of Psychiatry Products

Application Type and Number: NDA 211150

Product Name and Strength: Wakix (pitolisant) tablets
4.45 mg and 17.8 mg 

Product Type: Single Ingredient Product

Rx or OTC: Rx

Applicant/Sponsor Name: Bioprojet Pharma

FDA Received Date: December 14, 2018 

OSE RCM #: 2019-23

DMEPA Safety Evaluator: Loretta Holmes, BSN, PharmD

DMEPA Team Leader: Sevan Kolejian, PharmD, MBA
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1 PURPOSE OF REVIEW
As part of the approval process for Wakixa (pitolisant) tablets, 4.45 mg and 17.8 mg, the 
Division of Psychiatry Products (DPP) requested that we review the proposed labels and 
labeling for areas that may lead to medication errors. 

2 MATERIALS REVIEWED 
Table 1.  Materials Considered for this Label and Labeling Review

Material Reviewed Appendix Section 
(for Methods and Results)

Product Information/Prescribing Information A

Previous DMEPA Reviews           B (N/A)

ISMP Newsletters                            C (N/A)

FDA Adverse Event Reporting System (FAERS)*           D (N/A)

Other            E (N/A)

Labels and Labeling F

N/A=not applicable for this review
*We do not typically search FAERS for our label and labeling reviews unless we are aware of 
medication errors through our routine postmarket safety surveillance

3 FINDINGS AND RECOMMENDATIONS

Tables 2 and 3 below include the identified medication error issues with the submitted labels 
and labeling, DMEPA’s rationale for concern, and the proposed recommendation to minimize 
the risk for medication error.  

Table 2: Identified Issues and Recommendations for the Division of Psychiatry Products

Prescribing Information

IDENTIFIED ISSUE RATIONALE FOR CONCERN RECOMMENDATION

General Issues

1. The Applicant proposes 
4.45 mg and 17.8 mg 
tablet strengths.

The numbers beyond the 
decimal point are not 
common among product 
strengths and may 
contribute to strength 
specification and dose 
calculation errors.  

Consider whether the 
strengths can be rounded to 
numbers that are easier to 
work with.

a The proposed proprietary name “Wakix” was found conditionally acceptable in OSE Review #2018-28016726, 
dated March 7, 2019.
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We defer to OPQ to 
determine the final strength 
presentations for Wakix. 

2. The storage statement 
on the carton labeling is 
not consistent with the 
Storage and Handling 
statement in Section 
16.2 of the Prescribing 
Information (PI).

Inconsistency between the 
storage statement on the 
carton labeling and PI may 
lead to confusion.

Ensure the storage statement 
is consistent across the carton 
labeling and PI.  We defer to 
OPQ to determine the final 
statement of strength.

Table 3: Identified Issues and Recommendations for Bioprojet Pharma (entire table to be 
conveyed to Applicant)

Container Labels
1. The 4.45 mg and 17.8 mg 

strengths are not clearly 
differentiated due to the 
similarity between the 
blue and green colors 
which also overlap with 
the font colors used for 
the proprietary name.

Lack of adequate 
differentiation may 
contribute to product 
selection errors.

Consider the use of different colors, 
boxing, or some other means to 
provide adequate differentiation 
between the container labels.  
Additionally, consider revising the 
color scheme of the 4.45 mg and 
17.8 mg strengths such that either 
the strength or the proprietary 
name appears in its own unique 
color and the color does not overlap 
with any other colors utilized in 
highlighting the strengths.

2. The “Rx only” and net 
quantity statements on 
the principal display 
panel (PDP) are too 
prominent due to their 
bold font. 

The prominence of the “Rx 
only” and net quantity 
statements detract 
attention from  product 
identifying information on 
the principal display panel 
(PDP) such as the 
proprietary name, 
established name and 
strength.

Decrease the prominence of the “Rx 
only” and net quantity statements 
by unbolding the font.

3. The NDC number 
(highlighted in green) 
associated with the 
linear barcode on the 

The incorrect NDC number 
may lead to confusion and 
errors in product 
identification.

Replace the linear barcode NDC 
number with the correct NDC 
number.
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17.8 mg strength label is 
incorrect [i.e.,                        
(01) 00372028045036].  
This is the NDC number 
for the 4.45 mg strength.

4. The proposed expiration 
date format is not 
indicated on the labels.  

We are unable to evaluate 
the expiration date format 
because it is not indicated 
on the labels.  It is 
important that the 
expiration date formatting 
is clearly presented in order 
to help minimize confusion 
and reduce the risk of 
deteriorated drug 
medication errors.

We recommend the human-
readable expiration date on the 
drug package label include a year, 
month, and non-zero day.  We 
recommend the expiration date 
appear in YYYY-MM-DD format if 
only numerical characters are used 
or in YYYY-MMM-DD if alphabetical 
characters are used to represent 
the month.  If there are space 
limitations on the drug package, the 
human-readable text may include 
only a year and month, to be 
expressed as: YYYY-MM if only 
numerical characters are used or 
YYYY-MMM if alphabetical 
characters are used to represent 
the month.  We recommend that a 
hyphen or a space be used to 
separate the portions of the 
expiration date.

Carton Labeling
1. The 4.45 mg and 17.8 mg 

strengths are not clearly 
differentiated due to the 
similarity between the 
blue and green colors 
which also overlap with 
the font colors used for 
the proprietary name.

Lack of adequate 
differentiation may 
contribute to product 
selection errors.

Consider the use of different colors, 
boxing, or some other means to 
provide adequate differentiation 
between the container labels.  
Additionally, consider revising the 
color scheme of the 4.45 mg and 
17.8 mg strengths such that either 
the strength or the proprietary 
name appears in its own unique 
color and the color does not overlap 
with any other colors utilized in 
highlighting the strengths.

2. The “Rx only” and net 
quantity statements are 
too prominent due to 
their bold font. 

The prominence of the “Rx 
only” and net quantity 
statements detract 
attention from information 

Decrease the prominence of the “Rx 
only” and net quantity statements 
by unbolding the font.
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product identifying 
information such as the 
proprietary name, 
established name and 
strength.

3. The proposed expiration 
date format is not 
indicated on the carton 
labeling  

We are unable to evaluate 
the expiration date format 
because it is not indicated 
on the carton labeling.  It is 
important that the 
expiration date formatting 
is clearly presented in order 
to help minimize confusion 
and reduce the risk of 
deteriorated drug 
medication errors.

We recommend the human-
readable expiration date on the 
drug package label include a year, 
month, and non-zero day.  We 
recommend the expiration date 
appear in YYYY-MM-DD format if 
only numerical characters are used 
or in YYYY-MMM-DD if alphabetical 
characters are used to represent 
the month.  If there are space 
limitations on the drug package, the 
human-readable text may include 
only a year and month, to be 
expressed as: YYYY-MM if only 
numerical characters are used or 
YYYY-MMM if alphabetical 
characters are used to represent 
the month.  We recommend that a 
hyphen or a space be used to 
separate the portions of the 
expiration date.

4. The carton labeling does 
not have a 2D matrix 
barcode.

A 2D data matrix barcode is 
used for tracking and 
tracing purposes.

In September 2018, FDA released 
draft guidance on product 
identifiers required under the Drug 
Supply Chain Security Act.1 The Act 
requires manufacturers and 
repackagers, respectively, to affix or 
imprint a product identifier to each 
package and homogenous case of a 
product intended to be introduced 
in a transaction in(to) commerce 
beginning November 27, 2017, and 
November 27, 2018, respectively.  
We recommend that you review the 
draft guidance to determine if the 
product identifier requirements 
apply to your product’s labeling.
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1The draft guidance is available at:  
https://www.fda.gov/ucm/groups/f
dagov-public/@fdagov-drugs-
gen/documents/document/ucm621
044.pdf. 

5. The carton labeling have 
 

 
 

 However, it is not 
clear what will be placed 
in that location.

We are unable to assess the 
 area of the carton 

labeling.

Explain or indicate on the carton 
labeling the information that will be 
placed in the  area.

4 CONCLUSION 

Our evaluation of the proposed labels and labeling identified areas of vulnerability that may 
lead to medication errors.  Above, we have provided recommendations in Table 2 for the 
Division and Table 3 for the Applicant. We ask that the Division convey Table 3 in its entirety to 
the Applicant so that recommendations are implemented prior to approval of this NDA.
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APPENDICES:  METHODS & RESULTS FOR EACH MATERIALS REVIEWED 
APPENDIX A. PRODUCT INFORMATION/PRESCRIBING INFORMATION

Table 4 presents relevant product information for Wakix that Bioprojet Pharma submitted on 
December 14, 2018. 

 
Table 4. Relevant Product Information for Wakix

Initial Approval Date N/A

Active Ingredient pitolisant

Indication Indicated for the treatment of: 
 Excessive daytime sleepiness (EDS) in adult patients with 

narcolepsy 
 Cataplexy in adult patients with narcolepsy

Route of Administration Oral

Dosage Form Tablets

Strengths 4.45 mg and 17.8 mg

Dose and Frequency The recommended dose is 35.6 mg administered orally once 
daily (two 17.8 mg tablets) in the morning upon wakening. 
Patients should be titrated to 35.6 mg once daily as follows: 
 Week 1: Initiate treatment with 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

How Supplied 30-count bottles

Storage Store at 20° C to 25o C (68° F to77o F); excursions permitted 
between 15° C to 30° C (59° F to 86° F) [see USP Controlled Room 
Temperature].

Container Closure

Reference ID: 4429183
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APPENDIX F. LABELS AND LABELING 
F.1 List of Labels and Labeling Reviewed

Using the principles of human factors and Failure Mode and Effects Analysis,b along with 
postmarket medication error data, we reviewed the following Wakix labels and labeling 
submitted by Bioprojet Pharma on December 14, 2019.

 Container labels 
 Carton labeling 
 Prescribing Information (Image not shown) 

F.2 Labels and Labeling Images

Container Labels

b Institute for Healthcare Improvement (IHI).  Failure Modes and Effects Analysis.  Boston. IHI:2004. 
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EXECUTIVE SUMMARY 

The Division of Psychiatry Products (DPP) is reviewing a New Drug Application (NDA) for 
pitolisant, a histamine H-3-receptor (H3R) inverse agonist/antagonist that has been marketed in 
the European Union (EU) since 2016 for the treatment of excessive daytime sedation in patients 
with narcolepsy with or without cataplexy. To assist in their review of the application, DPP has 
requested that the Division of Pharmacovigilance (DPV) perform an analysis of EU 
postmarketing adverse event (AE) reports, as well as data from the sponsor’s most recent 
(fourth) Periodic Benefit Risk Evaluation Report (PBRER-4).  
 
DPV completed a high-level overview of postmarketing AE reports submitted to VigiBase and 
FAERS. We identified the most frequently reported Medical Dictionary for Regulatory Activities 
(MedDRA) Preferred Terms (PTs) but did not identify any new safety risks associated with 
pitolisant. Based on review of the PBRER and information provided by the European Medicines 
Agency (EMA), there have been no new risks identified for pitolisant in the postmarketing 
period, compared to the premarketing safety profile. The total postmarketing exposure for 
pitolisant has been low. During this reporting period, the sponsor has not taken or proposed any 
regulatory actions for safety reasons. They concluded that their review of the cumulative safety 
information obtained during the reporting period has not revealed any new major findings that 
impact the established overall safety profile of the product. Based on the information and 
analyses submitted by the sponsor, their conclusions seem reasonable. In the previous reporting 
period, the sponsor noted two cases of suicidal ideation and one case of mania in patients treated 
with pitolisant. They will perform cumulative reviews for these events. 
 
The sponsor has provided an adequate summary and analysis of the relevant safety issues in 
PBRER-4. FDA continues to review the NDA for pitolisant. DPV has not identified any specific 
safety issues for further review. Currently, there are no safety issues that would require 
consideration of a risk evaluation or mitigation strategy (REMS).  
 
Currently, DPV does not have specific regulatory recommendations for further safety analysis, 
enhanced pharmacovigilance, or postmarketing requirements or commitments. DPV will conduct 
routine pharmacovigilance regarding the safety issues that the sponsor has identified in their risk 
management plan and PBRER, including suicidal ideation and behavior (SIB) and mania. We 
await the sponsor’s cumulative analyses of events related to SIB and mania in the next PBRER. 
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1 INTRODUCTION 

The Division of Psychiatry Products (DPP) is reviewing a New Drug Application (NDA) for 
pitolisant, a product marketed in the European Union (EU) for the treatment of narcolepsy with 
or without cataplexy. To assist in their review of the application, DPP has requested that the 
Division of Pharmacovigilance (DPV) perform an analysis of EU postmarketing adverse event 
(AE) reports, as well as data from the sponsor’s most recent (fourth) Periodic Benefit Risk 
Evaluation Report (PBRER-4).1 

1.1 BACKGROUND 

Pitolisant is a histamine H-3-receptor (H3R) inverse agonist/antagonist marketed in the EU for 
the treatment of excessive daytime sedation in patients with narcolepsy with or without cataplexy 
since 2016. The recommended dose range is 9 mg to 36 mg daily, as specified in the EU product 
labeling.2 It is formulated as 4.5-mg and 18-mg film coated tablets.  

The histaminergic system has a major role in the maintenance of the waking state.3 
Histaminergic neurons are located exclusively in the posterior hypothalamus (tuberomammillary 
nucleus) from where they project to most areas of the central nervous system (CNS). The H3Rs 
are autoreceptors damping histamine synthesis, the firing frequency of histamine neurons, and 
the release of histamine from axons.3 These actions extend to heteroreceptors on the axons of 
most other neurotransmitter systems, allowing a powerful control over multiple homeostatic 
functions. Histaminergic neurons expressing H3R are mainly active during the day and remain 
almost silent during the night, promoting wakefulness. Thus, pharmacological blockade of the 
H3Rs enhances histaminergic neuron activity and results in the promotion of wakefulness.4 In 
narcoleptic patients with or without cataplexy, pitolisant can improve the level and duration of 
wakefulness and daytime alertness, as assessed by objective measures of ability to sustain 
wakefulness (e.g., Maintenance of Wakefulness Test) and attention (e.g., Sustained Attention to 
Response Task).2 

 
Based on the sponsor’s estimates, there is relatively little use of the drug in the EU.1 In the 
PBRER-4, the sponsor concluded that review of the cumulative pitolisant safety data has not 
revealed any significant or new findings. The safety profile appears consistent with the safety 
profile established in the premarketing studies. During this reporting period, the sponsor has not 
taken or proposed any regulatory actions for safety reasons.  

1.2 REGULATORY HISTORY 

The initial EU approval date for pitolisant was March 31, 2016. The product is authorized in all 
27 EU countries; however, it is currently marketed in only the following countries: Belgium, 
France, Germany, Ireland, Italy, and the United Kingdom (UK). DPP is currently reviewing the 
NDA for pitolisant. The proposed indication includes the treatment of excessive daytime 

 in patients with narcolepsy . The recommended doses 
proposed are the same as those approved in the EU.  
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1.3 SPONSOR’S SUMMARY OF SAFETY CONCERNS 

In Table 1 below (reproduced from the PBRER-41), the sponsor has summarized the 
current safety concerns as outlined in their Risk Management Plan (RMP). These 
safety concerns are categorized by 1) important identified risks, 2) important potential 
risks, and 3) missing information. The sponsor stated that the summary of safety 
concerns remains unchanged since the previous PBRER (PBRER-3). These safety 
concerns are discussed in the EU product labeling, which is presented in the following 
section of this review. 

 
 

1.4 EU PRODUCT LABELING 

This section presents excerpts of the EU product labeling regarding CONTRAINDICATIONS, 
SPECIAL WARNINGS AND PRECAUTIONS FOR USE, and UNDESIRABLE EFFECTS.2 
These items in the product labeling parallel the safety concerns outlined above in the Sponsor’s 
Summary of Safety Concerns from the PBRER-4.1 

 

Table 1. Sponsor’s Summary of Safety Concerns (reproduced from PBRER-4 Table 11)1 

Important 
identified risks 

Insomnia  
Gastric disorders w/hyperacidity  
Anxiety 
Depression  
Weight increase 
Adverse effects as a result of increased exposure in patients 

• with impaired hepatic function, or renal impairment 
• co-administration with CYP2D6 inhibitors, 
• CYP2D6 genetic polymorphism 

Important   
potential risks 

Proconvulsive potential  
QT interval prolongation.  
Fertility disorders 
Exposure during pregnancy and lactation 
Interaction w/ drugs w/ histamine H1 receptor antagonism activity.  
Drug abuse and misuse 
Drug dependence  
Rebound effect 

Missing 
information 

Long-term safety data 
Pharmacokinetic interactions  
Pediatric patients (efficacy and safety data) 
Patients with severe hepatic impairment (Child Pugh C) 
Patients with severe renal impairment (creatinine clearance <15 
ml/min)  
Patients with underlying severe cardiovascular diseases 
Patients with severe depression and severe anxiety 
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4.3 Contraindications 
Hypersensitivity to the active substance or to any of the excipients listed in section 6.1. 
[List of Excipients] 
 
Severe hepatic impairment (Child-Pugh C).  
 
Breastfeeding [see section 4.6 (Fertility, pregnancy and lactation)]. 

 
4.4 Special warnings and precautions for use 

 
 Psychiatric disorders 

Pitolisant should be administered with caution in patients with history of psychiatric 
disorders such as severe anxiety or severe depression with suicidal ideation risk. 

 
Reviewer’s Comment: This appears to be based on AE findings in the controlled trials, in 
which psychiatric events were among the most common types of AEs reported. However, 
some of these events also occur relatively commonly as background events in patients 
with narcolepsy and excessive daytime sedation. (See 4.8 Undesirable effects, Summary 
of the safety profile below.) 

 
Hepatic or renal Impairment 
Pitolisant should be administered with caution in patients with either renal impairment or 
moderate hepatic impairment (Child-Pugh B) and dosing regimen should be adapted 
according to section 4.2. 

 
Gastrointestinal disorders  
Gastric disorders reactions have been reported with pitolisant, therefore it should be 
administered with caution in patients with acid related gastric disorders (see Section 4.8) 
or when co-administered with gastric irritants such as corticosteroids or NSAID. 

 
Nutrition disorders  
Pitolisant should be administered with caution in patients with severe obesity or severe 
anorexia (see Section 4.8). In case of significant weight change, treatment should be re-
evaluated by the physician. 

 
Cardiac disorders  
In two dedicated QT studies, supra-therapeutic doses of pitolisant (3-6-fold the 
therapeutic dose, that is 108 mg to 216 mg) produced mild to moderate prolongation of 
QTc interval (10-13 ms). In clinical trials, no specific cardiac safety signal was identified 
at therapeutic doses of pitolisant. Nevertheless, patients with cardiac disease, co-
medicated with other QT-prolonging medicinal products or known to increase the risk of 
repolarization disorders, or co-medicated with medicinal products that significantly 
increase pitolisant Cmax and AUC ration (see section 4.5) or patients with severe renal or 
moderate hepatic impairment (see section 4.4) should be carefully monitored (see section 
4.5).  

 

Reference ID: 4427507



 

5 

Epilepsy  
Convulsions were reported at high doses in animal models (see section 5.3). In clinical 
trials, one case of epilepsy aggravation was reported in one epileptic patient. Caution 
should be taken for patients with severe epilepsy. 
Women of childbearing potential  
Women of childbearing potential have to use effective contraception during treatment 
and at least up to 21 days after discontinuation (based on pitolisant/metabolites half-life). 
Pitolisant may reduce the effectiveness of hormonal contraceptives. Therefore, an 
alternative method of effective contraception should be used if the patient is using 
hormonal contraceptives (see sections 4.5 and 4.6).  

 
Drug-drug Interactions  
The combination of pitolisant and substrates of CYP3A4 having a narrow therapeutic 
margin should be avoided (see section 4.5). 

 
Rebound effect  
No rebound effect was reported during clinical trials. However, treatment discontinuation 
should be monitored. 

 
 4.5 Interaction with other medicinal products and other forms of interaction 

Reviewer’s Comment: This section of the labeling discusses several important potential 
drug-drug interactions between pitolisant and the following types of medications: 
tricyclic and tetracyclic antidepressants, antihistamines, QT interval-prolonging 
substances, CYP3A inducers, CYP2D6 inhibitors, substrates of CYP3A4 and CYP2D6, 
hormonal contraceptives, and substrates of OCT1. 

 
4.8 Undesirable effects 
Summary of the safety profile 
The most frequent adverse drug reactions (ADRs) reported with pitolisant were insomnia 
(8.4%), headache (7.7%), nausea (4.8%), anxiety (2.1%), irritability (1.8%), dizziness 
(1.4%), depression (1.3%), tremor (1.2%), sleep disorders (1.1%), fatigue (1.1%), 
vomiting (1.0%), vertigo (1.0%), dyspepsia (1.0%), weight increase (0.9%), abdominal 
pain upper (0.9%). The most serious ADRs are abdominal weight decrease (0.09%) and 
abortion spontaneous (0.09%). 

 
Reviewer’s Comment: The Undesirable effects section does not provide the AE rates for 
the placebo group. 

2 METHODS AND MATERIALS 

2.1 ADVERSE EVENT DATABASE SEARCH STRATEGIES 

2.1.1 FAERS Search Strategy 
 DPV searched the FAERS database with the strategy described in Table 2. 
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Table 2.  FAERS Search Strategy* 
Date of Search March 6, 2019 
Time Period of Search All reports through March 5, 2019 
Search Type  FBIS Quick Query 
Product Terms Product active ingredient: pitolisant, pitolisant 

hydrochloride 
MedDRA Search Terms 
(Version 21.1) 

All adverse events 

* See Appendix A for a description of the FAERS database.     
FBIS=FDA Business Intelligence Solution; MedDRA=Medical Dictionary for Regulatory Activities 

   

2.1.2 VigiBase Search Strategy 
DPV searched the Vigibase database with the strategy described in Table 3. 
 
Table 3.  VigiBase Search Strategy* 
Date of Search March 8, 2019 
Time Period of Search All reports through March 3, 2019 
Drug Pitolisant (Substance) 
MedDRA Search Terms 
(Version 21.1) 

All adverse events 

* See Appendix B for a description of the Vigibase database.     
MedDRA=Medical Dictionary for Regulatory Activities 

2.1.3 Eudravigilance 
DPV searched the Eudravigilance database with the strategy described in Table 4.  DPV 
utilized these results to deduplicate reports only since the pitolisant cases retrieved from 
the Eudravigilance database were reviewed by DPP Medical Officer Dr. Martine Solages 
during her ongoing clinical review.  
 

Table 4.  Eudravigilance Search Strategy* 
Date of Search March 8, 2019 
Time Period of Search All reports through March 2019 
Search Type  Suspected adverse drug reaction reports search 
Drug Pitolisant (Substance) 
Adverse Event All adverse events 
* See Appendix C for a description of the Eudravigilance database.     

 

2.2 PERIODIC BENEFIT RISK EVALUATION REPORT  4 

DPV reviewed the fourth PBRER for pitolisant.1 The report covers the period October 1, 2017 to 
March 31, 2018. 

Reference ID: 4427507



 

7 

2.3 LITERATURE SEARCH 

DPV searched the medical literature with the strategy described in Table 5. 
 

Table 5.  Literature Search Strategy 
Date of Search March 20, 2019 
Database Embase, PubMed@FDA 
Search Terms Pitolisant AND Safety  
Years Included in Search 1990 through March 20, 2019 

 

2.4 FDA INFORMATION REQUEST TO THE EUROPEAN MEDICINES AGENCY (EMA) 

On March 22, 2019, DPV submitted an information request to EMA through our liaison for the 
FDA-EMA Pharmacovigilance Cluster. We asked whether EMA has identified or are reviewing 
any new safety signals or risks with pitolisant, compared to the pre-marketing safety profile. We 
specifically asked whether there have been any signals regarding the following potential safety 
issues: abuse, misuse, withdrawal/rebound effects, dependence; seizure; QT interval 
prolongation or arrhythmia; or psychiatric events (suicidal ideation and behavior, depression, 
anxiety, mania, irritability). 

3 RESULTS 

3.1 ADVERSE EVENT DATABASE SEARCH RESULTS 

The FAERS search retrieved five reports.  After accounting for duplicate reports, four reports 
were included in the case series of all AEs reported with pitolisant use.   
 
The VigiBase search retrieved 121 individual case safety reports (ICSRs), four of which were 
already included in the FAERS search results.   
 
The Eudravigilance search retrieved 55 reports, two of which were downloaded to FAERS and 
included in the FAERS case series of all AEs reported with pitolisant.  Because there was no 
identifiable overlapping characteristics of the reports for deduplication between Eudravigilance 
and Vigibase, there may be duplicate reports between these databases that remain. 
 
Table 6 summarizes the characteristics of the 121 total FAERS and VigiBase reports of all 
adverse events with pitolisant.    
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Table 6.  Descriptive Characteristics of All Adverse Events with Pitolisant in FAERS and 
Vigibase through March 8, 2019 (N=121) 

Age, years (n=101) 
   
 

Median 
Mean 
Range 

38 
39 

1.7 to 82 
Sex  
   

Male 
Female 

48 
73 

Source country France 
Italy 
Germany 
Netherlands 
United Kingdom 
Belgium 
Spain 
Slovakia 
Austria 

53 
34 
23 
5 
2 
1 
1 
1 
1 

Outcome* 
   
 

Caused/Prolonged Hospitalization 
Other serious 
Disabling/Incapacitating 
Life Threatening 
Non-serious 

12 
11 
1 
1 
97 

Reason for Use† 
  

Narcolepsy 
Unknown  
Hypersomnia, idiopathic or unspecified 
Sleep apnea 

82 
27 
18 
1 

Reported Daily Dose, 
mg 

Median 
Range 

18  
4.5 to 40 

*  For the purposes of this review, the following outcomes qualify as serious: death, life-threatening, caused/prolonged 
hospitalization, disabling/incapacitating, and other serious important medical events. A case may have more than one 
serious outcome.  

† A case may report more than one reason for use 
 
Below are summaries of the four unique cases submitted to FAERS for pitolisant.  Appendix D 
also contains a line listing of these four cases.   
 
FAERS #11579866, France, Expedited, Received by FDA December 10, 2015  
Outcome: Hospitalization 
A 35-year-old female patient was taking pitolisant for idiopathic hypersomnia for approximately 
one year and experienced an ischemic stroke, which required hospitalization.  Concomitant 
medications included pregabalin for an unknown indication, methylphenidate for idiopathic 
hypersomnia, cyproterone acetate/ethynilestradiol for oral contraception, mometasone furoate, 
paracetamol, and a polyethylene glycol laxative.  Her additional relevant medical history 
included atrial septal defect.  On the day of hospital admission, all medications listed above were 
discontinued and alteplase was administered for thrombolysis.  Brain magnetic resonance 
imaging (MRI) revealed a right internal thalamic ischemic stroke. Five days later the patient was 
discharged home and the outcome was reported as recovered.   
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Reviewer’s comment: Although this patient’s stroke occurred while she was on therapy with 
pitolisant, there are other possible contributing factors including oral contraception, stimulant 
therapy (labeled for serious cardiovascular events, including stroke) and structural heart disease 
confounding this case. 
 
FAERS #14069220, France, Non-Expedited, Received by FDA October 10, 2017 
Outcome: Hospitalization 
A 53-year-old male patient receiving pitolisant (initially 18 mg and titrated to 36 mg), modafinil 
(dose not reported) for narcolepsy and paroxetine (initially 20 mg and titrated to 40 mg) for an 
unknown indication experienced a single episode of manic disorder about one month after 
starting both pitolisant and paroxetine.  The patient was admitted to the hospital and treated with 
lithium, loxapine and cyamemazine.  Both pitolisant and paroxetine were discontinued, and the 
outcome was reported as resolving.  Co-morbidities included cataplexy, sleep apnea, migraine, 
hyperlipidemia, diverticulosis, renal calculus and popliteal cyst, but “no known psychiatric 
disorders.”  Additional information revealed that the patient had a “progressive onset of a manic 
state” as his sleep time decreased with increasing doses of pitolisant.   
 
Reviewer’s comment: Although this case describes a temporal relationship between the start of 
pitolisant therapy and emergence of a manic episode, it also describes an association between 
increased hours spent awake and emergence of this behavior.  This suggests that the manic 
behavior emerged because of improved control of narcolepsy and perhaps this is an underlying 
disease state for the patient rather than an AE of pitolisant. Additionally, paroxetine is labeled 
for hypomania and mania. The role of paroxetine in the emergence of a manic episode cannot be 
ruled out because it was initiated at the same time as pitolisant. This case is possibly a duplicate 
of the mania case described in Section 3.2.1.4 (Case ). 
 
FAERS #15326225, France, Expedited, Received by FDA August 28, 2018 
(Duplicate of Eudravigilance #EU-EC-10001854414) 
Outcome: Hospitalization, Other serious 
A 48-year-old female patient was receiving pitolisant 18 mg daily, venlafaxine 150 mg daily and 
methylphenidate at an unspecified dose, all stated to be indicated for narcolepsy.  Her medical 
history included narcolepsy, deep vein thrombosis, tobacco use, intra-uterine coil, dyslipidemia 
and cataplexy.  Other concomitant medications were not reported.  Approximately nine months 
after starting pitolisant, and an unknown time after the initiation of the other listed medications, 
she experienced a splenic infarction that required hospitalization.  No further information was 
provided regarding treatment of this event.  Methylphenidate was discontinued, and all other 
medications were continued.   
 
Reviewer’s comment: This report lacks sufficient information such as other events leading up to 
splenic infarction and time to onset with respect to concomitant medications to determine 
relatedness of splenic infarction to pitolisant.  The patient also has multiple known risk factors 
for thrombosis including previous deep vein thrombosis, tobacco use, age and female sex, which 
confound this case.  
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FAERS #15046620, France, Expedited, Received by FDA January 24, 2019 
 (Duplicate of Eudravigilance #EU-EC-10001469974) 
Outcome: Other serious 
A male patient of unknown age was on therapy with sodium oxybate 9 g and pitolisant at an 
unknown dose, both for treatment of hypersomnia.  The patient had a past medical history also 
significant for asthma, but concomitant medications were unknown.  Approximately one year 
after initiating pitolisant and approximately four years after initiating sodium oxybate, the patient 
experienced pollakiuria and “malaise during sexual act when lying down.”  Other complaints 
included “head spinning and feeling of absence.”  Urinary tests were normal.  At the time of this 
report, both medications had been continued and the events were not yet resolved. 
 
Reviewer’s comment: This report lists several AEs that occurred approximately one year after 
starting pitolisant, making a temporal relationship unlikely.  Information is lacking regarding 
concomitant medications and other potential causes of the reported AEs, making it difficult to 
assess relatedness of the AEs to pitolisant. 
 
Table 7 contains a list of the most frequent MedDRA Preferred Terms (PTs) reported for 
pitolisant in the ICSRs submitted to Vigibase and FAERS.  Appendix E contains a complete 
listing of all MedDRA PTs reported for pitolisant.  
 

Table 7. MedDRA Preferred Terms reported in ≥ 2 reports for Pitolisant in ICSRs 
submitted to Vigibase and FAERS through March 8, 2019  

MedDRA Preferred Terms (PT) Number of Reports* 
Insomnia  16 
Headache  15 
Nausea 8 
Depression 7 
Irritability 6 
Pruritis 6 
Anxiety  5 
Abnormal dreams 4 
Depressed mood 4 
Fatigue 4 
Hallucination† 4 
Nightmare 4 
Sleep disorder 4 
Weight increased 4 
Abdominal pain upper 3 
Chest discomfort 3 
Drug ineffective 3 
Nervousness 3 
Somnolence  3 
Suicidal ideation 3 
Vomiting 3 
Abnormal behavior 2 
Abulia  2 
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Table 7. MedDRA Preferred Terms reported in ≥ 2 reports for Pitolisant in ICSRs 
submitted to Vigibase and FAERS through March 8, 2019  
Anhedonia 2 
Constipation 2 
Dizziness 2 
Diarrhoea 2 
Dysaesthesia 2 
Dysgeusia 2 
Dyskinesia 2 
Epilepsy or Myoclonic epilepsy 2 
Gastrointestinal disorder 2 
Hyperhidrosis 2 
Malaise 2 
Middle insomnia 2 
Migraine 2 
Musculoskeletal pain 2 
Palpitations 2 
Paraesthesia 2 
Rash 2 
Tachycardia 2 
Terminal insomnia 2 
Tinnitus 2 
Vertigo 2 
* A report may have more than one PT coded 
† Includes the PTs Hallucination (1), Hallucination, visual (2) and Hallucination, mixed (1) 
MedDRA=Medical Dictionary for Regulatory Activities; ICSRs=Individual Case Safety Reports; FAERS=FDA 
Adverse Event Reporting System 

 

3.2 REVIEW OF PBRER-4  

The sponsor (Bioprojet Pharma; France) has submitted the most recent (fourth) PBRER for 
pitolisant.1 The report covers the period October 1, 2017 to March 31, 2018. For the 6-month 
period covered by the PBRER-4, the sponsor estimates that the postmarketing exposure was 
approximately patient-years of exposure (treated monthly). The sponsor suggests that this is 
a relatively low magnitude of total exposure. During this period, the sponsor has not taken or 
proposed any regulatory actions for safety reasons. They have concluded that their review and 
evaluation of the cumulative safety information obtained during the reporting period has not 
revealed any new major findings that impact the established overall safety profile of pitolisant. 
The identified and potential risks associated with pitolisant remain consistent with the 
information available at the beginning of this reporting interval. The sponsor has concluded that 
no new significant risks have been confirmed. However, the sponsor also acknowledges that the 
number of estimated treated patients is still too low to reach conclusions about any potential 
change in the benefit-risk ratio estimated from the clinical program. Based on the information 
and analyses submitted by the sponsor, their conclusions seem reasonable.  
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3.2.1 Safety Findings for the Reporting Period 

3.2.1.1 Ongoing Clinical Trials 
 
A total of 245 subjects were included in two ongoing placebo-controlled clinical studies. One is a 
phase 3 study (P11-06) to assess the efficacy of pitolisant in children with narcolepsy. There 
were 43 subjects enrolled in blinded treatment at the time of data lock. The planned number of 
subjects is 96. There is one phase 3 study (HAROSA III – P15-13) assessing the efficacy of 
pitolisant in adults with obstructive sleep apnea (OSA) syndrome. The plan is to enroll 202 
subjects. The sponsor has concluded that there are no new signals or significant safety findings 
from the ongoing clinical trials. There were no serious AEs (SAEs) related to pitolisant. 

3.2.1.2 Postmarketing Non-Interventional Study Findings 
EMA requested that the sponsor conduct a postmarketing study to assess the identified and 
potential risks outlined in the pitolisant RMP (summarized above in Section 1.3). The study will 
assess safety in populations not assessed in the clinical development program. It began in 2016 
and is expected to enroll 300 patients. It is conducted in France, Germany, Italy, and the UK. As 
of March 2018, 119 patients have been included (84 of which were enrolled in the current 
reporting period). There are 12 cases involving 23 reported AEs, none of which are SAEs. The 
most commonly reported AEs were headache (4), nausea (2), and insomnia (2). No new safety 
signal has been identified from this study. 

3.2.1.3 Postmarketing Experience – Spontaneous AE Reports 
For the cumulative postmarketing experience with pitolisant, the sponsor estimates that the total 
exposure has been  patient-years. The greatest exposure has been in France, followed by 
Germany, UK, Italy, Spain, Netherlands, Ireland, Belgium, and Switzerland. Compassionate use 
programs account for the use in Spain, Netherlands, and Switzerland. For the PBRER-4 reporting 
period specifically, the postmarketing exposure was approximately  patient-years. 
 
For the cumulative postmarketing population reporting AEs, 61% were female, and 39% were 
male. A total of 23% have been SAE reports. For the current reporting period, 67% of patients 
reporting AEs were female, and 33% were male. Approximately 30% of AE reports were SAEs 
for the current reporting period. The sponsor’s table below presents the postmarketing AEs by 
preferred term (PT), for the current reporting period as well as the cumulative postmarketing 
period. The sponsor notes that the most commonly reported AEs (depression, headache, and 
insomnia) were the most frequently reported during previous reporting periods. Of note, 
depression, sleep disturbance, and headache are relatively common background events in 
patients with narcolepsy and excessive daytime sedation. 

 
Serious Adverse Events Reported in the PBRER-4 Period: 
 
Six patients reported a total of 15 SAEs during the current reporting period. One 
patient reported eight AEs. These six SAE cases are presented below. 

 
• Nine SAEs were categorized as psychiatric disorders; five of these were reported 

for a single patient (agitation, confusional state, depression, sleep disorder, and 
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suicidal ideation). The other reported psychiatric AEs were depression (2), 
abnormal behavior, and irritability. 

• Three SAEs were nervous system disorders: epilepsy, insomnia, and headache. 
• One SAE was “gastrointestinal disorder”. 
• One SAE was a vascular disorder (hot flush). 
• One SAE was a cardiac disorder (arrhythmia). 

 
1. Case : A male patient of unknown age had a previous history 

of arrhythmia with modafinil. During treatment with pitolisant 18 mg daily (for an 
unknown indication) the patient had a reported episode of “arrhythmia” (unspecified) for 
which he was hospitalized. The duration of pitolisant treatment was not reported. The 
healthcare professional reported that the patient had not yet recovered, and the reporter 
thought that the arrhythmia was possibly related to treatment with pitolisant. Because of 
the limited information, the sponsor concluded that it is difficult to assess the potential 
relationship between the event and pitolisant.  
 

2. Case : a 35-year-old female patient with a history of 
hypersomnia, anxiety, and depression was treated with an unknown dose of pitolisant. On 
day 19, she reported hot flashes, headache, sleep disturbance, suicidal ideation, worsened 
depression, and agitation. Pitolisant was discontinued. There was no information about 
the pitolisant dose, or outcome of the AEs. The reporter did not provide an opinion about 
causality. The sponsor notes that most of these AEs are discussed in labeling. 
 

3. Case : A 53-year-old male patient was treated with pitolisant 
18 mg daily for an unknown indication. He apparently had a history of psychiatric 
symptoms (unspecified) treated with paroxetine for depression. Approximately 3 months 
after beginning treatment with pitolisant, the patient reported experiencing irritability, 
insomnia, and “disorder behavior”. There were no additional details about the nature of 
the events. The pitolisant dose was decreased. The outcome of events was reported as 
“not recovered”, and the reporter (a pharmacist) suspected that the events were causally 
related to pitolisant.  

Reviewer’s Comment: Given the limited information, apparent history of psychiatric 
symptoms, and long latency of onset of events, it is difficult to assess the potential 
relationship between pitolisant and the events.  
 

4. Case : A 22-year-old female patient with narcolepsy and a 
history of epilepsy was treated with pitolisant 9 mg daily for an unknown duration. The 
physician reporter stated that the patient had a history of well-controlled generalized 
idiopathic epilepsy, treated stably with lamotrigine for one year. She experienced a severe 
and long-lasting seizure episode, for which she was hospitalized. During hospitalization, 
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she experienced two additional seizure episodes and recovered without sequelae. 
Pitolisant was discontinued. The lamotrigine dose was increased. The physician thought 
that pitolisant likely contributed to the seizure episodes.  

Reviewer’s Comment: The EU labeling includes a warning regarding epilepsy. 
 

5.  Case : An 18-year-old female patient was treated with 
pitolisant 36 mg daily for idiopathic hypersomnia. She had a previous history of 
depression. After an unknown duration of pitolisant treatment, the patient experienced “a 
severe depression with suicidal risk.” There were no additional details describing the 
episode or measures for management. Pitolisant was discontinued. The outcome of the 
depression and any related events was not reported.  

Reviewer’s Comment: The sponsor concluded that it was “doubtful” that the events were 
related to pitolisant treatment. However, they noted that depression is reported as an 
identified risk in the RMP. The sponsor stated that depression is under continuous 
monitoring for assessing results of the minimization measures in place. The EU labeling 
includes a warning regarding depression with suicidal risk. 

 
6. Case : A 26-year-old female patient was treated with 

pitolisant 18 mg daily for idiopathic hypersomnia. Four days after beginning treatment, 
she reported experiencing acute depression, and she discontinued pitolisant. No 
additional information was provided. 

Off-Label Use: 
All off-label uses reported from spontaneous AE reports were related to idiopathic hypersomnia. 
Among all postmarketing AE reports for pitolisant, 39% of cases were reported from patients 
identified as being treated for idiopathic hypersomnia. The sponsor concluded that adverse drug 
reactions reported for patients with idiopathic hypersomnia do not appear to differ qualitatively 
from those reported for patients with narcolepsy; there are no new signals in patients with 
idiopathic hypersomnia. Based on review of a table of reported AEs for both populations, this 
appears to be accurate. 

3.2.1.4 Overview of Signals: New, Ongoing, or Closed 
No new signals were identified during this reporting period, and no signals have been closed. In 
the previous reporting period, one new signal (manic episode) was identified. This was based on 
a single case report  involving a male patient who reported 
experiencing a manic episode during treatment with pitolisant (36 mg daily), modafinil (dose not 
reported), and paroxetine (40 mg daily). No additional details are available.  We suspect this is 
the identical case of mania discussed in Section 3.1 (FAERS #14069220). No new cases 
consistent with mania have been identified during this reporting period. The sponsor stated in the 
PBRER that there was only the one case of mania reported in the cumulative postmarketing 
period. 
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The sponsor is conducting ongoing evaluation of the following signals: anxiety, depression, 
insomnia, weight increase, gastric acidity disorders, epilepsy, exposure during pregnancy, and 
QT interval prolongation. They will assess the number of reports, severity of AEs and 
complications, and potential risk factors for these events. These risks or potential risks are all 
discussed in EU labeling. There were no changes in the assessment of these issues, and there 
were no further regulatory actions taken during the postmarketing period. 
 
While considered potential safety issues, there were no reported cases consistent with abuse, 
misuse, rebound or withdrawal effects, or dependence related to pitolisant. 

3.3 LITERATURE SEARCH RESULTS 

In their NDA submission, the sponsor submitted a report (apparently commissioned by the 
sponsor) performed by , entitled: “  

”5  
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3.4 FDA Information Request to EMA 
 
On March 25, 2019, EMA provided responses to questions posed by DPV. EMA noted that the 

4 DISCUSSION 

Review of Postmarketing Cases: 
DPV completed a high-level overview of postmarketing AE reports submitted to VigiBase and 
FAERS.  We identified the most frequently reported MedDRA PTs but did not identify any new 
safety risks associated with pitolisant or any trends for safety risks that are not already addressed 
in the EU product labeling or discussed by the sponsor in the most recent (fourth) PBRER.  
 
Review of PBRER-4:  
Based on review of the PBRER-4 and information provided by EMA, there were no new risks 
identified for pitolisant in the postmarketing period, compared to the premarketing safety profile. 
The sponsor  noted that the total postmarketing exposure for pitolisant is low. During 
this reporting period, the sponsor has not taken or proposed any regulatory actions for safety 
reasons. They concluded that their review of the cumulative safety information obtained during 
the reporting period has not revealed any new major findings that impact the established overall 
safety profile of the product. The identified and potential risks associated with pitolisant remain 
consistent with the information available at the beginning of this reporting interval. The sponsor 
concluded that no new significant risks have been confirmed. However, the sponsor also 
acknowledges that the number of estimated treated patients is still too low to reach conclusions 
about any potential change in the benefit-risk ratio estimated from the clinical program. Based on 
the information and analyses submitted by the sponsor, their conclusions seem reasonable.  
 
EMA Information Response:  

5 CONCLUSION 

Based on review of safety data provided for the current reporting period, as well as review of 
postmarketing reports from foreign exposure, there are no new safety signals or issues, compared 
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to the established safety profile of pitolisant. The sponsor has provided an adequate summary 
and analysis of the relevant safety issues in the most recent (fourth) PBRER. FDA continues to 
review the NDA for pitolisant. DPV has not identified any specific safety issues for further 
review. Currently, there are no safety issues that would require consideration of a risk evaluation 
or mitigation strategy (REMS).  

6 RECOMMENDATIONS 

Currently, DPV does not have specific regulatory recommendations for further safety analysis, 
enhanced pharmacovigilance, or postmarketing requirements or commitments. DPV will conduct 
routine pharmacovigilance regarding the safety issues that the sponsor has identified in their 
RMP and PBRER, including suicidal ideation and behavior (SIB) and mania. We await 
sponsor’s analysis of events related to SIB and mania. 
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8 APPENDICES 

8.1 APPENDIX A.  FDA ADVERSE EVENT REPORTING SYSTEM (FAERS) 

FDA Adverse Event Reporting System (FAERS) 
 
The FDA Adverse Event Reporting System (FAERS) is a database that contains information on 
adverse event and medication error reports submitted to FDA. The database is designed to 
support FDA's postmarketing safety surveillance program for drug and therapeutic biological 
products. The informatic structure of the database adheres to the international safety reporting 
guidance issued by the International Council on Harmonisation. Adverse events and medication 
errors are coded to terms in the Medical Dictionary for Regulatory Activities (MedDRA) 
terminology. The suspect products are coded to valid tradenames or active ingredients in the 
FAERS Product Dictionary (FPD).    
 
FAERS data have limitations. First, there is no certainty that the reported event was actually due 
to the product. FDA does not require that a causal relationship between a product and event be 
proven, and reports do not always contain enough detail to properly evaluate an event. Further, 
FDA does not receive reports for every adverse event or medication error that occurs with a 
product. Many factors can influence whether or not an event will be reported, such as the time a 
product has been marketed and publicity about an event. Therefore, FAERS data cannot be used 
to calculate the incidence of an adverse event or medication error in the U.S. population. 
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8.2 APPENDIX B.  UPPSALA MONITORING CENTRE (UMC)- WORLD HEALTH 
ORGANIZATION (WHO) GLOBAL DATABASE (VIGIBASE) 

Statement of reservations, limitations and conditions relating to data released from 
Vigibase, the WHO global database of individual case safety reports (ICSRs).  

Uppsala Monitoring Centre (UMC) in its role as the World Health Organization (WHO) 
Collaborating Centre for International Drug Monitoring receives reports of suspected adverse 
reactions to medicinal products from National Centres in countries participating in the WHO 
Programme for International Drug Monitoring. The information is stored in VigiBase, the WHO 
global database of individual case safety reports (ICSRs). It is important to understand the 
limitations and qualifications that apply to this information and its use.  
 
Tentative and variable nature of the data  
Uncertainty: The reports submitted to UMC generally describe no more than suspicions which 
have arisen from observation of an unexpected or unwanted event. In most instances it cannot be 
proven that a specific medicinal product is the cause of an event, rather than, for example, 
underlying illness or other concomitant medication  
Variability of source: Reports submitted to national centres come from both regulated and 
voluntary sources. Practice varies: some national centres accept reports only from medical 
practitioners; others from a broader range of reporters, including patients, some include reports 
from pharmaceutical companies.  
Contingent influences: The volume of reports for a particular medicinal product may be 
influenced by the extent of use of the product, publicity, the nature of the adverse effects and 
other factors.  
No prevalence data: No information is provided on the number of patients exposed to the 
product, and only a small part of the reactions occurring are reported.  
Time to VigiBase: Some national centres make an assessment of the likelihood that a medicinal 
product caused the suspected reaction, while others do not. Time from receipt of an ICSR by a 
national centre until submission to UMC varies from country to country. Information obtained 
from UMC may therefore differ from that obtained directly from national centres.  
 
For these reasons, interpretations of adverse effect data, and particularly those based on 
comparisons between medicinal products, may be misleading. The data comes from a 
variety of sources and the likelihood of a causal relationship varies across reports.  
 
Any publication, in whole or in part, of information obtained from VigiBase must include a 
statement:  
(i) recording ‘VigiBase, the WHO global database of individual case safety reports (ICSRs)’ as 
the source of the information  
(ii) explaining that the information comes from a variety of sources, and the probability that the 
suspected adverse effect is drug-related is not the same in all cases  
(iii) affirming that the information does not represent the opinion of the UMC or the World 
Health Organization.  
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8.3 APPENDIX C. EUDRAVIGILANCE  

EudraVigilance is the system for managing and analysing information on suspected adverse 
reactions to medicines which have been authorised or being studied in clinical trials in the 
European Economic Area (EEA). The European Medicines Agency (EMA) operates the system 
on behalf of the European Union (EU) medicines regulatory network. 

EudraVigilance supports safe and effective use of medicines by facilitating: 

• electronic exchange of individual case safety reports (ICSRs) between EMA, national 
competent authorities (NCAs), marketing authorisation holders (MAHs) and sponsors 
of clinical trials in the EEA; 

• early detection and evaluation of possible safety signals; 
• better product information for medicines authorised in the EEA. 

This electronic reporting is obligatory for marketing authorisation holders and sponsors 
of clinical trials. 

The EudraVigilance system includes: 

• a fully automated safety and message-processing mechanism using XML-based 
messaging; 

• a large pharmacovigilance database with query and tracking functions. 

It complies with the formats and standards of the International Council on Harmonisation of 
Technical Requirements for Registration of Pharmaceuticals for Human Use (ICH). 

Source: https://www.ema.europa.eu/en/human-regulatory/research-
development/pharmacovigilance/eudravigilance  
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8.4 APPENDIX D.  FAERS LINE LISTING OF ALL ADVERSE EVENTS FOR PITOLISANT CASE SERIES  

 Initial FDA 
Received 

Date 

FAERS 
Case # 

Version # Manufacturer 
Control # 

Case Type Age 
(years) 

Sex Country 
Derived 

Serious 
Outcome(s)* 

1 12/10/2015 11579866 2 FR-PFIZER INC-
2015323136 

Expedited 35 F France HO 

2 10/10/2017 14069220 1 FR-APOTEX-
2017AP019689 

Non-
Expedited 

53 M France HO 

3 8/28/2018 15326225 1 FR-PFIZER INC-
2018337872 

Expedited 48 F France HO, OT 

4 01/24/2019 15046620 2 FR-JAZZ-2018-FR-
009866 

Expedited Unknown M France OT 

*As per 21 CFR 314.80, the regulatory definition of serious is any adverse drug experience occurring at any dose that results in any of the following outcomes: 
Death, a life-threatening adverse drug experience, inpatient hospitalization or prolongation of existing hospitalization, a persistent or significant 
disability/incapacity, or a congenital anomaly/birth defect, and other serious important medical events. Those which are blank were not marked as serious (per 
the previous definition) by the reporter, and are coded as non-serious. A case may have more than one serious outcome.  
HO=Hospitalization, OT=Other medically significant 
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8.5 APPENDIX E. MEDDRA PREFERRED TERMS REPORTED FOR PITOLISANT 

MedDRA Preferred Terms reported for Pitolisant in ICSRs submitted to Vigibase and 
FAERS through March 8, 2019  

MedDRA Preferred Terms (PT) Number of Reports* 
Insomnia  16 
Headache  15 
Nausea 8 
Depression 7 
Irritability 6 
Pruritis 6 
Anxiety  5 
Abnormal dreams 4 
Depressed mood 4 
Fatigue 4 
Hallucination† 4 
Nightmare 4 
Sleep disorder 4 
Weight increased 4 
Abdominal pain upper 3 
Chest discomfort 3 
Drug ineffective 3 
Nervousness 3 
Somnolence  3 
Suicidal ideation 3 
Vomiting 3 
Abnormal behavior 2 
Abulia  2 
Anhedonia 2 
Constipation 2 
Dizziness 2 
Diarrhoea 2 
Dysaesthesia 2 
Dysgeusia 2 
Dyskinesia 2 
Epilepsy or Myoclonic epilepsy 2 
Gastrointestinal disorder 2 
Hyperhidrosis 2 
Malaise 2 
Middle insomnia 2 
Migraine 2 
Musculoskeletal pain 2 
Palpitations 2 
Paraesthesia 2 
Rash 2 
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MedDRA Preferred Terms reported for Pitolisant in ICSRs submitted to Vigibase and 
FAERS through March 8, 2019  

MedDRA Preferred Terms (PT) Number of Reports* 
Tachycardia 2 
Terminal insomnia 2 
Tinnitus 2 
Vertigo 2 
Abortion induced 1 
Abortion spontaneous 1 
Affective disorder 1 
Anosmia 1 
Arrhythmia 1 
Arthralgia 1 
Asthenia 1 
Back pain 1 
Bipolar disorder 1 
Confusional state 1 
Contusion  1 
Crying 1 
Deep vein thrombosis 1 
Diabetes mellitus 1 
Disturbance in attention 1 
Drug eruption 1 
Drug interaction 1 
Dry mouth 1 
Dyssomnia 1 
Erythema 1 
Euphoric mood 1 
Fear of death 1 
Feeling of despair 1 
Glomerular filtration rate decreased 1 
Gout 1 
Hepatic enzyme increased 1 
Hot flush 1 
Hyperleukocytosis 1 
Hypomania 1 
Illusion 1 
Ischaemic stroke 1 
Libido increased 1 
Mania 1 
Muscle spasms 1 
Myoclonic epilepsy 1 
Myokymia 1 
Nail cuticle fissure 1 
Night sweats  1 
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MedDRA Preferred Terms reported for Pitolisant in ICSRs submitted to Vigibase and 
FAERS through March 8, 2019  

MedDRA Preferred Terms (PT) Number of Reports* 
Oedema peripheral 1 
Oral mucosal eruption 1 
Pollakiuria 1 
Pregnancy 1 
Pregnancy on oral contraceptive 1 
Psychomotor hyperactivity 1 
Pulmonary embolism 1 
Rapid eye movement sleep behavior disorder 1 
Self esteem decreased 1 
Sinusitis 1 
Sinus tachycardia 1 
Skin exfoliation 1 
Skin reaction 1 
Splenic infarction 1 
Suicide attempt 1 
Swollen tongue 1 
Tremor 1 
Urticaria 1 
Vision blurred 1 
* A report may have more than one PT coded 
† Includes the PTs Hallucination (1), Hallucination, visual (2) and Hallucination, mixed (1) 
MedDRA=Medical Dictionary for Regulatory Activities; ICSRs=Individual Case Safety Reports; FAERS=FDA 
Adverse Event Reporting System 
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Interdisciplinary Review Team for QT Studies Consultation Review

Submission NDA 211150

Submission Number 003

Submission Date 10/5/2018

Date Consult Received 1/15/2019

Clinical Division DPP
Note: Any text in the review with a light background should be inferred as copied from 
the sponsor’s document.

This review responds to your consult regarding the sponsor’s QT evaluation. The QT-IRT 
reviewed the following materials:

 Clinical study report P09-11 (SN0003 / SDN009; link);
 Clinical study report P14-05 (SN0003 / SDN009; link);
 Proposed labeling text (SN0015 / SDN015; link);
 Investigator’s brochure (IND111842 SN0006 / SDN017; link); 
 Nonclinical study report -DHHL1001 (SN0002; link);
 Nonclinical study report  A1196 (SN0002; link);
 Nonclinical study report  AB24859 (SN0002; link); and
 Highlights of clinical pharmacology and cardiac safety (SN0009 / SDN009; link).

1 SUMMARY AND RECOMENDATIONS

1.1 SUMMARY OF FINDINGS

The effect of pitolisant was evaluated in clinical studies P09-11 (TQT study) and P14-05 
(SAD Study). The highest dose evaluated in Study P09-11 was 120 mg (equivalent to 106.8 
mg free base) single dose, which covers the highest exposures associated with drug 
interaction (1.5-fold increase with CYP2D6 inhibition). The highest dose evaluated in 
study P14-05 was 240 mg (equivalent to 213.6 mg free base) single dose, which provides 
a 1.8-fold margin over the worst case exposure scenario (section 2.1). 

The data from TQT study (P09-11) was analyzed using central tendency as the pre-
specified primary analysis, which did not suggest that the therapeutic dose (40 mg once 
daily) is associated with significant QTc prolonging effect (refer to section 3.3) – see Table 
1 for overall results. However, the mean increase in the QTc interval at the supratherapeutic 
dose of 120 mg single dose was around 10 ms.  The findings of this analysis are further 
supported by the available nonclinical data (section 2.1) and exposure-response analysis 
(section 3.5) and categorical analysis (section 3.4).

Table 1:  The Point Estimates and the 90% CIs (FDA Analysis of TQT study)
ECG parameter Treatment Time ∆∆QTcF (ms) 90% CI (ms)

QTc Pitolisant 120 mg 2 9.8 (7.7, 11.8)

QTc Pitolisant 40 mg 2 3.4 (1.3, 5.4)
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QTc Moxifloxacin 2 12.6 (10.6, 14.7)

1.2 RESPONSES TO QUESTIONS POSED BY SPONSOR

Not applicable.

1.3 COMMENTS TO THE REVIEW DIVISION 

A concentration-dependent QTc prolongation over a dose range of 40 to 240 mg was 
detected in this QT assessment (Table 17).  At steady state concentrations with the 40 mg 
dose, the expected mean (90% CI) increase in QTc is 4.2 (3.2 to 5.2) ms.  The high 
clinical exposure identified is when patients who are CYP2D6 poor metabolizers take 
pitolisant 40 mg/d.  Under this scenario, the expected mean (90% CI) increase in QTc is 
8.6 (6.7 to 10.5) ms.  The highest dose tested (240 mg) provides a 1.8-fold exposure 
margin over the high clinical exposure scenario and the expected mean increase is 15.5 
(12.0 to 18.9) ms.  If there is reasonable assurance that the 240-mg dose represents drug 
exposures that are unlikely to be seen in the patient population, then we do not 
recommend labeling the product with Warnings and Precautions for QTc prolongation. 
The evaluation of QTc interval over a large dose/exposure range provides reassurance for 
safety because patients are unlikely to experience a clinically significant QTc effect.

Escitalopram is an example of a concentration-dependent QT prolonging drug with QT 
prolongation around 10 ms at supratherapeutic exposures. See escitalopram label (link) 
and escitalopram QT-IRT consult dated April 27, 2010 (link) for more details.

1.4 LABEL RECOMMENDATIONS

Below are proposed edits to the label submitted to SDN 003 (link) from the QT-IRT
Our changes are highlighted (addition, deletion). Each section is followed by a rationale 
for the changes made. Please note, that this is a suggestion only and that we defer final 
labeling decisions to the Division.

Reviewer’s comments: The highest evaluated dose of pitolisant (single 240 mg dose) 
resulted in an exposure 1.8-fold the worst case therapeutic concentration and a mean 
QTc prolongation of 16 ms (Table 17). If this exposure is unlikely to be seen in the 
patient population under the recommended therapeutic dose, then the studies provide 
reassurance of safety because patients are unlikely to experience a clinically 
significant QTc effect (see ICH E14 Q&A R3 #7.1). Thus, we do not recommend 
Warnings and Precautions for pitolisant.
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12.2 Pharmacodynamics

2 SPONSOR’S SUBMISSION

2.1 OVERVIEW

Pitolisant (hydrochloride salt; MW: 332; BF2.649) is a histamine-3 (H3) receptor 
antagonist/inverse agonist being developed for the treatment of 1) excessive daytime 
sleepiness in adult patients with narcolepsy; and 2) cataplexy in adult patients with 
narcolepsy. It is believed to enhance the activity of histaminergic transmission in the brain 
via its competitive binding to histamine-3 (H3) receptors, and thereby exhibiting waking 
effects. The product is formulated as immediate-release film-coated tablet (strengths: 4.45 
and 17.8 mg; equivalent to 5 mg and 20 mg of pitolisant hydrochloride, respectively) for 
oral administration. The proposed clinical dose is 35.6 mg once daily (two 17.8 mg tablets; 
in the morning) with initial titration (week 1: 8.9 mg; week 2: 17.8 mg; week 3: 35.6 mg). 
It is approved in the EU (EMA, Mar-2016) for the treatment of narcolepsy with or without 
cataplexy in adults.
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Peak concentrations of ~73 ng/mL (42.9 to 126 ng/mL) are achieved at steady-state 
(median Tmax ~3.5 h; range: 2 to 5 h) following 40 mg (equivalent to 35.6 mg free base) 
once daily dosing. It exhibits dose proportionate pharmacokinetics between the dose range 
17.8 and 213.5 mg. Pitolisant is extensively metabolized by CYP2D6 in the liver and ~ 
90% of the administered dose is excreted in the urine mainly as metabolites (<2% 
unchanged). Approximately 2-fold higher peak concentrations of pitolisant are observed at 
steady-state in poor metabolizers (~153 ng/mL; 2% CV) of CYP2D6 in comparison to 
extensive metabolizers (~78 ng/mL; 38% CV) with 35.6 mg once daily dosing. 
Concomitant administration of pitolisant (Study # P11-03, Part III) with a CYP2D6 
inhibitor (such as paroxetine) represent a clinical scenario with highest exposure (~1.5-fold 
for Cmax; Study # P11-03 Part III).

The sponsor evaluated the effect of pitolisant on the risk of QTc prolongation in 2 separate 
studies (# P09-11 and # P14-05) conducted in healthy (male and female) subjects. First 
study (P09-11; TQT study) evaluated the effect of a single dose of pitolisant (BF2.649) on 
the QT interval in a randomized, single dummy, double-blind (for study drug), 4 sequences, 
4-periods, 4-treatments crossover study. The study used 2 dose levels (A: 40 mg and B: 
120 mg) along with placebo (C) and a positive control (D: 400 mg moxifloxacin single 
dose unblinded) with 7-day wash-out period. Considering ~2-fold accumulation in peak 
concentrations of pitolisant with once daily dosing and ~1.5-fold increase with a CYP2D6 
inhibitor, the clinical scenario with highest exposure at steady-state represents ~3-fold 
increase peak concentrations following single dose. The Cmax of pitolisant with 40 mg 
single dose was ~ 50 ng/mL and it was ~175 ng/mL with the highest dose (120 mg) studied 
covering the clinical scenario with highest exposure at steady-state. 

The sponsor conducted second study with 240 mg dose as a supra-therapeutic dose (Cmax: 
~280 ng/mL). The cross-study comparison indicates ~1.8-fold margin over the clinically 
relevant highest exposures at steady-state. Study # P14-05 (SAD study) assessed the effect 
of pitolisant on the QT interval in a double-blind, parallel group, placebo-controlled, single 
sequence, crossover study. The study utilized single ascending oral doses ranging from 160 
to 240 mg along with placebo and a positive control (400 mg moxifloxacin single dose 
unblinded; on Day 1) in three parallel groups. Subjects received 160 mg (Group: 1; n=8), 
200 mg (Group: 2; n=8), 240 mg (Group: 3; n=8), or placebo on day 8 with 7-day wash-
out period. Studies included exposure-response analysis using QTCF and plasma levels of 
pitolisant.

Pitolisant inhibited hERG in vitro, with an IC50 value of 1.32 μM (patch clamp GLP study 
 DHHL1001). With the mean steady-state Cmax concentrations of pitolisant in 

humans at the 35.6 mg dose of 73 to 100 ng/mL (0.246 to 0.338 μM) and 91-96% protein 
binding, the safety margin between hERG IC50 in vitro and steady-state Cmax is ~44-fold. 
In addition, no effects on the hERG channel were seen for the 9 human metabolites of 
pitolisant. Specifically, the main metabolites BP1.3484, BP2.951, BP1.8054, and 
BP1.9733 had no significant hERG channel blocking activity at concentrations >10 μM. 
Lastly, on a panel of human cardiac ion channels, pitolisant displayed a limited blocking 
activity on Cav1.2 and Kv4.3 channel currents with IC50 values ~10 μM and no effect at 
1 μM, whereas it had no effect on other channels (i.e., Nav1.5, Kv4.3, Kv7.1minK, Kir2.1 
and Kv1.5). Results from additional nonclinical assays on rabbit Purkinje fibers and human 
induced pluripotent stem cell derived cardiomyocytes were consistent with the results from 
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patch clamp ion channel current assays. Thus, the nonclinical data suggests a potential for 
direct inhibition of hERG by pitolisant but likely no direct inhibition of other cardiac ion 
channels at therapeutic exposure concentrations.

2.2 SPONSOR’S RESULTS

2.2.1 Central tendency analysis
Pitolisant failed to exclude the 10-ms threshold at the supratherapeutic dose level. FDA 
reviewer performed central tendency analysis on P09-11 study, which is a TQT study. The 
results of the reviewer’s analysis are similar to the sponsor’s results. Please see Section 3.3 
for additional details.

2.2.1.1 Assay Sensitivity
Assay sensitivity was established by the moxifloxacin arm.  Both FDA’s analysis and 
sponsor’s analysis confirm that the assay sensitivity was established. Please see Section 
3.3.1.1 for additional details. 

2.2.1.1.1 QT bias assessment
No QT bias assessment was conducted by the sponsor. The moxifloxacin treatment was 
included in both studies (# P09-11 and P14-05) to establish assay sensitivity.

2.2.2 Categorical Analysis
None of the subjects had absolute QTcF > 480 ms or a change from baseline QTcF >60 ms.  
The results of the reviewer’s analysis are similar to the sponsor’s results for QTcF and 
∆QTcF. FDA reviewer performed categorical analysis for both the studies separately. 
Sponsor did not provide categorical tables for HR, PR and QRS. Please see Section 3.4 for 
additional details.

2.2.3 Safety Analysis
No serious adverse events were reported during the TQT study (P09-11) and the SAD 
study (P14-05).  

One cardiac AE was reported in the placebo arm of study P09-11.  Subject N°  
reported one episode of atrioventricular block second degree 31 minutes after placebo 
administration.  This event which lasted 1 minute was mild in intensity.

Reviewer’s comment:  None of the events identified to be of clinical importance per the 
ICH E14 guidelines (i.e., syncope, seizure, significant ventricular arrhythmias or sudden 
cardiac death) occurred in studies P09-11 and P14-05.

2.2.4 Exposure-Response Analysis
The sponsor performed PK-PD analyses to explore the relationship between the change 
from baseline in QTc intervals (ΔQTcF) and plasma concentrations of pitolisant in both 
studies (# P09-11 and P14-05). In addition, the concentration relationship was also assessed 
for metabolite (BP2.951) in study P14-05.

The sponsor’s analysis predicted the upper bound of the 90% confidence interval was 8.6 
ms at 120 mg single dose (Study # P09-11) and those were 10.0 ms, 11.9 ms, and 14.4 ms, 
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at 160 mg, 200 mg, and 240 mg single dose respectively (Study # P14-05). The predicted 
the upper bound of the 90% confidence intervals for metabolite (BP2.951) were 12.5, 13.0, 
and 11.0 ms respectively at 160 mg, 200 mg, and 240 mg.

The results of the reviewer’s analysis are similar to the sponsor’s results.  Please see Section 
3.5 for additional details.

3 REVIEWERS’ ASSESSMENT

3.1 EVALUATION OF THE QT/RR CORRECTION METHOD

The sponsor used QTcF for the primary analysis, which is acceptable as no significant 
increases or decreases in heart rate (i.e. mean < 10 bpm) were observed (see Sections 3.3.2 
and 3.5).

3.2 ECG ASSESSMENTS

3.2.1 Overall
Overall ECG acquisition and interpretation in these two studies appears acceptable.

3.2.2 QT bias assessment
QT bias assessment was conducted by evaluating the relationship between the difference 
between the sponsor provided QT measurements and the automated algorithm used by 
the ECG Warehouse and the mean of the two measurements (BA-slope). The resulting 
QTcF BA-slope for the ECG data used in the active treatment and the positive control 
assessments of study P09-11 are presented in Table 2 and Table 3, respectively. This 
analysis does not suggest the presence of significant negative treatment bias in study P09-
11.

Table 2: QTcF bias assessment in active treatment assessment data of study P09-11
Treatment # of ECGs Mean (sd), ms Slope [95% CI], ms per 100 ms

Overall 6617 -12.15 (17.32) -5.1 [-6.13 to -4.07]

Pitolisant 4408 -12.16 (17.87) -6.19 [-7.43 to -4.95]

Placebo 2209 -12.13 (16.18) -2.91 [-4.79 to -1.04]

Table 3: QTcF bias assessment in positive control assessment data of study P09-11
Treatment # of ECGs Mean (sd), ms Slope [95% CI], ms per 100 ms

Overall 4373 -12.14 (16.5) -4.16 [-5.38 to -2.94]

Moxifloxacin 2164 -12.14 (16.82) -5.42 [-7.11 to -3.73]

Placebo 2209 -12.13 (16.18) -2.91 [-4.79 to -1.04]

QT bias assessment was conducted for study P14-11 also. The resulting QTcF BA-slope 
for the ECGs used in the active treatment analysis and the positive control assessment of 
study P14-05 are presented in Table 4 and Table 5, respectively. While this analysis does 
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not suggest the presence of significant negative treatment bias in the positive control 
assessment of study P14-11, it showed significant negative treatment bias (i.e., QTcF 
BA-slope greater than -10 ms per 100 ms) in the QTcF measurements used in the active 
treatment assessment. Exposure-response analysis using fully automatic QTcF measures 
from the ECG warehouse showed similar exposure-response relationship (see Figure 8).

Table 4: QTcF bias assessment in active treatment assessment data of study P14-05
Treatment # of ECGs Mean (sd), ms Slope [95% CI], ms per 100 ms

Overall 936 5.26 (7.11) -9.34 [-11.94 to -6.74]

Pitolisant 702 4.32 (7.14) -10.41 [-13.34 to -7.48]

Placebo 234 8.07 (6.25) 1.79 [-4.06 to 7.64]

Table 5: QTcF bias assessment in positive control assessment data of study P14-05
Treatment # of ECGs Mean (sd), ms Slope [95% CI], ms per 100 ms

Overall 1134 5.33 (6.5) -0.12 [-2.21 to 1.96]

Moxifloxacin 900 4.62 (6.38) 1.23 [-0.98 to 3.44]

Placebo 234 8.07 (6.25) 1.79 [-4.06 to 7.64]

3.3 CENTRAL TENDENCY ANALYSIS

3.3.1 QTc
Study P09-11:
The statistical reviewer used a mixed model to analyze the QTcF effect. The model 
includes treatment, time, sequence, period, time and treatment interaction as fixed effects 
and subject(sequence) as a random effect. Baseline values are also included in the model 
as a covariate. Results are presented in Table 6. The largest upper limits of 90% CI for the 
QTcF mean differences between pitolisant 40 mg and placebo, between pitolisant 120 mg 
and placebo are 5.4 ms and 11.8 ms, respectively.

Table 6: Analysis Results of ΔQTcF and ΔΔQTcF for Pitolisant
Treatment Group

Pitolisant 120 mg Pitolisant  40 mg

QTcF Placebo QTcF QTcF Placebo QTcF

Time 
(hrs)

LS Mean 
(ms)

LS Mean 
(ms)

Diff LS 
Mean 
(ms)

90% CI 
(ms)

LS Mean 
(ms)

LS Mean 
(ms)

Diff LS 
Mean 
(ms) 90% CI (ms)

0.5 -1.0 -0.7 -0.3 (-2.4, 1.7) -0.6 -0.7 0.1 (-2.0, 2.1)

1 6.1 3.2 2.8 (0.8, 4.9) 4.0 3.2 0.8 (-1.3, 2.8)

1.5 11.6 4.4 7.2 (5.1, 9.2) 6.0 4.4 1.6 (-0.5, 3.6)

2 11.5 1.7 9.8 (7.7, 11.8) 5.1 1.7 3.4 (1.3, 5.4)
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Treatment Group

Pitolisant 120 mg Pitolisant  40 mg

QTcF Placebo QTcF QTcF Placebo QTcF

Time 
(hrs)

LS Mean 
(ms)

LS Mean 
(ms)

Diff LS 
Mean 
(ms)

90% CI 
(ms)

LS Mean 
(ms)

LS Mean 
(ms)

Diff LS 
Mean 
(ms) 90% CI (ms)

3 7.1 -0.8 7.9 (5.8, 10.0) 0.6 -0.8 1.4 (-0.6, 3.5)

4 3.7 -1.8 5.5 (3.4, 7.5) -0.6 -1.8 1.2 (-0.8, 3.3)

6 1.4 -2.4 3.8 (1.7, 5.8) -1.8 -2.4 0.6 (-1.4, 2.7)

8 0.2 -3.4 3.6 (1.5, 5.6) -3.9 -3.4 -0.5 (-2.5, 1.6)

12 6.7 2.2 4.5 (2.5, 6.6) 2.9 2.2 0.7 (-1.4, 2.7)

16 -1.4 -2.8 1.5 (-0.6, 3.5) -2.4 -2.8 0.4 (-1.7, 2.4)

24 1.0 -2.4 3.4 (1.3, 5.4) -2.6 -2.4 -0.3 (-2.3, 1.8)

Figure 1 displays the time profile of ΔΔQTcF for different treatment groups.

Figure 1: Mean and 90% CI ΔΔQTcF Time course (unadjusted CIs).

3.3.1.1 Assay sensitivity
The statistical reviewer used the same statistical model to analyze moxifloxacin and 
placebo data. The results are presented in Table 7. The largest unadjusted 90% lower 
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confidence interval is 10.6 ms. By considering Bonferroni multiple endpoint adjustment, 
the largest lower confidence interval is 9.9 ms, which indicates that at least 5 ms QTcF 
effect due to moxifloxacin can be detected from the study.

Table 7: Analysis Results of ΔQTcF and ΔΔQTcF for Moxifloxacin
Treatment Group (Moxifloxacin)

QTcF Placebo QTcF

Time (hrs) LS Mean (ms) LS Mean (ms) Diff LS Mean (ms) 90% CI (ms) 97.5% CI (ms)

0.5 8.6 -0.7 9.3 (7.2, 11.3) (6.5, 12.1)

1 12.6 3.2 9.4 (7.3, 11.4) (6.6, 12.2)

1.5 14.9 4.4 10.4 (8.4, 12.5) (7.6, 13.3)

2 14.4 1.7 12.6 (10.6, 14.7) (9.9, 15.4)

3 10.5 -0.8 11.4 (9.3, 13.4) (8.6, 14.2)

4 9.2 -1.8 10.9 (8.9, 13.0) (8.1, 13.7)

6 7.3 -2.4 9.7 (7.7, 11.8) (6.9, 12.5)

8 6.1 -3.4 9.5 (7.4, 11.6) (6.7, 12.3)

12 10.8 2.2 8.6 (6.5, 10.6) (5.8, 11.4)

16 3.5 -2.8 6.3 (4.3, 8.4) (3.5, 9.1)

24 3.5 -2.4 5.9 (3.8, 7.9) (3.1, 8.7)

3.3.2 HR
Study P09-11:
The same statistical analysis was performed based on HR (Figure 2). The largest upper 
limits of 90% CI for the HR mean differences between pitolisant 40 mg and placebo and 
pitolisant 120 mg and placebo are 2.5 bpm and 2.9 bpm, respectively.
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Figure 2: Mean and 90% CI ΔΔHR Time course

3.3.3 PR
Study P09-11:
The same statistical analysis was performed based on PR interval (Figure 3).  The largest 
upper limits of 90% CI for the PR mean differences between pitolisant 40 mg and placebo 
and pitolisant 120 mg and placebo are 3.7 ms and 3.5 ms, respectively. 
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Figure 3: Mean and 90% CI ΔΔPR Time course

3.3.4 QRS
Study P09-11:
The same statistical analysis was performed based on QRS interval (Figure 4). The largest 
upper limits of 90% CI for the QRS mean differences between pitolisant 40 mg and placebo 
and pitolisant 120 mg and placebo are 0.9 ms and 1.3 ms, respectively.  
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Figure 4: Mean and 90% CI ΔΔQRS Time course

3.4 CATEGORICAL ANALYSIS

We presented categorical analysis of QTc, PR, QRS and HR separately for each study. 

3.4.1 QTc
Study P09-11:
Table 8 lists the number of subjects as well as the number of observations whose QTcF 
values are ≤ 450 ms, and between 450 ms and 480 ms.  No subject’s QTcF was above 480 
ms.

Table 8: Categorical Analysis for QTcF 
Total (N) Value<=450 ms 450 ms<Value<=480 ms

Treatment Group # Subj. # Obs. # Subj. # Obs. # Subj. # Obs.

Moxifloxacin 56 613 54 (96.4%) 602 (98.2%) 2 (3.6%) 11 (1.8%)

Pitolisant 120 mg 56 613 55 (98.2%) 612 (99.8%) 1 (1.8%) 1 (0.2%)

Pitolisant 40 mg 58 634 58 (100%) 634 (100%) 0 (0.0%) 0 (0.0%)

Placebo 57 624 57 (100%) 624 (100%) 0 (0.0%) 0 (0.0%)

Table 9 lists the categorical analysis results for ΔQTcF. No subject’s change from baseline 
was above 60 ms.
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Table 9: Categorical Analysis of ΔQTcF
Total (N) Value<=30 ms 30 ms<Value<=60 ms

Treatment Group # Subj. # Obs. # Subj. # Obs. # Subj. # Obs.

Moxifloxacin 56 613 50 (89.3%) 603 (98.4%) 6 (10.7%) 10 (1.6%)

Pitolisant 120 mg 56 613 55 (98.2%) 612 (99.8%) 1 (1.8%) 1 (0.2%)

Pitolisant 40 mg 57 625 56 (98.2%) 623 (99.7%) 1 (1.8%) 2 (0.3%)

Placebo 57 624 57 (100%) 624 (100%) 0 (0.0%) 0 (0.0%)

Note: One subject did not have baseline values in pitolisant 40 mg group.

Study P14-05:
Table 10 lists the number of subjects as well as the number of observations whose QTcF 
values are ≤ 450 ms, between 450 ms and 480 ms.  No subject’s QTcF was above 480 ms.

Table 10: Categorical Analysis for QTcF
Total (N) Value<=450 ms

Treatment Group # Subj. # Obs. # Subj. # Obs.

Pitolisant 160 mg 6 90 6 (100%) 90 (100%)

Pitolisant 200 mg 6 90 6 (100%) 90 (100%)

Pitolisant 240 mg 6 90 6 (100%) 90 (100%)

Moxifloxacin 25 225 25 (100%) 225 (100%)

Placebo 6 90 6 (100%) 90 (100%)

Table 11 lists the categorical analysis results for ΔQTcF.  No subject’s change from 
baseline was above 60 ms.

Table 11: Categorical Analysis of ΔQTcF
Total (N) Value<=30 ms

Treatment Group # Subj. # Obs. # Subj. # Obs.

Pitolisant 160 mg 6 90 6 (100%) 90 (100%)

Pitolisant 200 mg 6 90 6 (100%) 90 (100%)

Pitolisant 240 mg 6 90 6 (100%) 90 (100%)

Moxifloxacin 25 225 25 (100%) 225 (100%)

Placebo 6 90 6 (100%) 90 (100%)

3.4.2 PR
Study P09-11:
The outlier analysis results for PR are presented in Table 12.  There are 7 subjects who 
experienced PR interval greater than 200 ms in both pitolisant 40 mg and pitolisant 120 mg 
groups.

Table 12: Categorical Analysis for PR
Total (N) Value<=200 ms 200 ms<Value<=220 ms Value>220 ms

Treatment Group # Subj. # Obs. # Subj. # Obs. # Subj. # Obs. # Subj. # Obs.

Moxifloxacin 56 613 54 (96.4%) 599 (97.7%) 0 (0.0%) 11 (1.8%) 2 (3.6%) 3 (0.5%)
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Total (N) Value<=200 ms 200 ms<Value<=220 ms Value>220 ms

Treatment Group # Subj. # Obs. # Subj. # Obs. # Subj. # Obs. # Subj. # Obs.

Pitolisant 120 mg 56 613 54 (96.4%) 600 (97.9%) 1 (1.8%) 11 (1.8%) 1 (1.8%) 2 (0.3%)

Pitolisant 40 mg 58 634 53 (91.4%) 619 (97.6%) 3 (5.2%) 6 (0.9%) 2 (3.4%) 9 (1.4%)

Placebo 57 624 53 (93.0%) 609 (97.6%) 2 (3.5%) 13 (2.1%) 2 (3.5%) 2 (0.3%)

Study P14-05:
The outlier analysis results for PR are presented in Table 13.  There is 1 subject who 
experienced PR interval greater than 200 ms in pitolisant 160 mg group.

Table 13: Categorical Analysis for PR
Total (N) Value<=200 ms 200 ms<Value<=220 ms Value>220 ms

Treatment
Group

#
Subj.

#
Obs.

#
Subj.

#
Obs.

#
Subj.

#
Obs.

#
Subj.

#
Obs.

Pitolisant 160 mg 6 90 5 (83.3%) 89 (98.9%) 0 (0.0%) 0 (0.0%) 1 (16.7%) 1 (1.1%)

Pitolisant 200 mg 6 90 6 (100%) 90 (100%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Pitolisant 240 mg 6 90 6 (100%) 90 (100%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Moxifloxacin 25 225 24 (96.0%) 220 (97.8%) 1 (4.0%) 5 (2.2%) 0 (0.0%) 0 (0.0%)

Placebo 6 90 5 (83.3%) 75 (83.3%) 0 (0.0%) 12 (13.3%) 1 (16.7%) 3 (3.3%)

3.4.3 QRS
Study P09-11:
The outlier analysis results for QRS are presented in Table 14.  There are 4 subjects who 
experienced QRS greater than 110 ms 2 in each pitolisant 40 mg and pitolisant 120 mg 
group.

Table 14: Categorical Analysis for QRS
Total (N) Value<=100 ms 100 ms<Value<=110 ms Value>110 ms

Treatment Group # Subj. # Obs. # Subj. # Obs. # Subj. # Obs. # Subj. # Obs.

Moxifloxacin 56 613 39 (69.6%) 454 (74.1%) 15 (26.8%) 144 (23.5%) 2 (3.6%) 15 (2.4%)

Pitolisant 120 mg 56 613 41 (73.2%) 459 (74.9%) 13 (23.2%) 142 (23.2%) 2 (3.6%) 12 (2.0%)

Pitolisant 40 mg 58 634 41 (70.7%) 469 (74.0%) 15 (25.9%) 151 (23.8%) 2 (3.4%) 14 (2.2%)

Placebo 57 624 38 (66.7%) 462 (74.0%) 17 (29.8%) 150 (24.0%) 2 (3.5%) 12 (1.9%)

Study P14-05:
The outlier analysis results for QRS are presented in Table 15.  There is 1 subject who 
experienced QRS interval greater than 110 ms in pitolisant 240 mg group.

Table 15: Categorical Analysis for QRS

T
Value<=100

ms

100
ms<Value<=110

ms
Value>110

ms

Treatment
Group

#
Subj.

#
Obs.

#
Subj.

#
Obs.

#
Subj.

#
Obs.

#
Subj.

#
Obs.

Pitolisant 160 mg 6 90 4 (66.7%) 68 (75.6%) 2 (33.3%) 22 (24.4%) 0 (0.0%) 0 (0.0%)
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T
Value<=100

ms

100
ms<Value<=110

ms
Value>110

ms

Treatment
Group

#
Subj.

#
Obs.

#
Subj.

#
Obs.

#
Subj.

#
Obs.

#
Subj.

#
Obs.

Pitolisant 200 mg 6 90 3 (50.0%) 45 (50.0%) 3 (50.0%) 45 (50.0%) 0 (0.0%) 0 (0.0%)

Pitolisant 240 mg 6 90 4 (66.7%) 74 (82.2%) 1 (16.7%) 1 (1.1%) 1 (16.7%) 15 (16.7%)

Moxifloxacin 25 225 16 (64.0%) 150 (66.7%) 7 (28.0%) 57 (25.3%) 2 (8.0%) 18 (8.0%)

Placebo 6 90 3 (50.0%) 49 (54.4%) 2 (33.3%) 26 (28.9%) 1 (16.7%) 15 (16.7%)

3.4.4 HR
Study P09-11:
The outlier analysis results for HR are presented in Table 16. There is 1 subject who 
experienced HR greater than 100 bpm in pitolisant 40 group.

Table 16: Categorical Analysis for HR
Total (N) Value<=100 bpm Value>100 bpm

Treatment Group # Subj. # Obs. # Subj. # Obs. # Subj. # Obs.

Moxifloxacin 56 613 56 (100%) 613 (100%) 0 (0.0%) 0 (0.0%)

Pitolisant 120 mg 56 613 56 (100%) 613 (100%) 0 (0.0%) 0 (0.0%)

Pitolisant 40 mg 58 634 57 (98.3%) 633 (99.8%) 1 (1.7%) 1 (0.2%)

Placebo 57 624 57 (100%) 624 (100%) 0 (0.0%) 0 (0.0%)

Study P14-05:
There are no subjects who experienced HR greater than 100 bpm in pitolisant groups.

3.5 EXPOSURE-RESPONSE ANALYSIS

3.5.1 QTc
The objective of the clinical pharmacology analysis is to assess the relationship between 
ΔQTcF and pitolisant concentrations. 

Prior to evaluating the relationship using a linear model, the three key assumptions of the 
model were evaluated using exploratory analysis: 1) absence of significant changes in heart 
rate (more than a 10 bpm increase or decrease in mean HR); 2) delay between plasma 
concentration and ΔQTcF and 3) presence of non-linear relationship. 

An evaluation of the time-course of drug concentration and changes in ΔΔHR and ΔΔQTcF 
is shown in Figure 5 which shows an absence of significant changes in HR. There is an 
approximately dose-proportional increase in pitolisant concentrations and the time at 
maximum effect on ΔΔQTcF appears to correlate with Tmax of pitolisant without a 
significant delayed effect. 
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Figure 5: Time course of drug concentration – pitolisant and its metabolites 
(BP18054 and BP2951), heart rate (ΔΔHR) and QTc interval (ΔΔQTcF)
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After confirming the absence of significant heart rate changes or delayed QTc changes, the 
relationship between drug concentration and ΔQTcF was evaluated to determine if a linear 
model would be appropriate. Figure 6 shows the relationship between drug concentration 
and ΔQTcF and supports the use of a linear model. There appears to be slight deviation 
from linearity in the high exposure ranges.

Figure 6: Assessment of linearity of concentration-QTc relationship

Finally, the linear model was applied to the data and the goodness-of-fit plot is shown in 
Figure 7.  Table 17 shows ΔΔQTcF predictions for pitolisant concentrations after a single 
oral dose of pitolisant 40 mg, 120 mg, 160 mg, 200 mg, and 240 mg, as well as at steady 
state (Cmax,ss) for 40 mg QD dosing in extensive (EM) and poor (PM) CYP2D6 
metabolizers.  Predictions from the SAD and TQT concentration-QTc models are reported 
separately.
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Figure 7: Goodness-of-fit plot for QTc (SAD: Study TQT: Study)

Table 17: ΔΔQTc predictions for exposures from different doses
ΔΔQTc (ms)

Dose Concentration (ng/mL) SAD c-QT model TQT c-QT model

40 mg 49.950 2.1 (-0.5 to 4.8) 2.9 (2.2 to 3.7)

40 mg QD Cmax,ss EM 72.800 2.8 (0.2 to 5.4) 4.2 (3.2 to 5.2)

40 mg QD Cmax,ss PM 153.000 5.0 (2.2 to 7.7) 8.6 (6.7 to 10.5)

160 mg 171.795 5.5 (2.6 to 8.3) 9.6 (7.5 to 11.7)

120 mg 175.443 5.6 (2.7 to 8.5) 9.8 (7.7 to 12.0)

200 mg 222.719 6.9 (3.6 to 10.2) 12.4 (9.7 to 15.2)

240 mg 278.561 8.4 (4.5 to 12.3) 15.5 (12.0 to 18.9)

Subsequent exposure-response analysis using the fully automatic QTcF measures from the 
ECG warehouse showed that the differences between the concentration-QTcF slopes of the 
TQT study (P09-11) and the SAD study (P14-05) might have caused by differences in the 
ECG methods (i.e., semi-automatic vs. manual overread, respectively). Thus, use of fully 
automatic measures resulted in similar exposure-response relationship (Figure 8).
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Figure 8: Goodness-of-fit plot for QTc (SAD and TQT) from ECG warehouse 

3.5.1.1 Assay sensitivity
To demonstrate assay sensitivity, the sponsor included oral moxifloxacin 400 mg as a 
positive control to detect small increases from baseline for QTcF in both studies. The PK 
profile in the moxifloxacin group are generally consistent with the ascending, peak, and 
descending phases of historical data (Figure 9).
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Figure 9: Time course of moxifloxacin concentration, heart rate (ΔΔHR) and QTc 
interval (ΔΔQTcF)

Concentration-response analysis of moxifloxacin data indicated a positive slope in the 
relationship between ΔQTcF and the plasma concentration of moxifloxacin for both studies 
(Figure 10). The difference in slopes for moxifloxacin between the TQT study (P09-11) 
and the SAD study (P14-05) was not considerable with the use of fully automatic measures. 
The lower limit of the two-sided 90% confidence interval at the observed mean peak 
concentrations of moxifloxacin is above 5 ms. Therefore, this is consistent with the central 
tendency analysis demonstrating assay sensitivity was established. Please see Section 
3.3.1.1 for additional details.
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Figure 10: Assessment of linearity of concentration-QTc relationship (Left) and 
goodness-of-fit plot for QTc (Right) of moxifloxacin 

3.5.2 Other ECG Intervals
The sponsor conducted a range of nonclinical assays to characterize pitolisant’s effects on 
several cardiac ion channel currents. The reviewer conducted a fully automatic analysis 
of the ECG waveforms submitted by the sponsor to the ECG warehouse and assessed the 
exposure-response relationship for J-Tpeakc and Tpeak-Tend in studies P09-11 and P14-05. 
The clinical results where then compared with the ion channel effects from the 
nonclinical experiments as has been proposed by the Comprehensive in vitro 
Proarrhythmia Assay (CiPA) initiative. Figure 11 shows the exposure-response 
relationships for QTcF, J-Tpeakc and Tpeak-Tend for pitolisant (left panel) and moxifloxacin 
(right panel) pooling the data from both studies. The ECG signature of moxifloxacin was 
consistent with predominant hERG block. Pitolisant prolonged QTcF by prolonging J-
Tpeakc and Tpeak-Tend in a concentration-dependent fashion. However, the pitolisant- J-
Tpeakc slope was less steep than the slope one would anticipate for a predominant hERG 
blocker in the same range of QTcF prolongation (i.e., J-Tpeakc following QTcF to greater 
or same extent than Tpeak-Tend, see moxifloxacin panel). When assessing each study 
independently, pitolisant and moxifloxacin ECG signatures were consistent with 
predominant hERG block in the TQT study (Figure 12). However, the interpretation of 
the ECG signatures for pitolisant and moxifloxacin was challenging on the SAD study 
(Figure 13), likely because the variability of J-Tpeakc and Tpeak-Tend biomarkers require 
larger sample sizes to allow for proper characterization of the ECG signature. Note that 
the moxifloxacin analysis in the SAD study is confounded by a potential period effect. 
Nevertheless, this analysis is a good example of the limitation regarding small sample 
sizes and exposure-response characterization stated in “Assessment of Multi‐Ion Channel 
Block in a Phase I Randomized Study Design: Results of the CiPA Phase I ECG 
Biomarker Validation Study” (Vicente, J. et al., Clin Pharmacol Ther 2018; Epub ahead 
of print doi:10.1002/cpt.303)

The results of this post-hoc analysis suggest that sample sizes larger than typical sample 
sizes used in early phase clinical studies are needed to properly characterize the ECG 
signature of drugs with small QT effects at supratherapeutic exposures.
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Figure 11: Comparison of concentration-response relationship for pitolisant (Left) 
and moxifloxacin (Right) for QTcF (black), J-Tpeakc (orange) and Tpeak-Tend (blue).

Figure 12: Comparison of concentration-response relationship for pitolisant (Left) 
and moxifloxacin (Right) for QTcF (black), J-Tpeakc (orange) and Tpeak-Tend (blue) in 
the TQT study

Figure 13Comparison of concentration-response relationship for pitolisant (Left) 
and moxifloxacin (Right) for QTcF (black), J-Tpeakc (orange) and Tpeak-Tend (blue) in 
the SAD study
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3.6 SAFETY ASSESSMENTS

See section 2.2.3.  No additional safety analyses were conducted.

3.7 OTHER ECG INTERVALS

No clinically significant changes in PR or QRS were observed.
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4 APPENDIX

4.1 EVALUATION OF QT ASSESSMENT PLAN

1. Product Information
Generic Name Pitolisant Brand Name WAKIX

Drug class Histamine 3 (H3) receptor antagonist/inverse agonist

Combination product No

Indication Excessive daytime sleepiness (EDS) in adult patients with narcolepsy
Cataplexy in adult patients with narcolepsy

Therapeutic Dose 35.6 mg once daily

Maximum Tolerated 
Dose

Single doses of pitolisant up to 213.6 mg and repeat doses up to 44.5 mg once daily have been administered 
to subjects. The maximum tolerated dose was not reached.

Dosage Form Tablets: 4.45 mg and 17.8 mg Route of Administration Oral

2. Safety Pharmacology
2.1 In vitro

Moiety Dose
Free Cmax

hERG
IC50 / Ratio

L-type calcium
IC50 / Ratio

Peak sodium
IC50 / Ratio

Late sodium
IC50 / Ratio

Pitolisant 
(BF2.649)

Dose: Therapeutic

Free Cmax: 0.03 µM

GLP: Yes

IC50: 1.32 µM

Ratio: 44

GLP: No

IC50: 9.46 µM

Ratio: 315

GLP: No

IC50: > 10 µM

Ratio: >333

GLP: No

IC50: > 10 µM

Ratio: >333

The metabolites BP1.3484, BP2.951, BP1.8054, and BP1.9733 had no significant hERG channel blocking activity at concentrations 
>10 µM
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The hERG assay indicates no significant inhibition of potassium channels for metabolite - BP2.951 at concentrations up to 17 μM (total 
serum concentration 27.8 ng/mL; 84.8 nM; free serum concentrations 16 ng/mL; 49 nM) offering approximate safety margin of ~300-
fold. The other metabolites (such as BP1.8054, BP1.9733, BP1.3473, BP1.3484, BP1.10556 and BP1.10749) also did not show 
significant inhibition (Ki > 10 µM). Based on the total serum concentrations (40.2 ng/mL; 168 nM), the safety margin for BP1.8054 
was approximately 60-fold. Although Ki value for BP2.928 was found to be 4.2 μM, the sponsor claimed that the serum levels were 
considerably low (QBR110346-BIP/05).

3. QT Studies
3.1 Primary Studies

ECG Quality Arms Sample size ECG & PK assessmentsProtocol 
number /
Population Assessment Ok? Arms High dose 

covers?
No subjects Ok? Timing Ok?

Protocol 
number: 
P09-11

Population: 
Healthy 
volunteers

Central read? Yes

Blinded? Yes

Method? Semi-
manual

Replicates?  Yes

Yes Highest dose: 
120 mg

Placebo: Yes

Positive 
control: Yes

High 
clinical

58 Yes Baseline: Pre-dose 
baseline

Timing: -1h, -0.5h 
predose and 0.5 h, 
1h, 1.5h, 2h, 3h, 4h, 
6h, 8h,12h, 16h, and 
24h postdose

Yes

Protocol 
number: 
P14-05

Population: 
Healthy 
volunteers

Central read? Yes

Blinded? Yes

Method? Manual

Replicates?  Yes

Yes Highest dose: 
240 mg

Placebo: Yes

Positive 
control: Yes

High 
clinical

25 Yes Baseline: Pre-dose 
baseline

Timing: 3 time 
points separated by 
at least 15 min 
within the hour 
preceding the 
administration, then 

Yes

Reference ID: 4407794



26

0.5h, 1h, 1.5h, 2h, 
3h, 4h, 6h, 8h, 12h, 
16h, and 24h after 
administration.

3.2 Data pooling
Data pooling? No

Did sponsor propose an 
assessment for 
heterogeneity?

N/A

Is the data pooling 
appropriate?

N/A

4. Analysis plan
4.1 Study Objective related to QT

What QTc effect size 
is the analysis trying 
to exclude?

10 ms (E14)

4.2 Dose Justification
Refer to section 2.1

4.3 QT correction method
Is an HR increase or 
decrease greater than 
10 bpm?

No

Primary method for 
QT correction

QTcF

4.4 Assay Sensitivity
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Assay sensitivity 
methods proposed by 
sponsor

☒ Moxifloxacin
☐ Exposure-margin
☐ QT bias assessment
☐ Not applicable (objective is large mean effects)
☐ Other

N/A
4.5 Central Tendency Analysis

4.5.1 Investigational drug
Primary analysis Yes

Did the sponsor use 
IUT or descriptive 
statistics?

IUT

For IUT: Does the 
sponsor use MMRM to 
analyze longitudinal 
values that considers 
the correlation across 
time-points or use 
ANCOVA by time-
point without 
considering 
correlation?

MMRM

For IUT: Is the 
MMRM model 
specified correctly with 
regards to covariance 
structure, covariates, 
etc?

Yes
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A linear mixed-effect model with the fixed factors treatment, period and time (pre-dose, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, 16h, and 24 
hours) nested in treatment and the random effects subject and period nested in subject was applied to the time matched change from 
baseline QTcF values for all 4 treatments.

4.5.2 Positive control
Primary analysis Yes

Did the sponsor adjust 
for multiplicity?

No

A linear mixed-effect model with the fixed factors treatment, period and time (pre-dose, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, 16h, and 24 
hours) nested in treatment and the random effects subject and period nested in subject was applied to the time matched change from 
baseline QTcF values for all 4 treatments.

4.6 Concentration-QTc analysis
4.6.1 Investigational drug

Primary analysis No

What is the dependent 
variable in the 
sponsor’s model?

Double delta

White paper model? No

Which concentration 
covariate(s) are 
included in the model?

Parent

Did the sponsor 
propose an assessment 
of delayed effects?

No

Did the sponsor 
propose an assessment 
of linearity?

Yes
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Did the sponsor 
propose model 
selection criteria?

No

What methods did the 
sponsor use for 
predicting the QT 
effect?

☒ Model-based confidence intervals
☒ Bootstrap-derived confidence intervals

N/A.

4.6.2 Positive control
Primary analysis No

Same model as 
investigational drug

Yes

N/A.

4.7 Categorical analysis
QTc? Yes
ΔQTc? Yes
PR? Yes
QRS? Yes
HR? Yes
T-wave morphology? Yes
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