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Executive Summary 
Recommendation 
I recommend that this application be approved. 

Proposed Indications 
The proposed indications for Xyrem®, as stated by the sponsor in the original submission 
of this application, are as follows: 

“Xyrem (sodium oxybate) oral solution is indicated for the treatment of cataplexy in 
narcolepsy in adult and pediatric patients.” 

“Xyrem (sodium oxybate) oral solution is indicated for the treatment of excessive 
daytime sleepiness in narcolepsy in adult and pediatric patients.” 

Currently Approved Indications 
The currently approved indications for Xyrem® are as follows: 

“Xyrem (sodium oxybate) oral solution is indicated for the treatment of cataplexy in 
narcolepsy.” 

“Xyrem (sodium oxybate) oral solution is indicated for the treatment of excessive 
daytime sleepiness in narcolepsy.” 

Background To Application 
This Supplemental New Drug Application (sNDA), a pediatric efficacy supplement, seeks 
to expand the approved indication for Xyrem® (sodium oxybate) to include the treatment 
of children. A priority review of this supplement has been requested and granted. This 
application is accompanied by a Pediatric Exclusivity Request. 

The clinical data subsumed under this application have been submitted in response to a 
pediatric Written Request from the Agency initially issued on March 10, 2014, and 
subsequently modified; the Request was finalized on April 25, 2017. 

Xyrem® (sodium oxybate oral solution [500 mg/mL]) is currently approved in this country 
for the treatment of cataplexy and excessive daytime in narcolepsy. Xyrem® was initially 
approved for marketing in the United States on July 17, 2002. The original approval of 
Xyrem® was under the Subpart H (21 CFR 314.520) regulations, which have remained 
applicable to this product. Xyrem® was originally approved for marketing under a 
restricted distribution program. A formal Risk Evaluation and Mitigation Strategy (REMS) 
for Xyrem® was approved on February 27, 2015. 

Most of the new clinical data that are submitted with this application are derived from the 
results of Study 13-005, a clinical study conducted in response to the pediatric Written 
Request. 
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Summary of Main Clinical Findings 
Study 13-005 is the main clinical study supporting this sNDA. Key aspects of this 
study are summarized below. 

Study Design And Significant Amendments 
Protocol 13-005 had the following main features: 

• The primary objectives of the study were to evaluate the efficacy and safety of 
Xyrem® in the treatment of pediatric patients (aged 7 to 17 years) who have 
narcolepsy with cataplexy 

• This study had a number of consecutive segments, of which the main randomized, 
double-blind, placebo-controlled, parallel-arm withdrawal segment was to be the 
component of the study directed at evaluating the efficacy of Xyrem® in the treatment 
of cataplexy associated with narcolepsy in children. 

• About 100 patients aged 7 to 16 years at study entry were to be enrolled. They would 
be either Xyrem®-naïve or taking a stable dose of Xyrem® (and a stable dose of 
stimulants for narcolepsy, if applicable) for at least 2 months prior to study entry. 
Other key inclusion criteria were as follows: primary diagnosis of narcolepsy with 
cataplexy meeting International Classification of Sleep Disorders (ICSD)-2 criteria or 
ICSD-3 criteria, whichever was in effect at the time of the study; positive for the HLA 
DQB1:0602 haplotype; and history of at least 14 cataplexy attacks in a typical 2-
week period and clinically significant symptoms of excessive daytime sleepiness 
prior to beginning any narcolepsy treatment. 

• Throughout the study, all nightly doses of Xyrem® and placebo were to be 
administered in 2 divided doses, administered 2.5 to 4 hours apart. The starting and 
maximum doses of Xyrem® as well as the Xyrem® titration regimen (if required) were 
to be determined based on body weight stratum. 

• The consecutive segments of this study were as follows: 

◦ A screening period lasting up to 30 days. 

◦ A 3 to 10 week open-label titration period lasting 3 to 10 weeks for patients 
who were Xyrem®-naïve at study entry. 

◦ An open-label stable-dose period lasting 2 to 3 weeks. During this phase, a 
subset of about 24 patients (completers) who were taking a stable dose of 
Xyrem® at study entry were to participate in an open-label evaluation of the 
pharmacokinetics of Xyrem®. 

◦ A double-blind, placebo-controlled withdrawal phase lasting 2 weeks during 
which period patients were randomized 1:1 to treatment either with Xyrem® in 
the stable dose established during the preceding 2 weeks or placebo. 

◦ An open-label safety component which allowed for a total exposure to 
Xyrem® of up to 1 year. 
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• The primary efficacy parameter was the change in weekly number of cataplexy 
attacks during the 2 weeks of the double-blind period, compared with the last 2 
weeks of the stable-dose period. 

• Key secondary efficacy parameters were the following: 

■ Clinical Global Impression of Change for cataplexy severity, comparing the 
end of the double-blind period with the end of the stable-dose period. 

■ Change in the modified Epworth Sleepiness Scale (modified for children and 
adolescents) score from the end of the stable-dose period to the end of the 
double-blind period. 

• Other secondary efficacy parameters were the following 

■ Clinical Global Impression of Change for narcolepsy severity overall 
comparing the end of the double-blind period with the end of the stable-dose 
period. 

■ Change in quality of life (based on the Short Form-10) from the end of the 
stable-dose period to the end of the double-blind period. 

• Safety monitoring was to comprise assessment of the following during the course 
of the study: adverse events, vital signs, height, weight, physical examinations, 12-
lead electrocardiograms, polysomnographic parameters (including measures of 
respiration), safety laboratory tests, assessments of growth and precocious puberty 
(including growth hormone levels), Columbia-Suicide Severity Rating Scale, 
Children’s Depression Inventory 2nd Edition Self-Report Short Version, and 
Multidimensional Anxiety Scale for Children 10-item Anxiety Index. 

• Plasma concentrations of sodium oxybate were measured in the subset of patients 
participating in the pharmacokinetic analysis, and various pharmacokinetic 
parameters derived from those data and analyzed further. 

• A tiered analysis of the efficacy parameters was conducted beginning with the 
primary efficacy parameter followed by the two key secondary efficacy parameters 
(with the Clinical Global Impression of Change in cataplexy severity analyzed first 
and the change in modified Epworth Sleepiness Scale score analyzed later), and 
finally the two other secondary efficacy parameters in the same order as stated 
above. 

A pre-specified interim efficacy analysis (on the primary efficacy endpoint) for this 
protocol that was conducted after 35 subjects completed or discontinued early from the 
double-blind treatment period led to the Data Safety Monitoring Board for Study 13-005 
concluding that Xyrem had demonstrated efficacy in the treatment of cataplexy (it had 
demonstrated that Xyrem was superior to placebo in the treatment of cataplexy at a p-
value ≤ 0.005): the Board then recommended that the double-blind segment of Study 13-
005 be discontinued, while the open-label extension (including pharmacokinetic 
evaluation) continue. The Data Safety Monitoring Board for Study 13-005 also 
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recommended that patients continue to be enrolled in the open-label pharmacokinetic 
segment. 

The pediatric Written Request under which Study 13-005 was first conducted was 
amended after the pre-specified interim analysis led to a protocol amendment. The study 
protocol was also amended to allow for the duration of the open-label safety component 
to be further extended so that the total duration of Xyrem® treatment for an individual 
patient could extend up to 3 years; the part of the study originally proposed was then 
referred to as Part 1 with the newly-proposed extension as Part 2. 

Study Results 
Study 13-005 was conducted in a manner consistent with the study protocol. 

A total of 106 patients were enrolled in this study of whom 104 appear to have received 
study drug. 99 patients entered the stable-dose period, with 96 of those patients 
completing that period. Of the 96 patients who completed the stable-dose period, 63 
patients participated in the randomized, double-blind, withdrawal phase of the study, 
whereas the remaining 33 patients continued to take open-label Xyrem. 95 patients then 
entered the open-label safety period of the study. As of the cut-off date for the 120-day 
safety update, 85 patients had completed Part 1 of the study and 44 patients had 
entered Part 2. 

During the randomized, double-blind, withdrawal phase, 31 patients were assigned to 
Xyrem® (30 patients completed that phase) and 32 patients were assigned to placebo 
(all 32 patients completed that phase). 

The primary efficacy analysis (based on an analysis of covariance) indicated that the 
mean change from baseline over the two -week randomized withdrawal period in the 
weekly number of cataplexy attacks was 17.37 for the placebo group and 2.52 for the 
group that continued to take Xyrem® (this change was an increase in cataplexy 
frequency). This difference was statistically significant (p < 0.0001). Statistically 
significant treatment differences favoring Xyrem® over placebo were seen on the two key 
secondary efficacy parameters analyzed in the prespecified sequence, the Clinical 
Global Impression of Change for Cataplexy Severity (p = 0.0006) and the change from 
baseline in modified Epworth Sleepiness Scale score (p = 0.0001). 

The adverse event profile of Xyrem® seen in this study was not substantially different 
from that seen in adults. The other safety outcomes did not reveal any data of concern. 
Safety data for this study that was submitted with the 120-Day Safety Update was not 
substantially different from that submitted with the original IND for Xyrem®. 

The pharmacokinetic completer population consisted of 29 patients, of whom 11 were 
aged 7 to 11 years, and 18 were aged 12 to 17 years. These data revealed a 
pharmacokinetic profile for Xyrem® in children that was similar to that seen in adults. A 
dose-proportionality assessment indicated that while the Cmax was dose-proportional, the 
AUC0-4 was supra-dose-proportional. 
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Additional Clinical Findings 
Additional safety data for children administered Xyrem® was provided from two sources: 
postmarketing safety data for Xyrem® comprising data collected since the original 
approval for Xyrem®; and the published medical literature. The data available indicate a 
safety profile that is broadly similar to that seen in adults. 

Proposed Changes To Labeling 
These are described in more detail in the body of this review. 

Additional Comments 
Study 13-005 has been conducted in accordance with the terms of the pediatric Written 
Request finalized on April 25, 2017. 

The reviews by a number of other Agency staff are also summarized in the body of this 
review. 

Conclusion 
This Supplemental New Drug Application has provided sufficient data to support the 
approval of Xyrem® for the treatment of cataplexy and excessive daytime sleepiness in 
narcolepsy, in pediatric patients aged 7 years and older. 
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1. Background 
This Supplemental New Drug Application (sNDA), a pediatric efficacy 
supplement, seeks to expand the approved indication for Xyrem® (sodium 
oxybate) to include the treatment of children. 

This sNDA is also accompanied by a Pediatric Exclusivity Request. A priority 
review of this supplement has been requested and granted. 

Xyrem® (sodium oxybate oral solution [500 mg/mL]) is currently approved in this 
country for the treatment of cataplexy and excessive daytime in narcolepsy. 
Xyrem® was originally approved by the Agency on July 17, 2002, for the 
treatment of cataplexy in narcolepsy, under NDA 21196. A supplemental NDA 
(an efficacy supplement; S-005) proposing an expansion of the originally 
approved claim was approved on November 18, 2005; the approved expanded 
indication was (and still is) as follows: “The treatment of excessive daytime 
sleepiness and cataplexy in patients with narcolepsy.” Xyrem® was originally 
approved under the Subpart H (21 CFR 314.520) regulations, which have 
remained applicable to this product. Xyrem® was originally approved for 
marketing under a restricted distribution program. A formal Risk Evaluation and 
Mitigation Strategy (REMS) for Xyrem® was approved on February 27, 2015. 

The development of Xyrem® as a treatment for cataplexy in children (i.e., children 
and adolescents, aged 7 to 17 years) was conducted in response to a pediatric 
Written Request, initially issued by the Agency on March 10, 2014. After the 
results of an interim (efficacy) analysis of the double-blind segment of the main 
study (Study 13-005) conducted under that Written Request became available, 
an amended Pediatric Written Request was issued by the Agency on February 
24, 2017; a few corrections were made to the amended Written Request in a final 
document issued by the Agency on April 25, 2017. 

The clinical data included in this application are largely derived from Study 13-
005. 

There have been many communications between the Agency and sponsor 
regarding the development of Xyrem® for use in children, culminating in a Pre-
sNDA meeting held on September 6, 2017. 

Xyrem® has been investigated for the treatment of cataplexy and excessive 
daytime sleepiness in narcolepsy in children under IND 49641. 

2. Contents Of Submission 
This sNDA submission has two main components. 
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• The original sNDA submission of April 27, 2018, which has been provided 
in standard electronic Common Technical Document format. This 
component has five main sections, enumerated and headed as follows: 

Module 1: Regional. 
Module 2: Common Technical Document summaries. 
Module 3. Quality. 
Module 4. Nonclinical study reports. 
Module 5. Clinical study reports. 

• A 120-Day Clinical Safety Update submitted on August 23, 2018, which 
has also been provided in standard electronic Common Technical 
Document format. This component thus has three main sections, 
enumerated and headed as follows: 

Module 1: Regional. 
Module 2: Common Technical Document summaries. 
Module 5. Clinical study reports. 

Since the original submission of this sNDA, there have a number of additional 
communications such as, but not limited to, information requests and responses 
to those requests from the sponsor. 

3. Contents Of Review 
The contents of this submission have been reviewed under the following main 
headings and in the same order as below. 

• Final text of pediatric Written Request. 
• Pre-sNDA meeting. 
• Outline of main clinical study (Study 13-005) supporting current application. 
• 120-Day Safety Update. 
• Additional safety data supporting current application. 
• Review of proposed Prescribing Information and related documents. 
• Summary of statistical review. 
• Summary of nonclinical review. 
• Summary of clinical pharmacology review. 
• Summary of chemistry review. 
• Summary of Office of Surveillance and Epidemiology reviews. 
• Summary of Office of Prescription Drug Promotion (OPDP) reviews 
• Controlled Substances Staff review. 
• Financial disclosure information. 
• Site inspection report. 
• Fulfilment of terms of pediatric Written Request. 
• Overall conclusion. 
• Recommendation. 
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Note that the following are subsumed under this review: primary clinical review, 
and team leader and cross-disciplinary team leader summary. 

4. Final Text Of Pediatric Written Request 
The following is the full text of the Amended Written Request that was sent to the 
sponsor on April 25, 2017. The text is copied verbatim from the letter but has 
been re-formatted. 

Please refer to your correspondence dated October 25, 2016, requesting changes to FDA’s March 10, 
2014 Written Request for pediatric studies for Xyrem (sodium oxybate) oral solution. 

We have reviewed your proposed changes and are amending the below-listed sections of the Written 
Request.  All other terms stated in our Written Request issued on March 10, 2014 remain the same.  (Text 
added is underlined.  Text deleted is strikethrough.) 

BACKGROUND: 

This Written Request has been amended as a result of an interim analysis of Study 1, described below. 
The independent Data Safety Monitoring Board conducted a prospectively planned analysis after 35 
patients had either completed or discontinued the double-blind segment of that study. The Board 
reached the conclusion that there were adequate data to support the efficacy of Xyrem in the treatment 
of cataplexy in children and adolescents aged 7 to 17 years.  They recommended: that the double-blind 
segment of the study be discontinued; that the open-label safety segment of that study be continued; and 
that patients continue to be enrolled in the open-label pharmacokinetic segment of the study. 

This study plan investigates the potential use of sodium oxybate oral solution in the treatment of 
cataplexy in narcolepsy in children and adolescents aged 7 to 17 years. 

Narcolepsy is a lifelong neurological disease estimated to be prevalent in 0.02% of adults worldwide, and 
in about 1 in 2000 individuals in the United States. The cardinal symptoms of narcolepsy are excessive 
daytime sleepiness, cataplexy, sleep-related hallucinations, sleep paralysis, and disrupted nighttime sleep. 
The age of onset of narcolepsy ranges from early childhood to middle age, with a large peak around age 
15: thus the first symptoms of narcolepsy commonly manifest during childhood and adolescence. 

Cataplexy is a symptom specific to narcolepsy and is characterized by a sudden loss of skeletal muscle 
tone often triggered by strong emotions such as laughter. The loss of muscle tone in cataplexy may be 
confined to a limited group of muscles or be more generalized. Localized forms of cataplexy may manifest 
with symptoms such as head or jaw dropping, buckling of the knees, and slurred speech. Generalized 
cataplexy with a loss of tone in all voluntary muscles can result in falls. The duration of individual attacks 
of cataplexy can vary from a second to several minutes. The frequency of attacks of cataplexy can vary 
from as little as one episode per year to several episodes per day, with attacks occasionally being 
continual for several hours at a time. Consciousness is fully preserved during attacks of cataplexy. The 
prevalence of cataplexy in the United States has been estimated to range from 0.05% to 0.067%. Like 
other symptoms of narcolepsy, cataplexy commonly begins during childhood and adolescence. 

As is the case with adults, the symptoms of narcolepsy, including cataplexy, are frequently disruptive of 
the lives of children and adolescents, both at school and elsewhere. Among several consequences of 
narcolepsy in that population are impaired academic performance, injury, and emotional disturbances. 
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Sodium oxybate is the only drug approved for the treatment of cataplexy in narcolepsy. The approval of 
sodium oxybate for the treatment of cataplexy in narcolepsy is based on studies conducted entirely in 
adults, as is the approval of that drug for the treatment of excessive daytime sleepiness in narcolepsy. 
While other drugs such as tricyclics and selective serotonin reuptake inhibitors are used in both adults and 
children to treat cataplexy, their use for that indication is not evidence-based. Stimulant drugs such as 
methylphenidate and dextroamphetamine, while prescribed for the treatment of the excessive daytime 
sleepiness of narcolepsy even in children, are not approved for use in that population and are not known 
to be effective in cataplexy. 

Section 8.4 of the current Prescribing Information for sodium oxybate states the following: “Safety and 
effectiveness in pediatric patients has not been established.” There are also no published randomized, 
controlled trials of sodium oxybate in pediatric patients. Despite similarities in the symptoms of 
narcolepsy between children and adults, we do not believe that sodium oxybate can be assumed to have 
efficacy in children and adolescents based on the extrapolation of efficacy data from adults. There are, 
however, post-marketing safety data available for about 1500 pediatric patients who were prescribed 
sodium oxybate off-label. 

For the above reasons, the potential use of sodium oxybate as a treatment for cataplexy in narcolepsy in 
children and adolescents aged 7 to 17 years should be clinically investigated. Narcolepsy is less frequent in 
children less than 7 years old and has not been reported to occur in neonates; thus, the potential use of 
sodium oxybate in those populations does not warrant further investigation. 

To obtain needed pediatric information on sodium oxybate the Food and Drug Administration (FDA) is 
hereby making a formal Written Request, pursuant to Section 505A of the Federal Food, Drug, and 
Cosmetic Act (the Act), as amended by the Food and Drug Administration Amendments Act of 2007, that 
you submit information from the studies described below. 

• Nonclinical study: 

Based on review of the available nonclinical toxicology data, the following study must be conducted, but 
may be conducted concurrently with the clinical study in pediatric patients further described below: 

A juvenile animal toxicology study in rats. 

This study must utilize animals of an age range and stage(s) of development that are comparable to the 
intended human population, and the animals must be exposed to the drug for a period that will cover the 
intended length of treatment in the pediatric population. In addition to the usual toxicological 
parameters, this study must evaluate effects on growth (including bone growth parameters), reproductive 
development, and neurological and neurobehavioral development. Reproductive performance must be 
evaluated following cessation of treatment, after a washout period of appropriate duration (based on 
half-life). In assessing neurobehavioral development, the effects must be evaluated during treatment and 
after an appropriate washout period following the cessation of treatment (to evaluate potential long-term 
effects). To avoid the confounding effect of repeated neurobehavioral testing, separate groups of animals 
must be used at the two assessment times. However, to avoid unnecessary use of animals, the same 
group of animals may be used to evaluate neurobehavioral effects during treatment and the effects on 
reproductive parameters. The neurobehavioral tests must assess sensory function, motor function, and 
learning and memory. The neuropathological evaluation must include examination of all major brain 
regions and cellular elements, with particular attention to alterations indicative of developmental insult. 

We recommend that dose selection for the pivotal study be based on a preliminary dose-range finding 
study in juvenile animals, and that a final protocol for the pivotal nonclinical study be submitted to the 
Division for comment prior to study initiation. 
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• Clinical study: 

Study 1: A double-blind, placebo-controlled, randomized withdrawal, multicenter study of the efficacy and 
safety of sodium oxybate, combined with an open-label evaluation of the pharmacokinetics of sodium 
oxybate, and an open-label safety evaluation with combined time of sodium oxybate treatment of at least 
one year in pediatric patients who have narcolepsy with cataplexy. 

The efficacy of sodium oxybate in pediatric patients aged 7 to 17 years cannot be extrapolated and will be 
determined by the studies outlined in this Written Request. 

• Objectives of the study: 

• to evaluate the efficacy of sodium oxybate in the treatment of cataplexy in narcolepsy in 
pediatric patients aged 7 to 17 years 

• to evaluate the safety of sodium oxybate in the treatment of cataplexy in pediatric 
patients, aged 7 to 17 years, for at least one year. 

• to characterize the pharmacokinetics of sodium oxybate given as two doses to children 
and adolescents, aged 7 to 17 years, who have narcolepsy with cataplexy. 

• to compare the pharmacokinetics and dose-proportionality of sodium oxybate in two 
pediatric age group distributions (7-11 years and 12-17 years), and to further compare those data with 
corresponding historic data for sodium oxybate in adults. 

• Patients to be Studied: 

• Age group in which study will be performed: Patients aged 7 to 17 years. 

• Number of patients to be studied: At least 100 patients should be enrolled in the study as a 
whole. At least 8 patients from the 7-11 year age group distribution and 10 patients from the 12-17 year 
age group distribution should be enrolled in the subset of subjects in whom pharmacokinetic analyses are 
to be performed. 

Representation of Ethnic and Racial Minorities: The studies must take into account adequate (e.g., 
proportionate to disease population) representation of children of ethnic and racial minorities. If you are 
not able to enroll an adequate number of these patients, provide a description of your efforts to do so 
and an explanation for why they were unsuccessful. 

• Study endpoints: 

• Efficacy Endpoints: The primary efficacy endpoint will be the change in the weekly 
number of cataplexy attacks during the 2 weeks of double-blind treatment as compared with the weekly 
number of cataplexy attacks during the 2-week (stable-dose) period immediately preceding the double-
blind treatment period. 

A key secondary efficacy endpoint must be the Clinical Global Impression of Change in cataplexy severity 
comparing the end of the double-blind period with the end of the stable- dose period. 

Measures of compliance must include measurement of the volume of sodium oxybate remaining at each 
study visit in each bottle in which that product is dispensed. 

• Pharmacokinetic Endpoints: The following pharmacokinetic parameters for sodium 
oxybate must be evaluated in a subset of patients who are already taking sodium oxybate at a stable 
dose: AUC0-4, Cmax, and tmax following the first dose; and peak concentration and C4h after the second 
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dose. Those pharmacokinetic parameters and the dose-proportionality of sodium oxybate in each of the 
two pediatric age group distributions (7-11 years and 12-17 years) must be assessed and compared with 
the corresponding historic data in adults. 

• Safety Endpoints: Safety outcomes must include an evaluation of adverse events, vital 
signs, physical examinations, weight, height, 12-lead electrocardiogram, hematology, clinical chemistry, 
urinalysis, polysomnographic measures (including measures of respiration), assessments of growth and 
precocious puberty (including measurement of growth hormone), serum pregnancy tests (if appropriate), 
Columbia-Suicide Severity Rating Scale score, Children’s Depression Inventory score, and 
Multidimensional Anxiety Scale score. 

A review of adverse events must be performed at every study visit. Vital signs, height, and weight should 
also be checked at every study visit using standardized methods. Other assessments should be performed 
at clinically appropriate intervals, again using standardized methods. 

While all adverse events must be reported, patients must be actively monitored for the following adverse 
events: confusion, somnolence and more pronounced levels of depressed consciousness; respiratory 
depression; depressed mood and suicidality; anxiety; sleepwalking and other parasomnias; abuse and 
misuse of sodium oxybate; and weight loss. 

A Data Monitoring Committee must be included because of the known safety concerns with sodium 
oxybate that are listed below. Please refer to the Agency Guidance document entitled “Establishment and 
Operation of Clinical Trial Data Monitoring Committees” which is available at the following link . 

http://www.fda.gov/downloads/RegulatoryInformation/Guidances/ucm127073.pdf 

• Known Drug Safety concerns and monitoring: 

Known safety concerns with sodium oxybate include central nervous system depression, respiratory 
depression, confusion, depressed mood and suicidality, anxiety, parasomnias such as sleepwalking, and 
abuse and misuse of that drug. The current Prescribing Information for sodium oxybate especially warns 
of the risk of respiratory and central nervous system depression, and misuse and abuse of that product. 
Accordingly, patients should be actively monitored for those adverse events. The use of sodium oxybate is 
contraindicated in combination with sedative hypnotics or alcohol and in individuals with succinic 
semialdehyde dehydrogenase deficiency. Sodium oxybate is a Schedule III controlled substance and 
sodium oxybate is available only through a restricted distribution program because of the risks of central 
nervous system depression, abuse, and misuse. 

• Extraordinary results: 

In the course of conducting these studies, you may discover evidence to indicate that there are 
unexpected safety concerns, unexpected findings of benefit in a smaller sample size, or other unexpected 
results. In the event of such findings, there may be a need to deviate from the requirements of this 
Written Request. If you believe this is the case, you must contact the Agency to seek an amendment.  It is 
solely within the Agency’s discretion to decide whether it is appropriate to issue an amendment. 

• Drug information: 

• dosage form: liquid 
• route of administration: oral 
• regimen: nightly in two divided doses 

Reference ID: 4341058 
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Use an age-appropriate formulation in the study(ies) described above. If an age-appropriate formulation 
is not currently available, you must develop and test an age-appropriate formulation and, if it is found 
safe and effective in the studied pediatric population(s), you must seek marketing approval for that age-
appropriate formulation. 

In accordance with section 505A(e)(2), if 
1)  you develop an age-appropriate formulation that is found to be safe and effective in the pediatric 
population(s) studied (i.e., receives approval); 
2)  the Agency grants pediatric exclusivity, including publishing the exclusivity determination notice 
required under section 505A(e)(1) of the Act; and 
3)  you have not marketed the formulation within one year after the Agency publishes such notice, 
the Agency will publish a second notice indicating you have not marketed the new pediatric formulation. 

If you demonstrate that reasonable attempts to develop a commercially marketable formulation have 
failed, you must develop and test an age-appropriate formulation that can be compounded by a licensed 
pharmacist, in a licensed pharmacy, from commercially available ingredients. Under these circumstances, 
you must provide the Agency with documentation of your attempts to develop such a formulation and 
the reasons such attempts failed. If we agree that you have valid reasons for not developing a 
commercially marketable, age-appropriate formulation, then you must submit instructions for 
compounding an age-appropriate formulation from commercially available ingredients that are 
acceptable to the Agency. If you conduct the requested studies using a compounded formulation, the 
following information must be provided and will appear in the product labeling upon approval: active 
ingredients, diluents, suspending and sweetening agents; detailed step-by-step compounding 
instructions; packaging and storage requirements; and formulation stability information. 

Bioavailability of any formulation used in the studies must be characterized, and as needed, a relative 
bioavailability study comparing the approved drug to the age appropriate formulation may be conducted 
in adults. 

• Statistical information, including power of study(ies) and statistical 
assessments: 

The trial must enroll a sufficient number of patients to have at least 80% power to detect a difference 
between the two treatment groups of 40% in the percentage change in the weekly number of cataplexy 
attacks during the 2-week randomized withdrawal phase of the study as compared with the weekly 
number of cataplexy attacks during the last 2 weeks of the immediately preceding stable-dose period, 
using a two-sided alpha of 0.05. A hypothetical example of such a difference between the treatment 
groups is illustrated in the following table. 

Treatment 
Group 

Weekly number 
of attacks during 
last 2 weeks of 
stable dose 

Weekly number of 
attacks during 2-week 
randomized 
withdrawal period 

Change in 
weekly 
number of 
attacks 

% change in 
weekly number 
of attacks* 

Difference 
between 
treatment groups 
in 

Placebo 10 15 5 +50% 40% 
Xyrem 10 11 1 +10% 

*compared with last 2 weeks of stable-dose period 
**effect size 

Dose proportionality must be assessed using AUC and Cmax values. The AUC and Cmax ratios and their 
90% confidence intervals should be presented.  Pharmacokinetic parameters will be based on the PK 
population available. 
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• Labeling that may result from the study(ies): 

You must submit proposed pediatric labeling to incorporate the findings of the study(ies). Under section 
505A(j) of the Act, regardless of whether the study(ies) demonstrate that sodium oxybate is safe and 
effective, or whether such study results are inconclusive in the studied pediatric population(s) or 
subpopulation(s), the labeling must include information about the results of the study(ies). Under section 
505A(k)(2) of the Act, you must distribute to physicians and other health care providers at least annually 
(or more frequently if FDA determines that it would be beneficial to the public health), information 
regarding such labeling changes that are approved as a result of the study(ies). 

• Format and types of reports to be submitted: 

You must submit full study reports, not previously submitted to the Agency, that address the issues 
outlined in this request, with full analysis, assessment, and interpretation. In addition, the reports must 
include information on the representation of pediatric patients of ethnic and racial minorities. All 
pediatric patients enrolled in the study(ies) should be categorized using one of the following designations 
for race: American Indian or Alaska Native, Asian, Black or African American, Native Hawaiian or other 
Pacific Islander, or White. For ethnicity, you should use one of the following designations: Hispanic/Latino 
or Not Hispanic/Latino. If you choose to use other categories, you should obtain Agency agreement. 

Under section 505A(d)(2)(B) of the Act, when you submit the study reports, you must submit all 
postmarketing adverse event reports regarding this drug that are available to you at that time. All post-
market reports that would be reportable under section 21 CFR 314.80 should include adverse events 
occurring in an adult or a pediatric patient. In general, the format of the post-market adverse event report 
should follow the model for a periodic safety update report described in the Guidance for Industry E2C 
Clinical Safety Data Management: Periodic Safety Update Reports for Marketed Drugs and the Guidance 
addendum. You are encouraged to contact the reviewing Division for further guidance. 

Although not currently required, we request that study data be submitted electronically according to the 
Study Data Tabulation (SDTM) standard published by the Clinical Data Interchange Standards Consortium 
(CDISC) provided in the document “Study Data Specifications,” which is posted on the 
http://www.fda.gov/downloads/Drugs/DevelopmentApprovalProcess/FormsSubmissionRequire 
ments/ElectronicSubmissions/UCM199759.pdf and referenced in the FDA Guidance for Industry, 
Providing Regulatory Submissions in Electronic Format - Human Pharmaceutical Product Applications and 
Related Submissions Using the eCTD Specifications at http://www.fda.gov/Cder/guidance/7087rev.htm. 

• Timeframe for submitting reports of the study(ies): 

Reports of the above studies must be submitted to the Agency on or before September 22, 
2018.  Please keep in mind that pediatric exclusivity attaches only to existing patent protection or 
exclusivity that would otherwise expire nine (9) months or more after pediatric exclusivity is granted, and 
FDA has 180 days from the date that the study reports are submitted to make a pediatric exclusivity 
determination. Therefore, to ensure that a particular patent or exclusivity 
is eligible for pediatric exclusivity to attach, you are advised to submit the reports of the studies at least 
15 months (9 months plus 6 months/180 days for determination) before such patent or exclusivity is 
otherwise due to expire. 

• Response to Written Request: 
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Under section 505A(d)(2)(A)(i), within 180 days of receipt of this Written Request you must notify the 
Agency whether or not you agree to the Written Request. If you agree to the request, you must indicate 
when the pediatric studies will be initiated. If you do not agree to the request, you must indicate why you 
are declining to conduct the study(ies). If you decline on the grounds that it is not possible to develop the 
appropriate pediatric formulation, you must submit to us the reasons it cannot be developed. 

Furthermore, if you agree to conduct the study(ies), but have not submitted the study reports on or 
before the date specified in the Written Request, the Agency may utilize the process discussed in section 
505A(n) of the Act. 

Reports of the studies that meet the terms of the Written Request dated March 10, 2014, as amended by 
this letter must be submitted to the Agency on or before September 22, 2018 in order to possibly qualify 
for pediatric exclusivity extension under Section 505A of the Act. 

Submit reports of the studies as a supplement to an approved NDA with the proposed labeling changes 
you believe are warranted based on the data derived from these studies.  When submitting the reports, 
clearly mark your submission “SUBMISSION OF PEDIATRIC STUDY REPORTS – PEDIATRIC EXCLUSIVITY 
DETERMINATION REQUESTED” in large font, bolded type at the beginning of the cover letter of the 
submission and include a copy of this letter.  In addition, send a copy of the cover letter of your 
submission , via fax (240-276-9327) or messenger, to the Director, Office of Generic Drugs, CDER, FDA, 
Document Control Room, Metro Park North VII, 7620 Standish Place, Rockville, MD 20855-2773. 

In accordance with section 505A(k)(1) of the Act, FDA must make available to the public the medical, 
statistical, and clinical pharmacology reviews of the pediatric studies conducted in response to this 
Written Request within 210 days of submission of your study report(s).  These reviews will be posted 
regardless of the following: 

◦ the type of response to the Written Request (i.e., complete or partial response); 
◦ the status of the application (i.e., withdrawn after the supplement has been filed or 

pending); 
◦ the action taken (i.e., approval, complete response); or 
◦ the exclusivity determination (i.e., granted or denied). 

FDA will post the medical, statistical, and clinical pharmacology reviews on the FDA website at 
http://www.fda.gov/Drugs/DevelopmentApprovalProcess/DevelopmentResources/UCM049872. 

If you wish to discuss any amendments to this Written Request, submit proposed changes and the 
reasons for the proposed changes to your application.  Clearly mark submissions of proposed changes to 
this request “PROPOSED CHANGES IN WRITTEN REQUEST FOR PEDIATRIC STUDIES” in large font, bolded 
type at the beginning of the cover letter of the submission.  We will notify you in writing if we agree to 
any changes to this Written 

5. Pre-sNDA Meeting 
A Pre-sNDA meeting was held with the sponsor on September 6, 2017, at which 
this then-pending application was discussed. For full details of the items 
discussed and agreements reached at that meeting, please see the Agency’s 
Minutes. 
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6. Outline Of Main Clinical Study (Study 13-005) Supporting 
Current Application 
6.1 Outline Of Study Protocol Through Amendment #3 
The outline below summarizes the main features of this study protocol as it 
existed prior to the conduct of an interim analysis described below. 

The protocol described below is the version contained in Amendment #3, dated 
August 5, 2015, which was submitted to IND #49641 on August 11, 2015 (Serial 
#246). Substantive changes to the protocol were made in Amendment #s 4 and 5 
and are summarized later in this review. 

Please note that the citations in sponsor tables copied below refer to the items in 
the study protocol submitted by the sponsor. 

6.1.1 Title 
A Double-Blind, Placebo-Controlled, Randomized-Withdrawal Multicenter Study 
Of The Efficacy And Safety Of Xyrem With An Open-Label Pharmacokinetic 
Evaluation And Safety Extension In Pediatric Subjects With Narcolepsy With 
Cataplexy. 

6.1.2 Objectives 

6.1.2.1 Primary Objectives 
■ To evaluate the efficacy of Xyrem® in the treatment of cataplexy in pediatric 

patients with narcolepsy. 
■ To evaluate the safety of Xyrem® in the treatment of cataplexy in pediatric 

patients with narcolepsy for up to one year. 

6.1.2.2 Secondary Objectives 
■ To evaluate the efficacy of Xyrem® in the treatment of excessive daytime 

sleepiness in pediatric patients with narcolepsy with cataplexy. 
■ To characterize the pharmacokinetics of Xyrem® in pediatric patients, aged 7 

to 17 years, with narcolepsy with cataplexy. 
■ To evaluate the safety of titrating Xyrem® in pediatric patients to an effective 

and tolerable dose. 

6.1.3 Design, Dose, Sample Size, And Duration 
This study consists of 2 consecutive core components. 

1. The key double-blind, placebo-controlled, randomized withdrawal 
component of the study (with the double-blind, placebo-controlled 
randomized withdrawal segment forming a phase in that component of the 
study). 
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2. An open-label safety extension, following the period of double-blind 
withdrawal that permits all patients to receive Xyrem® for a total period of 
up to 1 year. 

Patients to be enrolled in the study will be either Xyrem®-naïve or already taking 
that drug. 

Open-label titration and open-label stable dose periods, in that consecutive 
order, are to precede the double-blind, placebo-controlled, randomized 
withdrawal component. 

The pharmacokinetics of Xyrem® are to be evaluated in a subset of patients 
during the first component of the study during the stable-dose period. 

Throughout the study, all nightly doses of Xyrem® and (Xyrem®) placebo will be 
administered in 2 divided doses, administered 2.5 to 4 hours apart. 

The Xyrem® product used will be the marketed product, but flavorant may be 
added to the water used as a diluent if requested by the subject, parent, or 
guardian for palatability. 

The overall study schema is illustrated below in a figure that I have copied from 
the submission. 
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Each segment of the study is further described below. 

A specific dosing syringe is to be used during the study. An image of that syringe 
and its gradations is displayed below. 

6.1.3.1 Double-Blind, Placebo-Controlled, Randomized Withdrawal Component 
The study will have a screening period lasting up to 30 days. 

About 100 patients are to be enrolled in the study. Those enrolled will be: 

EITHER 

• Xyrem®-naïve. 
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OR 

• Taking a stable dose of Xyrem® (and a stable dose of stimulants for 
narcolepsy, if applicable) for at least 2 months prior to study entry. 

There will be an open-label titration period lasting 3 to 10 weeks for patients who 
are Xyrem®-naïve at entry. Those patients will have treatment with that drug 
initiated at a dose that is weight-dependent. The Xyrem® dose will then be 
titrated until there is maximum benefit in the treatment of cataplexy (and so that 
the frequency and severity of cataplexy are stable with no further dose 
adjustments needed) and excessive daytime sleepiness, while tolerability is 
maintained. Once an optimal dose of Xyrem® is achieved (per the investigator’s 
judgment), patients may enter the open-label stable-dose period of the study. 
Patients in whom there is no response based on cataplexy frequency compared 
with study entry will be considered treatment failures and withdrawn from the 
study. The starting dose, rate of titration, and maximum dose for Xyrem® for the 
dose titration phase – all of which are weight-dependent – are specified in the 
following table, which I have copied from the submission. 

A reduction in Xyrem® dose on account of poor tolerability will be permitted 
during the dose-titration phase with any decrement being a multiple of either 1 
g/night or 1.5 g/night. Stimulant taper and withdrawal may also be attempted at 
the discretion of the investigator during the open-label titration phase. 

An open-label stable-dose period lasting 2-3 weeks will precede the double-blind, 
placebo-controlled, randomized withdrawal phase of the study, as follows: 

• For patients already taking a stable dose of Xyrem® (and stimulants for narcolepsy, if 
applicable) for at least 2 months prior to study entry, treatment with the same dose of 
Xyrem® (and stimulants, if applicable) will be continued for 3 weeks. 

• For Xyrem®-naïve patients who have been titrated to an optimal Xyrem® dose (and 
stimulant dose, if applicable) during the dose-titration phase will remain on the same 
dose of Xyrem® (and stimulants, if applicable) for 2 weeks during the open-label, 
stable dose period. 

Baseline data will be collected during the last 2 weeks of the stable-dose period. 
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At the end of the open-label, stable-dose period, patients will be qualified to enter 
the double-blind treatment period if the following criteria are satisfied: 

• Inclusion and exclusion criteria for the study protocol continue to be met. 

• The dose of Xyrem® remains unchanged during the stable-dose period. 

• No clinically significant worsening in narcolepsy symptoms or clinically significant 
adverse events attributable to Xyrem® treatment during the stable-dose period as 
per investigator judgment. 

The double-blind, placebo-controlled, randomized withdrawal phase will 
immediately follow the stable-dose period. This period will last 2 weeks. During 
this period, patients will be randomized 1:1 to treatment with one of the following 
regimens: 

• Xyrem® continued in the stable dose established during the preceding 2 
weeks. 

• Placebo that is equivalent in volume to the Xyrem® stable dose 
established during the preceding 2 weeks. 

During the double-blind, placebo-controlled, randomized withdrawal period, 
patients will remain on the same stimulant dose (if applicable) that was used 
during the open-label stable-dose period. 

Patients who complete the double-blind treatment period will be eligible to 
continue in the open-label safety component of the study. 

During the open-label stable-dose phase described above, a subset of patients 
will participate in the open-label pharmacokinetic evaluation further described 
below. 

6.1.3.1.1 Open-Label Pharmacokinetic Evaluation 
Only patients already taking a stable dose of Xyrem® at study entry will be 
eligible to participate in the pharmacokinetic evaluation section of the study. 

Patients enrolled will be stratified into 2 groups by age: 7 to 11 years; and 12 to 
17 years. If the variability of Xyrem® pharmacokinetics in children is similar to that 
in adults, 12 completers in each age group are estimated to be adequate to 
characterize the pharmacokinetics of Xyrem® in children. When sufficient data 
are actually available to characterize the pharmacokinetics of Xyrem® in children, 
enrollment in that component of the study will cease. 
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Once enrolled in the pharmacokinetic evaluation, patients will spend two nights at 
the beginning of the stable-dose period (or during the earlier open-label stable 
dose period) at the study site for the pharmacokinetic evaluation. These two 
nights are designated (in consecutive order) as Pharmacokinetic Nights 1 and 2. 

• On Pharmacokinetic Night 1, subjects will receive one half of their usual and 
current total nightly Xyrem® dose (administered as two equally divided doses. 
given at bedtime, and 4 hours later). 

• On Pharmacokinetic Night 2 (which will be the next night after Pharmacokinetic 
Night 1 or within 2 weeks of Pharmacokinetic Night 1), subjects will receive 
Xyrem® at their usual stable nightly dose (administered as two equally divided 
doses, given at bedtime, and 4 hours later). 

On each of the above nights, pharmacokinetic sampling will be performed as 
follows: 

• At the following times in relation to the first dose: 0 (pre-dose), 0.75, 1.5, 2.5, 
and 4 hours (pre-second dose) 

• 4.75 and 8 hours after the first dose (i.e., 0.75 and 4 hours after the second 
dose). 

6.1.3.2 Open-Label Safety Component 
The open-label safety component will follow the randomized withdrawal phase of 
the study. 

This period will allow for a total Xyrem® exposure of up to 1 year in a subset of 
patients (the 1-year period includes the duration of Xyrem® administration prior to 
and during the randomized withdrawal phase). 

Patients will participate in the open-label safety period itself for the following 
periods depending on whether they are Xyrem®-naïve or already on Xyrem® at 
entry into the study, as follows: 

• Patients who are already on a stable dose of Xyrem® at entry will participate in 
the open-label safety period for 47 weeks. 

• Patients who are Xyrem®-naïve at study entry will participate in the open-label 
safety period for 38 to 45 weeks. 

On entering the open-label safety period, all subjects will be started at a dose no 
higher than half the Xyrem® dose administered at the end of the stable-dose 
period and will then be titrated up to an optimal dose of Xyrem®, as per the 
judgment of the investigator. The maximum dose used will not exceed that 
depicted in the table in the previous section. 
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Patients who withdraw prematurely from the study will undergo a 2-week post-
study termination visit. 

Measures to assess patient compliance are to be taken consistent with the 
stipulations in the Written Request of March 10, 2014: data recorded in patient 
daily diaries and the volume of study drug solution returned at each visit are each 
to be evaluated. 

An age-appropriate formulation of study drug is to be used. 

6.1.4 Key Inclusion Criteria For All Patients 
• Male or female. Age 7 to 16 years at Visit 2 for subjects on Xyrem® at study 

entry and at Visit 1.1 for Xyrem®-naïve subjects (to ensure that subjects are < 
18 years of age). Please see the study schedule (Section 6.1.7) for further 
information about the aforementioned visits. 

• Primary diagnosis of narcolepsy with cataplexy (Type 1 narcolepsy) meeting 
International Classification of Sleep Disorders (ICSD)-2 criteria or ICSD-3 
criteria, whichever was in effect at the time of the study. 

• Positive for the HLA DQB1:0602 haplotype, as determined at screening. 

• Documented assent from the patient indicating that he or she is aware of the 
investigational nature of the study and of the required procedures and 
restrictions prior to participation in any protocol-related activities. 

• Informed consent from parent or guardian. 

• History of at least 14 cataplexy attacks in a typical 2-week period and 
clinically significant symptoms of excessive daytime sleepiness prior to 
beginning any narcolepsy treatment. 

• Willing to spend the required number of nights (2 to 3) in a sleep laboratory 
for polysomnographic evaluations. 

• If currently treated with Xyrem® must have been taking unchanged doses of 
Xyrem® (twice nightly dosing no higher than 9 g/night) and stimulants, if 
applicable, for the treatment of narcolepsy symptoms for at least 2 months 
prior to screening. 

• Agreement to abstain from caffeinated-products during nights when a 
polysomnogram is performed. 
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• If currently treated with Xyrem®, must have demonstrated clinical 
improvement of cataplexy per investigator’s clinical judgment. 

• Has agreed to abstain from caffeinated products during polysomnographic 
and pharmacokinetic assessment nights. 

• If female and of child-bearing potential, must be willing to use a method of 
contraception that is considered acceptable by the investigator, or agree to 
abstain from sexual intercourse for the duration of the study and for 30 days 
after study termination. 

• If male and sexually active with a female partner must be willing to use a 
method of contraception that is considered acceptable by the investigator or 
agree to abstain from sexual intercourse for the duration of the study and for 
30 days after study termination. 

6.1.4.1 Additional Inclusion Criteria For Patients Participating In 
Pharmacokinetic Evaluation Component Of Study 
• Must be willing to spend 2 additional nights in a sleep laboratory for 

polysomnographic evaluations. 

• Must have been taking unchanged doses of Xyrem® (and stimulants, if 
applicable) for the treatment of narcolepsy symptoms for at least 2 months 
prior to screening. 

• Documented assent from the patient indicating that he or she is aware of the 
investigational nature of the pharmacokinetic component of study and of the 
required procedures and restrictions before participation in any protocol-
related activities. 

• Have sufficient blood volume for pharmacokinetic sampling based on body 
weight in accordance with Seattle Children’s Hospital guidelines or, for a 
particular investigational site, Institutional Review Board eligibility guidelines 
for pediatric blood collection pertinent to the site. 

6.1.5 Key Exclusion Criteria For All Patients 
• Inability of patient to understand, assent to, or follow study instructions for 

any reason, in the opinion of the investigator. 

• Inability of parent or guardian to comply with study requirements for any 
reason, in the opinion of the investigator. 

• Previously treated with Xyrem®, but discontinued drug on account of lack of 
efficacy and/or poor tolerability. 
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• Narcolepsy secondary to any other medical condition. 

• Restless legs syndrome requiring treatment other than iron supplements. 

• Succinic semi-aldehyde dehydrogenase deficiency. 

• Uncontrolled hypothyroidism. 

• History of seizure disorder. 

• History of head trauma associated with loss of consciousness. 

• Evidence of sleep-disordered breathing, including any one of the following: 

■ Presence of clinically significant obstructive or central sleep apnea, as 
determined by the investigator or documented previously. 

■ Obstructive apnea-hypopnea index > 5 for subjects 7 to 11 years of age or 
obstructive apnea-hypopnea index > 10 for subjects 12 to 17 years of age. 

■ Oxygen saturation nadir ≤ 85% at night. 

■ Clinically significant hypoventilation. 

• Oxygen saturation level < 95% for at least 5 minutes on room air as 
measured by pulse oximetry, while fully awake during daytime monitoring. If 
values < 95% are observed at study sites at higher geographic elevations 
and are acceptable to the investigator, enrollment of the subject requires 
permission from the Medical Monitor. 

• Past or current major thought disorder, e.g., schizophrenia, paranoia, or 
mania. 

• Recent history of clinically significant parasomnia (e.g., sleep walking) that 
could significantly affect the conduct of the study. 

• Current suicide risk as determined from history, Columbia-Suicide Severity 
Rating Scale, or previous suicide attempt. 

• A T-score ≥ 65 on the Children’s Depression Inventory 2nd Edition Self-
Report Short Version. 

• Other documented clinically significant condition (including an unstable 
medical condition, chronic disease other than narcolepsy with cataplexy, or 
history or presence of another neurological disorder) that might affect the 
subject’s safety and/or interfere with the conduct of the study in the opinion 
of the investigator. 
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• Electrocardiogram with clinically significant deviation from normal or clinically 
significant physical examination findings, as per the Investigator. 

• Clinically significant laboratory abnormality, as per the Investigator. 

• Positive pregnancy test at screening (pregnancy tests are to be performed in 
any woman who reaches menarche). 

• Positive urine drug screen for benzodiazepines or drugs of abuse, a positive 
alcohol test, or a history of substance abuse including alcohol abuse (if the 
patient takes prescribed amphetamines and has a positive test for those 
drugs, he will not be excluded). 

• Treatment with benzodiazepines, non-benzodiazepine anxiolytics, hypnotics 
and sedatives, neuroleptics, opioids, barbiturates, diclofenac, valproate, 
phenytoin, or ethosuximide within 2 weeks prior to enrollment 
(discontinuation for the purposes of study enrollment is permitted if 
considered safe by the Investigator and approved by the Medical Monitor). 

• Treatment with other drugs for cataplexy (examples provided) within 1 month 
of screening. 

• Current treatment with oral isotretinoin. 

• Inability to fast for 2 hours before the first dose through 4 hours following the 
last dose on nights when polysomnography or pharmacokinetic sampling is 
performed. 

• Lack of a commitment from the parent or guardian that the home situation is 
safe for Xyrem® use. 

• Use of any investigational agent within 30 days or 5 half-lives (whichever is 
longer) before the first dose of study drug. 

• Allergy to local anesthetics that may be used for blood collection. 

• Allergy to malic acid, sucralose/maltodextrin, or ingredients in the flavorant if 
used. 

• Unsafe for subject to receive placebo treatment for 2 weeks, in the opinion of 
the investigator. 
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6.1.5.1 Additional Exclusion Criteria For Patients Participating In 
Pharmacokinetic Evaluation Component Of Study 
• Hemoglobin below the lower limit of normal for age and gender at screening 

or at the end of the double-blind period, whichever is closer to 
pharmacokinetic nights. 

• Use of tobacco products or products for smoking cessation within 90 days 
before screening, including nicotine-containing products, or history of 
significant use of tobacco (> 10 cigarettes or their equivalent daily) within 3 
years prior to the pre-stable-dose-phase polysomnogram. 

• Non-compliance with prescribed Xyrem® regimen in the 2 weeks prior to the 
first Pharmacokinetic Night. 

6.1.6 Concomitant Medications 

6.1.6.1 Prohibited Medications 
• Benzodiazepines, non-benzodiazepine anxiolytics, hypnotics and sedatives, 

neuroleptics, opioids, barbiturates, diclofenac, valproate, phenytoin, and 
ethosuximide. If a subject undergoes short-term outpatient procedures during 
the study and requires opioids or benzodiazepines, study drug must be held 
for one night while those drugs are administered; if and opioid and/or a 
benzodiazepine is required for multiple days, the subject must be 
discontinued from the study. 

• Other anti-cataplectic medications such as tricyclic antidepressants, selective 
serotonin reuptake inhibitors, or tricyclic antidepressants. 

• Oral isotretinoin. 

• Investigational drugs other than study drug. 

6.1.6.2 Permitted Medications 
• Stimulant therapy, as long as the dose is stable during the stable-dose and 

double-blind withdrawal periods. 

• Vitamins in normal doses (herbal supplements are prohibited). 

• Acetaminophen for fever, headache, or other pain in accordance with the 
allowable dose limits by age for each country and not to exceed the limits 
below: 

■ For subjects aged 7 to 11 years: no more than 325 mg every 4 to 6 hours, not 
to exceed 1625 mg in 24 hours. 
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■ For subjects 12 years and older: no more than 650 mg every 4 to 6 hours, not 
to exceed 3250 mg in 24 hours. 

• Ibuprofen for fever, headache, or other pain in accordance with the allowable 
dose limits by age for each country and not to exceed the limits below: 

■ For subjects aged 7 to 11 years: no more than 100 mg every 6 to 8 hours, not 
to exceed 400 mg in 24 hours. 

■ For subjects 12 years and older: no more than 200 mg every 4 to 6 hours, not 
to exceed 1200 mg in 24 hours. 

• Birth control pills, patches, injections, or implants (all hormonal 
contraceptives) may be continued. 

• Local topical anesthetic agent for placement of indwelling catheter or before 
any blood draws. 

• Non-sedating antihistamines. 

• Anti-inflammatories for pain. 

• Chronic topical or oral antibiotics for acne. 

• Over-the-counter decongestants. 

6.1.7 Schedule 
The study schedule is depicted in a series of tables which have been copied 
below from the study protocol in this supplemental NDA and are partly self-
explanatory (please refer to the submission itself for further details). 

Note that individual episodes of cataplexy are to be recorded in patient diaries. 

6.1.7.1 Schedule For Subjects Taking Xyrem® At Study Entry (Including Open-
Label Safety Component) 
The study schedule for subjects taking Xyrem® at study entry is copied below 
from the submission. 
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6.1.7.2 Schedule For Subjects Who Are Xyrem®-Naïve At Study Entry (Except 
Open-Label Safety Component) 
The study schedule for subjects who are Xyrem®-naïve at study entry is copied 
below from the submission. 
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6.1.7.3 Schedule For Polysomnographic Procedures 

6.1.7.3.1 Schedule For Patients On Xyrem® At Study Entry 
Polysomnographic night procedures for patients taking Xyrem® at study are 
displayed in the following sponsor table. 
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6.1.7.3.2 Schedule For Patients Who Are Xyrem®-Naïve At Study Entry 
Polysomnographic night procedures for patients who are Xyrem®-naïve at study 
are displayed in the following sponsor table. 
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6.1.7.4 Schedule For Open-Label Safety Component (Xyrem®-Naïve At Study 
Entry) 
The schedule for the open-label safety component (extension) is copied below 
and applies specifically to patients who were Xyrem®-naïve at entry into the study 
(the schedule for those receiving a stable dose of Xyrem® at study entry is not 
substantially different). 
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6.1.7.5 Schedule For Pharmacokinetic Evaluation Procedures 
The schedule for pharmacokinetic evaluations (for subjects participating in that 
component of the study) is below. 
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6.1.8 Outcome Measures 

6.1.8.1 Primary Efficacy Parameter 
Change in weekly number of cataplexy attacks during the 2 weeks of the double-
blind period, compared with the last 2 weeks of the stable-dose period. 
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6.1.8.1.1 Further Description Of Primary Efficacy Parameter 
The weekly frequency of cataplexy attacks was derived from a diary completed 
by the patient with the help of a caregiver, if needed. 

6.1.8.2 Key Secondary Efficacy Parameters 
• Clinical Global Impression of Change for cataplexy severity, comparing the 

end of the double-blind period with the end of the stable-dose period. 

• Change in the modified Epworth Sleepiness Scale score from the end of the 
stable-dose period to the end of the double-blind period. 

6.1.8.2.1 Further Description Of Key Secondary Efficacy Parameters 

6.1.8.2.1.1 Clinical Global Impression Of Change For Cataplexy Severity 
This parameter was rated based on a 7-point Likert scale, scored as follows 

Very much improved: 3. 
Much improved: 2. 
Minimally improved: 1. 
No change: 0. 
Minimally worse: -1. 
Much worse: -2. 
Very much worse: -3. 

6.1.8.2.1.2 Epworth Sleepiness Scale For Children And Adolescents 
The Epworth Sleepiness Scale for Children and Adolescents is a patient-rated 
measure of daytime sleepiness. Patients (assisted by their caregivers) are asked 
to rate their chances of dozing during each of the following 8 activities on a scale 
from 0-3 (0=never; 1=slight; 2=moderate; 3=high): sitting and reading; sitting and 
watching TV or a video; sitting quietly in a classroom at school during the 
morning; sitting or riding as a passenger in a car or bus for about half an hour; 
lying down to rest or nap in the afternoon; sitting and talking to someone; sitting 
quietly alone after lunch; and sitting and eating a meal. 

6.1.8.3 Other Secondary Efficacy Parameters 
• Clinical Global Impression of Change for narcolepsy severity overall 

comparing the end of the double-blind period with the end of the stable-dose 
period. 

• Change in quality of life (based on the Short Form-10) from the end of the 
stable-dose period to the end of the double-blind period. 
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6.1.8.4 Exploratory Efficacy Parameters 
• Change in weekly school attendance from the end of the stable-dose period 

to the end of the double-blind period (if the patient does attend school 
during that period). 

• Patient Global Impression of Change, comparing the end of the double-blind 
period to the end of the stable-dose period. 

6.1.8.5 Safety Measures 
Adverse events, vital signs, height, weight, physical examinations, 12-lead 
electrocardiograms, polysomnographic parameters (including measures of 
respiration), standard safety laboratory tests (hematology, clinical chemistry, and 
urinalysis), assessments of growth and precocious puberty (including growth 
hormone levels), Columbia-Suicide Severity Rating Scale, Children’s Depression 
Inventory 2nd Edition Self-Report Short Version, and Multidimensional Anxiety 
Scale for Children 10-item Anxiety Index. Serum pregnancy tests. 

Plasma carbon dioxide concentrations will also be monitored at sites where such 
monitoring is routinely performed, and where performance of such monitoring will 
not have a negative effect on study participation or on polysomnographic data 
integrity. 

A Data Safety Monitoring Board is to review safety data for the study on a regular 
basis. 

6.1.8.6 Pharmacokinetic Measures 
Plasma concentrations of sodium oxybate. 

6.1.9 Analysis Plan 

6.1.9.1 General 
The following populations will be used for purposes of analysis. 

6.1.9.1.1 Safety Population 
This population will consist of all subjects who are dispensed study drug. This 
population will be used for tabulations and listings of safety data and to 
summarize efficacy data collected during the double-blind treatment period. 

6.1.9.1.2 Pharmacokinetic Half-Dose Population 
This population will consist of all subjects who have any pharmacokinetic data for 
Pharmacokinetic Night 1 when subjects (in the pharmacokinetic analysis subset) 
receive only half of their usual pre-study dose. This population will be used for 
listings and for descriptive statistics for the half-dose pharmacokinetic data. 
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6.1.9.1.3 Pharmacokinetic Full-Dose Population 
This population will consist of all subjects who have any pharmacokinetic data for 
Pharmacokinetic Night 2 when subjects (in the pharmacokinetic analysis subset) 
receive their usual pre-study dose. This population will be used for listings and 
descriptive statistics for the full-dose pharmacokinetic data. 

6.1.9.1.4 Pharmacokinetic Completer Population 
This population will consist of all subjects who have pharmacokinetic data for 
both pharmacokinetic nights. This population will be used for evaluating within-
subject dose proportionality. 

6.1.9.2 Efficacy Population 
This population will consist of all subjects who are randomized to Xyrem® or 
Xyrem® placebo and who complete at least 5 days of dosing in the double-blind 
treatment period. This population will be used as the main analysis population for 
the primary and secondary efficacy endpoints. 

6.1.9.2.1 Randomized Population 
This population will consist of all subjects who are randomized to Xyrem® or 
Xyrem® placebo for the double-blind treatment period of the study. This 
population will be used to summarize exposure to double-blind treatment and 
may also be used for summarizing safety data specific to the double-blind 
treatment period. This population may also be used for an additional analysis of 
the primary and/or secondary efficacy parameters. 

6.1.9.3 Demographic And Other Baseline Characteristics 
Demographic and other baseline characteristics will be summarized for the safety 
population, the pharmacokinetic half-dose population, the pharmacokinetic 
completer population, the randomized population, and the efficacy population. 
The summaries of data will include numbers and percentages for categorical 
variables and mean, standard deviation, median, minimum, and maximum for 
continuous variables. 

Tabulations for the randomized and efficacy populations will be by treatment 
group (as randomized) and for both treatment groups combined. Tables for the 
randomized population will include a comparison of the treatment groups with 
categorical variables analyzed by using a Chi-square test and continuous 
variables analyzed using a one-way analysis of variance model with treatment as 
the only factor. 
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6.1.9.4 Handling Of Dropouts And Missing Data 
The following methods will be used to handle missing data and data from 
subjects who discontinue early during double-blind treatment. 

• The weekly number of cataplexy attacks will be computed as the average from 
days with non-missing data, multiplied by 7. 

• School attendance will be calculated as the number of missed days, multiplied by 
100 and divided by the actual number of school days up to the timepoint of early 
termination or double-blind treatment period completion. 

• The last post-stable-dose period assessment of all other measures will be used 
as the end-of-double-blind treatment period assessment. 

6.1.9.5 Efficacy Parameters 
The two treatment groups for the double-blind treatment period will be compared 
on the efficacy parameters. 

Non-categorical efficacy parameters will be analyzed using a non-parametric 
analysis of covariance. Ordinal categorical parameters will be analyzed using 
Cochran-Mantel-Haenszel tests for row mean score difference. 

To account for multiplicity arising as a consequence of the analysis of the primary 
endpoint and multiple secondary endpoints, a tiered approach will be used to 
control the Type 1 family-wise error rate at the two-sided significance level of 
0.05 (with an exception for the analysis of the primary endpoint: see below). 

Testing will not proceed to the next tier unless Xyrem® is demonstrated to have a 
statistically significant superiority to placebo as a result of analyses performed at 
the previous tier level. 

The efficacy parameters will be analyzed in the same numerical order as listed 
below. 

6.1.9.5.1 Tier 1: Primary Efficacy Parameter 
The primary efficacy parameter is the change in weekly number of cataplexy 
attacks during the 2 weeks of the double-blind period, compared with the last 2 
weeks of the stable dose period. 

This parameter will be analyzed at a significance level of 0.048 (two-sided). 

6.1.9.5.2 Tier 2: Key Secondary Efficacy Parameter 
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A key secondary efficacy parameter is the Clinical Global Impression of Change 
for cataplexy severity comparing the end of the double-blind period with the end 
of the stable dose period. 

This parameter will be analyzed at a significance level of 0.05 (two-sided). 

6.1.9.5.3 Tier 3: Key Secondary Efficacy Parameter 
Another key secondary efficacy parameter is the change in the modified Epworth 
Sleepiness Scale score from the end of the stable-dose period to the end of the 
double-blind period 

This parameter will be analyzed at a significance level of 0.05 (two-sided). 

6.1.9.5.4 Tier 4: Other Secondary Efficacy Parameter 
A secondary efficacy parameter is the Clinical Global Impression of Change for 
narcolepsy severity overall comparing the end of the double-blind period with the 
end of the stable dose period 

This parameter will be analyzed at a significance level of 0.05 (two-sided). 

6.1.9.5.5 Tier 5: Other Secondary Efficacy Parameter 
A further secondary efficacy parameter is the change in quality of life (based on 
the Short Form-10) from the end of the stable-dose period to the end of the 
double-blind period. 

This parameter will be analyzed at a significance level of 0.05 (two-sided). 

The analysis of exploratory efficacy endpoints will be conducted without 
adjustment for multiple comparisons: only the nominal p-value will be reported for 
those analyses. 

6.1.9.6 Pharmacokinetic Parameters 
The plasma pharmacokinetic parameters for sodium oxybate are the following: 
Cmax, AUC, and Tmax over the first 4-hour dosing interval. In addition, sodium 
oxybate concentrations at 4.75 hours and 8 hours after the first nightly dose (0.75 
hours and 8 hours after the second dose, respectively) will be measured to 
estimate peak and residual exposure to sodium oxybate linked to the second 
nighttime dose. 

Plasma sodium oxybate concentrations will be summarized by sampling time 
point and by pharmacokinetic parameter using descriptive statistics for each age 
group (i.e., ages 7 to 11 and 12-17) and overall. 
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Pharmacokinetic parameters will be assessed using analysis of covariance 
models and natural log-transformed data. 

Dose-proportionality is to be assessed based on the ratio of AUC and Cmax 
values: the ratios and 90% confidence intervals will be presented. If warranted, 
regression models will be used to explore the relationship between plasma 
concentration and dose on a mg/kg basis. 

6.1.10 Safety Parameters 
Safety data will be summarized using descriptive statistics. 

Adverse events will be summarized by treatment group and by dose. Adverse 
events will be analyzed for sub-populations including the following: Xyrem®-naïve 
at entry; receiving Xyrem® at entry; 7-11 year age group; and 12-17 year age 
group. 

Safety analyses will also include an evaluation of the nadir oxygen saturation 
level at each dose and number and duration of confirmed desaturations below 
90%, 80%, 70%, 60%, and 50% on polysomnographic nights, excluding the 
screening polysomnogram. 

6.1.10.1 Interim Analysis 
An interim analysis is planned to be conducted after 35 subjects complete or 
discontinue early from the double-blind treatment period. The interim analysis will 
be conducted by a statistician not directly involved with the design and analysis 
of the study. The data obtained from the interim analysis will be reviewed by the 
study’s Data Safety Monitoring Board who will recommend whether to continue 
the study or to halt it early. 

Considerations for stopping the study early include the following: 

• Treatment success: the O’Brien-Fleming approach will be used with the primary 
efficacy endpoint which will be tested at a significance level of 0.005 at the 
interim analysis; if Xyrem® is demonstrated to have a statistically significant 
superiority to placebo on that analysis, the Data Safety Monitoring Board may 
then recommend discontinuing the study; however, if the study is not stopped, 
the final analysis of the primary efficacy parameter will be conducted at a 
significance level of 0.048 so as to preserve the overall alpha of 0.05. 

• Treatment failure: if at the interim analysis, the null hypothesis for the primary 
efficacy parameter is not rejected at the 0.005 level of significance, a futility 
analysis will be conducted using a conditional power approach as follows. 
Assuming that the trend in data observed until the time of the interim analysis will 
continue until the final analysis, the conditional power of rejecting the null 
hypothesis at final analysis will be calculated. If the conditional power is less than 
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15%, it will be concluded that the study is unlikely to demonstrate efficacy and 
the Data Safety Monitoring Board may then recommend stopping the study. The 
study may also be discontinued early due to futility. 

• Safety concerns: safety data including the incidence of adverse events will be 
reviewed by the Data Safety Monitoring Board at regular intervals with deaths 
and serious adverse events getting special scrutiny; based on that review, the 
Data Safety Monitoring Board may determine if the risk to participating subjects 
warrants study discontinuation. 

An ongoing analysis of pharmacokinetic data will also be conducted to determine 
if a sufficient number of pharmacokinetic samples have been collected to 
adequately characterize the pharmacokinetics of Xyrem® in children and 
adolescents. 

6.1.10.2 Sample Size Estimate 
At least 100 subjects are to be enrolled in this study so that a minimum of 70 
subjects enter the double-blind treatment phase. 

A sample size of at least 35 subjects per treatment group entering the double-
blind (randomized withdrawal) treatment period is expected to have at least 80% 
power to detect a difference between treatment groups of 40% in the percentage 
change in the mean weekly number of cataplexy attacks during the last 2 weeks 
of the immediately-preceding stable dose period. 

6.1.11 Safety Monitoring 
The following will be evaluated according to the study schedule outlined earlier: 
adverse events, vital signs, height, weight, physical examinations, 12-lead 
electrocardiograms, polysomnographic parameters (including measures of 
respiration), safety laboratory tests (hematology, clinical chemistry, and 
urinalysis), assessments of growth and precocious puberty (including growth 
hormone levels), Columbia-Suicide Severity Rating Scale, Children’s Depression 
Inventory 2nd Edition Self-Report Short Version, and Multidimensional Anxiety 
Scale for Children 10-item Anxiety Index. Plasma carbon dioxide concentrations 
will also be monitored at selected sites. 

A Data Safety Monitoring Board is to review safety data for the study on a regular 
basis. 

6.2 Results Of Interim Analysis And Subsequent Data Safety Monitoring 
Board Recommendations 
As of November 27, 2015, 35 patients had completed or discontinued early from 
the double-blind treatment period of this study. The study protocol provided for 
an interim analysis of efficacy at that timepoint (as already noted above). 
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For the interim analysis of efficacy, study data were unblinded only for Data 
Safety Monitoring Board and Clinical Research Organization staff. 

The Data Safety Monitoring Board met on February 24, 2016, after reviewing the 
results of the above interim efficacy analysis and informed the sponsor that the 
same analysis had demonstrated that Xyrem was superior to placebo in the 
treatment of cataplexy at a p-value < 0.005. Recommendations were also made 
by the Data Safety Monitoring Board, as outlined below. 

6.2.1 Data Safety Monitoring Board Recommendations Based On Results Of 
Interim Analysis 
The Data Safety Monitoring Board recommended the following based on the 
results of the interim analysis that was conducted after 35 patients had 
completed or discontinued the double-blind segment of the study. 

• End the double-blind segment of Study 13-005, “as there are adequate data for 
deriving an inference of benefit in cataplexy.” 

• Amend the study protocol to continue the open-label safety segment. 

• Continue to enroll subjects in the open-label pharmacokinetic segment 
(evaluating up to 18 patients in each age-based category). 

The results of the above interim analysis led to the original pediatric Written 
Request being amended and to the issuance of the final pediatric Written 
Request summarized in Section 

6.3 Protocol Amendment (#4) After Interim Analysis 
Based on the recommendations of the Data Safety Monitoring Board, the 
protocol for Study 13-005 was amended in Submission #256 (also submitted on 
April 18, 2016); this protocol change was designated as Amendment #4 and was 
dated April 5, 2016. 

The main elements of the protocol amendment are below. 

6.3.1 Double-Blind Segment Of Study 
The double-blind (randomized withdrawal) segment of Study 13-005 is being 
terminated in accordance with the recommendations of the Data Safety 
Monitoring Board. 

Subjects who have already entered or completed the double-blind segment of the 
study when the above protocol amendment comes into effect are to follow study 
procedures for those randomized to double-blind treatment. 
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The tiered analysis of the secondary efficacy parameters is to be conducted 
using a one-sided p-value of 0.05, rather than using a two-sided p-value of 0.05 
as originally proposed. (Note that in the next protocol amendment, Amendment 
#5, the tiered analysis of the secondary efficacy parameters reverted to being 
conducted using a two-sided p-value of 0.05). 

Under this amendment, a slight change in the dose-titration regimen for Xyrem®-
naïve patients is being instituted. The new regimen is depicted in the table below. 

To facilitate easy comparison, the previous regimen is depicted in the table 
below. 

6.3.2 Open-Label Safety Segment Of Study 
The open-label phase of the study will be continued. The study will be continued 
until at least 100 patients have been enrolled and have had the opportunity to be 
titrated to an effective Xyrem dose (if Xyrem-naïve) or be treated for at least 1 
month at that dose (if receiving Xyrem at study entry). 

6.3.3 Open-Label Pharmacokinetic Segment Of Study 
The open-label pharmacokinetic segment of the study will continue to enroll 
patients until the completion of the study. If is not possible to enroll more than 12 
patients in each age stratum, the pharmacokinetic analysis is to be conducted 
using data from additional subjects enrolled at the completion of the study. 
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6.4 Subsequent Protocol Amendment: Amendment #5, Dated February 23, 
2017 (Submitted To IND 49641 On April 6, 2017, As Serial Number 275) 
Under this amendment (set of amendments), this study is divided into 2 parts 

• Part 1 lasting up to one year comprises the entire protocol described in 
Amendment #4 and is the version of the protocol subsumed under the Written 
Request. 

• Part 2 is a further open-label extension to Part 1. In Part 2, , a patient who 
completes one year of the study in Part 1 will have the opportunity to continue 
open-label treatment with Xyrem until the first occurrence of any one of the 
following: an additional 2 years of treatment; the subject reaches 18 years of age; 
or 3 months have passed after a future Agency decision to add pediatric 
information to the US Prescribing Information for Xyrem. The total duration of a 
subject’s treatment will thus be up to 3 years. Note that a patient who has earlier 
completed Part 1 also has the opportunity to complete Part 2; such a patient may 
or may not require re-titration of Xyrem®. 

The schema for Part 2 is summarized below. 

Assessments during Part 2 will continue at monthly intervals and will be similar to 
those for Part 1. 
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6.5 Study Results 
This study was conducted at a total of 30 sites in 5 countries. The countries in 
which the study was conducted were as follows: the United States (25 sites), 
France (2 sites), Italy (1 site), the Netherlands (1 site), and Finland (1 site). 

6.5.1 Disposition 
136 patients were screened for this study. 106 patients were then enrolled: of 
those patients, 74 were Xyrem®-naïve and 32 had previously been exposed to 
Xyrem®. 

99 patients entered the stable-dose period, with 96 of those patients completing 
that period. Of the 96 patients who completed the stable-dose period, 63 patients 
participated in the randomized, double-blind, withdrawal phase of the study, 
whereas the remaining 33 patients continued to take open-label Xyrem. 

During the randomized, double-blind, withdrawal phase, 31 patients were 
assigned to Xyrem® (30 patients completed that phase) and 32 patients were 
assigned to placebo (all 32 patients completed that phase). 

95 patients then entered the open-label safety period (for Part 1 of the study). At 
the cut-off date (February 10, 2017) for the submission of the report of that study 
with the original sNDA submission, 46 patients had completed Part 1 of the 
study, whereas 43 patients were continuing in that phase. As of February 10, 
2017, 17 patients had withdrawn from the study. 

The disposition of study subjects is summarized in the following graphic which I 
have copied from the submission. 
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6.5.2 Protocol Deviations 
A total of 42 major protocol deviations were noted in this study. I have reviewed 
those deviations. None appear to have been significant enough to warrant the 
exclusion of subjects from the efficacy population. 

6.5.3 Study Populations 
These are summarized in the following sponsor table. 
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6.5.4 Demographic Characteristics For Several Study Populations 
The next sponsor table summarizes demographic characteristics for the efficacy, 
safety, and pharmacokinetic populations. Age was adequately matched across 
the treatment groups for the efficacy populations. 
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6.5.5 Previous Xyrem® Experience 
The previous Xyrem® experience at baseline is summarized for various study 
populations in the table below. The two treatment groups for the randomized, 
double-blind, placebo-controlled, withdrawal phase were reasonably matched in 
that respect. 
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6.5.7 Exposure To Xyrem® 

The total exposure to Xyrem® over all treatment periods in the safety population 
during this study is summarized in the next sponsor table. 
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The extent of study drug exposure during the stable dose period in the safety 
population (who had study drug dispensed during that period) is in the next 
sponsor table. Note that the lowest individual total nightly dose of Xyrem® 

dispensed during that period was 3 grams. 
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Importantly, during the double-blind treatment period, stimulant use occurred in 
18/32 (56.3%) of patients who received placebo and 17/31 (54.8%) of patients 
who received Xyrem®. 

6.5.9 Treatment Compliance 
Treatment compliance by study period for the safety population is in the next 
sponsor table. Treatment compliance was matched in the 2 treatment groups 
during the double-blind withdrawal phase. 

6.5.10 Efficacy Results 
All efficacy analyses were conducted according to the study protocol. The results 
that are summarized below are those of the final efficacy analyses (and do not 
include those of the interim efficacy analysis, already briefly mentioned above in 
Section 6.2 and further described below in Section 10.1) 

6.5.10.1 Primary Efficacy Analysis 
The primary efficacy analysis (or Tier 1 of the hierarchical series of efficacy 
analyses that were conducted) compared the Xyrem® and placebo groups on the 
change in weekly frequency of all cataplexy attacks from baseline (the last 2 
weeks of the stable dose period) over the randomized, double-blind, placebo-
controlled, withdrawal period. 
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The results of the primary efficacy analysis are in the next sponsor table. As the 
table indicates, a statistically significant superiority of Xyrem® over placebo was 
seen on this measure, with a greater increase in cataplexy frequency in those 
administered placebo than in those continuing Xyrem® during the randomized, 
double-blind, placebo-controlled withdrawal period. 

Subgroup analyses showed that the above effect was also seen within the two 
age-group categories: 7 to 11 years, and 12 to 17 years. The results of the 
subgroup analyses are in the next sponsor table. 
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6.5.10.2 Analysis Of Key Secondary Efficacy Endpoints 

6.5.10.2.1 Clinical Global Impression Of Change For Cataplexy Severity 
Tier 2 of the hierarchical sequence of efficacy analyses stipulated in the study 
protocol analyzed scores on the Clinical Global Impression of Change for 
cataplexy severity. This analysis compared the end of the randomized, double-
blind, placebo-controlled withdrawal period with the end of the stable dose 
period. 

The results of the analysis of that measure are summarized in the following table 
provided by the sponsor. Xyrem® displayed a statistically significant superiority to 
placebo on that measure: cataplexy became more severe in patients receiving 
placebo than in those continuing Xyrem® during that period. 
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6.5.10.2.2 Change In Epworth Sleepiness Scale (For Children And Adolescents) Score 
Tier 3 of the hierarchical sequence of efficacy analyses stipulated in the study 
protocol compared the change in modified Epworth Sleepiness Scale score from 
the end of the stable-dose period to the end of the double-blind randomized 
withdrawal period between the Xyrem® and placebo groups. The results of that 
analysis are in the next sponsor table. A statistically significant superiority of 
Xyrem® over placebo was seen on this parameter for which scores increased in 
those receiving placebo to a greater extent than in those who continued to 
receive Xyrem®. 
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6.5.10.3 Analysis Of Other Secondary Endpoints And Exploratory Endpoints. 

6.5.10.3.1 Clinical Global Impression Of Change For Narcolepsy Overall 
Tier 4 of the hierarchical sequence of efficacy analyses stipulated in the study 
protocol analyzed scores on the Clinical Global Impression of Change for overall 
narcolepsy severity. These scores compared the end of the randomized, double-
blind, placebo-controlled withdrawal period with the end of the stable dose 
period. 

The results of the analysis of that measure are summarized in the following table 
provided by the sponsor. Xyrem® displayed a statistically significant superiority to 
placebo on that measure: narcolepsy (overall) became more severe in patients 
receiving placebo than in those continuing Xyrem® during that period. 
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6.5.10.3.2 Other Endpoints 
The Xyrem® and placebo groups for the randomized, double-blind, placebo-
controlled withdrawal period were compared on a number of other secondary and 
exploratory outcome measures: quality of life based on Short Form-10 (physical 
summary score and psychosocial summary score (Tier 5); weekly school 
attendance (number of days missed); and Patient Global Impression of Change 
for narcolepsy severity overall. The differences between treatment groups were 
not even nominally statistically significant for the measures of quality of life and 
school attendance. 

On the Patient Global Impression of Change for narcolepsy severity overall 
(which was scored and analyzed in a manner similar to the Clinician Global 
Impression of Change for cataplexy severity and narcolepsy severity overall), a 
nominally statistically significant difference between treatment groups was seen 
as indicated in the table below. This analysis was not part of the hierarchical 
sequence of analyses specified in the statistical analysis plan. 
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The overall incidence of adverse events reported in ≥ 5% of subjects in each age 
group and prior Xyrem®-status category across all treatment periods by system 
organ class and Preferred Term is in the next sponsor table. 
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An overall summary of adverse events that occurred during the double-blind 
randomized withdrawal period is in the next table taken from the submission and 
is self-explanatory. Adverse event data for patients who were not randomized but 
continued to take open-label Xyrem® during that period are also summarized in 
the table below. 

A summary of all adverse events that occurred during the double-blind 
randomized withdrawal period is in the next table copied from the submission 
and is self-explanatory. Adverse event data for patients who were not 
randomized but continued to take open-label Xyrem® during that period are also 
summarized in the table below. Not surprisingly, in the randomized patients, the 
incidence of somnolence and cataplexy (as adverse events) was much higher in 
those who were randomized to placebo than in those randomized to Xyrem®. 
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The incidence of adverse events (reported in ≥ 5% of subjects in each age group 
and prior Xyrem®-status category) that occurred during the titration, stable dose, 
and open-label safety periods has also been summarized by the sponsor in 
separate tables in the submission, but those data have been subsumed under a 
similar table covering the entire study that is already in the earlier part of this 
section. 

Adverse events of special interest across all study periods in patients receiving 
Xyrem® and in the safety population are summarized in the next table. The 
findings in that table are not distinct from those elsewhere in this study report. 
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Further analyses of each of the events in the above table have been presented 
by the sponsor, but do not reveal any information that is unexpected or distinctive 
for children. 

6.5.11.3 Safety Laboratory Tests 
There are no items of concern in the sponsor’s display and analysis of the data 
from standard hematology, clinical chemistry, and urinalysis parameters 
observed during this study. 

The analysis of growth hormone, insulin-like growth factor 1, and prolactin 
concentrations obtained over the course of the study revealed no data of 
significance; neither did the analysis of measures of precocious puberty 
(luteinizing hormone, follicle-stimulating hormone, testosterone, estradiol, and 
Tanner staging) conducted in girls < 8 years old and boys < 9 years old. 
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6.5.11.4 Vital Signs, Height, Weight, And Body Mass Index 
The changes observed in blood pressure, pulse rate, respiratory rate, and 
temperature during this study were unremarkable and did not appear to be of 
clinical significance. 

No effect of Xyrem® on height were observed during the study. 

Mean body weight percentile demonstrated a slight decrease over the course of 
this study. Mean body weight percentile by time data by age category is in the 
following figure for the safety population which I have taken from the submission. 

A trend to a decrease in body mass index percentile was also observed during 
this study, that was similar for both age-group categories as displayed in the next 
sponsor figure. The next figure displays body mass index percentile over time in 
the safety population in both age categories. 
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6.5.11.5 Electrocardiograms 
No clinically significant findings were noted in the sponsor’s analysis of 
electrocardiographic data obtained during this study. 

6.5.11.6 Polysomnograms 
No clinically-significant changes in polysomnographic measures of central or 
obstructive sleep apnea and hypopnea, or oxygen desaturation were seen in this 
study as is displayed in the following sponsor tables. 
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Additional analyses and descriptions of individual patients reported to have 
arterial oxygen desaturation do not reveal any data of concern. 
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Sodium oxybate pharmacokinetic parameters for the first nightly dose of Xyrem® 

are in the following sponsor table. 

Sodium oxybate pharmacokinetic parameters for the second nightly dose of 
Xyrem® are in the next sponsor table. 
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The dose proportionality assessment is summarized in the next table from the 
submission, the footnotes to the table explain that assessment. The sponsor has 
concluded that while the Cmax was dose-proportional, the AUC0-4 was supra-dose-
proportional. 

The sponsor has also compared pharmacokinetic data obtained in children with 
historical pharmacokinetic obtained in adults: while the major pharmacokinetic 
attributes in children were similar to those obtained in adults, there was greater 
variability in plasma pharmacokinetic exposure parameters in children. 

6.6 Sponsor’s Conclusions 
The sponsor has drawn the following salient conclusions from the results of 
Study 13-005. 

• Xyrem® had efficacy in the treatment of cataplexy and excessive daytime 
sleepiness in narcolepsy in pediatric subjects. 

• The safety profile of Xyrem® in pediatric subjects was similar to that 
observed in adults. 

• The pharmacokinetics of Xyrem® in children were collectively similar to 
those seen in adults. 
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6.7 Reviewer’s Summary Comments 

6.7.1 Study Design And Significant Amendments 
Protocol 13-005 had the following main features: 

• The primary objectives of the study were to evaluate the efficacy and safety of 
Xyrem® in the treatment of pediatric patients (aged 7 to 17 years) who have 
narcolepsy with cataplexy 

• This study had a number of consecutive segments, of which the main randomized, 
double-blind, placebo-controlled, parallel-arm withdrawal segment was to be the 
component of the study directed at evaluating the efficacy of Xyrem® in the treatment 
of cataplexy associated with narcolepsy in children. 

• About 100 patients aged 7 to 16 years at study entry were to be enrolled. They would 
be either Xyrem®-naïve or taking a stable dose of Xyrem® (and a stable dose of 
stimulants for narcolepsy, if applicable) for at least 2 months prior to study entry. 
Other key inclusion criteria were as follows: primary diagnosis of narcolepsy with 
cataplexy meeting International Classification of Sleep Disorders (ICSD)-2 criteria or 
ICSD-3 criteria, whichever was in effect at the time of the study; positive for the HLA 
DQB1:0602 haplotype; and history of at least 14 cataplexy attacks in a typical 2-
week period and clinically significant symptoms of excessive daytime sleepiness 
prior to beginning any narcolepsy treatment. 

• Throughout the study, all nightly doses of Xyrem® and placebo were to be 
administered in 2 divided doses, administered 2.5 to 4 hours apart. The starting and 
maximum doses of Xyrem® as well as the Xyrem® titration regimen (if required) were 
to be determined based on body weight stratum. 

• The consecutive segments of this study were as follows: 

◦ A screening period lasting up to 30 days. 

◦ A 3 to 10 week open-label titration period lasting 3 to 10 weeks for patients who were 
Xyrem®-naïve at study entry. 

◦ An open-label stable-dose period lasting 2 to 3 weeks. During this phase, a subset of 
about 24 patients (completers) who were taking a stable dose of Xyrem® at study 
entry were to participate in an open-label evaluation of the pharmacokinetics of 
Xyrem®. 

◦ A double-blind, placebo-controlled withdrawal phase lasting 2 weeks during which 
period patients were randomized 1:1 to treatment either with Xyrem® in the stable 
dose established during the preceding 2 weeks or placebo. 

◦ An open-label safety component which allowed for a total exposure to Xyrem® of up 
to 1 year. 
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• The primary efficacy parameter was the change in weekly number of cataplexy 
attacks during the 2 weeks of the double-blind period, compared with the last 2 
weeks of the stable-dose period. 

• Key secondary efficacy parameters were the following: 

■ Clinical Global Impression of Change for cataplexy severity, comparing the end of 
the double-blind period with the end of the stable-dose period. 

■ Change in the modified Epworth Sleepiness Scale (modified for children and 
adolescents) score from the end of the stable-dose period to the end of the double-
blind period. 

• Other secondary efficacy parameters were the following 

■ Clinical Global Impression of Change for narcolepsy severity overall comparing the 
end of the double-blind period with the end of the stable-dose period. 

■ Change in quality of life (based on the Short Form-10) from the end of the stable-
dose period to the end of the double-blind period. 

• Safety monitoring was to comprise assessment of the following during the course 
of the study: adverse events, vital signs, height, weight, physical examinations, 12-
lead electrocardiograms, polysomnographic parameters (including measures of 
respiration), safety laboratory tests, assessments of growth and precocious puberty 
(including growth hormone levels), Columbia-Suicide Severity Rating Scale, 
Children’s Depression Inventory 2nd Edition Self-Report Short Version, and 
Multidimensional Anxiety Scale for Children 10-item Anxiety Index. 

• Plasma concentrations of sodium oxybate were measured in the subset of patients 
participating in the pharmacokinetic analysis, and various pharmacokinetic 
parameters derived from those data and analyzed further. 

• A tiered analysis of the efficacy parameters was conducted beginning with the 
primary efficacy parameter followed by the two key secondary efficacy parameters 
(with the Clinical Global Impression of Change in cataplexy severity analyzed first 
and the change in modified Epworth Sleepiness Scale score analyzed later), and 
finally the two other secondary efficacy parameters in the same order as stated 
above. 

A pre-specified interim efficacy analysis (on the primary efficacy endpoint) for this 
protocol that was conducted after 35 subjects completed or discontinued early 
from the double-blind treatment period led to the Data Safety Monitoring Board 
for Study 13-005 concluding that Xyrem had demonstrated efficacy in the 
treatment of cataplexy (it had demonstrated that Xyrem was superior to placebo 
in the treatment of cataplexy at a p-value ≤ 0.005): the Board then recommended 
that the double-blind segment of Study 13-005 be discontinued, while the open-
label extension (including pharmacokinetic evaluation) continue. The Data Safety 
Monitoring Board for Study 13-005 also recommended that patients continue to 
be enrolled in the open-label pharmacokinetic segment. 
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The pediatric Written Request under which Study 13-005 was first conducted was 
amended after the pre-specified interim analysis led to a protocol amendment. The study 
protocol was also amended to allow for the duration of the open-label safety component 
to be further extended so that the total duration of Xyrem® treatment for an individual 
patient could extend up to 3 years; the part of the study originally proposed was then 
referred to as Part 1 with the newly-proposed extension as Part 2. 

6.7.2 Study Results 
Study 13-005 was conducted in a manner consistent with the study protocol. 

A total of 106 patients were enrolled in this study of whom 104 appear to have received 
study drug. 99 patients entered the stable-dose period, with 96 of those patients 
completing that period. Of the 96 patients who completed the stable-dose period, 63 
patients participated in the randomized, double-blind, withdrawal phase of the study, 
whereas the remaining 33 patients continued to take open-label Xyrem. 95 patients then 
entered the open-label safety period of the study. As of the cut-off date for the 120-day 
safety update, 85 patients had completed Part 1 of the study and 44 patients had 
entered Part 2. 

During the randomized, double-blind, withdrawal phase, 31 patients were assigned to 
Xyrem® (30 patients completed that phase) and 32 patients were assigned to placebo 
(all 32 patients completed that phase). 

The primary efficacy analysis (based on an analysis of covariance) indicated that the 
mean change from baseline over the two -week randomized withdrawal period in the 
weekly number of cataplexy attacks was 17.37 for the placebo group and 2.52 for the 
group that continued to take Xyrem® (this change was an increase in cataplexy 
frequency). This difference was statistically significant (p < 0.0001). Statistically 
significant treatment differences favoring Xyrem® over placebo were seen on the two key 
secondary efficacy parameters analyzed in the prespecified sequence, the Clinical 
Global Impression of Change for Cataplexy Severity (p = 0.0006) and the change from 
baseline in modified Epworth Sleepiness Scale score (p = 0.0001). 

The adverse event profile of Xyrem® seen in this study was not substantially different 
from that seen in adults. The other safety outcomes did not reveal any data of concern. 

The pharmacokinetic completer population consisted of 29 patients, of whom 11 were 
aged 7 to 11 years, and 18 were aged 12 to 17 years. These data revealed a 
pharmacokinetic profile for Xyrem® in children that was similar to that seen in adults. A 
dose-proportionality assessment indicated that while the Cmax was dose-proportional, the 
AUC0-4 was supra-dose-proportional. 

7. 120-Day Safety Update 
The 120-Day Safety Update for this sNDA was submitted on August 23, 2018. 
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This Update contains safety data from Parts 1 and 2 of Study 13-005, with a cut-
off date of April 30, 2018. (The cut-off date for safety data in the original 
submission of this sNDA was February 10, 2017). 

The safety data included in this update are cumulative for Study 13-005. The 
data in this update are summarized under the following headings. 

7.1 Exposure 
As of April 30, 2018, 104 subjects had received Xyrem® for a median duration of 
370 days (range: 352 to 492 days) in this study. The distribution of that exposure 
by duration categories and by cumulative Xyrem® dosage is summarized in the 
following sponsor table, which is for the safety population. 

The duration of Xyrem® use at the maximum nightly dose by age group and 
weight category at study entry is summarized in the next sponsor table, which is 
for the safety population. 
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7.3 Demographics 
Demographics for Part 2 are in the next sponsor table. 
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7.4 Adverse Events 
An overall summary of all treatment-emergent adverse events that occurred 
during all periods of the study, as of April 30, 2018, is in the following table, which 
I have copied from the submission. The table is self-explanatory. 
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The most frequently reported treatment-emergent adverse events by preferred 
term were enuresis (19.2%), nausea (19.2%), vomiting (18.3%), headache 
(17.3%), and reduced weight (11.5%). 

The total number of treatment-emergent adverse events, and the adverse event 
rate per 100 days of exposure are in the next sponsor table, which is applicable 
to all periods of the study through April 30, 2018. The table lists only those 
events that occurred in ≥ 5% of patients in any treatment group. 
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A summary of treatment-emergent adverse events of special interest that 
occurred during all phases of the study is in the next sponsor table. 
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There were no deaths or new serious adverse events reported for the period 
from February 10, 2017, through April 30, 2018. 

During the same period from February 10, 2017, through April 30, 2018, a single 
additional patient who was Xyrem®-naïve withdrew from the study because of a 

(b) (6) treatment emergent adverse event: a 14-year-old boy (# ), withdrew 
from Part 1 of the study (open-label safety period), on account of headache 
(which first developed at a Xyrem® dose of 8 g/night) and muscle pain (which first 
developed at a Xyrem® dose of 9 g/night); these symptoms were mild to 
moderate in severity and resolved when Xyrem® was discontinued. 
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7.5 Safety Laboratory Tests 
Standard hematology, clinical chemistry, and urinalysis parameters data for this 
study for the period from February 10, 2017, through April 30, 2018, did not 
reveal any data of concern. 

The analysis of growth hormone, insulin-like growth factor 1, and prolactin 
concentrations for the period from February 10, 2017, through April 30, 2018, 
revealed no data of significance; neither did the analysis of measures of 
precocious puberty (luteinizing hormone, follicle-stimulating hormone, 
testosterone, estradiol, and Tanner staging) conducted in girls < 8 years old and 
boys < 9 years old. 

7.6 Electrocardiograms 
Electrocardiographic data for Study 13-005 for the period from February 10, 
2017, through April 30, 2018, were not significantly different from those provided 
in the original submission of this application and showed no items of concern. 

7.7 Vital Signs, Height, Weight, And Body Mass Index 
The additional blood pressure, pulse rate, respiratory rate, and temperature 
reported in this 120-day safety update did not yield any findings of significance. 

No effect of Xyrem® on height was observed during the study. 

Mean body weight percentile and mean body mass index percentile continued to 
demonstrate a slight decrease over the course of this study. 

7.8 Polysomnographic Data 
This 120-Day Safety Update contains cumulative polysomnographic data for the 
entire study. 

Polysomnographic respiratory data for patients already receiving Xyrem® at study 
entry are in the sponsor table below. These data are based on full-night 
polysomnograms. 
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Polysomnographic respiratory data for patients who were Xyrem®-naïve at study 
entry are in the next sponsor table. These data are also based on full-night 
polysomnograms. 

The changes displayed above do not appear to have been clinically significant. 
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(b) (4)•  patient-years for children (< 12 years of age). 

(b) (4)•  patient-years for adolescents ranging from 12 to < 18 years of age. 

3671 instances of adverse events were reported in pediatric subjects during that 
subjects, included 378 instances associated with serious adverse events. 
Further: 

• In children, adverse events reported in ≥ 5% of all instances of reports included 
nausea, somnolence, vomiting, headache, insomnia, and enuresis 

• In adolescents, adverse events reported in ≥ 5% of all instances of reports 
included nausea, somnolence, vomiting, headache, dizziness, fatigue, insomnia, 
“condition aggravated,” and decreased weight. 

Serious adverse events reported in ≥ 1% of children have included seizure, sleep 
apnea syndrome, and vomiting. 

6 deaths were reported: 4 in children and 2 in adolescents. None of the deaths 
seen were attributable to Xyrem® (the brief narratives provided by the sponsor 
are consistent with that conclusion). 

Additional analyses of post-marketing data are also provided by the sponsor who 
has concluded that the cumulative post-marketing pediatric safety data are 
consistent with the post-marketing data for Xyrem® in adults and with the existing 
label for Xyrem® use in adults. 

8.2 Published Literature 
A summary review of data from 6 published studies has been presented. In those 
studies, 109 patients have been exposed to Xyrem® for periods ranging from 2 to 
90 months. 

Reasons for discontinuing study drug in those studies have included increased 
nightmares, suicidal ideation, dissociative feelings, lack of efficacy, unspecified 
adverse events, sleep loss, nausea, constipation, body ache, and dizziness. 

Adverse events reported in > 10% of patients in any one study include weight 
loss, headache, nausea, disrupted nighttime sleep, irritability, parasomnias, dry 
mouth, increased awakenings, dizziness, terminal insomnia, groaning, and 
sleepiness. 

Other safety data are also included. However, the safety data in the published 
literature for children using Xyrem® indicates a safety profile similar to that 
observed in adults. 
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9. Review Of Proposed Prescribing Information And Related 
Documents 
I have reviewed the Prescribing Information proposed by the sponsor together 
with the sponsor proposals for a number of linked documents, namely the 
Medication Guide, Instructions for Use, and (modified) Risk Evaluation and 
Mitigation Strategy (REMS). The REMS itself is comprised of multiple 
documents. 

That review has been assisted by the input of many other disciplines within the 
Agency, most of which are listed later in this review. 

While I have participated in Agency deliberations regarding all the documents 
listed above, my own review has been primarily directed at the following sections 
of the Prescribing Information, proper. 

Highlights of Prescribing Information. 
Boxed Warning. 
Section 1. Indications and Usage. 
Section 2. Dosage and Administration. 
Section 5. Warnings and Precautions. 
Section 6. Adverse Reactions. 
Section 8. Use in Special Populations. 
Section 14. Clinical Studies. 
Section 17. Patient Counseling Information. 

As this section of my review has been complex and iterative, it is not possible to 
summarize here the basis for every recommendation that I have made regarding 
the Prescribing Information and related documents. The recommendations that I 
have been have been consistent with my review of the data in this application. 

I am however in agreement with the finalized and agreed-upon versions of the 
documents listed above that are to accompany the approval letter for this 
application. 

10. Summary Of Statistical Review 
The primary statistical review of this sNDA has been performed by Dr. Xiaorong 
(Sharon) Yan of the Division of Biometrics I. Her review was completed on 
October 15, 2018. 

Her review has been directed mainly at the efficacy results of the randomized, 
double-blind, placebo-controlled, withdrawal phase of Study 13-005, as derived 
from the analysis of the primary and key secondary efficacy endpoints for that 
study. 

She has concluded that Study 13-005 has provided sufficient evidence that 
Xyrem® is effective as compared with placebo in treating cataplexy in patients 
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with narcolepsy. She has also substantiated the sponsor’s main analysis of the 
two key secondary efficacy endpoints. 

Please see the full text of Dr. Yan’s review for more details. 

10.1 Summary Of Interim Analysis 
Dr. Yan’s review has also substantiated the results of the interim analysis of the change 
from baseline in the weekly frequency of cataplexy attacks across the randomized, 
double-blind, placebo-controlled withdrawal period. As already noted (see Section 6.2), 
that analysis was conducted when 35 patients had completed or withdrawn early from 
that period of the study. The interim analysis included 18 patients on placebo and 17 
patients on Xyrem®. The results of that analysis are summarized in the following table 
(Table 4) that I have copied from Dr. Yan’s review. 

As has already been noted in this review, Amendment 4 to Study 13-005 provided for 
the termination of the randomized withdrawal phase of that study. Dr. Yan points out that 
a total of 63 patients had been randomized to that phase of the study by the time that 
protocol amendment had become effective at all study sites. 

11. Summary Of Nonclinical Review 
Dr. Melissa Banks-Muckenfuss was the primary nonclinical (pharmacology-
toxicology) reviewer of this submission. Her review has primarily focused on the 
results of the animal toxicology study (20078509) conducted under the pediatric 
Written Request finalized on April 25, 2017. She has also reviewed a pilot 
pharmacokinetic and tolerability study of sodium oxybate in juvenile rats (Study 
1301-016). Her review was completed on October 24, 2018. 

Reference ID: 4341058 



       
    

 
     

   
 

  
 

 
   

 
    

   
 

  
    

   
   

 
   

  
 

   
  

 
 

  
   

  

   
   

 
   

 
   

     
   

  
   

   
 

  
  

  
 

 
 

  
  

10/26/18 
Ranjit B. Mani, MD, HFD-120 Medical Review Page 93 of 100 
NDA 21196 (S-030), Xyrem , Jazz Pharmaceuticals, Inc. 

The animal toxicology study conducted under the above Written Request was a 
10-week study (with an 8-week recovery period) in juvenile rats of the following 
doses of sodium oxybate: 0, 100, 300, and 900 mg/kg orally QD). 

Dr. Banks-Muckenfuss has, in summary drawn attention to the following, 
regarding the results of the 10-week toxicology study conducted in juvenile rats. 

• Deaths were observed at doses of 300 mg/kg QD and 900 mg/kg QD, preceded 
by clinical signs that included uncoordinated gait, reduced activity, reduced 
respiratory rate, deep breathing, low carriage, partially closed eyes, and other 
signs; these clinical signs indicated a depressant effect of sodium oxybate on the 
central nervous system and on respiration. These effects were analogous to the 
central nervous system and respiratory depressant effects observed in humans 
administered Xyrem® that are described in the Prescribing Information for that 
drug. Other clinical signs, such as, but not limited to, reductions in food 
consumption, were also observed at the above doses of 300 mg/kg QD and 900 
mg/kg QD in the juvenile animal study. 

• Juvenile animals showed an increased sensitivity to the central nervous system 
and respiratory depressant effects of Xyrem®. 

• The no-observed-adverse-effect level in the juvenile rat toxicity study was 100 
mg/kg QD, based on the above. 

• Toxicokinetic data indicated that systemic exposure to sodium oxybate 
increased, generally greater than dose-proportionally, with increasing doses, but 
also decreased with repeated dosing (i.e., in older rats). There were no sex 
differences in exposure to sodium oxybate. A tendency for younger rats to show 
higher exposures was observed in the pilot pharmacokinetic study in juvenile 
rats. There was considerable variability in pharmacokinetic exposure at the same 
dose in the juvenile rat toxicology study. 

• There is no clear safety margin (based on body surface area-adjusted 
calculations) between the no-observed-adverse-effect level of 100 mg/kg QD in 
the juvenile rat toxicity study and the initial total nightly doses proposed by the 
sponsor for pediatric dosing (ranging from 1 gram per night to 4.5 grams per 
night depending on body weight). Inferences that can be drawn from safety 
margins that are calculated based on comparisons of pharmacokinetic data have 
a number of limitations that Dr. Banks-Muckenfuss has outlined in her review, but 
no safety margin can be delineated on that basis either. 

Dr. Banks-Muckenfuss has recommended, based on the above-described lack of 
a safety margin, that Xyrem® not be approved for the treatment of cataplexy and 
excessive daytime sleepiness in patients with narcolepsy. 

She does, however, note the following: 

• In the juvenile rat toxicity study, dosing was initiated at an age comparable to 2 
years in humans (based on the extent of central nervous system development). 
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On the other hand, Xyrem® is proposed for use in children aged 7 years and 
older. 

• In pediatric subjects, Xyrem® doses are to be titrated and the total nightly dose 
administered in two divided doses; that was not the case in the juvenile rat 
toxicology study. 

For further details, please see the review by Dr. Banks-Muckenfuss, who has 
separately concluded that the sponsor has met the terms of the pediatric Written 
Request finalized on April 25, 2017. 

Dr. Lois Freed, supervisory pharmacologist, notes that plasma exposures at the 
no-adverse effect level dose (100 mg/kg) for adverse effects in juvenile rats are 
less than that in humans at the maximum recommended human dose of 9 
g/night. She however observes that all deaths were preceded by clinical signs 
consistent with the known pharmacological effects of sodium oxybate and which 
are monitorable in humans. Dr. Freed further notes that similar adverse central 
nervous system effects have been observed in adults and are described in 
labeling. As discussed by Dr. Freed, there has been substantial use of Xyrem in 
pediatric patients since its approval in 2002. According to the sponsor, during this 

(b) (4) (b) (4) period, pediatric patients have received Xyrem® in the U.S., with below 
the age of 12 years and, of these, (b) below the age of 7 years; no Xyrem®-(4) 

related deaths have been identified. The sponsor also cited published literature, 
including six studies reporting safety data in children and adolescents treated 
with Xyrem® (see Summary of Clinical Safety in current application). In addition, 
this sNDA includes clinical data in the pediatric population. Dr. Freed concludes 
that clinical data are arguably the most relevant for determining the safety of a 
potential therapeutic, and that, if the clinical team concludes that the available 
data support approval of sodium oxybate for use in pediatric patients for the 
proposed indication, there is no objection to approval of the application from a 
nonclinical standpoint. 

Additional note from this reviewer. The available clinical safety data for 
Xyrem®, including data derived from its use in children appear sufficient to offset 
the safety concerns that have arisen from the results of the juvenile rat toxicity 
study conducted with sodium oxybate. Thus, the available animal toxicology data 
do not preclude the approval of Xyrem® for use in children. 

12. Summary Of Clinical Pharmacology Review 
The main clinical pharmacology reviewers of this supplemental application were 
Drs. Kevin Krudys and Dawei Li. Their review was completed on October 23, 
2018. 

Drs. Krudys and Li have summarized the pharmacokinetic data in this application 
in their review. They have recommended that this application be approved and 
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have also concluded that the sponsor has met the terms of the pediatric Written 
Request, finalized on April 25, 2017. 

Their main conclusions have been as follows. 

• The pharmacokinetics of Xyrem® in children are qualitatively similar to those 
observed in adults. 

• Plasma sodium oxybate concentrations were generally higher after the second 
nightly dose due to the combined effects of accumulation and food. 

• Dose-proportionality assessments suggest dose proportionality in Cmax and 
supra-proportionality in AUC, indicating non-linear clearance. 

Drs. Krudys and Li have also made recommendations regarding the Prescribing 
Information proposed by the sponsor. 

For further details, please see the review by Drs. Krudys and Li. 

13. Summary Of Chemistry Review 
The primary chemistry review of this submission was performed by Dr. Rohit 
Kolhatkar. 

Dr. Kolhatkar has concluded that this supplemental application may be approved. 
He has also recommended a few changes to the Prescribing Information 
proposed by the sponsor. 

Please see Dr. Kolhatkar’s review for additional details. 

13.1 Currently-Used And Proposed Syringes 
Dr. Kolhatkar’s review has included a comparison of the syringe currently used 
for dispensing Xyrem® with the syringe proposed for pediatric use. The dispenser 
labels for each are in the following figure which I have copied from his review. 
The syringe proposed for pediatric use is intended to support the new dosing 
requirements in children. 
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For details of the dispensing and dilution of individual doses of Xyrem®, please 
refer to the approved and proposed Prescribing Information for that drug. 

14. Summary Of Office Of Surveillance And Epidemiology 
Reviews 
Two reviews of this application have been completed by the staff of the Office of 
Surveillance and Epidemiology. These reviews are described further below. 

14.1 Review By Division Of Risk Management (DRISK) 
Dr. Yasmeen Abou-Sayed of DRISK has completed a review of the modification 
to the Risk Evaluation and Mitigation Strategy (REMS) proposed under this 
application. Her review was completed on October 16, 2018, and contains a full 
list of the REMS-related documents that she has reviewed. 

She concluded her review by stating that the REMS modifications proposed by 
the sponsor in the original submission of this application, and subsequent 
submissions are not acceptable. At that time, a number of comments were 
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conveyed to the sponsor. Communications between the Agency and sponsor 
regarding the text of the REMS continued after the completion of her review and 
were continuing at the time of completion of my review. 

14.2 Review By Division Of Medication Error Prevention And Analysis 
(DMEPA) 
Dr. Ebony Whaley of DMEPA has completed a consultative review of a human 
factors validation study report and of labels and labeling submitted with this 
application; her review was completed on October 4, 2018. The human factors 
validation study that was conducted by the sponsor was directed at a proposed 
new Xyrem® dosing syringe, the container label for which has already been 
depicted in my summary of the Chemistry review of this submission. 

Dr. Whaley has concluded that the results of the human factors validation study 
“demonstrate that representative users can use the revised oral dosing syringe 
safely and effectively.” In her review, she has also identified text in the proposed 
Prescribing Information that may lead to medication errors, and has 
recommended changes in that text to minimize such errors. 

15. Summary Of Office Of Prescription Drug Promotion (OPDP) 
Reviews 
Two reviews have been completed by Christine Bradshaw, Regulatory Review 
Officer in that Office on the same date 

A review completed on October 24, 2018, has responded to a consultation from 
this Division and the Division of Risk Management (DRISK) for a labeling review 
from that office regarding Prescriber Kit and Dear Healthcare Provider Letter 
components of the proposed modified REMS for Xyrem® associated with this 
sNDA. In that review, Ms. Bradshaw has acknowledged comments made by 
DRISK regarding the Prescriber Kit and Dear Healthcare Provider Letter 
components of the proposed modified REMS for Xyrem®. She states that OPDP 
will not be reviewing those materials as part of this supplement. She further 
recommends that the sponsor may submit those materials to the OPDP in 
compliance with advertising and promotion regulations. 

A second review also completed on October 24, 2018, has responded to a 
consultation from this Division regarding the proposed Prescribing Information, 
Medication Guide, and Instructions for Use accompanying this application. That 
review has been combined with a review from the Office of Medical Policy 
Programs (by Sharon Williams, MSN) and a number of recommendations made 
regarding these labeling components. 

An internal memorandum to the Division of Risk Management preceded the 
above reviews. 
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16. Controlled Substances Staff Review 
A review of this application has been completed by Alan Trachtenberg, MD, 
MPH, of the Controlled Substances Staff. That review was completed on 
September 25, 2018 

Dr. Trachtenberg has recommended that, from the perspective of the Controlled 
Substances Staff, this sNDA can be approved. He further notes that the 
proposed changes to Xyrem® labeling do not involve changes to Section 9 (Drug 
Abuse and Dependence) or any other sections that address drug abuse and 
dependence. 

17. Financial Disclosure Information 
Financial disclosure information has been collected only for the single clinical 
efficacy trial, 13-005, included in this submission. 

17.1 Components Of Certification 

17.1.1 Certification Pertinent To Investigators/Sub-Investigators Who Declared 
That They Did Not Have Any Relevant Financial Interests (FDA Form 
3454) 

The sponsor has supplied a list of all such investigators and sub-investigators 
who were involved in these studies. In regard to this list the sponsor has: 

• Certified that it has not entered into any financial agreement with the clinical 
investigators listed in the application, whereby the compensation to the 
investigator could be affected by the outcome of the study in which the 
investigator was a participant, as defined by 21 CFR 54.2 (a) 

• Certified that each listed clinical investigator required to disclose to the 
sponsor whether the investigator had a proprietary interest in this product or a 
significant equity in the sponsor as defined in 21 CFR 54.2 (b) did not 
disclose any such arrangements 

• Certified that no listed investigator was the recipient of significant payments of 
other sorts as defined in 21 CFR 54.2 (f). 

17.1.2 Certification Pertinent To Investigators/Sub-Investigators With 
Disclosable Financial Interests (FDA Form 3455) 

The sponsor has listed a single investigator, Richard K Bogan, MD, to whom 
such certification applied. Further, the sponsor has cited a number of reasons 
why that investigator that investigator was cleared for participation in Study 13-
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005 and why his participation in that study was appropriate and was unlikely to 
have introduced significant bias into the results of the study. 

17.2 Reviewer’s Comments 
It appears unlikely that the financial arrangements disclosed above introduced 
significant bias into the results of the single clinical study (13-005) that were 
submitted with this application. 

18. Site Inspection Report 
A Clinical Inspection Summary for this application was filed on October 16, 2018 
by Roy Blay, PhD, Reviewer, Good Clinical Practice Assessment Branch, 
Division of Clinical Compliance Evaluation, Office of Scientific Investigations. 

Two study sites were inspected. Information for those sites and the conclusions 
drawn by the inspecting team are in the following table which I have copied from 
the Clinical Inspection Summary. 

19. Fulfillment Of Terms Of Pediatric Written Request 
The sponsor has fulfilled the terms of the pediatric Written Request finalized on 
April 25, 2017. 

Reference ID: 4341058 
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20. Overall Conclusion 
This Supplemental New Drug Application has provided sufficient data to support 
the approval of Xyrem® for use in pediatric patients aged 7 years and older. 

21. Recommendation 
This Supplemental New Drug Application may be approved. An approval letter 
may accordingly be issued accompanied by product labeling that is agreed upon 
between the Agency and sponsor. 

Ranjit B. Mani, M.D. 
Medical Reviewer 

rbm 
cc: 
HFD-120 
IND 

Reference ID: 4341058 
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electronically. Following this are manifestations of any and all 
electronic signatures for this electronic record. 

/s/ 

RANJIT B MANI 
10/26/2018 

ERIC P BASTINGS 
10/26/2018 
I concur, and will issue an approval letter for this supplement. 

Reference ID: 4341058 
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