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Dear Advisory Committee Member: 

This briefing booklet presents data for the use of Xyrem for treatment in narcolepsy, a 
seriously debilitating disease. The disease is lifelong after onset, which usually occurs 
in the second and third decade of life. Historically, diagnosis takes an average of ten 
years due to low physician awareness. These factors and disease symptomatology 
negatively affect patients' education, employment potential and interpersonal 
relationships for the rest of their lives. Current treatments are unsatisfactory, and 
although approved therapies for daytime sleepiness exist, no therapies are approved for 
the auxiliary REM-related symptoms of cataplexy, hypnagogic hallucinations, and sleep 
paralysis. For these reasons Xyrem represents an important new therapeutic advance 
to meet an unmet medical need. 

Narcolepsy affects an estimated 125,000 individuals in the United States, an incidence 
that qualifies for orphan drug designation. Excessive daytime sleepiness is diagnostic 
of this disease, while the REM-related symptoms affect 60-90% of patients. About 
25,000 individuals have cataplexy of severity requiring pharmacologic intervention. 

Limited patient availability has influenced the size of the database. Xyrem safety, 
efficacy, pharmacokinetics, abuse pharmacology, scheduling and risk management are 
summarized in this booklet from over 250 volumes of electronic and paper information 
which has been submitted to FDA for review. 

This NDA was designated a priority by the FDA shortly after submission in recognition of 
the fact that narcolepsy is serious and debilitating with inadequate therapeutic options, 
particularly for cataplexy. The compelling medical need of narcoleptic patients for 
additional therapeutic options is summarized in section 2. 
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The premise for approval for efficacy is based upon four double-blind controlled clinical 
trials, two of which were sponsored by the company and two of which were conducted 
by academics, one in the US and one in the Netherlands. Efficacy is summarized in 
section 3 of this booklet. 

The company has collected data from over 400 patients during the course of its two 
INDs, including a treatment IND approved by FDA in 1998 (section 4). In addition, an 
investigator in this country has been treating a small group of patients (N=143) for up to 
18 years under his IND. The company has collected information from his database that 
reflects over 900 patient years of clinical safety data. Information from such a database 
is not usually available for a new chemical entity. Questions related to this database led 
to the cancellation of the initial advisory committee review scheduled for March 15th

• 

The company has now addressed these questions and our response is under review by 
FDA. Overall the safety data set, while not large (604 patients and subjects), supports 
the safe use of Xyrem for the proposed indication. 

The pharmacokinetics and abuse pharmacology are included for completeness in 
sections 5 and 6 respectively. Also included are sections dealing with scheduling and 
risk management. 

Public health issues related to GHB have been well recognized for over 10 years. FDA 
took action to remove GHB from the market in 1990 due to public health risks of abuse 
and its illegal promotion as a 'dietary supplement'. FDA subsequently approached 
Orphan Medical to develop this compound in narcolepsy in 1994. FDA again took 
additional action when analogues began to surface over the last 5 years. The 
scheduling of Xyrem was completed in 2000 following extensive public debate in 
Congress with advice from FDA, DEA and other stakeholders. A federal law was 
enacted in 2000 to create a bifurcated schedule for GHB with all illicit use falling under 
schedule 1 and medical use placed into schedule 3. This law, along with the 2000 
World Health Organization expert working committee recommendation for schedule 4, 
and the HHS recommendation to Congress is included in section 7. Regrettably, these 
laws do not adequately address promotion of precursor chemicals as abuse alternatives 
to GHB. 

The advisory committee has also been asked to review and discuss the risk 
management of Xyrem. Risk management refers to minimization of public health issues 
associated with a pharmaceutical product. There is no evidence that Xyrem. has been 
diverted or used for any purpose but to evaluate its safety and efficacy in treating 
narcolepsy. We believe that the precautions included in the Company's post-marketing 
program will constrain in every way possible the risks associated with this medicine 
while allowing its use by patients to meet their medical needs. These precautions 
include mechanisms to educate physicians and patients about the proper use of Xyrem, 
the unique implications of the bifurcated schedule, as well as closed-loop prescription 
and distribution systems to restrict the opportunity for diversion or misuse. Included with 
this package of information from Orphan Medical is a short 8-minute video on the 
prescription process, along with patient and physician education materials (the two 
binders). The risk of diversion and abuse of Xyrem is further reduced when these post-
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marketing processes to which the Company has committed are combined with the 
scheduling restrictions recommended by FDA and imposed by Public Law 106-172. It 
should be noted that narcolepsy patients and their physicians are already very familiar 
with the responsible use of controlled substances since they typically manage symptoms 
with schedule 2 amphetamine related medications and other medications in schedule 4. 

It is an unfortunate fact that illicit GHB substances, not Xyrem, represent a risk to the 
public health. This risk will neither be increased by approval of Xyrem, nor decreased 
by denial of approval due to the easy availability of analogues of GHB. While Orphan 
Medical has no legal responsibility for the illicit use of GHB or its precursor chemicals, 
we have made a moral and practical commitment to assist the FDA, DEA and other law 
enforcement and abuse specialists in their efforts to minimize the public health risk of 
illicit GHB substances. 

Sodium oxybate, or gamma hydroxybutyrate, is defined as a new chemical entity since it 
has never been approved for human use in the United States. Products containing 
oxybate have been approved in Europe, as an anesthetic since the 1960s, and in Italy 
for use in treatment of alcoholism since 1994. We believe the data presented herein 
establish the medical need, efficacy and safety of Xyrem, and provide the basis for our 
request for approval of the following proposed indication: 

Xyrem® (sodium oxybate) oral solution is indicated to reduce the 
incidence of cataplexy and to improve the symptom of daytime 
sleepiness in patients with narcolepsy. 

Should you have any questions not addressed in this briefing booklet, please let us 
know through Dr. Sandra Titus, the Committee's Executive Secretary. 

Sincerely yours, 

Dayton T. Reardan, Ph.D., RAC 
Vice President of Regulatory Affairs 
Phone: (952)513-6969 
FAX: (952) 541-9209 
E-mail: DReardan@Orphan.com 

cc: Russell Katz MD for NDA#21-196 
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DEFINITION OF TERMS 
 
Safety for the clinical trials represented in the original NDA, and all subsequent 
submissions to date, is based on the following criteria set down during the first of the 
clinical trials represented: 
 
Adverse Experience: 
An adverse experience is any pathologic, noxious, or unintended change in anatomical, 
metabolic or physiologic function as dictated by physical signs, symptoms, and/or 
laboratory changes occurring in any phase of a clinical trial, whether or not considered 
related to study medication and whether associated with study medication or placebo. 
This includes exacerbation of a pre-existing condition or the significant failure of 
pharmacologic action.   
 
Adverse experience shall be considered synonymous with the term adverse event. 
 
Severity: 
The severity of adverse experiences should be rated as mild, moderate, or severe in 
accordance with the following guidelines: 
 

1. Mild: 
The adverse experience does not interfere with the patient’s normal functioning, 
although it may be an annoyance. 
 

2. Moderate: 
The adverse experience interferes to some extent with normal functions, but it is 
not hazardous to health; the event may be uncomfortable or cause 
embarrassment; the event may require discontinuation of drug as well as other 
counteractive measures. 
 

3. Severe: 
The adverse experience interferes substantially with normal functions and 
presents a definite hazard to the patient’s health.  These experiences virtually 
always require discontinuation of drug and may require counteractive measures. 

 
Causality: 
The relationship between the administration of trial medication and an adverse 
experience is a judgment based the medical information available at the time of the 
assessment.  The information that is usually considered in making this judgment 
includes but is not limited to the following. 
 

a) The temporal sequence of the adverse experience with the administration of test 
medication. 

b) The known characteristics of the patient/subjects’ clinical state, environment, or 
toxic factors, or other therapy administered to the patient. 
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c) The disappearance of the adverse experience on cessation of test medication or 
reduction in dose (dechallenge). 

d) The reappearance of the adverse experience on resuming treatment with test 
medication (rechallenge). 

e) The known response pattern of the test medication. 
 
The relationship between trial medication and adverse experiences will be rated using 
the following guidelines: 
 

1. Definitely Related: 
This category is usually chosen when the connection between administration of 
test medication and the adverse experience is certain, based on dechallenge 
and rechallenge or obviousness (e.g., pain at the site of injection).  

 
2. Probably Related: 

This category applies when the connection between administration of test 
medication and the adverse experience is considered to be over 50% likely.  

 
3. Possibly Related: 

This category applies when the connection between administration of test 
medication and the adverse experience is considered to be less than 50% likely.  

 
4. Not Related: 

This category applies to those adverse experiences which are clearly due to non-
trial medication causes (e.g., disease, environment).  

 
5. Unknown: 

This category applies to those adverse experiences which after careful 
consideration of all other categories can not be considered definitely related, 
probably related, possibly related, or not related usually because of inadequate 
information.  
 

Frequency: 
The frequency of an event was initially rated as either 
continuous or intermittent. This criteria was later broadened to include the term isolated 
for events which resolved immediately. 
 
Serious: 
A serious adverse experience is defined as an adverse experience wherein the outcome 
is death, life-threatening, temporarily or permanently disabling, or which results in or 
prolongs inpatient hospitalization.  In addition, an overdose, congenital anomaly, or the 
occurrence of cancer are considered to be serious adverse experiences.  
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SECTION 2 
MEDICAL NEED 
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2.0 MEDICAL NEED 
 
2.1 Disease and Pathogenesis 
 
Narcolepsy is among the leading causes of excessive daytime sleepiness (EDS) and is 
the most common neurological cause (Bassetti 1996).  Narcolepsy is now recognized as 
a prevalent but underdiagnosed neurological disorder (Hubin 1994) that has a socio-
economic impact that may be as high as that of epilepsy.  The first consensus definition 
of narcolepsy was produced by the First International Symposium on Narcolepsy, July 
1975, in France: 
 

“A syndrome of unknown origin that is characterized by abnormal sleep 
tendencies, including excessive daytime sleepiness and often disturbed 
nocturnal sleep, and pathological manifestations of REM sleep.  The REM 
sleep abnormalities include sleep-onset REM periods and the disassociated 
REM sleep inhibitory processes, cataplexy and sleep paralysis.  EDS and 
cataplexy and, less often, sleep paralysis and hypnagogic hallucinations are 
the major symptoms of the disease.”  (Gulleminault 1976). 

 
Characterized by this descriptive definition, narcolepsy is not just excessive sleep, but 
rather an inability to maintain either wakefulness or consolidated sleep.  Patients are 
typically excessively sleepy during daytime and insomniacs at night.  In addition, 
narcoleptic patients experience abnormal episodes of REM sleep, such as cataplexy and 
sleep paralysis representing dissociated manifestations of REM sleep atonia or dream-
like hallucinations occurring either in active wake, at sleep onset, or while waking from 
sleep (Nishino 1997). 
 
Its classic form - narcolepsy with cataplexy - is a distinct neurologic disease with 
characteristic clinical and paraclinical findings.  The definition of the variants of 
narcolepsy, however, remain a matter of controversy.  The International Classification Of 
Sleep Disorders has defined narcolepsy as: 
 

”A disorder of unknown etiology, which is characterized by excessive 
sleepiness that typically is associated with cataplexy and other REM sleep 
phenomena such as sleep paralysis and hypnagogic hallucinations.” 
 

This is the definition adopted by the American Sleep Disorders Association, International 
Classification of Sleep Disorders, Diagnostic and Coding Manual, Diagnostic 
Classification Steering Committee, Thorpy MJ (Chairman) 1990. 
 
Thus it remains a purely descriptive disease state in the absence of a defining diagnostic 
test or investigative measurement and can be a diagnostic challenge in the absence of 
cataplexy as both EDS and REM phenomena can occur in diseases other than 
narcolepsy.  New information is now emerging as to cause, with the relationship of 
animal data implicating the hypocretin II receptors to the narcolepsy/cataplexy syndrome 
in dogs (Lin 1999) and the deficiency of the hypocretin peptide transmitters in a knockout 
mouse model lacking the hypocretin gene producing abnormalities of sleep control 
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resembling aspects of narcolepsy (Chemelli 1999).  Together these two studies implicate 
dysfunction of the hypocretin system, or closely related systems, to the pathophysiology 
of narcolepsy. 
 
Anatomical studies determined that the sources of the hypocretin producing cells were 
restricted to the hypothalamus and concentrated in the perifornical nucleus and in the 
dorsal, lateral and posterior hypothalamus.  This hypothalamic restriction applies only to 
the cell bodies and they have widespread neuronal projections to sites centrally related 
to sleep and arousal.  In addition to dense hypothalamic projections, the limbic system, 
thalamus, subthalamic nucleus, substantia nigra, raphe, locus coeruleus, ventral 
tegmental area, medullary reticular formation, nucleus of the solitary tract, and other 
brainstem regions are innervated by these cells (Peyron 1998). 
 
Further pathogenic support for the relationship of the hypocretins and narcolepsy has 
come from recent discovery of low levels of hypocretin II in the CSF of human 
narcoleptics (Mignot 2000) and the even more recent discovery of the significant 
reduction in the number of hypocretin neurons in the brains of narcoleptics (Siegel 2000, 
Mignot 2000). 
 
Mutations of the hypocretic system may be responsible for some proportion of human 
narcolepsy cases.  However, it is unlikely that most human narcoleptics have a mutation 
as in the canine model.  Most narcoleptics have no narcoleptic relatives, ruling out the 
autosomal recessive mode of inheritance seen in the dogs.  The typical onset of 
symptoms in the second decade of life or later suggests that damage has occurred to a 
normally functioning sleep and motor control system.  Approximately 75% of the pairs of 
identical twins examined are discordant for the disease (Partinen 1994) suggesting that 
environmental factors are critical in the triggering of the disease. 
 
More than 85% of all narcoleptic patients with cataplexy share a specific HLA allele, 
HLADQB1, 0602, compared with 12% to 38% of the general population (Mignot 1998).  
Because of the role of HLA gene products in immune regulation, in that most HLA-linked 
diseases are autoimmune in nature, and because of the possibility of the involvement of 
environmental triggers, it is speculated that narcolepsy might be an autoimmune 
disorder.  Immune-mediated reduction in the numbers of hypocretin neurons is an 
exciting new hypothesis requiring research.  It is certainly an attractive hypothesis 
implicating irreversible damage to the hypocretin neurones or to axon terminals as a 
plausible cause for the disorder.  However, there may well be other factors 
“downstream” of the hypocretin system. 
 
Even though these exciting new discoveries shed some light on the pathogenesis of the 
disease, treatments remain symptomatic and sodium oxybate provides new potential to 
favorably modify the debilitating symptom profile that defines narcolepsy. 
 
2.2 History 
 
Although the clinical condition was described as early as 1672 by Willis, by Schindler in 
1829, Gélineau gave the first precise description of the disease and coined the term 
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“narcolepsy” from the Greek meaning “seized by somnolence” in 1880.   The term 
“cataplexy” was proposed in 1902 by Löwenfeld, and confirmed as the clinical term for 
the loss of muscle tone by Henneberg in 1916. 
 
Hypnagogic hallucinations and sleep paralysis were first linked to narcolepsy in the 
1920’s (Bassetti 1996). 
 
After World War II, Yoss and Daly (1957) introduced the notion of the narcolepsy “tetrad” 
– excessive daytime sleepiness, cataplexy, hypnagogic hallucinations and sleep 
paralysis.  In its typical form, narcolepsy patients also experience disturbed nocturnal 
sleep (narcolepsy “pentad”) (Nishino 1997). 
 
Shortly after the discovery of REM sleep (Aserinsky and Kleitman 1953) the discovery 
that narcoleptic patients often begin their night sleep with a period of REM sleep (Vogel 
1960) suggested that narcolepsy might involve abnormal REM sleep.  In the same year, 
Rectschaffen (1963) and Takahashi (1963) independently confirmed that narcoleptic 
patients often have sleep onset REM periods (SOREMP’s), and suggested that 
cataplexy, sleep paralysis and hypnagogic hallucinations were abnormal manifestations 
of dissociated REM sleep.  This led to the generally accepted model that sleep 
disturbances seen in narcolepsy are divided into the two distinct categories of 
disturbance in the sleep/wake distribution (EDS/sleep attacks and fragmented nighttime 
sleep) and abnormal REM sleep related symptoms (cataplexy, hypnagogic 
hallucinations and sleep paralysis) (Roth 1969, Takahashi 1971).  The fact that EDS and 
abnormal REM sleep are most often treated to date with distinct medications (stimulants 
for EDS and antidepressants for REM-related phenomena) also adds credence to this 
concept of a duality in the symptoms of narcolepsy). 
 
2.3 Epidemiology 
 
Narcolepsy is now recognized as a relatively prevalent but underdiagnosed neurological 
disorder (Hublin 1994).  Following Daniel’s classic review in 1934 of 147 patients with 
narcolepsy seen at the Mayo Clinic in Minnesota, the disease was no longer considered 
rare.  In the same clinic, 241 cases were observed over a five year period of 1950-1954 
(Yoss and Daly 1957).  The exact prevalence remains unknown, with a reported 
variation from 0.0002% to 0.50% in different populations (Hublin 1994).  The estimated 
prevalence for narcolepsy with cataplexy is 0.03% to 0.07% of the general adult 
population in whites (Dement 1973, Hublin 1994, Ohayon 1996). 
 
Narcolepsy often remains undiagnosed or misdiagnosed for several years.  In part this 
may occur because physicians may not include narcolepsy in the differential diagnosis of 
other diseases with complaints or fatigue, tiredness, problems with concentration, 
attention, memory and performance, and other illnesses (e.g., seizures, hallucinatory 
states). 
 
Narcolepsy occurs in both sexes equally, and in all races with a lower prevalence 
suggested in Israeli-Jews (Wilner 1988).  Rigorous clinical and paraclinical testing shows 
that the percentage of “true” familial narcolepsy does not exceed 4% to 7% (Goode 
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1962, Billiard 1994, Parkes 1985).  The risk of children of narcoleptics developing the 
disease is about 1% (Bassetti 1996). 
 
2.4 Clinical Picture 
 
2.4.1 EXCESSIVE DAYTIME SLEEPINESS (EDS) 
 
By definition, narcolepsy can be diagnosed only in the presence of EDS, although this 
symptom rarely appears after the onset of other elements of the tetrad.  Sleepiness is 
usually the most disabling symptom.  It most typically mimics the feeling of sleep 
deprivation, but may also manifest itself as chronic tiredness or fatigue (Nishino 1997).  
Clinically, narcoleptic and physiologic sleepiness (i.e. after sleep deprivation) are similar 
in character but differ in temporal pattern and severity.  In both, transition from wake to 
sleep is usually gradual, with increased sleep propensity in the afternoons, in situations 
of boredom or limited physical activity, post-prandial, and in a warm environment.  
Narcoleptic sleepiness, however, is usually constant, severe and only transiently and 
partially improved with sleep. 
 
This continuous sleepiness fluctuates in severity and episodically becomes irresistible, 
with involuntary brief naps, or “sleep attacks” occurring during such unusual 
circumstances as talking, eating, standing, walking, driving in traffic, or even during 
intercourse.  Honda and colleagues (1988) reported two or more sleep attacks per day in 
68% of 170 patients studied.  Naps are usually brief, refreshing, easily terminated by 
external stimuli and, in one third of cases, are associated with dream experiences (Roth 
1980).  The duration of the naps may be affected by situational rather than 
pathophysiologic differences. 
 
Variations in the intensity of sleep attacks, the ability to resist sleep, and in the subjective 
awareness of sleepiness explain the differences in the phenotypical presentation of 
EDS.  Up to 80% of patients experience fluctuations in vigilance lasting from seconds to 
hours, during which they can perform semipurposeful, complex acts with no recollection.  
The perception of the transition from wakefulness to sleep may be altered, and short, 
involuntary episodes of sleep or decreased vigilance (sometimes referred to as 
blackouts) may be experienced as paroxysmal loss of consciousness (Bassetti 1996). 
 
2.4.2 CATAPLEXY 
 
Cataplexy is defined as a sudden episode of muscle weakness triggered by emotions, 
most typically laughter, elation and joy but also anger, annoyance, embarrassment, grief, 
surprise, and even sexual intercourse.  It is normally associated with normal 
consciousness, is bilateral, and lasts less than a few minutes. 
 
Cataplexy is clinically an extremely variable symptom (Gelb 1994), and only certain 
muscle groups may be involved.  Most often it is mild and occurs as a simple buckling of 
the knees, head dropping, sagging of the jaw or weakness of the arms.  Slurred speech 
or mutism is also frequently associated.  In other cases, it escalates to episodes of 
muscle paralysis and collapse that may last up to a few minutes.  Most often the patient 
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will have time to seek support or sit down.  Long episodes of cataplexy occasionally 
blend into sleep and may be associated with hypnagogic hallucinations.  Its duration 
exceeded twenty minutes in 2% of a series of 130 patients (Honda 1988).  Rare 
episodes lasting longer than thirty minutes, termed status cataplecticus, can be 
precipitated by the abrupt discontinuation of antidepressant drugs (Hishikawa 1976) and 
can render the patient virtually helpless. 
 
2.4.3 SLEEP PARALYSIS 
 
Whereas EDS and cataplexy are cardinal symptoms of narcolepsy, sleep paralysis 
occurs frequently as an isolated phenomenon affecting 5% to 40% of the narcoleptic 
population (Dahlitz 1993).  Sleep paralysis is best described as a brief inability to 
perform voluntary movements at the onset of sleep, or upon awakening during the night 
or in the morning.  The patient is unable to perform even a small movement, and the 
episode may last a few minutes.  Sleep paralysis is easily interrupted by noise or other 
external stimuli.  It is present in 20% to 50% of narcoleptic subjects.  Episodes are more 
common with stress, with irregular sleep or sleep deprivation, and frequency varies 
widely from a few life events to almost daily episodes. 
 
2.4.4 HYPNAGOGIC HALLUCINATIONS 
 
Abnormal visual (most often) or auditory perceptions that occur while falling asleep 
(hypnagogic) or upon waking up (hypnopompic) are observed frequently in narcoleptic 
subjects (15% to 66%), and in up to 50% of cases, they occur at least once weekly 
(Honda 1988).  Hypnagogic hallucinations are the expression of a changing state of 
consciousness in which, as opposed to dreaming, elements of the normal awake 
mentation are still present, and they may involve one or more senses.  Unlike psychotic 
hallucinations, subjects usually are aware of the unreal nature of the hallucination.  The 
intensity and the accompanying fear and anxiety are sometimes the most distressing 
symptoms of narcolepsy. 
 
2.4.5 OTHER SYMPTOMS 
 
Disrupted nighttime sleep with frequent awakenings is reported by 60% to 80% of 
patients with narcolepsy (Billard 1985, Montplaisir 1978).  Patients often complain of 
difficulties with concentration, visual disturbances, problems with memory and 
perceptual disturbances.  Frequently associated problems are periodic leg movements, 
REM behavior disorder, and other parasomnias. 
 
2.5 Evolution of Narcolepsy 
 
Narcolepsy usually starts around adolescence, occasionally very abruptly, but most 
often insidiously.  Its peak onset is in the second decade of life, with a smaller peak in 
the third decade.  A few cases are recognized in a pediatric context, manifesting as early 
as five to six years of age (Challamel 1994).  In most cases, however, the diagnosis of 
narcolepsy is made several years after the onset of the clinical condition. 
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Sleepiness is usually the first symptom to appear, followed by cataplexy, hypnagogic 
hallucinations, and sleep paralysis.  In approximately one-half of the cases, the onset of 
cataplexy is simultaneous with the appearance of daytime somnolence and within five 
years in approximately two-thirds of the cases (Honda 1988, Roth 1962).  The mean 
time of the onset of sleep paralysis and hypnagogic hallucinations is also two to seven 
years later than that of sleepiness. 
 
Sleepiness almost invariable persists over time, although a late decline in severity is not 
rare, and even short remissions are possible.  Conversely, cataplexy, sleep paralysis 
and hypnagogic hallucinations may disappear spontaneously in 16% to 37% of patients 
(Billiard 1993). 
 
2.6 Psychosocial Impact of Narcolepsy 
 
Despite dynamic progress in the understanding of narcolepsy, the disease continues to 
cause the sufferer severe negative life effects.  Before and after diagnosis, narcoleptics 
often experience unrelenting severe psychosocial stress, with differing stresses in each 
decade of life.  Child and adolescent narcoleptics report embarrassment, academic 
decline and feelings of loss of self-worth related to the symptoms of their disease.  
Personality characteristics may be adopted that seek to avoid social situations that 
would precipitate cataplexy or draw attention to the patient’s degree of somnolence.  
More than one-half of narcoleptics believed their symptoms caused poor performances 
at school (Broughton 1981).  Teachers often misinterpret early symptoms and the 
accompanying irritability, frustration and mood swings as laziness, indifference, or even 
malingering.  Hypnagogic hallucinations may lead individuals to question their own 
sanity and, at times, these occurrences are mistakenly diagnosed as psychotic episodes 
(Douglass 1991).  Although no inherent memory disturbance has been associated with 
the disease, somnolence and lapses of concentration (possibly micro-sleeps) may 
explain the commonly reported problems with memory.  Misdiagnosis may result in 
inappropriate treatment and underestimation of an individual’s potential.  Denial of the 
condition may further delay their seeking treatment. 
 
Adult narcoleptics face major concerns, particularly in the workplace, and with secure 
interpersonal relationships.  The effects of sleepiness and cataplexy have major effects 
on personal and public safety.  Broughton (1981) examined the effects on driving.  
Narcoleptics reported marked increases in the following (percent narcoleptics compared 
to percent of controls): 
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 Narcoleptics Controls 
Falling asleep while driving 66% 6.2% 
Cataplexy while driving 29% 0% 
Sleep paralysis while driving 11.5% 0% 
Frequent near accidents 67% 0% 
Motor vehicle accidents 37% 5.3% 
Increased insurance rates 16% 1% 
Suspended drivers’ licenses 6.l% 3.9% 

 
In the workplace, narcoleptics face not only danger of accidental injury but the reality of 
poor performance and job loss.  In the 1981 Broughton survey narcoleptics reported the 
following occupational effects attributed to their symptoms. 
 

 Narcoleptics Controls 
Reduced job performance 78% 9% 
Fear of losing job 49% 0% 
Decreased earnings 47% 1.2% 
Actual job loss 21% 0% 
Loss of promotion 3.8% 0% 
Disability insurance 11% 0% 

 
Accidental injury in narcoleptics also occurs in the home.  Smoking accidents due to 
narcoleptic symptoms were found in 49% of patients, falls 37%, burns from hot objects 
15%, cuts from sharp objects 13%, and “breaking things” 10% were reported by Cohen 
in 1992. 
 
Interpersonal relations also suffer.  Poor self-image and social withdrawal have been 
mentioned.  Narcoleptics frequently feel that others view them as lazy or bored.  Sleep 
attacks during conversations can alienate others. 
 
Marital stress is a major problem and has been reported as high as 72% (Kales 1982).  
Besides interpersonal problems, financial problems resulting from job loss or accidents 
add external pressure on the marriage.  Sexual dysfunction and loss of libido are 
commonly reported complaints. 
 
A body of data supports the idea that a large number of narcoleptics also carry 
diagnosable psychiatric disorders, in most cases thought to result from the 
symptomatology of the disease and its life effects.  In a study by Kales et al in 1982, 
more than 50% of narcoleptics had a diagnosable psychiatric disorder, all assigned as 
variants of depression and/or personality disorders. 
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The psychosocial impacts of narcolepsy disease have been thoroughly detailed in a 
special journal issue edited by Goswani, Polack, Cohen, Thorpy, Kovey:  Psychosocial 
Aspects of Narcolepsy, Loss Grief Care 1992; 5,1-203. 
 
The culmination of the deleterious effects of narcolepsy upon work, education, 
occupational and household safety, recreation, personality and interpersonal relations 
were compared with those of epilepsy and the psychosocial impact of narcolepsy was 
found to be higher in all categories except driving (Broughton 1984).  These data support 
the medical need for effective treatment. 
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3.0 EFFICACY 
 
Overview of efficacy clinical trials:  Four controlled and 3 uncontrolled clinical trials have 
been performed to evaluate the efficacy of Xyrem for the treatment of narcolepsy.  
These trials are summarized below: 
 
Controlled Trials:  201 patients 

• OMC-GHB-2 – 136 patients 
Placebo, 3.0, 6.0, 9.0 g/d sodium oxybate 

• Scrima Trial – 20 patients 
Placebo, 50 mg/kg (4.2 g/d) sodium oxybate 

• Lammers Trial – 25 patients 
Placebo, 60 mg/kg (4.7 g/d) sodium oxybate 

• OMC-SXB-21 – 55 patients 
Placebo, 3.0, 4.5, 6.0, 7.5, and 9.0 g/d sodium oxybate 

 
Uncontrolled Trials:  323 patients 

• OMC-GHB-3 – 117 patients 
3.0, 4.5, 6.0, 7.5, and 9.0 g/d sodium oxybate 

• OMC-SXB-6 – 185 patients 
3.0, 4.5, 6.0, 7.5, and 9.0 g/d sodium oxybate 

• OMC-SXB-20 – 21 patients 
4.5, 6.0, 7.5, and 9.0 g/d sodium oxybate 

 
3.1 Controlled Studies 
 
3.1.1 OMC-GHB-2 
 
In initial discussions with the FDA in 1995, the Agency indicated that adequate 
prospective studies to ascertain the appropriate therapeutic dose range of sodium 
oxybate had not been conducted.  This trial was designed to provide that information.  
The study was designed as a prospective, randomized, double-blind, placebo-controlled, 
parallel-group, multicenter trial with three doses of sodium oxybate and placebo in 
narcoleptic patients meeting specific American Sleep Disorders Association (ASDA) 
criteria for narcolepsy.  The objectives of the trial were to evaluate and compare the 
efficacy and safety of three doses (3g, 6g and 9g) of sodium oxybate and placebo in the 
treatment of the symptoms of narcolepsy.  A rating of the change in the severity of the 
patient’s narcolepsy symptoms as measured by the Clinical Global Impression of 
Change was provided by the investigator at the end of the four-week treatment period, 
compared to the rating of Clinical Global Impression of Severity of Disease at the end of 
the baseline period. 
 
Patients who completed this study and continued to meet all other entry criteria except 
for the minimum number of cataplexy attacks, were eligible to enter a long-term, open 
label study (OMC-GHB-3) if they desired and if the physician responsible for their care 
concurred. 
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3.1.1.1 Study Objectives 
 
Primary Objective:  To evaluate and compare the efficacy of three doses (3g, 6g, and 
9g) of sodium oxybate and placebo in the treatment of the symptoms of narcolepsy. 
 
Secondary Objective:  To evaluate and compare the safety of sodium oxybate and 
placebo when used in a narcoleptic patient population. 
 
3.1.1.2 Investigational Plan 
 
The study was conducted at sixteen centers, and a total of 136 patients were enrolled.  
The study was divided into five periods as follows: 
 

Table 3.1  Time Periods of OMC-GHB-2 Trial 
Screening Washout Baseline Double-blind Treatment Follow-up 

one day to 4 
weeks 

5-28 days 2 to 3 weeks 4 weeks 3-5 days 

Visits Visit 1 Visit 2 Visit 3 
4 5 6 

Visit 7 

Withdrawal of 
treatment for 
cataplexy 

No treatment for cataplexy Placebo or GHB  
3g, 6g, or 9g 

No treatment for 
cataplexy 

 
Screening Period:  Lasted one day to four weeks.  For patients taking tricyclic 
antidepressants (TCAs) or other drugs used to treat cataplexy, these were gradually 
withdrawn.  Patients not on TCAs proceeded directly to the next study period if they met 
entry criteria.  Patients were permitted to continue taking stable doses of stimulant 
medication throughout the study. 
 
Washout Period:  Lasted five to twenty-eight days.  This period allowed time to 
eliminate any clinical effects of TCAs, for rebound cataplexy (cataplexy that with greater 
frequency and severity than usual) to abate, and to train patients on the use of the diary.  
The duration of this period was determined by considering the prior anticataplectic 
medication, and was five times the half-life of that medication, with a minimum of five 
days for diary training and a maximum of twenty-eight days. 
 
Baseline Period:  Lasted two to three weeks.  This period was an opportunity to assess 
the patients’ attacks of cataplexy and to establish a stable number of attacks.  Eligibility 
for admission into the double-blind treatment period required patients to report an 
average of three or more complete and/or partial cataplexy attacks per week, during the 
last two weeks of the baseline period. 
 
Double-Blind Treatment Period:  Lasted four weeks.  Eligible patients were randomly 
assigned to receive each night 3g, 6g, or 9g GHB or placebo in two divided doses.  
Patients returned approximately every two weeks during this period for assessment of 
safety and efficacy. 
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Follow-up Period:  A visit for final assessment three to five days after study medication 
was discontinued. 
 
Entry criteria included adult patients with a diagnosis of narcolepsy, a history of 
excessive daytime sleepiness and an average of three or more cataplexy attacks per 
week during the baseline period.  Patients with a diagnosis of sleep apnea, women of 
child bearing potential (unless using an accepted form of birth control), patients taking 
hypnotics, tranquilizers, or sedating antihistamines, and patients with a history of 
seizures or head trauma were excluded from the study. 
 
Approximately 104 patients (26 in each of the four treatment groups) were planned to be 
enrolled in this study.  One hundred and thirty-six patients were actually enrolled and 
randomly assigned to receive four weeks of treatment with study medication.  Additional 
patients were enrolled to ensure that a sufficient number of evaluable patients completed 
the study.  Medication was packaged in foil pouches and mixed with water.  One dose 
was taken at bedtime, and the second dose was taken 2.5 to 4 hours later.  A third party 
dispenser was employed at each site so that the investigator and the study coordinator 
did not handle the medication and the integrity of the blind was maintained. 
 
The primary efficacy variable was the change from baseline in the total number of 
cataplexy attacks (complete + partial) recorded by patients on their diary (the change 
was calculated from baseline):  last two weeks before study medication was started in a 
patient; to endpoint (the last two weeks a patient was on study medication).  Other 
efficacy variables included the number of complete cataplexy attacks, the number of 
partial cataplexy attacks, changes in daytime sleepiness, changes in the number and 
duration of inadvertent naps/sleep attacks, changes in the number of awakenings during 
the night, change in the total amount of sleep, changes in the incidence of hypnagogic 
hallucinations, changes in the incidence of sleep paralysis, and the clinical global 
impressions of change. 
 
3.1.1.3 Discussion of Study Design 
 
Patients naïve to GHB were selected.  Patients with a history of excessive daytime 
sleepiness, cataplexy, a current diagnosis of narcolepsy for at least six months 
according to Criteria A of the American Sleep Disorders Association were included.  
Patients were excluded if they had a diagnosis of sleep apnea syndrome or any other 
cause of daytime sleepiness.   Patients were excluded if they were taking hypnotics, 
tranquilizers, antihistamines (except for non-sedating antihistamines), or clonidine at the 
start of the baseline period.  Patients taking tricyclic antidepressants or other medication 
to treat cataplexy were withdrawn from those treatments gradually.  The list of tricyclic 
antidepressants and other anticataplexy medication included:  protriptyline, imipramine, 
clomipramine, desipramine, viloxazine, fluoxetine, paroxetine, sertraline or other 
serotonin reuptake inhibitors or other tricyclic or heterocyclic antidepressants.  Patients 
taking anticonvulsants were not eligible to participate in the study.  Patients were 
allowed to continue taking stimulant medication to include amphetamine, 
methamphetamine, methylphenidate, or pemoline for the treatment of daytime 
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sleepiness.  Patients were advised not to consume alcoholic beverages during the entire 
course of the trial and also to use caution in the use of any opioid analgesics or skeletal 
muscle relaxants.  Patients were otherwise free of medication for narcolepsy during the 
trial.  The screening, washout, and baseline periods were variable lengths of time, 
determined by the investigator within defined limits. 
 
A screening period of one day to four weeks was added to the design for safety 
purposes.  The screening period enabled investigators to gradually withdraw patients 
from tricyclic antidepressants or other anticataplexy medication.  These medications are 
commonly associated with rebound cataplexy on withdrawal.  The rebound cataplexy 
was perceived to be of sufficient magnitude to constitute a safety concern.  The 
importance of having a companion or other support system available during the 
screening, washout and baseline periods was stressed to each patient.  Patients were 
instructed to begin keeping daily diaries at the screening period in order to train them on 
its use prior to the baseline period. 
 
A washout period of five to twenty-eight days was added to the design to eliminate any 
clinical effects of tricyclic antidepressant or other anticataplexy medication prior to 
baseline.  The washout period started when the last dose of a tricyclic antidepressant or 
other anticataplexy medication was taken by the patient.  The length of the washout 
period was determined by the investigator by considering the pharmacokinetic and 
pharmacodynamic profile of the tricyclic antidepressant or other anticataplexy 
medication being used by the patient during the screening.  A minimum of five days of 
washout was required for patients not taking anticataplexy mediation for the purpose of 
insuring adequate training on the patient diary.  The investigators were required to 
employ a washout period equivalent to a minimum of five times the half-life of the 
anticataplexy medication in use (for a maximum of twenty days).  The investigators were 
provided with a list of the drugs typically used to treat cataplexy along with their half-lives 
and a suggested time for washout for each. 
 
A baseline period of two to three weeks enabled the investigator to assess the patient’s 
cataplexy incidence in the absence of anticataplectic medications, and daily dairy 
recording habits.  The patients qualified for admission to the treatment phase by 
reporting an average > three cataplexy attacks per week during the last two weeks of the 
baseline period. 
 
The treatment period was four weeks in length with a clinic visit at two weeks.  The 
treatment period was confined to four weeks because it was not ethically sound to 
continue a symptomatic patient randomized to placebo for a longer period.  The 
investigators contacted each patient on the morning following the first dose of test 
medication to assess the patient’s tolerance of the test medicine.  Thereafter patients 
were contacted at least three times weekly for assessments of compliance, diary 
completion, and adverse events. 
 
After four weeks of treatment the patients were withdrawn from test medication.  The 
appearance of any rebound cataplexy and other adverse events were noted at a follow-
up visit scheduled three to five days following the end of treatment visit. 
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3.1.1.4 Assignment of Patients to Treatment Groups 
 
At Visit 1, all patients were assigned a unique, four-digit, patient identification number in 
the order they were seen at the clinic.  The first two digits identified the site number and 
the last two digits identified the patient number assigned sequentially starting with 01.   
At Visit 4, patients who met the entry criteria were sequentially assigned a unique three-
digit randomization number in the order they entered treatment.  The patients were 
dispensed medication labeled with the correct assigned randomization. 
 
3.1.1.5 Selection and Timing of Dose 
 
Individual patient treatment, including the dose of sodium oxybate, was determined by 
random allocation.  No provisions were made in the protocol to permit modification of the 
dosage regimen.  Each patient self-administered two doses of their assigned study 
medication each day.  The first dose was taken at bedtime, and the second 2.5 to four 
hours later.  Patients were instructed to use an alarm to insure that they awakened to 
take the second dose no more than four hours after the first. 
 
3.1.1.6 Concomitant Medications 
 
Patients were not permitted to take any of the following medications at any time during 
the study:  hypnotics, tranquilizers, antihistamines (except nonsedating antihistamines), 
clonidine, tricyclic antidepressants, serotonin reuptake inhibitors, monoamine oxidase 
(MAO) inhibitors, tetracyclic antidepressants, or anticonvulsants.  Patients were also not 
permitted to use alcohol during the study and were cautioned on the use of opioid 
analgesics and skeletal-muscle relaxants.  Women of childbearing potential were 
permitted to use oral contraceptives.  Periodic use of over-the-counter and prescription 
medicines for treatment of colds, flu, allergies, headaches, etc. required careful review 
by the investigator prior to use. 
 
3.1.1.7 Primary Efficacy Variable 
 
The primary efficacy variable for this study as defined in the protocol was the total 
number of cataplexy attacks which is the sum of complete and partial cataplexy attacks 
that occurred.  The median of the total number of cataplexy attacks that occurred in each 
treatment group during the last two weeks of the baseline period was compared with the 
median number of events that occurred during the last two weeks of the treatment period 
(endpoint).  Other efficacy measures such as daytime sleepiness and improvement in 
inadvertent naps were measured along with reduction in the number of episodes of 
cataplexy. 
 
3.1.1.8 Statistical and Analytical Plans 
 
As described in the protocol, the efficacy analyses were done on the intent-to-treat 
population.  The planned analyses called for an analysis of variance on the change from 
baseline to endpoint including in the model the factors of treatment, site, and their 
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interaction.  The interaction term was then to be removed if found to be not statistically 
significant.  In addition, an analysis of covariance (ANCOVA) was planned for the 
primary efficacy variable (change in total number of cataplexy attacks) using the 
baseline value as covariate. 
 
Prior to the completion of the study and database lock, an analysis plan was written and 
approved that detailed performing a log transformation, if the assumptions for ANCOVA 
were not satisfied.  It was anticipated that for many, if not all, of the efficacy variables, 
the log transformation would result in a more normal distribution conforming to the 
requirements of the ANCOVA. 
 
At the time of analysis, each of the primary and secondary efficacy variables was 
assessed for normality and whether a log transformation would improve the distribution.  
The reassessment was based on using the Wilk-Shapiro test for normality on the 
residuals from the fitted model and a plot of the residuals against the predicted 
response, also from the fitted model.  If the untransformed data indicated a non-normal 
distribution, based on the Wilk-Shapiro test, and if the transformed data demonstrated 
improvement (tending toward a more normal distribution) through both the Wilk-Shapiro 
test and the plot of the residuals against the predicted, the log transformation was used.  
Those measures that were analyzed using the log transformation included the following: 
 
! Total number of cataplexy attacks 
! Partial cataplexy attacks 
! Complete cataplexy attacks 
! Duration of inadvertent naps/sleep attacks/day 
! Sleep paralysis (episodes/day) 
! Hypnagogic hallucinations 
! Number of awakenings 

 
For each of these measures, because a 0 was possible, the value 1 was added prior to 
the log transformation.  As a result, the variable analyzed was log (endpoint + 1) – log 
(baseline + 1).  The ANCOVA model used to assess overall treatment group 
comparisons included treatment, site, and log (baseline + 1).  The interaction of 
treatment and site and treatment with log (baseline + 1) were included in the model and 
then removed when found to be not statistically significant.  Comparisons of GHB dose 
to placebo were performed using least-squares means with Dunnett’s adjustment.  The 
significance of the median change from baseline for each treatment group was assessed 
using a paired t-test. 
 
Several measures did show a normal distribution without a log transformation.  They 
included: 
 
! Epworth Sleepiness Scale 
! Total amount of sleep/night 
! Number of inadvertent naps/day 
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For these variables, the analysis procedures were consistent with those previously 
described, but were based on the untransformed values. 
 
The Clinical Global Impressions of Change (CGI-c) was assessed by correlation analysis 
using Cochran-Mantel-Haenszel Test for Nonzero Correlation between the CGI-c score 
and treatment. 
 
3.1.1.9 Determination of Sample Size 
 
The required sample size for this study was calculated using the change from baseline in 
the total number of cataplexy attacks (primary efficacy variable) occurring in one week.  
Previous studies suggested than can effective dose of sodium oxybate would produce a 
mean reduction of at least 2 cataplexy attacks, based upon the number per week at 
baseline, in the number of weekly attacks with a standard deviation of 2.5.  Using a 
power of 80% and a two-sided significance level of 0.05, 100 patients were needed, 25 
per treatment group, to detect a treatment group difference of 2 with respect to change 
in cataplexy attacks. 
 
3.1.1.10 Disposition of Patients 
 
One hundred and thirty-six patients were enrolled in the study from sixteen centers, and 
sixteen patients withdrew from the study before completion, for the reasons shown in 
Table 3.2. 
 

Table 3.2  Disposition of Patients 
   Xyrem dose (g) 
Disposition All 

patients 
Placebo 3 6 9 

Received study 
medication 

136 34 34 33 35 

Withdrew from study      
Adverse event 10 1 1 2 6 
Protocol deviation 1  1   
Patient request 2  1  1 
Lost to follow-up 1   1  
Lack of efficacy 2  1 1  
Total withdrawals 16 1 4 4 7 
Completed the study 120 33 30 29 28 
 
 
The primary reason for withdrawal from the study was the development of adverse 
events (10 patients).  Patient withdrawals for adverse events were more frequent in the 
9g GHB dose group than in the other three treatment groups.  Patients who withdrew 
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from the study were followed until adverse events or laboratory abnormalities resolved or 
were fully characterized. 
 
3.1.1.11 Data Sets Analyzed 
 
Since the analysis performed in this study was an intent-to-treat analysis, no patients 
were excluded from the analysis. 
 
3.1.1.12 Demographic and Other Baseline Characteristics 
 
The demographic characteristics of the 136 patients who received study medication are 
summarized in Table 3.3. 
 

Table 3.3  Demographic Characteristics of Study Population 
   Xyrem dose (g)  

Characteristic All Patients Placebo 3 6 9 p-value* 
Age      0.2737 
  n 136 34 34 33 35  
  mean (years) 43.06 40.82 47.06 43.52 43.91  
  SD 15.03 14.33 16.89 14.98 13.53  
Gender      0.0027 
  Male 57 12 7 21 17  
  Female 79 22 27 12 18  
Race      0.1379 
  Caucasian 124 29 33 31 31  
  African American 9 4 0 1 4  
  Asian 1 0 0 1 0  
  Other 2 1 1 0 0  
Height      0.0283 
  N 131 31 33 33 34  
  mean (cm) 170.91 171.97 166.7 173.1 171.9  
  SD 9.53 8.18 8.78 10.39 9.64  
Weight      0.4847 
  N 134 34 33 33 34  
  mean (kg) 82.87 83.98 78.86 85.04 83.56  
  SD 17.36 18.89 15.65 15.54 19.08  
*p-value based on ANOVA (GLM) 
 
Significant between group differences in gender and height were noted.  The 6g GHB 
group was predominantly male, while the placebo and 3g GHB groups were 
predominantly female.  Consistent with the large difference in distribution of males and 
females in the 3g GHB group, the height of this group was less than the other treatment 
groups. 
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The severity of narcolepsy in the patient population was assessed by documenting the 
historical frequency of symptoms that were reported in the three months prior to 
screening. 
 
Table 3.4 summarizes the narcolepsy symptom profile recorded in the patient diaries 
during the last two weeks of baseline, representing narcolepsy symptoms in the absence 
of anticataplectic or sedative/hypnotic medications, but with continued stable stimulant 
medication. 
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Table 3.4  Summary of Baseline (Visit 4) Narcolepsy  
Symptoms by Treatment Group 

  Xyrem Dose (g)  
 
Type of event 

 
Placebo 

 
3 

 
6 

 
9 

p-value Kruskal-
Wallis 

Total cataplexy attacks/week     0.7749 
N 34 33 33 35  
Mean 34.27 28.57 38.85 34.60  
Median 20.21 20.00 23.00 23.50  
SD 46.63 30.53 55.04 33.92  
Complete cataplexy 
attacks/week 

    0.5151 

N 34 33 33 35  
Mean 6.86 7.08 15.26 8.61  
Median 1.12 4.50 4.85 2.00  
SD 12.37 8.50 27.53 14.01  
Partial cataplexy 
attacks/week 

    0.7289 

N 34 33 33 35  
Mean 27.44 21.49 23.59 26.12  
Median 15.03 15.00 16.15 18.79  
SD 42.08 28.30 29.01 26.14  
Hypnagogic 
hallucinations/day 

    0.9766 

N 34 33 33 34  
Mean 0.57 0.58 1.14 0.53  
Median 0.23 0.43 0.33 0.29  
SD 0.74 0.68 3.72 0.70  
Sleep paralysis episodes/day     0.9597 
N 34 33 33 35  
Mean 0.51 0.42 0.73 0.41  
Median 0.26 0.14 0.08 0.10  
SD 0.74 0.55 1.84 0.60  
Inadvertent naps/day     0.7008 
N 34 33 33 35  
Mean 1.71 1.91 1.70 1.72  
Median 1.57 1.93 1.45 1.27  
SD 0.96 1.43 1.12 1.56  
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3.1.1.13 Excessive Daytime Sleepiness 
 
Daytime sleepiness was the subjective assessment of a patient’s ability to remain alert 
and awake.  Excessive daytime sleepiness was defined as difficulty remaining awake 
and was usually accompanied by rapid entrance into sleep when the patient was 
sedentary.  This variable was assessed through the use of the Epworth Sleepiness 
Scale (ESS).  The ESS is a subjective report of propensity to sleep, difficulty in 
maintaining an alert awake state, usually accompanied by a rapid entrance into sleep 
when the person is sedentary.  The ESS was used at the end of baseline (Visit 4), at the 
end-of-treatment (Visit 6), and again at the last follow-up visit (Visit 7).  Patients were to 
rate their “chance of dozing” on a scale of 0-3 (never, slight, moderate, and high chance 
of dozing) in each of eight possible situations: 
 
! Sitting and reading 
! Watching TV 
! Sitting, inactive in a public place (i.e. a theater or a meeting) 
! As a passenger in a car for an hour without a break 
! Lying down to rest in the afternoon when circumstances permit 
! Sitting talking to someone 
! Sitting quietly after lunch without alcohol 
! In a car, while stopped for a few minutes in traffic 

 
The ESS measures sleep propensity based on the retrospective report of the subject’s 
dozing behavior in eight everyday situations.  This brief, self-administered questionnaire 
asks that the subject rate the chances that over the recent past (i.e. since the last prior 
rating) whether he or she would have dozed in each of the eight situations.  The relative 
soporific nature of these situations has been described both for “sleepy patients” and a 
normal population of medical studies and are known to remain stable within individuals 
over a period of months (Johns 1991).  The ESS score is the sum of eight individual item 
scores and ranges from 0 to 24.  In one study ESS scores for narcoleptics averaged 
16.8, general sleep disorder patients averaged 10.2, and healthy medical studies 
averaged 7.4 to 7.6 (Johns 1991). 
 
Excessive daytime sleepiness at baseline as assessed by the Epworth Sleepiness Scale 
is presented in Table 3.5.  This mean Epworth score can be considered in the 
moderately severe to markedly severe range, in spite of maintained stable stimulant 
medication. 
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Table 3.5  Summary of Excessive Daytime Sleepiness at Baseline  
as Assessed by the Epworth Sleepiness Scale 

  Xyrem Dose (g) 
Statistic Placebo 3 6 9 

N 34 34 32 35 
Mean 18.47 17.06 17.28 16.66 
SD 3.13 3.71 3.49 4.07 

 
3.1.1.14 Clinical Global Impression of Severity (CGI-S) 
 
This parameter was the investigator’s assessment of the severity of a patient’s 
narcolepsy and was recorded at Visit 4.  It was made in relation to the investigator’s total 
experience with the narcoleptic population using the following assessments: 
 
! Not assessed 
! Normal – no signs of illness 
! Borderline ill 
! Slightly ill 
! Moderately ill 
! Markedly ill 
! Among the most extremely ill 

 
The CGI-severity score is an expert clinical measure of the patient’s general condition at 
baseline.  The majority of patients were judged to be markedly or extremely ill, followed 
by those who were judged moderately ill and with much fewer patients in the borderline, 
slightly, or normal categories as seen in Table 3.6 below.  There were no significant 
differences in the percentage of patients enrolled in any severity response category.  
Subsequent changes from the baseline CGIs score are captured in the Clinical Global 
Impression of change (CGI-c) score. 
 

Table 3.6  Baseline Clinical Global Impression of Severity (CGI-S) 
Treatment Normal Borderline Slightly ill Moderately 

ill 
Markedly 

ill 
Extremely 

ill 
Placebo 0 2 2 8 12 10 
3g Xyrem 0 1 1 11 17 4 
6g Xyrem 1 1 0 14 11 6 
9g Xyrem 0 1 2 13 15 4 
Total 1 5 5 46 55 24 
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3.1.1.15 Analysis of Efficacy 
 
3.1.1.15.1 Primary Efficacy Variable 
 
The primary efficacy variable was the change from baseline in the total number of 
cataplexy attacks.  As shown in Table 3.7, the median and mean values for total 
cataplexy attacks/week were noted to be similar across dose groups.  As noted in  
Table 3.7, there was a significant (p=0.0021) difference among treatment groups in 
change from baseline to endpoint in total number of cataplexy attacks/week with 
treatment.  The change in total number of cataplexy attacks exceeded placebo, and was 
in the clinically meaningful range in all Xyrem treatment groups (Table 3.7 and  
Figure 3.1).  Like most neuropharmacology studies, there was also considerable placebo 
response, potentially in part the consequence of the disciplined sleep hygiene imposed 
by the protocol and diary recording of sleep habits during the treatment period.  As a 
result, the difference between Xyrem treatment groups compared to placebo response 
showed marginal significance in the 6g Xyrem group (p=0.0529), and unambiguous 
statistical significance in the 9g Xyrem group (p=0.0008). 
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Figure 3.1  Changes in Total Number of Cataplexy Attacks  
(Baseline to Endpoint)   OMC-GHB-2 

 
 

 
However, these results still indicate an important clinical response to the three dosages 
of sodium oxybate.  The median frequency of cataplectic events at the end of four weeks 
of treatment shows similarity in the three dosage groups (3 g/day = 9.5, 6 g/day = 8, 9 
g/day 8.7), all of which differ markedly from the median placebo response of 16.3 (see 
Table 3.7). 
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Table 3.7  Total Number of Cataplexy Attacks 
  Observed 
Dose group Statistic Baseline Endpoint 

Change from 
baseline to 
endpoint 

Comparison 
with placebo 
(p-value) 

Placebo N 33 33 33  
 Mean 35.1 24.0 -11.1  
 Median 20.5 16.3 -4.3  
 SD 47.1 28.4 27.7  
 p-value   0.028  
3g N 33 33 33  
 Mean 28.6 19.5 -9.1  
 Median 20.0 9.5 -7.0 0.5235 
 SD 30.5 27.5 22.4  
 p-value   0.026  
6g N 31 31 31  
 Mean 33.8 24.6 -9.2  
 Median 23.0 8.0 -9.9 0.0529 
 SD 45.6 62.9 27.3  
 p-value   0.070  
9g N 33 33 33  
 Mean 35.7 14.4 -21.3  
 Median 23.5 8.7 -16.1 0.0008 
 SD 34.5 19.3 29.8  
 p-value   <0.001  
P=0.0021 for overall treatment group comparison 
 
Interpretation of this data clinically is complicated by the fact that frequency of cataplexy 
attacks in this trial is not normally distributed data (incidence ranging from 2.8 cataplexy 
attacks/week to 249/week at baseline, with a median frequency of 21.0/week).  When 
plots of individual patient data are considered it is possible that outlier data such as one 
patient in the 6 g dosage group may have represented ongoing REM rebound 
phenomena, directly affecting statistical interpretations.  The consideration of these 
individual patient responses in the spaghetti plots (Figures 3.2, 3.3, 3.4, and 3.5) 
indicated the dose response in all dosage groups. 
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Figure 3.2 

 

 

50 

Individual Patient Graphs 
Total Cataplexy Attacks - Placebo Group 

350 

325 

300 

275 

250 
? - " J6 ; 225 

I-- ~ 
_ CJ 

200 o c. 
~-" (/) .0'" 
E :il 175 
"1:: z« 
'" >- 150 
ClX 
~~ 
" c. 125 > '" <';V 

U 
100 

75 

50 

25 

0 
4 5 6 

Study VIsit Number 

Individual Patient Graphs 
Mean Change From Baseline in Total Cataplexy Attacks - Placebo Group 

120.00 

~ 100.00 
" .e, 
<II 

80.00 '" u 

" :t:: « 60.00 >-x 
" ~ 40.00 

0 
;;; 20.00 
0 >-:;: 
c: " 0.00 .- " " ~ ." 0; ·20.00 
01) 

" co 
E -40.00 
e 

11. .. ·60.00 01 
c: .. 
J: 

·80.00 u 
:;; 
~ ·100.00 

·120.00 
4 6 

Study Visit Number 

                                      PAR1005 
IPR of U.S. Patent No. 7,668,730  
                               Page 54 of 353



Orphan Medical, Inc. 
NDA #21-196  Xyrem® (sodium oxybate) oral solution 
Peripheral and Central Nervous System Drugs Advisory Committee Briefing Booklet 
 

R:\GHB\PostNDA\Advisory Meeting\June 6-2001 Meeting\Briefing Books\Section 3--Efficacy.doc 18 

Figure 3.3 
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Figure 3.4 
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Figure 3.5 
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In Figure 3.6, the percentage change in the total number of cataplexy attacks from 
baseline (median) was calculated on the distribution of change values for each individual 
patient at baseline, two weeks, and four weeks of treatment.  This indicates that with the 
exception of the 9g treatment group, the majority of the reduction in cataplexy attacks 
occurred during the first two weeks of treatment, as is also represented by the previous 
graphs of individual patients. 
 

Figure 3.6  Changes in Number of Cataplexy Attacks by Dosage Group  
Over Time   OMC-GHB-2  
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3.1.1.15.2 Secondary Efficacy Variables 
 
3.1.1.15.2.1 Complete Cataplexy Attacks 
 
As shown in Table 3.7, at baseline the median number of complete cataplexy attacks 
was 1.2, 4.5, 4.7, and 2.0 in the placebo, 3g, 6g and 9g treatment groups respectively.  
Complete cataplexy attacks were much less frequent than partial cataplexy attacks 
although clinically they are particularly dangerous.  At endpoint the median number of 
complete cataplexy attacks changed by 0, -1.00, -1.62, and –1.62 in the placebo, 3g, 6g 
and 9g treatment groups respectively.  While there appears to be a dose response, none 
of the decreases reached statistical significance when compared to placebo, although 
the pattern of changes were in a dose response manner. 
 
3.1.1.15.2.2 Partial Cataplexy Attacks 
 
Also shown in Table 3.7, at baseline the median number of partial cataplexy attacks was 
15.05, 15.00, 15.15, and 18.79 in the place, 3g, 6g and 9g treatment groups 
respectively.  From baseline to endpoint the median number of partial cataplexy attacks 
changed by –2.72, -3.69, -6.35, and –10.00 in the placebo, 3g, 6g, and 9g treatment 
groups respectively exhibiting a dose response relationship that was statistically 
significant from placebo at 9g (p=0.0009).  Hence the patterns of change were similar in 
complete and partial cataplexy attacks although the much more frequent partial 
cataplexy attacks were statistically more powerful in showing the dose response. 
 
3.1.1.15.2.3 Clinical Global Impression of Change (CGI-c) 
 
The Clinical Global Impression of Change was an integrated clinical measure based on 
the investigator’s overall impression of the change in the patient’s condition.  This 
measure was based on comparison of the patient’s condition at the time of a 
comprehensive baseline interview defining the severity of patient illness at the time of 
entry into the study captured in the Clinical Global Impression of Severity (CGI-s).  The 
CGI-c focused on overall clinical change in severity including all narcolepsy symptoms 
and effectiveness in activities of daily living and incorporating any problems in overall 
functioning deriving from adverse experiences. 
 
During Visit 6 (the last treatment visit) and Visit 7, investigators rated their impressions of 
any change in the severity of the patient’s overall condition of narcolepsy using the  
CGI-c rating scale as follows: 
 
! Very much improved 
! Much improved 
! Minimally improved 
! No change 
! Minimally worse 
! Much worse 
! Very much worse 
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As shown in Table 3.8 and Figure 3.7 below, a highly significant treatment effect was 
noted on the CGI-c scale.  The majority of placebo patients were observed to have a 
modal value of no change, with 35% no change.  The placebo population distributed 
mainly into the no change, minimally improved and much improved brackets with the 
population distribution weighted to the no change/minimally improved group. The 
majority of placebo patients fell in the combined no change/minimally improved brackets.  
A similar distribution was noted in the 3g group although with higher proportions in the 
minimally improved and much improved groups and a model value at the much 
improved group and half the patients in the no change/minimally improved brackets.  In 
the 6g dose group, the distribution is seen to have shifted upwards with fewer no change 
and more very much improved patients and a majority of patients in the minimally 
improved/much improved brackets.  In the 9g dose group a marked shift of distribution is 
seen with a large majority of patients in the much improved (43%) and very much 
improved (37%) brackets.  Hence a global clinical assessment measure incorporating all 
aspects of the patient’s disease strongly demonstrates the dose response trend to 
Xyrem. 
 

Table 3.8  Summary of Clinical Global Impression of Change at  
Endpoint by Treatment Group 

  Xyrem Dose (g) 
Impression Placebo 3 6 9 
Very much improved 3 (9%) 3 (10%) 5 (16%) 11 (37%) 
Much improved 8 (24%) 11 (37%) 11 (35%) 13 (43%) 
Minimally improved 8 (24%) 9 (30%) 9 (29%) 3 (10%) 
No change 12 (35%) 6 (20%) 5 (16%) 1 (3%) 
Minimally worse 0 0 0 0 
Very much worse 1 (3%) 0 1 (3%) 0 
P=0.0010 for overall treatment group comparison based on Cochran-Mantel-Haenzel Test for Nonzero 
Correlation 
 
The CGI-c data can also be viewed in another manner as defining a responder analysis 
(see Table 3.9 and Figure 3.7).  Given that the majority of placebo patients fall into the 
no change/minimally improved brackets, a responder was defined as a patient falling 
into the much improved or very much improved category. This responder definition also 
has the virtue of defining patients who, on face value, showed a clear clinical benefit 
since an experienced clinician rated them as much improved or very much improved.  
For this post hoc analysis, responders included the very much improved or much 
improved categories; and nonresponder included all other categories of CGI-c except 
not assessed.  Patients not assessed or with missing CGI-c scores were not included in 
Table 3.9. 
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Table 3.9  Summary of Clinical Global Impression of Change to Endpoint by 
Treatment Group for Responders and Nonresponders 

  Xyrem Dose (g)  
 
Category 

 
Placebo 

 
3 

 
6 

 
9 

p-value* (overall 
comparison) 

Responders 11 (32%) 14 (47%) 16 (52%) 24 (80%) 0.0014 
Nonresponders 23 (68%) 16 (53%) 15 (48%) 6 (20%)  
p-value (group vs 
placebo) 

 0.3075 0.1368 0.0002  

*Based on Fisher’s Exact Test 
 
 

Figure 3.7  Summary of CGIc at Endpoint by Treatment Group    OMC-GHB-2 
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dose response manner with a particularly sharp improvement to 80% in the 9g group 
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3.1.1.15.2.4 Excessive Daytime Sleepiness 
 
The Epworth data provide another independent confirmation of the dose response of 
narcoleptic symptoms to Xyrem.  The Epworth Sleepiness Scale draws on the patient’s 
subjective assessment of their propensity to fall asleep in different circumstances.  As 
presented in Table 3.10, Figure 3.8 below, excessive daytime sleepiness as assessed 
by the Epworth Sleepiness Scale improved in all Xyrem treated groups and the 
improvement compared with placebo was highly significant in the 9g group (p=0.0001) 
where the change from baseline was nearly twice that seen in the 3g and 6g groups. 
 
 

Figure 3.8  Daytime Sleepiness (Baseline to Endpoint) 
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Table 3.10  Summary of Changes from Baseline to Endpoint  
in Excessive Daytime Sleepiness as  

Assessed by Epworth Sleepiness Scale 
  Observed 
Dose group Statistic Baseline Endpoint 

Change from 
baseline to 
endpoint 

Comparison 
with placebo 
(p-value) 

Placebo N 33 31 33  
 Mean 18.4 17.3 -1.1  
 Median 19.0 17.0 -1.0  
 SD 3.2 3.6 3.1  
 p-value   0.043  
3g N 31 31 31  
 Mean 17.1 14.6 -2.5  
 Median 17.0 16 -1.0 0.1137 
 SD 3.7 5.2 3.8  
 p-value   0.001  
6g N 30 30 30  
 Mean 16.9 14.6 -2.4  
 Median 17.0 13.5 -2.0 0.1860 
 SD 3.3 4.6 3.5  
 p-value   0.001  
9g N 28 28 28  
 Mean 16.4 11.8 -4.7  
 Median 17.0 12.0 -3.5 0.0001 
 SD 3.9 4.2 4.3  
 p-value   <0.001  
P= 0.006 for overall treatment group comparison 
 
The reduction in ESS from baseline to endpoint was observed in all treatment groups, 
with again a dose-response trend as with cataplexy response. This change reached 
statistical significance (p=0.0001) in patients in the 9g/day dosage group compared to 
placebo.  The first and second quartile lines represent that some patients in all three 
treatment groups have reduced ESS scores to the extent that they no longer reach the 
level considered characteristic of narcolepsy (13 to 24; Johns 1991).  The median score 
in the 9g/day dosage group was outside the narcoleptic range, and over 25% of these 
patients had scores that were within the “normal” range (< 10), indicating a highly 
clinically significant reduction in patients’ subjective rating of somnolence, and this 
change was incremental beyond the status achieved with stable dosages of stimulant 
medications continued during the trial. 
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3.1.1.15.3 Other Secondary Efficacy Measures 
 
As presented in Figure 3.9 and Figure 3.10, compared with placebo a significant 
decrease in the number of inadvertent naps/sleep attacks was seen in both the 6g and 
9g Xyrem groups (p=0.0497 and p=0.0122, respectively), and a significant decrease in 
the number of awakenings was seen in the 9g Xyrem group (p=0.0035).  These data are 
consistent with the dose response pattern of reduced excessive daytime sleepiness 
reflected in the Clinical Global Impression of change and the Epworth Sleepiness Scale.  
No significant differences between treatments were seen in the change from baseline in 
the median number of hypnagogic hallucinations, sleep paralysis episodes, total amount 
of sleep, and duration of inadvertent naps/sleep attacks. 
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Figure 3.9  Median Changes for Number of Inadvertent Naps/Sleep  
Attacks From Baseline to Endpoint 

 
Figure 3.10  Median Changes for Number of Awakenings  

From Baseline to Endpoint 
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An exploratory analysis was conducted of the changes from baseline to endpoint in the 
parameters of subjective rating of quality of sleep, level of alertness, and ability to 
concentrate as rated by the patients.  These parameters were measured on a four-point 
scale:  1-excellent, 2-good, 3-fair, 4-poor.  For the 6g and 9g dose groups, there was a 
statistically significant increase in the subjective quality of sleep (p=0.0028 and 
p=0.0010), level of alertness (p=0.0006 and p=0.0004), and overall reported ability to 
concentrate (p=0.0229 and p=0.0007). 
 
3.1.1.15.4 Abrupt Cessation of Double-Blind Medication 
 
The change in incidence of cataplexy attacks that occurred following discontinuation of 
double-blind treatment (Visit 6) through the end of the trial three to five days later  
(Visit 7), and from baseline to Visit 7 was calculated.  Only patients for which there were 
data at baseline (Visit 4), Visit 6 and Visit 7 were included in this analysis. 
 

Table 3.11  Total Cataplexy Attacks per Week by Treatment  
Group – Medians Change from Visit 6 to  

Visit 7 and from Baseline to Visit 7 
     V6-V7 Baseline to V7 
Treatment 
Group 

N Baseline V6 V7 Change P-Value Change P-Value 

Placebo 30 20.6 16.5 17.5 1.9 0.06 -3.8 0.10 
3g 29 18.7 9.5 13.0 2.3 0.09 -5.4 0.07 
6g 29 23.0 8.0 16.3 6.1 0.0001 -3.3 0.13 
9g 27 29.2 8.0 14.0 4.7 0.0017 -11.6 0.0001 
 
Total cataplexy attacks per week were determined by first calculating the average daily 
number of cataplexy attacks based on the numbers recorded in the patient diaries, then 
multiplying this number by seven to get Total Cataplexy Attacks per Week. 
 
Patients discontinued sodium oxybate treatment at Visit 6 (Week 4) and were to return to 
the clinic for assessment of cataplexy at Visit 7, three to five days later.  According to 
their daily diary recordings, the median number of total cataplexy attacks per week for all 
patients in all treatment groups trended toward their higher baseline values.  A 
significant change from Visit 6 to Visit 7 in the median number of cataplexy attacks per 
week occurred in the 6g group (p=0.0001) and 9g group (p=0.0017).  The 9g dose group 
exhibited a significantly lower median number of weekly cataplexy attacks at Visit 7 than 
at baseline (p=0.0001). 
 
In all treatment groups, acute rebound cataplexy was not in evidence as the median 
number of attacks at Visit 7 was lower than their baseline values. 
 
Adverse events, for the time period of up to five days prior to Visit 6 and up to five days 
prior to Visit 7, were compared to determine if REM rebound effects (i.e. rebound 
cataplexy) occur on withdrawal of Xyrem.  Adverse events suggestive of REM rebound 
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(sleep disturbance, hallucinations, and dream abnormal) which were present at up to five 
days before Visit 6 were compared with those adverse events that occurred up to five 
days before Visit 7.  There was not an exacerbation of adverse events suggestive of 
REM rebound effects corresponding with the cessation of treatment with Xyrem at Visit 
6.  The difference in the number of events between these two periods is not statistically 
significant.  REM rebound effects did not appear when stopping Xyrem for three to five 
days  
 
3.1.1.16 Efficacy Conclusions 
 

Table 3.12  OMC-GHB-2 Efficacy Conclusions 
 

 
Parameters 

 
Treatment 

Baseline 
(median) 

Endpoint 
(median) 

P-value 
(vs. Placebo) 

 
Total Number of Cataplexy 

Attacks Per Week 

Placebo 
3g 
6g 
9g 

20.5 
20.0 
23.0 
23.5 

16.5 
9.5 
8.0 
8.7 

-- 
n.s. 

0.0529 
0.0008 

Excessive Daytime 
Sleepiness  

(Epworth Sleepiness Scale) 

Placebo 
3g 
6g 
9g 

19.0 
17.0 
17.5 
17.0 

17.0 
16.0 
14.5 
12.0 

-- 
n.s. 
n.s. 

0.0001 
  Change in Medians  
 

Frequency of Inadvertent 
Naps/Sleep Attacks/Day 

Placebo 
3g 
6g 
9g 

-0.26 
-0.20 
-0.48 
-0.48 

-- 
n.s. 

0.0497 
0.0122 

 
Number of Awakenings at 

Night 

Placebo 
3g 
6g 
9g 

+0.20 
-0.25 
-0.21 
-0.91 

-- 
n.s. 
n.s. 

0.0002 
 

Clinical Global Impressions 
of Change 

Placebo 
3g 
6g 
9g 

32% 
47% 
52% 
80% 

-- 
0.3075 
0.1368 
0.0002 

 
• In study OMC-GHB-2, a statistically significant greater (compared to placebo) 

reduction from baseline to endpoint in the total number of cataplexy attacks  
(p = 0.0008) was seen among patients in the 9.0 g/d dosage group compared  
to placebo-treated group, and a reduction in the number of cataplexy attacks  
(p = 0.0529) also was seen among patients in the 6.0 g/d dosage group. 

 
• A reduction in Epworth Sleepiness Scale from baseline to endpoint was observed in 

all treatment groups (including placebo) with a dose-response trend similar to that 
seen for cataplexy; this change reached statistical significance (p = 0.0001) in 
patients in the 9 g/d dosage group compared to placebo.  
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• The number of inadvertent naps or sleep attacks occurring during a day, an index  

of excessive daytime sleepiness, was reduced by a statistically significant amount 
from baseline to endpoint (compared to placebo) in the 6 g/d (p = 0.0497) and 9 g/d 
(p = 0.0122) dosage groups. 

 
• The clinical investigator’s assessment of change in overall disease severity, the 

(Clinical Global Impression of change [CGI-c]) shows a clear improvement, with the 
80% responder rate in the 9.0 g/d group being significantly different from the 32% 
responder rate in the placebo group (p = 0.0002).  Patients in the 3.0 g/d and 6.0 g/d 
dosage groups showed a dose-response trend in level of improvement. 

 
• No significant differences between treatments were seen in the change from 

baseline in the median number of hypnagogic hallucinations, sleep paralysis 
episodes, total amount of sleep, and duration of inadvertent naps/sleep attacks.  

 
• Following cessation of treatment at Visit 6, there was no exacerbation of cataplexy or 

other adverse events above baseline, suggesting that REM rebound does not occur.  
 
3.1.2 SCRIMA TRIAL 
 
3.1.2.1 Design 
 
The Scrima trial (US) was a Phase II, randomized, double-blind, placebo-controlled,  
2-way crossover (balanced for sequence group and gender), single-center trial 
comparing the efficacy of 50 mg/kg (mean 4.2 g) of sodium oxybate with placebo for the 
treatment of narcolepsy. The total nightly dose of trial medication was taken in 2 equal 
doses: at bedtime, and again approximately 3-4 hours later. Each dose was 
administered orally in Syrup of Orange (25 mL) and distilled water (to 100 mL). The trial 
design is summarized in Table 3.13. 
 

Table 3.13  Scrima Trial Design 
Baseline Treatment 1 Washout Treatment 2 Washout 
14 Days 29 Days 6 Days 29 Days 6 Days 

Sodium Oxybate 
(50 mg/kg) X Placebo X 

X 
Placebo X Sodium Oxybate 

(50 mg/kg) X 

 
The trial consisted of a screening period during which anticataleptic medications were 
withdrawn, a 14-day baseline period, two 29-day treatment periods separated by a 6-day 
washout period, and a washout/follow-up period of at least 5 days. In each of the 
treatment periods, patients took randomly assigned trial medication (50 mg/kg [mean 
4.2 g] sodium oxybate) or a similar volume of diluted Syrup of Orange as placebo. A total 
of 10 men and 10 women were treated and all completed the trial. 
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To enter the trial, patients were required to have a history of narcolepsy and cataplexy 
diagnosed by an accredited clinical polysomnographer, sleep onset REM periods ≥ 2 on 
the diagnostic Multiple Sleep Latency Test (MSLT), and a sleepiness index∗  ≥ 75 on the 
diagnostic MSLT.  In addition, to continue into the randomized portion of the trial, 
following the withdrawal of other anticataplectic medications a patient was required to 
have a minimum of 10 cataplexy attacks subjectively reported during a 14-day baseline 
period. 
 
Patients with moderate to severe cataplexy (averaging 20 attacks per week) were 
enrolled into the trial, and other anti-cataplectic treatment was withdrawn prior to 
baseline. 
 
3.1.2.2 Objectives 
 
The objectives of the trial were:  
 
• To evaluate as primary variables the average daily number of cataplexy attacks and 

objective daytime sleepiness (using the sleepiness index determined by the MSLT) 
in narcolepsy patients during treatment with sodium oxybate as compared to placebo 
and baseline 

• To evaluate as secondary variables the average number of sleep attacks per day, 
average number of awakenings per night, dosing requirements of methylphenidate, 
feelings on awakening, mood in the morning and evening, sleep patterns identified 
on the PSG, and average number of REM onsets determined by the MSLT during 
treatment with sodium oxybate as compared to placebo and baseline 

 
Safety variables included the incidence of adverse events and changes in laboratory 
values. 
 
3.1.2.3 Statistical Analysis 
 
Age, weight, age at diagnosis, and the number of sleep and cataplexy attacks were 
analyzed using a 2-factor ANOVA (analysis of variance).  The effects in the model were 
sequence group, gender, and the interaction of gender and sequence group.  The 
distribution of patients with/without histories of hypnagogic hallucinations or sleep 
paralysis was tested for independence from gender and sequence group using 
contingency table methods.  All patients enrolled in the study were included. (n = 20). 
Only patients with baseline data who were included in the post-treatment analysis were 
analyzed for baseline comparability.  A 2-factor ANOVA was performed.  The effects in 
the model were sequence group, gender, and the interaction of gender and sequence 
group. 
 
Repeated measures ANOVA was performed on the observed data.  There were 2 
between-patient factors, sequence group and gender, and the 2 within-patient factors, 
                                                 
∗  Sleepiness Index = 100-(5X total sleep latency minutes/number of naps); abnormal >75, 
borderline 50-75, normal <50 
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treatment and week.  Since week was frequently significant, either as a main effect or as 
part of an interaction, further repeated measures analysis for the individual weeks were 
performed to support the overall analysis.  If indicated, supportive analyses on ranks 
were to be performed.   
 
Only the diary data documented the patient’s status prior to treatment in Treatment 
Period 2. Thus, comparison to the patient’s status prior to treatment in Treatment Period 
1 and the return to this level was restricted to diary data.  A repeated measures ANOVA 
was performed on the change from baseline data.  This analysis was a single within-
patient factor, days, and 2 between-patient factors, sequence group and gender.  
Separate univariate supportive analyses for washout days 1 to 5 were performed, with 
sequence group, gender, and their interaction as factors.  The intercept was tested in 
each model to identify departure from baseline. 
 
Washout from treatment in Period 1 and 2 (follow-up) was compared for the variables in 
the diary.  A repeated measures ANOVA was performed on the change from baseline 
data.  There were 2 between-patient factors, sequence group and gender, and the 
2 within-patient factors, Day 1 to 5 of washout and follow-up. 
 
3.1.2.4 Efficacy Results 
 
Table 3.13a summarized the mean number of cataplexy attacks per day by treatment. 
 

Table 3.13a  Mean Number of Cataplexy Attacks Per Day 

Pre-
Treatment 

 
Treatment Phase  

Treatment 
Group 

Baseline 
(SE) 

Week 1 
(SE) 

Week 2 
(SE) 

Week 3 
(SE) 

Week 4 
(SE) 

 
 

Overall 
(SE) 

 
Baseline to 
Endpoint 

GHB 
1.4 

(0.2) 
1.4 

(0.2) 
0.9 

(0.2) 
0.9 

(0.2) 
1.2 

(0.2) 
2.9 to 1.2 
(p=0.007) 

Placebo 

2.9 
(0.5) 1.5 

(0.2) 
2.0 

(0.3) 
2.1 

(0.4) 
1.9 

(0.3) 
1.9 

(0.3) 
2.9 to 1.9 
(p=0.117) 

p-value  
between 

treatments --- n.s. n.s. 0.005 0.004 0.013 --- 
n.s. - not significant 

 
During active treatment periods over 4 weeks, a mean of 1.2 cataplexy attacks per day 
was reported by patients receiving sodium oxybate treatment compared to 1.9 cataplexy 
attacks per day by patients receiving placebo treatment, representing a mean decrease 
from baseline of 1.6 for sodium oxybate treatment (p = 0.007) and of 1.0 for placebo 
treatment (p = 0.117). 
 
By Week 4, treatment with sodium oxybate was superior to placebo for 84% (16/19) of 
patients, with a mean of 0.9 cataplexy events per day after treatment with sodium 
oxybate compared to 1.9 per day after treatment with placebo.  No cataplexy events 
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were reported for 21% (4/19) of patients during Week 4 of sodium oxybate treatment 
compared to 5% (1/19) of patients on placebo.  Nine patients (47%) reported an average 
of at least one fewer cataplexy attacks per day while taking sodium oxybate than while 
taking placebo (1/19 patients taking placebo averaged at least one less attack than while 
taking sodium oxybate). 
 
There were also significantly fewer (p = 0.013) cataplexy attacks per day during sodium 
oxybate treatment overall compared to placebo.  However, the data suggest an 
interaction, ie, there was very little difference between treatments at Week 1 (p = 0.735, 
sodium oxybate = 1.4, placebo = 1.5) and a greater difference at Week 2 (p = 0.073, 
sodium oxybate = 1.4, placebo = 2.0).  At Weeks 3 and 4, significant differences were 
detected (p = 0.005, sodium oxybate = 0.9, placebo = 2.1; and p = 0.004, sodium 
oxybate = 0.9, placebo = 1.9, respectively).  No other significant main effects or 
interactions were identified, in particular sequence group (p=0.775), or treatment x 
sequence group interaction (p=0.713).  Thus, no evidence of carryover effect was 
detected (PLC:GHB-GHB:PLC for PLC-GHB=0.2 with 95% interval-0.9 to 1.3). 
 
The mean number of cataplexy attacks decreased from Week 2 to Week 3 or Week 4 
during sodium oxybate treatment and remained lower at Week 4 than Week 1.  In 
contrast, the mean number of a cataplexy attacks increased from Week 1 to Week 2 
during placebo treatment and remained higher than Week 1 at Week 4.  The crossover 
design shows no carry-over effect of any variable, indicating that a 5-day washout was 
sufficient. 
 
The number of cataplexy attacks per week by treatment group for the Scrima trial are 
presented in Figure 3.11 as mean cataplexy attacks/week ± SEM. 
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Figure 3.11  Number of Cataplexy Attacks by Treatment Group    Scrima Trial 
 

 
Data Source:  Scrima Trial Report 
 
 
No significant treatment effects were detected overall for the MSLT sleepiness index 
[sleepiness index = 100-(5X total sleep latency in minutes/number of naps); abnormal 
>75, borderline 50-75, normal <50)], although the mean sleepiness index was less 
during sodium oxybate treatment (87.2) than placebo (90.3). 
 
The mean number of sleep attacks per day during the 4 weeks of treatment decreased 
significantly from baseline for both sodium oxybate (p = 0.002) and placebo (p = 0.007), 
but differences between treatments were not significant. There was no significant 
difference compared to baseline in the mean number of subjective awakenings at night 
for either sodium oxybate or placebo, but significantly (p = 0.042) fewer awakenings 
occurred during sodium oxybate treatment versus placebo.  There were no significant 
differences between sodium oxybate or placebo treatments versus baseline or between 
sodium oxybate and placebo in amount of methylphenidate taken, how patients felt upon 
awakening, or average morning mood. 
 
For objective PSG studies (Table 3.14), there were statistically significant overall 
between treatment differences in sleep efficiency (p = 0.023), sleep latency (p = 0.028), 
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percentages of Stage 1 and 3 sleep (p = 0.042 and 0.003, respectively), stage shifts 
(p = 0.006), and number of objective awakenings (p = 0.012), following 50 mg/kg sodium 
oxybate in the Scrima trial.  Hence, the polysomnography data demonstrated that the 
continuity (increased sleep efficiency and reduced number of awakenings) and depth of 
sleep (decrease in Stage 1 light sleep and increase in Stage 3 deep sleep) were 
improved. 
 

Table 3.14  Overnight Sleep in Narcolepsy Patients During GHB vs.  
Placebo Treatment: Means ± SD for 10 Males and 10 Females 

 
 

Source:  Scrima L, Hartman PG, Johnson FH, Thomas EE, Hiller FC. The effects of γ-hydroxybutyrate on sleep of 
narcolepsy patients: a double-blind study. Sleep 1990; 13(6):479-490. 
 
3.1.2.5 Conclusions 
 
Compared to placebo, sodium oxybate, given as a nightly divided dose of 50mg/kg 
(mean 4.2 g) for 4 weeks, significantly reduced the frequency of cataplexy attacks in a 
population of chronic narcolepsy patients.  The reduction in cataplexy was greater during 
the last 2 weeks of sodium oxybate treatment than during the first 2 weeks.  As 
assessed by the MLST sleep index, daytime sleepiness was not significantly reduced by 
this dosage or duration of sodium oxybate treatment.  Polysomnography data 
demonstrated that sodium oxybate significantly enhanced both the continuity and the 
depth of nocturnal sleep as shown by a reduction in the number of awakenings, a 
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decrease in the percentage of Stage 1 (light) sleep, and an increase in the percentage of 
Stage 3 (deep) sleep.  Sodium oxybate was generally well-tolerated. 
 
3.1.3 OMC-SXB-21 
 
3.1.3.1 Rationale for OMC-SXB-21 
 
In January 2000, the FDA indicated a requirement for a trial to assess the long-term 
efficacy of Xyrem in narcoleptic patients.  Conventional controlled clinical trial designs to 
assess long-term efficacy require patients to be randomized into prolonged placebo and 
active treatment groups.  In narcolepsy, a conventional trial would have required patients 
to withdraw and washout from existing anti-cataplexy medications, [narcoleptics are 
typically treated with tricyclic antidepressants (TCAs) or serotonin selective reuptake 
inhibitors (SSRIs)] followed by establishment of baseline levels of cataplexy prior to 
being randomized into treatment groups.  A trial using this conventional design would 
have presented several difficulties.  First, participation would have caused severe 
hardship for the patients in the placebo group, who would have been without any 
treatment for cataplexy for the duration of the trial.  Second, the potential of not receiving 
long-term therapy for cataplexy would have resulted in substantial difficulties in the 
recruitment of sufficient numbers of patients to make the trial statistically robust.  These 
design difficulties necessitated the development of an alternative paradigm for assessing 
long-term efficacy.  The new study paradigm, which became the OMC-SXB-21 protocol, 
was an adaptation of a design suggested by the Neuropharmacology Division of the 
FDA.  The agency provided extensive input on both study conduct and statistical 
analysis issues.  To assess long-term efficacy, patients in the OMC-SXB-21 trial were 
removed from stable, long-term, open-label Xyrem therapy in a double-blinded fashion 
and a return of cataplexy was assessed as the primary efficacy endpoint. 
 
3.1.3.2 Trial Objectives and Design 
 
3.1.3.2.1 Efficacy Objective 
 
OMC-SXB-21 was a Phase III, randomized, double-blind, placebo-controlled, parallel-
group, multicenter trial to assess the long-term efficacy of orally administered Xyrem, 
compared to placebo, for the treatment of narcolepsy.  The primary objective of this trial 
was to provide evidence for the long-term efficacy of Xyrem (sodium oxybate) based on 
the return of cataplexy symptoms upon cessation of a minimum of 6 months of open-
label treatment with sodium oxybate.  The measure of efficacy was a comparison 
between the Xyrem and placebo groups, of the change in the number of cataplexy 
attacks from baseline (2-week single-blind lead-in active treatment phase) to endpoint 
(2-week double-blind active or placebo treatment phase). 
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3.1.3.2.2 Trial Design 
 
The trial design is summarized in Table 3.15 and discussed below. 
 

Table 3.15  OMC-SXB-21 Trial Design 
Phase I 
Screening 

Phase II 
Lead-In 

Phase III 
Double-Blind Treatment 

3 to 5 Days 14 ± 2 Days 
(Week 1, Week 2) 

14 ± 2 Days 
(Week 1, Week 2) 

Xyrem at established dosage Single-blind Xyrem at 
established dosage 

Xyrem at established dosage 

  Placebo 
Stimulant use permitted 

TCA/SSRI use not permitted 
↑  

Visit 1 
(Randomization) 

 ↑  
Visit 2 

 ↑  
Visit 3 

 ↑  
Visit 4 

 
The trial consisted of 3 phases (4 visits).  During Phases I and II, patients continued 
Xyrem at the same dosage they were taking in OMC-SXB-7 (3, 4.5, 6, 7.5, and 9g per 
night in divided doses).  The period from Visit 1 to Visit 2 served to screen patients for 
inclusion and exclusion criteria and evaluate hematology and chemistry laboratory 
results.  Patients were randomized immediately following Visit 1.  During Phase II  
(lead-in), patients received single-blind Xyrem for 2 weeks (Visit 2 to Visit 3).  In 
Phase III (double-blind), half the patients received Xyrem at their established dosage, 
and half received placebo in identical volume to their established Xyrem dose, for 
2 weeks (Visit 3 to Visit 4).  During Phases II and III, patients kept diaries to record the 
number of daily cataplexy attacks and adverse events.  Patients who received placebo 
during the double-blind phase were predicted to have a higher incidence of cataplexy 
attacks than patients who received Xyrem. 
 
3.1.3.2.3 Patient Selection Criteria 
 
Patients were drawn from a pool of patients participating in OMC-SXB-7 (the open-label 
extension to OMC-GHB-3, OMC-SXB-6, and the Scharf trial).  In addition to meeting the 
entry criteria for participating in the OMC-SXB-7 trial, patients were also required to meet 
the following criteria for inclusion in OMC-SXB-21: 
• Had a history of at least 5 cataplexy attacks per week, confirmed through patient 

query or medical history, prior to receiving initial treatment (TCAs, SSRIs, and/or 
Xyrem) for cataplexy. 

• Had been treated continuously for the symptoms of narcolepsy with sodium oxybate 
for a period of 6 months to 3.5 years.  The patients must have been previously 
enrolled in Orphan Medical clinical trials OMC-GHB-3 or OMC-SXB-6. 

• Had not been taking TCAs, SSRIs, or any other anti-cataplexy medications, other 
than Xyrem, within the 30-day period prior to Visit 1 of this trial. 

• Stimulant medications were to be maintained at constant levels throughout the trial. 
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Enrollment of up to 80 patients was planned for this trial.  Fifty-five (55) patients were 
actually treated; all completed the trial. 
 
3.1.3.2.4 Treatments 
 
The Xyrem trial medication was an oral aqueous solution with a concentration of 500 
mg/mL of sodium oxybate.  Placebo was a sodium citrate solution in equimolar 
concentration to the sodium in Xyrem oral solution.  Placebo was shown to be similar to 
Xyrem in a blinded taste test (Orphan Medical Protocol OMC-SXB-16). 
 
During the single-blind lead-in phase of the trial, each patient took the same dosage of 
Xyrem oral solution (3.0, 4.5, 6.0, 7.5, or 9.0 g/d in 2 divided doses) previously taken in 
the OMC-SXB-7 trial.  During the double-blind phase of the trial, patients received either 
Xyrem at the same dosage as at Visit 2, or placebo at an equivalent volume to the 
dosage of Xyrem that the patient took during the single-blind phase. 
 
Trial medication was self-administered.  Patient compliance was calculated at Visits 2 
and 3.  Patients were considered non-compliant with trial medication if they missed or 
exceeded their prescribed doses by 30% or more. 
 
3.1.3.2.5 Randomization and Blinding 
 
Randomization was performed centrally and occurred following the completion of Visit 1.  
At the request of the FDA, the randomization code was developed to ensure that there 
was not dose stratification across the placebo and Xyrem treatment groups.  Separate 
randomization code sequences were developed for the existing OMC-SXB-7 treatment 
doses of 4.5 (3 g/d included in this grouping), 6, 7.5, and 9g/d.  Neither the Orphan 
Medical clinical development representatives nor the clinical site personnel knew the 
identity of the double-blind medication. 
 
3.1.3.2.6 Efficacy Measurements 
 
Patients were asked to complete a daily diary each night before bedtime during the 
single-blind and double-blind phases of the trial.  The information captured in the diaries 
was the number of cataplexy attacks the patient had experienced during that day and 
any AEs or other relevant medical information.  A cataplexy attack, episode, or event 
was defined as a sudden bilateral loss of voluntary muscle tone.  To be classified as 
cataplexy for this trial, the event must have been bilateral, of sudden onset and localized 
to a specific muscle group(s) or part of the body, and the patient must have been aware 
of time and place during the event (ie, not a sleep attack or microsleep). 
 
3.1.3.2.7 Statistical Analysis 
 
Efficacy analyses were performed using the Intent-to-Treat Patients population, which 
included all patients who received 1 or more doses of double-blind trial medication, and 
had baseline and post-baseline cataplexy measurements. 
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The primary efficacy variable was the change in the number of cataplexy attacks 
between baseline (2-week, single-blind lead-in phase) and endpoint (double-blind 
treatment phase).  If fewer or greater than 14 days were available for either treatment 
phase, then the average number of cataplexy attacks per day was calculated and 
multiplied by 14. 
 
The change in the number of cataplexy attacks was analyzed using a nonparametric 
analysis of covariance (ANCOVA).  Specifically, the baseline number of cataplexy 
attacks and the change from baseline in the number of cataplexy attacks were replaced 
by their corresponding ranks, where mean ranks were assigned in case of ties.  The 
rank changes from baseline in the number of cataplexy attacks were analyzed using 
ANCOVA, including the rank baseline number of cataplexy attacks, treatment group, and 
baseline-by-treatment group interaction.  The overall inference among treatments, 
placebo versus Xyrem, was presented.  Two-sided p-values with a level of significance 
at 0.05 were used to determine statistical significance. 
 
3.1.3.3 Patient Disposition and Demographics 
 
3.1.3.3.1 Patient Disposition 
 
Figure 3.12 presents the disposition of patients by treatment group.  Fifty-six (56) 
patients were screened and randomized; 1 randomized patient failed screening due to 
concomitant use of an SSRI and was never treated.  A total of 55 patients were treated; 
all completed the trial. 
 
 

 

Figure 3.12  Disposition of Patients 
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3.1.3.3.2 Patient Demographics 
 
Patient demographic data revealed no significant differences in patient age, gender, 
weight, height, race, or baseline number of cataplexy attacks between the treatment 
groups.  Table 3.16 summarizes patient demographics and current dosage at screening 
by treatment group.  Prior to trial entry, patients had been taking Xyrem (sodium 
oxybate) for 7 to 44 (mean = 21) months for the treatment of narcolepsy. 
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Table 3.16  Demographics and Baseline Characteristics by Treatment Group 
 Total Treatment Group  

Characteristics (N=55) Xyrem (N=26) Placebo (N=29) p-Value 
Age (years)     

Mean ± SD 47.7 ± 16.66 47.9 ± 17.06 47.6 ± 16.60 0.955 
Range 16.3 – 82.6 19.1 – 82.6 16.3 – 70.0  

Gender (n, %)     
Male 23 (42%) 8 (31%) 15 (52%) 0.172 
Female 32 (58%) 18 (69%) 14 (48%)  

Weight (kg)     
Mean ± SD 80.5 ± 20.09 83.8 ± 24.31 77.6 ± 15.22 0.250 
Range 54.0 – 142.0 54.0 – 142.0 55.0 – 127.0  

Height (cm)     
Mean ± SD 170.1 ± 10.25 169.6 ± 10.42 170.6 ± 10.24 0.710 
Range 152.0 – 188.0 152.0 – 188.0 155.0 – 188.0  

Race (n, %)     
Caucasian 52 (95%) 23 (88%) 29 (100%) 0.099 
African-American 2 (4%) 2 (8%) 0  
Asian 0 0 0  
Hispanic 1 (2%) 1 (4%) 0  
Other 0 0 0  

Time on Xyrem (months)     
Mean ± SD 21.22 ± 12.28 23.27 ± 12.36 19.38 ± 12.13 ND 
Range 7 – 44 8 – 38 7 – 44  

 (continued) 
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Table 3.16  Demographics and Baseline Characteristics by Treatment Group 
 Total Treatment Group  

Characteristics (N=55) Xyrem (N=26) Placebo (N=29) p-Value 
Cataplexy attacks (2-week 
baseline) 

    

N 55 26 29 0.436 
Mean 12.6 9.0 15.7  
SD 31.75 19.25 39.88  
Median 3.0 1.9 4.0  
Minimum 0.0 0.0 0.0  
Maximum 197.0 86.8 197.0  
     

Daily Dosage of Xyrem at 
Screening (n, %) 

    

3.0 g/d 2 (4%) 1 (4%) 1 (3%) ND 
4.5 g/d 9 (16%) 4 (15%) 5 (17%)  
6.0 g/d 15 (27%) 7 (27%) 8 (28%)  
7.5 g/d 15 (27%) 7 (27%) 8 (28%)  
9.0 g/d 14 (25%) 7 (27%) 7 (24%)  
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3.1.3.4 Efficacy Evaluation 
 
3.1.3.4.1 Treatment Compliance 
 
Only 3 (5%) patients (1 placebo, 2 Xyrem) had compliance levels outside the 
protocol-acceptable range during one or both phases of the trial. 
 
3.1.3.4.2 Efficacy Results 
 
As shown in Table 3.17 and Figure 3.13, there was no change in the number of 
cataplexy attacks from baseline to endpoint in the Xyrem group (median change 0.0), 
while cataplexy attacks increased by a median of 21.0 in the placebo group.  This 
difference was statistically significant (p < 0.001) when analyzed by an ANCOVA model 
containing rank baseline, treatment group, and baseline-by-treatment group interaction, 
with a median rank change from baseline of 39.0 for the placebo group and 16.5 for the 
Xyrem group. 
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Table 3.17  Change From Baseline in Number of Cataplexy Attacks and Rank Change (Per 2 Weeks) by Treatment Group    
Intent-to-Treat Patients 

 Xyrem (N=26) Placebo (N=29) 
 Phase II Phase III Change Phase IIa Phase III Change 

Number of cataplexy attacks (per 2 weeks) 
Mean ± SD 9.0 ± 19.25 12.6 ± 30.34 3.6 ± 20.73 15.7 ± 39.88 50.4 ± 81.09 34.6 ± 55.72 
Median 1.9 1.1 0.0 4.0 21.0 21.0 
Minimum 0.0 0.0 -24.3 0.0 0.0 -15.0 
Maximum 86.8 138.3 87.2 197.0 269.2 206.2 

Rank change 
Mean ± SD   18.1 ± 12.65   36.9 ± 13.31* 
Median   16.5   39.0 
Minimum   1.0   3.0 
Maximum   52.0   55.0 

SD = standard deviation. 
a Placebo group patients received Xyrem during Phase II. 
* p < 0.001, from ANCOVA model containing rank baseline, treatment group, and baseline-by-treatment group interaction. 
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Figure 3.13  Median Change from Baseline in Number of Cataplexy Attacks 
 

 
* p < 0.001, from ANCOVA model containing rank baseline, treatment group, and baseline-by-treatment 

group interaction. 
 
 
As shown in Table 3.18 and Figure 3.14, change from baseline in the number of 
cataplexy attacks by week during the double-blind period mirrors the overall change from 
baseline:  no change in the Xyrem group (median change 0.0, each week), while 
cataplexy attacks increased in the placebo group by a median of 4.2 in Week 1, and 
11.7 in Week 2. 
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Table 3.18  Change from Baseline by Week During the Double-Blind Treatment Period in the Number of Cataplexy Attacks 
by Treatment Group    Intent-to-Treat Patients 

Number of Cataplexy Xyrem Placebo 
Attacks  Phase IIa Phase III Change Phase IIa Phase III Change 
Week 1 
Number of Patients 26 26 26 29 29 29 
Mean ± SD 4.5 ± 9.62 5.3 ± 11.84 0.8 ± 7.48 7.9 ± 19.94 21.1 ± 35.13 13.2 ± 22.02 
Median 0.9 1.0 0.0 2.0 7.0 4.2 
Minimum 0.0 0.0 -15.4 0.0 0.0 -7.5 
Maximum 43.4 50.8 25.2 98.5 126.0 87.5 
Week 2 
Number of Patients 26 26 26 29 29 29 
Mean ± SD 4.5 ± 9.62 7.2 ± 18.66 2.7 ± 13.74 7.9 ± 19.94 29.7 ± 47.30 21.8 ± 35.16 
Median 0.9 0.5 0.0 2.0 13.0 11.7 
Minimum 0.0 0.0 -10.7 0.0 0.0 -7.5 
Maximum 43.4 87.5 62.0 98.5 168.0 143.5 
a Baseline (Phase II) was determined by normalizing the total number of cataplexy attacks during the 2-week Phase II period to 7 days. 
Data Source:  Appendix Section 14.2.4, Summary Tables 14.2.4.1 and 14.2.4.2. 
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Figure 3.14  Median Change from Baseline by Week During the Double-Blind 
Treatment Period in the Number of  

Cataplexy Attacks    Intent-to-Treat Patients 
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Figure 3.15 is a by-patient display of observed number of cataplexy attacks during 
Weeks 1 and 2 of the baseline period and during Weeks 1 and 2 of the double-blind 
treatment period.  Solid lines are patients treated with placebo during double-blind 
treatment; dotted lines are patients treated with Xyrem.  Because of the outliers (several 
patients had over 100 cataplexy attacks per week during Week 2 of the double-blind 
treatment period), it is difficult to discern a pattern among the data.  Figure 3.16 is a  
by-patient display of observed number of cataplexy attacks over the course of the trial 
presented by treatment group.  In this figure, for clarity, the 6 patients (4 placebo, 2 
Xyrem) with values above 40 per week at any time are not displayed.  It can be seen 
that patients who continued to receive Xyrem during double-blind treatment 
overwhelmingly maintained the low number of cataplexy attacks seen during the 
baseline period.  In contrast, many patients who received placebo during the double-
blind treatment phase showed increases at both Weeks 1 and 2, providing visual 
confirmation of the statistically significant increase (change from baseline) in median 
number of cataplexy attacks indicated by the summary statistics in Table 3.17 and  
Figure 3.13. 
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Figure 3.15  Observed Number of Cataplexy Attacks at Each Visit 
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Solid lines are patients treated with placebo during double-blind treatment; dotted lines are patients treated 
with Xyrem. 
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Figure 3.16  Observed Number of Cataplexy Attacks at Each  
Visit by Treatment Group 
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3.1.3.4.3 Efficacy Conclusions 
 
OMC-SXB-21 was a randomized, double-blind, placebo-controlled, parallel group, 
multicenter trial to assess the long-term efficacy of orally administered Xyrem when 
compared to placebo.  Patients entering this trial were using open-label Xyrem for the 
treatment of narcolepsy for a period of 7 to 44 months (mean = 21 months). 
 
During the lead-in (baseline) phase of the trial, patients continued to take Xyrem in a 
single-blind fashion at their established effective dosage.  The frequency of cataplexy 
attacks was measured during the 2-week baseline period by patient entries into daily 
diaries.  There was no statistical difference (p = 0.436) between treatment groups in the 
mean number of cataplexy attacks during this period. 
 
Following the baseline period, patients entered the 2-week double-blind treatment 
phase, where the frequency of cataplexy attacks was captured in daily diaries.  Patients 
given placebo had significantly more cataplexy attacks (median change 21.0) than did 
patients who continued on active Xyrem treatment (median change 0.0).  When the rank 
change was analyzed, a statistically significant difference was seen (p < 0.001), with a 
median rank change from baseline of 39.0 for the placebo group and 16.5 for the Xyrem 
group. As shown in Table 3.18 and Figure 3.14, change from baseline in the number of 
cataplexy attacks by week during the double-blind period mirrors the overall change from 
baseline:  no change in the Xyrem group (median change 0.0, each week), while 
cataplexy attacks increased in the placebo group by a median of 4.2 in Week 1, and 
11.7 in Week 2. 
 
These data strongly indicate that Xyrem is an effective long-term treatment for the 
control of the narcolepsy symptom of cataplexy. 
 
3.1.4 LAMMERS TRIAL 
 
3.1.4.1 Design 
 
The Lammers trial (The Netherlands) was a prospective, randomized, double-blind, 
placebo-controlled, 2-way crossover, single-center trial comparing the efficacy of 
60 mg/kg (mean 4.7 g) sodium oxybate with placebo for the treatment of narcolepsy.  
The total nightly dose of trial medication was taken in 2 equal doses: just before going to 
sleep, and again 4 hours later. Each dose was administered orally in a solution 
containing sugar, citric acid, crème de cacao essence, and distilled water; placebo also 
contained trisodium citrate, and sodium chloride.  The trial design is summarized in 
Table 3.19. 
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Table 3.19  Lammers Trial Design 

Baseline 1 Treatment 1 Washout Baseline 2 Treatment 2 
1 Week 4 Weeks 3 Weeks 1 Week 4 Weeks 

X Sodium Oxybate 
(60 mg/kg) X X Placebo 

X Placebo X X Sodium Oxybate 
(60 mg/kg) 

Continue concomitant treatment for cataplexy and EDS 
 
The trial consisted of two 5-week periods (1 week baseline observation, 4 weeks 
treatment) separated by a 3-week washout period. In each of the treatment periods, 
patients took randomly assigned trial medication (60 mg/kg [mean 4.7 g] sodium 
oxybate) or a similar placebo) in 2 divided doses at bedtime and 4 hours later as an 
added medication to existing therapy for narcolepsy.  A total of 13 men and 12 women 
were treated; all completed the trial.  One patient (patient 13) failed to keep his diary and 
was not evaluable. 
 
To enter the trial, patients were required to have had a combination of sleep attacks 
during the day, and at least 1 of the “REM dissociation phenomena” (cataplexy, 
hynagogic hallucinations, and sleep paralysis); or, in case of clinical doubt, a positive 
multiple sleep latency test as recorded with a 24-hour EEG was required. 
 
Patients were allowed to continue taking anti-cataplectic medications (TCAs/SSRIs) they 
had been using prior to enrollment in the trial; hence, sodium oxybate (or placebo) 
treatment was taken in addition to the patients’ ongoing anti-cataplectic regimen (in 
contrast to OMC-GHB-2 and the Scrima trial, where anti-cataplectic medication was 
withdrawn prior to treatment with sodium oxybate).  As in the OMC-GHB-2 trial and the 
Scrima trial, patients were allowed to continue on their stimulant medication for 
excessive daytime sleepiness at a constant dosage.  Patients with cataplexy of relatively 
mild severity (approximately 5 attacks per week at baseline) were enrolled into the trial. 
 
3.1.4.2 Objectives 
 
Primary efficacy parameters were: 
 

• The opinion of the patients on the benefit of the medication (global therapeutic 
impression [GTI]) 

• The opinion of the physician (global clinical impression; [GCI]) was not performed 
• The number of cataplexy attacks per day 

 
Secondary efficacy parameters were: 
 

• The number of sleep attacks during the day  
• The feeling of sleepiness during the day  
• MSLT improvement of the two shortest latencies  
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• The stability of alertness during the day  
• The duration of the nocturnal slow wave sleep on PSG 
• The number of stage-shifts at night  

 
The tolerability and safety of the medication was assessed by interviewing the patients.  
Comments with respect to tolerability were recorded on the patient questionnaires. 
 
3.1.4.3 Statistical Analysis 
 
In the published report (Lammers et al [1993]) intragroup differences were analyzed 
using Wilcoxon’s signed-rank test.  As a post-hoc reanalysis, an analysis of covariance 
was used employing a model appropriate for a crossover design.  The significance of the 
covariate was (also) examined.  Residuals were analyzed using the Shapiro-Wilk test 
and non-parametric methods (Wilcoxon). 
 
3.1.4.4 Efficacy Results 
 
In the primary efficacy analysis reported in the publication derived from this study 
(Lammers et al [1993]), statistically significant differences between placebo and sodium 
oxybate-treated groups in the number of cataplexy attacks were not seen.  Although the 
primary endpoint as analyzed according to the original statistical analysis plan did not 
reach statistical significance, it should be noted that patients enrolled in this trial 
presented with a much lower rate of cataplexy than seen in either OMC-GHB-2 or the 
Scrima trial (Lammers patients reported about one-fourth the rate of cataplexy attacks at 
baseline as did patients in either OMC-GHB-2 or the Scrima trial).  In addition to this 
much lower rate of cataplexy, patients were allowed to continue using anti-cataplectic 
medication (TCAs/SSRIs) throughout the course of the trial.  With such a low severity of 
disease at baseline, and in the presence of concomitant anti-cataplectic therapy, a 
robust treatment effect might prove difficult to demonstrate. 
 
In addition, this non-significant p-value (reported in Lammers et al 1993) was obtained 
using a statistical model that treated each of the two drug administration periods as 
though they comprised two independent samples of patients.  When these data were 
reanalyzed using a statistical model more appropriate for a crossover design (ANCOVA) 
that included treatment order, patient, period, and baseline cataplexy rate, the difference 
between placebo and sodium oxybate-treated groups was highly statistically significant 
(p = 0.002). 
 
The number of cataplexy attacks/week by treatment group are presented in Figure 3.17. 
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Figure 3.17  Number of Cataplexy Attacks by Treatment Group    Lammers Trial 
 

 
In the Lammers trial (publication), the Global Therapeutic Impression of Change (GTI) as 
rated by the patients was significantly more often in favor of sodium oxybate; 15/24 
(62.5%) patients reported a beneficial effect during sodium oxybate treatment compared 
to 2/24 (8.3%) patients during placebo treatment (p =<0.001). 
 
Marked improvements in excessive daytime sleepiness were evident.  Statistically 
significant between treatment reductions in daytime sleepiness (p = 0.028) (based on 
the patient’s assessment of the feeling of sleepiness recorded on a visual analogue 
scale), inadvertent naps/sleep attacks (p = 0.001) (recorded on the patient diary) 
resulted following 60 mg/kg (mean 4.7 g) sodium oxybate. 
 
Reanalysis of the data using a statistical model more appropriate for a crossover design 
also revealed a highly significant (p = 0.002) reduction in the number of cataplexy 
attacks. 
 
Among polysomnographic variables, the number of awakenings during REM sleep and 
the percentage of wakefulness during REM sleep  (p = 0.016 and 0.007, respectively) 
were also improved.  There were also statistically significant between treatment changes 
in hypnagogic hallucinations (p = 0.008). 

Baseline
Week 1

Week 2
Week 3

Week 4

C
at

ap
le

xy
 A

tta
ck

s 
/ W

ee
k

(M
ed

ia
n)

0

1

2

3

4

5

6

Placebo

Sodium Oxybate 60 mg/kg

Placebo

Sodium Oxybate 60 mg/kg

87 

                                      PAR1005 
IPR of U.S. Patent No. 7,668,730  
                               Page 91 of 353



Orphan Medical, Inc. 
NDA #21-196  Xyrem® (sodium oxybate) oral solution 
Peripheral and Central Nervous System Drugs Advisory Committee Briefing Booklet 
 

R:\GHB\PostNDA\Advisory Meeting\June 6-2001 Meeting\Briefing Books\Section 3--Efficacy.doc 55 

 
3.1.4.5 Conclusions 
 
The Lammers et al (1993) publication reported that sodium oxybate is an effective and 
well-tolerated treatment for symptoms of narcolepsy.  Statistically significant between 
treatment reductions in daytime sleepiness (p = 0.028), inadvertent naps/sleep attacks 
(p = 0.001), and the patient GTI (p<0.001) following 60 mg/kg (mean 4.7 g) sodium 
oxybate.  The number of awakenings during REM sleep, the percentage of wakefulness 
during REM sleep, and the frequency of hypnagogic hallucinations were also improved.  
Reanalysis of the data using a statistical model more appropriate for a crossover design 
also revealed a highly significant (p = 0.002) reduction in the number of cataplexy 
attacks. 
 
3.2 Uncontrolled Studies 
 
3.2.1 OMC-GHB-3 
 
3.2.1.1 Trial Objectives and Design 
 
3.2.1.1.1 Objectives 
 
OMC-GHB-3 was an open-label, long-term extension of the OMC-GHB-2 double-blind 
trial.  The primary objective of this study was to evaluate the safety of sodium oxybate 
when used in patients with narcolepsy for up to 24 months at doses of 3g, 4.5g, 6g, 7.5, 
or 9g daily.  The secondary objective of this study was to evaluate the following 
measures of efficacy: 
 

• Incidence of cataplexy attacks  
• Daytime sleepiness as measured by the Epworth Sleepiness Scale and number 

and duration of inadvertent naps 
• Quality of nighttime sleep as measured by the number of awakenings during the 

night and the total amount of sleep 
• Incidence of hypnagogic hallucinations 
• Incidence of sleep paralysis 
• Clinical Global Impressions of Change in Severity 
• Ability to Concentrate 
• Quality of Sleep 
• Level of Alertness 

 
3.2.1.1.2 Trial Design 
 
Visit 1 occurred concurrently with Visit 7 of OMC-GHB-2.  Patients were not randomized 
to dose.  All patients were to begin the study on 6g daily and investigators were required 
to titrate the patients to the optimum dose (3g, 4.5g, 6g, 7.5g, or 9g sodium oxybate) 
based on safety and efficacy.  Patients made study site visits every 2 weeks during the 
first month of the trial, (Visits 2 and 3); one month later (Visit 4); then at 2-month 
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intervals (Visits 5 – 12) for months 4 - 18; then at 3-month intervals (Visits 13 and 14) for 
months 21 and 24. Primary clinical endpoints were the two week intervals immediately 
preceding Visits 3, 4, 5, 6, 7, 8 and 9. 
 
Efficacy information was collected using patient diaries through Month 18; for the Month 
21 and 24 assessments it was collected via a patient questionnaire completed by the 
patient during the study site visit. 
 
During these visits the following procedures were performed: 
 
Visit 1 
• Administration of Epworth Sleepiness Scale  
• Administration of Clinical Global Impressions of Change in Severity 
 
Visits 2 - 12 
• Collection and review of all diaries 
• Administration of Epworth Sleepiness Scale 
• Administration of Clinical Global Impressions of Change in Severity 
 
Visits 13 and 14 
• Narcolepsy Symptom Assessment administration 
 
3.2.1.1.3 Patient Selection Criteria 
 
Participation was offered to all patients completing OMC-GHB-2, if they so wished and 
their physician concurred.  They were still required to meet all the same entry criteria 
with the exception of a minimum incidence of cataplexy of 3 times per week.  In addition, 
patients could not be taking medication for their disease other than a stable dose of 
stimulant medication. 
 
3.2.1.1.4 Treatments 
 
Patients entering OMC-GHB-3 were to begin the trial with 6g of sodium oxybate nightly.  
The total nightly dose was divided into 2 equal doses.  If indicated, the sodium oxybate 
dose could be decreased to 3g or 4.5g per night, or increased to 7.5g or 9g per night.  
After the individualized dose of sodium oxybate was established, patients were to 
maintain that dose from Visit 2 through the completion of the trial, although dose 
changes after Visit 2 were permitted if clinically indicated.  Patients were considered 
non-compliant if they missed more than 30% of their expected doses during any period 
between scheduled visits. 
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3.2.1.1.5 Efficacy Measurements and Analysis 
 
Patients were instructed to complete diaries on several efficacy measures.  These 
measures included: 
 

• Total number of cataplexy attacks 
• Number of complete cataplexy attacks 
• Number of partial cataplexy attacks 
• Number of inadvertent naps and sleep attacks 
• Number of planned naps 
• Duration of planned naps 
• Number of times patient woke up during the night 
• Total amount of sleep 
• Number of episodes of hypnagogic hallucinations 
• Number of episodes of sleep paralysis 
• Ability to Concentrate 
• Quality of Sleep 
• Level of alertness in morning 

 
Non-diary measures of efficacy included the following: 
 

• Epworth Sleepiness Scale 
• Severity of the patient’s symptoms as measured by the Clinical Global 

Impression of Change 
 
The primary efficacy parameter was the change in the total number of cataplexy attacks 
(TNCA) from baseline (from OMC-GHB-2 trial) to endpoint. Change in TNCA was 
evaluated based on the weekly average of the TNCA. Since diary entries were not 
always completed for an assessment period (2 weeks), the completed TCNA data were 
normalized by calculating the daily average of the endpoint two-week interval and 
multiplying by 7. 
 
Other efficacy parameters collected during the study were considered secondary 
measures. 
 
3.2.1.1.6 Statistical and Analytical Plans 
 
The following definitions were used for the planned analyses of this study: 
 
Baseline = the Baseline period in the OMC-GHB-2 trial as defined in the protocol.  
Baseline for “Overall Ability to Concentrate, Quality of Sleep, and Level of Alertness”, 
was taken from Visit 2 in OMC-GHB-3. 
 
Endpoints = the two week intervals immediately preceding Visits 3, 4, 5, 6, 7, 8 and 9 in 
the 12-month OMC-GHB-3 trial.  The two week intervals immediately preceding Visits 
10, 11, and 12 for the 12 month follow-up period. 
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Statistical analysis was performed on an intent-to-treat population.  All patients who 
received a single dose of study medication during the trial were included.  Treatment 
groups were developed by calculating the average dose used over the course of the 
study and rounding to the nearest dose category. 
 
The average total number of cataplexy attacks was the primary efficacy measure. 
Overall treatment group comparison of the log mean change from baseline for TCNA 
was determined using analysis of covariance (ANCOVA) using the model: 
 

log(TNCA+1) – Baseline log(TNCA+1) = Treatment + Baseline Log(TNCA+1) 
 
No pairwise comparisons were performed.  Within-group and All Patient analyses were 
performed using Wilcoxon Sign Rank Test. 
 
For the secondary efficacy measures, selected statistical testing was performed.  For 
continuous measures, ANCOVA was used to examine overall treatment effect. Within-
group comparisons were performed using paired t-tests. For dichotomous secondary 
efficacy measures, Fisher’s Exact test was utilized to examine overall treatment effect. 
 
3.2.1.2 Patient Disposition and Demographics 
 
3.2.1.2.1 Patient Disposition 
 
By protocol amendment, patients could continue the study for up to 24 months, however, 
data were analyzed in detail only for the 12-month study duration indicated in the original 
protocol. Efficacy and safety were analyzed in summary for up to 18 months and 24 
months, respectively. 
 
The disposition of patients through 12 months of the study from the combined dose 
categories is shown in Figure 3.18.  Disposition of patients through 24 months is 
presented in Table 3.20. 
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Figure 3.18  Disposition of Patients in OMC-GHB-3 Through 12 Months 
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Table 3.20  Disposition of Patients in OMC-GHB-3 Months 12 to 24 

 
Visit (Month) 

Reason For Withdrawal 9 (12 M) 10 (14 M) 11 (16 M) 12 (18 M) 14 (24 M) 
AE  0 1 0 0 0 
LOST TO FOLLOW-UP  2 1 0 0 0 
NON-COMPLIANCE  2 1 2 2 0 
PROTOCOL VIOLATION  0 1 0 0 0 
WITHDREW CONSENT  1 1 1 0 2 
OTHER  0 1 0 3 1 
COMPLETED STUDY  0 2 6 7 39 
TOTAL  5 8 9 12 42 

  
Visit 9 10 11 12 14 
Active Patients 76 71 63 54 42 
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3.2.1.2.2 Patient Demographics 
 
The demographic characteristics of the 117 patients who received study medication are 
summarized in Table 3.21 below. 
 

Table 3.21  Baseline Demographic Characteristics of Study Population  
(OMC-GHB-3) 

 GHB dose (g) 
 
Characteristic 

All  
Patients 

 
3 

 
4.5 

 
6 

 
7.5 

 
9 

p-
value* 

 N  
(%) 

n  
(%) 

n  
(%) 

n  
(%) 

n  
(%) 

n  
(%) 

 

Age (years)       0.262 
N 117 15 20 37 25 20  
MEAN 43.4 44.9 48.7 44.3 39.5 40.2  
SD 15.1 14.1 14.7 14.5 17.0 14.1  
MIN 18.0 20.0 25.0 22.0 18.0 24.0  
MAX 79.0 73.0 71.0 67.0 79.0 65.0  

Gender       0.002 
Male 51  

(43.6) 
1  

(  6.7) 
7  

(35.0) 
15  

(40.5) 
15  

(60.0) 
13  

(65.0) 
 

Female 66  
(56.4) 

14  
(93.3) 

13  
(65.0) 

22  
(59.5) 

10  
(40.0) 

7  
(35.0) 

 

Race       1.000 
Caucasian 108  

(92.3) 
14  

(93.3) 
19  

(95.0) 
33  

(89.2) 
23  

(92.0) 
19  

(95.0) 
 

African-
American 

7  
( 6.0) 

1  
(  6.7) 

1  
( 5.0) 

2  
( 5.4) 

2  
( 8.0) 

1  
( 5.0) 

 

Asian 1  
( 0.9) 

0  
(  0.0) 

0  
( 0.0) 

1  
( 2.7) 

0  
( 0.0) 

0  
( 0.0) 

 

Other 1  
( 0.9) 

0  
(  0.0) 

0  
( 0.0) 

1  
( 2.7) 

0  
( 0.0) 

0  
( 0.0) 

 

Height (cm)       0.017 
 N 99 12 16 28 24 19  

 Mean 172.3 164.9 171.4 172.5 176.2 172.5  

 SD 9.4 6.1 10.8 9.9 7.5 9.3  
Weight (kg)       0.003 
 N 106 13 17 32 24 20  

 Mean 83.7 67.0 80.6 85.4 89.5 87.6  

 SD 18.0 14.7 16.9 17.1 20.6 12.6  

 MIN 48.5 49.4 57.2 48.5 60.8 66.2  

 MAX 134.3 93.0 116.1 113.0 134.3 118.0  

*p-value: Age based on ANOVA (GLM);  
Sex and Race based on Fisher’s Exact Test. 
Baseline = the Baseline period in Study OMC-GHB-02. 
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Statistically significant differences across treatment groups were noted for sex.  
Additional statistically significant differences across treatment groups were noted for 
height and weight, consistent with the differences in distribution by sex.  The majority of 
the 3g, 4.5g, and 6g sodium oxybate groups were female, and the majority of the 7.5g 
and 9g sodium oxybate groups were male.  
 
3.2.1.3 Efficacy Evaluation 
 
3.2.1.3.1 Treatment Compliance 
 
At each study visit through 18 months, the overall patient population was 94% compliant 
with study medication through 18 months of the study. 
 
3.2.1.3.2 Efficacy Results 
 
By protocol amendment, patients could continue the study for up to 24 months, however, 
data were analyzed only for the 12-month study duration indicated in the original 
protocol. 
 
For all efficacy parameters, change from baseline evaluations at specific visits 
represented comparison to the same measures from the OMC-GHB-2 trial end of 
baseline period (Visit 4). 
 
Total number of cataplexy attacks.  The results presented in Table 3.22, a summary 
of mean change from baseline to all endpoints for total number of cataplexy attacks per 
week by visit, show the significant effect produced by all combined dose groups on this 
primary efficacy parameter.  Graphical display for cataplexy attacks per week by visit 
through 18 months for the median percent change from baseline, are presented in 
Figure 3.19.  Figure 3.19 shows that that majority of the reduction in cataplexy attacks 
occurred during the first month of sodium oxybate treatment; there was a greater than 
75% median reduction in cataplexy attacks at Visit 3 (month 2 from Baseline, month 1 of 
OMC-GHB-03 study treatment) and an almost 90% median reduction in cataplexy 
attacks at Visit 4 (month 3 from Baseline, month 2 of OMC-GHB-03 study treatment). 
 
Graphical display for cataplexy attacks per week by dose through 12 months for the 
median percent change from baseline, are presented in Figure 3.20.  Values were 
calculated from the distribution of change values for each individual.  Figure 3.20 
displays that there are no dose differences for change in cataplexy attacks with sodium 
oxybate treatment when patients are titrated to clinical effect.  Greater than 90% median 
reduction was maintained through 18 months of study treatment (19 months from 
Baseline). 
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Table 3.22  Change and Percent Change From Baseline to Endpoints for Total Number of  

Cataplexy Attacks per Week by Visit Through 18 Months (OMC-GHB-3) 
 Visit Number (month) 
 3 

(1 m) 
4 

(2 m) 
5 

(4 m) 
6 

(6 m) 
7 

(8 m) 
8 

(10 m) 
9 

(12 m) 
10 

(14 m) 
11 

(16 m) 
12 

(18 m) 
Change from baseline to Visit          
 N1 103 102 93 89 83 77 75 71 62 52 

 Mean2 -23.65 -27.50 -30.91 -32.24 -34.70 -34.51 -35.48 -36.79 -35.47 -36.14 

 SD  33.04  36.89  41.92  42.73  43.22  43.68  43.49  45.92  39.27  43.18 

 Median -15.08 -18.25 -18.67 -19.00 -22.56 -22.17 -23.00 -23.60 -25.08 -20.08 

 1st Quart. -27.00 -32.17 -34.35 -35.00 -37.83 -38.00 -38.00 -41.46 -41.00 -44.49 

 3rd Quart. -5.50 -7.39 -10.00 -9.13 -11.00 -11.00 -10.50 -10.84 -11.81 -11.07 

 p-value* <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

% Change from baseline to 
Visit 

         

 Mean2 -61.09 -72.24 -77.93 -81.89 -86.40 -73.12 -80.05 -84.03 -85.38 -83.19 

 SD  60.02  46.63  35.53  29.75  25.14  79.29  42.04  30.92  22.91 25.40 

 Median -76.67 -88.24 -89.53 -92.50 -96.96 -92.19 -93.08 -94.35 -95.28 -92.68 

 1st Quart -93.91 -98.37 -98.00 -100.00 -100.00 -100.00 -99.73 -100.00 -100.00 -99.60 

 3rd Quart -50.39 -68.07 -77.42 -80.96 -84.87 -79.03 -77.78 -83.20 -79.76 -78.61 

 p-value* <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
 

1N reflects all patients with available data for number of cataplexy attacks at that visit. 
2Weekly average total number of cataplexy attacks (TNCA) assessed as: (Daily average of the endpoint  
 two week interval)*7                                                                                   
*p-value(Within Group) based on Wilcoxon Sign Rank test for change from baseline.  
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Figure 3.19  Median Percent Change from Baseline for Total Number of Cataplexy Attacks  
Per Week through 18 Months (OMC-GHB-3) 
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Figure 3.20  Median Percent Change from Baseline for Total Number of Cataplexy Attacks  
Per Week by Dose through 12 Months (OMC-GHB-3) 
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Daytime Sleepiness.  The results presented in Table 3.23, a summary (through 12 
months of the study) of change from baseline to overall endpoints in daytime sleepiness 
by visit as measured by the Epworth Sleepiness Scale (ESS), show the significant effect 
produced by the combined dose groups on this secondary efficacy parameter.  There 
was statistically significant improvement observed at all visits, but there was little or no 
change in the daytime Epworth Sleepiness Scale values with successive visits.  The 
overall mean change from baseline was -4.47 (SD = 5.05) at Visit 3 (1 month) and -5.30 
(SD = 4.57) at Visit 9 (12 months).  The mean change from baseline in Epworth Daytime 
Sleepiness was statistically significant (p<0.001) at all study visits. 
 

Table 3.23  Change from Baseline to Endpoints in Daytime Sleepiness as  
Measured by the Epworth Sleepiness Scale by Visit 

 Visit Number 
 3 

(mo.1) 
4 

(mo.2) 
5 

(mo.4) 
6 

(mo.6) 
7 

(mo.8) 
8 

(mo.10) 
9 

(mo.12) 
Change from baseline*  to 
Visit 

      

 N1 106 99 91 87 83 75 74 

 Mean -4.47 -5.56 -6.02 -5.76 -6.30 -5.23 -5.30 

 SD 5.05 5.44 5.53 4.82 5.05 4.81 4.57 

 Median -3.50 -5.00 -5.00 -5.00 -6.00 -4.00 -5.00 
1N reflects all patients with available data for Epworth Sleepiness scale at that visit. 
*Baseline taken from OMC-GHB-2. 

 
Graphical display for daytime sleepiness by visit through 18 months for the median 
change from baseline is presented in Figure 3.21.  Visit times (months) for Figure 3.21 
time intervals are measured from the Baseline (Baseline, taken from OMC-GHB-02, was 
1 month prior to Visit 1 of OMC-GHB-03) rather than time since Visit 1, and, therefore, 
do not reflect the exact amount of time in study OMC-GHB-3.  These values were 
calculated from the distribution of change values for each individual.  The maximum 
effect was achieved by Visit 4 (month 3 from Baseline, month 2 of OMC-GHB-03 study 
treatment).  The maximum decrease in daytime sleepiness was an approximate 35% 
median decrease in the Epworth Sleepiness scale.  Clinical benefit in diminished 
daytime sleepiness appeared to be maintained through 18 months of study treatment 
(19 months from Baseline).  Statistical assessment across treatment groups (3, 4.5, 6, 
7.5, and 9 g/d) demonstrated that there were no significant dose differences for change 
in the Epworth Sleepiness Scale values. 
 
It is important to note that the changes in EDS in response to Xyrem treatment show an 
identical temporal response as was seen in cataplexy, with maximum change occurring 
in about 8 weeks from start of treatment, and then maintained response over the 
remainder of the 12 months. 
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Figure 3.21  Median Change from Baseline in Daytime Sleepiness (Epworth Sleepiness Scale)  
through 18 Months (OMC-GHB-3) 
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Inadvertent Naps/Sleep Attacks.  Table 3.24 presents change from baseline to 
endpoints in total number and duration of inadvertent naps and sleep attacks/day by 
visit.  These data demonstrate a slight decline (increased negative change from 
baseline) in the number of inadvertent naps and a general trend towards continued 
decline (increased negative change from baseline) in the duration of inadvertent naps 
with successive visits.  There was no statistically significant Xyrem effect on this 
parameter. 
 

Table 3.24  Change from Baseline to Endpoints in Total Number and Duration of 
Inadvertent Naps (Sleep Attacks/day) by Visit 

 Visit Number 
 3 

(mo.1) 
4 

(mo.2) 
5 

(mo.4) 
6 

(mo.6) 
7 

(mo.8) 
8 

(mo.10) 
9 

(mo.12) 
Change from 
baseline to Visit 

       

Total number of 
inadvertent naps 
(sleep attacks) 
(N/day) 

       

 N1 103 102 93 89 83 77 75 

 Mean -0.77 -0.84 -0.91 -1.03 -1.04 -0.93 -1.03 

 SD 1.28 1.41 1.36 1.36 1.39 1.36 1.29 

 Median -0.64 -0.63 -0.71 -0.85 -0.84 -0.85 -0.60 

Total duration of  
inadvertent naps and  
sleep attacks (min) 
 N1 102 101 92 88 82 77 75 

 Mean -20.27 -24.29 -25.59 -26.27 -26.05 -28.35 -29.64 

 SD 39.00 42.45 40.60 44.32 52.21 46.26 47.74 

 Median -9.96 -12.31 -11.36 -11.69 -14.32 -14.87 -10.86 
1Patients with non-missing assessments.  

 
Number and Duration of Planned Naps.  Table 3.25 presents change from baseline to 
endpoints in total number and duration of planned naps by visit. These data demonstrate 
a decrease from baseline to Visit 3 in the number of planned naps with no change at 
subsequent visits and a decrease in the duration of planned naps at Visit 3 with 
continued improvement at successive visits.  There was no statistically significant Xyrem 
effect on this parameter. 
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Table 3.25  Change From Baseline to Endpoints in Total Number and Duration of 
Planned Naps by Visit 

 Visit Number 
 3 

(mo.1) 
4 

(mo.2) 
5 

(mo.4) 
6 

(mo.6) 
7 

(mo.8) 
8 

(mo.10) 
9 

(mo.12) 
Change from 
baseline to Visit 

       

Total number of 
planned naps 
(N/day) 

       

 N1 102 101 93 88 82 76 74 

 Mean -0.21 -0.23 -0.24 -0.29 -0.24 -0.20 -0.25 

 SD 0.50 0.56 0.68 0.68 0.74 0.83 0.74 

 Median -0.14 -0.14 -0.10 -0.14 -0.12 -0.16 -0.15 

Total duration of 
planned naps 
(min) 

       

 N1 100 100 92 87 81 76 74 

 Mean -12.63 -13.26 -14.94 -16.96 -15.60 -14.49 -17.17 

 SD 34.41 40.64 44.81 46.01 51.50 53.57 52.63 

 Median -5.45 -7.77 -7.28 -12.77 -7.47 -9.74 -10.14 
1Patients with non-missing assessments.  

 
Nighttime sleep.  Improvement in nighttime sleep was measured by collecting the 
number of reported awakenings during each night and the total amount of sleep each 
night preceding the visit to the research center.  Improvement in nighttime sleep 
recorded in the patient diaries was evaluated and compared to the same measures from 
the OMC-GHB-2 trial end of baseline visit (Visit 4). 
 
The results for the number of awakenings and total amount of sleep are shown in 
Table 3.26.  These data demonstrate improvement from baseline at successive visits for 
number of awakenings per night and improvement from baseline in the total duration of 
sleep per night.  There was little change at successive visits in the total duration of sleep 
per night.  
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Table 3.26  Change From Baseline to Endpoints for the Number of Awakenings Each 
Evening and the Total Amount of Sleep by Visit 

 Visit Number 
 3 

(mo.1) 
4 

(mo.2) 
5 

(mo.4) 
6 

(mo.6) 
7 

(mo.8) 
8 

(mo.10) 
9 

(mo.12) 
Change from 
baseline to  
Visit for: 

       

Number of 
awakenings 
(N/night) 

       

 N1 103 102 93 89 83 77 75 

 Mean -0.64 -0.71 -0.82 -0.95 -0.86 -0.95 -0.92 

 SD 1.51 1.62 1.66 1.59 1.58 1.65 1.60 

 Median -0.48 -0.64 -0.57 -0.79 -0.71 -0.67 -0.54 

Total amount of 
sleep (min) 

       

 N1 102 101 92 88 81 76 75 

 Mean 18.45 14.09 21.97 18.32 26.33 22.86 19.60 

 SD 68.80 66.97 73.08 75.14 76.33 97.45 80.68 

 Median 16.39 9.75 15.31 17.50 24.07 13.60 13.72 
1Patients with non-missing assessments.  

 
Hypnagogic hallucinations and Sleep paralysis.  Not all patients with narcolepsy 
report either hypnagogic hallucinations or sleep paralysis.  However, in this study, 102 
patients (87.2%) and 103 patients (88.0%), reported hypnagogic hallucinations or sleep 
paralysis symptoms, respectively, at Visit 3.  The number of occurrences of these 
symptoms as recorded in the patient diaries were evaluated and compared to the same 
measures from the  
OMC-GHB-2 trial end of baseline visit (GHB-2 Visit 4). 
 
The results for the number of hypnagogic hallucinations and number of episodes of 
sleep paralysis are summarized in Table 3.27. A trend towards diminished symptoms 
was evident, at Visit 3 compared to Baseline and at subsequent visits.  
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Table 3.27  Change From Baseline to Endpoints for the Number of Hypnagogic  
Hallucinations and Number of Episodes of Sleep Paralysis by Visit 

 Visit Number 
 3 

(mo.1) 
4 

(mo.2) 
5 

(mo.4) 
6 

(mo.6) 
7 

(mo.8) 
8 

(mo.10) 
9 

(mo.12) 
Change from baseline  to 
Visit for: 

       

Number of hypnagogic 
hallucinations (N/day) 

       

 N1 102 101 93 88 82 76 74 
 Mean -0.48 -0.58 -0.64 -0.71 -0.71 -0.78 -0.78 
 SD 1.83 1.89 2.07 2.17 2.23 2.36 2.38 
 Median -0.18 -0.22 -0.23 -0.30 -0.28 -0.30 -0.29 
Number of episodes of 
sleep paralysis  
(N/day) 

       

 N1 103 102 93 89 83 77 75 
 Mean -0.38 -0.43 -0.44 -0.48 -0.49 -0.54 -0.51 
 SD 0.95 1.11 1.16 1.21 1.23 1.30 1.29 
 Median -0.07 -0.08 -0.08 -0.09 -0.14 -0.14 -0.12 
1Patients with non-missing assessments.  
 
Clinical Global Impression of Change (CGI-c).  Table 3.28 displays the results for the 
CGI-c assessments for each visit by individual treatment group.  For the purposes of this 
report, patients are categorized as “responders” or “non-responders”. Approximately 
80% of all patients were categorized as responders at Visit 3, however, there appeared 
to be a trend towards continued improvement (increased percentage of responders) at 
successive visits.  
 
The response was relatively uniform across doses; there was a statistically significant 
difference across treatment groups at Visits 4 (p=0.017) and 6 (p=0.016) only.  This 
difference by dose was most probably due to the variability inherent in any group with a 
relatively small number of patients (n = 14 for the 3g sodium oxybate dose group at Visit 
4 and n = 15 for the 4.5g sodium oxybate dose group at Visit 6) and not a true reflection 
of a real dose-effect.  
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Table 3.28  Change from Baseline to Endpoints for Clinical Global Impression of 
Change (CGI-c) by Visit 

 Visit Number 
 3 

(mo.1) 
4 

(mo.2) 
5 

(mo.4) 
6 

(mo.6) 
7 

(mo.8) 
8 

(mo.10) 
9 

(mo.12) 
N1 Total Patients 108 101 95 89 83 77 74 

        
Change from baseline  
to Visit 

       

 n  
(%) 

n  
(%) 

n  
(%) 

n  
(%) 

n  
(%) 

n  
(%) 

n  
(%) 

Very much improved 36 (33.3) 38 
(37.6) 

40 (42.1) 40 
(44.9) 

40 
(48.2) 

35 (45.5) 34 (45.9) 

Much improved 48 (44.4) 50 
(49.5) 

41 (43.2) 44 
(49.4) 

40 
(48.2) 

38 (49.4) 33 (44.6) 

Minimally improved 15 (13.9) 9  
( 8.9) 

7  
( 7.4) 

3  
( 3.4) 

2  
( 2.4) 

3  
( 3.9) 

6  
( 8.1) 

No change 3  
( 2.8) 

1  
( 1.0) 

4  
( 4.2) 

1  
( 1.1) 

1  
( 1.2) 

1  
( 1.3) 

0  
( 0.0) 

Minimally changed 5  
( 4.6) 

3  
( 3.0) 

1  
( 1.1) 

1  
( 1.1) 

0  
( 0.0) 

0  
( 0.0) 

0  
( 0.0) 

Much worse 1  
( 0.9) 

0  
( 0.0) 

2  
( 2.1) 

0  
( 0.0) 

0  
( 0.0) 

0  
( 0.0) 

1  
( 1.4) 

        

Responder* 84 (77.8) 88 
(87.1) 

81 (85.3) 84 
(94.4) 

80 
(96.4) 

73 (94.8) 67 (90.5) 

Non-responder 24 (22.2) 13 
(12.9) 

14 (14.7) 5  
( 5.6) 

3  
( 3.6) 

4  
( 5.2) 

7  
( 9.5) 

1N reflects all patients with available data for CGI-c scores at that visit. 
*Responder = “Very much improved” or “Much improved” on CGI-c scale. Non-responder = all other categories 
except “Not assessed”. 

 
 
Ability to Concentrate, Quality of Sleep, and Level of Alertness. The efficacy 
measures of ability to concentrate, quality of sleep, and level of alertness are 
summarized in Table 3.29.  The Baseline for Ability to Concentrate was Visit 2 of the 
OMC-GHB-3 Study; for other variables Baseline was the Baseline (Visit 4) of the  
OMC-GHB-2 Study.  At Visit 3 all dose groups provided statistically significant 
improvement in the three efficacy parameters. The only exceptions were in Quality of 
Sleep (p=0.056) and Level of Alertness (p=0.068), both in the 4.5g treatment group.  
Similar statistical significance was observed for the three efficacy parameters at Visit 9. 
The only exception was in Level of Alertness (p=0.055), in the 3g sodium oxybate 
treatment group.  These p-values, just above the level of statistical significance, were 
probably due to variability inherent in the small number of patients (n=6) in the 4.5g 
group, and did not reflect a true treatment failure. There were no statistically significant 
values across-treatments. 
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Table 3.29  Change from Baseline to Endpoints for the Overall Ability to  

Concentrate, Quality of Sleep, and Level of  
Alertness by Treatment Group 

 GHB dose (g) 
 All  

Patients 
 

3 
 

4.5 
 

6 
 

7.5 
 

9 
p-value* 

Measure1 of change from 
baseline2  to visit 3 

      

         
Ability to 
Concentrate 

       

 N3 104 14 6 55 8 21 0.719 

 Mean  0.66 0.81 0.56 0.66 0.76 0.56  

 SD 0.59 0.69 0.37 0.58 0.58 0.61  

 Median 0.69 0.93 0.41 0.69 0.79 0.44  

 p-value** <0.001 0.001 0.013 <0.001 0.007 <0.001  

Quality of Sleep        
 N3 105 14 6 55 9 21 0.720 

 Mean  0.76 0.74 0.48 0.80 0.84 0.74  

 SD 0.56 0.46 0.48 0.59 0.59 0.57  

 Median 0.79 0.94 0.43 0.78 0.87 0.86  

 p-value** <0.001 <0.001 0.056 <0.001 0.003 <0.001  
Level of Alertness        
 N3 105 14 6 55 9 21 0.463 

 Mean  0.65 0.67 0.37 0.70 0.74 0.53  

 SD 0.58 0.49 0.39 0.63 0.67 0.48  

 Median 0.65 0.56 0.33 0.67 0.81 0.52  

 p-value** <0.001 <0.001 0.068 <0.001 0.011 <0.001  
1Weighted Average of Measure (WAM) = (1xNPOOR + 2xNFAIR + 3xNGOOD + 4xNEXCEL)/N, where   NPOOR, 
NFAIR, NGOOD’ NEXCEL = number of days with poor, fair, good, and excellent level of measure, respectively. 
N = NPOOR + NFAIR + NGOOD + NEXCEL = total number of days reported. 

2Baseline for Ability to Concentrate was the Visit 2 of Study OMC-GHB-3; for other measures, Baseline 
was the Baseline period in Study OMC-GHB-2. 

3Patients with non-missing assessments. 

*p-value for overall treatment group based on ANOVA (GLM) 

**p-value within treatment group based on paired t-test for change from baseline.  
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3.2.1.4 Conclusions 
 
Eighty-six patients (73.5%) reached dose stabilization in this open-label, long-term 
study. For all patients who reached dose stabilization, the mean was 3.38 weeks.  As 
displayed in Table 3.30, there was an increased distribution of patients in the higher 
dose groups by last reported dose. 
 

Table 3.30  Distribution of Patients by the Last Reported Dose (OMC-GHB-3) 
 GHB dose (g) 

All Patients  
3 

 
4.5 

 
6 

 
7.5 

 
9 

 n n n n n 
 (%) (%) (%) (%) (%) 

117 16 11 42 13 35 
 (13.7) (9.4) (35.9) (11.1) (29.9) 

 
Overall clinical improvement, assessed as change from baseline, was evident at the 
earliest endpoint (Visit 3), and was maintained at all endpoints throughout the study.  
Patients were titrated to achieve maximum clinical benefit.  In general, there appeared to 
be no compelling evidence of enhanced benefit with increasing dose.  The data from this 
12-month, open-label study demonstrate that 3g to 9g doses of sodium oxybate taken in 
divided doses before bedtime and 2.5-4 hours later produced significant and long-term 
clinical improvement in the symptoms of narcolepsy. 
 
For the overall population, there was highly statistically significant improvement from 
baseline at all visits for the primary efficacy parameter, number of cataplexy attacks.  
There appeared to be continued improvement at successive visits; the mean change 
from baseline for overall treatment was a decrease of 23.65 cataplexy attacks at Visit 3 
and a decrease of 35.48 cataplexy attacks at Visit 9. 
 
Except for the 3g and 4.5g sodium oxybate dose groups at Visit 3 (p=0.122 and 
p=0.074, respectively), the change from baseline in number of cataplexy events was 
highly statistically significant for all dose groups at all visits.  Statistical assessment 
across treatment groups demonstrated that there was no significant dose differences for 
change in this primary efficacy parameter.  It is important to note that patients in study 
OMC-GHB-3 began the study on 6g daily and investigators were required to titrate the 
patients to an individualized dose (3g, 4.5g, 6g, 7.5g, or 9g sodium oxybate) based on 
safety and efficacy. Therefore, p-values for comparisons across dose groups were not 
expected to show statistical significance as doses represented the patients’ average 
dose throughout the study and were not randomized groups. 
 
Except for the 4.5g sodium oxybate dose group at Visit 3 (p=0.104) and Visit 6 
(p=0.087), the decrease from baseline in daytime sleepiness as measured by the 
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Epworth Sleepiness Scale was statistically significant for all dose groups at all visits. 
There was little or no additional improvement, however, beyond Visit 3. 
 
A trend towards diminished symptoms was evident for all secondary efficacy parameters 
including: frequency and duration of inadvertent naps and sleep attacks; frequency and 
duration of planned naps; frequency of awakenings that occurred during the night; and 
frequency of hypnagogic hallucinations and episodes of sleep paralysis. However, the 
statistical design did not provide definitive statistical support for the clinical benefit of 
sodium oxybate for these secondary efficacy parameters. 
 
For all patients the overall response to treatment, as assessed by the Clinical Global 
Impression of Change, was clear and positive. Responders ranged from 78.5% at Visit 3 
to 96.4% at Visit 7. There was a slight trend towards a dose relationship in the CGI-c at 
the earlier visits, and there was no statistically significant difference across treatment 
groups. 
 
3.2.2 OMC-SXB-20 
 
3.2.2.1 Rationale 
 
Nocturnal polysomnography provides an objective means to determine the neurological 
and physiological changes in response to treatment, and would provide an opportunity to 
obtain a broader understanding of the overall effects of Xyrem on sleep.  Previous 
polysomnographic studies of the effects of sodium oxybate have been published in 
normal subjects (Lapierre 1990), non-narcoleptic depressive patients (Mamelak 1977) 
and in surgical patients with intravenous infusion to produce sedation (Entholzner 1995), 
all indicating that sodium oxybate increased delta wave sleep. 
 
Medications used for cataplexy (TCAs and SSRIs) and for improved sleep (hypnotics 
and barbiturates) are known to cause a decrease in REM sleep.  For example, the 
reductions in REM sleep have been noted for, but are not limited to, the benzodiazepine 
hypnotics flunitrazepam, flurazepam, and triazolam (Borbely 1985), fluvoxamine and 
other SSRIs (Wilson 2000, Oberndorfer 2000), the TCA imipramine (Kupfer 1989), and 
the imidazopyridine hypnotic Zolpidem (Brunner 1991).  Since sodium oxybate has been 
described to produce improvement of sleep and cataplexy symptoms, it was of interest 
for this NDA to characterize the effects of this drug on narcoleptic sleep architecture in 
relation to dose. 
 
The effects of sodium oxybate on objective measures of nocturnal sleep in narcoleptic 
patients have been studied in six previous clinical studies (Broughton and Mamelak 
1976,1980; Scharf 1985; Bedard 1989; Scrima 1990; Lammers 1993).  These six studies 
have examined the non-comparative effects of doses of sodium oxybate ranging from 
2.25 g up to 6.75 g.  In general, these previous PSG studies demonstrated that sodium 
oxybate produces a modest decrease in Stage 1 sleep, no changes in Stage 2 sleep, a 
marked increase in Stages 3 and 4 sleep (delta sleep or slow wave sleep), and a 
decrease in the number of awakenings.  Several of the trials also documented a 
decrease in the number of stage shifts and a decrease in REM latency.  No change in 
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REM stage sleep duration was reported.  Since the dosing regimen of sodium oxybate in 
these studies was different from Xyrem, it was of interest for this NDA to characterize the 
effects of Xyrem on the sleep architecture profile of narcoleptic patients across the 
doses proposed in the therapeutic regime. 
 
3.2.2.2 Trial Objectives/Design 
 
The primary objective of this trial design (Figure 3.22) was to characterize the 
polysomnographic (PSG) sleep architecture in narcoleptic patients at four escalating 
doses (4.5 g, 6.0 g, 7.5 g, and 9.0 g) of Xyrem, encompassing a 10-week exposure to 
Xyrem.  In addition, parameters relating to daytime function were also evaluated for 
possible corresponding relationship to PSG effects. 
 

Figure 3.22  OMC-SXB-20 Trial Design 

 
The OMC-SXB-20 clinical trial was designed as an open-label trial using patients 
diagnosed with narcolepsy and with a history of cataplexy.  The patients were required 
to be currently treated with TCAs or SSRIs, so as to be able to determine the profile of 
the effects of removal of these anti-cataplectic medications.  The first phase of the trial 
was the withdrawal and washout from pre-existing medications of stable TCAs, SSRIs, 
and hypnotics.  In the last two weeks of this phase, all patients were free of TCAs, 
SSRIs, and hypnotics.  At the beginning of the first phase, an overnight PSG was 
performed to assess PSG status resulting from TCA, SSRI, and/or hypnotic therapy and 
again at the end of phase I (baseline, prior to first dose of Xyrem) as a baseline 
measure.  Stimulant medication was maintained at constant dose throughout all phases 
of the trial. 
 

OMC-SXB-20

Visit
2

Visit
3

Visit
6

4.5g

Visit
1

6g 9g 7.5g 

4 weeks         4 weeks                  2 weeks         2 weeks     2 weeks

Visit
4

Visit
5

PSG PSG PSG PSG PSG PSGPSG

Phase I Phase II

BaselineWithdrawal

2 consecutive nights

1st dose 
of 4.5g
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The second phase of the trial began with the patient receiving the first night dosing of 
4.5 g Xyrem (sodium oxybate) and ended after a 10-week escalation to a final 9 g dose.  
An overnight PSG was performed on the night of the first dose of 4.5g Xyrem to 
measure any acute changes in the PSG produced by Xyrem.  Each patient remained on 
a stable 4.5 g dose of Xyrem for 4 weeks.  After the 4-week stable dosing period, 
another PSG was performed, and Xyrem was increased to 6.0 g, 7.5 g, and 9.0 g in 
successive two-week intervals (see Figure 3.22).  An overnight PSG was performed on 
the last night of each dose of Xyrem to measure the effects of each dose of Xyrem on 
the PSG, and to define any dose-response on sleep architecture for each patient.  For all 
PSG nights, Xyrem dose was administered in divided dosing just prior to lights out and 
again 4.0 hours later.  
 
Subjective determinations of the effects of Xyrem on daytime sleepiness were measured 
by the Epworth Sleepiness Scale (ESS), and changes in common symptoms of 
narcolepsy were assessed by the Narcolepsy Symptoms Assessment (NSA).  In addition 
to these subjective measures, an objective measure of the effects of Xyrem on daytime 
sleepiness were evaluated by the well-established procedure, the Maintenance of 
Wakefulness Test (MWT).  The ESS Questionnaire and the NSA were administered at 
each visit.  The Maintenance of Wakefulness Test (MWT) was administered four times: 
while still on TCA, SSRI, and/or hypnotics (Visit 1), after washout of these medications 
(Visit 2; baseline), after 4 weeks at 4.5 g Xyrem (Visit 3), and after 2 weeks at 9 g Xyrem 
(Visit 6). 
 
3.2.2.2.1 Primary Measures 
 
The primary measures consisted of a set of objective clinical PSG parameters in relation 
to dose of Xyrem, recorded overnight in a sleep laboratory setting.  The set of objective 
PSG parameters for each study night included the following:  
 
• Total Sleep Time (TST) in minutes following the first and second dose of Xyrem and 

a summation.  Total Sleep Time is the duration of time during which the patient was 
recorded to be in any of the sleep stages.  (Total time in bed for this trial was 8.0 
hours.) 

• Sleep latency in minutes following the first and second dose of Xyrem.  Sleep latency 
is the period of time in minutes between the epoch when the lights were turned off in 
the room where the nocturnal PSG was being performed and the first epoch that was 
scored as Stage 1, 2, 3, 4 or REM. 

• Stage 1 sleep time in minutes following the first and second dose of Xyrem and a 
summation.  Stage 1 sleep time is the duration of time in minutes in which the EEG 
recording was scored as Stage 1 sleep.  Stage 1 sleep is defined as a relatively low 
voltage, mixed frequency EEG without rapid eye movements (REMs). 

• Stage 2 sleep time in minutes following the first and second dose of Xyrem and a 
summation.  Stage 2 sleep time is the duration of time in minutes in which the EEG 
recording is scored as Stage 2 sleep.  Stage 2 sleep time is defined as 12 to 14 
cycles per second (cps) sleep spindles and K-complexes on a background of 
relatively low voltage, mixed frequency EEG activity.  Sleep spindles are a spindle-
shaped cluster of waves.  
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• Stage 3 & 4 sleep time in minutes following the first and second dose of Xyrem and a 
summation.  Stage 3 and 4 sleep time is the duration of time in minutes in which the 
EEG recording was scored as Stage 3 or Stage 4 sleep.  Stage 3 sleep is defined as 
a form of slow wave sleep, and is used when between 20 to 50 percent of the epoch 
(30 seconds) is occupied by delta waves of peak-to-trough voltage equal to or 
greater than 75 microvolts.  Stage 4 sleep is the slow wave sleep during which at 
least 50 percent of the epoch is occupied by delta waves of peak-to-trough voltage 
equal to or greater than 75 microvolts.  Stage 3 and 4 sleep thus represents the slow 
wave sleep during which at least 20 percent of the epoch is occupied by delta waves 
of peak-to-trough voltage equal to or greater than 75 microvolts (Rechschaffen and 
Kales 1968). 

• Delta power in microvolts2/Hz following the first and second dose of Xyrem and an 
average.  Delta power is the accumulated index of EEG signal power for frequencies 
between 0.5 to 4.0 Hz that occur during sleep stages 1, 2, 3, or 4 all divided by the 
number of fast Fourier transforms (FFTs) performed in those stages and 3.5 Hz 
(Guilleminault 1998). 

• Rapid Eye Movement (REM) Sleep time in minutes following the first and second 
dose of Xyrem and a summation.  REM Sleep time is the duration of time in minutes 
in which the EEG recording was scored as Stage REM.  Stage REM sleep is defined 
as rapid eye movement sleep, a relatively low voltage, mixed frequency EEG in 
conjunction with episodic REMs and low amplitude electromyogram. 

• REM sleep latency in minutes following the first and second dose of Xyrem and a 
summary.  REM sleep latency is the duration of time in minutes between the first 
epoch of sleep and the first epoch scored as REM. 

• Wake After Sleep Onset (WASO) in minutes following the first and second dose of 
Xyrem and a summation.  WASO is the duration of time in minutes that the patient 
was wakeful (Stage W) after sleep onset had initially occurred; sleep onset was 
defined as the time after which a 30 second epoch scored as Stage 1, 2, 3, 4, or 
REM occurred.  This is defined as the duration of time that is staged as awake that 
occurs between sleep onset and “Lights On” at the end of the sleep period. 

• Stage shifts per hour following the first and second dose of Xyrem and an average.  
Stage shifts per hour is the number of times that an epoch (30 seconds) was scored 
as having a different EEG sleep stage than the previous epoch all divided by the total 
time between lights out and lights on.  

• Total awakenings following the first and second dose of Xyrem and a summation.  
Awakenings is a term defined by the number of occurrences of wake epochs 
immediately following a sleep epoch. 

 
3.2.2.2.2 Secondary Measures 
 
Secondary measures consisted of both subjective and objective tools to ascertain the 
effects of Xyrem on daytime symptoms of narcolepsy.   The set of parameters included: 

• The ESS Questionnaire (Johns 1991) was used as an indication of daytime 
sleepiness.  It was performed at each visit prior to the overnight PSG.  The ESS 
Questionnaire instructed patients to rate their "chance of dozing" on a scale of 0-
3 (never, slight, moderate, and high chance of dozing) in each of eight standard 
possible situations. 
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• The initial NSA, at Visit 1, asked the patients to historically rate their common 
narcolepsy symptoms for the week prior to starting the clinical trial, while the 
follow-up NSA evaluations (Visits 2 – 6) rated qualitative changes in narcolepsy 
symptoms for the previous week in comparison to the time before entry into the 
trial. 

• The MWT is a standardized 40-minute EEG to determine the patient’s daytime 
wakefulness under specified soporific conditions (quiet, darkened room and 
semi-recumbent position) at four times during the day, spaced two hours apart 
(Mitler 1982, 1998).  The MWT trials were used to assess average sleep latency 
time and to determine whether or not a sleep-onset REM Period (SOREMP) had 
occurred.  For the MWT trials, the patient was instructed to keep to the same 
schedule of stimulant medications for the day of each of the MWT tests during 
the trial, as well as caffeine and nicotine consumption.  MWT sleep latency was 
defined as the duration of time in minutes (up to 40-minutes) between the time 
when the room where the EEG was being performed was darkened and either 
the first epoch that was scored as Stage 2, 3, 4, or REM, or the first of 
3 consecutive stages of Stage 1 sleep.  For the MWT, determination of sleep 
latency required 10 minutes of subsequent sleep whether continuous or 
intermittent.  The individual trial was stopped once sleep onset had been 
determined, or after 40 minutes if no sleep occurred. 

 
Baseline and endpoints are defined as follows: 
 
• Baseline consisted of the data collected on Visit 2a for PSG, ESS, and MWT; the 

baseline for the NSA was Visit 1.  Visit 2a represents the period when patients had 
discontinued TCAs, continued stimulants, and was just prior to Xyrem dosing. 

• Endpoints for this trial consisted of Visit 1, the first night of Xyrem administration 
(Visit 2b), and subsequent visits (Visit 3, 4, 5, 6) 

 
3.2.2.3 Patient Demographics 
 
Twenty-seven narcoleptic patients were enrolled into the trial; twenty-five patients were 
treated at four investigative sites; and 21 patients completed the trial.  In the patient 
population, there was a trend towards older (average 52.6 years old),female (72%), 
overweight (average 84.2 kg), and Caucasian (92%) patients.  It is known that age of the 
patient population will have an impact on sleep architecture, specifically a reduction in 
Stages 3 and 4 sleep are seen with increasing age.  Recent literature indicates that older 
males exhibit markedly reduced levels of slow-wave sleep (Stage 3 and 4) (Van Cauter, 
2000). 
 
During the withdrawal period, patients withdrew from pre-existing medications of TCAs, 
SSRIs, and hypnotics.  In the last two weeks of this phase, all patients were free of 
TCAs, SSRIs, and hypnotics.  Stimulant medications were continued at stable dosing 
throughout the trial.  Eighty-eight percent (88%) of patients took TCAs, SSRIs, or 
hypnotics prior to the start of treatment.  The most frequently used medications were 
venlafaxine, taken by 24% of patients, fluoxetine, taken by 20% of patients, and 
sertraline, taken by 16% of patients. 
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3.2.2.4 Efficacy Evaluation 
 
3.2.2.4.1 Primary Variables 
 
The primary efficacy analysis  Polysomnography Variables – (Table 3.31) provides an 
overall summary of total sleep time (TST), sleep latency, time in Stage 1, time in Stage 
2, time in Stage 3 and 4 (also see Figure 3.23), REM sleep time, delta power, REM 
sleep latency, wake time after sleep onset (WASO), number of stage shifts per hour, and 
number of total awakenings. 
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Table 3.31  Overall Summary of Changes from Baseline in Nocturnal Polysomnography Variables by Dosage    

Intent-to-Treat Patients 
Visit 1 2a 2b 3 4 5 6 

 
Variable 

Anti-Cataplexy 
Medications 

 
Baselinea  

 
1st dose 4.5 g 

 
4.5 g  

 
6.0 g  

 
7.5 g  

 
9.0 g  

N 20 21 18 20 21 20 20 
Stage 1 Time (min) 
Sum         

Mean (SD) 13.3 (27.63) 74.8 (31.43) -19.8 (23.56) -2.5 (31.61) -6.7 (27.02) -5.4 (39.12) -12.2 (32.04) 
P-value from 
baselineb 

 0.044 -   0.002  0.733  0.268  0.544  0.106 

Stage 2 Time (min) 
Sum         

Mean (SD) -1.8 (62.17) 217.8 (45.45) -4.3 (37.40) -0.9 (51.46) -0.9 (62.67) 6.3 (54.05) 20.2 (58.11) 
P-value from 
baselineb 

 0.898 -   0.636  0.938  0.947  0.607  0.137 

Stage 3 and 4 Time (min) 
Sum         

Mean (SD) 0.6 (13.29) 3.5 (8.38) 5.0 (17.08) 0.6 (8.71) 5.4 (20.16) 10.7 (21.02) 23.2 (39.80) 
P-value from 
baselinec 

 0.636 -   0.296  0.771  0.296  0.056  0.012 

Delta Power (microvolts^2/Hz) 
Average         

Mean (SD) 3417.3 (31189.26) 69708.6 
(19296.87) 

12482.3 
(10438.58) 

4771.3 (13806.55) 12598.9 
(25627.51) 

22208.8 
(17940.01) 

32629.3 
(27165.27) 

P-value from 
baselineb 

 0.630 -  <0.001  0.139  0.036 <0.001 <0.001 

(continued) 
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Table 3.31  Overall Summary of Changes from Baseline in Nocturnal Polysomnography Variables by Dosage    
Intent-to-Treat Patients 

Visit 1 2a 2b 3 4 5 6 
 
Variable 

Anti-Cataplexy 
Medications 

 
Baselinea  

 
1st dose 4.5 g 

 
4.5 g  

 
6.0 g  

 
7.5 g  

 
9.0 g  

N 20 21 18 20 21 20 20 
REM Sleep Time (min) 
Sum         

Mean (SD) -37.5 (43.21) 87.2 (28.93) 16.6 (32.66) -15.8 (30.43) -18.1 (29.16) -21.0 (34.07) -33.8 (36.23) 
P-value from 
baselineb 

 0.001 -   0.046  0.032  0.010  0.013 <0.001 

REM Sleep Latency (min) 
1st half        

Mean (SD) 60.5 (98.32) 44.0 (52.21) -18.1 (62.32) -0.5 (70.04) 2.6 (60.69) 7.0 (83.35) 33.6 (91.71) 
P-value from 
baselinec 

 0.010 -   0.424  0.668  0.545  0.776  0.057 

2nd half        
Mean (SD) 39.3 (82.38) 47.3 (47.69) -6.3 (40.89) -1.2 (80.02) -18.8 (52.36) 13.0 (75.07) -3.3 (72.98) 
P-value from 
baselinec 

 0.070 -   0.640  0.735  0.162  0.568  0.791 

WASO (min) 
Sum         

Mean (SD) 19.2 (45.89) 79.0 (28.37) -0.3 (34.61) 12.4 (30.70) 7.8 (42.02) -4.4 (41.96) -5.2 (36.79) 
P-value from 
baselineb 

 0.078 -   0.973  0.088  0.406  0.644  0.533 

TST (min) 
Sum         

Mean (SD) -25.4 (58.19) 383.4 (29.15) -2.5 (42.04) -18.6 (37.79) -20.4 (55.05) -9.3 (51.58) -2.6 (42.84) 
P-value from 
baselineb 

 0.066 -   0.804  0.041  0.105  0.430  0.789 

(continued) 
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Table 3.31  Overall Summary of Changes from Baseline in Nocturnal Polysomnography Variables by Dosage    
Intent-to-Treat Patients 

Visit 1 2a 2b 3 4 5 6 
 
Variable 

Anti-Cataplexy 
Medications 

 
Baselinea  

 
1st dose 4.5 g 

 
4.5 g  

 
6.0 g  

 
7.5 g  

 
9.0 g  

N 20 21 18 20 21 20 20 
Sleep Latency (min) 
1st half        

Mean (SD) 3.4 (6.39) 2.2 (2.16) 0.1 (1.89) 1.4 (2.48) 4.1 (10.76) 2.6 (3.79) 3.9 (5.35) 
P-value from 
baselinec 

 0.022 -   0.693  0.048  0.042  0.005  0.003 

2nd half        
Mean (SD) 2.7 (5.33) 2.5 (2.84) 2.4 (5.46) 3.8 (7.12) 3.8 (6.95) 6.1 (9.85) 3.9 (5.54) 
P-value from 
baselinec 

 0.053 -   0.058  0.020  0.012  0.005  0.005 

        
Stage Shifts Per Hour 
Average         

Mean (SD) 1.5 (5.22) 21.0 (5.28) -3.2 (3.72) 0.3 (4.59) -0.8 (3.92) -3.1 (4.00) -1.5 (4.86) 
P-value from 
baselineb 

 0.217 -   0.002  0.792  0.364  0.002  0.185 

Total Awakenings 
Sum         

Mean (SD) 4.5 (16.04) 50.2 (13.67) -9.1 (14.22) -0.2 (14.83) -5.1 (14.82) -12.9 (13.21) -12.4 (16.34) 
P-value from 

baselineb 
 0.230 -   0.015  0.964  0.131 <0.001  0.003 

a Visit 2a (Baseline) is the actual value, all other visits are changes from baseline. 
b Within treatment p-values:t-test  
c Within treatment p-values:Wilcoxon signed rank test  
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Figure 3.23  Changes in Stage 3 and 4 Sleep (From Baseline)     
Intent-to-Treat Patients 

In this box plot, the median is depicted by the horizontal line within the box, the mean is depicted by the bold 
horizontal line, the limits of the box are the 1st and 3rd quartiles, the whiskers are the 10th and 90th 
percentiles, and the upper and lower circular symbols denote the 95th and 5th percentiles, respectively. 
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3.2.2.4.2 Secondary Variables 
 
The secondary efficacy analysis are presented in the accompanying tables, and 
provides a complete, overall summary of the results from Epworth Sleepiness Score, 
Narcolepsy Symptoms Assessment, and Maintenance of Wakefulness Test. 
 
Epworth Sleepiness Score (Table 3.32) 
There were marked dose-related decreases in the mean ESS across all doses, 
incremental beyond the continued stable dosing of stimulants.  These mean decreases 
in the ESS, a subjective measure of daytime sleepiness, also support changes seen in 
previous Xyrem studies (OMC-GHB-2; OMC-GHB-3).  Changes in the ESS seen in the 
SXB-20 study are comparable to results of recent placebo-controlled stimulant studies 
with modafinil, a well-established stimulant for narcoleptics, in which mean ESS scores 
decreased 4 to 5 points in the modafinil group.  A minimal decrease was observed in the 
placebo control (US Modafinil in Narcolepsy Study Group, 2000), indicating that ESS 
scores on narcoleptics in an open-label trial, such as OMC-SXB-20, may constitute real 
changes, as opposed to perceived changes. 
 
Narcolepsy Symptom Assessment (Table 3.33) 
There were improvements in narcolepsy symptoms of cataplexy attacks, hypnagogic 
hallucinations, number of sleep paralysis episodes, number of inadvertent naps/sleep 
attacks during the day, number of awakenings at night, and the severity of daytime 
sleepiness beginning with Visit 3, after 4 weeks on the 4.5 g dosage.  Greater reductions 
in narcolepsy symptoms were seen with increasing Xyrem dosage.  Quality of sleep at 
night, ability to concentrate, and overall condition also improved beginning with Visit 3, 
after 4 weeks on the 4.5 g dosage.  In general, improvement in symptoms was observed 
with increasing doses of Xyrem, relative to the condition of the patient prior to starting 
the trial (when on TCA/SSRI/hypnotics). 
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Table 3.32  Summary of Changes from Baseline in the Epworth Sleepiness Scale by Dosage    Intent-to-Treat Patients 
 
 
 
 
Visit Condition 

1 
Anti-

Cataplexy 
Medica-tions 

 
 
 

2a 
Baseline 

 
 

2b 
1st dose 

4.5 g 

 
 
 
3 

4.5 g 

 
 
 
4 

6.0 g 

 
 
 
5 

7.5 g 

 
 
 
6 

9.0 g 
N                     21          21           21           21          21           20          21           
Mean                  -1.9         19.8         0.5          -2.4         -3.8         -4.8         -5.8         
SD                    1.92         2.66         2.11         2.75        3.62         4.02         4.55         
Median                -2.0         20.0         0.0          -2.0         -3.0         -4.0         -7.0         
Minimum               -6.0         12.0         -3.0         -9.0         -12.0        -13.0        -14.0        
Maximum               3.0          24.0         5.0          2.0         0.0          1.0          2.0          
P-value from baseline <0.001       -            0.341       <0.001       <0.001       <0.001       <0.001       
Inference with 4.5 g    -            -            -            -            0.042       <0.001       <0.001       
Inference with 6.0 g      -            -            -            -            -            0.076        0.006       
Inference with 7.5 g    -            -            -            -            -            -            0.317       
Visit 2a (baseline) is the actual value, all other visits are changes from baseline.                                                           
Within treatment p-values:  Wilcoxon signed rank test.  Between treatment p-values:  ANOVA on rank changes from baseline. 
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Table 3.33  Summary of Follow-up Narcolepsy Symptoms Assessment by Dosage    Intent-to-Treat Patients 

 
Visit 
Condition 

2a 
Pre-treatment 

 
3 

4.5 g 

 
4 

6.0 g 

 
5 

7.5 g 

 
6 

9.0 g 
Number of Patients 21 21 21 21 21 
Number of Cataplexy Attacks 21 (100%) 21 (100%) 21 (100%) 21 (100%) 21 (100%) 

Increased 13 (62%) 3 (14%) 0 0 0 
Decreased 0 11 (52%) 17 (81%) 18 (86%) 18 (86%) 
About the same 8 (38%) 7 (33%) 4 (19%) 2 (10%) 3 (14%) 

Number of Hypnagogic Hallucinations 21 (100%) 21 (100%) 21 (100%) 21 (100%) 21 (100%) 
Increased 8 (38%) 3 (14%) 1(5%) 0 0 
Decreased 0  6 (29%) 10(48%) 15 (71%) 16 (76%) 
About the same 13 (62%) 12 (57%) 10(48%) 5 (24%) 5 (24%) 

Number of Sleep Paralysis Episodes 21 (100%) 21 (100%) 21 (100%) 21 (100%) 21 (100%) 
Increased 8 (38%) 1(5%) 0 0 0 
Decreased 0 8 (38%) 14 (67%) 15 (71%) 16 (76%) 
About the same 13 (62%) 12 (57%) 7 (33%) 5 (24%) 5 (24%) 

Number of Inadvertent Naps/Sleep Attacks 
During the Day 

21 (100%) 21 (100%) 21 (100%) 21 (100%) 21 (100%) 

Increased 13 (62%) 1(5%) 0 0 0 
Decreased 0 11 (52%) 16 (76%) 16 (76%) 16 (76%) 
About the same 8 (38%) 9 (43%) 5 (24%) 4 (19%) 5 (24%) 

Number of Awakenings at Night 21 (100%) 21 (100%) 21 (100%) 21 (100%) 21 (100%) 
Increased 8 (38%) 2 (10%) 1(5%) 0 3 (14%) 
Decreased 3 (14%) 11 (52%) 11 (52%) 13 (62%) 12 (57%) 
About the same 10(48%) 8 (38%) 9 (43%) 7 (33%) 6 (29%) 

(continued) 
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Table 3.33  Summary of Follow-up Narcolepsy Symptoms Assessment by Dosage    Intent-to-Treat Patients 
 
Visit 
Condition 

2a 
Pre-treatment 

 
3 

4.5 g 

 
4 

6.0 g 

 
5 

7.5 g 

 
6 

9.0 g 
Number of Patients 21 21 21 21 21 
Severity of Daytime Sleepiness 21 (100%) 21 (100%) 21 (100%) 21 (100%) 21 (100%) 

Increased 12 (57%) 1(5%) 1(5%) 0 0 
Decreased 0 14 (67%) 14 (67%) 14 (67%) 16 (76%) 
About the same 9 (43%) 6 (29%) 6 (29%) 6 (29%) 5 (24%) 

Quality of Sleep at Night 21 (100%) 21 (100%) 21 (100%) 21 (100%) 21 (100%) 
Much improved 0  4 (19%)  5 (24%)  5 (24%)  5 (24%) 
Somewhat improved 3 (14%) 12 (57%) 14 (67%) 13 (62%) 12 (57%) 
Unchanged 9 (43%) 4 (19%) 2 (10%) 2 (10%) 2 (10%) 
Somewhat worse 4 (19%) 1(5%) 0 0 2 (10%) 
Much worse 5 (24%) 0 0 0 0 

Ability to Concentrate                                              21(100%) 21(100%) 21(100%) 21(100%) 21(100%) 
  Much improved                                                      0        0        3 (14%)  3 (14%)  1  (5%) 
  Somewhat improved                                              0        9 (43%) 10 (48%) 11 (52%) 13 (62%) 
  Unchanged                                                           11 (52%)  9 (43%)  7 (33%)  6 (29%)  7 (33%) 
  Somewhat worse                                                   9 (43%)  3 (14%)  1  (5%)  0        0       
  Much worse                                                           1  (5%)  0        0        0        0       
Overall Condition                                                    21(100%) 21(100%) 21(100%) 21(100%) 21(100%) 
  Much improved                                                      0        1  (5%)  5 (24%)  7 (33%)  9 (43%) 
  Somewhat improved                                             0       16 (76%) 12 (57%) 12 (57%)  8 (38%) 
  Unchanged                                                            5 (24%)  3 (14%)  4 (19%)  1  (5%)  3 (14%) 
  Somewhat worse                                                   8 (38%)  1  (5%)  0        0        1  (5%) 
  Much worse                                                           8 (38%)  0        0        0        0       
The number of patients reported does not equal the total patients treated if data was missing. 
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Maintenance of Wakefulness Test (Table 3.34) 
Polysomnographic measurement of daytime wakefulness indicated a dose related 
increase in sleep latency.  Mean (SD) sleep latency time in minutes was 4.5 (6.01) 
minutes at Visit 2a (baseline).  Mean (SD) change at Visit 3 on 4.5 g Xyrem was 3.7 
(7.68) minutes and mean change (SD) at Visit 6 on 9.0 g Xyrem was 6.1 (6.82) minutes.  
There were statistically significant changes from baseline at Visit 3 (p = 0.038), and Visit 
6 (p<0.001).  
 
These increases in sleep latency were incremental beyond current stimulant therapy.  
The magnitude of these changes for the 9 g Xyrem dose group (6.1 min) was larger than 
that shown for all dosages of Modafinil in recent controlled studies compared to placebo, 
a well-established stimulant medication for daytime sleepiness in narcoleptics.  In one 
study, changes from baseline were only 2.1 min for 200 mg modafinil and 1.9 min for 
400 mg modafinil (US Modafinil in Narcolepsy Study Group, 2000) and, in another study, 
changes from placebo were 4.5 min for 200 mg modafinil and 6.0 min for 400 mg 
modafinil (Broughton 1997). 
 
There was a dose-related decrease in the percentage of patients with one or more 
sleep-onset REM period (SOREMP).  At Visit 2a (baseline), 18 of 21 patients (86%) had 
SOREMP.  At Visit 3 on 4.5 g Xyrem, 13 of 21 patients (62%) had SOREMP, and 6 of 20 
patients (30%) on 9.0 g Xyrem had SOREMP.  Patients on anti-cataplexy medications 
(Visit 1 in Table 3.34) also had decreases in SOREMPs, but not as profound as those on 
9.0 g Xyrem.  Prior research has shown that decreases in SOREMPs are positively 
associated with a reduction in cataplexy attacks (Amira 1985; Hishikawa 1995). 
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Table 3.34  Summary of Maintenance of Wakefulness Test by 
Visit    Intent–to-Treat Patients 

Visit 1 2a 3 6 
 Anti-

Cataplexy 
Medica-tions

 
 
 

Baseline 

 
 
 

4.5 g 

 
 
 

9.0 g 
Number of Patients 21 21 21 20 
Sleep Latency (minutes)     

N 21 21 21 20 
Mean 1.0 4.5 3.7 6.1 
SD 5.69 6.01 7.68 6.82 
Median 0.6 2.3 1.0 3.3 
Minimum -10.8 0.5 -8.0 -5.0 
Maximum 16.6 27.1 30.2 21.9 

p-value from baseline  0.441   0.038 <0.001 
Inference with Visit 3       0.286 
SOREMP     

Yes 11 (52%) 18 (86%) 13 (62%) 6 (30%) 
No 10 (48%) 3 (14%) 8 (38%) 14 (70%) 

SOREMP = Sleep-onset rapid eye movement period. 
Visit 2a (baseline) is the actual visit, all other visits are changes from baseline. 
Within treatment p-values:  t-test.  Between treatment p-values:  ANOVA on rank changes from baseline. 
For SOREMP: Frequencies are actual counts at each visit. 
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3.2.2.5 Conclusions and Discussion 
 
3.2.2.5.1 Conclusions 
 
With respect to the effect of four dosages of Xyrem on overnight polysomnography 
(PSG) recordings in narcoleptic patients, the following conclusions can be derived from 
the present data: 
 
1. Xyrem treatment resulted in a dose related increase in slow wave sleep (SWS, 

delta sleep, Stage 3 & 4) across all 4 doses reaching significance at the 
9.0 g/night regimen. 

2. Delta power, a derived index of all slow wave signals, showed a dose related 
increase that was highly significant on the first night following 4.5 g as well as 
after 2 weeks of dosing at 6.0 g, 7.5 g and 9.0 g/night. 

3. A dose related decrease in the number of nocturnal awakenings was recorded, 
which was significant at the 7.5 g and 9.0 g/night Xyrem doses. 

4. Across doses a non-significant decrease in Stage 1 sleep was observed, while 
the amount of Stage 2 sleep remained unchanged. 

5. An acute increase in REM sleep was demonstrated with the initial 4.5 g 
treatment, with subsequent dose related significant decreases in total REM sleep 
duration at all 4 doses. 

6. No significant change in REM latency was observed among the 4 doses studied.  
7. No dose related change in total sleep time (TST) was observed; however, a 

significant decrease in TST was found following 4.5 g/night dosing for 4 weeks. 
8. The number of shifts in sleep stage demonstrated a decreasing trend at doses 

greater than 4.5 g/night but a significant decrease was recorded only following 
7.5 g/ night Xyrem. 

9. The total time spent awake after the onset of sleep (WASO) was not significantly 
altered by any of the Xyrem doses. 

10. A significant dose-dependent increase in sleep latency was observed across all 4 
doses. 

 
Consistent with the objective PSG findings, the subjective report by the patients on the 
Narcolepsy Symptom Assessment indicated a dose related improvement in the overall 
quality of sleep and the perceived number of nighttime awakenings as compared to the 
patient’s self assessment at study entry while still on their anti-cataplectic and stimulant 
medications.  The nocturnal symptoms of hypnogogic hallucinations and sleep paralysis 
likewise were decreased appreciably in 16 of 21 (76%) patients. 
 
The following are the conclusions derived from the objective and subjective measures of 
daytime sleepiness: 
 
1. The administration of Xyrem produced a significant increase in sleep latency as 

measured by the MWT.  This dose-dependant increase averaged 3.7 minutes  
(p = 0.038) after 4 weeks of 4.5 g nightly that further increased to a mean 
improvement of 6.1 minutes (p < 0.001) following the nightly 9.0 g dose.  This 
measured response is additive to that produced by concomitant stimulant dosing. 
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2. The presence of SOREMPs during MWT, which occurred in of 18 of 21 patients 
(86%) at baseline, decreased to 13 of 21 (62%) following 4 weeks of 4.5 g Xyrem 
nightly.  SOREMPs further decreased to 6 of 20 patients (30%) following the 
9.0 g dose. 

3. The ESS total score significantly decreased in a dose-dependent manner by the 
nightly administration of Xyrem.  The median total score of 20 at baseline 
improved by 2 points following the 4.5 g dose regimen (p < 0.001) and by 7 
points after the 9.0 g dose (p < 0.001). 

4. The patients in the current trial reported substantial improvements in subjectively 
determined (by NSA recording of) daytime narcolepsy symptoms including the 
incidence of cataplexy attacks, the number of inadvertent naps as well as 
decreased daytime sleepiness, and increased the ability to concentrate and a 
perception of overall improvement in their narcolepsy while taking nightly doses 
of Xyrem. 

 
3.2.2.5.2 Discussion 
 
This study was designed to allow descriptive comparison of standard parameters of 
sleep architecture in a group of narcoleptic patients initially on stimulant and  
anti-cataplectic medications (TCAs, SSRIs, and hypnotics) and to assess changes when 
these anti-cataplectic medications were discontinued (down-titration over two weeks, 
followed by two weeks of no medication) to provide a baseline recording with only 
stimulant medications continued.  This allowed measurement of the PSG effects 
attributed to these medications and a proximate comparison with sodium oxybate 
effects.  Dosing with Xyrem in an escalating dose regimen provided the basis for 
assessment of both the acute PSG effects (during first night of dosing at 4.5 g) and 
across the dose range from 4.5 to 9.0 g/night, representing the principal dosing 
regimens for Xyrem in the treatment of narcolepsy.  Collection of the parameters 
representative of daytime sleepiness by objective (MWT) and subjective (ESS, NSA) 
measures allowed consideration of the relationship between nighttime sleep 
characteristics, Xyrem dose (or time-on-drug), and daytime clinical effect. 
 
3.2.2.5.2.1 Stage 3 and 4 Sleep 
 
The most important finding of this report is that of the dose-dependent increase in the 
restorative Stage 3 and 4 sleep time (delta sleep, slow wave sleep) following treatment 
with Xyrem (sodium oxybate).  The increase in slow wave sleep following treatment with 
sodium oxybate has been repeatedly reported in the literature (Broughton 1976, 1980; 
Scharf 1985; Bedard 1989; Scrima 1990; Lammers 1993). The relatively small amount of 
slow-wave sleep recorded across the entire trial (e.g. 3.5 minutes at baseline) was 
attributed to the presence of strict scoring criteria which required that the slow-wave 
EEG amplitude be at least 75 micro-volts (peak-to-trough) (Rechtschaffen 1968), a 
voltage that would be expected to be low in this trial due to the high average age of the 
patient population (Van Cauter 2000).  Slow-wave sleep for the initial polysomnograph 
when the patients were on TCAs, SSRIs, or hypnotics was not significantly different from 
baseline, confirming that these medications lack the ability to increase slow wave sleep 
(Borbely 1985, Kupfer 1994, Wilson 2000, Oberndorfer 2000). 
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3.2.2.5.2.2 Delta Power 
 
This increase in slow wave sleep is coincident with an increase in delta power.  Delta 
power was determined by spectral analysis (using fast Fourier transformation) of the 
digital EEG signals from electronic PSG recordings so as to determine the index of all 
slow waves occurring during non-REM sleep between 0.5 and 4 Hz (Guilleminault 1998, 
Pivik 1993).  As dose increases, the corresponding increase in delta power supports the 
increase in Stage 3 and 4 sleep.  Stage 3 and 4 sleep only represents those sleep 
epochs containing greater than 20% and 50%, respectively, of slow waves with 
amplitudes of 75 microvolts or higher.  Delta power differs in that it measures the total 
EEG signal in the delta wave range during all stages of NREM sleep.  Slow wave sleep 
and delta wave signals in general (delta power) constitute that component of sleep that 
has been found to have restorative properties as demonstrated by correlation with 
measures of daytime performance and alertness (Jurado 1989, Schneider-Helmert 
1987, Crenshaw 1999, Edinger 2000, Takahashi 1994). 
 
3.2.2.5.2.3 REM Sleep 
 
The effects on REM sleep time in this study were particularly interesting, and not entirely 
in keeping with the published literature.  The expected decrease in REM sleep that was 
associated with TCA/SSRI/hypnotic treatment was supported by these data, with a 
highly significant (p=0.001) mean reduction of 37.5 minutes from the baseline mean total 
REM sleep time of 87.2 minutes.  The acute pharmacologic response to Xyrem dosing at 
4.5 g on the first night was a significant increase in total REM sleep time (p=0.046), 
which was followed by dose-dependent significant reductions in total REM sleep time 
across the 4.5, 6.0, 7.5, and 9.0 g dose groups.  Previous literature had reported either 
no change in the proportion of REM sleep (Scrima 1990, Bedard 1989, Lammers 1993, 
Scharf 1985, Mamelak 1981) in narcoleptics, or a marked increase in REM sleep in the 
patients with depression (Broughton 1976).  Further consideration of REM efficiency and 
REM density measures could be usefully applied to these recordings to assist in the 
interpretation of this unexpected data.  There is a suggestion of a reciprocal relationship 
between REM and non-REM (NREM) sleep in humans (Merica 1998, Toussaint 1997, 
Uchida 1992, Takahashi 1994) and in rats (Benington 1994, Borbely 1984).  Thus, the 
subsequent reduction in total REM sleep time beyond the pharmacologic increase 
produced by the initial dose of 4.5 g Xyrem may be an outcome of the drug-mediated 
increase in slow wave sleep. 
 
3.2.2.5.2.4 REM Latency 
 
Although often associated with decreases in REM latency in narcoleptics at lower doses 
of sodium oxybate (Broughton 1976, 1980; Scharf 1985; Bedard 1989; Scrima 1990; 
Lammers 1993), REM latency in the patient population in OMC-SXB-20 has not shown a 
decrease in REM latency, nor any dose effects.  In contrast, the chronic dosing of 
TCA/SSRI/hypnotic medication present at the start of the trial lead to a marked increase 
in REM latency, relative to that recorded after their withdrawal and washout (baseline).  
Based on the distinctly different effects on REM latency between TCA/SSRI/hypnotic 
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medications at the start of the trial and escalating Xyrem dosing, the difference in effects 
could represent different neuropharmacological mechanisms.   
 
As this is a small, open-label study, definitive conclusions cannot be established from 
any of these independent measures.  However, the uniform changes in all subjective 
assessments and the objective measure as provided by the MWT in daytime sleepiness 
provides strong support for the therapeutic response to Xyrem treatment across the 
range of doses studied.  This provides further consistent support for the previously 
submitted subjective data from the OMC-GHB-2 and OMC-GHB-3 studies. 
 
In this single-arm trial, there is a confounding of effects between time-on-drug and dose-
escalation.  In all findings that exhibit an increase in extent of effect across the study, a 
definite statement regarding the dose-dependency of these effects must be qualified by 
the fact that these increases in extents of effects may be caused in part by the duration 
of time on drug (10 weeks of exposure while escalating dose up to 9 g at Visit 6).  This is 
an unmitigatable feature of the trial.  However, the source of the effect (time and/or dose 
level) does not diminish the impact of the drug on PSG parameters and narcolepsy 
symptoms. 
 
3.2.2.5.2.5 Maintenance of Wakefulness Test (MWT) 
 
The incremental improvement in sleep latency for the MWT, over-and-above that which 
was already present with current stimulant treatment, provides an opportunity to strongly 
suggest that Xyrem improved daytime alertness by a large magnitude. 
 
3.3 Efficacy Summary 
 
Based on the results of two adequate and well-controlled studies (OMC-GHB-2 and the 
Scrima trial), a supporting controlled study (Lammers trial) and supportive data from 
2 uncontrolled studies (OMC-GHB-3 and OMC-SXB-6), dosages of between 3 g/d and 9 
g/d of sodium oxybate are effective in the treatment of narcolepsy (reducing the 
frequency of cataplexy attacks and excessive daytime sleepiness [reduction in the 
Epworth Sleepiness Scale and the number of inadvertent naps or sleep attacks] 
associated with narcolepsy). 
 
The findings of OMC-GHB-2 and OMC-GHB-3 taken together support the conclusion 
that, while the therapeutic benefit of sodium oxybate is clearly evident within 4 weeks of 
nightly therapy, the full benefit is not achieved until the patient has been treated for 2 to 
3 months. 
 
A blinded, randomized trial, OMC-SXB-21, provided evidence for the long-term efficacy 
of Xyrem.  In this trial, patients abruptly discontinued from long-term (7 to 44 months) 
Xyrem therapy, had a recurrence of cataplexy. 
 
Results of the long-term open-label dose-titration studies (OMC-GHB-3 and  
OMC-SXB-6) also shows long-term effectiveness of dosages from 3 g/d to 9 g/d when 
titrated to optimal clinical effectiveness for individual patients. 
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Overall, clinical improvement and benefit of sodium oxybate in the treatment of patients 
with narcolepsy is documented by both the physician-based (CGIc) and patient-based 
(Global Therapeutic Impression of Benefit) assessments. 
 
Evidence (OMC-SXB-6) suggests that patients can safely decrease or discontinue other 
anti-cataplectic therapy (TCAs/SSRIs) once treatment with sodium oxybate is initiated, 
with continuing clinically satisfactory reduction in frequency of cataplectic attacks.  There 
is no evidence of rebound cataplexy or other withdrawal effects (other than a return of 
narcolepsy symptoms) when patients are removed from sodium oxybate after 4 weeks of 
therapy at dosages up to 9 g/d. 
 
In addition, sodium oxybate further improves daytime sleepiness when used adjunctively 
in narcoleptic patients already maintained on stimulant medications to treat their daytime 
sleepiness. 
 
OMC-SXB-20 was an open-label pharmacological study that evaluated the effect of 
Xyrem on sleep architecture using objectively-measured nocturnal polysomnography at 
four escalating doses (4.5 g, 6 g, 7.5 g, 9 g) over a 10-week dosing period.  The most 
important finding of this study is that of the increase in slow-wave sleep across all four 
doses of Xyrem compared to baseline in narcoleptic patients, with statistically significant 
increases in Stage 3&4 sleep reached at the 9.0 g per night dose as well as statistically 
significant increases in Delta Power at all four doses.  Another important finding was the 
dose-related improvement in daytime sleepiness, as measured by the Maintenance of 
Wakefulness Test (MWT), which objectively quantifies the sleep latency of patients who 
are trying to remain awake while experiencing defined, soporific conditions.  The 
increase in MWT sleep latency, relative to baseline, averaged 3.7 minutes (p = 0.038) 
after 4 weeks of 4.5 g per night of Xyrem that further increased to a mean improvement 
of 6.1 minutes (p < 0.001) following the nightly 9.0 g Xyrem dose.  This vigorous 
response is additive to that already produced by concomitant stimulant dosing, 
supporting the reasons to conclude that Xyrem can be used to markedly improve 
daytime sleepiness in narcoleptics. 
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SECTION 4 
SAFETY 

 

129 

                                      PAR1005 
IPR of U.S. Patent No. 7,668,730  
                               Page 133 of 353



Orphan Medical, Inc. 
NDA #21-196 Xyrem® (sodium oxybate) oral solution 
Peripheral and Central Nervous System Drugs Advisory Committee Briefing Booklet 
 

R:\GHB\PostNDA\Advisory Meeting\June 6-2001 Meeting\Briefing Books\Section 4--Safety.doc 2 

4.0 SAFETY 
 
4.1 Overview of Sodium Oxybate Trials 
 
The following represents a summary of all available safety information for Xyrem 
(sodium oxybate).  The safety data were carefully collected and reported by independent 
investigators conducting the clinical trials that make up the safety database in the Xyrem 
New Drug Application.  The comprehensive database was reviewed by medical experts 
and summarized in individual clinical trial reports and in an Integrated Summary of 
Safety (submitted to FDA October 2, 2000).  Safety data submitted subsequently 
included the Clinical Trial Report for controlled trial OMC-SXB-21 (submitted December 
16, 2000) and a 4-Month Safety Update for the ongoing open-label trial (OMC-SXB-7, 
submitted February 2, 2001).   
 
Four databases were used in compiling this analysis of safety: 
 
• The updated integrated clinical trial database – this was a merge of the original 

integrated clinical trial database used for the Integrated Summary of Safety in the 
NDA and the 4-Month Safety Update database 

 
– The original integrated clinical trial database included two 4-week, placebo-

controlled trials (Scrima and OMC-GHB-2) and 3 open-label, long-term trials 
(OMC-GHB-3, OMC-SXB-6, and OMC-SXB-7, the last through December 31, 
1999), with a total of 402 patients, 148 of whom participated in more than 1 trial. 

 
– The 4-Month Safety Update database included 236 patients in the OMC-SXB-7 

trial (with an additional 51 patients that transferred from OMC-SXB-6 to  
OMC-SXB-7 after the December 31, 1999 data cut-off). 

 
• The Lammers trial, a 4-week, placebo-controlled trial, which was also included in the 

Integrated Summary of Safety as a separate database (this was not integrated in the 
statistical database due to its simplified method of data collection), with 25 patients 

 
• The Scharf trial, an open-label, long-term trial, which was also included in the 

Integrated Summary of Safety as a separate database (this was not integrated in the 
statistical database due to the trial design and its history), with 143 patients, 63 of 
whom also participated in OMC-SXB-7 and are therefore included in the updated 
integrated clinical trial database 

 
• The OMC-SXB-21 trial, a 4-week, placebo-controlled trial with 55 patients, all of 

whom also participated in OMC-SXB-7 (however, their safety data during 
OMC-SXB-21 are not included in the updated integrated clinical trial database; they 
were reported in the OMC-SXB-21 clinical trial report) 

 
Figure 4.1 shows the trials included in this safety analysis.  Shaded boxes represent the 
3 trials (Lammers, Scharf, and OMC-SXB-21) not included in the updated integrated 
clinical trial database.   
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Only Adverse Events (AEs) occurring during treatment were included in the analysis of 
the updated integrated clinical trial database and the Scharf trial. 
 
Of the 402 narcolepsy patients included in the updated integrated clinical trial database, 
331 (82%) experienced at least 1 AE.  As expected, a higher incidence (95%) was seen 
in the long-term clinical trial (Scharf).  Related AEs were seen for 247(61%) of the 
402 patients in the updated integrated clinical trial database.  Severe AEs were seen for 
82 (20%) of the 402 patients In the Scharf trial, severe AEs were seen for 21 (15%) of 
the 143 patients during the first 6 months on sodium oxybate. 
 
Serious Adverse Events (SAEs) were experienced by 27 (7%) of the 402 patients in the 
updated integrated clinical trial database and 54 (38%) of the 143 patients in the Scharf 
trial.  Two (<1%) deaths were reported in the updated integrated clinical trial database 
(both in the OMC-SXB-7 trial, including patient 0936, who died 5 months after the 
September 30, 2000, data cutoff), and 11 (8%) deaths were reported in the Scharf trial 
over 16 years.  None of these deaths was considered related to trial medication.  Fifty-
three patients (13%) discontinued due to 1 or more AEs in the updated integrated clinical 
trial database, and 23 (16%) patients did so in the long-term (Scharf) trial.  Of the 
discontinued patients, 42 (10%) in the updated integrated clinical trial database and  
6 (4%) in the Scharf trial discontinued due to AEs considered to be related to trial 
medication. 
 
For purposes of analysis, patients who had Xyrem oral solution dosages other than the 
protocol specified dosages were assigned a dosage according to the algorithm shown in 
Table 4.1. 
 

Table 4.1    Algorithm for Assigning Dosages Other Than Those Specified  
by Protocol 

Dosage (g/d) Dosage Assignment(g/d) 
≤ 0.00 Missing 

> 0.00 to < 3.75 3.0  
≥ 3.75 to < 5.25 4.5  
≥ 5.25 to < 6.75 6.0  
≥ 6.75 to < 8.25 7.5  

≥ 8.25 9.0  
 
4.2 Drug Exposure 
 
In 4 of the clinical trials, patients were treated with sodium oxybate for 6 months or 
longer, including OMC-SXB-6 (6-month trial), OMC-GHB-3 (2-year trial), OMC-SXB-7 
(2-year trial [amended to 30 months] and ongoing), and Scharf (16-year trial). 
 
Table 4.2 provides an overview of duration of exposure for the 399 patients who 
received sodium oxybate in the updated integrated clinical trial database (up to 
September 30, 2000).  Three patients received placebo in OMC-GHB-2, and did not 
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continue into an open-label trial; they are therefore not included in this table.  The overall 
patient exposure was 296 patients with > 6 months, 223 patients with > 1 year, and 48 
patients with an exposure of > 2 years. 
 

Table 4.2    Updated Integrated Clinical Trial Database   Cumulative Duration  
of Sodium Oxybate Exposure, by Patient  Dosage 

 Sodium Oxybate Patient Dosagea (g/d) Duration of 
Exposureb Total 3.0 4.5 6.0 7.5 9.0 
Number of 
Patients 

399 (100%) 97 (100%) 269 (100%) 290 (100%) 133 (100%) 129 (100%) 

≥ 6 mo (168 d) 296 (74%) 9 (9%) 50 (19%) 115 (40%) 59 (44%) 62 (48%) 
≥ 1 y (336 d) 223 (56%) 5 (5%) 27 (10%) 60 (21%) 26 (20%) 34 (26%) 
≥ 2 y (672 d) 48 (12%) 2 (2%) 4 (1%) 13 (4%) 9 (7%) 13 (10%) 
a Patient Dosage:  the number of patients who took the specified dosage at any time during the trial.  Patients 

could be counted for more than 1 dosage; alternatively, patients may not have taken any 1 dosage for the 
specified time period but did take sodium oxybate overall for that period.  Therefore, the sum of patients 
exposed to specific dosages does not equal the total number of patients. 

b Duration was calculated based on a 28-day month.  Duration of exposure was not calculated for the 3 
patients who received placebo only.  

 
Table 4.3 provides the duration of exposure for the 479 patients in the combined 
experience from the updated integrated clinical trial database and the Scharf trial.  With 
the experience from the long-term Scharf trial included, the overall patient exposure was 
360 patients with > 6 months, 286 patients with > 1 year, and 150 patients with an 
exposure of > 2 years. 
 
Table 4.3    Updated Integrated Clinical Trial Database Plus Scharf Trial   Cumulative  

Duration of Sodium Oxybate Exposure, by Patient Dosage 
  Sodium Oxybate Patient Dosagea (g/d) 

Duration of 
Exposureb 

Total 3.0 4.5 6.0 7.5 9.0 

Number of 
Patients 

479 (100%) 198 
(100%) 

377 (100%) 383 (100%) 184 (100%) 159 (100%) 

≥ 6 mo (168 d) 360 (75%) 25 (13%) 87 (23%) 171 (45%) 83 (45%) 70 (44%) 
≥ 1 y (336 d) 286 (60%) 12 (6%) 55 (15%) 114 (30%) 50 (27%) 42 (26%) 
≥ 2 y (672 d) 150 (31%) 6 (3%) 26 (7%) 66 (17%) 34 (18%) 23 (14%) 
a Patient Dosage:  the number of patients who took the specified dosage at any time during the trial.  Patients 

could be counted for more than 1 dosage; alternatively, patients may not have taken any 1 dosage for the 
specified time period but did take sodium oxybate overall for that period.  Therefore, the sum of patients 
exposed to specific dosages does not equal the total number of patients. 

b Duration was calculated based on a 28-day month.  Duration of exposure was not calculated for the 
3 patients who received placebo only. 

 
Both with and without the experience from the Scharf trial, the most frequently 
administered dosage for all 3 durations of exposure (> 6 months, > 1 year, and 
> 2 years) was 6.0 g/d.   
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Total exposure to sodium oxybate (calculated based on twelve 28-day months) was 330 
patient-years in the updated integrated clinical trial database, 2 patient-years in the 
Lammers trial, and 996 patient-years in the Scharf trial, or a total of 1,328 patient-years. 
 
4.3 Updated Integrated Clinical Trials 
 
The updated integrated clinical trial database is composed of a merge of the original 
integrated clinical trial database used for the Integrated Summary of Safety in the NDA 
and the 4-Month Safety Update database. 
 
In the OMC-GHB-3 trial, 34 patients received placebo and all but 3 of these continued 
into open-label trials with sodium oxybate.  Since all data in the updated integrated 
clinical trial database are presented by last dosage, only the 3 patients who did not go 
on to treatment with sodium oxybate are included in the placebo group.  Since the 
20 patients in the Scrima trial received both placebo and sodium oxybate, they are 
included in the sodium oxybate group. 
 
As shown in Table 4.4, a majority of patients in the updated integrated clinical trial 
database had completed treatment (48/402, 12%) or were still enrolled in OMC-SXB-7 
as of the September 30, 2000, data cutoff (210/402, 52%).  Of the 144 patients who 
discontinued treatment, 52 (13%) did so due to AEs. 
 
Table 4.4    Patient Disposition   Updated Integrated Clinical Trial Database 
 
Patient Disposition 

 
Total 

 
Placebo 

Sodium 
Oxybate 

Patients treated 402 (100%) 3 (100%) 399 (100%) 
Completed treatment 48 (12%) 2 ( 67%) 46 (12%) 
Ongoing treatment 210 (52%) 0 210 (52%) 
Discontinued treatment 144 (36%) 1 ( 33%) 143 (36%) 

AEa 53 (13%) 1 ( 33%) 52 (13%) 
Patient request/withdrew consent 34 (8%) 0 34 (9%) 
Patient non-compliance  19 (5%) 0 19 (5%) 
Other 18 (4%) 0 18 (5%) 
Lost to follow-up 11 (3%) 0 11 (3%) 
Lack of efficacy 5 (1%) 0 5 (1%) 
Protocol deviation/violation 4 (<1%) 0 4 (<1%) 

Deatha 2 (<1%) 0 2 (<1%) 
a Count includes patient 0936, who died on 2/24/01, 5 months after data cutoff, but is included here for 

completeness. 
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4.3.1 INCIDENCE OF ADVERSE EVENTS 
 
Table 4.5 summarizes the AEs by sodium oxybate dosage at onset for the updated 
integrated clinical trial database. 
 
• The majority of the 402 patients (331, 82%) experienced at least 1 AE. 
 
• Approximately half of the patients (247, 61%) experienced related AEs. 
 
• Severe AEs were reported for 82 patients (20%). 
 
• Only 24 patients (6%) experienced SAEs. 
 
• 53 patients (13%) discontinued due to AEs.   
 
• There were 2 deaths (1%). 
 
A higher incidence of AEs was seen with the 9.0 g/d sodium oxybate group compared 
with the other 4 dosage groups.  This was true for:  
 
• Patients with at least 1 AE (78% for 9.0 g/d, compared with 51% to 62% for the other 

4 dosage groups) 
 
• Patients with SAEs (6% for 9.0 g/d, vs. 1% to 3% for the other 4 dosage groups) 
 
• Patients with related AEs (55% for 9.0 g/d, vs. 28% to 40% for the other 4 dosage 

groups) 
 
• Patients with severe AEs (16% for 9.0 g/d, vs. 3% to 12% for the other 4 dosage 

groups) 
 
• Discontinuations due to AEs (14% for 9.0 g/d, vs. 3% to 6% for the other 4 dosage 

groups) 
 
However, the incidence for each category was lower for 7.5 g/d than for 6.0 g/d, making 
it difficult to infer a true dose-response relationship.  Interestingly, the incidence for the 
placebo group was similar to that for the 9.0 g/d group for patients with at least 1 AE 
(70%) and patients with related AEs (50%). 
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Table 4.5    AEs by Dosage at Onset   Updated Integrated Clinical Trial Database 

   Sodium Oxybate Dosage at Onset (g/d) 
 Totala Place-

bo 
Totala 3.0 4.5 6.0 7.5 9.0 

Number 
of 
patients 

402 
(100%) 

54 
(100%) 

399 
(100%) 

97  
(100%) 

269  
(100%) 

290  
(100%) 

133 
(100%) 

129 
(100%) 

At least 1 
AE 

331 
(82%) 

38 
(70%) 

326 
(82%) 

58 (60%) 138 (51%) 181 (62%) 72 (54%) 101 (78%) 

SAEs 27 (7%) 0 27 
(7%) 

0 5 (2%) 11 (4%) 3 (2%) 10 (8%) 

Related 
AEs 

247 
(61%) 

27 
(50%) 

241 
(60%) 

37 (38%) 92 (34%) 115 (40%) 37 (28%) 71 (55%) 

Severe 
AEs 

82 
(20%) 

3   
(6%) 

80 
(20%) 

3 (3%) 25 (9%) 35 (12%) 6 (5%) 20 (16%) 

Discontinu
-ations 
due to 
AEs 

53 
(13%) 

1   
(2%) 

52 
(13%) 

5 (5%) 15 (6%) 14 (5%) 4 (3%) 18 (14%) 

Deaths 2     
(1%) 

0 2   
(1%) 

0 0 2 (1%) 0 0 

a Patients are counted only once in each category.  However, patients could have had more than 1 AE with 
different dosages at onset, so the sum of the patients in the dosage at onset groups may exceed the total 
number of patients in each event category. 

 
Table 4.6 summarizes the incidence of AEs occurring in ≥ 5% of patients in the updated 
integrated clinical trial database.  The most frequently reported AEs included headache 
(116 patients, 29%), nausea (94 patients, 23%), dizziness (76 patients, 19%), and pain 
(71 patients, 18%).  The most frequently affected body systems were body as a whole 
(225 patients, 56%) and the nervous system (206 patients, 51%).  There were no 
apparent differences in incidence of headache and pain among the 6 dosage at onset 
groups, including placebo and the 5 sodium oxybate groups.  There was a higher 
incidence (23%) of nausea in the 9.0 g/d group, compared with 7% for placebo and 8% 
to 11% for the other 4 sodium oxybate groups.  A higher incidence of dizziness was 
seen in the 3.0 g/d and 9.0 g/d groups (16% and 17%, respectively), compared with 4% 
for placebo and 6% to 12% for the other 3 sodium oxybate groups. 
 
Approximately half of the patients (247, 61%) experienced a related AE.  The great 
majority of these patients reported AEs that were mild (99 patients, 40% of those with 
related AEs, 25% of the total population) or moderate (112 patients, 45% of those with 
related AEs, 28% of the total population).  Severe related AEs were experienced by 
36 patients (15% of those with related AEs, 9% of the total population).  A higher 
incidence of both moderate and severe AEs overall was seen in the 9.0 g/d group.  
Moderate AEs were seen in 28% of the 9.0 g/d group, compared with 11% for placebo 
and 13% to 15% for the other 4 sodium oxybate groups; severe AEs were seen in 8% of 
the 9.0 g/d group, vs. 2% for placebo and 1% to 4% for the other 4 sodium oxybate 
groups.  The incidence of severe related AEs for the most frequently reported AEs listed 
above was 1% (5/402) for headache, 1% (3/402) for nausea, 1% (4/402) for dizziness, 

136 

                                      PAR1005 
IPR of U.S. Patent No. 7,668,730  
                               Page 140 of 353



Orphan Medical, Inc. 
NDA #21-196 Xyrem® (sodium oxybate) oral solution 
Peripheral and Central Nervous System Drugs Advisory Committee Briefing Booklet 
 

R:\GHB\PostNDA\Advisory Meeting\June 6-2001 Meeting\Briefing Books\Section 4--Safety.doc 9 

and 0 for pain.  A higher incidence of mild headache was seen for placebo (11%), 
compared with 2% to 6% for the 5 sodium oxybate groups.  No apparent differences 
were seen in the other AEs among the 6 groups, including placebo and the 5 sodium 
oxybate dosage at onset groups. 
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Table 4.6    AEs Occurring in ≥≥≥≥ 5% of Any Group, by Body System, COSTART Preferred Term, and Dosage at  
Onset    Updated Integrated Clinical Trial Database 

Body System   Sodium Oxybate Dosage at Onset (g/d) 
COSTART Preferred 
Term 

 
Totala  

 
Placebo 

 
Totala  

 
3.0 

 
4.5 

 
6.0 

 
7.5 

 
9.0 

Number of patients 402 (100%) 54 (100%) 399 (100%) 97 (100%) 269 (100%) 290 (100%) 133 (100%) 129 (100%) 
Body as a Whole 225 (56%) 25 ( 46%) 221 (55%) 39 ( 40%) 81 (30%) 106 (37%) 41 (31%) 57 (44%) 

Abdominal pain  25 (6%) 1 (2%) 24 (6%) 4 (4%) 6 (2%) 9 (3%) 3 (2%) 4 (3%) 
Accidental injury  38 (9%) 0 38 (10%) 4 (4%) 6 (2%) 17 (6%) 6 (5%) 9 (7%) 
Asthenia  36 (9%) 1 (2%) 35 (9%) 5 (5%) 6 (2%) 17 (6%) 5 (4%) 9 (7%) 
Back pain 28 (7%) 2 (4%) 27 (7%) 2 (2%) 4 (1%) 13 (4%) 6 (5%) 8 (6%) 
Chest pain 21 (5%) 0 21 (5%) 2 (2%) 4 (1%) 9 (3%) 5 (4%) 4 (3%) 
Flu syndrome 41 (10%) 2 (4%) 39 (10%) 6 (6%) 7 (3%) 14 (5%) 10 (8%) 7 (5%) 
Headache  116 (29%) 12 (22%) 112 (28%) 19 (20%) 40 (15%) 42 (14%) 13 (10%) 25 (19%) 
Infection 42 (10%) 1 (2%) 41 (10%) 5 (5%) 2 (1%) 19 (7%) 7 (5%) 8 (6%) 
Malaise 10 (2%) 3 (6%) 9 (2%) 1 (1%) 1 (<1%) 1 (<1%) 4 (3%) 3 (2%) 
Pain 71 (18%) 4 (7%) 70 (18%) 12 ( 12%) 18 (7%) 33 (11%) 8 (6%) 16 (12%) 
Viral infection 40 (10%) 0 40 (10%) 2 (2%) 6 (2%) 18 (6%) 5 (4%) 12 (9%) 

Cardiovascular System 47 (12%) 2 (4%) 45 (11%) 6 (6%) 5 (2%) 17 (6%) 8 (6%) 11 (9%) 
Digestive System  157 (39%) 9 (17%) 150 (38%) 23 ( 24%) 43 (16%) 62 (21%) 21 (16%) 42 (33%) 

Diarrhea  38 (9%) 1 (2%) 37 (9%) 4 (4%) 6 (2%) 15 (5%) 7 (5%) 9 (7%) 
Dyspepsia 32 (8%) 5 (9%) 27 (7%) 7 (7%) 8 (3%) 7 (2%) 2 (2%) 7 (5%) 
Nausea 94 (23%) 4 (7%) 90 (23%) 9 (9%) 21 (8%) 31 (11%) 13 (10%) 30 (23%) 
Vomiting  34 (8%) 1 (2%) 33 (8%) 1 (1%) 6 (2%) 14 (5%) 3 (2%) 10 (8%) 

Metabolic and Nutritional 
System 

53 (13%) 2 (4%) 53 (13%) 6 (6%) 8 (3%) 19 (7%) 14 (11%) 14 (11%) 

Weight loss 12 (3%) 0 12 (3%) 0 0 4 (1%) 3 (2%) 6 (5%) 
 (continued)

1
3
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Table 4.6    AEs Occurring in ≥≥≥≥ 5% of Any Group, by Body System, COSTART Preferred Term, and Dosage at  
Onset    Updated Integrated Clinical Trial Database 

Body System   Sodium Oxybate Dosage at Onset (g/d) 
COSTART Preferred 
Term 

 
Totala  

 
Placebo 

 
Totala  

 
3.0 

 
4.5 

 
6.0 

 
7.5 

 
9.0 

Number of patients 402 (100%) 54 (100%) 399 (100%) 97 (100%) 269 (100%) 290 (100%) 133 (100%) 129 (100%) 
Musculoskeletal System  74 (18%) 

21(5%) 
2 (4%) 
2(4%) 

72 (18%) 
19(5%) 

8 (8%) 
2(2%) 

19 (7%) 
7(3%) 

33 (11%) 
10(3%) 

9 (7%) 
1(1%) 

12 (9%) 
2(2%) 

Nervous System 206 (51%) 17 (31%) 201 (50%) 31 (32%) 66 (25%) 98 (34%) 31 (23%) 63 (49%) 
Abnormal dreams 20 (5%) 0 20 (5%) 2 (2%) 8 (3%) 7 (2%) 4 (3%) 1 (1%) 
Confusion 30 (7%) 1 (2%) 29 (7%) 4 (4%) 6 (2%) 11 (4%) 6 (5%) 10 (8%) 
Depression 28 (7%) 1 (2%) 27 (7%) 5 (5%) 2 (1%) 12 (4%) 4 (3%) 6 (5%) 
Dizziness 76 (19%) 2 (4%) 74 (19%) 16 (16%) 15 (6%) 34 (12%) 9 (7%) 22 (17%) 
Emotional lability 13 (3%) 3 (6%) 10 (3%) 2 (2%) 2 (1%) 2 (1%) 1 (1%) 3 (2%) 
Insomnia 25 (6%) 1 (2%) 24 (6%) 1 (1%) 8 (3%) 11 (4%) 3 (2%) 3 (2%) 
Nervousness  35 (9%) 6 (11%) 31 (8%) 3 (3%) 9 (3%) 14 (5%) 3 (2%) 8 (6%) 
Sleep disorder  47 (12%) 2 (4%) 45 (11%) 4 (4%) 15 (6%) 21 (7%) 5 (4%) 12 (9%) 
Somnolence 60 (15%) 8 (15%) 55 (14%) 11 (11%) 14 (5%) 23 (8%) 5 (4%) 14 (11%) 

Respiratory System 127 (32%) 6 (11%) 125 (31%) 16 (16%) 34 (13%) 61 (21%) 20 (15%) 18 (14%) 
Cough increased 24 (6%) 2 (4%) 22 (6%) 5 (5%) 6 (2%) 10 (3%) 2 (2%) 1 (1%) 
Pharyngitis  48 (12%) 3 (6%) 47 (12%) 5 (5%) 8 (3%) 23 (8%) 10 (8%) 2 (2%) 
Rhinitis  36 (9%) 1 (2%) 35 (9%) 4 (4%) 12 (4%) 11 (4%) 7 (5%) 5 (4%) 
Sinusitis 32 (8%) 0 32 (8%) 5 (5%) 6 (2%) 16 (6%) 4 (3%) 4 (3%) 

Skin  61 (15%) 4 (7%) 58 (15%) 4 (4%) 9 (3%) 27 (9%) 5 (4%) 19 (15%) 
Sweating  18 (4%) 0 18 (5%) 2 (2%) 2 (1%) 6 (2%) 1 (1%) 10 (8%) 

Special Senses 52 (13%) 3 (6%) 49 (12%) 8 (8%) 10 (4%) 16 (6%) 7 (5%) 12 (9%) 
 (continued)

1
3
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Table 4.6    AEs Occurring in ≥≥≥≥ 5% of Any Group, by Body System, COSTART Preferred Term, and Dosage at  
Onset    Updated Integrated Clinical Trial Database 

Body System   Sodium Oxybate Dosage at Onset (g/d) 
COSTART Preferred 
Term 

 
Totala  

 
Placebo 

 
Totala  

 
3.0 

 
4.5 

 
6.0 

 
7.5 

 
9.0 

Number of patients 402 (100%) 54 (100%) 399 (100%) 97 (100%) 269 (100%) 290 (100%) 133 (100%) 129 (100%) 
Urogenital System 94 (23%) 6 (11%) 90 (23%) 7 (7%) 18 (7%) 43 (15%) 10 (8%) 25 (19%) 

Incontinence urine 8 (2%) 0 8 (2%) 0 0 2 (1%) 0 6 (5%) 
Urinary incontinence  28 (7%) 0 28 (7%) 2 (2%) 8 (3%) 9 (3%) 6 (5%) 6 (5%) 

a Patients are counted only once in each category.  However, patients could have had more than 1 instance of the same AE with different dosages at onset, so the sum of the 
patients in the dosage at onset groups may exceed the total number of patients in each event category or body system summary. 

 

1
4
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4.3.2 SERIOUS ADVERSE EVENTS 
 
SAEs during treatment were experienced by 27 (7%) of the 402 patients in the updated 
integrated clinical trial database.  Sodium oxybate dosage at onset was 3g for 1 patient 
4.5 g/d for 5 patients, 6.0 g/d for 13 patients, 7.5 g/d for 2 patients, and 9.0 g/d for 
8 patients (2 patients [1433 and 1630] had SAEs with different dosages at onset, and 
are counted twice).  
 
Treatment-related SAEs were seen in only 11 of the 27 patients (1 in OMC-GHB-2, 1 in 
OMC-GHB-3, 3 in OMC-SXB-6, and 6 in OMC-SXB-7), resulting in an overall incidence 
of 3% (11 of 402) of SAEs possibly, probably, or definitely related to sodium oxybate 
treatment in the updated integrated clinical trial database.   
 
Nine of the 11 treatment-related SAEs noted in the database resulted in inpatient 
hospitalization (1 SAE [23230] was originally classified as definitely related by the 
Investigator and upon further evaluation was determined to be not related:  Therefore 
there are 10 treatment related SAEs. 
 
• Patient 0207 (OMC-GHB-2) experienced confusion (severe, probably related) on 

Day 7 at a sodium oxybate dosage of 6.0 g/d, and was permanently discontinued 
from the trial.  The patient recovered normal mental status following initial treatment 
with Haldol on the day of hospital admission.  There have been no recurrences since 
study discontinuation. 

 
• Patient 0232 (OMC-SXB-7) experienced acute paranoid delusional psychosis 

(severe, probably related) on Day 476 at a sodium oxybate dosage of 9.0 g/d, and 
was permanently discontinued from the trial.  The SAE resolved approximately 2 
months after discontinuing trial medication. 

 
• Patient 0238 (OMC-SXB-6) fell and struck his head, proceeding to apnea, thinking 

abnormal, and coma (severe, probably related) on Day 170 at a sodium oxybate 
dosage of 4.5 g/d, and was permanently discontinued from the trial.  The event 
resolved with no sequelae or recurrence following removal from trial medication. 

 
• Patient 1131 (OMC-SXB-7) intentionally overdosed with Xyrem (approximately 150 

g) (severe, definitely related to study medicine) on Day 280 while on a sodium 
oxybate maintenance dosage of 9.0 g/d, and was permanently discontinued from the 
trial.  The patient had a history of treatment for depression and a previous suicide 
attempt.  The patient was given psychiatric and medical referrals. 

 
• Patient 1305 (OMC-GHB-3) experienced agitation (severe, possibly related) on Day 

678 at a sodium oxybate dosage of 9.0 g/d, and trial medication was temporarily 
stopped.  The patient later experienced an AE of “movement disorder” (Periodic Leg 
Movement in Sleep) and was discontinued from the trial on day 982. 

 
• Patient 1735 (OMC-SXB-6) experienced abortion (mild, possibly related) on Day 

108, previously at a sodium oxybate dosage of 6.0 g/d; however, she had been 
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permanently discontinued from the trial on Day 66 when she became pregnant 
(protocol violation, failing the inclusion criteria).   

 
• Patient 2030 (OMC-SXB-7) began experiencing intermittent brief reactive psychosis 

(severe, possibly related) on Day 207 at a sodium oxybate dosage of 9.0 g/d, and 
was permanently discontinued from the trial.  The patient was treated with Zyprexa 
and Trazadone and the event resolved with no recurring psychosis. 

 
• Patient 23230 (OMC-SXB-7) began experiencing intermittent chest pain (originally 

severe, and definitely related, later determined to be not related) on Day 119.  The 
patient was hospitalized for atypical chest pain, was treated and was discharged with 
the diagnosis of esophageal spasms.  Patient participation is ongoing in trial  
OMC-SXB-7. 

 
• Patient 2536 (OMC-SXB-7) fractured her ankle (severe, possibly related) on Day 228 

at a sodium oxybate dosage of 9.0 g/d, and was permanently discontinued from the 
trial.  The patient was discharged from the hospital on day 235 and referred to the 
rehabilitation clinic. 

 
The remaining 2 treatment-related SAEs did not require inpatient hospitalization:   
 
• Patient 0231 (OMC-SXB-6) experienced dizziness, confusion, nausea, vomiting, 

vertigo, and asthenia (all severe, possibly related) on Day 119 at a sodium oxybate 
dosage of 9.0 g/d, and was permanently discontinued from the trial.  All events 
resolved within 24 hours of occurrence. 

 
• Patient 14043 (OMC-SXB-7) attempted suicide by buspirone overdose (severe, 

possibly related) on Day 216 at a sodium oxybate dosage of 7.5 g/d, and was 
permanently discontinued from the trial.  In current follow-up, patient’s family state 
that the patient is doing well since her release from psychiatric treatment. 

 
4.3.3 DISCONTINUATIONS AND OTHER SIGNIFICANT ADVERSE EVENTS 
 
Fifty-three patients in the updated integrated clinical trial database withdrew due to 1 or 
more AEs, including 52 patients receiving sodium oxybate and 1 patient receiving 
placebo (0818).  
 
Sodium oxybate dosage at onset was 3.0 g/d for 5 patients, 4.5 g/d for 15 patients, 
6.0 g/d for 14 patients, 7.5 g/d for 4 patients, and 9.0 g/d for 18 patients. 
  
Of the 53 patients discontinued due to AEs, 42 experienced AEs considered related to 
trial medication by the investigator (Table 4.7).  
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Table 4.7    Related AEs Causing Discontinuation   Updated Integrated  
Clinical Trial Database 

  Dosage Trial Daya  COSTART   
Patient 

ID 
 

Trial 
at Onset 

(g/d) 
 

Start 
 

Stop 
Investigator 

Term 
Preferred 

Term 
 

Serious 
 

Severity 
0204 OMC-GHB-3 6.0 33 51 Insomnia Insomnia No Moderate 
0207 OMC-GHB-2 6.0 7 9 Acute 

confusional 
state 

Confusion Yes Severe 

0213 OMC-GHB-3 9.0 90 135 Depressed 
mood 

Depression No Moderate 

  9.0 90 135 Excessive 
tiredness 

Asthenia No Moderate 

0221 OMC-GHB-2 9.0 13 15 Dizzy Dizziness No Moderate 
  9.0 13 15 Increased 

sleepiness 
Somnolence No Moderate 

  9.0 13 15 Nauseated Nausea No Moderate 
  9.0 13 15 Weakness 

(had trouble 
standing) 

Asthenia No Moderate 

 OMC-GHB-3 3.0 30 108 Lethargic all 
day 

Somnolence No Mild 

0231 OMC-SXB-6 9.0 119 119 Dizziness Dizziness Yes Severe 
  9.0 119 119 Confusion Confusion Yes Severe 
  9.0 119 119 Nausea Nausea Yes Severe 
  9.0 119 119 Vomiting Vomiting Yes Severe 
  9.0 119 119 Vertigo Vertigo Yes Severe 
  9.0 119 119 Weakness Asthenia Yes Severe 

0232 OMC-SXB-7 9.0 476 489 Acute 
paranoid 

delusional 
psychosis 

Paranoid 
reaction 

Yes Severe 

0238 OMC-SXB-6 4.5 170 170 Respiratory 
failure 

Apnea Yes Severe 

  4.5 170 170 Non-
responsive 

Coma Yes Severe 

0409 OMC-GHB-3 9.0 61  Weight loss Weight loss No Mild 
0509 OMC-GHB-2 6.0 1 2 Restless leg 

syndrome 
increased 

Hyperkinesia No Severe 

0533 OMC-SXB-6 4.5 10  Swelling in 
legs 

Peripheral 
edema 

No Severe 

 (continued) 
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Table 4.7    Related AEs Causing Discontinuation   Updated Integrated  
Clinical Trial Database 

  Dosage Trial Daya  COSTART   
Patient 

ID 
 

Trial 
at Onset 

(g/d) 
 

Start 
 

Stop 
Investigator 

Term 
Preferred 

Term 
 

Serious 
 

Severity 
0605 OMC-GHB-2 9.0 9 12 Daytime 

sedation 
feeling; 

“drugged 
feeling” 

Somnolence No Mild 

  9.0 9 12 Poor 
concentration 

Thinking 
abnormal 

No Mild 

0637 OMC-SXB-6 7.5 93b  Restless legs Hyperkinesia No Moderate 
  7.5 93b  Anxiety Anxiety No Moderate 

0701 OMC-GHB-3 6.0c 32  Decreased 
sexual libido 

Libido 
decreased 

No Moderate 

  6.0c 32  Decreased 
initiative to 
start any 

activity by 
gradual 

progression 

Apathy No Mild 

0702 OMC-GHB-2 9.0 20 25 Confusion Confusion No Moderate 
  9.0 20 25 Forgetfulness Amnesia No Moderate 
  9.0 20 23 Hallucinations Hallucinations No Moderate 
  9.0 21 21 Nausea Nausea No Mild 
  9.0 22 24 Paranoia Paranoid 

reaction 
No Mild 

0801 OMC-GHB-3 9.0 147 178 Chest pain, 
patient on 

drug, no hos-
pitalization, 

no 
concomitant 
medication 

Chest pain No Moderate 

0802 OMC-GHB-3 9.0 49 55 Nervousness Nervousness No Moderate 
  9.0 49 51 Metallic taste Taste 

perversion 
No Mild 

  9.0 49 51 Upset 
stomach 

Dyspepsia No Moderate 

0809 OMC-GHB-3 3.0 332 332 Inability to 
control body 

1 hr after 
taking 

medicine 

Incoordination No Mild 

0818 OMC-GHB-2 Placebo 23  Insomnia Insomnia No Moderate 
0821 OMC-GHB-3 6.0 39 51 Headaches Headache No Moderate 

  6.0 40 51 Irritable Nervousness No Moderate 
(continued) 
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Table 4.7    Related AEs Causing Discontinuation   Updated Integrated  
Clinical Trial Database 

  Dosage Trial Daya  COSTART   
Patient 

ID 
 

Trial 
at Onset 

(g/d) 
 

Start 
 

Stop 
Investigator 

Term 
Preferred 

Term 
 

Serious 
 

Severity 
0824 OMC-GHB-2 9.0c 5 5 Difficulty 

breathing 
Dyspnea No Severe 

 OMC-GHB-3 3.0 25 29 Difficulty 
breathing 

Dyspnea No Moderate 

0836 OMC-SXB-6 4.5 1  Headache Headache No Moderate 
0844 OMC-SXB-6 4.5 1 42 Nausea Nausea No Moderate 

  4.5 1 42 Vomiting Vomiting No Moderate 
  4.5 1 42 Headaches Headache No Severe 

0901 OMC-GHB-2 3.0 2 18 Lethargy Somnolence No Mild 
  3.0 2 18 Nausea Nausea  No Moderate 
  3.0 3 18 Chest 

pressure 
Chest pain No Mild 

1131 OMC-SXB-7 9.0 280 280 Conscious 
overdose 

Intentional 
overdose 

Yes Severe 

1134 OMC-SXB-6 4.5 3  Urinary  
incontinence 

Urinary 
incontinence 

No Moderate 

1142 OMC-SXB-6 7.5 31 34 Left eye 
exposure 
keratitis 

Keratitis No Mild 

1201 OMC-GHB-2 9.0 5 5 Patient lost 
bowel control 
while asleep 

Incontinence, 
fecal 

No Moderate 

14043 OMC-SXB-7 7.5 216 216 Attempted 
suicide 

Suicide 
attempt 

Yes Severe 

1504 OMC-GHB-2 9.0 2 2 Nausea Nausea No Severe 
  9.0 2 2 Vertigo Vertigo No Severe 
  9.0 2 2 Vomiting Vomiting No Severe 

1631 OMC-SXB-6 6.0 23 59 Sleepwalking Sleep 
disorder 

No Moderate 

  4.5 44 59 Fragmented 
sleep 

Sleep 
disorder 

No Severe 

  4.5 44 60 Involuntary 
limb 

movements in 
sleep 

Sleep 
disorder 

No Moderate 

1735 OMC-SXB-6 6.0 108d 108d Miscarriage Abortion Yes Mild 
2030 OMC-SXB-7 9.0 207 214 Brief reactive 

psychosis 
Psychosis Yes  Severe 

 (continued) 
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Table 4.7    Related AEs Causing Discontinuation   Updated Integrated  
Clinical Trial Database 

  Dosage Trial Daya  COSTART   
Patient 

ID 
 

Trial 
at Onset 

(g/d) 
 

Start 
 

Stop 
Investigator 

Term 
Preferred 

Term 
 

Serious 
 

Severity 
2532 OMC-SXB-6 4.5 16 43 Sleepwalking Sleep 

disorder 
No Mild 

  4.5 16 43 Dizziness Dizziness No Mild 
  4.5 39 43 Arms and 

legs numb 
Paresthesia No Mild 

2533 OMC-SXB-6 4.5 25 81 Nausea Nausea No Moderate 
  6.0 74 81 Morning 

grogginess 
Somnolence No Moderate 

2536 OMC-SXB-7 9.0 228 228 Fractured 
ankle 

Fractured 
ankle 

Yes Severe 

2537 OMC-SXB-6 4.5 12  Increased 
headaches 

Headache No Moderate 

2633 OMC-SXB-6 4.5 2 4 Increased 
awakenings 

Sleep 
disorder 

No Mild 

  4.5 2 4 Tongue 
paresthesia 

Paresthesia No Mild 

2933 OMC-SXB-6 4.5 29  “Phlegm/knot” 
in throat 

Pharyngitis No Moderate 

3231 OMC-SXB-6 6.0 56  Exacerbation 
of colitis 
(Crohn’s 
disease) 

Colitis No Moderate 

3830 OMC-SXB-6 7.5 52 62 Nausea Nausea No Moderate 
  7.5 58 58 Vomiting Vomiting No Moderate 

3831 OMC-SXB-6 3.0 12 24 Itching and 
swelling of 
extremities 

Pruritus No Moderate 

  3.0 12 24 Itching and 
swelling of 
extremities 

Edema No Moderate 

3930 OMC-SXB-6 4.5 2 3 Sleep 
paralysis 

Sleep 
disorder 

No Moderate 

a Day relative to start of treatment. 
b Whole or partial data imputed from start of trial medication. 
c Dosage carried forward. 
d Patient discontinued study drug on study day 66, and the event of miscarriage occurred on day 108. 
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4.3.4 DEATHS 
 
Two deaths, both suicides (0531 and 0936), were recorded among the 402 patients in 
the updated integrated clinical trial database.  One (0531, coded as death) was due to 
multiple drug toxicity that included toxic levels of 6 psychotropic drugs other than sodium 
oxybate.  The second patient (0936) had a history of depression and a subsequent 
suggested diagnosis of bipolar disease.  This event was officially ruled as a death due to 
cardiovascular disease (without autopsy by the Medical Examiner), but later evidence 
pointed to a possible overdose that included lithium, Paxil, and Percocet as well as 
sodium oxybate.  This event occurred on 2/24/01, which was 5 months after the data 
cutoff (9/30/00), but is included here for completeness.  Both deaths were considered 
unrelated to study drug.  
 
4.3.5 LABORATORY RESULTS 
 
Laboratory evaluations for the original integrated clinical trial database (laboratory 
results were not analyzed for the 4-Month Safety Update for OMC-SXB-7) included 
blood chemistry, hematology, and urinalysis.  Mean changes from baseline to last 
observation were small and similar across all 6 groups (placebo and 5 sodium oxybate 
last dosage groups) for all parameters. 
 
4.3.5.1 Blood Chemistry 
 
Shifts in ≥ 10% of the patients were only seen for calcium and total bilirubin.  A shift from 
normal to low calcium was seen in 14 of 132 patients (11%) in the OMC-GHB-2 and 
OMC-GHB-3 trials (duration of up to two years); this ranged from 0 in the placebo group 
(for a 4 week treatment period) and the 7.5 g/d sodium oxybate last dosage group to 
25% in the 3.0 g/d sodium oxybate last dosage group (treatment duration of up to two 
years).  A shift from normal to low total bilirubin was seen in 32 of 314 patients (10%); 
this ranged from 4% in the 7.5 g/d sodium oxybate last dosage group (duration of up to 
two years) to 33% in the placebo group (4-week treatment period). 
 
4.3.5.2 Hematology 
 
Shifts in ≥ 10% of the patients were only seen for basophils, with a shift from high to 
normal in 30 of 310 patients (10%); this ranged from 0 in the placebo group (4-week 
treatment period) to 20% in the 3.0 g/d sodium oxybate last dosage group (duration of 
up to two years). 
 
4.3.5.3 Urinalysis 
 
Shifts in ≥ 10% of the patients were only seen for protein, with a shift from positive to 
negative in 42 of 307 patients (14%); this ranged from 6% in the 4.5 g/d sodium oxybate 
last dosage group (duration of up to two years) to 33% in the placebo group (4-week 
treatment period). 
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4.3.6 VITAL SIGNS AND ECG 
 
Vital signs (pulse, respiration, blood pressure, body temperature, body weight) and ECG 
were analyzed for the original integrated clinical trial database (vital signs and ECG were 
not analyzed for the 4-Month Safety Update for OMC-SXB-7).  Mean changes for all vital 
sign parameters were small, and were similar across all 6 groups (placebo group and 
5 sodium oxybate last dosage groups). 
 
Shifts from baseline to last observation in ECG results were analyzed.  No shifts in 
≥ 10% of the patients were seen overall or in any patient group for either abnormal to 
within normal limits or within normal limits to abnormal. 
 
4.3.7 SAFETY SUMMARY – UPDATED INTEGRATED CLINICAL TRIALS 
 
In dosages between 3 and 9g nightly in divided doses, sodium oxybate was generally 
well tolerated in the 5 trials comprising the Updated Integrated Clinical Trials.  The side 
effects were usually mild in severity and most frequently included nausea, dizziness, and 
headache, and less frequently urinary incontinence (enuresis) and somnambulism 
(sleepwalking).   
 
In the Updated Integrated Clinical Trials, a total of 296 patients have taken sodium 
oxybate for at least 6 months; of these, 223 patients have taken sodium oxybate for at 
least 1 year and 48 patients have taken sodium oxybate for at least 2 years.  Total 
exposure to sodium oxybate was 329.89 patient years. 
 
Of the 402 narcolepsy patients in this data base, 331 (82%) reported at least 1 AE.  
Adverse events considered to be possibly, probably, or definitely related to treatment 
with sodium oxybate were reported in 247 (61%) patients.  Severe AEs were reported in 
82 (20%) of the patients.  Serious AEs were reported for a total of 27 (7%) patients, 10 
whom had SAEs that were considered related to trial medication.  Two deaths were 
reported (both suicides and both unrelated to trial medication). 
 
Laboratory evaluations included blood chemistry, hematology, and urinalysis.  The only 
potentially significant laboratory abnormality was hypocalcemia, which was present in 23 
(17%) of 132 patients.  It was a variable measure in 15 of these patients, with a return to 
normal during sodium oxybate treatment.  In all cases, the reduction in calcium levels 
was minor and deemed not of clinical significance. 
 
4.4 Lammers Trial 
 
The Lammers trial was a double-blind, placebo-controlled, crossover trial in 25 patients 
to assess the effects of 60 mg/kg sodium oxybate or placebo in narcolepsy. 
 
Sodium oxybate was well tolerated.  AEs during the Lammers trial were few and mild, 
and were experienced by 6 (24%) of the 25 patients, as follows: 
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• 2 patients during the washout period (1 patient with frequent headache, and 1 patient 
with severe dreaming) 

 
• 1 patient on placebo (kidney problems, urination problems/stranguria) 
 
• 3 patients on sodium oxybate: 
 

– 1 patient with severe perspiration, influenza/common cold, sore throat, 
headache, and frequent micturition  

 
– 1 patient with bladder infection, sore throat, and flickering in the eyes  
 
– 1 patient with terrible dreaming, dry mouth, paralysis in legs and arms, anxious, 

and insecure  
 
No SAEs or deaths were reported during the trial, and no patient withdrew due to an AE. 
 
4.5 Scharf Trial 
 
From the time of study initiation in 1983 to the time of study closure in 2000, a total of 
143 patients participated in the Scharf open-label trial.  Table 4.8 summarizes the 
disposition of the 143 patients in the Scharf trial.  As of the NDA cutoff date of May 31, 
1999, 63 of these patients transferred into the Orphan Medical Treatment IND protocol 
OMC-SXB-7.  Of the remaining 80 patients, 8 continued to participate in the Scharf 
open-label trial, and 71 patients had discontinued from the Scharf open-label trial prior to 
the cutoff date.  The reasons for discontinuation were: non-compliance (24); adverse 
events (23); cost of study participation (13); patient request (5); lack of efficacy (4); 
protocol deviation and other (1 each).  The patient listed as “other” for reason for 
discontinuation, entered Dr. Scharf’s GHB fibromyalgia trial.  One patient was a screen 
failure. 
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Table 4.8    Summary of Patient Disposition in Scharf Clinical Trial 
 
Patient Disposition Number of Patients 
Patients screened 143 
Patients treated 142 
Ongoing treatment (OMC-SXB-7) 63 
Ongoing treatment (Scharf) 8 
Discontinued treatment 71 

Non-compliance 24 
 Failure to provide diaries 22 
 Failure to follow dosing instructions 2 
AEs 23 
 Death (coded as an SAE) 10a 

 Other AE 13 
Cost of medication 13 
Patient request/withdrawal of consent 5 
Lack of efficacy 4 
Protocol deviation 1 
Other (transfer to fibromyalgia study) 1 

aIn the initial Scharf Report, 11 deaths were reported, however, one patient (202)died in a boating accident  
  seven months following discontinuation of study medication.  The case report form lists patient request as  
  the reason for discontinuation. 
 
This open-label, long-term (up to 16 years) clinical trial was developed under the 
investigator’s IND following consultation with the FDA in 1983.  These data were 
collected by Dr. Scharf more as a matter of clinical record than for drug development 
research and, hence, there are some differences from the other trials (eg, laboratory 
results were generated from many different laboratories, dose titration extended to 
dosages as high as 12.5 g/d).  These data, do, however, provide experience in long-term 
treatment exposure.  A total of 143 patients were enrolled in this trial, with 85% 
(121/143), 73% (104/143), 52% (74/143), and 32% (46/143) receiving sodium oxybate 
for > 6 months, > 1 year, > 5 years, and > 10 years, respectively. 
 
The FDA and Orphan Medical, Inc agreed to a compilation of the Scharf data on the 
premise that it would potentially provide a profile of long-term clinical experience with 
sodium oxybate.  Orphan Medical performed a retrospective compilation of the data for 
all 143 patients treated for up to 16 years. 
 
4.5.1 INCIDENCE OF ADVERSE EVENTS – SCHARF TRIAL 
 
In the Scharf trial, Adverse Events were recorded retrospectively on CRFs from 
information reported by patients in daily diaries (sleep logs) and from 
investigator-maintained medical records.  These data included any untoward events 
noted by the patients, including possible side effects and effects of concomitant 
medications, as well as intercurrent illnesses, injuries, or accidents. 
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The majority of the 143 patients (136, 95.1%) experienced at least 1 AE.  This is to be 
expected, given the unusually long duration of the trial (16 years, with 32% of patients on 
sodium oxybate for > 10 years).  For this reason, it is difficult to compare these results 
with those given for the updated integrated clinical trial database, the Lammers trial, and 
the OMC-SXB-21 trial.  To provide an easier basis for comparison, AEs over the first 
6 months were analyzed for OMC-SXB-6, OMB-GHB-3, and Scharf.  
 
Over the course of the Scharf trial, AEs reported by only 1 or 2 patients accounted for 
44% of the AEs, which does not support a strong association with sodium oxybate. 
 
Severe AEs were reported by 21 patients (14.7%) during their first 6 months in the trial.  
Over the course of the trial, one third of the patients (54, 37.8%) experienced SAEs, and 
23 patients (16.1%) discontinued due to AEs.  Eleven deaths (7.7%) were reported.  No 
apparent differences were seen among the 5 sodium oxybate dosage of longest duration 
groups. 
 
The most frequently reported AEs (nearly all of which were to be expected in a long-term 
trial and were associated with common intercurrent illnesses) included viral infection 
(56.6%), headache (52.4%), pain (48.3%), accidental injury (42.0%), nausea (40.6%), flu 
syndrome (38.5%), pharyngitis (37.8%), rhinitis (36.4%), increased cough (34.3%), sleep 
disorder (sleepwalking; 31.5%), diarrhea (28.0%), dizziness (27.3%), fever (26.6%), 
abdominal pain (26.6%), sinusitis (26.6%), dyspepsia (25.2%) and enuresis (23%). 
 
Many of the most frequently reported AEs were considered not related to trial 
medication.  During the first 6 months of treatment, the proportion of the reported AEs 
that were related to trial medication was 100% for sleep disorder (sleepwalking) and 
urinary incontinence, 48% for dizziness, 24.2% for nausea, 10.8% for pain, 7.7% for 
dyspepsia, and 5.9% for abdominal pain.  No related AEs were seen for accidental 
injury, diarrhea, fever, flu syndrome, increased cough, pharyngitis, rhinitis, or sinusitis.   
 
The frequency of cardiovascular AEs (arrhythmias and ventricular extrasystoles) 
appeared to be higher in the Scharf trial (26%) than in the other 2 trials (1% for 
OMC-SXB-6, 15% for OMC-GHB-3).  This higher incidence probably reflects the higher 
incidence (approximately 20%) of prior history of cardiovascular disease in the Scharf 
trial population at baseline, and the expected age-related progression and presentation 
of cardiovascular morbidities in this long-term trial.  Consistent with this observation is 
the fact that 5 of the 11 deaths in the Scharf trial were from cardiovascular causes and 
were unrelated to sodium oxybate treatment (as were the other 6 deaths). 
 
4.5.1.1 Adverse Events Over the First 6 Months 
 
To more easily compare the results from the Scharf trial with those from the other clinical 
trials, the incidence of AEs over the first 6 months of treatment with sodium oxybate was 
compared in the OMC-SXB-6, OMC-GHB-3, and Scharf trials. 
 
The incidence of frequently occurring AEs including headache, nausea, pain, dizziness, 
and pharyngitis was similar in all 3 studies, except for pain (9% in OMC-SXB-6, 20% in 
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OMC-GHB-3, and 26% in Scharf).  The incidence of patients reporting 1 or more AEs 
was similar in the 3 trials (78% for OMC-SXB-6, 91% for OMC-GHB-3, and 87% for 
Scharf). 
 
4.5.2 SERIOUS ADVERSE EVENTS – SCHARF TRIAL 
 
A total of 205 SAEs were reported for 54 of the 143 patients (37.8%) in the Scharf trial.  
Sodium oxybate dosage at onset was 3.0 g/d for 1 patient, 4.5 g/d for 17 patients, 6.0 
g/d for 21 patients, 7.5 g/d for 7 patients, and 9.0 g/d for 5 patients.  Dosage at onset 
was unknown for 3 patients. 
 
Only 6 of the 54 patients had SAEs considered to be related to trial medication.  In 
addition, relationship to trial medication was missing for 7 patients with SAEs: patient 
012 (disorientation, stupor, weakness), patient 047 (ulcerated colon), patient 054 (skin 
cancer), patient 070 (back pain), patient 241 (severe headaches), patient 273 (tumors in 
neck-parotid glands), and patient 277 (hospital readmission after 
uvulopalatopharyngoplasty surgery). 
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Table 4.9    Patients with Serious Adverse Events Judged Related to the  
Study Medication 

Patient 
Number 

Age 
  Sex 

COSTART 
Term 

Verbatim 
Term 

Unexpected/
Expected 

Dose1 Time on 
Drug (yr) 

0172 68, M Overdose Overdose Unexpected 18g 1.6 
017 68, M Coma Comatose Unexpected 18g 1.6 
017 68, M Stupor Unresponsive Unexpected 18g 1.6 

0193 41, M Suicide 
Attempt 

Suicide 
Attempt 

Unexpected UNK 2.0 

0482 27, F Convulsion Convulsive-
like seizure 

Unexpected 8.3g 5.3 

048 27, F Incontinence 
Urine 

Urinary 
Incontinence 

Expected 8.3g 5.3 

2572 32, M Reaction 
Unevaluable 

Potential 
overdose 

Unexpected 12g 2.6 

257 32, M Apnea Hypoxemia Unexpected 11.3g 8.0 

2673 61, F Overdose Overdose Unexpected UNK 4.6 

2812 59, M Injury 
Accidental 

Contusion 
from fall 
(over right 
eye) 

Unexpected 7.5g 1.0 

281 59, M Injury 
Accidental 

Contusion 
from fall 
(right arm) 

Unexpected 7.5g 1.0 

281 59, M Injury 
Accidental 

Head injury 
from fall 

Unexpected 7.5g 1.0 

1The dose listed is the dose associated with the SAE, not the patient’s most common dose during the study. 

2Patients who had more than one SAE as part of a single event except for patient 257 which represents two events. 
3Patient reported to have taken an overdose of sodium oxybate although the exact dose is not known. 
 

 
A relationship between higher dosages of trial medication and SAEs was found in this 
trial, although not in any other trial.  Possible contributory factors affecting the frequency 
of SAEs include the length of the trial (16 years), the individual patients’ increased age 
during the course of the trial (from a mean age of 45.3 years at entry to approximately 61 
years at last observation), the SAEs that would be expected to occur in patients with 
narcolepsy, the baseline rate of cardiovascular abnormalities, and, for some patients, the 
continued use of TCAs. 
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4.5.3 DISCONTINUATIONS AND OTHER SIGNIFICANT ADVERSE EVENTS 
 
Twenty-three patients withdrew from the Scharf trial because of AEs.  Sodium oxybate 
last dosage was 3.0 g/d for 5 patients, 4.5 g/d for 2 patients, 6.0 g/d for 9 patients, 
7.5 g/d for 5 patients, and 9.0 g/d for 2 patients.  Eight of these patients subsequently 
died; the reasons for discontinuation in these 8 patients were the same as the causes of 
death with the exception of patient 243, who withdrew from the trial because of weight 
loss, and died 4 months later because of a heart attack. 
 
AEs leading to withdrawal were considered to be related to trial medication in 6 of the 23 
patients: 
 
• Patient 019 was hospitalized following a suicide attempt (SAE) using an overdose of 

sodium oxybate on an unspecified date.  This SAE was believed to be definitely 
related to treatment (intentional overdose) with sodium oxybate, and the patient was 
discontinued from the trial.  The patient was started on sodium oxybate 5.3 g/d on 
July 12, 1987; his last recorded dosage of sodium oxybate (9.0 g/d) was July 
30, 1989. 

 
• Patient 259 discontinued sodium oxybate due to AEs of “feeling like a zombie,” 

stiffness in legs and chest, and excessive crying (COSTART terms delirium, 
hypertonia, and emotional lability).  These AEs, which were considered to be 
probably related to trial medication, were first reported on June 6, 1987 (sodium 
oxybate was begun June 3,1987at a dose of 5.3g/d), at which time the dosage of 
sodium oxybate was decreased to 3.0 g/d.  The dosage was further reduced over the 
next 11 days to 0.8 g/d.  The problem did not resolve, and the patient was 
discontinued on July 15, 1987.   

 
• Patient 271 began taking sodium oxybate (5.3 g/d) in October 1994.  He reported an 

AE of swollen ankles and feet (COSTART term edema) on January 18, 1995.  This 
AE was considered to be possibly related to trial medication.  Initial action was to 
reduce salt intake, with no change in sodium oxybate dosage.  The event did not 
resolve, and the patient discontinued the trial on April 30, 1995.  The last recorded 
dosage of sodium oxybate was 4.3 g/d. 

 
• Patient 066 began taking sodium oxybate on March 25, 1985.  She was discontinued 

from 7.5g sodium oxybate treatment on 4/20/91 due to possible drug-induced lupus.  
The patient presented rheumatoid-like symptoms accompanied by a series of 
sustained high anti-nuclear antibody (ANA) titers over a period of five months 
preceding her discontinuation.  Titers for ANA continued to be elevated for the 6 
months following the discontinuation of sodium oxybate.  Anti-histone antibody titer 
reported on 10/5/92 was negative.  No symptoms consistent with lupus accompanied 
the elevated ANA titers and no diagnosis of drug-induced lupus or systemic lupus 
erythematosus was made. 

• Patient 244 began taking sodium oxybate on June 21, 1988.  The patient was 
discontinued due to high ANA titer (possible drug-induced lupus) on May 3, 1989.  
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The dose at discontinuation was 2.3g.  No symptoms consistent with lupus 
accompanied the elevated ANA titers and no diagnosis of drug-induced lupus or 
systemic lupus erythematosus was made.  Follow-up notes of November 1992 
indicated that the patient was negative for both ANA and anti-histone antibodies.  
The patient also informed the site that she was participating in a sodium oxybate trial 
under Dr. Scrima’s IND.  Dr. Scrima reported that the patient participated in his trial 
until termination in 2000 with good efficacy and no symptoms of lupus. 

• Patient 254 began taking sodium oxybate on May 2, 1988.  The patient discontinued 
due to a serious adverse event of pulmonary interstitial infiltrate, possible pulmonary 
toxicity on June 26, 1989.  The sodium oxybate dose at discontinuation was 4.5g.  
The event resulted in in-patient hospitalization.  The SAE report notes that the event 
was not related to trial medication, but source documents note that the event was 
“possibly related to the GHB or even the sodium load associated with GHB use”.  
Follow-up efforts with the patient to determine if the event resolved with trial 
medication discontinuation were unsuccessful. 

 
4.5.4 DEATHS – SCHARF TRIAL 
 
Eleven patients died in the Scharf trial, including 5 deaths from cardiovascular-related 
causes, 5 deaths from cancer (3 lung, 1 colon, and 1 bladder), and 1 death related to a 
boating accident.  None of the deaths was considered related to trial medication. 
 
A significant prior history of contributory disease was present in all 5 cardiovascular-
related deaths.  In 2 of the 5 deaths from cancer, there was significant past history of 
malignancy.  The medical history for 1 of the patients who developed lung cancer 
included persistent cold symptoms.  No significant factors prior to diagnosis were 
identified for the remaining 2 cancer deaths. 
 
The deaths occurred following 1.2 to 10.4 years of treatment with sodium oxybate.  Of 
the 11 deaths reported to FDA, in only 5 cases did the date of death occur within 
30 days of the last reported dose of sodium oxybate.  In 4 of these cases, there was 
significant past medical history of disease; in the fifth case there was a history of 
persistent respiratory symptoms prior to the diagnosis of lung cancer. 
 
This analysis does not reveal a pattern that could be viewed as causally related to 
sodium oxybate. 
 
4.6 OMC-SXB-21 Trial 
 
The OMC-SXB-21 clinical trial was a randomized, double blind, placebo-controlled, 
multicenter trial in 55 patients to assess the long-term efficacy of sodium oxybate 
compared with placebo.  This trial was specifically designed to provide evidence of long-
term efficacy of sodium oxybate based on the return of cataplexy symptoms upon 
cessation of a minimum of 6 months of open-label sodium oxybate treatment.  A 2-week 
lead-in period with single-blind treatment with Xyrem at the patient’s established dosage 
was followed by a 2-week period of double-blind treatment with either Xyrem or placebo.  

155 

                                      PAR1005 
IPR of U.S. Patent No. 7,668,730  
                               Page 159 of 353



Orphan Medical, Inc. 
NDA #21-196 Xyrem® (sodium oxybate) oral solution 
Peripheral and Central Nervous System Drugs Advisory Committee Briefing Booklet 
 

R:\GHB\PostNDA\Advisory Meeting\June 6-2001 Meeting\Briefing Books\Section 4--Safety.doc 28 

Patients randomized to placebo experienced abrupt cessation of treatment and a return 
of cataplexy as the definitive endpoint measure.  A total of 17 patients (31%, 17/55) – 
7 of 26 (27%) Xyrem patients and 10 of 29 (34%) placebo patients – experienced at 
least 1 AE during the trial.  In the double-blind period, there were no statistically 
significant differences between the Xyrem and placebo groups in the incidence of 
patients with an AE (12% for Xyrem, 31% for placebo; p = 0.108), related AEs (4% for 
Xyrem, 14% for placebo; p = 0.355), or severe AEs (0 for Xyrem, 3% for placebo; 
p = 1.000).  No deaths, discontinuations, or serious AEs occurred during the trial.  The 
incidence and severity of AEs were low.  The majority were considered to be unrelated 
to trial medication.  During the double-blind treatment period, patients on placebo did not 
experience a statistically significant change in vital signs or laboratory values. 
 
Recent literature reports (Friedman 1996, Galloway 1997) indicate that abrupt 
discontinuation of high-dose, chronic sodium oxybate has resulted in withdrawal 
symptoms, which consistently include insomnia, anxiety, and tremors.  Of these, 
insomnia, which generally resolved within 3 days, was the most consistently described 
symptom.  Hallucinations (Hernandez 1998) have also been reported.  In the  
OMC-SXB-21 placebo patients, these withdrawal symptoms occurred infrequently (3 
[10.3%] of 29) patients, in patients abruptly withdrawn from chronic therapeutic dosages 
of sodium oxybate (anxiety, 2 [7%] patients, insomnia, 1 [3%] patient).  These events 
were considered by the investigators to be of mild severity and probably (both patients 
with anxiety) or possibly (the 1 patient with insomnia) related to trial medication.   
 
Overall, the results of this study indicate that Xyrem is well tolerated.  Few AEs were 
related to the study drug.  Abrupt discontinuation of long-term Xyrem treatment at 
therapeutic dosages did not appear to result in an increase in AEs that would indicate 
the presence of a withdrawal syndrome. 
 
4.7 Safety Summary of the Pharmacokinetic Trials 
 
The 8 clinical pharmacokinetic trials included 6 studies done in 125 normal volunteers 
and 2 studies (OMC-GHB-4, OMC-SXB-10) conducted in 19 narcoleptic patients.  All 8 
studies involved acute dosing with either 1 or 2 doses of sodium oxybate. 
 
Table 4.10 summarizes the AEs for the 144 subjects in the 8 integrated pharmacokinetic 
(PK) trials.  Approximately half of the subjects (75 subjects, 52%) experienced at least 1 
AE, almost all of which were considered study drug-related AEs.  Only 2 subjects (1%) 
discontinued due to AEs.  There were no SAEs and no severe AEs. Most AEs were 
rated as mild in severity and all AEs resolved spontaneously, with no sequelae. 
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Table 4.10    Summary of Adverse Events    Integrated Pharmacokinetic Trials 
 Sodium Oxybatea 
Number of Subjects 144 (100%) 
All events  

Subjects with ≥ 1 AE 75 (52%) 
Subjects with SAEs 0 
Subjects with related AEs 72 (50%) 
Subjects with severe AEs 0 
Subjects discontinuing due to AE 2 (1%) 
Subject deaths 0 

aSubjects are counted only once in each category. 
 
The most common AEs experienced in the PK trials were nausea, dizziness, headache 
and vomiting.  In general the frequency of AEs tended to increase with oxybate dosage 
but the severity and type of AE did not.  In the 3 drug interaction studies, no clinically 
significant changes occurred in either the pattern or severity of AEs when Xyrem was 
administered together with protriptyline, modafinil or zolpidem.  The highest incidence of 
AEs occurred in the fasted phase of the food effect study in which the subjects 
experienced 4 times as many AEs when given a 4.5g dose after an 8 hour fast as 
compared to the same dose given shortly after a high fat meal. The 2 subjects who 
discontinued due to the occurrence of AEs are detailed below.   
 
In the dose proportionality study (OMC-SXB-9), Subject #012, a 30 year-old female, 
failed to return for the second dosing period after experiencing headache and nausea 
subsequent to the first dosing when she was administered 2 doses of 2.25g four hours 
apart. 
 
In the food effect study (OMC-SXB-11), Subject #003, a 39 year-old female, was 
exposed to a single maximum therapeutic dose (4.5g) after a controlled 10-hour fast 
(overnight), with dosing at 7:00am. Initial adverse event reporting consisted of mild 
dizziness 30 minutes after dosing. Approximately 1 hour post-dosing, while lying supine, 
she developed a respiratory obstructive episode, characterized by respiratory stridor and 
“labored respiration”.  Initial repositioning did not immediately relieve the obstruction and 
a brief apneic event supervened. In the subsequent data analysis and report, the 
respiratory episode was coded with the COSTART preferred term “apnea”.  No positive 
pressure respiratory support was required since spontaneous respiratory effort followed 
the stimulation, and continued unassisted.  Supplemental oxygen was provided via a 
facemask.  At the time of the event, blood pressure and pulse were normal.  Following 
the stimulation, she awoke and vomited once, after which she again fell asleep with 
normal respiratory rate.  The duration of this entire sequence of events was 
approximately 2 minutes. 
 
Again, approximately 1 hour later (that is, 2 hours post-dosing) the subject again 
developed a respiratory obstructive episode, beginning with respiratory stridor and 
proceeding to a brief pause in spontaneous respiration that resolved with stimulation and 
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the placement of a facemask for supplemental oxygen.  An episode of fecal incontinence 
accompanied this event, but the patient was arousable, responded to verbal commands 
and no tonic/clonic activity was part of the event.  Again, blood pressure (110/64) and 
pulse (57/min) remained normal for the subject.  The subject again responded to verbal 
commands to breathe deeply. 
 
There were no other untoward events relating to medication.  Two hours later the subject 
consumed most of the offered lunch.  She remained at the study facility for the full 10 
hours post-dosing, along with the other study subjects, and was discharged home with 
no sequelae.  She chose not to return for the second dosing one week later.  The 
plasma oxybate versus time curve for Subject #003 was not significantly different from 
the other 17 normal subjects dosed identically at the same time.   
 
In addition to adverse events, vital signs (blood pressure, heart rate, respiration rate) 
were recorded before and at multiple time points after each dosing period in all 8 of the 
PK studies.  No clinically significant changes in vital signs were recorded in any patient 
or normal volunteer in any of the 8 PK trials.  Overall, the safety profile of Xyrem from 
the 125 healthy subjects in the PK trials was not significantly different from that of the 
narcoleptic patient population.   
 
4.8 Adverse Events of Special Interest 
 
Subsequent to the submission of the NDA, several questions were raised by the FDA 
regarding both the Scharf trial and the integrated clinical trials.  Responses to these 
questions were provided to the FDA in a Major Amendment on March 23, 2001, and in 
an Amendment for the Scharf Trial on April 10, 2001.   
 
The major issues are summarized here, including:  
 
• Further description of patients with  

– AEs coded to confusion 
– AEs coded to convulsion 
– Neuropsychiatric AEs 
– AEs of hyperglycemia or diabetes mellitus 

• Analysis of the potential for drug-induced lupus 
• Analysis of incontinence AEs and the relationship to seizurogenesis 
• Characterization of the 80 patients who did not transfer from the Scharf trial into 

OMC-SXB-7 as of May 31, 1999. 
• Characterization of the 75 occurrences in the Scharf trial with “reaction unevaluable” 

AEs  
• Comparison of the incidence of AEs for sodium oxybate and placebo in the 

controlled trials 
 
An analysis of AEs for sodium oxybate and placebo in the 4 controlled trials is also 
included in this section. 
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No patients in the OMC-SXB-21 trial experienced confusion, convulsions, or any 
neuropsychiatric event.  One patient experienced hyperglycemia during the single-blind 
lead-in period; this was considered mild and not related to trial medication.  No patients 
in the Lammers trial experienced any of these AEs. 
 
4.8.1 ADVERSE EVENTS CODED AS CONFUSION 
 
4.8.1.1 Updated Integrated Clinical Trial Database 
 
Of the 402 patients in the updated integrated clinical trial database, 30 (7%) patients had 
47 AEs with the COSTART preferred term of confusion (Table 4.11).  Of these, 1 patient 
was in the placebo group.  
 
Of the 30 patients who experienced confusion, 2 (<1%) had AEs considered serious by 
the investigator; 29 (7%) had AEs considered related (including the 1 patient on 
placebo); and 4 (1%) had AEs considered severe.  A total of 3 patients (<1%) 
discontinued due to the AE of confusion.  There were no deaths due to AEs of 
confusion.  Two of the patients (0221 and 0815) had also experienced AEs of confusion 
prior to any treatment with Xyrem.  The incidence of confusion among the 29 patients 
taking Xyrem does not appear to be dose-related.  
 

Table 4.11    Summary of Patients with AE Preferred Term of Confusion by Dosage  
at Onset   Updated Integrated Clinical Trials 

Confusion:    Xyrem Oral Solution Dosage (g/d) at Onsetb 
All Events Totala Placebo Totala 3.0 4.5 6.0 7.5 9.0 
Number of 
Patients 

402 
(100%) 

54 
(100%) 

399 
(100%) 

97 
(100%) 

269 
(100%) 

290 
(100%) 

133 
(100%) 

129 
(100%) 

At least 1 AE  30 (7%) 1 (2%) 29 (7%) 4 (4%) 6 (2%) 11 (4%) 6 (5%) 10 (8%) 
SAEs  2 (<1%) 0 2 (<1%) 0 0 1 (<1%) 0 1 (1%) 
Related AEs  29 (7%) 1 (2%) 28 (7%) 3 (3%) 6 (2%) 10 (3%) 6 (5%) 10 (8%) 
Severe AEs 4 (1%) 0 4 (1%) 0 2 (1%) 1 (<1%) 0 1 (1%) 
Discontinua-
tion due to an 
AE 

3 c (<1%) 0 3 c 
(<1%) 

0 0 1 (<1%) 0 2c (1%) 

Deaths 0 0 0 0 0 0 0 0 
a Patients are counted only once in the total column. 
b Some patients were exposed to more than 1 dosage during the trial(s), so the sum of patients exposed to 

specific dosages exceeds the total number of patients in the updated integrated clinical trial database. 
c  Patient 2632 (9.0 g/d) discontinued due to “patient request” (confirmed by further medical review); 

therefore, this patient is not included here.  However, the AEs of headache/confusion were contributing 
factors. 

 
Of the 30 patients, 21 (70%) were women, and 20 (67%) were 50 years of age or older 
(range 25.7 to 73.8 years). 
 
Most of the AEs of confusion were experienced during the first 60 days of trial: 
13 patients experienced 15 AEs of confusion during Days 1 to 30; 10 patients 
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experienced 11 AEs during Days 31 to 60; 5 patients experienced 5 AEs during Days 61 
to 120; 7 patients experienced 13 AEs during Days 121 to 365; and 3 patients 
experienced 3 AEs during Days 366 to 1022.   The first occurrence of confusion was 
during Days 1 to 30 for 13 patients; during Days 31 to 60 for 8 patients; during Days 61 
to 120 for 5 patients; during Days 121 to 365 for 2 patients; and during Days 366 to 1022 
for 2 patients. 
 
Two events of confusion were not recorded as resolved: 
 
• Patient 2539 (onset Day 74) experienced mild and intermittent “confused 

awakening,” which was listed as ongoing in trial OMC-SXB-6, but is not listed in the 
patient’s follow-up trial OMC-SXB-7. According to the following comment on the CRF 
for “action taken” for this episode, it appears that a stop date should have been 
entered in trial OMC-SXB-6: “Patient notes she may awaken after first dose of Xyrem 
but before second dose . . . she got up a few times initially but realizes she was 
confused. Now she intentionally goes back to sleep and avoids getting up.” 

 
• Patient 2632 experienced a moderate, probably related episode of “disorientation” on 

Day 267 in OMC-SXB-7 that was categorized as intermittent. On the same day this 
event of confusion was reported, the patient discontinued due to “patient request” 
(confirmed by further medical review); therefore, this patient is not listed as 
discontinuing due to the AE of confusion.  However, the AEs of headache/confusion 
were contributing factors. In OMC-SXB-6, his previous trial, this patient had a similar 
complaint (Day 10, 9/22/99), which resolved in January 2000.  Follow-up with this 
patient on 3/21/01 by the trial coordinator confirms that this patient’s disorientation 
resolved soon after trial termination and the patient has had no recurrence of these 
symptoms.  

 
Most of the verbatim descriptions of AEs with the COSTART preferred term of confusion 
included some form of the words “confusion” or “disoriented.”  The actual investigator 
terms were: 
 
• “Confusion,” “acute confusional state,” or “confusion on awaking” – 15 patients with 

25 events  
• “Disoriented,” “disoriented upon awakening,” or “disorientation” – 13 patients with  

15 events  
• “Confusion/disorientation” – 2 patients with 2 events 
• “Feeling ‘drunk’ after taking drug” – 3 patients with 3 events  
• “Dazed feeling” – 1 patient with 1 event  
• “Couldn’t comprehend” – 1 patient with 1 event  
• “Woozy feeling” – 1 patient with 1 event  
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4.8.1.2 Analysis of Trial OMC-GHB-2 
 
Eleven (8%) of the 136 patients in OMC-GHB-2 (including 1 patient on placebo) 
experienced an AE of confusion.  Since this trial was only 4 weeks in duration, additional 
analysis was conducted.  
 
The major difference between trial OMC-GHB-2 and the other studies is that patients 
were assigned dosages in a blinded, randomized manner that excluded any 
consideration of body weight or size, sex, or disease severity.  This non-titrated dosing 
assignment produced the majority of occurrences of confusion in the 10 patients on 
active drug: 
 
• Six patients experienced the AE at the 9.0 g/d dosage level  
• Six patients experienced the AE in the first week of drug exposure, with 4 of these 6 

assigned to the 9.0 g/d dosage 
 
The emergence of these AEs, especially at the 9.0 g/d level, in the short 4 weeks of 
active treatment gives further support to the proposed dosing strategy, with initial dosing 
at the 4.5 g/d level and subsequent optimization of clinical response by dosing 
adjustments of 1.5 g/d every 2 weeks.  
 
Nine of these patients continued into future trials, and only 2 had a recurrence of 
confusion. 
 
4.8.1.3 Scharf Trial 
 
All patients who had AEs with the COSTART preferred term of confusion during the 
Scharf trial through the data cutoff of May 31, 1999, were included in this analysis.   
 
Of the 143 patients in the trial, 10 (7%) experienced a total of 15 AEs with the COSTART 
preferred term of confusion (Table 4.12).  One patient experienced an SAE, 5 AEs were 
possibly or probably related to trial medication, 1 patient had 3 severe AEs, and no 
patients discontinued due to an AE of confusion.   
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Table 4.12    Summary of Patients with AE Preferred Term of Confusion by  

Dosage at Onset – Scharf Trial 
Confusion: All Xyrem Oral Solution Dosage (g/d) at Onsetb 
Events 

 
Totala 3.0 4.5 6.0 7.5 9.0 

Patients with: 
At least 1 AE  

 
10c 

 
0 

 
3 

 
3 

 
4 

 
0 

SAEs  1 0 0 0 1 0 
Related AEs  5 0 1 2 2 0 
Severe AEsc  1 0 1c 0 0 0 
Discontinuations 
due to an AE  

0 0 0 0 0 0 

Deaths  0 0 0 0 0 0 
a Patients are counted only once in each category. 
b Dosage at onset.  Dosage for patient 248 is listed as “0.” 
c  Patient 027 experienced 3 events of “disoriented,” all of which were considered severe. 

 
All 15 AEs used verbatim terms including the words “confusion” or “disoriented.”  Five 
events were considered possibly or probably related to trial medication, 6 were of 
unknown relationship, and 4 were not related. 
 
Of the 10 patients, 6 were men and 4 were women.  For 8 of these 10 patients, the event 
of confusion was reported only once.  Age at the time of onset ranged from 27.7 to 76.8 
years.  Of the 15 events, 5 occurred in the first 60 days, 4 occurred from 61 days to 
1 year, 3 occurred from 1 year to 2 years, and 3 occurred at > 2 years (Days 3185, 3301, 
and 3314) on trial medication.  The dosage at onset for these events ranged from 4.5 to 
7.5 g/d. 
 
Most events (10 of 15, 66.7%) were transient in nature, (single episodes) lasting 1 day or 
less.  One event lasted 15 days; the remaining events (1 in each of 4 patients, 235, 248, 
251, and 266) had no stop date listed.  Two of these patients (248, “mental confusion”, 
and 251, “confused”) discontinued for non-compliance ) on Days 89 and 218, 
respectively); onset of their AEs was Days 5 and 62, respectively.  The other 2 patients 
(235, “disorientation [when awakening from sleep],“ and 266 “confused sometimes [not a 
lot],” with onset of AEs on Days 1 and 273, respectively, transferred into OMC-SXB-7 on 
Days 4456 and 5623, respectively, with no confusion AEs reported in the OMC-SXB-7 
trial. 
 
Only 1 patient (012, “disoriented”) experienced an SAE, which resulted in overnight 
hospitalization.  This patient returned to study drug with no further recurrences.  No 
patients discontinued due to AEs of confusion. 
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4.8.2 ADVERSE EVENTS CODED AS CONVULSION 
 
4.8.2.1 Updated Integrated Clinical Trial Database 
 
Of the 402 patients in the updated integrated clinical trial database, 14 (3%) had AEs 
with the COSTART preferred term of convulsion(s).  Thirteen (93%) of these 14 patients 
had investigator verbatim terms relating the event to cataplexy (Table 4.13).  The single 
event with the investigator term of “seizures” also appeared to be cataplexy-related (see 
discussion below).   
 

Table 4.13    List of COSTART and Verbatim Investigator Terms for AEs of 
Convulsion – Updated Integrated Clinical Trial Database 

Patient Number COSTART Term Verbatim Term 
0221 Convulsions Increase in major cataplexy attacks 
0231 Convulsion Increased duration of cataplectic events 
0243 Convulsion Increase partial cataplexy 

Convulsion Increase in cataplexy 0545 
Convulsion Increase in cataplexy 

0608 Convulsion Increased cataplexy 
0814 Convulsion Seizures 

Convulsion Increased cataplexy  0835 
Convulsion Cataplexy 

1130 Convulsion Cataplexy 
Convulsion Increased cataplexy (significant) 1302 
Convulsion Increased cataplexy (significant) 

1306 Convulsion Increase in cataplexy 
1509 Convulsion Multiple cataplexy attacks for 10 min. (due to 

protocol violation of patient: got out of bed to use 
bathroom 1½ hr. after taking 1st dose of sodium 

oxybate) 
Convulsion Bit tongue (due to falling faster to ground: 

cataplexy) 
1703 

Convulsion Hit temple against furniture (due to falling faster 
to ground: cataplexy) 

2936 Convulsion Cataplexy 
3937 Convulsion Cataplexy 

 
There were 7 patients (2%) with related AEs coded as convulsion and 2 patients (<1%) 
with severe AEs coded as convulsion (Table 4.14).  There were no SAEs, 
discontinuations, or deaths associated with AEs coded as convulsion.  A higher 
incidence of AEs coded as convulsion was seen in the 9.0 g/d dosage at onset group 
(5%, compared with 2% for 6.0 g/d, 1% for 4.5 g/d, and 0 for 3.0 and 7.5 g/d).  However, 
patients with the most severe cataplexy are potentially titrated to the highest dosage, 
which may explain the slightly higher incidence of these cataplexy related AEs, which 
were coded as convulsion, at 9.0 g/d. 
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Table 4.14    Summary of Patients with AE Preferred Term of Convulsion, by Dosage  

at Onset – Updated Integrated Clinical Trials 
Convulsion:   Xyrem Oral Solution Dosage (g/d) at Onset  
All Events Total a Placebo Total a 3.0 4.5  6.0  7.5  9.0  
Number of Patients 
 

402 
(100%) 

 54 
(100%) 

399 
(100%) 

 97 
(100%) 

269 
(100%) 

290 
(100%) 

133 
(100%) 

129 
(100%) 

Patients with: 
> 1 AE of convulsion 

 
14 (3%) 

 
0 

 
14 (4%) 

 
0 

 
3 (1%) 

 
5 (2%) 

 
0 

 
6 (5%) 

Convulsion SAEs  0 0 0 0 0 0 0 0 
Related convulsion 
AEs  

7 (2%) 0 7 (2%) 0 1 (<1%) 4 (1%) 0 2 (2%) 

Severe convulsion 
AEs  

2 (<1%) 0 2 (1%) 0 1 (<1%) 1 (<1%) 0 0 

Discontinued due to 
convulsion AE  

0 0 0 0 0 0 0 0 

Deaths due to 
convulsion AE 

0 0 0 0 0 0 0 0 

a Patients are counted only once in each category. 
 
Of the 14 patients, 8 were women and 6 were men.  Age ranged from 21.2 to 70.6 years, 
with 6 patients under the age of 50.  Of the 17 events, 5 occurred within the first 30 days 
after first administration of Xyrem; 1 occurred 31 to 60 days after; 3 occurred 61 to 90 
days after; 1 occurred 91 to 120 days after; 1 occurred 236 days after; 1 occurred 333 
days after; 3 occurred 1 to 2 years after; and 2 occurred between 2 and 3 years after.  
The event termed “seizures” in patient 0814 occurred 935 days (2.6 years) after first 
taking Xyrem.  Three of the 17 events (patients 0231, 0608, and 1302) were ongoing at 
last contact; however, the event for patient 1302 (“increased cataplexy, significant”) was 
recorded as resolved on Day 38 (duration 7 days) at trial entry into OMC-GHB-3.  
Duration for the remaining 14 events was < 1 day for 5 events, 2 to 7 days for 4 events, 
8 to 14 days for 2 events, 34 and 38 days for 2 events, and 151 days for 1 event. 
 
Of the 14 patients, 13 had events related to cataplexy; only 1 patient (0814) had a less 
definitive assignment of “seizures,” which were considered mild, with relationship to trial 
medication unknown.   
 
Patient 0814, a 58 year old male, had a history of narcolepsy for twenty years prior to 
the start of cataplexy.  He participated in the OMC-GHB-2 trial (beginning treatment on 
May 28, 1997) and proceeded into OMC-GHB-3 (beginning June 30, 1997).  His dose of 
sodium oxybate was 4.5g/day.  He continued into the OMC-SXB-7 trial, beginning May 
13, 1999 at the 4.5g/d dose, and remains at this dose.  He had a past history of 
headaches, left breast cancer, and numerous falls with closed head injury due to 
cataplexy.  He sought neurological consultation (April 15, 1999) with a two-year history 
of memory problems, complicated by getting lost, and a description of “losing gaps of 
time”.  Two such adverse events were reported during the study (trial days 220 and 558) 
with verbatim descriptive terms “fugue state; patient reports being in limbo”, and “trance-
like state”, both of which have been COSTART coded as convulsions.  It is important to 
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note that this neurologic symptomatology preceded study commencement.  Neurologic 
examination on all occasions was normal.   His neurologist initiated investigation for 
these memory lapses, with a possible association of partial complex seizures, or 
possible early mild dementia or encephalopathy.  MRI scan (April 15, 1999) was normal 
and specifically excluded metastatic disease.  His EEG was normal during quiet 
wakefulness and stage II sleep, and during photic stimulation (hyperventilation was not 
done).  A follow-up ambulatory, twenty-four hour EEG did indicate polyspike and wave 
activity that could indicate possible generalized seizure activity, but artifact could not be 
excluded.  Overall clinical correlation was advised.  A trial of Dilantin 300 mg/day was 
conducted over a three-month period, with no change in symptomatology.  Psychiatric 
assessment did not contribute explanation for the confusional episodes.  These events 
continue intermittently, and have been suggested by the principal investigator to be 
possibly related to the narcolepsy syndrome. 
 
4.8.2.2 Scharf Trial 
 
Nine patients experienced 20 AEs that coded to COSTART preferred terms of 
convulsion or convulsion grand mal (Table 4.15). 
 

Table 4.15    Summary of Patients with AEs of Convulsion, by Dosage at  
Onset – Scharf Trial 

 Sodium Oxybate Oral Solution Dosage (g/d) at Onset 
Convulsion: All Events 

 
Total a 3.0 4.5 6.0 7.5 9.0 

Number of convulsion 
AEs 

20      

Patients with at least 1 
AE  

9 0 0 5 2 2 

Convulsion SAEs  1 0 0 0 0 1 
Related convulsion AEs  1 0 0 0 0 1 
Severe convulsion AEs 1 0 0 0 0 1 
Discontinuations due to 
a convulsion AE 

2 0 0 1 1 0 

Convulsion Deaths 0 0 0 0 0 0 
a Patients are counted only once in each category, at the highest dosage at onset. 
 
Table 4.16 summarizes the COSTART and verbatim terms for the 20 events in these 
9 patients.  Ten AEs in 4 patients included the verbatim term “seizure,” including the 
1 SAE and 1 related AE (same event) and 2 discontinuations.  The remaining five 
patients reported cataplexy that was reported as convulsion. 
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Table 4.16    List of COSTART and Verbatim Investigator Terms  
for Convulsion AEs – Scharf Trial  

Patient 
Number 

COSTART 
Term Verbatim Term 

Dosage at 
Onset (g/d) 

043 Convulsion Excessive cataplexy 6.0 
048 Convulsion Convulsive-like seizurea 8.3 
049 Convulsion Fall, sudden cataplexy 6.0 
051 Convulsion Fell twice, with cataplexy 6.0 
064b Convulsion Seizure 7.5 

 Convulsion Seizure 6.0 
 Convulsion Seizure 6.0 
 Convulsion Seizure during the morning 6.0 
 Convulsion Seizure in the morning 6.0 
 Convulsion Another seizure in afternoon 6.0 
 Convulsion Seizure in the morning 6.0 

Convulsion Cataplexy 7.5 219 
Convulsion Cataplexy 7.5 

247c Convulsion Seizure, continuous jerking 6.0 
255d Convulsion 

Grand Mal 
Brief grand mal seizure 5.3 

257 Convulsion Violent shaking and vibrationse 5.3 
 Convulsion Jerking during cataplexy 9.0 
 Convulsion Bad cataplexyf 9.0 
 Convulsion Cataplexyf 12.0 
 Convulsion Fall from cataplexy caused him to hit 

his head on furniture, increase in 
cataplexy resultedf 

11.3 

a This event was serious and determined to be possibly related to study medication. 
b Patient 064, who had a pre-existing left frontal lobe lesion that may have contributed to the seizure 

activity, discontinued due to series of 7 seizures over 14-month period. 
c Patient 247 discontinued due to the AE. 
d Patient 255 had a history of seizures of unknown etiology at enrollment. 
e This AE was most likely associated with fever and chills due to a severe tonsillar infection. 
f AE was considered by the investigator to be severe. 

 
Of the 9 patients, 6 were women and 3 were men.  Age at onset ranged from 14.5 to 
47.7 years, with 2 of the patients (both women) under the age of 20.  Of the 20 events, 
1 occurred in the first 60 days, 8 occurred from 6 months to 1 year, 5 occurred from 1 to 
2 years, and 6 occurred at > 2 years (Days 1878 to 4537) following the start of trial 
medication.  The 10 seizure-related events occurred on Days 275 to 681 (064, 7 events), 
day 276 (patient 247), day 310 (patient 255), and day 1931 (patient 048) of sodium 
oxybate treatment. 
 
Four (043, 049, 051, and 219) of the 9 patients with AEs coding to “convulsion” had 
events related to cataplexy.  One patient (257) had 5 events coded to convulsion,  
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4 events were related to cataplexy and 1 event, verbatim term, violent shaking and 
vibrations, was considered to be most likely due to a concurrent infection.   
 
Of the 4 remaining patients that had events coded to COSTART term convulsion,  
2 patients (064 and 255) had events of verbatim terms seizure (064 experienced  
7 separate events of unknown relationship to trial medication) and brief grand mal 
seizure (255), which was considered unrelated to trial medication.  Patient 255 had a 
previous history of seizure disorders, and patient 064 had a pre-existing left frontal lobe 
lesion that may have contributed to the seizure activity as suggested by focal EEG 
changes and continuation of seizures since discontinuation of sodium oxybate study 
medication in May, 1989.  Two patients (048 and 247) had events of verbatim terms 
convulsive-like seizure and seizure (continuous jerking all over body) that were possibly 
complicated by polypharmacy, but are considered to represent potential seizurogenesis.   
 
4.8.3 NEUROPSYCHIATRIC ADVERSE EVENTS 
 
Published studies indicate that symptoms of depression and other symptomatology of 
psychiatric illnesses are seen in 50% or more of narcolepsy patients, making it difficult to 
accurately characterize the reports of neuropsychiatric AEs.  A review of literature 
concerning the incidence of psychopathology associated with narcolepsy is provided as 
follows:  
 
Strong associations between neuropsychiatric pathology and sleep disorders, in 
particular narcolepsy, are proposed in the literature by both retrospective reviews (Sours 
1963, Wilcox 1985) with comparative sex- and age-matched controls.  Central 
mechanistic associations have been proposed to link the pathophysiology of psychosis 
and abnormal central sleep controls (Howland 1997, Saucerman 1997).  Further 
psychiatric morbidity in narcoleptics on chronic high-dose stimulant therapy is well 
established (Pawluk 1995). 
 
An example of the associated psychotherapy with narcolepsy was defined by John 
Sours in 1963 when he reviewed clinical records of patients admitted to a New York 
Hospital from 1932 – 1964 and coded under the categories of hypersomnia, somnolence 
and narcolepsy.  He identified eight patients with schizoid personality disturbances and 
another ten patients that developed frank schizophrenic psychoses which required 
prolonged hospitalization.  Such an association was established in the 1985 sex- and 
age-matched review by James Wilcox at the University of Iowa between narcolepsy and 
the symptoms of schizophrenia.  Such associations have led to discussions as to 
whether psychiatric findings are epiphenomenal to, or inherent in the expression of 
narcolepsy. 
 
A review of the emotional and psychosocial correlates of narcolepsy in fifty adults who 
had a current complaint of sleep attacks and cataplexy by Kales et al in 1982 indicated a 
“high level of psychopathology compared to controls”.  However, these authors 
considered this to be primarily a reaction to the disorder and its effects. 
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Robert Howland (1997) established clear association between the sleep-onset REM 
characteristics of narcolepsy and schizophrenia, psychotic depression, and delirium 
tremors.  He proposed this objective EEG measure as an objective surrogate of 
neurochemical abnormality representing a common mechanistic link. 
 
An association between the HLA antigens related strongly to narcolepsy-cataplexy 
(HLA-DR2, DQ1) and its subdivision HLA-DR15, DQ6 has been suggested with 
schizophrenia.  Douglass (1993) found that in 56 schizophrenic patients and 56 controls, 
the incidence of narcolepsy-associated antigens was 3.89 times higher in the 
schizophrenic patients.  Also, that the patients with the narcolepsy-associated antigens 
had more hospitalizations and higher Brief Psychiatric Rating Scale scores, suggesting a 
severity association. 
 
As was suggested by Kales, studies using self-report as well as traditional psychiatric 
measures have found significant depression among narcoleptics.  People newly 
diagnosed with narcolepsy have reported that depression was the personality change 
they noted at disease onset (Broughton 1976).  Recurrent episodes of depression have 
been reported by 51% of people with narcolepsy (Broughton 1984). 
 
Seven hundred narcoleptics chosen randomly from the patient rolls of the American 
Narcolepsy Association were surveyed (response rate = 61.4%) with anonymous 
responses to the Center for Epidemiologic Studies Depression Scale (CES-D), indicating 
again that a high proportion of narcoleptics (49%) were experiencing depressive 
symptoms. 
 
Patient status in narcolepsy is obviously a complicated and dynamic representation of: 
 
! Disease-associated psychosocial morbidity. 
! Stimulant-induced personality changes. 
! Stress variations in daily life. 
! Treatment-related co-morbidities. 

 
It is very difficult to interpret causality of events to any single contributor. 
 
4.8.3.1 Updated Integrated Clinical Trial Database 
 
AE terms suggestive of neuropsychiatric events – overdose, coma, death, depression, 
hallucinations, intentional overdose, manic depressive reaction, overdose, paranoid 
reaction, personality disorder, psychosis, stupor, suicide, and suicide attempt – were 
analyzed for the updated integrated clinical trial database.   
 
Of the 402 patients, 52 patients (13%) reported AEs for the specified neuropsychiatric 
COSTART terms.  Of these, 9 patients (2%) had SAEs, 12 patients (3%) had AEs 
classified as severe, 27 patients (7%) had AEs considered related to trial medication, 
12 patients (3%) discontinued the study due to these AEs, and 2 patients (<1%) died in 
association with these AEs. 
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There was no clear relationship between incidence of neuropsychiatric AEs and dosage 
at onset.  
 

Table 4.17    Summary of Patients with Neuropsychiatric AEs, by Dosage at  
Onset — Updated Integrated Clinical Trials 

Neuropsychiatric   Xyrem Oral Solution Dosage (g/d) at Onsetc 

AEs:  All Events Totala Placebob 3.0 4.5 6.0 7.5 9.0 
Number of 
Patients with: 

402 
(100%) 

54 
(100%) 

97 
(100%) 

269 
(100%) 

290 
(100%) 

133 
(100%) 

129 
(100%) 

≥ 1 AE 52c (13%) 1 (2%) 5 (5%) 6 (2%) 25 (9%) 5 (4%) 14 (11%) 
SAEs 9 (2%) 0 0 2 (1%) 4 (1%) 0  3 (2%) 
Related AEs  27 (7%) 1 (2%) 1 (1%) 3 (1%) 12 (4%) 0 12 (9%) 
Severe AEs  12 (3%) 0 0 3 (1%) 6 (2%) 0 3 (2%) 
Discontinued due 
to AEs 

12 (3%) 0 0 3 (1%) 3 (1%) 1 (1%) 5 (4%) 

Patient deaths 2 (<1%) 0 0 0 2 (1%) 0 0 
Note: One patient in the 6.0 g/d dosage group (0936, possible overdose) had an SAE resulting in death on 

2/24/01, which was 5 months after the data cutoff (9/30/00), but is included here for completeness.   
a Patients are counted only once in each total column. 
b Patients were on placebo for a short time (4 weeks) relative to the long-term exposure of those treated with 

Xyrem. 
c Some patients were exposed to more than 1 dosage during the trial(s), so the sum of patients exposed to 

specific dosages exceeds the total number of patients in any category. 
 
Table 4.18 summarizes the neuropsychiatric AEs by COSTART preferred term. 
 

Table 4.18    Summary of Patients with Neuropsychiatric AEs, by COSTART 
Preferred Term – Updated Integrated Clinical Trials 

COSTART Term Number of Patientsa 

Total 52b 

Depression 27 
Hallucinations 9 
Stupor 6 
Suicide, Suicide Attempt, and Overdose  4b 

Paranoid Reaction 4 
Coma 2 
Psychosis 2 
Manic Depressive Reaction 1 
Personality Disorder 1 
a Patients may have had more than 1 neuropsychiatric AE, so the sum of patients in all categories 

exceeds the total number of patients. 
b  One patient (0936, possible overdose) had an SAE resulting in death on 2/24/01, which was 5 months 

after the data cutoff (9/30/00), but is included here for completeness. 
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Of the 52 patients, 31 were women and 21 were men.  Age ranged from 17.7 to 68.0 
years, with 31 patients (62%) under the age of 50.  There was no apparent relationship 
between the incidence of neuropsychiatric AEs and the length of time on sodium 
oxybate.  Of the 64 events, 10 occurred within the first 30 days after administration of 
Xyrem; 16 occurred 31 to 60 days after; 13 occurred 61 to 90 days after; 9 occurred 91 
to 180 days after; 8 occurred 6 to 12 months after; 5 occurred 1 to 2 years after; and 
2 occurred more than 2 years later (patient 1704, 2.8 years later; patient 14043. 11.7 
years later).  Sixteen of the 64 events were ongoing at last contact.  Duration for the 
remaining 48 events was < 1 day for 20 events, 2 to 7 days for 8 events, 8 to 14 days for 
5 events, 2 to 4 weeks for 6 events, 1 to 2 months for 4 events, 2 to 3 months for 
2 events, 3 to 6 months for 2 events, and 230 days for 1 event. 
 
4.8.3.2 Scharf Trial 
 
Of the 143 patients in the Scharf trial, 41 patients (28.7%) reported neuropsychiatric AEs 
(terms included overdose, suicide attempt, depersonalization, depression, emotional 
lability, hallucinations, hostility, neurosis, paranoid reaction, stupor, and thinking 
abnormal) (Table 4.19).  Twelve patients (8.4%) had events that were considered 
definitely, probably, or possibly related to study drug, 4 patients (2.8%) had SAEs (2 of 
these patients experienced 2 neuropsychiatric SAEs each), 7 patients (4.9%) had AEs 
classified as severe (1 patient experienced 2 severe neuropsychiatric events), and 
2 patients (1.4%) discontinued from the study due to these AEs. 
 
There was no apparent dose relationship to either the frequency or severity of the 
selected neuropsychiatric events.  
 

Table 4.19    Summary of Patients with Neuropsychiatric AEs, by Dosage at  
Onset – Scharf Trial 

Neuropsychiatric AEs :  Xyrem Oral Solution Dosage (g/d) at Onset 
All Events Totala 3.0 4.5 6.0 7.5 9.0 
Number of 
Neuropsychiatric AEs 

84 3 14 23 25 19 

Patients with: 
at least 1 AE  

 
41 

 
1 

 
9 

 
12 

 
11 

 
8 

SAEs  4 0 1 0 1 2 
Related AEs  12 0 1 4 3 4 
Severe AEs 7 2 2 0 2 1 
Discontinuations due to 
an AE 

2 0 0 1 0 1 

Deaths 0 0 0 0 0 0 
a Patients are counted only once in each category; patients are classified by the highest dosage at which a 

neuropsychiatric AE occurred. 
 
Table 4.20 summarizes the neuropsychiatric events by COSTART preferred term, in 
order of decreasing frequency.  
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Table 4.20    Summary of Patients with Neuropsychiatric AEs, by COSTART 
Preferred Term – Scharf Trial 

COSTART Term Number of Patientsa Number of Events 
Total 41 84 
Depression 22 28 
Emotional lability 10 14 
Thinking abnormal 9 13 
Depersonalization 7 7 
Hostility 6 8 
Stupor 6 7 
Neurosis 2 2 
Overdose 2 2 
Suicide attempt 1 1 
Hallucinations 1 1 
Paranoid reaction 1 1 
a Patients may have had more than 1 AE. 
 
Of the 41 patients, 23 were men and 18 were women.  Age at the time of AE onset 
ranged from 14.2 to 76.8 years.  There was no apparent relationship between the 
incidence of neuropsychiatric AEs and the length of time on sodium oxybate.  Of the 84 
events, 22 occurred in the first 60 days of sodium oxybate treatment; 6 occurred at 61 to 
120 days; 21 occurred at 121 days to 12 months; 9 occurred at 1 year to 2 years; and 15 
occurred at > 2 years.  Eleven events had an unknown onset date. 
 
4.8.3.3 Depression 
 
The assignment of the COSTART term depression to verbatim terms of “depression,” 
“depressed mood,” “situational depression,” “patient reports ‘down in the dumps,’” and 
“dysphoria” (reported in the updated integrated clinical trial database) and to verbatim 
terms of “depression,” “feels quite depressed,” “very down,” “not happy,” or “possible 
depression” (reported in the Scharf trial) does not constitute a definitive psychiatric 
diagnosis of Major Depressive Disorder.  The essential features of a Major Depressive 
Disorder (DSM-IV) include a period of at least 2 weeks during which there is either 
depressed mood or loss of interest or pleasure in nearly all activities.  The individual 
must also experience 4 additional related symptoms.  Thus, it is important to distinguish 
between a transient symptom of feeling depressed and depression as a major 
psychiatric disorder. 
 
4.8.3.3.1 Updated Integrated Clinical Trial Database 
 
Of the 402 patients in the updated integrated clinical trial database, 27 patients (6.7%) 
had 30 AEs that were coded to depression.  Seventeen of the 30 events were 
considered not related, 1 was probably related, 8 were possibly related, and 4 were of 
unknown relationship to test medication administration.  Of the 9 related AEs, 7 lasted 
longer than 2 weeks.  Sixteen of the 30 events were continuous, 12 intermittent, and  
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2 were unknown as to frequency.  None of the events was considered serious.  Two 
patients had a previous history of depression. 
 
The actions taken with trial medication included no change in treatment for 26 events, 
temporary discontinuation of medication for 2 events, and permanent discontinuation for 
2 events.  Medication was initiated for management of 5 events (3 with Zoloft, 1 with 
Nortriptyline, and 1 with Sertraline).  Depression was considered related to test 
medication for only 2 of these 5 events. 
 
4.8.3.3.2 Scharf Trial 
 
Twenty-two (15.4%) of the 143 patients participating in the Scharf open-label clinical trial 
for up to 16 years reported 28 AEs of depression.  This included 14 men, with a mean 
age of 44 years (range 14.8 to 73.6 years) and 8 women, with a mean age 47.6 years 
(range 18.4 to 63.5 years).  The mean dosage at onset was 5.6 g/d (range 2.3 to 9 g/d). 
 
Two of the 28 depressive events were considered possibly related (218 and 238), 25 not 
related, and 1 of unknown relationship to trial medication.  The intensity was considered 
severe in 5, moderate in 1, mild in 2, and not indicated in 20 of the AEs.  
 
One patient was hospitalized for depression; the event was reported as an SAE (patient 
019).  This event (considered unrelated to study drug) started 217 days following the 
start of treatment and while the patient was receiving 6 g/d of sodium oxybate.  The 
patient had a previous history of depression, suicidal ideation, and possible anxiety 
neurosis.  
 
Three other patients reported relevant medical histories prior to treatment – patient 202 
(psychiatric disorder with visual and auditory hallucinations), patient 255 (paranoia and 
difficulty controlling his temper), and patient 286 (depression). 
 
Of the 2 patients with AEs coded to depression that were considered possibly related to 
study drug, 1 (238) lasted 2 days and 1 (218) was of unknown duration. 
 
Six of the 28 AEs lasted 1 day, and 1 lasted 30 days.  There was no reported stop date 
for 17 AEs; the start date for these ranged from 1 month to 14.5 years after initiation of 
sodium oxybate treatment, with a mean of 3.9 years.  Four AEs had neither start nor 
stop date. 
 
The incidence of depression reported in the Scharf trial appears to approximate that 
reported in the literature.  Given the very long duration (over 16 years) of the trial, and 
the propensity of the narcoleptic population toward recurrent episodes of depression 
(Broughton 1984), there does not appear to be a causal relationship between depression 
and sodium oxybate treatment in this setting. 
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4.8.3.4 Hallucinations 
 
4.8.3.4.1 Updated Integrated Clinical Trial Database 
 
Nine (2.2%) of the 402 patients reported hallucinations.  In 3 of these patients, the 
hallucinations were hypnagogic in nature and are probably attributable to the narcolepsy 
disease state.  A fourth patient experienced unspecified hallucinations that stopped 
when her sodium oxybate dosage was increased, indicating that these hallucinations 
were most likely hypnagogic in nature as well.   
 
One patient reported an isolated event (unspecified hallucinations), which was 
considered possibly related to trial medication.  Another patient had hallucinations 
(described as “colors and shapes”), which were described as continuous and lasted  
1 day; this was considered to be probably related to trial medication. 
 
One patient reported on 2 consecutive clinic visits that she experienced a total of 
9 auditory hallucinations (“voices”).  These occurred over the course of 55 days; they 
resolved spontaneously and did not recur during the remainder of the trial.   
 
After 20 days on trial medication, another patient experienced confusion, forgetfulness, 
and unspecified hallucinations and her trial medication was stopped.  Ten days later, she 
developed nausea and after an additional day, intermittent paranoia.  All of her 
symptoms resolved 2 weeks after stopping medication. 
 
A final patient had a previous history of mental illness, including auditory hallucinations, 
prior to entry in the trial (this information had been intentionally withheld by the patient).  
On Day 84, she developed moderately severe auditory hallucinations requiring 
hospitalization.  Given her subsequently disclosed past psychiatric history, these 
symptoms were deemed unrelated to the study medication.  Her symptoms subsided 
following therapy with antipsychotic medication. 
 
4.8.3.4.2 Scharf Trial 
 
One of the 143 patients reported an AE that coded to the COSTART term hallucinations.  
This event occurred on Day 1918 at a dosage of 9.0 g/d.  The patient experienced a 
hypnagogic hallucination, a REM-related symptom of narcolepsy, during which he dove 
out of bed and jammed his head against the wall.  The event was not considered 
serious, but did necessitate a visit to the clinic for a neck radiograph.  The patient was 
placed in a neck collar and prescribed Naprosyn and aspirin.  The event was considered 
to be probably related to study medication by the investigator. 
 
4.8.3.5 Stupor 
 
4.8.3.5.1 Updated Integrated Clinical Trial Database 
 
Six (1.5%) of the 402 patients reported AEs that coded to stupor.  The verbatim terms all 
included the terms “drunk” or “intoxicated.”  Each of the 6 patients reported this AE only 
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once, with each occurrence lasting 1 day or less.  All 6 patients were in OMC-GHB-3; 
there were 4 women and 2 men, ranging in age from 25 to 55 years.  The events 
occurred following 34 to 66 days of sodium oxybate treatment.  Dosage at onset was 
4.5 g/d for 1 patient, 6.0 g/d for 3 patients, and 9.0 g/d for 2 patients.  Five of the AEs 
were considered possibly or probably drug-related, while the relationship for the sixth 
was unknown.   
 
4.8.3.5.2 Scharf Trial 
 
Six (4.2%) of the 143 patients reported 7 AEs that coded to the COSTART term stupor.  
The verbatim terms used to describe 4 of these events in 3 patients include the words 
“drunk,” “intoxicated,” and “tipsy.”  One of these 4 events was considered probably 
related, 2 possibly related, and 1 of unknown relationship to trial medication.  Two 
events had a duration of 1 day, 1 event lasted 15 days, and 1 event did not have a stop 
date recorded  These 4 AEs occurred after 1 to 134 days of Xyrem administration, with 
the dosage at onset ranging from 6.0 to 7.5 g/d.  None of these events was considered 
serious. 
 
One additional patient (257) experienced an AE of verbatim term “acting ‘like he’s 
retarded.’”  The time of the event and dosage at onset were unknown.  The event was 
not serious and was of unknown relationship to trial medication.  The patient continued 
in the trial through the May 31, 1999 data cutoff. 
 
Two additional patients experienced 2 AEs that were considered serious.  Patient 017 
experienced an event of verbatim term “unresponsive” that was part of an overdose (see 
Table 4.9).  The second patient (012) experienced an event with verbatim terms 
“disoriented,” “stupor,” and “weak” on Day 725 (7.5 g/d).  The patient was hospitalized 
overnight.  The patient continued the trial for an additional 8 years with no recurrence of 
the event.   
These descriptive events do not appear to qualify as psychopathology. 
 
4.8.3.6 Suicide Attempt, Overdose, Intentional Overdose 
 
4.8.3.6.1 Updated Integrated Clinical Trial Database 
 
Two suicides (0531 and 0936), 1 attempted suicide (14043), and 1 intentional overdose 
(1131) were recorded among the neuropsychiatric AEs in the 402 patients in the 
updated integrated clinical trial database. 
 
One suicide (0531, coded as death) was due to multiple drug toxicity that included toxic 
levels of 6 psychotropic drugs other than sodium oxybate.   The second suicide (0936) 
by a patient with a history of depression and a subsequent suggested diagnosis of 
bipolar disease, was officially ruled as a death due to cardiovascular disease (without 
autopsy by the Medical Examiner) but later evidence pointed to a possible overdose that 
included lithium, Paxil, and Percocet as well as sodium oxybate.  This event occurred on 
2/24/01, which was 5 months after the data cutoff (9/30/00), but is included here for 
completeness.   
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The attempted suicide (14043) involved an overdose with buspirone in a patient with 
pre-existing obsessive-compulsive disorder and depression.   
 
The intentional overdose (1131) involved a patient with pre-existing depression and a 
previously unknown history of attempted suicide.  Following a single ingestion of 150 g 
of Xyrem overdosing, the patient recovered without sequelae in the ER and was 
hospitalized for 5 days for psychiatric evaluation.  
 
Thus, this series of 402 patients did not include any fatalities singularly attributable to an 
overdose with Xyrem, in spite of the huge dose taken by the patient overdosing which 
was approximately 20 times the maximum proposed total daily dose. 
 
4.8.3.6.2 Scharf Trial 
 
One of the 143 patients reported an AE that coded to the COSTART term suicide 
attempt, after approximately 2 years on trial medication.  This event was reported as 
verbatim term “attempted suicide by taking an overdose of GHB.”  The patient had a 
prior medical history consistent with attempted suicide, including depression with suicide 
ideation and possible anxiety neurosis.  The event was considered serious and definitely 
related to trial medication, and led to patient discontinuation.   
 
Two of the 143 patients reported AEs that coded to the COSTART term overdose.  Both 
cases were serious and involved overdose with trial medication.  One patient (017) 
overdosed on approximately 18.0 g of trial medication on day 541 reported associated 
with a sleepwalking episode.  This event was considered probably related to trial 
medication.  The patient was unresponsive, was hospitalized, and required intubation.  
The patient continued on the trial with no further overdose episodes until he died 
4.5 years later from cardiopulmonary arrest due to atherosclerotic disease.  The second 
patient (267) was taken to the ER after possibly taking a third dose (of unknown volume) 
of trial medication on Day 1673.  The patient did not recall taking the third dose.  The 
patient awoke after an enuresis episode, and the patient’s daughter discovered her 
walking around in a daze.  The patient was taken to the ER; by the time she arrived, she 
was having no further difficulties.  She continued on treatment for 6 months with no 
further recurrence. 
 
4.8.3.7 Paranoid Reaction 
 
4.8.3.7.1 Updated Integrated Clinical Trial Database 
 
Four (1.0%) of the 402 patients reported AEs that coded to the term paranoid reaction.  
Patient 0202 admitted to occasionally feeling paranoid at 1 clinic visit and also described 
two consecutive nights of feeling paranoid at bedtime.  These feelings were 
accompanied by visual and auditory hypnagogic hallucination.  Patient 0239 described 
feeling paranoid on a single occasion, with only 1 day’s duration.  Patient 0702 
described intermittent episodes of feeling fearful.  
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The paranoid reaction AE in the fourth patient was considered serious (patient 0232).  
This patient suffered an acute paranoid delusional psychosis that occurred after 15 
months on study drug and required overnight hospitalization.  The trial medication was 
discontinued and the patient’s mental status improved while being treated on 
antipsychotic medication.  This patient was discontinued from the trial. 
 
4.8.3.7.2 Scharf Trial 
 
One (0.7%) of the 143 patients reported an AE that coded to the COSTART term 
paranoid reaction.  The verbatim description of this event indicated that the patient was 
“acting very paranoid – carries a bat with him while at home and feels someone is 
watching him.”  The event start and stop dates were unknown, but the event was 
considered not related to study drug.  The Investigator reported that the patient had 
hypnagogic hallucinations.  The patient was 16 years of age when he started the trial in 
June 1986.  The patient discontinued the trial in June 1988 due to non-compliance with 
the diary and clinical lab requirements of the trial.  The patient had no previous history of 
neuropsychiatric events. 
 
4.8.3.8 Coma 
 
4.8.3.8.1 Updated Integrated Clinical Trial Database 
 
Two (0.5%) of the 402 patients were described as having experienced coma while taking 
trial medication.  Patient 0238 was heard to fall and was found unconscious on the floor 
of the kitchen by his spouse.  Paramedics were immediately summoned and found the 
patient unconscious; he received atropine for bradycardia; naloxone was administered 
without response.  On arrival at the ER, he was intubated to support depressed 
respiration and was transferred to an ICU, where he soon fully recovered from the event.  
He later admitted to taking his bedtime dose of sodium oxybate in the kitchen.  Intensive 
neurological and cardiac investigation failed to define a cause for this event and it was 
proposed to be possibly due to an unidentified cardiac event or to cataplexy with 
additional head trauma from his head striking the floor.  Study drug was discontinued.   
 
Patient 2830 was considered to have experienced coma on 2 occasions while on study 
drug.  In both cases, she fell secondary to cataplexy attack and hit her head, causing 
loss of consciousness.  This patient was known for being non-compliant with the study 
drug regimen, which probably contributed to her cataplexy. 
 
None of these events qualify as a neuropsychiatric AE  
 
4.8.3.8.2 Scharf Trial 
 
One of the 143 patients experienced an AE with verbatim term “comatose” as part of an 
overdose (See Table 4.9). 
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4.8.3.9 Psychosis 
 
Two (0.5%) of the 402 patients in the updated integrated clinical trial database reported 
AEs that coded to COSTART term psychosis.  . 
 
Patient 1101 completed double-blind treatment in the OMC-GHB-2 trial where the dose 
assignment had been 6.0 g/d sodium oxybate.  The patient entered the open-label OMC-
GHB-3 trial (1/5/98) at 6.0 g/d.  The dose of sodium oxybate was titrated to 7.5 g/d 
(3/8/98) and then to 9.0 g/d (3/17/98) to achieve optimal clinical benefit.  The patient had 
been taking multiple stimulants to include Dexedrine 15 mg twice daily and Ritalin 10mg 
three times daily concurrently until this regimen was changed to Adderall 20 mg four 
times daily approximately two months prior to the adverse event.  The patient developed 
symptoms of acute psychosis beginning 4/27/98 considered of moderate intensity and 
possibly related to trial medication.  Following psychiatric consult both the stimulants and 
trial medication were discontinued.  The adverse event did not resolve.  Two weeks 
following the onset of the adverse event the investigator evaluated all findings and 
considered the adverse event as not related to study drug by requiring specific other 
treatment that was contraindicated by the protocol. 
 
Patient 2030 suffered symptoms of psychosis after being on study drug for about 6 
months.  At that time, he was reported by a family member to be increasingly paranoid 
and suffering from night terrors and hallucinations.  The patient was seen in the ER, 
where he admitted to increasing his Ritalin dose to facilitate cramming for college 
examinations.  The patient was started on antipsychotic medications and was restarted 
on study drug after the symptoms of psychosis had resolved.  A week later these same 
symptoms and precipitating circumstance recurred, prompting a hospital admission and 
discontinuation from the study.  This event was considered the result of escalated doses 
of stimulant medication and sleep deprivation. 
 
No patients in the Scharf trial experienced psychosis. 
 
4.8.3.10 Manic Depressive Reaction 
 
An adverse event of bipolar affective disorder (verbatim term) COSTART coded to manic 
depressive reaction was reported for 1 patient (0931) in the 402 patient updated 
integrated clinical trial database.  The patient was a 29-year-old female with a previous 
history of depression.  The diagnosis of bipolar affective disorder was made during 
psychiatric consult following reports of intermittent hallucinations for two weeks and 
unusual behavior (from delayed response to violent agitation on questioning when found 
asleep in her automobile).  The adverse event was considered severe but unrelated to 
study drug and the patient was discontinued from the trial.  The patient was treated and 
released from hospital.  Present day follow-up showed the patient to be functioning well 
with continued treatment (Haldol, Cogentin) for underlying disease, which excluded 
further participation in the trial despite positive response in narcolepsy.  
 
No patients in the Scharf trial experienced manic depressive reaction. 
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4.8.3.11 Personality Disorder 
 
One patient (1530) in the 402 patients in the updated integrated clinical trial database 
reported an AE that coded to personality disorder.  This 25-year-old woman experienced 
a personality disorder (investigator term “grief reaction” due to the death of a relative) 
beginning on Day 139 of the OMC-SXB-6 trial.  The event lasted 258 days in trials 
OMC-SXB-6 and OMC-SXB-7.  The event was considered mild in severity, intermittent, 
and not related to trial medication.  No action was taken for the event. 
 
No patients in the Scharf trial experienced personality disorder. 
 
4.8.3.12 Emotional Lability 
 
Ten (7.0%) of the 143 patients in the Scharf trial reported 14 AEs that coded to the 
COSTART term emotional lability.  The majority of the verbatim terms relate to 
conditions of “laughing” or “crying.”  The dosages at onset ranged from 3.0 to 9.0 g/d.  
None of the events was considered serious.  One event was considered probably related 
to trial medication, 2 were possibly related, 9 were not related, and 2 were of unknown 
relationship.  Date of onset ranged from Days 0 to 1078, with the majority of events 
occurring during the first 100 days on trial medication.  Seven events resolved in 3 days 
or less.  One patient who experienced an event of verbatim term “heart aches” had a 
previous history of depression and recurrent melancholia.  One patient (259), who 
experienced a probably related event of “crying a lot” at the 5.3 g/d dosage, discontinued 
due to this and other AEs.   
 
4.8.3.13 Thinking Abnormal 
 
Nine (6.3%) of the 143 patients in the Scharf trial reported 13 AEs that coded to the 
COSTART term thinking abnormal.  The verbatim terms included “fogginess,” and terms 
relating to problems with concentration, transposition of numbers, and negative thinking.  
The dosage at onset for these events ranged from 4.5 to 9.0 g/d; the date of onset 
ranged from Days 0 to 531.  One event (“very talkative after gamma dose”) was 
considered probably related to trial medication, 5 events were possibly related, 3 events 
were of unknown relationship, and 3 events were considered to be not related.  Events 
where resolution dates were recorded usually represented transient episodes, lasting for 
a day or less.  Four patients had a previous history of traumatic head injury, 1 of whom 
also had a previously diagnosed frontal lobe lesion.  
 
4.8.3.14 Depersonalization 
 
Seven (4.9%) of the 143 patients in the Scharf trial reported AEs that coded to the 
COSTART term depersonalization.  Verbatim terms generally related to unusual 
behavior or feeling unusual.  The dosage at onset for these events ranged from 5.3 to 
6.8 g/d; date of onset ranged from Days 3 to 513 after initiation of sodium oxybate 
treatment.  Three events were considered probably related to trial mediation (verbatim 
terms “bizarre behavior,” “felt crazy,” and “zombie like state”), 2 were of unknown 
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relationship, and 2 were considered not related.  None of the events was considered 
serious.  Duration is recorded for only 3 events, with 2 occurring for 1 day or less and 
1 having a duration of 17 days.  One patient (259) discontinued the trial due to the AEs 
she was experiencing.  
 
4.8.3.15 Hostility 
 
Six (4.2%) of the 143 patients in the Scharf trial reported 8 AEs that coded to the 
COSTART term hostility.  Of the 8 events, 3 were considered possibly related, 3 were 
considered not related, and 2 were of unknown relationship to trial medication.  None of 
the AEs was considered serious or led to patient discontinuation.   
 
Six of the 8 events were related to anger (including terms temper and rage). The dosage 
at onset for these 6 events ranged from 4.5 to 9.0 g/d; the date of onset ranged from 
Days 34 to 1078.  Only 1 AE (patient 215, rage) had a stop date recorded, with a 
duration of 1 day.  One patient (286) had a previous history of irritability caused by 
Ritalin, although it is not certain if he was taking Ritalin at the time of the event. 
 
Two additional events coded to the COSTART term hostility, with verbatim terms “feisty” 
and “frustration.”  The event termed “feisty” occurred on day 124 at the 9.0 g/d dosage.  
No resolution date was recorded, but the event was considered possibly related to study 
drug and was not serious.  The event termed “frustration” occurred and resolved on Day 
20 at the 4.5 g/d dosage.  The patient’s history included difficulty controlling his temper.  
The event was not serious and was considered not related to study drug.  
 
4.8.3.16 Neurosis 
 
Two of the 143 patients in the Scharf trial reported AEs that coded to the COSTART 
term neurosis.  The first event occurred in a female patient on Day 3328 at a 5.3 g/d 
dosage.  The verbatim term (patient’s diary description of the event) indicated that she 
was “Having trouble keeping my arms down.  I put them on my head they cut off 
circulation some (Go to sleep) and I wake up and can’t find my hands and they are 
painful.”  The patient woke her husband up to help her with the event(s).  The event was 
not serious, not considered related to trial medication, and of unknown duration.   
 
The second event occurred in a male patient on a 6.0g/d dosage starting on Day 3283 
and was described by verbatim term “claustrophobia.”  The patient was instructed to 
decrease his Ambien dosage, with no resolution.  The patient was then instructed to 
decrease his trial medication dosage from 6.0 to 3.0 g/d, and the event subsequently 
resolved.  The event was not serious and was considered possibly related to trial 
medication.  The patient continued in the trial, usually at a dosage of 6.0 to 6.6g/d, until 
the data cutoff of May 31, 1999, with no further recurrence.  
 
4.8.4 BLOOD GLUCOSE 
 
The updated integrated clinical trial database was analyzed for any patients who had 
AEs with the COSTART preferred term of hyperglycemia or diabetes mellitus, and/or 
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who experienced clinically significant increases in glucose laboratory values (≥ 70% 
increase over baseline [from earliest trial] and an absolute value of > 200 mg/dL). 
 
Measurement of blood glucose levels was not done on a routine basis in these long-term 
studies.  Non-fasting glucose measurements were used for all tests in the treatment IND 
protocols (OMC-SXB-6, OMC-SXB-7), while fasting blood collections were specified in 
the OMC-GHB-2 and OMC-SXB-3 protocols (although this requirement was not always 
met). 
 
Of the 402 patients, 5 patients (1%) had 9 AEs with the COSTART preferred term of 
hyperglycemia or diabetes mellitus.  Four patients had 1 AE each; patient 1505 had 
4 AEs of hyperglycemia and 1 AE of diabetes mellitus.  The incidence of 
hyperglycemia/diabetes did not appear to be dose-related, with 1 patient in each of 3 of 
the dosage at onset treatment groups (4.5 g/d, 7.5 g/d, and 9.0 g/d), and 2 patients in 
the 6.0 g/d group. 
 
There were no deaths, no SAEs, and no discontinuations due to these AEs.  All AEs of 
hyperglycemia/diabetes mellitus were of mild to moderate severity.  Four patients had 
AEs considered unrelated to trial drug, while 1 patient (1610 in OMC-GHB-3) had 
unknown relationship. 
 
Two of the 5 patients had a history of diabetes (0410 and 1505); 2 patients (1505 and 
2633) were obese.  The other 2 patients had no relevant medical history.  Of the 
5 patients, 4 (80%) were men, and 3 (60%) were 50 years of age or older (range 36.4 to 
65.4 years). 
 
There was no relationship between the incidence of hyperglycemia/diabetes and the 
length of exposure to sodium oxybate:  1 patient experienced hyperglycemia on Day 15; 
3 patients experienced hyperglycemia or diabetes mellitus during Days 31 to 394; and 
1 patient experienced 5 AEs during Days 511 to 1064.  Two patients had unresolved 
AEs (1708, diabetes; 2633, hyperglycemia), and the outcome of 1 AE (patient 1505, 
elevated glucose) is unknown.  All other AEs resolved.  
 
Actual investigator terms were: 
 
• “Elevated blood glucose” or “elevated glucose” – 3 patients with 4 events 
• “Abnormally high glucose” – 1 patient with 2 events 
• “Hyperglycemia” – 1 patient with 1 event  
• “Diabetes” or “poorly controlled diabetes” – 2 patients with 2 events 
 
Two of the AEs were associated with clinically significant increases in glucose values – 
patients 0410 (verbatim term elevated blood glucose) and 1505 (verbatim term poorly 
controlled diabetes, on day 650).  An additional 4 patients had clinically significant 
increases in glucose values that were not associated with an AE of hyperglycemia or 
diabetes mellitus.  An elevated glucose level not associated with an AE was also seen 
on Day 278 for patient 1505. 
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Two of the 4 additional patients had a history of diabetes.  The 7 instances of elevated 
glucose values for all 6 patients occurred on Days 201 to 363 for 3 events, Days 424 to 
618 for 3 events, and Day 1070 for 1 event.  Absolute levels ranged from 217 to 403 
mg/dL; increase from baseline ranged from 70.2% to 140.0%. 
 
4.8.5 DETAILED ANALYSIS OF ELEVATED ANTI-NUCLEAR ANTIBODY AND 

STUDY DRUG-RELATED LUPUS 
 
4.8.5.1 Scharf Trial 
 
In 1991, a 49-year-old female patient in the Scharf trial developed clinical symptoms of 
arthritis, after treatment with sodium oxybate 6.0 g/d for more than 5 years.  An anti-
nuclear antibody (ANA) test and 2 repeat tests were all positive, raising concern for the 
possibility of study drug-related lupus.  She was withdrawn from sodium oxybate with a 
subsequent fall in ANA titers, followed by an increase again 1 year later. 
 
At the request of the FDA, ANA profiles were collected for all ongoing patients in the 
Scharf trial until 1999.  Over the next 2 years, 19 (29.2%) of 65 patients tested were 
shown to have ANA elevations ranging from 1:40 to 1:2560.  Some of these elevations 
were intermittent and no correlation was found between positive ANA titer and duration 
of treatment, age, or sex.  Antihistone antibodies (determined for 15 of the 19  
ANA-positive patients) showed a “borderline” positive result in only 1 patient.  All 
65 patients tested were requested to complete a symptom questionnaire, which showed 
a low overall incidence of symptoms possibly related to lupus and no discernible 
difference in the subgroup of ANA-positive patients. 
 
No association emerged between the occurrence of positive ANA findings and the 
development of symptoms consistent with systemic lupus erythematosus (SLE), 
medication-induced lupus, or any rheumatic disease except for the first patient who had 
acute arthritis symptoms and a positive ANA when last tested.  In medication-induced 
lupus, positive ANA findings are accompanied by positive antihistone antibodies in more 
than 90% of cases (Schur 1996).  This occurred in only 1 of 15 ANA-positive patients 
who were tested, and this patient did not display symptoms characteristic of lupus. 
 
These data indicate that long-term use of sodium oxybate may result in ANA elevations 
without the corresponding increase in antihistone antigens characteristic of most 
reported cases of medication-induced lupus.  In addition, narcoleptic patients with 
positive ANA findings did not present with or subsequently develop symptoms 
suggestive of lupus-related disease.  Finally, no patients in the Scharf long-term trial 
have developed SLE during treatment with sodium oxybate for up to 16 years. 
 
Dr. Evelyn Hess, an internationally recognized expert on medication-induced lupus and 
SLE, concurred with these findings and could find no evidence of either SLE or 
medication-induced lupus.  In her opinion, the most that could be concluded was that 
sodium oxybate, like some 80 other drugs in the scientific literature, may be associated 
with low-level increased titers of ANA of no known clinical significance. 
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4.8.5.2 Updated Integrated Clinical Trial Database 
 
In response to an FDA request for a post-hoc evaluation of the potential for symptoms of 
drug-induced lupus, the updated integrated clinical trial database was examined in 2 
ways.  First, the AE listings were visually examined for a combination of potential lupus 
symptoms occurring within a given patient.  Second, the AE database was queried 
electronically to identify all patients who reported 1 or more of the 9 selected possible 
drug-related lupus symptoms (as COSTART terms) – arthralgia, arthritis, myalgia, joint 
disorder, pain, alopecia, fever, malaise, and rash.  These COSTART terms were 
selected following examination of the previously submitted drug-induced lupus review 
article by Dr. Evelyn Hess  (Hess 1991) and a telephone discussion with Dr. Hess on 
3/12/01.  According to Dr. Hess, patients with drug-related lupus present with multiple 
symptoms, particularly the articular symptoms (arthritis and/or arthralgia in multiple 
joints), which occur in over 80% of drug-related lupus patients. 
 
Alopecia was reported on 5 occasions but did not occur in any of the 402 patients in 
conjunction with any of the other 8 possible drug-related lupus symptoms.  Thus, 
alopecia was dropped from further evaluation and consideration in the analysis. 
 
As expected, the COSTART term “pain” (not otherwise specified) was the most common 
AE, occurring 168 times in 46 of the 402 patients.  In 22 of these 46 patients, nonspecific 
pain was the only lupus-related symptom reported on 2 or more occasions.  Nonspecific 
pain was generally not associated with the more specific lupus symptom terms of 
arthralgia, arthritis, joint disorder, and myalgia. 
 
The database was re-examined to identify only those patients who reported one of the 
7 remaining drug-related lupus symptoms on more than 1 occasion or more than 1 of the 
7 symptoms. 
 
A total of 19 patients were identified with 2 or more of these events.  Seven of these 19 
patients reported only 1 of the 7 selected symptoms on multiple occasions – 2 patients 
with 6 events for myalgia, 2 patients with 5 events for fever, 1 patient with 2 events for 
joint disorder, 1 patient with 3 events for malaise, and 1 patient with 2 events for rash.  
Since no other symptoms suggestive of possible drug-related lupus were recorded for 
these 7 patients, no further analysis was indicated. 
 
The remaining 12 patient case records were reviewed in detail to determine if any 
patient developed AEs suggestive of possible drug-related lupus.  For 11 of the patients, 
there was no convincing evidence of symptoms consistent with a possible diagnosis of 
drug-related lupus.  For the twelfth patient (1633), symptoms of joint pain developed 
while on treatment, persisted for several months, and disappeared within 2 months after 
stopping the drug.  Follow-up 1 year later indicated no recurrence of joint pain.  Thus, 
drug-related lupus cannot be totally ruled out.  However, in the absence of any 
supportive laboratory measures (such as positive ANA and antihistone antibodies) and 
any other symptoms of lupus, the diagnosis of drug-induced lupus cannot be 
established. 
 

182 

                                      PAR1005 
IPR of U.S. Patent No. 7,668,730  
                               Page 186 of 353



Orphan Medical, Inc. 
NDA #21-196 Xyrem® (sodium oxybate) oral solution 
Peripheral and Central Nervous System Drugs Advisory Committee Briefing Booklet 
 

R:\GHB\PostNDA\Advisory Meeting\June 6-2001 Meeting\Briefing Books\Section 4--Safety.doc 55 

In conclusion, none of the 402 patients in the updated integrated clinical trial database 
developed SLE or were diagnosed with drug-induced lupus during participation in any of 
the 5 trials.  A systematic review of the AE data collected on these 402 patients 
definitively excluded symptoms suggestive of drug-induced lupus in all but 1 patient. 
 
4.8.6 DETAILED ANALYSIS OF INCONTINENCE AES AND RELATIONSHIP TO 

SEIZUROGENESIS 
 
Animal studies have shown that high dosages of sodium oxybate may be associated 
with EEG changes and symptomatology representing absence-seizure-like states.  This 
has been developed as a model for absence seizures in primates (Snead 1978), using 
high dosages of IV sodium oxybate.  Myoclonus has also been described as a frequent 
accompaniment of anesthesia induction with IV sodium oxybate. 
 
4.8.6.1 Updated Integrated Clinical Trial Database 
 
In their review of the OMC-GHB-2 clinical trial report (submitted October 10, 1998), the 
FDA requested an analysis of a potential relationship between incontinence and 
seizurogenesis.  Our investigation included: 
 
• A questionnaire to all affected investigators to review any observed abnormal 

nocturnal observations suggestive of seizures, urological history preceding oxybate 
therapy, and any new neurological symptoms 

 
• Correlation between CNS AEs that could be related to seizures and incontinence 

(either urinary or fecal) 
 
• Overnight full-montage EEG recording in 6 patients with a prior history of 

incontinence during sodium oxybate treatment (at a Xyrem dosage of 9 g/d) 
 
• Review of the data by an independent expert (Dr. Nathan Crone, Johns Hopkins 

University Medical Center) 
 
In review of the data, there was no evidence to support seizurogenesis in our clinical 
trials.  An analysis of all AEs reported in OMC-GHB-2 and OMC-GHB-3 suggestive of 
incontinence (66 events), as well as CNS anomalies, showed no relationship between 
the two.  The analysis noted that “episodes of neurological dysfunction, including tremor, 
incoordination, focal sensory loss and/or confusion (83 events), were simultaneous with 
enuresis on only 4 occasions.” 
 
Over the clinical experience of approximately 750 patient-years with sodium oxybate, the 
analysis noted, most of the patients had bed partners, none of whom reported behavior 
suggestive of seizures.  Since the seizures that most commonly cause urinary 
incontinence are generalized tonic-clonic seizures, these would be expected on at least 
some occasions to awaken a bed partner. 
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The analysis described 15 events of enuresis or urinary incontinence in 8 of the 136 
patients in OMC-GHB-2, and 51 events in 13 of the 118 patients in OMC-GHB-3.  A 
single patient (0819) in OMC-GHB-3 accounted for 15 events.  One additional patient in 
each trial experienced fecal incontinence.  Two patients in each trial experienced urinary 
incontinence and a CNS anomaly simultaneously.  No events suggestive of seizure 
occurred in either of the patients (0124 and 0702) in OMC-GHB-2, or in either of the 
patients (0219 and 0819) in OMC-GHB-3. 
 
In the full-montage EEG studies, 1 patient had urinary incontinence during the recording.  
There was no EEG evidence of seizure activity in any of the 6 patients.  
 
Overall, in the updated integrated clinical trial database, 36 of the 402 patients (9.0%) 
experienced incontinence urine or urinary incontinence; 2 patients (0.2%) experienced 
fecal incontinence. 
 
One subject (003) from the 8 pharmacokinetic trials experienced an adverse event of 
“labored respiration” coded to the COSTART term “apnea”.  Two hours post-dosing (with 
a single 4.5 g dose) the subject experienced a second event of respiratory stridor which 
was accompanied by fecal incontinence.  The subject was arousable, and responded to 
verbal commands.  The event resolved and two hours later the subject consumed a 
lunch. 
 
4.8.6.2 Scharf Trial 
 
We conducted a similar analysis on the 143 patients enrolled in the long-term clinical 
(Scharf) trial, in which 33 of the 143 patients (23.1%) experienced urinary incontinence, 
and 1 patient (0.7%) experienced fecal incontinence. 
 
The analysis included 2 independent examinations of all AE terms suggestive of 
incontinence.  AE terms suggestive of CNS anomalies were also carefully examined.  
There was 1 observation of fecal incontinence in 1 patient, 140 observations of urinary 
incontinence or enuresis in 33 patients, and 704 observations of any nervous system 
anomaly in 104 patients (42 specific terms). 
An analysis to identify those patients in whom fecal or urinary incontinence or enuresis 
occurred in temporal association with any nervous system anomaly (which could 
suggest seizurogenesis) revealed 10 incontinence events and 12 CNS events in 
7 patients (Table 4.21).   
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Table 4.21   Patients Exhibiting Enuresis, Urinary Incontinence, or Fecal  

Incontinence and CNS Anomalies – Scharf Trial 
 Enuresis, Urinary Incontinence, or 

Fecal Incontinence AEs 
 

CNS Anomalies 
Patient 
Number 

Verbatim 
Term 

Onset 
Date 

Resolution 
Date 

 
Verbatim Term

Onset 
Date 

Resolution 
Date 

Enuresis 
episode 

09/20/92 09/20/92 Sleepwalking 
episode 

09/20/92 09/20/92 017 

Enuresis 
episode 

08/12/93 08/12/93 Sleepwalking 
episode 

08/12/93 08/12/93 

Enuresis 09/11/84 09/11/84 Confusion 09/11/84 09/11/84 
   Numb all over 09/11/84 09/11/84 

048 

Urinary 
incontinence 
with seizure 

02/07/89 02/08/89 Convulsive-like 
seizure 

02/07/89 02/08/89 

207 Wet the bed 03/22/85 03/22/85 Sleepwalking 03/22/85 03/22/85 
247 Enuresis 04/27/90 04/27/90 Seizure 

(continuous 
jerking all over) 

04/27/90 04/27/90 

255 Urinary 
incontinence

02/21/91 02/21/91 Brief grand mal 
seizure (while 
at Dr.’s office) 

02/21/91 02/21/91 

Loss of 
bowel 
control 

01/26/91 01/26/91 Intense body 
shaking 

01/26/91 01/26/91 257 

Loss of 
bladder 
control 

01/26/91 01/26/91 Jerking during 
cataplexy 

01/26/91 01/26/91 

Bedwetting 
(3 episodes) 

01/24/96 01/31/96 Dizzy 01/24/96 01/25/96 262 

   Felt like head 
rolling around 

01/24/96 01/25/96 

 
Analysis of these 7 cases revealed 6 occurrences of enuresis that were deemed 
probably related to study drug and were associated with sleepwalking, confusion, and 
dizziness, also believed to be related to study medication.  None of these CNS events 
supported seizure activity relating to the incontinence event.  Four additional 
observations were possibly associated with seizure activity: 
 
• One patient (255) experienced a witnessed major motor seizure; however, he also 

had a history of seizures prior to taking study drug.  It was determined to be unlikely 
that the study drug was responsible for this event. 

 
• In 3 other instances, fecal (1) or urinary incontinence or enuresis (2) occurred with 

coincident CNS anomalies that were suggestive of seizures:   

185 

                                      PAR1005 
IPR of U.S. Patent No. 7,668,730  
                               Page 189 of 353



Orphan Medical, Inc. 
NDA #21-196 Xyrem® (sodium oxybate) oral solution 
Peripheral and Central Nervous System Drugs Advisory Committee Briefing Booklet 
 

R:\GHB\PostNDA\Advisory Meeting\June 6-2001 Meeting\Briefing Books\Section 4--Safety.doc 58 

 
– Patient 048 reported urinary incontinence that occurred in conjunction with a 

“convulsive-like seizure.”  Although the patient’s EEG was normal, these events 
were felt to be possibly related to the study drug. 

 
– Patient 247 had 1 case of enuresis (probably related to study drug) associated 

with “continuous jerking all over”; this patient had 10 other episodes of enuresis 
that were not associated with any CNS anomaly.  While the relationship between 
the continuous jerking and the study drug is unknown, seizure activity cannot be 
excluded. 

 
– The fecal and urinary incontinence associated with “body shaking” and “jerking 

during cataplexy” experienced by patient 257 were considered unrelated to study 
drug.  The inclusion of this patient may reflect a coding error, since this patient 
experienced events where the COSTART term “convulsions” was used for 
verbatim terms of “cataplexy,” “bad cataplexy,” “fall from cataplexy,” and “violent 
shaking and vibrations.”  In addition, fecal incontinence is known to occur 
secondary to narcolepsy and cataplexy (Vgontzas 1996). 

 
In all other instances of urinary incontinence or enuresis, there was no correlation 
between any CNS observations; it is likely that the incontinence was due to the 
narcolepsy disease state (Sher 1996). 
 
Thus, despite the appearance of absence-seizure-like states in primates at IV dosages 
far exceeding the human therapeutic dosage, there is no support, in the updated 
integrated clinical trial database, the long-term (Scharf) clinical trial, or in the literature 
reporting human experience in therapeutic dosages, for a relationship between 
incontinence and seizures. 
 
4.8.7 SUMMARY OF DISCONTINUED PATIENTS - SCHARF TRIAL 
 
From the time of study initiation in 1983 to the time of study closure in 2000, a total of 
143 patients participated in the Scharf trial.  As of the data cutoff of May 31, 1999, 63 
(44%) of these patients had transferred into the Orphan Medical Treatment IND protocol 
OMC-SXB-7.  Of the remaining 80 patients, 8 continued to participate in the Scharf trial 
under the Investigator IND, 71 patients had discontinued from the Scharf trial prior to the 
cutoff date, and 1 was a screen failure.   
 
Comparison of age and gender at trial entry for the 80 patients that did not enroll in 
OMC-SXB-7 as of May 31, 1999, and the 63 patients who entered Orphan Medical trial 
OMC-SXB-7 showed no differences between the 2 groups.  The mean age at trial entry 
for 79 of the 80 patients (1 patient who was a screen failure [211] was not included in the 
calculations) who did not enroll in OMC-SXB-7 was 47.0 years, compared with 44.3 
years for the 63 patients who transferred into OMC-SXB-7.  Male patients accounted for 
57% of the patients in both population subsets.   
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Table 4.22 summarizes the reasons for discontinuation for the 71 patients who 
discontinued prior to the data cutoff.  The majority of the discontinued patients were 
terminated from the trial due to non-compliance or cost (37 of 71, 52.1%).  Only 6 of the 
discontinuations were due to possibly or probably related AEs.  Of the remaining AE 
discontinuations, the 10 deaths were due to cardiovascular and neoplastic diseases, 
none of which was considered related to trial medication.  Four patients discontinued 
because of lack of efficacy, and 1 patient who cited the cost of the drug as a reason for 
discontinuation also noted a lack of efficacy.  
 

Table 4.22    Patient Disposition – Scharf Clinical Trial 
Patient Disposition Number of Patients 
Patients screened 143 
Patients treated 142 
Continued treatment 
 Ongoing treatment (OMC-SXB-7) 

71 
63 

 Ongoing treatment (Scharf) 8 
Discontinued treatment 71 

Non-compliance 24 
 Failure to provide diaries 22 
 Failure to follow dosing instructions 2 
AEs 23 
 Death (coded as an SAE) 10 
 Other AE 13 
Cost of medication 13 
Patient request/withdrawal of consent 5 
Lack of efficacy 4 
Protocol deviation 1 
Other (transfer to fibromyalgia study) 1 

a In the initial Scharf Report, 11 deaths were reported, however, one patient (202) died in a boating accident  
  seven months following discontinuation of study medication.  The case report form lists patient request as  
  the reason for discontinuation. 
 
Patient non-compliance was the most common reason for patient discontinuation.  The 
majority (22 of 24) of patient non-compliance discontinuations were the result of patients’ 
failure to complete and return the patient daily diary sleep logs and/or questionnaires as 
required by the protocol.  The other 2 non-compliance discontinuations were due to 
patients not conforming to the study drug dosing regimen. 
 
Of the 23 discontinuations due to AEs, 10 patients died.  An additional patient (202) died 
in a boating accident approximately 7 months after discontinuing study drug.  Although 
the CRF listed the death as an SAE, the reason for discontinuation should properly be 
listed as patient request.  None of the deaths was considered possibly or probably 
related to study medication.  It should be noted that the Scharf clinical trial report 
indicated that 19 patients, not 23, were discontinued due to an AE.  On review of source 
documents, case report forms, and data listings for the 80 patients that did not enroll into 
OMC-SXB-7 as of May 31, 1999, 4 additional patients were found to have discontinued 
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due to an adverse event.  Of these patients, 2 died (017 – cardiopulmonary arrest due to 
atherosclerotic disease; 241 – small cell carcinoma of the lung), 1 (006) experienced an 
event of stimulant-induced rage, and 1 (270) became pregnant.  None of these events 
was considered to be related to trial medication. 
 
Of the remaining 13 AE discontinuations, 6 were considered possibly or probably related 
to study drug, including:  attempted suicide by sodium oxybate overdose (patient 019, 
who had a previous history of depression and suicide ideation); high ANA titer/possible 
drug-induced lupus (patients 066 and 244, neither of whom ever manifested the 
symptoms of lupus); possible pulmonary toxicity (patient 254); depersonalization, 
emotional lability, hypertonia, and pain chest (patient 259); and swelling of ankles and 
feet (patient 271).  Three of the 6 probably or possibly related AE discontinuations were 
reported in the Scharf clinical trial report.  The remaining 3 were the result of a review of 
the 80 aforementioned patients in response to the FDA request and data was derived 
from primary source clinical records and possible patient contact to expand and clarify 
the data.  These patients were, 066, 244, and 254. 
 
The cost of medication, which was communicated to patients prior to study entry in the 
informed consent document of the Scharf trial, was the reason for discontinuation for 13 
patients.  Unlike most investigational drug studies, patients treated in the Scharf trial 
were required to pay a fee of $1,000 per year ($250 paid quarterly) to partially defray the 
costs incurred by the investigator in providing the study drug.  This requirement was 
clearly specified in the written informed consent statement signed by each patient prior 
to beginning the trial.  It is noteworthy that except for the initial limited funding provided 
by the FDA Orphan Drug grant, Dr. Scharf conducted this large clinical study 
independently for over 10 years, without any additional grant support or external funding 
beyond the stated patient contributions.  
 
Table 4.23 summarizes the 80 patients who did not enroll in OMC-SXB-7 by the data 
cutoff (sorted by reason for discontinuation).  
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Table 4.23    Summary of 80 Scharf Patients Who Were Not Enrolled in  
OMC-SXB-7 as of Data Cutoff (May 31, 1999) 

 
Patient 

No. 

 
Sex/Age at Trial 

Entry (yr) 

Date Started 
Sodium 
Oxybate 

Treatment 

 
Date of Last 

Dose 

 
 

Comments 

Reason for Discontinuation:  AE – Patient Death  
001 M/46 11/17/1983 7/31/1989 Metastatic colon carcinoma 
009 M/58 11/28/1984 11/30/1994 Arteriosclerotic cardiovascular disease 
014 M/41 4/13/1987 10/31/1995 Cardiac arrhythmia and severe coronary 

atherosclerosis 
017 M/62 2/7/1989 2/28/1995 Cardiopulmonary arrest due to 

atherosclerotic disease 
032 F/64 7/25/1984 10/19/1994 Lung cancer 
053 M/47 3/29/1984 7/31/1994 Myocardial infarction 
200 M/66 5/22/1985 9/30/1990 Lung cancer 
232 M/64 6/16/1987 3/13/1992 Myocardial infarction secondary to 

bladder carcinoma 
241 M/55 2/27/1985 5/26/1989 Small cell carcinoma of the lung 
243 M/58 6/20/1984 2/28/1989 Myocardial infarction  

Reason for Discontinuation:  AE  
005 F/49 11/16/1987 7/12/1992 Increased difficulty sleeping 
006 M/14 7/24/1985 12/31/1992 Stimulant-induced rage 
019 M/41 7/12/1987 7/30/1989 Attempted suicide by GHB overdose 
064 F/13 6/16/1987 5/00/89 Increased seizure activity 
066 F/44 3/25/1985 4/20/1991 High ANA titer/possible drug-induced 

lupus 
238 M/45 11/30/1983 10/20/1985 Decrease in short-term memory 

(COSTART term "amnesia") 
244 F/55 6/21/1988 5/3/1989 High ANA titer/possible drug-induced 

lupus 
247 F/33 7/25/1989 4/30/1990 Seizure 
254 F/61 5/2/1988 6/26/1989 Possible pulmonary toxicity 
259 F/41 6/3/1987 7/15/1987 Depersonalization, emotional lability, 

hypertonia, and pain chest 
270 F/24 1/16/1994 4/22/1999 Patient became pregnant 
271 M/46 10/24/1994 4/30/1995 Swelling of ankles and feet 
273 F/59 11/6/1994 9/30/1995 Weight loss 

Continued in the Scharf IND Protocol 
004 M/61 1/21/1988 NA  
027 F/55 3/28/1984 NA  
054 M/63 2/10/1987 NA  

 (continued)
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Table 4.23    Summary of 80 Scharf Patients Who Were Not Enrolled in  
OMC-SXB-7 as of Data Cutoff (May 31, 1999) 

 
Patient 

No. 

 
Sex/Age at Trial 

Entry (yr) 

Date Started 
Sodium 
Oxybate 

Treatment 

 
Date of Last 

Dose 

 
 

Comments 

065 F/39 11/16/1983 NA  
228 M/16 2/17/1986 NA  
262 F/63 3/27/1991 NA  
269 M/50 7/8/1993 NA  
283 M/56 12/3/1997 NA  

Reason for Discontinuation:  Cost 
013 M/47 1/18/1988 3/26/1988   
016 M/29 2/19/1986 1/31/1989   
023 F/34 4/18/1984 12/31/1992   
029 F/40 1/11/1984 2/28/1989   
204 M/49 6/27/1984 11/27/1984   
205 F/54 4/1/1985 9/25/1986   
214 M/53 7/25/1985 11/1/1985   
224 F/45 2/20/1987 4/20/1988   
239 F/59 11/30/1984 11/11/1985   
242 M/40 2/1/1984 8/12/1985   
245 M/49 4/18/1984 8/18/1985   
252 M/61 6/27/1984 11/27/1984   
285 M/43 8/14/1991 11/30/1994 Also noted lack of efficacy 

Reason for Discontinuation:  Lack of Efficacy 
007 M/54 8/13/1985 3/16/1991 Started on Anafranil to control cataplexy
208 M/51 10/17/1984 11/13/1984 Patient’s chief complaint was excessive 

daytime sleepiness 
221 F/43 5/23/1984 6/17/1984   
253 F/75 9/30/1987 12/26/1987   

Reason for Discontinuation:  Non-Compliance 
048 F/27 10/26/1983 2/28/1989   
063 F/26 5/6/1988 5/31/1997   
201 F/47 10/26/1983 12/31/1983   
203 F/39 4/18/1984 5/14/1984   
207 F/32 2/1/1984 3/31/1985   
209 F/30 6/27/1984 10/2/1984   
210 M/30 10/5/1984 5/3/1985   
212 M/58 7/29/1985 11/16/1985   
213 F/45 6/3/1985 12/23/1985   

 (continued)
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Table 4.23    Summary of 80 Scharf Patients Who Were Not Enrolled in  
OMC-SXB-7 as of Data Cutoff (May 31, 1999) 

 
Patient 

No. 

 
Sex/Age at Trial 

Entry (yr) 

Date Started 
Sodium 
Oxybate 

Treatment 

 
Date of Last 

Dose 

 
 

Comments 

215 F/46 10/26/1983 10/30/1988   
216 M/49 11/26/1984 2/22/1987   
217 M/52 1/27/1986 7/19/1986   
222 F/72 3/5/1987 4/21/1988   
223 M/45 7/15/1986 1/24/1987   
240 M/42 1/5/1988 7/5/1988   
246 M/59 7/15/1986 4/22/1987   
248 M/73 7/17/1986 10/13/1986   
251 M/65 4/18/1984 11/21/1986   
256 M/16 6/10/1986 6/10/1988   
258 M/54 11/14/1990 Unknown   
263 M/61 1/30/1991 5/31/1991   
267 F/61 4/29/1992 7/31/1997   
268 M/22 7/11/1993 3/00/97   
288 F/27 7/10/1998 10/31/1998   

Reason for Discontinuation:  Other 
279 F/35 9/13/1996 6/20/1998 Patient transferred to fibromyalgia study 

Reason for Discontinuation:  Patient Request 
012 M/74 8/20/1984 8/31/1994   
036 M/31 2/6/1989 10/00/98   
202 M/55 12/20/1984 3/8/1986 Patient died in boating accident 

approximately 7 months after 
discontinuing study drug 

206 F/53 1/13/1984 8/26/1984 Patient concerned about smoking while 
sleepwalking 

218 F/40 5/26/1984 6/00/84   
Reason for Discontinuation:  Protocol Deviation 

276 M/31 12/12/1995 2/26/1996 Failed to meet inclusion criteria 
(not a narcoleptic)  

Screen Failure 
211 F/NA NA NA Patient did not receive study drug 
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4.8.8 EVALUATION OF “REACTION UNEVALUABLE” PATIENTS (SCHARF 
TRIAL) 

 
At FDA request, Orphan Medical sought to provide explanation for a total of 75 Adverse 
Events in the Scharf trial which were initially coded as “reaction unevaluable.”  Table 
4.24 summarizes these 75 events.  The description of the AE is based on a review of the 
documentation (eg, source records, CRFs).  The events were categorized as follows: 
 
• Treatment – The event was a treatment procedure or medication for one of the 

following: 
 

– A previously described AE 
 

– Conditions described in the patient’s medical history 
 

– A treatment that was entered in the CRF in place of the AE(s) that precipitated 
the need for treatment 

 
• Diagnostic Procedure – The patient underwent diagnostic testing because of an AE 

(eg, angiography performed for an AE of chest pain) 
 
• Elective Surgery – Patient underwent elective surgery 
 
• Not an AE – The event was captured in the CRF, but was not an AE (eg, the 

prophylactic use of aspirin for prevention of cardiovascular disease) 
 
• Unknown Medication – Patient diary or CRF noted that patient took a drug, but there 

was no indication listed for the drug 
 

Table 4.24    Summary of “Reaction Unevaluable” AEs – Scharf Trial 
Event Type Number of Events 
Total 75 (100%) 
Treatment 44 (58.7%) 
Diagnostic Procedure 16 (21.3%) 
Not an AE 7 (9.3%) 
Elective Surgery 6 (8.0%) 
Unknown Medication 2 (2.7%) 
 
Of the 75 “reaction unevaluable” events analyzed, the review process clarified 73 
events; 2 events (2.7%) were for medications taken for unknown conditions, and could 
not be resolved. 
 
Fifteen (20%) of the 75 events were considered serious.  Only 2 of the “reaction 
unevaluable” events were considered “probably related” to study drug.  These 2 events, 
both coding to COSTART term “overdose,” were among the 15 SAEs.  
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4.8.9 ADVERSE EVENTS:  COMPARISON OF SODIUM OXYBATE AND 
PLACEBO IN CONTROLLED TRIALS 

 
Table 4.25 summarizes AEs occurring in ≥ 5% of any group for sodium oxybate (all 
dosages combined) and placebo in the 3 double-blind, randomized, 4-week, placebo-
controlled trials with washout periods (no treatment for cataplexy) of 1 to 7 weeks 
(OMC-GHB-2, Scrima, and Lammers) and for the double-blind, randomized, 2-week, 
placebo-controlled trial with a 2-week lead-in of single-blind Xyrem (OMC-SXB-21).  
 
In the 3 trials with washout periods, 69% of the sodium oxybate-treated patients 
experienced 1 or more AEs, compared with 49% of the placebo-treated patients.  The 
most frequently reported AEs for sodium oxybate-treated patients were dizziness (23%), 
headache (20%), and nausea (16%).  For placebo-treated patients, headache was the 
most frequently reported AE (15%); all other AEs occurred in less than 10% of placebo 
patients. 
 
In OMC-SXB-21, 12% of the sodium oxybate-treated patients experienced 1 or more 
AEs, compared with 31% of the placebo-treated patients.  No AE was reported by more 
than 1 patient (4%) in the sodium oxybate group.  For placebo-treated patients, 
headache and anxiety were the most frequently reported AEs (2 patients, 7% each); all 
other AEs occurred in only 1 patient (3%). 
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Table 4.25    AEs Occurring in ≥≥≥≥ 5% of Any Group, by Body System, COSTART  
Preferred Term, and Treatment Group (Active or  

Placebo)   Controlled Trials 
Body System OMC-GHB-2, Scrima, and Lammers OMC-SXB-21 
 COSTART 

Preferred Term 
 

Totala 
 

Placebo 
Sodium 
Oxybate 

 
Total 

 
Placebo 

Sodium 
Oxybate 

Number of Patients 226 (100%) 79 (100%) 147 (100%) 55 (100%) 29 (100%) 26 (100%) 
Patients with ≥ 1 AE 130 (58%) 39 (49%) 101 (69%) 12 (22%) 9 (31%) 3 (12%) 
Body as a Whole 79 (35%) 24 (30%) 60 (41%) 4 (7%) 3 (10%) 1 (4%) 

Headache 39 (17%) 12 (15%) 29 (20%) 2 (4%) 2 (7%) 0 
Infection 11 (5%) 1 (1%) 10 (7%) 0 0 0 
Pain 19 (8%) 3 (4%) 17 (12%) 0 0 0 

Cardiovascular 
System 

11 (5%) 2 (3%) 9 (6%) 1 (2%) 1 (3%) 0 

Digestive System 46 (20%) 9 (11%) 37 (25%) 0 0 0 
Dyspepsia 14 (6%) 5 (6%) 9 (6%) 0 0 0 
Nausea 28 (12%) 4 (5%) 24 (16%) 0 0 0 
Vomiting 10 (4%) 1 (1%) 9 (6%) 0 0 0 

Musculoskeletal 
System 

9 (4%) 1 (1%) 8 (5%) 0 0 0 

Nervous System 80 (35%) 17 (22%) 66 (45%) 5 (9%) 5 (17%) 0 
Anxiety 5 (2%) 1 (1%) 4 (3%) 2 (4%) 2 (7%) 0 
Confusion 12 (5%) 1 (1%) 11 (7%) 0 0 0 
Dizziness 36 (16%) 2 (3%) 34 (23%) 1 (2%) 1 (3%) 0 
Nervousness 12 (5%) 6 (8%) 7 (5%) 0 0 0 
Sleep disorder 15 (7%) 2 (3%) 13 (9%) 1 (2%) 1 (3%) 0 
Somnolence 24 (11%) 7 (9%) 17 (12%) 1 (2%) 1 (3%) 0 

Respiratory System 20 (9%) 6 (8%) 14 (10%) 2 (4%) 1 (3%) 1 (4%) 
Skin 15 (7%) 4 (5%) 11 (7%) 2 (4%) 1 (3%) 1 (4%) 
Special Senses 10 (4%) 3 (4%) 7 (5%)    
Urogenital System 24 (11%) 7 (9%) 18 (12%) 1 (2%) 0 1 (4%) 

Incontinence, urine 8 (4%) 0 8 (5%) 0 0 0 
a Two of the trials (Scrima and Lammers) were crossover trials, with patients in both the placebo and sodium 

oxybate groups. 
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4.9 Other Safety Information 
 
4.9.1 ANALYSIS OF ADVERSE EVENT DOSE-RESPONSE INFORMATION 
 
4.9.1.1 Dosage Justification 
 
4.9.1.1.1 Historical Clinical Experience 
 
At the time the first controlled clinical trial contained in this application was initiated 
(Scrima trial report, Scrima 1989, 1990), information was available on suitable dosage 
ranges for sodium oxybate from published reports of open-label clinical trials (Broughton 
1979, 1980; Scharf 1985; Mamelak, 1986) that suggested that nightly dosages of 3.0 to 
9.0 g/d, usually taken in divided nightly doses, were effective in reducing cataplexy and 
other symptoms of narcolepsy and were well tolerated.  Mamelak (1981) reported a 
single case study in which sodium oxybate at a dosage of approximately 5 g/d was 
effective and well tolerated in the treatment of narcolepsy.  Since that time, an additional 
paper by Bédard (1989), using EEG measures, demonstrated the efficacy of sodium 
oxybate in improving the disrupted sleep architecture (decreasing REM latency, time 
awake after sleep onset, and duration of stage 1 sleep; and increasing the number of 
sleep-onset REM periods, amount of REM, and REM efficiency) of patients with 
narcolepsy at a dosage of 2.25 g/d (single nightly dose). 
 
4.9.1.1.2 Dosage Justification 
 
In the long-term, open-label clinical trial (Scharf, begun in 1983), 6.0 g/d as a divided 
dose was the most frequent dosage. 
 
The Scrima trial (begun in 1986) employed a dosage based on body weight (50 mg/kg), 
approximately equivalent to a dosage of 3.5 g/d for a 70-kg person.  Based on the actual 
body weights of patients enrolled in the study, the mean dosage actually administered 
was 4.2 g/d (ranging from 3.0 g/d to 5.7 g/d for individual patients). 
 
The Lammers trial (begun in 1987) employed a slightly higher dosage, also on a per-
kilogram basis (60 mg/kg; 4.2 g/d for a 70-kg person).  Based on the actual body weight 
of the patients enrolled in the study, the mean dosage actually administered was 4.7 g/d 
(ranging from 3.7 g/d to 5.5 g/d for individual patients). 
 
For the OMC-GHB-2 trial (begun in 1997), the above-cited studies were used as a basis 
for selecting the dosage, as was expert opinion solicited by Orphan Medical.  At the 
request of FDA (August 1995), higher and lower dosages (3 g/d and 9 g/d) were also 
included in the study design to look for evidence of dose-responsiveness:  the 3 g/d 
dosage was selected as being marginally below what was thought to be the minimum 
effective dosage, and 9 g/d was selected to approximate a maximum tolerated dosage. 
 
Final dosages in open-label studies OMC-GHB-3 (begun in 1997), OMC-SXB-6 (begun 
in 1999), and OMC-SXB-7 (begun in 1999) were arrived at by titration to optimal clinical 
effect.  Patients began at a dosage of either 6.0 g/d (OMC-GHB-3) or 4.5 g/d  
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(OMC-SXB-6) and investigators titrated patients’ dosages up or down to maximize 
therapeutic benefit while minimizing any potentially drug-related adverse experiences.  
This dosage-selection procedure was intended to more closely resemble actual clinical 
practice, in which patients will be recommended to begin treatment at 4.5 g/d and 
increase or reduce their dosage in 1.5 g/d (0.75 g per individual dose) increments at 
intervals of 2 weeks to maximize clinical benefit. 
 
The distribution of final dosages in OMC-GHB-3, OMC-SXB-6, and OMC-SXB-7 
(through the data cutoff of September 30, 2000) is summarized in Table 4.26. 
 

Table 4.26    Distribution of Final Dosages    Open-Label Studies  
(OMC-GHB-3, OMC-SXB-6, and OMC-SXB-7) 

Sodium Oxybate Last Dosage (g/d)  
Trial 

 
Total 3.0 4.5 6.0 7.5 9.0 

OMC-GHB-3 117a 15 (13%) 20 (17%) 37 (32%) 25 (21%) 20 (17%) 
OMC-SXB-7 185 4 (2%) 52 (28%) 73 (40%) 27 (15%) 29 (16%) 
OMC-SXB-6 236 5 (2%) 39 (17%) 76 (32%) 59 (25%) 57 (24%) 
a Does not include the 1 patient who did not receive sodium oxybate. 
 
Dosages employed in the clinical trials included in the updated integrated clinical trial 
database, and in OMC-SXB-21, ranged from 3  to 9 g/d, taken in divided nightly doses. 
 
4.9.1.2 Adverse Event Dose-Response Analysis 
 
In the updated integrated clinical trial database, a higher incidence of AEs was seen with 
the patients taking 9.0 g/d sodium oxybate.  This was true for patients with at least 1 AE 
(78% for 9.0 g/d, compared with 51% to 62% for the other 4 dosage at onset groups), 
patients with related AEs (55% for 9.0 g/d, vs. 28% to 40% for the other 4 dosage at 
onset groups), patients with severe AEs (16% for 9.0 g/d, vs. 3% to 12% for the other  
4 dosage groups), and discontinuations due to AEs (12% for 9.0 g/d, vs. 2% to 6% for 
the other 4 dosage groups).  Interestingly, the incidence for the patients in the placebo 
group with at least 1 AE (70%) and patients with related AEs (57%) was similar to that 
for the 9.0 g/d group for patients.  No similar trend was apparent for patients with SAEs.   
 
For the most frequently reported AEs, there were no apparent differences in incidence of 
headache and pain among the 6 dosage at onset groups, including placebo and the 
5 sodium oxybate groups.  There was a higher incidence (23%) of nausea in the 9.0 g/d 
group, compared with 7% for placebo and 8% to 11% for the other 4 sodium oxybate 
groups.  A higher incidence of dizziness was seen in the 3.0 g/d and 9.0 g/d groups 
(16% and 17%, respectively), compared with 4% for placebo and 6% to 12% for the 
other 3 sodium oxybate groups.  No inferential statistical analyses were performed for 
the integrated database. 
 
A slight dose-related effect was seen in the OMC-GHB-3 trial for nausea (p = 0.021) and 
viral infection (p < 0.001), with a 16.7% incidence for both AEs in the 9.0 g/d sodium 
oxybate dosage group, compared with 9.8% and 3.3%, respectively, in the 3.0 g/d 
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sodium oxybate dosage group.  In the OMC-GHB-2 trial where doses were assigned in a 
blinded, randomized fashion, a dose-related effect was apparent for dizziness 
(p = 0.0178), infection (p = 0.0338), nausea (p = 0.0045), urinary incontinence 
(p = 0.0143), and vomiting (p = 0.0475). 
 
4.9.2 LONG-TERM ADVERSE EVENTS 
 
As discussed in Section 4.2, of the 399 patients in the updated clinical trial database, 
296 patients took Xyrem for > 6 months, 223 patients took Xyrem for > 1 year, and 48 
patients took Xyrem for > 2 years.  Of the 479 patients in the combined experience from 
the updated integrated clinical trial database and the Scharf trial, 360 patients took 
Xyrem for > 6 months, 286 patients took Xyrem for > 1 year, and 150 patients took 
Xyrem for > 2 years. 
 
Analyses comparing AEs in different time periods were carried out in the OMC-GHB-3 
trial (first 12 months vs. entire 24 months) and the Scharf trial (first 6 months vs. 
remainder of trial).  In OMC-GHB-3, almost all AEs appeared to initiate within the first 12 
months of the trial.  Only 15 additional COSTART terms were reported during the 
second 12 months, only 3 of which occurred in more than 1 patient – GI distress 
(3 patients), bilirubinemia (2 patients), and increased alkaline phosphatase (2 patients).  
Only 1 patient experienced urinary incontinence during the second 12 months.  In the 
Scharf trial, 95.1% of the 143 patients experienced 1 or more AE at any time during the 
trial; 87.4% of the patients experienced an AE during the first 6 months, again supporting 
the conclusion that few new AEs are seen after the first 6 to 12 months of treatment.  
 
The profile of SAEs in the Scharf trial (with an incidence of 37.8%) was consistent with 
the serious illnesses that would be expected in a patient population of older adults.  The 
most frequent SAEs were related to cardiovascular disease and narcolepsy.  The 
incidence of serious accidental injury was not unexpected in patients with cataplexy.  
Several contributing factors could account for the incidence of SAEs, including:  
 
• The increasing age of the patients during the trial (from a mean of 45.3 years of age 

at entry to a mean of 61 years of age), which would be associated with the 
development of chronic illness 

 
• Underlying cardiovascular abnormalities, which were present in approximately 20% 

of patients at baseline, and the expected age-related progression and presentation 
of cardiovascular morbidities 

 
• Possible maladaptive patterns of behavior for some patients as a result of long-

standing disease (average time from diagnosis of narcolepsy to trial entry, 9.5 years) 
 
4.9.3 WITHDRAWAL EFFECTS 
 
To determine if REM rebound effects (ie, rebound cataplexy) occur on abrupt withdrawal 
of sodium oxybate, the incidence of AEs suggestive of REM rebound (increased 
cataplexy attacks, sleep disturbance, hallucinations, and abnormal dreams) during the 
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period of up to 5 days prior to Visit 6 (end of treatment period) was compared with that 
during the period of 3 to 5 days after Visit 6 during which no oxybate treatment was 
given in the OMC-GHB-2 trial.  There was no evidence of acute rebound cataplexy and 
no exacerbation of AEs suggestive of REM rebound effects, suggesting that REM 
rebound effects do not appear when sodium oxybate is withdrawn for 3 to 5 days. 
 
In the OMC-SXB-21 trial, abrupt double-blind discontinuation of long-term Xyrem 
treatment at therapeutic dose range for 2 weeks led to an increase in cataplexy attacks 
(median increase 21.0, compared with 0.0 for the Xyrem group), but did not appear to 
result in an increase in AEs that would indicate physical dependence or withdrawal 
syndrome. 
 
4.10 Safety Summary 
 
In dosages between 3.0 and 9.0 g/d in nightly divided doses, sodium oxybate was 
generally well tolerated in the 5 trials included in the updated integrated clinical trial 
database, the Lammers trial, the Scharf trial, and the OMC-SXB-21 trial, with side effects 
that were usually mild and most frequently included nausea, dizziness, and headache, 
with occasional urinary incontinence (enuresis) and somnambulism (sleepwalking).  
 
Of the 399 patients in the updated clinical trial database, 296 patients took Xyrem for 
> 6 months, 223 patients took Xyrem for > 1 year, and 48 patients took Xyrem for 
> 2 years.  Of the 479 patients in the combined experience from the updated integrated 
clinical trial database and the Scharf trial, 360 patients took Xyrem for > 6 months, 286 
patients took Xyrem for > 1 year, and 150 patients took Xyrem for > 2 years.  Total 
exposure to sodium oxybate was 329.89 patient-years in the updated integrated clinical 
trial database, 2.08 patient-years in the Lammers trial, and 996.15 patient-years in the 
Scharf trial, or a total of 1,328.12 patient-years. 
 
Of the 402 narcolepsy patients included in the updated integrated clinical trial database, 
331 (82%) experienced at least 1 AE.  As expected, a higher incidence (95%) was seen 
in the long-term (16-year) clinical trial (Scharf); however, the incidence of AEs during the 
first 6 months of treatment with sodium oxybate was similar in the OMC-SXB-6, 
OMC-GHB-3, and Scharf trials.   
 
Related AEs were seen for 247 of the 402 patients (61%) in the updated integrated 
clinical trial database.  Severe AEs were seen for 82 of the 402 patients (20%).  In the 
Scharf trial, severe AEs were seen for 21 of the 143 patients (14.7%) during the first 
6 months on sodium oxybate. 
 
SAEs were experienced by 27 of the 402 patients (7%) in the updated integrated clinical 
trial database and 54 of the 143 patients (37.8%) in the long-term (16-year) Scharf trial.  
Two deaths (0.5%) were reported in the OMC-SXB-7 trial, including patient 0936 who 
died after the data cutoff, and 11 [7.7%] deaths were reported in the Scharf trial over 16 
years.  None of these deaths was considered related to trial medication.  Fifty-two 
patients (13%) discontinued due to 1 or more AEs in the updated integrated clinical trial 
database and 23 patients (16.1%) in the long-term (Scharf) trial.  Of these patients,  

198 

                                      PAR1005 
IPR of U.S. Patent No. 7,668,730  
                               Page 202 of 353



Orphan Medical, Inc. 
NDA #21-196 Xyrem® (sodium oxybate) oral solution 
Peripheral and Central Nervous System Drugs Advisory Committee Briefing Booklet 
 

R:\GHB\PostNDA\Advisory Meeting\June 6-2001 Meeting\Briefing Books\Section 4--Safety.doc 71 

42 (10%) in the updated integrated clinical trial database and 3 (2%) in the Scharf trial 
discontinued due to AEs considered to be related to trial medication. 
 
In the updated integrated clinical trial database, the most frequently reported AEs 
included headache (29%), nausea (23%), dizziness (19%), and pain (18%).  In the 
Scharf trial, the most frequently reported AEs (nearly all of which would be expected in a 
long-term trial and were associated with common intercurrent illnesses) included viral 
infection (56.6%), headache (52.4%), pain (48.3%), accidental injury (42.0%), nausea 
(40.6%), flu syndrome (38.5%), pharyngitis (37.8%), rhinitis (36.4%), increased cough 
(34.3%), sleep disorder (sleepwalking; 31.5%), diarrhea (28.0%), dizziness (27.3%), 
fever (26.6%), abdominal pain (26.6%), sinusitis (26.6%), and dyspepsia (25.2%). 
 
Overall, a slight dose-response relationship was seen for the incidence of patients with 
1 or more AEs in the updated integrated clinical trial database.  Statistical analysis 
showed a dose-response relationship for specific AEs in 2 trials (dizziness, infection, 
nausea, urinary incontinence, and vomiting in OMC-GHB-2; nausea and viral infection in 
OMC-GHB-3).  Examination of the data in the long-term (up to 16 years) clinical trial 
(Scharf) for AEs (during the first 6 months, and during the remainder of the study) 
showed no strong evidence of a dose-response relationship. 
 
Special analyses showed no evidence of seizurogenesis (based on an analysis of 
incontinence AEs) or of medication-induced lupus (based on an analysis of increased 
ANA levels).   
 
An analysis of the 3 placebo-controlled trials with washout periods of 1 to 7 weeks 
(OMC-GHB-2, Scrima, and Lammers) showed a higher incidence of patients with 1 or 
more AEs for sodium oxybate (69%) than for placebo (49%).  The most frequently 
reported AEs for sodium oxybate-treated patients were dizziness (23%), headache 
(20%), and nausea (16%).  For placebo-treated patients, headache was the most 
frequently reported AE (15%); all other AEs occurred in less than 10% of placebo 
patients. 
 
In the placebo-controlled OMC-SXB-21 trial (with a 2-week lead-in of single-blind 
Xyrem), the incidence of patients with 1 or more AEs was 12% for sodium oxybate, 
compared with 31% for placebo.  No AE was reported by more than 1 patient (4%) in the 
sodium oxybate group.  For placebo-treated patients, headache and anxiety were the 
most frequently reported AEs (2 patients, 7% each); all other AEs occurred in only 
1 patient (3%). 
 
Laboratory evaluations for the integrated clinical trial database and the Scharf trial 
included blood chemistry, hematology, and urinalysis.  The only potentially significant 
laboratory abnormality was hypocalcemia.  Although this was present in 23 of the 
132 patients tested in the 5 integrated clinical trials, it was a variable measure in 15 
patients, with a return to normal during treatment.  In all cases, the reduction in calcium 
levels was minor, and not of clinical significance. 
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4.11 Overall Conclusion 
 
Safety information collected for this orphan indication from clinical trials is intrinsically 
limited.  The safety data collected for Xyrem (sodium oxybate) suggests an acceptable 
safety profile as summarized herein and represented in greater detail in the NDA 
application on file with FDA. 
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SECTION 5 
PHARMACOKINETICS,  

DRUG INTERACTIONS, AND  
PHARMACODYNAMICS 
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5.0 PHARMACOKINETICS, DRUG INTERACTIONS, AND 
PHARMACODYNAMICS 

 
5.1 Human Pharmacokinetics and Drug Interactions Summary 
 
Eight (8) Phase I clinical pharmacokinetic studies of sodium oxybate were sponsored.  
The first was a pilot study that evaluated the single-dose pharmacokinetics of sodium 
oxybate in narcoleptic patients who had been taking oxybate for 2 to 13 years 
(OMC-GHB-4).  Thereafter, the pharmacokinetics of sodium oxybate were evaluated 
after single and repeated (8-week) administration in oxybate-naïve narcoleptic patients 
(OMC-SXB-10).  Dose-proportionality (OMC-SXB-9), sex-related differences 
(OMC-SXB-8), and effects of food (OMC-SXB-11) on sodium oxybate pharmacokinetics 
were assessed in 3 studies in healthy volunteers.  The potential for interaction between 
sodium oxybate and 3 classes of drugs (hypnotics, antidepressants, and stimulants) 
commonly used in the treatment of narcoleptic symptoms were assessed in 3 studies in 
healthy volunteers using zolpidem (Ambien ) (OMC-SXB-12), protriptyline (Vivactil )  
(OMC-SXB-14), and modafinil (Provigil ) (OMC-SXB-17).  Potential for drug interactions 
through inhibition of cytochrome P450 (CYP) isoenzymes was also assessed in vitro 
(Covance Study No. 6627-129). 
 
Since Xyrem (sodium oxybate) is a true solution for oral administration and is not a solid 
dosage form, absolute bioavailability studies and/or bioequivalence studies are not 
required for New Drug Application (NDA) submission in the United States.  At a meeting 
between Orphan Medical and FDA in August 1998, the Agency concurred that no 
bioequivalence studies are required for this application and none were performed. 
 
5.1.1 NARRATIVE SUMMARIES FOR XYREM (SODIUM OXYBATE) ORAL 

SOLUTION BIOPHARMACEUTIC STUDIES 
 
The 8 clinical pharmacokinetic studies and one in vitro study sponsored by Orphan 
Medical Inc. are summarized below.  Several features were common to the 8 clinical 
pharmacokinetic studies. All were open label single center studies and none used 
biomarkers or surrogate end-points.  With the exception of the pilot study (OMC-GHB-4), 
all the pharmacokinetic studies used a Xyrem (sodium oxybate) oral solution1 identical to 
the one to be released to the market upon NDA approval.  The pilot study used a powder 
formulation2 that was readily dissolved in a small volume of water before ingestion by 
study subjects as an oral solution. 
 
Blood for determination of plasma oxybate concentrations was taken at varying times 
after sodium oxybate administration.  A liquid chromatography atmospheric pressure 

1In addition to sodium oxybate (500 mg/mL), the liquid formulation contains malic acid, FCC NF, 
sodium hydroxide, NF, and purified water, USP.   
2Unit doses of the powder formulation were packaged in twin pouches: one containing sodium 
oxybate and the other the flavor excipient.  The contents were dissolved in two ounces of water 
before ingestion.  The powder formulation was also used in clinical trials OMC-GHB-2 and  
OMC-GHB-3. 

202 

                                      PAR1005 
IPR of U.S. Patent No. 7,668,730  
                               Page 206 of 353



Orphan Medical, Inc. 
NDA #21-196  Xyrem® (sodium oxybate) oral solution 
Peripheral and Central Nervous System Drugs Advisory Committee Briefing Booklet 
 

R:\GHB\PostNDA\Advisory Meeting\June 6-2001 Meeting\Briefing Books\Section 5--PK.doc 3 

ionization tandem mass spectrometry (LC/MS/MS) analytical method with a limit of 
quantification (LOQ) of 5 µg/mL oxybate for a 0.1 mL aliquot of plasma was used in all 
studies except the pilot study, which used a gas chromatographic method with mass 
selective detection (LOQ 7.02 µg/mL for a 1.0 mL aliquot of plasma). 
 
In all studies, plasma oxybate concentration versus time data from each subject 
following dosing were subjected to non-compartmental analysis using WinNonlin 
(version 1.1) and SAS (versions 6.11 and 8) and the following pharmacokinetic 
parameters determined: peak plasma concentration (Cmax), corresponding peak time 
(Tmax), elimination half-life (T1/2), area under the curve from time zero to time infinity 
(AUCinf), plasma clearance divided by absolute bioavailability (CL/F), and volume of 
distribution divided by absolute bioavailability (Vz/F).  The mean and coefficient of 
variation (CV) for each parameter was calculated from the individual subject data. 
 
5.1.1.1 Pharmacokinetics of Sodium Oxybate in Oxybate-Experienced 

Narcoleptic Patients (OMC-GHB-4) 
 
This was a pilot Phase I open label pharmacokinetic study of orally administered sodium 
oxybate in 6 narcoleptic patients who had been receiving nightly doses of oxybate for 2 
to 13 years.  Patients received 2 consecutive 3-g doses of sodium oxybate, the first just 
prior to bedtime and the second 4 hours later.  Unit doses of sodium oxybate (and 
flavoring excipient) were dissolved in 2 ounces of water and the resultant solution 
ingested by study subjects as a liquid formulation. 
 
The pharmacokinetic parameters observed or derived from the study are tabulated 
below and are expressed as the mean ± CV of observations in 6 patients. 
 

First 3-g Dose Second 3-g Dose 
Cmax 

µµµµg/mL 
Tmax 
hour 

Cmax 
µµµµg/mL 

Tmax 
hour 

T1/2 
hour 

AUCinf 
µµµµg·hr/mL 

CL/F 
mL/min·kg 

Vz/F 
mL/kg 

62.8 
± 43% 

0.67 
± 15% 

91.2 
± 28% 

0.59 
± 19% 

0.88 
± 36% 

295 
± 27% 

4.2 
± 21% 

307 
± 18% 

 
Capacity limited elimination kinetics was observed in 3 of 6 patients following two 
consecutive 3 g oral doses of sodium oxybate.  From a pharmacokinetic perspective, 
dividing the nightly sodium oxybate dose into 2 portions and administering the 2 portions 
at a 2.5- to 4-hour interval is rational because the elimination half-life of sodium oxybate 
in narcoleptic patients is short (< 1 hour).  The pharmacokinetics of sodium oxybate in 
narcoleptic patients (who had been ingesting this agent nightly for years) appears to be 
comparable to that observed in healthy human subjects (Palatini 1993) and in alcohol 
dependent patients (Ferrara 1992). 
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5.1.1.2 Pharmacokinetics of Sodium Oxybate After Single and Chronic (8-week) 
Dosing in Oxybate-naïve Narcoleptic Patients (OMC-SXB-10) 

 
This study was to examine the pharmacokinetics of Xyrem (sodium oxybate) oral 
solution in narcoleptic patients after a single 4.5 g dose and after 8 weeks of nightly 
dosing with 4.5 g.  Each dose was taken just before bedtime.  Subjects were 13 (3 male, 
10 female) oxybate naïve narcoleptic patients. 
 
The pharmacokinetic parameters observed or derived from the study are tabulated 
below and are expressed as the mean ± CV of observations in 13 patients. 
 

Time of 
Determination 

Cmax 
µµµµg/mL 

Tmax 
hour 

T1/2 
hour 

AUCinf 
µµµµg·hr/mL 

CL/F 
mL/min·kg 

Vz/F 
mL/kg 

First dose 90.0 
± 34% 

0.75a 0.67 
± 25% 

226 
± 33% 

4.0 
± 28% 

226 
± 29% 

8-weeks 104 
± 30% 

0.50a 0.67 
± 31% 

254 
± 31% 

3.5 
± 31% 

197 
± 34% 

amedian 
 
On average, the nightly treatment with Xyrem for 8 weeks resulted in a 13% increase in 
systemic exposure to oxybate based on AUCinf and a 16% increase in peak plasma 
concentration.  While the changes were statistically significant (P<0.05; paired t-test of 
log transformed values), these modest increases are not considered to be clinically 
significant.  It was also concluded that chronic Xyrem treatment did not result in auto-
induction (self-induction of metabolism). 
 
5.1.1.3 Pharmacokinetics of Sodium Oxybate in Healthy Male and Female 

Volunteers (OMC-SXB-8) 
 
This study examined the pharmacokinetics of Xyrem (sodium oxybate) oral solution in 18 
male and 18 female healthy adult volunteers who received a single 4.5 g dose just 
before bedtime.  Urine levels of oxybate, for determination of the extent of renal 
excretion of unchanged oxybate, were also assessed in this study. 
 
The pharmacokinetic parameters observed or derived from the study are tabulated 
below and are expressed as the mean ± CV of observations in 18 males and 18 
females. 
 

Sex Cmax 
µµµµg/mL 

Tmax 
hour 

T1/2 
hour 

AUCinf 
µµµµg·hr/mL 

CL/F 
mL/min·kg 

Vz/F 
mL/kg 

Male 88.3 
± 24% 

1.25 
± 53% 

0.65 
± 35% 

241 
± 34% 

3.8 
± 34% 

202 
± 30% 

Female 83.0 
± 23% 

1.14 
± 43% 

0.61 
± 20% 

233 
± 35% 

4.2 
± 38% 

218 
± 40% 
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There was no difference in the systemic exposure to oxybate between male and female 
subjects.  Based on unpaired t-test or Wilcoxon rank sum test (Tmax only), there was no 
significant difference (P > 0.05) between male and female volunteers for log-transformed 
AUCinf, log transformed Cmax, Tmax, CL/F (per kg), T1/2, percentage of dose excreted 
unchanged in urine, or apparent renal clearance.  The T1/2 of Xyrem was 39 min in men 
and 37 min in women, resulting in very low plasma concentrations by 6 hours after a 
4.5 g dose.  Urinary excretion of unchanged oxybate was a minor elimination pathway 
(1% � 7%) in both sexes. 
 
5.1.1.4 Dose Proportionality of Sodium Oxybate (OMC-SXB-9) 
 
This was a 2-way crossover study that examined the pharmacokinetics of Xyrem 
(sodium oxybate) oral solution in 10 male and 3 female healthy adult volunteers.  Each 
subject received two treatments with sodium oxybate, one at a dose of 4.5 g and the 
other at a dose of 9.0 g.  For each treatment, doses were divided (2 x 2.25 g or 2 x 
4.5 g), with the first half being given just before bedtime and the second 4 hours later.  A 
7-day washout separated the two treatments.  Urine levels of oxybate, for determination 
of the extent of renal excretion of unchanged oxybate, were also assessed in this study. 
 
The pharmacokinetic parameters observed or derived from the study are tabulated 
below and are expressed as the mean ± CV of observations in the 12 volunteers who 
completed the study. 
 

First Nightly 
Dose 

Second Nightly 
Dose Xyrem 

Dose 
g Cmax 

µµµµg/mL 
Tmax 
hour 

Cmax 
µµµµg/mL 

Tmax 
hour 

T1/2 
hour 

AUCinf 
µµµµg·hr/mL 

CL/F 
mL/min·kg 

Vz/F 
mL/kg 

4.5 
(2 x 

2.25) 

26.6 
± 32% 

0.85 
± 42% 

60.1 
± 29% 

0.64 
± 49% 

0.59 
± 22% 

138 
± 36% 

6.6 
± 32% 

325 
± 24% 

9.0 
(2 x 
4.5) 

77.6 
± 32% 

1.17 
± 46% 

142 
± 35% 

0.72 
± 63% 

0.83 
± 23% 

518 
± 38% 

3.6 
± 38% 

249 
± 36% 

 
The systemic exposure of human subjects to oxybate increased disproportionately with 
dose.  Doubling the nightly dose from 4.5 g (2 x 2.25 g) to 9 g (2 x 4.5 g) resulted in a 
3.8-fold increase in AUCinf.  Cmax values were higher after the second half of the nightly 
dose (administered 4 hours after the first half of the nightly dose) (Figure 5.1). 
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Figure 5.1 Mean Oxybate Concentration Versus Time After Divided Doses of 

4.5 g and 9.0 g in Healthy Volunteers 
 

 
The apparent T1/2 of oxybate was < 1 hour, resulting in very low plasma concentrations 
by 10 hours after the start of this dosing regimen.  Renal excretion of unchanged 
oxybate was minimal (<10%). 
 
5.1.1.5 Effect of Food on Pharmacokinetics of Sodium Oxybate (OMC-SXB-11) 
 
This was a randomized 2-way crossover study that determined the effect of food on the 
bioavailability of Xyrem (sodium oxybate) oral solution in 36 adult female healthy 
volunteers.  Each subject received two treatments with 4.5 g sodium oxybate, one given 
after a high fat meal and the other after an overnight fast.  Urine levels of oxybate, for 
determination of the extent of renal excretion of unchanged oxybate, were also assessed 
in this study. 
 
The pharmacokinetic parameters observed or derived from the study are tabulated 
below and are expressed as the mean ± CV of observations in 34 subjects who 
completed the study. 
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Food State 
Cmax 

µµµµg/mL 
Tmax

** 

hour 
T1/2 

hour 
AUCinf 

µµµµg·hr/mL 
CL/F 

mL/min·kg 
Vz/F 

mL/kg 

Fed 60.1* 

± 33% 
2.00* 0.68 

± 32% 
188* 

± 43% 
6.2 

± 52% 
384 

± 84% 

Fasted 142 
± 24% 

0.75 0.57 
± 53% 

288 
± 38% 

3.7 
± 38% 

190 
± 51% 

*Significantly different than fasted state (P<0.05) 
**Tmax value is median 
 
A high fat meal significantly delayed Xyrem absorption following oral dosing (Figure 5.2).  
The systemic exposure of subjects to oxybate when Xyrem was administered after a 
high fat meal was not equivalent to the systemic exposure when Xyrem was 
administered after an overnight fast.  On average, Cmax decreased by 59% and AUCinf 
decreased by 37% in the fed compared to fasted state.  The 90% confidence interval for 
the fed:fasted ratio of Cmax was 0.37-0.46 and of AUCinf was 0.57-0.69.  Absorption of 
Xyrem appeared to be slower when Xyrem was administered after a high fat meal than 
after an overnight fast, resulting in a later Tmax of 2 hours compared to 0.75 hour.  The 
apparent half-life of oxybate was <1 hour for both dosing conditions.  Urinary excretion of 
unchanged oxybate was a minor elimination pathway (<10% of the dose). 
 
Figure 5.2 Mean Plasma Concentration Versus Time of Oxybate After an 

Overnight Fast and After a High Fat Meal 
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5.1.1.6 Hypnotic Drug Interaction:  Sodium Oxybate and Zolpidem  
(OMC-SXB-12) 

 
This randomized 3-way crossover study determined the interaction between sodium 
oxybate and zolpidem tartrate (Ambien ) in 10 male and 5 female healthy adult 
volunteers.  Each subject received each of the following treatments: a single dose of 
sodium oxybate (3 g) alone; a single dose of sodium oxybate (3 g) in combination with 
zolpidem (5 mg); and a single dose of zolpidem (5 mg) alone. 
 
The pharmacokinetic parameters observed or derived from the study are tabulated 
below and are expressed as the mean ± CV of observations in 15 subjects. 
 
Treatment 
Regimen 

Analyte Cmax 
µµµµg/mL 

Tmax* 
hour 

T1/2 
hour 

AUCinf 
µµµµg·hr/mL 

CL/F 
mL/min·kg 

Vz/F 
mL/kg 

sodium 
oxybate 
alone 

oxybate 83.8 
± 29% 0.50 0.74 

± 30% 
136 

± 32% 
4.3 

± 30% 
260 

± 28% 

oxybate 93.5 
± 30% 0.75 0.73 

± 25% 
143 

± 34% 
4.4 

± 52% 
281 

± 82% sodium 
oxybate 

+ 
zolpidem zolpidem 

107 
x10-3 

± 44% 
0.75 3.35 

± 56% 
420 x10-3 

± 51% 
2.6 

± 50% 
643 

± 35% 

zolpidem 
alone zolpidem 

96.3 
x10-3 

± 37% 
0.50 3.34 

± 48% 
424 x10-3 

± 54% 
2.8 

± 50% 
640 

± 26% 

*Median reported for Tmax 
 
The systemic exposure of healthy adult volunteers to oxybate when Xyrem was 
administered with zolpidem was equivalent to the systemic exposure when Xyrem was 
administered alone.  On average, Cmax of oxybate increased by 6% and AUCinf by 3% in 
the presence of zolpidem.  Conversely, the mean zolpidem Cmax decreased by 8% and 
AUCinf decreased by 2% in the presence of Xyrem.  Overall, however, co-administration 
of Xyrem and zolpidem presents no pharmacokinetic changes for either drug that are 
clinically significant. 
 
5.1.1.7 Antidepressant Drug Interaction:  Sodium Oxybate and Protriptyline 

(OMC-SXB-14) 
 
This randomized 3-way crossover study determined the interaction between sodium 
oxybate and protriptyline hydrochloride (Vivactil ) in 5 male and 7 female healthy adult 
volunteers.  Each subject received each of the following treatments: sodium oxybate in a 
divided dose of 4.5 g (2 x 2.25 g) alone; sodium oxybate (2 x 2.25 g) in combination with 
protriptyline (10 mg); and a single dose of protriptyline (10 mg) alone. 
 
The pharmacokinetic parameters observed or derived from the study are tabulated 
below and are expressed as the mean ± CV of observations in 13 patients. 
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Treatment 
regimen 

Analyte Cmax
a,b

µµµµg/mL
Tmax

a 

hour 
T1/2 

hour 
AUCinf

b 

µµµµg·hr/mL 
CL/Fb 

mL/min·kg 
Vz/Fb 

mL/kg 

sodium oxybate 
alone oxybate 64.6 

± 24% 0.50c 0.57 
± 33% 

178 
± 41% 

5.7 
± 44% 

248 
± 18% 

oxybate 58.3 
± 39% 0.75c 0.57 

± 32% 
183 

± 43% 
5.9 

± 56% 
263 

± 37% sodium oxybate 
+ 

protriptyline protrip-
tyline 

4.7 
x10-3 

± 30% 
8.0c 72.1 

± 53% 

452 
x10-3 

± 67% 

0.41 
x103 

± 68% 

32.0 
x103 

± 36% 

protriptyline alone protrip-
tyline 

5.0 
x10-3 

± 26% 
8.0c 68.2 

± 57% 

463 
x10-3 

± 67% 

0.40 
x103 

± 75% 

30.6 
x103 

± 57% 
aShown are the Cmax

 and Tmax from the second of the divided doses of sodium oxybate; 
parameters from the first divided dose were no different when sodium oxybate was given alone 
or in combination with protriptyline; the mean (CV) Cmax was 55.1 (26%) vs 55.5 (34%) µg/mL, 
respectively and median Tmax was 0.75 vs 0.63 hours, respectively. 

bUnits for protriptyline have been converted from reported units for Cmax (ng/mL), AUCinf 
(ng·hr/mL), CL/F (L/min·kg), and Vz/F (L/kg). 

cmedian 
 
On average, the oxybate Cmax decreased by 2% and 16% after the first and second 
portion of the dose, respectively, and the combined AUCinf decreased by 3%, following 
co-administration with protriptyline.  Conversely, mean protriptyline Cmax increased by 
7% and AUCinf increased by 3% following co-administration.  Overall, however,  
co-administration of Xyrem and protriptyline presents no pharmacokinetic changes for 
either drug that are clinically significant. 
 
5.1.1.8 Stimulant Drug Interaction:  Sodium Oxybate and Modafinil  

(OMC-SXB-17) 
 
This randomized 3-way crossover study determined the interaction between sodium 
oxybate and modafinil (Provigil ) in 7 male and 6 female healthy adult volunteers.  Each 
subject received each of the following treatments: a single dose of sodium oxybate 
(4.5 g) alone; a single dose of sodium oxybate (4.5 g) in combination with modafinil 
(200 mg); and a single dose of modafinil (200 mg) alone.  
 
The pharmacokinetic parameters observed or derived from the study are tabulated 
below and are expressed as the mean ± CV of observations in 12 subjects. 
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Treatment 
regimen 

Analyte Cmax 
µµµµg/mL

Tmax 
hour 

T1/2 
hour 

AUCinf 
µµµµg·hr/mL 

CL/F 
mL/min·kg 

Vz/F 
mL/kg 

sodium 
oxybate alone oxybate 146 

± 21% 0.50a 0.76 
± 24% 

302 
± 39% 

3.1 
± 29% 

190 
± 16% 

oxybate 135 
± 26% 0.50a 0.76 

± 28% 
294 

± 56% 
3.4 

± 38% 
205 

± 20% 
sodium 
oxybate 

+ 
modafinil modafinil 5.5 

± 31% 2.0a 12.3 
± 19% 

71.8 
± 26% 

0.66 
± 21% 

690 
± 20% 

modafinil alone modafinil 5.2 
± 27% 1.0a 12.0 

± 15% 
74.2 

± 27% 
0.64 

± 20% 
657 

± 21% 
amedian 
 
On average, the oxybate Cmax decreased by 8% and AUCinf decreased by 7%.  
Conversely, mean modafinil Cmax decreased by 6% and AUCinf increased by 4%.  It was 
concluded that Xyrem and modafinil when administered together presented no 
pharmacokinetic changes for either drug that are clinically significant. 
 
5.1.1.9 Potential for Drug Interaction Through Inhibition of Cytochrome P450 

Isozymes (Covance Study No. 6627-129) 
 
The potential for drug interactions by an inhibitory effect of sodium oxybate on human 
hepatic microsomal cytochrome P450 (CYP) isozymes was assessed in this study.  
Characterized, pooled, human liver microsomal fractions from 10 individuals were used 
in these studies and the activity of the following CYP isozymes were determined: 
 

• ethoresoflurin O-deethylase (CYP1A2) 
• tolbutamide methyl hydroxylase (CYP2C9) 
• S-mephenytoin 4�-hydroxylase (CYP2C19) 
• dextromethophan O demethylase (CYP2D6) 
• p-nitrophenol hydroxylase (CYP2E1) 
• erythromycin N-demethylase (CYP3A). 

 
Each assay was performed with a fixed substrate concentration and in the presence and 
absence of 3, 10, 30, 100, and 300 µM oxybate, with the aim of calculating the 
concentration of oxybate that inhibited activity by 50% (IC50).  However, no inhibitory 
activity of oxybate was observed in any of the assays at any of the concentrations 
tested; the IC50 was greater than 300 µM in all of the assays.  Oxybate, therefore, does 
not inhibit activities of human CYP1A2, CYP2C9, CYP2C19, CYP2D6, CYP2E1, or 
CYP3A.  Metabolic interactions with drugs metabolized through these pathways are, 
therefore, also not anticipated. 
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5.1.2 PHARMACOKINETICS OF SODIUM OXYBATE 
 
A description of the pharmacokinetic characteristics of sodium oxybate is presented 
below.  Information from the 8 clinical pharmacokinetic studies sponsored by Orphan 
Medical as well as information from 6 published studies (not sponsored by Orphan 
Medical) are included.  Three published studies were conducted using oxybate oral 
solution3; two were dose-proportionality studies in healthy volunteers (Palatini 1993) and 
in alcohol-dependent patients (Ferrara 1992) and the other a single-dose study in 
patients with liver disease (Ferrara 1996).  Three studies were conducted using an 
intravenous route of administration in patients needing sedation or undergoing surgery 
(Vree 1975, Vree 1978) and in pregnant women undergoing caesarian section (van den 
Bogert 1978); this study also reported use in a 2-day old neonate (van den Bogert 1978). 
 
A summary of pharmacokinetic parameters derived from each of the studies sponsored 
by Orphan Medical as well as from published sources is presented in Table 5.1.  This 
table shows the study population (ie, healthy volunteers or patients); dose, route, and 
duration of dosing with oxybate; mean pharmacokinetic parameters reported in each 
study; and study reference.  A brief narrative description of the pharmacokinetic 
characteristics (absorption, distribution, metabolism, elimination) of sodium oxybate in 
healthy volunteers and narcoleptic and other patient populations follows Table 5.1. 
 

3Oxybate dissolved in a black cherry syrup 
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Table 5.1 Pharmacokinetic Parameters for Oxybate in Healthy Volunteers and Patient Populations After Oral or 
Intravenous Administration 

 
Oxybate administration Reference Study 

population N Route Dose Duration 
Cmax

 

µµµµg/mL 
Tmax

 

hour 
T1/2 

hour 
AUCinf 

µµµµg·hr/mL 
CL/F 

mL/min·kg 
Vz/F 

mL/kg  

12.5 mg/kg 
(0.87 g)a Single 23 0.42b 0.45 15.1 14 NR 

25 mg/kg 
(1.75 g)a Single 23c 0.5b 0.37 21.2c 9c NR Healthy 

volunteers 8 Oral 

50 mg/kg 
(3.5 g)a Single 23c 0.75b 0.38 26.1c 7c NR 

Palatini 1993 

Healthy 
volunteers 15 Oral 3 g Single 83.8 0.50b 0.74 136 4.3 260 OMC-SXB-12 

Healthy 
volunteers 12 Oral 4.5 g Single 146 0.50b 0.76 302 3.1 190 OMC-SXB-17 

Healthy 
volunteers            

male 18 Oral 4.5 g Single 88.3 1.25 0.65 241 3.8 202 OMC-SXB-8 
female 18 Oral 4.5 g Single 83.0 1.14 0.61 233 4.2 218 OMC-SXB-8 

Healthy 
volunteers            

fed 36 Oral 4.5 g Single 60.1 2.00b 0.68 188 6.2 384 OMC-SXB-11 
fasted 36 Oral 4.5 g Single 142 0.75b 0.57 288 3.7 190 OMC-SXB-11 

Healthy 
volunteers 12 Oral 4.5 g 

(2x2.25 g) Single 64.6d 0.50b,d 0.57 178 5.7 248 OMC-SXB-14 

4.5 g 
(2x2.25 g) Single 60.1d 0.64d 0.59 138 6.6 325 Healthy 

volunteers 
12 Oral 

9.0 
(2x4.5) Single 142d 0.72d 0.83 518 3.6 249 

OMC-SXB-9 

aDose calculated for a 70-kg subject presented for comparative purposes 
bmedian 
cnormalized to 12.5 mg/kg 
dValues for second half of divided dose presented 
NR = not reported 

2
1
2
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Table 5.1 Pharmacokinetic Parameters for Oxybate in Healthy Volunteers and Patient Populations After Oral or 
Intravenous Administration, continued 

 
Oxybate administration Reference Study population N Route Dose Duration 

Cmax
 

µµµµg/mL 
Tmax

 

hour 
T1/2 

hour 
AUCinf 

µµµµg·hr/mL 
CL/F 

mL/min·kg 
Vz/F 

mL/kg  

4.5 g Single 90.0 0.75b 0.67 226 4.0 226 OMC-SXB-
10 Narcoleptic 

patients 13 Oral 
4.5 g 8 weeks 104 0.50b 0.67 254 3.5 197 OMC-SXB-

10 
Narcoleptic 

patients 6 Oral 6 g 
(2x3 g) single 91.2 0.59 0.88 295 4.2 307 OMC-GHB-

4 
Liver disease:            

Child�s Class A 
patients 8 Oral 25 mg/kg 

(1.75 g)a single 68 0.75b 0.53 85.4 4.5 198 Ferrara 
1996 

Child�s Class C 
patients 8 Oral 25 mg/kg 

(1.75 g)a single 47 0.75b 0.93 94.1 4.1 285 Ferrara 
1996 

single 54 0.5b 0.45 52 9.6 NR 25 mg/kg 
(1.75 g)a 13 doses 55 0.5b 0.43 52 9.2 NR Alohol-dependent 

patients 10 Oral 50 mg/kg 
(3.5 g)a single 45c 0.75b 0.58 90.3c 5.3c NR 

Ferrara 
1992 

Surgical patients 3 IV 50 mg/kg 
(3.5 g)a single NR NR ~0.5 ND ND ND Vree 1975 

Surgical patients or 
sedation 6 IV 

30-100 mg/kg 
(2.1-7 g)a 
(bolus) 

single bolus 
and infusion NR NR ~0.67 ND ND ND Vree 1978 

Caesarian section 
patients 14 IV 26.7-50 mg/kg 

(1.9-3.5 g)a 
single 

infusion NR NR ND ND ND ND van den 
Bogert 1978 

adose calculated for a 70-kg subject presented for comparative purposes 
bmedian 
cnormalized to 25 mg/kg 
dvalues for second half of divided dose presented 
NR = not reported 
ND = not determined 

2
1
3
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5.1.2.1 Absorption 
 
Xyrem (sodium oxybate) oral solution is rapidly absorbed following oral administration.  
The mean time to achieve peak plasma oxybate concentration (Tmax) ranged from 0.5 to 
1.25 hours across the 8 studies and was similar in narcoleptic and other patient 
populations (Table 5.1).  The absorption characteristics of sodium oxybate were similar 
in males and females (OMC-SXB-8) and were not changed by chronic dosing  
(OMC-SXB-10). 
 
The absorption characteristics of oxybate were influenced by food, which significantly 
(P<0.05) delayed the absorption of oxybate (OMC-SXB-11) (Figure 5.2).  The average 
Tmax in a fed state was 2.0 hours, representing an increase of over 100% when 
compared to a fasted state.  The Cmax was decreased by almost 60%, and the AUCinf by 
37%, following a high fat meal (OMC-SXB-11). 
 
The absorption characteristics of oxybate were also dose-dependent.  In Study  
OMC-SXB-9, peak plasma concentrations of oxybate were observed somewhat later at 
the higher dose, with Tmax being approximately 0.9 hours after 2.25 g sodium oxybate 
and 1.2 hours after 4.5 g (Figure 5.1).  Others have also reported the absorption of 
oxybate from the gastrointestinal tract to be dose-dependent.  Palatini (1993) showed 
Tmax increased as the GHB dose was increased from 12.5 mg/kg to 50 mg/kg (0.875 g to 
3.5 g for a 70 kg subject) (Table 5.1).  These observations were indicative of capacity 
limited absorption, which has also been reported in animal studies. 
 
5.1.2.2 Distribution 
 
The average apparent volume of distribution of oxybate divided by absolute 
bioavailability (Vz/F) ranged between 190 and 384 mL/kg across the studies sponsored 
by Orphan Medical (Table 5.1).  In the only other study reporting this parameter, similar 
values were found in cirrhotic patients without and with ascites (198 and 285 mL/kg, 
respectively) (Palatini 1996).  Vree (1978) reported the absolute bioavailability (F) of oral 
oxybate was approximately 27% and using this value, the volume of distribution ranges 
from 51 mL/kg to 104 mL/kg.4 
 
The inter-subject variability of the apparent volume of distribution term for oxybate is 
indicated by the coefficient of variation, which ranged between 16% and 84% across the 
different studies.  This wide range of inter-subject variation could be due to 2 factors.  
First, oxybate follows dose (or concentration) dependent pharmacokinetics.  Second, the 
dose (and hence plasma concentration) at which non-linear pharmacokinetics of oxybate 
is observed varies among subjects, which, in comparison to a drug that follows linear 
kinetics, results in a wider range of AUC values for the same dose.  The apparent 
volume of distribution term Vz/F is inversely related to AUCinf, which increases more than 
proportionately once the oxybate dose is increased above 3 g.  As a consequence, the 
inter-subject variation in the volume of distribution term is expected to increase 
exponentially once the threshold of non-linear pharmacokinetics is reached. 

4Calculated by multiplying values for Vz/F (190 and 384 mL/kg) by F (0.27) 
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Oxybate readily crosses the placenta and is distributed to the fetus after intravenous 
injection in pregnant women undergoing cesarian section (van den Bogert 1978).  
Although fetal plasma oxybate concentration reached equilibrium with maternal 
concentration after approximately 30 minutes, it was rapidly eliminated from the neonate 
and doses of 35-45 mg/kg maternal weight were considered safe for this procedure  
(van den Bogert 1978).  Rapid clearance of oxybate was also observed in a 2-day old 
male given 30 mg/kg oxybate (IV bolus) and the pharmacokinetic profile in this individual 
was similar to that observed in a 15-year old male given the same dose (van den Bogert 
1978). 
 
Plasma protein binding was not evaluated in the studies sponsored by Orphan Medical.  
Palatini (1993) reported that the free fraction of oxybate in plasma was consistent at 0.99 
over a range of plasma concentrations between 3 and 300 µg/mL (pre-dialysis) and 
concluded that oxybate essentially does not bind to any plasma component. 
 
5.1.2.3 Metabolism 
 
On average, less than 5% of an oral oxybate dose is eliminated unchanged in human 
urine (OMC-SXB-8, OMC-SXB-9, and OMC-SXB-11). Hence, metabolism is the major 
elimination pathway for oxybate. 
 
Orphan Medical Inc. did not sponsor a mass balance and metabolic fate study in 
humans.  The metabolism of exogenous and endogenous oxybate is well understood 
based on published investigations and the end product of the metabolism of oxybate, a 
simple 4-carbon molecule, is carbon dioxide regardless of biotransformation pathway.  In 
addition, a 14C-labeled mass balance and metabolic fate study in human volunteers is 
unethical because of the very real possibility of the radiolabel (ie, 14C derived from  
14C-oxybate) being incorporated in structural protein via the amino acid pool. 
 
A review of the scientific literature shows that GHB may be metabolized via two distinct 
biotransformation pathways (Figure 5.3), one involving a β-oxidation pathway  
(Figure 5.3, upper panel) and the other involving the entry of an intermediate metabolite, 
succinic acid, into the tricarboxylic acid cycle (Figure 5.3, lower panel).  The end product 
of both pathways is carbon dioxide. 
 
The ß-oxidation pathway was proposed by Walkenstein and colleagues (Walkenstein 
1964) based on the results of a 14C mass balance and metabolism study in rats 
administered [1-14C]GHB and [4-14C]GHB (40 mg IP; specific activity 0.4 Ci/mg).  
Radiorespirometry indicated a rapid conversion of both 14C-labeled molecules to  
14C-carbon dioxide, with approximately two-thirds of the dose excreted as carbon dioxide 
within 6 hours and an additional 10-20% over the next 18 hours.  An intermediate 
metabolite, 3,4-dihydroxybutyrate, was identified.  The proposed pathway involves 
biotransformation via β-oxidation to trans-4-hydroxy-2,3-butenoate, which became  
3,4-dihyroxybutyrate, before proceeding to carbon dioxide (Figure 5.3, upper panel) 
(Walkenstein 1964). 
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Figure 5.3 Biotransformation Pathways for Oxybate (GHB) 
 
 

 
Oxybate and several metabolites of the ß-oxidation pathway (3,4-dihydroxybutyrate,  
4-hydroxy-3-oxobutyrate, and glycolate) were identified in the urine of 2 male and 2 
female volunteers who received a 1-g dose of oxybate in an aqueous solution (Lee 
1977), validating the biotransformation pathway proposed by Walkenstein (1964).  
Further evidence in support of the ß-oxidation pathway came from a case report of a 
new inborn error of metabolism, γ-hydroxybutyric aciduria (Jakobs 1984, Jakobs 1990) 
with clinically manifestations including hypotonia, ataxia, and mental retardation.  
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Patients who were deficient in the enzyme that catalyzes the oxidation of oxybate to 
succinic semialdehyde (Figure 5.3, lower panel) developed abnormal accumulation of 
oxybate.  It is of interest to note that Jacobs found the intermediate metabolites of  
the β-oxidation pathway, 3,4-dihyroxybutyrate and 3-keto-4-hydroxybutyrate  
(4-hydroxy-3-oxobutyrate), in the urine of such patients. 
 
The second and principal biotransformation pathway (Figure 5.3, lower panel) involves 
the entry of an intermediate metabolite, succinic acid, into the tricarboxylic acid cycle.  
Studies in support of this pathway were reported by several researchers (Doherty 1975, 
Mohler 1976, Kaufman 1979, Kaufman 1983, Kaufman 1987, Kaufman 1988, Gibson 
1989) who investigated the biosynthesis and catabolism of oxybate, which is a normal 
constituent in the brain, heart, kidney, liver, spleen, brown fat, and systemic circulation.  
Because of the striking effects of oxybate on behavior, most investigators initially limited 
their research efforts to studies on the central nervous system where oxybate is formed 
from GABA.  The degradation of oxybate in the same tissue should be viewed as a 
mechanism to regulate its level, because its biosynthesis and catabolism pathways are 
closely linked. 
 
Indirect evidence for the second biotransformation pathway was first provided by 
Doherty (1975) who injected [1-14C]oxybate into the brain of rats and found that 14C was 
incorporated into various amino acids in brain homogenates.  Based on these results, it 
was postulated that brain tissue was capable of metabolizing oxybate to succinic acid via 
the formation of succinic semialdehyde as a first step.  Similar results were observed in 
mice after intravenous injection of [14C]oxybate (Mohler 1976).  As well as demonstrating 
that oxybate readily crossed the blood-brain barrier, Mohler (1976) also demonstrated 
that radiolabeled oxybate disappeared from brain tissue quickly with a half-life of 
approximately 5 minutes and proposed the metabolic pathway for oxybate in brain tissue 
depicted in Figure 5.3 (lower panel). 
 
Kaufman (1979, 1983, 1987, 1988a) subsequently isolated and characterized the 2 
enzymes responsible for the interconversion between oxybate and succinic 
semialdehyde and subsequent conversion of succinic semialdehyde to succinic acid.  An 
NADP+-linked enzyme, termed GHB dehydrogenase, isolated from the cytosol of 
hamster liver and brain and purified 300-fold, catalyzes the interconversion between 
oxybate and succinic semialdehyde (Kaufman 1979, Kaufman 1987).  GHB 
dehydrogenase is distinctly different from lactic dehydrogenase or alcohol 
dehydrogenase (Kaufman 1979).  A second enzyme, hydroxyacid-oxoacid 
transhydrogenase is located in the mitochondria and is not dependent upon NAD+ or 
NADP+ (Kaufman 1988a, 1988b).  This enzyme also catalyzes the conversion of oxybate 
to succinic semialdehyde in the presence of α-ketoglutarate.  Succinic semialdehyde 
dehydrogenase is the enzyme system that catalyzes the biotransformation of succinic 
semialdehyde to succinic acid (Kaufman 1987).  Finally, Gibson (1989) investigated the 
metabolism of oxybate in other isolated tissues, including the heart and kidney from rats.  
While the brain, liver, and kidney had the capability to metabolize oxybate, isolated heart 
tissue was lacking in this respect. 
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In summary, there is strong evidence for the metabolism of oxybate via 2 separate and 
distinct biotransformation pathways as depicted in Figure 5.3.  The end product of both 
pathways is carbon dioxide.  The succinic semialdehyde pathway plays an important role 
in the regulation of the endogenous GHB levels in the brain, liver, and kidney, while the 
β-oxidation pathway is invoked in patients with γ-hydroxybutyric aciduria.  The  
β-oxidation pathway probably is also responsible for the first pass-metabolism of 
exogenous oral oxybate that results in an absolute bioavailability of <30% (Vree 1978). 
 
5.1.2.4 Elimination 
 
Clinically, plasma clearance (CL/F) is the most important pharmacokinetic parameter 
because it determines the patient�s exposure to oxybate as represented by AUCinf.  For 
the 8 human pharmacokinetic studies sponsored by Orphan Medical, the CL/F term was 
calculated by taking the ratio between the dose administered and AUCinf.5 
 
For agents whose pharmacokinetics are dose independent, plasma clearance generally 
remains consistent across a wide range of doses.  Because the pharmacokinetics of 
oxybate are dose dependent, plasma clearance decreased as the oral dose of sodium 
oxybate increased.  At the lower end of the therapeutic dose range (4.5 g as 2 x 2.25 g 
doses given 4 hours apart), the mean oral plasma clearance for oxybate was 
6.6 mL/min·kg (OMC-SXB-9). Doubling the dose to the maximum recommended dose 
(9 g as 2 x 4.5 g doses given 4 hours apart) decreased the mean oral plasma clearance 
to 3.6 mL/min·kg, representing a nearly 50% decrease compared to the 4.5 g dose.  
Others have made similar observations.  Ferrara (1992) reported an approximate 33% 
decrease in plasma clearance as oral oxybate dose increased from 25 to 50 mg/kg, 
while Palatini (1993) showed a 50% decrease (from 14 mL/min·kg to 7 mL/min·kg) as 
the oral oxybate dose increased from 12.5 mg/kg to 50 mg/kg. 
 
Theoretically, the terminal parts of the elimination curves for different doses of any agent 
that follows non-linear kinetics are parallel.  Practically, the apparent elimination half-life 
for agents with non-linear pharmacokinetics is dependent on dose.  This behavior often 
is due to limitations imposed by the LOQ of the assay and the wider spacing of the 
plasma samples, especially around the end of the blood-sampling period.  The apparent 
elimination half-life of oxybate following a 9 g dose (2 x 4.5 g administered 4 hours apart) 
averaged 0.83 hour and was approximately 40% longer than the mean apparent 
elimination half-life following a 4.5 g dose (2 x 2.25 g) in the same subjects  
(OMC-SXB-9).  Although a 40% increase might be considered substantial, it is not 
clinically relevant due to rapid elimination.  There were only 2 published studies in which 
oxybate elimination half-life was evaluated at 2 or more dose levels.  Although a similar 
prolongation in apparent elimination half-life was observed in one study (Ferrara 1992), 
the second study (Palatini 1993) did not show any difference because its sampling 

5Note: steady-state area under the curve (AUCss) is not reported for Xyrem.  Because of its short 
T1/2 (<1 hour), steady state plasma oxybate concentration is never achieved based on nocturnal 
dosing of Xyrem, with the nightly dose divided into 2 equal portions, administered 2.5 to 4 hours 
apart. 
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schedule successfully documented the terminal parts of the elimination curves, which 
were parallel for all 3 doses used in the study. 
 
5.1.2.5 Other Pharmacokinetic Considerations 
 
5.1.2.5.1 Non-linear Pharmacokinetics 
 
Oxybate shows non-linear pharmacokinetics.  This was observed in Study OMC-SXB-9, 
which showed that the highest recommended therapeutic dose of Xyrem (9 g given as  
2 x 4.5 g) resulted in an AUCinf that was 3.75 times of the AUCinf elicited by the 
recommended starting therapeutic dose (4.5 g given as 2 x 2.25 g).  Non-linear kinetics 
were also reported by Ferrara (1992) who determined the mean dose-normalized AUCinf 
was 46% higher in alcohol dependent patients after a single oral oxybate dose of 
50 mg/kg than after 25 mg/kg. 
 
5.1.2.5.2 Chronic Pharmacokinetics 
 
Chronic dosing at therapeutic levels did not alter the pharmacokinetics of Xyrem in a 
clinically significant manner (OMC-SXB-10).  Although treatment with Xyrem for 8 weeks 
resulted in statistically significant 13% increase in systemic exposure to oxybate based 
on AUCinf and a 16% increase in peak concentration, these modest increases are not 
considered to be clinically significant.  It was also concluded that chronic Xyrem 
treatment did not result in auto-induction (self-induction of metabolism). 
 
5.1.2.5.3 Drug Interactions 
 
In clinical studies, there was no evidence for clinically significant interactions between 
Xyrem and Ambien , Vivactil , and Provigil , which represent three classes of drugs 
(hypnotics, antidepressants, and stimulants, respectively) commonly used in the 
treatment of narcoleptic symptoms (OMC-SXB-12, OMC-SXB-14, OMC-SXB-17).  There 
was no indication that oxybate inhibits CYP isoenzymes (Covance Study No. 6627-129). 
 
5.1.2.6 Pharmacokinetics in Special Populations 
 
5.1.2.6.1 Sex-related Differences 
 
There are no significant differences in the single dose pharmacokinetics of Xyrem 
between male and female healthy volunteers (OMC-SXB-8).  Values for log-transformed 
AUCinf, log transformed Cmax, CL/F (per kg), T1/2, percentage of dose excreted 
unchanged in urine, apparent renal clearance (P>0.05; unpaired t-test), and Tmax 
(P>0.05; Wilcoxon rank sum test) were no different in male and female healthy 
volunteers.   
 
5.1.2.6.2 Hepatic Dysfunction 
 
The single dose pharmacokinetics of oxybate were investigated in 16 patients with 
biopsy-proven liver cirrhosis, 8 without ascites (Child�s class A) and 8 with ascites 
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(Child�s class C) (Ferrara 1996) (Table 5.1).  Compared to healthy adult volunteers given 
the same dose in a previous study, the mean apparent oral clearance was markedly 
reduced in cirrhotic patients without and with ascites (by 51% and 55%, respectively).  
The apparent elimination half-life was also significantly longer in cirrhotic patients without 
ascites when compared to healthy subjects (32 vs 22 minutes).  These results indicate 
that from a systemic exposure perspective, it is prudent to start Xyrem therapy in 
patients with liver dysfunction at the lower end of the therapeutic dosage range and dose 
escalate in small increments when medically indicated. 
 
5.1.2.6.3 Alcohol-Dependent Patients 
 
Ferrara (1992) investigated the pharmacokinetics of oxybate in 10 alcohol-dependent 
subjects after single and repeated oral doses (25 mg/kg every 12 hours for 7 days).  
Oxybate was rapidly absorbed and eliminated with Tmax of 20-45 minutes and mean T1/2 
of 27 minutes.  The multiple-dose regimen resulted in neither accumulation nor in time-
dependent changes of its pharmacokinetics.  Administration of a 50 mg/kg dose to 5 of 
the 10 subjects resulted in significant increases in dose-normalized AUC, T1/2 and mean 
residence time.  Oxybate administered at 12-hour intervals did not cause any serious 
side effects. 
 
5.1.2.6.4 Pediatric Patients 
 
Orphan Medical has not sponsored any pharmacokinetic studies with Xyrem in pediatric 
patients and is not requesting an approval for use in pediatric patients in this application. 
 
5.1.2.6.5 Patients with Renal Dysfunction 
 
On average, less than 5% of a Xyrem dose was excreted by kidney as unchanged 
oxybate (OMC-SXB-8, OMC-SXB-9 and OMC-SXB-11).  Since the kidney does not play 
a significant role in the excretion of oxybate, to date no pharmacokinetic study in patients 
with renal dysfunction has been deemed medically necessary. 
 
5.1.3 OVERALL CONCLUSIONS 
 
Oxybate is rapidly absorbed from the gastrointestinal tract with peak plasma 
concentrations generally occurring within 1 hour from dosing.  Food can delay the 
absorption of oxybate and Xyrem should be ingested on an empty stomach to obtain 
maximum systemic exposure.  It has low oral bioavailability (<30%), most likely due to 
first-pass metabolism.  It does not bind to plasma proteins and readily crosses the 
placenta and the blood-brain barrier.  Its apparent volume of distribution divided by 
fraction absorbed into the systemic circulation is 202-384 mL/kg. 
 
Oxybate shows non-linear pharmacokinetics.  The elimination of oxybate from the 
human body is dose-dependent and systemic exposure to oxybate increases 
disproportionately with the dose of Xyrem administered.  The elimination half-life also 
increases as the dose is increased but does not result in any risk of excessive drug 
accumulation when given on a divided nocturnal administration schedule.  Plasma 
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oxybate should be non-detectable or at negligible levels 8 hours after the ingestion of the 
highest recommended daily Xyrem (9.0 g).  Oxybate is almost exclusively cleared by 
biotransformation, eventually being degraded to carbon dioxide via 2 distinct 
biotransformation pathways.  Renal excretion plays an insignificant role in the elimination 
of oxybate and only 1 to 7% of a dose is recovered as unchanged drug in urine following 
oral administration. 
 
In vitro studies with pooled human liver microsomes show that oxybate does not 
significantly inhibit or enhance the activities of human CYP isozymes nor are significant 
pharmacokinetic interactions observed between Xyrem and zolpidem (Ambien), 
protriptyline (Vivactil), or modafinil (Provigil) in healthy volunteers. 
 
The kinetics of Xyrem are similar in males and females and are comparable between 
narcoleptic patients and healthy human subjects as well as alcohol dependent patients.  
Accumulation of oxybate has not been observed with chronic therapeutic dosing, 
presumably because of its short half-life.  However, severe cirrhosis can cause 
significant modifications of oxybate disposition kinetics.  As a safety precaution, the 
initial Xyrem dose in narcoleptic patients with significant liver dysfunction should not be 
higher than 4.5 g per day and the dosage regimen for Xyrem may need to be reduced in 
such patients. 
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SECTION 6 
ABUSE LIABILITY AND OVERDOSAGE 
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6.0 ABUSE LIABILITY AND OVERDOSAGE 
 
6.1 Abuse Liability 
 
6.1.1 INTRODUCTION 
 
GHB is abused by those who take substances for perceived non-medical benefits (Dyer 
1991, Chin 1998, Friedman 1996) and by those who intentionally adulterate foods and 
beverages with the intent of committing criminal acts (Galloway 2000).  Illicit GHB is 
abused primarily to produce purported euphoric and/or hallucinogenic states and as an 
alleged growth hormone releasing/muscle building agent. 
 
6.1.2 GHB MISUSE AND ABUSE 
 
Enactment of Federal Law 106-172 in February 2000 classified GHB as a Schedule I 
drug when used for purposes other than specified in FDA approved clinical trials.  The 
consequent crack down on Internet and other illegal sources of GHB combined with 
mandatory harsher penalties that Schedule I mandates have caused a decrease in illicit 
GHB availability.  Despite this, new incidents of GHB misuse and abuse are still being 
reported in the United States, Europe and Australia (World Health Organization 2000, 
Substance Abuse and Mental Health Services Administration (SAMSHA) 2000c).  For 
one, while GHB availability has diminished, it may still be obtained through some illicit 
sources or by home manufacture using recipes available on the Internet using precursor 
compounds (GBL and sodium hydroxide).  However, anecdotal case reports and 
epidemiological data indicate that, although there has been a decrease in the abuse of 
GHB itself, illicit use of the GHB precursor compounds, gamma-butyrolactone (GBL) and 
1,4-butanediol (1,4-BD) has dramatically increased (Ingels 2000, Winickoff 2000, Zvosec 
2001, SAMHSA 2000b). 
 
GHB continues to be misused as a “steroid replacement” and a sleep aid.  In addition, 
there has been increased attention to the use of GHB as a “club drug” and as a drug 
used at “rave” parties (SAMHSA 2000b, Graeme 2000, Weir 2000).  Government and 
public attention remains focused on GHB’s association with “date rape”.  Reports of 
surreptitious GHB administration for purposes of sexual assault continue (LeBeau 2000, 
Schwartz 2000).  The true incidence of GHB intoxication in cases of assault are difficult 
to determine due to lack of reliable and readily accessible testing but GHB has 
frequently been arbitrarily associated with any assault in which the victim was highly 
intoxicated and/or experienced amnesia.  A study performed to determine the presence 
of various drugs in urine following sexual assault found ethanol to be the most prevalent 
"date-rape" associated drug, being present in almost 40% of the assault cases tested 
(ElSohly 1999).  GHB was present in 4.1% of the cases, as compared to 8.2% for 
benzodiazepines, 8.2% for cocaine and 18.5% for marijuana, and was frequently present 
concurrent with one or more additional drugs.  While the rapid metabolism of GHB may 
have underestimated the presence of GHB in these cases, this report suggests that 
GHB's involvement in drug-facilitated assault may be less common than is generally 
assumed.  In addition, the cited study tested only for the presence of GHB without any 
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consideration to the role of the drug(s) in the assault or if they were administered 
unknowingly.  
 
Few controlled studies in humans concerning aspects of GHB abuse potential have 
been published.  In one controlled study of eight patients and in two anecdotal reports, 
the subjective effects of GHB have been compared to those of benzodiazepines, 
opiates, and alcohol (Friedman 1996, Galloway 1997, Rosen 1997).  However, three of 
the eight subjects in the controlled study also reported GHB (30 mg/kg) to most closely 
resemble placebo, as it was unlike the other drugs (Rosen 1997). 
 
Anecdotal reports continue to recount GHB administration resulting in positive subjective 
ratings (i.e., “feel good”) with several accounts of GHB having a calming effect (Chin 
1992, Galloway 2000). 
 
Unlike some other drugs of abuse, GHB does not appear to produce strong physical or 
psychological dependence when administered under a therapeutic regimen (Moncini 
2000, Beghe 2000).  There continue to be instances of “GHB withdrawal” phenomena in 
case reports. An abstinence syndrome suggestive of physical dependence has been 
reported in patients following cessation of chronic high doses GHB (Galloway 2000, 
Hutto 2000, Miglani 2000, Price 2000, Dyer 2001). In all these cases, the patients had 
been consuming very frequently administered (i.e., every 3 hours or less), high-dose 
GHB for weeks to years.  Withdrawal signs included insomnia, anxiety, mild diaphoresis 
and tremors. Some of the patients have also reported hallucinations (Craig 2000, Miglani 
2000, Hutto 2000).  The general health of these patients was normal with only one 
exhibiting hypertension and tachycardia (Craig 2000) and a second exhibiting moderate 
tachycardia (Hutto 2000).  Signs associated with abstinence were alleviated by sedative 
drug administration (i.e., lorazepam, diazepam or chloral hydrate) with concurrent 
haloperidol administration in occasional cases.  All patients’ conditions resolved in  
15 days or less.  Review of the clinical trials underway in Europe for the treatment of 
opiate and alcohol addiction point to the therapeutic safety of GHB in a population at 
high risk for substance abuse.  In a review of the various clinical trials, Beghé (2000) 
found that 3 to 10% of patients involved in various outpatient studies (N=732) assessing 
GHB treatment for ethanol dependence showed a tendency towards craving and dose 
escalation with only 1 account of a withdrawal syndrome requiring medical intervention 
following extreme dose escalation (Addolorato 1999a). When evaluated in a non-
abusing patient population under therapeutic dosing conditions, there have been no 
reports of dose escalation, craving or withdrawal subsequent to cessation of treatment.  
This has been demonstrated in published reports (Broughton 1979, 1980, Scharf 1985, 
Mamelak 1986) as well as Orphan Medical clinical trials (OMC-GHB-3, OMC-SXB-6, 
OMC-SXB-7, OMC-SXB-21, Scharf trial).  No evidence of dependence has been 
documented in any of the Orphan Medical narcolepsy clinical trials (OMC-GHB-2, 
OMC-GHB-3, OMC-SXB-6, OMC-SXB-7, OMC-SXB-21, Scharf Trial). 
 
6.1.3 EXTENT OF THE PROBLEM OF GHB ABUSE 
 
There are relatively few mentions of GHB in the Drug Abuse Warning Network (DAWN) 
reports (1992 to 2000) as compared to other sedative/hypnotics that are abused 
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(diazepam > 10,000 each year)(SAMHSA 2000b), but were significant enough to warrant 
Congressional scheduling of GHB in 2000.  Although trending upwards, GHB abuse is 
still not listed separately in any U.S. database. The latest figures indicate no mentions of 
GHB in the 1999 Emergency Department Data from DAWN (SAMHSA 2000a) as drugs 
associated with fewer than 10 deaths per year are typically excluded.  Data regarding 
GHB use was only made available in a special review because of the current focus by 
NIDA and other government agencies on the abuse of “club drugs”.  In March of 2000 
the Drug Enforcement Administration reported documentation of over 5700 overdoses 
and law enforcement encounters with GHB-related substances (Federal Register, March 
13, 2000, 13235-13238).  However, the true incidence of GHB mentions are clouded by 
the co-mingling of GHB cases with those due to abuse of the two precursor compounds, 
gamma butyrolactone (GBL) and 1,4-butanediol (1,4-BD). Unfortunately, all mentions of 
GHB are grouped with those for its precursor chemicals, GBL and 1,4-BD under the 
heading of “GHB-like drugs”. There are extensive data that these three compounds are 
not identical in quantitative and qualitative pharmacological characteristics. 
 
GHB, GBL and 1,4-BD are all endogenous compounds.  It is well documented that both 
GBL and 1,4-BD can be rapidly metabolized to GHB (oxybate) in the body following 
ingestion.  GBL and 1,4-BD are significantly more lipid soluble than GHB.  Thus, 
following oral ingestion both GBL and 1,4-BD are absorbed more rapidly than GHB and 
produce higher peak blood levels.  As a result GBL and 1,4-BD are significantly more 
toxic compounds than GHB.  Direct evidence of this important difference is shown by 
comparison of lethal doses in laboratory animals (LD50s).  For example, the LD50 
(mg/kg) in mice following the intraperitoneal administration of the three drugs is:   
GHB =3550, GBL =880, 1,4-BD =2180.  Likewise, in rats orally, the LD50s are: GHB 
=9990, GBL =1800, 1,4-BD =1780.  These data clearly indicate that GBL and 1,4-BD are 
2 to 5 times more toxic than GHB in these species.  
 
The true extent of abuse is also impaired by limited availability of analytical methods to 
verify the actual illicit substance consumed, the dose ingested or the levels of drug or 
metabolites in body fluids.  For example, since illicit GHB has made been a Schedule I 
drug (March 13, 2000) and GBL became a listed chemical, much of what is being used 
illicitly as GHB is actually 1,4-BD.  However, emergency room physicians must currently 
treat presumed GHB overdose or withdrawal patients symptomatically because drug 
identity, dose and drug plasma levels are unavailable.  Furthermore, since GHB is an 
endogenous substance found in many tissues and body fluids and which actually 
increases postmortem, bioanalytical methods must be able to clearly differentiate 
between endogenous GHB and exogenous GHB or GHB analogues. 
 
While mentions of these compounds increased significantly from 1994 to 1999, the 
actual increase in numbers is relatively small when compared to mentions for sedative 
hypnotics with known abuse potential. GHB accounted for less than 0.3% of all drug 
related emergency department (ED) visits. It must also be stated that drug “mentions” in 
the DAWN system do not imply that the substance was responsible for the ED 
admission nor whether the drug alone was involved in a case. Of the ED mentions of 
GHB in 1999, 71% were in combination with one or more drugs, with ethanol being 
present in over 50% of all GHB mentions.  In addition to drugs of abuse which are 
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identified in the DAWN system, other commonly used drugs which always receive 
mentions include aspirin, ibuprofen, and fluoxetine (SAMHSA 1999, 2000a). 
 
Additional information concerning GHB and precursor chemical abuse comes from 
reports by the NIDA Community Epidemiology Work Group (CEWG), a nationwide 
network of epidemiologists and drug abuse researchers that meet regularly to discuss 
emerging substance abuse problems. Evidence of localized GHB abuse began to be 
reported as early as 1995, identifying it as a new “club drug” (CEWG 1996). In each 
subsequent annual report of the CEWG, increasing attention has been paid to the 
problem of GHB abuse and more recently the abuse of its precursor chemicals, GBL and 
1,4-BD (CEWG 2000b).  The June 1999 full report (CEWG 1999), December 1999 
advance report (CEWG 2000a) and June 2000 advance report (CEWG 2000b) all 
describe increasing nationwide abuse of GHB or its precursors in dance clubs and at 
raves as well as reporting some mortalities associated with this practice. However 
mention of GHB and its precursors was absent from the December 2000 advance report 
(CEWG 2001).  Whether this reflects an improvement or stabilization in the levels of 
GHB-like drug abuse is unclear. 
 
Other sources of information on the level of abuse of various drugs as yet provide little 
data on GHB.  As of 2000, questions about GHB have been included in the nationwide 
“Monitoring the Future” survey of high school students conducted annually.  However, 
the information will not be available until April 2001.  Nor is there information available 
about rates of GHB abuse in reports of the National Household Survey on Drug Abuse 
as of the most recently reported results which contain the 1998 survey results 
(SAMHSA, 1999). Although survey respondents may have included GHB under one of 
the “other” drug categories, since the use of GHB is not queried specifically, it is 
impossible to know if the prevalence of abuse is below the threshold of about 0.1% of 
the population which can be detected in the Household Survey. 
 
Deaths attributable to the abuse of GHB have been reported.  There is considerable 
variability, however, in the numbers reported that appears to be dependent on the 
source.  The annual Toxic Exposure Surveillance System review performed by the 
American Association of Poison Control Centers listed 10 deaths (< 20 total for 1995 
through 1999) attributable to GHB or GHB-precursors in 1999 (Litovitz 2000).  In two of 
these cases, GHB was not the primary drug involved. Of the eight cases which were 
attributed to GHB or GHB-precursor toxicity, only three were accompanied by GHB 
blood level determinations.  The special report from DAWN (2000c) on “club drugs” lists 
medical examiner reports of GHB or GHB-precursor involvement in a total of 12 deaths 
from 1994 to 1998.  No specific information was provided regarding method of diagnosis 
of GHB involvement.  In contrast to the low level of mortality in these reports, the U.S. 
Drug Enforcement Administration (DEA 2000) reported that their staff have identified 65 
GHB-related deaths since 1990 through aggressive case-finding when deaths have 
been brought to the attention of agency officials.  As yet, no information about GHB 
tissue levels or method of drug analysis has been provided for these cases. 
 

226 

                                      PAR1005 
IPR of U.S. Patent No. 7,668,730  
                               Page 230 of 353



Orphan Medical, Inc. 
NDA #21-196  Xyrem® (sodium oxybate) oral solution 
Peripheral and Central Nervous System Drugs Advisory Committee Briefing Booklet 
 

R:\GHB\PostNDA\Advisory Meeting\June 6-2001 Meeting\Briefing Books\Section 6--Abuse Liability.doc 6 

6.1.4 PRECLINICAL STUDIES RELEVANT TO ASSESSMENT OF ABUSE 
POTENTIAL OF GHB 

 
Table 6.1 summarizes preclinical studies relevant to the assessment of the abuse 
potential of GHB. 
 
6.1.4.1 Drug Discrimination 
 
Drug discrimination studies in animals are considered to be predictive of subjective drug 
effects in humans (Schuster 1988).  In addition, when the discriminative stimulus effects 
of drugs are compared to each other, classifications of drugs based on the results can 
be predictive of commonalities in cellular sites of action. In rats trained to discriminate IP 
GHB (200 mg/kg) from saline, none of the variety of different classes of drugs tested 
fully substituted for GHB (Winter 1981).  Notably, GBL produced only partial substitution 
for GHB, indicating differences in the discriminative stimulus effects of the two 
compounds.  Morphine, lysergic acid diethylamine (LSD), chlodiazepoxide, muscimol, 
baclofen, and 3-aminopropane sulfonic acid also produced, at best, partial substitution; 
d-amphetamine, apomorphine, and ethanol produced a very low partial substitution; 
barbital, phencyclidine and the phencyclidine-like compound N-allylnormetazocine, failed 
to support GHB-lever responding at any dose tested.  The discriminative stimulus effects 
of GHB were not blocked by naloxone, bicucculine, pizotyline, phentolamine, or 
butaclamol (Winter 1981). 
 
In rats trained to discriminate oral GHB (700 mg/kg or 300 mg/kg) from water, the GHB 
antagonist NCS-382 antagonized the discriminative stimulus of GHB at either training 
dose (Colombo 1995a), indicating a possible involvement in the GHB receptor mediating 
the discriminative stimulus effects of GHB.  The GABAB antagonist, CGP 35348, on the 
other hand, had differential effects depending on the training dose of GHB.  It completely 
blocked the discriminative stimulus effects of GHB in rats trained to discriminate 
700 mg/kg but only partially blocked the effects in rats trained to discriminate 300 mg/kg 
(Colombo 1995b).  Neither the phencyclidine-like drug dizocilpine nor the cannabinoid 
WIN 55,212-2 substituted for GHB at either training dose (Colombo 1995b).  In rats 
trained to discriminate 300 mg/kg GHB, only one dose of ethanol (1 g/kg) fully 
substituted for GHB; higher and lower doses of ethanol produced primarily saline-lever 
responding (Colombo 1995c).  Likewise, GHB substituted for ethanol at only one dose 
(300 mg/kg) and only in rats trained to discriminate a low dose (1.0 g/kg) of ethanol from 
water; GHB did not substitute in rats trained to discriminate a higher dose of ethanol 
(2.0 g/kg) (Colombo 1995c).  In rats trained to discriminate intragastric GHB (700 mg/kg 
or 300 mg/kg) from water, baclofen fully substituted in both groups but was more potent 
in producing GHB-like effects in the high dose group (Lobina 1999). 
 
Metcalf (1999) sought to continue the investigation of the interrelationship between the 
subjective effects of GHB and ethanol through the use of drug discrimination 
procedures. In the Metcalf study, rats were trained to discriminate either intragastric (IG) 
GHB (300 mg/kg) from saline, IG ethanol (1000 mg/kg) from saline, or IG combination of 
150 mg/kg GHB and 500 mg/kg ethanol from saline.  Subsequent testing for cross 
generalization found that GHB, at best, partially substituted for ethanol in the ethanol-
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trained rats.  Similarly, ethanol only partially substituted for GHB in the GHB-trained 
group. These results did not replicate Colombo’s findings of cross generalization across 
a narrow dose range and were more similar to those obtained by Winter (1981). The 
results to date in rats suggest that GHB administration produces unique discriminative 
stimulus effects with some characteristics most similar to those of ethanol and some 
GABAmimetic drugs, particularly GABAB drugs, such as baclofen, which are not abused.  
In addition there is some evidence that different cross substitution patterns can occur at 
different doses of GHB. 
 
Testing of GHB in both heroin- and phencyclidine-trained rats also failed to demonstrate 
any substitution with GHB (Beardsley 1996).  The results to date suggest that GHB 
administration produces unique discriminative stimulus effects with some characteristics 
similar to those of ethanol, morphine and some GABAmimetic drugs, and that the 
characteristics of these effects are not equivalent across different doses of GHB.  
Additional studies of the discriminative stimulus effects of GHB have been done as part 
of the College on Problems of Drug Dependence abuse liability testing program.  These 
results are discussed in section 6.1.4.4. 
 
6.1.4.2 Tolerance and Dependence 
 
Data are available from two additional preclinical studies which do not speak directly to 
the abuse potential of GHB but do support its clinical use for treating ethanol and opiate 
withdrawal in humans.  Gessa and colleagues (2000) demonstrated the ability of GHB to 
alleviate a constellation of withdrawal signs in ethanol-dependent rats, supporting 
previous studies suggestive of a possible cross tolerance/dependence between GHB 
and ethanol (Fadda 1989, Colombo 1995d). Typically, true cross-tolerance/dependence 
is seen in drugs with common neural sites of action.  Ethanol and GHB have not been 
shown to have overlapping sites of cellular action.  Ethanol has activity as a GABAA 
receptor agonist (Ticku 1989) and as an NMDA antagonist (Gonzales 1990).  GHB has 
no activity at the GABAA receptor and only very low affinity for the NMDA receptor ion 
channel (Gessa 1993).  These studies suggests that the apparent cross-dependence 
between GHB and alcohol may be reflective of GHB’s ability to selectively attenuate 
some of the signs and symptoms of alcohol withdrawal (Agabio 1998), much as 
clonidine does for opioid withdrawal (Rosen 1996).  In a similar study in morphine-
dependent rhesus monkeys, lower, but not higher, doses of GHB were able to 
significantly attenuate morphine withdrawal signs (Aceto 2000).  Again, there are no 
indications that GHB has any direct activity at opiate receptors which could explain  
this effect (Feigenbaum 1996b).  It is believed instead that this effect is due to  
GHB-stimulated modulation of endogenous opioid release (Gobaille 1994). 
 
6.1.4.3 Drug Self-Administration and Related Studies 
 
The behavioral effects of GHB have also been examined in animal models said to be 
predictive of the reinforcing properties of the drug.  Conditioned place preference (CPP) 
relies on pairing of drug administration with a specific environment, and subsequently 
testing for preference for that environment over one paired with the nondrug condition.  
In a study by Martellotta and colleagues (1997), GHB was shown to induce CPP.  Under 
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similar testing conditions, other sedative hypnotics, such as diazepam, have also been 
shown to induce CPP.  Typically, drugs with known strong reinforcing effects, such as 
cocaine and opiates, will produce CPP after only 2 to 3 drug exposures.  In the study 
with GHB, a minimum of 6 drug exposures were required to produce CPP, suggesting a 
weaker effect compared to highly abused drugs like cocaine.   
 
The pharmacokinetic profile of GHB in rats shows a very rapid metabolism and 
elimination of GHB with virtually no GHB remaining three hours after i.v. administration 
(Lettieri 1979).  This should make GHB comparable to the shorter acting barbiturates 
and benzodiazepines that are the most reliably self-administered.  A series of studies 
has been done in which rats were shown to drink GHB solutions.  This occurred more 
readily in rats selectively bred to self-administer alcohol (Colombo 1995a, Colombo 
1998b). In this series of studies, rats were given forced access to GHB for a period of a 
couple weeks and then given a two-bottle choice between a single concentration of GHB 
and water.  On about one-half the days, animals drank more of the GHB solution than 
they did water.  On the other one-half of the days, they drank more water than GHB. 
Such results would also be expected if there were no preference for the solutions, or a 
side preference (the bottles were switched from side to side).  Because of uncertainties 
about the interpretation of these drinking studies, it is difficult to unambiguously conclude 
that they provide evidence for GHB self-administration.  There has been a report of i.v. 
self-administration of GHB in mice, but only in abstract form (Martellotta 1996). 
 
A study of GHB self-administration has been carried out in rhesus monkeys using a 
substitution procedure widely used for abuse potential assessment (Beardsley 1996).  In 
this study, monkeys experienced in PCP self-administration were tested with a wide 
range of doses of GHB.  The results were negative.  In only 1 of 18 tests was the rate of 
GHB self-infusion greater than for vehicle, and even in this case the rate of responding 
was very much lower than were obtained with PCP.  It is clear that behaviorally-relevant 
doses of GHB were tested since some observable sedation was seen in the monkeys.  A 
CPDD study of GHB self-administration in barbiturate experienced monkeys is reviewed 
in section 6.1.4.4 below. 
 
GHB has also been examined for its ability to attenuate self-administration of other drugs 
of abuse.  Non-hypnotic doses of GHB and/or GBL have been observed to reduce 
ethanol intake in rats and humans as well as decrease cocaine self-administration in rats 
(Fadda 1983, Biggio 1992, Gallimberti 1992, Addolorato 1996, Martellotta 1998).  In 
humans, this effect was associated with a decrease in craving (Biggio 1992, Gallimberti 
1992).  There are various possible explanations for these apparently therapeutic effects 
of GHB.  One reason is that GHB may be mimicking the effect of the abused drug.  For 
example, because of the similarities of the behavioral effects of ethanol and GHB, 
ethanol consumption may be diminished due to a substitution effect.  Alternatively, GHB 
may truly alter the reinforcing efficacy of some drugs of abuse, either by direct receptor 
interaction or by indirect CNS effects.  This is certainly a possibility for the effects on 
both alcohol and cocaine self-administration given GHB's ability to diminish dopamine 
neurotransmission (see section 2.1.1.3).  A third possibility is that the decrease in drug 
self-administration is a nonspecific effect of GHB.  In the operant studies (Biggio 1992, 
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Martellotta 1998), no control tests were conducted to determine if GHB could have 
decreased responding for any reinforcer (e.g. food) because of its depressant effects. 
 
6.1.4.4 College on Problems of Drug Dependence Testing Program 
 
As a service to industry and the government, the College on Problems of Drug 
Dependence (CPDD) sponsors an animal testing program for assessing drug abuse 
potential.  GHB has been extensively tested under this program.  Most of the tests were 
performed under the Stimulant/Depressant Program, but one study was done under the 
Opiate Testing Program.  GHB was submitted to the testing facilities as CPDD 0044 or 
NIH 10947.  The CPDD testing program includes a battery of validated animal tests 
designed to provide information relevant to regulatory decisions regarding drug abuse 
potential.  The general approach used by the CPDD testing program reflects the 
recommendations of many expert groups who have provided guidelines for abuse 
liability assessment, including the World Health Organization Expert Committee on Drug 
Dependence (World Health Organization 1978) and the Committee on Problems of Drug 
Dependence (CPDD) (Committee on Problems of Drug Dependence 1977, Brady 1984, 
May 1989).  The reports of the results of testing GHB by the CPDD Drug Evaluation 
Program can be found in their annual reports to the College (Jacobson 1997, Jacobson 
1998, Jacobson, In Press).  In addition, most of the data were assembled for a scientific 
journal publication (Woolverton 1999). 
 
Drug Discrimination 
 
The discriminative stimulus effects of GHB were compared to those of d-amphetamine 
and pentobarbital in rhesus monkeys using standard 2-lever operant conditioning 
procedure utilizing food reinforcement.  For these studies, monkeys were trained using 
gavage via a nasogastric tube.  GHB tests were conducted using the same route up to 
doses as high as 170 mg/kg.  In d-amphetamine-trained monkeys (N=4), GHB produced 
a maximum mean of 50% drug lever responding.  This partial substitution for  
d-amphetamine was not dose-related nor were any response rate decreasing effects 
obtained.  GHB completely failed to substitute for pentobarbital (N=3).  There was no 
pentobarbital-lever responding in any subject at any dose.  There was a small increase 
in rates of responding, suggesting that a behaviorally-effective dose range was tested. 
 
In a separate laboratory, the discriminative stimulus effects of GHB were compared to 
those of triazolam and flumazenil.  Rhesus monkeys were used for both studies.  A  
2-lever operant conditioning procedure was used with behavior maintained by mild 
electric shock avoidance.  For the triazolam comparison, monkeys (N=3) were trained to 
discriminate s.c. injections of triazolam and saline.  GHB tests also utilized the s.c. route.  
Only one of the three monkeys showed any evidence for triazolam-like effects of GHB.  
In that one monkey, 81% and 40% triazolam-lever responding was obtained at doses of 
3.2 and 10 mg/kg respectively.  A higher dose of GHB did not substitute for triazolam.  
Some response rate decreasing effects were obtained, suggesting that a behaviorally-
active dose range of GHB was tested.  The rationale for the flumazenil discrimination 
study is as follows.  These monkeys (N=2) were given daily oral doses of diazepam 
resulting in diazepam dependence.  Thus, flumazenil injections would precipitate a mild 
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withdrawal that was discriminated from saline injections.  GHB did not substitute for 
flumazenil.  These results can help rule out the possibility that GHB is a GABA 
antagonist. 
 
Drug Self-Administration 
 
A self-administration study was performed with GBL using a standard substitution 
procedure in rhesus monkeys.  These procedures are very commonly used for abuse 
potential assessment.  The monkeys (N=3) were trained to lever-press under a fixed-
ratio 10 schedule to obtain intravenous infusions of methohexital during two daily 2-hour 
sessions. In addition, sessions were frequently conducted in which only saline deliveries 
were available.  Animals typically obtained about 5-10 times more infusions of 
methohexital than saline.  Various doses of GHB were tested once or twice in single 
sessions in each subject.  The number of infusions of GHB that were self-administered 
was approximately the same as the number of infusions of saline and considerably less 
than the number of infusions of methohexital.  In all tests except two, the number of GHB 
infusions was not significantly different from the mean number of saline infusions.  In two 
tests, rates of GHB self-administration exceeded those for saline.  This occurred in two 
different monkeys at two different doses, and even in these cases the infusion rates 
were quite low and did not approach those seen with methohexital in these monkeys. It 
is also possible that these 2 out of 14 tests with marginally higher rates than on saline 
tests simply reflect normal variation in day to day response rates under saline availability 
and thus would be considered false positives.  The authors of the study concluded that 
GHB was, at most, only a weak positive reinforcer.  
 
Interactions with Morphine 
 
A study was done to investigate whether GHB would alter the analgesic effects of 
morphine or the expression of morphine tolerance (Jacobson, In Press).  These studies 
were done using a mouse tail flick procedure.  In the first study, various doses of GHB 
were tested in combination with doses of morphine that produced about 25% maximal 
analgesia when given alone.  GHB did not produce appreciable analgesia at any dose, 
but it dose-dependently enhanced morphine analgesia.  In mice made tolerant to 
morphine analgesia, GHB in combination with morphine restored some of morphine’s 
analgesic effects.  These studies are not directly related to abuse potential assessment, 
but do speak to the safety of GHB in combination with opiates and also could suggest 
additional therapeutic uses. 
 
The CPDD testing program evaluated the abuse potential of GHB using drug 
discrimination and drug self-administration procedures in rhesus monkeys.  These tests 
show a lack of pharmacological equivalence between GHB and pentobarbital, triazolam 
and d-amphetamine, supporting the view that GHB has a unique profile of psychoactive 
effects. Little evidence was obtained for self-administration of GHB, although there was 
a suggestion of weak reinforcing effects in some subjects.  The scientists associated 
with the testing program concluded that the profile of effects obtained “suggests that 
GHB has, at most, low potential for abuse” (Woolverton 1999). 
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6.1.4.5 Conclusions 
 
Based on preclinical studies alone, there is not compelling evidence that GHB 
represents a significant drug abuse hazard.  In the first place, GHB is a natural 
constituent of the human body.  Although high doses of exogenously administered GHB 
can reasonably be expected to produce effects that would not occur under normal 
physiological conditions, the difference from normal is likely to be one of degree not a 
qualitative difference.  The idea that a person could be severely dependent on some 
aspects of one’s own physiology is difficult to conceptualize.  Secondly, GHB is not 
pharmacologically equivalent to any existing controlled substances.  Although it shares 
some effects with abused depressant drugs, clear differences from these drugs can also 
be shown.  GHB appears to have a unique cellular site of action in the brain, its own 
receptor, that is not a receptor for any other drugs except various GHB analogs, an 
antagonist and several benzamide neuroleptics.  GHB does not interact with known sites 
of action of any abused drug, including any known modulatory sites on the GABAA 
receptor.  The preclinical pharmacological profile of GHB also differs from classical 
depressant drugs. Although it can produce depressant effects, it also has excitatory 
effects at high doses and can be a convulsant.  There is some speculation that the 
sedation seen in some animals with GHB may actually reflect a type of absence seizure.  
 
Self-administration studies of GHB fail to show evidence for strong reinforcing effects.  
Two studies were performed in rhesus monkeys using a substitution procedure that has 
been extensively validated for use in abuse potential prediction.  One of these was done 
as part of the CPDD testing program.  GHB had, at most, weak reinforcing effects in 
these studies.  Rodent studies with GHB have been inconclusive.  There is one study 
showing a conditioned place preference with GHB, but this procedure has only rarely 
been used in abuse potential assessment.  Both oral and i.v. self-administration has 
been shown in rodents, but results were variable and difficult to interpret conclusively as 
reflecting centrally-mediated reinforcing effects. 
 
Repeated administration of GHB can result in tolerance development, although there is 
some evidence that it is more difficult to produce tolerance with GHB than with ethanol.  
Many drugs produce tolerance, so this fact alone has little relationship to abuse 
potential.  There are studies showing cross-tolerance with ethanol.  The significance of 
this for abuse is unclear, although it could support a conclusion that GHB and alcohol 
share some common mechanisms of action.  On the other hand, cross tolerance of GHB 
with baclofen and muscimol have also been reported.  There have been no reports of 
physical dependence development with repeated GHB administration in animals.  It 
could be predicted that it would be difficult to produce primary physical dependence with 
GHB because its short duration of action would require many multiple daily 
administrations to maintain elevated levels in the body.  There are a few studies showing 
that GHB can attenuate withdrawal signs in animals made dependent on ethanol.  This 
may be due to a true cross-dependence with ethanol or to a physiological attenuation of 
specific withdrawal signs.  Taken together, preclinical studies of tolerance and 
dependence could not be used to support a finding that GHB has a high physical 
dependence potential. 
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6.1.5 TABULAR SUMMARIES OF PRECLINICAL STUDIES RELEVANT TO 
ABUSE POTENTIAL ASSESSMENT 
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Table 6.1.  Studies Pertaining to Abuse Liability Assessment of GHB in Animals 

  
ANIMAL GHB ADMINISTRATION 

Species Strain No. Sex Age Weight (g) Route Dose 
(mg/kg) 

Frequency/ 
Duration 

RESULTS REFERENCE 

Mouse CD-1 NA M NA 25-28 IV 0.01-0.05 
per inject-

ion 

Determined by 
mouse 

GHB was self-administered at higher rates 
than vehicle; antagonized by NCS 382 

Martellotta 1998 
(reviewed in 
Fattore 2000) 

Rat Sardinian 
ethanol 

preferring (SP) 

6 NA NA NA PO 300 Twice a day for 
5 days 

GHB suppressed ethanol consumption Fadda 1989 
(Biggio 1992) 

Rat Wistar 20 M 4 months 400-500 PO 1% (w/v) Sole fluid for 14 
days, then 
frequency 

determined by 
rat 

After a 14-day period in which GHB is sole 
fluid available, GHB and water are self-
administered at about the same frequency  

Colombo 1995c 

Rat SP & SnP 9-
12/gr
oup 

M 3-4 
months 

Mean: 400-
500 

PO 1% (w/v) Sole fluid for 14 
days, then 
frequency 

determined by 
rat 

After a 14-day period in which GHB is sole 
fluid available, GHB was self-administered 
with higher frequency in SP (alcohol-
preferring) rats.   

Colombo 1998c 

Rat Long-Evans NA M NA 300-350 IG 175-350 daily GHB attenuated cocaine self-administration Martellotta 1996 
(reviewed in 
Fattore 2000) 

Rat Long Evans 5-6/ 
grou

p 

M 12 
weeks at 
start of 
training 

80% of free 
feeding 
weights 

PO 300 daily GHB could be trained as a discriminative 
stimulus.  One dose of ethanol (1.0 g/kg) 
substituted for GHB, higher and lower doses 
did not.  In ethanol trained rats, GHB 
substituted for ethanol at one dose 
(300 mg/kg) in rats trained to discriminate 
1.0 g/kg ethanol, but not 2.0 g/kg ethanol.  

Colombo 1995a 

Rat NA NA NA NA NA IG 300 or 700 daily GHB could be trained as a discriminative 
stimulus at either dose; dizocilpine and WIN 
55 212-2 did not substitute for GHB at either 
training dose.  Baclofen blocked the 
discriminative stimulus of the high, but not 
the low training dose. 

Lobina 1999 
(Colombo 
1998a 
[abstract]) 

2
3
4
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Table 6.1.  Studies Pertaining to Abuse Liability Assessment of GHB in Animals (continued) 

  
ANIMAL GHB ADMINISTRATION 

Species Strain No. Sex Age Weight (g) Route Dose 
(mg/kg) 

Frequency/ 
Duration 

RESULTS REFERENCE 

Rat Long Evans 10/gr
oup 

M Adult 90% of free 
feeding 
weights 

IG 300 daily GHB could be trained as a discriminative 
stimulus.  Ethanol produced partial 
substitution for GHB. In rats ethanol trained 
to discriminate 1.0 g/kg ethanol, GHB 
produced partial substitution. 

Metcalf 1999 

Rat Sprague-
Dawley 

8-
10/gr
oup 

M Adult 180-200 IG 87.5-350 daily GHB induced conditioned place preference Martellotta 1997 
(reviewed in 
Fattore 2000) 

Rat Sprague-
Dawley 

NA M 3 months 
at start  

250-300 IG 400-1000 daily Tolerance developed to the motor-impairing 
effects of GHB and ethanol. 

Colombo 1995d  

Rat Sprague-
Dawley 

16/ 
grou

p 

M NA 200-220 IP 250-1000 Acute GHB decreased signs of ethanol withdrawal 
in ethanol-dependent rats 

Fadda 1989 

Rat Wistar 7 NA NA NA IP 1000 Acute GHB alleviated signs of withdrawal in 
ethanol-dependent rats. 

Gessa 2000 

Rat CFN 14 F 8 weeks 
at start 

of 
training 

NA IP 200 daily GHB could be trained as a discriminative 
stimulus; other drugs did not fully substitute 
for GHB, including morphine, LSD, 
chlodiazepoxide, competitive GABA 
agonists, d-amphetamine, ethanol, barbital, 
PCP, PCP-like compounds. 

Winter 1981 

Rat Sprague-
Dawley 

4 M Adult 85% of free 
feeding 
weights 

IP 10-300 1 dose every 2-
4 days 

GHB did not substitute for PCP in rats 
trained to discriminate PCP from saline  

Beardsley 1996 

Rat Sprague-
Dawley 

5 M Adult 85% of free 
feeding 
weights 

IP 10-300 1 dose every 2-
4 days 

GHB did not substitute for heroin in rats 
trained to discriminate heroin from saline 

Beardsley 1996 

Monkey Rhesus 
Macaca 
mulatta 

7 NA adult 6.4-12.2 kg IG 1-170 Acute GHB did not engender pentobarbital-lever 
responding in 3/3 monkeys trained to 
discriminate pentobarbital from saline. 
GHB engendered a maximum of 50% 
amphetamine-lever responding in ¾ 
monkeys trained to discriminate 
amphetamine from saline. 

Woolverton 
1999 
 (Jacobson 
1997) 

2
3
5
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Table 6.1.  Studies Pertaining to Abuse Liability Assessment of GHB in Animals (continued) 
  

ANIMAL GHB ADMINISTRATION 
Species Strain No. Sex Age Weight (g) Route Dose 

(mg/kg) 
Frequency/ 

Duration 
RESULTS REFERENCE 

Monkey Rhesus 4 1F/3M Adult 6.4-11.4 kg IV 3-7.5 per 
infusion 

Determined by 
monkey 

4-day test 

GHB did not maintain responding in 
monkeys that self-administer PCP 

Beardsley 1996 

Monkey Rhesus 
Macaca 
mulatta 

4 NA NA 8-12 kg IV 1-10/ 
infusion 

Acute GHB maintained responding only marginally 
above that for saline in monkeys that self-
administer methohexital 

Woolverton 
1999 
(Jacobson 
1997) 

Monkey Rhesus 
Macaca 
mulatta 

5 NA 3 adult 
2 juv-
enile 

3-9 kg SC 1-178 Acute GHB does not have flumazenil or triazolam-
like discriminative stimulus effects and does 
not antagonize the discriminative stimulus 
effects of these benzodiazepines 

Woolverton 
1999 
(Jacobson 
1998) 

Monkey Rhesus 
Macaca 
mulatta 

3+ M/F adult 2.5-7.5 SC  7.5-240 Acute Lower doses of GHB (7.5, 30) alleviated 
signs of withdrawal in morphine-dependent 
monkeys. 

Aceto 2000 

2
3
6
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6.2 Overdosage 
 
The purported rationales for abuse of GHB include its use by body builders as a steroid 
replacement, as a diet aid, to treat insomnia, and as a euphoria-inducing agent and 
aphrodisiac (Galloway 2000). More recently, some individuals have turned to GHB in 
order to combat depression.  The latter most likely reflects the influence of the Internet 
where GHB has been promulgated to be a “natural” antidepressant 
(http://heelspurs.com/cure.html, http://www.dog.net.uk/claude/ghb-1.html). 
 
In evaluating the anecdotal reports of GHB overdose, identification of the ingested GHB 
dose and its relationship to the users clinical condition continues to be complicated by 
three important factors:  (1) The drug is usually obtained via clandestine manufacture, 
including being homemade, making the actual dose ingested unknown; (2) Toxicity due 
to precursor chemicals is often erroneously included in the case reports as due to GHB 
based on clinical interpretation; (3) Reports frequently involve coadministration of other 
drugs of abuse, especially alcohol. 
 
As GHB use has decreased, the incidence of illicit use of its precursor chemicals 
appears to be increasing.  This illicit use of GHB interchangeably with its precursor 
chemicals, GBL and 1,4-BD, may contribute to variable dosing and consequently to 
acute toxicity (Ingels 2000, Winickoff 2000, Zvosec 2001).  Although these precursor 
chemicals are metabolically converted in the body to GHB, there are major differences in 
their kinetic time courses and distribution that can alter pharmacodynamic effects. For 
one thing, neither GBL nor 1,4-BD show appreciable binding at the GHB-receptor, which 
has been shown to be primarily responsible for many of GHB’s clinical and behavioral 
effects (Feigenbaum 1996a, Snead 2000).  GBL is more rapidly absorbed and is lipid 
soluble in comparison to oxybate, which is water soluble (Lettieri 1978, Arena 1980).  
This difference alone will produce significant kinetic and distributional differences. In 
addition, GBL failed to fully substitute for GHB in preclinical discrimination studies 
(Winter 1981) and has been noted to have stronger GABAergic characteristics than GHB 
(Feigenbaum 1996a) suggesting qualitative as well as quantitative differences may exist 
between the two compounds. As well as having a low level of direct activity as an 
alcohol (Poldrugo 1984), 1,4-BD is converted to GHB in vivo by sequential alcohol 
dehydrogenase and aldehyde dehydrogenase metabolism (Maitre 1997).  Competitive 
inhibition of alcohol dehydrogenase conversion of 1,4-butanediol to GHB by ethanol has 
been demonstrated (Poldrugo 1984, 1986). Concurrent ethanol and GHB administration 
has also been shown to alter the time course of ethanol and 1,4-BD metabolism through 
competition for the same enzyme in rats (Poldrugo 1985).  The clinical impact of these 
interactions in acute users of 1,4-butanediol/ethanol combinations has yet to be fully 
investigated but initial studies suggest a prolonged intoxication and/or enhanced toxicity 
(Shannon 2000).  
 
These pharmacological differences between GHB and its precursor chemicals almost 
certainly contribute to inexact dosing and subsequent risk of acute toxicity.  Sporadic 
accounts of GHB-related acute toxicity requiring medical attention continue to be 
reported (O’Connell 2000, Ingels 2000, Yates 2000).  Over half of the toxicity cases have 
been associated with co-ingestion of another drug (Centers for Disease Control 1997, 
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Chin 1998, Galloway 2000).  In the majority of the cases reported, GHB was the 
presumed cause of the adverse reactions based on the description of the incident, time 
of onset, etc. (Galloway 1997, Chin 1998, Ingels 2000).  Because laboratory tests for 
GHB are not generally available to clinicians, only rarely have actual blood/urine levels 
of GHB measured (Dyer 1994, Li 1998b). In some cases, the presence of GHB was 
noted but actual levels were not provided (O’Connell 2000).  This continues to make 
evaluation of the true risk associated with GHB use difficult, especially when considering 
that the majority of GHB toxicity cases resulting in hospitalization involved the co-
ingestion of alcohol or another drug.  More and more frequently, acute toxicities are 
associated with the consumption of one of the precursor chemicals and not GHB itself 
(Ingels 2000, Winickoff 2000, Zvosec 2001). 
 
The recommended course of treatment continues to be general symptomatic and 
supportive care with primary attention to airway protection (Galloway 2000, Graeme 
2000) particularly in consideration of the risk of gastric aspiration. As yet, no reversing 
agent for GHB is available. There is some evidence that physostigmine may be 
efficacious in rapidly reversing the sedation induced by GHB (Henderson 1976, Yates 
2000).  This recommendation remains controversial as many concerns have been raised 
regarding potential toxicity issues with physostigmine use (Mullins 2000), including 
bradycardia or asystole (Pentel 1980) and seizure induction (Newton 1975).  At present, 
the principles of management remain supportive care with particular attention to 
maintenance of the airway and blood oxygen levels.  Additional attention should be 
directed toward the institution of laboratory analysis of GHB levels in hospitals in order to 
more rationally interpret dose response, clinical presentation and patient outcome.  
Overall, based on the current and previous accounts of overdose cases, prognosis is 
good for patients receiving medical attention (Li 1998b, Chin 1998, Galloway 2000, 
O’Connell 2000, Ingels 2000).  Mortality was usually associated with unattended 
individuals who were found already deceased rather than associated with death in the 
emergency department (Winickoff 2000, Graeme 2000). 
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SECTION 7 
SCHEDULING 
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7.0 SCHEDULING 
 
7.1 Introduction 
 
The Controlled Substances Act (CSA), Title II of the Comprehensive Drug Abuse 
Prevention and Control Act of 1970, is the legal foundation of the government’s fight 
against the abuse of drugs and other substances.  The CSA primarily impacts the DEA 
but the FDA has been charged with the scientific component of this act.  The FDA has 
developed an approach evaluating specific criteria relating to abuse/dependence that 
forms the basis for recommendations to the DEA on behalf of the Secretary of Health 
and Human Services (HHS).   
 
The CSA places all substances that are regulated under existing federal law into one of 
five schedules. This placement is based upon the substance’s medicinal use, potential 
for causing physical harm, and potential for abuse or addiction.  
 

• Schedule I is reserved for drugs which have any potential for abuse, that have no 
recognized medical use or there is a lack of accepted safety under medical 
supervision.  Until FDA approval, any drug scheduled must be placed in Schedule I 
regardless of whether following FDA approval it is a Schedule II or V entity. 

• Schedule II is reserved for drugs which have a high potential for abuse, has 
a currently accepted medical use in treatment in the US or a currently 
accepted medical use with severe restrictions and potential abuse of the drug 
may lead to severe psychological or physical dependence.  

• Schedule III is for drugs, which have a potential for abuse less than the drugs in 
schedules I and II, have a currently accepted medical use in treatment in the US and 
abuse of the drug may lead to moderate or low physical dependence or high 
psychological dependence. 

• Schedule IV is for drugs, which have a low potential for abuse relative to the 
drugs in schedule III, have a currently accepted medical use in treatment in 
the US, and abuse of the drug may lead to limited physical dependence or 
psychological dependence relative to the drugs in schedule III. 

• Schedule V is for a drug which has a low potential for abuse relative to the drugs in 
schedule IV, has a currently accepted medical use in treatment in the US and the 
abuse of the drug may lead to limited physical dependence or psychological 
dependence relative to the drugs in schedule IV.  This is the classification used for 
medications with the least potential for physical harm.   

 
When a petition to change the scheduling of a drug is received by DEA, the agency 
begins its assessment of the drug.  DEA may also begin an assessment of a drug at any 
time based upon information received from law enforcement laboratories, state and local 
law enforcement and regulatory agencies, or other sources of information.  
 
Once necessary data has been collected, the DEA Administrator requests from HHS a 
scientific and medical evaluation and a recommendation as to whether the drug should 
be controlled or removed from control.  This request is sent to the Assistant Secretary of 
the HHS.  The HHS solicits information from the Commissioner of the FDA, evaluations 
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and recommendations from the National Institute on Drug Abuse (NIDA), and on 
occasion, from the scientific and medical community at large.  The Assistant Secretary 
compiles the information and transmits back to the DEA a medical and scientific 
evaluation regarding the drug, a recommendation as to whether the drug should be 
controlled, and in what schedule it should be placed.  
 
This formal evaluation and rule-making process may take a year or more to complete.  
However, should the Attorney General deem a drug an imminent hazard to public health, 
that office's emergency powers may be used to add the drug to the Schedule I list of 
banned substances. 
 
While the scheduling of a drug through the formal rule-making process is most common, 
the US Congress has legislatively scheduled several drugs when it felt necessary.  
Some of the drugs legislatively scheduled by Congress are: 
 

Anabolic Steroids C3 (1990) 
Methaqualone C1 (1984) 
Pipradol C1 (1978) 

 
7.2 The Scheduling of GHB 
 
The scheduling of GHB was first considered in the mid-1990s after data from local law 
enforcement, Drug Abuse Warning Network (DAWN) and Poison Control Centers 
showed it to be an increasing drug of abuse.  It was also beginning to appear as a drug 
utilized to facilitate sexual assault.  The form used was manufactured GHB or 
"homemade" GHB.  The expansion of the Internet spawned numerous e-commerce sites 
selling kits, with which to make GHB, for as little as $35. 
 
The Attorney General determined she was unable to use her emergency authority to 
schedule GHB as a schedule I agent because an active IND for a pharmaceutical 
formulation of GHB existed which constituted "valid medical use". 
 
Consequently, DEA took steps to begin the administrative scheduling of GHB. In 
September 1997, DEA forwarded its request to HHS and requested a scientific and 
medical evaluation and a scheduling recommendation.  The FDA’s Office of Health 
Affairs and NIDA undertook that assignment. 
 
In July 1998, the Crime Subcommittee of the House Judiciary Committee, chaired by 
Rep. Bill McCollum, held a hearing at the request of Rep. Sheila Jackson Lee to 
consider her proposal to schedule GHB as a Schedule I drug.  The Hillory J. Farias Date 
Rape Prevention Act was initiated by Rep. Jackson Lee following the apparent GHB-
related death of Hillory Farias, a LaPorte, Texas high school senior. Most committee 
members expressed a desire to somehow distinguish the illicit forms of GHB from the 
pharmaceutical formulation being studied for the treatment of cataplexy. 
 
Rep. Jackson Lee's proposal was re-introduced in January 1999.  That month, 15-year-
old Samantha Reid died at a Michigan emergency room after drinking a soda spiked with 
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either clandestinely manufactured GHB or GBL.  As a result of that incident, Michigan 
Congressmen Fred Upton and Bart Stupak sponsored separate bills to schedule GHB.  
The House Subcommittee on Oversight and Investigation considered those bills at a 
March 1999 public hearing. 
 
FDA informed members that it was still conducting its scientific and medical evaluation 
with NIDA, which would result in their scheduling recommendation for GHB. 
 

"FDA would agree that there is a critical need to protect the public health from the 
dangers posed by drugs and substances of abuse," the Agency's spokesperson 
testified. "At the same time, we have to recognize that many drugs that have the 
potential for abuse may also be medically beneficial, and a large segment of the 
population might benefit from the optimization of drug development.  These interests 
sometimes create tension in this scheduling process.  In FDA's dual role as the 
evaluator of products that promote public health and the evaluator of substances that 
present a danger to the public, we will use the best available scientific data to make 
the speediest and best decisions". 

 
In May 1999, the Attorney General formally asked Congress to use its legislative 
authority to schedule GHB.  Within days of that request, HHS provided DEA with the 
medical and scientific analysis of GHB and its recommendation regarding the scheduling 
of GHB.  The analysis gave particular notice to the new forms of GHB being abused by 
rave partygoers as a euphoric when mixed with alcohol, by body builders as a muscle-
enhancer and by sexual predators to facilitate sexual assault. 
 
During the approximately 20 months that FDA and NIDA conducted their medical and 
scientific evaluation, the sources of GHB abuse changed rapidly.  Aggressive moves by 
FDA, DEA and state authorities had shut down numerous GHB Internet sites.  But 
clandestine manufacturers and home-brewers of GHB discovered they didn't have to 
compound GHB.  Instead, they marketed and used certain legal and inexpensive 
industrial chemicals for their GHB effect.  Put simply, they relied on a person's body to 
naturally convert ingested industrial solutions into GHB.  
 
GBL was apparently the first industrial solvent ingested for its GHB effect.  Abuse of 
GBL as a GHB analogue accelerated in 1998.  In January 1999, FDA asked dietary 
supplement companies to recall all products containing GBL.  At that time, GBL products 
had been associated with reports of at least 55 adverse health effects, including one 
death.  GBL became a list I chemical in 1999 and dietary supplement makers and drug 
dealers were fast to market a new GHB analogue using another easily available and 
inexpensive industrial solvent 1,4 BD.  Like GBL, 1,4 BD converts to GHB following 
ingestion.  In May 1999, FDA warned consumers to stop using dietary supplement 
products containing 1,4 BD. 
 
7.3 The HHS - FDA - NIDA Recommendation 
 
In May 1999, the Secretary for Health and Surgeon General at HHS recommended that 
GHB be scheduled based on its different forms, taking into consideration both the 
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legitimate medical use and the illicit use.  It recommended that illicit forms of GHB be 
placed in Schedule I.  HHS also recommended that authorized formulations of GHB be 
listed in Schedule III. 
 
The HHS recommendation was made as a result of an eight-factor analysis, which was 
conducted as stipulated by the Controlled Substances Act.  When evaluating the control 
of any drug, the following factors are considered:  
 

(1) Its actual or relative potential for abuse.  
(2) Scientific evidence of its pharmacological effect, if known.  
(3) The state of current scientific knowledge regarding the drug or other 

substance. 
(4) Its history or current pattern of abuse. 
(5) The scope, duration, and significance of abuse.  
(6) What, if any, risk there is to the public health.  
(7) Its psychic or physiological dependence liability.  
(8) Whether the substance is an immediate precursor of a substance already 

controlled under this title. 
 
After evaluating the eight factors, the HHS must make a scheduling recommendation 
based on the substance's relative potential for abuse, its accepted medical use and its 
capacity for producing physical and psychological dependence. 
 
Under the Controlled Substances Act, substances in Schedule I have a high potential for 
abuse and no accepted medical use. Substances in Schedule II have a high potential for 
abuse but do have an accepted medical use.  Substances in Schedules III-V have an 
accepted medical use and a relatively lower potential for abuse. 
 
HHS concluded that illicit forms of GHB - clandestinely manufactured GHB, homebrewed 
GHB and industrial chemicals used as GHB - have a high potential for abuse.  It 
concluded that illicit forms of GHB have no accepted medical use and, in fact, are unsafe 
for use under medical supervision.  Accordingly, HHS advised that illicit forms of GHB be 
controlled as Schedule I drugs. 
 
Mindful of the growing list of legal industrial chemicals being ingested for their GHB 
effect, as well as the ease of home brewing GHB, HHS concluded that authorized 
investigational formulations of GHB (Xyrem) were unlikely to be sources of abuse.  
Rather the abuse potential for Xyrem was consistent with substances typically controlled 
under Schedule IV.  Authorized investigational formulations, however did not meet the 
"accepted medical use" criteria set forth in Schedule IV due to the lack of FDA marketing 
authorization.  Authorized investigational formulations fit more closely with the standard 
of Schedule II drug having a "currently accepted medical use with severe restrictions”. 
 
Under these circumstances, HHS recommended placing FDA authorized formulations of 
GHB in Schedule III - a level of control higher than Schedule IV in order to take into 
account the lack of accepted medical use of the investigational product, and a level of 
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control lower than Schedule II to account for the products low dependence liability and 
abuse potential.   
 
7.4 Public Law 106-172 
 
HHS’s Schedule I/III recommendation for GHB was the foundation for proposals 
embraced by a broad coalition of Republicans and Democrats in Congress in late 1999 
and early 2000.  The Senate unanimously adopted its proposal to require the Attorney 
General to use her emergency powers and immediately list GHB in Schedule I.  The 
measure also listed FDA-approved GHB in Schedule III, if or when FDA approved such 
products.  The House adopted the same bill by a vote of 339 to 2. 
 
The Hillory J. Farias and Samantha Reid Date-Rape Drug Prohibition Act of 2000 was 
signed into law on Feb. 18, 2000.  Called Public Law 106-172, the measure also 
penalized the illicit use of any form of GHB (including the FDA-approved formulation) 
with severe Schedule I penalties; controlled the legitimate sale of GBL the industrial 
solvent and potential GHB analogue; and criminalized the use of a controlled substance 
analogue to facilitate a sexual assault. 
 
7.5 WHO Recommendation 
 
In September of 2000 a panel of experts was convened by the World Health 
Organization (WHO) to review the abuse potential of GHB and to make a 
recommendation for what schedule GHB should be placed.  The recommendation of this 
expert working group was for placement into schedule IV.  This recommendation was 
published in the US Federal Register in the spring of 2001.  Following verbal 
communication from the Controlled Substances Staff at FDA, there were no comments 
submitted, either in favor or opposed to this recommendation.  Therefore the 
recommendation will most likely stand and be signed into law by the WHO president.  
Since a WHO schedule IV is not much different than a US schedule III, no changes are 
anticipated to US laws as a result of this recommendation.  A copy of the WHO 
recommendation is included with this section. 
 
7.6 Conclusion 
 
The recommendation of HHS, along with the weight of scientific and medical evidence 
continues to support a placement of Xyrem, if approved by FDA, into Schedule III.  
Moreover, given the ease with which GHB can be compounded, the availability of 
inexpensive industrial chemicals that are used as GHB analogues and the specialty 
distribution system designed to prevent diversion (which is presented in Section 8), the 
abuse potential of Xyrem is low.  Orphan Medical continues to sponsor and assist with 
state legislation which addresses GHB analogs and inappropriate use of GHB, with both 
clinical and preclinical studies designed to further investigate the abuse potential of 
GHB, and distribution systems which minimize diversion while making Xyrem available 
for patients with narcolepsy.  
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David Satcher, MD, PhD (DHHS) Letter (May 19, 1999),  
 

Gamma Hydroxybutyrate:  Eight Factor Analysis (September 1997),  
 

and 
 

James Milford (DEA) Letter (September 16, 1997) 
 
 
 
 
 
 

BEST AVAILABLE COPY 
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________________________________________ ----~44------------

Mr. Donnie R. Marshall 
Deputy Administrator 

MAY J 9 e:E 

Drug Enforcement Administration 
Washington. D.C. 20537 

Dear Mr. Marshall: 

~ . Soa'etatY fOf H~tT:I 
Office of f\rbl c Hoatth and $(::ienCE 

W~ Alington D.C. 20201 

In response to your request dated September 16, 1997. and pW'Suant to the t ;Qntrolled 
Substances Act (CSA)~ 21 U.S.C. §811 (b). eel, and {f}, 1he Departmerrt of HE atth and 
Human Services (HHS) re:commeods that, gamma-hydraxybutyric acid {GHB} should be 
subject to control under Schedule I of the CSA, except that GHB substances iod 
products mat are the sUbject of investigatiooal new drug (lNO) applications ill thoriz.ed 
by the Food and Drug Administration (FDA) shoukibe subject to control unck r 
Schedule III. . 

GHB is a central nervous system depressant As discussed ;n the attached c: na~is. 
GHB has a high potentia, for abuse relawe to substances controlled in Sellet ules uri 
N, and V. GHB has no ac:x::epted medical use. and when manufactured dane .estinety, 
it is unsafe for use under medical supervision. Accordingly. and except as pr JVided 
below. HHS recommends that GHB be cont(olled in Schedule I of the GSA. 

Formulations of GHB currently are being studied under FDA-authoriZed IND~ At ieast 
one sponsors formulation has been granted orphan drug status under Secti~·, 526 of 
the Food. Drug, and Cosmetic Act, and is available under a treatment use pn ·tocol 
under 21 CFR §312.34_ None of the reports of actual abuse of GHB that sUF Jort the 
Schedule I recommendation have involVed GHB that was drverted from an a~ thorized 
study. Moreover, given the ease wtth which GHB can be sYnthesized from ~ adify 
available materials, it is unlikely that authorized studies will becnme a source for abuse. 
Rather. the abuse potential of GHB. when used under an authorized researc:; I protocol, 
is consistent with substances typically controlled under Schedule N. Inform mon on 

. the dependence-producing effects of GHB is limited. but available data suggL :st that its 
. potential for physical and psychological dependence is also ronsistent with c :mtrol 

under Schedule IV_ 

Authorized formulations of GHB, however. do not meet the "accepted medic:; I use" 
cmelia set forth in SchedUle IV. An authorized formulation of GHB is far eoq Jgh along 
in the development process to meet the standard under Schedule II of a df'll(. 
or substance having a "currently accepted medical use with severe resUictiol ,s." 
Under these circumstances, HHS recommends plaCing authorized formulatic ns of 
GHB in Schedule III. 

--------------------------------------------------------~%------------
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You will find enclosed a documern prepared by FDA's Drug Abuse Evaluati(ll Staff that 
is the basis for the combined Schedule IISchedule III recommendation. 

Should you have ant questions (egarding this recommendation. please coot ld 
Stuart l- Nightingale, M-D .• FDA's Associate Commissioner for Health Affair. . at 
(301) 443-6143. 

Enclosure 

Sincerely yours, 
~--

. Satcher, M.D .• Ph.D. 
Assistant Secretary for Health 

and Surgeo .... General 
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On September 16, 1997, the DepLlty Administrawr of the Drug Enforcemeot J .dminisuation 
(DEA) requested that the Depanmem of Health and Human Services (DHE i) develop a 
sciellIific and medkal evaluation ap:d recommendation to schedule gamma-hydro: }'butyric acid 
(GRB) under the CoJUrOlled SubSWlc.c:s Act (CSA). GHB iii under active devt lopment as a 
therapeutic agem iP. the United StateS. The Food and Drug Adm;Qistrarion (l DA) recently 
authbrized a sponso~s investigarionaI new 4tug IpplicaciCll.for tbe 1l'~t use 0.-a GHB drug 
pro<Wa for au.aplexy associated with naroolepsy. to provide early a-vailabilit) of the drug 
produei for paIieOJ:S suffering from this condition. {see 21 CFR 312.34}. mel to f4cilitate the 
collCc:tioo of data in support of a new drug applicarion (NDA). This sponsor ha$ also obtained 
"orphali" designation of its produa from FDA in a.ccordant;e with section 526 ,.f the Federal 
F~ Drug. snd Cosm~c Aa. An prphan drug is a drug thaI is intended to Ue:af. l rare disease 
or: coodltion thaI affecu fewer than 200,000 people in the UDlted Sw.es- To ab( ~D an orphan 
drug desigmuion. a sponsor muSt present sufficient informarion about the drug. or :l1e disease or 
c.onditiou for which i[ is intended. fa csablisb a medicdly p~ble basjs for ape ring the ~g 
to be e:ffec::tive in !be prevention, diagnosis, or tn2Jmem of t:hat disease or conditio Xl The purpose 
of the Orphan Drug Ac:r. is to provide incentives for the devdopme:sll of products" hieb, withou~ 
incentives, are of little inWe1>t to the pb.a.rmaceUtical indUSUY There have beetl ·10 repcns of 
diversion from clinical mats or authorized stUdies. ~ .'. 

At rile same time, however, GHB c:ompouDds are being IIlaIWfaaured in cla.nd~ ~ laborarories 
for recreational use, the scale of which is undetermined. Becm.t.Se of this clandestin: manuf.acru.re 
of GHB. and its assoclated abuse, numerous States have cont:rolled GHB under Stare laws in 
Schedules IT, IV, or I Some deaths and nurn.eraus hospital emergency room ca es have been 
documented from the dand~ne substance 

In accordance wiLh 21 U.S.C g 11 (b), the PEA gathered information relevani to scI eduling GHB 
in the CSA PursuanT to 21 U,S C. 811(b). the Secretary is required 1:0 consider .n a sci~ntific 
and medical evaluation eight factOrs determinative of comrol under the CS~ Follo-wing 
consideration of the eight faaors. if il is appropriate, the Secretary must make ~ ;e findi~gs to 
recol.Tl.tIl.end s;;:he4uling a subsrance in the CSA The findings relate to a sUb: rance's abuse 
potemial. Jegitimate medical use, and its safetY or dependence liability. 

Adminisrrative responsibilities for evaluating a substance: for control under .he CSA arc: 
performed by the FDA. with the concurrence of the National Instirure on Drug ~ .;e (NIDA), as 
described in Ihe Memorandum of Understanding (MOll) of March 8, 1985 (50 FR 1518-20) 

1n Utis document, FDA is recommending the control of GHB and all mixtures, cc.l1pouuds, and 
preparations thereof in Schedule I of the CSJ\., except that GRB drug sub~ce! and' praciucrs 
being stuqied under FDA authorized fNPs are recommended for corurol in Scneilu ~ ID. 

1. ITS I\.CTUAL OR REI..-\. TIVE POT£rITlAL FOR ABlJS~. 

GliB, as one mi~hl expecr of a seda~ive--hypnotic drug, produces dose- and !Oncentration
dependent eNS depressanr eftecrs in humans and Sf variety oflaboratory anima.ls i .duc\ing mice, 
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nus. rabbit, au" dog and mollkey.l Its abuse rt.e:ori.al was evaluat~ in precIinica t.esfS. such as 
drug disaiminarion ana self-ad~n in which GHS prodw;ed seda.ilir( -{ike stintulus 
effecu. The CNS depressant effects might be expected 10 correlate with use in a f olydIug abuSt! 
setting. such as to COUlltetaa the effectS of stirtwla:a:ts. The dose-respotUie a.uve t If the sedative 
and hypnotic etfecta of GHa is steep.) 11lat is. t!le onset of effect is rapid. makine it an effec:cive 
hypnotic.. but also an effc:a:ive ~ of abuse in some .sccr:ings. 

Disaitrrbuzrive Srim,gllls Propt:rti.e:$. Sewn! swdies have clw-actc:rizcd GEB ~ s liscriminative 
stimulus effects (l.e .• the ahifuy of a subject to cfistinguish the drug fi-olIl a com '01).4 Results 
from these stUdies bavc shown thaI GHB can timaioD as a d.isc:ritn.inarve stimu.lS in raI$ and 
th.a:t The GHB stimulus cue is corpp1ex. ~ senne properties wilb some: CNS 4c pressams ~ 
to a 1ess.c:r exzem. with some GAB A-mimetic substances and morphine. 

The ability ofGHB to fiJ.naiOil as a discri.minarlve stimulus was first reported by' If'lntc::r (1981). 
Controls included ~ array of comroUed and non-<:omrolled aW~ces. 

Experiment. Using.a. N1o-1ever operant prcx:cdure under a fiu.d-raPQ (fR 1 1) schedule of 
reinforcement.. reus (1F14) 'Were uained to discriminate 200 mWkg (iJJtf3Jl !ritoneaIly) of 
GRB sodium s.ah from saline. After cri~OD was established, mo.rp1lmt (LO and 3.0 
1llgIkg), LSD (0.03. 0.1. and 0.3 mdkg). phencyclidine {PCP) (2 .0 and 4.' &ngI'kg), SKF 
10..047 (6.0 and 10.0 mglkg), ethanol (630.0. 945.0. 1260.0 mgIkg). ban iral (80.0 and 
160.0 mglkg). chlordia.zepo~de (3.0. 10.0, 20.0. and 30.0 mglkg). d-am~ eamine (0.8. 
1 5, and 3.0 ·rnWkg). apom~rphine (0.3, and l.0 mglkg) and the G, BA-IWII1erics 
muscimol (0.3. LO. 2.0, 3.0 mgIkg). gamma-butyrolaaane (GaL) (l0.0. 3( .0. 100.0, and 
200 0 ~, baclofen (1.0, 30, 6.0, and 10.0 mg/kg). and 3-aminopn pane sulfonic 
acid (100.0. 150.0, and 300.0 mglkg) were substituted for GW. GHB ~.nctioned as q 

discriminative stimulus in all rats trained to discritnirurrc 200 mg/kg-of Of l3. The lI1eall 

number of ses~ions required ro ~Iisb crit~ion were 43 (S = 5; rap:ge 1· .-61 sessiOllS). 
Substirunon testS revealed thal the disoiminati'tle Stimulus cue of GI.B was more 
depressant-like. 

During sub~ilulion ~~ PCP (CU), ethanol, barbital, d--amphe.tamille (CIl) a:o.c apomorphine 
failed to generalize ro GliB Morphine (CIl) and 3-aminopropane partially gee. ralized. to the 
GHB cue. The GABA-mimencs IIluscimol (not comrolled.). and baclofen (t.)t cDnIrOUed) 
gencralized 1:0 OHa in a dose-4ependem manner Chlordiazepoxide (CI'\) also dose
dependently generalized to GHB. These findings confirmed that we discriminati\l ! stinwlus cue 
ofGHB was largely ckpressant-like. 

Dose Response. The drug discriminative properties of GHl3 have been shOll- 1] to be dose
responli\ve 

Experiment. By a T-maze, food-reinforced drug discriminarion pre :edw-e, GliB 
nmctIoned as a dlscrimin~tive srimu\us in nus. 5 The ability of GHB tC function as a 
discriminatlye stimulus was evaluated in rats trained to discriminate 300 If 1ks (0==4: 30~ 
minutes pretreatment. Lg.) or 700 mglkg (n=6; 30-minutes pretreatment; j. ~.) from water 
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in a two-arm T-maze proc:edureunder a FRIO schedule ofrcip.farc:ement. \iter criterion 
(a: me first trial was correa; b: at least 9 correa trials our: of 10) VJ< ~ established, 
substitution testS were CDIlducted Mdt GHB at a range of doses (0, SO, J~, 300. 500, 
700, &ad 1000 ~ is.). To as.sess me abilitY of the GHB antagoni~ NCS-382, 10 

block the di$CriIciaarivc stitnulus of GEB, doses ofNCS-3&2 (0. 125,.: 5.0, and 50.0 
mgIkg; lO-minm:es pretceamlettt) were teSlCd in bath 300 m&'kg atld 700 mgIkg GHB
uaiJled ratS. Both 300 and 700 mg/kg GliB functioned as a dCiaiwia.a:ri' -e stimulus in 
ratS; lime to acquired GHB discrir:o.iD:uion was 48.0 @ 5.1 (3S-58) and 4~ g @ 2.7 (35-
54) days for the 300 and 700 mgIkg group, respec:tive1y. GHB dos. depa1cieatly 
Sl.lhstitured for me stimulus ale of both training dosc:s of GHB. Compte ~ sub~Qn 
occurred at do~ of GHB equal to an4 greater than lhe traiciflg dose in 1 Ie 300 mgIkg 
GHB group. In the 100 mgIkg GHB group, doses eqQal fO or grear~ thaa 500 mgIkg of 
GBB completely generalized to 700 mgIkg of G!:m- During the a.m:agOE.51: [~ NCS~ 
382 (25 and SO mglkg) aneowued the GHJ3...disc:rinlina.tive Wmulus effects. Pretreatment 
with 25" ~g of NCS-382, 91..z'1/U and 16:~/q GIlB-appmpri:ue r~ pond..in,g was 
observed in the 300 and 700 mglkg traillIng groups.. respectively_ NCS-3$ ~ (50 roWkg) 
Tesultcc! in 7.S a:Qd 9.2 mf?'kg percent GHB-appropri.aIe t"espo~ in 300 a td 700 mgfkg 
GHS groups, respectively. 

Alcohol. GHB and alcohol exhibit common discriminative stimulus effects withip . narrow dose 
range. 

Experiment The discrimina:t:ive stimulus properties of GlIB were evaluated :n rats traied 
IQ discriminate ethanol (1.0 or 20 glkg; p.o.) or GHB (300.0 mglkg p.o.) fr ,m water in 
the T-maze procc:!~re (Colombo, et aI., 1995c). Once criterion (i.e., 5 COllS ~Iltive 
training sessions) was established, doses of ethanol (0.0, 0.5, LO. 1.5,2.0,2 S, and 3.0 
glkg) and GHB (0.0,500, 100.0,300 0,500.0. 700.0, and 1500.0 mglkg) w.re 
sub$l.iwred for both erhanol- <lnd GHB-tTained rat6 GRB aIld edlanol demQ tstrated 
commOn discriminative stimulus effects; howevCT, the. symrnetricq1 genera!.l :.RUOD 
occurred within narrow dose: windows Ethanol dose dependelltly substiruu j for the 
training doses of both 1.0 and 2.0 glkg of ethanol When GHB was subsriql ed ill the 
ethanol-l.raine4 rats, GaB only generalized to the ethanol rue elicited by th! 1.0 mIkg 
training groUp. A.n inVerted "V-shaped funaiau'" was observed following rl e subsPruuon 
ofGHB doses. GHB (300 mg/kg) el.ic;;ited 82.00/a ct:banol-appropriate respo .ding. Doses 
lower than 300 mglkg of GHB di d not generalize to the edla.nol cue. As r~1 Qrted earlier", 
(Colombo et aJ • 1995a), doses ofGtiB generalized to GliB in a dose depeJllent manner. 
Substimtion of doses of ethanol in GHB-trained rats abo dicited an invert~ "'U-shaped" 
function curve EtMnol (LO g!kg) eli~ited 90.9% GHB-appropriate responl ing; whereas 
1.5 glkg of et.hanol elicited 72 0% of drug-appropriate responding. 

GHB and alcohol have s)'nergisuc hypnotic effects. In cars, GflB produces a Ie ss in righting 
reflex (sleep time) which was significantly potentiated by ethanol, specificaUy , 4- to 5- fold 
Increase in sleep time in ralS administered GHB (OAl nmole) in combinaLlon wi h 6 Sl runole 
eIhanol. 6 . 
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Cocaine, PCP~ aad hCl'Oin. GfiB failed to effect the d.i.sc::rUninarve stiD:lulus conl··ol of cocaine. 
PCP and heroin in ratS 3l any GflB dose tested. 

E.x:perimen~. (Bearc1.sh:y el aI., 1996) The disc:riminative stimulus e.ffe~ of GHB were 
also assessed in ratS uained to discrir.n.i.pate cocaine (10.0 mgIkg. i.p,). p( P (2.0 mgIkg, 
i.p.) or berQin (0.3 mgIkg. s.c.) from vehicle (saline for PCP aI!d (".()q .ne; water for 
heroin). in a two-lever operant procedute uruL:r a FR. schedule [FR 10 f£l (cocaine and 
heroin trained ms: FR 32 for PCP-tra.i.ned ratS) of re.U1forc:e:meDt. I.tter criterion. 
substirution tests were caDduaed. (Criterion was as' follows: PCP-traine I nu.s: aI least 
$00/0 of the lOU!.! responses wl:5"e n:tade on We correa lever during fo1:( c::on:seaJtive 
uaining sessions. and the first 32 c;onseamve responses were completed .)Q. the c:()O'"el:t 

lever during each of these sessions; cocaine- and herain-mUned ratS: the t·CSt completed 
fixed ratio occurred on the lever desigwues correa at least eight of th4 !l con.se:utive 
uaining sessions, and at least 8()'1/u of the total r~nses were made on Eft : correct lever 
during those eight sessions). On &.Ibstilutio~ t~ sessions. heroin (0. J·2.0 ttJgIkg)T 
c~ine (L0-30.0 mgIkg), and PcP (0.5-6.0 mgIkg) were tested in u.!if respective 
T.raini.ng groups. Doses of aHB (lQ,Q...300,0 mgIkg) were substituted :or PCP- and 
heroin-~ groups. In ~ c:.oc:aint:rtrained rats. the abiliTY of d~ c:- GliB (10.0-
300.0 mglls::g) to amragoniz.e cocaine discriminative stimulus effects was e'i luar.ed. W'heo. 
GHB (10.0-300.0 mglkg) was Sllbstirme!:! for PCP or heroin, the sub~;:tS respo:w:iecl: 
exclusively on the vehicle lever, In the antagonist teSt, GHB fiWe4 to affect the 
discriminative stimulus c::.ontrOl ex:en:ed by 10.0 ItIg/kg of cocaine; dutl is, the mean 
percem CO(aine-appropriare responding was never reduced to below ;94/g cocaine
appropriate responding at any of the GHB doses tested. 

Reinforcin.g EffectS.. Toe reinforcing effectS of GHB were evaluated in two p imatc species 
(rhesus monkey and baboon) and rodents (rats). G$ has nor been shown fO be reinforcing in 
primates trained to self-administer pc.r (CU). ccx:.aine (em and methohexita.l (CD). Preferen<;e 
for ORB over placebo (wa+er) was demonstrated in rodents These findings are ~ scribed in the 
following relevant experiments: 

~eIltl: (Bewdstey el aI., 1996) Reinforcing effectS of GHB wer, evaluated in 
rhesus monkeys experien~ in self-admihistra.ri.on of PCP un4et' a FIt : 0 schedule. of 
reinforcement for rwo monkeys and for two other monlceys, the FR fC? uirernent was· 
gradually inqeased to fR 200 for one monkey and 10 FR 50 for the oth. :f. Four adult 
rhesus mon.lceys (3 males: 1 female) were trained to self-administer Pc. ' (10.0 or 5.6 
:g/kglinjection) under a FR 10 schedule of reiruo[Co:!men'C. Upon completi )n of training, 
the mainlenance dose of PCP was established at 10,0 :gIlcglinjection for aU four monkeys. 
The monkeys had access to PCP during daily ooe-hour sessions. After-~ 'le responding 
was obtained (i.e, less than 20"/" variation in the m.unber of PCP infusions .)eX" liession for 
at leaS{ 3 consecu~ive sessions with rcP), vehicle and GHB (300 - 7500 ~njection) 
Were substiwted fOI" PCP injections for fOUl" consecutive days Following u.ch behavioral 
session, monkeys were observed immediately afterwa.rds for several how."S for signs of 
oven to~iC:ltj' andJor drug-induced behavlOral changes Substitution of doses of PCP 
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produced an inverted '"U-shaped'" do$e-respoase function with at I~ thr II: doses in all 
Illonkeys b18iptajningrespoDdiIlg above saline le...-els where the range did r .)t overlap. In 
compariSOll to PCP~ GHB fiUled [0 maiT'¢aio ICltes ofr~nding indic.ative of reinforcing 
efticaq in all prim.a.teS. GHB. at a dose of 3000.0 :glkg(wtUsian, oc:.c;aslOl ally produced 
ptosis and lethargy suggestive of sedati .... e-like effea:s. 

Experiment 2: (France el aL. 1991) GRB was tested in three rhesus lDO~ cys trained to 

self-adiDUUster 0.1 mgIkdIDfilsioll of methohexital. Four doses (amroJIQ; POt spc:cified) 
af GHB were substim~ for ~hc:rital Each of the 3 monkeys rq: ::ived the twO 

largest OHB doses (0.1 anQ 1-0 IQgIkg(mjc:c;tion). GflB mainrajno:J v ry little self
arlmiQistraIiotl behavior in the prUnaIeS. Furthermore. the researchers: wed that the 
DUmber of iQ.jet:tians did IlQ[ o;~ ~ munba of saline injecric.'1S and were 
considerably less lhan the number of infusions for methoh.ex.ital 

Experiment 3; (Ame, 1995) 'Il1e reinforcing effeas of inuaveJlOUS GHB ~ ere evaluated 
in baboons rralncd to self-administer 0.32 mglkgrmfusion cocaine HCI Ql ~er a. FR 160 
scbedule of drug delivery. GHB (3.2 - 100.0 mg(kg/iujccrion) W!l$ ~ ~ed in two 
baboons and initiate:! in a third, though no~ completed. ThrougholJt the Stl dy, eacll40se 
of GHB and vehicle was substitured for ox:aioe for 15 con.secu:ri"e days. f; lIowed by re
cst.ablishmem: of cocaine ba.se:line for three conse:utive days. GHl3 di I not reliably 
maintain sdf-administrarion at any of the doses tested under the specific C9 !ditions oflhe 
IitUdy. Higher doses ofGHB couJd not be·evalu.a:ced due to limitations ofc:ug solubilitY. 
\Vhen lOO:g/kgf"mjection GOO was substi:tuted fOT methohexital. s~ion. was obsenred 
after the behavioral session.. " C 

Experimefl[ 4' Oral self-adminisuarion of GHB was evaluated. Owing w: initial phase 
of the study, the rars e:cperienced a -cwo-week forced-dLoice period. Duli,.g this period, 
GHB sodium sa.l~ (l % w/v in Winer) was the only available drinking fluid. Subsequently. 
the rats were changed to a free-choice period; the rars had a choice I etween GliB 
solution (l % w/v) and tap wa~er. During the no-chatce phase. the ~:.alee of GHB 
remained fairly st2.ble (800-1200 mgtkglday) The preference for Q.m was also 
csrablished dwiLlg the free-choice period of the stUdy. However, dUr1p,g .his period aU 
nus displayed aitema!e periods "Of hign daily intake of GlIB with tel! 'porarily sclf~ 
imposed. c~ion of GliB imake Large variability among the rars was c J~ i~ the 
lecgth of the GHB- and tap warer-preference periods; the range was be ween 1 to 12 
days. On GHB--preference days) GHB ropsumption aVeI4ged 666.3 @ 1: .2 mglkglday: 
an<l mere a.ppeared [0 be a panem in the! self-adminisuation of GHB. ;:au te:ndcd·tb 
consume GHB solution in diStinct binges which occu.rrerl over 3 10 5 b~ JrS during the 
dark phase of the light cycle, during which [he rats consumed phannacol~ ically relennt 
doses (l00 ra 300 mgIkg) of ORB This 3~S ho~r interval between Of.B binges was 
constam with the' pharmacOkinetics of oral GEm in rats1 suggesting a, yelf-comroUed 
adjustment of GHB dose by ~he rats over the 24-hour light cycle. 

Clinical Studies of Abuse POlennaL There have: been no reliable clinical S{I dies of abuse 
potemla} of GlIB 

s 
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GHB7 s pha.n:wl.c.ology as a sedao"c/hypnotic ami its pote1tia.tioll with alcqlol make it a 
candidate drug for ro:reational abuse and use to physically aDd mentally inalpacil u.e ilJdividuals 
withoul dIeir kno-wlcdge. GHB in low doses produces amnesia and hypotonia. Higher doses 
produce effects raDging from sedation to profound CNS 4epressioo. The onset ot cffea:s is seeo 
15 minutd u.fta a.dn:Jinistratjop, lastipg up ~ 3 hours-' The rapid onset of so:iatiOI , coupled with 
The ~ fca.rures of this ~ particularly when added t.O ~bal to conceal It i ~ WId 
potemiare its effeas, would be expected to be a very effecti~ "gem in the CQ omission of a 
crime such as sexual assault. Other sedative hypnotics coupled with alcohol, ,otahly t:bloraI 
hydnl:te (CIV)a.rui .6~am (CIV) have in the past demotl.StlaLed lbis same pt ~ ofodJu.se. 
However. what increases the· likelihood of GaB's use in lhis ma.nner is the CXIl'&Ordinary 
availability of cbe.mic:a1 prCQll"sors and ease of clandestine syn~ by noo-cherni [s. 

2_ ScJ:Errrmc £vm~ OF lTS PBA.RMACOLCX7Ic.,u.. EfFEcts, IF ~OWN. 

GHB is a namnilly occurring compound found in small quantities in many ~ ..alian tissues.s 

Its a.d~oo pcoduces: a wide range of pharmacalQgic:al .:.ffects. but its ph}'St ,logic role bas 
not been clearly defined 10 GtIB C4Il induce nopREM and REM sleep, a ~ alld 
hypothermia. II has been stWiied in cats as a model for petit mal epilepsy. h marl edly mc:rea.ses 
bnUn dopamine levels. It is also foWld in matly periphetal tissues, in concen.t:ra.li· >QS 50~ 
higher tha.o in the brain. GH]3 may act through different neuroua.nsmin.er systems including the 
dopamine and opioid systems. GRB raises dynarpbin levels and its m~ lic and some 
pharrna.rological. but not behavioral effects can be blocked by naloxone. 

GlIB is a psychoacrive drug that produces irs effect when administered imraven, .usly or oooly 
and is fundamentally different from established neuro:rransmine.rs that do not lOrmally pass 
throutF the blood-brain barrier. Nonetheless, GHB is found unevenly diStributed .n tn.am.maI.ian 
brain and pauems ofregioo.al distribution are species dependem.12 AlrhOLJgh t.h4 physiological 
role of GRB has not yet: been fully defined, mere are pu.rp.:m.ed brain receplOr S res as well as 
brain mechanisms for synthesis, release and uptake of GHB 13 

Endogenous brain GHB is synthesized vi.!. tnmsamination and reduaion of GAE A in netltOns. 
An apparendy specific enzyme for GHB biosym~is from GAllA via succinic seT Lialddlyde bas 
been des.c::ribed in both rat and human brain, and is released froD:l reloaded b~:l slices under 
depolarizing conditions.l4 

Radio1igand srudies have identified specific binding sites for GHB in both rat amI 'lUrnaIl CNS.
1S 

Characterization of GHB binding in rat and human brain synaptosomal membraa s showed !hal: 
binding was saturable. pH dependent, and linear·...mh protein concenrration. Hi ~hc density of 
CH]GflB bin.ding was highest in the hippocampus and lowest: in the cerebellurp Competidan 
and S4turation experiments demonstrated the existence of high and low affintty bir ,jing sites. 

6 

. . ~ 
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The GliB binding s4e:s ill both raz ~ bItman synaptosolWll meUlbranc:s appear ~ be coupled to 

a chloride anion ch.a..nnel. 17 All ions tba:r are active m the chloride ion cbamU!: iohibited the 
binding of eH]GHB in a dose--depend.ent ~_ Compounds rbar were impel meable to the 
chloride ion channel" i-e... sulfun; acetate, and tillOridc. did DOt inhibit [J:aJGHB hi lding. GABA 
aQd its stnJctu.ra1 analogues (agonists and aIltagopisrs). opiate amagooists, al1d a -Itic:onvu.LsaQtS 
did am inhibit [~GHB binding.l& RecemI:y~ GlIB receptorS from adult r;r brain were 
solubilized. unmasking {l significant amaUPI of metnbnwe-bound rea:ptotS. aIId :ugg~g the: 
presence of endogenous inhibitors of ligand.s.. 1:1 

Several recent srudies have attempted to find the underlying neurotra..o.smit:te S}'Sft IU responsible 
for GHB's effec:ts. GHB appears to IlCt through dopamine and opioid system.s, bu bas no dea 
on NMDA or GABA systems.2£! GHB causes-a rapid and significam: inae1tse in b ain dopazniDe _ 
when ad.!::ninisreced to animals in dpStS ~ produce behavioral depression. 21 

The effects of GHB on the dopaminetgic ~ have beat evaJu.au::d in both in yj- 0 and Uz vitro 
&l.S$&ys- Results from these S"tlldies indicaIed ~! GHB effecu on dopamine; ~ e is bipbasic. 
Us.U:ts both. striatal slices ;u-J.d Itlicrodialysis of OUldare.-putamen. GHB inhibire:d .:he release of 
dopamine for approximately 5 lD 10 minmes which result~ in the accumuhuic,f of c!opamine 
within tb.ese rissues. Z2. Subsequc:m:.ly, as a. resub of a r:legative feedback mecbaDii! -1, an inc:rease 
in dopamine release occ:urreci. GHB. aI doses that produce behaVioral depression, ;a.use.s a rapid 
and significarn iJl.crease in bnWl dopamine levels in anjmaJs~ limited JO (ctrapyramida! 
regions. %4 A1pha~met11yl-p-tyro5inc and ~pomotpbine (dopamine agonist) block -3HB-io~ 
increase in brain dopamine. 

GBL. the synthetic precursor apd m~lic prodrug of GHB. also appe.aqa [0 modu.late 
exuapyramdiaJ dopamine.rgic activity_ 25. Within L~e pars compacta of the substJUt ia rugiQ.. bath 
GBL and GHB suppr~sed firing of dopamincrgic neurons_26 Tn a study conduct-( j by Dia.na el 

al. (1991), it was demonsJl'B.Ied. Wat the effects on dopaminergic neuroIlS are d~:- and rOIJIe -

depe.n.dent_ Following administration of GHB (50 to 400 rogIkg i.v.), a dose-rd~ d stimulalion 
(10-56%) of the firing rate ofdopaminergic neurons in the pars compacw of me S! bstamia JIigra 
was pr-o du ced_ In contrast, higher doses of GHB (1000 and 1 SOO mglkg) Wlll' >t completelY 
inhibited the firing. rate of the pars -compacta's dopaminag;c..DeUIOns. Acitninisu ~on of GHB 
(750 mglkg i p ) to WlaIlesthetized Tats initially produced a brief stimulation (23%' of firing rate 
follOWed by a modest reduccion in rhe firing T4te (2~/g) 

GHB is not a direct or indirect opiate or opioid antagonist It does not bind lO tnll, leba or kappa 
opioid receptors 27 However, several inveSligators have sqggesred that aRB t lay a.c:t as an 
indirect agonist. stimulating the release of c:ndoge.nous opioid peptictes...'l~ Following 

. administration of a.n sne.srhetic dose of 0$ [0 ralS? the brain level of dynorpbin \f'l ~ augmeoIe~:t 
However, there were numerous differences between the behavioral effects )f GHB a.ruf 
dynorphin, indicating that GliB's effect..s are not likely to occur via enhancement of dynorphin. 
In one study, opioid-like substances in striatal dialysates were deteqed ~ r inrrastriatal 
microlrtfusions of GliB (O 25 oM:) in predinical s[udies?9 
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5 effect OIl. brain serotonm is much less pronouru::ed tb.all lIs dopaminergi~ ::freas. GHB 
can c@er increase the turnover rate of brain serotonin or elevate its levels m specifi~ bnUn 
regions. 30 'This effea appears to De ag~rel.ated-foUowing the admiuisrrancm of I bigh dose of 
GHB, GHB increased ~ .rate of syPthesis and degradation of serotonin in adolf ~ TiltS and 
not in neonatal rars.1l

. 

GHB may ~ the ~ oftbe cholinecgic neurons. FoUo'Wiag admipismn ~n ofGHB to 

~ ~ selective increase in aatylchoJine levds was deceaec! in rhe mic!btain and c;( meal regious. 
GH6 effect on ucetylcho1iue is tbougta 10 be an indirecr effea a.risiag ~1Il 1 Ie im.cra.ction 
bc:tween dopaminecgic and clID1inc:rgic systems.l2 

. , 
P~n.amics--CNS Effects. 

Animal studies have ~uated GHB as all anxiolytic An early swdy on isolated- nduced stress 
found that 50 JIlg/kg GHB produced ~ sigQ:ifiaun ~ in the appearance of defensive 
behavior in previously i~lat.ed mice; a chatacteriAic S"tI"e:SS response.33 ~ dose. (200 mgIkg) 
reduced the JILallifcstWons of passive-defc:nsive bc:hayior. but aLsQ produced SCt .atlve dfc::cts. 
This study sugg~ea that a low dose of GliB inhibited the ap~ of alarm ali I anxiety, but 
did not produce g~ sedative actions. These findi~ were similar to those f b~ed zUter 
&dmi nisr:ration of betJ:!;DQiazepine.s. 

GHB produ~ a loss in righting reflo; (sleep time) io nus. which was significant y parentiated 
by ethanO}.31 There was ~ 4- to 5-fok'i increas.e in sleep time in rats ad:minist~.i GHB (OAI 
tu:Pole) in combination with 6.51 nmole ethanol, These authors fot..tnd synergism v.: len GHB and 
ethanol ate combined, suggestiDg a cotnItlon mechanism of action. 

In humans GHB doses of 10 mgllcg produce a.mn.esia and hypatorUa.. Oral Or i.nIl{ I{enous doses 
of 20-30 mglkg promote the nonnal sequences of REM and non.RE.M: sleep l' ilen giv~ to 
normal subjects Oral doses in this range produce high vob:age slow ~ve aa:ivi1y and 
occasionally spindle sleep?5 Hlgher doses produce effects ranging from sedatiOI to profOUDd 
CNS (!epressiou. The Onset of effects is seen 15 mintlte:s afte1' ~4minisrration. l< >ring up to 3 
hours. X> -

GlIB produces dose- and c;oocentTation-dependent changes iu level of c:-cnsci0USll :SS. Oral or 
inuavenous dos~ of GHa gn=ater than 50 mglkg produce aneslhesia in children 4l·d adults.~1 hi. 
c;:hil4ren., GHB 70 mg.fkg, administered intravenously produces rapid onset (widUtI 5 IPUlutes of 
infusion) of sleep.3S In adullS, drowsiness, unconsciousness. and profound coma. a.c:eompanied 
by hypertonia, and muscle rigidity, were observed :within 30 minutes after onsl adr ,iIlisuatiOIl of 
50 mglkg GHB.39 

As oas levels decrease, these parr.ems rec:ur in re'I~ order. (HB is rapidly 
metabolized and the central effects of a 60--70 mgIkg dose l.ast about 2 hours. 

Effecrs ofGHB on Cardiovascu.lar and RespirazoryColltrol and ThfTma/ Regu14 lOlL 

In animal smdlt!s, respiratory depression has been shown to occur at high doses ( ~ GHB . .o An 
Intraperitoneal dose of 750 mglkg GHB in adult rars produced a 4CF/o decrease n the minute 

B 
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vt;nIilatioll, although the same dose givc::n subrutanc:ously resulIed in apnc::a and I yaoosis in rat 
pups.·1I! 

In humans doses in the range of 65-70 w.fIkg do not appear to resulJ: in re.spira.r£ -y depression. 
In children, GHa (70 1Q8/kg) adraitIiste:red im:ta~ly produced changes in re .piluioD, with 
no ap~ clinical conscqu~ lhat is.. Were was DO Mdence of respinltor) depression.·.n 
Wben GHB 6S tQgIkg. administered im:ra~ was U'ied as an ~c age:! t of labac and 
delivery. IJOrIIllIl spontaneous ventilation was main:tained with Iitde change in rat : or volume. C 

CEirdiac: oUtput_falls. however, as eviden~ by 11 slight decrease in snoke volume a.ld heart rare. 

There have betm Tq>OIts of GHB used 'ar ~ doses (in the seaing of recr~.ona.l use and 
coadll"iuistration with other substan~) resulting in. toxicity am::f overdose., which i ldicate clI'eas 
on heart rate. blood pressure and respirarion. . 

Effects of GElB Oil GrowrJr Ho-rT1IC!ne. 

GHB has been fPWld tQ sriraule;t: rdC21.Sl: of human growth hormone (HGH) fro 11 the amerior 
pituiwy gland in humans_ GHB 2.S gr.uns adl:mniste.re4 inrraveniousIy in sUe healtily mal!! 
voJuD1e:erS caused a rise io plasma levels ofHGH: ~ 30, -45. 60 and 90 minUteS at cr io.jeaion.41; 
In addirioQ. plasma prolactin levels increased at 45 and 60 minutes after GlIB. 

The effects of GfIB on HGH have been confirmed by several recent clio cal S'Il.Itiies.4S 

ln~venous injection of L5 grams of GRB IO human volunt.eers caused a signific. .nt increase in 
plasma levels of HGH without signifi(:am:ly altering levels of other hormones Sll~ I as prolactin, 
TSH, I..H, ACIli or cortisol '16 The HGH plasma levels were significandy elevaI~ ; ax 4S 8l:IA 60 
mirlU~es following injeCtion Oral administration of l,5 grams of GHB produ.c.e a significant 
rise in plasma HGH levels at 15 to 30 minutes which peaked at 46 to 60 minuJe, and declined 
precipitously by 90 minutes post-administration 47 

3. nn: SI'ATf: OF CURRENT SCITmlFlC KNOWUDGE REGARDING THE DRl'G OR 0l'HE.a 
SUBSTANCE.. " 

- ,~. ! 

The sodium salt of GHB is also known as sodium oxybate; ~dium Ql ybutyrate; 4-
hydroxyburyrate; 4-hydroxybuUUlOk add monosodium salr; 4-hydroxybutytic set I sodium sal!; 
gamma l1ydme; NSC-84223; and Wy-3478 The chemical ab5Uaf;t DWTlber for Gl rs is (502-85-
2]. Trade names incluqe Anetarnin, Gamma-OH, Somsanit aru! Somaromax PM, md XyrernTI4, 
GHB as me sodium salt is a white hygroscopic powder- with a melti..Qg point of 1 :S-146""_43 h is 
soluble 1tl warer and fon'l'ls crystals from alcohol GBE (sodium sall) has a fan Ill1a weight of 
126.09 and 1,(5 molecular formula is C4-hNa02. 

GHB is prepared b)' reaction of sodium hydroxide and gamrna-butyrolactOne (GB ~); high yields 
and Pu.rity of produce are ohcained. These two main ingredie!nts are readily availalle and may be 
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obtaine4 from du:mica.l a.Qd cleaning supply b«,sinegses,. and through the IN'"l1m .~. GHB is 
easily $)'I1lhesized by base catalyzed hydrolysis of GBL. This is a simple eben' ical procedure 
that can be accomplished by individQals ViIlo lack knowledge of chCInistlY. 

The immediate precursor, GB~ is a hygrosoopic olly liquid with a boiling palm Ql 2~205 ~ ax 
760 mm Hg. u is also blown by the following cbt:mic:al names: dihydro-2(3H)-tLt JIlOfle. 1.2-
butanoli4e, l,~lidc; butyric acid la('TODe. 3-hy4roxybux.yric. add laa-tine;. 4-
hydroxybUtanOic add la.ctone. GBL bas a molecu~weighI of 86.09 and ~ ~. GBL 
~ wide indusuial applications. including use as an inrermediare in the symhesis c f 
polyvinyipyrrolidooe.. DJ L--meIhionine. piperidint; pbcuylbU+Yric add. thi~c acids; iSS a 
solvent for poIyacryloah:ri1e, cellulose acewe, m.c:thyf mabaoylare polymet1i. pob nyrene, and 
ill paint removers and tecile aids. . 

The pharmacokinetics of GHB appear to be exuemdy c:.o.tQpl~ 'l1le absorption ~.ld climio.c¢ioD 
Pl'OCCSSCS !lppeal' to be c.apacity-1i.J:ni1:.ed. tn preclinical ~ GlIB pba.rma.c rkinetics ~ 
mJdicd as a function of dose and rome of admlniSlnrlon..sI Oral absocptiou of G is (200-1600 
mg,1;:g) is fairly oqensive; bioava.ilahility of GHB ~ from 200 to 400 ~ ~ but dediheif 
as me dose increased. Bl()()ld levels after oral dosing were fOlJ.ll4 to be consideJjJ Ily lower t.h.a.n 
those after intravenous ~nisttation. 50 

GHB has a half-life of about one hoW' in The nu, bur the balf-life is longer in tl:Jt cat due to its 
slower clearn.nce. S1 The elimination half-life of GHB in nus is biphasic after oral \osiDg with im 

'if half-life of 1.02 hours tmd a 3 half-life of 2.68 hQUrs.n Similarly. a half-life (f 1 to 2 houn.; 

was reported for dogs. but this was based on a one--com~ent: model.'3 Anon-linear 
elimination has been demonstrated in me dog, cat and human.. ' 

In rars,. cats, and dogs. a relarive consistetl?s was found between brain/plasma ~ )S, c.anfirming 
penetration across the blood·brain barrier S However, peak plasma levels wer~ relatively low 
;md no}: dose-dependenr; sedative effeas and hypnosis were soen only at the biglte .:t oral doses. 56 

In Gars. administration of an anesthe~k dose of GfIB 3.5 nMollkg resulted in a GI.B level ofP:.2. 
:M in [he brain and twice that levd in the blood.s7 There is wide variability am iElg animals in 
the plasma and brain conceamnlQllS of GliB when ~nimaJs rec.oy~ed from the h. 'Pnatic effectll 
ofQHB 400 rngIkg. inmc.ardiac or 800 m~g, inu-avenous.ss In dogs .. GHB is t;l. .en up into the 
bra.in., showing a.n approximately 2 1 ratio between blood:brain le-.rels. follow d by a rapid 
oUtilow ofGHB from the brain [0 the cerebrospinal t1uid.S2 TIws, GHB passes fi wily from the 
bloodsu-eam to the brain. and rises to levels of over IDa-times irs normal endoga! :JUS levels, but 
does not appear to be actively tak:en up or retainecl by the brain. nus non-linear elimination of 
GRB was interpreted as due to saruration of one or more of its as yet. 41llm'.wn metabolic 
parhways.60 

GRB is merabollzed to carbon dioxide, which is eliminated in expired air 11u:: exact site and 
pathway is unknown. 51 Radloisotope Studies in animals have demonS'Uated rapi«.1 u>sorption and 
met"boli~m followmg administratlOn Almost imjmediarely> l4C02 appeared in re pired air. aft~r 

" ~ ~'; 
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adrornistrarion of l ... Hcw,clled GHB. Highest: levels of cirug were fouad i.e. I1lQS tissues within 
IS mipultS of dosing. NUlClY perc.etU of the injected 1-14~led GHB was ~ in the 
respired air. 1()...2OC/G in urine.. 8.Il.d vimrally llOne in f~. 

In animal swd.ies
7 

respiratory depression has been demonstrated at high doses .If GHB.€l AIl 
intrapetiro.oe.al GHB dose of 750 UlgIkg produccrl a ~/o deaease in tile mimlte Vf otilaIion in the 
a.dulr JaI, nIthough the sune dose given subaltaDeOusly resuhed in apnea and . yanosis in·rat 

~ .. 

pups. 

There is some evidence thaI GHB may Jfovide tissue protection during conditiatl! of hypoxia by 
can.serving cerebral energy uti.lizaz:ion.. . 

~em hypothermic clfeas have ~ found after adrpirdsucWoD of em ~ in a DUlllher 
of laboratory animal species, including mouse, rar. dog. and monkcy.&S I.Q ~ heat loss was 
f0un4 to be due to a decrease in metabolic hea::c pJOduaian and a.!1 UlCf~ in a:n:aneous 
circu1atioa.. The deaease in body ~e p~ced by GHB can be bl~ by the opioid 
Zlntagoai~ o.alo~6E> a:s weU ~ !he do~e receptor ~ haJopericlol.67 

In mice and j;.3ts, oral a.dministrarion of GaB increases g~ CNS depression 'Wi .h increasing 
dosage. The first effect notic:ed is cess.ar.ion of sPOntaneous motor aaiviry. foUolll( :l by loss of 
body mae (muscle relaxation). In. tnice and cat:S, 'Closes call be administered that pt xiuce . ,.'.v 

depression for lang periods (up to 5 hours) after which ~mals ba.ve rc:o:>ver~ wit 1 no obvious 
if( afects (e.g., nausea or ~Lt). GHB potemiau:s barbiturate sleeping times in tJ1 Ge. It 
p<l:lsesse5 general anticonvulsant a..ccivity as indicated by its efficacy in preveru:igg )f reducing 
convulsions induced by elea:roshocl; m.eo-azoI or semica.rba.zide. AtltagoniStn of ( epre:ssion was 
induced by GaB 

Deaths from Gfm in animals result with very high doses. GHB has an LD~ of 5: 00 1llg/kg (in 
mice, p.o.) and 3705 mglkg (in rats p.o.), 4225 mglkg (mice, i.p.), 2020 mgIkg (1 ~S. i.p.). and 
ISS5 mglkg (mice i.Y.l. It should be noted that the recommended dose in humans flat has bee:o 
shown ~ be effecri'le in treatmenr of cataplexy associated with na.n::olepsy is 9 gill nslday (or 
approrimately 0.13 grn..'kg p.o.) in divided Ooses. 

!n humans me absorprion from the gas~rointestinal tnI.CI is r.ipid and onset of eff~cts OCQlCS 

within 15 rninLft.eS.61t Oral doses in man of 75 to 100 mglkg gave peak blood le\ ::Is of 0.97 and 
1.15 nMollL (90 and 120 rogfL.) aI 1 5 and 2 0 hOUIS.6"9 Oral doses of 12.5 to SO ~ in eight 
healthy male volunteers resulted in peak plasma concentrations of 20-23 :g1m. after 2545?O 
Distribution orGHS into tissues follows a [Wo<;ompao:meot modeL lnitial blood levels declined 
rapidly following a longer period of metabolic degradation. The plasma tIll after either 12 S. 25 
or 50 mglkg was 22 nunutes (range 20-23 minutes). Ascendins doses from 125 TO SO rng/kg 
resulted in an increase in tlT\lA and tlf:! and a decrease in em. ... 71 Another stUdy !Iso found that 
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GliB rapidly metabolized cet1l:nl effectS of a 6O-7O-mg/kg dose lasting about: hours. These 
doses producOO mitial plasma levels of200-300 :gfmI.

72 

GHB in humans induces soIl1I!oleru;;e le:a.di~ to arousable sleep aI 40-50 ~ .. an.cl ar 60-70 
mglk;g, ~ma for 1-2 hours. As noted above. this amount ofGHB appro.xima.tes 1 that SOJQe have 
c:onsid~"tO be an appropriate thaapeutic dose. In addition. the LD.sa has beea esrima.tcd aI 5-
1 S times tlw wbich induces coma. This disringuisbes GHB from pr~:: sclwdule IV 
suhstanJ;eS. like the widely used beozodiu.epines for which the difference betwCiie .\ an acceptable 
therapeutic dose and a dose which would lead to serious harm (trUe coma or lata) is significaDt. 
~ and alcohol have syu.ergisric hypnotic effects.7J 

Symptoms of acute tmcicity with GHB indude GI upset,. CNS aQd ~ira.t,./ry depression, 
"CDn.fuSjOn. inebriado~ 51lJpor) uncontrolled JDOvemeOIS, myoclonus a.nd sei2u.re:f;;. There are also 
reportS of GHa overdose and tDx:icity docw:neoring GHB' S effectS On b.c:a.rt raI~ blood pressure 
and respiration. This inform.a:tio~ was not coIlec:red from clinical nial ~coce· but rar.her-from 
anecdotal reporu of overdose following illicit use. which frequently includes poly lrug use. 

MedicalU~ 

Currently. several investigational new drug appUcations (INDs) are active at the. DA, includ~g 
a trea:anent IND for cataplexy associated with narcolepiY. which is an orphan in licaPoll.. Gas 
is available for medical use in a number of foreign OOUOtries. h is prinlarily ft; :mula:cerl as an 
intravenous solution intended for use·as ~ adjunct: to ancstbesia_ In Europe, it i ; manutacrured 
by the Ge:nnan based companies Cernep ~d Kohler who supply i~ for use as a g~ Jfl"al anesthetic 
uo.da me proprietary names Gamma-OH and S~it, respectively. GHij is sold as an 
imra.venous fOrrr\ularion under the name ~a-OH in the Nedle:rla04s. Fr. nee, Moroc.co. 
Hungary, French West Africa, and Tunisia 1n Fran~ l:he Nerllerlanc:Is, Manx::.o, and French 
West Africa, GRB is available in vials containing 200 mgfmt In Italy iT is sold IS a solution of 
24.5 grams in 140 tnl under the name AiCOvef 

There are also several combination products containing GHB in Taiwan. Ne.w 4.ealanc! and the 
Dominican Republic. In Taiwan, GHB is sold as a combination product in p ble~ form with 
caffe~n:=. ch1arphe~ramine> :me~de .and tpiam~ne ,under the ~e _ Ani~ --co!d~ In . .-t!t: 
Don:1lnlcaII Republicl OHB IS avatl.able m a comblQanon product (bquid) ~.mawmg c:ti::ru$ 
auranLium, cyanocobalami~ cyara scolymus,· nicot:ina.o:Ude. pantothenic ac;$, pyridoxine, 
n"bof1avin and thiamine. In New Zealand, it. is sold under the name N~l Me1 i.c:a;ed GlIB in 
solution. 

GHB is listed in th~ United States PhannacoPQeia Drug InfonnatiQn fQr t~ ~ Health Care 
Profcssional (USPIDI 1995) as a treatmem for narcolepsy and the awciliar. symptoms of 
cataplexy, sleep, paralysis. hypnagogic halJucinalians; and automatic behavior. General dosing 
information is provided bl.ll needs to be individualized for each patient. Doses r: nging from 1.S 
to 2 2S grams orally at bedtime have been UlilizecL One or tWo additional dos :s of 1 0 10 15 
grams may be given at 3· or 4- hour intervals As much as 9 grams per nigh! in "3 divided doses 
has been adminiSlered wjthOUI harmful effect. Elderly and debilitaled patients ~l ~uld r~c:ive an 
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initial dose of 1.S grams to avoid dcvelopme:n~ of se.dal:i0Il, di.z:ziaess. andIor ~. In the event 

of overdosage, vital signs and body ~e sbould be ardUlly moa.aar~ Parie:ms are 
required to STay in bed for approx:imately 8 ~ or until the effects of the drug ~e 1f off. 

GHB is curready bclng c:o.mmerGWly developed for we oeaun:e;u: of C4I3p1e:L)' Ii >SOCiated with 
llMCOlepsy. The FDA has granted a sponsor otpPa,Q. sr.aIUS for its GliB product fp 1he treattPent 
of narcolepsy. In addition,. the fDA. bas dctertnined thar there is SDtficiem daf.a to gram 
cr;panded access under medical supc:tVision thmugh an approved ~ !NO for- the usc of 
the SPOllSQf'S GHl3 product in the treamlent of cataplexy ~ared with narcolepS '. 

In U1e Lar.e 1980's, ORB became ilvailable through health food szore::s or by PJail cr .. e%". GliB was 
sold in Califorui~ Bay .Area retail :nares and ~buted by San Fnmcisc;o..p~ d companies. 
MarlcetecJ as a sleep and diet ~d, GBH was initiaUy used by bodybuilders for its ~ eged role as a 
growth hormone releaser. as a diet aid. to coumer the effeas of sWnulams, an4' 0 effect sleep 
aftec 'WOrkoutS. 

Luby el ai. (1992) meed the soura: of GaB ~ was sold in SOLUh CaroJjnQ bar$ to local 
gymnasiums cate:ri.Il8 to bodybuildcn. aU of who In (m this sn.t4y) were wlUtc, at .venge age of 
30. and primarily f1JaIe. In their report, 71% described lbemselves as ~Iar U-Sel s; 18% mixed 
GHJ3 with alcohol. 

Bodybuilders have aocoullIed for a significanr number of emergency room c:ase aDd cases of 
dependence. Two of the confirm~ deaths assOCiated with GHa have involved bodybuilderS 
Also, GHB is often encountered in prcQua Se1rores of anabolic steroids. Duri.u8· .he time GHB 
was legally available, medical, law enforcement: and poison contIOl ee:ttier rer orts appeared 
indicating thar. those who began using -the drug as a 5Ieep or diet aid C<lntinued l" ) use it for its 
euphOric effecrs 74 

In 1990. FDA issued a health alert an.c! prohibited the sale of GHB.75 Although sq. I.e abuse in 
the: bodybuilding corrununity contiIwe~ me panem of ORB use and distriburion ~ ; changed. 
Dyer et al. (1994) concluded that although GHB has a. history of abuse Py bodyb"t de.rs. in recent. 
years it has been used for its euphoric effectS predQminanIly by young people af ~ .tee parties. 
Since the early 1990's, GRB has been sold at nigmclubs. rave pwes. and bars. K LS for making 
GHB by the general puplic are sold through magazines and the Internef GEB bas le:en ~e in 
small quantities using the kits on college carnp~s, and in ~er scale clande~~ iaboratorles. 

, .. 
GHB is taken orally as a liquid or as a powder um is mixed in a liquid (lolr'aIer, jui e, or alcohol). 
GHB abuse at nightclubs and rave parties is intended for me purpose of geu:iItg hit tl. produc:Utg a 
more profound effect from alcohol, countering the effects of stimulants, "regulap 19" tlte effects 
of hallucinogens, or alleviating wilhdrawal effects from alcohol. Users claim rl it GHB elicits 
effeas common to alcohol and eNS depressants, marijuana, hallucinogens, and n :!cotics. GlIB 
euphorigenic effecTS aI Jaw doses or in the early stages of intoxication h4ve bee.1 compared to 
those produced by alcohol, barbitUrates, marijuana, or MDMA Thus, abusers ref .:m usmg GHB 

13 

                                      PAR1005 
IPR of U.S. Patent No. 7,668,730  
                               Page 265 of 353



262 
to "get high". to get intoxicared. to relax. and as a sexual enhaDce!'. 

GHB has beer! abused alone as a substit4te for alcohol, MDMA or Olher depr~ is,, Inn: in many 
cases. it is takep with other d!ugs. Users repon that reasous for taking G IB with other 
psycboaaive 4rugs include (1) produaiotl of a more profound sedative effect ~ lel1 ~ with 
CNS depressantS, including alcohol (primarily), barl>i:l:u.rales and benzodiazepines, (2) ~g 
the e:ff~ of stimulants, (3) fq',Juaring effects of more powertid hallucirlogt!JlS" 0; (4) allc:viaIi.ng 
the withdrawal symPfoms of drugs. Some drug dealers ~ GHB as ~ A. C-Ec:swy"), 
although tiles frQm federal agencies find that only a minority of ahUset'S ~. GHB for its 
ballucinogenic effectS (often compared to a mild "acid"'). The Internet aq l underground 
ltteranu-e include exChanges promoting GHB'~ aphrodisiac or ~y enhancing 1 freas. 

~ appears ~ be B.1l incr~ in the use of GlIB among ~ individuals in ; ocia1 settings!. 
Rer.etttlY. the drug has found Wi way into ~ Jave and party comrrnuUties \1r'bere. ~-ypicaIly TlIken 
in higher doses, it is sold as a "'legal" !:Ugh or a substitute for MDMA. As tiutl er eviddu::e of 
GHats penetration imo the club sceJle, an August 1995 DEA mvesti~on in M.a{l14IfaD revealed 
that some tl1VC clubs CJW'Ji.Cn; biTe promoters ~ose job is to establish a. club ~ ~ and to scll. 
drugs. A.n.illysis of the dru~ sold in these clubs by runn~ included .M! MA. oocaille., 
methamphetamine, and GHB, {; ...... 

According to Mack (1993), a typical single dose of GHB needed to produce atoxication or 
euphoria is 1 to 3 gr.uns taken orn11y. Powdered ORB is usually dissolved in a liquid such as 
alcoholic beverages or fruit-flavort:d -drink prior to ingestion. In some locales, liquid GHB is 
diStributed and dispensed from medicine droppers; for $5, users purchase several Irops of GHB~ 
apply it to the tongue and sVr'allow it GHa dissolved in liquid bas been packag~ in small vials 
or in water/spans bonks, and saId in gymnasiums. 

There have been a flUOlber of high profile cases of GHB used in fa.ciliuuing sex .at assault (so
callerl "'dare rape'") the reportS of which have originated from the srat~ of Horida, Te<as, 
Maryland, Louisi8l1a, California. Michigan,. Wisconsin, and Massachusetts. 

S. TH::E scoPE., DURA.. nON, AND SIGNIFlCANC£ OF ABUS£. 

The DEA considers the abuse and trafficking of GliB to De undem:ported. l3ec:mse the 
substance is not controlled under the CSA, it is not a target or priority of the DE.!., Ho\Ve'YCfJ aI 

the end of 1998, GliB had beeD enCOuntered in 36 stares on 550 occasions. The fOrtn$ of GHB 
seize4 by the DBA inquded powder, liquid. capsule, and tablet. Up w 1 ki1c;ram bas been 
seized at a time. GHB has been found in a variety of containers, including wateI boEIles. plastic 
bags., vials, gallon milk containers, buckets and d.rums 

1 Mdition.a.1 WOffilauon regardLng Ll~ oemographlcs of GHB users can Ix gleaned from ~ DA\l N, PoiSl:ln CC:nLd. 
and literature rc:pons (DEA report, 1997) The cbangutg paIIem of GHB use and abuse 15 also dis ~ in the 
DEA's San Fl'C!Ill:1S¢.O Field Dl'r1Sl0n repon of Januan 23, 1996 

, 
1<1 
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AU reportS of acrual abuse relate to c:1.andestinely synthesiz:ed a.rsd formulated S\.I >SWlce.i. DEA 
has deu:rntined that none of the abused GHB is from the pbarmaceutical dru~ pradua beiog 
developed for medical use and that there has been no diversion from clinical trial~ .utd authorized 
~dies. 

Several stales have comrolled GHB under mue laws, iDduding: Georgia. (CI). Rhc :Ie Isla.ad (CI), 
HaW4ii (C!). Dlinois (el), Nevada (CI), WlSCOnSiu (CI), Michigan (Cl). DeiIlWC re CCI1 ~o' 
(Cl). Okfahoma (el). Nebrask:a CCIl Alabama (CI). Florida (CII). Odifornia «( lI), I..ouisi1Wa 
(em. Indiana (em. New Hampshire (Cll), Tennessee (ClV), A1.asb (eIV). and ~anh Carolina 
(CIV). OHR possession and sale is penalized in three States (Teas, ~ ~ Jersey and 
Massaclu.lsetIs). 

Acrording to the DEA. abuse and traffic:.lci.ng ofGHB m.!lllIf'a.c::m!ed in c)andepjne ahorarories 
have been increasing ~ce 1993. DEA has doa.unettted over 3.500 ~~l'> ( f GHB. 
These encotUItd'S inclUde overdose, abuse and naffic.king e:ocounters in 36 states. :: 2 deaIbs 
associated with GHB abuse. and 13 sexual a.ssautc ~ U1volving 22 victims uncle the inflilenGe 

of GHB. The SO\lf"c::e of such data orig~ frQllJ. the law enforce:menI ~ JXli,s( n cowroJ 
ceQteIS and hospirals. Aa:ording IO the DBA. GHB that is involved in these abuse ,;.ases has 
been clandestinely manufacwred, usiDg simple merbods and readily available: co~ lercial 
cbepllcals, gamrna-butyrolactone (GBL) and sodium hydroxide. The methods for: ·~ufa.cnlre. 
including kits and i..n:furmarion on the effects of GHB, are 'Widely available on the I aernet. 

There is considerable iUfonnatioll on the use, availabiliry. and. syoilies1s ofGHB th 'Ougb the 
Internet and ather sources. While FDA and other regnJarory and law enforcement :.gencies have 
successfully disrupIed some ofrhe dismourioD. through websites that claim '[0 offer GlIB or irs 
precursors, illicit distribmors may have altered their disrribution sChemes to avoid t nforceme.m 
actioIl5. AI one time. however, a 500g boule of me GHB precursor GBL waS offe(!d ar one 
website for $99.99 wirh the second borde a1 halfprice. Other- websites have offerea:; GHB 
manufaCTUring kits with enough ma.rerial to produce one quart of a solution co~ 'ng 202 g of 
the potaSsium salt, which is equivalent to 180 g ofGHB; for $200. 

Loca.l" regional and national uafficking of GRB ~ve been identified. For exampl .• in we 1995. 
the DEA investigated me activities of an MDMA trafficker, 'Which resulted in We seizure of 
GHB. The sources of GHB were clandestine laboratories, IaboraIories funaior .ing under the 
caver of producing nutritional supplemenrs," or occasionally, smuggled produc:::: from Europe. 
Product seizures ranged from 0.37 gr.uns to 1 kg and 0.001 :rol to 6688 ml in cotl amen; such as 
plastic bags., vials, water bonles, gallon milk containers and buckets. Individoal·~ apprehended 
were distributing GliB through mal I order caralogs., often offering MDMA or an tOOlie: steroids 
as well as GHB. 

ORB thaI is abused is manufacrured in clandestine laborarories by procedures that 'Ire available 
on the Inrerner and undc:rground chemistry "'cookh<xlks." Simple ""kitchen" stove .op methods, 
requiring liule knowledge of chemistry, are found on the lnteme:r and in unde.rgrO\ :\d drug 
literature (such as the "Underground Steroid Handbook for Men and Women Upd< :e: 1992") . 

. ", 
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Precursor c:bemica15 that arc 1.lSed are ga:mma-butyrola.c:fone (GaL) and sodiUI:IJ by .I.raxide. One 
silllple chemical step is all tb.a.t is needed and hear is not required. 

Most of the clandestiDe IaboIatOlY activity. ~rdi.og to the DEA, was reporJCd fi'\.Ql California. 
Georgia, Arizcc.a, Texas, Florida, North ($elina. Rhode Island. New York, Wa.s~ DgtOn. 

Michigan. and illinois. A total of84 cJ.andestine lahoIawries have been dOCIJrne~l :d by tlle 
PEA. Oftl1ese. S~ (69%) such clandestine Jabanaories have been euoouutc:red in ;hc United 
SUttcS in 1997 and 1998 alone.. In addiuo~ ilEA's STRIDE (System To llctrieve fuformarion 
from Drug Evidence) database have d~ 90 exhibits of GHB from 44 case : between 
1994 iUld 1998. Sixty-one (~.Io) were obtai:oed in 1997 md 1998. 

Recent seizures of clal1desr.ine laboratories found bath small aJJd ~ (UIt~ e) distn"burion 
paIIertIS. Some individuals manufacture GHB il+ their hoQles for personal use ~ d for personal 
canUlaS. Larger laboratOries operate to supply GliB within & ~le geographical area or aqos.s 
sw.e lines. Law enfOfC.etnea:lt investigational files indiQlIe that daD<1e:stine !at .xm:ories have 
beet! found throughout the UniIed States. The price of GHB pn the bla.c:k market varies and can 
be $50.00 to $80.00 fur 100 grams [Th: WOnnaIlf, FebIUaIY 1996). ReportS of· ffiB overdose 
and TOxicity in the United Suu:es are rising n 

GliB bas been identified as a drug of abuse in a muIlber of muotries. ioc!udina Au.stndia, the 
United Kingdom, Sw~ Spajn and Italy (lNTERPOL Reports, '2119196; 3/?1 n) In ths:se 
COWltries, GRB is abused for many of the same r~ns as in the US. In Sw~ e:.I\ GHB 'WH.S 

inn-oduced as a medical al1~ic., but is used illicitly by bodybuilders and affiut -!lI individuals. 
The INTERPOL reports "GHB parties'" oc.curring in Swedep.. A ro::em tqJOrt from Sweden 
documenred ten emergency room cases involving bodybu~ taking GliB (M.y enfors.l~); 
Australian Police reponed. nine GHB overdoses jn 1996 all the eastero Gold Coa t of Ausuali'a. 
This incident prompted changes in the federal and state laws in Queensland. N~ r South Wales 
and the Austraha Capital Terrifory (ACT). Queensland amended its Poison 1 :egularion.s to 
include GRB sud changes to the Drug Misuse Aq in Queensland and Drugs of 0 :pendence Aa 
in the ACT are also being made. Also, the Ausualian Federal Thaa.peu~ic Goods ~on 
b&nned GHB as a prohibited impon allowing the New South Wales Government 1 ) oudaw GHB 
and its derivarives. GHa is a pew drug of abJJse in the UK where it bas been -eponed to be 
available in powQef or granule form, and someci.m.es dissolved in W8U:!. GHB i abused in the 
UK, reponedly for its c::uphonc effects, as a substitUte for MDMA and amphet . .mines at nvc 
party. and as an aphrodisiac. Several cases oflQxicity from GHB were recently eported in the 
London area with four patients presented in coma (Stell and Ryan. 1996). ThOlIJi s el aI. (1997) 
reponed a UK case of coma and respiratory depression in a 32-year-..old man w 0 had taken a 
table~ oftc:mazepam and uhaIfa bonle" ofGHB .. 

! 

FDA'S Office of Criminal Investigadon (OCr)' mnciucts invest.iga~ions involv ng 1arge-scale 
in~erstale m.an.~faCNrers and distributors. To date, oel has investigated 124 ~s·s Of the 124 
cases, 35 resulted in convictions. The number of cases investigated had increase( recently from 
18 cases in 1996 to 33 and 24 in 1997 and 1998, respectively Berween Janu IY and March 
1999, 17 cases have been under investigation 
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6. Wll4T, IF ~, RISKtHERf: 1$ To THE PflBLIC HEAL:ra 

The public health risk of GH.a results from the feasibility apd simplicity' of its cbeJl .ieal 
synthesis, the availability of irs chemical precursors, ns widesprea4 illicit promooQ 1, and the 
adverse consequences of its use OQISide of merlical direction. 

GHB abuse has resulted from widespread dissemination of informariofl on the In.tqa tc[ rda:tc:d to 
its nqIUlfaaure. GHB's ea.sy synthesis and medically~ itaaJce an: publ c: health 
risks. 1'he ~cal symllesis is ~mplishe4 with twa readily a.vailable ~~ both pf 
~ch are legal to possess CUld the manufaawing recipe which does not require extc ,nsivc 
chemistry background or experiena: to be suca:ssfully accomplished. 'I'be claude$ !Ildy 
roatlllfa.ctwed subswlce does not meet the standards of an a.pproved drug pudua, I eing wri:ahle 
al1d unpreaiciable in conIeDI. The cland=incly produced GliB is not used for an it lthoriud 
medical purpose and, as such. l&cks produa labeling with directions for use,. wamil3S and 
possible drug or alOJhoJ interaction information- Cumndy. abuse ofGHB appear; :0 mIl im:o 
two caregories: (1) Sclfintlicted abuse., including rea-carional use for irs effectS as i C irao~t., 
euphoriant., Of' aplu"oQ,isiac and use by bodybuilders for irs alI.eged effectS as a gro'W1 ,1 hormoq.e 
releasing agent or dieJlsleep aid; and (2) Abuse (or misuse) of third parries for the p upose of 
committing a crime. ' 

GHB is taken in combirullion v.tilh other drugs, primarily alcohol, but also srimula.m ~ 
hallucinogens, r:n.ari.iua!la and sedariyes. Of the total GHB-relazed episodes repo~ in DAWN. 
moS'[ originated from San Francisco. Dallas, Los Angeles, San Diego and A.tlaPla. )ata reported 
to DAWN by participating medical examiners show that there were seven de'"4ths as :odated with 
GHB repol"'C.ed between 1992-1997, of which five ocamed in 1997. 

According IO the DEA, the GRB thaT is ablJsed is taken in a dose of one to five gra.r LoS. GlIB 
onser of effects and dllnuion of action arc described above under the Pharm~roki4l :ti~ ~ion_ 
GRB potentiates the CNS depre:ssanr effeqs of alcohol and other eNS depressants_ Adverse 
dfeqs ofGHB thar are produced include the following: drowsiness, dizzin!!'Ss, conl.1sion, 
inebriation, ~'1upor. reduced musck tone. reduced blood pressure. reduced bean faE~ deaeased 
respiration., seizures., and coma_ PEA has documented 32 dear.hs related to GHB u. e since 1990. 

Twenty-twO (6SJO/!,) were male and 10 (31%) were female_ Deaths have been report::d iu the 
follo-wing states· Florida (9), California (8), Texas (4), Georgia (2), and one each iI Illinois. 
Maryland, Michigan. Nebraska, North Carolina; Ohio, Missouri. and Vrrg1ni~ S~ sties ofth.: 
deaths are documented in TABLE's 2 and 3, on t.he next page, 
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TABLE 2.. GBB Deaths Reponed 
ill the Uamed States um lO 1998} 

NUMBEll OF J)EATHS 

1990 
1993 
1995 
1996 
1997 

.J998 
Source.: DEA 

1 
I 
3 

12 
8 
7 

"fhe GHB-associarerl deaths are fin1:her reponerl by age in the table below.: 

TABLE 3. GBB Deaths b Age . 
AGES OF DEQ:ASEJ> NUMBER' PE}tCENT 
lo-19YQni 3 9"/q 
2()-29 years 11 53% 
30-39 YCilt1t 1 .220/0 
4D-49yean 3 9% 
50-59 yeani 1 3% 
70-19 years 1 3% 

Source: DEA 

GW emergency room episodes have beet! cJc:;x;umented in· the Drug Abuse W c:p ling NetWork 
(DA\VNl- DAWN reponed 1664 GHB·relared eroagency depa.rtme:nt epistxies frolIl 1991 to 
1997_ GHBwrelared emergency depamnem episodes increased 1iom 20 in 19921) 762 in 1997 
(TABLE 4, HGURE 1) The source of the d.rug bas been dand.esrindy mimufacured GHB of 
unknown purity. Most of the repon6 involved Cauc.asia.r1 males. followed i y "other'" or 
~awn~ ethnicity. The majorl~ of episodes involved individuals 18 1.O 25 y~""S of age. The 
motivation for taking GRB was primarily for recrea.tionaJ use. followed by ~ xndence and 
suicide_ In 60% of we episodes. GlIB was taken in combination with aIcobc followed by 
stimulants, hallucinogens, marijua..oa and sedatives. Copsisrem with the DBA d4ta, DAWN 
shoW'S lim! ORa ED episodes primarily concemcd abm;e by yaung people_ In ~ dition. Poison 
Control Center databases show that there were ova' 600 GHB cases m 1996 cmd • ·vee 900 cases 
in 1997. None of these cases fe:slJlted from abuse of pha.nnaceuQcal or res::arch Illatcrial 
covered undc:r FDA INn (Source: DEA and DAWN) 

These findings suggest that recreational use of GHB has been increasing over tit ; past 5 years. 
but thaI the number of deaths relative to that increase is infrequent. The ftequeni y of ER visits 
related to GHB alone may be approaching that of polydrug use of GHB . 
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Figvre 1 

GHB Abuse (DAWN) 

1000 

800 

i 600 _ERVISITS 

400 -.-POLYORUG 
a:: USE 

200 

0 
1 2 :!I 5 5 

ERvlSITS 20 38 56 63S 762 

POLYDRUG 16 16 36 313 29:3 
uSE 

1892·1997 

Dara from Poison Control Centers (originat:ing from California. Georgia. 1orida, South 
Carolina. Mionesola. Arizona, Ohio, T eus and Virginia) accolUlted for 57 case , :pons of ORB 
intoxication from June through November 1990 (CDC, 1990) Initial sym.p~ras lf into.acauon 
were reponed to include vomiting, drowsiness, hypnagogic state, hypownia. itlId vertigo. LAlss 
of consciousness, irregular and depressed respitatio~ Q'C:m.Ors. or myoclor JS SOtIletimes 
folloVwed. Seizures. bradycardia, hypotension. and/or respi.nuocy arrest have also been reported. 
Severity and duration of symptoms depended upon the dose of GHJ3. and lhe prl SI!f1Ce of ot.~er 
CNS depressants. Although none of Ihe 57 cases resulted in death.. most pc: ·jems required 
em.ergea.cy room tre.atlIU:t1t; at least 11 were hospitali.zed and 9 re.quinld venril. tor support of 
other intensive care As a result of these reportS. an November 8, 1990. f ':lA moved to 
withdrsw OHa from the diew)' supplements market (CDC. 1990. 1996). 
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TABLE 4. Ilisnibatiou <1f ~ ~ ~ cp~ by vle:aed 6::zI:JO~ I: chatac:rcnsti.c 
1992.·1997. 

I 19'2 mJ ~4 1995 1996 t 197 
I 

Tout 20 38 56 149 638 -62 

Age , 
6-17 

I 
14- 11 

18-ZS 13 16 86 427 -75 
U.34 16 48 163 01 
1ST- 30 i8 

Sc:$. 

MJk I 29 98 S06 .30 
Fc::maJ¢ U lJ -12 51 125 '2.8 
UIlkamm 

~ f 
~ 

I 
18 2$ 47 lOS ll6 : 70 

Bbd 6 g 
Bispuie 12 15 ·6 
OWcrfDnknQ~ 15 281 :602 

Motive (or T~t4g Dru( 
~~ 15 25 29 
Sajcjde 13 .s 
R«lUdc!aal u~ 14 31 25 85 421 .]6 

omer~ 17 I 
EJrccu 

DakrJowD 22 41 160 16 
~fol"Vwt 

U~d 49 172 : 29 
BeaC1iob 

Ol'Cr4ose 11 34 38 94- 312 ' 76 

Wilhdn~ 

ChroJUf; Effc:as 
~; t7 

bcuUt'icllfioQ 
OthcrJUeboWD 138 27 

])rog COIl<:omita.Dce 

SiD"", Pno& I - 10 23 261 90 
Multip~ Drugs 16 16 36 98 313 93 
UQkuowa 4 12 20 23 64 7X 

~--EsJ11Ilbledq~<10 or c 2%:tO. 

I Motive alia ~ n:f.as to e:ntitc drug epistxie. tK1l ~ drugs mcmFnnrd 
Sou:rc:z=. Ot!i.ce of Applic:d. SnIdies. SAMr!SA, Drug Ab4S1: Wa.ro:iQg Ne~d:. (3-9·~) 
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Reports of GHB overdose and toxicity in the U.S. appear to be increasiJl&, 1& 10 1990. a 
preliminaIy srudy of GliB poisonings. besed on data fiotn Poison CoQIrol Cemen , revealed rhat 
ax least 51 cases of illness \lio:-e amibuted 10 GlIB expostrre in nine states ~CDC. 1990). 
~er. GHB-rclatc:i imoxkatiao is on the rise. In 1996~ Poison Control Cemer· in New York: 
and Texas doc:umemed 43 cases of acute: poisonings assoc:iared with GHB in 01 e year (CDC" 
1996). The sytnptams of acute GfIB toxicity induded vomiting, drowsiness... vcrti;o, and loss of 
con.scioHsQess. respiraIory depression, tremors. t'Ilyoclcmus.. coma, and seizure c .:tivity. Most 
patiems required emergency room care aud foW" fdtaIities were reponed. 1l1e de nognspbics of 
the: New York ~sers indicaIed 18 males and 12 femaIeswitb an average ~e of~.; there were g 
advene events rt:portetI in teenagers. Eleven of the 30 were adJ:n.inecS to qj ical care and 
rciJu.ired imuhation or assisted respirarion; scizures were rcporred in two cases. 

In Fayette County. Gemgia., there were 37 ~ of GliB poisoning ti"om 1991 brough 1993. 
Most cases involved wlrlte males 17-'22 years of age who were body builders. Th.e 5a.t\. Francisc.o, 
Bay Area Regional Poison Comrol Center (Dyer cr aL. 19(4) rqxm:ed 66 eocollU··~ wirh GHB 
fi'om 1992 though April 1994. In most illStlUlCcs. GHB was reportedly taken ~o~ (79'l/o) but the 
combined substances fearured alcohol (11%). MDMA (L5%). methamphewnill: (4.5%), and 
opiales (1.5%) and nitrous oxide (1.5%) 

In response w fifteen overdose cases that occurred in the last week of December 1995 through 
the first week of Jamiary 1996, the Oklahoma Poison Comrol Center js~ a press release 
warning about GHB. These cases involved young adults asgcd 19-27 who had overf .osed OP GHB 
and ~"ed emergency medical rreaunem:. There were no deaths., bQ.! in one i lciden~ a 19-
year-old female went into cardiac arrest \\'ithin 15 mirlJJtc) of~g GliB. At ha.c:I obtained 
GlIB from a. local bar and consumed the GHB with alcohol Individuals liave ~ Iso developed 
complicarions from exposure to {"\;\fO of the rpanufa..c:tllring components of I um, sodium 
hydroxide and gamma-burytolacrone. 

Ross (1995) reponed twO GlU> overdoses occurring in AIl.a.otz. One case inVolVe( a 22·year-old 
male who had been taking 1-2 tablespoons of GHB tWice daily for 5 years. The patient 
confirmcii ingesting alcohol with GliB. Since this episode, the patient ~ treated ~ 
additional rimes for GHB overdose in the emergency deparrm:nt. During all of hese episodes 
the patient required assisted venUlation. A se(:L)nd case involved a 28-Yt .u-old female 
bodybuilder who reponed taking 1.5 teaspoons of GHB to help her relax a1 er au imense 
b04ybuilding session. James (1996) described several patients with seizuresfdecr..ased levels of 
consciousness, including one death, a 20--year--ald woman who drank GliB in COl lbinarlon Vr'ith 
alcohol. 

After doses grea~er than 50 mgtkg orallY1 somnolence -was reponed in ~ little .S 15 minutes, 
uncnnsciousness and profound coma within 30-40 minutes fonowing ingestion '9 exacerbated 
when taken with alcohol GHB is relatively shon acting After u-ea.UT1' nt in hospitil 
~merg_encro Symptoms were depanmet1ts all individuals awoke within 2 to 4 .ours of GHB 
mgesnon 
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Repons of abuse ofiUidt GHB use indicaIethanbe drug can·be used to etlda-qge:r tbe health and 
~ of ochc::ts. For ~IQple. ~~ have beeQ n::portS of GHB users driving m.:: .. or vehicles or 
caring for young children while impaired. Cl !he DBA reponed five ca.ses of persa IS beU:tg fol.Dld 
~hind the wheel of a car while Urtoccned with GHB. 

Also Gignificam are ~ repons of how GlIB has been used to physically- U1d meood1y
inc::apacitare womeu. to facilitate se.;QJal a'iSauJr a1ld "'daxe-rapc.· Tbe DEA bas locum('fi[ed f!1 

'least sevetJIeen SllCh cases origiDat1l"g from Florida, Texas. L()uisiaoa, and Ma yf.and, 'l'bcse 
~ bave ~ substar1tiared by urinalysis and 'b$w enforcement illvesQgarioas. 

Depenaepce UPOIl GHB bas not beel1 fonnally evaluated in preclinical or d :mqU stUdies. 
Galloway el al (1991) published case repons of eiglu individuals abusing GliB f:lI' in sedative. 
euphmigenic,. and anabolic dfects. Indivi4u/1ls (6 of 8) abused <illa for its ~cb sac:tive effeas 
and obtained drug by illicit purchase. Upon cEiscohlimlariao of OHB~ nU oi withdrn.wal 
symptoms. which iaclu.ded insomnia, IIl1lScle cramps, tremor and am:lety. w ~e described. 
Frederid: el ai. (1995) also described one individual who abused GHB for 1.5 years and 
d~bod tolerance to GHB's eupboric and sedative effects. In this individual, ~ rupt cessation 
resulted in 5}'1tIptoms of insotnnia. anxiety) tremQt'. and sweaz:i.Qg. These aDa :dotal rqxms 
originaIing from the Haight-Ashbury !i'ree Clinic (San Francisco) have all invol~ dandesrineiY 
mallUfacmrerl GHB. 

Alrhough these and omer anecdot4l reportS descnl>e mild w!t:hdrawal syltlptoms fo io'Wing abrupt 
disc.4:mtinu.ation of excessi'l!e use of GHB, these reports ~t be relied upon; s evidence of 
significant pnysical dependence. These symptoms were ~Jy described in' .he setting of 
polydrug and alcohol abl.lSe. and rherefon~ in the setting of withdrawal from oe It!r substances 
~en concomitantly. Clinical trial ex:paience has failed [0 confirm a physi.:.l dependence 
profile 

There are no well -developed diIUcal data tram which to conc1uc1e tba~ there is psychologic:al 
dependence on OHB. Psychological dependence may only be intimcned by anecc ltal reports of 
escalation of GHB dose, increased freqllency i of use. and oontinued use d spite adverse ' 
consequences. ." . 

8. WHETHER un: SUllSTANCE IS AN IMMEDIATE PRECURSOR Of' A.~'" iCEAl..RE.Al>'i 
CONTROLl-RD UNDER THIS ARTICLE. 

GRB is not an immediate precursor of any controlled 5l.Ibstance 
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RECOMMPQlATION 

After cansidenrioa of the eighr f3qors disc7'ss.ed above.. FDA rerolllItll!tlds tba GHB and all 
mixwr~ compounds aDd preparations of GHB shooId be p~ in scbe.dule .. of the CSA, 
~ ths:I any mirrurc; compoUDd or prepar3Iian of GHB tb.&t is the afbj~ t of an FDA 
autboriz.cd investigational new dnlg application pqrsuam: to 21 CFR part 312 sha,", d be placed in 
5Cbodule: DI. 

Except-as disolsseci in Part U ~low. GHB meetS the criteria for placing a substaIK.! in SGhe4ule I 
afme CSA under 21 U.S.C_ 812(bXl). 

A. Abu:se Potentbl 

GRB can penctraIc the blood brain barner ~d is active in the C4!!1tI'aI JleIVOUS ~ Stem. It is a 
scdaIive>-hypnotic agent that produa:$ dose- and concermation-depclldcm C ·lS effectS in 
hu~. .It;i ~ of sc.dative action 0CQlI'S within 15 IXlirMeS of oral iagestlon ar ! lasts up to 3 
houJ"s. GlIB in low doses has been a.ssociazed wnh amnesia and b}'pOtOIlia- Del.Qlding ou the 
dose iDgoud, its df'CClS may range from mild se4atian 10 profound ~ and. if respiraIory 
function is not suppoaej, death. h is water soluble and therefore miscibfl in alcohoUc 
beverages. lIs eNS effects are fiutber enharu;:cd by alCDhol 

Self-administ:rarion and drug discriminative effeas srudies in animals indi~ ~ that GHB's 
reinforcing and stimulus gene1q,lization effects were similar-to those of alcohol aJl{ substances in 
schedule IV such as the bcnzodiazepines rather than schedule I or n opiates and wluc:iz.logens
Its abuse potential is theoretically similar to lhat of other subSTances in lowe schedules of 
conrrol . 

However, the rapid oasel of sedation c:.oupled with the amnestic fearures ,f this agenr, 
pamaslarly when added to ~cohol to conceal its presence and potentiate its c:1! as. qppear to 

make GHB 4Il effect.ive agent to physically and memally iQcapacitare victims in t .f! conunission 
a crime. In addition, phaonacodyTUU11ic data indicate thar GHB has a narrow fhe apeutic index., 
with the difference b~een the dose of GaB necessary for ~ desired hypnotic ;ffc:a and thar 
which prodLlces unc:.on.sciousness being. relatively smaU--and even smaller in t.c presence of 
alcohol In COfQparison, some of the benzodiazepines in SchoduIe IV have 1 much wjder 
therapeutic index. Epitjemiological dafa show significant ma-eases in em~ ·\cy room and 
medical examiner reportS related to GliB. and law epforc;emem: data cenfum Of[ i's use in third 
pany abuse settings. 

GHB has one add.itional charaaerisuc which incrbses its abuse liability-il can b, ea:sily 
manufactured in a clal1des,ine setting, resulting in a poteIltially unlimited. supply- ~ here is 
widespread dissemlIlation ofinfarrnation on the INTERNET and other sources fe{ aIding its 
manufacture using a simple. ane-5lt~p synthesis from readily aVj;l.ilable and inexpc:r -;ive chemical 
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precursors. No speci.aliud training or equipment is needed. In addition,. the wid~ read 
availability of illicit prc:parnrions of unknown strength and purity raise tiJrthe:r pub: J; health 
cancans thar distinguish GHB's abuse liability from th.a:r of other scdative/hypnoti ; agellt:S. 

For these reasons,. and ~ as provided in Pan n of this Rec.ommend8rjo~ FD l believes !hat 
GaB bas a -high pormtiaI for abuse" rc:Lmve tJ:) 5Ubsiances eomroUed in schedul~ .m. IV and V. 

B. Medical Use 

FDA has not approved a new drug application (NDA) for a GaB prQdu~ nor caq 3HB be 
ma.r~ lawfully for medical use in the United States without an NDA. For this 1 ~n FDA 
believes that GHB has ~no currcmly ac.cepu4lJlti1iaU use ill the United StatesY' it his time_ 

C. Safety 

Clandestinely produc.e4 GaB is a subSWlce of unkno'WD, unrcguLued, and t gbly vlUiable 
quaIny. strength. and purity II has not been studied in any reliable manuet" • id Ulef'"e is no 
acc.epted safety profile for this substance. Even if used ucde:r medical SUpe.rvisiQI-, the ~ety of 
suro a substance could not be prediqed. Therefore,. the FDA believes that thcr ; is a "Lack of 
accePted safetY for use afme drug or other SUbSfanCe 1.IIlLier medical supervision.to 

Pattll 

GRB subSU\l'lces and productS Jluu are the subjea of FDA authorized in"estigati lni! new drug 
applications. pw-suant to 2l CfR pan 312, do not meel the criteria for placemem in schedule L 
Instead, such. productS and substances should be subject to control under schedule IT of the: CSA, 
2l U S.c. 812 (b)(3) 

A. Abp.sC" Potential 

GaB products are currently being stUdied under FDA authorized invesrigaci{ naI new drug 
Ilpplications None of the TepollS of actual abuse of GHB that suppon he $Che4plipg 
recotnmendation iJl Part I has involved GHB that was divened from an a1l1 Ktri.zed StUdy. 
Moreover, given the case with which GHB can be synthesize4 from readily availal-le materials, it 
is considerably less likely IDar these authorized srudies will become: a source for 1 nlaW'ful use or 
abuse of GHB In essence, (he widespread availability of clandestinely produced, i-fIB decreases 
[he abuse liability and poten~ial for abuse of the productS being srudied in autb rrlzcd research 
programs and well-supervised clinics. For this reason, a GaB product or subsl1 nee that is the 
subjeo of an aUThorized protocol and is being studied under a carefully de~.gned research 
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~ has a -low pocemia.I for ~ rdative to dnlgs or other substances ill sch. dule nr (sec 
21 U.S.c. 812 (b)(4)(A). 

B.. Medial Use 

As discussed in Pan L Gfll3 does no~ have a "curreadyacc.epted lnedicaJ use in trJ a:IIne1lt in the 
United SI3IeS" as thaI ttnll bas been inte:rpreted in by the FDA anD DEA. 

A GHB prodact, however, has rea:llrly been gramed a protocol under 21 Cflt 31l.34 to alIo"Q/ 
fOf a:paoded, D caUnellt use of the produa: in paIiems who Sllffer fi'om cataplexy ~ 30Cined with 
narcolepsy. In this insunc.e. the stUdy and development of a. G!lB pr~ is SI fJiciemly fu 
along to SUggesr that auIborizl::d formulations of GHB may be ronsi4ered as havils; , a "currem:ly 
accepted medical use with severe restrictions" uud=- the CSA (see 21 U.S.C 812 b)(2)(B}; see 
also 47 fR 281 Z41. June 29.1982). 

1'he.re is no weU-de'tfeloped evidence from cliiUcaJ studies to suggest tbar G:lB L::ads to 

psychological dependence. The few available anecdotal case reportS sugg~ t only mild 
wit.b4rawal SY~p10lllS that may be indicative of ' low risk Qf physical d.c:pend~:. Similarly: 
from these few anecdotal repo~ ~ of escalation of GHB dose.. inc:rea.sed frequency of 
usc, and continued use despite adverse consequences are only suggestive ql dependence 
production. There is no evidence. however to SUggesL that abuse of GHB lead. to "'severe" 
dependence (see 21 U.S.C. 812 (b}(2XC)). Wlten compared to subS'linces in scbe:dt:.es n apd m. 
GH!3's physical a.nd psychological dependetlce producing effects appear to be "lin ired'"' (see 21 
U.S C. 812 (b)(4)(C))_ 

GRB has a high potential fOT abuse relative to substances controlled in ~hedulcs m IV and V. 
GliB has no accepted medical use and, when m.a.oufacrured clandestinely. is -unsafe; .or use under 
medical Sl:lpervisior:-. Accordingly, and except as provided belQw. GlIB should be C llitroUed in 
Scbedule I 

Fonnulations or GHB currently are being stUdied under fDA-authorized INns. AI east one 
SPOUSOf'S formulation has been grantec1 orphan drug st4lUs under section 526 of the ::-ood. Drug. 
and Cosmetic Acr, and is available under a rreauneru use protoc.ol under 21 CFR § i 12,34. 
None of the reports of a.ctual abuse of GHB tllat support the Schedule 1 recoII\.Jllencl .tion bas 
illVO}"ed GHB IDa! was divened fi'om an alltborized swdy. GiYal the ease with wit .:h GfIB can 
be synt}1esized from readily available materials, it is unlikely that authorized studie! will become 
a source: ofGHB for abuse_ Ral:hc:r, the abuse potential ofGHB, whe:n used un4e:r E.l authorized 
research protocol is consistent wiIh substances typically controlled under Scbedul~ rv. 
Information on the dependence producing effects of GHB is limited, but available ~ "u suggest 
that its potential for physical and psychological depenclence is also consistent with I ontral under 
Schedule IV 
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AIrcborized fQrmulaI:ions of GHB, boll/ever, do OOt meet 1he .... a.ccepted medical US( , aite.ria set 
fonh in Schedule IV. AI best, an authorizea tbmwI.uion of GHB is far c:oougn a1o.1g iJl ~ 
developIllCDt process to Dl«t the staDdard UDder Schedule n of a chug or subSP1DCC baviDg a 
-am-em:Jy accepted medica) use with severe resr:rictioDS." Uuder these amunstaD· es, FDA 
~ placing authoriz.c:d fonmllaUotlS of GHB i.a Scbedule III,. a level of ex: lIrI?l higher 
than Schedule IV to ti!ke into ~um the la.ck of am a.cc:epted medic::a! use and a I~ tI of coc:rrol 
lower tIwl schedule n to take inro ~ur.rt the abuse and dependence liability =4f .lgs for 
authorized fon:nuIariotlS of GHB. 
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, - UlUIS ~'LoIII, .... _ ••• _ .... .- .- .... ~ •• --.. 1: __ _ 

Dr. John H. Eisenberg 
Ac~ing Assiscanc Secre~ary for Healcb 
"Oepa~me~~ of Health and Human Servi~es 
200 Independence Avenue, s.w. 
Washin~on. D.C. 20201 

Pear Dr. Eisenberg; 

SEP 16 199( 

In accordance w~~h Lhe Frov~61one of Ti~le 2~, U.S.C- c 

Section a1~{b), of ~he Controlled SuPscances Acc (CSA), the Drug 
Enforcement Administ~a~ion (PEA) nas gathered and revi~ed the 
available data on gamma hYQroxybu~yrace (GNB). Your scjen~ific 
and medical evalua~ion of che enclosed data and yQur scleduling 
recommendacion for GHB are requesced so that the DEA car make a 
final determina~ion regarding che scheduling of ~h~s sulstance. 

GHB is a subs-canee chat is curren1:.1y no~ eont:roll~ UDder 
the Controlled Substances Act {CSAJ. To dace, the daca availab1e 
co OEA sho~s chat GHB is abused as a Cent~al Nervous S~~em (CNS) 
depressanL. an in~oxican~ and euphorianc f a grOVLh nO~De 
releas~ng a~ent. and in crimina~.~ssaults. I~ is easil) . 
synthesized ~11~c~~ly ~n clandesc~ne laboratories ~i~h lead~1y 
obtainable precursors by those inexperienced in chemistlY_ The 
drug is eas~ly adminiscered orally, caken in the form 01 che 
sodium sal~ usually dissolved in wacer or alcoholic drilK. 

Abuse of GRB ~s nationwide, increasin9 and associaled wich 
serious public health and safety risks. Since 1990 t 

approximacely $00 encounters with GHS have been QQe~en' ed by 
information gathered from federal. $cate and local 1aw 
enfo~cemen~ agenc~es. poison control centers. hospi~als medical 
examine~s, and ~he scientific li~era~ure. GRB has been 
eneoun~ered in at least 35 states. PEA is aware of 19 lea~hs 
associaced with Glm use. GKi is aold either :1.-n eolid 0.: po'tolder 
form or dissolved in liquid and abused by che oral rou~~- Ie is 
Lrafficked loca~ly. regionally and nac1onally_ 

DEA is only aware of limited r~search into ehe th~,apeutic 
use of GHB in the Uni.t.ed St:at:ea. D£,1. its not auare of ~.':l.y 
legitimacely markeced products containing GffB in the Orited 
S~at:e9_ The Food and Drug Adminis~racion (FDA) consid~red GHB 
unsafe and banned ~C5 manufaccure and d1st:riput:ion in ciecary 
s~pplemeacs. $1nce GHB is noc co~cr011ed federa11y or under ~cs~ 
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Pr. John M. Eisenberg Page Two 

SCace laws. ic ~s noe ~he carge~ of law enforcement 
invescigacions ana ieG illicie manufacture, abuse and t)afficking 
are severely under repOreed. Neve~helesst the data corc~ined in 
the enclosed documen~ show t:hac there is an alaradng le\::!l of GHB 
alJuse# that it is 'Widespread a.nd increaSing. t:hac t:.he Gf ~ i.s 
illicicly produced in clandes~ine laboratories. and chat: this 
aPuse is associated vith wany and serious adverse public healt~ 
a..p.d safety r.iska. These dat:a strongly indicat:e that: GHE has a 
high pocential for abuse and strongly 6UpPOrc ics place~~nt: in a 
rest:.rict:l.ve schedule under the CSA- Pinal der:.erndnar:.iofl of the 
specific schedule ~ust awaic the scientific and medical 
evaluation of che DRHS. 

Appropriate 1Qembers of the PeA scaff are availahl~ 1:0 
provide ""hac ever assistance ~y be needed_ In orCler co 
facil~t:ate ehe exchange of information, the DEA staff is 
aut:.llorl.:zec1 t:.o e;ll;:ch~tlg~ +e~eV'ant: informat:i.o.n directly wit:..'1 
designated members of your sc.aff_ : John H_ J{ing~ Dep1..lt:y u;siscant: .. 
Adm2nisc.rac.or. Office of Diver6io~ Concrol, will act as ~iaison 
for ehis exchange of informacion. He can be reached a~ 
(202) 307-7165 _ . 

Sincerely( 

~(;~ 
James S - p.!ilfo~d 6r~\ 
Act:ing Deputy ~~h~scrac.~: 

                                      PAR1005 
IPR of U.S. Patent No. 7,668,730  
                               Page 282 of 353



Orphan Medical, Inc. 
NDA #21-196  Xyrem® (sodium oxybate) oral solution 
Peripheral and Central Nervous System Drugs Advisory Committee Briefing Booklet 
 

R:\GHB\PostNDA\Advisory Meeting\June 6-2001 Meeting\Briefing Books\Section 7--Scheduling.doc 8 

 
 
 

ATTACHMENT 2 
 
 

Public Law 106-172 (February 18, 2000) 

279 

                                      PAR1005 
IPR of U.S. Patent No. 7,668,730  
                               Page 283 of 353



114 STAT. 7PUBLIC LAW 106–172—FEB. 18, 2000

Public Law 106–172
106th Congress

An Act
To amend the Controlled Substances Act to direct the emergency scheduling of

gamma hydroxybutyric acid, to provide for a national awareness campaign, and
for other purposes.

Be it enacted by the Senate and House of Representatives of
the United States of America in Congress assembled,

SECTION 1. SHORT TITLE.

This Act may be cited as the ‘‘Hillory J. Farias and Samantha
Reid Date-Rape Drug Prohibition Act of 2000’’.

SEC. 2. FINDINGS.

Congress finds as follows:
(1) Gamma hydroxybutyric acid (also called G, Liquid X,

Liquid Ecstasy, Grievous Bodily Harm, Georgia Home Boy,
Scoop) has become a significant and growing problem in law
enforcement. At least 20 States have scheduled such drug in
their drug laws and law enforcement officials have been experi-
encing an increased presence of the drug in driving under
the influence, sexual assault, and overdose cases especially
at night clubs and parties.

(2) A behavioral depressant and a hypnotic, gamma
hydroxybutyric acid (‘‘GHB’’) is being used in conjunction with
alcohol and other drugs with detrimental effects in an
increasing number of cases. It is difficult to isolate the impact
of such drug’s ingestion since it is so typically taken with
an ever-changing array of other drugs and especially alcohol
which potentiates its impact.

(3) GHB takes the same path as alcohol, processes via
alcohol dehydrogenase, and its symptoms at high levels of
intake and as impact builds are comparable to alcohol inges-
tion /intoxication. Thus, aggression and violence can be expected
in some individuals who use such drug.

(4) If taken for human consumption, common industrial
chemicals such as gamma butyrolactone and 1.4-butanediol
are swiftly converted by the body into GHB. Illicit use of
these and other GHB analogues and precursor chemicals is
a significant and growing law enforcement problem.

(5) A human pharmaceutical formulation of gamma
hydroxybutyric acid is being developed as a treatment for
cataplexy, a serious and debilitating disease. Cataplexy, which
causes sudden and total loss of muscle control, affects about
65 percent of the estimated 180,000 Americans with narcolepsy,
a sleep disorder. People with cataplexy often are unable to
work, drive a car, hold their children or live a normal life.

21 USC 812 note.
21 USC 801 note.

Hillory J. Farias
and Samantha
Reid Date-Rape
Drug Prohibition
Act of 2000.
Law enforcement
and crimes.

Feb. 18, 2000
[H.R. 2130]
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114 STAT. 8 PUBLIC LAW 106–172—FEB. 18, 2000

(6) Abuse of illicit GHB is an imminent hazard to public
safety that requires immediate regulatory action under the
Controlled Substances Act (21 U.S.C. 801 et seq.).

SEC. 3. EMERGENCY SCHEDULING OF GAMMA HYDROXYBUTYRIC ACID
AND LISTING OF GAMMA BUTYROLACTONE AS LIST I
CHEMICAL.

(a) EMERGENCY SCHEDULING OF GHB.—
(1) IN GENERAL.—The Congress finds that the abuse of

illicit gamma hydroxybutyric acid is an imminent hazard to
the public safety. Accordingly, the Attorney General, notwith-
standing sections 201(a), 201(b), 201(c), and 202 of the Con-
trolled Substances Act, shall issue, not later than 60 days
after the date of the enactment of this Act, a final order
that schedules such drug (together with its salts, isomers, and
salts of isomers) in the same schedule under section 202(c)
of the Controlled Substances Act as would apply to a scheduling
of a substance by the Attorney General under section 201(h)(1)
of such Act (relating to imminent hazards to the public safety),
except as follows:

(A) For purposes of any requirements that relate to
the physical security of registered manufacturers and reg-
istered distributors, the final order shall treat such drug,
when the drug is manufactured, distributed, or possessed
in accordance with an exemption under section 505(i) of
the Federal Food, Drug, and Cosmetic Act (whether the
exemption involved is authorized before, on, or after the
date of the enactment of this Act), as being in the same
schedule as that recommended by the Secretary of Health
and Human Services for the drug when the drug is the
subject of an authorized investigational new drug applica-
tion (relating to such section 505(i)). The recommendation
referred to in the preceding sentence is contained in the
first paragraph of the letter transmitted on May 19, 1999,
by such Secretary (acting through the Assistant Secretary
for Health) to the Attorney General (acting through the
Deputy Administrator of the Drug Enforcement Adminis-
tration), which letter was in response to the letter trans-
mitted by the Attorney General (acting through such
Deputy Administrator) on September 16, 1997. In pub-
lishing the final order in the Federal Register, the Attorney
General shall publish a copy of the letter that was trans-
mitted by the Secretary of Health and Human Services.

(B) In the case of gamma hydroxybutyric acid that
is contained in a drug product for which an application
is approved under section 505 of the Federal Food, Drug,
and Cosmetic Act (whether the application involved is
approved before, on, or after the date of the enactment
of this Act), the final order shall schedule such drug in
the same schedule as that recommended by the Secretary
of Health and Human Services for authorized formulations
of the drug. The recommendation referred to in the pre-
ceding sentence is contained in the last sentence of the
fourth paragraph of the letter referred to in subparagraph
(A) with respect to May 19, 1999.
(2) FAILURE TO ISSUE ORDER.—If the final order is not

issued within the period specified in paragraph (1), gamma

Federal Register,
publication.

Deadline.

21 USC 812 note.
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114 STAT. 9PUBLIC LAW 106–172—FEB. 18, 2000

hydroxybutyric acid (together with its salts, isomers, and salts
of isomers) is deemed to be scheduled under section 202(c)
of the Controlled Substances Act in accordance with the policies
described in paragraph (1), as if the Attorney General had
issued a final order in accordance with such paragraph.
(b) ADDITIONAL PENALTIES RELATING TO GHB.—

(1) CONTROLLED SUBSTANCES ACT.—
(A) IN GENERAL.—Section 401(b)(1)(C) of the Controlled

Substances Act (21 U.S.C. 841(b)(1)(C)) is amended in the
first sentence by inserting after ‘‘schedule I or II,’’ the
following: ‘‘gamma hydroxybutyric acid (including when
scheduled as an approved drug product for purposes of
section 3(a)(1)(B) of the Hillory J. Farias and Samantha
Reid Date-Rape Drug Prohibition Act of 2000),’’.

(B) CONFORMING AMENDMENT.—Section 401(b)(1)(D) of
the Controlled Substances Act (21 U.S.C. 841(b)(1)(D)) is
amended by striking ‘‘, or 30’’ and inserting ‘‘(other than
gamma hydroxybutyric acid), or 30’’.
(2) CONTROLLED SUBSTANCES IMPORT AND EXPORT ACT.—

(A) IN GENERAL.—Section 1010(b)(3) of the Controlled
Substances Import and Export Act (21 U.S.C. 960(b)(3))
is amended in the first sentence by inserting after ‘‘I or
II,’’ the following: ‘‘gamma hydroxybutyric acid (including
when scheduled as an approved drug product for purposes
of section 3(a)(1)(B) of the Hillory J. Farias and Samantha
Reid Date-Rape Drug Prohibition Act of 2000),’’.

(B) CONFORMING AMENDMENT.—Section 1010(b)(4) of
the Controlled Substances Import and Export Act (21
U.S.C. 960(b)(4)) is amended by striking ‘‘flunitrazepam)’’
and inserting the following: ‘‘flunitrazepam and except a
violation involving gamma hydroxybutyric acid)’’.

(c) GAMMA BUTYROLACTONE AS ADDITIONAL LIST I CHEMICAL.—
Section 102(34) of the Controlled Substances Act (21 U.S.C. 802(34))
is amended—

(1) by redesignating subparagraph (X) as subparagraph
(Y); and

(2) by inserting after subparagraph (W) the following
subparagraph:

‘‘(X) Gamma butyrolactone.’’.

SEC. 4. AUTHORITY FOR ADDITIONAL REPORTING REQUIREMENTS
FOR GAMMA HYDROXYBUTYRIC PRODUCTS IN
SCHEDULE III.

Section 307 of the Controlled Substances Act (21 U.S.C. 827)
is amended by adding at the end the following:

‘‘(h) In the case of a drug product containing gamma hydroxy-
butyric acid for which an application has been approved under
section 505 of the Federal Food, Drug, and Cosmetic Act, the
Attorney General may, in addition to any other requirements that
apply under this section with respect to such a drug product,
establish any of the following as reporting requirements:

‘‘(1) That every person who is registered as a manufacturer
of bulk or dosage form, as a packager, repackager, labeler,
relabeler, or distributor shall report acquisition and distribution
transactions quarterly, not later than the 15th day of the month
succeeding the quarter for which the report is submitted, and
annually report end-of-year inventories.

Deadline.

Records.
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114 STAT. 10 PUBLIC LAW 106–172—FEB. 18, 2000

‘‘(2) That all annual inventory reports shall be filed no
later than January 15 of the year following that for which
the report is submitted and include data on the stocks of
the drug product, drug substance, bulk drug, and dosage forms
on hand as of the close of business December 31, indicating
whether materials reported are in storage or in process of
manufacturing.

‘‘(3) That every person who is registered as a manufacturer
of bulk or dosage form shall report all manufacturing trans-
actions both inventory increases, including purchases, transfers,
and returns, and reductions from inventory, including sales,
transfers, theft, destruction, and seizure, and shall provide
data on material manufactured, manufactured from other mate-
rial, use in manufacturing other material, and use in manufac-
turing dosage forms.

‘‘(4) That all reports under this section must include the
registered person’s registration number as well as the registra-
tion numbers, names, and other identifying information of ven-
dors, suppliers, and customers, sufficient to allow the Attorney
General to track the receipt and distribution of the drug.

‘‘(5) That each dispensing practitioner shall maintain for
each prescription the name of the prescribing practitioner, the
prescribing practitioner’s Federal and State registration num-
bers, with the expiration dates of these registrations,
verification that the prescribing practitioner possesses the
appropriate registration to prescribe this controlled substance,
the patient’s name and address, the name of the patient’s
insurance provider and documentation by a medical practitioner
licensed and registered to prescribe the drug of the patient’s
medical need for the drug. Such information shall be available
for inspection and copying by the Attorney General.

‘‘(6) That section 310(b)(3) (relating to mail order reporting)
applies with respect to gamma hydroxybutyric acid to the same
extent and in the same manner as such section applies with
respect to the chemicals and drug products specified in subpara-
graph (A)(i) of such section.’’.

SEC. 5. CONTROLLED SUBSTANCES ANALOGUES.

(a) RULE OF CONSTRUCTION REGARDING CONTROLLED SUB-
STANCE ANALOGUES.—Section 102(32) of the Controlled Substances
Act (21 U.S.C. 802(32)) is amended—

(1) in subparagraph (A), by striking ‘‘subparagraph (B)’’
and inserting ‘‘subparagraph (C)’’;

(2) by redesignating subparagraph (B) as subparagraph
(C); and

(3) by inserting after subparagraph (A) the following new
subparagraph (B):
‘‘(B) The designation of gamma butyrolactone or any other

chemical as a listed chemical pursuant to paragraph (34) or (35)
does not preclude a finding pursuant to subparagraph (A) of this
paragraph that the chemical is a controlled substance analogue.’’.

(b) DISTRIBUTION WITH INTENT TO COMMIT CRIME OF
VIOLENCE.—Section 401(b)(7)(A) of the Controlled Substances Act
(21 U.S.C. 841(b)(7)(A)) is amended by inserting ‘‘or controlled sub-
stance analogue’’ after ‘‘distributing a controlled substance’’.

Applicability.

Deadline.
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SEC. 6. DEVELOPMENT OF MODEL PROTOCOLS, TRAINING MATERIALS,
FORENSIC FIELD TESTS, AND COORDINATION MECHA-
NISM FOR INVESTIGATIONS AND PROSECUTIONS
RELATING TO GAMMA HYDROXYBUTYRIC ACID, OTHER
CONTROLLED SUBSTANCES, AND DESIGNER DRUGS.

(a) IN GENERAL.—The Attorney General, in consultation with
the Administrator of the Drug Enforcement Administration and
the Director of the Federal Bureau of Investigation, shall—

(1) develop—
(A) model protocols for the collection of toxicology speci-

mens and the taking of victim statements in connection
with investigations into and prosecutions related to possible
violations of the Controlled Substances Act or other Federal
or State laws that result in or contribute to rape, other
crimes of violence, or other crimes involving abuse of
gamma hydroxybutyric acid, other controlled substances,
or so-called ‘‘designer drugs’’; and

(B) model training materials for law enforcement per-
sonnel involved in such investigations; and
(2) make such protocols and training materials available

to Federal, State, and local personnel responsible for such inves-
tigations.
(b) GRANT.—

(1) IN GENERAL.—The Attorney General shall make a grant,
in such amount and to such public or private person or entity
as the Attorney General considers appropriate, for the develop-
ment of forensic field tests to assist law enforcement officials
in detecting the presence of gamma hydroxybutyric acid and
related substances.

(2) AUTHORIZATION OF APPROPRIATIONS.—There are author-
ized to be appropriated such sums as may be necessary to
carry out this subsection.
(c) REPORT.—Not later than 180 days after the date of the

enactment of this Act, the Attorney General shall submit to the
Committees on the Judiciary of the Senate and House of Represent-
atives a report on current mechanisms for coordinating Federal,
State, and local investigations into and prosecutions related to
possible violations of the Controlled Substances Act or other Federal
or State laws that result in or contribute to rape, other crimes
of violence, or other crimes involving the abuse of gamma hydroxy-
butyric acid, other controlled substances, or so-called ‘‘designer
drugs’’. The report shall also include recommendations for the
improvement of such mechanisms.
SEC. 7. ANNUAL REPORT REGARDING DATE-RAPE DRUGS; NATIONAL

AWARENESS CAMPAIGN.

(a) ANNUAL REPORT.—The Secretary of Health and Human
Services (in this section referred to as the ‘‘Secretary’’) shall periodi-
cally submit to Congress reports each of which provides an estimate
of the number of incidents of the abuse of date-rape drugs (as
defined in subsection (c)) that occurred during the most recent
1-year period for which data are available. The first such report
shall be submitted not later than January 15, 2000, and subsequent
reports shall be submitted annually thereafter.

(b) NATIONAL AWARENESS CAMPAIGN.—
(1) DEVELOPMENT OF PLAN; RECOMMENDATIONS OF ADVISORY

COMMITTEE.—

Deadline.

21 USC 801 note.

Deadline.

21 USC 801 note.
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(A) IN GENERAL.—The Secretary, in consultation with
the Attorney General, shall develop a plan for carrying
out a national campaign to educate individuals described
in subparagraph (B) on the following:

(i) The dangers of date-rape drugs.
(ii) The applicability of the Controlled Substances

Act to such drugs, including penalties under such Act.
(iii) Recognizing the symptoms that indicate an

individual may be a victim of such drugs, including
symptoms with respect to sexual assault.

(iv) Appropriately responding when an individual
has such symptoms.
(B) INTENDED POPULATION.—The individuals referred

to in subparagraph (A) are young adults, youths, law
enforcement personnel, educators, school nurses, counselors
of rape victims, and emergency room personnel in hospitals.

(C) ADVISORY COMMITTEE.—Not later than 180 days
after the date of the enactment of this Act, the Secretary
shall establish an advisory committee to make rec-
ommendations to the Secretary regarding the plan under
subparagraph (A). The committee shall be composed of
individuals who collectively possess expertise on the effects
of date-rape drugs and on detecting and controlling the
drugs.
(2) IMPLEMENTATION OF PLAN.—Not later than 180 days

after the date on which the advisory committee under para-
graph (1) is established, the Secretary, in consultation with
the Attorney General, shall commence carrying out the national
campaign under such paragraph in accordance with the plan
developed under such paragraph. The campaign may be carried
out directly by the Secretary and through grants and contracts.

(3) EVALUATION BY GENERAL ACCOUNTING OFFICE.—Not
later than 2 years after the date on which the national cam-
paign under paragraph (1) is commenced, the Comptroller Gen-
eral of the United States shall submit to Congress an evaluation
of the effects with respect to date-rape drugs of the national
campaign.
(c) DEFINITION.—For purposes of this section, the term ‘‘date-

rape drugs’’ means gamma hydroxybutyric acid and its salts, iso-
mers, and salts of isomers and such other drugs or substances
as the Secretary, after consultation with the Attorney General,
determines to be appropriate.

SEC. 8. SPECIAL UNIT IN DRUG ENFORCEMENT ADMINISTRATION FOR
ASSESSMENT OF ABUSE AND TRAFFICKING OF GHB AND
OTHER CONTROLLED SUBSTANCES AND DRUGS.

(a) ESTABLISHMENT.—Not later than 60 days after the date
of the enactment of this Act, the Attorney General shall establish
within the Operations Division of the Drug Enforcement Adminis-
tration a special unit which shall assess the abuse of and trafficking
in gamma hydroxybutyric acid, flunitrazepam, ketamine, other con-
trolled substances, and other so-called ‘‘designer drugs’’ whose use
has been associated with sexual assault.

(b) PARTICULAR DUTIES.—In carrying out the assessment under
subsection (a), the special unit shall—

Deadline.

Deadline.

Deadline.

Deadline.
Establishment.
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LEGISLATIVE HISTORY—H.R. 2130 (S. 1561):
HOUSE REPORTS: No. 106–340, Pt. 1 (Comm. on Commerce).
CONGRESSIONAL RECORD:

Vol. 145 (1999): Oct. 12, considered and passed House.
Nov. 19, considered and passed Senate, amended, in lieu of

S. 1561.
Vol. 146 (2000): Jan. 31, House concurred in Senate amendments.

WEEKLY COMPILATION OF PRESIDENTIAL DOCUMENTS, Vol. 36 (2000):
Feb. 18, Presidential statement.

Æ

(1) examine the threat posed by the substances and drugs
referred to in that subsection on a national basis and regional
basis; and

(2) make recommendations to the Attorney General
regarding allocations and reallocations of resources in order
to address the threat.
(c) REPORT ON RECOMMENDATIONS.—

(1) REQUIREMENT.—Not later than 180 days after the date
of the enactment of this Act, the Attorney General shall submit
to the Committees on the Judiciary of the Senate and House
of Representatives a report which shall—

(A) set forth the recommendations of the special unit
under subsection (b)(2); and

(B) specify the allocations and reallocations of resources
that the Attorney General proposes to make in response
to the recommendations.
(2) TREATMENT OF REPORT.—Nothing in paragraph (1) may

be construed to prohibit the Attorney General or the Adminis-
trator of the Drug Enforcement Administration from making
any reallocation of existing resources that the Attorney General
or the Administrator, as the case may be, considers appropriate.

SEC. 9. TECHNICAL AMENDMENT.

Section 401 of the Controlled Substances Act (21 U.S.C. 841)
is amended by redesignating subsections (d), (e), (f ), and (g) as
subsections (c), (d), (e), and (f ), respectively.

Approved February 18, 2000.

Deadline.
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publication of this document in the
Federal Register. Therefore, a comment
is best assured of having its full effect
if OMB receives it within 30 days of
publication. Written comments and
recommendations for the proposed
information collection should be sent
directly to the following: Office of
Management and Budget, Paperwork
Reduction Project, 725 17th Street, NW.,
Washington, DC 20503, Attn: Desk
Officer for ACF.

Dated: February 27, 2001.
Bob Sargis,
Reports Clearance Officer.
[FR Doc. 01–5234 Filed 3–2–01; 8:45 am]
BILLING CODE 4184–01–M

DEPARTMENT OF HEALTH AND
HUMAN SERVICES

Food and Drug Administration

[Docket No. 00N–1441]

Agency Information Collection
Activities; Announcement of OMB
Approval; Infant Formula
Requirements

AGENCY: Food and Drug Administration,
HHS.

ACTION: Notice.

SUMMARY: The Food and Drug
Administration (FDA) is announcing
that a collection of information entitled
‘‘Infant Formula Requirements’’ has
been approved by the Office of
Management and Budget (OMB) under
the Paperwork Reduction Act of 1995.

FOR FURTHER INFORMATION CONTACT:
Peggy Schlosburg, Office of Information
Resources Management (HFA–250),
Food and Drug Administration, 5600
Fishers Lane, Rockville, MD 20857,
301–827–1223.

SUPPLEMENTARY INFORMATION: In the
Federal Register of November 9, 2000
(65 FR 67388), the agency announced
that the proposed information collection
had been submitted to OMB for review
and clearance under 44 U.S.C. 3507. An
agency may not conduct or sponsor, and
a person is not required to respond to,
a collection of information unless it
displays a currently valid OMB control
number. OMB has now approved the
information collection and has assigned
OMB control number 0910–0256. The
approval expires on February 29, 2004.
A copy of the supporting statement for
this information collection is available
on the Internet at http://www.fda.gov/
ohrms/dockets.

Dated: February 23, 2001.
William K. Hubbard,
Senior Associate Commissioner for Policy,
Planning, and Legislation.
[FR Doc. 01–5158 Filed 3–2–01; 8:45 am]
BILLING CODE 4160–01–S

DEPARTMENT OF HEALTH AND
HUMAN SERVICES

Food and Drug Administration

[Docket No. 00N–1257]

International Drug Scheduling;
Convention on Psychotropic
Substances; Single Convention on
Narcotic Drugs; World Health
Organization Scheduling
Recommendations for 4-Bromo-2,5-
dimethoxyphenethylamine (2C–B);
Gamma-hydroxybutyric acid (GHB); 4-
Methylthioamphetamine (4-MTA);
Zolpidem (INN)

AGENCY: Food and Drug Administration,
HHS.
ACTION: Notice.

SUMMARY: The Food and Drug
Administration (FDA) is providing
interested persons with the opportunity
to submit written comments concerning
recommendations by the World Health
Organization (WHO) to impose
international manufacturing and
distribution restrictions, under
international treaties, on certain drug
substances. The comments received in
response to this notice will be
considered in preparing the U.S.
position on these proposals for a
meeting of the United Nations
Commission on Narcotic Drugs (CND) in
Vienna, Austria, March 20 to 29, 2001.
This notice is issued under the
Controlled Substances Act.
DATES: Submit written comments by
March 15, 2001.
ADDRESSES: Submit written comments
to the Dockets Management Branch
(HFA–305), Food and Drug
Administration, 5630 Fishers Lane, rm.
1061, Rockville, MD 20852. To ensure
expeditious review of written
comments, send a copy by facsimile or
e-mail to: James R. Hunter (address
below).

FOR FURTHER INFORMATION CONTACT:
James R. Hunter, Controlled Substances
Staff (HFD–9), Food and Drug
Administration, 5600 Fishers Lane,
Rockville, MD 20857, 301–827–2098,
Fax: 301–443–9222, e-mail:
hunterj@cder.fda.gov.

SUPPLEMENTARY INFORMATION:

I. Background

The United States is a party to the
1971 Convention on Psychotropic
Substances (the Convention). Section
201(d)(2)(B) of the Controlled
Substances Act (the CSA) (21 U.S.C.
811(d)(2)(B)) provides that when the
United States is notified under Article 2
of the Convention that CND proposes to
decide whether to add a drug or other
substance to one of the schedules of the
Convention, transfer a drug or substance
from one schedule to another, or delete
it from the schedules, the Secretary of
State must transmit notice of such
information to the Secretary of Health
and Human Services (HHS). The
Secretary of HHS must then publish a
summary of such information in the
Federal Register and provide
opportunity for interested persons to
submit comments. The Secretary of HHS
must then evaluate the proposal and
furnish a recommendation to the
Secretary of State that shall be binding
on the representative of the United
States in discussions and negotiations
relating to the proposal.

As detailed below, the Secretary of
State has received notification from the
Secretary-General of the United Nations
(the Secretary-General) regarding
substances to be considered for control
under the Convention. The notification
reflects the recommendations from the
31st WHO Expert Committee for Drug
Dependence (ECDD), which met in June
1998. In the Federal Register of April
28, 2000 (65 FR 24969), FDA announced
the WHO ECDD review, and the agency
invited interested persons to submit
information for WHO’s consideration.

The full text of the notification from
the Secretary-General is provided in
section II of this document. Section
201(d)(2)(B) of the CSA requires the
Secretary of HHS, after receiving a
notification proposing scheduling, to
publish a notice in the Federal Register
to provide the opportunity for interested
persons to submit information and
comments on the proposed scheduling
action.

II. United Nations Notification

The formal United Nations
notification that identifies the drug
substances and explains the basis for the
recommendations is reproduced below.

Notification on 2C-B, 4-MTA, GHB
and Zolpidem: Reference: NAR/CL.26/
2000 CU 2000/240.
C1971/WHO
UNDCP 42nd CND
TLACSB/CNDS–40/00

The Secretary-General of the United
Nations presents his compliments to the
Secretary of State of the United States of
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America and has the honour to inform
the Government that, pursuant to article
2, paragraphs 1 and 4, of the Convention
on Psychotropic Substances, 1971, he
has received a notification from the
World Health Organization (WHO)
concerning proposed recommendations
for international control in respect of
the following four substances: 2C-B, 4-
MTA, GHB and zolpidem.

In accordance with the provisions of
article 2, paragraph 2, of the 1971
Convention, the Secretary-General is
transmitting the text of that notification
as an annex to the present note.

As will be seen from the notification
and the attached assessments and
recommendations, WHO recommends
that 2C-B be included in Schedule II, 4-
MTA in Schedule I, and GHB and
zolpidem in Schedule IV of that
Convention.

Article 2, paragraph 1, of the
Convention reads:

If a Party or the World Health Organization
has information relating to a substance not
yet under international control which in its
opinion may require the addition of that
substance to any of the Schedules of this
Convention, it shall notify the Secretary-
General and furnish him with the
information in support of that notification.
The foregoing procedure shall also apply
when a Party or the World Health
Organization has information justifying the
transfer of a substance from one Schedule to
another among those Schedules, or the
deletion of a substance from the Schedules.

Article 2, paragraph 4, reads:
If the World Health Organization finds: (a)

That the substance has the capacity to
produce (i)(1) a state of dependence and (2)
central nervous system stimulation or
depression, resulting in hallucinations or
disturbances in motor function or thinking or
behaviour or perception or mood, or (ii)
similar abuse and similar ill effects as a
substance in Schedule I, II, III or IV, and (b)
That there is sufficient evidence that the
substance is being or is likely to be abused
so as to constitute a public health and social
problem warranting the placing of the
substance under international control, the
World Health Organization shall
communicate to the Commission an
assessment of the substance, including the
extent or likelihood of abuse, the degree of
seriousness of the public health and social
problem and the degree of usefulness of the
substance in medical therapy, together with
recommendations on control measures, if
any, that would be appropriate in the light
of its assessment.

Pursuant to article 2, paragraph 2, of
the Convention, the notification,
together with the assessments and
recommendations from WHO as well as
any data received from Governments on
any of these substances, will be brought
to the attention of the Commission on

Narcotic Drugs at its forty-fourth session
in March 2001. Any action or decision
taken by the Commission with respect
to that notification, pursuant to article 2,
paragraph 5, of the Convention, will be
notified to States Parties in due course.

Article 2, paragraph 5, of the
Convention reads:

The Commission, taking into account the
communication from the World Health
Organization, whose assessments shall be
determinative as to medical and scientific
matters, and bearing in mind the economic,
social, legal, administrative and other factors
it may consider relevant, may add the
substance to Schedule I, II, III or IV. The
Commission may seek further information
from the World Health Organization or from
other appropriate sources.

The Secretary-General would
appreciate it if the Government would
submit data on seizures of any of these
substances or on the existence of
clandestine laboratories manufacturing
them. Such data would assist the
Commission in its consideration of
possible international control of some or
all of the substances under review.

In order to further assist the
Commission in reaching a decision, it
would be appreciated if any economic,
social, legal, administrative or other
factors the Government may consider
relevant to the question of the possible
scheduling of these four substances
could be communicated by 12 December
2000 to the Executive Director of the
United Nations International Drug
Control Programme, c/o Commission on
Narcotic Drugs Secretariat Section, P.O.
Box 500, A–1400 Vienna, Austria, fax:
43–1–26060–5885.
2 November 2000
NAR/CL.26/2000

Annex—Note Dated 4 October 2000
Addressed to the Secretary-General by
the Director-General of the World
Health Organization

The Director-General of the World
Health Organization presents her
compliments to the Secretary-General of
the United Nations and has the honour
to submit, in accordance with Article 2,
paragraphs 1 and 4, of the Convention
on Psychotropic Substances, 1971,
assessments and recommendations of
the World Health Organization, as set
forth on the annex hereto, concerning
the proposed international control in
respect of 2C-B, 4-MTA, GHB, and
zolpidem.

The Director-General of the World
Health Organization avails herself of
this opportunity to renew to the
Secretary-General of the United Nations
the assurances of her highest
consideration.

2C-B (4-Bromo-2,5-
dimethoxyphenylethylamine) Substance
identification

2C-B is chemically 4-bromo-2,5-
dimethoxyphenylethylamine; 2-(4-
bromo-2,5-dimethoxyphenyl)
ethylamine (CAS 66142–81–2). Other
names include: α-desmethyl DOB;
BDMPEA; MFT; Erox; Nexus;
Performax. There are no chiral centres;
therefore, no stereoisomers or racemates
are possible.

Similarity to Known Substances and
Effects on the Central Nervous System

2C-B has structural and
pharmacological similarities to
brolamfetamine and mescaline. 2C–B is
a selective partial agonist for 5-HT2A-
and 5-HT2C-serotonin receptors. In
humans, 2C–B is more potent than
mescaline but less potent than
brolamfetamine. In low doses it has
sensory enhancing effects: skin
sensitivity, heightened responsiveness
to smells, tastes and sexual stimulation.
In higher doses 2C-B is a strong
hallucinogen. 2C-B produces
particularly marked visual
hallucinations with an intense colour
play, intriguing patterns emerging on
surfaces and distortions of objects and
faces. It was reported to enhance sexual
feelings, sexual perception and
performance.

Dependence Potential
There are no animal or human studies

about the dependence potential of 2C-B.

Actual Abuse and/or Evidence of
Likelihood of Abuse

In the 1990s, 2C-B was sold as an
aphrodisiac in several countries and
some abuse of 2C-B has been reported
by a number of countries. These suggest
that 2C-B has modest abuse liability like
other hallucinogens. Although
hallucinogens are rarely associated with
compulsive use or dependent use, they
are known to have modest abuse
potential, particularly in polydrug
abusers.

Therapeutic Usefulness
Apart from the controversial

experimental use to facilitate
psychotherapy, hallucinogens, such as
2C-B, do not have any therapeutic
usefulness.

Recommendation
Despite the limited availability of

studies, the chemical and
pharmacological similarity of 2C-B to
the hallucinogen mescaline has been
demonstrated. The altered state of mind
induced by hallucinogens such as 2C-B
may result in harm to the user and to
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others. Based on its perceived
aphrodisiac effects and known modest
abuse potential of hallucinogenic drugs
in general, it is estimated that 2C-B may
be abused so as to constitute a public
health and social problem warranting its
placement under international control.
However, hallucinogens are rarely
associated with compulsive use and
abuse of 2C-B has been infrequent,
suggesting that abuse of 2C–B is likely
to constitute a substantial, rather than
an especially serious, risk to public
health. On these bases, it is
recommended that 2C-B be placed in
Schedule II of the 1971 Convention on
Psychotropic Substances.

4-MTA (4-methylthioamphetamine)
Substance Identification

4-MTA is chemically 4-
methylthioamphetamine (CAS 14116–
06–4) Other names include: α-methyl 4-
methylthiophenetylarnine, p-
methylthioamphetamine; 4-MTA; p–
MTA; MTA; MK; S5; S5; Flatliner; The
One and Only Dominator. 4-MTA has
one chiral centre and can exist in two
enatiomers and a racemate. Only the
racemic mixture has been reported to
have been synthesised.

Similarity to Known Substances and
Effects on the Central Nervous System

4-MTA is a potent serotonin-releasing
agent and reversible inhibitor of
monoamine oxidase-A, and is
structurally similar to 4-
methoxyamphetamine.
Pharmacologically, it is similar to MDA
and MDMA; studies suggest that 4-MTA
is six times more potent than MDMA
and MDA in inhibiting 5-HT uptake.

Dependence Potential

Drug discrimination studies in rats
suggest that 4-MTA produces
discriminative stimulus effects similar
to MDMA. 4-MTA did not substitute for
amphetamine, LSD or phencyclidine.
Reports from the United Kingdom
indicate that 4-MTA is abused for its
stimulant/euphoric effects similar to
MDMA.

Actual Abuse and/or Evidence of
Likelihood of Abuse

4-MTA is mainly abused in Europe. It
appears that 4-MTA is part of the dance
music culture although its use is
relatively less widespread probably
because of perceptions by users that the
drug is stronger and more harmful than
other ‘‘club drugs’’ such as MDMA. 4-
MTA has resulted in a number of
fatalities and hospital admissions. It
appears that toxic effects can be
produced directly from the drug and

that the presence of other drugs or
alcohol may exacerbate such effects.

Therapeutic Usefulness
4-MTA has no recognized therapeutic

use.

Recommendation
4-MTA is chemically and

pharmacologically similar to MDA and
MDMA. 4-MTA is a new synthetic drug
which was seized for the first time in
1997. Although evidence of its actual
abuse is available only in several
countries in Europe, seizures, including
those of large quantities reported from a
wider range of countries, suggest that
the trafficking and abuse of 4-MTA are
more widespread than have been
reported. Based on this and its
similarity to known MDA-type
psychotropic substances, as well as data
from drug discrimination studies in
animals, it is estimated that 4-MTA is
likely to be abused so as to constitute a
public health and social problem
warranting its placement under
international control. Taking into
consideration that 4-MTA has no
recognized therapeutic use and that it
has resulted in a number of fatalities,
abuse of 4-MTA is estimated to
constitute an especially serious risk to
public health. It is therefore
recommended that 4-MTA be placed in
Schedule I of the 1971 Convention on
Psychotropic Substance.

GHB (Gamma-hydroxybutyric acid)
Substance Identification

GHB is chemically γ-hydroxybutyric
acid; 4-hydroxybutyric acid (CAS 591–
81–1). GHB usually exists as either the
free acid or as the sodium salt. Sodium
oxybate (CAS 502–85–2) is a national
nonproprietary name for its sodium salt.
There are no chiral centres; therefore, no
stereoisomers or racemates are possible.

Similarity to Known Substances and
Effects on the Central Nervous System

GHB is an endogenous compound and
is structurally similar to the
neurotransmitter GABA.
Pharmacologically, it produces sedative
and anaesthetic effects at high doses.
Such depressant effects of GHB appear
to be associated with its cataleptic
effects and are different from those of
barbiturates and benzodiazepines. GHB
sedation possessed distinct excitatory
properties, which may be due to its
effect on the dopaminergic system
(increase in intracellular neuronal
dopamine). GHB has been found to
induce anesthesia (but does not provide
pain relief), (slow-wave) sleep,
bradycardia, vomiting, random clonic
movements, hypothermia, reduction in

potassium levels, decrease in ventilatory
rate and apnoea. However, the
respiratory centre remains sensitive to
an increase in carbon dioxide.

Dependence Potential

In drug discrimination studies in
animals, none of the known abused
drugs has the ability to fully substitute
for GHB. Morphine, dexamphetamine,
LSD and some benzodiazepines
produced, at best, partial substitution.
There have been few studies regarding
the dependence/abuse potential of GHB.
However, during the numerous studies
involving administration of GHB to
patients at varying concentrations, no
dependence has been observed at low
doses of GHB. At prolonged high doses,
however, a withdrawal syndrome
including insomnia, muscular
cramping, tremor and anxiety has been
noted upon discontinuation in some
cases.

Actual Abuse and/or Evidence of
Likelihood of Abuse

GHB abuse has been reported in
Australia, USA and many countries in
Europe. Precursors of GHB, such as γ-
butyrolaztone and 1,4-butanediol,
which are metabolized to GHB in the
body, have also been abused. Although
initially abused by body-builders for its
apparent growth hormone promoting
properties, the more recent primary
mode of abuse worldwide has been the
use of GHB for its subjective hypnotic,
euphoric and hallucinogenic effects,
especially in the context of the dance
music culture (i.e. ‘‘raves’’). Some users
have also claimed to use GHB as an
alternative to alcohol (for relaxation), as
a sexual adjunct, appetite suppressant,
anti-aging product and has also been
implicated in cases of sexual assault.

It appears that toxic effects can be
produced directly from the drug and the
presence of other depressant or sedative
drugs (e.g. opiates, benzodiazepines,
alcohol and barbiturates) and possibly
other psychoactive compounds (e.g.
amphetamine) may exacerbate the
effects of GHB. Hospital admissions and
deaths have been linked to GHB
ingestion and generally involve the
onset of coma and respiratory
depression.

Therapeutic Usefulness

GHB has been used as an anaesthetic
agent and as an aid to alcohol/opiate
withdrawal, primarily in France,
Germany and Italy, respectively. In USA
and Canada it is currently under
evaluation for the treatment of
narcolepsy-associated cataplexy.
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Recommendation
Although GHB is an endogenous

compound that exists in the human
body, GHB has psychoactive and toxic
effects when administered. The pattern
and consequences of its abuse in a
number of countries in Europe and the
USA seem to suggest that its liability to
abuse constitutes a significant risk to
public health. The current easy
availability of GHB and some of its
precursors has contributed to its recent
abuse. The wide availability is likely to
be reduced once GHB is placed under
international control. On these bases, it
is recommended that GHB be placed in
Schedule IV of the 1971 Convention on
Psychotropic Substances.

Zolpidem (INN) Substance
Identification

Zolpidem is chemically N,N,6-
trimethyl-2-p-tolylimidazo [1,2-
a]pyridine-3-acetamide; N,N,6-
trimethyl-2-(4-
methylphenyl)imidazo[1,2-a]pyridine-3-
acetamide (CAS 82626–48–0). Trade
names include: Ambien, Bikalm, Niotal,
Stilnoct, Stilnox.

Similarity to Known Substances and
Effects on the Central Nervous System

Though chemically different from
benzodiazepines, zolpidem produces
benzodiazepine-like effects. It acts as an
agonist binding with high and low
affinity to BZ1 and BZ2 receptor
subtypes, respectively. It is generally
believed to produce relatively greater
hypnotic effects than other
benzodiazepine-like effects.

Dependence Potential
The results of human laboratory

studies suggest that zolpidem and
triazolam are generally similar in terms
of producing subjective reinforcing
effects. As with many of the
benzodiazepines, there have been a
number of case reports describing
withdrawal symptoms after cessation of
zolpidem administration. Though
withdrawal discomfort does not
necessarily lead to compulsory drug
taking (drug dependence) in humans,
there are reports of clinically diagnosed
cases of drug dependence resulting from
a prolonged use of zolpidem.

Actual Abuse and/or Evidence of
Likelihood of Abuse

Epidemiological studies indicate that
zolpidem is associated with relatively
low incidence of abuse. Sporadic case
reports in the scientific literature have
indicated that zolpidem is abused, but
these cases usually involved patients
with histories of drug abuse or chronic
psychiatric disorders. Cases of zolpidem

overdose requiring emergency treatment
have been reported. Death due to
zolpidem overdose is rare. Rates of
actual abuse and dependence of
zolpidem appear to be similar to other
hypnotic benzodiazepines in Schedule
IV. In terms of the numbers of cases of
abuse, dependence and withdrawal
reported as adverse drug reactions to the
WHO adverse drug reaction database,
less than ten benzodiazepines are
ranked higher than zolpidem.

Therapeutic Usefulness
Zolpidem is used for treatment of

insomnia in more than 80 countries.

Recommendation
Although zolpidem has a somewhat

novel neuropharmacological profile
relative to classic benzodiazepines,
studies of its abuse potential suggest
that it may be comparable to that of
many benzodiazepines. Furthermore,
rates of actual abuse and dependence of
zolpidem in medical use, as well as the
risk to public health of its abuse, appear
to be similar to hypnotic
benzodiazepines presently placed in
Schedule IV. On these bases, it is
recommended that zolpidem be placed
in Schedule IV of the 1971 Convention
on Psychotropic Substances.

I. Discussion
Although WHO has made specific

scheduling recommendations for each of
the drug substances, the CND is not
obliged to follow the WHO
recommendations. Options available to
the CND for substances considered for
control under the Psychotropic
Convention include: (1) Acceptance of
the WHO recommendations; (2)
acceptance of the recommendations to
control, but control the drug substance
in a schedule other than that
recommended; or (3) rejection of the
recommendations entirely.

4-Bromo-2,5-
dimethoxyphenethylamine (2C-B) is a
Schedule I controlled substance in the
United States. The U.S. Drug
Enforcement Administration (DEA)
placed 2C-B (including salts, isomers,
and salts of isomers: isomers include
optical, positional, and geometric) in
Schedule I of the Controlled Substance
Act (CSA) in June 1995. 4-
methylthioamphetamine (4-MTA) is not
marketed in the United States and is not
currently a controlled substance in the
United States. Gamma hydroxybutyric
acid (GHB) is a Schedule I controlled
substance in the United States. GHB,
including its salts, optical isomers, and
salts of optical isomers, became a
Schedule I controlled substance in
March 2000. Registered manufacturers

and distributors of GHB when it is
manufactured, distributed, or possessed
in accordance with an FDA authorized
investigational new drug exemption
under Section 505(i) of the Federal
Food, Drug, and Cosmetic Act (21 USC
355(i)) are subject to Schedule III
security requirements. If FDA approves
a drug product containing GHB for
marketing, the approved product will be
placed into Schedule III under Public
Law 106–172. Zolpidem, its salts,
isomers, and salts of isomers, is a
Schedule IV controlled substance in the
United States. The DEA placed
zolpidem in Schedule IV in February
1993. With the exception of 4-MTA,
current controls in the United States on
the substances under consideration for
international control appear to meet the
requirements of the recommended
Psychotropic Convention schedules.

IV. Comments
Interested persons may, on or before

March 15, 2001, submit to the Dockets
Management Branch (address above)
written comments regarding this notice.
This abbreviated comment period is
necessary to allow HHS to furnish a
recommendation to the Secretary of
State in time for the March 2001
meeting of the United Nations
Commission on Narcotic Drugs.
Comments are to be identified with the
docket number found in brackets in the
heading of this document. Received
comments may be seen in the Dockets
Management Branch (address above)
between 9 a.m. and 4 p.m., Monday
through Friday.

Dated: February 27, 2001.
Ann M. Witt,
Acting Associate Commissioner for Policy.
[FR Doc. 01–5218 Filed 2–28–01; 11:36 am]
BILLING CODE 4160–01–P

DEPARTMENT OF HEALTH AND
HUMAN SERVICES

Food and Drug Administration

Blood Products Advisory Committee;
Notice of Meeting

AGENCY: Food and Drug Administration,
HHS.
ACTION: Notice.

This notice announces a forthcoming
meeting of a public advisory committee
of the Food and Drug Administration
(FDA). The meeting will be open to the
public.

Name of Committee: Blood Products
Advisory Committee.

General Function of the Committee:
To provide advice and
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SECTION 8 
RISK MANAGEMENT 

 

292 

                                      PAR1005 
IPR of U.S. Patent No. 7,668,730  
                               Page 296 of 353



Orphan Medical, Inc. 
NDA #21-196  Xyrem® (sodium oxybate) oral solution 
Peripheral and Central Nervous System Drugs Advisory Committee Briefing Booklet 
 

R:\GHB\PostNDA\Advisory Meeting\June 6-2001 Meeting\Briefing Books\Section 8--Risk Management.doc 2 

8.0 RISK MANAGEMENT 
 
8.1 Introduction to Risk Management 
 
The system used to manage the risks presented by medical products during their  
pre-market and post-market phases involves many different parties with various, and 
sometimes different, interests.  Each party’s goal, however, is limitation of the risk a 
medical product presents to the patient and the public.  It is a complex system, 
presented graphically in Figure 8.1. 
 

Figure 8.1.  Complex System for Managing the Risks  
of Medical Products 

 
 

 
Wishing to simplify and update this risk management system, the FDA established a 
Task Force in 1999 to reconsider the existing system, identify issues, and recommend 
solutions (Task Force on Risk Management 1999). 
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One of the major issues highlighted by the Task Force was that each of the partners 
within this system lacked clearly defined roles and responsibilities. The Task Force 
further determined that actions of the participants are not well integrated and 
coordinated. 
 
An example is the reporting of adverse events.  All pharmacists are trained to identify 
adverse events, and to report them to the manufacturer, which, in turn, reports them to 
the FDA.  This process is not always effective within the current healthcare environment, 
in which patients can make several visits to many different physicians, use multiple 
pharmacies, and take over-the-counter or nutritional products without medical 
supervision.   
 
Rarely is a thorough medication audit performed on a patient, and consequently, 
patients may not receive informed counseling regarding potential medication 
interactions.  Resultant adverse events often are not correlated to concomitant 
medications.  While regulations do exist to support counseling of patients by trained 
pharmacists, many retail pharmacies have addressed this obligation by simply providing 
written instructions for a given medication, and the opportunity for integration of care is 
again lost. 
 
Integration of a patient’s total care is impossible without all of the care providers working 
in concert. 
 
The Task Force concluded that “risk confrontation” is key to the effective management of 
risk associated with medical products.  It recommended a simplified model that takes 
into account the current health care delivery environment (see Figure 8.2). 
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Figure 8.2.  Proposed Risk Management Model 

 
Risk confrontation is the identification of salient risks and the design of methods to 
address these risks.  This model revolves around the participation of relevant partners 
and stakeholders, that is, interested parties that can contribute to effective risk 
management.  These parties, referred to as the “Interested Community,” have to be 
involved in the risk identification and management processes. 
 
Orphan Medical has embraced and incorporated the conclusions of the FDA Task Force 
in the design of its risk management system.  These are presented in the next sections. 
 
8.1.1 RISK MANAGEMENT OF XYREM USING THE RISK CONFRONTATION 

MODEL 
 
8.1.1.1 Identify Issues and Put Them Into Context 
 
The first step in the risk confrontation model is to identify issues and understand their 
real-world implications.  Orphan Medical invited stakeholders to participate in a series of 
meetings, between 1998 and 2001, in order to discuss Xyrem and its potential risks.  
Stakeholders included in these meetings were: 

• Narcolepsy patient organizations  
• Narcolepsy patients  
• Physicians expert in treating narcolepsy  
• Drug abuse experts  
• Criminal prosecutors  
• Forensics experts  
• Sexual assault investigators  
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• Drug abuse trend experts  
• Legislative personnel  
• Field law enforcement  
• Various law enforcement officers who train other officers in drug recognition 

issues 
• Emergency room physicians  
• Toxicologists and Poison Control Center directors  
•  The National Association of State Controlled Substance Authorities (NASCSA)  
• The National Association of Drug Diversion Investigators (NADDI)  
• Rape crisis centers and advocates  

 
 
The objectives of the meetings were to: 
 

1. Identify all of the key risks relating to the use of Xyrem as well as illicit GHB and 
related chemicals; and to  

2. Propose methods to contain the risks identified.  
 
The stakeholders first agreed on the following list of facts and issues. 
 
• Narcolepsy is a disabling disease estimated to affect fewer than 140,000 people in 

the United States.  Since it is a difficult disease to diagnose, only an estimated 
75,000 individuals with narcolepsy have received an accurate diagnosis and are 
receiving treatment.   

• Cataplexy, a disabling symptom of narcolepsy, is distinguished by a loss of muscle 
tone when the patient is confronted by emotional stimulus. It is estimated that the 
number of diagnosed/treated narcolepsy-with-cataplexy patients in the U.S. is 
approximately 25,000.  Current treatments for cataplexy are limited in their 
effectiveness and can have troubling adverse effect profiles, leading to their 
discontinuation by some patients. 

• Physicians and narcolepsy patients are familiar with the restrictions and risks 
associated with controlled substances.  Schedule II and IV medicines are typically 
used in the attempt to control the symptoms of narcolepsy. 

• The results of clinical trials in which Xyrem was evaluated indicate that it is safe and 
efficacious when used to treat narcolepsy. 

• Illicit use of GHB and related chemicals is growing, with serious physical 
consequences to users being identified (Zvosec 2001). 

• The sources of illicit GHB and related chemicals range from home made products 
and “reagent kits” sold on the Internet to two industrial chemicals, of which 100 
million gallons were produced in the US last year (Caruso 1997).  Illicit GHB and 
related chemicals can also be obtained as nutritional supplements from health food 
stores.  All illicit products vary in purity, content, and dose. 

• Xyrem has never been reported as a source of abused GHB by toxicologists, ER 
personnel, or law enforcement personnel. 
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• Poly-drug use is common in the abuser population (Galloway 2000), with little known 
about drug interactions among various illicit drugs.  Use of alcohol in combination 
with GHB is common, leading to dangerous, potentially synergistic, effects (McCabe 
1971). 

• In general, toxicologists, emergency medicine personnel, and other medical 
personnel lack knowledge of GHB and related chemicals and training in how to treat 
their misuse, especially when ingested with alcohol or other illicit drugs. 

• Law enforcement personnel also usually lack knowledge and training in how to 
identify illicit GHB and related chemicals. 

• State laws addressing illicit GHB and related chemicals are not uniform.  Differences 
also exist between federal and state laws.  

• Within the Interested Community, very little scientific information regarding abuse of 
GHB, drug diversion investigations, law enforcement training, identification, activities, 
and state efforts dealing with controlled substances exists, and even less is shared. 

• Currently, diversionary activities are difficult to identify and investigate due to the lack 
of integration in pharmacy reporting systems. 

• Often investigations are initiated many months after a crime occurs, owing to the 
need to collect extensive data.  Thus, illicit use is simply “caught” versus prevented. 

• Widespread distribution of controlled substances through community pharmacy 
increases the potential for diversion. 

• Sexual assault investigation protocols do not include screening or testing for illicit 
GHB and related chemicals. 

• Most hospital diagnoses are presumptive.  Very few laboratories identify or quantify 
GHB, GBL and 1,4-Butanediol in blood or urine.  These drugs are not part of routine 
drug screening methodologies in hospitals. 

• Urine screening for illicit GHB and related chemicals is not specific enough to 
distinguish between the ingested agents: all are identified as GHB. 

• Available on-line and other information resources that report sanctions of physicians 
accused of diversion are not used by appropriate parties. 

• Legislation has reduced the illicit use of GHB-containing products, however, readily 
obtained chemicals such as GBL and 1,4BD are increasingly being used as 
substitutes. 

• Further state legislation is needed to apply penalties to the misuse of these 
substitute sources of GHB. 

 
After identifying these facts and issues, the groups reached these conclusions: 
 
• Xyrem should be made available for patients who need it, but must be handled 

responsibly by all involved parties. 
• A comprehensive approach, involving key stakeholders and partners, is needed to 

manage the risk that Xyrem could become a source of abused product while allowing 
access to it by patients whose conditions can be improved by its medicinal 
properties. 

• To reduce the threat to public health posed by illicit GHB, information about GHB 
must be shared within and among the scientific, medical, and law enforcement 
communities. 
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8.1.1.2 Assess Risks/Assess Benefits 
 
The second step in addressing risk management, as described by the FDA Task Force, 
is to assess the overall benefits and risks of a given medical product.  Elsewhere in this 
document, the medical need for Xyrem is presented, as are data regarding the safety 
and efficacy of Xyrem.   
 
It should noted that after review of controlled trials assessing Xyrem in narcolepsy 
patients, the FDA asked Orphan Medical to initiate a Treatment IND.  By definition, 
Treatment IND protocols are granted only when medicines under clinical evaluation treat 
patient populations whose medical condition is “life threatening or debilitating” and where 
no acceptable therapeutic alternative exists. 
 
The medical need, efficacy, safety, and Treatment IND information was also shared with 
the stakeholders and partners that Orphan Medical involved in the development of its 
risk management approach. 
 
The law enforcement stakeholders involved were initially skeptical about the need for 
this medication, but, upon learning about narcolepsy and the clinical results of Xyrem, 
these parties agreed that the therapeutic need for Xyrem was compelling.  They 
continue to be very concerned, of course, about the use of illicit GHB and related 
chemicals and asked that Orphan Medical address both the potential for inappropriate 
prescribing of Xyrem and the potential for diversion, two factors which could contribute to 
the complexity of the illicit GHB drug environment.  
 
Other stakeholders voiced concern about the addictive potential of illicit GHB and related 
chemicals and whether there is a risk of addiction among narcolepsy patients from their 
use of Xyrem.  Orphan Medical has, and will continue to share, information it has about 
the abuse or addiction potential of Xyrem.  The Abuse Liability and Overdosage section 
in this document addresses these issues.  Orphan Medical has also pledged to assist, 
where it can, efforts to evaluate the abuse and addictive properties of other GHB related 
compounds.  All of the stakeholders understand that these compounds do not fall under 
the responsibility of the Company, but that the Company’s current and future data may 
be helpful in efforts to contain the risk presented by these illicit compounds. 
 
All stakeholders agreed that it was important for Orphan Medical to consider risk 
management solutions that will allow Xyrem to reach the intended population of 
narcolepsy patients while minimizing the risk that Xyrem may be obtained by those 
seeking to misuse it. 
 
8.1.1.3 Identify and Analyze Options 
 
Orphan Medical presented to the stakeholders options it could have followed to date, but 
were dismissed since the options did not combine the goals of providing Xyrem to those 
who need it, managing risk associated with Xyrem in a responsible manner, and 
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assisting the stakeholders where possible to reduce the risk of illicit GHB and related 
chemicals. 
 
Clearly, Orphan Medical could have chosen to ignore risk issues around illicit GHB and 
related chemicals, and instead focus solely on the medical use of Xyrem.  It could have 
attempted to shift the focus of attention to problems with alcohol, Ecstasy, 
amphetamines, Rohypnol and other club drugs with greater frequency of use and levels 
of abuse than GHB.  It could have designed its risk management system in a manner 
that assumes physicians, patients and pharmacists will work together to minimize risks 
once Xyrem is approved. 
 
Instead, Orphan Medical has invested substantial resources to address issues around 
Xyrem, and around illicit GHB and related chemicals that are not, strictly speaking, the 
Company’s responsibility.   Along with stakeholders and partners, Orphan Medical has 
pro-actively developed approaches and solutions to these issues.  These were arrived at 
through consideration of possible alternatives available to Orphan Medical, listed below. 
 
8.1.1.3.1 Distribution Options 
 

• Use a traditional pharmaceutical distribution model that relies on current controls 
to prevent, minimize, and prosecute diversion. 

• Establish a specialty distribution model that includes customized controls to meet 
the needs of the stakeholders. 

 
8.1.1.3.2 Scheduling Timing Options 
 

• Wait for Xyrem approval and scheduling designation at the time of NDA approval, 
the customary administrative approach.  

• Prior to the Xyrem NDA submission, support and move for the legislative 
scheduling of Xyrem, illicit GHB and related chemicals, which allows greater 
control over these compounds and allows prosecution of illicit use sooner. 

 
8.1.1.3.3 Scheduling Designation Options 
 

• Support Schedule II designation that allows prescription monitoring and strong 
penalties for illicit use, but entails a much broader distribution system, thereby 
creating many more points of potential diversion. 

• Support Schedule IV designation that permits use of a centralized mail  
order-based distribution system serving small patient populations, but offers 
minimal penalties for illicit use.  

• Support Schedule III designation that allows for centralized mail order-based 
distribution to small patient populations, and offers greater penalties for illicit use. 

• Support the HHS recommended “bifurcated schedule” of Schedule I/Schedule III, 
that allows central, mail order-based distribution to small patient populations, and 
offers the strongest possible penalties for illicit use. 
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8.1.1.3.4 Prescribing Options 
 

• A system that allows investigation of inappropriate use/action based on 
verification and/or identification of: 

• A patient’s diagnosis 
• A physician’s appropriateness 
• Prescription and dispensing of an appropriate dose 
• Appropriate frequency of prescription  
• Inappropriate use 

 
• A system that relies on state or federal authorities to investigate based on their 

verification and/or identification of: 
• A patient’s diagnosis 
• A physician’s appropriateness 
• Prescription and dispensing of an appropriate dose 
• Appropriate frequency of prescription  
• Inappropriate use 

 
• A prescription system that relies on the physician, patient, and pharmacist to 

oversee verification and/or identification of: 
• A patient’s diagnosis 
• A physician’s appropriateness 
• Prescription and dispensing of an appropriate dose 
• Appropriate frequency of prescription  
• Inappropriate use 

 
8.1.1.4 Select a Strategy 
 
The fourth step identified by the Task Force in the risk confrontation model is to select a 
strategy.  After much discussion with stakeholders and partners, and consideration of 
alternatives, Orphan Medical has developed the following risk management strategy.  
(The key elements of this strategy are in italics.) 
 
8.1.1.4.1 Strategy Selected 
 
Confront issues of risk regarding Xyrem and co-develop risk management solutions with 
other stakeholders. 
 
Pharmaceutical companies often seek to minimize the perception of risk associated with 
their products by highlighting problems with other products or allowing risk management 
of products to be addressed by other stakeholders, such as physicians or pharmacists 
once the product is commercially available.  Orphan Medical concluded this approach 
was not appropriate for Xyrem. 
 
A closed distribution system has been designed to address risk management of Xyrem.  
In addition to assigning responsibility for some risk management to the traditional 
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stakeholders, the system also places more than usual responsibility on the patient, state 
authorities, and federal authorities. 
 
Assist stakeholders in confronting the risks associated with illicit GHB, and related 
chemicals. 
 
The risks associated with illicit GHB and related chemicals originate from the distribution 
of raw chemicals, home-made formulations, and the sales of nutritional supplements and 
of “reagent kits” over the Internet.  Most pharmaceutical companies would refuse help to 
efforts to curb these risks since there is little that the pharmaceutical company, 
physicians, and pharmacists can do in regard to illicit GHB.  Orphan Medical, however, 
has pledged its help to efforts to contain the public risk associated with illicit GHB and 
related chemicals.  The Company has shared its data with NIDA, forensic science 
groups, toxicologists and emergency medicine physicians.  Orphan Medical is involved 
in collaboration and sponsorship of studies relating to abuse pharmacology. 
 
Orphan Medical has tried to set an example of how a company can help advance the 
science and understanding of an abuse substance and work with physicians, drug abuse 
specialists, law enforcement and other stake holders to better address risks posed by 
illicit substances. 
 
8.1.1.4.2 Development Option Selected 
 
Develop Xyrem for a small patient population where adequate therapy does not exist, 
understanding its importance in that population. 
 
While conventional wisdom in the pharmaceutical industry is to develop a medication for 
the largest possible indication, Orphan Medical’s mission is to develop and market 
pharmaceuticals of high medical value for patients with rare diseases for which few, or 
inadequate, therapeutic alternatives exist.  Larger pharmaceutical companies typically 
ignore such diseases and conditions because the potential revenue is inadequate to 
generate acceptable returns. 
 
Orphan Medical, on the other hand, has conducted trials and collected data that it 
believes demonstrate Xyrem’s safety and efficacy in this small patient population.  
Xyrem will be marketed only for the approved label claim, with DDMAC (FDA’s Division 
of Drug Marketing, Advertising and Communications) having “jurisdiction” over 
promotional activities. 
 
8.1.1.4.3 Scheduling Timing Option Selected 
 
Pro-actively support, prior to any approval of Xyrem, the legislative scheduling of GHB 
compounds, including Xyrem, illicit GHB and related chemicals, to allow greater control 
and prosecution of misuse. 
 
Traditionally, consideration of a medication’s schedule status occurs during the NDA 
review and its definitive schedule is designated at the time of approval.  Due to the 

301 

                                      PAR1005 
IPR of U.S. Patent No. 7,668,730  
                               Page 305 of 353



Orphan Medical, Inc. 
NDA #21-196  Xyrem® (sodium oxybate) oral solution 
Peripheral and Central Nervous System Drugs Advisory Committee Briefing Booklet 
 

R:\GHB\PostNDA\Advisory Meeting\June 6-2001 Meeting\Briefing Books\Section 8--Risk Management.doc 11 

widespread availability of illicit GHB and its growing chemical abuse in the late 1990’s, 
many states began to legislatively schedule GHB.  In those states which enacted GHB 
scheduling initiatives, the “street use” quickly shifted from GHB to GBL, 1,4BD or other 
related chemicals.  Due to the metabolism of these agents in the body to GHB, these 
agents were used not only to make illicit GHB, but eventually they were simply ingested 
in order to obtain a “GHB-like” effect.  Thus, well-intentioned legislation was ultimately 
ineffective since it was too narrow and did not also include GHB precursor chemicals. 
 
Orphan Medical, along with stakeholders, concluded it would be in the best interest of 
the overall risk management of Xyrem to support Federal legislation to schedule GHB 
and related chemicals.  Orphan Medical worked with other interested parties and 
stakeholders to help obtain legislation as quickly as possible.  In early 2000 President 
Clinton signed into effect PL 106-172, The Hillory J. Farias and Samantha Reid  
Date-Rape Drug Prohibition Act of 2000 (Public Law 106-172). 
 
8.1.1.4.4 Scheduling Designation Option Selected 
 
Support congressional scheduling based on the HHS recommended “bifurcated 
schedule” of schedule I/schedule III that allows for central, mail order-based distribution 
of Xyrem to a small patient population, and also provides for the strongest possible 
penalties for illicit use. 
 
One of the main issues raised by stakeholders was the application of the schedule that 
would apply the harshest penalties possible for the illicit use of GHB and related 
chemicals, yet allow access to Xyrem for narcolepsy patients who need it.  PL 106-172 
followed the recommendations of FDA and as presented to the DEA by the Department 
of Health and Human Services on May 19, 1999 (Satcher, written communication). 
 
This bifurcated schedule made illicitly used GHB a Schedule I substance and provided 
Schedule III designation for medicines containing GHB that might be approved by the 
FDA in the future.  It is important to note that the Schedule I provisions apply to 
approved products if they are used illicitly. 
 
The HSS report, submitted to the DEA by David Satcher, M.D., Ph.D., Assistant 
Secretary for Health and Surgeon General, is based on a document prepared by FDA’s 
Drug Abuse Evaluation Staff.  That document includes an eight-factor analysis regarding 
the recommended scheduling of Xyrem.  The following information is excerpted from that 
documen (US Department of Justice 1997). 
 

“GHB products are currently being studied under FDA authorized 
investigational new drug applications.  None of the reports of actual 
abuse of GHB that support the scheduling recommendation in part I has 
involved GHB that was diverted from an authorized study.  Moreover, 
given the ease with which GHB can be synthesized from readily available 
materials, it is considerably less likely that these authorized studies will 
become a source for unlawful use or abuse of GHB.  In essence, the 
widespread availability of clandestinely produced GHB decreases the 
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abuse liability and potential for abuse of the products being studied in 
authorized research programs and well-supervised clinics.  For this 
reason, a GHB product or substance that is the subject of an authorized 
protocol and is being studied under a carefully designed research 
protocol has “low potential for abuse relative to drugs or other substances 
in schedule III.” (Emphasis added.) (see U.S.C. 12 (b)(4)(A)”. 

 
8.1.1.4.4.1 Medical Use 
 
Dr. Satcher’s report goes on to address the medical use of GHB: 

 
“A GHB product, however, has recently been granted a protocol under 21 
CFR 312.34 to allow for expanded, treatment use of the product in 
patients who suffer from cataplexy associated with narcolepsy.  In this 
instance the study and development of a GHB product is sufficiently far 
along to suggest that authorized formulations of GHB may be considered 
as having a “currently accepted medical use with severe restrictions” 
under the CSA (see 21 U.S.C. 812 (b)(2)(B); see also 47 FDA 281241, 
June 29, 1982)”. 

 
8.1.1.4.4.2 Physical or Psychological Dependence 
 
Dr. Satcher also states,  

 
“There is no well-developed evidence from clinical studies to suggest that 
GHB leads to psychological dependence.  The few available anecdotal 
case reports suggest only mild withdrawal symptoms that may be 
indicative of ‘low risk of physical dependence.’  Similarly, from these few 
anecdotal reports, instances of escalation of GHB dose, increased 
frequency of use, and continued use despite adverse consequences, are 
only suggestive of dependence production.  There is no evidence to 
suggest that abuse of GHB leads to ‘severe’ dependence (see 21 U.S.C. 
812 (b)(2)(C)).  When compared to substances in Schedules II and III, 
GHB’s physical and psychological dependence producing effects appear 
to be ‘limited’ (see 21 U.S.C. 812 (b)(4)(C)).” 

 
The Assistant Secretary for Health and Surgeon General concludes: 

 
“Formulations of GHB currently are being studied under FDA-authorized 
INDs.  At least one sponsor’s formulation has been granted Orphan Drug 
status under section 526 of the Food, Drug, and Cosmetic Act, and is 
available under a treatment use protocol under 21 CFR 212.34.  None of 
the reports of actual abuse of GHB that support the Schedule I 
recommendation has involved GHB diverted from an authorized study.  
Given the ease with which GHB can be synthesized from readily available 
materials, it is unlikely that authorized studies will become a source of 
GHB for abuse.  Rather, the abuse potential of GHB, when used under an 
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authorized research protocol, is consistent with substances typically 
controlled under Schedule IV.  Information on the dependence producing 
effects of GHB is limited, but can suggest that its potential for physical 
and psychological dependence is also consistent with control under 
Schedule IV”.  (Emphasis added.) 

 
“Authorized formulations of GHB, however, do not meet the ‘accepted 
medical use’ criteria set forth in Schedule IV.  At best, an authorized 
formulation of GHB is far enough along in the development process to 
meet the standard under Schedule II of a drug or substance having a 
‘currently accepted medical use with severe restrictions.’  Under these 
circumstances, FDA recommends placing authorized formulations of GHB 
in schedule III, a level of control higher than Schedule IV to take into 
account the lack of an accepted medical use and a level of control lower 
than schedule II to take into account the abuse and dependence liability 
findings for authorized formulations of GHB.” (Emphasis added) 

 
Stakeholders, potential specialty medications distribution partners, drug diversion 
investigators, State Boards of Pharmacy, legal experts and others were consulted on the 
issue of scheduling.  They strongly supported a schedule III designation because it 
allows for a “closed loop” distribution system.  A “closed loop” system provides for the 
confirmation of the shipment and receipt of medicine.  Prescribing information, including 
frequency and dosing data, can be accessed from a single source.  With this system, 
Xyrem’s distribution can be monitored and controlled relatively easily and accurately 
since product is distributed from a single location, unlike a typical pharmaceutical 
distribution system that allows for widespread distribution through multiple retail 
pharmacies. 
 
Such a centralized, mail order-based system is very well suited to minimize diversion 
and related risk issues.  Narcolepsy is limited in its incidence so the number of patients 
is easily managed.  Moreover, since the disease is chronic, prescriptions are repetitive 
and usage can be monitored for unusual patterns. 
 
In practice, some state pharmacy laws do not allow for mail order distribution of Xyrem.  
(Mail order is legal, but prescriptions for Schedule II agents have to be submitted in 
person.)  The Schedule III designation was necessary to implement this system of  
direct-to-patient delivery.  The closed distribution system for Xyrem, along with the 
physician and patient education components of the program, will be addressed at length 
later in this document. 
 
Another issue addressed in PL 106-172 was the “listing” of the industrial chemical GBL, 
requiring special reporting by chemical manufacturers.  Unfortunately, this legislation did 
not address other related chemicals.  Orphan Medical is actively supporting efforts on a 
state-by-state basis to include GHB precursor chemicals in various analog and sexual 
assault statutes1. 

                                                 
1various state analog laws 
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8.1.1.4.5 Prescribing Options Selected 
 
Confront risk by targeting promotional and selling efforts to those physicians (and 
physician specialties) identified as most likely to treat narcolepsy patients, and develop a 
system of responsible distribution that includes physician and patient education 
programs to help minimize physician off-label prescribing and patient misuse of Xyrem. 
 
Certain stakeholders asked if Orphan Medical could somehow control who prescribes 
Xyrem, and control how Xyrem is prescribed.  Orphan Medical cannot dictate or directly 
limit who prescribes Xyrem as it does not have accrediting jurisdiction over physicians.  
Further, it cannot limit the indications for which Xyrem might be prescribed, as this would 
constitute an imposition on the practice of medicine, for which Orphan Medical is not 
licensed. 
 
Orphan Medical can, however, attempt to address this issue by prospectively identifying 
and targeting those physicians and physician specialties most likely to treat narcolepsy.  
This will be accomplished by utilizing a number of research sources and analyzing 
selected data.  (Note that, because narcolepsy is a rare disease with a small patient 
population, most research sources provide limited information and/or data.  Furthermore, 
these sources of information and data are highly unreliable because survey sample 
sizes are small.  However, certain assumptions can be made.) 
 
The first source consulted was the American Board of Sleep Medicine (ABSM).  This 
organization issues certificates of special knowledge in sleep medicine to physicians and 
PhDs in related fields.  The knowledge base of sleep medicine is derived from many 
disciplines, including neuroanatomy, neurophysiology, respiratory physiology, 
pharmacology, psychology, psychiatry, neurology, general internal medicine, pulmonary 
medicine, pediatrics, and others.  As of February 2001, there were 1,517 professionals 
identified by ABSM as certified sleep specialists. 
 
According to the American Medical Association (AMA), many clinicians practice sleep 
medicine under their primary specialty, such as neurology, pulmonology, psychiatry.  
Sleep medicine, however, is not listed as one of the 24 major board specialties 
recognized by the AMA, and only 48 physicians within the United States have identified 
themselves to the AMA as practicing sleep medicine.  While this group of physicians is 
certainly qualified to prescribe Xyrem, it clearly does not treat the entire narcoleptic 
population. 
 
The National Disease and Therapeutic Index (NDTI), identifies physician specialties that 
prescribe medications for a given disease.  The NDTI data, like the ABSM information, 
report the involvement of numerous medical specialties in treating narcolepsy.  NDTI 
data for 1999 and 2000 (January-June) identified the following specialties that prescribe 
medication for patients with a diagnosis of narcolepsy: neurology, pulmonary diseases, 
psychiatry, family practice, osteopathic medicine, internal medicine, and general 
practice. 
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IMS HEALTH Information Services, through its National Prescription Audit information, 
tracks prescribers of Provigil (modafinil).  Since Provigil is indicated for the treatment of 
daytime sleepiness associated with narcolepsy, it could be presumed that Provigil 
prescribers are physicians treating narcolepsy patients.  Again, it was noted that the 
number of medical specialties is large; Provigil prescribers are classified as follows: 
neurology, pulmonary diseases, psychiatry, internal medicine, sleep medicine, and 24 
other specialties. 
 
All of these data sources corroborate; that is, physicians who practice sleep medicine, 
diagnose and treat sleep disorders (narcolepsy, in particular), and prescribe medicines 
for these disorders fall within a defined range of medical specialties.  As part of its 
marketing strategy, and consistent with its risk management goals, Orphan Medical has 
identified, within this group of specialties, key physicians on whom to focus initial 
marketing and sales efforts. 
 
Prior to the launch of Xyrem, these physicians will be checked with the AMA and with the 
National Prescribers Databank (NPD) to determine if they are medical license holders 
and further licensed to prescribe controlled substances.  Because the NPD is updated 
quarterly, State Medical Boards will be searched on-line to determine if disciplinary 
actions have been taken against any of these physicians which have not yet been 
reported to the NPD database.  If any of the physicians has had privileges revoked, the 
central database will be flagged and the physician will be removed from Orphan 
Medical’s list, with no mailings or detail calls made to them.  In addition, the central 
pharmacy will be instructed not to fill prescriptions received from such physicians.  
These database checks (AMA, NPD and State Medical Boards available on-line) will 
periodically occur to ensure that physician eligibility has not changed. 
 
At the launch of Xyrem, each of the key physicians identified by Orphan Medical will 
receive a traditional “detail call” from an Orphan Medical sales representative.  During 
this call,  a Xyrem Physician Success ProgramSM will be reviewed with the physician and 
left behind.  This educational program outlines the prescription and distribution process 
for Xyrem.  DDMAC-approved information, regarding the benefits and risks of Xyrem in 
the intended patient population, will also be provided to these physicians. 
 
Because a single, central pharmacy will handle distribution of Xyrem, as well as its 
educational materials, it will be possible to keep consolidated records of which 
physicians and patients have received educational materials on Xyrem.  In addition, 
pharmacy data on prescribing physicians will be collected.  It will be the pharmacy’s role, 
not Orphan Medical’s, to share with appropriate state and federal authorities the data 
regarding the prescribing of Xyrem.  Available data, including physician name, physician 
specialty, and frequency of prescribing will assist appropriate authorities in an 
investigation, should one become necessary.  The centralized, real-time nature of these 
data will allow for rapid identification in the rare case of diversion. 
 
The second issue raised around the risk management of Xyrem is that of “off label” 
prescribing.  It is important to note that an NDA holder has the responsibility to 
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manufacture and promote a medication consistent with its label claim.  All promotions 
are subject to FDA review, and U.S. laws permit no off-label promotion. 
 
Orphan Medical is a manufacturer and marketer, not a pharmacy or distributor.  Orphan 
Medical will sell Xyrem to the specialty pharmacy, which is then responsible for filling 
prescriptions according to the laws governing the practice of pharmacy in each state.   
 
According to stakeholders in the areas of pharmacy practice and law, there is no state or 
federal territory in which confidentiality laws allow for a manufacturer to know the name 
of a given patient or the dose of a given prescription.  Orphan Medical has no legal 
means to ascertain if a given physician has accurately diagnosed a patient’s disease.  
Nor is the pharmacist in a position to approve or disapprove of the use of Xyrem in a 
given patient.  The practicalities of how prescriptions are filled in the U.S. do not allow for 
a specialty pharmacy to “police” the practice of medicine by a given physician.  The role 
of the central pharmacist will be to fill the prescription; perform a medication audit to 
determine what other ethical medications, over the counter products, and nutritional 
supplements the patient may be taking; and given the doctor-patient-pharmacist 
relationship, enter into a dialog with the physician about the treatment of a given patient 
if appropriate. 
 
Fortunately, the current system used in the U.S. for managing the risks associated with 
controlled substances allows for appropriate stakeholders to police individual physician 
and patient behavior.  The Xyrem system preserves this important feature. 
 
In every state in the U.S., a pharmacy is required by law to cooperate with state and 
federal authorities, including State Medical Boards, DEA and FDA, in any investigation 
dealing with physician or patient behavior.  The controlled substance tracking system 
has been designed to provide data on both patient use and physician prescribing of 
controlled substances. 
 
According to the stakeholders familiar with drug diversion, however, the current systems 
do not work prospectively; they identify inappropriate use long after it happens.  
Consider the “patient” who is an abuser, seeking various narcotics.  This patient may 
visit an emergency room one day and be prescribed a narcotic, which is filled at a local 
pharmacy.  This same patient may travel to a neighboring town the next day and be 
prescribed a second narcotic, which is filled at that local pharmacy.  This cycle could be 
repeated in town after town for a long period of time before triplicate prescription forms 
identify the situation.  If the patient is able to obtain different identification for each visit 
this activity may never be caught. 
 
The Xyrem risk management system ensures that the centralized pharmacy will identify 
patients who are attempting to duplicate prescriptions.  All data collected will be 
available to state and federal authorities, on whatever timeframe they determine to be 
appropriate.  This allows law enforcement agencies to more easily fulfill their 
responsibility for which they have the training and authority to perform.  Incidentally, 
individuals caught trying to manipulate health care systems for illicit purposes as 
described above will be subject to Schedule I penalties as outlined in PL 106-172. 
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This briefing book contains an 8 minute video demonstrating the specific 
prescription process for Xyrem.  Viewing it will aid in understanding the systems 
Orphan Medical will use to fulfill its stated risk management goals: 
 

• Make Xyrem available in a responsible manner to patients who need it; 
• Keep Xyrem out of the hands of those who would use it illicitly; and 
• Provide responsible assistance to law enforcement investigation and 

prosecution efforts if illicit use occurs. 
 
Figure 8.3 describes the roles and responsibilities of each of the involved parties in the 
Xyrem risk management system. 
 
Figure 8.3.  Xyrem:  Risk Management Roles and Responsibilities 
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Stakeholders involved in developing this system strongly support that a risk 
management system similar to Orphan Medical’s be required of any manufacturer who 
submits an ANDA (generic application) or NDA for any GHB-containing product. 
 
The Xyrem risk management system has been designed to confront risk through 
responsible distribution as well as through patient and physician education programs.  
Details of this program follow. 
 
The Xyrem risk management system has been designed with the input of stakeholders 
to confront and minimize the potential risk of both unintended and intended misuse of 
Xyrem. 
 
Starting from the Risk Confrontation model outlined by the FDA Task Force, Orphan 
Medical developed the Xyrem risk management system.  It reflects the input and 
involvement of stakeholders and partners in the identification of risk issues, of potential 
solutions, and of the final selection of strategies.  FDA and DEA input on the program 
has been sought and has not yet been received. 
 
Bulk drug for Xyrem is manufactured at a single site and it is formulated into finished 
product at a separate, single site.  From there, finished Xyrem is shipped to a central 
pharmacy. 
 
Each of these facilities meets FDA and DEA requirements for controlled substances: the 
bulk drug manufacturer meets Schedule I requirements; the drug product manufacturer 
meets Schedule I and Schedule III requirements; and the central pharmacy is compliant 
with Schedule III requirements.  Each facility is designed to provide secure storage of 
controlled substances. 
 
Using a central pharmacy is more costly than using conventional distribution channels 
and systems.  Using a single pharmacy also eliminates the opportunity to “fill the retail 
distribution pipeline.”  (Generally, pipeline sales of pharmaceuticals are significant, and 
generate initial sales.)  Orphan Medical is foregoing this pipeline opportunity because it 
feels Xyrem can be better managed through a single pharmacy, rather than on the 
shelves and loading docks of, perhaps, thousands of pharmacies and distribution 
centers around the country. 
 
Receiving, storage, and shipping controls are in place to ensure that the amount of 
Xyrem shipped from the manufacturer is equal to that received at the pharmacy. 
Discrepancies are investigated and reported appropriately.  Xyrem, once received at the 
specialty pharmacy, goes into a secure holding area dedicated solely to storage of 
Xyrem and accessible only to authorized employees.  Measures such as cages, security 
alarms, cameras and key cards are used to ensure security.  On a weekly basis, the 
specialty pharmacy determines the amount of Xyrem it is likely to need for fulfillment of 
prescriptions, and the appropriate amount of product is transferred to “owned inventory”. 
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This is the point at which Xyrem is “sold” by Orphan Medical to the specialty pharmacy.  
This transfer of ownership allows the specialty pharmacy to collect confidential data such 
as patient names and medication doses.  This is information that Orphan Medical will not 
have, but the specialty pharmacy can collect because of the doctor/pharmacist/patient 
relationship. 
  
As was discussed previously, physicians most likely to prescribe Xyrem will be identified 
and “pre-screened” prior to the launch of Xyrem.  When the FDA approves Xyrem, the 
Xyrem Physician Success Program will be shared with those physicians who have met 
the screening criteria. 
 
The Xyrem Physician Success Program contains details about Xyrem’s unique 
prescription process, its distribution, the reimbursement program, and physician 
responsibilities regarding Xyrem.  Approximately 25 Orphan Medical sales 
representatives nationwide will begin making “detail calls” on these physicians.  These 
representatives will have been trained to present efficacy and safety information within 
the approved label claim as directed by DDMAC.  At the first detail call, the sales 
representative will leave behind the Xyrem Physician Success Program, giving the 
physician a lasting source of information regarding Xyrem’s unique distribution system 
and special handling process.  At no time will samples of Xyrem be carried by sales 
representatives or left with physicians. 
 
Once a physician decides that Xyrem is appropriate for a given patient, he or she will 
write a prescription for Xyrem and fax it to the specialty pharmacy.  Upon receipt, the 
specialty pharmacy will verify the physician’s eligibility by checking the AMA, DEA, or 
State Medical Board on-line databases, as previously described.  This step will ensure 
that the prescription was written by a “real” physician with current privileges to prescribe 
controlled medications. 
 
After physician verification is complete, the specialty pharmacy will contact the 
physician’s office to confirm patient information.  By adding this step, the process is likely 
to “catch” any prescriptions written on stolen or counterfeit prescription pads.  During the 
call, the patient’s name, social security number, telephone number and insurance 
information will also be obtained.  The specialty pharmacy will also ask for an 
assignment of benefits form, so it can work on the patient’s behalf to obtain insurance 
coverage, and for a letter of medical necessity, if it is needed from the insurance 
company. 
 
While the patient’s specific information is needed for insurance purposes, the collection 
of it by the specialty pharmacy assists in the building of a patient registry which also aids  
in diversion prevention.  The prescribing physician will also be contacted if a prescription 
appears to be a duplicate or if the dosing frequency appears unusual. 
 
Once the insurance reimbursement is obtained, the Xyrem shipping process begins.  
The specialty pharmacy will contact the patient to notify him/her of coverage, and 
arrange a time for a next-day delivery when the patient or his/her designee is to be 

310 

                                      PAR1005 
IPR of U.S. Patent No. 7,668,730  
                               Page 314 of 353



Orphan Medical, Inc. 
NDA #21-196  Xyrem® (sodium oxybate) oral solution 
Peripheral and Central Nervous System Drugs Advisory Committee Briefing Booklet 
 

R:\GHB\PostNDA\Advisory Meeting\June 6-2001 Meeting\Briefing Books\Section 8--Risk Management.doc 20 

present.  Xyrem will not be left with anyone other than the patient or the designee (who 
cannot be a minor), and it will not be left unattended. 
 
Once the shipment designee and time of delivery is determined, the Xyrem prescription 
and the Patient Success ProgramSM is shipped via Federal Express.  Federal Express 
offers real-time tracking so packages can be tracked from point of shipping to point of 
receipt, and points in-between.   
 
If a shipment becomes lost, the appropriate state/federal authorities will be contacted, 
and the investigation can begin at the point of loss.  If the patient or designee is not 
available at the location and time designated, the package will not be left on the 
doorstep, or with a neighbor.  Finally, the package will not be returned to the local 
Federal Express station, but after a same-day redelivery attempt will be returned to the 
specialty pharmacy. 
 
When the proprietary tracking system shows that the patient has received the shipment, 
the pharmacist at the specialty pharmacy will contact the patient to: 

• confirm receipt of the Xyrem prescription;  
• confirm receipt of the Patient Success Program;  
• counsel the patient regarding Xyrem administration, dosing and compliance; and  
• confirm the patient’s understanding of the contents of the Xyrem Patient Success 

Program and the patient’s responsibilities.  
 
This system allows documentation of a patient’s receipt of educational materials and 
communication with the patient about responsibilities and any other matters brought up 
in the conversation with the pharmacist. 
 
The centrally located, real-time data collected by the specialty pharmacy will be 
invaluable to the identification of suspicious prescribing or use, and will aid appropriate 
state and federal investigation and prosecution. 
 
Orphan Medical is grateful for the contributions and efforts of the many stakeholders 
who have diligently helped identify issues, proposed options, and assisted the company 
in selecting means to confront and manage the potential risks associated with Xyrem.  
With their assistance, Orphan Medical has designed a comprehensive system to 
effectively and responsibly manage risk, while giving narcolepsy patients and their 
physicians an important medicine to treat this debilitating disease. 
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SECTION 9 
INTEGRATED SUMMARY OF  

BENEFITS AND RISKS 
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9.0 INTEGRATED SUMMARY OF BENEFITS AND RISKS 
 
9.1 Background and Rationale for Use of Xyrem® (sodium oxybate) oral 

solution in the Treatment of Narcolepsy 
 
Narcolepsy is a relatively rare neurologic disease of unknown origin with an incidence of 
approximately 0.05% (Mignot 1998).  It is a debilitating, lifelong disorder following its 
usual presentation in the second or third decade of life.  It is unique in being the only 
known neurological disorder to specifically affect the generation and organization of 
sleep (Nishino 1997). 
 
There are currently no therapies approved for the REM related phenomena of 
narcolepsy, and those currently used clinically (typically the TCA or SSRI 
antidepressants) are chosen because of REM suppressant properties. This modulation 
invokes the homeostatic “pressures” to precipitate REM rebound on interruption of 
therapy, with consequent symptomatic increase in severity, even rarely to status 
cataplecticus (Scrima 1990, Bassetti 1996). The side effect profile of the tricyclic 
antidepressants also presents a significant problem. These are mostly due to their 
anticholinergic effects (dry mouth, tachycardia, urinary retention, constipation, weight 
gain, blurred vision, sexual dysfunction, tremors) but rarely can extend to severe 
complications (conduction abnormalities, seizures, exacerbation of glaucoma [Nishino 
1997]).  The more recent introduction of the selective serotonin reuptake inhibitors 
(SSRIs) provided a therapeutic alternative to avoid anticholinergic effects, raising the 
hope of cataplexy control with fewer side effects. In general, however, sleep clinicians 
have been less impressed with their efficacy in treating the symptoms of narcolepsy. 
 
The mainstay of therapy for excessive daytime sleepiness has been the stimulants, 
indirect sympathomimetic drugs such as methylphenidate, pemoline, and  
d-amphetamine that increase the synaptic availability of norepinephrine and dopamine.  
The rationale for stimulant treatment seeks to maximize alertness at selected times of 
the day (i.e. work, school, driving) while minimizing side effects and without 
compromising the potential for satisfactory nocturnal sleep.  With all these stimulant 
agents tolerance develops in up to 30% of cases, more commonly at high doses, and 
patients may benefit from “drug holidays” of one to two days per week with lower doses 
or no medication in some patients.  The most common side effects include headaches, 
nervousness, irritability, tremor, insomnia, anorexia, gastrointestinal disturbances and 
palpitations; however, psychosis, hypertension and myocardial ischemia have been 
reported (Bassetti 1996).  Severe but rare hepatotoxicity is precipitated by pemoline as 
well. 
 
The recently approved agent, modafinil, is a “wakefulness promoting” agent that is 
indicated for the treatment of the excessive daytime sleepiness symptoms of narcolepsy.  
This drug is unrelated both chemically and in its mechanism of action to the other 
stimulant drugs and has the advantage of an improved side effect profile, as well as less 
potential for abuse.  Its therapeutic response, however, rarely returns the patient to 
normal values in objective and subjective assessments for daytime sleepiness as was 
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represented in the randomized blinded trial for modafinil in 283 narcoleptic subjects 
(U.S. Modafinil in Narcolepsy Multicenter Study Group, 1998). 
 
There is obvious clinical need beyond existing therapies which are clearly divided in 
efficacy between daytime sleepiness (stimulants and modafinil) and REM suppressant 
agents (TCAs, SSRIs) that provide limited therapeutic potential for the REM related 
symptoms of cataplexy, hypnagogic hallucinations, and sleep paralysis for which no 
approved treatments exist.  All have the potential for the development of tolerance as the 
benefits of treatment wane in time, and although dosage increases provide temporary 
therapeutic gain, the risk of side effects increases. 
 
Oxybate is a four carbon hydroxy fatty acid that is naturally occurring and widespread in 
most tissues of the body. Extensive scientific attention has been paid to its central 
effects and functions. When administered therapeutically as the sodium salt, it is a 
neuroactive drug with specific effects on sleep architecture. It has been shown to 
increase slow wave non-rapid eye movement (nonREM or NREM) sleep, with no 
suppression of rapid eye movement (REM) sleep, and to decrease REM latency 

(Mamelak 1997, Lapierre 1990).  
 
The unique beneficial effects of sodium oxybate treatment in narcoleptic patients with 
cataplexy have been previously reported from several open-label, uncontrolled clinical 
studies (Broughton 1979, Broughton 1980, Scharf 1985, Mamelak 1986, Montplasir 
1986).  For example, Scharf and colleagues (1985) treated 30 narcoleptic patients for  
4 to 30 weeks with average nightly doses of 5 to 7 grams.  They reported significant 
decreases from baseline in the frequency of cataplexy attacks, daytime sleep attacks, 
hypnagogic hallucinations and sleep paralysis.  In addition, sodium oxybate has been 
shown to produce marked improvement in nocturnal sleep disturbance in narcoleptic 
patients, with EEG findings supported by subjective improvement (Broughton 1980, 
Scharf 1985, Montplaisir 1986).   
 
Narcolepsy is a relatively rare disease affecting approximately 0.05% of the general 
adult population of the United States and in various European countries (Nishino 1997). 
Review of its prevalence has resulted in Orphan Drug designation by the FDA. This 
0.05% prevalence has limited the size of the clinical trial database in the development of 
Xyrem, along with further patient limitation by the required entry criterion of cataplexy. 
Whereas excessive daytime sleepiness with sleep attacks affects 100% of narcoleptics, 
the REM-related symptoms occur with lesser frequency (cataplexy 60-90%, hypnagogic 
hallucinations and sleep paralysis 30-60% of narcoleptics, as reported by Mitler, 1997). 
 
9.2 Benefits of Xyrem (sodium oxybate) oral solution 
 
The effectiveness of Xyrem in the treatment of narcolepsy has been documented in this 
application by three basic methods:  (1) by patient daily diary records of the occurrence 
of narcolepsy symptoms along with patient self-rating of daytime sleepiness [e.g., the 
validated Epworth Sleepiness Scale] (2) by principal investigator rating of overall clinical 
improvement [e.g., the Clinical Global Impression of Change Rating] and (3) by objective 
recording of changes in sleep architecture [e.g., overnight PSG,MWT and MSLT].  
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Taken together these well-established methods have been utilized in four adequate and 
well-controlled trials (OMC-GHB-2,OMC-SXB-21, Scrima and Lammers) and in one 
long-term supportive trial (OMC-GHB-3) to validate the benefits of Xyrem in treating the 
symptoms of narcolepsy.  Table 9.1 summarizes the statistical evidence that supports 
this statement. 
 
9.2.1 CATAPLEXY 
 
Statistical evidence of the reduction in cataplexy incidence has been established in two 
pivotal trials, OMC-GHB-2, and Scrima. 
 
In OMC-GHB-2, patients represented the broad spectrum of disease severity, with 
cataplexy ranging in incidence from 2.8/week up to 250/week, but the severity at 
baseline was well balanced and not statistically different between groups, averaging 
approximately 34/week.  Because of this wide spread and skewed distribution, log 
transformation was performed when data failed to show normal distribution according to 
the Wilks-Shapiro Test.  Thus, group data are represented as medians rather than the 
more common means.  The median number of cataplexy attacks was approximately  
22 per week at the start of double-blind drug treatment in OMC-GHB-2.  Therefore, the 
patients in this trial had moderate to severe cataplexy. 
 
A significant dose-related reduction in the overall occurrence of cataplexy attacks per 
week is clearly shown in Table 9.1.  Statistical reduction relative to baseline was 
demonstrated across all treatment groups (P=0.0021), but comparison to placebo 
showed clear efficacy at the 6 g (P=0.0529) and 9 g (P=0.0008) doses.  The majority of 
reduction occurs in the first two weeks of treatment, but response does not maximize in 
this four-week treatment period. 
 
Another secondary clinical benefit of Xyrem is demonstrated by the data derived from 
the abrupt cessation of drug after the 4-week treatment period in the OMC-GHB-2 trial.  
An expected increase in cataplexy incidence followed, showing regression toward, but 
not exceeding, baseline levels.  This lack of acute rebound cataplexy, as occurs with 
abrupt cessation of tricyclic antidepressants, (described as a consequence of the 
homeostatic “REM pressure”), separates Xyrem from the medications currently used.  
 
With respect to the Scrima study, the results in Table 9.1 again indicate an appreciable 
placebo effect in the reduction of the incidence of cataplexy, but this did not reach 
statistical significance (P=0.117). In contrast, the change from baseline to endpoint for 
patients receiving 50 mg/kg sodium oxybate (average dose 4.2 g/d) was significant 
(P=0.007). There were significantly fewer cataplexy attacks/day during sodium oxybate 
treatment overall compared to placebo (P=0.013) with significant differences at week 3 
(P=0.005) and week 4 (P=0.004). 
 
In the Lammers randomized crossover trial in 25 narcoleptics, patients were 
administered 60 mg/kg/day (average dose 4.7 g/d) or placebo for four weeks, separated 
by a four-week washout period.  This study differs from the previous two in that sodium 
oxybate treatment was added to existing medications, including anti-cataplectic therapy 
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in some patients, for an incremental treatment response.  Most importantly and in 
contrast to the patient populations in the OMC-GHB-2 and Scrima trials, the narcoleptic 
patients in this study presented a much lower cataplexy incidence at baseline (median 
5/week).  Thus, the Lammers trial represents narcoleptics with relatively mild cataplexy.  
As reported in the publication of these data (Lammers 1993), the change in cataplexy 
incidence over the four-week treatment period failed to reach statistical significance but 
showed a strong trend in favor of the active drug treatment. 
 
The analysis of the published data discussed above employed a non-parametric 
statistical model that treated each of the two drug administration periods as though they 
comprised two independent patient samples.  When those data were reanalyzed by 
Orphan Medical using a statistical model more appropriate to a crossover design 
(ANCOVA) that included treatment order, period, and baseline cataplexy rate, the 
difference between placebo and oxybate treatment periods was found to be statistically 
significant (P=0.002). 
 
Strong additional support for the efficacy of Xyrem in cataplexy reduction comes from 
the GHB-3 open-label extension study, in which 117 patients from the GHB-2 entered a 
long term open label study, during which daily diary recording of symptoms provided 
opportunity for longer term efficacy analysis. Patients entered the treatment phase at the 
6 g dose, and titrated to clinical efficacy at doses between 3-9 grams. This prolonged 
treatment period indicated a further marked reduction in cataplexy incidence, with 
maximal reduction achieved after eight weeks of treatment in OMC-GHB-3, and 
maintained reduction over the remainder of the twelve-month period. There was no 
difference in dose response across all doses when expressed as median percentage 
change from baseline, confirming the appropriateness of the available dose range to 
optimize clinical response. 
 
In OMC-SXB-21 study, the long-term efficacy of Xyrem was demonstrated in patients 
who had received treatment with Xyrem for 6 months to 4 years by the return of 
cataplexy when randomized in blinded fashion to placebo, compared to the blinded 
continuation of treatment. No change was seen in the incidence of cataplexy attacks in 
the Xyrem group (median change 0.0 each week), while cataplexy attacks increased in 
the placebo group by a median of 4.2 in week 1, and 11.7 in week 2. The overall median 
increase in cataplexy in the blinded study period was 0.0 in the Xyrem group, and 21 in 
the placebo group. These data strongly support the long-term efficacy of Xyrem in the 
control of cataplexy in narcolepsy. 
 
In a six-month safety study conducted under the Treatment IND in 185 patients 
(OMC-SXB-6), treatment with Xyrem was initiated at a 4.5 g nightly dose, added to any 
existing medications for narcolepsy. This protocol recommended dose titration between 
3-9 g/day in 1.5 g increments to optimize clinical response as recorded in a Narcolepsy 
Symptom Questionnaire. Withdrawal of concomitant anti-cataplectic medications (TCAs 
or SSRIs) was encouraged once stable Xyrem dosage was reached, unless 
antidepressant medication was required for treatment of depression. This study 
established that at stable doses of Xyrem that produce clinical response, the side effect 
profile does not change when treatment is initiated as concomitant medication, and that 
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the REM-suppressant antidepressants can be safely and effectively discontinued or 
decreased in dosage without an increase in the frequency of cataplexy, or the 
precipitation of rebound cataplexy. 
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Table 9.1.  Summary of Outcomes in Clinical Trials Supporting the  
Efficacy of Sodium Oxybate 

Triala/ 
Dosage Group (n) Baseline Endpoint  

Comparison to 
Placebo 
P-value 

Cataplexy Attacks 
OMC-GHB-2 (median attacks/wk; n = 130) 

Placebo (33) 20.5 16.3  
3.0 g/d (33) 20.0 9.5 NS 
6.0 g/d (31) 23.0 8.0 0.0529 
9.0 g/d (33) 23.5 8.7 0.0008 

Scrima (mean attacks/wk    daily x 7) 
Placebo (18/19) 20.3 13.3  
4.2 g/d (18/19) 20.3 8.4 0.013 

Lammers (median attacks/wk    daily x 7) 
Placebo (24) 5.5 3.0  
4.7 g/d (24) 4.0 1.5 NS (0.002)b 

OMC-GHB-3 (median attacks/wk    endpoint = 12 months)  
3.0 g/d (7) 32.85 2.13 0.016* 
4.5 g/d (9) 13.50 0.88 0.004* 
6.0 g/d (24) 23.25 0.55 < 0.001* 
7.5 g/d (14) 33.50 2.76 < 0.001* 
9.0 g/d (21) 34.50 2.67 < 0.001* 

Daytime Sleepiness 
OMC-GHB-2    Epworth Sleepiness Scale Range 0 to 24 (median) 

Placebo (33) 19.0 17.0  
3.0 g/d (31) 17.0 16.0 NS 
6.0 g/d (30) 17.0 13.5 NS 
9.0 g/d (28) 17.0 12.0 0.0001 

Scrima    MSLT Sleepiness Index: abnormal > 75, borderline 50 to 75, normal < 50 (mean) 
Placebo (20) 88.5 89.6  
4.2 g/d (20)  88.5 85.8 NS 

Lammers    patient rating of severity 0 = no sleepiness, 1 = mild, 2 = moderate, 3 = severe, 
4 = very severe (median) 

Placebo (24) 1.50 1.57  
4.7 g/d (24) 1.67 1.16 0.028 (0.034)b 

(continued) 
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Table 9.1.  Summary of Outcomes in Clinical Trials Supporting the  
Efficacy of Sodium Oxybate 

Triala/ 
Dosage Group (n) Baseline Endpoint  

Comparison to 
Placebo 
P-value 

Daytime Sleepiness (continued) 
OMC-GHB-3 Epworth Sleepiness Scale Range 0 to 24 (median    endpoint = 12 months) 

3.0 g/d (7) 17.00 13.00 0.019* 
4.5 g/d (9) 19.00 15.00 0.005* 
6.0 g/d (24) 16.50 12.00 < 0.001* 
7.5 g/d (14) 18.00 11.50 < 0.001* 
9.0 g/d (20) 17.50 13.00 < 0.001* 

Inadvertent Naps/Sleep Attacksc 
OMC-GHB-2 (median naps/attacks/day) 

Placebo (33) 1.50 1.07  
3.0 g/d (33) 1.93 1.14 NS 
6.0 g/d (31) 1.45 0.92 0.0497 
9.0 g/d (33) 1.27 0.50 0.0122 

Scrima (mean sleep attacks/day) 
Placebo (17) 2.8 2.1  
4.2 g/d (17) 2.8 1.9 NS 

Lammers (median sleep attacks/day) 
Placebo (24) 1.83 2.14  
4.7 g/d (24) 2.17 1.36 0.001 (<0.001)b 

Number of Awakenings/Nightc 
OMC-GHB-2 (median) 

Placebo (33) 2.05 2.14  
3.0 g/d (33) 2.88 2.57 NS 
6.0 g/d (31) 2.93 2.57 NS 
9.0 g/d (33) 2.89 2.18 0.0035 

Scrima (mean) 
Placebo (17) 3.0 3.7  
4.2 g/d (17) 3.0 2.4 0.042 

Lammers (median) 
Placebo (24) 2.71 3.31  
4.7 g/d (24) 3.39 2.00 NS (0.011)b 

(continued) 
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Table 9.1.  Summary of Outcomes in Clinical Trials Supporting the  
Efficacy of Sodium Oxybate 

Triala/ 
Dosage Group (n) Baseline Endpoint  

Comparison to 
Placebo 
P-value 

Clinical Global Measures of Changed 
 
Trial 

 
Non-Responderse 

 
Respondersf 

Comparison to 
Placebo p-value 

OMC-GHB-2 – Investigator’s Clinical Global Impression of Change in Severity 
Placebo (34) 23 (68%) 11 (32%)  
3.0 g/d (30) 16 (53%) 14 (47%) NS 
6.0 g/d (31) 15 (48%) 16 (52%) NS 
9.0 g/d (30) 6 (20%) 24 (80%) 0.0002 

Lammers    Patient’s Global Therapeutic Impression of Change 
Placebo (24) 22 (92%) 2 (8%)  
4.7 g/d (24) 9 (38%) 15 (63%) <0.001 (<0.001)b 

OMC-GHB-3 Investigator’s Clinical Global Impression of Change in Severity 
3.0 g/d (7) 1 (14%) 6 (86%)  
4.5 g/d (8) 1 (13%) 7 (88%)  
6.0 g/d (24) 1 (4%) 23 (96%)  
7.5 g/d (14) 1 (7%) 13 (93%)  
9.0 g/d (21) 3 (14%) 18 (86%)  

a OMC-SXB-6 did not measure change from baseline numerically and is not included in this presentation. 
b P-value reported by Lammers (1993) followed in parentheses by P-value obtained by reanalysis of data 

by Orphan Medical, Inc. using ANCOVA. 
c OMC-GHB-3 did not present number of naps/sleep attacks/week or number of awakenings/night. 
d Scrima did not have a clinical global measurement of change and is not included in this presentation. 
e Non-responders in OMC-GHB-2 and OMC-GHB-3 = “minimally improved,” “no change,” “minimally 

changed,” and “much worse”; in Lammers = “no beneficial effect.” 
f Responders in OMC-GHB-2 and OMC-GHB-3 = “very much improved” and “much improved”; in 

Lammers = “beneficial effect.” 
* Comparison of endpoint to baseline for open-label trials only; double-blind placebo-controlled trials 

comparison is oxybate-treated vs placebo. 
Epworth Sleepiness Scale measures sleep propensity based on the retrospective report of the subject’s 
dosing behavior in 8 everyday situations. 
 = not applicable.  MSLT = multiple sleep latency test.  NS = not statistically significant, p > 0.05. 
Data Source: Trial reports: OMC-GHB-2  in-text Tables 10, 12, 13 and Summary Tables 20 and 22; 
Scrima  Tables 6A, 7A, 8A, 23; Lammers   14a, 16a, 18a; OMC-GHB-3  Tables 10, 16, 23.  
Publication: Lammers 1993. 
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9.2.2 EXCESSIVE DAYTIME SLEEPINESS 
 
The measures employed to monitor excessive daytime sleepiness (EDS) in the Orphan-
sponsored clinical development program have been the validated and widely-used 
patient representation of daytime feeling of somnolence, the Epworth Sleepiness Scale 
(ESS) and patient recordings in daily diaries of the number of inadvertent naps or sleep 
attacks occurring each day during daytime. 
 
In the blinded, randomized study in 136 patients (OMC-GHB-2), there was again a clear 
dose-related ESS decrease across the three doses studied, with this change reaching 
statistical significance (P=0.0001) in patients in the 9 g/day dose group compared to 
placebo response.  These data represent three important considerations:  First, 
stimulant medication was held constant throughout this trial, so the change in daily 
feelings of somnolence was incremental beyond that of maintenance stimulant 
medication.  Second, in spite of the continued stimulant therapy, the baseline measure in 
all groups showed severe subjective sleepiness (mean ESS score of approximately 17, 
maximum ESS score=24) indicating a real need for additional therapeutic options in the 
treatment of daytime sleepiness.  Lastly, this incremental improvement has been 
sufficient to improve some patients in all three treatment groups to a reduced ESS score 
no longer in the defined range for narcolepsy (13 to 24). Approximately one quarter of 
the patients in the 9 g/day dosage group achieved Epworth scores in the normal range 
(< 10). 
 
The second component of daytime sleepiness, the number of inadvertent sleep attacks 
during the day, were also significantly reduced versus placebo at the 6 g/day dose 
(P=0.0497) and the 9 g/day dose (P=0.0122). 
 
In OMC-SXB-20, the objective measure of Maximal Wakefulness Test (MWT) was 
employed on the day following overnight polysomnographic recording. This study was 
primarily conducted to define the dose-related EEG characteristics of Xyrem, but again 
supported the efficacy of Xyrem to reduce the symptom of daytime sleepiness by the 
objective measure of increased sleep latency under standardized soporific conditions. 
The mean (SD) sleep latency time in minutes increased from 4.5 (6.01) minutes at 
baseline by 3.7 (7.68) minutes after 4 weeks of 4.5g/day dosing, and by 6.1 (6.82) 
minutes at the 9g/day dose. Both of these changes were statistically significant, and 
represent incremental increases beyond the effects of maintained stimulant therapy. 
 
In the Scrima trial, efficacy measures for excessive daytime sleepiness included the 
objective measure of Multiple Sleep Latency Test (MSLT) and the number of daytime 
sleep attacks.  In this small group of twenty patients, statistically significant changes 
were not observed although both measures showed a positive trend with respect to 
oxybate. 
 
In the Lammers Study, a patient assessment of sleepiness during the day was recorded 
on a 5-point scale in daily diaries. This measure showed significant improvement in the 
oxybate treatment phase (P=0.028) compared to placebo.  Daytime sleep attacks were 

321 

                                      PAR1005 
IPR of U.S. Patent No. 7,668,730  
                               Page 325 of 353



Orphan Medical, Inc. 
NDA #21-196  Xyrem® (sodium oxybate) oral solution 
Peripheral and Central Nervous System Drugs Advisory Committee Briefing Booklet 
 

R:\GHB\PostNDA\Advisory Meeting\June 6-2001 Meeting\Briefing Books\Section 9--Benefit Risk.doc 11 

again significantly reduced (P=0.001) further confirming efficacy at this dose of 60 mg/kg 
(average actual dose = 4.7 g/d). 
 
In the OMC-GHB-3 follow-on study in 117 patients continuing from OMC-GHB-2, the 
subjective assessment of somnolence represented by the Epworth Sleepiness Scale 
mirrored the changes seen in cataplexy, with maximal changes across all doses seen 
after eight weeks of treatment, and then sustained across the 12 months of treatment.  
This sustained response strongly supports this parameter as a representation of 
pharmacodynamic significance, since one would certainly expect subjective measures of 
less significance to regress toward baseline over such a prolonged time course.  
Because the patients were titrated to clinical effect, no significant differences were seen 
amongst the dose groups from 3 to 9 g/day. 
 
9.2.3 OTHER SYMPTOMATIC BENEFITS 
 
Sleep paralysis was recorded in relatively low incidence in all controlled trials, so no 
meaningful analysis was feasible. In both the Lammers and Scrima trials, hypnagogic 
hallucinations were reduced in a statistically significant manner (p=0.008 in both trials). 
In the OMC-GHB-2 & 3 studies, a consistent trend in the reduction of hypnagogic 
hallucinations was seen that did not reach a level of significance. 
 
9.2.3.1 Clinical Global Improvement 
 
Finally, in OMC-GHB-2 and in the Lammers study, the clear clinical benefit of Xyrem 
therapy in narcolepsy was confirmed by two measures of overall assessment, one by the 
clinician and the second by the patient.  In OMC-GHB-2 the Clinical Global Impression of 
Change (CGIc) was the instrument used by the clinical investigator to assess the overall 
change in disease severity at the end of the blinded four-week treatment period 
compared to an assessment of disease severity recorded at the end of baseline. The 
change in status utilized a standard seven-point rating scale from “very much worse” to 
“very much improved”.  Based on the CGIc rating, only patients rated as “very much 
improved” or “much improved” were classified as responders, with all other 
classifications grouped as non-responders.  A clear dose response was seen for this 
parameter with a 32% responder rate for placebo-treated patients, 47% and 52% in the 
3 g and 6 g groups, respectively, and an 80% responder rate for patients in the 9 g high 
dose Xyrem group.  Only the 9 g group responder rate was statistically significantly 
different from the placebo group (P=0.0002). 
 
In addition, this same CGIc rating instrument was continued through to the twelve-month 
assessment in OMC-GHB-3.  Even though this was an open-label study, there was a 
clear indication of high responder rates across all doses, sustained over time, when 
Xyrem was titrated to optimal clinical effect. 
 
A different means of assessing overall clinical response was used in the Lammers 
crossover study, where the patient’s opinion on the overall benefit of the double-blind 
medication was recorded (as a dichotomous Global Therapeutic Impression: “beneficial 
effect” versus “no beneficial effect”) at the end of each four-week treatment period.  
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Sixty-four percent of the patients (16 of 25) reported overall beneficial effect following 
sodium oxybate treatment.  In comparison, after placebo treatment, only 8% reported 
beneficial effect (2 of 25).  This difference was highly significant (P=0.001). 
 
9.2.4 BENEFICIAL CHANGES IN SLEEP ARCHITECTURE 
 
Pre- and post-treatment polysomnogram (PSG) analyses were not included in the 
OMC-GHB-2 trial but were a part of both the Scrima and Lammers trials.  Orphan 
Medical did not have access to the Lammers PSG raw data and, therefore, was not able 
to include the PSG data in the full clinical report in this application. Thus, the statements 
below regarding Lammers’ findings with respect to PSG-based sleep architecture are 
based solely upon his published paper (Lammers 1993). 
 
In the Scrima trial, polysomnographic recordings at the end of baseline and again at the 
end of the active and placebo treatment periods yielded very useful objective data 
regarding the beneficial effects of sodium oxybate on sleep architecture.  Sleep 
consolidation was confirmed by enhancement of both the depth (increased slow wave 
sleep) and continuity of sleep.  Compared to placebo, treatment with sodium oxybate 
increased slow wave sleep (especially Stage 3) with a correspondingly significant 
decrease in light (Stage 1) sleep.  The number of objectively measured awakenings 
decreased significantly (P=0.042).  This enhanced sleep continuity was supported by the 
significant reduction in stage shifts associated with oxybate treatment.  Lastly, oxybate 
did not suppress REM sleep, a characteristic of other hypnotic drugs such as the 
benzodiazepines. 
 
In the OMC-SXB-20 study, overnight polysomnographic studies demonstrated the dose-
related effects on sleep architecture. There was the characteristic increase in slow-wave 
sleep (Stage 3 & 4) across all four doses, reaching significance at the 9.0 g/night dose, 
and a reduction in Stage 1 sleep. Delta power, a derived index of all slow wave signals, 
showed a dose related increase that was highly significant on the first night of dosing at 
4.5 g as well as after 2 weeks of dosing at 6 g, 7.5 g and 9 g/night. A dose-related 
decrease in the number of nocturnal awakenings was recorded, which was significant at 
the 7.5 g and 9.0 g/night Xyrem doses.  
 
Unlike previous studies, a decrease in total REM sleep duration at all 4 doses followed 
an initial acute increase at 4.5 g dosing. No significant change in REM latency was 
observed. 
 
A decreasing trend in the number of shifts in sleep stages was seen, but total sleep time 
and time awake after sleep onset did not change. 
 
In the publication of the Lammers trial, several effects of sodium oxybate on PSG sleep 
parameters were reported (Lammers 1993). Compared to placebo, sodium oxybate 
significantly reduced the number of awakenings from, and the percentage of 
wakefulness during, REM sleep.  During oxybate treatment the amount of nocturnal slow 
wave sleep also was increased considerably and to a significant degree (P=0.053).  
Other PSG parameters were not significantly altered by oxybate treatment. 
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These sleep EEG effects are consistent with and supportive of the open-label published 
trials previously discussed at the beginning of this section. 
 
9.3 Observed and Potential Risks of Xyrem® (sodium oxybate) oral solution 
 
9.3.1 SAFETY 
 
9.3.1.1 Adverse Event Profile 
 
The overall safety profile of sodium oxybate during the controlled, double-blind and 
open-label trials in narcolepsy has been favorable, with most adverse events reported as 
mild to moderate in severity, and not considered to be serious.  The most frequently 
reported adverse events included headache, nausea, dizziness and pain (without 
causality association).  When the occurrence of adverse events was considered in terms 
of dose at onset of the event, there were no apparent differences across the proposed 
therapeutic dosage range from 3 to 9 grams per day. 
 
There are 181 patients included in the three randomized, blinded, controlled trials.  
OMC-GHB-2 is the largest parallel design trial of 136 patients and patients were 
assigned to the treatment groups of 3 g, 6 g, 9 g or placebo in blinded fashion, without 
regard for physical characteristics or disease severity, and, as in proposed clinical 
practice, without any dose titration.  One hundred of the patients reported one or more 
adverse events during the treatment period.  Many occurred within the first few days of 
initiation of double-blind medication and were not reported again during the study period.  
The adverse events that suggested a dose relationship included nausea, vomiting (only 
reported in the 6 and 9 g dose groups), dizziness, and enuresis.  Although not 
statistically dose-related, headache was a prominent adverse event (including the 
placebo group). Enuresis is of special interest, since this and, more rarely, 
somnambulance (sleepwalking) have been uniquely associated with sodium oxybate 
therapy. 
 
In the Scrima Trial of crossover design, 20 patients received 50 mg/kg and placebo in 
divided dose at night for 29 days.  In general, most adverse events occurred either with 
similar frequency during placebo and oxybate treatment or only once during the trial with 
the exception of dizziness (four events on active treatment, none with placebo).  The 
most common events with oxybate were headache (n=5), dizziness (n=4), nervousness 
(n=3), and somnolence (n=3).  Most events were of mild severity, with no deaths or 
discontinuations, or serious adverse events. 
 
In the Lammers Study of crossover design, 25 patients received active drug treatment in 
a nightly divided dose of 60 mg/kg for 28 days.  Sodium oxybate was well tolerated with 
adverse events few in number and mild in severity, with only 3 of 6 events occurring 
during active drug therapy. 
 
In the uncontrolled extension trial, OMC-GHB-3 patients could continue the study for up 
to 24 months.  This was analyzed in detail for the 12-month duration as in the initial 
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protocol and, in summary, from up to 18 and 24 months.  Patients entered the study at 
the 6 g dose and were titrated to clinical efficacy at doses between 3 g and 9 g, with 
dose titration generally achieved in 2 to 5 weeks. By the end of the trial, >75% of 
patients had titrated to dosages between 6 g/d and 9 g/d, while stimulant medication 
dosage was maintained. 
 
Of the 117 patients receiving drug, 109 reported any adverse event in the first 12-month 
treatment period.  The most common events were headache (33.3%), nausea (28.2%), 
viral infection (27.4%), dizziness (26.5%), pain (25.6%) and somnolence (19.7%).  Of 
these events, only dizziness occurred across treatment groups at a statistically 
significant level (P=0.015), but was not a dose-related event, since most events occurred 
in the lower dose groups.  Weight decrease occurred in five patients (3 in 7.5 g group,  
2 in 9 g group). 
 
In the second 12 months of the study (to two years exposure), no additional patients 
experienced adverse events. 
 
Overall, a positive safety profile of long-term Xyrem administration was observed.  
Adverse events appeared to initiate within the first 12 months of drug exposure, and the 
great majority (> 90%) were classified by the investigators as mild or moderate. There 
was no dose relationship for severity. 
 
In the OMC-SXB-6 Treatment IND Protocol, 185 patients enrolled, and started Xyrem at 
4.5 g in divided dose at night as additional therapy for narcolepsy.  Dose was titrated to 
optimize clinical response with the option to gradually withdraw TCAs or SRIs, while 
maintaining stimulant medication constant.  The majority of patients (70%) were 
receiving doses > 6 g/d by the time of their last observation.  In this trial 144/185 (78%) 
of patients reported adverse events over the 6-month treatment period and these were 
rated as mild to moderate in 114 patients (62%) and severe in 30 patients (16%), with 
possible association with drug rated in 53% of patients overall. 
 
There were no apparent dose related trends for adverse events. Most frequently 
reported over the 6-month period were headache (22%), nausea (16%), pharyngitis 
(11%) and sleep disorder (10%).  Six patients reported an event coded in the COSTART 
dictionary as “convulsion”, but all of these were cataplexy events and, therefore, part of 
the disease symptomology.  Weight variation was reported in 5 patients, 3 with weight 
increase and 2 with weight loss. 
 
Of the adverse events that occurred with a frequency of > 5% overall or in any one-dose 
group, only headache (6 patients) was classified as severe in > 3 patients for the overall 
population. There was no apparent dose-relationship for severity. 
 
Of the adverse events classified as “sleep disorder” the majority were at 4.5 to 6 g 
dosage at onset, and mostly represented somnambulism (sleep walking), with 12 
patients reporting 13 episodes, and 2 reporting somniloquence (sleep talking). 
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Thirteen patients reported urinary incontinence, all as single episodes except for  
1 patient (2 episodes) and all representing enuresis except for 2 reports that were 
unclassified in terms of temporal diurnal relationship. 
 
The longer-term treatment IND study (OMC-SXB-7) into which patients transferred from 
previous trials (OMC-GHB-3, OMC- SXB-6, or Scharf IND patients) provides longer-term 
evidence of safety.  Patients entering this trial had previously received sodium oxybate 
for up to 2 years in GHB-3, for 6 months in OMC-SXB-6, or for up to 16 years under the 
Scharf IND. Of the 145 patients enrolled in this trial to the date of interim cut-off of 
December 31, 1999, 44 (30%) had 1 or more adverse events, with 7 (5%) reporting 
severe adverse events, but only 13 (9%) having adverse events considered possibly 
related to trial medication.  Two patients reported serious adverse events, one leading to 
patient discontinuation, and no deaths occurred. 
 
The same profile of adverse events was seen in this trial with the most common adverse 
events reported as nausea (4%), sleepwalking, vomiting, back pain and pain (each 2%).  
The majority of reported adverse events were classified by the investigator as mild 
(45%) or moderate (39%).  Again, there was no dose relationship in the severity of 
adverse events. 
 
9.3.1.2 Scharf Report 
 
Orphan Medical was aware of the long experience of Martin Scharf, PhD, Cincinnati, in 
the use of sodium oxybate.  He treated 143 patients with the drug during a period of over 
16 years under his Investigator IND.  Orphan Medical was granted access to this 
database by Dr. Scharf and we have included this data to provide a profile of long-term 
clinical experience with sodium oxybate.  This data was collected by the site more in the 
form of clinical records than as drug development research and, hence, there exists 
some compromise in interpretation (i.e. laboratory measures were generated from many 
different laboratories, dose titration extended to as high as 12.5 g/day [greater than 9 g 
in four patients]), but this data does provide useful experience in long-term treatment 
exposure.  The exposure to drug includes 121 patients with data > 6 months, 104 for  
> one year, 74 > 5 years and 46 > 10 years. 
 
During the study, any adverse event was reported by 136 (95.1%) patients, with a higher 
evidence of reporting in the first 6 months (87.4%) than in the remaining treatment 
period (77.6%). This suggests that long-term exposure to sodium oxybate is not 
associated with higher levels of adverse events. 
 
Many of the adverse events were those expected as a temporal relationship with a  
long-term clinical study, the most common being associated with frequent symptomology 
(flu syndrome, headache, viral infection, accidental injury, pain, nausea, pharyngitis and 
rhinitis).  For the entire study, 44% of the adverse events occurred in only 1 or 2 patients 
and, hence, does not support a strong association with sodium oxybate. 
 
Many of the frequent adverse events were judged not related to study medication by the 
investigator.  In the first 6-month treatment period, the reports of dizziness and nausea 
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were frequently assigned as related (8.4% and 5.6%, respectively).  All instances of 
sleep disorders (9.1%), mainly somnambulism, were considered related to treatment. 
When this time period is compared to the similar time period in the long-term studies 
conducted by Orphan Medical to create accurate comparative temporal relationship, the 
adverse event profile was very similar in incidence and profile. 
 
For the continued long-term treatment period beyond 6 months, all instances of sleep 
disorders [40, (28%)] and urinary incontinence [31, (21.7%)] were considered treatment 
related. 
 
The term “convulsions” was used to code events reported in 9 patients, but 5 of the 9 
patients had events that were more appropriately coded as “cataplexy”, and, therefore, 
symptomatic of the primary disease of narcolepsy.  Four patients had events that were 
correctly coded as convulsions.  At least one of these patients had a history of seizures 
prior to oxybate treatment and one patient had a known intracranial lesion.  There was 
no dose response relationship evident. 
 
In 1991, a 49-year old female patient in the study developed clinical symptoms of 
arthritis, after treatment with sodium oxybate continuously for over 5 years at an average 
nightly dose of 6 g.  An anti-nuclear antibody (ANA) test and two repeat tests were all 
positive raising concern for the possibility of drug-related lupus.  She was withdrawn 
from the drug with a subsequent fall in ANA titers, followed by an increase again 1 year 
later. 
 
At this time, Dr. Scharf began to collect ANA profiles on all patients active in the ongoing 
study.  Over the next 2 years, 19 of 65 patients were shown to have ANA elevations 
ranging from 1:40 to 1:2560.  Some of these elevations were intermittent and no 
correlation was found between ANA titer positivity and duration of oxybate treatment, 
age or gender.  Antihistone antibodies were also determined for 15 of the 19  
ANA-positive patients.  Only 1 patient showed a “borderline” positive result. 
 
These data indicate that long-term use of sodium oxybate may result in elevations in 
ANA antigen profiles without the corresponding increase in antihistone antigens that is 
characteristic of most reported cases of drug-induced lupus.  Secondly, narcoleptic 
patients with positive ANA findings did not present or subsequently develop symptoms 
suggestive of lupus-related disease.  Lastly, no patients in the Scharf long-term study 
have developed systemic lupus erythematosus during treatment with sodium oxybate for 
over 16 years. 
 
9.3.1.3 Clinical Laboratory Test Evaluations 
 
In consideration of blood chemistry values in the five clinical trials discussed, mean 
changes for all parameters were small and similar across all 5 doses of sodium oxybate 
and placebo.  Similar observations were made for hematology values, where changes 
were again small and similar across all 6 treatment groups. 
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A slight increase in urinary pH was seen in OMC-GHB-2, where this change was 
postulated to relate to the urinary excretion of the sodium load sourced from Xyrem (in 
this sodium salt, 18.23% by weight of each dose is sodium). 
 
When considering specific values, shifts from baseline to last observation occurred in  
> 10% of patients for calcium and total bilirubin.  A shift from normal to low calcium was 
seen in 14 of 132 patients in whom this was measured over 1 year as in OMC-GHB-3 
and OMC-GHB-2.  This laboratory value shifted significantly from normal to abnormal 
(low) within the 6 g dose group, but was considered probably due to natural variability as 
there was no observed dose effect and the change was not considered clinically 
significant. 
 
Of 23 patients with a normal serum calcium at baseline in OMC-GHB-3 that recorded a 
value lower than the normal range, 15 patients recorded a subsequent serum calcium 
within the normal range while still on Xyrem therapy, confirming laboratory variability 
rather than study medication.  In a further 8 patients, values remained in the 
hypocalcemic range, in spite of normal renal function, proteins and phosphate levels, 
with no clinically significant reports to explain the finding.  In all cases, the reduction was 
mild and would not be considered clinically significant. 
 
A shift from normal to high values was seen in some patients with respect to glucose 
blood levels, but since these were frequently non-fasting levels, clinical interpretation is 
difficult. 
 
9.3.1.4 Deaths 
 
There has been one death (suicide) reported in the studies conducted by Orphan 
Medical. This death occurred from overdose of multiple drugs not involving Xyrem, and 
was considered unrelated to study medication. No deaths were reported in the Scrima or 
Lammers studies.  This includes 366 patients, plus 144 subjects or patients in the 
pharmacokinetic/drug interaction studies.  Subsequent to the cut-off date of data 
included in the NDA, a second suicide death has occurred in a patient with a long history 
of depressions and progression to bipolar disorder. 
 
During the 16-year period of the Scharf trial, 11 patients died.  These deaths were 
causally related to: 5 deaths from cardiovascular-related causes, 5 deaths from 
malignancy (3 lung, 1 colon, 1 bladder).  One death resulted from a boating accident 
(study medication discontinued 4 months prior to the accident).  A significant prior history 
of contributory disease was present in all 5 cardiovascular related deaths.  In 2 of the 
patients succumbing to malignancy, a prior medical history of the malignancy was 
known.  No symptoms were recorded prior to diagnosis of the malignancy for the 
remaining two patients.  None of the deaths were considered as causally related to study 
drug. 
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9.3.1.5 Serious Non-Fatal Adverse Events 
 
In the randomized, controlled trials, there was one serious adverse event (OMC-GHB-2), 
and 17 recorded during the longer term, open-label studies.  Of these, 2 patients 
reported the SAEs prior to beginning sodium oxybate therapy. 
 
The SAE’s classified as related to study medication occurred in 5 patients (1 in 
OMC-GHB-2, 1 in OMC-GHB-3, and 3 in OMC-SXB-6).  In the OMC-GHB-2 study, a 
female patient randomized to the 6 g dose experienced a severe confusional episode in 
the afternoon of the 7th day after her 6 g dose of Xyrem the preceding night.  This 
episode resulted in hospitalization where she was treated with haloperidol, and the 
episode resolved.  She was permanently discontinued from the study, and the event was 
categorized as possibly related to study drug. 
 
Another patient in OMC-GHB-3 on 9 g dosing experienced severe agitation in the middle 
of the night on day 678 of treatment, leading to temporary cessation of treatment.  The 
event resolved spontaneously. 
 
A third patient in the OMC-SXB-6 experienced dizziness, confusion, nausea, vomiting, 
vertigo and asthma on day 99 of treatment at the 9 g dose.  This patient was 
permanently discontinued from the trial. 
 
Another patient in OMC-SXB-6 experienced a possibly related event at the 4.5g dose on 
day 170.  The episode was coded as thinking abnormal, apnea, and unconsciousness.  
He collapsed soon after the first nightly dose (un-witnessed) recognized by the sound of 
hitting the floor.  He was transferred to the hospital, requiring intubation and ventilation.  
He soon regained consciousness and respiratory depression resolved.  Extensive 
neurological and cardiac assessment failed to identify a cause.  Final expert opinions 
suggested some type of cardiac or neurological event, most likely cataplexy with 
resultant head injury, but with possibility of overdose.  Symptoms resolved without 
sequelae, but he was permanently discontinued from the study. 
 
The last report also came from OMC-SXB-6 and the patient was permanently 
discontinued from the trial on day 66 because she reported pregnancy, an exclusion 
criteria.  Forty-two days later she experienced a spontaneous abortion which was rated 
by the investigator as “possibly” related to Xyrem. 
 
In the Scharf patients, a total of 205 serious adverse events were reported by 54 
patients over 16 years, representing 155 unique SAEs.  However, the evidence for 
recurring SAEs was minimal, and the majority of events appeared consistent with the 
illness profile of older patients with narcolepsy and cataplexy. 
 
Twelve serious adverse events were judged by the investigator to have been related to 
study medication.  These 12 events occurred in 6 patients and 6 of these events were 
associated with higher doses than recommended as the therapeutic range (11.3 g, 12 g, 
and 3 instances of overdose at 18 g and 1 further event considered probably related to a 
high dose).  These events were classified as overdose (2 instances), comatose, stupor, 
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unsuccessful suicide attempt, and potential overdose. One of these patients had 
associated hypoxemia, one had an accidental fall down a flight of stairs with consequent 
injuries, and one had “convulsive like seizures” and urinary incontinence.  As several of 
these SAEs imply acute major psychiatric illness, this will be addressed separately in 
this report. 
 
9.3.1.6 Discontinuations Due to Adverse Events 
 
There were 38 withdrawals due to 1 or more AEs in the seven clinical trials excluding the 
Scharf database.  These included 37 patients on sodium oxybate, 1 patient receiving 
placebo and, of those on drug, 32 experienced AEs considered related to trial 
medication.  Four of these have been described in the SAE section, including the patient 
incorrectly listed as withdrawal due to pregnancy (protocol violation) with subsequent 
spontaneous abortion 42 days later. In these discontinuations due to AEs classified as 
related to study medication, there was no dose relationship seen, with 17 of the 32 
events occurring at doses of 3-4.5 g/d, and 15 reported at doses of 6, 7.5, or 9 g/d. 
 
Many of these events are related to the established side effect profile of sodium oxybate, 
such as dizziness, nausea, urinary incontinence, and headache. Others relate to other 
components of sleep disorders such as somnolence and movements during sleep 
(periodic limb movements), COSTART listed as hyperkinesias. 
 
One subject also withdrew from one of the pharmacokinetic studies (OMC-SXB-11) 
investigating the effect of a high-fat meal on the bioavailability of Xyrem.  This event 
consisted of respiratory depression, severe obtundation, and fecal incontinence when 
administered 4.5 g Xyrem as a single dose after an overnight fast.  This patient 
responded to simple supportive measures, but chose not to continue in the second 
portion of the study. 
 
In the Scharf study, 19 patients discontinued treatment with sodium oxybate because of 
an adverse event.  These included eight patients whose symptoms were associated with 
their subsequent deaths, the attempted suicide, the 6 patients listed earlier as SAEs,  
1 patient with difficulty sleeping and a psychiatric problem, elevated ANA titer, 
hypertonia, swelling and weight loss. 
 
9.3.1.7 Drug Interactions 
 
Orphan Medical sponsored three separate drug interaction studies evaluating the effects 
of Xyrem on co-medication and vice versa (Zolpidem, Protriptyline and Modafinil).  The  
3 co-medications chosen represent 3 classes of drugs (hypnotics, antidepressants and 
stimulants) commonly used in the treatment of narcoleptic symptoms.  These studies 
concluded that sodium oxybate had no clinically important effect on the 
pharmacokinetics of these medications.  Conversely, these 3 co-medications do not 
have any clinically significant impact on oxybate pharmacokinetics. 
 
Invitro studies with pooled human liver microsomes show that oxybate does not 
significantly inhibit or enhance the activities of the human P450 isozymes: CYP1A2, 
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CYP2C9, CYP2C19, CYP2D6, CYP2E1 or CYP3A.  Given this fact and that the 
degradation of GHB is mediated by enzyme systems not related to the P450 oxidative 
systems, the lack of in-vivo drug-drug interactions are not surprising. 
 
No reports of interactions with other concomitant medications were recorded during the 
drug development program. The clinical safety experienced with the wide range of 
medications, the expected lack of metabolic interaction resulting from independence 
from the cytochrome P450 oxidative enzyme system, and the fact that oxybate is an 
endogenous substance provide a satisfactory risk profile in terms of drug-drug reactions. 
 
Special consideration should be given to interaction with alcohol. Animal data suggests 
that potential synergy resulted from coadministration of alcohol and GHB on the sleep 
time in rats (McCabe 1971). Kinetic interactions have been suggested by Vree 
(1975,1978), and so the warning must be issued that concomitant use of alcohol with 
Xyrem must be avoided. 
 
9.3.1.8 Vital Signs and Electrocardiograms 
 
No significant changes in vital signs or ECGs from baseline to the end of double-blind 
treatment were found in the four treatment groups (Placebo, 3, 6, and 9g/day) in  
OMC-GHB-2.  Dose-related decreases detected in body weight and blood pressure were 
not considered to be clinically significant.  Likewise, in the 6 PK studies conducted in 
healthy subjects, no clinically significant changes were observed in heart rate, 
respiration rate, or blood pressure. 
 
9.3.2 SPECIAL CONSIDERATIONS 
 
9.3.2.1 Seizurogenesis and Incontinence 
 
Since enuresis has been an event reported in several of the studies (15 events in 8 
patients in OMC-GHB-2, 51 events in 13 patients in OMC-GHB-3, 33 patients in the 
Scharf database), it is considered worthy of special address. In addition, 1 patient in 
OMC-GHB-2 reported fecal incontinence (considered due to diabetic diarrhea), as did  
1 subject in the effect-of-food PK study (described earlier), and 1 patient in the Scharf 
trial.  
 
At the time of review by FDA of OMC-GHB-2 in October 1998, FDA suggested that a 
relationship of incontinence and seizurogenesis should be considered and, hence, 
investigation was initiated into these early patients.  This was done by: 
 
• A questionnaire to all Investigators to review any observed abnormal nocturnal 

observations suggestive of seizures, urologic history preceding oxybate therapy, and 
any new neurologic symptoms. 
 

• Correlation of any other CNS AEs correlating with incontinence (either urinary or 
fecal) that could be related to seizures. 
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• Subjecting 6 patients who had reported incontinence to overnight EEG (full-montage) 
recording at 9 g Xyrem dosing.  These recordings were then referred to Nathan E. 
Crone, M.D., Neurologist, Johns Hopkins Medical Case, along with case reviews. 
 

• Discussions with Martin Scharf, Ph.D. and Mortimer Mamelak, M.D., University of 
Toronto, Canada, regarding this long-term prior experience with sodium oxybate 
therapy. 

 
In animal studies at high dose, GHB has been associated with EEG changes and 
behavioral presentation of symptomatology representing absence-seizure-like states.  
This has been developed as a model for absence seizures by Snead (1978) in primates, 
when high doses of GHB (600mg/kg) were administered intravenously.  Myoclonus has 
been described as an occasional accompaniment of anesthesia induction with GHB 
intravenously. 
 
In review of the data, there was no evidence to support seizurogenesis in our clinical 
trials.  No bed partner has ever reported a seizure-like event in the treated patients.  
When the full-montage EEG studies were conducted in the patients with an incontinence 
history with Xyrem, it was serendipitous that 1 patient had urinary incontinence during 
the recording.  Neither in this case nor with the other patients was there EEG evidence 
of seizure activity.  There was no correlation with other CNS AE’s that would correlate 
with incontinence to suggest neurologic disorder.  Finally, 2 patients in the OMC-SXB-10 
pharmacokinetic study at 4.5 g dosing as a single dose, experienced enuresis while 
under observation, and no seizure activity was seen. Pre-existing nocturia was a 
frequently reported symptom in these patients in their questionnaire. 
 
Hence, in spite of the potential for partial seizures at doses far in excess of the human 
therapeutic dose in primates (when administered intravenously), there is no support for a 
relationship between seizures and the incontinence reported in this NDA submission, or 
from literature reporting human experience in therapeutic doses. Some associated 
seizure or tonic-clonic activity has been associated with presentation of some overdose 
and abuse experiences, where polypharmacy is common, and dose relationship 
determinations are impossible. 
 
9.3.2.2 Psychopathology 
 
The reporting of depression, and acute psychiatric symptomatology, such as frank 
psychosis, intentional overdose and suicide in the long-term studies, prompts a review of 
the literature associating psychopathology with narcolepsy as a disease.  An association 
between psychopathology and narcolepsy was proposed by John Sours in 1963 when 
he reviewed clinical records of patients admitted to a New York hospital in the period 
from 1932 to 1964 that were coded under categories of hypersomnia, somnolence and 
narcolepsy. He identified eight patients with schizoid personality disturbances and 
another ten patients that developed frank schizophrenic psychoses that required 
prolonged hospitalization.  Similar association was established in 1985 with an  
eleven-year sex- and age-matched review at the University of Iowa by James Wilcox 
that concluded a relationship between narcolepsy and psychosis.  Such associations 
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have led to discussions as to whether psychiatric findings are epiphenomenal to, or 
inherent in the expression of narcolepsy. 
 
A review of the emotional and psychosocial correlates of narcolepsy in fifty adults by 
Kales in 1982 indicated a “high level of psychopathology compared to controls”, but he 
concluded that this resulted primarily as a reaction to the disorder and its effects. 
 
An association between the HLA antigens related strongly to narcolepsy-cataplexy 
(HLA-DR2, DQ1) and its subdivision HLA-DR15, DQ6 has been suggested with 
schizophrenia.  Douglass (1991, 1993) found that in 56 schizophrenic patients and 56 
controls, the incidence of narcolepsy-associated antigens was 3.89 times higher in the 
schizophrenic patients.  Also, that the patients with the narcolepsy-associated antigens 
had more hospitalizations and higher Brief Psychiatric Rating Scale scores, suggesting a 
severity association. 
 
As was suggested by Kales, studies using self-report as well as traditional psychiatric 
measures have found significant depression among narcoleptics.  People newly 
diagnosed with narcolepsy have reported that depression was the personality change 
they noted at disease onset (Broughton 1976).  Recurrent episodes of depression have 
been reported by 51% of people with narcolepsy (Broughton 1984). 
 
Seven hundred narcoleptics chosen randomly from the patient rolls of the American 
Narcolepsy Association were surveyed (response rate = 61.4%) with anonymous 
responses to the Center for Epidemiologic Studies Depression Scale (CES-D), indicating 
again that a high proportion of narcoleptics (49%) were experiencing depressive 
symptoms. 
 
Analeptic-induced paranoid psychoses have been reported to occur in the treatment of 
narcolepsy (Leong 1989).  Certain predisposing factors, such as pre-treatment paranoid 
ideation, family history of psychosis, significant head injury, or previous excessive use of 
stimulants, may provide “triggers” for psychiatric progression from long-term high dose 
stimulant therapy (Pawluk 1995). 
 
Patient status in narcolepsy is obviously a complicated and dynamic representation of: 
 
! Disease-associated psychosocial morbidity. 
! Stimulant-induced changes and “trigger” influences 
! Stress variations in daily life. 
! Treatment-related co-morbidities 

 
Such a possible commonality in pathogenesis and biochemical mechanism must be 
included in assessment of adverse events in a narcoleptic population and, in this 
context, there is little support for an association between sodium oxybate and the 
precipitation of the acute psychopathology recorded during the clinical trial periods. 
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9.3.2.3 Abuse Liability 
 
There has been no evidence of tolerance development requiring dose escalation to 
maintain clinical efficacy in our clinical trials, and hence it has been possible to exclude 
suggestion of dose escalation for reasons of social pleasure.  Absence of kinetic 
tolerance with chronic dosing was established in an appropriate study in narcoleptic 
patients.  Although drug abuse has emerged as a significant public health issue for GHB 
wherein dose escalation both in terms of total dose and frequency of dosing is a real 
issue, we have seen no evidence of any such tendency in our clinical studies.  Strict 
drug compliance has been monitored, and neither non-prescribed dose escalation nor 
diversion of clinical trial supplies was evidenced.  As with the stimulant medications 
routinely used by narcoleptics, there was no documentation of euphorogenic properties 
at therapeutic doses used over the long periods of administration.  No withdrawal 
symptomatology was reported following abrupt discontinuation of therapy. 
 
Pre-clinical studies of the abuse potential using standard animal models have not 
yielded a picture of a highly abusable substance, but minimal human testing has yet 
been done.  It is therefore difficult to separate the pharmacologic contributions to the 
public health problems of abuse from the sociologic issues, particularly in light of the 
ease of clandestine manufacture, the ease of access to starting materials, recipes, and 
“kits” for home manufacture via the Internet, and the wide availability and use of 
precursor chemicals such as gamma butyrolactone, and 1,4-butanediol. 
 
9.4 Conclusions 
 
Sodium oxybate offers a new and major therapeutic improvement in the management of 
narcolepsy when titrated to optimal clinical effect between the doses of 3 and 9 g nightly 
in divided dosing.  It has great facility to reduce the incidence of cataplexy and, in 
combination with stimulants, reduce the subjective feelings of daytime somnolence.  The 
added benefit in the reduction of inadvertent naps/sleep attacks was established in two 
double-blinded studies, with useful effects on the other ancillary REM-related symptom 
of hypnagogic hallucinations.  Prolonged, sustained efficacy was established in the  
long-term study, OMC-GHB-3, and by the OMC-SXB-21 protocol. 
 
The primary beneficial effects of sodium oxybate on sleep architecture previously 
described in the literature were confirmed in the Scrima trial, where a decrease in the 
number of awakenings, decreased Stage I with increased slow wave sleep, and a 
decrease in the number of stage shifts was measured in this double-blinded, placebo-
controlled study.  This confirms the increased delta-wave sleep seen in the OMC-SXB-
20 protocol, where a clear dose-response increased in Stage 3,4 sleep along with a 
dose-related increase in delta power was established.  The objective measure of 
Maximal Wakefulness Test increase confirmed the effects of Xyrem on daytime 
sleepiness that had been extensively measured by use of the Epworth Sleepiness Scale. 
 
These benefits of therapy are seen in relation to low potential risks when used under 
prescribed medical care. Since the proposed dosing regimen requires therapy initiation 
at the low dose of 4.5 g in divided dose nightly with slow titration to achieve optimum 
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clinical benefit, the side effects that are usually mild (most frequently nausea, dizziness, 
headache, with occasional enuresis and somnambulism in susceptible individuals), can 
be minimized relative to clinical benefit.  These benefits are offered as an alternative to 
the current off-label treatments of tricyclic and SSRI antidepressant medications used in 
addition to the stimulant medications.  Sodium oxybate is the first drug product with the 
therapeutic potential to bridge the duality of treatments used to manage the symptoms of 
narcolepsy that are conceptually divided into the two mechanistic presentations of 
excessive daytime sleepiness and the ancillary REM-related symptoms of hypnagogic 
hallucinations, sleep paralysis and cataplexy. 
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