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1 ABBREVIATIONS AND DEFINITION OF TERMS

Abbreviation Definition

Az terminal exponential coefficient

ADD Attention Deficit Disorder

ADHD Attention Deficit Hyperactivity Disorder

AE adverse event

AGT angiotensinogen gene

ALP alkaline phosphatase

ALT/SGPT alanine aminotransferase/serum glutamic pyruvic transaminase
ANOVA analysis of variance

ARCI Addiction Research Center Inventory

ASI-Lite Addiction Severity Index-Lite

AST/SGOT aspartate aminotransferase/serum glutamic oxaloacetic transaminase
AUC area under the concentration- time curve

BUN blood urea nitrogen

CAP College of American Pathologists

CL clearance

CLIA Clinical Laboratory Improvement Amendment of 1988

Cmax maximum concentration

CNS central nervous system

CRF Case Report Form

CYP2D6 cytochrome P450 2D6 isoform

DA dopamine

DAT dopamine transporter

DSMB Data and Safety Monitoring Board

DSM-IV Diagnostic and Statistical Manual of Mental Disorders - Fourth Edition
DPMC Division of Pharmacological and Medical Consequences

ECG electrocardiogram

EEG electroencephalograph

FDA Food and Drug Administration

HIV human immunodeficiency virus

HR heart rate
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Abbreviation

Definition

IR immediate-release

IRB Institutional Review Board

1.v. intravenous(ly)

LDH lactate dehydrogenase

MAO monoamine oxidase

METH methamphetamine

MINI Mini International Neuropsychiatric Interview DSM-1V version

MPH methylphenidate

NIDA National Institute on Drug Abuse

NMS neuroleptic malignant syndrome

OROS-MPH osmotic release methylphenidate

OTC over-the-counter

PET positron-emission tomography

PD pharmacodynamic

PK pharmacokinetics

PPA a-phenyl-piperidine acetic acid

PPD purified protein derivative (test for tuberculosis)

q.d. once daily

QT QT interval is the time between the start of the Q wave and the end of the
T wave in the heart’s electrical cycle measured by ECG

QTc QTc is the heart-rate corrected QT interval which will be calculated using
the Fridericia correction (i.e., observed QT divided by the cube root of the
RR interval expressed in seconds)

RDS Respondent-Driven Sampling

REB Research Ethics Board

RPR rapid plasma reagin (test for syphilis)

SAE serious adverse event

SDV Subjective Drug Value

SR sustained release

tin half-life

t.i.d. three times daily

TLFB timeline followback

VAS visual analog scale

vd volume of distribution
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Term

Definition

Enrolled

A subject will be considered to be enrolled in the study,
upon signing of the informed consent form.

Evaluable

A subject will be considered evaluable if s/he received all
doses of OROS-MPH or placebo and had
methamphetamine PK blood samples collected up to the
12-hour time point during infusion Session #4. The subject
must have received the entire methamphetamine dose
during infusion Sessions #2 and #4.

Completed

A subject will be considered to have completed the study if
s/he has successfully completed the inpatient phase
including all protocol investigational product
administrations and has returned for all the outpatient
follow-up assessments.
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2 STUDY SCHEMA

Study Day Activity
-33to4 —1— Pre-Intake Screening
-Sor-4 —— Clinic Intake and Final Screening
-3 —1— Baseline Infusion Session #1 — Saline/15 mg Methamphetamine
-2 —— Baseline Infusion Session #2 — Saline/30 mg Methamphetamine
-1 —1— 24 hr PK sample collection Placebo

n=6
1 _<48 hr PK sample collection — Randomization <

Start OROS-MPH 36 mg or placebo OR(I?E;Z/IPH

2 —r— 36 mg OROS-MPH or placebo
3 —1 54 mg OROS-MPH or placebo
4 —— 54 mg OROS-MPH or placebo
5 —t— 72 mg OROS-MPH or placebo
6 —— 72 mg OROS-MPH or placebo
7 —— 72 mg OROS-MPH or placebo - Infusion Session #3 — Saline/15 mg Methamphetamine
8 —— 72 mg OROS-MPH or placebo - Infusion Session #4 — Saline/30 mg Methamphetamine
9 —— 72 mg OROS-MPH or placebo - 24 hr PK sample collection
10 —— 48 hr PK sample collection and Clinic Discharge
202 —— Follow-up Visit
27+2 —1— Final Follow-up Visit
NIDA-CPU-Methylphenidate-0001 OROS-MPH-Methamphetamine Interaction Study 9
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3 ABSTRACT

STUDY OBJECTIVES: This is a human inpatient clinical pharmacology study to assess
potential interactions between intravenous (i.v.) methamphetamine infusion and oral osmotic
release methylphenidate (OROS-MPH).

Primary: The primary objective of this study is to determine the safety of the OROS-MPH
concurrent with i.v. d-methamphetamine infusions of 15 mg and 30 mg. Safety outcome
measures include cardiovascular responses [heart rate (HR), blood pressure (BP), and
electrocardiograph (ECG) measurements], oral temperature, adverse events (AEs), and clinical
laboratory analyses.

Secondary:

1. To determine plasma levels of MPH during chronic daily administration of OROS-MPH and
the effects of methamphetamine administration on OROS-MPH pharmacokinetics (PK).

2. To evaluate whether administration of OROS-MPH alters the PK of d-methamphetamine or
its metabolites.

3. To evaluate whether OROS-MPH alters the subjective response to methamphetamine using
visual analog scales (VAS), Addiction Research Center Inventory (ARCI) assessments, and a
Subjective Drug Value (SDV) test after methamphetamine infusions.

STUDY DESIGN: This is a double blind, placebo-controlled, two-center inpatient study in
which subjects will be randomized into one of two groups [placebo (n = 6) or OROS-MPH (n =
12)] with both groups receiving infusions of saline and methamphetamine (15 mg and on a
separate day 30 mg) prior to and after OROS-MPH/placebo administration to evaluate
interactions between these two drugs. Subjects will undergo an outpatient screening period of not
more than 30 days (screening may be repeated if the principal investigator agrees) to determine
eligibility for study participation. If eligible during the outpatient screening evaluations, subjects
will undergo clinic intake procedures and complete final screening assessments one to two days
before baseline infusions of methamphetamine begin. All subjects will undergo two series of two
sequential days of saline and methamphetamine infusion sessions. The first day’s session will be
an i.v. infusion of saline followed one hour later by an i.v. infusion of 15 mg of
methamphetamine. The second day’s session will be an i.v. infusion of saline followed one hour
later by an i.v. infusion of 30 mg of methamphetamine. Baseline sessions #1 and #2 on Study
Days -3 and -2 will be conducted before the initiation of daily placebo or OROS-MPH
administration which starts on Day 1. On Day 1, subjects will be randomized in a ratio of 1:2
(placebo controls:OROS-MPH dosed subjects) for a total of 18 subjects. The dose of OROS-
MPH will be escalated every two days from 36 mg/day to 54 mg/day to 72 mg/day with PK
interactions with methamphetamine being tested at the high dose of OROS-MPH. On Study
Days 1 and 2, subjects will receive OROS-MPH (36 mg q.d.) or matched placebo. On Days 3
and 4, the OROS-MPH dose will be increased to 54 mg q.d., and on Days 5 through 9, the
OROS-MPH dose will be increased to 72 mg q.d. On Days 7 and 8, subjects will undergo saline/

NIDA-CPU-Methylphenidate-0001 OROS-MPH-Methamphetamine Interaction Study 10
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methamphetamine infusion sessions #3 and #4 in a similar fashion to sessions #1 and #2.
Infusion sessions after the start of OROS-MPH or placebo dosing will begin after the morning
dose. Subjects will not be told the order of methamphetamine and saline infusions. Thus, the
study will be single-blind with respect to methamphetamine and saline infusions. Neither the
subject nor the investigative staff will know the assignment of subjects to placebo control or
OROS-MPH. Thus, the study will be double-blind with respect to these investigational products.
Cardiovascular and subjective effects will be measured during all infusion sessions. Blood for
methamphetamine PK analyses will be collected during infusion sessions #2 and #4 when
subjects receive the 30 mg dose of methamphetamine. Subjects will be discharged from the
clinic on Study Day 10, after the final methamphetamine blood PK sample is collected and other
safety measures have been assessed. This is one day after the last dose of investigational
products. Following clinic discharge, all subjects will be asked to return weekly for 2 weeks for
safety follow-up (Study Days 20 = 2 and 27 * 2).

STUDY DURATION: The study schedule consists of 30 days or less of outpatient/inpatient
screening (some screening assessments will be performed after clinic intake), 13 days of
inpatient infusion sessions and assessments (Study Days —3 to 10), and two weekly follow-up
visits after discharge. Following clinic discharge, all subjects will be asked to return twice: on
Study Days 20 + 2 and 27 * 2, preferably as early in each visit window as possible. Study
completion is anticipated to be twelve months.

SAMPLE SIZE: Eighteen (18) subjects total; subjects who do not meet the criterion for being
evaluable (those procedures scheduled through the 12 hour methamphetamine blood collection
PK time point scheduled on Day 9 (after discussions with NIDA and the Sponsor-Investigator)
will be replaced.

POPULATION: Volunteer experienced methamphetamine users, 18 to 45 years of age,
inclusive, with a diagnosis of methamphetamine abuse or dependence according to DSM-IV
criteria and who provide one methamphetamine positive urine sample during screening and
satisfy all other eligibility criteria will be included.

STUDY GROUPS: Subjects will be randomized on Day 1 to one of the following groups:

OROS-MPH: Subjects will take 36 mg once daily on Days 1 and 2, 54 mg once daily on Days 3
and 4, and 72 mg once daily on Days 5 through 9. The first dose of 36 mg will be given after the
48 hour PK blood collection on Day 1. Thereafter, OROS-MPH will be given daily at
approximately 7:00 am.

Placebo: Subjects will take the equivalent number of placebo tablets once daily on Days 1
through 9 at the same time of day scheduled for administration of OROS-MPH.

Methamphetamine/Saline Infusions: Subjects will receive infusions of saline and
methamphetamine as follows:

Days -3 and 7: Saline infusion followed one hour later by infusion of 15 mg of
methamphetamine.

NIDA-CPU-Methylphenidate-0001 OROS-MPH-Methamphetamine Interaction Study 11
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Days -2 and 8: Saline infusion followed one hour later by infusion of 30 mg of
methamphetamine.

Subjects will not be told the order of the saline and methamphetamine infusions.

ASSESSMENTS: Safety will be evaluated by monitoring AEs, BP, HR, ECG readings, oral
temperature, blood chemistry, and hematology. Continuous monitoring of BP, HR, and ECG will
be performed during all infusion sessions. Changes in methamphetamine and OROS-MPH PK
due to possible interactions will be evaluated using a between- and within-subjects design. Blood
samples for methamphetamine PK will be collected over a 48-hour period after infusion sessions
#2 and #4 (the 30 mg dose of methamphetamine). To determine peak and trough levels of MPH,
PK blood samples will be collected prior to the morning dose of OROS-MPH and 1 and 6 hours
after the morning dose on Study Days 2, 4, 6, 7 and 8. Changes in subjective effects in response
to i.v. methamphetamine will be assessed using VAS, ARCI, and SDV scores after
methamphetamine infusion.

4 INTRODUCTION AND RATIONALE

41  Methamphetamine

Methamphetamine (Methedrine, “speed”, “ice”, “meth”, “crank”) is used and misused as a
central nervous system stimulant. Methamphetamine (N-methylamphetamine) is a non-
cathecholamine phenylisopropanolamine that belongs to the ephedrine family of
sympathomimetic drugs. The drug is made easily in clandestine laboratories with relatively
inexpensive over-the-counter ingredients. These factors combine to make methamphetamine a
drug with high potential for widespread abuse.

4.1.1 Pharmacology

Methamphetamine acts primarily by increasing release of stored catecholamines — dopamine
(DA), epinephrine, and norepinephrine. It also inhibits monoamine oxidase (MAQO), an action
that increases its cathecholaminergic activity. Amphetamines affect serotonergic systems as well
by increasing the release of serotonin which may act as a direct agonist of serotonin receptors
(Weiner 1985); it has been shown to increase serotonergic neurotransmission by inducing the
firing rate of serotonergic cells in the raphe nucleus (Groves and Tepper 1983).
Methamphetamine abusers demonstrate a significantly lower level of DA D2 receptors, with a
difference of 16% in the caudate and 10% in the putamen compared to non-drug abusing controls
as assessed by positron emission tomography (PET) with [''C]-raclopride (Volkow, Chang et al.
2001). This low level of DA D2 receptors is associated with a lower level of glucose metabolism
in orbitofrontal cortex (assessed by PET with fluorodeoxyglucose) suggesting that D2 receptor-
mediated dysregulation of the orbitofrontal cortex could underlie a common mechanism for loss
of control and compulsive drug intake in drug addicted subjects (Volkow, Chang et al. 2001).

Methamphetamine readily enters the central nervous system, and has a marked stimulant effect
on mood (Johnson, Ait-Daoud et al. 1999; Johnson, Roache et al. 2005) and alertness (Johnson,
Ait-Daoud et al. 2000; Johnson, Roache et al. 2005). Methamphetamine is neurotoxic to DA
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terminals when administered to laboratory animals, including monkeys (Wrona, Yang et al.
1997; Cadet, Jayanthi et al. 2003; Kita, Wagner et al. 2003). Studies in methamphetamine
abusers have also documented significant loss of DA transporters (used as markers of the DA
terminal) that are associated with slower motor function and decreased memory. The extent to
which the loss of DA transporters predisposes methamphetamine abusers to neurodegenerative
disorders such as Parkinsonism is unclear and may depend in part on the degree of recovery.
The effects of protracted abstinence on the loss of DA transporters in striatum has been studied
in methamphetamine abusers using PET and [(''C)]d-threo-methylphenidate (DA transporter
radioligand) (Volkow, Chang et al. 2001). Brain DA transporters in five methamphetamine
abusers evaluated during short abstinence (<6 months) and then retested during protracted
abstinence (12-17 months) showed significant increases with protracted abstinence (a difference
of 19% in the caudate and 16% in the putamen) that was accompanied by increase in thalamic,
but not striatal, glucose metabolism (assessed by PET with fluorodeoxyglucose); however,
although the performance in motor and verbal memory tests showed some improvement, this
effect was not significant (Volkow, Chang et al. 2001; Wang, Volkow et al. 2004). These data
indicate that DA terminals can either recover during protracted abstinence or that remaining
viable terminals increase arborization, but it is not sufficient for complete function recovery as
there was no improvement in cognitive tests (Volkow, Chang et al. 2001). These findings have
treatment implications because they suggest that protracted abstinence may reverse some of the
methamphetamine-induced alterations in brain DA terminals, but other deficits persist.

Other studies confirm that methamphetamine use may result in a long-term damage to neurons
involved in cognitive function. Thus, brain imaging studies (magnetic resonance spectroscopy)
show neuronal damage in basal ganglia and frontal white matter with a concomitant increase in
size/number of glial cells in subjects with a history of methamphetamine abuse that have been
abstinent for as long as 21 months (Ernst, Chang et al. 2000). The PET studies revealed glucose
metabolism abnormalities in limbic and paralimbic regions of recently abstinent
methamphetamine abusers that correlated with self-reports of depression and anxiety (London,
Simon et al. 2004). Importantly, quantitative electroencephalographic (EEG) abnormalities
consistent with generalized encephalopathy, i.e., increased EEG power in the delta and theta
bands, have been reported in methamphetamine dependent subjects with 4 days of abstinence
providing another evidence to the notion that methamphetamine abuse may be associated with a
range of cognitive and psychiatric abnormalities (Newton, Cook et al. 2003). Indeed, a
preliminary finding of reduced cognitive function (assessed by Stroop test) in methamphetamine-
dependent subjects is consistent with distractibility that they show clinically (Salo, Nordahl et al.
2002). Another study in methamphetamine-dependent subjects that have been abstinent for 8
months showed persistent abnormalities in cerebral flow that was accompanied by reduced
cognitive function as tested by California Computerized Assessment Package (Chang, Ernst et al.
2002). Overall, methamphetamine abuse is associated with persistent physiological changes in
the brain that are accompanied by reduced cognitive function.

412 PK

PK of methamphetamine is similar to those of ephedrine: it has high bioavailability and a long
duration of action. Following i.v. administration, methamphetamine is eliminated with a t;,, of 12
+ 3.2 hours.
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4.1.3 Metabolism

Methamphetamine is metabolized by N-demethylation to amphetamine (Ling and Shoptaw 1997)
and by hydroxylation to 4-OH methamphetamine (Lin, Kumagai et al. 1995). Both of these
reactions are catalyzed by cytochrome P450 2D6 (CYP2D6). Approximately 38% of the
administered dose is excreted in the urine unchanged (Mendelson, Jones et al. 1995).
Methamphetamine and amphetamine also inhibit CYP2D6 with an apparent ki of 25 uM and
26.5 uM, respectively (Wu, Otton et al. 1997). This could shift metabolism during chronic
administration towards urinary excretion of the parent compound.

4.1.4 Short-term Effects of Methamphetamine Use

Methamphetamine is a powerful psychostimulant and even in small doses can increase
wakefulness, attention and physical activity and decrease fatigue and appetite (Johnson, Roache
et al. 1999). Those who smoke or inject methamphetamine report a brief, intense sensation, or
rush. Oral ingestion or snorting produces a long lasting high instead of a rush, which reportedly
can continue for as long as half a day. Both the rush and the high are the result of dopamine
release in cortico-mesolimbic areas of the brain that regulates feeling of pleasure. High doses can
elevate body temperature to dangerous, sometimes lethal levels, as well as cause convulsions.

4.1.5 Long-term Effects of Methamphetamine Use

Methamphetamine is an addictive drug. Long-term chronic methamphetamine abusers exhibit
symptoms that can include violent behavior, anxiety, confusion, and insomnia. They also can
display a number of psychotic features, including paranoia, auditory hallucinations, mood
disturbances and delusions (for example, the sensation of insects creeping on the skin, which is
called “formication”). The paranoia can result in homicidal as well as suicidal thoughts. With
chronic use, tolerance for methamphetamine can develop. In an effort to intensify the desired
effects, users may take higher doses of the drug, take it more frequently, or change their method
of drug intake. In some cases, abusers forego food and sleep indulging in a form of binging
known as “run,” injecting as much as a gram of the drug every 2 to 3 hours over several days
until the user runs out of the drug or is too disorganized to continue. Chronic abuse can lead to
psychotic behavior, characterized by intense paranoia, visual and auditory hallucinations, and
out-of-control rages that can be coupled with extremely violent behavior. These clinical data are
confirmed by brain imaging studies that show long-term damage in dopaminergic and
serotonergic neurons with a concomitant increase in glial cells in subjects with a history of
methamphetamine abuse long after they stopped using methamphetamine (Ernst, Chang et al.
2000).

Methamphetamine abuse has a typical pattern of withdrawal manifested by signs and symptoms
opposite to those produced by the drug. Users become sleepy, have a ravenous appetite, are
exhausted, and may suffer from mental depression. This syndrome may last for several days
after the drug is withdrawn. Tolerance develops quickly, so that abusers may take huge doses
compared with those used medically, e.g., as anorexants.

4.1.6 Medical Complications of Methamphetamine Abuse

Methamphetamine toxicity manifests itself at the level of nearly every organ system with the
most dramatic changes being observed in the cardiovascular system and brain.
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Methamphetamine can cause a variety of cardiovascular problems. These include rapid and
sometimes irregular heartbeat (Yu, Larson et al. 2003), increased blood pressure (Johnson, Ait-
Daoud et al. 2000), and irreversible, stroke-producing damage to small blood vessels in the brain
(McGee, McGee et al. 2004). Hyperthermia and convulsions occur with methamphetamine
overdoses, and if not treated immediately, can result in death. Chronic methamphetamine abuse
can result in endocarditis, and among users who inject the drug, damaged blood vessels and skin
abscesses. Methamphetamine abusers also can have episodes of violent behavior, paranoia,
anxiety, confusion, and insomnia. Psychotic symptoms can sometimes persist for months or
years after use has ceased. Heavy methamphetamine users show progressive social and
occupational deterioration.

4.1.7 Methamphetamine as a Major Health Problem

Methamphetamine has become a major drug of abuse in the United States since the early 1990’s.
High rates of methamphetamine dependence are also registered in Great Britain, Japan,
Australia, and in many other countries (Klee 1992). In Great Britain, the methamphetamine
problem is considered of greater public health consequence than cocaine, especially in relation to
HIV. In Australia, amphetamines are the second most frequently used drugs, after cannabis.

Methamphetamine abuse, long reported as the dominant drug problem in the San Diego, CA,
area, has become a substantial drug problem in other sections of the West and Southwest
(NIDAResearchReport 2002). There are indications that it is spreading to other areas of the
country, including both rural and urban sections of the South and Midwest. Methamphetamine,
traditionally associated with white, male, blue-collar workers, is being used by more diverse
population groups that change over time and differ by geographic area (Cho and Melega 2002).
According to the 2000 National Household Survey on Drug Abuse, an estimated 8.8 million
people (4.0 % of the population) have tried methamphetamine at some time in their lives. Data
from the 2000 Drug Abuse Warning Network (DAWN), which collects information on drug-
related episodes from hospital emergency departments in 21 metropolitan areas, reported that
methamphetamine-related episodes increased from approximately 10,400 in 1999 to 13,500 in
2000, a 30% increase. NIDA’s Community and Epidemiology Work Group reported in June
2001, that methamphetamine continues to be a problem in Hawaii and in major Western cities,
such as San Francisco, Denver and Los Angeles. Methamphetamine production and availability
are being reported in more diverse areas of the country, particularly rural areas prompting
concern about more widespread use.

Violence associated with methamphetamine (users under the influence, users who commit
violent acts to obtain methamphetamine, and/or distributor-trafficker violence) is also a concern
(DAWN 2000). Moreover, a generation of new users is engaging in highly risky sexual
activities under the influence of methamphetamine, which raises the possibilities for a new wave
of HIV transmission.

The lack of effective treatment for methamphetamine users has far reaching health ramifications
both in terms of the consequences from continued drug use and from the potential for increased
HIV transmission. As a result, the development of effective treatments for methamphetamine
dependence has become a pressing concern for the national and global drug abuse treatment
community.
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4.1.8 Search for Effective Treatments for Methamphetamine Dependence

Despite a decade of intensive research, an effective pharmacotherapy for stimulant dependence
remains elusive with a noted lack of controlled clinical trials in pharmacotherapy for
methamphetamine abuse in particular (Ling and Shoptaw 1997). To date, the bulk of the
research in the field is oriented toward treatment of cocaine dependence and many of the
suggestions on pharmacotherapies for methamphetamine abuse are based upon clinicians’
experiences with treating cocaine abuse. The idea of applicability of cocaine treatment strategies
for pharmacotherapy of methamphetamine dependence is based on the similarity of their
pharmacological actions, i.e., cross-behavioral sensitization and tolerance between these
psychostimulants in animal studies (Akimoto, Hamamura et al. 1990; Peltier, Li et al. 1996;
Johnson, Chen et al. 1998). The concept of building on knowledge from cocaine dependence
studies and applying this knowledge to methamphetamine studies was endorsed by the
Methamphetamine Addiction Treatment Think Tank consultants meeting convened at NIDA on
January 12, 2000.

4.1.9 Safety of Methamphetamine

Intravenous (i.v.) methamphetamine administration spanning the doses proposed for use in this
study have been previously investigated in human laboratory clinical trials. Mendelson and
colleagues (personal communication) have employed i.v. methamphetamine doses from 15 mg to
45 mg. These doses were administered safely over 1 to 10 minutes in subjects with prior
experience with i.v. methamphetamine use. In these studies, the immediate subjective effects of a
15 mg dose were minimal, almost indistinguishable from placebo. However, after about 10
minutes all subjects were able to distinguish when methamphetamine was administered as
compared to placebo. The cardiovascular effects of the 15 mg dose were also minimal.

In a PK and interaction study with alcohol, the cardiovascular effects in 8 subjects following i.v.
administration of 30 mg of methamphetamine was accompanied by a peak in blood pressure 2
minutes after administration and a heart rate peak at 10 minutes (Mendelson, Jones et al. 1995).
Both measures returned from peak values to a plateau level (20 mm Hg above and about 15 bpm
above pre-methamphetamine baseline) 15 minutes following i.v. administration. The plateau
levels slowly returned to baseline levels over the rest of the day. HR and BP responses were
dramatic in some individuals (50 mm Hg elevations in systolic BP occurred). A few subjects
exhibited a baroreceptor reflex response with a brief, relative bradycardia with heart rates of 55
to 60. All subjects had a robust, predictable response to the 30 mg dose with immediate
intoxication ratings of about 50 (O=none, 100=max). In the interaction part of this study,
methamphetamine (30 mg i.v.) was administered in combination with ethanol (1 gm/kg).
Methamphetamine PK was not altered by the concurrent administration of ethanol, with the
exception of lowering the apparent volume of distribution at steady state for methamphetamine.
Based on these data, Mendelson concluded that doses around 30 mg produced at least half
maximal acute subjective and cardiovascular responses.

4.1.10 Methamphetamine Dose Justification

Peak plasma concentrations of 140 ng/mL are observed after i.v. administration of 30 mg doses
of methamphetamine in humans (Mendelson, Jones et al. 1995). Thirty mg doses of
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methamphetamine translate to an effective dose of 21 mg when delivered by the smoked route
(Cook 1991). A peak plasma concentration of 44 ng/ml was observed after 30 mg of
methamphetamine was administered by smoking (Cook 1991). Detectable levels of
methamphetamine have been documented in the postmortem blood of individuals involved in
traffic fatalities (Logan, Fligner et al. 1998). Levels ranged from 50 to 2,600 ng/mL (median 350
ng/mL). Thus, the highest dose of methamphetamine to be used in this study is representative of
the levels in blood of methamphetamine users while at the same time being a safe dose to
administer in the human laboratory setting.

4.2 Osmotic-Release Methylphenidate (OROS-MPH)

OROS-MPH is approved by the FDA at doses of 18 to 72 mg/day for the treatment of children
with Attention Deficit Hyperactivity Disorder (ADHD). Methylphenidate (MPH) and 4, /-
amphetamine have been the mainstay of pharmacologic treatment for ADHD in children,
adolescents, and adults. Numerous attempts have been made to develop a longer acting
formulation of MPH for the treatment of ADHD to increase medication compliance with once a
day dosing, and to provide a longer acting formulation that has lower abuse potential than shorter
acting preparations. The OROS delivery system used in OROS-MPH has resulted in the longest
delivery system of all psychostimulant formulations. The unique delivery system in OROS-MPH
consists of an osmotically active tri-layer core surrounded by a semi-permeable membrane with
an immediate-release overcoat that allows for controlled drug delivery throughout the day.
OROS-MPH is the only formulation that results in 12 hours of clinical response with once per
day dosing (Lopez, Silva et al. 2003; Swanson, Wigal et al. 2004; Wolraich and Doffing 2004).

Recent reports have suggested that the abuse potential of oral MPH is strongly influenced by the
rate of delivery, and not solely by the magnitude of plasma concentration or brain transporter
occupancy (Spencer, Biederman et al. 2006; Volkow 2006). Using PET and the dopamine
transporter radioligand with [''C]-altropane, Spencer and colleagues (2006) found that
immediate release MPH (IR-MPH) at a dose of 40 mg achieved equivalent peak levels of
dopamine transporter blockage as a 90 mg dose of OROS-MPH (Spencer, Biederman et al.
2006). Even though peak dopamine transporter blockage was achieved significantly faster with
IR-MPH than the OROS-MPH formulation (1.7 hours versus 5 hours, respectively), patients
report significantly lower reinforcing effects with the OROS-MPH formulation than with the IR-
MPH. It was also observed that at 7 hours after dosing, the level of dopamine transporter
blockage for OROS-MPH was 6.5% versus 40% of IR-MPH. Thus, if the rate of dopamine
change is positively associated with the reinforcing effects of methylphenidate, its slow
clearance from and its long occupancy of dopamine transporter will limit the rate at which it can
be administered before producing dopamine transporter saturation. This predicts that delivery
systems that maintain steady state plasma levels for longer time periods are less likely to be
abused than delivery systems that lead to more abrupt changes (Volkow 2006).

4.2.1 Pharmacology

MPH HCl is a central nervous system stimulant. The mode of therapeutic action in ADHD is not
known. MPH is thought to block the reuptake of norepinephrine and dopamine into the
presynaptic neuron and increase the release of these monoamines into the extraneuronal space.
MPH is a racemic mixture comprised of the d- and l-isomers. The d-isomer is more
pharmacologically active than the I-isomer. Animal studies have suggested that MPH is a
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dopamine transporter (DAT) inhibitor that rapidly increases vesicular dopamine uptake,
vesicular monamine transporter-2 (VMAT-2) ligand binding, and VMAT-2 immunoreactivity in
vesicular subcellular fractions (Sandoval, Riddle et al. 2003). MPH has been shown to increase
the extracellular dopamine levels by inhibiting DAT and potentiates the action of spontaneously
released dopamine acting on D1 receptors in the medium spiny neurons (Fukui, Svenningsson et
al. 2003).

422 PK

MPH is readily absorbed. Following oral administration of OROS-MPH (CONCERTA®) to
adults, plasma MPH concentrations increase rapidly reaching an initial maximum at about 1 to 2
hours, then increase gradually over the next several hours. Peak plasma concentrations are
achieved at about 6 to 8 hours after which a gradual decrease in plasma levels of MPH begins.
OROS-MPH once daily (q.d.) minimizes the fluctuations between peak and trough
concentrations associated with immediate-release MPH (IR-MPH) three times daily (t.i.d.) as
shown in Figure 1. Plasma MPH concentrations in adults decline biexponentially following oral
administration. The half-life of MPH in adults following oral administration of OROS-MPH was
approximately 3.5 h. In a multiple-dose study in adolescent ADHD patients aged 13 to 16
administered their prescribed dose (18 to 72 mg/day) of CONCERTA®, mean Cmax and
AUCry of d- and total MPH increased proportionally with respect to dose. The relative
bioavailability of OROS-MPH q.d. and IR-MPH t.i.d. in adults is comparable (ConcertaO-
Packagelnsert).

—s— CONCERTA™ 18 mg qd
4 4 R —m—- Methylphenidate 5 mg tid

Mean Plasma Methylphenidate
Concentration (ng/mL)

0 4 8 12 16 20 24 28 32
Time (h)

Figure 1. Mean MPH plasma concentrations in 36 adults, following a single dose of OROS-
MPH (CONCERTA®) 18 mg q.d. and IR-MPH 5 mg t.i.d. administered every 4 hours.

4.2.3 Metabolism

In humans, MPH is metabolized primarily by deesterification to o-phenyl-piperidine acetic acid
(PPA), which has little or no pharmacologic activity. In adults, the metabolism of OROS-MPH
g.d. as evaluated by metabolism to PPA is similar to that of MPH t.i.d. The metabolism of single
and repeated q.d. doses of OROS-MPH is similar. After oral dosing of radiolabeled MPH in
humans, about 90% of the radioactivity was recovered in urine. The main urinary metabolite was
PPA, accounting for approximately 80% of the dose.
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4.2.4 Previous Human Experience

More than 50 randomized controlled trials (Schachter, Pham et al. 2001), along with decades of
clinical experience, has established the safety and efficacy of MPH in the treatment of ADHD
(Greenhill, Halperin et al. 1999). Three studies have evaluated the safety and efficacy of OROS-
MPH compared to IR-MPH for ADHD. These studies demonstrate low placebo response rates
and robust clinical effects of OROS-MPH, equivalent to the clinical effects of IR-MPH in
reducing ADHD symptoms in children (Pelham, Gnagy et al. 2001; Wolraich, Greenhill et al.
2001; Swanson, Gupta et al. 2003).

Although there is a large body of clinical experience with MPH in pediatric subjects with
ADHD, there are only a limited number of clinical studies in adults. These early studies in
adults have yielded equivocal results and the discrepancies have been attributed to low doses,
diagnostic uncertainties, and lack of at