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EN: 377425
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Abstract

Attention deficit hyperactivity disorder (ADHD) is a
common, complex neuropsychiatric and behavioral dis-
order characterized by inattention, distractibility, hyper-
activity and impulsivity. There are currently two classes
of approved agents for ADHD: psychostimulants (e.g.,
methylphenidate and amphetamine) and the nonstimu-
lant atomexetine. Psychostimulants appear to be the
most effective agents, with improvement observed in
the majority of patients. However, these agents are
associated with a high liability for addiction and abuse.
In an attempt to reduce this high risk, a series of d-
amphetamine prodrugs were synthesized, from which
lisdexamfetamine mesilate (NRP-104, SPD-489,
Vyvanse™) emerged. Lisdexamfetamine is inactive
until hydrolyzed in the digestive tract, after which it
exhibits a prolonged duration of action. Moreover, the
agent appears to have less abuse potential than d-
amphetamine. Lisdexamfetamine was approved by the
FDA in February 2007 for the treatment of ADHD in chil-
dren, and it is being evaluated clinically for use in adults.
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L-Lysine-d-amphetamine dimesylate
NRP-104
SPD-489
Vyvanse™

N1-[1(S)-Methyl-2-phenylethyl]-L-lysinamide bis(methanesulfonate)

2(S),6-Diamino-N-[1(S)-methyl-2-phenylethyl]hexanamide bis(methanesulfonate)
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Synthesis

Lisdexamfetamine can be synthesized as follows:
The condensation of N2,N6-bis-(tert-butoxycarbonyl)-

L-lysine succinimidyl ester (I) with d-amphetamine (II) by
means of DIEA in dioxane gives the protected carboxam-
ide (III), which is deprotected by means of HCl in dioxane
to afford the target lisdexamfetamine (1, 2). Scheme 1.

Background

Attention deficit hyperactivity disorder (ADHD) is a
complex neuropsychiatric and behavioral disorder that is
characterized by inattention, distractibility, hyperactivity
and impulsivity. According to the Diagnostic and
Statistical Manual of Mental Disorders (DSM)-IV classifi-
cation system, there are four major subtypes of ADHD:
the inattentive type, the hyperactive/impulsive type, the
combined type and the not otherwise specified type, in
which an individual exhibits some characteristics of
ADHD but does not meet sufficient criteria to reach full
diagnosis. ADHD is believed to affect 7-12% of the U.S.
pediatric population, making it the most common behav-
ioral and psychological disorder encountered in pediatric
medicine. Symptoms of ADHD persist into adulthood in
from 4% to 80% of individuals diagnosed with the disor-
der as children (3-7).

It is believed that in ADHD both environmental and
genetic factors alter the developing brain. There are sev-
eral nongenetic risk factors that are associated with
ADHD and these include prenatal exposure to nicotine
and alcohol, maternal metabolic disorders, prenatal and
perinatal hypoxia, iron deficiency, lead exposure, trauma,
cerebral infarct, hyperbilirubinemia, meningitis,
encephalitis and adverse psychosocial conditions.
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reduce the potential liability for addiction and abuse,
researchers continue to search for new psychostimulants
that may eliminate the need for a midday dose. Several
agents are currently under active development for the
treatment of ADHD, as shown in Table II. The most
advanced is the psychostimulant lisdexamfetamine mesi-
late (NRP-104, SPD-489, Vyvanse™), an amphetamine
prodrug consisting of d-amphetamine conjugated to 
L-lysine, which was identified from a series of synthesized
single-amino-acid, dipeptide and tripeptide d-ampheta-
mine prodrugs. The agent is inactive until hydrolyzed in
the digestive tract, after which it exhibits a prolonged
duration of action, with efficacy lasting for a full treatment
day. Moreover, the agent appears to be associated with
less abuse potential than d-amphetamine alone.
Lisdexamfetamine was therefore chosen for further
development for the treatment of ADHD (3, 17).

Pharmacokinetics and Metabolism

The pharmacokinetics and bioavailability of single
intranasal (i.n.) doses (3 mg/kg) of lisdexamfetamine and
d-amphetamine were compared in rats. The parameters
obtained for the two agents were considerably different
and indicated that the prodrug decreased and delayed
the bioavailability of d-amphetamine. The d-amphetamine
AUClast value with lisdexamfetamine as compared to 
d-amphetamine itself was 95% less (56 ng.ml/h vs. 1032
ng.ml/h), the Cmax was approximately 96% less (78.6
ng/ml vs. 1962.9 ng/ml) and the tmax was about 12 times
longer (1 h vs. 0.083 h). High concentrations of intact lis-
dexamfetamine were also observed (AUCinf = 9139
ng.ml/h; Cmax = 3345.1 ng/ml). It was concluded that only
a minimal amount of d-amphetamine is delivered i.n. and

However, the leading cause of ADHD appears to be
genetic, with studies in twins reporting the heritability for
ADHD as 60-94%. ADHD has been linked to polymor-
phism in genes for the dopamine transporter (DAT1) and
dopamine receptors (D4 and D5). In addition, genes for
the 5-HT1B and 5-HT2A receptors, dopa-β-hydroxylase,
synaptosomal-associated protein (SNAP)-25 and cate-
chol-O-methyltransferase (COMT) are also suspected of
contributing to ADHD pathology. Although the exact neu-
rochemical dysfunction in ADHD remains to be elucidat-
ed, researchers speculate that dysregulation of dopamine
and norepinephrine systems is predominantly responsi-
ble. This dysfunction could be due to lack of or delay in
maturation of frontostriatal circuitry (3, 4, 8-16).

ADHD can be treated with both pharmacological and
nonpharmacological interventions. However, significantly
better outcomes on core symptoms of ADHD are
obtained with optimized pharmacological management
alone. To date, there are two classes of approved agents
for ADHD: psychostimulants (e.g., methylphenidate and
amphetamine) and the nonstimulant antidepressant ato-
moxetine (Table I). Psychostimulants act predominantly
on the dopaminergic system and studies have indicated
that 9 of 10 patients respond, although trial and error may
be required to find an effective agent. Improvements can
be seen on symptoms such as overactivity, attention
span deficits, impulsivity, self-control and aggressive-
ness, although not all behavioral symptoms may be alle-
viated. Although psychostimulants appear to be the most
effective therapy to date, they are associated with major
health concerns since misuse can cause addiction.
Administration in the U.S. therefore must be closely con-
trolled so that the midday dose is given by a school nurse,
which can result in social stigma. Thus, in an attempt to
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Scheme 1: Synthesis of Lisdexamfetamine
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abnormalities observed. The majority of adverse events
related to treatment were mild to moderate in severity and
included anorexia, insomnia, tachycardia, hyperkinesia,
abdominal pain, euphoric mood, headache and upper
respiratory infection. One severe case of tachycardia
requiring discontinuation was observed in a female
patient after the first dose (19).

A double-blind, crossover study in 9 adult stimulant
abusers showed that i.v. lisdexamfetamine (50 mg over 2
min at 48-h intervals) had significantly less abuse poten-
tial than i.v. d-amphetamine (20 mg). Mean peak plasma
levels for d-amphetamine (77.7 ng/ml) were achieved
rapidly at 5 min postdosing and then quickly decreased.
In contrast, the mean peak levels of d-amphetamine with
the prodrug were 33.8 ng/ml, which occurred at 3 h post-
dosing and were maintained throughout the 4-h observa-
tion period. A significantly greater mean maximum
response to d-amphetamine was obtained on the primary
variable of Subject Liking Visual Analog Scale (VAS) as
compared to placebo and lisdexamfetamine. Lisdexam-
fetamine did not produce euphoria or amphetamine-like
effects, although a significant increase in blood pressure
was observed with lisdexamfetamine (21).

Clinical Studies

A multicenter, randomized, double-blind, placebo-
controlled, crossover phase II study conducted in an
analogue classroom environment in 52 children (6-12
years) with ADHD compared the efficacy and safety of
oral lisdexamfetamine (30, 50 or 70 mg/day) with place-
bo and extended-release mixed amphetamine salts
(Adderall XR®; optimal subject dose: 10, 20 or 30 mg).
The study included a 1-week screening phase, a 3-week

thus the abuse potential using this route of administration
is low (18).

An open-label study conducted in 12 healthy adults
examined the pharmacokinetics of multiple doses of lis-
dexamfetamine (70 mg p.o. once daily for 7 consecutive
days). Steady-state d-amphetamine levels were
observed by day 5 and elimination of intact lisdexamfeta-
mine was complete at about 6 h postdosing. AUC0-24h,
AUC0-∞, Cmax and tmax values for d-amphetamine and the
intact prodrug were 1113 and 60.66 ng.h/ml, 1453 and
61.06 ng.h/ml, 90.1 and 47.9 ng/ml, and 3.68 and 1.14 h,
respectively (19). 

Another study conducted in 12 healthy adult stimulant
abusers examined the pharmacokinetics of oral lisdex-
amfetamine (30-150 mg as single escalating doses at 48-
h intervals). Subjects also received randomly dispersed
doses of amphetamine sulfate (40 mg) and placebo. The
AUClast value over the first 4 h for amphetamine with 100
mg lisdexamfetamine was lower than that observed with
amphetamine sulfate (165.3-231.1 ng/ml vs. 245.5-316.8
ng/ml); tmax values for amphetamine were longer with lis-
dexamfetamine as compared to amphetamine sulfate
(3.78-4.25 h vs. 1.88-2.74 h). Exposure was reduced at
higher doses (> 130 mg). The prodrug was found to be
rapidly cleared (t1/2 = 0.44-0.76 h) and adverse events
reported were mild in severity. Results suggest that lis-
dexamfetamine undergoes rate-limited hydrolysis and
may possess a better safety profile and lower abuse
potential than amphetamine (20).

Safety

In the open-label study in 12 healthy volunteers, mul-
tiple doses of the agent were well tolerated, with no ECG
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Table I: Drugs marketed for the treatment of ADHD (from Prous Science Integrity®).

Drug Source

Psychostimulants

Methylphenidate formulations
Dexmethylphenidate hydrochloride (Ritadex/Focalin) Celgene/Novartis
Methylphenidate hydrochloride (Ritalin, Metadate, Daytrana, Concerta) Novartis/UCB/Shire/McNeil
Pemoline (Cylert*) Abbott

Amphetamine formulations
Mixed amphetamine salts (Adderall XR) Shire
Dextroamphetamine sulfate (Dexedrine, DextroStat) GlaxoSmithKline/Shire
Methamphetamine hydrochloride (Desoxyn) Abbott
Lisdexamfetamine mesilate (Vyvanse) New River Pharmaceuticals/Shire

Nonstimulant antidepressant

Atomoxetine hydrochloride (Strattera) Lilly

*Discontinued in 2005 due to the availability of generics.

Table II: Drugs under active development for the treatment of ADHD (from Prous Science Integrity®).

Drug Source Phase

Altropane Boston Life Sciences III
ABT-894 Abbott II
CX-717 Cortex II
CX-701 Cortex Preclinical
CX-1501 Cortex Preclinical



Sources

New River Pharmaceuticals, Inc. (US); developed in
collaboration with Shire plc (UK, US) (according to a
recent agreement, Shire will acquire New River
Pharmaceuticals).
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Adderall XR® dose-optimization phase and the 3-week
randomized, double-blind, crossover phase. Fifty sub-
jects completed the study. Both agents were well tolerat-
ed, with no serious adverse events, deaths or clinically
significant changes in Q-T interval reported. Diastolic
blood pressure was higher at 2.5-5 h after morning dos-
ing in patients treated with Adderall XR® and lisdexamfe-
tamine compared to placebo. Both agents were signifi-
cantly better than placebo in controlling ADHD
symptoms and behaviors according to the Swanson,
Kotkin, Agler, M-Flynn and Pelham (SKAMP)
Deportment Rating Scale (0.8 for combined doses of
both agents vs. 1.7 for placebo). In addition, both lisdex-
amfetamine and Adderall XR® significantly improved
secondary efficacy outcome measures as compared to
placebo according to scores for SKAMP attention (1.2 for
combined doses of both agents vs. 1.8 for placebo), as
well as Permanent Product Measure of Performance
(PERMP)-attempted (133.3 and 133.6, respectively, vs.
88.2 for placebo) and PERMP-corrected scores (129.6
and 129.4, respectively, vs. 84.1 for placebo). There was
no significant difference between lisdexamfetamine and
Adderall XR® (22).

A 4-week, multicenter, randomized, double-blind,
placebo-controlled, parallel-group phase III study in 290
children (6-12 years of age) demonstrated the safety and
efficacy of lisdexamfetamine (30, 50 and 70 mg/day). The
study included a 1-week screening period, a 1-week
washout period followed by a 4-week double-blind phase.
A total of 230 patients completed the study. All doses of
the agent were well tolerated. No serious adverse events
or deaths were reported and over 95% of the adverse
events were mild or moderate in severity. Treatment-
related adverse events were consistent with those asso-
ciated with amphetamine and the incidence of adverse
events decreased over time. Significant reductions in
ADHD-Rating Scale (AHDH-RS) total scores from base-
line were observed with all lisdexamfetamine doses com-
pared to placebo (50%, 54% and 59% reductions,
respectively, vs. 15% on placebo). Post hoc responder
analysis indicated responder rates of 66%, 72% and 80%
for the respective lisdexamfetamine doses compared to
17% for placebo (23).

Two phase III studies are under way examining the
efficacy and safety of a daily morning dose of lisdexam-
fetamine in adults diagnosed with moderate to severe
ADHD (24, 25). The U.S. FDA approved lisdexamfeta-
mine mesilate (Vyvanse™) in February 2007 for the treat-
ment of ADHD in pediatric patients (26).

Drug Interactions

A study using pooled human liver microsomes prein-
cubated with or without NADPH showed that lisdexamfe-
tamine (0.01-100 µM) was unable to inhibit human
cytochrome P-450 isozymes CYP1A2, CYP2A6,
CYP2B6, CYP2C9, CYP2C19, CYP2D6 and CYP3A4.
These results indicate that the agent has a low potential
for drug interactions (27).
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