Washington University School of Medicine

Digital Commons@Becker

Open Access Publications

2009

Long-term safety and effectiveness of lisdexamfetamine
dimesylate in adults with attention-deficit/hyperactivity disorder

Richard Weisler
University of North Carolina at Chapel Hill

Joel Young
Rochester Center for Behavioral Medicine

Greg Mattingly
Washington University School of Medicine in St. Louis

Joseph Gao
Shire Development Inc.

Liza Squires
Shire Development Inc.

See next page for additional authors

Follow this and additional works at: https://digitalcommons.wustl.edu/open_access_pubs

Please let us know how this document benefits you.

Recommended Citation

Weisler, Richard; Young, Joel; Mattingly, Greg; Gao, Joseph; Squires, Liza; and Adler, Lenard, "Long-term
safety and effectiveness of lisdexamfetamine dimesylate in adults with attention-deficit/hyperactivity
disorder." CNS Spectrums. 14, 10. 573-585. (2009).
https://digitalcommons.wustl.edu/open_access_pubs/3398

This Open Access Publication is brought to you for free and open access by Digital Commons@Becker. It has been
accepted for inclusion in Open Access Publications by an authorized administrator of Digital Commons@Becker.
For more information, please contact vanam@wustl.edu.


https://digitalcommons.wustl.edu/
https://digitalcommons.wustl.edu/open_access_pubs
https://digitalcommons.wustl.edu/open_access_pubs?utm_source=digitalcommons.wustl.edu%2Fopen_access_pubs%2F3398&utm_medium=PDF&utm_campaign=PDFCoverPages
https://becker.wustl.edu/digital-commons-becker-survey/?dclink=https://digitalcommons.wustl.edu/open_access_pubs/3398
mailto:vanam@wustl.edu

Authors
Richard Weisler, Joel Young, Greg Mattingly, Joseph Gao, Liza Squires, and Lenard Adler

This open access publication is available at Digital Commons@Becker: https://digitalcommons.wustl.edu/
open_access_pubs/3398


https://digitalcommons.wustl.edu/open_access_pubs/3398
https://digitalcommons.wustl.edu/open_access_pubs/3398

Original Research

Long-Term Safety and Effectiveness
of Lisdexamfetamine Dimesylate
in Adults With Attention-Deficit/

Hyperactivity Disorder

Richard Weisler, MD, Joel Young, MD, Greg Mattingly, MD, Joseph Gao, PhD, liza
Squires, MD, and Lenard Adler, MD, on behalf of the 304 Study Group

ABSTRACT

Objective: To evaluate the long-term safety

and effectiveness of lisdexamfetamine dimesyl-
ate (LDX) in the treatment of adults with atten-
tion-deficit/hyperactivity disorder (ADHD).

Methods: Following a 4-week, placebo-con-
trolled, double-blind trial, 349 adults with ADHD
were enrolled into an open-label, single-arm
study for up to 12 months. Treatment was initi-
ated at 30 mg/day and titrated up to 70 mg/day
at subsequent visits to achieve optimal effec-
tiveness and tolerability. Safety assessments
included adverse events inquiries, vital signs,
and electrocardiograms while the primary
effectiveness assessment was the ADHD Rating
Scale (ADHD-RS) total score.

Results: A total of 191 (54.7%) subjects com-
pleted the study. The most common treatment-
emergent adverse events (TEAEs) were upper
respiratory tract infection (21.8%), insomnia
(19.5%), headache (17.2%), dry mouth (16.6%),
decreased appetite (14.3%), and irritability
(11.2%). Most TEAEs were mild to moderate in

severity. At endpoint, small but statistically sig-

FOCUS POINTS

® Attention-deficit/hyperactivity disorder (ADHD)
is a chronic neurobehavioral disorder that
often persists into adulthood and psychostimu-
lants are an important firstline treatment for
management of ADHD symptoms in adults.

® The stimulant prodrug, lisdexamfetamine dime-
sylate (30, 50, and 70 mg/day) given for up
to 1 year was found to be safe and effective in
adults with ADHD.

® The flexible dosing strategy, similar to clinical
practice, used here likely contributed to achiev-
ing optimal dosing and may have contributed
to the relatively low rates of adverse events and
discontinuations.

nificant increases in pulse and blood pressure
were noted. Significant improvements in mean
ADHD-RS total scores were observed at week 1
and sustained throughout the study (P<.0001 at
all postbaseline visits). At endpoint, the mean
improvement from baseline ADHD-RS total
score was 24.8 (P<.0001).

Conclusions: LDX demonstrated a safety pro-
file consistent with long-acting stimulant use
and provided continued effectiveness in adults
with ADHD for up to 12 months.
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INTRODUCTION

Attention-deficit/hyperactivity disorder (ADHD),
one of the most common psychiatric disorders,
is estimated to have a worldwide prevalence
among children of ~5.3%."? Nearly two-thirds of
children with ADHD experience symptoms into
adolescence and adulthood.?*® Overall, ADHD is
estimated to affect 4.4% of adults in the United
States.® Adults with ADHD experience significant
impairment®? in multiple domains of daily liv-
ing, including the workplace, home, school, and
various social settings.? In fact, current diagnostic
criteria for ADHD set out in the Diagnostic and
Statistical Manual of Mental Disorders, Fourth
Edition, Text Revision require that impairment be
present in at least two settings.?

Stimulants represent the most frequently
prescribed ADHD treatment®" and have dem-
onstrated efficacy in alleviating symptoms in
adults with ADHD.®*"*'% |[n otherwise healthy
adults with ADHD, stimulants have been found
to cause modest increases in systolic blood pres-
sure (SBP), diastolic blood pressure (DBP), and
pulse.'®® There has also been concern that stim-
ulants might prolong sleep onset or cause insom-
nia.***These effects, however, may be difficult to
differentiate from preexisting sleep problems
that are frequently reported by both children and
adult patients with ADHD.®2"% | jsdexamfetamine
dimesylate (LDX) is the first long-acting prodrug
stimulant, and is approved for the treatment of
ADHD in children 6-12 years of age and adults.
LDX is a prodrug that is therapeutically inactive.
After oral ingestion, LDX is converted to I-lysine
and active d-amphetamine. Recent in vivo stud-
ies in anesthetized rats demonstrated that a high
proportion of LDX is absorbed intact from the
gastrointestinal (Gl) tract.?’ Parallel studies in
isolated rat and human tissues and blood ele-
ments showed that conversion occurs primarily
in red blood cells.?®?” The conversion of LDX to
d-amphetamine is unlikely to be affected by Gl
pH and variations in normal Gl transit times.?®2®

In a clinical trial with healthy adults, LDX dem-
onstrated consistent d-amphetamine delivery
within and between patients.* In this pharma-
cokinetic study of LDX in healthy adult subjects
receiving escalating doses {up to 3-8 times rec-
ommended therapeutic doses}, systemic expo-
sure to LDX demonstrated dose-proportionality
and low intra- and interpatient variability.%®

LDX has demonstrated safety and efficacy ver-
sus placebo in children and adults with ADHD.

Original Research

Children treated with LDX demonstrated signifi-
cant (vs. placebo) improvements in ADHD Rating
Scale IV (ADHD-RS-IV), Swanson, Kotkin, Agler,
M-Flynn, and Pelham (SKAMP), Permanent
Product Measure of Performance (PERMP), and
Clinical Global Impressions {CGI) scores.?"3 |n
pediatric clinical trials, LDX has demonstrated
sustained efficacy versus placebo after dosing
throughout a 12-hour and a 13-hour trial.’32%

In a recent 4-week, double-blind, placebo-con-
trolled trial in adults with ADHD, treatment with
LDX was associated with significant improve-
ments (vs. placebo) in ADHD-RS total score.® LDX
treatment demonstrated efficacy versus placebo
for the 30, 50, and 70 mg/day doses. Superiority
over placebo was also demonstrated by CGI-
Improvement (CGI-I} scores. In that trial, the most
common LDX-emergent adverse events (AEs)
were decreased appetite, dry mouth, insomnia,
nausea, diarrhea, and anxiety. Treatment with
LDX was not associated with clinically meaning-
ful changes in SBP, DBP, or electrocardiogram
{ECG) parameters. Because ADHD is a chronic
disorder often requiring long-term therapy, data
regarding the long-term safety and effectiveness
of ADHD treatments are vital. While long-term
use of LDX in children has been shown to be safe
and effective,® the present study evaluated the
long-term safety, effectiveness, and tolerability of
LDX in adults with ADHD.

METHODS

Subjects and Study Design

This open-label, multicenter, single-arm
study was conducted at 44 sites in the US
between July 2006 and November 2007. All
subjects participating in this study had partici-
pated in a previous randomized, double-blind,
placebo-controlled, parallel-group, 4-week
study with forced-dose titration.® Inclusion cri-
teria for the prior study included 18-55 years
of age, a primary diagnosis of ADHD by DSM-
IV-TR criteria and moderate-to-severe disease
as assessed by a baseline ADHD-RS score of at
least 28 using adult prompts for the ADHD-RS
scale developed at New York University and
Massachusetts General Hospital (NYU/MGH
prompts).*®3” During the conduct of the study,
subjects, investigators, and study staff were
aware of the treatment and daily dose of LDX
that subjects were receiving. This study was
conducted in accordance with the Declaration of
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Helsinki and Good Clinical Practice according to
the International Conference on Harmonisation
guidelines. The study protocol was approved
by each center’s institutional review board and
all subjects provided written informed consent.

Subjects were excluded from enrollment for
any disorder or condition that, in the opinion of
the examining physician, would contraindicate
treatment or confound effectiveness or safety
assessments. These included comorbid psy-
chiatric diagnosis with significant symptoms
such as any severe comorbid Axis Il disorders
or severe Axis | disorders including posttrau-
matic stress disorder, psychosis, bipolar ill-
ness, severe obsessive-compulsive disorder,
severe depressive, or severe anxiety disorder.
However, subjects who had mild to moderate
forms of Axis | disorders, including social pho-
bia and dysthymia, could be included while
subjects with a lifetime history of psychosis or
bipolar disorder would be excluded from partic-
ipation. Also excluded were those subjects with
a history of seizures or hypertension and those
with a clinically significant ECG abnormality or
cardiac structural abnormality. Subjects were
excluded if they had a resting SBP >139 mm
Hg or DBP >89 mm Hg or were taking medica-
tions that affect the central nervous system or
BP (excluding ADHD medications, which were
washed out}).?** Medications prohibited dur-
ing the trial included tricyclic antidepressants,
selective serotonin or norepinephrine reuptake
inhibitors, antipsychotics, anxiolytics, benzo-
diazepines, psychostimulants, nonstimulant
ADHD medications, anticonvulsants, sedatives
and hypnotics, and antihypertensive, herbal, or
investigational medications.

Other exclusion criteria included pregnancy or
a positive urine drug screen at screening {except
for stimulant therapy).** Females of childbear-
ing potential had to comply with contraceptive
restrictions including abstinence or the use of
adequate and reliable contraception throughout
study. Subjects also had to have completed at
least 2 weeks of the short-term, placebo-con-
trolled trial and experienced no AEs that would
preclude continued exposure to LDX.

The screening and baseline procedures for
participants in this study were dependent on
whether subjects enrolled within 7 days of fin-
ishing the prior short-term, double-blind trial
or later. To provide continuity of safety and tol-
erability assessments, subjects who enrolled

Original Research

within 7 days and had not taken any excluded
medications during that period had their safety
data (eg, ECG and vital signs) and clinical
assessments (lab data, physical exam, height,
and weight, etc) from the final study visit trans-
ferred and used as baseline for this study.
Subjects who enrolled after 7 days underwent a
full screening and, if needed, a week-long wash-
out of all psychoactive medications, and new
baseline demographic and safety data were
recorded. Alternatively, to facilitate comparison
of effectiveness measures with pretreatment
values, baseline data for assessment of effec-
tiveness (ADHD-RS and CGI scores), as well as
demographic data, for all subjects were carried
over from the baseline visit of the prior short-
term, double-blind trial.

Irrespective of prior exposure to LDX, all sub-
jects began a 4-week dose-titration period at the
minimum study dose of 30 mg/day dispensed at
visit 1. At 4 subsequent weekly visits, the daily
dose of LDX could be increased or decreased in
20 mg increments to a maximum daily dose of
70 mg as deemed appropriate by the investiga-
tor to achieve a balance of optimal effectiveness
and tolerability for each subject. Following dose
titration, subjects began a long-term mainte-
nance period for up to 11 months and visited the
study site monthly at which time their daily dose
could be increased or decreased in 20 mg incre-
ments if deemed appropriate by the investiga-
tor. Follow-up interviews by telephone or direct
contact to collect information on any serious
AEs that may have occurred during that period
or AEs that were unresolved at final study visit
and were deemed related to study drug were
conducted ~30 days after the final LDX dose. At
each visit, subjects were dispensed the num-
ber of capsules appropriate for the subsequent
dosing period and treatment compliance was
assessed by capsule counts.

Safety Measures

Safety was assessed through inquiries with
nonleading questions and observation by inves-
tigators regarding AEs at every study visit.
Treatment-emergent AEs (TEAEs) were defined
as those AEs occurring after dispensing of study
medication. AE intensity was based on the worst
intensity of the AE experienced by the subject
during the course of the event. AEs were coded
using the Medical Dictionary for Regulatory
Activities (MedDRA Version 9.1).

CNS Spectr 14:10
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The Pittsburgh Sleep Quality Index (PSQl)
assessed the impact of treatment with LDX on
parameters of sleep. The measure consists of
19 self-rated items that generate 7 component
scores (subjective sleep quality, sleep latency,
sleep duration, habitual sleep efficiency, sleep
disturbances, use of sleeping medication, and
daytime dysfunction) with each component
score ranging from 0-3 (3 reflects severe diffi-
culty). The component scores are added to gen-
erate a global score ranging from 0-21. Higher
score indicates worse sleep quality and a score
>5 indicates poor sleep quality.*®* The baseline
PSQIl from the double-blind trial was used as the
baseline score for this study and the measure
was reassessed every 3 months.

Vital signs (ie, BP, pulse, and tempera-
ture) were recorded at baseline, as previously
described, and at each subsequent visit. Resting
BP and pulse were determined after subjects
were in a sitting position for 5 minutes using
an appropriately sized cuff. While manual or
automated BP measurement was permitted, the
method and arm used for each subject remained
consistent throughout the study. ECGs were
recorded every 3 months and parameters of
interest included heart rate as well as RR, PR,
QRS, QT, and QTcF/B (Fridericia and Bazett cor-
rections) intervals. Additional postbaseline safety
assessments included physical exam and clinical
laboratory tests {eg, hematology, chemistry, and
urinalysis) performed at month 6 and the end of
study visit or at the time of any early termination
when possible. Subjects’ height was recorded at
the final visit of the prior study and of the current
study, and weight was recorded monthly using
the same scales, measures, and circumstances
at all assessments.

Effectiveness Measures

The primary effectiveness measure was the
total score of the ADHD-RS. The ADHD-RS for
adults contains 18 items each scored between
0 {no symptoms) and 3 (severe symptoms)}. The
clinician-rated scale was administered at all post-
baseline study visits by trained raters utilizing
adult NYU/MGH prompts.3¢¥

The CGl scale was a secondary measure of the
long-term effectiveness of LDX. The CGl-Severity
of lliness (CGI-S) scale is a 7-point scale that
ranges from 1 (normal, not at all ill) to 7 {among
the most extremely ill subjects) providing a
global assessment of each subject’s baseline dis-

Original Research

ease severity. At each postbaseline study visit,
symptom improvement relative to baseline was
assessed by investigators using the CGI-l scale.
The CGl-l is also a 7-point scale that ranges from
1 (very much improved) to 7 (very much worse).

Statistical Analyses

Subjects in the present study were required
to have participated in a prior short-term, dou-
ble-blind study, which enrolled 420 subjects.?
Planned enrollment for this long-term trial was
300 subjects, estimated to provide 12-month
data for 100 subjects.

Safety was assessed in the safety population,
defined as all enrolled subjects who received
at least 1 dose of LDX, while effectiveness was
assessed in the intention-to-treat (ITT) popula-
tion, defined as all subjects who were treated
and had both baseline and at least 1 postbaseline
ADHD-RS total score. In addition, to analyze the
occurrence of AEs and cardiovascular responses
in relation to prior exposure to LDX for some
analyses, subjects were dichotomized based on
their assignment in the prior study: those who
received LDX and those who received placebo
(ie, LDX naive).

For safety analyses, length of exposure was
calculated based on the dates of first dispensing
(for the present study) and the last dose of LDX.
Length of exposure was categorized based on the
following: 1-4 weeks, 5-8 weeks, 9-12 weeks, 13—
16 weeks, 17-20 weeks, 21-24 weeks, 2548 weeks,
and >49 weeks. AEs were treated as treatment-
emergent if the start date was missing and as pos-
sibly related if the relatedness was missing.

Vital signs were summarized for baseline
and each postbaseline visit and ECG parame-
ters every 3 months, using descriptive statis-
tics. Changes in parameters from baseline were
analyzed using the paired t-test for each appli-
cable postbaseline visit and endpoint. Endpoint
was defined as the last postbaseline assessment
available for each subject, which was equivalent
to the last-observation-carried-forward (LOCF)
approach. Outlier analyses with cutoff values
were performed using shift tables for each post-
baseline visit and endpoint. The QT interval
cutoff values, defined a priori, were >450 msec,
>480 msec, or >500 msec for QT, QTcF, and QTcB,
respectively. Increases in QT or QTcF from base-
line were categorized as =60 msec, 30-59 msec,
and =29 msec for each postbaseline visit and
endpoint. The outlier criteria for vital signs were
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defined, a priori, as SBP =150 mm Hg, DBP =95
mm Hg, and pulse greater than or equal to base-
line mean + 2 x SD or less than or egual to base-
line mean - 2 x SD. Additional outlier criteria for
vital signs were developed for post hoc analyses:
SBP =140 mm Hg and =10% change from base-
line, DBP 290 mm Hg and 210% change from
baseline, and pulse 2100 bpm.

The primary effectiveness analysis was per-
formed on the mean change from baseline of
the ADHD-RS total score at endpoint using a
paired t-test; the type | error rate for rejecting
a null hypothesis being an alpha level of .05.
Effectiveness analyses were also performed on
the mean change from baseline of the ADHD-RS
total score at each study visit using a paired 1-
test. A post hoc analysis of percent change from
baseline to endpoint in ADHD-RS total scores
was performed using a 1-sample t-test. CGI-I
scores were summarized for each treatment
visit and at endpoint. For analysis, the CGI-I
was dichotomized into 2 categories with 1 (very
much improved) and 2 (much improved) repre-
senting improved and the remaining items (3 to
7) representing not improved. The proportion of
treatment responders as assessed by dichoto-
mized CGI-| scores was reported at the endpoint
and each study visit.

RESULTS

Subject Disposition and Demographics

A total of 349 subjects enrolled in the present
study and all were included in the safety popula-
tion. Of those, 337 (96.6%) enrolled within 7 days
of ending the prior clinical trial. Of the 12 sub-
jects who enrolled after 7 days of ending the prior
study, 1 subject underwent a week-long washout
period. Overall, 297 subjects received LDX and 52
received placebo in the prior study. A total of 191
(64.7%) subjects completed the study (Figure 1).
The ITT population consisted of 345 participants.
The demographic characteristics of the overall
safety population are summarized inTable 1. The
mean (SD) age of study participants was 35.8
(10.1) years of age. Men comprised 54.4% (n=190)
of the safety population.

Drug Exposure

At the start of the treatment period, all sub-
jects began treatment at a 30-mg/day dose of
LDX. The last daily dose of LDX was 70 mg/
day for 50.1% (n=175) of subjects while 32.4%

Original Research

(n=113) and 17.5% (n=61) of subjects received
50 and 30 mg/day, respectively. The starting
dose of 30 mg/day had a mean (SD) exposure
of 40.4 (84.0) days compared with 93.2 (119.2)
and 205.0 (132.2) days for the 50 and 70 mg/
day doses, respectively. Overall, subjects were
exposed to LDX for a mean (SD) of 266.4 (124.0)
days and 195 subjects (55.9%) were exposed to
LDX for at least 49 weeks.

Adverse Events

Overall, 306 subjects (87.7%) experienced AEs
with similar percentages reported between those
subjects who were LDX naive and those who
had received LDX previously (84.6% vs. 88.2%]).
Except for 6 subjects who reported a total of 7
AEs prior to beginning treatment, all AEs were
considered TEAEs. The most common TEAEs
included upper respiratory tract infection (URI),
insomnia, headache, dry mouth, decreased
appetite, and irritability (Table 2). During the first
4 weeks of treatment, 68.5% of subjects reported

(vaBLE 1.
Subject Demographics at Baseline
(Safety Population)

All Subjects

Number of subjects 349
Gender, n (%)

Male 190 (54.4)

Female 159 (45.6)
Race, n (%)

Caucasian 310 (88.8)

African American 14 (4.0)

Asian 31{0.9)

Native American 1{0.3)

Other 21 (6.1)
Ethnicity

Hispanic 36 {10.3%)

Non-Hispanic 313 (89.7%)
Age (years), mean (SD) 35.8 (10.1)
Age group (years), n (%)

18-2% 111 (31.8)

30-39 101 (28.9)

40-49 100 (28.7)

50+ 37{10.6)
Height (inches), mean (SD) 67.6 (3.6)
Weight (Ibs), mean (SD) 174.9 (38.2)

Weisler R, Young J, Mattingly G, Gao J, Squires L, Adler L. CNS Spectr.
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aTEAE and, thereafter, the percentage of subjects
reporting new TEAE occurrences during each sub-

FIGURE 1.
Subject disposition

Total eninlled.
=329

Discontinued. n=158(45.3"a)

Racievad placabo
in prior study,

n=5Z [100%;

Recieved LDX
prior study.
na297 (100%)

Complated,
n=153

AEs=adverse events.

Weisler R, Young J, Mattingly G, Gao J, Squires L, Adler L. CNS Spectr. Vol
14, No 10. 2009,

.

Original Research

sequent treatment interval was <563%. After weeks
1-4, the only TEAEs with an onset (or worsening)
reported by >5% during any of the treatment inter-
vals were URI (weeks 9-16: 7.1%; weeks 17-24:
6.0%; weeks 25-36: 8.4%; weeks 37-48: 5.0%) and
headache (weeks 9-16: 5.2%). Post hoc analysis of
the incidence of TEAEs during the first 8 weeks of
treatment revealed that during weeks 1-4, LDX-
naive subjects had a greater incidence of TEAEs
than those who received LDX in the prior trial
(Table 3). Overall, for the 5 most common TEAEs
other than URI, the percentage of subjects report-
ing >1 new or ongoing AEs in the first month and
at months 3, 6, 9, and 12 decreased from highs in
the first month and continued to present in some
subjects (Figure 2).

Of all 1,673 TEAEs, fewer than half (45.1%) were
determined by the investigator to be “probably” or
“possibly” related to treatment; these events were
higher in the LDX-naive (58.5% of events) than
in the cohort that had previously received LDX
(41.6% of events). Most AEs reported were mild
or moderate in intensity. Severe AEs occurred in
12.0% (n=42) of the safety population and all were
treatment-emergent. Severe TEAEs “possibly” or

r TABLE 2.
TEAEs With Overall Incidence >5%

Preferred Terminology (MedDRA 9.1} 30 ma/day (n=349)
Any event 135 {38.7}
Anxiety 2 (0.6)
Back pain 7(2.0)
Dry mouth 18(5.2)
Decreased appetite 19 (5.4)
Headache 23 (6.6)
Insomnia 14 (4.0)
Irritability 9 (2.6)
Muscle spasms 5(1.4)
Nasopharyngitis 6 (1.7)
Sinusitis 2(0.8)
Upper respiratory tract infection 12 (3.4)
Weight decreased 4{1.1)

Subjects Reporting, n {%})

50 mg/day (n=323) 70 mg/day (n=238) Any Dose (N=349)
186 {57.6) 197 (82.8) 306 (87.7)
15 {4.6) 12 (5.0) 29 (8.3)
3(0.9) 10 (4.2) 19 (5.4}
23{1.1) 26 (10.9) 58 (16.6)
18 (5.6) 16 {6.7) 50 (14.3)
24.(7.4) 26 (10.9) 60 (17.2)
35(10.8) 34(14.3) 68 (19.5)
20 (6.2) 17 (1.1) 39 (11.2)
7(2.2) 9(3.8) 18 (5.2)
11(3.4) 13 (5.5} 26 (7.4)
10 (3.1) 12 (5.0) 23 (6.6}
23(1.1) 44 (18.5) 76 (21.8)
8(2.5) 9(3.8) 21(6.0)

Dose level represents dosage of LDX being received by subjects at TEAE onset. The starting dose of 30 mg/day had a mean (SD) exposure of 40.4 {84.0} days com-
pared with 93.2 {119.2) for the 50 mg/day and 205.0 (132.2) days for the 70 mg/day doses.

TEAEs=treatment emergent adverse events; MedDRA=Medical Dictionary for Regulatory Activities; LDX=lisdexamfetamine; SD=standard deviation.

Weisler R, Young J, Mattingly G, Gao J, Squires L, Adler L. CNS Spectr. Vol 14, No 10. 2008.
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“probably” related to treatment were experienced
by 10 subjects (12 events) and included 1 event
each of dry mouth, dysphagia, irritability, muscle
spasms (muscle strain), anxiety, depressive symp-
tom, tension, and sexual dysfunction, as well as 2
events each of initial insomnia and insomnia.

Eight (2.3%) subjects experienced a total of 10
serious AEs during the trial; all were judged unre-
lated to LDX treatment. One death occurred during
the study: a 22-year-old male died from cocaine
and alcohol toxicity. In the preceding study, the
subject had a negative drug screen at screening
and had been randomized to receive 30 mg/day
LDX.The subject had been enrolled in the present
study for approximately 10.5 months at the time
of his death. His dose of LDX had been titrated to
70 mg/day at week 5 then reduced to 50 mg/day at
week 6 secondary to palpitations and tachycardia.
The subject’s drug screen at autopsy was positive
for cocaine and ethanol and negative for amphet-
amines. No cardiac abnormalities were found.
The medical examiner’s autopsy report specified
cocaine and ethanol toxicity as the cause of death;
the study investigator judged the death as unre-
lated to LDX.

Of the 158 (45.3%) subjects who discontinued
from the study, 28 (8.0%) did so secondary to AEs.

Original Research

The 28 subjects in the safety population who dis-
continued due to AEs did so at a rate of <1% per
month over the course of the study. Excluding 1

[ FIGURE 2.

Percentage of subjects reporting >1
AEs (new or ongoing) at months 1, 3,
6, 9, and 12*t

Dry Mouth  Decreased Appelite  Insomnia Headache Irritability

Percentage of Subjects

432221807 3EAIM8 8 I3 LS 2374331

Trason 136812 1369012 136912 136812

Treatment Month

* Number within each bar indicates the number of subjects entering that
visit with an AE occurring or ongoing.

T Total number of subjects entering each visit interval was 349 at month 1,
312 at month 3, 268 at month 6, 225 at month 9, and 199 at month 12.

AEs=adverse events.

Weisler R, Young J, Mattingly G, Gao J, Squires L, Adler L. CNS Spectr. Vol
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TABLE 3.

Exposure to LDX

TEAEs With Initial Incidences >5% During Weeks 1-4 or 5-8 by Prior Treatment

Weeks 1to 4 Weeks 510 8
Preferred Terminelogy (MedDRA 9.1}  Prior LDX {n=297) Prior Placebo (n=52] Prior LDX (n=279) Prior Placebo {n=47)
Any events 200 (67.3) 39 (75.0) 91 (32.6) 14 (29.8)
Agitation 4(1.3) 3(5.8) 0 1(2.1)
Bruxism 2(0.7) 3(5.38) 1{0.4) 0
Decreased appetite 29 (9.8) 13 (25.0) 1{0.4) 2 (4.3)
Dry mouth 33(11.1) 18 (34.6) 210.7) 2 (4.3)
Feeling jittery 2(0.7) 3(5.8) 0 0
Headache 27 (9.1) 8(15.4) 7(2.5) 1(2.1)
Initial insomnia 7(2.4) 4(1.7) 1{0.4) 2 (4.3)
Insomnia 27 (9.1) 8(15.4) 7{25) . 2 (4.3)
Irritability 17 (5.7} 6(11.5) 41.4) 1(2.1)
Myalgia 3(1.0) 3(5.8) 1{0.4) 0

TEAEs=treatment emergent adverse events; LDX=lisdexamfetamine; MedDRA=Medical Dictionary for Regulatory Activities.
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subject who discontinued because of AEs that
were not treatment-emergent, 27 subjects dis-
continued secondary to a total of 356 TEAEs: 5
events had a dose at onset of 30 mg/day, 9 at 50
mg/day, and 21 at 70 mg/day. Overall, 28 events
that contributed to discontinuations were listed
as “probably” or “possibly” related to LDX.The
TEAEs leading to discontinuation that occurred
more than once were insomnia (3 events) as well
as anxiety, dizziness, and dysphoria (2 events
each)—all “possibly” or “probably” related to
LDX treatment. There was 1 case each of pal-
pitations, decreased appetite, initial insomnia,
central nervous system stimulation, and mania/
manic-like symptoms leading to discaontinuation,
each “probably” related to LDX treatment.
Cardiac-related TEAEs reported by subjects
included angina pectoris reported by 1 sub-
ject (60 mg/day) and palpitations reported by
7 subjects (30 mg/day [n=1]; 50 mg/day [n=3];
70 mg/day [n=3]). Angina pectoris, reported
by a 23-year-old female receiving 50 mg/
day LDX, was mild in intensity and possibly
related to LDX. Study dose was decreased to
30 mg/day but, due to concurrent dizziness,
the subject discontinued from the study. The
subject’s ECG at study end demonstrated no
abnormal findings. Eight events of tachycardia
were reported for 7 subjects (50 mg/day [n=4]
and 70 mg/day [n=4]) and extrasystoles were
reported for 3 subjects (50 mg/day [n=1] and
70 mg/day [n=2]). Other cardiovascular-related

Original Research

TEAEs included hypertension (3 subjects), ele-
vated BP (8 subjects), increased heart rate (10
subjects), and dyspnea (4 subjects).

Vital Signs

For the safety population, the mean (SD) pulse
at baseline was 74.1 (10.3) bpm. Statistically sig-
nificant changes from baseline were seen from
week 1 through endpoint for the safety popula-
tion {(P=.024). The mean (SD) increase in pulse
from baseline at endpoint for the safety popu-
lation was 3.2 {11.6) bpm (P<.0001). The mean
(SD) increases were ~3x greater for LDX-naive
subjects than for subjects who received LDX pre-
viously {7.6 [10.1] vs. 2.4 [11.7] bpm; P<.0001 and
P=.0004 vs. baseline, respectively). By post hoc
analysis, the mean (SD) increase in pulse from
baseline to endpoint by final dose group was 5.1
{11.0}), 0.6 (11.0), and 4.3 (11.9) bpm for the 30,
50, and 70 mg/day dose groups.

The mean {SD) baseline SBP for the over-
all safety population was 117.3 (10.0) mm Hg.
Small statistically significant mean elevations
from baseline were seen in the overall safety
population at week 2 (1.3 [9.0] mm Hg; P=.006),
week 4 (1.4 [9.7] mm Hg; P=.008), and continu-
ing at visits through endpoint {Table 4). At end-
point, a mean (SD) increase in SBP of 3.1 (10.7)
mm Hg was observed for the safety population
{P<.0001). By post hoc analysis, the mean (SD)
increase in SBP from baseline to endpoint by
final dose group was 1.8 (11.1), 3.2 (10.9), and

( TABLE 4.
Mean Change From Baseline in SBP, DBP, and Pulse at 3-Month Intervals (Safety
Population)
SBP {mm Hg) DBP (mm Hg) Pulse (bpm)
Mean (SD) Change Mean (SD) Change Mean (SD) Change
Mean (SD) From Baseline Mean (SD) From Baseline Mean (SD) From Baseline
Baseline 117.3 (10.0) 75.4 (8.0) 741 (10.3)
Month 3 119.7 (10.9) 24(100)* 76.4 (8.2) 1.1 (7.8)* 78.0 (9.9) 4.1(9.8)*
Month 6 119.7 (11.4) 25(10.5)* 76.2 (8.4) 0.8 (8.3} 78.3(10.2) 44(1.0p
Month 9 1195 (11.1) 2.2{10.7)* 76.8 (8.6) 1.6 (8.5)* 18.7 (10.9) 45 (11.2)*
Month 12 121.9 (11.8) 4.9(10.6)* 77.6 (8.0) 24 (7.1)% 77.9(10.3) 35{11.8)*
Endpoint 1205 (11.7) 31{107)* 76.8 (8.2 1.3 (7.6)* 77.1 (10.4) 3.2 (11.6)*
*Pe,05,
P-value determined by t-test vs baseline.
SBP=systolic blood pressure; DBP=diastolic blood pressure; SD=standard deviaticn.
L Weisler R, Young J, Mattingly G, Gao J, Squires L, Adler L, CNS Spectr. Vol 14, No 10. 2009. |
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3.4 (10.6) mm Hg for the 30, 50, and 70 mg/day
dose groups. The mean (SD) baseline DBP for
the overall safety population was 75.4 (8.0) mm
Hg. At endpoint, the mean (SD) change in DBP
for the safety population was 1.3 (7.6) mm Hg
{P=.001), but changes in DBP were not consis-
tent throughout the study (Table 4). By post hoc
analysis, the mean (SD) increase in DBP from
baseline to endpoint by final dose group was 0.4
(7.8), 0.7 (8.4), and 2.0 (7.0) mm Hg for the 30, 50,
and 70 mg/day dose groups.

Outlier criteria were more frequently met for
pulse than for SBP or DBP. At endpoint, 20 sub-
jects met the a priori outlier criteria for pulse (ie,
= baseline mean+2¢SD). Qutlier criteria for SBP
{ie, 2150 mm Hg) and DBP (ie, =95 mm Hg) were
each met by 2 subjects at endpoint. Additional
post hoc analyses of outlier data, using differ-
ent criteria, demonstrated that 32 subjects expe-
rienced a SBP 2140 mm Hg and =210% change
from baseline or DBP 290 mm Hg and =10%
change from baseline at only 1 time point during
the study. Fifteen subjects met these criteria at
2 points during the study, while 4 subjects met
the criteria at 2 or more consecutive time points.
Using post hoc cutoff values for pulse (ie, 2100
bpm), 34 subjects met the criteria for pulse at
only 1 time point during the study, while 8 sub-
jects met the criteria at 2 points during the study.

Electrocardiograms

The mean (SD) baseline heart rate for the safety
population was 69.9 (11.4). At months 3, 6, 9, and
12, and at endpoint, the mean (SD) changes from
baseline in heart rate of the safety population were
4.5 (10.8}, 4.9 (10.9), 4.4 (12.1}, 4.1 {11.1), and 3.4
(10.8) bpm, respectively (all visits and at endpoint
P<.0001). At endpoint, the mean (SD) heart rate for
the overall safety population was 73.3 (11.3) bpm.
The mean (SD) prolongation of the QTcF interval
from baseline at endpoint was 6.2 (18.1) msec for
the safety population. At endpoint, the mean (SD)
QTcF was 409.6 (18.9) msec for the safety popula-
tion. At endpoint, 3 subjects (0.9%) were assessed
to have a QT interval that was =60 msec longer
than their baseline measurement and 1 subject’s
QTcF interval increased =60 msec from baseline.
No subject was assessed as having a QTcF of =480
msec at any visit during the trial.

Two clinically significant abnormal ECG find-
ings were documented by the investigators
during the trial. One subject was found to have
clinically significant QT interval prolongation (QT:
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405 msec; QTcB: 511 msec; QTcF: 473 msec) at
month 6 that resolved (QT: 407 msec; QTcB: 441
msec; QTcF: 429 msec) with continued treatment
when a repeat ECG was performed 11 days later.
The subject’s baseline ECG was normal (QT: 409
msec; QTcB: 432 msec; QTcF: 424 msec). The
subject was subsequently discontinued from the
study at the request of the investigator. A second
subject was found to exhibit premature ventricu-
lar contraction (PVC) at month 9. At a follow-up
ECG 3 days later with continued treatment, PVCs
were not recorded and the subject was subse-
quently lost to follow-up.

Other Safety Assessments

The mean {SD) global PSQIl score at the base-
line visit of the prior study was 6.5 (3.2); scores
ranged from 1.0 to 18.0 at baseline. At endpoint,
scores were significantly reduced from baseline,
indicating a mean improvement in overall sleep
efficiency. The overall mean (SD) change from
baseline to endpoint was -1.3 (2.8) (P<.0001) such
that, at endpoint, the mean (SD) global PSQI score
for subjects in the safety population was 5.1 (2.9);
scores ranged from 0.0 to 16.0 at endpoint.

The mean {SD) baseline weight for the safety
population was 174.9 (38.2) Ibs. The mean (SD)
change in body weight from baseline at end-
point was -4.0 (10.5) Ib (P<.0001) for the safety
population. For the overall safety population,
mean (SD) changes in body weight from base-
line were greatest at month 10 (-6.8 [11.4] Ib).
Post hoc analyses evaluating changes in body
mass index {BMI) demonstrated that of 105 sub-
jects with a normal BMI (ie, >18 to <24) at base-
line, one subject ended the study as underweight
{BMI=19.2 at baseline and 17.5 at endpoint) and
6 ended the study as overweight (BMI ranged
from 23.2-23.9 at baseline and 24.0-25.1 at end
of study). Categorical increases in BMI were
observed in 100% (n=1) of subjects classified as
underweight at baseline, 5.7% {n=6) of those with
a normal BMI at baseline, and 3.6% (n=5) of sub-
jects overweight at baseline. Of subjects with
baseline BMIs classified as overweight, obese,
and extremely obese, categorical decreases in
BMI status were observed in 20.7% (n=29), 19.8%
(n=17), and 25.0% {n=2) of subjects, respectively.

Over the course of the present study, 3 sub-
jects became pregnant and were subsequently
withdrawn from the study. One subject gave birth
to a full-term normal female and is estimated to
have been on LDX for ~6 weeks after conception.
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One subject voluntarily terminated the preg-
nancy without any complications. A third sub-
ject, believed to be on LDX for ~11 weeks of her
pregnancy, delivered a female at ~37-38 weeks’
gestation. The neonate developed jaundice
within her first week of life that resolved without
treatment and she was subsequently found to be
physically normal.

One subject experienced elevated blood glu-
cose levels, considered unrelated to LDX treat-
ment, that resulted in discontinuation from the
study. Otherwise, any changes in laboratory val-
ues were not considered clinically meaningful.

Effectiveness

Subjects in the ITT population had a mean
(SD) baseline ADHD-RS total score of 40.6
(6.6), taken from the baseline assessment in
the prior short-term study. Significant changes
from baseline in ADHD-RS total scores were
observed at every postbaseline visit (Figure 3).
The mean (SD) change in ADHD-RS total score
was -24.8 (11.7) (P<.0001), which was shown in
a post hoc analysis as corresponding to a 60.7%
(26.3) (P<.0001) mean (SD) relative improvement
from baseline. For those who did (n=296) or did
not {n=49) previously receive LDX, mean (SD)
improvements in ADHD-RS total scores were
61.6% (25.1) and 55.1% (32.0), respectively. The
mean (SD) ADHD-RS total score at endpoint for
the ITT population was 15.8 (10.7).

At baseline, all subjects in the ITT popula-
tion were rated as being at least moderately ill
(ie, CGI-S score =4). The mean (SD) CGI-S score

 FIGURE 3.
Mean ADHD-RS total score by each
treatment visit in the ITT population

&

=+ ITT population

[
—t—t
.
.

= m w = @
s 8

> o

Mean {SD} ADHD-RS Total Score

B, 1234 2 3 4 5 6 7 8 9 10

Endpoint
LWeeksJ Months /

Baseline ADHD-RS assessment was cbtained at baseline of short-term, dou-
ble-blind trial. Results at endpoint are LOCF results for the ITT population.

*P<.0001 versus baseline (paired t-test).

ADHD-RS=attention deficit/hyperactivity disorder rating scale; ITT=intent
to treat; LOCF=last observation carried forward.
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for the ITT population was 4.8 (0.7). At end-
point, the mean (SD) CGI-l score was 1.7 (0.9).
At weeks 1, 2, 3, and 4, the proportion of the
ITT population rated as improved on the CGI-I
was 43.9%, 68.3%, 83.4%, and 89.1%, respec-
tively. At month 12, 92.6% were assessed as
being improved as measured by the CGI-l. At
endpoint, 84.1% of the ITT population improved
from baseline as measured by the CGI-I with
similar percentages observed in both the LDX-
naive population (79.6%) and the prior LDX-
treated population (84.8%).

DISCUSSION

The safety and efficacy of LDX versus placebo
for treating adults with ADHD have been previously
demonstrated in a large, short-term, randomized,
placebo-controlled, double-blind trial.** The results
of this study demonstrate the continued safety and
effectiveness of LDX for up to 1 year.

The AE profile seen with long-term use of
LDX is similar to that seen with short-term use.*
The high incidence of URI, which was gener-
ally considered unrelated to LDX treatment, is
not unexpected during a long-term study. The
other frequent TEAEs (ie, insomnia, headache,
dry mouth, decreased appetite, and irritability)
are known effects of amphetamines.’®3®

Only 8.0% of enrolled subjects discontinued
as a result of AEs. While most subjects had previ-
ously been treated with LDX, and, therefore, had
already demonstrated good tolerability of LDX,
a subset was LDX naive. Of subjects who had
not previously been treated with LDX, only 7.7%
(n=4)} discontinued from the study due to AEs;
this was comparable to the 3.0% (30 mg/day} to
7.0% (50 and 70 mg/day) of subjects receiving
LDX in the prior short-term study who discon-
tinued as a result of AEs.**TEAEs were gener-
ally mild to moderate in severity and were more
common at the beginning of treatment. Serious
AEs were uncommon in the present study and
none was determined to be related to treatment
with LDX. The death of 1 subject as a result of
cocaine and alcohol toxicity was determined to
be unrelated to LDX treatment, but stresses the
importance of initial and ongoing assessment
to minimize the potential impact of substance
abuse in subjects with ADHD, two conditions
that demonstrate high rates of comorbidity.®

Consistent with the known effects of stim-
ulants,*®*? subjects demonstrated small but
statistically significant mean increases from
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baseline in DBP (1.3 mm Hg), SBP (3.1 mm
Hg), and pulse (3.2 bpm) at endpoint. These
changes were generally greater in LDX-naive
subjects compared with those who received
LDX in the prior trial. These differences may be
attributed to differences in prior exposure to
LDX, as evidenced by the higher baseline pulse
observed in subjects previously treated with
LDX. At endpoint, both groups of subjects had
similar pulse and BP measurements. Significant
increases in BP and pulse are commonly seen
in clinical studies of medications used to treat
ADHD.314.18-18.43 No subject discontinued from
the present trial secondary to increases in pulse
or BP. While LDX increased mean heart rate and
QTc intervals, these changes were not consid-
ered clinically meaningful.

Although no clinically significant long-term
changes were evident in various cardiovascular
parameters, clinicians should use good clinical
judgment and evaluate subjects for the presence
of cardiovascular disease prior to prescribing
stimulants to treat adults with ADHD, as the class
labeling for these agents warns of potentially
serious cardiovascular AEs.*## Patients should
be asked about the presence of cardiovascular
risk symptoms such as syncope, dizziness, pal-
pitations, dyspnea, and/or chest discomfort after
the initiation of therapy or dose adjustment.
While no consensus guidelines have been estab-
lished regarding monitoring the cardiovascular
status of adults receiving stimulants, clinicians
are encouraged to perform routine monitoring
of BP and heart rate in these patients. Additional
investigations should be performed if indicated
by history and physical examination.

At baseline, the adults in this study were poor
sleepers as evidenced by mean global PSQI
scores >5. Insomnia, which occurred in <20%
of subjects, was generally mild to moderate in
severity for most subjects and led to few dis-
continuations. As assessed by the PSQI global
score, sleep quality was not negatively impacted
by LDX treatment and in fact, improved on aver
age by 1.3 points (from a mean baseline score of
6.5) throughout the study. While patients should
be monitored for signs and symptoms of poor
sleep quality and insomnia, these results sug-
gest that LDX is generally tolerable in patients
with poor sleep quality at baseline.

Decreases in weight are expected with stimu-
lant therapy and were observed at magnitudes
consistent with other long-acting stimulants.?®

Original Research

Mean weight loss peaked at month 10 and
appeared to be decreasing during months 11
and 12. Moreover, when analyzed by BM| cat-
egory, decreases were more common in over-
weight or obese subjects than in subjects with
normal starting BMls.

The present study demonstrated the long-
term effectiveness of LDX at reducing ADHD
symptoms as assessed by both the ADHD-RS
and CGI-l. Significant improvements from base-
line of ADHD-RS total scores were noted at all
study visits for the overall ITT populations as
well as both subgroups of subjects. LDX was
also associated with improvements early in
treatment as evidenced by CGl-l scores, with
more than 89% of subjects being improved at
week 4. These improvements were sustained
through endpoint when more than 84% of sub-
jects were rated as improved.

Approximately half (50.1%) of the subjects in
the present study were optimized to receive 70
mg/day LDX. The average exposure time to 70
mg/day LDX was more than 200 days suggesting
that most dosage increases occurred relatively
early in treatment. Despite many subjects being
maintained on treatment with 70 mg/day LDX
for extended periods of time, improvements in
ADHD-RS total scores were maintained through-
out the study suggesting that subjects did not
develop tachyphylaxis to LDX over time. During
the trial, only 11 subjects (3.2%), none of which
were in the LDX-naive group, withdrew citing
lack of effectiveness.

The findings of this trial should be viewed in
light of several methodologic limitations. The
open-label nature of the study and absence of
a control arm present the possibility of bias,
Additionally, subjects who demonstrated poor
tolerability to LDX or experienced AEs that
would preclude continued exposure to LDX in
a prior trial were not enrolled in the present
study. Subjects with comorbid psychiatric dis-
ease, unstable medical conditions, and signifi-
cant cardiovascular disease were also excluded
from this study. Therefore, these results may not
be able to be generalized to the broader adult
population that may present with comorbidities,
nor provide information regarding the safety of
LDX in adults with preexisting hypertension or
other cardiovascular disease. Information on
occurrence of AEs was gathered by open-ended,
nonleading inquiry; structured rating scales for
AE incidence and severity were not employed.
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CONCLUSION

This study is the first to demonstrate that
long-term treatment with LDX (30-70 mg/day)
for up to 1 year was generally well tolerated
and efficacious in adults with ADHD. This study
employed a flexible dosing strategy, similar to
that employed in clinical practice. It is likely that
the flexibility of multiple dose levels contributed
to achieving optimal dosing for the subjects
in this study and may have contributed to the
relatively low rate of AEs and discontinuations
secondary to AEs. It is also likely that individu-
ally optimized dosing contributed positively to
sustained effectiveness over a year-long study.
Overall, the results are consistent with a prior
short-term, double-blind trial of LDX in adults
with ADHD. Treatment was associated with
increases in BP and pulse that were small and
not clinically significant, and decreases in body
weight, which are to be expected with stimu-
lant use. However, as with all stimulants, the
use of LDX should be avoided in patients with
any history or evidence of structural cardiac
disease and/or significant or poorly controlled
cardiovascular disease, including hypertension
or arrhythmias. Misuse or abuse of any stimu-
lant medication may cause or contribute to sud-
den death and/or other serious cardiovascular
AEs. %4244 Thys, LDX and the other approved
stimulants are most safely used as prescribed
according to the approved product information.
Appropriate monitoring, as clinically indicated,
of BP and pulse is suggested for all adults
treated with LDX. Insomnia, a recognized AE
of stimulants, was commonly reported at the
beginning of LDX treatment; however, sleep
quality was generally not adversely affected by
LDX treatment. These results support the use
of once-daily LDX in otherwise healthy adults
with ADHD. CNS
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