1364

Double-Blind, Placebo-Controlled Study of the
Efficacy and Safety of Lisdexamfetamine Dimesylate
in Adults With Attention-Deficit/Hyperactivity Disorder

Lenard A. Adler, M.D.; David W. Goodman, M.D.; Scott H. Kollins, Ph.D.;
Richard H. Weisler, M.D.; Suma Krishnan, M.S.; Yuxin Zhang, Ph.D.;
and Joseph Biederman, M.D., on behalf of the 303 Study Group

Objective: To evaluate the efficacy and
safety of 30, 50, and 70 mg/day lisdexamfetamine
dimesylate compared with placebo in adults with
attention-deficit/hyperactivity disorder (ADHD).

Method: Following a 7- to 28-day washout,
420 adults aged 18 to 55 years with moderate to
severe ADHD (DSM-1V-TR criteria) were treated
with 30, 50, or 70 mg/day lisdexamfetamine or
placebo, respectively, for 4 weeks (N = 119,

117, 122, and 62, respectively). The 50- and 70-
mg/day groups underwent forced-dose titration.
The primary efficacy measure was the clinician-
determined ADHD Rating Scale (ADHD-RS)
total score. The study was conducted from

May 2006 to November 2006.

Results: Treatment groups were well matched
at baseline, including in ADHD-RS scores. At
endpoint, changes in ADHD-RS scores were sig-
nificantly greater for each lisdexamfetamine dose
than for placebo (placebo = —8.2, 30 mg/day lis-
dexamfetamine = —16.2, 50 mg/day lisdexamfet-
amine = —17.4, 70 mg/day lisdexamfetamine =
—18.6; al p < .0001 vs. placebo), with no differ-
ences between doses. Significant differences
relative to placebo were observed in each lis-
dexamfetamine group, beginning at week 1 and
for each week throughout. The percentage of sub-
jects who improved (Clinical Global Impressions-
Improvement scale rating < 2) was significantly
greater for each lisdexamfetamine dose than for
placebo at each week and at endpoint (placebo =
29%, 30 mg/day lisdexamfetamine = 57%,

50 mg/day lisdexamfetamine = 62%, 70 mg/day
lisdexamfetamine = 61%; al p < .01). Adverse
events were generally mild and included dry
mouth, decreased appetite, and insomnia.

Conclusion: All 3 lisdexamfetamine doses
were significantly more effective than placebo
in the treatment of adults with ADHD, with
improvements noted within 1 week. Lisdexam-
fetamine was generally well tolerated by these
patients.
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A ttention-deficit/hyperactivity disorder (ADHD) is
one of the most common psychiatric disorders,
characterized by developmentally inappropriate levels of
inattention, hyperactivity, and/or impulsivity." ADHD is
estimated to affect as many as 8% to 12% of children
worldwide,>* with approximately 65% of these showing
persistence of ADHD symptoms into adolescence®® and
adulthood.®” Overall, ADHD is estimated to affect 4.4%
of adultsin the United States.®

Adults with ADHD experience significant impair-
ments in several domains.®*** ADHD in adults has been
shown to be associated with immaturity, social maladjust-
ment, higher rates of separation and divorce, fewer years
of education, lower socioeconomic status, lower occupa-
tional achievement, lower rates of professional employ-
ment, increased work difficulties, poor work perfor-
mance, more frequent changesin employment, and higher
rates of quitting or being fired from jobs.'*** A survey of
500 adults in the community with self-reported diagnoses
of ADHD found that, compared with controls, subjects
with ADHD were significantly less likely to have grad-
uated from high school or college or to be currently
employed, and significantly more likely to have been
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arrested or divorced.’ In addition, another survey found
that subjects with ADHD had poorer driving habits, as
evidenced by a greater likelihood of being involved in,
and at fault for, automobile accidents, including those
with bodily injury, and to have received more traffic ci-
tations, especialy for speeding, than nhon-ADHD control
subjects.™

Adults with ADHD &l so have been shown to be signifi-
cantly more likely than controls to have a comorbid psy-
chiatric diagnosis of anxiety, bipolar disorder, depression,
drug or alcohol abuse, or antisocial disorder.”® The eco-
nomic impact of ADHD is high, even after excluding the
costs of these comorbid conditions, and includesinpatient,
outpatient, prescription drug, and other medical costs, as
well as more days of unexplained work absences.™®

Stimulants are the most frequently used medications to
treat adults with ADHD.**” Despite mounting evidence of
efficacy,’®° their use in adults may be coupled with con-
cerns regarding misuse and diversion and poor adherence,
particularly of short-acting compounds.?®>* A retrospec-
tive analysis of 3-times-daily versus once-daily methyl-
phenidate found that once-daily medication for ADHD
was associated with fewer medication switches, more
days on therapy, and fewer hospitalizations.? Together,
these findings support the need to develop stimulants that
are less likely to be divertible and that have consistent ef-
ficacy throughout the day with 1 daily dose.?2

Lisdexamfetamine dimesylate is the first prodrug
stimulant and is indicated for the treatment of ADHD.
Lisdexamfetamine is a therapeutically inactive molecule.
After oral ingestion, lisdexamfetamine is converted to
[-lysine, a naturally occurring essential amino acid, and
active d-amphetamine, which isresponsible for the drug’s
activity.®® The conversion of lisdexamfetamine to d-
amphetamine is not affected by gastrointestinal pH and is
unlikely to be affected by alterations in normal gastroin-
testinal transit times.”® Lisdexamfetamine was devel oped
with the goal of providing long duration of effect that is
consistent throughout the day, with reduced potential for
risk of abuse.?’

Lisdexamfetamine treatment in children with ADHD
resulted in significant improvements in ADHD Rating
Scale (ADHD-RS) scores, compared with placebo, as
early as the first week of treatment.® Efficacy was seen
in both an analog classroom and a naturalistic study, with
significant symptom improvements extending into the
early evening after early-morning dosing.”>## In addi-
tion, lisdexamfetamine was generally well tolerated, with
an adverse event (AE) profile similar to that of other
stimulant medi cations.”

The primary aim of this study was to determine
whether lisdexamfetamine was effective and safein adults
with ADHD. We conducted a randomized, double-blind,
placebo-controlled, forced-dose titration study to evaluate
the efficacy and safety of 3 lisdexamfetamine doses (30
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mg/day, 50 mg/day, and 70 mg/day) compared with pla-
cebo in adults diagnosed with ADHD.

METHOD

Subjects

This randomized, double-blind, placebo-controlled,
parallel-group, 4-week study with forced-dose escalation
enrolled adults aged 18 to 55 years with a primary diag-
nosis of ADHD by Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition, Text Revision (DSM-
IV-TR) criteria. ADHD diagnosis was based on a com-
prehensive psychiatric interview that included the Adult
ADHD Clinical Diagnostic Scale. All subjects were re-
quired to meet at least 6 of the 9 DSM-IV-TR subtype
criteria and to have moderate to severe ADHD as rated
by aclinician at baseline (ADHD-RS scores = 28). Other
inclusion criteria included 12-lead electrocardiogram
(ECG) with QT/QTc-F interval <450 ms for men and
< 470 msfor women, resting heart rate 40 to 100 bpm, PR
interval <200 ms, and QRS interval < 110 ms. Exclusion
criteriaincluded comorbid psychiatric diagnosis with sig-
nificant symptoms that, in the judgment of the investi-
gator, might preclude treatment with lisdexamfetamine;
history of seizures; taking medications that affect the cen-
tral nervous system or blood pressure (excluding current
ADHD medications, which were washed out); known car-
diac structural abnormality or any other condition that
might affect cardiac performance; clinically significant
ECG or laboratory abnormality at screening or baseline;
history of hypertension, or aresting sitting systolic blood
pressure (SBP) > 139 mm Hg or diastolic blood pressure
(DBP) >89 mm Hg; pregnancy or lactation; and positive
urine drug results at screening or baseline (except for
subject’s current stimulant therapy). Women of child-
bearing potential had to comply with contraceptive re-
strictions (negative pregnancy test, double-barrier or hor-
monal contraceptives, or abstinence from sexual activity).

This study was performed in accordance with the Dec-
laration of Helsinki and Good Clinical Practice according
to the International Conference on Harmonisation guide-
lines. The study protocol was approved by the institu-
tional review board of each ingtitution, and all subjects
provided written informed consent. The study was con-
ducted from May 2006 to November 2006.

Trial Description

Following a 7- to 28-day washout, adults aged 18 to 55
yearswere randomly assigned 2:2:2:1 to 4 weeks of treat-
ment with 30 mg/day lisdexamfetamine, 50 mg/day lis-
dexamfetamine (30 mg/day for week 1 with forced-dose
escalation to 50 mg/day for weeks 2 to 4), 70 mg/day lis-
dexamfetamine (30 mg/day for week 1 with forced-dose
escalation to 50 mg/day for week 2 and 70 mg/day for
weeks 3 and 4), or placebo, administered orally. Both the

PSY CHIATRIST.COM 1365



Adler et al.

investigator and the patient were blinded to treatment. To
maintain blinding, all investigational products were sup-
plied as capsulesidentical in size, weight, and shape.

Primary Efficacy Measure

The primary efficacy measure was the clinician-
determined ADHD-RS total score with adult prompts.**=°
The ADHD-RS for adults consists of 18 items designed
to reflect DSM-1V-TR—defined ADHD symptomatol ogy,
with each item scored from 0 (no symptoms) to 3 (severe
symptoms). The items include questions pertaining to
hyperactivity/impulsivity (even-numbered) and inatten-
tiveness (odd-numbered), serving as 2 subscales. The
ADHD-RS was administered at each study visit, begin-
ning with the screening visit. At the baseline visit, follow-
ing washout, a score of > 28 was required to qualify for
randomization. Change in ADHD-RS total score at treat-
ment endpoint from baseline was assessed for the intent-
to-treat (ITT) population, defined as all subjectswho had a
baseline and at least 1 postrandomization assessment of
ADHD-RS total score.

Secondary Efficacy Measures

Secondary efficacy analysesincluded assessment of lis-
dexamfetamine dose response, as measured by change
in ADHD-RS total score at endpoint and at each study
week. An additional secondary measure was the Clinical
Global Impressions scale (CGI),* an investigator-rated
evauation of a subject’s improvement over time. Each
subject was assessed at baseline on the CGI-Severity of
[1Iness (CGI-S) 7-point scale, with severity rated from 1
(no symptoms) to 7 (very severe symptoms). At each
subsequent study visit, subject improvement relative to
baseline was determined by the investigator on the CGl-
Improvement (CGI-I), a7-point scaleranging from 1 (very
much improved) to 7 (very much worse). Prior to analysis,
this variable was dichotomized a priori into 2 categories:
“improved,” which included al subjects regarded as
“much improved” and “very much improved” (CGlI-I rat-
ing < 2),* or “not improved,” which included subjects at
all remaining levels. A post hoc analysis further examined
the percentage of subjectswith = 30% reductionin ADHD-
RS total score at endpoint as another measure of response.

Safety Measures

Safety assessments included AEs obtained by obser-
vation and close monitoring of subjects; vital signs, mea-
sured after the subject had been sitting for 5 minutes;
ECGs performed at each study visit; and physical exam-
inations and laboratory evaluations (hematology, chem-
istry, urinalysis) performed at screening, baseline, and
endpoint. The Pittsburgh Sleep Quality Index (PSQI),* a
self-rated questionnaire, was used at baseline and endpoint
to assess sleep quality and disturbances during the study
period. Each of the 7 component scores (subjective sleep
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quality, sleep latency, sleep duration, habitual sleep effi-
ciency, sleep disturbances, use of sleep medication, and
daytime dysfunction) can range from 0 to 3, yielding a
maximum total score of 21 for the PSQI. A PSQI score> 5
denotes poor sleepers.

Pulse outliers were defined as any change from <
(mean + 2 SD) at baselineto = (mean + 2 SD) at any other
measurement; SBP outliers were defined as any change
from <150 mm Hg at baseline to = 150 mm Hg at any
other measurement; and DBP outliers were defined as any
change from <95 mm Hg at baseline to = 95 mm Hg at
any other measurement. QTc-F and QTc-B interval outli-
ers were defined as changes from baseline of 30 to 59 ms
and = 60 ms.

Statistical Analyses

Efficacy was assessed inthe I TT population (defined as
above), whereas safety was assessed in the safety popula-
tion, defined as all subjects who were enrolled and ran-
domized and who received the blinded investigational
product.

Treatment endpoint for ADHD-RS total scores was
defined as the last postrandomization treatment week for
which avalid score was obtained. Using an analysis of co-
variance (ANCOVA) model, the change from baseline of
ADHD-RS total score was assessed inthe ITT population
at treatment endpoint, yielding results numerically iden-
tical to the last-observation-carried-forward (LOCF) ap-
proach at the end of planned treatment. Dunnett’s test for
multiple mean comparisons with least squares (LS) ad-
justment was used to compare the ADHD-RS change from
baseline of the 3 lisdexamfetamine groups with the pla-
cebo group. Weekly changes in ADHD-RS total score
from baseline were analyzed in the same manner. The
dose-response effectiveness of the 3 lisdexamfetamine
doses was assessed by endpoint change in ADHD-RS total
score from baseline (LOCF), and at treatment weeks 3 and
4 (observed case analysis), when subjects were at their as-
signed daily dose, using the same ANCOVA model.

The same ANCOVA model and analytic approach were
used to assess CGI-I at treatment endpoint in the ITT
population, using CGI-S as baseline score, followed by
Dunnett’s test for multiple mean comparisons with LS ad-
justment to compare the CGI-I scores of the 3 lisdexam-
fetamine groups with placebo. Similar methods were used
to analyze change in CGI for each treatment week. A non-
parametric Cochran-Mantel-Haenszel test was used to as-
sess the differences in the dichotomized differences in
CGl-I scores between subjects who were “improved” and
“not improved.”

For safety analyses, length of exposure to study drug
was based on the dates of first dispensing and last dose
of study medication, and categorized by week. AES were
categorized as prerandomization or treatment-emergent
(TEAES), based on when the AE was first documented.
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Table 1. Subject Disposition for Adult Patients With ADHD Enrolled in a Study of Lisdexamfetamine®

Total

Characteristic Patients Placebo Lisdexamfetamine 30 mg/d Lisdexamfetamine 50 mg/d  Lisdexamfetamine 70 mg/d

Enrolled/randomized 420 62 119 117 122
(safety population), N

ITT population, N 414 62 115 117 120

Completed, N (%) 349 (83) 52(84) 103 (87) 96 (82) 98 (80)

Postrandomization withdrawals, N (%)  71(17) 10(16) 16 (13) 21(18) 24 (20)
Adverse event(s) 22 (5) 1(2 4(3) 8(7) 9(7)
Lack of efficacy 8(2) 4 (6) 1(1) 2(2) 1(1)
Protocol violation 16 (4) 23 33 7 (6) 4(3)
Lost to follow-up 7(2) 1(2) 2(2) 1) 3(2
Withdrew consent 12 (3) 2(3) 5(4) 1(1) 4(3)
Physician decision 2(<1) O 0 0 2(2)
Other 4(1) 0 1(1) 2(2) 1(1)

aDenominator for percentages is the total number of randomized patients (safety population) in the treatment group.
Abbreviations: ADHD = attention-deficit/hyperactivity disorder, ITT = intent to treat.

Table 2. Baseline Demographic and Clinical Characteristics of Enrolled Subjects (safety population, N = 420)

Placebo Lisdexamfetamine 30 mg/d Lisdexamfetamine 50 mg/d Lisdexamfetamine 70 mg/d

Characteristic (N =62) (N =119) (N =117) (N =122)
Age, mean+ SD, y 35.2+10.9 35.3+10.1 34.2+10.0 35.8+10.5
Male, N (%) 32(52) 67 (56) 66 (56) 63 (52)
White, N (%) 48 (77) 94 (79) 99 (85) 108 (89)
Weight, mean + SD, Ib 181.3+39.1 178.1+38.9 173.1+37.8 1743+ 37.3
Height, mean + SD, in 67.9+3.7 67.9+ 3.9 67.6+ 3.6 67.4+3.7
ADHD-RS total score 394+6.4 40.7£6.3 408+ 7.3 41.1+6.0

at baseline, mean + SD
CGlI-S score at baseline, N (%)

Moderate 27 (44) 39(33) 39 (33) 37(30)

Marked 25 (40) 67 (56) 67 (57) 61 (50)

Severe 10 (16) 13(11) 10 (9) 24 (20)

Extreme 0 0 1(2) 0

Abbreviations: ADHD-RS = Attention-Deficit/Hyperactivity Disorder Rating Scale, CGI-S = Clinical Global Impressions-Severity of IlIness scale.

Changes from baseline in vital signs and ECG pa-
rametersin the safety population were analyzed for differ-
ences among treatment groups using ANCOVA at each
postrandomization visit and at endpoint, with the baseline
measurement as the covariate. Changes from baseline in
PSQI total score in the safety population were analyzed
for differences at study exit among treatment groups us-
ing the same analysis model as used for the ADHD-RS.

RESULTS

Subject Disposition

The disposition of the 420 enrolled subjects is shown
in Table 1. Participants were randomly assigned 2:2:2:1
to 30 mg/day lisdexamfetamine (N = 119), 50 mg/day lis-
dexamfetamine (N = 117), 70 mg/day lisdexamfetamine
(N =122), or placebo (N = 62). Of these, 414 subjects
were included in the ITT population (N = 115, 117, 120,
and 62, respectively). Of the 420 enrolled subjects, 71
(17%) terminated before study completion. Primary rea-
sons for discontinuation are shown in Table 1. Discon-
tinuation rates in each lisdexamfetamine group (13% to
20%) were similar to that in the placebo group (16%).
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Demographic and Baseline Characteristics

The demographic and baseline characteristics of all re-
cruited study participants are summarized in Table 2. The
4 groups were well matched at baseline. Mean + SD agein
the 3 lisdexamfetamine groups ranged from 34.2 + 10.0
years to 35.8 + 10.5 years, with 35.2 + 10.9 years in the
placebo group. Men were 52% to 56% of the 3 lisdexam-
fetamine groups and 52% of the placebo group. Whites
comprised 79% to 89% of the lisdexamfetamine groups
and 77% of the placebo group. CGI-S at baseline was
scored as moderate in 30% to 33%, marked in 50% to
57%, and severein 9% to 20% of the patientsin the lisdex-
amfetamine groups, and as moderate in 44%, marked in
40%, and severe in 16% of patients in the placebo group.
Mean ADHD-RS score at baseline was 40.7 to 41.1 in the
lisdexamfetamine groups and 39.4 in the placebo group.
None of these differences was statistically significant.

Primary Efficacy Results

All 4 groups showed improvements in mean change
from baseline to endpoint in ADHD-RS total score (Figure
1). The LS mean + SE changes in the placebo, 30-mg/day,
50-mg/day, and 70-mg/day lisdexamfetamine groups at
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Figure 1. ADHD-RS Total Scores at Endpoint: ITT Population
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Figure 2. Change From Baseline in ADHD-RS Total Scores at Each Week: ITT Population
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Abbreviations: ADHD-RS = Attention-Deficit/Hyperactivity Disorder Rating Scale, ITT = intent-to-treat, LS = least squares.

endpoint were —8.2+1.43, -16.2+ 1.06, —-17.4 + 1.05,
and —18.6 + 1.03, respectively. The differences over the
treatment period were significant for the 3 lisdexamfet-
amine groups (p < .0001 by 2-way ANCOVA, Figure 1),
but not for the placebo group. The placebo-adjusted LS
mean (95% confidence interval [Cl]) differences for the
30-mg/day, 50-mg/day, and 70-mg/day lisdexamfetamine
groups were —8.0 (-12.1 to -3.9), -9.2 (-13.2 to -5.1),
and —10.4 (-14.5 to —6.3), respectively (p < .0001 each).

Secondary Efficacy Results

Changes from baseline in ADHD-RS total scores were
significant at each postbaseline visit, starting at week 1
(p <.001), and the reductionsin ADHD-RS scores for the
3 lisdexamfetamine groups were similar throughout the
entire treatment period (Figure 2). Relative to placebo,
the LS mean reduction in each of the lisdexamfetamine
groups was significantly greater at the end of each week.
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The post hoc analysis showed that, relative to the placebo
group, a significantly greater percentage of subjects in
each lisdexamfetamine group showed a = 30% reduction
in ADHD-RS total scores at each week and at study end-
point (p < .01, Figure 3). In assessing the dose-response
effectiveness of lisdexamfetamine, we found that differ-
ences between lisdexamfetamine doses were not signifi-
cant at endpoint, although the comparisons between 30
mg/day lisdexamfetamine and 70 mg/day lisdexamfet-
amine were significant at weeks 3 and 4 (data not shown).

An effect size versus placebo can be calculated using
raw mean changes in ADHD-RS score. These effect sizes
at endpoint were 0.73, 0.89, and 0.99 for the 30-mg/day,
50-mg/day, and 70-mg/day lisdexamfetamine groups, re-
spectively (Figure 4).

CGlI-l scores based on clinician impressions were
significantly lower at endpoint for all lisdexamfetamine
groups compared with placebo. Of subjects taking
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Figure 3. Frequency of Subjects With > 30% Reductions in ADHD-RS Total Scores at Each Week and at Endpoint: ITT Population
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Figure 4. Effect Size by Dose at Study Endpoint*
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30 mg/day, 50 mg/day, and 70 mg/day lisdexamfetamine,
57%, 62%, and 61%, respectively, were rated “improved”
or “very much improved” at study endpoint, significantly
greater than the 29% of subjects taking placebo similarly
rated (Figure 5). In addition, at the end of each week, the
percentages of subjects rated “improved” or “very much
improved” were significantly higher for each of the lis-
dexamfetamine groups than for the placebo group (p <
.01, Figure 5).

Safety Analyses

Adverse events were reported by 282/358 (79%) of
subjects taking all doses of lisdexamfetamine, by 90/119
(76%), 90/117 (77%), and 102/122 (84%) of subjects in
the 30-mg/day, 50-mg/day, and 70-mg/day lisdexamfet-
amine groups, respectively, and by 36/62 (58%) of sub-
jects in the placebo group. The most common TEAEsS,
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with subject incidence > 5% and incidence twice that of
placebo in any lisdexamfetamine group, were decreased
appetite, anorexia, dry mouth, insomnia, nausea, diarrhea,
feeling jittery, and anxiety (Table 3). A total of 68% of
lisdexamfetamine-treated subjects experienced mild AEs,
and 39% experienced moderate AES.

No deaths were reported in this study. Two seriousAEs
(SAEs) were reported in 2 subjects: a 28-year-old white
man, assigned to lisdexamfetamine 30 mg/day, experi-
enced leg injuries (fracture of the right metatarsal bone
and left knee meniscal injury) due to an automobile ac-
cident, and a 26-year-old white man, assigned to lisdex-
amfetamine 70 mg/day, experienced postoperative knee
pain. Both subjects were discontinued from the study.
Both SAEs were considered severe but not related to
study treatment.

Twenty-three severe TEAES were reported in 15
lisdexamfetamine-treated subjects (4% of subjects), com-
pared with 3 severe AEsin 2 placebo-treated subjects (3%
of subjects). Of the 358 subjects treated with lisdexamfet-
amine, 21 (6%) discontinued due to AEs compared with
1 (2%) of the 62 subjects in the placebo group. Common
lisdexamfetamine-emergent AEs leading to discontinu-
ation (aone or sometimes in combination) in more than
1 subject were insomnia (8 subjects), tachycardia (3 sub-
jects), irritability (2 subjects), headache (2 subjects), in-
creased blood pressure/hypertension (4 subjects), anxiety
(2 subjects), and dyspnea (3 subjects).

The highest number of AEs took place within the first
week of lisdexamfetamine, when all subjectsin the active
treatment groups were taking 30 mg/day lisdexamfet-
amine (Table 4).

Vital signs

Blood pressure. Small LS mean changes from baseline
to endpoint were observed in SBP and DBP. The placebo
and 30-mg/day, 50-mg/day, and 70-mg/day lisdexamfet-
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Figure 5. Improvement According to CGI-I Score of 1 or 2 by Treatment Week and at Endpoint: ITT Population
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Table 3. Treatment-Emergent Adverse Events With Subject Incidence > 5% in Any Treatment Group and Twice That of Placebo

for Any Dose Group*

Placebo Lisdexamfetamine 30 mg/d Lisdexamfetamine 50 mg/d Lisdexamfetamine 70 mg/d
Adverse Event (N=62) (N =119) (N =117) (N =122)
Any event 36 (58) 90 (76) 90 (77) 102 (84)
Anorexia 0 4(3) 8(7) 6 (5)
Anxiety 0 5(4) 7(6) 9(7)
Decreased appetite 1(2) 34(29) 33(28) 28 (23)
Diarrhea 0 8(7) 12 (10) 4(3)
Dry mouth 2(3) 25(21) 29 (25) 38(31)
Feeling jittery 0 2(2) 4(3) 9(7)
Insomnia 3(5) 23(19) 20(17) 26 (21)
Nausea 0 10 (8) 7(6) 8(7)

a/alues shown as N (%).

Table 4. Treatment-Emergent Adverse Events With Active
Treatment Incidence = 5% and Twice That of Placebo by

Treatment Week®

Adverse Event Placebo Lisdexamfetamine
Week 1, N 62 358
Any event 20(32) 222 (62)
Decreased appetite 1(2) 80 (22)
Diarrhea 0 16 (5)
Dry mouth 0 65 (18)
Headache 3(5) 43 (12)
Insomnia 23 50 (14)
Week 2, N 59 344
Any event 15 (25) 125 (36)
Headache 1(2) 18 (5)
Week 3, N 57 322
Any event 15 (26) 101 (31)
Dry mouth 0 15(5)
Week 4+, N 52 300
Any event 7(13) 77 (26)

a/alues shown as N (%) unless otherwise noted.

amine groups experienced LS mean (95% CIl) changesin
SBP of -0.5 (-2.6, 1.5), 0.8 (-0.7, 2.3), 0.3 (-1.2, 1.8),
and 1.3 (0.2, 2.7) mm Hg, respectively and LS mean
(95% CI) changes in DBP of 1.1 (0.5, 2.7), 0.8 (-0.4,
2.0), 1.1 (0.1, 2.3), and 1.6 (0.4, 2.7) mm Hg, respec-
tively. No trends were observed, and there were no statis-
tically significant changes in SBP or DBP from baseline
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to endpoint or to the end of each treatment week. Blood
pressure outliers were defined as subjects with SBP > 150
mm Hg after a baseline SBP < 150 mm Hg, or DBP = 95
mm Hg after a baseline DBP < 95 mm Hg. There were 3
occurrences for SBP outliers and 15 for DBP outliers
(subjects could have an outlier reading at more than 1
visit). The number of DBP outliers increased with in-
creasing dose, but this was expected and the overall num-
ber of outliers was small (Table 5).

Pulse. ANCOVA analysis showed statistically signifi-
cant (p=.0018) treatment effects for pulse at endpoint.
All active doses showed an increase in pulse relative to
placebo. LS mean (95% CI) changes in pulse from base-
line to endpoint for the placebo and 30-mg/day, 50-mg/
day, and 70-mg/day lisdexamfetamine groups were 0.0
(-2.2,2.2),2.8(1.2,4.4),4.2(2.6,5.9), and 5.2 (3.6, 6.8)
bpm, respectively. Significant increasesin pulse were also
observed for treatment weeks 2, 3, and 4. The distribu-
tions of pulse outliersindicated that treatment with lisdex-
amfetamine was associated with an increase in pulse rate
(Table 5).

Electrocardiogram

LS mean (95% CI) changes from baseline to endpoint
in heart rate for the placebo and 30-mg/day, 50-mg/day,
and 70-mg/day lisdexamfetamine groups were 1.1 (-1.2,
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Table 5. Outlier Analysis of SBP and DBP Levels, Pulse Rates, and Changes in QTc-F and QTc-B Intervals at Any Postbaseline

Visit*
Lisdexamfetamine Lisdexamfetamine Lisdexamfetamine

Parameter Placebo 30 mg/d 50 mg/d 70 mg/d
SBP change to = 150 mm Hg from < 150 mm Hg 0 1 0 2
DBP change to = 95 mm Hg from < 95 mm Hg 0 1 5 9
Pulse change to = (mean + 2 SD) from < (mean + 2 SD) 4 31 43 26
QTc-F interval change

260 ms 0 0 0 0

30-59 ms 3 9 7 15
QTc-B interval change

=60 ms 0 0 1 1

30-59 ms 11 39 34 46
@An outlier could be counted multiple times from week 1 to week 4.
Abbreviations: DBP = diastolic blood pressure, SBP = systolic blood pressure.
3.3), 4.3 (2.6, 5.9), 5.3 (3.6, 6.9), and 5.3 (3.7, 6.9) bpm, DISCUSSION

respectively, similar to the results observed for pulse.
In contrast, LS mean (95% CI) changes from baseline
to endpoint in QRS interval and QTc-F interval were
similar for the placebo and 30-mg/day, 50-mg/day, and
70-mg/day lisdexamfetamine groups. For QRS interval,
the LS mean (95% CI) changes for these 4 groups were
0.0 (-1.2, 1.3), -0.1 (-1.1, 0.8), -0.1 (-1.0, 0.9), and 0.1
(0.8, 1.0) ms, respectively, whereas for QTc-F interval,
the LS mean (95% CI) changes for these 4 groups were
-0.3 (4.1, 3.4), 4.0 (1.3, 6.8), 1.8 (4.6, 0.9), and 2.7
(0.0, 5.4) ms, respectively. LS mean PR interval inthelis-
dexamfetamine groups decreased from —1.5 to —3.7 ms,
compared with al.2-msincrease in the placebo group. LS
mean QT interval in the active treatment groups de-
creased from —4.3 to —10.3 ms, compared with—2.4 msin
the placebo group. LS mean QTc-B interval increased
from 2.8 to 8.6 ms in the active treatment groups, com-
pared with an increase of 0.9 msin the placebo group. No
QT, QTc-F, or QTc-B interval exceeded 480 ms after
baseline. During the study, no change in QTc-F interval
was = 60 ms, while 2 changes in QTc-B interval were
=60 ms (Table 5). No clinically significant ECG abnor-
malities were identified by the physician investigators
during the course of this study or at baseline.

Physical Examinations and Laboratory Measures

LS mean + SE decreases in body weight from baseline
at study endpoint for the 30-mg/day, 50-mg/day, and
70-mg/day lisdexamfetamine groups were —2.8 + 0.46,
-3.1+£0.45, and —4.3+ 0.45 Ib, respectively, compared
with a0.5 £ 0.62 Ib gain for the placebo group (p < .0001
by ANCOVA). No other clinically meaningful changesin
physical examination results or laboratory measures were
observed during the study.

Sleep Measures

As measured by the PSQI, there were no statistically
significant changes in sleep quality across treatment
groups (p = .1563 by ANCOVA).
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This large, double-blind, placebo-controlled, random-
ized clinical trial indicated that treatment with lisdexam-
fetamine was effective in reducing ADHD-RS total scores
in adultswith ADHD and was well tolerated. At endpoint,
mean changes in ADHD-RS and CGI-I were statistically
and clinically superior to placebo for each lisdexamfet-
amine dose. Significant differences relative to placebo
were observed in each lisdexamfetamine group, begin-
ning at week 1 and for each week throughout the duration
of the study. Additionally, the effect sizes at endpoint,
based on ADHD-RS raw mean change scores were 0.73,
0.89, and 0.99 for the 30-mg/day, 50-mg/day, and 70-
mg/day lisdexamfetamine groups, respectively.

Subjects treated with the highest dose of 70 mg/day of
lisdexamfetamine showed significantly greater improve-
mentsin ADHD symptoms than did subjects treated with
30 mg/day lisdexamfetamine at weeks 3 and 4, when
al subjects were receiving their assigned drug, but not
at endpoint, when there were numerical but not statisti-
cally significant differences between the doses. Given the
larger effect size observed in the 70-mg dose group, de-
velopment of tolerance to medication effect is an unlikely
explanation for loss of statistical differences between
doses at endpoint. More likely, early dropouts and differ-
encesin statistical methods for the analysis of week 3 and
4 data (observed case comparisons) versus the LOCF
may explain these apparent discrepancies. For the end-
point analysis of the 70-mg group, inclusion of early
dropouts (from weeks 1 and 2), who were initialy ran-
domly assigned to the 70-mg treatment group but who did
not have the opportunity to benefit from this maximum
dose, would decrease the observed differences between
dose groupsin the LOCF analysis.

Of note, the doses used in this adult study were the
same as those used in the pediatric studies, and lisdexam-
fetamine was efficacious at all of these doses.”

Treatment with lisdexamfetamine was relatively well
tolerated. Very few subjects had to be discontinued from
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the study due to adverse effects. As expected with stimu-
lants, the most common lisdexamfetamine-emergent AES
were decreased appetite, dry mouth, insomnia, nausea,
diarrhea, and anxiety, and TEAEs in most subjects were
mild or moderate in severity. Moreover, the greatest num-
ber of AEs were reported within the first week of treat-
ment with lisdexamfetamine; subsequently, the incidence
of AEs declined.

There were no clinically meaningful changes in SBP
or DBP values or ECG parameters in lisdexamfetamine-
treated subjects. Although all active doses showed an in-
creasein pulse at endpoint, these were small (mean 2.8 to
5.2 bpm), and were not associated with clinical concerns.
A non—clinically meaningful increase in heart rate was
observed that was similar in magnitude to that for pulse,
while changesin QRS interval and QTc-F were similar to
those seen with placebo.

The findings in this study should be viewed in light of
some methodological limitations. Subjects with comorbid
psychiatric disorders were excluded; thus, the study popu-
lation may not reflect the population of adult ADHD pa-
tientsseenin clinical practice. The study enrolled subjects
with normal blood pressure and pulse and excluded sub-
jects with cardiovascular disorders. Therefore, the effects
of lisdexamfetamine in patients with significant blood
pressure abnormalities or cardiovascular dysfunction are
not known. In addition, the forced dose titration design
and limited duration of thistrial do not reflect actual clini-
cal practice.

Despite these considerations, we have shown that
short-term treatment with lisdexamfetamine was effective
and generally well tolerated in adults with ADHD, with
improvements in ADHD symptoms beginning at week 1
and continuing throughout the 4-week study period. Fu-
ture studiesin adult ADHD patients should strive to better
characterize the duration of action of lisdexamfetamine,
aswell asto further investigate its full safety profile.

Drug names: lisdexamfetamine dimesylate (Vyvanse),
methylphenidate (Daytrana, Ritalin, and others).
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