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Abstract

Objectives: Describe the safety and tolerability of lisdexamfetamine dimesylate (LDX) and provide data on clinical effects for
efficacy-related endpoints and pharmacokinetics in preschool-aged children with attention-deficit/hyperactivity disorder (ADHD).
Methods: This phase 2, multicenter, open-label, dose-optimization study (ClinicalTrials.gov registry: NCT02402166) was
conducted at seven U.S. sites between April 15,2015, and June 30, 2016. Children (4-5 years of age) meeting Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition, Text Revision criteria for ADHD and having ADHD Rating Scale-IV
Preschool version (ADHD-RS-IV-PS) total scores 228 (boys) or 224 (girls) were eligible. Open-label LDX (8-week duration)
was initiated at 5 mg and titrated to 30 mg until achieving an optimal dose. Assessments included treatment-emergent adverse
events (TEAESs), vital sign changes, ADHD-RS-IV-PS total score changes, and pharmacokinetic evaluations.

Results: Among 24 participants, the most frequently reported TEAE was decreased appetite (8/24; 33%). At week 8/early
termination, mean (standard deviation) systolic and diastolic blood pressure and pulse changes from baseline were —1.1 (7.31)
and 1.5 (6.93) mmHg and —0.8 (12.75) bpm, respectively. The mean (95% confidence interval) change from baseline ADHD-
RS-IV-PS total score at the final on-treatment assessment was —26.1 (—32.2 to —20.0). Pharmacokinetic parameters of
d-amphetamine, a major active metabolite of LDX, were characterized: d-amphetamine exposure increased with LDX
dose; mean f,,,,x and ¢, respectively, ranged from 4.00 to 4.23 hours and 7.18 to 8.46 hours.

Conclusions: In preschool-aged children with ADHD, LDX was generally well tolerated and reduced ADHD symptoms,
consistent with observations in children 6-17 years of age. Based on these findings, a starting LDX dose as low as 5 mg in
phase 3 studies in preschool-aged children is supported.

Keywords: attention-deficit/hyperactivity disorder, clinical outcome, pharmacokinetics, preschool-aged children, safety,
tolerability

Introduction psychostimulants are used in the treatment of ADHD in pre-
schoolers, few studies have systematically evaluated their effects

PSYCHOSTIMULANTS ARE RECOMMENDED as first-line pharma-  in this population (Pliszka 2007).
cotherapy for treating of attention-deficit/hyperactivity disor- In one literature review, treatment benefits for methylphenidate
der (ADHD) in children and adolescents (Pliszka 2007). Although (MPH) on ADHD symptoms in preschoolers (3—6 years old) with
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ADHD were reported in eight of nine identified studies (Connor
2002). In a multisite, longitudinal study of preschool-aged children
(Preschool ADHD Treatment Study [PATS]) (Kollins et al. 2006), the
efficacy and safety of immediate-release MPH in preschoolers (3-5.5
years) was examined (Greenhill et al. 2006; Wigal et al. 2006).
During the short-term efficacy phases of the PATS, immediate-
release MPH at doses ranging from 2.5 to 7.5 mg three times daily
produced significantly greater improvement in ADHD symptoms
than did placebo, as measured by reductions in a composite score
of parent and teacher ratings on the Conners, Loney, and Milich
(CLAM) scale and the Swanson, Kotkin, Atkins, M-Flynn, and Pel-
ham (SKAMP) scale (Greenhill et al. 2006). Across the PATS, ad-
verse events (AEs) were reported more frequently with MPH than
placebo and the most commonly reported AEs occurring with MPH
versus placebo included emotional outbursts, difficulty falling asleep,
and decreased appetite (Wigal et al. 2006). In a small open-label pilot
study of the nonstimulant atomoxetine (n=22), a mean total score
decrease from baseline of ~ 21 points on the ADHD Rating Scale-IV
(ADHD-RS-1V) was reported in children 5-6 years of age after 8
weeks of treatment, with the most frequently reported AEs being
emotional lability and decreased appetite (Kratochvil et al. 2007).

There are also data suggesting that the effects of ADHD phar-
macotherapy may differ across ages. Teacher-rated effect sizes for
MPH on the CLAM scale and the SKAMP scale tended to be
smaller in preschool-aged children (Greenhill et al. 2006) than in
school-aged children (7-9.9 years) (Greenhill et al. 2001). In terms
of pharmacokinetics, preschool-aged (4-6 years) children with
ADHD exhibited slower MPH clearance and greater MPH expo-
sure to the same weight-adjusted MPH dose than school-aged (7-8
years) children with ADHD (Wigal et al. 2007). In contrast, re-
ductions in ADHD-RS-IV total score following 8 weeks of open-
label atomoxetine tended to be greater in 5-year-old children than
in 6-year-old children (Kratochvil et al. 2007).

In arecent review of Medicare claims, it was reported that nearly
40% of preschool-aged children diagnosed with ADHD were
treated with a psychostimulant (Davis et al. 2019), despite the fact
that in this age group these medications are not approved for
use and there is limited evidence for their efficacy and safety.
Furthermore, preschool-aged children diagnosed with ADHD can
exhibit impaired school readiness compared with age-matched
counterparts who do not have an ADHD diagnosis (Perrin et al.
2019). As such, identifying treatment strategies that can extend
symptom relief to later portions of the day, especially during ex-
tended daycare or preschool hours, would be beneficial. The use of
long-acting psychostimulant formulations could also produce more
consistent plasma drug concentrations throughout the day com-
pared with immediate-release formulations. Given the importance
of identifying safe and effective pharmacotherapies for preschool
children with ADHD, further studies are warranted with other ap-
proved ADHD pharmacotherapies. Lisdexamfetamine dimesylate
(LDX) is approved in the United States and other countries for use
in individuals 6 years with ADHD (Vyvanse® 2017). This phase
2 study was conducted in the context of a pediatric written request
by the U.S. Food and Drug Administration to obtain preliminary
safety, tolerability, pharmacokinetic, and clinical response data for
LDX in preschool-aged (4-5 years) children with ADHD.

Methods
Study design and treatment

This phase 2, multicenter, open-label, dose-optimization study
(ClinicalTrials.gov registry: NCT02402166) was conducted at se-
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ven U.S. sites between April 15,2015, and June 30, 2016. The study
consisted of four periods: screening and washout, dose optimiza-
tion (6 weeks), dose maintenance (2 weeks), and safety follow-up
(1 week). Participants were recruited using multiple methods.
Many patients were recruited through clinical practice, but a central
advertising campaign was also used. The protocol was approved
by the Institutional Review Board at each site and the study was
conducted in accordance with the International Conference on
Harmonisation Guideline for Good Clinical Practice E6. The
participant’s parent or legally authorized representative was re-
quired to provide written informed consent before initiation of
study-related procedures.

At the start of the screening and washout period, which occurred
within 28 days of the first treatment day, eligible participants dis-
continued their existing ADHD medication (if currently taking a
medication that did not control ADHD symptoms with acceptable
tolerability) and entered the dose-optimization period, at which
time they initiated treatment with 5 mg LDX. On-treatment visits
were scheduled every 712 days. The LDX dose was titrated
weekly (week 1: Smg; week 2: 10mg; week 3: 15mg; week 4:
20mg, week 5: 30 mg) until an optimal dose was achieved. This
dosing scheme was considered to be conservative with regard to the
starting dose, maximum dose, and dose-optimization schedule. The
dosing scheme, in particular the relatively low maximum dose, was
selected for use based on general safety considerations, as there
were concerns that plasma amphetamine concentrations would be
high in this population due to their low weight. Determination of
the optimal dose was based on achievement of a 230% reduction in
ADHD-RS-IV Preschool version (ADHD-RS-IV-PS) total score
from the baseline visit (visit 0) and a Clinical Global Impressions—
Improvement (CGI-I) score of 1 (very much improved) or 2 (much
improved) with acceptable safety and tolerability. Reductions to
the previous dose level were permitted between weeks 2 and 4 of
the dose-optimization period if tolerability was unacceptable. If
5mg LDX was not tolerated, the participant was discontinued.
During dose maintenance (weeks 7-8), participants were maintained
on the optimized LDX dose established during the dose-optimization
phase. Concomitant medications (i.e., nonstudy medications taken
between the dates of the first and last doses of investigational
product) were recorded.

Study participants

Participants eligible for inclusion were male or female children
4-5 years of age at the time of consent. Participants were also
required to have a primary ADHD diagnosis based on Diagnostic
and Statistical Manual of Mental Disorders, Fourth Edition, Text
Revision (DSM-IV-TR) criteria based on a detailed psychiatric
evaluation, baseline ADHD-RS-IV-PS total scores 228 for boys
and >24 for girls, baseline CGI-Severity (CGI-S) score >4, and a
Peabody Picture Vocabulary Test, Fourth Edition, standard score
270 at screening. Additional inclusion requirements were having
undergone an adequate course of nonpharmacologic treatment or
having symptoms severe enough based on investigator judgment to
warrant pharmacologic treatment without prior nonpharmacologic
treatment, and having participated in a structured group activity
(e.g., preschool, sports) that allowed for assessment of symptoms
and impairment outside the home. With regard to nonpharmacologic
therapy, there were no protocol-specified methods or treatment du-
rations. However, all treatments had to be described to and approved
by the study sponsor or a delegate before a prospective participant
could enter the study.
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Key exclusion criteria included having well-controlled ADHD
symptoms while receiving an ADHD medication with acceptable
tolerability; having a concurrent condition that could confound
safety assessments, increase risk to the participant, prohibit the
participant from completing the study, or make it difficult to adhere
to study procedures; or having previously failed to fully respond to
amphetamine therapy. Currently being considered at risk for sui-
cide in the opinion of the investigator, having previously made a
suicide attempt, or currently demonstrating active suicidal ideation
(intermittent passive suicidal ideation was not necessarily exclu-
sionary); having a documented allergy, hypersensitivity, or intol-
erance to amphetamine or excipients in LDX; having history of
serious cardiac problems, including family history of sudden car-
diac death or ventricular arrhythmia; having a screening or baseline
blood pressure =95th percentile for age, sex, and height; having a
clinically significant electrocardiogram (ECG); and being <5th
percentile for age and sex at screening for height or weight, were
also exclusionary. Participants reporting investigational drug use or
participation clinical study <30 days before screening were also
excluded.

Assessments

Safety and tolerability. All AEs were collected from the time
of informed consent through the follow-up; AEs were categorized
based on severity, seriousness, and relatedness to treatment (per the
investigator) or study discontinuation. Treatment-emergent AEs
(TEAEs) were defined as those starting on or after the first study
drug dose or those starting before the first study drug dose but
increasing in severity after starting treatment. Vital signs (systolic
and diastolic blood pressure [SBP and DBP] and pulse) were as-
sessed at all visits. Blood pressure was initially monitored using
automated blood pressure cuffs. However, when it was determined
that the automated cuffs did not accurately measure blood pressure
in these 4- to 5-year—old children, blood pressure was measured
manually. Assessments were made after participants were seated
for =5 minutes, with the average value being based on three mea-
surements obtained at ~2-minute intervals. Clinical laboratory
measurements were obtained at screening and at week 8/early
termination (ET). A single 12-lead ECG (performed after 5 minutes
of rest) was assessed at screening and every postbaseline visit; at
baseline, average ECG values were based on three measurements
obtained at ~ 5-minute intervals.

Clinical effects. Clinical effects were assessed with the
ADHD-RS-IV-PS and CGI-I. The ADHD-RS-IV-PS was admin-
istered at baseline and each study visit through week 8/ET. The 18-
item ADHD-RS-IV-PS (McGoey et al. 2007), which is adapted
from the ADHD-RS-IV (Dupaul et al. 1998), is a clinician-
administered scale that rates ADHD symptom frequency based on
DSM-IV-TR criteria using age-appropriate examples for preschool
children. Items are scored on a 4-point scale (range: O [never or
rarely] to 3 [very often]); total score ranges from O to 54. The items
can be grouped into two 9-item subscales to assess hyperactivi-
ty/impulsivity and inattention. Overall ADHD improvement was
assessed using the CGI-I (Guy 1976) (range: 1 [very much im-
proved] to 7 [very much worse]) at each postbaseline visit, relative
to baseline severity measured by CGI-S (Guy 1976) score (range: 1
[normal, not at all ill] to 7 [among the most extremely ill]).

Pharmacokinetics. Blood samples for pharmacokinetic as-
sessment of LDX and d-amphetamine were taken at various predose
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times during weeks 1 through 7 in all participants. A subset of par-
ticipants had additional samples collected at week 7 at prespecified
time points (predose and 1, 2, 3, 4, 6, and 8 hours postdose).

The pharmacokinetics of LDX and d-amphetamine were evaluated
using noncompartmental analysis (NCA). The pharmacokinetic pa-
rameters estimated included maximum plasma concentration (Cyyax),
time t0 Cpax (fmax), area under the plasma concentration curve at
steady state (AUC,,,), terminal half-life (¢,,,), and total body clear-
ance for extravascular administration at steady state (CLgy/F). Plasma
LDX and d-amphetamine concentrations were determined by vali-
dated bioanalytical methods using liquid chromatography with tan-
dem mass spectrometry in a manner consistent with previous reports
(Ermer et al. 2016a,b). Quantification limits for d-amphetamine and
LDX were 2.00 and 1.00 ng/mL, respectively.

Data presentation and statistical analysis

A formal sample size calculation was not conducted for the
primary safety and tolerability assessments. Sample size for the
rich pharmacokinetic NCA was calculated to achieve 80% proba-
bility of ensuring that the 95% confidence intervals (CIs) for total
body clearance for extravascular administration (CL/F) and the oral
volume of distribution (V,/F) were within 60%—-140% of the geo-
metric mean point estimates, with estimates of between-participant
variability being 0.128 standard deviations (SDs) for V,/F and
0.258 SDs for CL/F. Using these criteria, it was determined that at
least 6 participants were required for the rich pharmacokinetic
sampling NCA.

Safety and tolerability assessments were conducted in the safety
analysis set (all participants taking >1 study drug dose) and are
presented using descriptive statistics. Clinical outcome assess-
ments were conducted in the full analysis set (FAS; all safety
analysis set participants having >1 postdose ADHD-RS-IV-PS total
score assessment); these data are presented using descriptive sta-
tistics with two-sided 95% Cls. Baseline for safety/tolerability and
for clinical outcome assessments was defined as the last value
collected before the first study drug dose; for clinical outcomes, the
final on-treatment assessment (FOTA) was defined as the last as-
sessment obtained after baseline while on study drug. For the
ADHD-RS-IV-PS, total score change from baseline is presented at
each study visit and at the FoTA; changes from baseline for the
ADHD-RS-IV-PS subscales are presented at the FoTA. For the
CGI-I, dichotomized improvement (improved vs. not improved) at
the FoTA is reported, with participants categorized as improved if
the CGI-I score was 1 (very much improved) or 2 (much improved)
and as not improved if the CGI-I score was 3 (minimally improved)
through 7 (very much worse).

Pharmacokinetic NCA was conducted in the full pharmacoki-
netic set (all safety analysis set participants for whom primary
pharmacokinetic data were sufficient and interpretable) using
Phoenix® WinNonlin® v.6.3 (Pharsight®, St. Louis, MO).

Results
Participant disposition and demographics

The safety analysis set and FAS included 24 participants; the
pharmacokinetic set included 8 participants; 19 participants com-
pleted the study (Fig. 1). Reasons for study discontinuation were
AEs (n=2), withdrawal by participant/legally authorized repre-
sentative (n=2), and lost to follow-up (n=1).

Demographic and baseline clinical characteristics are summa-
rized in Table 1. Most participants were male (18/24 [75%]) and
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Enrolled (N=24)

A 4

Safety analysis set (n=24)
Full analysis set (n=24)
Pharmacokinetic set (n=8)
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Discontinued (n=5)
Adverse event (n=2)

v

Withdrawal by participant or parentflegally authorized representative (n=2)
Lost to follow-up (n=1)

h 4
Completed Study (n=19)

FIG. 1.

TABLE 1. DEMOGRAPHIC AND BASELINE CLINICAL
CHARACTERISTICS, SAFETY ANALYSIS SET

Total (N=24)

Age, years, mean (SD) 4.7 (0.48)
Sex, n (%)
Male 18 (75)
Female 6 (25)
Race, n (%)
White 15 (63)
Black/African American 8 (33)
Native Hawaiian/Pacific Islander 0
Asian 0
American Indian/Alaska Native 0
Multiple 1(4)

Weight, kg, mean (SD)
BMI, kg/mz, mean (SD)
BMI category,” n (%)

21.03 (2.455)
16.46 (1.405)

Underweight 0

Healthy weight 15 (63)
Overweight 6 (25)
Obese 3(13)

Peabody Picture Vocabulary Test standard 106.7 (15.04)
score, mean (SD)

Children’s Global Assessment Scale scores, mean (SD)

Current general functioning 53.0 (7.06)

Most severe past functioning 50.9 (6.88)

Highest past functioning 61.9 (12.82)
CGI-S." n (%)

Moderately ill 8 (33)

Markedly ill 10 (42)

Severely ill 6 (25)
ADHD subtype, n (%)

Predominantly inattentive 1(4)

Predominantly hyperactive/impulsive 2 (8)

Combined subtype 21 (88)

“BMI based on Centers for Disease Control and Prevention BMI
percentiles for children and adolescents (underweight: BMI <5th percen-
tile; healthy weight: BMI >5th to <85th percentile; overweight: BMI >85th
to <95th percentile; obese: BMI >95th percentile).

"No participants were categorized as ‘“‘normal, not at all ill,” “borderline
mentally ill,” “mildly ill,” or “among the most extremely ill.”

ADHD, attention-deficit/hyperactivity disorder; BMI, body mass index;
CGI-S, Clinical Global Impressions—Severity; SD, standard deviation.

Participant disposition.

white (15/24 [63%]). Based on body mass index (BMI), most (15/
24 [63%]) participants were a healthy weight (BMI >5th to <85th
percentile based on CDC standards). Most participants were diag-
nosed as having the combined ADHD subtype (21/24 [88%]) and
were categorized as being markedly ill based on the CGI-S (10/24
[42%])). The mean = SD ADHD-RS-IV-PS total score was 43.6 £5.54
(median 44; range 32-51) at baseline.

Prior and concomitant medications

Before the study, ADHD medications used by study participants
were clonidine (n=2), guanfacine (n=1), and immediate-release
mixed amphetamine salts (n=1). No concomitant ADHD medi-
cations were used during the study.

Lisdexamfetamine dosing

The mean (SD) daily LDX dose at week 8 was 22.9 (7.25)
mg/day. The maximum LDX dose was 30 mg in 10 participants,
20mg in 2 participants, 15mg in 6 participants, 10mg in 5 par-
ticipants, and 5 mg in 1 participant. The optimized LDX dose was
30 mg in nine participants, 20 mg in two participants, 15 mg in six
participants, and 10 mg in two participants; the five participants
who discontinued did not achieve an optimized dose.

Safety and tolerability

TEAEs were reported by 79% (19/24) of participants (Table 2);
30mg LDX had the highest TEAE frequency (60%; 6/10). No
serious TEAEs, severe TEAEs, or deaths were reported during the
study. Two participants discontinued due to TEAEs while on 5 mg
LDX (increased hyperactivity and worsened sleep [n=1]; manic-
like symptoms [r=1]); both instances were considered moderate
in severity (except for worsened sleep, which was considered
mild), related to study drug, and resolved following discontinua-
tion. TEAESs reported by >2 participants across all doses are sum-
marized in Table 2; the most frequently reported TEAEs (occurring
in 24 participants) were decreased appetite, insomnia, and upper
respiratory tract infection. Among participants reporting insomnia-
related TEAEs, there were four reports of insomnia, two reports of
initial insomnia, and one report of middle insomnia.
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TABLE 2. SUMMARY OF TREATMENT-EMERGENT ADVERSE EVENTS, SAFETY ANALYSIS SET

LDX dose

Smg (n=24) 10mg (n=23) 15mg (n=18) 20mg (n=12) 30mg (n=10) Total (N=24)

Any TEAE, n (%) 10 (42) 11 (48)

Serious TEAEs 0 0
TEAE:s related to study drug 521 8 (35)
TEAEs leading to discontinuation 2 (8) 0
Severe TEAEs 0 0

TEAEs reported by =2 participants, n (%)
Decreased appetite 14) 1(4)
Insomnia 14) 209
Upper respiratory tract infection 0 0
Upper abdominal pain 14) 14
Affect lability 0 14)
Irritability 14) 29
Gastroenteritis 2 (8) 0
Gastroenteritis viral 0 14
Initial insomnia 14) 0
Decreased weight 0 0

7 (39) 6 (50) 6 (60) 19 (79)
0 0 0 0

3(17) 6 (50) 4 (40) 14 (58)
0 0 0 2 (8)
0 0 0 0

1 (6) 3 (25) 2 (20) 8 (33)
0 1(8) 2 (20) 4(17)
3(17) 1 (8) 0 4 (17)
0 1(8) 0 3(13)
1 (6) 18) 0 3(13)
0 0 0 3(13)
0 0 0 2 (8)
0 0 1 (10) 2 (8)
0 18) 0 2 (8)
2(11) 0 0 2 (8)

LDX, lisdexamfetamine dimesylate; TEAE, treatment-emergent adverse event.

All mean £ SD vital sign changes from baseline at week 8/ET
were variable in this small sample (pulse —0.8 £12.75 bpm; SBP
—1.1+7.31 mmHg; DBP 1.5+6.93 mmHg; heart rate —3.860=*
10.7809 bpm; Fridericia-corrected QT interval 2.007 £ 13.5858 ms).
In two participants, TEAEs related to blood pressure changes
(increased DBP: n=1, 20mg LDX; increased blood pressure:
n=1, 10mg LDX) were reported; neither participant withdrew
due to these TEAEs. At week 8/ET, mean £ SD weight decreased
to 20.67£2.310 kg from 21.03 £24.55 kg at baseline (mean £+ SD
change from baseline: —0.41 £0.824kg). Two participants ex-
hibited a weight decrease =7% from baseline.

Clinical effects

ADHD-RS-IV-PS total score decreased over the course of the
study (Fig. 2), with the mean (95% CI) change from baseline at the
FoTA being —26.1 (=32.2 to —20.0). Score decreases were also
observed for the hyperactivity/impulsivity (-12.5 [-15.7 to —9.3])

and inattention (—13.6 [-16.9 to —10.2]) subscales. At FoTA, a
majority of participants (20/24 [83%]) were categorized as im-
proved on the dichotomized CGI-I.

Pharmacokinetics

Plasma concentration-versus-time profiles for LDX and
d-amphetamine were consistent across participants (Fig. 3), with
LDX concentration peaking at 1 hour postdose and d-amphetamine
concentration peaking from 2 to 6 hours postdose. Pharmacokinetic
NCA parameters for LDX and d-amphetamine are summarized in
Table 3. LDX and d-amphetamine exposure, as measured by Cpax
and AUC,,,, was dose proportional. Steady-state LDX clearance
(CL4/F) did not change appreciably based on LDX dose, partici-
pant weight, or participant age. For d-amphetamine, there was no
apparent relationship observed between dose-normalized AUC,,,
and participant age or weight.

54 -
48
42
36
30
24

Mean (SD)

18 3
12
6
0 ;

I
Baseline 1

[ n=1] 24 | 24 [ 21 |

19

[ 19 |

Treatment Week

FIG. 2. Mean (SD) ADHD-RS-IV-PS total score by treatment week. ADHD, attention-deficit/hyperactivity disorder; ADHD-RS-IV-
PS, ADHD Rating Scale-IV Preschool version; FoTA, final on-treatment assessment; SD, standard deviation.
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Time, h

Individual lisdexamfetamine and d-amphetamine® plasma concentrations versus time, full pharmacokinetic subset. *The

reported 24-hour values for d-amphetamine are estimates based on the next predose value (0 hours).

Discussion

This study indicates that the safety and tolerability profile of
LDX in preschool children with ADHD is generally consistent with
its known profile in older children (Biederman et al. 2007b; Find-
ling et al. 2011; Wigal et al. 2012; Coghill et al. 2013); no new
or unique AEs were observed. Furthermore, treatment with LDX

improved clinical outcome, as measured by reductions in ADHD-
RS-IV-PS scores and improvement on the CGI-I, in this population
of preschool-aged children.

In the current study, mean ADHD-RS-IV-PS total score at
baseline was ~44, which is substantially higher than the score of
10.85 observed in a normative population of preschool-aged chil-
dren and places the study population in the 98th percentile for
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TABLE 3. SUMMARY OF PHARMACOKINETIC PARAMETERS BY LISDEXAMFETAMINE DIMESYLATE DOSE, FULL PHARMACOKINETIC SET

Chaxs AUC, AUC,,/Dose, CL,/F, CL,/F/WT, V/F/WT,
ng/mL taxs hxng/mL hxng/(mL-mg) tip, h L/h VJ/F, L L/h/kg L/kg
LDX parameters
10mg LDX
N 1 1 1 1 1 1 1 1 1
Mean 5.45 1.00 13.5 1.35 2.07 738 2207 33.1 99.0
15mg LDX
N 2 2 1 1 1 1 1 1 1
Mean (SD) 13.20 (3.54) 1.03 (0.05) 20.2 1.34 0.62 744 667 32.1 28.8
30mg LDX
N 5 5 3 3 3 3 3 3 3
Mean (SD) 49.86 (32.17) 1.20 (0.45) 74.7 (15.0)  2.49 (0.50)  0.41 (0.07) 414 (93) 252 (98) 19.2(1.4) 11.4(2.6)
d-Amphetamine parameters
10 mg LDX
N 1 1 1 1 1 — — — —
Mean 24.10 4.00 308 30.8 7.18 — — — —
15mg LDX
N 2 2 2 2 2 — — — —
Mean (SD) 47.40 (14.71) 4.23 (1.74) 703 (281) 46.9 (18.7)  8.43 (1.18) — — — —
30mg LDX
N 5 5 4 4 4 — — — —
Mean (SD) 86.20 (22.78) 4.00 (1.87) 1223 (208) 40.8 (6.9) 8.46 (0.25) — — — —

AUCq,,, area under the plasma concentration versus time curve at steady state; AUC,,/dose, dose-normalized AUCy,,; CL/F, total body clearance for
extravascular administration divided by the fraction of the absorbed dose at steady state; CLy/F/WT, weight-normalized CLgy/F; Cyyax, maximum plasma
concentration; LDX, lisdexamfetamine dimesylate; SD, standard deviation; t,,,, terminal half-life; #,,,x, time to maximum plasma concentration; V,/F,

oral volume of distribution; V,/F/WT, weight-normalized V,/F.

ADHD-RS-IV total scores. Furthermore, 16 of 24 (67%) study
participants were considered markedly ill or severely ill based at
baseline on CGI-S ratings. This clinical profile is consistent with
other study populations of preschool-aged children diagnosed with
ADHD (Greenhill et al. 2006; Kratochvil et al. 2007). In Kratochvil
et al. (2007), mean ADHD-RS-IV PS total scores were ~38 at
baseline and 19 of 22 (86%) study participants were considered
markedly ill or severely ill based on the CGI-S. In the PATS study,
rating scale scores also indicated that study participants had severe
ADHD symptoms, with mean scores ranging from ~35 to 40 on
the Conners Teacher Rating Scale and Conners Parent Rating Scale
at baseline, which represent mean T scores >75 (i.e., >99th per-
centile) (Posner et al. 2007), and being ~ 47 on the Clinical Global
Assessment Scale at baseline (Greenhill et al. 2006), which is in-
dicative of a moderate degree of impairment in several areas of
function or severe impairment of functioning in one area (Shaffer
et al. 1983).

Consistent with other studies of the effects of psychostimulants
in preschool-aged children with ADHD (Wigal et al. 2006) and
with studies in older children and adolescents with ADHD (Bie-
derman et al. 2007b; Findling et al. 2011, 2013; Wigal et al. 2012;
Coghill et al. 2013, 2017; Newcorn et al. 2017), decreased appetite
and insomnia were among the most frequently reported TEAEs
with LDX in this study. Furthermore, increases from baseline in
DBP and decreases from baseline in SBP, pulse, and weight were
observed. These findings are partially consistent with findings from
the PATS study in preschool children, which reported greater in-
creases from baseline in DBP and SBP with immediate-release
MPH relative to placebo but lesser increases from baseline in pulse
relative to placebo (Wigal et al. 2006). In contrast, findings in older
children and adolescents with ADHD have consistently reported
that LDX treatment is associated with increases in pulse (Bieder-
man et al. 2007b; Findling et al. 2011, 2013; Coghill et al. 2013,

2017; Newcorn et al. 2017). These discrepancies may be related to
high variability in the vital sign results, which could be related to
the small sample size, high baseline vital sign values in a few
participants, and the normally high variability of vital sign data.
Participants with high baseline vital sign values tended to nor-
malize during the study, resulting in an overall decrease from
baseline in pulse and SBP at the FOTA. The initial use of automated
blood pressure cuffs, which were not calibrated for this age group
(once identified blood pressure measurements were taken manu-
ally), did not appear to contribute substantially to vital sign measure
variability. No clinically meaningful trends were observed in the
ECG results from this study, which is consistent with other studies
of LDX in older children and adolescents (Biederman et al. 2007b;
Findling et al. 2011, 2013).

LDX treatment was associated with improved clinical effects, as
indicated by reductions in ADHD-RS-IV-PS total and subscale
scores and improvement on the dichotomized CGI-I. Although
these efficacy-related data are limited by the lack of a placebo
comparator group, they are consistent with improvements in
ADHD-RS-IV total scores observed in open-label safety studies of
LDX in older children and adolescents with ADHD (Findling et al.
2013; Coghill et al. 2017), and an open-label study of atomoxetine
in 5- and 6-year-old children (Kratochvil et al. 2007). In a long-term
open-label safety extension, 52 weeks of dose-optimized LDX (30—
70mg) was associated with a 26-point reduction from baseline
ADHD-RS-IV total score and with 87% of participants being cat-
egorized as improved on the CGI-I at study endpoint (Findling et al.
2013), which is similar to the 26-point reduction from baseline in
ADHD-RS-IV-PS total score and 83% of participants categorized
as improved on the CGI-I in the current study. Furthermore,
treatment with the nonstimulant atomoxetine was associated with
21-point reduction from baseline on ADHD-RS-IV total score and
with 73% of participants being categorized as improved on the
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CGI-I at study endpoint in a small 8-week open-label pilot study in
5- and 6-year-old children (Kratochvil et al. 2007). Comparisons of
the current data with data from the PATS study are complicated by
the use of different endpoints (ADHD-RS-IV-PS and CGI-I vs.
CLAM and SKAMP), study designs (open label vs. placebo con-
trolled), and medication formulations (once-daily long-acting
medication vs. a three-times daily immediate-release medication).
However, both studies support the effectiveness of stimulants in the
treatment of ADHD in 4- to 5-year-old children.

Results of the pharmacokinetic NCA indicated that the profile of
d-amphetamine in this population of preschool-aged children following
30 mg LDX was roughly comparable to previously published findings
in older children 6-12 years of age with ADHD (Boellner et al. 2010) in
terms of 7, (3.41 hours) and 7, (8.90 hours), but was substantially
different with regard to Cyx (53.2ng/mL in 6- to 12-year-olds vs.
86.20 ng/mL in 4- to 5-year-olds) and AUC,, (745.3 h X ng/mL in 6- to
12-year-olds vs. 1223 h X ng/mL in 4- to 5-year-olds). The increases in
d-amphetamine exposure observed in this study compared with the
previous study in 6- to 12-year-olds (Boellner et al. 2010) support the
use of a starting dose as low as 5 mg LDX in children 4-5 years of age.

These findings should be considered in light of several limita-
tions. First, the sample size was relatively small, so the results
should be interpreted cautiously and may not generalize to all
preschool-aged children with ADHD. Second, there were numer-
ous investigators involved relative to the small sample size and, in
the absence of placebo controls, the study could not account or
control for experimenter or reporter bias. Third, there was vari-
ability in the vital sign results possibly due to sample size, high
baseline vital sign values in a few participants, and the normally
high variability of vital sign data. Fourth, the ability to estimate
LDX and d-amphetamine pharmacokinetic parameters was limited
because of the rapid elimination of LDX with respect to the sam-
pling period used in the study and the relative level of the assay
limit of quantitation. Lastly, this was a small, short-term, open-
label study, so conclusions regarding the long-term safety and
tolerability profile of LDX, the maximum tolerable dose of LDX,
and the long-term effects of LDX on clinical outcomes in this
population cannot be determined. Future studies, including placebo-
controlled studies and long-term safety studies, are required to
examine these issues.

Conclusions

In preschool-aged children (4-5 years old), the safety and tol-
erability of LDX was generally consistent with its known effects in
older children and adolescents with ADHD (Biederman et al.
2007a; Findling et al. 2011, 2013; Wigal et al. 2012; Coghill et al.
2013, 2017). Treatment with LDX was also associated with re-
ductions in ADHD-RS-IV-PS scores and improvement on the di-
chotomized CGI-I. The dosing scheme used in this study was
considered to be conservative and was selected for use based on
general safety considerations. The study findings indicate that the
starting dose of 5mg, maximum dose of 30 mg, and the titration
scheme used was well tolerated and conferred treatment benefits.
Taken together, these findings support the conduct of a placebo-
controlled study of LDX in 4- to 5-year-old children.

Clinical Significance

Although ADHD is generally diagnosed during elementary
school, ADHD symptoms, particularly hyperactivity, are observed
in preschool-aged children. Off-label lisdexamfetamine use has
been reported in preschool-aged children, but data are limited re-
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garding its safety, efficacy, and pharmacokinetics. We report that in
preschool-aged children (4-5 years), lisdexamfetamine has a safety
profile consistent with observations in children 6-17 years of age
and reduces ADHD symptoms. These pharmacokinetic data sup-
port a starting dose of 5 mg lisdexamfetamine in this population.
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