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Abstract
Background  Given the limited treatment options for younger children with attention-deficit/hyperactivity disorder (ADHD), 
a clinical study for SHP465 treatment was warranted.
Objectives  We aimed to evaluate the pharmacokinetics, safety, and tolerability of SHP465 mixed amphetamine salts (MAS) 
6.25 mg after multiple once-daily doses in children aged 4–5 years with ADHD.
Methods  In this open-label multicenter study, SHP465 MAS 6.25 mg once daily was administered for 28 days to children 
aged 4–5 years with ADHD; baseline ADHD Rating Scale-5 total score ≥ 28 (boys) or ≥ 24 (girls) and Clinical Global 
Impression-Severity scale score ≥ 4. Blood samples were collected in the pharmacokinetic-rich group predose on day 1 
week 1 and day 7 week 4 (predose, postdose at 2, 5, 8, 12, 16, 24, and 48 hours); and in the pharmacokinetic-sparse group 
predose on day 1 weeks 1, 2, and 3 and 24 hours postdose on day 7 week 4 . Key pharmacokinetic parameters included 
maximum plasma drug concentration (Cmax), plasma trough drug concentration, time to Cmax during a dosing interval (tmax), 
area under the concentration–time curve from time 0 to time of last collected sample, area under the concentration–time 
curve over the dosing interval (24 h) at steady state (AUC​tau,ss), first-order rate constant associated with the terminal phase 
of elimination, terminal half-life (t1/2), total clearance of drug from plasma after oral administration, and apparent volume 
of distribution at steady state. Safety endpoints included treatment-emergent adverse events and vital signs.
Results  Mean ± standard deviation age and body mass index of 24 participants (66.7% male) were 4.8 ± 0.41 years and 17.2 ± 
3.18 kg/m2, respectively. The most common ADHD was the combined presentation (91.7%); ratings were 50% markedly ill and 
45.8% moderately ill on the Clinical Global Impression-Severity scale. Plasma d-amphetamine and l-amphetamine steady state 
was attained by predose on treatment day 8, consistent with the half-life. Peak steady-state plasma concentration (median tmax) for 
both d-amphetamine and l-amphetamine occurred at 7.92 h postdose on day 7 week 4 and thereafter declined monoexponentially, 
with a geometric mean t1/2 of 10.4 and 12.3 h for d-amphetamine and l-amphetamine, respectively. For both d-amphetamine and 
l-amphetamine, Cmax and AUC​tau,ss were comparable between children aged 4 years (n = 3) and children aged 5 years (n = 8) 
regardless of sex. In total, 14 treatment-emergent adverse events were reported by 45.8% (11/24) of participants. Five treatment-
emergent adverse events, reported for four (16.7%) participants, were considered treatment related; affect lability occurred in two 
(8.3%) participants, and insomnia, accidental overdose, and increased blood pressure each occurred in one (4.2%) participant.
Conclusions  In children aged 4–5 years with ADHD, following multiple once-daily administrations of SHP465 MAS 
6.25 mg, the pharmacokinetic profile of plasma d-amphetamine and l-amphetamine was generally consistent among par-
ticipants. Between-individual variability of plasma d-amphetamine and l-amphetamine steady-state exposure was low to 
moderate. SHP465 MAS was generally well tolerated in this study.
Trial Registration  ClinicalTrials.gov, NCT03327402 (31 October, 2017).

Extended author information available on the last page of the article

1  Introduction

Global prevalence of attention-deficit/hyperactivity disorder 
(ADHD) in children is 7.2% [1]. A 2016 national survey 
indicated that 9.4% of children in the USA between the ages 
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Key Points 

Once-daily administration of SHP465 mixed ampheta-
mine salts 6.25 mg to children aged 4–5 years with 
attention-deficit/hyperactivity disorder yielded a phar-
macokinetic profile of plasma d-amphetamine and 
l-amphetamine that was generally consistent among 
participants.

Between-individual variability of plasma d-amphetamine 
and l-amphetamine steady-state exposure was low to 
moderate.

In this study, SHP465 mixed amphetamine salts  
6.25 mg was generally well tolerated, and no unexpected 
treatment-related adverse events were reported; observed 
adverse events of insomnia, blood pressure increased, 
and affect lability are consistent with known side effects 
of prescription amphetamines.

significantly greater reductions in ADHD Rating Scale 
(ADHD-RS) scores than placebo in adults, adolescents, 
and children diagnosed with ADHD [8–11]. Based on data 
from two randomized, placebo-controlled, phase III clinical 
studies, SHP465 was well tolerated [11, 12] and in one study 
demonstrated superiority over placebo in reducing ADHD 
symptoms in children (aged 6–12 years) and adolescents 
[11]. Although doses between 12.5 and 25 mg once daily 
(QD) were superior to placebo, a lower dose of 6.25 mg 
QD failed to reduce ADHD symptoms in this population 
[11, 12].

Another mixed amphetamine salt-based stimulant, 
Adderall®, is FDA approved in the USA for treating ADHD 
in adults and children aged 3 years and older [13], while 
Adderall XR® is approved for individuals aged ≥ 6 years 
[14]. To date, there are no published phase I studies of a 
lower dose of SHP465 MAS in children aged 4–5 years with 
ADHD. In response to a pediatric written request from the 
FDA, additional SHP465 MAS studies (NCT03327402, 
NCT03325894, NCT03325881) were conducted to assess 
the effects of lower doses of SHP465 MAS in children aged 
4–12 years with ADHD. A phase I study (NCT03327402) 
was designed to assess the pharmacokinetics (PK), safety, 
and tolerability of 6.25 mg SHP465 MAS QD in children 
aged 4–5 years diagnosed with ADHD.

2 � Methods

2.1 � Study Design

This phase I, open-label, multi-dose study (NCT03327402) 
was conducted at eight US clinical research centers 
(CRCs). Based on the PK sampling scheme, there were 
two cohorts (PK rich [nine samples/participant] and PK 
sparse [four samples/participant]). Enrollment was strati-
fied by sex to ensure that two or more of the ten partici-
pants in the PK-rich cohort and three or more of the ten 
participants in the PK-sparse cohort were female. The study 
included a screening period of up to 32 days, a treatment 
period (approximately 30 days for the PK-rich cohort and 
approximately 29 days for the PK-sparse cohort), and a 
follow-up visit or phone call that occurred approximately 
1 week after the last dose of the investigational prod-
uct. Although this was a phase I PK study, participants 
received SHP465 MAS oral doses for approximately 30 
days in order to obtain 1-month safety data. Following the 
screening visit, eligible participants returned to the CRC 
to reconfirm eligibility and enter the treatment period on 
day 1 of treatment week 1. Participants taking ADHD 
medication during the screening period were required 
to discontinue medication use ≥ 7 days before the first 

of 2 and 17 years have had an ADHD diagnosis, including 
2.4% of children between the ages of 2 and 5 years [2]. The 
clinical presentation of ADHD is heterogeneous, character-
ized by a persistent pattern of inattention, hyperactivity-
impulsivity, or a combination of inattention and hyperactiv-
ity [3]. In children and teenagers with ADHD, the symptoms 
as well as sleep problems are usually noticeable before the 
age of 6 years [4, 5]. The most common sleep problem in 
children with ADHD is “difficulty falling asleep” and often 
includes frequent night-time awakenings [4]. For children 
aged 4–5 years with ADHD, the American Academy of 
Pediatrics recommends evidence-based behavioral treat-
ments as first-line therapy. Pharmacologic treatment may be 
considered for children with moderate-to-severe ADHD who 
have inadequate improvement in symptoms with nonphar-
macologic therapy [6]. Amphetamine is the only stimulant 
approved by the US Food and Drug Administration (FDA) 
for ADHD in children younger than 6 years of age [6].

Mydayis® (mixed salts of a single-entity amphetamine 
product; MAS) extended-release capsules for oral use is 
FDA approved in the USA for treating ADHD in individu-
als aged 13−17 years at a maximum daily dose of 25 mg 
and in adults at a maximum daily dose of 50 mg [7]. Each 
MAS capsule contains equal amounts (by weight) of dextro-
amphetamine sulfate, amphetamine sulfate, dextroampheta-
mine saccharate, and amphetamine aspartate monohydrate, 
resulting in a 3:1 ratio of dextro- (d) amphetamine to levo- 
(l) amphetamine base equivalent [7]. Under the SHP465 
investigational product name, SHP465 MAS produced 
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SHP465 MAS dose was administered. Participants taking 
medications, including cytochrome P450 2D6 (CYP2D6) 
inhibitors, were required to undergo a washout period of  
30 days before the baseline visit; antihistamines, herbal and 
other over-the-counter preparations, including melatonin, 
had a 14-day washout period. Baseline was defined on day 
1 of week 1 before the first dose of SHP465 MAS.

The study was conducted in accordance with guidelines 
of the International Council for Harmonisation of Good 
Clinical Practice, the principles of the Declaration of Hel-
sinki, and applicable FDA regulations. Relevant documen-
tation was approved by institutional review boards (see 
Declarations section). Before initiating any study-related 
procedures, written informed consent was obtained from 
the participant’s parent or legally authorized representa-
tive (LAR) and, if applicable, assent was obtained from the 
participant.

2.2 � Study Participants

Boys or girls aged 4–5 years with a primary ADHD diagno-
sis based on Diagnostic and Statistical Manual of Mental 
Disorders, Fifth Edition criteria were enrolled in the study. 
Participants were required to have baseline ADHD-Rating 
Scale-5 (ADHD-RS-5) Child, Home Version scores of ≥ 28 
for boys and ≥ 24 for girls, and ≥ 4 (moderately ill) on the 
Clinical Global Impression-Severity (CGI-S) scale. Par-
ticipants were also required to have undergone an adequate 
course of nonpharmacologic treatment or to have had severe 
enough ADHD symptoms to be considered by the investi-
gator for enrollment without prior nonpharmacologic treat-
ment, and to have never used ADHD pharmacotherapy, or 
to have used ADHD pharmacotherapy with unacceptable 
efficacy and/or tolerability.

Participants were excluded if they had a controlled or 
uncontrolled Axis I or II disorder or any disorder that con-
traindicated SHP465 MAS use, concurrent illness, disabil-
ity, or a condition that might confound safety assessments, 
increase participant risk, or prohibit the participant from 
completing the study. Participants were also excluded if they 
were considered a suicide risk, previously made a suicide 
attempt, or had a history of/currently demonstrating active 
suicidal ideation, a family history of sudden cardiac death 
or ventricular arrhythmia, a history of symptomatic cardio-
vascular disease or other serious cardiac conditions, a clini-
cally significant electrocardiogram, or blood pressure ≥ 95th 
percentile. Additional exclusion criteria included height or 
weight ≤ 5th percentile for age and sex at screening; hav-
ing a documented allergy, hypersensitivity, or intolerance to 
amphetamine or to any excipients in SHP465 MAS; having 
used ADHD medication with acceptable efficacy and/or tol-
erability, ADHD medication within 7 days before SHP465 

MAS administration, or any medication within 30 days (or 
five half-lives) before SHP465 MAS administration.

2.3 � Treatment

Eligible participants returned to the CRC on day 1 of treat-
ment week 1 to initiate 28 days of treatment with 6.25 mg 
SHP465 QD. On day 1 (8 a.m. ± 1 h) of weeks 1, 2, 3, and 4, 
treatment was administered at the CRC, and SHP465 MAS 
capsules were dispensed to the parent/LAR for use for the 
rest of the week (days 2−7). Participants were instructed 
to either swallow the SHP465 MAS capsule whole or to 
sprinkle the contents of the capsule onto 1 tablespoon of 
applesauce and consume it in its entirety immediately with-
out chewing.

2.4 � Study Endpoints

Key primary PK parameters included maximum plasma drug 
concentration (Cmax) and plasma trough drug concentration, 
time to Cmax during a dosing interval (tmax), area under the 
concentration–time curve (AUC) from time 0 to last col-
lected sample (AUC​0–tlast) and over the 24-h dosing interval 
at steady state (AUC​tau,ss), terminal half-life, the first-order 
rate constant associated with the terminal phase of elimina-
tion, total body clearance for extravascular administration, 
and apparent volume of distribution at steady state. The key 
secondary PK endpoints were observed plasma analyte con-
centration at 12, 16, and 24 h after dose administration (C12, 
C16, and C24, respectively), AUC from 5 to 12 h postdose 
(AUC​5–12), AUC from 12 to 16 h postdose (AUC​12–16), and 
AUC from 16 to 24 h postdose (AUC​16–24).

For the rich PK sample population, blood samples were 
collected predose on day 1 of week 1 and on day 7 of week 4 
and postdose on day 7 of week 4 at 2, 5, 8, 12, 16, 24, and 48 
h. For the sparse PK sample population, blood samples were 
collected predose on day 1 of weeks 1, 2, and 3 and postdose 
on day 7 of week 4 at 24 h. Plasma (K2EDTA) d-amphet-
amine and l-amphetamine concentrations were determined 
using a validated liquid chromatography with tandem 
mass spectrometry method at QPS, LLC (Newark, DE, 
USA). The assay was linear over a range of 0.1–100 ng/mL  
(lower limit of quantitation, 0.1 ng/mL).

Safety and tolerability endpoints included treatment-
emergent adverse events (TEAEs; coded using the Medical 
Dictionary for Regulatory Activities, version 20.1); changes 
in vital signs (blood pressure and heart rate), electrocardi-
ogram results, weight, and body mass index. In addition, 
other safety endpoints were TEAEs of particular interest 
(insomnia, weight decreased, and decreased appetite) and 
pre-defined TEAEs of special interest [psychiatric events 
including psychosis/mania, suicide ideation, aggression, and 
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other miscellaneous psychiatric events (see Appendix 1)]. 
These were defined as TEAEs of particular and special inter-
est because they are of concern with the stimulant class of 
medication and, therefore, the sponsor carefully monitored 
these TEAEs during the course of the study. The Columbia-
Suicide Severity Rating Scale (C-SSRS) [15] was used to 
assess suicide risk. Sleep problems were assessed based on 
the Children’s Sleep Habits Questionnaire (CSHQ), while 
overall quality of sleep was assessed by Pediatric Sleep 
Questionnaire (PSQ) [16, 17]. The occurrence of TEAEs 
was assessed from the time of informed consent through 
every study visit. Vital signs were assessed at screening, 
predose on day 1 of each treatment week, 5 and 48 h post-
dose on day 7 of week 4 (PK-rich sampling only) or 24 h 
postdose on day 7 of week 4 (PK-sparse sampling only). 
Electrocardiograms were assessed at screening, predose on 
day 1 of each treatment week (only weeks 1–3 in the PK-
sparse sampling), and then 5 and 48 h postdose on day 7 of 
week 4 (PK-rich sampling only) or 24 h postdose on day 7  
of week 4 (PK-sparse sampling only). Body weight was 
assessed at screening, predose on day 1 of each treatment 
week, and then 24 h postdose on day 7 of week 4 (PK-sparse 
sampling only) or 48 h postdose on day 7 of week 4 (PK-rich 
sampling only).

2.5 � Study Questionnaires

The C-SSRS is a 19-item semi-structured interview with 
questions used to assess suicide risk [15]. It is designed to 
capture the occurrence, severity, and frequency of suicide-
related thoughts and behaviors during the assessment period 
with most items rated on a dichotomous scale (yes or no) 
or 3-point or 5-point Likert scales [18, 19]. Although the 
C-SSRS is not validated in children, it was included in the 
protocol at the request of the FDA and it was completed by a 
clinician who was trained and experienced in the evaluation 
of preschool children with ADHD. The C-SSRS (pediatric/
cognitively impaired version) “baseline” version was com-
pleted at the screening visit, and the “since last visit” version 
was completed at all post-screening visits.

The CSHQ is a 33-item questionnaire designed to screen 
for the most common sleep problems in children. Items are 
rated on a 3-point scale (“usually” [5–7 times/week], “some-
times” [2–4 times/week], and “rarely” [0–1 time/week]; 
some items are scored in reverse) and grouped into eight 
subscales (bedtime resistance, sleep-onset delay, sleep dura-
tion, sleep anxiety, night awakenings, parasomnias, sleep-
disordered breathing, and daytime sleepiness). The total 
sleep disturbance score was calculated as the sum of sub-
scale scores, excluding scores for the “needs parent in room 
to sleep” and “afraid of sleeping alone” items. Higher scores 
are indicative of greater sleep disturbance. The CSHQ was 

conducted at each visit to the site starting with the baseline 
visit (predose on day 1 of week 1) and was completed by the 
participant’s parent/LAR.

The PSQ is a seven-item questionnaire designed to assess 
overall quality of sleep (average time to sleep, sleep latency, 
frequency of interrupted sleep, duration of interrupted sleep, 
total sleep time, and sleep quality over the last week) with 
pharmacologic treatment. The PSQ was completed by the 
parent/LAR with the participant and the responses were 
reviewed by the clinician during the study visit at each visit 
to the site starting with the baseline visit (predose on day 1 
of week 1).

2.6 � Analysis Sets

The PK analysis was based on the PK analysis set (par-
ticipants from the safety set having one or more PK 
blood sample collected). Pharmacokinetic parameters for 
d-amphetamine and l-amphetamine were calculated using 
noncompartmental analysis (Phoenix® WinNonlin®; Cer-
tara, Princeton, NJ, USA) from the PK-rich sampling pop-
ulation only and are reported using descriptive statistics. 
Safety and tolerability data are reported in all enrolled par-
ticipants who took one or more doses of the investigational 
product (safety set) and were summarized with descriptive 
statistics.

3 � Results

3.1 � Participant Demographics and Clinical 
Characteristics

Of 33 screened participants, 24 were enrolled and included 
in both the safety set and PK set, and 22 (91.7%) completed 
the study (Fig. 1). One participant was withdrawn from the 
study by the parent/LAR, and one participant discontinued 
for another reason (visit out of window). No participant dis-
continued treatment or the study because of a TEAE. The 
mean ± standard deviation (SD) duration of exposure to 
SHP465 MAS was 3.9 ± 0.64 weeks, and the average daily 
dose was 6.2 ± 0.26 mg.

Most participants were male (66.7%), with an equal 
proportion white (50%) and black (50%); mean ± SD age 
was 4.8 ± 0.41 years (Table 1). A combined ADHD pres-
entation was the most common among study participants 
(91.7%), and the majority were rated as moderately or mark-
edly ill (45.8% and 50.0%, respectively) on the CGI-S scale. 
No patient received a stimulant as a prior medication (i.e.  
30 days before study treatment), although one patient had 
received prior treatment with a stimulant (i.e. more than  
30 days before study entry).



75SHP465 MAS PK and Safety in Children Aged 4–5 Years with ADHD

3.2 � Pharmacokinetics

After multiple doses of treatment with SHP465 MAS 
6.25 mg QD, the mean plasma d-amphetamine and l-amphet-
amine concentration–time profiles were characterized by a 
sustained absorption phase (Fig. 2). Table 2 presents PK 
parameters based on timepoints collected from the rich sam-
ple population. Mean ± SD peak steady-state plasma drug 
concentrations for d-amphetamine (32.8 ± 10.37 ng/mL)  
and l-amphetamine (10.4 ± 3.44 ng/mL) were observed 
at a median tmax of 7.9 h postdose. Thereafter, d-amphet-
amine and l-amphetamine concentrations decreased, with 
a geometric mean half-life of 10.4 and 12.3 h, respectively. 
Mean plasma trough d-amphetamine and l-amphetamine 
steady-state concentrations were attained by predose on 
day 8 of treatment. Because of sparse sampling, an accu-
rate estimate of steady-state attainment cannot be provided. 
Between-individual variability, as measured by the geomet-
ric mean coefficient of variation, in steady-state exposure to 
d-amphetamine and l-amphetamine was low to moderate and 
comparable for both d-amphetamine and l-amphetamine. 
Peak and overall steady-state exposure (Cmax and AUC​tau,ss) 
were comparable between 4-year-old (n = 3) and 5-year-old 

(n = 8) children, regardless of sex, for both d-amphetamine 
and l-amphetamine.

3.3 � Safety and Tolerability

Overall, 45.8% of participants (11/24) reported a TEAE 
(Table 3). Most TEAEs were of mild severity (9/11), and 
no severe or serious TEAEs were reported. The only TEAE 
reported by more than one participant was affect lability, 
which occurred in two participants (8.3%). No TEAEs of 
special interest were reported. Of the TEAEs of particu-
lar interest, an event of insomnia and decreased appetite 
occurred in one (4.2%) participant each. Mean increases 
from baseline in systolic and diastolic blood pressure and 
decreases from baseline in pulse, body weight, and body 
mass index were observed at the final on-treatment assess-
ment (FoTA; Table 3). Electrocardiogram parameters at 
FoTA, (normal, 83.3% vs abnormal, 16.7%) were similar 
to those observed at baseline (normal, 78.3% vs abnormal, 
21.7%).

Suicidal behavior and active suicidal ideation were not 
reported on the C-SSRS at any visit during the study period, 
and there were no substantive changes in sleep as measured 
by the PSQ and CSHQ (Table 4). On the PSQ, time to fall 
asleep per night (mean ± SD) was shorter at FoTA compared 
with baseline (19.8 ± 11.75 vs 24.6 ± 12.50 min; Table 4), 

Screen failure (n=7)

Screened (N=33)

Not Enrolled (n=2)

Enrolled (n=24)

Safety Set (n=24)

Pharmacokinetic Set (n=24)

Completed (n=22) Did Not Complete (n=2)

Primary Reason For Withdrawal
Adverse event (n=0)

Lost to follow-up (n=0)

Protocol violation (n=0)

Blood Pressure and/or Pulse 

Criteria Met (n=0)

Withdrawal by Participant

Parent/LAR (n=1)

Out-of-window visit (n=1)

Completed Follow-up (n=3)

Fig. 1   Patient disposition. LAR legally authorized representative

Table 1   Baseline demographics and clinical characteristics, safety set 
(n = 24)

ADHD attention-deficit/hyperactivity disorder, ADHD-RS-5 ADHD 
Rating Scale, Home Version: Child, BMI body mass index, CGI-S 
Clinical Global Impression-Severity, SD standard deviation
a Based on n = 23

Age, mean ± SD (range), years 4.8 ± 0.41 (4–5)
Sex, n (%)
 Male 16 (66.7)
 Female 8 (33.3)

Race, n (%)
 White 12 (50.0)
 Black 12 (50.0)

Weight, mean ± SD, kg 22.09 ± 5.50
BMI, mean ± SD, kg/m2 17.2 ± 3.18
Years since ADHD diagnosisa, mean ± SD 0.5 ± 0.79
ADHD presentation, n (%)
 Predominantly inattentive 0
 Predominantly hyperactive/impulsive 2 (8.3)
 Combined 22 (91.7)

ADHD-RS-5 total score, mean ± SD 43.9 ± 8.31
CGI-S rating, n (%)
 Moderately ill 11 (45.8)
 Markedly ill 12 (50.0)
 Severely ill 1 (4.2)
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and length of time spent sleeping per night (mean ± SD) was 
slightly longer at FoTA (9.1 ± 1.41 vs 8.9 ± 1.41 h at base-
line; Table 4). On the CSHQ, the sleep disturbance scores 
(mean ± SD) were 48.3 ± 8.24 at baseline and 45.4 ± 8.21 
at FoTA (Table 4).

4 � Discussion

The recommended starting dose of Mydayis® (MAS) 
is 12.5 mg QD and the maximum approved doses are 25 
mg QD in adolescents aged 13–17 years, and 50 mg QD 
in adults. In phase III studies, SHP465 MAS has been 
shown to significantly improve ADHD symptoms in chil-
dren, adolescents, and adults with ADHD, with a safety and 
tolerability profile consistent with amphetamine treatment 
[8–11]. In response to a pediatric written request from the 
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Fig. 2   Steady-state plasma d-amphetamine and l-amphetamine con-
centration–time profiles (mean ± standard deviation) for the PK-
rich cohort (PK set*), plotted on a linear concentration scale (a) or 
a logarithmic concentration scale (b) on day 7 of treatment week 4. 
PK pharmacokinetic, SD standard deviation. *Based on n = 11 for all 
timepoints except 48 h, for which n = 10

Table 2   PK parameters for d-amphetamine and l-amphetamine (rich 
sampling portion of the PK set)

AUC​ area under the drug concentration–time curve, AUC​0–t AUC 
from time 0 to last timepoint of sample collection, AUC​tau,ss AUC 
over the 24-h dosing interval at steady state, CL/F total body clear-
ance for oral administration, Cmax maximum plasma drug concentra-
tion, Ctrough,ss plasma trough drug concentration at steady state, CV 
coefficient of variation, d-amphetamine dextroamphetamine, GM 
geometric mean, l-amphetamine levoamphetamine, LLoQ lower limit 
of quantitation, n number of participants with evaluable PK values, 
ND not determined, PK pharmacokinetic, SD standard deviation, tmax 
time of Cmax, t½ terminal half-life, Vss/F apparent volume of distribu-
tion at steady state, λz first-order rate constant associated with the ter-
minal phase of elimination. No PK parameters were estimated from 
the sparse sampling portion of the PK set (n = 12)
a Based on n = 9 for d-amphetamine and n = 8 for l-amphetamine

PK parameter, unit d-amphetamine
(n = 11)

l-amphetamine
(n = 11)

AUC​0–t, h·ng/mL
 Mean ± SD 668 ± 178.1 232 ± 68.9
 Median (range) 701 (461–956) 241 (158–331)
 GM (% CV of GM) 646 (27.5) 221 (31.1)

AUC​tau,ss, h·ng/mL
 Mean ± SD 541 ± 154.9 179 ± 55.1
 Median (range) 514 (354–771) 180 (115–247)
 GM (% CV of GM) 521 (29.8) 171 (32.9)

Cmax, ng/mL
 Mean ± SD 32.8 ± 10.37 10.4 ± 3.44
 Median (range) 29.0 (20.7–49.6) 9.09 (6.56–15.6)
 GM (% CV of GM) 31.4 (32.6) 9.90 (34.7)

Ctrough,ss, ng/mL
 Mean ± SD 7.93 ± 6.308 3.09 ± 2.525
 Median (range) 10.9 (LLoQ–14.3) 4.18 (LLoQ–6.29)
 GM (% CV of GM) ND ND

tmax, h
 Mean ± SD 8.02 ± 3.470 8.75 ± 4.191
 Median (range) 7.92 (5.00–16.3) 7.92 (5.00–16.3)
 GM (% CV of GM) 7.47 (39.8) 7.96 (46.9)

t½, ha

 Mean ± SD 10.6 ± 1.72 12.4 ± 1.90
 Median (range) 9.91 (8.42–14.1) 12.2 (9.71–15.6)
 GM (% CV of GM) 10.4 (15.5) 12.3 (15.3)

λz, h−1a

 Mean ± SD 0.0671 ± 0.00983 0.0569 ± 0.00864
 Median (range) 0.0699 (0.0491–0.0823) 0.0571 (0.0444–

0.0714)
 GM (% CV of GM) 0.0664 (15.5) 0.0563 (15.3)

CL/F, L/h
 Mean ± SD 5.84 ± 1.670 5.97 ± 1.898
 Median (range) 5.69 (3.79–8.27) 5.42 (3.94–8.45)
 GM (% CV of GM) 5.62 (29.8) 5.70 (32.9)

Vss/F, La

 Mean ± SD 94.5 ± 30.32 115 ± 41.2
 Median (range) 94.9 (57.0–139) 110 (71.1–190)
 GM (% CV of GM) 90.1 (34.3) 109 (35.6)
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Table 3   Safety and tolerability summary, safety set (n = 24)

BMI body mass index, bpm beats per minute, DBP diastolic blood 
pressure, FoTA final on-treatment assessment, SBP systolic blood pres-
sure, SD standard deviation, TEAE treatment-emergent adverse event
a TEAE considered by the investigator to be related to treatment with 
SHP465 MAS
b TEAE of particular interest. TEAEs of particular interest included 
insomnia, weight decreased, and decreased appetite. No TEAEs of 
special interest (i.e., psychiatric events including psychosis/mania, 
suicidal ideation, aggression, and other similar events) were reported
c n = 23

SHP465 6.25 mg

Participants with any TEAE, n (%); events 11 (45.8); 14
 TEAEs related to study drug 4 (16.7); 5
 TEAEs leading to dose discontinuation 0
 Serious TEAEs 0
 Serious TEAEs leading to death 0

Participants with ≥ 1 TEAE, n (%); events
 Affect lability 2 (8.3); 2a

 Accidental overdose 1 (4.2); 1a

 Allergic rhinitis 1 (4.2); 1
 Arthropod bite 1 (4.2); 1
 Asthma 1 (4.2); 1
 Contact dermatitis 1 (4.2); 1
 Decreased appetite 1 (4.2); 1b

 Hordeolum 1 (4.2); 1
 Increased blood pressure 1 (4.2); 1a

 Insomnia 1 (4.2); 1a,b

 Pyrexia 1 (4.2); 1
 Somnolence 1 (4.2); 1
 Vomiting 1 (4.2); 1

Blood pressure, pulse, and heart rate changes 
from baseline at FoTA, mean ± SD

 SBP, mmHg 1.1 ± 7.03
 DBP, mmHg 1.4 ± 9.47
 Pulse, bpm − 4.3 ± 12.16
 Heart ratec, bpm − 1.9 ± 15.85

Weight change from baseline at FoTA, mean ± 
SD, kg

− 0.305 ± 0.4268

BMI change from baseline at FoTA, mean ± SD, 
kg/m2

− 0.691 ± 0.6995

Potentially clinically important vital sign changes, 
n (%)

 SBP increase > 10 mmHg from baseline at any 
time

2 (8.3)

 DBP increase > 10 mmHg from baseline at any 
time

4 (16.7)

 Pulse increase > 15 bpm from baseline at any 
time

3 (12.5)

Table 4   CSHQ, PSQ, and C-SSRS scale scores, safety analysis set 
(n = 24)

C-SSRS Columbia-Suicide Severity Rating Scale, CSHQ Children’s 
Sleep Habits Questionnaire, FoTA final on-treatment assessment, PSQ 
Pediatric Sleep Questionnaire, SD standard deviation
a Data are based on version 2009 of the CSHQ
b Only applicable for PK-rich sampling portion
c On average school nights/week nights; days 8/9, day 8 refers to 
sparse PK sampling and day 9 to rich PK sampling
d n = 9
e n = 14
f n = 21

SHP465 6.25 mg

CSHQa,b, mean ± SD Baseline FoTA
 Total sleep disturbance score 48.3 ± 8.24 45.4 ± 8.21
 Bedtime resistance 10.5 ± 3.37 10.1 ± 3.71
 Sleep-onset delay 1.6 ± 0.71 1.4 ± 0.58
 Sleep duration 4.9 ± 1.69 4.3 ± 1.68
 Sleep anxiety 6.5 ± 2.13 6.2 ± 2.41
 Night awakenings 4.4 ± 1.10 4.1 ± 0.90
 Parasomnias 9.4 ± 2.00 8.9 ± 2.12
 Sleep-disordered breathing 3.4 ± 0.71 3.2 ± 0.82
 Daytime sleepiness 10.8 ± 3.83 10.6 ± 3.02

PSQb,c, mean ± SD Baseline FoTA
 Time to fall asleep per night, min 24.6 ± 12.50 19.8 ± 11.75
 Number of times woke up per 

night
2.0 ± 1.50d 1.2 ± 0.43e

 Length of time awake per night, 
min

10.6 ± 13.31d 10.1 ± 9.86e

 Length of time asleep per night, h 8.9 ± 1.41 9.1 ± 1.41
C-SSRS, yes, n (%) Baseline Week 4 days 8/9f

 One or more positive response 
on scale

0 0

 Suicidal ideation
  Wish to be dead 0 0
  Nonspecific active suicidal 

thoughts
0 0

  Suicidal ideation-no intent 0 0
  Ideation with intent, no plan 0 0
  Ideation with plan/intent 0 0
  Any active suicidal ideations 0 0

 Suicidal behavior
 Actual attempt 0 0
  Non-suicidal self-injurious 

behavior
0 0

  Aborted attempt 0 0
 Preparatory acts/behavior 0 0
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FDA, additional SHP465 MAS studies (NCT03327402, 
NCT03325894, NCT03325881) were conducted to assess 
the effects of lower doses of SHP465 MAS in children aged 
4–12 years. A dose of SHP465 MAS 6.25 mg QD was evalu-
ated in children aged 6–12 years; although it was well toler-
ated, it failed to reduce ADHD symptoms [12].

In this phase I study, the pharmacokinetics, safety, and 
tolerability of SHP465 6.25 mg was assessed in children 
aged 4–5 years diagnosed with ADHD following once-daily 
administration for 28 days. Although this was a phase I PK 
study, study participants received SHP465 MAS doses for 
approximately 30 days in order to obtain 1-month safety data. 
Plasma d-amphetamine and l-amphetamine concentrations 
indicated that steady state was attained by predose on day 8 
of treatment in all participants regardless of sex, consistent 
with the half-life and low-to-moderate between-individual 
PK variability. Because of sparse sampling, a more granu-
lar time calculation of the steady-state attainment could not 
be obtained. In general, peak and overall steady-state expo-
sure, as measured by Cmax and AUC​tau,ss, were comparable 
between 4-year-old and 5-year-old participants regardless 
of sex for both d-amphetamine and l-amphetamine. Mean 
steady-state (Cmax) for d-amphetamine and l-amphetamine 
was characterized by a sustained absorption phase and 
achieved peak steady-state concentration at a median tmax 
of 7.92 h postdose for both amphetamines. Thereafter, the 
plasma d-amphetamine and l-amphetamine concentrations 
declined monoexponentially, with geometric mean termi-
nal half-life values of 10.4 h for d-amphetamine and 12.3 h  
for l-amphetamine. A dose of SHP465 MAS 6.25 mg was 
well tolerated in this study, with no serious or severe adverse 
events reported, similar to the study in children aged 6–12 
years treated with the same dose [12]. Although the enzymes 
involved in amphetamine metabolism are poorly defined, 
in the liver, amphetamine is metabolized to benzoic acid 
and hippuric acid, and by CYP2D6 to the active metabo-
lite 4-hydroxy-amphetamine [20, 21]. The CYP2D6 gene is 
polymorphic and many variants that affect function occur at 
different frequencies among populations [22]. Therefore, a 
risk of increased exposure to SHP465 MAS is possible with 
co-administration of CYP2D6 inhibitors [7].

The most common adverse drug reactions in participants 
aged ≥ 13 years with ADHD treated with SHP465 MAS 
(incidence ≥ 5% and at a rate at least twice that of placebo) 
were decreased appetite, insomnia, nausea, decreased weight, 
and irritability [7]. Pediatric participants aged ≤ 12 years 
experienced higher plasma drug exposure and higher rates 
of adverse drug reactions, mainly insomnia and decreased 
appetite, than participants aged ≥ 13 years treated with the 
same dose [7]. In the current study of SHP465 6.25 mg QD 
in children aged 4–5 years, the overall TEAE frequency was 
45.8% compared with 24.4% in children (aged 6–12 years) 
treated with the same dose of SHP465, 67.4% in adolescents 

and children treated with SHP465 MAS doses in a range of 
12.5–25 mg, and 77.2–86.3% in adults treated with SHP465 
MAS doses in a range of 25–75 mg [8, 11, 12]. In the pre-
sent study, there were no discontinuations of treatment or 
the study because of a TEAE. Affect lability was the only 
TEAE that occurred in more than one (8.3%) participant. 
In contrast, in a study of atomoxetine in children (mean age 
6.1 ± 0.58 years), mood lability was reported in 54.5% of 
participants [23], and a study of methylphenidate in children 
(mean age 4.8 ± 0.70 years) reported 64.3% of participants 
discontinued because of emotionality or irritability [24]. 
Changes in vital signs (with the exception of pulse rate) in 
the current study were minimal, consistent with a previ-
ous study in children (aged 6–12 years) at the same dose 
of SHP465 MAS 6.25 mg [12]. Historically, insomnia was 
the most frequently reported TEAE in studies conducted in 
adults and in children and adolescents [8–11]. In the cur-
rent study, insomnia was reported for one participant (4.2%). 
Patients were not allowed to take melatonin during the study. 
In this study, children treated with SHP465 MAS 6.25-mg  
doses took less time to fall asleep and remained asleep at night 
for a longer period with fewer awakenings at FoTA compared 
with baseline, indicating improved sleep patterns with treat-
ment. There were no substantive changes in other sleep-related 
parameters, including bedtime resistance, parasomnias, sleep 
anxiety, and length of time awake per night between baseline 
and FoTA as measured by the PSQ and CSHQ (no statistical 
comparisons for any measurements were performed), consist-
ent with previous results with SHP465 6.25 mg in children 
(aged 6–12 years) and with the SHP465 MAS dose range of 
12.5–25 mg in adults [8, 12].

Limitations of this study include that it was based on a 
small sample size owing to the young age of the partici-
pants. In addition, it was necessary to partially employ a 
sparse PK sampling method because of the age of the par-
ticipants, which may have increased inter-individual vari-
ability. Because of very sparse sampling, a definitive esti-
mate of steady-state attainment cannot be obtained. Further, 
the C-SSRS is not validated in children and adolescents; 
children aged 4–5 years do not understand the questions, 
thus the caregiver/parent answered in lieu of the participants.

5 � Conclusions

In this study of children aged 4–5 years with ADHD, multi-
ple doses of SHP465 MAS 6.25 mg QD were administered. 
Plasma d-amphetamine and l-amphetamine concentra-
tion–time profiles were characterized by a sustained absorp-
tion phase, achieving peak steady-state concentrations at 7.92 h  
postdose (median tmax) for both analytes; thereafter, plasma 
drug concentrations declined monoexponentially, with a geo-
metric mean half-life of 10.4 and 12.3 h for d-amphetamine 
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and l-amphetamine, respectively. Between individual-variabil-
ity of plasma d-amphetamine and l-amphetamine steady-state 
exposures (Cmax and AUC​tau,ss) was low to moderate with a 
geometric mean CV value range of 29.8−34.7%. A dose of 
SHP465 MAS 6.25 mg was generally well tolerated, with the 
general safety and tolerability profiles being consistent with 
previous observations for SHP465 MAS in children and ado-
lescents [11, 12]. The data from this study show that 28-day 
administration of SHP465 MAS 6.25 mg was well tolerated 
by children aged 4–5 years and warrants further studies to 
explore its effectiveness in reducing ADHD symptoms in this 
age group.

Appendix 1

Adverse events of special interest

Category Preferred term/verbatim term

Signs and/or symptoms of psy-
chosis/mania

Hallucination (any type, including 
visual, auditory, tactile, mixed)

Delusion (any type including 
somatic, persecutory, grandeur, 
reference)

Schizophrenia (any type)
Psychotic disorder
Transient psychosis
Acute psychosis
Paranoia
Childhood psychosis
Schizophreniform disorder
Schizoaffective disorder
Catatonia
Mania
Hypomania

Suicidal ideation and behavior Depression suicidal
Gunshot wound
Intentional self-injury
Non-accidental overdose
Overdose
Self-injurious behavior
Self-injurious ideation
Self-mutilation
Suicidal ideation
Suicidal attempt
Completed suicide

Aggression and violent behavior Aggression
Anger
Hostility
Homicidal ideation
Sexual offense
Murder
Imprisonment

Category Preferred term/verbatim term

Miscellaneous psychiatric events 
(include events with serious 
outcome only)

Abnormal behavior
Agitation
Amnesia
Confusional state
Depressed mood
Depression
Disorientation
Emotional disorder
Emotional distress
Feeling abnormal
Memory impairment
Mood altered
Mood swings
Personality change
Thinking abnormal
Anxiety
Fearfulness
Phobia
Panic attack
Sleep disturbance
Tics
Obsessive or compulsive behavior
Trichotillomania
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