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Abstract
Aim: To assess safety, tolerability, and pharmacokinetics of lisdexamfetamine dime-
sylate in Japanese and Caucasian healthy adults.
Methods: A phase 1, double-blind, randomized, placebo-controlled, single- and multi-
ple-dose study in Japanese and Caucasian subjects. Subjects received lisdexamfetamine 
20 mg or placebo on Day 1, then lisdexamfetamine 20 mg/d (Days 4-8), 50 mg/d (Days 
9-13), 70 mg/d (Days 14-18), or matching placebo. Pharmacokinetic parameters for lis-
dexamfetamine and d-amphetamine were estimated by noncompartmental analysis.
Results: Fifteen Japanese and 19 Caucasian subjects were enrolled and randomized. The 
lisdexamfetamine and d-amphetamine plasma concentration-time curves were similar 
for both ethnic groups following single and multiple doses. Mean area under the con-
centration-time curves for d-amphetamine were higher (by 11%-15%) in Japanese than 
Caucasian subjects following multiple dosing of lisdexamfetamine. Mean bodyweight 
was 17% lower in Japanese than Caucasian subjects. Weight-corrected means for oral 
clearance were similar in both ethnic groups, with no unexpected accumulation of d-am-
phetamine. Lisdexamfetamine was generally well tolerated by both ethnic groups, with 
no serious adverse events reported. The 10/12 Japanese and 11/16 Caucasian subjects 
who received lisdexamfetamine completed the study; two Japanese and three Caucasian 
subjects discontinued due to adverse events. Most adverse events were of mild severity.
Conclusion: Pharmacokinetics were generally similar for Japanese and Caucasian 
subjects; the minor differences observed were likely due to bodyweight differences 
in the two ethnic groups. Lisdexamfetamine was generally well tolerated. Adverse 
events were consistent with the established safety profile of lisdexamfetamine and 
were similar in both ethnic groups.
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1  | INTRODUC TION

Lisdexamfetamine dimesylate, the first prodrug stimulant indi-
cated for the treatment of attention-deficit/hyperactivity disorder 
(ADHD), was developed to provide a consistent and extended ef-
fect, with less potential for abuse and reduced overdose toxicity.1 
Lisdexamfetamine is available for the treatment of ADHD in several 
countries, including the USA and Canada in children, adolescents, 
and adults (Vyvanse®; Shire LLC), and in the EU in children (Elvanse®; 
Shire LLC).2

After oral ingestion, lisdexamfetamine (the therapeutically in-
active molecule) is converted to l-lysine and therapeutically active 
d-amphetamine.3 The pharmacokinetics of lisdexamfetamine has 
been studied in healthy subjects and patients with ADHD.4,5 A small 
study examining single-dose administration of lisdexamfetamine 
in children with ADHD found that plasma concentrations of d-am-
phetamine were dose proportional with low interpatient variability.4 
Dose proportionality and predictability of pharmacokinetic proper-
ties over a range of lisdexamfetamine doses have been described 
in a study of healthy adults.5 Furthermore, after a single 70 mg oral 
dose of lisdexamfetamine, pharmacokinetic analysis showed that it 
extensively metabolized to d-amphetamine and its derivatives be-
fore rapid elimination.6 Lisdexamfetamine has been reported to have 
a half-life of <1 hour.6 In a study in healthy adults, systemic exposure 
to d-amphetamine was around 20 times higher than that of intact 
lisdexamfetamine.6 In addition, d-amphetamine or lisdexamfetamine 
bioavailability in healthy adults does not appear to be significantly 
affected by food,7 and the pharmacokinetics of lisdexamfetamine or 
d-amphetamine has been found to be consistent between men and 
women.8

Within 6 hours postadministration, lisdexamfetamine was com-
pletely eliminated from subjects in a phase 1 study of oral lisdexam-
fetamine 70  mg/d in healthy adults.1 d-amphetamine achieved a 
steady state (based on minimum plasma concentration [Cmin]) on Day 
5; the maximum plasma concentration (Cmax; mean ± standard devia-
tion [SD]) at steady state was 90.1 ± 29.6 ng/mL. The median time to 
Cmax (Tmax) for d-amphetamine was 3 hours. Lisdexamfetamine was 
undetectable on Day 5, while Cmin for d-amphetamine was recorded 
as 20.6  ng/mL. It was found that 95% of d-amphetamine was ab-
sent from plasma samples 48 hours after administration of the last 
dose on Day 7. The area under the plasma concentration-time curve 
(AUC) from time 0 to time infinity (AUC0-∞) for d-amphetamine was 
1453 ± 645.7 ng h/mL.1

Prior pharmacological treatment had no impact on the dose-re-
sponse efficacy of lisdexamfetamine (30-70 mg/d) in a 4 week, ran-
domized, placebo-controlled, forced-dose titration study in adults 
with ADHD.9 In addition, the study found an increasing effect size 
with increasing lisdexamfetamine dose, and a stronger dose-re-
sponse effect for severe baseline hyperactive-impulsive symptom 
scores and lisdexamfetamine dose when compared with less severe 
symptom scores.9 Furthermore, short- and long-term studies have 
shown lisdexamfetamine to be effective and well tolerated in the 
treatment of ADHD in children,10‒15 adolescents,14‒16 and adults.17‒23

The primary objective of the current study was to assess the 
safety, tolerability, and pharmacokinetics of lisdexamfetamine 
dimesylate after single and multiple oral doses in healthy adults of 
Japanese descent. The secondary objectives were to assess these 
parameters in healthy adults of non-Hispanic Caucasian descent 
(referred to as Caucasian hereafter) and to compare the safety and 
pharmacokinetic profiles of Japanese and Caucasian subjects.

2  | METHODS

2.1 | Study design and methods

This was a phase 1, double-blind, randomized, placebo-controlled, 
single- and multiple-dose study to evaluate the safety, tolerability, 
and pharmacokinetics of lisdexamfetamine dimesylate adminis-
tered in healthy adult subjects of Japanese or Caucasian descent. 
The study was conducted at a single site in the USA. The study 
protocol/protocol amendments, and relevant supporting informa-
tion/documents, were approved by the Institutional Review Board 
(IRB) prior to study initiation (Alpha IRB). The study was conducted 
in accordance with International Conference on Harmonisation of 
Good Clinical Practice guidelines, the principles of the Declaration 
of Helsinki, as well as other applicable local ethical and legal require-
ments. Subjects provided written informed consent.

Subjects were aged 18-55 years with a body mass index (BMI) 
18.0-30.0  kg/m2 inclusive and bodyweight 50  kg or more. The 
main exclusion criteria included are as follows: suicide risk; history 
of hypertension; history of seizure (other than infantile febrile sei-
zures); any tic disorder or current diagnosis and/or family history of 
Tourette's syndrome; history of cardiovascular diseases; and glau-
coma. Women who were pregnant were excluded from this study, 
but nonlactating women who were at least 90 days postpartum or 
nulliparous could participate. All subjects were required to comply 
with the applicable contraceptive requirements of the protocol. 
Subjects were also required to be willing and able to consume stan-
dardized meals during the confinement period of the study. Eligibility 
of subjects was confirmed during the screening period (Days −28 to 
−2) and reconfirmed on Day −1 of treatment. Subjects were enrolled 
as pairs such that Caucasian subjects matched Japanese subjects 
based on sex, age (±10 years), and BMI (±15%).

Subjects were confined to the clinical research center during the 
treatment period after checking in on Day −1, when protocol-defined 
safety assessments were made. On Day 1, eligible subjects were 
randomized (4:1) to receive lisdexamfetamine 20  mg or identical 
placebo capsules administered orally. Subjects were randomized ac-
cording to the schedule developed by PRA International through the 
use of a four-digit randomization number allocated prior to dosing. 
Treatment assignments giving details of individual subject treatment 
were provided in code-break envelopes, which were held at the site 
by the designated unblinded pharmacist or dispenser. Placebo and 
lisdexamfetamine capsules were overencapsulated to ensure both 
treatments were similar in shape, size, weight, and color.
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On Day 4, safety assessments were made and subjects received 
lisdexamfetamine 20 mg (Days 4-8), lisdexamfetamine 50 mg (Days 
9-13), lisdexamfetamine 70 mg (Days 14-18), or placebo once daily. 
Subjects were discharged from the study center on Day 21 after 
study-related assessments were completed. A telephone follow-up 
was conducted 7 days (±2 days) after subjects received the last dose 
of lisdexamfetamine or placebo to record adverse events (AEs) and 
any changes in concomitant medications.

2.2 | Number of subjects (planned)

The study was designed to enroll 30 healthy male and female sub-
jects with the intention that in each ethnic group, 12 subjects were 
to receive single and multiple doses of lisdexamfetamine, and 3 sub-
jects were to receive single and multiple doses of placebo. A mini-
mum of 12 Japanese and 12 Caucasian subjects were required to 
complete the study. No formal calculations were performed to de-
termine sample size, which was based on feasibility and similar to 
that of comparable studies.5,24

2.3 | Pharmacokinetic evaluation

Blood sampling for pharmacokinetic analysis was performed at pre-
specified time points. Plasma samples from subjects dosed with 

lisdexamfetamine were analyzed for lisdexamfetamine and d-am-
phetamine using validated liquid chromatography with tandem mass 
spectrometry detection methods. The method was linear over the 
range 1-100 ng/mL for lisdexamfetamine and 2-200 ng/mL for d-am-
phetamine, with lower limits of quantification of 1 ng/mL for lisdexa-
mfetamine and 2 ng/mL for d-amphetamine. Plasma quality control 
samples were prepared in control human plasma at three concentra-
tion levels (3, 20, and 80 ng/mL for lisdexamfetamine; and 6, 40, and 
160 ng/mL for d-amphetamine), stored with the study samples, and 
assayed with each batch of study samples against freshly prepared 
calibration standards. The data for both calibration standards and 
quality control samples were in accordance with the US Food and 
Drug Administration Guidance for Industry.25

Pharmacokinetic parameters, including Cmax, AUC, and appar-
ent oral clearance (CL/F), were determined from the actual blood 
sampling times and plasma concentration-time data for lisdexamfet-
amine and d-amphetamine by noncompartmental analysis.

2.4 | Safety and tolerability assessments

Subjects were questioned about AEs at screening, each day dur-
ing each treatment period and during the follow-up telephone 
call. AEs were recorded and classified using version 15.1 of the 
Medical Dictionary for Regulatory Activities, by system organ 
class (SOC) and preferred term, throughout the study period 

TA B L E  1   Demographic and baseline characteristics for Japanese and Caucasian subjects overall and by treatment group

Characteristica

Placebo Lisdexamfetamine Both treatments

Japanese (n = 3) Caucasian (n = 3) Japanese (n = 12)
Caucasian 
(n = 16) Japanese (n = 15)

Caucasian 
(n = 19)

Age (y)b Mean (SD) 37.0 (15.13) 38.3 (13.43) 39.2 (10.60) 37.1 (11.35) 38.7 (11.04) 37.3 (11.29)

Median 42.0 44.0 40.5 35.0 41.0 38.0

Min, max 20, 49 23, 48 23, 52 22, 54 20, 52 22, 54

Sex

Male n (%) 2 (66.7) 2 (66.7) 9 (75.0) 11 (68.8) 11 (73.3) 13 (68.4)

Female n (%) 1 (33.3) 1 (33.3) 3 (25.0) 5 (31.3) 4 (26.7) 6 (31.6)

Weight (kg) Mean (SD) 66.20 (5.65) 76.97 (2.71) 62.32 (6.36) 75.18 (12.26) 63.09 (6.24) 75.46 (11.25)

Median 66.30 76.70 64.45 75.85 65.20 76.70

Min, max 60.5, 71.8 74.4, 79.8 51.2, 70.6 52.7, 91.3 51.2, 71.8 52.7, 91.3

Height (cm) Mean (SD) 168.23 (4.88) 181.40 (10.96) 166.82 (7.02) 177.18 (9.69) 167.10 (6.51) 177.84 (9.70)

Median 170.90 185.40 167.30 178.00 168.00 178.80

Min, max 162.6, 171.2 169.0, 189.8 152.8, 179.1 158.8, 190.4 152.8, 179.1 158.8, 190.4

BMI (kg/m2)c Mean (SD) 23.36 (1.06) 23.50 (2.21) 22.41 (2.10) 23.78 (2.02) 22.60 (1.95) 23.73 (1.99)

Median 22.88 22.31 22.23 23.99 22.62 23.82

Min, max 22.62, 24.58 22.15, 26.05 19.58, 26.32 20.90, 28.92 19.58, 26.32 20.90, 28.92

Abbreviations: BMI, body mass index; SD, standard deviation.
aThe baseline value for a characteristic is the value from the visit time point as specified in the statistical analysis plan. 
bAge was calculated as the difference between date of birth and date of informed consent, truncated to years. 
cBMI was calculated as weight (kg)/height (m2). 
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and for 7 (±2) days after the last dose. An AE (classified by pre-
ferred term) was considered a treatment-emergent AE (TEAE) if 
it began on or after the first dose of investigational product, or 
if it began before the first dose but increased in severity on or 
after the first dose of investigational product. If more than one 
AE with the same preferred term was reported before the date 
of the first dose of investigational product, then the AE with the 
greatest severity was used as the benchmark for comparison to 
the AEs occurring after the date of first dose under the preferred 
term. An AE that occurred more than 3 days after the date of the 
last dose of investigational product was not counted as a TEAE. 
If more than one AE occurred with the same preferred term for 
the same subject, then the subject was counted only once for that 
preferred term using the most severe or most related occurrence 
for the summarization by severity and by relationship to investi-
gational product.

Other safety assessments included vital signs (systolic blood 
pressure [SBP], diastolic blood pressure [DBP], and pulse rate) at 
screening and each day, and electrocardiograms (ECGs), physical 
examinations, clinical laboratory tests (biochemistry, hematology, 
and urinalysis), and the Columbia Suicide Severity Rating Scale 
(C-SSRS)26 at the screening visit and on Days −1, 4, and 21.

2.5 | Statistical methods

Summary statistics (including means and SDs) were calculated for 
lisdexamfetamine and d-amphetamine plasma concentrations and 
for pharmacokinetic parameters, and are presented by dose and eth-
nic group.

The safety analysis group included all enrolled subjects who took at 
least one dose of investigational product and had at least one postdose 

F I G U R E  1   Subject disposition

20 mg/d

50 mg/d

70 mg/d

Single dose

Days 4-8

Days 9-13

Days 14-18

Lisdexamfetamine

Japanese
n = 12

Discontinued: 1
(AE)

Caucasian
n = 16

Discontinued: 1
(dosing error)

Japanese
n = 11

Discontinued: 1
(AE)

Caucasian
n = 12

Discontinued: 1
(AE)

Japanese
n = 11

Caucasian
n = 15

Japanese
Completed n = 10

Caucasian
Completed n = 11

Caucasian
n = 15

Discontinued: 3
(2 AEs; 1 protocol 

violation)

Japanese
n = 11

Multiple dose

Placebo

Japanese
n = 3

Caucasian
n = 3

Japanese
n = 3

Caucasian
n = 3

Japanese
n = 3

Caucasian
n = 3

Japanese
n = 3

Caucasian
n = 3

Screened

Enrolled

Randomized

Japanese
n = 27

Caucasian
n = 62

Japanese
n = 15

Caucasian
n = 19

Japanese
n = 15

Caucasian
n = 19



20  |     ERMER et al.

safety assessment. The pharmacokinetic parameter analysis group in-
cluded all subjects with at least one pharmacokinetic parameter esti-
mated adequately in the pharmacokinetic concentration analysis group 
(all subjects who took at least one dose of the investigational product 
and who underwent pharmacokinetic sampling and had evaluable phar-
macokinetic assay results for lisdexamfetamine and d-amphetamine).

The number and percentage of subjects with any TEAE, severe 
TEAE, TEAEs related to the investigational product, serious TEAE, 
or TEAE leading to discontinuation were calculated. The number 
and percentage of subjects with any TEAE classified by SOC and 
preferred term were calculated. Clinical laboratory test parame-
ters (continuous variables) were summarized by treatment arm and 
ethnic group using summary statistics for the actual value and for 
change from baseline at each time point. The number and percent-
age of subjects with potentially clinically important (PCI) postbase-
line laboratory values were tabulated by treatment arm and ethnic 
group. Vital signs and ECG results were summarized by treatment 
arm and ethnic group using summary statistics for actual values and 
for change from baseline at each time point. The number and per-
centage of subjects with PCI postbaseline vital signs and ECG values 
were tabulated by treatment and ethnic groups. C-SSRS responses 
and physical examination results were listed by subject.

3  | RESULTS

A total of 34 healthy subjects (24 men and 10 women) were en-
rolled in the study and received at least one dose of investigational 
product. Of the 34 subjects, 15 were of Japanese descent and 19 
were Caucasian. Baseline characteristics were generally similar 
in both ethnic groups (Table 1). However, although subjects were 
matched for BMI, Japanese subjects were lighter (mean weight 
63.09 vs 75.46 kg) and shorter (mean height 167.10 vs 177.84 cm) 
than Caucasian subjects.

3.1 | Subject disposition

In the lisdexamfetamine groups, 10/12 Japanese subjects and 11/16 
Caucasian subjects completed the study (Figure 1). Two Japanese 
subjects randomized to receive lisdexamfetamine discontinued the 
study due to a mild AE (one during the single-dose period and the 
other during the multiple-dose period). Five Caucasian subjects in 
the lisdexamfetamine group discontinued from the study, three due 
to AEs that were mild or moderate in severity (see safety results), 
one due to dosing error, and one due to a protocol violation. All sub-
jects in the placebo groups completed the study.
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F I G U R E  2   d-amphetamine plasma concentration (mean [SD]) 
following administration of lisdexamfetamine (A) single 20 mg dose, 
(B) 20 mg multiple dose, (C) 50 mg multiple dose, and (D) 70 mg 
multiple dose, by ethnic group. †At time points 0.5, 4-72 h (n = 14)
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3.2 | Pharmacokinetics

For lisdexamfetamine (not shown) and d-amphetamine (Figure 2), the 
plasma concentration-time curves were generally similar in shape for 
Japanese and Caucasian subjects following a single-dose and at each 
lisdexamfetamine multiple-dose level.

Selected plasma pharmacokinetic parameters by dose and eth-
nic group are shown for lisdexamfetamine in Table 2 and for d-am-
phetamine in Table 3. Mean Cmax for d-amphetamine was higher (by 
approximately 34%) in Japanese than Caucasian subjects with single 
dosing (21.14 vs 15.79 ng/mL, respectively) and at each lisdexamfet-
amine multiple-dose level (range approximately 16%-24% higher for 
d-amphetamine in Japanese subjects). As a result, mean AUC values 
from time 0 to the time point of the dosage interval (AUCτ) for the 
multiple-dose period for d-amphetamine in Japanese subjects were 
also generally higher (by approximately 11%-15%) than those seen in 
Caucasian subjects. Regression analyses of AUCτ and Cmax demon-
strated a linear relationship between exposure to d-amphetamine 
and dose increase; AUCτ slope estimates were 1.07 for Japanese sub-
jects and 1.11 for Caucasian subjects, and slope estimates for Cmax 
were 1.02 for Japanese subjects and 1.09 for Caucasian subjects.

The median Tmax and mean terminal elimination half-life (t½) of 
lisdexamfetamine were similar in both ethnic groups across both 
treatment periods (1.0-1.5 and 0.40-0.53 hours, respectively). For 
d-amphetamine, the median Tmax occurred 3-5  hours after dosing, 
and mean t½ was around 10  hours for both ethnic groups in both 

treatment periods. The mean AUCτ and Cmax for d-amphetamine 
behaved in a linear, dose-proportional manner across the dose 
range studied (20-70 mg) for both Japanese and Caucasian subjects 
(Table 3).

The weight-corrected total or CL/F and t½ for d-amphetamine 
were generally consistent across the dose range studied and were 
similar in both subject groups (Table 3). The mean apparent terminal 
phase volume of distribution (Vz/F) showed similar characteristics in 
both ethnic groups: 13.1 and 13.9 L/kg for Japanese and Caucasian 
subjects, respectively. The means for AUC on Day 8/Day 1 (RAUC) 
and for Cmax on Day 8/Day 1 (RCmax) show that there was no unex-
pected accumulation of d-amphetamine in either ethnic group. For 
d-amphetamine, RAUC was 1.19 for Japanese subjects and 1.34 for 
Caucasian subjects; RCmax was 1.21 for Japanese subjects and 1.29 
for Caucasian subjects.

The means for CL/F, weight-corrected CL/F, and t½ for d-am-
phetamine were similar for all pairwise dose comparisons (ie, lis-
dexamfetamine 50/20, 70/20, and 70/50 mg) and each parameter 
in both ethnic groups.

3.3 | Safety results

Single (20 mg) and multiple (20, 50, and 70 mg/d) oral doses of lisdexa-
mfetamine were generally well tolerated by Japanese and Caucasian 
subjects. During the single-dose period in the lisdexamfetamine 

TA B L E  2   Lisdexamfetamine pharmacokinetic parameters in plasma by ethnic group in the single- and multiple-dose periods

Parameter

Single lisdexamfetamine 
dose Multiple lisdexamfetamine dose

20 mg 20 mg/d 50 mg/d 70 mg/d

Japanese 
(n = 12)

Caucasian 
(n = 15)

Japanese 
(n = 11)

Caucasian 
(n = 14)

Japanese 
(n = 11)

Caucasian 
(n = 12)

Japanese 
(n = 10)

Caucasian 
(n = 11)

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Cmax, ng/mL 8.52 (2.63) 6.32 (2.21) 8.82 (2.44) 7.07 (2.96) 33.58 (10.19) 26.44 (8.84) 47.27 (19.94) 50.79 (23.07)

t½, h 0.44 (0.01)b 0.40 (0.03)c 0.40 (0.13)b 0.46 (0.07)d 0.46 (0.07) 0.50 (0.09) 0.51 (0.09) 0.53 (0.15)

AUCa, ng h/mL 12.35 (3.81)b 9.30 (1.92)c 10.50 (2.69)b 9.21 (3.30)d 41.32 (10.52) 35.83 (13.04) 65.89 (23.09) 59.14 (23.68)

CL/F, L/h 1715.70 
(473.46)b

2219.84 
(454.15)c

1988.41 
(489.32)b

2465.62 
(967.26)d

1293.01 
(370.73)

1570.13 
(575.34)

1246.47 
(636.70)

1376.96 
(580.77)

Weight-
adjusted 
CL/F, L/h/kg

28.82 (9.89)b 33.12 (7.12)c 33.12 (3.71)b 33.12 (9.66)d 20.43 (4.66) 21.20 (6.28) 19.70 (9.01) 17.84 (6.06)

Tmax, median 
(range), h

1.0 (1-1.5) 1.0 (1-4) 1.0 (1-1.5) 1.0 (0.5-2) 1.0 (1-2) 1.5 (1-2) 1.5 (1-3) 1.0 (1-1.5)

Abbreviations: AUC, area under the plasma concentration-time curve; AUC0-∞, AUC from time 0 to time infinity; AUCτ, AUC over the dosing 
interval τ; CL/F, apparent oral clearance where CL/F = dose/AUC0-∞ for single dose and dose/AUCτ for multiple dose, where F denotes the 
bioavailability of lisdexamfetamine; Cmax, maximum plasma concentration; SD, standard deviation; t½, terminal elimination half-life where t½ = (ln2)/λz; 
Tmax, time to Cmax.
aFor single dose, AUC0-∞; for multiple dose, AUCτ. 
bn = 3. 
cn = 4. 
dn = 8. 
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groups, 33.3% and 6.3% of Japanese and Caucasian subjects, re-
spectively, experienced at least one TEAE (all considered mild). 
During the same dosing period, 33.3% and 0% of Japanese and 
Caucasian subjects, respectively, experienced TEAEs in the placebo 
group. The most common TEAEs during the multiple-dose period are 
shown in Table 4. During the multiple-dose period in the lisdexa-
mfetamine groups (all doses), 72.7% and 80.0% of Japanese and 
Caucasian subjects, respectively, experienced at least one TEAE; 
all were considered to be mild with the exception of two classed as 
moderate (dizziness by one Caucasian subject receiving 20 mg and 
palpitations by one Japanese subject receiving 20 mg). In both ethnic 
groups, the recorded TEAEs were highest during the 50 mg dose. 
A Japanese subject experienced at least one TEAE in the placebo 
group. There were no serious or severe TEAEs during the study in 
either ethnic group.

Five subjects, all randomized to lisdexamfetamine, discontinued 
due to TEAEs, including two Japanese subjects (one due to increased 
blood pressure [on Day 4 after receiving the single dose of 20 mg on 
Day 1] and one due to dizziness [Day 17, while receiving 70 mg/d]) 
and three Caucasian subjects (one due to ECG abnormality: non-
specific T-wave changes in anterior leads from which the subject 
recovered fully [Day 10, while receiving 50 mg/d], one due to diz-
ziness [Day 12, while receiving 50  mg/d], and one due to anxiety 
[Day 14, while receiving 70 mg/d]). AE profiles were generally similar 
across the two ethnic groups. No unexpected or novel TEAEs were 
observed.

The postdose means for SBP, DBP, and pulse rate during both 
treatment periods were higher in the lisdexamfetamine groups than 
in the placebo groups, consistent with the known safety profile. 
Postsingle dose means for SBP, DBP, and pulse rate were generally 
higher for Japanese subjects than for Caucasians (Table 5), with 
greater magnitude of change among Japanese subjects. However, 
this pattern was also observed in subjects who received placebo 
during the single-dose period. At 48 hours after receiving the single 
dose, SBP, DBP, and pulse rate were similar across all four groups of 
subjects, regardless of treatment or ethnicity. For subjects receiv-
ing multiple-dose lisdexamfetamine, postdose means for SBP, DBP, 
and pulse rate were of similar magnitude in Japanese and Caucasian 
subjects. For subjects receiving placebo during the multiple-dose 
period, postdose means for SBP, DBP, and pulse rate were generally 
higher in Japanese than Caucasian subjects (Table 6). When consid-
ering 4-hour post multiple-dose values, mean SBP, mean DBP, and 
mean pulse rate were higher in the lisdexamfetamine groups than in 
the placebo groups after Day 9, with generally greater changes from 
baseline seen in the lisdexamfetamine groups. Occasionally, values 
for SBP, DBP, and pulse rate were observed as being PCI, mostly in 
the lisdexamfetamine groups (Table 7). However, these PCI values 
occurred with similar frequency in both ethnic groups.

No clinically meaningful changes or trends were noted in clinical 
laboratory data or vital signs, other than the one ECG discontinua-
tion noted above. Caucasian subjects in the lisdexamfetamine group 
experienced a greater mean weight loss than Japanese subjects 
(−1.45 kg vs −0.50 kg, respectively). This interethnic difference was TA
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also evident in the placebo group. However, Japanese subjects ex-
perienced a gain from baseline weight: −0.53 kg and +0.70 kg from 
baseline for Caucasian and Japanese subjects, respectively. There 
were no positive responses to any of the C-SSRS questions concern-
ing suicidal behavior, suicidal ideation, or suicide attempts at any 
time point during the study.

4  | DISCUSSION

In this study, single (20 mg) and multiple increasing doses (20, 50, 
and 70  mg/d) of lisdexamfetamine (a prodrug stimulant) were ad-
ministered to healthy subjects of Japanese and Caucasian descent. 
Lisdexamfetamine and the therapeutically active d-amphetamine 
exhibited plasma concentration-time curves similar in shape for 
Japanese and Caucasian subjects in the single- and multiple-dose 
periods. AE profiles were similar across the two ethnic groups, and 
all TEAEs were mild or moderate in severity.

The Cmax for d-amphetamine reported here was approximately 
34% higher in Japanese than Caucasian subjects during the sin-
gle-dose period, and at each lisdexamfetamine dose level in the 
multiple-dose period (range approximately 16%-24% higher for 
d-amphetamine), resulting in higher mean AUCs in Japanese than 
Caucasian subjects (range approximately 11%-15% higher for 
d-amphetamine during the multiple-dosing period). The observed 
differences in Cmax and AUC for lisdexamfetamine and d-amphet-
amine could potentially be due to bodyweight differences between 
Japanese and Caucasian subjects. On average in the lisdexamfe-
tamine groups, Japanese subjects were approximately 17% lighter 
than Caucasian subjects. Weight-corrected means for CL/F were 
similar in Japanese and Caucasian subjects.

The AUCτ and Cmax for d-amphetamine behaved in a linear, 
dose-proportional manner across the dose range studied for both 
Japanese and Caucasian subjects, reinforcing previous findings.4,5 
There were no unexpected accumulations of d-amphetamine in 
Japanese or Caucasian subjects.

In the study reported here, lisdexamfetamine was absorbed, 
metabolized, and excreted in a similar manner in Japanese and 
Caucasian subjects. Greater mean exposure was observed in 
Japanese subjects, potentially also due to differences in bodyweight. 
Tmax and t½ of both lisdexamfetamine and d-amphetamine were sim-
ilar across both groups and in accordance with a previous study in 
healthy adults.5

With regard to safety, single and multiple doses of lisdexamfet-
amine were generally well tolerated in the current study, with both 
Japanese and Caucasian subjects experiencing similar, generally mild 
TEAEs that were resolved without therapeutic intervention. TEAEs 
were consistent with the established safety profile of lisdexamfet-
amine reported in phase 3 clinical trials.16,17,27

In the current study, subjects from both ethnic groups had 
changes in SBP and DBP following exposure to lisdexamfetamine. 
However, small mean changes in blood pressure and accompany-
ing pulse rates have been previously reported in a number of other TE
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clinical studies of lisdexamfetamine.16,17,28‒30 The observed changes 
in SBP and DBP are consistent with the safety profile of lisdexamfe-
tamine and are largely anticipated due to the sympathomimetic ef-
fects of lisdexamfetamine. It is important to note that mean SBP and 
DBP for Japanese subjects reported here were similar in magnitude 
to those for Caucasian subjects despite the slightly higher exposure 
to d-amphetamine observed in Japanese subjects.

When the dose of lisdexamfetamine was increased to 70 mg/d, 
the predose pulse rate appeared to be higher compared with the 
value at screening. This is not unexpected and has also been seen 
with other products containing d-amphetamine in Western popula-
tions. Lisdexamfetamine 70 mg once daily generally is associated with 
increased pulse rate versus baseline over the course of the day.24 This 
has not previously been associated with a safety risk when used ac-
cording to label instructions in Western populations, but experience 
in a Japanese population is more limited, which may have some clinical 
significance. One subject discontinued lisdexamfetamine treatment 
due to ECG changes. Discontinuation due to changes in ECG param-
eters following lisdexamfetamine treatment has been reported in a 
short-term, randomized, double-blind trial of patients aged 6-12.31 
However, it has been suggested that these discontinuations were 
impacted by variations in ECG interpretation.32 Furthermore, an 
open-label prospective study of cardiovascular health in adults found 
no clinically meaningful changes with regards to cardiac function, 
physiology, or structure.33 Therefore, the ECG changes exhibited by 
a single subject in this study were not considered a significant signal 
that departed from the known safety profile of lisdexamfetamine.

There were no serious or severe TEAEs and no new or unex-
pected safety findings in the study. Generally, no notable differ-
ences were observed between Japanese and Caucasian subjects.

These results must be interpreted with caution due to the small 
sample size and the population studied (healthy adults) as it may 
not accurately reflect the general population or the full spectrum of 

TA B L E  7   The number of subjects with pulse, SBP, or DBP values 
that were considered potentially clinically important by ethnic 
group and treatment, n (%)

Vital sign

Placebo Lisdexamfetamine

Japanese 
(n = 3)

Caucasian 
(n = 3)

Japanese 
(n = 12)

Caucasian 
(n = 16)

Pulse (bpm)

≤50 0 (0) 1 (33.3) 1 (8.3) 4 (25.0)

≥100 0 (0) 0 (0) 4 (33.3) 5 (31.3)

SBP (mm Hg)

<100 1 (33.3) 1 (33.3) 3 (25.0) 6 (37.5)

>140 1 (33.3) 0 (0) 4 (33.3) 3 (18.8)

DBP (mm Hg)

<60 2 (66.7) 2 (66.7) 5 (41.7) 7 (43.8)

>90 0 (0) 0 (0) 2 (16.7) 1 (6.3)

Abbreviations: bpm, beats per minute; DBP, diastolic blood pressure; 
SBP, systolic blood pressure.
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subjects with ADHD, which includes children and adolescents. An 
additional limitation is the short follow-up period of this study.

Overall, the data from this phase 1 study suggest that lis-
dexamfetamine may be administered to Japanese subjects at the 
same dose range as that used in Caucasian subjects, without any 
additional concerns relating to increased drug exposure or safety. 
However, studies in larger populations of Japanese subjects with 
ADHD will further elucidate the safety and pharmacokinetic profile 
of lisdexamfetamine in this population.
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