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proved dose, 70 mg/d).23,24 Consistent delivery may 
be due to the prodrug formulation of LDX, which is 
independent of typical drug-release mechanisms. In  
2 randomized, placebo-controlled crossover trials in 
children with ADHD, optimized LDX treatment was 
associated with maintained efficacy versus placebo for 
up to 13 hours.23,25 Wigal et al25 reported significantly 
greater efficacy at 1.5 to 13.0 hours, as measured us-
ing the Swanson, Kotkin, Agler, M-Flynn, and Pelham 
(SKAMP)–Deportment Rating Scale (P < 0.005 vs pla- 
cebo), SKAMP–Attention (P ≤ 0.001 vs placebo), and 
the Permanent Product Measure of Performance 
(PERMP) scale (P < 0.001 vs placebo on the Attempt-
ed and Correct subscales) in a study in 117 children. 
Biederman et al23 reported that those treated with 
LDX (n = 52) had significantly improved mean 
SKAMP and PERMP scores (P < 0.05 and P < 0.001 
vs placebo, respectively) from 2 to 12 hours after ad-
ministration. In 3 randomized, double-blind studies of 
LDX in children and adults, adverse events (AEs) re-
ported in patients receiving LDX were decreased ap-
petite (39%), insomnia (19%), upper abdominal pain 
(12%), and headache (12%) in 218 children26; insom-
nia (8%), decreased appetite (6%), and anorexia (4%) 
in 52 children23; and decreased appetite (27%), dry 
mouth (26%), and insomnia (19%) in 358 adults.27 
These events were similar to those associated with 
other long-acting stimulants.

The study was designed to assess the pharmaco- 
kinetic and tolerability profiles of increasing doses of 
LDX (30, 50, and 70 mg) of intact LDX and its active 
metabolite, d-amphetamine, in children with ADHD, as 
pertaining to dose-proportionality and interpatient vari-
ability; to determine whether there is predictable deliv-
ery of active drug; and to determine whether the phar-
macokinetic profile was consistent among patients.

PATIeNTs ANd MeThods
This single-dose, randomized, open-label, 3-period, 
6-sequence crossover study was conducted at Clinical 
Study Centers, LLC, Little Rock, Arkansas. Approval 
of the protocol was obtained from the Arkansas In- 
stitutional Review Board, Little Rock, Arkansas. In-
formed assent/consent from each patient and his or 
her parent or legal guardian was obtained prior to 
initiation of the study. The study was conducted in 
accordance with guidelines from the Declaration of 
Helsinki and the International Conference on Har-
monisation Guideline for Good Clinical Practice.28,29

Because of their documented efficacy, immediate-
release and extended-release psychostimulants are 
considered first-line treatment for ADHD in children 
and adults in the United States.2,4–7 However, consid-
erable evidence from studies of various designs and 
sample sizes suggests that stimulants may have mea-
surable and potentially detrimental effects on growth 
and the cardiovascular system, especially in patients 
with confounding risk factors (eg, arrhythmias, hyper-
tension, cardiomyopathy, growth deficits).8–12 How-
ever, in these highlighted clinical trials, none of  
the patients experienced any reported cardiovascular 
changes that were considered clinically significant by 
the investigators,11,12 suggesting that in most patients, 
clinically detrimental effects do not occur. Stimulant 
abuse is also a concern in some patients, based on evi-
dence from studies in patients with ADHD; however, in 
most patients, stimulant abuse is not a major concern.13 
In patients with ADHD and comorbid substance abuse 
disorder, the risks associated with stimulant treatment 
must be weighed against potential benefits.13

Challenges in optimizing pharmacotherapy for ADHD 
include duration of action, consistency of drug deliv-
ery, and potential for abuse.14 Interpatient variability 
may be important in children with ADHD because 
variations in pharmacokinetic parameters could have 
clinical implications for optimal dosing and outcomes.15 
Given these limitations of existing therapy, newer 
stimulant agents are being developed.

Lisdexamfetamine dimesylate (LDX) is a long-acting 
oral prodrug stimulant indicated for ADHD in chil-
dren aged 6 to 12 years and adults. A therapeutically 
inactive molecule,16 LDX is converted to l-lysine and 
active d-amphetamine, which has a therapeutic effect. 
Doses of LDX of 30, 50, and 70 mg are converted to 8.9, 
14.8, and 20.8 mg, respectively, of d-amphetamine17 
and 9.6, 16.1, and 22.5 mg of l-lysine. While a small 
amount of LDX is hydrolyzed to d-amphetamine in 
the gastrointestinal tract, the conversion of LDX into 
active d-amphetamine occurs primarily in the blood.18,19 
As determined in healthy adults, the conversion of 
LDX to d-amphetamine is unlikely to be affected by 
gastrointestinal pH and variations in normal gastro- 
intestinal transit times.16,20–22 LDX has been reported 
to provide consistent medication delivery based on a 
relatively small coefficient of variation in pharmacoki-
netic parameters from patient to patient at dosages 
ranging from 30 to 70 mg/d in children and at dosages 
ranging from 50 to 250 mg/d in adults (maximum ap-
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were crossed over to alternate doses according to the 
randomization schedule in periods 2 and 3. On day 1 of 
each period, study drug was administered with 240 mL 
of tap water at room temperature between 7 and 9 am 
after an overnight fast of ≥8 hours, and they remained 
in the clinic for 24 hours after administration.

Concurrent use of medications was recorded dur-
ing the 24 hours after administration. Four patients 
received concurrent medications postrandomization; 
1 patient received cefprozil, cetirizine, and acetaminophen, 
and 3 received either acetaminophen or acetaminophen/ 
decongestant. Patients were asked to refrain from the 
intake of food and beverages containing alcohol or 
caffeine/xanthine and nicotine 48 hours before admin-
istration through 48 hours after administration. Stan-
dardized meals, as recommended by the American 
Academy of Pediatrics, were provided at 4 and 9 hours 
after administration, with a snack at 12 to 14 hours 
after administration. Patients were not restricted from 
participating in organized activities during the blood-
collection period, but an increase above the usual ac-
tivity level before and during the 48 hours after ad-
ministration was prohibited. Patients were allowed to 
take naps in the postdose period, with the exception 
of the first 4 hours after administration.

Patients who tolerated the study drug and appeared 
to experience symptom improvement during their par-
ticipation in the present study were eligible to partici-
pate in screening and possible enrollment in a large, 
double-blind, placebo-controlled study of efficacy and 
tolerability of LDX.26

blood sampling and bioanalytic Methods
For pharmacokinetic assessments of d-amphetamine 

and intact LDX, venous blood samples (up to 135 mL 
total for those who completed all pharmacokinetic 
assessments) were collected immediately before (base-
line) and at 0.5, 1, 1.5, 2, 3, 4, 5, 6, 7, 8, 10, 12, 24, 
and 48 hours after administration of study drug by a 
group of pediatric registered nurses experienced in 
pharmacokinetic studies. A 20- or 22-G polyethylene 
catheter or a scalp vein needle with an attached cathe- 
ter was inserted up to 1 inch into a hand or forearm 
vein. Blood was extracted into EDTA-containing stor-
age tubes from an indwelling catheter to minimize 
pain from multiple hand vein sticks. 

Plasma samples were obtained using centrifugation 
at 4°C, 3000 rpm, for 10 minutes. Within ~1 hour of 
collection, samples were stored in polypropylene con-

Inclusion/exclusion Criteria
Based on a psychiatric evaluation during screening, 

boys and girls aged 6 to 12 years were eligible for the 
study if they (1) met the criteria for a primary diagno-
sis of ADHD combined subtype or predominantly 
hyperactive-impulsive subtype, as defined in the Diag-
nostic and Statistical Manual of Mental Disorders, 
Fourth Edition, Text Revision; (2) were experiencing 
significant symptoms of ADHD that adversely affect-
ed their school performance and that were severe 
enough to require a treatment change; and (3) had a 
history of exposure to stimulants without clinically 
significant AEs or effects on age-appropriate intellec-
tual functioning.

Individuals were not eligible for participation if 
they had significant abnormalities on physical exami-
nation (including vital sign measurements), ECG, or 
laboratory analysis (hematology, biochemistry, and 
urinalysis). Specifically, blood pressure (BP) was to be 
within the 95th percentile for sex, height, and age, and 
ECG was to be within the normal range in the opinion 
of the physician–investigator. Individuals who had 
received an investigational drug within the 30 days 
before the study or who were receiving clonidine, an-
ticonvulsants, sedating antihistamines, or other medi-
cations that might affect the central nervous system or 
cognitive performance within 7 days before or during 
the study were excluded from participation. Individu-
als were also excluded if they had a comorbid psychi-
atric illness or concurrent chronic or acute illness that 
might confound the efficacy/tolerability-profile assess-
ments. Patients with a history of seizures, tic disor-
ders, allergy to amphetamine, and weight <25 kg were 
also excluded.

study drug Administration
Eligible patients were randomly assigned to 1 of  

6 dosing sequences. The randomization schedule was 
prepared for the study by Xtiers Consulting, Potomac, 
Maryland, using two 3 × 3 Latin squares for a bal-
anced design. 

Before study drug administration on day 1 of each 
period, patients underwent a 7-day washout of their 
previous ADHD drug treatment. Patients with wors-
ening of ADHD symptoms after washout, as deter-
mined by the physician–investigator, were discontin-
ued from the study.

Patients received a single oral dose (30, 50, or 70 mg) 
of LDX during period 1 and after a 6-day washout 
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concluded that d-amphetamine and intact LDX were 
stable under these test conditions.

Pharmacokinetic Analysis
Concentration–time data were analyzed using non-

compartmental methods with WinNonlin (Enterprise 
Version 4.0, Pharsight Corporation, Mountain View, 
California). In the data summarization and descriptive 
statistics for data analysis, concentration–time data that 
were less than the lower limit of quantitation (LLOQ) 
(<2 ng/mL for d-amphetamine and <1 ng/mL for in-
tact LDX) were treated as 0 ng/mL. In the pharma-
cokinetic analysis, concentrations <LLOQ were treat-
ed as zero from time 0 (baseline) to the time at which 
the first quantifiable concentration was observed; em-
bedded and/or terminal concentrations <LLOQ were 
treated as missing data. Full-precision concentration 
data and actual elapsed times were used for all phar-
macokinetic and statistical analyses. 

Tolerability Assessment
Primary safety profile data consisted of AEs, vital 

sign measurement, and ECGs. AEs were also collected 
throughout the study using observation by the princi-
pal investigator (S.W.B.) and spontaneous reporting.

Sitting vital signs (respiratory rate, heart rate, BP, 
and oral temperature) were measured after 5 minutes 
of rest at screening; at enrollment; immediately before 
(baseline) and at 1.5, 4, 8, 12, and 24 hours after ad-
ministration; and at study completion. BP was mea-
sured using a standard-cuff sphygmomanometer (man-
ual or automated was acceptable).

All ECG readings were interpreted by a board- 
certified pediatric cardiologist. ECG parameters (heart 
rate, pulse rate, QRS, QT, and QTc intervals [using 
Bazett’s formula (QTc-B)]) were measured at screen-
ing and study completion or early termination.

Additional safety profile data were obtained using 
medical history taking, physical examination, and 
clinical laboratory testing. Medical history was ob-
tained at screening; physical examination and clinical 
laboratory testing (8-mL samples for hematology, se-
rum chemistry, and urinalysis) were conducted at 
screening and study completion or early termination.

statistical Analysis
Using a within-subject estimate of SD of the log-

transformed AUC, the sample size for this study was 
calculated based on data from a previously published 

tainers labeled with the protocol number, period num-
ber, patient randomization number, collection date, 
and time point. Samples were stored at 20°C before 
analysis by Cedra Corporation, Austin, Texas.

Concentrations of d-amphetamine and intact LDX 
were quantitated using HPLC-MS/MS (Cedra Corpo-
ration). Amphetamine was extracted with an organic 
solvent. Peak areas of d-amphetamine product ion 
(m/z 136→91) and intact LDX production (m/z 264→84) 
were measured against peak areas of their internal 
standards (amphetamine-D5, m/z 141→96 and LDX-D8, 
m/z 272→92). Quantitation was performed using 
separate weighted linear least squares regression analy-
ses from fortified plasma calibration standards prepared 
immediately before each run. This method was validated 
for a range of 2 to 200 ng/mL for d-amphetamine and  
1 to 100 ng/mL for intact LDX. Calibration standards 
(purchased from various pharmaceutical vendors) were 
prepared to yield 2, 4, 10, 20, 50, 100, 180, and  
200 ng/mL for d-amphetamine and 1, 2, 5, 10, 25, 50, 
90, and 100 ng/mL for intact LDX.

Quality control (QC) samples (stored at approxi-
mately –20°C; 0.2-mL aliquots) were prepared by forti-
fying human plasma with combined intermediate solu-
tions (ie, standard working solutions) of d-amphetamine 
or intact LDX at the appropriate concentrations. Very 
high–, high-, medium-, and low-dilution QC samples 
were prepared (d-amphetamine, 1000, 160, 40, and  
6 ng/mL, respectively; intact LDX, 500, 80, 20, and  
3 ng/mL). Six qualified samples of d-amphetamine 
and intact LDX from each QC pool were processed, 
together with each study sample run to monitor preci-
sion and accuracy of the assay. The intrarun %CVs 
were 1.6% to 6.1% for d-amphetamine and 3.2% to 
13.1% for intact LDX; bias ranges were –5.5% to 
4.3% and –4.4% to 12.3%, respectively. Interrun 
%CV ranges were 3.1% to 5.8% for d-amphetamine 
and 4.4% to 8.7% for intact LDX; bias ranges were 
0% to 0.5% and –1.6% to 5.3%, respectively. Sample 
runs were considered valid for accuracy when at least 
two thirds of the qualifying QC samples had values 
within 15% of their theoretic concentrations and 
were valid for precision when ≥50% of the QC sam-
ples at each level met these criteria.30 On stability  
of human plasma under benchtop (24 hours at room 
temperature [20°C–25°C]), freeze–thaw (4 cycles), 
and extract conditions, at least two thirds of the sta-
bility samples in each pool were within 15% of their 
theoretic concentrations. Based on these data, it was 
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medication, the safety population and randomized 
population were identical. One 7-year-old girl with-
drew from the study after administration of the first 
dose because of mild pharyngitis, considered by the 
principal investigator as unrelated to the study drug 
(Table I). All of the other patients completed the study, 
did not miss any school during the study, and did not 
have worsening ADHD symptoms that impaired their 
performance or required them to withdraw from the 
study.

The first needle stick was successful in all but 4 pa-
tients and second or third sticks in the remaining 4 pat-
ents. The catheters with normal saline flushes re-
mained patent without the need for reinsertion for 
blood draws up through the 12-hour blood draws  
in all patients and in all but 5 patients throughout  
48 hours. The remaining 5 patients underwent 24- 
and 48-hour blood draws by direct needle stick. There 
were no AEs reported from the blood-collection pro-
cedure, and this procedure alleviated the need for 
multiple needle sticks.

Pharmacokinetic Properties of d-Amphetamine
For all 3 doses, the mean concentration of  

d-amphetamine was >LLOQ at 1 hour after adminis-
tration, reached Cmax at ~3.5 hours after administra-
tion, and remained >LLOQ at 48 hours after admin-
istration, the last measured time point (Figure).

Descriptive statistics (ie, sample size, mean [SD], and 
%CV) of pharmacokinetic parameters for each dose 
are shown in Table I. Approximately 3.5 hours after 
administration of LDX, mean (SD) d-amphetamine 
Cmax of 30-, 50-, and 70-mg LDX were 53.2 (9.62), 
93.3 (18.2), and 134 (26.1) ng/mL, respectively, sug-
gesting a linear dose-proportional increase in Cmax. The 
%CVs were 18.1, 19.5, and 19.4. Similarly, AUC0–∞ 
and AUC0–t also showed significant linear dose-related 
increases. Mean (SD) t1/2, however, did not differ signifi-
cantly across doses and ranged from 8.61 (1.04) hours 
(with the 50-mg dose) to 8.90 (1.33) hours (with the 
30-mg dose) with a %CV range of 12.1 (with the  
50-mg dose) to 15.3 (with the 70-mg dose). Mean Tmax 
values of d-amphetamine were not significantly different 
between the 3 doses and ranged from 3.41 (1.09) hours 
(with the 30-mg dose) to 3.58 (1.18) hours (with the 
50-mg dose), with %CVs ranging from 31.9 (with the 
30-mg dose) to 38.6 (with the 70-mg dose).

Dose proportionalities of AUC and Cmax were first 
assessed using a bioequivalence-like approach. The 

study21 that reported an estimated within-subject– 
between-formulation σ of ~0.08. Assuming an AUC 
mean of the test condition that was within 90% re-
gion of the reference, a sample size of ≥12 would  
have had ≥80% power to reject the null hypothesis at 
α = 0.05 for bioequivalence. Differences in t1/2, extent 
of exposure (AUC), and peak exposure (Cmax) be-
tween doses were evaluated using ANOVA for a 
3-way crossover design at a type I error level of 0.05. 
Dose-proportionality of exposure parameters (Cmax, 
AUC0–t, and AUC0–∞) was evaluated using a dose-
normalized bioequivalence approach and a power-model 
approach. In the first approach, values for Cmax, 
AUC0–t, and AUC0–∞ for each dose were normalized to 
the 50-mg dose (the designated reference drug in this 
study) and analyzed on the natural-logarithmic (ln) 
scale. The geometric means of the normalized ln-
transformed values, as well as dose ratios (30:50 and 
70:50 mg) of the geometric means, were calculated. 
The 90% CIs for the ratios were calculated using the 
two 1-sided t tests procedure. If the 90% CIs of both 
the 30:50- and 70:50-mg ratios of the geometric means 
fell within a predetermined range of 80% to 125%, 
suggesting no significant difference across the dose-
normalized parameter values, the parameter was con-
sidered to be proportional to the administered dose.31

The second approach to test for dose proportional-
ity used the power model (P = a × doseb), where  
P represented the dependent variables (Cmax, AUClast, 
and AUC0–∞) and a and b were constants. A b variable 
~1 indicated linearity or dose proportionality. 

Differences in postdose vital signs from predose 
values were compared among the 3 treatment condi-
tions using a mixed-effects model of ANOVA and 
within each dose using the paired t test.

resulTs
baseline demographic and Clinical Characteristics

Ten boys (56%) and 8 girls (44%) participated in 
the study. The mean (SD) age was 9.6 (1.9) years (range, 
6–12 years); weight, 36.0 (7.6) kg (range, 25.2– 
47.0 kg); and height, 139.2 (10.2) cm (range, 125.7–
157.5 cm). Eight patients were white; 8, black; 1, Native 
American; and 1, Asian American.

Patient disposition
Patients were randomized to 1 of 6 dosing sequence 

groups, with 3 patients per group. Because all 18 en-
rolled patients were randomized and received study 
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weight basis. When AUC and Cmax were normalized by 
dose by weight, these differences diminished (Table III).

Pharmacokinetic Properties of Intact ldX
Regardless of dose, the mean plasma concentration 

of intact LDX was >LLOQ by 0.5 hour (the first time 
point after administration) and was <LLOQ begin-
ning at 5, 6, and 8 hours after administration of  
the 30-, 50-, and 70-mg doses, respectively. Tmax was 
~1 hour after administration and plasma concentra-
tion was <LLOQ at 48 hours after administration, the 
last measured time point (Figure). 

Descriptive statistics of the pharmacokinetic prop-
erties of intact LDX are shown in Table IV. Mean 
Cmax and systemic exposure (AUC0–t and AUC0–∞) to 
intact LDX increased with increasing doses of LDX  
(P < 0.001). Mean Tmax and t1/2, however, were not 
significantly different with increasing dose, with mean 
(SD) t1/2 values ranging from 0.50 (0.19) hour (with 

results for d-amphetamine are shown in Table II. The 
90% CIs of the geometric mean 70:50-mg ratios of 
the ln-transformed data fell within the predetermined 
range for bioequivalence of 80% to 125%. Results 
were found to be within range for the comparisons of 
30 versus 50 mg for AUC0–∞, AUC0–t, and Cmax, except 
the lower limit of the 90% CI for AUC0–t, which was 
<80% (79.12%) with 30 mg. Based on the results of 
the power-analysis model, the increase in the exposure 
to d-amphetamine with increasing (30–70 mg) doses 
of LDX was linear (b, ~1; P < 0.001 for AUC0–∞, 
AUC0–t, and Cmax).

In subgroup analyses, systemic exposure parame-
ters were compared by sex and age group (6–9 years 
vs 10–12 years). Systemic exposure to d-amphetamine 
was 10% to 15% higher in girls (n = 7) than in boys 
(n = 10) and 15% to 25% higher in 6- to 9-year-olds 
(n = 6) than in 10- to 12-year-olds (n = 11) because the 
6- to 9-year-olds received higher doses on a dose-by-

Table I.  Pharmacokinetic parameters for d-amphetamine after treatment with lisdexam- 
fetamine dimesylate (LDX) in children with attention-deficit/hyperactivity disorder 
(pharmacokinetic population).

 LDX Dose, mg

Pharmacokinetic  30 50 70 
Parameter  (n = 16*)  (n = 17)  (n = 17)

Cmax, ng/mL
  Mean (SD)† 53.2 (9.62) 93.3 (18.2) 134 (26.1)
  %CV 18.1 19.5 19.4

Tmax, h
  Mean (SD) 3.41 (1.09) 3.58 (1.18) 3.46 (1.34)
  %CV 31.9 33.0 38.6

t1/2, h
  Mean (SD) 8.90 (1.33) 8.61 (1.04) 8.64 (1.32)
  %CV 15.0 12.1 15.3

AUC0–∞, ng/mL/h
  Mean (SD)† 844.6 (116.7) 1510.0 (241.6) 2157.0 (383.3)
  %CV 13.8 16.0 17.8

AUC0–t, ng/mL/h
  Mean (SD)† 745.3 (129.3) 1448.0 (246.7) 2088.0 (394.0)
  %CV 17.4 17.0 18.9 

 *  Pharmacokinetic data were unavailable in 1 patient at the 30-mg dose; this patient was excluded from 
the analysis.

 † P < 0.001 (ANOVA).
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the 30-mg dose) to 0.60 (0.44) hour (with the  
50-mg dose), and Tmax mean values ranging from 0.97 
(0.14) hour (with the 30-mg dose) to 1.07 (0.17) hours 
(with the 70-mg dose).

Comparisons of the dose-normalized values of 
AUC0–∞, AUC0–t, and Cmax for LDX are shown in 
Table V. None of the 90% CIs fell entirely within the 
80% to 125% limits. In the power-model approach, 
the value of constant b was >1.5 for AUC0–∞, AUC0–t, 
and Cmax. These results suggest that the pharmacoki-
netic exposure parameters for intact LDX were not 
dose-proportional in the range of 30 to 70 mg.

In sex- and age-based subgroup comparisons, sys-
temic exposure to intact LDX was 30% to 40% higher 
in girls than in boys and in 6- to 9-year-olds than in 
10- to 12-year-olds. When AUC and Cmax were nor-
malized by dose by weight, the differences decreased 
but remained 10% to 20% higher in girls (Table III).

Tolerability
A total of 61 treatment-emergent AEs (TEAEs) 

were reported in 94% of patients (17/18). Of these,  
56 TEAEs (92%) were considered possibly (5 [8%]) or 
probably (51 [84%]) related to treatment. All TEAEs 
were of mild (89%) or moderate (11%) severity. The 

Table II.  Dose-normalized pharmacokinetic prop-
erties of d-amphetamine after treat- 
ment with lisdexamfetamine dimesylate  
(LDX) in children with attention-deficit/ 
hyperactivity disorder (pharmacokinetic 
population; n = 17).

Pharmacokinetic  
Parameter 30:50 mg 70:50 mg

Cmax, ng/mL
  GMR 95.25 102.36
  90% CI 90.56–100.17† 97.46–107.51†

AUC0–∞, ng/mL/h
  GMR 93.28 101.62
  90% CI 87.36–99.60† 95.34–108.31†

AUC0–t, ng/mL/h
  GMR 85.66 102.42
  90% CI 79.12–92.74 94.80–110.65† 

GMR = geometric mean ratio.
 * Dose normalized to 50 mg.
 †  90% CI within the predetermined range for bioequiv-

alence (80%–125%).

LDX Dose Ratio*

Table III.  Pharmacokinetic properties of lisdexamfetamine dimesylate (LDX) by sex and age without and with 
dose-normalization by weight (mg/kg) in children with attention-deficit/hyperactivity disorder (pharma-
cokinetic population; n = 17). Values are means.

 Cmax, ng/mL AUC0–∞, ng/mL/h AUC0–t, ng/mL/h

Drug/  Adjusted  Adjusted  Adjusted 
Subgroup Unadjusted by mg/kg Unadjusted by mg/kg Unadjusted by mg/kg

d-Amphetamine
  Sex
    Female 104.11 65.75 1632.14 1034.46 1555.10 975.99
    Male 88.17 67.00 1448.92 1108.78 1374.01 1038.16
  Age group
    6–9 y 112.96 67.19 1694.02 1021.34 1619.44 967.60
    10–12 y 84.80 66.11 1431.82 1109.18 1355.38 1037.09

Intact LDX
  Sex
    Female 64.59 37.08 81.39 46.72 79.46 45.20
    Male 44.83 32.38 54.23 39.21 52.46 37.65
  Age group
    6–9 y 65.96 36.45 83.35 46.76 81.28 45.19
    10–12 y 45.88 33.15 55.63 39.87 53.92 38.35
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respectively) were statistically significant (P < 0.01) at 
the following time points between 1.5 and 48 hours 
after administration of all 3 doses: for SBP, 1.5, 4, and  
8 hours with 30-mg LDX, 1.5, 4, 8, and 12 hours with 
50-mg LDX, and 1.5, 4, 8, 12, and 24 hours with  
70-mg LDX; DBP, none observed with 30-mg LDX, 
1.5 and 8 hours with 50-mg LDX, and 1.5, 4, 8 and 
12 hours with 70-mg LDX. Predose mean (SD) SBP 
values were 103.0 (9.13), 105.4 (5.58), and 103.1 
(10.75) mm Hg before administration of the 30-, 50-, 
and 70-mg doses, respectively. The ranges of SBP were 
105.4 (8.60) to 113.5 (9.43) mm Hg, 105.8 (5.53) to 
117.6 (6.96) mm Hg, and 107.6 (7.23) to 118.2 
(6.19) mm Hg up to 48 hours after administration of 
the 30-, 50-, and 70-mg doses, respectively. Predose 
mean (SD) DBP values were 63.39 (6.71), 64.88 (6.96), 
and 62.29 (7.83) mm Hg with the 30-, 50-, and 70-mg 
doses, respectively. In a similar sequence, the ranges of 
DBP were 65.28 (6.67) to 69.89 (8.53) mm Hg, 63.65 
(7.63) to 73.12 (9.00) mm Hg, and 66.47 (5.30) to 
74.47 (8.05) mm Hg up to 48 hours after administra-
tion of the 30-, 50-, and 70-mg doses, respectively. 
Both SBP and DBP peaked at 1.5 hours after adminis-
tration and achieved the lowest levels in the range at 

most commonly reported AEs, of 17 total cases, with 
30-, 50-, and 70-mg/d LDX were anorexia (4 [22%], 
7 [41%], and 8 [47%], respectively), elevated blood 
pressure (2 [11%], 1 [6%], and 3 [18%]), and ab-
dominal pain (2 [11%], 2 [12%], and 2 [12%]).  The 
prevalences of AEs increased with increasing dose. 
Forty-four percent of patients (8/18) who received the 
30-mg dose reported ≥1 TEAEs, compared with 59% 
(10/17) who received the 50-mg dose and 88% (15/17) 
who received the 70-mg dose. The prevalences of TEAEs 
suggested an overall dose-response relationship. No 
deaths, serious AEs, or clinically significant abnor-
malities in physical examination or laboratory tests 
were reported by the investigator.

All QT interval and QTc-B maximum values were 
<450 msec. Mean values of ECG measures were not 
significantly different from those observed at screen-
ing. Abnormal ECGs occurred in 10 patients (6 at 
screening and study end, 2 at screening, and 2 at study 
end). However, all 10 abnormal ECG findings were 
considered clinically nonsignificant by the principal 
investigator and the pediatric cardiologist.

Compared with predose (baseline) measurements, 
increases in systolic and diastolic BP (SBP and DBP, 
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with increasing oral doses of LDX. There were no 
significant differences between doses in the observed 
values of Tmax and t1/2 of either d-amphetamine or 
intact LDX. Overall, the analysis using dose-normalized 
values of AUC and Cmax to compare systemic expo-
sure to d-amphetamine across dose levels suggested 
dose proportionality in the range of 30- to 70-mg LDX. 
Therapeutic activity is derived from d-amphetamine 
and not intact LDX, which is considered therapeuti-
cally inactive based on a lack of in vitro binding to 
sites responsible for the reuptake of norepinephrine 
and dopamine.16

The Tmax and t1/2 values reported in this study were 
consistent with findings from previously published 
studies.32,33 After a single dose of LDX 70 mg, mean 
Tmax of d-amphetamine ranged from 3.0 to 3.5 hours, 
and t1/2 ranged from 8.6 to 10.4 hours in the present 
and 2 previous studies. Similar consistency of Tmax 
and t1/2 of intact LDX was also observed among study 
results.

12 to 48 hours after administration. Statistically sig-
nificant increases in pulse rate were noted with the 
30-mg dose at 8 and 12 hours and with the 50-mg 
dose at 1.5, 4, 8, 12, and 24 hours, and were found 
with the 70-mg dose at 4, 8, 12, 24, and 48 hours (all, 
P < 0.01). Mean (SD) pulse rates were 78.72 (9.32), 
77.41 (11.34), and 75.71 (10.01) beats/min before 
administration of the 30-, 50-, and 70-mg doses, re-
spectively. The ranges of pulse rate were 81.78 (10.31) 
to 87.67 (17.42) beats/min, 78.29 (13.11) to 86.88 
(17.25) beats/min, and 75.00 (11.66) to 94.47  
(18.27) beats/min for the 30-, 50-, and 70-mg doses, 
respectively, up to 48 hours.

dIsCussIoN
The findings of this study suggest pharmacokinetic 
dose proportionality from oral LDX doses of 30 to  
70 mg for overall systemic exposure and peak expo-
sure to d-amphetamine but not to intact LDX. Plasma 
LDX exhibited a greater-than-proportional increase 

Table IV.  Pharmacokinetic properties of intact lisdexamfetamine dimesylate (LDX) in children 
with attention-deficit/hyperactivity disorder (pharmacokinetic population).

 LDX Dose, mg

Pharmacokinetic  30 50 70 
Parameter (n = 16*) (n = 17) (n = 17)

Cmax, ng/mL
   Mean (SD)† 21.9 (5.97) 46.0 (20.7) 89.5 (38.5)
   %CV 27.3 44.9 43.0

Tmax, h
   Mean (SD) 0.97 (0.14) 0.98 (0.06) 1.07 (0.17)
   %CV 14.4  6.2 16.3

t1/2, h
   Mean (SD) 0.50 (0.19) 0.60 (0.44) 0.51 (0.19)
   %CV 37.9 72.8 37.6

AUC0–∞, ng/mL/h
   Mean (SD)† 27.88 (9.29) 57.90 (21.03) 108.90 (50.46)
   %CV 33.3 36.3 46.3

AUC0–t, ng/mL/h
   Mean (SD)† 25.54 (8.37) 56.20 (21.51) 107.40 (50.25)
   %CV 32.8 38.3 46.8 

* Pharmacokinetic data were unavailable in 1 patient at the 30-mg dose; this patient was excluded from 
the analysis.

†P < 0.001 (ANOVA).
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teers reported that interpatient variabilities (%CVs of 
geometric means) for Cmax ranged from 27.1% to 31.9% 
and for AUC0–t ranged from 30.3% to 35.4% across the 
5 doses.35 Intrapatient variabilities in that study were 
13% and 11% for Cmax and AUC0–t, respectively.35

Two potential sources of interpatient variability in 
the metabolism of many drugs are gastric pH and 
gastrointestinal motility. Some XR formulations of 
methylphenidate (including osmotic pressure-based 
systems, beaded controlled-release systems, and XR 
beads) rely on changes in the gastrointestinal environ-
ment and transit time for delayed release of the active 
moiety.36 Similarly, acidifying and alkalizing agents 
can influence the absorption and blood levels of am-
phetamine from XR mixed amphetamine salts.37 Food 
has not been reported to affect the observed AUC and 
Cmax of d-amphetamine from MAS XR or from intact 
LDX but may prolong the Tmax (which is delayed with 
MAS XR [2.5 hours] compared with that with LDX) 
of these formulations after a high-fat meal.16,37 For 
LDX, an inactive prodrug metabolized in plasma to 
active amphetamine (and not a formulation), these fac-
tors are unlikely to affect the release of d-amphetamine 
from intact LDX during its metabolism.16 Food intake 
has been reported to prolong LDX Tmax by ~1 hour 
(from 3.8 hours in the fasted state to 4.7 hours after a 
high-fat meal).16

Systemic exposure to d-amphetamine was 10% to 
15% higher in girls than in boys after equivalent oral 
doses of LDX, likely because girls, due to sex-related 
differences in height and weight by age, received 
higher doses on a dose-by-weight basis. These differ-
ences diminished to <10% when data were normal-
ized by dose by weight. These pharmacokinetic find-
ings might be expected in the setting of the ad- 
ministration of LDX by forced-dose escalation 
regardless of patient characteristics, therapeutic ef- 
fect, or tolerability at lower doses. On the other  
hand, dosing by weight has not been recommended 
for the commonly prescribed long-acting stimulant 
formulations.16,37–39 In addition, the relationship be-
tween plasma levels of stimulant medications in the 
treatment of ADHD and therapeutic effect has not 
been established.40,41 Therefore, in clinical practice, 
therapeutic drug monitoring has not been recom-
mended, and dose adjustments are based on observed 
efficacy and tolerability on an individualized basis.  
As with all accepted general good medical practice 
guidelines and as recommended in the prescribing 

Interpatient variability in exposure to d-amphetamine 
in this study was found to be low, suggesting consis-
tent drug delivery among patients. After a single 70-mg 
dose, the %CVs for Cmax were 19.4% and for AUC0–t 
of d-amphetamine was 18.9%. Similar values for a 
70-mg/d treatment, 20.3% and 21.6%, for Cmax and 
AUC0–t, respectively, were previously reported in an 
analog classroom study in 52 children with ADHD.23

Interpatient variability in exposure to amphetamine 
was also assessed for mixed amphetamine salts ex-
tended release (MAS XR) in an analog classroom 
study.23 The %CVs for MAS XR were 44.0% for 
Cmax and 42.8% for AUC0–t. Additional studies exam-
ined the pharmacokinetic variability of various XR 
preparations of methylphenidate in healthy adult vol-
unteers. The administration of 2 XR formulations 
(osmotic release oral system and spheroidal oral drug 
absorption system) of racemic methylphenidate was 
associated with Cmax %CVs of 41% and 37% and 
AUC0–t %CVs of 54% and 50%.34 A dose-ranging 
crossover study of pharmacokinetic parameters of a 
d-methylphenidate XR formulation administered at  
5 doses between 5 and 40 mg in 25 healthy adult volun-

Table V.  Dose-normalized pharmacokinetic proper- 
ties of intact lisdexamfetamine dimesylate 
(LDX) in children with attention-deficit/
hyperactivity disorder (pharmacokinetic 
population; n = 17).

Pharmacokinetic  
Parameter 30:50 mg 70:50 mg

Cmax, ng/mL
  GMR 84.31 141.71
  90% CI 69.57–102.17* 117.55–170.84†

AUC0–∞, ng/mL/h
  GMR 78.55 130.27
  90% CI 69.16–89.23 115.08–147.45†

AUC0–t, ng/mL/h
  GMR 74.83 132.96
  90% CI 65.60–85.36 116.97–151.12† 

GMR = geometric mean ratio.
 * Dose normalized to 50 mg.
 †  90% CI within the predetermined range for bioequiv-

alence (80%–125%).

LDX Dose Ratio*
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other exclusions. Patients with seizures and tic dis- 
orders were excluded because, as a class, stimulants 
may lower the seizure threshold and exacerbate tic 
disorders.6,16,37–39 Thus, the findings reported here 
may not be generalized to patients who are in poor 
health, have significant cardiovascular dysfunction, or 
have psychiatric comorbidities. All study participants 
had been exposed to psychostimulants in the past, 
with no tolerability difficulties. Therefore, results in 
this study may not apply to treatment-naive individu-
als or those who had experienced poor tolerability 
during prior exposure to psychostimulants. The sam-
ple size of the study, although small, is typical of some 
clinical trials investigating pharmacokinetic parame-
ters. Because this was an open-label crossover trial 
and the primary end points were objective measure-
ments of pharmacokinetic parameters and relative 
bioavailability, the patients, study personnel, and in-
vestigator were not blinded. Lack of blinding in the 
study may limit the evaluability of the data on the 
safety profile of LDX.

CoNClusIoNs
The data from this study in a small, select population 
of children with ADHD suggest that d-amphetamine 
release from LDX in children with ADHD appeared 
to be dose proportional and exhibited low interpa-
tient variability in single doses of 30, 50, and 70 mg. 
This finding suggested that LDX provided a predict-
able delivery of active drug and had a pharmacoki-
netic profile that was consistent among patients.
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information,16 pharmacologic treatment with LDX 
was started at the lowest possible dose. Dose adjust-
ments were made based on an understanding of the 
dose-proportionality, potential benefits, and tolerabil-
ity issues characteristic of the individual patient with 
the particular medications. LDX has not been ap-
proved for use in very young children (<6 years), and 
amphetamines are not recommended in children aged 
<3 years.16

From a clinical perspective, the low interpatient 
variability of LDX found in this small study may be 
important because consistent absorption and predict-
able medication delivery would be useful for optimal 
dosing and tolerability in a diverse patient population. 
Extended duration of effect throughout the day con-
tributes to simpler drug regimens and potentially 
greater adherence, with the added benefit for school-
aged children of less need for administration during 
school hours.42

Data from this study suggest that the safety profiles 
of all 3 doses of LDX were similar to those observed 
with other long-acting stimulants.37–39 The majority 
of TEAEs were mild or moderate, and prevalence in-
creased with increasing dose. No deaths or serious 
AEs related to the study drug were reported. The find-
ings are consistent with safety-profile results for LDX 
observed in randomized controlled trials in pediatric 
patients with ADHD, which reported no serious AEs 
or deaths, and TEAEs the majority of which were mild 
or moderate in intensity.23,26 Overall, AEs reported for 
stimulant use in children with ADHD appear to be 
mild and short-lived, and usually occur early in the 
course of treatment.6,43 Although the relationship of 
AE occurrence to prior LDX exposure has not been 
systematically studied in children, the association of 
elevated occurrence of AEs early in treatment should 
be kept in mind in assessing the safety profile of LDX 
in patients who have had no prior exposure to stimu-
lant treatment.

limitations
Study design features, including the inclusion and 

exclusion criteria applied to patient selection, limit the 
ability to extrapolate the results beyond this small, 
selected population to the general pediatric ADHD 
population. Patient enrollment was limited to those 
who were in good health and had no clinically mean-
ingful cardiac abnormalities, no comorbid psychiatric 
diagnoses, and no seizure or tic disorders, among 
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