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Abstract

Objective: Methylphenidate extended-release orally disintegrating tablets (MPH XR-ODTs) represent a new technology for

MPH delivery. ODTs disintegrate in the mouth without water and provide a pharmacokinetic profile that is consistent with

once-daily dosing. This study sought to determine the efficacy, safety, and tolerability of this novel MPH XR-ODT for-

mulation in school-age children with attention-deficit/hyperactivity disorder (ADHD) in a laboratory classroom setting.

Methods: Children aged 6–12 years with ADHD (n = 87) were enrolled in this randomized, multicenter, double-blind, placebo-

controlled, parallel, laboratory classroom study. The MPH XR-ODT dose was titrated to an optimized dose during a 4-week

open-label period and maintained on that dose for 1 week. Participants (n = 85) were then randomized to receive their optimized

dose of MPH XR-ODT or placebo once daily for 1 week (double blind), culminating in a laboratory classroom testing day.

Efficacy was evaluated using the Swanson, Kotkin, Agler, M-Flynn, and Pelham (SKAMP) Attention, Deportment, and

Combined scores along with Permanent Product Measure of Performance (PERMP; Attempted and Correct) assessments. Onset

and duration of drug action were also evaluated as key secondary endpoints. Safety assessments included adverse events (AEs),

physical examinations, electrocardiograms (ECGs), and the Columbia Suicide Severity Rating Scale (C-SSRS).

Results: The average SKAMP-Combined score on the classroom study day was significantly better for the MPH XR-ODT group

(n = 43) than for the placebo group (n = 39; p < 0.0001). The effect was evident at 1 hour and lasted through 12 hours postdose.

The average SKAMP-Attention, SKAMP-Deportment, PERMP-A, and PERMP-C scores were indicative of significantly

greater ADHD symptom control for the MPH XR-ODT group. The most common AEs reported were decreased appetite, upper

abdominal pain, headache, insomnia, upper respiratory tract infection, affect lability, irritability, cough, and vomiting.

Conclusions: MPH XR-ODT was effective and well tolerated for the treatment of children with ADHD in a laboratory

classroom setting.

Clinical Trial Registry: NCT01835548 (ClinicalTrials.gov).
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Introduction

Attention-deficit/hyperactivity disorder (ADHD) is the

most common neurobehavioral disorder of childhood (Sub-

committee on Attention-Deficit/Hyperactivity Disorder et al. 2011)

and is characterized by developmentally inappropriate levels of in-

attention and/or hyperactivity and impulsivity (Kieling et al. 2010).

The prevalence of ADHD in children and adolescents has been re-

ported to be generally similar worldwide—in the range of 5% to 7%

(Faraone et al. 2003; Polanczyk et al. 2007; Thomas et al. 2015).

The number of children receiving treatment for ADHD has been

increasing. There were 27% more children in the United States
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receiving treatment in 2011 than in 2007 (Visser et al. 2014).

However, treatment gaps continue to exist; as many as 17.5% of

children with a diagnosis of ADHD were reported by parents as not

receiving any treatment in 2011 (Visser et al. 2014). Left untreated,

ADHD has an adverse impact on the lives of the affected individ-

uals and their families. ADHD is associated with an increased risk

for low self-esteem, social and academic failure, substance abuse,

and antisocial and criminal behavior. Parents and siblings may face

secondary but significant adverse consequences (Harpin 2005).

Clinical practice guidelines recommend a multimodal approach

to treating ADHD, including both stimulant or nonstimulant med-

ications and evidence-based parent- and/or teacher-administered

behavior therapy (Pliszka and AACAP Work Group on Quality

Issues 2007; Subcommittee on Attention-Deficit/Hyperactivity

Disorder et al. 2011; Robb et al. 2014). Either methylphenidate

(MPH) or amphetamine, both central nervous system (CNS)

stimulants, is recommended as first-line therapy, and they are the

most widely prescribed medications for patients with ADHD

(Faraone et al. 2006; Pliszka and AACAP Work Group on Quality

Issues 2007; Antshel et al. 2011; Robb et al. 2014; Visser et al.

2015). The majority of available dosage forms of stimulants pre-

scribed for ADHD are extended-release (XR) tablets or capsules,

which are indicated for once-daily dosing—usually at home during

the morning hours (Biederman and Faraone 2005; Faraone et al.

2006; Pliszka and AACAP Work Group on Quality Issues 2007;

Robb et al. 2014). XR formulations offer increased convenience

and decreased stigma associated with dosing during school hours

compared with their immediate-release (IR) counterparts (Feldman

and Belanger 2009). Most of the available MPH XR formulations

are tablets or capsules (Chavez et al. 2009), which may be difficult

for some patients to ingest, especially children (Polaha et al. 2008;

Nagaraju et al. 2013). Some MPH XR capsules may be opened and

sprinkled on certain foods or dissolved in water or other fluids

(Sugrue et al. 2014), although this method requires the entire

contents to be ingested immediately after mixing, without being

chewed or crushed.

A new orally disintegrating tablet (ODT) formulation of MPH,

which provides a pharmacokinetic profile consistent with once-daily

dosing, was developed (Childress et al. 2015a). Orally disintegrating

tablets, which dissolve in the mouth without water, traditionally have

had IR pharmacokinetics (Saharan and Singh 2015); however, this

innovative formulation is the first XR-ODT. The XR-ODT formu-

lation is made possible through ion-exchange resin technology.

When the MPH salt is dissolved in the presence of the exchange

resin, the positively charged mobile ion of the exchange resin (Na+)

is replaced by the positively charged MPH molecule, resulting in

stable MPH microparticles. MPH microparticles are either coated

(extended-release) or uncoated (immediate-release) and compressed

into ODTs. The coating controls the timing of drug release, enabling

a modified release profile as the ODT formulation contains *30%

IR MPH, and *70% XR MPH.

This study was designed to evaluate the efficacy (including onset

and duration of effect), safety, and tolerability of MPH XR-ODT

compared with placebo in children aged 6–12 years with ADHD in

a controlled laboratory classroom setting.

The laboratory classroom paradigm simulates a school class-

room and allows for repeated assessments of participants’ behavior

throughout the day to determine the time course of treatment ef-

fects. Classroom studies have been used extensively to evaluate

ADHD medication dosing regimens and participants’ response as a

function of time after drug administration (Wigal and Wigal 2006;

Wigal et al. 2013; Robb et al. 2014; Childress et al. 2015b).

Materials and Methods

Participants

Male and female children aged 6–12 years meeting the Diag-

nostic and Statistical Manual of Mental Disorders, 4th edition.,

Text Revision (DSM-IV-TR) (American Psychiatric Association

2000) criteria for ADHD (any subtype) were enrolled in this trial.

The study was approved by a central Institutional Review Board

(IRB; Copernicus Group, Research Triangle Park, NC), and each

site, if required, submitted the protocol and consent/assent forms to

its local IRB. The study was conducted in accordance with Good

Clinical Practice and the most recent guidelines of the Declaration

of Helsinki (ICH 1996; World Medical Association 2013). Written

informed consent and assent were obtained from parents or legal

guardians and participants before performing any study-related

procedures. Assent was obtained from all participants and docu-

mented by the child’s signature, or as per local or site requirements.

To be eligible for the study, participants were required to have

had a positive response to a stable dose of MPH (20–60 mg of

Metadate CD� [UCB, Inc., Smyrna, GA] or comparable dose of

another MPH XR or IR formulation) for at least 1 month before

screening, which was confirmed by a positive urine drug test for

MPH. The diagnosis of ADHD was confirmed at screening using the

Kiddie-Sads-Present and Lifetime version (K-SADS-PL 2009). The

participants were required to have a score of >3 (mildly ill) on the

clinician-administered Clinical Global Impressions-Severity (CGI-S)

scale (Busner and Targum 2007), and >90th percentile normative

value for gender and age on the ADHD-Rating Scale (ADHD-RS-

IV) total score, inattentive or hyperactive/impulsive subscales

(Childress et al. 2015b) on day 1 after MPH washout (visit 2). The

CGI scale is a brief, clinician-rated instrument that measures both

the severity of illness and current severity of the patient’s overall

symptoms (CGI-S) along with the change from the patient’s base-

line condition (CGI-Improvement [CGI-I]) (Busner and Targum

2007). The ADHD-RS-IV is designed to assess the severity and/or

frequency of ADHD symptoms. It is composed of the 18 DSM-IV

symptoms of ADHD and is divided into two 9-item subscales; one

for hyperactivity/impulsivity and the other for inattention. Each

item is scored on a scale of 0 (no or rarely observed symptoms) to 3

(severe or very frequently observed symptoms). The total ADHD-

RS-IV score ranges from 0 to 54 (Childress et al. 2015b).

Key exclusion criteria included history of poor response, known

allergy, serious adverse reactions to any MPH formulation or al-

lergy to any of the components of the MPH XR-ODT, comorbidity

that made ADHD diagnosis difficult, need for additional medica-

tion to control ADHD symptoms, known medical conditions that

would preclude the use of MPH XR-ODT, or history (within the

past year) or presence of clinically significant disease or dysfunc-

tion that—in the opinion of the investigator—could put the par-

ticipant at substantial risk or confound study results, current or

recent history (within the past year) of drug abuse in the immediate

family or by someone living at the participant’s home, and positive

urine drug screen for other stimulant medications or drugs of abuse

at the screening visit.

Study design

This randomized, multicenter, double-blind, placebo-controlled,

parallel group laboratory classroom study was conducted at four

sites in the United States. All study sites were experienced with the

key assessments used in this study, and rater training was conducted

to standardize the rating process across sites.
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The study design is illustrated in Figure 1. The study was divided

into five consecutive periods: screening, washout, open-label

stepwise dose optimization, dose stabilization, and double-blind,

parallel group treatment. The study comprised nine visits and a

safety follow-up telephone call.

During the screening visit (study visit 1), participants were as-

sessed for eligibility, inclusion/exclusion criteria, medical/psychi-

atric history, and prior or current concomitant medications. The K-

SADS-PL was also used to determine whether any psychiatric

comorbidities were present. The Columbia Suicide Severity Rating

Scale (C-SSRS; Children’s Baseline version) was used to assess the

presence or history of suicidal ideation or behavior (Posner et al.

2011). Physical examination, collection of vital signs, 12-lead

electrocardiograms (ECGs), clinical laboratory tests (chemistry,

hematology, and urinalysis), urine drug screen, and urine preg-

nancy test (for postmenarcheal female participants) were also

performed.

Participants who met screening criteria were instructed to dis-

continue their current ADHD medication, and, after a washout

period of 3–7 days, were reassessed for inclusion/exclusion criteria

and a urine drug screen was repeated on day 1 (study visit 2). The

C-SSRS (Children’s Since-Last-Visit version) assessment was

performed to evaluate the presence of suicidal ideation and be-

havior. The ADHD-RS-IV and CGI-S assessments were completed

at this visit to determine ADHD symptomology and establish a

baseline for symptom change during the dose optimization phase.

In addition, the Permanent Product Measure of Performance

(PERMP; Attempted and Correct) placement test was administered

to determine the appropriate testing level to be administered during

the classroom day. The PERMP placement test consists of eight

pages of math problems, ranging from single-digit addition to

triple-digit addition and subtraction problems. Subjects have ex-

actly 1 minute to work on each page of 80 problems and are placed

at the highest level, at which they are able to complete an average of

more than five problems in a minute (Wigal and Wigal 2006).

After the study procedures at visit 2, MPH XR-ODT was initi-

ated at 20 mg once daily the next morning. The parents or care-

givers were instructed to place the study drug on the tongue of the

child and to allow the drug to disintegrate. The child could move the

ODT around in the mouth and swallow the disintegrated drug and

saliva when he or she felt the need. Water was allowed ad lib during

the study except for 1 hour before through 1 hour postdose, ex-

cluding 60 mL (2 fluid ounces) of water for mouth rinsing before

drug administration (children rinsed and spit the water into a cup).

At each subsequent week of the dose optimization period (visits

3–5), participants were assessed for adverse events (AEs), con-

comitant medications, vital signs, and ECGs, and the C-SSRS were

administered. The dose could be increased in 10–20 mg increments

until an optimal dose was achieved or a maximum dose of 60 mg

per day was reached based on ADHD-RS-IV and CGI ratings, as

well as tolerability.

Individual participants were maintained on their optimized

dose for 1 week (dose stabilization period). At the end of this

week, subjects participated in a practice laboratory classroom

half-day (*6 hours, visit 7). This practice half-day familiarizes

the participants with the laboratory classroom setting and study

procedures that will take place on the double-blind classroom

testing day. Participants were then randomized 1:1 to receive ei-

ther their optimized dose of MPH XR-ODT or placebo once daily

during the 1-week, double-blind, parallel-group treatment period.

On the last day of the double-blind period (classroom study

day; visit 8), the participants were confined to the study site

for *14 hours. At both laboratory classroom sessions, partici-

pants were administered the study drug by site staff to ensure

precise timing of dosing for predose and postdose assessments

completed by trained raters.

Concomitant medications and vital signs were recorded at all

visits. AEs were recorded on visit 2 through visit 9. ECGs were

obtained at all dose-optimization visits and at the final study visit.

Urine drug screens were repeated on the classroom testing day

before study drug administration and at the final study visit. In-

vestigators were not provided MPH results until the trial concluded,

after the database was locked. Drug adherence was assessed at each

visit from visit 3 to visit 8 by recording pill counts of returned

medication. The ADHD-RS-IV assessments were performed at

each visit during the open-label, dose-optimization, and stabiliza-

tion periods (visit 2 [baseline] to visit 7 [end of the open-label

treatment phase]). The CGI-I assessments were performed at each

visit from visit 3 to visit 7. Efficacy assessments were obtained on

the practice and double-blind classroom study days (visits 7 and 8),

using the Swanson, Kotkin, Agler, M-Flynn, and Pelham (SKAMP)

and the PERMP.

FIG. 1. MPH XR-ODT Laboratory Classroom Study Design. Subjects were screened, underwent drug washout, and then entered an
open-label dose-optimization period. Study drug was adjusted during those 4 weeks to the best dose, based on tolerability and efficacy,
and then entered a 1-week dose stabilization period. At visit 8, the optimal dose of MPH XR-ODT or placebo was dispensed. MPH XR-
ODT or placebo was administered by study staff at visit 8. Subjects returned for safety assessments at visit 9 and a follow-up call was
completed *1 month later. MPH XR-ODT, methylphenidate extended-release orally disintegrating tablet.
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Efficacy assessments

The primary endpoint was the SKAMP-Combined postdose

score averaged across the seven postdose measurements over the

classroom day. The SKAMP ratings were performed on the double-

blind classroom day at baseline (predose), and at 1, 3, 5, 7, 10, 12,

and 13 hours postdose. Key secondary endpoints included onset and

duration of effect defined as the first time point after dosing, at which

MPH XR-ODT separated from placebo on the SKAMP-Combined

score, and the last time point at which MPH XR-ODT separated

from placebo on the SKAMP-Combined score, respectively.

The SKAMP scale is a validated, 13-item, trained rater assess-

ment of ADHD symptoms in a laboratory classroom setting

(Swanson et al. 1978, 1998; Wigal et al. 1998, 2013). The SKAMP-

Combined rating scale comprises two behavioral subscales: At-

tention and Deportment. The SKAMP-Combined score is the sum

of scores for all 13 items, in which each item is rated from 0 (no

impairment) to 6 (maximum impairment); thus, the SKAMP-

Combined scores range from 0 to 78—a higher score implies

greater impairment (Wigal and Wigal 2006; Wigal et al. 2013).

Ratings at each time point were based on the frequency (objective

and quantitative counts of specific behaviors) and quality (subjec-

tive impressions of overall behavior throughout the rating interval)

of participants’ behavior by trained raters for 20 minutes of direct

observations during each classroom session. Additional secondary

endpoints included the SKAMP-Attention, SKAMP-Deportment,

PERMP-A, and PERMP-C scores (all averaged over seven post-

dose measurements). The PERMP is an objective measure of per-

formance that consists of 400 skill-adjusted math problems and is

graded as number of problems attempted (PERMP-A) and correct

(PERMP-C) in a 10-minute period.

Safety assessments

Safety assessments included reported and observed AEs, phys-

ical examinations, ECGs, vital signs, routine laboratory tests, and

the C-SSRS. AEs were elicited at each visit, starting at visit 3. Vital

signs and concomitant medications were evaluated at each visit,

starting at visit 1. ECGs were completed on visits 1–5 and visit 9.

Physical examination and laboratory tests were performed at visits

1 and 9. The C-SSRS (Children’s Baseline version) assessment was

performed at visit 1, and the C-SSRS (Children’s Since-Last-Visit

version) assessment was performed at each visit, starting at visit 2.

Statistical analyses

The primary efficacy analysis was conducted on the full analysis

set (FAS, n = 82) using an analysis of covariance (ANCOVA) model

with factors for treatment and site, with a covariate for predose

SKAMP-Combined score. The FAS consisted of all subjects ran-

domized to treatment who had at least one postdose SKAMP-

Combined assessment during the classroom testing session on visit

8. All reported primary and secondary efficacy measures in this

study refer to the FAS. The sample size was calculated to ensure

adequate power for the primary and key secondary endpoints. Based

on two previously published studies, the estimated average effect

size for the primary efficacy endpoint was 1.1 (Silva et al. 2006;

Wigal et al. 2013). A total of 84 participants, or 42 per treatment

group, were estimated to provide >90% power to detect a treatment

difference between MPH XR-ODT and placebo at the significance

level of 0.05 (two-tailed, unpaired t-test). The 95% confidence in-

terval (CI) for the difference in least squares (LS) means was esti-

mated using the standard error (SE) of the mean from the ANCOVA.

For key secondary endpoints, a mixed-effects model for repeated

measures was used to assess whether the effect of treatment on the

SKAMP-Combined score postdose was dependent on the time of

assessment postdose. Terms for treatment, site, predose SKAMP-

Combined score at the classroom testing session, time of assess-

ment postdose, and treatment-by-time interaction were included in

this model as fixed effects and subject was included as a random

effect. Onset and duration of effect represented ancillary hypoth-

eses within the protocol and were regarded as key secondary end-

points. Specifically, although data from all time points postdosing

were compared for descriptive purposes using the said model,

formal hypothesis testing commenced at the 5-hour time point. If

significance at the 5% level was achieved at this time point, then the

next time point tested was at 3 hours postdose. The testing sequence

then proceeded as follows: 7-, 1-, 10-, 12-, and 13-hour time points.

If at any time point, significance at the 5% level was not achieved,

formal statistical testing would cease. The onset of effect of MPH

XR-ODT (defined as the first time point at which active drug

separates from placebo on SKAMP-Combined scores) and duration

of effect of MPH XR-ODT (defined as the last time point at which

active drug separates from placebo on SKAMP-Combined scores)

were estimated using the individual p value for each postdose as-

sessment. A separation was defined as a statistically significant

difference at the 5% level of active drug over placebo.

Results

Participant disposition and baseline characteristics

Of the 87 enrolled participants, 65 (74.7%) were diagnosed as

combined type using K-SADS-PL, 21 (24.1%) as predominantly

inattentive type, and 1 (1.1%) as predominantly hyperactive/im-

pulsive. Eighty-five participants completed the dose optimization

period and 83 completed the dose stabilization period. Eighty-three

participants were randomized to the double-blind treatment phase

and 82 were included in the FAS. The one subject who was ex-

cluded from the FAS did not have a baseline SKAMP rating and

also had a positive drug screen for amphetamine. Two other sub-

jects were excluded from the per-protocol set because they used

prohibited medications. One had been assigned to placebo and the

other to MPH XR-ODT.

Demographic and other baseline characteristics were generally

similar in the two groups (Table 1). The majority of the enrolled

participants were male (65.9%), white (79.3%), and not Hispanic/

Latino (65.9%). The mean (standard deviation [SD]) age of the

participants was 9.2 (1.75) years and body mass index was 18.5

(3.97). No participant was excluded because of nonadherence

(defined as taking <75% of the study medication between two

consecutive visits).

Dose optimization

During the open-label phase, 12.6% (11/87), 24.1% (21/87),

27.6% (24/87), and 33.3% (29/87) of participants received an op-

timized dose of 20, 30, 40, or 60 mg of the study drug, respectively.

The 60 mg dose was the most frequent optimized dose and the

distribution was similar in the treatment groups. Subjects included

in the FAS had a mean (SD) CGI-S score of 4.5 (0.57) on day 1

(visit 2) (n = 82; 43 [52.4%] had a score of 4; 36 [43.9%] had 5; and

3 [3.7%] had 6). At visit 7, the mean CGI-I score was 1.6; 2.4% (2/

82) of participants were minimally improved; 57.3% (47/82) were

much improved; and 40.2% (33/82) were very much improved. The

mean (SD) ADHD-RS-IV scores for all participants in the safety
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population decreased from visit 2 to visit 7 by 21.4 (8.9). The mean

(SD) ADHD-RS-IV scores decreased similarly from visit 2 to visit

7 by 20.4 (8.2) and 22.4 (9.7) for participants who were later either

assigned to MPH XR-ODT (n = 44) or placebo (n = 41) treatment

groups, respectively. Improvements in ADHD symptoms during

the open-label dose optimization and stabilization periods were not

appreciably different for the participants who would later be ran-

domized to either the placebo or the MPH XR-ODT group.

Efficacy assessments

Primary efficacy measures. The postdose SKAMP-

Combined scores (LS means [95% CI]) averaged over the class-

room testing day for participants on MPH XR-ODT (14.3 [12.2,

16.4]) were significantly lower (improved) than for participants on

placebo (25.3 [23.0, 27.6]; p < 0.0001) (Table 2). The LS means

difference (95% CI) was -11.0 (-13.9, -8.2).

A sensitivity analysis was performed using a nonparametric

model that ranked the average postdose SKAMP-Combined scores.

Participants were assigned ranks based on how many SKAMP as-

sessments they completed and reasons for discontinuation along

with individual average SKAMP score, if applicable. The following

criteria were used to rank participants in ascending worst-to-best

order: worst—withdrew during the double-blind phase because

of treatment-related reasons; second-worst—withdrew because of

nontreatment-related reasons; third-worst—inadequate number of

SKAMP scores but completed the classroom visit; fourth-worst—

average SKAMP scores of 60 to 78; fifth-worst—average SKAMP

scores of 40 to <60; sixth-worst—SKAMP scores of 20 to <40; and

best—SKAMP scores of <20. These rankings were compared be-

tween the two treatment groups using ANCOVA for ranked data

with factors for treatment group and site, and a covariate for predose

SKAMP-Combined score. The model revealed a significant effect

( p < 0.0001) of MPH XR-ODT on SKAMP-Combined scores, re-

gardless of predose rank main effects or treatment main effects.

Secondary efficacy measures. The onset and duration of

efficacy were assessed by comparing the SKAMP-Combined

scores for participants on MPH XR-ODT versus placebo at 1, 3, 5,

7, 10, 12, and 13 hours postdose on the classroom study day. The

MPH XR-ODT-treated group demonstrated significantly lower

scores than placebo at 1 hour postdose (LS means difference [95%

CI]); -10.7 [-13.6, -7.9]; p < 0.0001; Fig. 2). The difference be-

tween the two groups continued to be statistically significant at each

assessment through 12 hours postdose ( p < 0.0001 at 3, 5, and

Table 1. Demographic and Baseline Characteristics

Parameter Placebo (n = 39) MPH XR-ODT (n = 43) Total (n = 82)

Sex, n (%)
Male 24 (61.5) 30 (69.8) 54 (65.9)
Female 15 (38.5) 13 (30.2) 28 (34.1)

Age (years)
Mean – SD 9.3 – 1.64 9.1 – 1.86 9.2 – 1.75
Median (min, max) 9.0 (6, 12) 9.0 (6, 12) 9.0 (6, 12)

Race, n (%)
White 31 (79.5) 34 (79.1) 65 (79.3)
Black or African American 5 (12.8) 5 (11.6) 10 (12.2)
Asian 1 (2.6) 1 (2.3) 2 (2.4)
Native Hawaiian or Other Pacific Islander 0 (0) 1 (2.3) 1 (1.2)
Other 2 (5.1) 2 (4.7) 4 (4.9)

Ethnicity, n (%)
Hispanic/Latino 13 (33.3) 15 (34.9) 28 (34.1)
Not Hispanic/Latino 26 (66.7) 28 (65.1) 54 (65.9)

BMI (kg/m2)
Mean – SD 18.3 – 4.18 18.7 – 3.80 18.5 – 3.97
Median (min, max) 17.0 (12.4, 30.4) 17.6 (13.6, 30.5) 17.1 (12.4, 30.5)

BMI, body mass index; max, maximum; min, minimum; MPH XR-ODT, methylphenidate extended-release orally disintegrating tablet; n, number of
participants; SD, standard deviation.

Table 2. Average Postdose SKAMP Scores Indicate MPH XR-ODT Improved ADHD Symptoms

SKAMP-Combined score in MPH XR-ODT SKAMP-Combined score in placebo Difference p

LS mean (95% CI) 14.3 (12.2, 16.4) 25.3 (23.0, 27.6) -11.0 (-13.9, -8.2) <0.0001

SKAMP-Attention score in MPH XR-ODT SKAMP-Attention score in placebo

LS mean (95% CI) 7.7 (6.7, 8.7) 12.2 (11.1, 13.4) -4.5 (-5.9, -3.1) <0.0001

SKAMP-Deportment score in MPH XR-ODT SKAMP-Deportment score in placebo

LS mean (95% CI) 6.7 (5.2, 8.1) 12.8 (11.3, 14.3) -6.1 (-8.0, -4.3) <0.0001

SKAMP-Attention, Deportment, and Combined scores were measured on the classroom study day, predose, and at several postdose time points (1, 3, 5, 7, 10,
12, and 13 hours) for participants in the full analysis set (n = 82) on MPH XR-ODT or placebo. A lower SKAMP score indicates less symptomatology. The
SKAMP scores, averaged over all postdose assessments, were significantly lower for MPH XR-ODT than for placebo, implying improved ADHD symptoms.

ADHD, attention-deficit/hyperactivity disorder; CI, confidence interval; LS, least squares; MPH XR-ODT, methylphenidate extended-release orally
disintegrating tablet; SKAMP, Swanson, Kotkin, Agler, M-Flynn, and Pelham rating scale.
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7 hours; p = 0.0024 at 10 hours; and p = 0.0262 at 12 hours; Fig. 2).

The SKAMP-Combined predose score (mean [SD]) for the MPH

XR-ODT group (26.8 [11.5]) was significantly higher than that for

the placebo group (19.1 [11.0]; p < 0.0001), a phenomenon that has

been observed in multiple previous classroom studies (Wigal et al.

2013). There was no significant site main effect ( p = 0.12). The

difference in the predose SKAMP scores was included in the model

evaluating the efficacy of MPH XR-ODT compared with placebo.

The SKAMP-Attention and SKAMP-Deportment scores on the

classroom study day were secondary endpoints. The average LS

means postdose SKAMP-Attention score for the MPH XR-ODT

group (7.7 [95% CI: 6.7, 8.7]) was significantly lower than that for

the placebo group (12.2 [11.1, 13.4]; p < 0.0001), and the LS means

difference was -4.5 (-5.9, -3.1) (Table 2). Similarly, the average

LS means postdose SKAMP-Deportment score for the MPH XR-

ODT group (6.7 [5.2, 8.1]) was significantly lower than that for the

placebo group (12.8 [11.3, 14.3]; p < 0.0001), and the LS means

difference was -6.1 (-8.0, -4.3).

Similar to SKAMP-Combined score, the SKAMP-Attention and

SKAMP-Deportment scores showed efficacy of MPH XR-ODT as

early as 1 hour postdose (LS means difference [95% CI]: SKAMP-

Attention; -4.0 [-5.6, -2.3] and SKAMP-Deportment; -7.2 [-9.3, -
5.2]; both p < 0.0001). Efficacy continued through 12 hours postdose

for SKAMP-Attention (-3.4 [-5.2, -1.5] at 12 hours, p = 0.0005) and

through 10 hours for SKAMP-Deportment (-4.0 [-6.9, -1.1] at

10 hours, p = 0.0075). The mean (SD) SKAMP-Attention and

SKAMP-Deportment scores predose were significantly higher for

the MPH XR-ODT group than for the placebo group (SKAMP-

Attention: 12.6 [4.5] and 8.4 [4.3] for MPH XR-ODT and placebo

groups, respectively; SKAMP-Deportment: 14.2 [8.9] and 10.7

[8.0], respectively; p < 0.0001 for both). There was no significant site

main effect for SKAMP-Deportment score ( p = 0.63), but this effect

was significant for SKAMP-Attention score ( p = 0.0098).

Both PERMP-A and PERMP-C average postdose scores on the

classroom study day showed significant treatment effects (LS

means [95% CI]; PERMP-A: 111 [102, 119] and 79.3 [70.3, 88.2]

for MPH XR-ODT and placebo, respectively; PERMP-C: 107

[98.9, 116] and 75.7 [67.0, 84.4], respectively; p < 0.0001 for both).

Similar to SKAMP scores, the onset of effect was evident in

PERMP-A and PERMP-C scores at 1 hour postdose ( p < 0.0001 for

both), which continued for up to 12 hours ( p < 0.01 at 12 hours for

both scores, Fig. 3). The mean (SD) PERMP-A and PERMP-C

scores predose were significantly different in the MPH XR-ODT

and placebo groups (PERMP-A: 87.0 [53.7] and 93.5 [42.5] for

MPH XR-ODT and placebo, respectively; PERMP-C: 83.8 [53.6]

and 90.5 [43.5], respectively, p < 0.0001 for both), but there was no

significant site main effect ( p > 0.85).

Safety results

Of the 87 enrolled participants, 85 were randomized to receive

the study medication during the double-blind period. All 87 par-

ticipants were exposed to MPH XR-ODT for a mean (SD) of 38.7

(5.23) days (MPH XR-ODT group: 42.6 [1.35] days, n = 44; pla-

cebo group: 35.5 [1.29] days, n = 41). All 87 participants were ex-

posed for an average of 12.6 (10.90) days to MPH XR-ODT 20 mg/

day; 75 participants were exposed for 13.1 (9.93) days to MPH XR-

ODT 30 mg/day; 55 participants were exposed for 14.7 (8.93) days

to MPH XR-ODT 40 mg/day; and 30 participants were exposed for

17.9 (4.27) days to MPH XR-ODT 60 mg/day. The mean (SD) daily

dose of MPH XR-ODT that all participants received during the dose

optimization/stabilization periods was 34.3 (9.06) mg. In addition,

the participants in the MPH XR-ODT group received their opti-

mized daily dose for 1 week during the double-blind period.

During the dose optimization/stabilization periods, 80.5% of the

participants (70/87) experienced a total of 170 AEs, whereas during

the double-blind period, 24.4% of the participants (10/41) on

placebo and 25% of the participants (11/44) on MPH XR-ODT

experienced 13 and 11 AEs, respectively. Of the 170 AEs experi-

enced during the dose optimization/stabilization phase, 126 were

considered by the investigators to be related to the study drug. Of

the 13 AEs experienced by subjects who received placebo during

the double-blind phase, 2 were considered by the investigators to be

related to the study drug. Of the 11 AEs experienced by subjects

FIG. 2. The Separation of Between-Group SKAMP-Combined Scores over the Classroom Day. SKAMP-Combined scores were
measured predose and at seven postdose time points for participants in the full analysis set (n = 82). Data from all time points postdosing
were compared for descriptive purposes using repeated measures ANCOVA on the postdose scores. ANCOVA, analysis of covariance;
LS, least squares; MPH XR-ODT methylphenidate extended-release orally disintegrating tablet; NS, non-signficant; SE, standard error
of the mean; SKAMP, Swanson, Kotkin, Agler, M-Flynn, and Pelham rating scale.
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who received MPH XR-ODT during the double-blind phase, 2 were

considered by the investigators to be related to the study drug.

The most common (occurred in >5% of the participants) AEs

during the open-label dose optimization/stabilization periods were

decreased appetite, upper abdominal pain, headache, insomnia,

upper respiratory tract infection, affect lability, irritability, cough,

and vomiting (Table 3). The only AE that occurred in >5% of

participants during the double-blind period was upper respiratory

tract infection (Table 3). Of the AEs occurring during the double-

blind phase in all participants, only one instance of mild tricho-

tillomania and one instance of headache were assessed by the

investigator as possibly related to MPH XR-ODT.

The majority of AEs during the double-blind phase were con-

sidered mild. There were one severe AE (influenza in one partici-

pant on placebo) and two moderate AEs (upper respiratory tract

infection in one participant on MPH XR-ODT; abnormal liver

function test in one participant on placebo). None of the moderate

or severe AEs were assessed by the investigator to be related to the

study drug. There were two discontinuations because of AEs: one

participant discontinued during the optimization/stabilization pe-

riod (upper abdominal pain) and one participant discontinued

during the double-blind period (severe influenza, placebo group).

There were no clinically significant abnormal laboratory values,

vital signs, end-of-study physical examinations, or ECG findings.

None of the participants exhibited suicidal ideation or behavior, as

assessed by C-SSRS ratings, at any study visit. There were no

serious AEs (SAEs) or deaths during the study.

Discussion

The results of this study demonstrate the efficacy, safety, and

tolerability of MPH XR-ODT in the laboratory classroom study. As

assessed by the SKAMP-Combined score measured on the class-

room study day, MPH XR-ODT significantly reduced ADHD

symptom severity compared with placebo. The onset of response

was evident as early as 1 hour after administration, and efficacy

was maintained through 12 hours postdose. In addition, MPH XR-

ODT showed efficacy across multiple secondary endpoints, in-

cluding SKAMP-Attention, SKAMP-Deportment, PERMP-A, and

PERMP-C scores on the classroom study day. MPH XR-ODT also

showed efficacy on the ADHD-RS-IV and the CGI scales during

the dose optimization and stabilization periods, although these were

not specifically identified a priori as efficacy endpoints.

Table 3. Most Common (>5%) Treatment-Emergent

Adverse Events

Adverse event, n (%)
Optimization/

stabilization periods (n = 87)

Decreased appetite 23 (26.4)
Upper abdominal pain 19 (21.8)
Headache 17 (19.5)
Insomnia 11 (12.6)
Upper respiratory tract infection 10 (11.5)
Affect lability 8 (9.2)
Irritability 6 (6.9)
Cough 5 (5.7)
Vomiting 5 (5.7)

Double-blind period

MPH XR-ODT
(n = 44)

Placebo
(n = 41)

Upper respiratory tract infection 4 (9.1) 3 (7.3)

MPH XR-ODT, methylphenidate extended-release orally disintegrating
tablet, n, number of participants.

FIG. 3. MPH XR-ODT Improved PERMP-A and PERMP-C Scores. PERMP-A and PERMP-C scores were measured predose and at seven
postdose time points for participants in the full analysis set (n = 82) on MPH XR-ODT or placebo ( p values: gray = PERMP-A,
black = PERMP-C). LS, least squares; MPH XR-ODT, methylphenidate extended-release orally disintegrating tablet; NS, non-significant;
PERMP-A, permanent product measure of performance-attempted; PERMP-C, permanent product measure of performance-correct; SE,
standard error of the mean.
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The baseline (predose) SKAMP scores for the participants re-

ceiving MPH XR-ODT were higher than in those receiving placebo

on the classroom testing day as has been reported previously in

similar studies assessing CNS stimulants, including another MPH

XR formulation (Wigal et al. 2009, 2013). This is an interesting and

reproducible finding, and it is interesting to speculate that this

might be explained by a rebound effect from the previous day’s

MPH wearing off in the participants treated with MPH XR-ODT.

The most common AEs during the entire study period were

generally mild and consistent with the mechanism of action for

MPH (Punja et al. 2013; Ramtvedt et al. 2014). No deaths or SAEs

were reported during the study.

To our knowledge, this is the first study describing an MPH XR-

ODT formulation in any therapeutic area. Well-validated tools were

used to measure ADHD symptoms in a parallel design laboratory

classroom setting to measure the efficacy and safety of MPH XR-

ODT as compared with placebo. Since participants with any of the

three clinical subtypes of ADHD were eligible for enrollment, these

results may be applicable to children with all types of ADHD seen

in clinical practice. The MPH XR-ODT technology presents a novel

alternative treatment option for adults and children with ADHD.

There are limitations to this study. The duration was relatively

short and the study enrolled only children aged 6–12 years without

comorbidities that could potentially confound study results, con-

sistent with other phase 3 trial designs. Therefore, results may not

be relevant for some patients who have ADHD. In addition, only

participants with a previous history of response to MPH were in-

cluded after being washed out of their current treatment before

receiving MPH XR-ODT. Further trials should be conducted to

determine the long-term efficacy and safety of MPH XR-ODT in

patients who have ADHD and to establish its efficacy and safety in

other populations of patients with ADHD, including preschool

children (ages 4–5 years) and patients with a history of positive

response to either class of stimulant. The American Academy of

Pediatrics guidelines recommend evidence-based parent- and/or

teacher-administered behavior therapy as first-line treatment in

preschool children. However, MPH is recommended if the behavior

interventions do not result in significant symptom improvement

(Subcommittee on Attention-Deficit/Hyperactivity et al. 2011).

Conclusions

This was the first clinical efficacy and safety study of an XR-

ODT formulation for the treatment of ADHD. Using multiple

validated instruments (SKAMP and PERMP assessments), MPH

XR-ODT was shown to improve ADHD symptoms in children aged

6–12 years. The onset of the effect of MPH XR-ODT was at 1 hour

after administration, and the effect lasted through 12 hours. Al-

though it is difficult to draw conclusions between formulations

without head-to-head comparisons, this MPH XR-ODT appears to

have a duration of efficacy similar to that of other MPH XR

products compared with placebo in laboratory classroom studies.

Both osmotic release oral system MPH (Concerta� Janssen Phar-

maceuticals, Inc., Titusville, NJ) and MPH XR oral suspension

(Quillivant XR� NextWave Pharmaceuticals, Inc., Cupertino, CA)

had a duration of effect of 12 hours in laboratory classroom trials

(Swanson et al. 2003; Wigal et al. 2013).

As expected, the drug was well tolerated; children who had tol-

erability issues with their previous MPH medication were excluded

from the study. In addition, participants were titrated to an optimized

dose based on both efficacy and tolerability. The majority of AEs

reported or observed during the study were mild and consistent with

the mechanism of action for MPH. Only one subject discontinued

during the dose optimization phase because of an AE thought to be

related to MPH. No AEs were related to changes in vital signs.

Clinical Significance

MPH is a frequently prescribed, well-established treatment op-

tion that is effective in controlling ADHD symptoms. Therefore,

ADHD patients may benefit from an alternative MPH formulation

that does not require swallowing an intact capsule or tablet. MPH

XR-ODT offers an efficacy profile consistent with once-daily

dosing and disintegrates in the mouth without water.
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