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Abstract

Objective: This phase 3, laboratory classroom study assessed the efficacy and safety of methylphenidate hydrochloride extended-

release chewable tablets (MPH ERCT) compared with placebo in children with attention-deficit/hyperactivity disorder (ADHD).

Methods: Following a 6-week, open-label, dose-optimization period, children 6–12 years of age (n = 90) with ADHD were

randomly assigned to double-blind MPH ERCT at the final optimized dose (20–60 mg/day) or placebo. After 1 week of double-

blind treatment, efficacy was assessed predose and 0.75, 2, 4, 8, 10, 12, and 13 hours postdose in a laboratory classroom setting.

The primary efficacy measure was the average of postdose Swanson, Kotkin, Agler, M-Flynn, and Pelham (SKAMP) Rating

Scale-Combined scores, analyzed using a mixed-model, repeated-measures analysis. Secondary efficacy measures included

Permanent Product Measure of Performance (PERMP) total number of problems attempted and total number of problems

correct. Safety assessments included adverse event (AE) monitoring and the Columbia-Suicide Severity Rating Scale (C-SSRS).

Results: MPH ERCT treatment statistically significantly reduced the average of all postdose SKAMP-Combined scores

versus placebo (least-squares mean difference [95% confidence interval], -7.0 [-10.9, -3.1]; p < 0.001). Statistically sig-

nificant treatment differences in SKAMP-Combined scores were observed at 2 hours postdose through 8 hours postdose ( p-

values <0.001). Statistically significant differences between MPH ERCT and placebo in PERMP total number of problems

attempted and total number of problems correct were observed at 0.75 hours postdose through 8 hours postdose ( p-values

£0.049). Common AEs in the open-label period (‡5%) were decreased appetite, upper abdominal pain, mood swings,

irritability, insomnia, upper respiratory tract infection (URTI), dysgeusia, and headache; URTI was the only AE reported by

>1 subject receiving MPH ERCT in the double-blind period (placebo: URTI, contusion, wound, and initial insomnia). No

suicidal ideation or behavior was reported on the C-SSRS at baseline or at any postbaseline assessment.

Conclusions: MPH ERCT 20–60 mg significantly improved ADHD symptoms compared with placebo at 2 hours postdose

through at least 8 hours postdose. MPH ERCT was generally safe and well tolerated, with a safety profile consistent with other

MPH ER formulations. ClinicalTrials.gov Identifier: NCT01654250. www.clinicaltrials.gov/ct2/show/NCT01654250.
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Introduction

The Diagnostic and Statistical Manual of Mental Dis-

orders, Fifth Edition (DSM-5) (American Psychiatric Associa-

tion 2013) characterizes attention-deficit/hyperactivity disorder

(ADHD) as a persistent pattern of inattention and/or hyperactivity–

impulsivity that interferes with function or development. ADHD

symptoms can disrupt academic progress and social functioning

during formative childhood and adolescence (American Psychia-

tric Association 2013; Feldman and Reiff 2014; Sharma and

Couture 2014). Untreated ADHD is associated with multiple neg-

ative outcomes, including increased risk of depression and anxiety,
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suicide, motor vehicle collisions, substance abuse, educational

underachievement, financial problems, and unemployment ( Jer-

ome et al. 2006; Lee et al. 2011; Das et al. 2012). ADHD can

impose a significant financial burden on families, health systems,

and schools (Birnbaum et al. 2005; Matza et al. 2005). Practice

guidelines recommend a combination of medication and behavior

therapy for the treatment of ADHD in children and adolescents 6–

18 years of age (Pliszka 2007; American Academy of Pediatrics

2011). Methylphenidate (MPH)- and amphetamine-based psy-

chostimulants have the U.S. Food and Drug Administration (FDA)

approval for the treatment of ADHD and are considered the stan-

dard of care (Pliszka 2007; American Academy of Pediatrics 2011).

ADHD is the most common neurobehavioral disorder in school-

aged children. Parental reports indicate that more than 1 in 10

school-aged children (11%; 6.4 million children) in the United

States have received a diagnosis of ADHD from a healthcare pro-

vider (Visser et al. 2014). Left untreated, ADHD can negatively

affect academic performance, and social and family functioning

(Barkley 2002; Klassen et al. 2004). An important barrier to ade-

quate treatment of ADHD with pharmacologic agents is patient

nonadherence to treatment regimens, and although adverse effects

and lack of efficacy are most commonly reported as reasons for

discontinuation, dislike of medication and difficulties swallowing

medication are also cited as reasons for discontinuing treatment

in children and adolescents (Gajria et al. 2014). A survey of 304

parents of 702 children or adolescents indicated that *34% of

children and adolescents had refused to swallow pills, and *30%–

70% were unable to easily swallow a pill, with percentages increasing

in younger children and for swallowing larger pills or capsules (Po-

laha et al. 2008). Indeed, in a study designed to assess pill swallowing

ability, 67/124 (54%) children, 6–11 years of age, who were willing

to try to swallow a tablet could not (Meltzer et al. 2006).

Prescribing information for several ADHD medication capsule

formulations states that capsules can be opened and the contents

sprinkled on applesauce for individuals who cannot swallow the

capsule (Focalin XR package insert 2015; Metadate CD package

insert 2015; Ritalin LA package insert 2015; Aptensio package

insert 2017). However, there may be a risk of either over- or under-

dosing using this method (Childress and Sallee 2013). The accuracy

of dosing in patients taking ADHD medication sprinkled on ap-

plesauce has not been examined systematically, but patient may be

underdosed if some of the contents of the capsule are spilled while

preparing the applesauce for dosing or if the patient does not ingest

the entire amount of applesauce prepared. Although pharmacoki-

netic studies have demonstrated bioequivalence of ADHD capsule

formulations swallowed versus sprinkled over applesauce (Pentikis

et al. 2002; Lee et al. 2003; Fischer et al. 2006; Adjei et al. 2014),

over- or underdosing is theoretically possible. Dose dumping

(overdosing) could occur if the patient inadvertently bites down on

long-acting beads in the applesauce, releasing the medication

prematurely (Childress and Sallee 2013). The development of

additional dosing and formulation options that take into account

the abilities and preferences of patients ranging from children to

adults may improve the acceptability of ADHD medications and

improve adherence.

MPH was initially formulated as an immediate-release (IR) tablet

requiring multiple daily doses for optimal treatment. Extended-

release (ER) MPH formulations were later developed to provide

all-day coverage, with the goal of eliminating the need for in-

school administration, and to potentially increase efficacy and re-

duce adverse events (AEs) (Sugrue et al. 2014). Several long-acting

MPH formulations are currently available, including oral capsules

and tablets (Concerta package insert 2015; Metadate CD package

insert 2015; Ritalin LA package insert 2015), an oral suspension

(Quillivant XR package insert 2016), and the transdermal patch

(Daytrana package insert 2015). The addition of a chewable tablet

form of MPH ER to currently available MPH formulations would

expand formulation options by providing a safe and well-tolerated,

palatable, stable, and convenient formulation (Michele et al. 2002).

ER chewable tablets offer a child-friendly alternative for patients or

parents who are not satisfied with the available formulation options,

especially those individuals who cannot or will not swallow tablets

or capsules, and could improve treatment compliance.

MPH ER chewable tablets (MPH ERCT) are a once-daily

chewable tablet formulation of MPH developed using proprietary

ER technology. A pharmacokinetic study has demonstrated that

the bioavailability of a 40 mg MPH ERCT is comparable to that of

40 mg IR MPH chewable tablet, given as two 20 mg doses 6 hours

apart in healthy adult subjects (Abbas et al. 2016). The current

study was a dose-optimized, randomized, double-blind, placebo-

controlled, laboratory classroom study of MPH ERCT for the

treatment of children 6–12 years of age with ADHD. The study

objectives were to assess the efficacy, safety, and tolerability of once-

daily MPH ERCT 20–60 mg in pediatric subjects with ADHD.

Methods

This phase 3, laboratory classroom study was carried out at six

U.S. sites between July 2012 and October 2012. The study was

conducted in accordance with the International Harmonization

Guideline for Good Clinical Practice (International Council for

Harmonisation 1998) and other applicable regulatory requirements.

Parents or guardians provided written informed consent and chil-

dren gave assent before any protocol-required procedures were

performed. The protocol, consent and assent forms, and the in-

vestigator’s brochure received institutional review board approval

before initiation of the study.

Study subjects

Eligible subjects were males and females 6–12 years of age with

a diagnosis of ADHD determined by a psychiatrist, developmental

pediatrician, pediatrician, or licensed allied health professional,

who were deemed to have the need for pharmacological treatment

for ADHD in the judgment of the investigator. Diagnoses were

confirmed based on three criteria: positive confirmation of ADHD

diagnosis using the Schedule for Affective Disorders and Schizo-

phrenia for School Age Children (K-SADS) (Kaufman et al. 1997)

semistructured diagnostic interview at screening by a psychiatrist,

psychologist, developmental pediatrician, pediatrician, or licensed

clinical social worker, trained and experienced with the K-SADS

(visit 1); investigator administered Clinical Global Impressions–

Severity (CGI-S) (Guy 1976) score of at least 3 (mildly ill); and an

investigator administered ADHD Rating Scale (ADHD-RS-IV)

Home Version score in the 90th percentile or greater for gender and

age on the hyperactive–impulsive subscale, inattentive subscale,

and/or total score at screening or baseline (visit 2).

Subjects were excluded from the study if they had a current

primary psychiatric diagnosis of severe anxiety disorder, conduct

disorder, pervasive developmental disorder, eating disorder, obsessive-

compulsive disorder, major depressive disorder, bipolar disorder,

or other psychiatric disorder, substance abuse disorder, or a per-

sonal or family history of Tourette’s syndrome. Subjects were also

excluded if they had a clinically significant or severe medical ill-

ness or condition, including seizure disorder, cardiac disorders or
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conditions (including severe hypertension), untreated thyroid dis-

ease, or a history of HIV or hepatitis B or C infections. Subjects

with clinically significant abnormal laboratory results or a positive

test for illicit drug use at screening were excluded, as were those

with a history of hypersensitivity or lack of efficacy to MPH. Psy-

chotropic agents were prohibited. Sedative hypnotics were pro-

hibited within 24 hours before screening, except sedative hypnotics

that had been prescribed as sleep aids (at bedtime only) for at least

30 days before the baseline visit. (Promethazine [one MPH ERCT-

treated patient, for viral infection] was the only sedative hypnotic

reported in this study.) Pharmacologic treatments for ADHD, in-

cluding noninvestigational stimulant medications for the control of

ADHD, were allowed until 24 hours before the baseline visit for the

open-label, dose-optimization period.

Study design

The study included a 6-week, open-label, dose-optimization

treatment period followed by a 1-week, randomized, double-blind,

placebo-controlled period. During the open-label period, subjects

received MPH ERCT at a starting dose of 20 mg once daily. At

weekly intervals during the open-label period (visits 3–8), the dose

could be increased, in 10–20 mg/day increments to a maximum

dose of 60 mg/day, or decreased to optimize efficacy and tolera-

bility. Dose adjustments were based on clinical judgment of the

investigator taking into account all available efficacy and tolera-

bility information. Subjects who could not tolerate 20 mg/day or

were unable to achieve a stable dose during the open-label period

were discontinued. At the final open-label visit (visit 8), sub-

jects were assessed in an abbreviated, 4-hour practice laboratory

classroom visit (McGough et al. 2006; Wigal et al. 2009, 2014;

Childress et al. 2015) designed to acclimate the subjects to the

classroom setting.

The randomized, double-blind treatment period included 1 week

of double-blind treatment followed by a laboratory classroom eval-

uation (visit 9). Subjects were randomly assigned (1:1) to receive

either MPH ERCT, at their optimal open-label dose (20–60 mg/

day), or placebo daily for 1 week. Randomization was conducted

according to a fixed schedule using a permuted block design

stratified by clinical site. The randomization code was maintained

centrally by the clinical supply group, and the study team and

investigator site personnel were blinded throughout the study. On

the final day of the double-blind treatment period, efficacy as-

sessments were administered in a laboratory classroom day using

the laboratory school protocol, a tool for evaluating response to

ADHD treatments in a setting that reflects a real-world school day

environment and activities (Wigal and Wigal 2006). The laboratory

school protocol is designed to approximate school day and after-

school activities while incorporating efficacy and safety assess-

ments (Wigal et al. 2013). A follow-up (visit 10) was scheduled 1–2

weeks after the double-blind visit, or at early termination.

Assessments

Efficacy. Efficacy of open-label treatment was assessed for dose

optimization using the ADHD-RS-IV, Conners Parent Rating Scale

(Conners et al. 1998), CGI-S, and Clinical Global Impressions–

Improvement (CGI-I) (Guy 1976) administered at baseline (except

CGI-I) and at weekly visits during the open-label period; these

assessments were not administered at the double-blind visit. Sub-

jects were assessed by trained raters using the Swanson, Kotkin,

Agler, M-Flynn, and Pelham (SKAMP) Rating Scale (Wigal et al.

1998) and completed the Permanent Product Measure of Perfor-

mance (PERMP) math test (Wigal and Wigal 2006) during the

practice laboratory classroom visit.

After the 1-week, double-blind, treatment period, ADHD symp-

toms were evaluated during the laboratory classroom session using

the SKAMP and PERMP assessments administered predose and at

0.75, 2, 4, 8, 10, 12, and 13 hours postdose. The primary efficacy

endpoint for the study was the average of all the postdose SKAMP-

Combined scores assessed during visit 9, the classroom study day.

The SKAMP scale is a validated, 13-item rating of the level of

impairment of classroom-observed behaviors, with each item rated

on a seven-point scale from 0 (none) to 6 (maximal impairment)

(Wigal and Wigal 2006). The SKAMP-Combined score is calcu-

lated as the total of all 13 items, with a higher score indicating

greater impairment. Key secondary endpoints were the onset and

duration of the clinical efficacy of MPH ERCT compared with

placebo based on the SKAMP-Combined scores obtained at each

time point during the laboratory classroom session.

Additional efficacy endpoints based on the SKAMP assessment

were the SKAMP-Attention subscale score (total of items 1–4) and

SKAMP-Deportment subscale score (total of items 5–8) at visit 9,

and PERMP scores at visit 9. The PERMP, a timed, skill-adjusted,

mathematics test designed to measure a child’s ability to attend to

written seatwork, was scored on the total number of problems at-

tempted and the total number of problems correct. Subjects were

asked to complete as many of the 400 total problems as they could

during a 10-minute period. Each subject’s skill level was deter-

mined using a PERMP pretest at screening, and a different version

of the test, matched to the subject’s pretest skill level, was ad-

ministered at each study assessment.

Safety. Safety assessments included the incidence of AEs and

serious AEs, clinical laboratory tests, measurements of vital signs,

physical examinations, 12-lead electrocardiograms (ECG), and

the Columbia-Suicide Severity Rating Scale (C-SSRS) (Posner

et al. 2011), a prospective and systematic measurement of suicidal

thoughts and behaviors designed for use in clinical trials (Posner

et al. 2007). The screening evaluation included physical examina-

tion, vital sign and ECG measurements, and laboratory evaluations.

Safety and tolerability were assessed weekly during the open-label

period and at the double-blind study visit using the C-SSRS, vital

sign measurements, and AE queries. The follow-up visit included

physical examination, vital sign and ECG measurements, labora-

tory evaluations, and assessment of AEs. The investigators who

recorded the AEs did not conduct the efficacy evaluations, and the

classroom raters collecting efficacy data had no duties outside the

classroom and were not aware of AEs collected by the investigators.

Statistical analysis

Efficacy analyses were based on the intent-to-treat (ITT) popu-

lation, which included all subjects who received at least one dose of

the study drug and had at least one postbaseline assessment of the

primary efficacy variable. Safety assessments were based on the

enrolled safety population (all enrolled subjects who received at

least one dose of study medication and had at least one postbaseline

safety assessment), including safety data from the open-label, dose-

optimization period, and the randomized safety population (all

randomized subjects who received at least one dose of double-blind

study medication and had at least one postbaseline safety assess-

ment), including safety data from the double-blind period only.

The primary efficacy analysis was a mixed-model, repeated-

measures (MMRM) analysis with intercept as the random effect
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and treatment, study center, time point, and the time point by

treatment interaction as fixed effects. The average difference over

all postdose time points was estimated using least-squares (LS)

means from the MMRM model. The comparison between treatment

groups was a two-sided test at the 0.05 level of significance. To test

treatment differences in the SKAMP-Combined score at each

postdose time point, a fixed-sequence testing procedure was ap-

plied to adjust for multiple comparisons to placebo in accordance

with the study protocol. The fixed-sequence procedure assessed

treatment differences in the following prespecified order: 4, 8, 2,

10, 12, 13, and 0.75 hours; the first time a treatment difference had

p > 0.05 caused the remaining treatment differences to be consid-

ered not statistically significant, regardless of the nominal p-value.

The order for the fixed-sequence testing procedure was selected a

priori to test time points starting with the most likely to be sig-

nificant and moving to the least (based on the time course of other

MPH ER formulations) (Pelham et al. 2001; McGough et al. 2006;

Kimko et al. 2012; Wigal et al. 2014). Additional secondary effi-

cacy variables, including SKAMP-Attention, SKAMP-Deportment,

PERMP-total number of problems attempted, and PERMP-total

number of problems correct, also were analyzed by time point using

the same MMRM analysis. Because SKAMP subscales (attention,

deportment) and PERMP variables were not declared as primary or

key secondary endpoints, a multiple comparisons adjustment was

not applied in these analyses according to the study protocol.

To adjust for numerical imbalance between treatment groups in

predose scores, post hoc efficacy analyses of change from predose

in SKAMP-Combined, SKAMP-Attention, SKAMP-Deportment,

and PERMP scores at each time point at the double-blind study visit

were conducted, using the same MMRM model used in the primary

efficacy analysis. Because of the post hoc nature of these analyses,

the Bonferroni method was used to adjust for multiple comparisons

for all changes from predose analyses.

Demographic characteristics and safety data, including C-SSRS

scores, and incidence of AEs and serious AEs, were summarized

descriptively by treatment group.

Results

Subject disposition

Ninety subjects were enrolled in the study (Supplementary Fig. S1;

Supplementary Data are available online at www.liebertpub.com/

cap). Four subjects discontinued during the open-label period

(3 withdrew consent; 1 discontinued due to AE [dysgeusia, bad taste

of medicine]), and 86 were randomly assigned to treatment (placebo,

n = 44; MPH ERCT, n = 42). A total of 85 subjects received at least

one dose of double-blind study medication and had at least one

postbaseline efficacy evaluation and were included in the random-

ized safety population and ITT population. One subject assigned to

placebo discontinued the study during the double-blind treatment

period (lost to follow-up). Baseline demographics and clinical

characteristics of subjects included in the ITT population (n = 85) are

summarized in Table 1. The mean (standard deviation [SD]) age of

subjects was 9.6 (1.69) years; the majority was white (58%; 35%

black, 85% non-Hispanic/Latino) and male (62%). Subjects had in-

attentive (27%) or combined type (73%) ADHD. The majority of

subjects (81%) had no exposure to MPH or dexmethylphenidate

hydrochloride within 1 month before screening; 7/42 (17%) subjects

in the MPH ERCT group and 9/44 (20%) subjects in the placebo

group had prior (within 1 month) exposure to MPH or dexmethyl-

phenidate hydrochloride.

Efficacy

Treatment with MPH ERCT was associated with a statistically

significant reduction in ADHD symptoms compared with placebo

based on the primary efficacy endpoint, average of all postdose

SKAMP-Combined scores at visit 9 (Fig. 1). Averaged overall

postdose time points, SKAMP-Combined scores were significantly

lower for patients treated with MPH ERCT compared with those

treated with placebo (LS mean difference [95% confidence inter-

val], -7.0 [-10.9, -3.1]; p < 0.001; effect size [Cohen’s d], 0.66).

The primary endpoint remained significant after adjustment for

additional prognostic factors (age, gender, dose, weight, race, and

ADHD subtype).

Onset and duration of efficacy were assessed based on the key

secondary efficacy endpoints, SKAMP-Combined scores at each

time point at visit 9 (Fig. 2). There were statistically significant

differences in SKAMP-Combined scores between MPH ERCT and

placebo from 2 hours postdose and continuing through 8 hours

postdose after adjusting for the prespecified fixed-sequence test-

ing procedure ( p < 0.001 at 2, 4, and 8 hours postdose; Table 2).

The 10-hour comparison did not reach statistical significance

( p = 0.133), and all subsequent comparisons in the fixed sequence

(12-, 13-, and 0.75-hour time points) were considered nonsignifi-

cant. Effect sizes were 0.72, 1.16, 1.13, 0.66, 0.26, 0.19, and 0.08 at

0.75, 2, 4, 8, 10, 12, and 13 hours postdose, respectively. Nominal

p-values are given in Table 2. Predose SKAMP-Combined scores

were numerically greater for the MPH ERCT treatment group

versus the placebo group (Table 2), although the difference did not

reach statistical significance ( p > 0.05).

Results for other secondary efficacy endpoints, SKAMP-

subscale scores and PERMP total number of problems attempted

and total number of problems correct, were consistent with the

Table 1. Baseline Demographics and Clinical

Characteristics, Intent-to-Treat Population

Placebo
(n = 43)

MPH ERCT
(n = 42)

Total
(n = 85)

Gender, n (%)
Male 23 (53.5) 30 (71.4) 53 (62.4)
Female 20 (46.5) 12 (28.6) 32 (37.6)

Mean – SD age, years 9.3 (1.62) 9.9 (1.71) 9.6 (1.69)

Age categories, years (%)
6–7 8 (18.6) 5 (11.9) 13 (15.3)
8–10 28 (65.1) 17 (40.5) 45 (52.9)
11–12 7 (16.3) 20 (47.6) 27 (31.8)

Race, n (%)
White 22 (51.2) 27 (64.3) 49 (57.6)
Black/African

American
18 (41.9) 12 (28.6) 30 (35.3)

Asian 1 (2.3) 0 1 (1.2)
Other 2 (4.7) 3 (7.1) 5 (5.9)

Ethnicity, n (%)
Hispanic/Latino 6 (14.0) 7 (16.7) 13 (15.3)
Non-Hispanic/Latino 37 (86.0) 35 (83.3) 72 (84.7)

ADHD type, n (%)
Inattentive 11 (25.6) 12 (28.6) 23 (27.1)
Hyperactive/impulsive 0 0 0
Combined 32 (74.4) 30 (71.4) 62 (72.9)

ADHD, attention-deficit/hyperactivity disorder; ADHD-RS, Attention-
Deficit/Hyperactivity Disorder Rating Scale; MPH ERCT, methylphenidate
hydrochloride extended-release chewable tablets; SD, standard deviation.
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primary and key secondary results (Supplementary Fig. S2). Both

the SKAMP-Attention and SKAMP-Deportment scores were sig-

nificantly lower for MPH ERCT compared with placebo at 0.75, 2,

4, and 8 hours postdose (Table 3). Subjects in the MPH ERCT

treatment group attempted a significantly higher number of prob-

lems on the PERMP compared with subjects in the placebo group

and answered a significantly higher number of problems correctly at

the 0.75-, 2-, 4-, and 8-hour time points (Supplementary Table S1).

For the average overall postdose time points, the PERMP total num-

ber of problems attempted was significantly greater for subjects

treated with MPH ERCT compared with subjects treated with

placebo (LS mean difference [95% confidence interval], 24.5 [4.4,

44.7]; p = 0.017); the treatment difference for total number correct

approached significance (20.5 [-0.3, 41.4]; p = 0.054).

Change from predose score at each postdose time point was

explored for each measure in a post hoc analysis to adjust for the

numerical imbalance between treatment groups observed at the

predose time point. In the analysis of change from predose

SKAMP-Combined scores, Bonferroni-adjusted statistically sig-

nificant differences between MPH ERCT and placebo groups were

observed at 0.75 hours postdose, and continuing through 12 hours

postdose (all p £ 0.007; Table 4). In the analyses of change from

predose, Bonferroni-adjusted statistically significant differences

between MPH ERCT and placebo groups were observed at 0.75, 2,

4, and 8 hours postdose for both SKAMP-Attention and SKAMP-

Deportment scores (all p £ 0.007; Supplementary Table S2).

Bonferroni-adjusted statistically significant differences in change

from predose in PERMP total number of problems attempted and

PERMP problems correct were observed at all postdose time points

(0.75–13 hours postdose; all p £ 0.007; Supplementary Table S3).

Safety

The mean (SD) daily dose of MPH ERCT for the entire study

was 33.0 mg. Double-blind MPH ERCT dose assignments, based

on final, open-label, daily dose, were 20 mg/day, n = 4; 30 mg/day,

n = 4; 40 mg/day, n = 15; 50 mg/day, n = 9; and 60 mg/day, n = 10.

The mean final dose for the enrolled safety population was 42.5 mg,

and for the randomized safety population was 42.8 mg.

Treatment-emergent AEs (TEAEs) were reported by 65/90

(72%) subjects in the open-label period. The most commonly re-

ported TEAEs in the open-label period are summarized in Table 5.

A total of 24 subjects reported TEAEs during the double-blind

treatment period with a similar frequency between treatment

groups (placebo, 13/44 [29.5%]; MPH ERCT, 11/42 [26.2%]). The

only TEAE reported by more than one subject receiving MPH

ERCT in the double-blind period was upper respiratory tract in-

fection (URTI), reported by 3 (7%) subjects in each treatment

group. No severe AEs or serious AEs were reported, and no deaths

occurred at any time during the study. No subjects reported sui-

cidal ideation or behavior on the C-SSRS at baseline or at any

postbaseline assessment. One subject reported nonsuicidal self-

injurious behavior at open-label week 4. The subject abraded the

skin of the inner forearm with an eraser, mimicking the behavior of

FIG. 1. SKAMP-Combined scores at visit 9, average over all
postdose time points; intent-to-treat population. *p < 0.001. SKAMP,
Swanson, Kotkin, Agler, M-Flynn, and Pelham.

FIG. 2. Least squares mean (standard error) SKAMP-Combined scores at visit 9, intent-to-treat population. *p < 0.001.
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classmates. The subject was interviewed and was found to have no

suicidal thoughts. The subject had no suicidal thoughts or behaviors

before or following this event and completed the study.

One subject in the placebo group had two clinically significant

changes in laboratory results (elevated prothrombin time and par-

tial thromboplastin time at visit 1). The findings resolved with no

subsequent elevations and no sequelae. After medical review, the

subject was allowed to continue in the study. A small mean [SD]

increase from baseline in blood pressure was observed during the

open-label period (diastolic, 2.0 [7.76] mmHg; systolic, 1.9 [8.97]

mmHg). At the double-blind visit, mean [SD] change in blood

pressure from baseline was similar for placebo (diastolic, 2.4 [7.22]

mmHg; systolic, 3.0 [8.52] mmHg) and MPH ERCT groups (dia-

stolic, 1.3 [7.05] mmHg; systolic, 1.5 [8.95] mmHg). Potentially

clinically significant (PCS) vital sign values observed during the

entire study included postbaseline blood pressure values greater

than the 95th percentile (systolic, 17/90 subjects, diastolic, 8/90

subjects), PCS increase from baseline blood pressure (systolic in-

crease ‡20 mmHg, 7/90; diastolic increase ‡10 mmHg, 37/90),

postbaseline pulse rate greater than 110 bpm (8/90), and PCS in-

crease from baseline pulse rate (pulse rate increase ‡25 bpm, 17/

90). A total of 13 subjects had PCS diastolic blood pressure read-

ings (placebo, 7; MPH ERCT, 6) and 4 subjects had PCS systolic

blood pressure readings (placebo, 2; MPH ERCT, 2) during the

double-blind period. Three subjects receiving double-blind MPH

ERCT had PCS increased pulse values (placebo, 0). PCS vital sign

changes were generally transient. Two PCS systolic blood pressure

values, 15 PCS diastolic blood pressure values, and 1 PCS pulse

rate occurred at last visit; however, only 11 subjects with PCS

vital sign findings during the study had a follow-up visit. In those

subjects, 2 PCS systolic blood pressure values, 4 PCS diastolic

blood pressure values, and 0 PCS pulse rate findings were ob-

served at follow-up. No abnormal physical examination findings

were observed at follow-up. Two subjects assigned to placebo had

Table 2. SKAMP-Combined Scores at Visit 9, Intent-to-Treat Population

Placebo MPH ERCT
Treatment difference

(MPH ERCT–placebo)
Nominal
p-value

Adjusted
p-value

Predose, mean (SD) 13.8 (10.03) 17.5 (11.56)

Postdose, LS mean (SE), hours
0.75 18.3 (1.60) 10.2 (1.62) -8.2 (2.28) <0.001 NS*
2 20.3 (1.60) 7.5 (1.62) -12.8 (2.28) <0.001 <0.001*
4 19.9 (1.60) 7.6 (1.62) -12.3 (2.28) <0.001 <0.001*
8 19.4 (1.60) 11.6 (1.62) -7.8 (2.28) <0.001 <0.001*
10 17.7 (1.60) 14.3 (1.62) -3.4 (2.28) 0.133 NS*
12 19.4 (1.60) 16.5 (1.62) -2.9 (2.28) 0.206 NS*
13 18.5 (1.60) 16.9 (1.62) -1.6 (2.28) 0.496 NS*

*p-values adjusting for the fixed-sequence testing procedure.
LS, least squares; MPH ERCT, methylphenidate hydrochloride extended-release chewable tablets; NS, not significant; SD, standard deviation; SE,

standard error; SKAMP, Swanson, Kotkin, Agler, M-Flynn, and Pelham Rating Scale.

Table 3. SKAMP Subscale Scores at Visit 9, Intent-to-Treat Population

Placebo MPH ERCT
Treatment difference

(MPH ERCT–placebo) p-Value

SKAMP-Attention
Predose, mean (SD) 2.7 (2.78) 3.3 (3.71)

Postdose, LS mean (SE), hours
0.75 2.9 (0.40) 1.4 (0.40) -1.5 (0.56) 0.007
2 3.5 (0.40) 1.0 (0.40) -2.5 (0.56) <0.001
4 3.2 (0.40) 0.9 (0.40) -2.3 (0.56) <0.001
8 3.5 (0.40) 1.9 (0.40) -1.7 (0.56) 0.003
10 3.4 (0.40) 2.5 (0.40) -0.9 (0.56) 0.097
12 3.4 (0.40) 3.0 (0.40) -0.4 (0.56) 0.490
13 3.8 (0.40) 3.0 (0.40) -0.8 (0.56) 0.164

SKAMP-Deportment
Predose, mean (SD) 3.0 (3.83) 3.1 (3.80)

Postdose, LS mean (SE), hours
0.75 4.6 (0.66) 1.9 (0.67) -2.7 (0.94) 0.004
2 5.4 (0.66) 1.4 (0.67) -3.9 (0.94) <0.001
4 5.4 (0.66) 1.5 (0.67) -3.9 (0.94) <0.001
8 4.3 (0.66) 2.4 (0.67) -1.9 (0.94) 0.042
10 3.9 (0.66) 2.4 (0.67) -1.5 (0.94) 0.118
12 4.2 (0.66) 3.3 (0.67) -0.9 (0.94) 0.342
13 3.7 (0.66) 3.7 (0.67) 0 (0.94) 0.962

LS, least squares; MPH ERCT, methylphenidate hydrochloride extended-release chewable tablets; SD, standard deviation; SE, standard error;
SKAMP, Swanson, Kotkin, Agler, M-Flynn, and Pelham Rating Scale.
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abnormal ECG results at screening (QRS prolongation and right

bundle branch block). Neither finding was considered clinically

significant; both subjects completed the study.

Discussion

In this first multicenter, phase 3 study of the efficacy and safety

of an MPH ERCT, statistically significant improvement in behavior

impairment was demonstrated in a laboratory school setting in

children with ADHD. The study’s primary efficacy endpoint, the

average of all postdose SKAMP-Combined scores, was statistically

significantly reduced with MPH ERCT 20–60 mg/day treatment

compared with placebo. The SKAMP-Combined score findings

were supported by the results from both SKAMP subscales and the

PERMP number of problems attempted and number of problems

correct. Evidence of MPH ERCT efficacy using the laboratory

classroom study design is clinically important, demonstrating that

improvements in impairment are observed during activities and in a

setting that approximate those of a typical elementary school day

(Wigal and Wigal 2006).

Onset and duration of efficacy were assessed using SKAMP-

Combined scores at each postdose time point (key secondary efficacy

endpoints) and change from predose SKAMP-Combined scores at

each postdose time point. The analysis of SKAMP-Combined scores

at postdose time points showed a significant treatment effect at

2 hours postdose, with efficacy maintained through at least 8 hours

postdose. Significant improvements on SKAMP-Attention and

Deportment subscale scores and PERMP total number of problems

attempted and total number of problems correct were observed

from 0.75 to 8 hours postdose in the prespecified analyses. Al-

though the nominal p-value at the 0.75-hour postdose time point

was <0.001, the 0.75-hour comparison was declared nonsignificant

because a nonsignificant endpoint (10 hours postdose) preceded it

in the fixed-sequence testing order. Therefore, the treatment effect

at the 0.75-hour postdose time point was not statistically significant

after adjusting for the fixed-sequence testing procedure. However,

there was a numerical imbalance between treatment groups in mean

SKAMP-Combined scores at the predose time point (13.8 for

placebo vs. 17.5 for MPH ERCT). To adjust for this imbalance, a

post hoc analysis of change from predose SKAMP-Combined

scores was conducted, and the results of that analysis showed a

significant effect of MPH ERCT versus placebo on change from

predose value at time points from 0.75 through 12 hours postdose.

The change from predose measure is commonly reported in labo-

ratory classroom studies in the literature (Childress et al. 2015;

Wigal et al. 2009), and the inclusion of the post hoc analysis allows

comparisons with findings from previous studies of other ADHD

treatments in children. The results of the SKAMP-Combined post

hoc analysis suggest that MPH ERCT has an onset/duration profile

consistent with other MPH formulations (Swanson et al. 2004;

McGough et al. 2006; Wigal et al. 2013, 2014). Given the differ-

ences between results of the prespecified and post hoc analyses of

SKAMP-Combined scores at each time point, however, additional

studies are needed to confirm that MPH ERCT and other MPH

preparations have the same onset and duration.

Treatment with MPH ERCT was safe and generally well toler-

ated in children 6–12 years of age, with a safety and tolerability

profile similar to that of other MPH ER formulations (Wolraich

et al. 2007; Robb et al. 2014; Wigal et al. 2014). In the open-label,

dose-optimization period, the most commonly reported TEAEs

were consistent with those observed in children taking other MPH

ER formulations for ADHD: decreased appetite, headache, ab-

dominal pain, mood swings, irritability, and insomnia were among

the most common AEs reported during the open-label, dose-

optimization period of similarly designed studies of MPH ER

capsule (Wigal et al. 2014) and MPH ER oral suspension formu-

lations (Robb et al. 2014). AEs associated with MPH treatment

generally occur early in treatment (Wolraich et al. 2007; Sugrue

et al. 2014), and in the current study, fewer TEAEs were reported

during the double-blind period, with similar percentages of subjects

in the MPH ERCT and placebo groups reporting any AE. The most

common TEAE reported during the double-blind period was URTI,

Table 4. Least Squares Mean (Standard Error) Change from Predose

for SKAMP-Combined Scores at Visit 9, Post Hoc Analysis

Placebo MPH ERCT
Treatment difference

(MPH ERCT–placebo) p-Value
Significant with

Bonferroni adjustment*

0.75 hours 4.5 (1.30) -6.9 (1.30) -11.5 (1.8) <0.001 Y
2 hours 6.5 (1.30) -9.6 (1.30) -16.1 (1.8) <0.001 Y
4 hours 6.1 (1.30) -9.5 (1.30) -15.6 (1.8) <0.001 Y
8 hours 5.6 (1.30) -5.5 (1.30) -11.1 (1.8) <0.001 Y
10 hours 3.9 (1.30) -2.8 (1.30) -6.7 (1.8) <0.001 Y
12 hours 5.6 (1.30) -0.6 (1.30) -6.2 (1.8) <0.001 Y
13 hours 4.7 (1.30) -0.2 (1.30) -4.9 (1.8) 0.0076 N

*Statistical significance after Bonferroni correction: p £ 0.007.
LS, least squares; MPH ERCT, methylphenidate hydrochloride extended-release chewable tablets; SKAMP, Swanson, Kotkin, Agler, M-Flynn, and

Pelham Rating Scale.

Table 5. Treatment-Emergent Adverse Events Occurring

with an Incidence ‡5% in the Open-Label, Dose

Optimization Period; Enrolled Safety Population, n (%)

TEAE MPH ERCT (n = 90)

Any TEAE 65 (72.2)
Decreased appetite 33 (36.7)
Upper abdominal pain 13 (14.4)
Mood swings 12 (13.3)
Irritability 12 (13.3)
Insomnia 10 (11.1)
Upper respiratory tract infection 10 (11.1)
Dysgeusia 8 (8.9)
Headache 8 (8.9)

MPH ERCT, methylphenidate hydrochloride extended-release chewable
tablets; TEAE, treatment-emergent adverse event.
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reported by three subjects in each treatment group. No other AE

was reported by more than one subject in the MPH ERCT group

during the double-blind period. Pulse rate and blood pressure

changes observed in this study were also consistent with previous

reports on MPH safety and tolerability in children (Hammerness

et al. 2009). No deaths, serious AEs, or suicidal ideation were

observed during open-label or double-blind treatment with MPH

ERCT.

This study had several notable strengths in its design, including

the use of the laboratory school protocol to assess the efficacy of

MPH ERCT under conditions that approximate an academic en-

vironment and activities appropriate for children 6–12 years of age.

The study also used a dose-optimization procedure to ensure ad-

ministration of clinically relevant doses of MPH ERCT. Finally, the

study enrollment criteria allowed subjects who were treatment naive

or had previously received treatment with stimulants, and children

with inattentive, hyperactive/impulsive, or combined ADHD, ap-

proximating a real-world ADHD patient population.

Several limitations should also be noted. The exclusion of sub-

jects with significant co-occurring psychiatric or medical illness

may limit the generalizability of these findings to a wider patient

population. Although comparable bioavailability has been dem-

onstrated for 40 mg MPH ERCT and 40 mg IR MPH in a chewable

tablet formulation given as two 20 mg doses 6 hours apart (Abbas

et al. 2016), no comparative data on the pharmacokinetics of the 20

and 60 mg MPH ERCT doses are available. According to the study

protocol, analyses for key secondary endpoints were adjusted for

multiple comparisons; however, those for other secondary end-

points were not. In addition, no data were collected for analysis of

patient socioeconomic status or intelligence, so effects of those

factors could not be assessed in the current study. Likewise, no data

were available to test the reliability between sites for the K-SADS.

Furthermore, the study did not include an active comparator. Ef-

ficacy for MPH ERCT was demonstrated versus placebo, but direct

comparison with other effective ADHD medications would require

additional study. A direct comparison with another long-acting

MPH formulation would be of particular interest, given that the

estimated duration of effect for MPH ERCT differed for the 2

analyses performed. Finally, the study was not designed to assess

the long-term efficacy or safety of treatment with MPH ERCT.

Conclusions

Efficacy of the first MPH ERCT was demonstrated in school-

aged children in a laboratory classroom setting. The average of all

postdose SKAMP-Combined assessment scores was statistically

significantly lower for subjects treated with MPH ERCT 20–60 mg

compared with placebo ( p < 0.001), and significant improvement in

impairment, based on SKAMP-Combined scores, was observed at

2 hours postdose. A treatment effect on PERMP total number of

problems attempted and total number of problems correct was

observed as early as 0.75 hours postdose and maintained through at

least 8 hours postdose. The safety profile for MPH ERCT was similar

to that of tablet, capsule, and suspension formulations of MPH ER;

decreased appetite, headache, abdominal pain, mood swings, and

irritability were the most common TEAEs during the 6-week, open-

label, dose-optimization period. URTI was the only AE reported by

>1 subject in the MPH ERCT treatment group in the double-blind

period. No serious AEs were observed during the study. The results

of this phase 3 clinical trial indicate that MPH ERCT is a generally

safe and well-tolerated treatment option for significantly reducing

the symptoms of ADHD in children 6–12 years of age.

Clinical Significance

This is the first multicenter, phase 3 study of the efficacy and

safety of a chewable tablet ER formulation of MPH. The results

demonstrated a statistically significant improvement in behavior

impairment in children with ADHD. Safety and tolerability find-

ings from this study are consistent with those of other MPH ER

formulations, including oral tablets and capsules, transdermal

patch, and oral suspension. The potential availability of a safe and

effective chewable MPH ER tablet would provide a new valuable

formulation option, addressing an unmet need for patients with

ADHD who dislike the other available formulations, cannot

swallow tablets or capsules, or would prefer the convenience of a

chewable tablet. A chewable long-acting MPH option may be a

particularly suitable formulation for younger children with ADHD.
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