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Abstract

Objective: To examine methylphenidate extended-release chewable tablets (MPH ERCT) dose patterns, attention-deficit/
hyperactivity disorder (ADHD) symptom scores, and safety during the 6-week, open-label (OL) dose-optimization period of a
phase 3, laboratory classroom study.

Methods: Boys and girls (6—12 years) diagnosed with ADHD were enrolled. MPH ERCT was initiated at 20 mg/day;
participants were titrated in 10-20 mg/day increments weekly based on efficacy and tolerability (maximum dose, 60 mg/day).
Dose-optimization period efficacy assessments included the ADHD Rating Scale (ADHD-RS-1V), analyzed by week in a post
hoc analysis using a mixed-effects model for repeated measures with final optimized dose (20, 30/40, or 50/60 mg), visit, final
optimized dose and visit interaction, and baseline score as terms. Adverse events (AEs) and concomitant medications were
collected throughout the study.

Results: Mean MPH ERCT daily dose increased weekly from 29.4 mg/day after the first dose adjustment at week 1 (n=90) to
42.8 mg/day after the final adjustment at week 5 (n=286). Final optimized MPH ERCT dose ranged from 20 to 60 mg/day.
Mean final optimized MPH ERCT dose ranged from 40.0 mg/day in 6-8 year-old participants to 44.8 mg/day for 11-12 year-
old participants. There was a progressive decrease in mean (standard deviation) ADHD-RS-IV total score from 40.1 (8.72) at
baseline to 12.4 (7.88) at OL week 5, with similar improvement patterns for hyperactivity/impulsivity and inattentiveness
subscale scores. Participants optimized to MPH ERCT 50/60 mg/day had a significantly higher mean (standard error) ADHD-
RS-IV score at baseline compared with participants optimized to MPH ERCT 20 mg/day (42.4 [1.34] vs. 35.1 [2.55];
p=0.013). Treatment-emergent AEs were reported by 65/90 (72.2%) participants in the dose-optimization period.
Conclusions: Dose-optimization period results describing relationships between change in ADHD symptom scores and final
optimized MPH ERCT dose will be valuable for clinicians optimizing MPH ERCT dose.

Keywords: methylphenidate, pharmaceutical formulation, dose—response relationship, drug, attention-deficit/hyperactivity
disorder, symptoms

Introduction hyperactivity disorder (ADHD) in children aged 6-11 years, and
treatment with US Food and Drug Administration (FDA)-approved

THE AMERICAN ACADEMY OF PEDIATRICS (AAP) strongly rec- medication for ADHD is strongly recommended for adolescents
ommends pharmacotherapy and/or evidence-based behavior = (12-18 years) with ADHD (American Academy of Pediatrics 2011).
therapy (preferably both) for the treatment of attention-deficit/  Methylphenidate (MPH)- and amphetamine-based psychostimulants
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are considered the standard of care for ADHD pharmacotherapy
(Pliszka 2007). Most clinicians who treat ADHD patients with MPH-
and amphetamine-based medications prescribe a long-acting medi-
cation, alone or with an immediate-release formulation for afternoon
dosing when coverage with an extended-release (ER) drug is not
adequate (Fullerton et al. 2012; Lachaine et al. 2012; Briars and Todd
2016; Hauck et al. 2017).

An ER chewable tablet (ERCT) formulation of MPH (QuilliChew
ER®) has been approved by the US FDA for the treatment of ADHD
in patients aged 6 years and older (QuilliChew ER package insert
2016). The MPH ERCTs formulation offers a child-friendly alter-
native for patients or parents who are not satisfied with the available
formulation options, and especially for those individuals who cannot
or prefer not to swallow tablets or capsules. MPH ERCT is available
in a range of dosage strengths for individualizing treatment, in-
cluding 20-, 30-, and 40-mg tablets, and the 20- and 30-mg tablets are
functionally scored for additional dosing options of 10 and 15 mg,
respectively (QuilliChew ER package insert 2016).

As with other ADHD medications, the clinician should optimize
MPH ERCT dose for the individual patient (Pliszka 2007; American
Academy of Pediatrics 2011; QuilliChew ER package insert 2016).
AAP treatment guidelines emphasize that although ADHD symp-
tom improvements may be seen at lower doses, increasing dose may
yield greater improvement in the individual patient (American Acad-
emy of Pediatrics 2011), as demonstrated in dose-response curves for
ADHD symptoms (Greenhill et al. 1996). Adverse effects also in-
crease with dose, however (Greenhill et al. 2001), and guidelines
state that medication dose should be titrated to achieve maximum
benefit with minimum adverse effects (American Academy of Pe-
diatrics 2011). Each patient has their own therapeutic window and
optimal dose (Pliszka 2007; Huss et al. 2014), and both ADHD
symptoms and drug tolerability should be monitored over a titration
period and throughout treatment (Pliszka 2007).

Efficacy and safety of MPH ERCT (20-60mg) has been
demonstrated in children with ADHD in a phase 3 study using the
laboratory classroom design (Wigal et al. 2017), in which MPH
ERCT treatment significantly improved ADHD symptoms com-
pared with placebo based on average postdose Swanson, Kotkin,
Agler, M-Flynn, and Pelham (SKAMP) Rating Scale-Combined
scores (Wigal et al. 2017). The study design for that trial included
a 6-week, open-label (OL), dose-optimization period followed
by a double-blind laboratory classroom evaluation. Information
collected during the dose-optimization period, including MPH
ERCT dose and efficacy changes over time, may inform clini-
cians in making dosing decisions for this formulation. The ob-
jective of this analysis, therefore, was to examine MPH ERCT
dose patterns, ADHD symptom scores, and safety outcomes
during the OL dose-optimization period preceding the laboratory
classroom evaluation.

Methods

This was a secondary analysis of a phase 3, laboratory classroom
study carried out at six U.S. sites (Wigal et al. 2017). The study was
conducted in accordance with the International Council for Har-
monisation Guideline for Good Clinical Practice (International
Council for Harmonisation 1998) and other applicable regulatory
requirements. The protocol, consent and assent forms, and the in-
vestigator’s brochure received institutional review board approval
before initiation of the study. Parents/guardians provided written
informed consent, and children gave assent, before participation
and before any study procedures being performed.
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Study design

The study included a 6-week OL, dose-optimization treatment
period followed by a 1-week randomized, double-blind, placebo-
controlled period. Participants received MPH ERCT at a starting dose
of 20 mg once daily at baseline. The dose could be titrated up or down
in 10-20 mg/day increments weekly at week 1 through 5 visits to
optimize efficacy and tolerability. Dose adjustments were made at the
weekly visit after efficacy and safety assessments were completed.
No adjustments were made at the last OL dose-optimization period
visit (week 6). Participants who could not tolerate the 20-mg dose
were discontinued; the maximum dose was 60 mg/day. In the double-
blind treatment period, participants were randomly assigned to re-
ceive 1 week of MPH ERCT at their final individually optimized dose
or matching placebo, followed by a laboratory classroom evaluation.

Participants

Boys and girls 6-12 years of age diagnosed with ADHD, who
were deemed to have the need for pharmacological treatment for
ADHD in the judgment of the investigator, were eligible. Diagnosis
was determined by a psychiatrist, developmental pediatrician, pedi-
atrician, or licensed allied health professional, and confirmed at
screening by Schedule for Affective Disorders and Schizophrenia for
School Age Children (K-SADS) semistructured diagnostic interview
(Kaufman et al. 1997). Eligible participants also had an investigator-
administered Clinical Global Impressions-Severity (CGI-S) score of
3 (mildly ill) or greater at screening, and an ADHD Rating Scale
(ADHD-RS-IV) home version score at or above 90th percentile for
gender and age on hyperactive—impulsive subscale, inattentive sub-
scale, and/or total score at screening or baseline.

Exclusion criteria and prohibited medications were described
previously (Wigal et al. 2017). Briefly, they included presence of
significant anxiety, depression, or other psychiatric disorder; sub-
stance abuse; personal or family history of Tourette’s syndrome;
seizure disorder; clinically significant or severe medical illness or
condition; history of HIV or hepatitis B or C infections; use of
psychotropic agents (sedative hypnotics at a stable dose for at least
30 days before baseline allowed as a sleep aid); history of hyper-
sensitivity or lack of efficacy to MPH; or positive test for illicit drug
use at screening. Individuals were also excluded from participating
if they had severe hypertension, known structural cardiac disorders,
serious cardiac conditions, serious arrhythmias, cardiomyopathy,
coronary artery disease, or clinically significant abnormal electro-
cardiogram or abnormal cardiac findings on physical examination
(including presence of a pathologic murmur); review and approval
by the medical monitor were required for participation of any in-
dividual who had an immediate family history of sudden cardiac
death. Pharmacologic treatment for ADHD, including stimulant
medications for the control of ADHD (noninvestigational), was
allowed until 24 hours before baseline measurements.

Assessments

The ADHD-RS-1V and CGI-S were administered by study in-
vestigators at screening, baseline, and weekly visits during the OL
period, and the CGI-Improvement (CGI-I) scale was administered
weeks 1 through 6. The Conners’ Parent Rating Scale (CPRS)
(Conners et al. 1998) was administered weekly by a parent or
guardian. Endpoints derived from the ADHD-RS-IV included
ADHD-RS-IV total score, hyperactivity/impulsivity and inatten-
tiveness subscale scores, and treatment response (defined as 250%
improvement from baseline in ADHD-RS-IV total score). CPRS
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endpoints included CPRS factor scores (oppositional, cognitive
problems/inattention, hyperactivity, anxious-shy, perfectionism,
social problems, and psychosomatic) and scale scores (ADHD in-
dex, Global index: restless-impulse, Global index: emotional la-
bility, Global index total score, and Diagnostic and Statistical
Manual for Mental Disorders, fourth edition [DSM-IV] inattentive,
DSM-IV hyperactive/impulsive, and DSM-IV total score) (Con-
ners 1998).

Safety assessments at weekly visits throughout the OL period
included adverse event (AE) collection, vital sign measurements,
and administration of the Columbia-Suicide Severity Rating Scale
(C-SSRS). Height and weight were measured at screening, base-
line, follow-up, and/or early termination. Physical examination,
clinical laboratory tests, and electrocardiogram recordings were
performed at screening.

Statistical analysis

The enrolled safety population was defined as all enrolled par-
ticipants who received at least one dose of OL study medication and
had at least one postbaseline safety assessment.

Final optimized MPH ERCT dose was defined as the assigned
dose at the final dose-optimization period visit (week 6). Final
optimized dose (in mg and in mg/kg) and number (%) of partici-
pants optimized at each dose level (20, 30, 40, 50, and 60 mg) were
summarized overall and by sex, age (6-8, 9—-10, 11-12 years),
weight (<60 1b [27.2kg], 260 1b) groups, and baseline ADHD-RS-
IV total score using descriptive statistics. An ADHD-RS-IV total
score of 42 was used as a cutoff for moderate (<42) versus marked
(=42) severity of symptoms at baseline based on an analysis linking
ADHD-RS-IV total and CGI-S scores in children (6—12 years) with
ADHD (Goodman et al. 2010). The number (%) of participants at
each dose level and number (%) of participants whose MPH ERCT
dose was increased, decreased, or maintained were summarized by
time point.

Change from baseline in ADHD-RS-1V total score, ADHD-RS-
IV hyperactivity/impulsivity and inattentiveness subscale scores,
and CGI-S score was summarized by time point using descriptive
statistics; CGI-I score was summarized by time point. In a post hoc
analysis, ADHD-RS-IV total score was analyzed by week using a
mixed-effects model for repeated measures with terms for final
optimized dose (using three groups: 20, 30/40, or 50/60 mg), visit,
interaction of final optimized dose and visit, and baseline score.
CPRS factor and scale scores and the proportion of responders
based on ADHD-RS-IV total score were determined for the final
OL visit (week 6).

Results

Ninety participants were enrolled in the study and 85 completed
dose optimization. Of the five participants who discontinued during
the OL period, one discontinued due to an AE (dysgeusia, bad taste of
medicine [last assigned dose, 40 mg]), three withdrew consent (one
each: unhappy with treatment/dose [last assigned dose, 50 mg], in-
ability to attend weekly appointments [last assigned dose, 30 mg],
and lack of clinical benefit [last assigned dose, 50 mg]), and one was
lost to follow-up (last assigned dose, 50 mg). No children were dis-
continued due to an inability to tolerate the 20-mg dose. The mean
(standard deviation [SD]) age of enrolled participants was 9.5 (1.73)
years; 55 participants were boys (Table 1). In the enrolled safety
population, 25.6% of patients were diagnosed as inattentive type
ADHD, 0% as hyperactive/impulsive, and 74.4% as combined.
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TABLE 1. BASELINE DEMOGRAPHICS AND CLINICAL
CHARACTERISTICS, ENROLLED SAFETY POPULATION

MPH ERCT (n=90)

Gender, n (%)

Male 55 (61.1)

Female 35 (38.9)
Mean = SD age, years 9.5 (1.73)
Age categories, (%)

6-7 years 16 (17.8)

8-10 years 47 (52.2)

11-12 years 27 (30.0)
Race, n (%)

White 52 (57.8)

Black/African American 32 (35.6)

Asian 1(1.1)

Other 5(5.6)
Ethnicity, n (%)

Hispanic/Latino 13 (14.4)

Non-Hispanic/Latino 77 (85.6)
ADHD type, n (%)

Inattentive 23 (25.6)

Hyperactive/impulsive 0

Combined 67 (74.4)

ADHD, attention-deficit/hyperactivity disorder; ADHD-RS-IV, attention-
deficit/hyperactivity disorder rating scale; MPH ERCT, methylphenidate
extended-release chewable tablets; SD, standard deviation.

Dose optimization

All participants received MPH ERCT 20 mg/day through the first
study week. Mean MPH ERCT daily dose then increased weekly,
from 29.4 mg/day (median, 30 mg/day) after the first postassessment
adjustment at week 1 (n=90) to 42.8 mg/day (median, 40 mg/day)
after the final adjustment at week 5 (n=86); at week 6, the mean
optimized dose for the 85 subjects who completed the OL period was
42.7 mg/day (median, 40 mg/day). Dose shifts over the course of the
optimization period are summarized in Table 2, and the distribution
of the individual participants’ MPH ERCT daily dose is shown by
week in Figure 1. The first adjustments to doses greater than 30 mg/
day were made later in the optimization period for participants aged
6-8 compared with the 9-10 and 11-12 year-old groups. Some of the
participants in the older two groups had their dose titrated up to

TABLE 2. DOSE TITRATION DURING THE OPEN-LABEL
PERIOD; ADJUSTMENTS BY WEEK®

Titration of MPH ERCT during OL period

OL Increased Decreased Maintained

week n (%) n (%) n (%) Total n
1 72 (80.0) 0 18 (20.0) 90

2 64 (71.9) 0 25 (28.1) 89

3 31 (35.2) 2 (2.3) 55 (62.5) 88

4 18 (20.7) 5(5.7) 64 (73.6) 87

5 3 3.5 2 (2.3) 81 (94.2) 86

6 0 0 85 (100) 85

“Dose adjustments were made following efficacy assessment; adjust-
ment was not allowed at the week 6 visit.

MPH ERCT, methylphenidate extended-release chewable tablets; OL,
open label.
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FIG. 1. Distribution of individual MPH ERCT daily dose by

week. “Dose adjustment was not allowed at week 6. MPH ERCT,
methylphenidate extended-release chewable tablets.

40mg after 1 week of treatment (at the week 1 visit), and then to
60 mg after 2 weeks. The earliest any child in the 6-8 year-old group
received the 40-mg dose was after 2 weeks of treatment. No children
in the youngest age group had their dose adjusted to 50 mg/day
before 3 weeks of treatment had been completed or to 60 mg/day
dose before 4 weeks were completed.

The final daily MPH ERCT dose at the end of dose optimization
was 20 mg for 11 participants, 30 mg for 14 participants, 40 mg for 25
participants, 50 mg for 21 participants, and 60 mg for 19 participants
(mean final dose, 42.6 mg; n=90). Mean (SD) final optimized dose in
mg/kg/day was 1.19 (0.506), ranging from 0.38 to 2.45 mg/kg for all
participants. Mean final optimized daily dose is shown by baseline
demographic characteristics in Table 3. Mean dose at the end of the
OL period was numerically highest for children aged 11-12 years
(44.8 mg/day) and lowest for those aged 6-8 years (40.0 mg/day),
with mean dose for 9-10-year olds in between (42.8 mg/day); the
median final dose was 40 mg for all 3 age groups. Mean final dose
was similar for participants weighing less than 60 1b (n=19; 42.1 mg
[1.76 mg/kg]) compared with participants weighing 60 Ib or greater
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(n=71; 42.7mg [1.04 mg/kg]). Participants with baseline ADHD-
RS-IV total scores of 42 or greater (n=45) had a mean (SD) final
optimized MPH ERCT dose of 45.8 (12.52) mg/day, while those with
baseline ADHD-RS-1V total scores less than 42 had a mean (SD) of
39.3 (12.68) mg/day (n=45).

ADHD symptoms

Over the course of MPH ERCT dose optimization, there was a
progressive decrease in mean (SD) ADHD-RS-IV total score from
40.1 (8.72) at baseline visit to 12.4 (7.88) at week 5 (Fig. 2A). There
was little change in ADHD-RS-IV total score between week 5 and
the last dose of OL treatment at week 6 (12.5 [7.80]), when few
dose adjustments were made (dosage was maintained in 81/86
[94%] participants). Mean (SD) change from baseline in ADHD-
RS-IV total score at week 6 was —27.5 (9.69). Improvement in
ADHD-RS-IV hyperactivity/impulsivity and inattentiveness sub-
scale scores showed a similar pattern of progressive improvement
over the dose-optimization period (Fig. 2B); at week 6, mean (SD)
change from baseline in hyperactivity/impulsivity subscale score
was —13.7 (5.92) and in inattentiveness subscale score was —13.8
(5.36). A total of 74/85 (87.1%) participants had achieved ADHD-
RS-IV response (=50% improvement from baseline) at the final
dose-optimization period visit, week 6. The pattern of improvement
in ADHD symptoms during dose optimization was also reflected
in a shift in the distribution of CGI-S and CGI-I scores over the 6-
week period (Supplementary Fig. S1A, B; Supplementary Data
are available online at www.liebertpub.com/cap). Changes from
baseline to week 6 in CPRS factor and scale scores are reported in
Supplementary Table S1.

In the analysis of ADHD-RS-IV total score by visit, there was a
significant interaction between final optimized dose and study visit
(p<0.001), indicating that the pattern of improvement in symp-
toms over the course of the dose-optimization period differed for
participants optimized to final daily doses of 20, 30/40, and 50/
60mg MPH ERCT (Fig. 3). Least squares mean (standard error)
ADHD-RS-IV total score at baseline was significantly higher for

TABLE 3. FINAL OPTIMIZED METHYLPHENIDATE EXTENDED-RELEASE CHEWABLE TABLETS DOSE®

MPH ERCT dose in mg

MPH ERCT dose in mg/kg

N Mean (SD) Median (min, max) Mean (SD) Median (min, max)

Overall 90 42.6 (12.94) 40 (20, 60) 1.19 (0.506) 1.07 (0.38, 2.45)
Sex

Male 55 42.7 (13.53) 40 (20, 60) 1.20 (0.571) 1.01 (0.38, 2.45)

Female 35 42.3 (12.15) 40 (20, 60) 1.19 (0.393) 1.09 (0.52, 2.01)
Age

6-8 years 27 40.0 (13.87) 40 (20, 60) 1.41 (0.519) 1.38 (0.67, 2.45)

9-10 years 36 42.8 (12.79) 40 (20, 60) 1.18 (0.544) 1.06 (0.38, 2.35)

11-12 years 27 44.8 (12.21) 40 (20, 60) 0.99 (0.342) 0.94 (0.54, 1.65)
Weight

<60 1b 19 42.1 (15.48) 50 (20, 60) 1.76 (0.577) 1.90 (0.74, 2.45)

>60 Ib 71 42.7 (12.30) 40 (20, 60) 1.04 (0.361) 1.01 (0.38, 2.01)
Baseline ADHD-RS-IV score”

<42 45 39.3 (12.68) 40 (20, 60) 1.15 (0.478) 1.04 (0.38, 2.30)

>42 45 45.8 (12.52) 50 (20, 60) 1.24 (0.536) 1.09 (0.56, 2.45)

#At OL week 6 or last assessment.

"Based on the third quartile of children who were moderately ill (CGI-S=4) in Goodman et al. 2010.
CGI-S, Clinical Global Impressions-Severity scale; MPH ERCT, methylphenidate extended-release chewable tablets; ADHD-RS-IV, Attention-
Deficit/Hyperactivity Disorder Rating Scale; SD, standard deviation; OL, open label.
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FIG. 2. Mean (SD) ADHD-RS-IV scores by dose-optimization
period open-label week, intent-to-treat population. (A) ADHD-RS-
1V total score. (B) ADHD-RS-IV subscale scores. ADHD-RS-1V,
Attention-Deficit/Hyperactivity Disorder Rating Scale; SD, stan-
dard deviation.

participants with a final optimized MPH ERCT dose of 50/60 mg/
day (42.4 [1.34]) compared with those optimized to the 20 mg/day
dose (35.1 [2.55]; p=0.013). The 30/40 mg/day (39.8 [1.36]) and
20 mg/day final optimized dose groups did not differ significantly at
baseline. Differences in mean ADHD-RS-IV total score were ob-
served between final optimized dose groups during the optimiza-
tion period (weeks 1-4); however, all dosage groups reach a similar
mean ADHD-RS-IV total score by the end of the dose optimization
period (week 5; Fig. 3).

The trajectory of symptom improvement observed over the
course of dose optimization for age, sex, weight, and treatment/
naive versus experienced subgroups is shown in Supplementary
Figure S2.

Safety

Treatment-emergent AEs (TEAEs) were reported by 65/90
(72.2%) participants in the OL period. OL period TEAEs reported
by at least 5% of participants in either the ADHD medication-naive
or previous ADHD medication group are listed in Table 4.

The greatest severity of TEAEs reported was mild (19/90
[21.1%] participants) or moderate (46/90 [51.1%]); no severe
TEAESs were reported during the dose-optimization period (or at
any time during the study). Participants with cardiovascular-
related TEAEs reported during the dose-optimization period in-
cluded one child with syncope (moderate) and tachycardia (mild)
and a second child with tachycardia (mild), both treatment naive;
increased systolic blood pressure (114 mm Hg, +20 mm Hg from

WIGAL ET AL.
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FIG.3. Mean (SD) ADHD-RS-IV total score by dose-optimization
period open-label week, by final optimized dose. ADHD-RS scores
were analyzed using a mixed-effects model for repeated measures
with terms for week, final optimized dose (20, 30/40, and 50/60 mg),
and the interaction between visit and final optimized dose.
?p<0.05 versus 20 mg final optimized dose.

baseline) was reported as a TEAE in one participant whose prior
medications included mixed amphetamine salts (resolved by
following visit). No serious AEs were reported at any time during
the study. Based on the C-SSRS, no suicidal thoughts or behaviors
were reported during the OL period.

Changes from baseline in vital signs at week 6 are summarized
in Table 5. A total of 42/90 participants had at least one blood
pressure value during the dose-optimization period considered by

TABLE 4. TREATMENT-EMERGENT ADVERSE EVENTS
WITH AN INCIDENCE >5% IN THE DOSE-OPTIMIZATION
PERIOD BY PREVIOUS ATTENTION-DEFICIT/HYPERACTIVITY
DISORDER MEDICATION TREATMENT; SAFETY POPULATION, N (%)

Treatment naive

Total
TEAE, n (%) Yes (n=56) No (n=34) (N=90)
Any TEAE 40 (71.4) 25 (73.5) 65 (72.2)
Decreased appetite 22 (39.3) 11 (32.4) 33 (36.7)
Upper abdominal pain 8 (14.3) 5 (14.7) 13 (14.4)
Irritability 8 (14.3) 4 (11.8) 12 (13.3)
Mood swings 9 (16.1) 3 (8.8) 12 (13.3)
Insomnia 7 (12.5) 3 (8.8) 10 (11.1)
Upper respiratory 7 (12.5) 3 (8.8) 10 (11.1)

tract infection

Dysgeusia 6 (10.7) 2(5.9 8 (8.9)
Headache 5(8.9) 3 (8.8) 8 (8.9)
Initial insomnia 4 (7.1) 0 4 (4.4)
Vomiting 4 (7.1) 0 4 (44
Viral infection 3(5.4) 1(2.9) 4 (4.4)
Nausea 3(54) 0 3 (3.3)
Gastroenteritis 1(1.8) 2 (5.9 3(3.3)
Tic 1(1.8) 2 (5.9) 33.3)
Excoriation 0 3 (8.8) 33.3)
Contusion 0 2(5.9 2 (2.2)

TEAE, treatment-emergent adverse event.
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TABLE 5. VITAL SIGN MEASURES AND POTENTIALLY
CLINICALLY SIGNIFICANT RESULTS

Systolic BP, Diastolic BP, Pulse rate,
mm Hg mm Hg bpm

Baseline, mean (SD)
Week 6, mean (SD)

103.6 (9.08)  63.6 (6.19) 82.6 (11.02)
105.7 (10.28) 65.6 (7.39) 81.8 (9.89)

Change from baseline, 1.9 (8.97) 2.0 (7.76) -0.7 (12.12)
mean (SD)

PCS value,” n/N 13/90 8/90 5/90

PCS increase,b n/N 6/90 36/90 15/90

“PCS values defined by sponsor: blood pressure value greater than the
95th percentile for age and sex or pulse rate greater than 110 bpm.

bSysto]ic BP increase 220 mm Hg, diastolic BP increase 210 mm Hg, or
pulse rate increase 225 bpm.

BP, blood pressure; PCS, potentially clinically significant.

the sponsor to be potentially clinically significant; 20/90 partici-
pants had 1 or more potentially clinically significant pulse rate
values during the dose-optimization period (Table 5).

Discussion

Although ADHD treatment guidelines emphasize the importance
of optimizing stimulant medication dose (Pliszka 2007; American
Academy of Pediatrics 2011), there are few published reports as-
sessing response to ADHD medication during dose titration in clin-
ical trials (Greenhill et al. 1996, 2001; Huss et al. 2014). The MPH
ERCT dose and ADHD symptom data collected over the course of
the initial 6-week OL period of a laboratory classroom study provide
insight into how investigators adjusted ADHD medication dosage
during optimization at treatment onset. Overall, the final optimized
daily MPH ERCT dose for the enrolled population ranged from 20 to
60 mg (the minimum and maximum doses allowed in the study), with
a mean of 42.6 mg (1.19 mg/kg; n=90). Previous laboratory class-
room studies of stimulants for the treatment of children with ADHD
that used dose optimization have similarly shown that the range of
doses to which individual patients were optimized included all
available study doses (Wigal et al. 2009, 2013; Murray et al. 2011;
Wigal et al. 2014; Childress et al. 2015, 2017).

Approximately 70%—80% of participants had MPH ERCT dose
increases after efficacy and safety assessments at the week 1 and 2
visits. The majority of participants were judged by investigators to
have reached their individual optimal dose by the end of week 3; 63%
and 74% of patients had no dose increased at the end of weeks 3 and
4, respectively. Few dose reductions were reported during the dose-
optimization period. Adjustments to the highest allowable doses
were made more slowly for younger children (6-8 years) compared
with older children (9-10 and 11-12 years); shifts to the 60-mg dose
were observed as early as the end of week 2 in older children, but
not until the end of week 4 for those 6-8 years of age. Mean final
optimized daily dose of MPH ERCT generally increased with age:
numerically lowest for children aged 68 years and highest for those
aged 11-12 years, with the mean dose for 9-10-year olds in between.
However, the median dose was the same across age groups (40 mg).

Overall, the severity of ADHD symptoms, based on mean
ADHD-RS-1IV total score, diminished progressively over the
course of dose optimization as mean MPH ERCT dose increased,
in line with previous reports showing dose-optimization period
results or dose-response relationships for ADHD patients treated in
clinical trials (Stein et al. 2003; Childress et al. 2015). The week-
by-week improvement found in both hyperactive—impulsive and
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inattentive subscale scores was similar to that observed for ADHD-
RS-IV total score. The pattern of improvement in ADHD-RS-IV
total score during dose optimization was generally similar between
age, sex, weight, and previous treatment experience subgroups.
Differences in pattern of symptom improvement over the course
of the dose-optimization period were observed between partici-
pants who were optimized to high (50/60 mg) versus low (20 mg)
MPH ERCT final daily doses. However, by the end of the dose-
optimization period, mean ADHD-RS-IV total scores were similar
for participants at each final optimized dose (20, 30—40, and 50—
60 mg/day). On average, participants with more severe symptoms
at baseline, based on an ADHD-RS-1V total score of 42 or greater,
were optimized to a numerically higher mean final MPH ERCT
dose compared with participants with less severe symptoms, con-
sistent with the significantly higher mean baseline ADHD-RS-IV
total score observed for participants who were optimized to highest
(50/60 mg) versus lowest (20 mg) daily doses of MPH ERCT.
There were several limitations of the analysis. Measures of clinical
response used in this analysis were secondary efficacy endpoints in the
original study protocol. The original study was designed to examine
the efficacy of MPH ERCT primarily in the double-blind, placebo-
controlled laboratory classroom evaluation. In addition, the dose-
optimization period was OL, which could have biased ADHD-RS-1V,
CGI, and CPRS scoring, and did not include a placebo control. Dose
was not randomly assigned in this study, and therefore dose—response
inferences cannot be made based on these results. The objective of this
analysis was to present descriptively the MPH ERCT dose pattern
during the optimization period. Finally, restriction of participation in
the study to children without significant comorbid psychiatric or
medical conditions may limit the generalizability of these findings.

Conclusions

Because each individual has their own therapeutic window for
efficacy and safety of ADHD medication and a therapeutic plasma
or blood range for MPH has not been established, dose optimi-
zation is an important step in dose selection both in the clinic and
in ADHD trials (Kimko et al. 1999; Swanson and Volkow 2002;
Pliszka 2007; American Academy of Pediatrics 2011). A dose-
optimization period preceding a randomized, double-blind testing
period (for example, in laboratory classroom studies) is a com-
monly used study design for ADHD clinical trials (McGough et al.
2006; Wigal et al. 2009, 2013; Murray et al. 2011; Wigal et al.
2014; Childress et al. 2015, 2017). Several studies have reported
efficacy, safety, or dosing data collected during dose optimization
(Huss et al. 2014; Childress et al. 2015, 2017). However, the current
analysis is one of the few analyses that have explored in detail how
ADHD medication dose was adjusted over the optimization period,
together with changes in ADHD symptoms as dose was optimized.
The results of this analysis provide information about the rela-
tionship between change in ADHD symptom scores and final op-
timized MPH ERCT dose and patient subgroup comparisons,
which will be valuable for clinicians optimizing MPH ERCT dose
in practice.

Clinical Significance

In the 6-week, OL dose-optimization period of this laboratory
classroom study, ADHD symptom severity progressively decreased
as MPH ERCT dose increased from an initial dose of 20 mg/day to
a mean of 42.8 mg/day after final adjustment at week 5. Children
optimized to higher doses had a significantly higher mean ADHD-
RS-IV score at baseline compared with those optimized to the lowest
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MPH ERCT dose. Understanding relationships between change in
ADHD symptom scores and final optimized MPH ERCT dose
overall and in subgroups in this study will help clinicians optimize
MPH ERCT dose in their own patients.
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