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Abstract

Objective: The comparison of the efficacy of Medikinet® retard and Concerta® trial was a multisite, randomized, double-
blind, crossover trial that aimed at comparing the effects of two different modified release methylphenidate preparations
(Medikinet retard: 50% immediate release (IR); Concerta: 22% IR) in a natural setting across the day in 113 randomized
children and adolescents with attention-deficit/hyperactivity disorder (age range 6—16 years). The duration of the study per
patient was 3 weeks.

Methods: The primary outcome variable was the German version of the ‘‘Swanson, Kotkin, Agler, M-Flynn, and Pelham
scale” in the first 3 hours of school as assessed by teachers.

Results: Medikinet retard with a higher IR component than Concerta (and an equivalent daily dose) was superior to Concerta
(p=0.0009), and Medikinet retard with similar IR components in the morning as Concerta (but a lower daily dose) was
noninferior to Concerta with regard to the primary outcome. Further, exploratory analyses on teacher and parent ratings on
attention-deficit/hyperactivity disorder and on externalizing symptoms during the day revealed no evidence for the superi-
ority of Concerta over Medikinet retard in-an equivalent daily dosage throughout the day.

Conclusion: Children and adolescents may be treated with a lower daily dose of Medikinet retard (which has a similar IR

component as Concerta) without resulting in a clinically relevant worse effect during school time.

Introduction

ATTENTION-DEFICIT/HYPERACTIVITY DISORDER (ADHD) 1s a
clinically and etiologically heterogeneous disorder that is
characterized by the core symptoms of a reduced concentration
span, general motor restlessness, and lack of control of impulses.
ADHD has a high prevalence rate worldwide (Faraone et al. 2003),
and similar rates have been found in German representative surveys
(Dopfner et al. 2008a). Follow-up studies showed that ADHD is
associated with various long-term risks (Barkley 1998). It has been
demonstrated that a carefully monitored and titrated stimulant
therapy reduces not only the core symptoms but also the associated
behavioral problems while increasing psychosocial functioning
(Greenhill et al. 2001). Methylphenidate (MPH) is the most fre-

quently used and best studied substance, and the robust effects of
immediate release (IR) preparations and modified release prepa-
rations (MR) of MPH have been documented in meta-analyses
(Banaschewski et al. 2006; Faraone et al. 2006; Faraone and Bui-
telaar 2010).

Medikinet® retard and Concerta® are two MPH preparations
with different release profiles and proved efficacy on ADHD
symptoms as well as co-morbid conditions. Medikinet retard con-
tains equal proportions of IR and slow release MPH. This once-
daily extended-release formulation had a duration of action of
about 8 hours in an analog classroom setting, with efficacy corre-
sponding to twice-daily administration of IR MPH (D&pfner et al.
2004). Efficacy of Medikinet retard has also been demonstrated in a
natural setting (Dopfner et al. 2003) as well as in a long-term adult
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ADHD trial (Rosler et al. 2009). The tablet coating of Concerta
dissolves within 1 to 2 hours and releases 22% of the total dose of
MPH. The remaining 78% of the dose is osmotically controlled
(osmotic-release oral system [OROS] technology) and released
over 10 hours through a lazer-drilled hole. The maximum effect
occurs 6—8 hours after dosing. Evidence on the efficacy of Con-
certa was provided in an analog classroom setting (Sonuga-Barke
et al. 2004; Swanson et al. 2004) and in natural settings (Wolraich
et al. 2001; Stein et al. 2003; Wilens et al. 2006).

Although stimulants for the treatment of ADHD have been well
studied, there have been few head-to-head comparisons of long-
acting drugs (Faraone and Buitelaar 2010). A few studies compared
OROS MPH with other MPH preparations. Findling et al. (2008)
compared the efficacy of MPH transdermal system with placebo
and OROS MPH as reference therapy and found no evidence for
differences between both active preparations on overall parent and
teacher ratings. Due to the different pharmacokinetic profiles of the
various MR MPH products, different time courses of action
throughout the day are expected. The comparison of methylphe-
nidates in the analog classroom setting (COMACS) study is the
only study that has compared the pharmacodynamics of two dif-
ferent MR preparations (Swanson et al. 2004). The authors reported
that the efficacy of Concerta was inferior to that of Metadate CcD®
(with 30% IR MPH) in the early hours after dosing. Admittedly, the
daily dose of Metadate CD (20, 40, or 60 mg) was slightly higher
than that of Concerta (18, 36, or 54 mg). In a secondary analysis on
this study Sonuga-Barke et al. (2004) demonstrated that a nearly
identical initial bolus of IR MPH results in similar symptom con-
trol. However, this study was conducted in an analog classroom
setting and, to date, there is no study comparing the pharmacody-
namic profiles of different MPH products throughout the day in a
natural setting. Therefore, it is not known whether the different
pharmacokinetic profiles of different extended-release MPH
products result in different time course profiles in natural settings.
Moreover, there has been no head-to-head comparison of the effi-
cacy and safety of Medikinet retard with Concerta in children with
ADHD. Therefore, we designed the comparison of the efficacy of
Medikinet retard and Concerta trial as a randomized, double-blind,
3 x 3 crossover trial to investigate the effect of these two treatments
in the everyday school setting and in the afternoon at home.

Materials and Methods
Study design and interventions

Comparison of the efficacy of Medikinet retard and Concerta
was designed as a multicenter (nine sites), double-blind, random-
ized, controlled, 3 X3 crossover clinical trial approved by local
ethics committees. A crossover design has the advantage of being
more powerful than a parallel group design. However, in the
presence of “‘carry-over” effects, the conclusions drawn may be
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biased. In this study, ‘“carry-over” effects are expected to be
neglible because of the short half-life of MPH. Accordingly, each
of the treatments was administered for 1 week, with assessment on
school days and treatment switches on Saturdays. Since Medikinet
retard (which contains equal portions of the IR pellets and the
extended-release active substance enteric coated pellets) has two
release stages, we decided to compare a dose of Medikinet retard
with a higher IR component than Concerta (and an equivalent daily
dose) and a dose of Medikinet with similar IR components in the
morning as Concerta (but a lower daily dose) (Table 1), using
capsules that appeared identical. Each patient received all three
treatments in a sequence. Children and adolescents were randomly
allocated to one of the six possible sequence combinations with
stratification by dose group (low/high; Table 1). The stratification
by dose group for each child and adolescent was based on her/his
pretrial daily medication dose. The two randomization lists for each
stratum were concealed for investigators, and the randomization
sequence was created to ensure approximate balance between the
sequence combinations (see Fig. 1).

In total, the length of the trial per patient was 3 weeks plus
screening. The objective of this trial was to test three primary
confirmatory hypotheses regarding the effects of the two drugs on
patient behavior during the first three lessons in the morning at
school (Fig. 2). First, we assessed whether Medikinet retard in
higher IR component than Concerta (and an equivalent daily dose)
is noninferior to Concerta (hypothesis I). Second, we assessed
whether Medikinet retard higher IR component than Concerta (and
an equivalent daily dose) is superior to Concerta (hypothesis Ila)
and whether a dose of Medikinet retard with similar IR components
in the morning as Concerta (but a lower daily dose) is noninferior to
Concerta (hypothesis IIb). We expected a superiority of the effects
of an equivalent daily dosage of Medikinet retard during the first
three lessons in the morning compared with Concerta, as the
morning bolus of MPH was higher in Medikinet retard. Moreover,
we expected a noninferiority of Medikinet retard in a reduced daily
dosage compared with Concerta retard, because the morning bolus
of both drugs was similar under these conditions. Secondary ex-
ploratory hypotheses were about treatment effects on behavior in
the second half of the school morning and in the afternoon at home.
Due to the different pharmacokinetic profiles of both drugs, a su-
periority of Concerta in the late afternoon and evening was ex-
pected and tested exploratively.

Inclusion and exclusion criteria

Children participating in this trial were aged between 6:0 and
17:11 years and had a body weight >20kg. Diagnosis of a Hy-
perkinetic Disorder according to ICD-10 (which corresponds to
ADHD combined type according to Diagnostic and Statistical
Manual of Mental Disorders, 4th edition (DSM-IV) (American
Psychiatric Association 1994) was confirmed in a structured clinical

TABLE 1. DAILY DOSAGES OF METHYLPHENIDATE AND IMMEDIATE RELEASE COMPONENTS OF THESE DOSAGES
FOR THE THREE METHYLPHENIDATE PREPARATIONS INVESTIGATED IN THE COMPARISION OF THE EFFICACY OF MEDIKINET®
RETARD AND CONCERTA® TRIAL

Medikinet retard with a higher IR component and an Medikinet retard with similar IR components

Dose group approximately equivalent daily dose to Concerta and a lower daily dose than Concerta Concerta
Lower dose 20 mg (10mg IR) 10 mg (5 mg IR) 18 mg (4 mg IR)
High dose 30mg (15mg IR) 20mg (10 mg IR) 36mg (8 mg IR)

IR =immediate release.



MODIFIED RELEASE METHYLPHENIDATE IN ADHD

Patients screened
N =122

|
°  No cooperation (teacher) N = 3

°  Not meeting the inclusion criteria N = 2
° Expected non compliance patient N = 1
°  Problems at the investigational site N = 3

l

Patients randomized
N=113

to 6 possible sequences
N=17,19, 18, 20, 21, 18

|

SKAMP-D not available (2 of 3 weeks missing) N=6

Patients on the (modified) ITT-population
N=107

°  Deviation of inclusion/exclusion criteria N =1

° Dose given deviate from protocol N = 5

°  Study termination (AE) N =1

° Cancelation of class / switch of investigator (teacher) N = 5
° Patient or teacherill N = 4

|

Patients who can also be evaluated per protocol
N =91

FIG. 1. Flowchart of trial participants. *One patient showed
signs of clinically significant laboratory values (raised transami-
nases and creatine kinase values) and was, thus, excluded early
from the trial by the sponsor due to safety concerns. AE, adverse
events; ITT, intent-to-treat; SKAMP-D, German version of the
Swanson, Kotkin, Agler, M-Flynn and Pelham scale (rated by
teachers).

interview based on a German Diagnostic Checklist for ADHD
(DCL-ADHD), which is a part of the German Diagnostic System for
Mental Disorders in Children and Adolescents (DISYPS) (Dopfner
et al. 2008b) and assesses the diagnostic criteria for ADHD ac-
cording to DSM-IV and for Hyperkinetic Disorders according to
ICD-10. Validity and reliability of this checklist has been established
(Gortz-Dorten et al. 2008). To be included, children also had to have
an intelligence quotient =80 in a German version of the Culture Fair
Intelligence tests (CFT1 or CFT20), to be attending a primary, sec-
ondary, or special school for handicapped pupils and have teacher(s)
who were willing to participate and fill out rating scales. The children
and adolescents were also required to respond to MPH after clinical

Test for non-
inferiority of
Medkinet® retard, in
an equivalent dose, to
Concerta®

\4

N
Yes
Test for superiority of
Medkinet® retard, in

an equivalent dose,
to Concerta®

Test for non-
inferiority of
Medkinet® retard, in
the lower dose, to
Concerta®

Bonferroni-Holm
adjustment

FIG. 2.
and IIb.

Summary of confirmatory testing of hypotheses I, Ila,

evaluation and careful titration, to take MPH at least twice-daily or a
single dose of Concerta or Medikinet retard, to have received daily
doses of MPH between 18 and 36 mg before inclusion, and to have
had no change in the dose of MPH in the previous month. Children
and adolescents had to agree to eat breakfast everyday during the
study period and had to be able to swallow the capsules. The parent/
legal guardian and patient, if applicable, gave written informed
consent to participate in the study.

Children were excluded if they had a contraindication to MPH,
treatment with psychostimulants other than MPH in the previous 4
weeks, or needed another ADHD treatment (e.g., behavioral ther-
apy or immediate inpatient treatment).

For safety reasons, an electroencephalogram was performed at
screening, and several laboratory tests were undertaken.

Primary and secondary endpoints

To compare Medikinet retard with Concerta in general everyday
school use and in the afternoons, we assessed one primary (con-
firmatory) and several secondary (exploratory) outcome measures:

Swanson, Kotkin, Agler, M-Flynn, and Pelham scale-D.
The primary endpoint of the confirmatory part of this trial was the
total score of the German version of the Swanson, Kotkin, Agler,
M-Flynn, and Pelham scale (SKAMP) (Swanson 1992; Swanson
et al. 2000) (German: Fragebogen zur Verhaltensbeurteilung im
Unterricht, FVU [Questionnaire for the assessment of behavior
during a lesson]) (Breuer et al. 2009a) in the first 3 hours of school
as assessed by the patients’ teachers after each lesson. The SKAMP
rating scale is a validated instrument (Wigal et al. 1998) for the
assessment of attention and deportment in the classroom, which has
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been used in several trials of ADHD. The German SKAMP-D in-
cludes 10 items that describe problem behavior in the school situ-
ation. Each item is rated on a 4-point scale of impairment (0 =not at
all; 1 =a little; 2 =fairly severe; 3= very severe), and a total score is
obtained by dividing the sum of the item scores by the number of
items answered. Teachers completed the SKAMP-D on two fixed
days of the week and for a minimum of four up to a maximum of 6
hours of school each day. SKAMP-D measures were obtained at
baseline (before randomization) and during weeks 1, 2, and 3. For
the primary endpoint (SKAMP-D in the first 3 hours of school), a
mean value was derived from the six SKAMP-D values (2 days x 3
lesson hours). If only two SKAMP-D values or less were available,
the patients’ data of the primary endpoint for the respective week
were set to “missing.” Sensitivity analyses were performed under
“worst” and ‘‘best” case scenarios in which those individuals
“missing” data were replaced. In the “worst” case scenario, the
individuals’ worst SKAMP-D results were assigned to the Medi-
kinet retard conditions, whereas the best results were assigned to
the Concerta condition. For the “‘best’” case scenario, this rule was
inverted. As secondary endpoint, we also assessed the SKAMP-D
during the later hours of school (4 —6 hours).

The day profile of attention-deficit/hyperactivity disorder
symptoms. The day profile of ADHD symptoms (DAYAS)
(Breuer et al. 2011) is a new rating scale that assesses daily profiles
of ADHD and externalizing symptoms and adverse effects of
ADHD medication by parent and teacher ratings. The rating scale
consists of six items assessing (1) hyperactivity, (2) inattention, (3)
impulsivity, (4) oppositional behavior, (5) aggressive behavior and
temper tantrums, and (6) a global rating of problem behavior.
Parents and teachers rate each item on a 4-point scale from 0=not
at all to 3=very severe. The total score is the sum of the six item
scores divided by the number of items. Parents rate the behavior of
their children during four-daily periods on school days (in Ger-
many, the children usually attend primary school in the morning
only): morning, early afternoon, late afternoon, and evening. These
ratings were conducted at the end of a week for the whole week and
cover the typical behavior of the children at the different daily
periods in that week. Additionally, potential adverse effects of
ADHD medication are assessed by parents with 11 items for the
whole week. The teacher form of the DAYAS comprises the same
six problem items, which are assessed for the first half of the school
morning and the second half of the school morning throughout the
past school week. Additionally, potential adverse effects of ADHD
medication are assessed by teachers with nine items for the whole
week. Reliability and validity of both the parent version and the
teacher version of the DAYAS have been established in several
studies (Breuer et al. 2011).

FBB-ADHS. Parent and teacher ratings on a German ADHD
Symptom Checklist according to ICD-10 and DSM-IV criteria
(Fremdbeurteilungsbogen fiir ~Aufmerksamkeitsdefizit-/Hyper-
aktivititsstorung; [Symptom checklist for attention deficit hyper-
activity disorder] FBB-ADHS), which is a part of the German
Diagnostic System for Mental Disorders in Children and Adoles-
cents (DISYPS-II) (Dépfner et al. 2008b), assesses in 20 items
the diagnostic criteria for ADHD according to DSM-IV and for
Hyperkinetic Disorders according to ICD-10. Reliability and va-
lidity of the total scores as well as the subscale scores assessing
hyperactivity-impulsivity and inattention in parent and teacher
ratings have been established in several studies (Erhart et al. 2008;
Dépfner et al. 2008a; Breuer et al. 2009b). The FBB-ADHS
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assessed ADHD symptoms in the preceding week at school (rated
by teachers) and in the family (rated by parents) at the end of each
week of the trial.

Both the DAYAS and the FBB-ADHS ratings from teachers
and parents were obtained at the end of the week (Thursdays
or Fridays) to provide a comprehensive assessment of the week
and to avoid the possible impact of “‘carry-over” treatment effects.
In addition, the teachers, the parents, and the investigators rated
each week globally using the Clinical Global Impressions scale
(CGI) (Collegium Internationale Psychiatriae Scalarum 1996).
Adverse events (AE) including vital signs (blood pressure, heart
rate), tolerance, and side effects were documented on both AE
forms and by using the DAYAS subscale on possible side effects
of drugs.

Statistical methods

The primary endpoint was evaluated for the three primary con-
firmatory hypotheses for which the type I error was globally con-
trolled at a 5% level (family-wise error rate in a strong sense). First,
we compared Concerta and Medikinet retard in equivalent daily
doses for noninferiority of Medikinet retard (hypothesis I) using a
nonparametric test (¢=0.025, one-sided) of the intra-individual
difference values with stratification (Duchateau et al. 2002). As
prespecified in the statistical analysis plan, we applied the stratified
exact test as proposed in detail by Duchateau and Janssen (2005).
Duchateau et al. (2002) describe a new method for deriving period-
adjusted nonparametric confidence intervals for pairwise treatment
differences to show noninferiority or superiority. These confidence
intervals do not rely on the normality assumption that often cannot
be checked; moreover, they are robust against outliers, as they are
based on ranks. For both clinical and statistical reasons, we chose a
noninferiority margin of A=0.167 units of the SKAMP-D in the first
3 hours of school. After rejection of null hypothesis I (the non-
inferiority of Medikinet retard in the equivalent daily dose to Con-
certa with a noninferiority margin of A=0.167) at «=0.025 (one-
sided), we hierarchically tested hypothesis Ila (the superiority of
Medikinet retard over Concerta in equivalent daily doses) and then
hypothesis IIb (the noninferiority of Medikinet retard in the reduced
daily dose to Concerta with a noninferiority margin of A=0.167)
according to Maurer et al. (1995)—starting with «=0.025 (one-
sided) and then applying the Bonferroni-Holm procedure.

The confirmatory analyses of the primary endpoint were per-
formed using the intent-to-treat (ITT) population, which consisted
of all children and adolescents who had taken the investigational
drug MPH at least once and for whom data were available to allow
for pairwise intra-individual comparisons of the primary endpoint
(data on SKAMP-D for at least 2 weeks). Additional exploratory
sensitivity analyses of the primary endpoint were performed under
“best’” and “worst’’ case scenarios (see above) and for the per-
protocol (PP) population. All secondary endpoints and tolerance
data were descriptively evaluated according to the methodology of
the primary endpoint. Where appropriate, moreover, we performed
sensitivity analyses in predefined subgroups (SKAMP-D at base-
line, dose group, age group, and gender).

To determine the sample sizes, we used the parametric evalua-
tion of a two-period design though a nonparametric test was used.
To detect an effect of 0.167 units of the SKAMP-D in the first 3
hours of school given a standard deviation (SD) of the difference of
0.5 and requiring «=0.025 (two-sided; due to Bonferroni-Holm
method) and 1—f=0.84, n=97, children and adolescents needed
to be randomized. Taking into consideration a drop-out rate of 20%,
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TABLE 2. BASELINE CHARACTERISTICS OF ALL 113 CHILDREN
AND ADOLESCENTS RANDOMIZED TO TREATMENT

Variable n  Mean SD Median Minimum Maximum
Age, years 113 102 23 10.0 6.0 16.0
Weight, kg 113 384 124  35.0 20.2 86.2
Height,cm 113 1455 142 143.0 121.0 183.0
BML, kg/em* 113 177 3.1 17.1 12.2 26.9

BMI=body mass index; SD =standard deviation.

122 children and adolescents were screened. The increased power
was chosen to address the nonparametric test situation.

Results

A total of 122 children and adolescents were screened, and 113
were randomized to treatment (see Fig. 2 for patient disposition in
the study).

Of the 113 children and adolescents randomized to treatment, 69
(61%) had a disturbance of activity and attention (F 90.0) according
to ICD-10, which corresponds to ADHD combined type according
to DSM-1V, and 41 (36%) children and adolescents had an addi-
tional Oppositional Defiant Disorder or Conduct Disorder classified
according to ICD-10 (for the remaining three children and ado-
lescents, no detailed data were available). The mean duration of
ADHD for the 113 children and adolescents was 4.0 years (SD 3.7),
and their average intelligence quotient was 99.2 (SD 9.7) (Table 2).

At baseline, 59 children and adolescents received MPH in an IR
form at least twice per day, 48 received MPH MR, and for the
remaining six patients we could not determine whether they re-
ceived a delayed-release form of MPH or not. Of the 113 children
and adolescents randomized, 107 were included in the ITT analysis
(see above for the modified definition of the ITT-population),
whereas 91 patients were evaluated as the PP-population. In the
tables, where the n-values are smaller than these populations, data
were “‘missing’ for the particular variable. Table 3 summarizes the
available primary endpoint data (SKAMP-D global scores in the
first 3 hours of school, rated by teachers) by MPH treatment.

The lowest median SKAMP-D global scores were observed at
baseline and for the Medikinet retard group with a higher IR
component than Concerta (and an equivalent daily dose). Analysis
of the SKAMP-D teacher ratings during the first 3 hours of school
in the crossover design revealed that Medikinet retard with a higher
IR component was noninferior and was even superior to Concerta
(hypothesis I and ITa; Table 4). Moreover, we also demonstrated the
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noninferiority of Medikinet retard with similar IR components in
the morning as Concerta (but a lower daily dose) in comparison to
Concerta (hypothesis IIb; Table 4) for a noninferiority margin of
A=0.167 units of SKAMP-D. The same conclusions were obtained
for analyses under the “‘best” and ‘““worst’ case scenarios and for
the PP-population.

There was no evidence for site effects of the investigational
drugs (data not shown). Table 5 summarizes the SKAMP-D global
scores for the other prespecified subgroups; values were lowest in
the 10-12-year-old age-group and were lower in girls as compared
with boys. In children with a high baseline SKAMP-D global score
(=1), the average improvement was descriptively stronger than in
children with a lower baseline value.

The SKAMP-D global scores during the later hours of the school
day (hours 4-6) are given in Table 6 and are similar to those in the
first 3 hours (Table 3). These results support the claim provided for
the primary confirmatory analysis with descriptive p-values of
p<0.0001 (hypothesis I), p=0.0006 (hypothesis IIa), and
p<0.0001 (hypothesis IIb). Note that this secondary outcome was
not calculated if values for only 1 hour of the possible 3 hours were
available. As a result, data were “‘missing” for this secondary
outcome for more than 30% of children and adolescents.

Figure 3 shows the mean SKAMP-D global scores after each hour
of school lessons; they were always lowest for Medikinet retard with a
higher IR component than Concerta (and an equivalent daily dose).

Figure 4 summarizes the average daily course of DAYAS tea-
cher and parent ratings by treatment group. An exploratory analysis
appropriate for the crossover design (Duchateau et al. 2002) re-
vealed no evidence for superiority between Medikinet retard with a
higher IR component than Concerta (and an equivalent daily dose)
and Concerta in the ITT-population of the DAYAS teacher rating in
the early morning (p=0.085) or in the teacher rating of the late
morning (p=0.172). The same was found for the DAYAS parent
ratings in the early (p =0.409) or late afternoon (p=0.311) or in the
evening (p=0.696). The DAYAS results were similar when we
analyzed the PP-population (data not shown).

The FBB-ADHS total score data are summarized in Table 7. An
exploratory analysis appropriate for the crossover design (Ducha-
teau et al. 2002) revealed some evidence for differences between
Concerta and Medikinet retard with a higher IR component than
Concerta (and an equivalent daily dose) for the FBB-ADHS teacher
ratings in both the ITT-population ( p =0.024) and the PP-population
(p=0.016). In each analysis, the period unadjusted median dif-
ference in FBB-ADHS teacher ratings was 0.05 (minimum: — 1.75;
maximum: 1.35) in favor of Medikinet retard, which cannot be
directly inferred from Table 7, as this requires the calculation of

TABLE 3. SWANSON, KOTKIN, AGLER, M-FLYNN, AND PELHAM SCALE-D GLOBAL SCORES
DURING THE FIRST 3 HOURS OF SCHOOL AT BASELINE AND DURING TREATMENT WITH THE THREE FORMULATIONS
OF METHYLPHENIDATE IN THE INTENT-TO-TREAT POPULATION

n* Mean SD Median
Baseline 102 0.61 0.49 0.45
Medikinet retard with a higher IR component and equivalent daily dose to Concerta 99 0.60 0.56 0.44
Medikinet retard with similar IR components and reduced daily dose 104 0.67 0.55 0.59
Concerta 101 0.76 0.54 0.72
Differences” Medikinet retard in equivalent daily dose—Concerta 93 -0.15 0.44 -0.08
Differences” Medikinet retard in reduced daily dose—Concerta 98 -0.07 0.42 -0.03

“n is the number of ADHD children and adolescents with complete data for the relevant variable.

®Individual difference ignoring period effects.

ADHD = attention-deficit/hyperactivity disorder; SKAMP-D =German version of the Swanson, Kotkin, Agler, M-Flynn, and Pelham scale.
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N IS THE NUMBER OF ATTENTION-DEFICIT/HYPERACTIVITY

DiSORDER CHILDREN AND ADOLESCENTS

wiTH COMPLETE DATA ON THE RELEVANT VARIABLES

p-value and effect size estimators (one-sided 97.5%
confidence interval®)

ITT-population “‘Best’ case scenario “Worst” case scenario PP-population
Hypothesis tested (n=101) (m=107) (n=107) (n=89)

L. Test for noninferiority™® of Medikinet retard p<0.0001 p<0.0001 p<0.0001 p<0.0001
with a higher IR component and approximately (— o, -0.217) (=, —0.242) (=, —0.207) (=, —0.199)
equivalent daily dose versus Concerta

IIa. Test for superiorityb of Medikinet retard with 0.0009 0.0005 0.0036 0.0004
a higher IR component and approximately
equivalent daily dose versus Concerta

IIb. Test for noninferiority™® of Medikinet retard p<0.0001 p<0.0001 p<0.0001 p<0.0001
with similar IR components and a lower daily (=, +0.051) (=, +0.042) (=0, +0.072) (— o0, +0.038)

dose versus Concerta

aTf the confidence interval is completely negative, Medikinet retard is shown to be superior.

bAccording to the method of Duchateau et al. (2002).

°A is the noninferiority margin, that is, Medikinet retard is allowed to be slightly worse than Concerta.

ITT =intent-to-treat; PP = per-protocol;

individual changes. In the parental FBB-ADHS ratings, however,
no such evidence for small effects was observed; for example,
p=0.308 for the ITT-population with a period unadjusted median
difference of 0.00 (minimum: — 1.75; maximum: 1.10).

According to the investigators’ weekly CGI ratings, 55%, 48%,
and 56% of children and adolescents were rated as “‘not ill to
mildly ill”” for the Medikinet retard with a higher IR component than
Concerta (and an equivalent daily dose), a dose of Medikinet with
similar IR components in the morning as Concerta (but a lower daily
dose) and Concerta groups, respectively. T he corresponding values
for the teacher weekly CGI ratings were 70%, 67%, and 64%, and
for the parents weekly ratings were 52%, 41%, and 53%.

Overall, 199 AEs were reported; none was serious. AEs were
reported for 30.6%, 37.7%, and 35.5% of children and adolescents
treated with Medikinet retard in an equivalent daily dose, Medi-
Kinet retard in reduced daily dose and Concerta, respectively. The
investigator assessed 58.5%, 67.2%, and 83.1% of the AEs as

TABLE 5. SWANSON, KOTKIN, AGLER, M-FLYNN, AND PELHAM
3 HOURS OF SCHOOL AT BASELINE AND DURING TREATMENT O
WITH THE THREE METHYLPHENIDATE PREPARATIONS FOR THE

possibly, probably, or definitely having a causal relationship to the
treatment.

Some of the AEs (e.g., restlessness and disturbance in atten-
tion; Table 8) may have resulted from the diminishing drug effects
on ADHD. Heart rate (Table 9) was not within the reference ranges
for healthy individuals, whereas the measures of blood pressure
were within the reference ranges for healthy individuals.

Four children and adolescents discontinued participation in the
trial because of an AE (two children and adolescents while re-
ceiving Concerta, one while on Medikinet retard in an equivalent
daily dose and the other while taking Medikinet retard in a reduced
daily dose). In addition to providing AE information, the investi-
gator, parents, and teachers were asked to assess overall tolerance
of the investigational drugs on a 4-point scale after every treatment
stage. In about 80% of children and adolescents, tolerance was
evaluated as “very good” to “good,” with no evidence of differ-
ences in tolerance between the different preparations. Morover,

ScALE-D GLOBAL SCORES RATED BY TEACHERS DURING THE FIRST
F CHILDREN WITH ATTENTION-DEFICIT/HYPERACTIVITY DISORDER
PRESPECIFIED SUBGROUPS IN THE INTENT-TO-TREAT POPULATION

Subgroup
Initial (baseline)
SKAMP-D value Dose group Age, years Sex
<1.0 >1.0 Lower dose High dose 6-8 10-12 13-17 Male Female
(n=85) (n=20) (n=50) (n=53) (n=47) (n=41) (n=17) (n=78) (n=26)
Baseline 043403 135+04 055404 0.67£0.6 0.64£0.5 0.54+0.5 0.69+04 0.66+£0.5 044104
Medikinet retard with a 0.46+04 1.16£0.6 054+05 0.66+£0.6 0.61£0.6 0.58+0.6 0.65+0.4 0.65+£0.6 0.46+0.6
higher IR component
and equivalent daily dose
Medikinet retard with 0.56+05 1.13+0.7 0.64+0.5 0.70%£0.6 0.69+0.6 0.62+0.5 0.73+0.5 0.73+£0.6 0.48%0.34
similar IR component
and reduced daily dose
Concerta 0.66+0.4 126+0.7 0.75+05 0.79£0.6 0.80+0.6 0.67+0.5 0.91+0.5 0.81+£0.6 0.61£0.4

Results are presented as mean+SD; 7 is the number of children and adolescents with ADHD with complete data on the relevant variables.
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TABLE 6. SWANSON, KOTKIN, AGLER, M-FLYNN, AND PELHAM SCALE-D GLOBAL SCORES RATED BY TEACHERS DurING Hours
4-6 OF SCHOOL AT BASELINE AND DURING TREATMENT OF CHILDREN WITH ATTENTION-DEFICIT/HYPERACTIVITY DISORDER
WITH THE THREE METHYLPHENIDATE PREPARATIONS IN THE INTENT-TO-TREAT-POPULATION

n* Mean SD Median
Baseline 70 0.71 0.60 0.60
Medikinet retard with a higher IR component and equivalent daily dose 63 0.63 0.63 043
Medikinet retard with similar IR component and reduced daily dose 67 0.71 0.64 0.50
Concerta 66 0.80 0.62 0.66
Differences® Medikinet retard in equivalent daily dose—Concerta 57 -0.15 0.36 -0.16
Differences® Medikinet retard in reduced daily dose—Concerta 57 -0.08 0.47 -0.13

“n is the number of children and adolescents with ADHD with complete data on the relevant variable.

"Individual difference ignoring period effects.

there was no evidence of differences between the investigators’,
parents’, and teachers’ ratings (all p-values >0.05).

Discussion

The aim of this trial was to compare the effects of Medikinet
retard with Concerta throughout the day in children and adolescents
with ADHD in a natural setting. The primary outcome was ADHD
symptoms in the first 3 hours of school as assessed by the patient’s
teachers using the classroom rating scale SKAMP-D. For the daily
dose ranges investigated here, the analysis revealed that Medikinet
retard with a higher IR component than Concerta and a virtually
equivalent daily dose was more effective than Concerta during the
first 3 hours. Moreover, a dose of Medikinet with similar IR
components in the morning as Concerta but a lower daily dose was
found to be noninferior to Concerta. These findings were robust in
all sensitivity and exploratory subgroup analyses performed and
applied similarly to all centers participating in the trial. Use of
Medikinet retard in a nearly equivalent daily dosage to that of
Concerta resulted in a higher initial bolus dose of IR MPH for
Medikinet in the morning. Thus, noninferiority and even superi-
ority of Medikinet retard in the first 3 hours of the morning was
expected and confirmed by the results of this study. Our results in
the natural setting of a regular school morning underline and con-
firm the findings of the COMAC study (Swanson et al. 2004), which

SKAMP-D

school lessons

Medikinef® retard (equivolent dose)
s Medikine!* retard (reduced dose)
= Concerta”

FIG. 3. SKAMP-D global score per hour of school (mean val-
ues) in children with ADHD treated with the three methylpheni-
date preparations. ADHD, attention-deficit/hyperactivity disorder.

compared Concerta and Metadate CD in a laboratory classroom
setting. In the COMAC study, superiority of Metadate CD with an
higher initial bolus of IR MPH was found in the first 4 hours after
intake using the same primary outcome measure as used in our trial.
Moreover, our confirmatory finding that lower daily dosages of
Medikinet retard were not inferior to higher dosages of Concerta
underlines the post hoc comparisons of the COMAC study (Sonuga-
Barke et al. 2004), which demonstrated that a nearly identical
initial bolus of IR MPH results in similar symptom control. Our
results are also in accordance with the findings of a smaller analog
classroom study conducted by Lopez et al. (2003), which showed
that 20 mg Ritalin® LA (with 50% IR MPH) yielded statistically
greater changes than either Concerta 18 or 36 mg on the SKAMP
ratings.

In addition, the global score of the SKAMP-D assessed later in
the school day (hours 4—6) indicated a similar pattern to that ob-
served for the first 3 hours. Again, we observed evidence for the
superiority of Medikinet retard with a higher IR component than
Concerta and an equivalent daily dose and a noninferiority of
Medikinet retard with similar IR components in the morning as
Concerta but a lower daily dose regarding symptom control durin g
the second half of the school morning. Moreover, the DAYAS

daily course

Parent-  Teacher

noming school laccons
1-3th 4. 6th until 16:00 wntil 19:00

Parent - Rating

DAYAS

Medikinef* retord [ lent dose)

= Medikinet” retard {reduced dose)
— Concerto”

FIG. 4. DAYAS daily course (mean values) in children with
ADHD treated with the three methylphenidate preparations.
DAYAS, day profile of ADHD symptoms (rated by parents and
teachers).
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TABLE 7. FBB-ADHS GLOBAL SCORES RATED BY TEACHERS AND PARENTS AT BASELINE AND DURING TREATMENT
oF CHILDREN WITH ATTENTION-DEFICIT/HYPERACTIVITY DISORDER WITH THE THREE METHYLPHENIDATE PREPARATIONS
IN THE INTENT-TO-TREAT—POPULATION
Teachers Parents

n® Mean SD Median 1n* Mean SD Median
Baseline 103 0.76 0.57 060 105 130 0.60 1.30
Medikinet retard with a higher IR component and equivalent daily dose 99 0.72 0.64 055 103 1.01 0.61 095
Medikinet retard with similar IR component and reduced daily dose 100 0.73 0.60 055 104 112 070 095
Concerta 98 0.75 0.59 055 101 0.98 0.62 0.90
Differences® Medikinet retard in equivalent daily dose-Concerta 92 -006 047 -006 98 0.02 060 0.00
Differences® Medikinet retard in reduced daily dose-Concerta 93 -0.02 044 0.00 98 0.10 059 0.08

2, is the number of children and adolescents with ADHD with complete data on the relevant variables.

PIndividual difference ignoring period effects.

ratings of the teachers during school time and those of the parents
during the afternoon and evening reveal no evidence for superiority
of equivalent daily dosages of Medikinet retard and Concerta, in-
dicating a likely similar symptom control throughout the day,
whereas the efficacy of the reduced daily dosage of Medikinet
retard was descriptively lower in the late afternoon and evening.

Given the differences in the release mechanisms of both prod-
ucts, the absence of evidence for superiority of the equivalent
dosage of Concerta over Medikinet retard in the late afternoon and
evening is somewhat surprising. However, in their analog class-
room study (COMACS), Swanson et al. (2004) found better or
similar effects of Metadate compared to with Concerta during the
first 7.5 hours after intake. Concerta was superior to Metadate only
at the last assessment 12 hours after intake. This result in an analog
classroom was not supported in the natural setting of our study.
However, in a further analysis of the COMACS trial, Sonuga-Barke
et al. (2009) also report no evidence for differences between the
effects of the two formulations on parent ratings of ADHD symp-
toms at home. This result is in line with our findings.

Unlike the SKAMP-D results, those for DAYAS gave no evi-
dence for differences in symptom control during school time be-
tween the treatments, although the same teachers performed both
ratings and there was a Spearman correlation coefficient of r=0.7
between ratings. It is possible that the SKAMP-D, which has also

been used in international studies (e.g., Pelham et al. 2001), may be
more sensitive for typical symptoms of ADHD. Moreover, the
SKAMP-D might represent the individual hour of school more
directly, whereas the weekly DAYAS ratings may be more likely
subject to recall bias of the teacher.

From all the safety evaluations during the trial, we conclude that
no symptom or event occurred that has not already been previously
described in children and adolescents. There is no other specific
risk to be acknowledged regarding vital signs, laboratory tests, and
AEs. However, it has to be stressed that our trial included MPH
responders only. Thus, the data from this trial are in accordance
with those of earlier trials regarding the safety of MPH in children
and adolescents.

Conclusion

From this study, it can be concluded that Medikinet retard with a
higher IR component than Concerta and an equivalent daily dose
was more effective than Concerta and that a dose of Medikinet with
similar IR components in the morning as Concerta but a lower daily
dose was found to be noninferior to Concerta in reducing ADHD
symptoms during the first 3 hours in the natural setting of a regular
school morning. These results can be extended to the next 3 hours
of the school. Moreover, ratings of the parents during the afternoon

TABLE 8. ADVERSE EVENTS AT BASELINE AND DURING TREATMENT WITH THE THREE METHYLPHENIDATE PREPARATIONS
IN THE SAFETY ANALYSIS POPULATION

Medikinet retard in Medikinet retard in

Baseline equivalent daily dose reduced daily dose Concerta
Number of children and adolescents treated 113 108 106 110
Number of adverse events 32 41 61 65
Number of children and adolescents with adverse events 24 33 40 39
Most common adverse events (n=5)
Headache 3 8 3 10
Gastrointestinal pain 3 6 7 5
Decreased appetite 4 3 3 7
Initial insomnia 1 3 3 6
Aggression 1 2 3 5
Fatigue 2 0 4 3
Disturbance in attention 0 0 3 5
Restlessness 0 1 5 2
Anorexia 3 0 0 4
Nasopharyngitis 1 2 2 1
Weight loss 0 0 3 2
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TABLE 9. BLOOD PRESSURE AND HEART RATE AT BASELINE AND DURING TREATMENT WITH THE THREE METHYLPHENIDATE
PREPARATIONS IN THE SAFETY ANALYSIS POPULATION

Frequency of cases with

Frequency of cases with Frequency of cases with

Treatment systolic bp >130mmHg diastolic bp >85 mmHg heart rate >95 beats/minute
Baseline 0 3 3
Medikinet retard in equivalent daily dose 0 2 7
Medikinet retard in reduced daily dose 2 3 12
Concerta 1 3 10

and evening indicate a likely similar symptom control throughout
the day by equivalent daily dosages of Medikinet retard and Con-
certa. The expected superiority of Concerta in the late afternoon
could not be found.

Clinical Significance

In summary, based on the efficacy and safety data from this trial,
it can be claimed that Medikinet retard with a higher IR component
than Concerta and an equivalent daily dose is superior to Concerta
in the morning and that children and adolescents may also be
treated with a lower daily dose of Medikinet retard without re-
sulting in a clinically relevant worse effect during school time as
assessed by SKAMP-D. In addition, exploratory analyses gave no
evidence for superiority of equivalent daily dosages of Medikinet
retard over Concerta for the DAYAS ratings of the teachers during
school time and those of parents during the afternoon and evening.
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