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Abstract

Background and Objectives In the management of
attention-deficit hyperactivity disorder (ADHD) in adults it
is important to recognize that individual patients respond to
a wide range of methylphenidate doses. Studies with
methylphenidate modified release long acting (MPH-LA)
in children have reported the need for treatment optimi-
zation for improved outcomes. We report the results from a
post hoc analysis of a 5-week dose optimization phase from
a large randomized, placebo-controlled, multicenter
40-week study (9-week double-blind dose confirmation
phase, 5-week open-label dose optimization phase, and
26-week double-blind maintenance of effect phase).
Methods Patients entering the open-label dose optimization
phase initiated treatment with MPH-LA 20 mg/day; up/down
titrated to their optimal dose (at which there was balance
between control of symptoms and side effects) of 40, 60, or
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80 mg/day in increments of 20 mg/week by week 12 or 13.
Safety was assessed by monitoring the adverse events (AEs)
and serious AEs. Efficacy was assessed by the Diagnostic and
Statistical Manual of Mental Disorders, fourth edition, Atten-
tion-Deficit Hyperactivity Disorder Rating Scale (DSM-IV
ADHD RS) and Sheehan Disability Scale (SDS) total scores.
Results At the end of the dose confirmation phase, similar
numbers of patients were treated optimally with each of the
40, 60, and 80 mg/day doses (152, 177, and 160, respectively)
for MPH-LA. Mean improvement from baseline in the dose
confirmation phase in total scores of DSM-IV ADHD RS and
SDS were 23.5 & 9.90 and 9.7 £ 7.36, respectively.
Conclusions Dose optimization with MPH-LA (40, 60, or
80 mg/day) improved treatment outcomes and was well-
tolerated in adult ADHD patients.

Key Points

At the end of the open-label dose optimization phase,
similar numbers of patients were treated optimally
with each of 40, 60, and 80 mg/day doses (152, 177,
and 160, respectively) for methylphenidate modified
release long acting (MPH-LA), indicating that all
three doses of MPH-LA are required for optimal
treatment of adult attention-deficit hyperactivity
disorder (ADHD) patients.

No new or unexpected safety concerns were
observed during the study, and no rebound
symptoms were observed upon sudden tapering of
the MPH-LA dose.

Dose optimization with MPH-LA (40, 60, or 80 mg/
day) improved treatment outcomes, and MPH-LA
was well-tolerated in adult ADHD patients.
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1 Introduction

Stimulants are one of the most commonly used treatments
in the management of adult attention-deficit hyperactivity
disorder (ADHD), and National Institute for Health and
Care Excellence (NICE) guidelines recommend use of
methylphenidate as the first-line agent [1]. While studies
conducted in children and adolescents with stimulants
report a dose-response relationship, in adults such a dose—
response relationship has not been clearly established
[2—4]. Moreover, studies conducted in children also report
that treatment optimization with individual dose titration
and careful monitoring of adverse events (AEs) provides
improvement in ADHD symptoms and a good tolerability
profile [5]. For the treatment of adults with ADHD, the
European consensus statement recommends individual
dose adjustment based on response and tolerability [6].

Methylphenidate modified release long acting (MPH-
LA) is a modified-release formulation of methylphenidate,
designed to deliver a bimodal release of the drug so as to
mimic a ‘twice-a-day’ dosing regimen. It uses the Sphe-
roidal Oral Drug Absorption System (SODAS) technology
comprising 50 % immediate-release formulation and 50 %
extended-release beads. In a 40-week randomized, double-
blind, placebo-controlled multicenter study using this for-
mulation, comprising three phases [a double-blind dose
confirmation phase (9 weeks), open-label dose optimiza-
tion phase (5 weeks), and double-blind maintenance of
effect phase (6 months)], MPH-LA, used at a fixed dose of
40-80 mg/day in adults with ADHD in the 9-week dose
confirmation phase, controlled symptoms as well as
decreased functional impairment.

NICE guidelines recommend individual, patient-tailored
titration of the dose of methylphenidate so as to achieve
optimal treatment [1]. Therefore, the open-label dose
optimization phase was conducted to determine the optimal
dose of MPH-LA, such that during the double-blind
maintenance of effect phase patients could receive their
optimal dose or placebo and be analyzed for the mainte-
nance of effect of MPH-LA. Thus, it was of interest to
study whether all three doses (40, 60, and 80 mg) are
optimal in the management of ADHD patients. There was
no dose-response relationship observed between the fixed
doses used and the response rate during the dose confir-
mation phase. Moreover, all three doses used were well-
tolerated [7]. The main objective of this post hoc analysis
of the 5-week open-label dose optimization phase was to
evaluate the optimal MPH-LA dose to which patients
respond with minimal AEs. It was also of interest to see
whether patients who received a particular dose (40, 60, or
80 mg/day) in the 9-week randomized phase continued on
the same dose as optimal therapy during the open-label
phase.
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2 Methods
2.1 Study Design and Treatment

The detailed methodology has been previously described
[7] and is briefly summarized here. This study was con-
ducted at 67 sites in nine countries and designed in
accordance with the guidelines issued by the European
Medical Agency (EMA) (EMEA/CHMP/EWP/431734/
2008) with respect to investigation of medicinal products
for ADHD treatment. The protocol (NCT(01259492) was in
line with the Declaration of Helsinki and ethical approval
was obtained before the start of the study.

This was a 40-week double-blind, randomized, placebo-
controlled, international, multicenter efficacy and safety
study of MPH-LA for the treatment of adult patients with
ADHD. Both male and female patients (18-60 years) with
all types of ADHD according to Diagnostic and Statistical
Manual of Mental Disorders, fourth edition (DSM-1V)
diagnostic criteria (and a confirmed childhood onset) and a
DSM-IV ADHD Rating Scale (DSM-IV ADHD RS) total
score of >30 at screening and baseline were included in the
study. The study design consisted of three treatment phases
(Fig. 1), as follows: (1) A 9-week double-blind dose con-
firmation phase, in which all eligible patients (n = 725)
were randomized (1:1:1:1) to once-daily MPH-LA 40, 60,
80 mg/day, or placebo (3-week titration, 6-week fixed
dose). Treatment was initiated at a dose of 20 mg/day and
increased at weekly intervals in increments of 20 mg/day
until the assigned dose of 40 mg, 60 mg, or 80 mg was
reached. Following the 3-week titration period, patients
received their allocated dose for a period of 6 weeks. (2) A
5-week open-label dose optimization phase, in which all
patients, including those treated with placebo in the dose
confirmation phase, received MPH-LA. (3) A 6-month
double-blind maintenance of effect phase, in which patients
were re-randomized in a 3:1 ratio either to their optimal
dose of MPH-LA (40, 60, or 80 mg/day) or placebo to
evaluate the maintenance effect of MPH-LA in adults with
ADHD. During this 6-month withdrawal period, patients
with >30 % worsening from baseline of this maintenance
of effect phase and <30 % remaining improvement from
the dose confirmation phase baseline on the DSM-IV
ADHD RS were required to discontinue the study due to a
lack of therapeutic effect.

While the dose confirmation phase was designed to
evaluate the efficacy and safety of MPH-LA in the treat-
ment of adult ADHD patients using a classic four-arm
double-blinded, randomly allocated, forced titration design,
the open-label dose optimization phase was designed to
evaluate dose of MPH-LA for each individual patient based
on open-label systematic clinical judgment. Optimal dose
was defined as the dose considered by the investigator as
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Fig. 1 Study design including the three study phases and extension
study: double-blind dose confirmation phase, open-label dose opti-
mization phase, double-blind maintenance of effect phase, and the

achieving an optimal balance between control of symptoms
and AEs that was maintained for a period of at least 1 week
prior to the last week (Week 14 of the study) of this phase.

In the open-label dose optimization phase, the dose of
MPH-LA was re-titrated on an individual basis for all
patients. All patients, including those on placebo during the
dose confirmation phase, received MPH-LA starting at
20 mg/day, which was increased at weekly intervals in
increments of 20 mg/day until each patient’s optimal dose
(40, 60, or 80 mg) was reached. Patients were allowed to
down-titrate the dose by 20 mg/day on Week 12 or 13 of
the study at the discretion of the investigator. At the last
visit, all responders, defined as patients with >30 %
improvement on the DSM-IV ADHD RS compared to the
baseline score at the start of the dose confirmation phase,
entered the double-blind maintenance of effect phase.

Non-responders to MPH-LA during the optimization
phase, defined as <30 % improvement in DSM-IV
ADHD RS compared to the baseline of the dose confir-
mation phase, were discontinued from the study and treated
at the discretion of the investigator.

Subjects with a prior history of poor response, hyper-
sensitivity, or intolerance to stimulants were excluded from
the study. Other exclusion criteria included presence of
pre-existing cardiovascular, cerebrovascular, or any other

long-term safety extension. Reproduced from Huss et al. [7], with
kind permission from Springer Science + Business Media

psychiatric disorder requiring medical intervention/ther-
apy; pregnancy; seizures; recent alcohol or drug abuse;
patients with a >30 % improvement in DSM-IV
ADHD RS total score at baseline relative to that at
screening; and patients on other investigational drugs at the
time of enrollment or within 30 days or five half-lives of
enrollment (whichever was longer).

2.2 Compliance with Ethics and Guidelines

The study protocol was approved by the institutional
review board at each participating center and the study was
conducted in accordance with the principles of Good
Clinical Practice, the provisions of the Declaration of
Helsinki of 1975, as revised in 2000 and 2008, and other
applicable local regulations. Written informed consent was
provided by all patients before enrollment.

2.3 Assessments

The primary objective of the open-label dose optimization
phase was to assess the optimal dose needed for the man-
agement of ADHD. Safety assessments included monitor-
ing of all AEs and serious AEs (SAEs) during each week
(10, 11, 12, 13, and 14) of this phase. Clinical laboratory
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parameters and cardiac safety parameters were also moni-
tored. All data were summarized based on the treatment
assigned in the dose confirmation phase.

The efficacy measures included the evaluation of both
symptomatic and functional domains on various scales,
including the DSM-IV ADHD RS, Sheehan Disability
Scale (SDS), Clinical Global Impression—Improvement
(CGI-I), and Clinical Global Impression—Severity (CGI-S).
DSM-IV ADHD RS (total score ranging from 0 to 54) is
among the most widely used DSM-based clinician-rated
scales and was used to assess ADHD symptoms. The fre-
quency of each symptom for the prior week was recorded
by the clinician. SDS (total score ranging from 0 to 30) is a
patient self-rating scale used to assess work, social, and
family life impairment due to his/her symptoms. Patients
were asked to indicate the extent to which their regular
activities were affected in the past week on a scale ranging
from O (not at all) to 10 (extremely). Both DSM-IV
ADHD RS and SDS total scores were evaluated as the
change from dose confirmation phase baseline to the end of
open-label dose optimization phase (14 weeks in total).
The CGI-I scale was employed to assess the overall change
of illness relative to the baseline for dose confirmation
phase. The scale consists of seven ratings ranging from 1
(very much improved) to 7 (very much worse). Improve-
ment on the CGI-I scale reported in this study was defined
as a visit rating of 1 (very much improved) or 2 (much
improved). The CGI-S was employed to assess the current
illness state of the patient. The CGI-S scale also consists of
seven ratings ranging from 1 (normal, not at all ill) to 7
(among the most extremely ill patients). Both the CGI-I
and CGI-S are clinician rated and were evaluated as the
proportion of patients with improvement from dose con-
firmation phase baseline to the end of open-label dose
optimization phase.

DSM-IV ADHD RS and CGI-I measurements were
recorded every week during the open-label dose optimi-
zation phase, while SDS and CGI-S measurements were
recorded at the end (Week 9) of the dose confirmation
phase and the end (Week 14) of the open-label dose opti-
mization phase.

2.4 Statistical Analysis

Efficacy data were summarized for all randomized patients
who took at least one dose of study medication (full analysis
set) during the open-label dose optimization phase and
reported by treatment received during the dose confirmation
phase. Missing post-baseline scores were imputed based on
last observation carried forward (LOCF). No inferential
efficacy analyses were performed during this phase. Safety
data were summarized for all MPH-LA-treated patients
during the open-label dose optimization phase.
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3 Results
3.1 Patient Disposition

The patient disposition of the full study has been described
previously [7]. Of a total of 863 adult patients (18—60 years)
that were screened, 725 patients entered the dose confirmation
phase and were randomized to receive once daily dose of
MPH-LA 40 mg (N = 181), 60 mg (N = 182), 80 mg
(N = 181), or placebo (N = 181). Of these, 584 (80.6 %)
patients completed this phase and entered the open-label dose
optimization phase. A total of 489 patients completed the
open-label dose optimization phase and entered the mainte-
nance of effect phase. During this maintenance of effect
phase, as described previously, patients with a lack of thera-
peutic effect (=30 % worsening from baseline of mainte-
nance of effect phase in this phase and <30 % remaining
improvement from dose confirmation phase baseline on the
DSM-IV ADHD RS) were required to discontinue from the
study. Thus, overall, 235 patients completed the maintenance
of effect phase, marking the end of the full 40-week study
period. Patients who did not respond to MPH-LA during the
open-label dose optimization phase were not allowed to enter
the maintenance of effect phase.

Among the 95 patients who discontinued from the open-
label dose optimization phase, unsatisfactory therapeutic
effect was the most common reason, reported in 40
patients, followed by AEs (n = 22), withdrawal of consent
(n = 20), lost to follow-up (n = 10), and protocol devia-
tion (n = 3). The demographics and baseline characteris-
tics of the patients entering the study has been discussed
previously and were similar across patients randomized to
the various doses of MPH-LA and placebo in the dose
confirmation phase (Table 1).

As defined in the protocol, all patients were initiated on
treatment with an open-label dose of 20 mg/day and titra-
tion was individualized to achieve the effective dose that
was safe. At the end of the 5-week open-label dose opti-
mization phase (Week 14), a similar number of patients
were found to be treated optimally with each of the three
doses tested: 152, 177, and 160 patients for MPH-LA 40,
60, and 80 mg/day, respectively (Fig. 2). Treatment opti-
mization at the end of the study for the 489 patients, by the
randomization treatment received in the dose confirmation
phase, is shown in Table 2. There were 125 patients in the
dose optimization phase who were randomized to placebo
in the prior dose confirmation phase. Of these, 36 patients
were optimized to MPH-LA 40 mg, 43 patients to MPH-LA
60 mg, and 46 patients to MPH-LA 80 mg. Compared with
the number of patients in each fixed-dose arm of the 9-week
dose confirmation phase, a shift in the dose needed for
optimization was observed for two-thirds of the patients in
each of the three arms of 40, 60, and 80 mg/day (Table 2).
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Table 1 Baseline and demographic characteristics at the time of randomization into the dose confirmation phase

MPH-LA 40 mg MPH-LA 60 mg MPH-LA 80 mg

All MPH-LA Placebo (N = 181) All (N = 725)

(N = 181) (N = 182) (N = 181) (N = 544)
Age (years) [mean + SD] 35.1 £ 11.37 34.8 + 10.79 349 £ 11.13 349 + 11.08 36.8 £ 12.15 354 £ 11.38
Sex [n (%)]
Male 94 (51.9) 105 (57.7) 95 (52.5) 294 (54.0) 101 (55.8) 395 (54.5)
Female 87 (48.1) 77 (42.3) 86 (47.5) 250 (46.0) 80 (44.2) 330 (45.5)
Race [n (%)]
Caucasian 160 (88.4) 155 (85.2) 165 (91.2) 480 (88.2) 169 (93.4) 649 (89.5)
Black 5(2.8) 7 (3.8) 422 16 (2.9) 4(2.2) 20 (2.8)
Asian 6 (3.3) 7 (3.8) 422 17 (3.1) 1 (0.6) 18 (2.5)
Other 10 (5.5) 13 (7.1) 8 (4.4) 31 (5.7) 73.9) 38 (5.2)
Height (cm) [mean & SD] 172.6 &+ 9.66 173.7 + 9.36 173.6 £+ 9.68 173.3 £9.56 172.8 £ 9.87 173.2 £ 9.64
Weight (kg) [mean £+ SD] 76.5 &+ 15.35 77.1 £ 14.92 76.8 + 14.82 76.8 £ 15.01 77.8 £ 16.64 77.0 £ 15.42
BMI (kg/m?) [mean + SD] 25.5 £ 3.55 25.5 + 4.08 254 + 3.80 254 + 381 259 +4.12 25.6 + 3.89
DSM-IV ADHD RS total score 39.6 39.1 39.3 39.3 39.0 39.2
SDS total score 20.7 19.4 19.7 19.9 19.9 19.9
Current smokers [n (%)] 55 (30.4) 66 (36.3) 50 (27.6) 171 (31.4) 56 (30.9) 227 (31.3)

BMI body mass index, DSM-IV ADHD RS Diagnostic and Statistical Manual of Mental Disorders, fourth edition, Attention-Deficit Hyperactivity
Disorder Rating Scale, MPH-LA methylphenidate modified release long acting, SD standard deviation, SDS Sheehan Disability Scale

As analyzed by Cochran-Mantel-Haenszel test in a post
hoc manner (P = 0.2477), there was no relationship
between the dose levels in the dose confirmation phase and
in the open-label dose optimization phase. Thus, we do not
find any signal indicating that the protocol-driven pre-
treatment dose had any influence on the clinically driven
dose in the open-label dose optimization phase.

3.2 Safety Assessments

The mean duration of exposure to study drug during the
open-label dose optimization phase was 34.4 + 6.01 days.
No deaths related to study drug occurred during the course
of this phase (or the entire course of the study). Overall,
incidence of AEs during this study phase was 65.2 %. The
most common AEs observed included headache, decreased
appetite, and dry mouth (Table 3). The percentage of AEs
leading to discontinuation in the open-label dose optimi-
zation phase (3.8 %) was less than the percentage of AEs
that led to discontinuation in the dose confirmation phase
(11.3 %). The most common AE leading to discontinuation
was anxiety (n = 4; 0.7 %).

The incidence of AEs possibly related to rebound
symptoms (anxiety, depression, irritability, nervous activ-
ity, agitation, fatigue, excessive sleeping, increased appe-
tite, and psychosis) was low and similar for MPH-LA- and
placebo-treated patients during Weeks 1 and 2 of the dose
optimization phase (Table 4).

No clinically meaningful differences were observed
with respect to laboratory findings, vital signs, or
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Fig. 2 Number of patients with optimal dose at the end of the open-
label dose optimization phase. MPH-LA methylphenidate modified
release long acting

electrocardiograms. The percentage of patients with clini-
cally notable QT and Bazett’s-corrected QT (QTcB)
intervals (>30 ms) was 5.2 and 13.2 %, respectively, in the
MPH-LA-treated group. None of the patients had a QT,
QTcB, or Fridericia-corrected QT (QTcF) interval
>500 ms during this study phase (Table 5).

3.3 Efficacy Assessments

At the end of the 5-week open-label dose optimization
phase, improvement from baseline (of the dose
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Table 2 Optimal dose of methylphenidate modified release long
acting (MPH-LA) at the end of the open-label dose optimization
phase

Treatment in dose
confirmation phase

Treatment as optimized at the end of the 5-week
open-label dose optimization phase

40 mg 60 mg 80 mg Total
40 mg 41 49 37 127
60 mg 40 44 39 123
80 mg 35 41 38 114
Placebo 36 43 46 125
Total 152 177 160 489

P = 0.2477 from Cochran-Mantel-Haenszel test for the relationship
between treatment in the dose confirmation phase and treatment at the
end of the open-label dose optimization phase

Table 3 Adverse events and serious adverse events during the open-
label dose optimization phase

Preferred term All MPH-LA
(N = 580)

Patients with AEs affecting >5 % [N (%)]
Total no. of patients with AEs 378 (65.2)
Headache 78 (13.4)
Decreased appetite 62 (10.7)
Dry mouth 50 (8.6)
Nasopharyngitis 43 (7.4)
Nausea 37 (6.4)
Insomnia 34 (5.9)
Palpitations 29 (5.0)
Tachycardia 29 (5.0)

Patients with SAEs [N (%)]
Concussion 1(0.2)
Rib fracture 1(0.2)
Panic attack 1(0.2)
AEs leading to discontinuation 22 (3.8)

AEs adverse events, MPH-LA methylphenidate modified release long
acting, SAEs serious adverse events

confirmation phase) was seen in all scales (14 weeks of
treatment in total). The mean improvement from baseline
in DSM-IV ADHD RS total score and SDS total score
were 23.5 £ 990 and 9.7 & 7.36, respectively. The
improvement in the DSM-IV ADHD RS score and the SDS
total score during the open-label dose optimization phase,
as analyzed by the treatment received in the dose confir-
mation phase, is shown in Figs. 3 and 4, respectively. The
improvement was similar across all treatment groups
allocated in the dose confirmation phase.

The proportion of patients rated 1 or 2 (very much
improved or much improved) on the CGI-I scale was 81 %
at the end of the dose optimization phase (Week 14 of the

A\ Adis

study) for all MPH-LA patients. The proportion of patients
with improvement on the CGI-S scale at the end of the dose
optimization phase was 91.7 % for all MPH-LA patients.
Analysis by the treatment received in the dose confirmation
phase for the CGI-I scale and CGI-S scales are shown in
Figs. 5 and 6, respectively. As observed for DSM-IV
ADHD RS and SDS, improvement as measured by CGI-I
or CGI-S was similar across all treatment groups as allo-
cated in the dose confirmation phase.

The patients who received placebo in the dose confir-
mation phase, when optimized to their individual dose of
MPH-LA 40-80 mg/day in the open-label dose optimi-
zation phase, showed similar responses in both symptom
and functional scales as compared with patients who
received MPH-LA in the dose confirmation phase
(Figs. 3, 4, 5, and 6).

4 Discussion

The present study confirmed that MPH-LA in the dose
range of 40-80 mg/day was well-tolerated and was nec-
essary to optimally treat adult ADHD patients. Further-
more, our data indicates that short-term pre-treatment with
a certain dose of MPH-LA does not predict the dose level
in an open-label optimization setting. By the end of the
open-label dose optimization phase, which allowed titra-
tion to each patient’s individual optimal dose, of the total
489 patients (83.7 %) who completed this phase (and
entered the maintenance of effect phase), the number of
patients who reached an optimal dose of 40, 60, or 80 mg/
day was similar. This indicates that all three dose levels of
MPH-LA are necessary in a real-life clinical setting, so as
to optimally treat adult patients with ADHD. It is also of
interest to note that in each of the randomized patients
receiving MPH-LA 40, 60, or 80 mg/day in the 9-week
dose confirmation phase, only one-third of patients in each
group required the same dose at the end of the 5-week dose
optimization phase. The remainder of the patients needed
either a higher or lower optimal dose.

These data also indicate that MPH-LA will allow
flexible dosing to individualize the dose based on patient
need. Our study findings are comparable with those
reported by Adler et al. using a flexible dose range of
osmotic-release oral system (OROS) methylphenidate
(36-108 mg/day), wherein adult ADHD patients initiating
therapy at 36 mg/day with weekly increments of 18 mg/
day showed good safety and tolerability outcomes [8, 9].
In their study, the protocol was designed to reach the
minimal effective dose rather than optimizing the dose. In
the current study, as opposed to the Adler et al. study,
MPH-LA was titrated to an optimal dose balancing effi-
cacy with safety.
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Table 4 Number (%) of patients with adverse events starting during the open-label dose optimization phase by week and preferred term, and by
treatment received during the dose confirmation phase

Preferred term

Week 0-1

Week 1-2

Week 2-3

Week 34

Week 4-5

Dose optimization—MPH-LA

20 mg/day

40 mg/day

40 or 60 mg/day

40, 60, or 80 mg/day

40, 60, or 80 mg/day

Treatment received in dose confirmation phase

MPH-LA  Placebo MPH-LA  Placebo MPH-LA  Placebo MPH-LA  Placebo MPH-LA  Placebo
(N=428) (N=152) (N=428) (N=152) (N=428) (N=152) (N=428) (N=152) (N=428) (N =152)
Any AEs 56 (13.1) 32 (21.1) 74 (17.3) 37 (243) 60 (14.0) 22 (14.5) 47 (11.0) 10 (6.6) 33 (7.7) 7 (4.6)
AEs possibly related to rebound symptoms
Fatigue 4 (0.9) 0 (0.0) 3(0.7) 2 (1.3) 8 (1.9) 2 (1.3) 2 (0.5) 1 (0.7) 2 (0.5) 2 (1.3)
Irritability 2 (0.5) 1(0.7) 8 (1.9) 0 (0.0) 2 (0.5) 0 (0.0) 0 (0.0) 1 (0.7) 2 (0.5) 0 (0.0)
Increased 2 (0.5) 0 (0.0) N/A N/A N/A N/A 1(0.2) 0 (0.0) N/A N/A
appetite
Somnolence 2 (0.5) 0 (0.0) 1(0.2) 0 (0.0) N/A N/A N/A N/A N/A N/A
Tension 2 (0.5) 0 (0.0) 1(0.2) 1(0.7) 0 (0.0) 1(0.7) N/A N/A 1(0.2) 0 (0.0)
Panic attack 1(0.2) 0 (0.0) 1(0.2) 1(0.7) N/A N/A N/A N/A 1(0.2) 0 (0.0)
Anxiety 0 (0.0) 1 (0.7) 2 (0.5) 3 (2.0) 3(0.7) 2 (1.3) 3(0.7) 1 (0.7) 1(0.2) 1 (0.7)
Nervousness 0 (0.0) 5@3.3) 3 (0.7) 0 (0.0) 6 (1.4) 2 (1.3) 5(1.2) 0 (0.0) 1(0.2) 2 (1.3)
Restlessness 0 (0.0) 1(0.7) 2 (0.5) 2 (1.3) 5(1.2) 3 (2.0 2 (0.5) 1 (0.7) 4 (0.9) 0 (0.0)
Feeling jittery N/A N/A 1(0.2) 1(0.7) 2 (0.5) 0 (0.0) 2 (0.5) 3 (2.0 2 (0.5) 0 (0.0)
Depressed level  N/A N/A 1(0.2) 0 (0.0) N/A N/A N/A N/A N/A N/A
of consciousness
Sedation N/A N/A 1(0.2) 0 (0.0) N/A N/A N/A N/A N/A N/A
Depressed mood N/A N/A 1(0.2) 1(0.7) 0 (0.0) 1(0.7) 1(0.2) 0 (0.0) 1(0.2) 0 (0.0)
Depression N/A N/A 1(0.2) 1(0.7) 0 (0.0) 1(0.7) 2 (0.5) 0 (0.0) 1(0.2) 0 (0.0)
Agitation N/A N/A 0 (0.0) 1(0.7) 2 (0.5) 2 (1.3) 3(0.7) 0 (0.0) N/A N/A

AEs adverse events, MPH-LA methylphenidate modified release long acting, N/A not applicable

Table 5 Number (%) of patients with clinically notable electrocar-
diogram intervals during the open-label dose optimization phase

ECG intervals All MPH-LA
(N = 580)
QT >500 ms 0 (0.0)
QTcB >500 ms 0 (0.0)
QTcF >500 ms 0 (0.0)
QT increase from baseline® >30 ms 25 (5.2)
QTcB increase from baseline® >30 ms 64 (13.2)
QTCcF increase from baseline® >30 ms 16 (3.3)
PR increase from baseline® >25 % to a value 0 (0.0)
>200 ms
QRS increase from baseline® >25 % to a value 0 (0.0)
>110 ms

The percentage calculation is based on 484 patients with available
measurements during the open-label dose optimization phase

ECG electrocardiogram, QTcB Bazett’s-corrected QT interval, QTcF
Fridericia-corrected QT interval

“ Baseline for dose confirmation phase

The overall incidence of AEs observed in the open-label
dose optimization phase in the current study was 65.2 %
and the most common AEs reported were headache,

decreased appetite, dry mouth, nasopharyngitis, nausea,
and insomnia. Use of immediate-release formulations of
stimulants including methylphenidate are associated with
rebound symptoms upon wearing off [10, 11]. In our study,
the formulation used was a long-acting modified-release
capsule designed to deliver a bimodal release of the drug to
mimic a twice a day dosing regimen. Sudden reduction in
the dose of MPH-LA from 40, 60, or 80 mg to 20 mg was
not associated with rebound symptoms. The safety and
tolerability observed in this study are similar to those
reported in children and are consistent with the known
effects of methylphenidate or other stimulant medications
[12, 13].

Although the current phase of the study was not
designed to evaluate efficacy of MPH-LA, patients con-
tinued to show improvement in ADHD symptom control
and reduction in functional impairment as measured by
DSM-IV ADHD RS and SDS. Furthermore, in both the
clinician-rated scales, CGI-I and CGI-S, a higher propor-
tion of patients showed improvement than in observations
during the dose confirmation phase. These results are
consistent with other short-term dose optimization studies
evaluating efficacy of methylphenidate in adults with

A\ Adis



646

M. Huss et al.

Fig. 3 Improvement in DSM-
IV ADHD RS total score from
baseline during the open-label
dose optimization phase by
treatment group in the dose
confirmation phase. 'LOCF
using the final visit for each
patient with data in the open-
label dose optimization phase.
The optimal dose by Week 14
is as shown in Table 2; P values
refer to the two-sided P value
based on the difference between
the MPH-LA group and
placebo. DSM-1V ADHD RS
Diagnostic and Statistical
Manual of Mental Disorders,
fourth edition, Attention Deficit
Hyperactive Disorder Rating
Scale, LOCF last observation
carried forward, LS least
squares, MPH-LA
methylphenidate modified
release long acting,

Fig. 4 Improvement in SDS
total score from baseline during
the open-label dose
optimization phase by treatment
group in the dose confirmation
phase. 'LOCF using the final
visit for each patient with data
in the open-label dose
optimization phase. 2The
optimal dose by Week 14 is as
shown in Table 2; P values
refer to the two-sided P value
based on the difference between
the MPH-LA group and
placebo. LOCF last observation
carried forward, MPH-LA
methylphenidate modified
release long acting, SDS
Sheehan Disability Scale

ADHD [2, 9, 14, 15]. The present study is of particular

Improvement in DSM-IV ADHD RS

Improvement in SDS total score

40

35

30 -~

25 4

20 1

total score

15 1

10 1

20.0

18.0 4

16.0

14.0 4

12.0 o

10.0 -+

8.0 +

Dose confirmation phase
(LS Mean - Week 9 LOCF?)

P < 0.0001 P < 0.0001
P < 0.0001

Placebo 40 mg 60 mg 80 mg

MPH-LA

Dose confirmation phase
(Week 9 LOCF?)

P =0.0003 P <0.0001
P=0.0176

Placebo 40mg 60mg 80 mg

MPH-LA

4.1 Limitations

interest as improved symptomatic effects were observed

upon dose optimization, and clinical optimization of dosing
did not depend on the prior fixed MPH-LA dose in the

initial phase.

A\ Adis

Open-label dose optimization phase
(Mean - Week 14 LOCF?)

Placebo? 40 mg? 60 mg? 80 mg?
MPH-LA

Data shown by treatment received in
dose confirmation phase

Open-label dose optimization phase
(Week 14 LOCF?")

Placebo? 40 mg> 60 mg? 80 mg?

MPH-LA

Data shown by treatment received in
dose confirmation phase

A limitation was that the open-label dose optimization
phase of the study was not designed to evaluate the efficacy

of the optimal dose of MPH-LA. The protocol using
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Fig. 5 Proportion of patients
with improvement on the CGI-I
scale (much improved or very
much improved) in the open-
label dose optimization phase
by treatment group in the dose
confirmation phase (LOCF).
'LOCF using the final visit for
each patient with data in the
open-label dose optimization
phase. 2The optimal dose by
Week 14 is as shown in

Table 2; P values refer to the
two-sided P value based on the
difference between MPH-LA
group and placebo. CGI-1
Clinical Global Impression—
Improvement Scale, LOCF last
observation carried forward,
MPH-LA methylphenidate
modified release long acting

100 -

90 -

80 A

70 4

60

Proportion of patients with improvement
on CGl-l scale

Placebo 40mg 60mg 80mg

Fig. 6 Proportion of patients
with improvement on the CGI-S
scale in the open-label dose
optimization phase by treatment
group in the dose confirmation
phase (LOCF). 'LOCF using the
final visit for each patient with
data in the open-label dose
optimization phase.
Improvement was defined as a
decrease on the CGI-S scale.
2The optimal dose by Week 14
is as shown in Table 2; P values
refer to the two-sided P value
based on the difference between
the MPH-LA group and
placebo. CGI-S Clinical Global
Improvement—Severity Scale,
LOCF last observation carried
forward, MPH-LA
methylphenidate modified 0 -
release long acting

100
90
80
70 A
60 4
50 4

40 -

on CGI-S scale

30 1

20

10 1

Proportion of patients with improvement

increments of 20 mg/day to achieve optimal dose of 40, 60,
or 80 mg/day by Week 13 or 14 (Week 4 and 5 of the
open-label dose optimization phase) required maintenance
of the optimal dose in an individual patient only for 1 week
prior to Week 14. Thus, it was unable to measure the
efficacy parameters by optimal dose obtained at the end of
this phase, and data shown are by treatment received in the
dose confirmation phase.

Dose confirmation phase
(Week 9 LOCF")

P = 0.0002

Open-label dose optimization phase
(Week 14 LOCF")

P = 0.0002
P = 0.0009

Placebo? 40 mg? 60 mg? 80 mg?

Dose confirmation phase
(Week 9 LOCF")

P< 0.0001

Placebo 40mg 60mg 80 mg

MPH-LA MPH-LA

Data shown by treatment received in
dose confirmation phase

Open-label dose optimization phase

(Week 14 LOCF")

P< 0.0001 92.3 | 92.3
P< 0.0001

89.4

Placebo? 40 mg? 60 mg®> 80 mg?

MPH-LA MPH-LA

Data shown by treatment received in
dose confirmation phase

4.2 Research in Context

Although studies in a pediatric population report consistent
response rates of 70-80 % (if swapping non-responders to
another stimulant, the response rate was increased up to
90 %), there is considerable variation in response rates to
methylphenidate in adults [4, 16]. Thus, many guidelines
recommend the ‘start low and go slow’ approach (e.g.,
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NICE guidelines; European Consensus) or individually
adjusted optimization based on response and tolerability. In
the present study, we used the same strategy of optimal
dosing in individual patients to identify the safe dose that
was effective.

5 Conclusions

In clinical practice, dose individualization with methyl-
phenidate is necessary to achieve the optimal balance of
efficacy and safety. The present study confirms that a dose
range of 40-80 mg/day of MPH-LA was necessary to
effectively individualize/optimize patient treatment for
adult ADHD by achieving appropriate symptom control
and reduction in functional impairment. All the three MPH-
LA doses (40, 60, and 80 mg) were well-tolerated by adult
ADHD patients in this study.
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