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Abstract

Objectives The objective of the study was to determine
the relative bioavailability of an extended-release multi-
layer bead formulation of methylphenidate hydrochloride
(MPH-MLR) 80 mg vs. methylphenidate immediate-
release (IR; Ritalin®) tablets as single and multiple doses in
the fed state.

Methods A single-center, multiple-dose, randomized,
open-label, two-period crossover study conducted in 26
healthy adults assigned to 4 days of once-daily MPH-MLR
80 mg or IR methylphenidate 25 mg three times daily.
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Results  MPH-MLR 80 mg produced reproducible
biphasic profiles of plasma methylphenidate concentrations
characterized by a rapid initial peak, followed by a mod-
erate decline reaching a plateau ~5 h post dose, then a
gradual increase culminating in an attenuated second peak
~7 h post dose. Maximum concentration was lower for
MPH-MLR 80 mg than IR methylphenidate 25 mg three
times daily on day 1 (23.70 vs. 31.47 ng/mL); exposure
was similar. The geometric mean ratios (MPH-MLR/IR
methylphenidate [90 % CI]) of log-transformed area under
the plasma drug concentration-time curve to the last mea-
surable observation (day 1: 0.88 [84.75-91.80]; day 4: 0.84
[81.16-86.94]), and area under the plasma drug concen-
tration extrapolated to infinity (day 1: 0.93 [88.57-97.28];
day 4: 0.88 [84.48-91.17]) were within the 80-125 %
bioequivalence range. The mean &= SD MPH-MLR 80-mg
capsule day 4 area under the plasma drug concentration vs.
time curve from 0 to 4 h (74.5 £ 15.2 ng-h/mL) was
greater than IR methylphenidate 25 mg three times daily
(66.0 = 17.4 ng-h/mL), confirming steady-state levels
during the study period. All treatment regimens were safe
and well tolerated.

Conclusion MPH-MLR 80-mg capsule once daily or IR
methylphenidate 25 mg three times daily provides com-
parable maximum methylphenidate concentrations and
systemic exposure in the fed state.

1 Introduction

Attention-deficit hyperactivity disorder (ADHD) is a com-
mon neurobehavioral disorder with a parent-reported prev-
alence of 3.5-9.5 % in children [1-4] and a prevalence of
2.5-4.4 % in adults [5-7]. In both age groups, the central
nervous system stimulant methylphenidate treats the core
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ADHD symptoms of inattention, distractibility, hyperactiv-
ity and impulsivity, and difficulty in psychosocial function-
ing [8—10]. Over the previous 14 years, the development of
methylphenidate extended-release (ER) preparations has
enabled convenient once-a-day dosing, potentially mini-
mizing tolerance and abuse, and prolonging the duration of
therapeutic effect beyond that of methylphenidate immedi-
ate-release (IR) preparations [11].

Current ER formulations variably modulate methyl-
phenidate absorption kinetics by providing a rapid pulse of
methylphenidate release soon after administration followed
by a protracted period of drug delivery throughout the day
[12, 13]. The proportion of the total methylphenidate dose
intended for IR varies widely [i.e., 20 % for Quillivant
XR® (Pfizer Inc., New York, NY, USA), 22 % for Con-
certa® (Janssen Pharmaceuticals, Inc., Titusville, NI,
USA), 30 % for Metadate CD® (UCB, Inc., Smyrna, GA,
USA), 50 % for Ritalin LA® (Novartis Pharmaceuticals
Corporation, East Hanover, NJ, USA), and 50% (dex-
methylphenidate) for Focalin XR® (Novartis Pharmaceu-
ticals Corporation, East Hanover, NJ, USA)], as does the
proportion intended for ER preparations [12, 14-16]. While
each of these formulations was designed to replace or
mimic the pharmacokinetic profile of IR methylphenidate
administered either two or three times daily at a compa-
rable dose level, none is bioequivalent to the IR formula-
tion or to each other based on reproducible peak plasma
drug concentration-time course profiles and aberrant peak
plasma drug concentration (Cy,x) [12-14, 17, 18]. These
between-formulation differences in methylphenidate phar-
macokinetics offer clinicians options for individualizing
therapy by prescribing an ER formulation with a plasma
methylphenidate pharmacokinetic profile best suited to
their patients’ needs in terms of duration of action and
timing of effect [13, 14].

The initial drug absorption phase has been associated
with behavioral improvements in children with ADHD
receiving IR methylphenidate and optimization of this
phase has minimized tolerance [19-21]. The US Food and
Drug Administration (FDA) mandates partial area under
the plasma concentration-time curve (pAUC) to be a pri-
mary metric in bioequivalence studies of methylphenidate
ER products [21] as a reflection of the importance of this
absorption phase, especially when compared with IR forms
of the drug. To account for the effect of prandial status on
absorption kinetics, the methylphenidate ER pAUC bio-
equivalence metrics that are most appropriate in the fasting
and fed states are AUC calculated from O to 3 h (AUCg_3)
and from 0 to 4 h (AUC_y), respectively [21].

A novel ER multilayer bead capsule formulation of
methylphenidate hydrochloride (MPH-MLR; Aptensio
XR™") formulation currently approved in Canada for the
treatment of ADHD in children, adolescents, and adults
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[22]. Each MPH-MLR 80-mg hard gelatin capsule contains
controlled-release beads that facilitate a rapid initial
delivery of ~37 % of the total methylphenidate dose with
an onset of action similar to IR methylphenidate formula-
tions [23, 24]. The remaining 63 % of methylphenidate,
following a morning administration of MPH-MLR, was
designed to sustain a plateau in plasma drug concentration
~5 h post dose, followed by a second more moderate
ascent in plasma drug concentration in the afternoon. Once-
daily MPH-MLR was reported to be associated with
improvements in behavior and cognition as evaluated using
a variety of measures (e.g., Clinical Global Impressions
scale, Inattention/Overactivity With Aggression Conners
scale, Child’s Behavior in Problem Situations scale,
Communicative Pragmatics scale, and Conners’ Adult
ADHD rating scale) when given to children [23, 25, 26]
and adults [27] with ADHD across home, simulated school,
and work settings.

The objectives of the present study were to assess the
relative bioavailability of the MPH-MLR 80-mg capsule
and IR methylphenidate tablets (75 mg administered as
three equally divided doses) as a single dose and at steady
state under fed conditions in healthy adults.

2 Methods
2.1 Study Design

This was a single-center, multiple-dose, randomized, open-
label, two-period crossover study (Fig. 1) approved by the
IntegReview Ethics Review Board (protocol number, RP-
BP-PKO002; approved May 13, 2011). Each subject was
required to provide written informed consent before
enrollment. The study was conducted by Frontage Clinical
Services at Frontage Laboratories, Inc., Hackensack, NJ,
USA, and undertaken in compliance with the Good Clinical
Practice guidelines of the International Conference on
Harmonization and the principles of the Declaration of
Helsinki.

The test product was MPH-MLR. The comparator
product Ritalin® (IR methylphenidate 20-mg and 5-mg
tablets) is commercially available from Novartis Pharma-
ceuticals Corporation, East Hanover, NJ, USA. The 5-mg
tablets used in this study were from lot number F0103,
expiration date March 2014. The 20-mg tablets used in this
study were from lot number FO125, expiration date
December 2013.

! Rhodes Pharmaceuticals L.P. has received conditional acceptance
from the US Food and Drug Administration to use the name Aptensio
XR™ for this extended-release methylphenidate product.
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Fig. 1 Multiple-dose crossover study design.® High-fat breakfast
on day 1 before dosing. Subsequent doses also administered in
fed state following standard meals. /R MPH immediate-release

Subjects were screened <3 weeks of initial dosing and
returned to the research facility the night before the first
period of study drug administration (day —1). In the
morning after an overnight fast (~08:00 hours on day 1),
subjects consumed a high-fat breakfast (~ 1,000 calories,
~50 % fat). The high-fat breakfast consisted of two eggs,
bacon, toast, hash browns, and whole milk. The standard
breakfast consisted of toast, jam, cereal with 2 % milk, and
orange juice. Approximately 5 min later, they received
either a single MPH-MLR 80-mg capsule or IR methyl-
phenidate (20 and 5 mg) tablets, both of which were taken
with 240 mL water. Subjects randomized to the IR methyl-
phenidate arm received two further assigned doses 4 and
8 h after treatment initiation and ~ 5 min after completing
a meal or snack. The same treatment regimens were
administered on days 2, 3, and 4, except that subjects
received a standard rather than a high-fat breakfast. The
standard breakfast subjects remained sitting upright and
ambulation was limited during the immediate 1-h post-dose
period. On the days of dosing, standard meals were con-
sumed at ~4 and 10 h after study drug administration. An
evening snack was offered at ~9 p.m. on the evenings of
admission and the days of dosing.

Serial blood samples for the determination of methyl-
phenidate plasma concentration and pharmacokinetic ana-
lysis were obtained on: day 1 and day 4 at time 0 (<15 min
pre dose) and 0.5, 1, 1.5, 2,2.5,3,4,4.5,5,5.5,6,6.5,7,8,
8.5,9,9.5, 10, 10.5, 12, 15, 19, and 24 h post dose; and on
day 2 and day 3 at 4, 8, 12, 16, and 24 h post dose. Subjects
were discharged from the research facility on day 5, ~24 h
after receiving their day 4 dose of study drug. Vital signs
were measured <60 min of dosing and before study
discharge.

To enable an 8-day washout period, subjects returned to
the research facility on day 11 at ~8 p.m. On the morning
of day 12 after an overnight fast, they were crossed over to

methylphenidate, PK pharmacokinetic, MPH-MLR extended-release
multilayer bead formulation of methylphenidate

the alternate treatment and the same procedures were
performed as before. Blood and urine were collected for
clinical laboratory tests (chemistry, hematology, and uri-
nalysis) ~24 h after the administration of the last doses of
study drug during this second treatment period, an abbre-
viated physical examination was performed, vital signs
were collected, and subjects were discharged from the
study on day 16.

2.2 Subjects

The study enrolled 26 methylphenidate treatment-naive
male and female subjects aged 18-45 years inclusive who
were <15 % of ideal weight based on height and body
frame (based on the Metropolitan Life Insurance Com-
pany height and weight tables [28]). Subjects were in
good health as evidenced by results of physical examin-
ations, vital signs evaluation, routine clinical laboratory
tests, and 12-lead electrocardiograms (ECGs) performed
<21 days of study drug administration. Female subjects
of child-bearing potential were required to use appropriate
contraceptive measures throughout the duration of the
study and have a negative urine pregnancy test result at
screening and before all dosing periods. In addition, all
subjects must have had a negative drug/alcohol test result
at screening and at each admission to the research facility.
Exclusion criteria included: (1) a true allergy to methyl-
phenidate; (2) infection with hepatitis B, hepatitis C, or
human immunodeficiency virus; (3) administration of any
prescription drug therapy <14 days or any over-the-
counter drugs or supplements <48 h of receiving study
drug; (4) current smoker or use of any tobacco-containing
products; (5) consumption of grapefruit or grapefruit-
containing juices <72 h; (6) and consumption of caffeine-
containing foods or beverages <24 h of receiving study
drug.
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2.3 Assays

Blood samples (6 mL) were collected from indwelling
catheters into chilled blood collection tubes containing
ethylenediaminetetraacetic acid dipotassium, immediately
chilled on crushed ice and centrifuged for 10 min in a
refrigerated centrifuge (4-8 °C) at 2,000 x g < 30 min
after collection. Duplicate plasma samples (~ 1.5 mL per
tube) were transferred into two polypropylene tubes. One
plasma sample was the primary assay sample and the
second served as the backup sample. Plasma samples
were stored at —70 °C or lower until ready for analysis
by Frontage Laboratories, Inc. Absence of a reaction
between collection/storage vessels and methylphenidate
was determined as part of the bioanalytical method vali-
dation. Harvested plasma samples were extracted into
ethylenediaminetetraacetic acid dipotassium and analyzed
for total plasma MPH concentration determination using a
fully validated liquid chromatography tandem mass
spectrometry analysis method using methylphenidate-d3
hydrochloride as the internal standard [23]. Calibrations
were performed similarly to the Quinn et al. study [23],
with a quadratic regression (weighted 1/x) on the cali-
bration standards for curve determination. Curve param-
eters for the assay method were stable throughout the
runs, specifically, coefficient of determination met
acceptance criteria (R2 > 0.99), lower limit of quantita-
tion was 50 pg/mL, and >2/3 of the analyzed incurred
sample reanalysis samples had no more than +20 %
difference when compared with the original analysis
results.

2.4 Pharmacokinetic Analysis

Individual plasma concentration-time data were used to
calculate methylphenidate pharmacokinetic parameters
using standard noncompartmental methods (WinNonlin
version 5.3®, Pharsight Corporation, Mountain View, CA,
USA). The primary pharmacokinetic endpoints were Cp,ax
and AUC calculated to 4 h (AUC,_4), to the last measur-
able observation (AUC,_,), and extrapolated to infinity
(AUCy_,). AUC values were calculated using the linear
trapezoidal rule. The terminal phase rate constant (k) was
calculated as the negative of the slope of the log-linear
terminal portion of the plasma concentration-time curve
using linear regression. Secondary methylphenidate phar-
macokinetic variables were the respective times to Cpax
(tmax) and the elimination half-life (z.,,). The #,, of the ter-
minal elimination phase was estimated by use of the fol-
lowing ratio: 0.693/k,. The fluctuation index was estimated
from the average plasma concentration (C,y,) and trough
concentration (Cyougn) for each formulation using the cal-
culation: (Cpax — Cirough)/Cave-
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2.5 Safety Assessments

Safety was evaluated by performing vital sign measure-
ments, 12-lead ECGs, clinical laboratory testing (hema-
tology, chemistry, and urinalysis), and physical
examinations. The type, incidence, severity, and relation-
ship of adverse events (AEs) to study drugs were assessed
throughout the study by nursing and medical observations
of the staff. A treatment-emergent AE (TEAE) was defined
as an AE that followed exposure to study treatment. The
study investigator assessed AEs for severity and relation-
ship to study drug. AEs were coded and summarized using
the Medical Dictionary for Regulatory Activities, version
13.1 (MeDRA MSSO, McLean, VA, USA).

2.6 Analysis Populations

All enrolled subjects who received one or more doses of
study drug were included in the safety analysis set. The
subset of subjects from the safety analysis set who com-
pleted both treatment periods without any major protocol
violations and provided plasma methylphenidate concen-
tration data were included in the pharmacokinetic analysis
set.

2.7 Statistical Analysis

All pharmacokinetic and safety data analyses were per-
formed using descriptive statistics compiled by SAS®
version 9.2 (SAS® Institute Inc., Cary, NC, USA). All
plasma concentrations below the lower limit of quantitation
were treated as missing in the pharmacokinetic analyses,
except those that occurred before the first quantifiable
concentration on the day of dosing or after the last quan-
tifiable concentration, which were set to zero. At each time
point, summary statistics (mean, standard deviation, mini-
mum, maximum, and n) were calculated for methylpheni-
date concentrations in plasma. Ninety percent confidence
intervals (CIs) were constructed around the geometric
mean ratio of the MPH-MLR 80-mg capsule to IR methyl-
phenidate 25 mg administered three times daily for the
primary pharmacokinetic parameters and Ci.x, AUCq_4,
AUCy_, and AUC_... Relative bioavailability was based
on log-transformation of these parameters, which were
analyzed using an analysis of variance model. The model
included terms for sequence, study treatment, and period as
fixed effects and subject nested within sequence as a ran-
dom effect. Sequence was tested using subject nested
within sequence as the error term. Bioequivalence was
concluded if the 90 % ClIs for the ratio of the geometric
means for the MPH-MLR 80-mg capsule vs. IR methyl-
phenidate 75 mg were within the 80-125 % range for all
primary pharmacokinetic parameters.
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3 Results
3.1 Subject Disposition and Baseline Data

All of the 26 subjects enrolled were evaluable for safety
analyses. Five subjects did not complete the study. Four
subjects requested to be withdrawn prematurely from the
study for reasons other than AEs, while one subject
receiving IR methylphenidate had an AE of high blood
pressure. Thus, 21 subjects completed the study and were
included in the pharmacokinetic analysis set.

The safety analysis set comprised 21 men and 5 women,
with a mean age of 32 years and a mean body mass index
of 24.7 kg/m2 (Table 1). The majority (16 of 26) of sub-
jects enrolled in the study were white.

3.2 Pharmacokinetic Assessments

Based on visual inspection, IR methylphenidate 25 mg
administered at time 0, 4, and 8 h resulted in a triphasic
profile following 1 day of dosing and after 4 days of dosing
at steady state (Fig. 2a, b). On days 1 and 4 (when serial
blood sampling was most frequent), the C,.x values asso-
ciated with each successive IR methylphenidate 25-mg
dose became progressively higher and fell away sharply
~8 h post dose. The plasma concentration-time profile of
the once-daily MPH-MLR 80-mg capsule was different
from that of IR methylphenidate 25 mg administered three
times daily on days 1 and 4 (Fig. 2a, b). Administration of
the MPH-MLR 80-mg capsule resulted in more sustained
concentrations of methylphenidate over an ~8-h period
and the biphasic profile had fewer fluctuations in plasma
drug concentrations (Fig. 2c). Eight hours after the
administration of the MPH-MLR 80-mg capsule on days 1

Table 1 Demographics and baseline characteristics of all random-
ized subjects (N = 26)

Parameter Value
Male [n (%)] 21 (81)
Race [n (%)]

White 16 (62)

Black or African American 8 (31)

Other 2 (8)
Ethnicity [n (%)]

Not Hispanic or Latino 17 (65)
Age (years) 31.8 (7.1)
Weight (kg) 73.1 (8.0)
BMI (kg/m?) 24.7 (1.6)

Data are expressed as mean =+ standard deviation unless stated
otherwise

BMI body mass index
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Fig. 2 Mean plasma methylphenidate concentration-time profiles
following single-dose administration of the MPH-MLR 80-mg
capsule and IR MPH 25 mg administered three times daily after a
high-fat breakfast (day 1; a), after a standard breakfast (day 4; b), and
after multiple daily doses (days 1-4; ¢). IR MPH immediate-release
methylphenidate, MPH-MLR extended-release multilayer bead for-
mulation of methylphenidate
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and 4, there was a gradual decline in plasma methylphe-
nidate concentrations.

On day 1 after a high-fat breakfast and day 4 after a
standard breakfast, pharmacokinetic analysis revealed that
that total systemic exposure (i.e., AUC,_, and AUC,_,,) to
methylphenidate was similar following the administration of
either the MPH-MLR 80-mg capsule or IR methylphenidate
25 mg three times daily (Table 2). However, there were
differences between acute exposure of the MPH-MLR and
IR methylphenidate formulations regarding C,,x on days 1
and 4 and regarding AUC( 4 on day 4. On day 1, the Cpax
values associated with each successive dose of IR methyl-
phenidate 25 mg (Cphax1s Cmax2>, Cmax3) Were progressively
higher (Ciax1, 21.9 ng/mL at 2 h; Cppyax2, 26.7 ng/mL at 6 h;
Chnaxs, 28.8 ng/mL at 10 h) such that the average of the three
IR methylphenidate C\,,x values was higher than that asso-
ciated with a single dose of the MPH-MLR 80-mg capsule
(31.5 vs. 23.7 ng/mL). Comparability between C.. and
tmax Of the first dose of IR methylphenidate 25 mg (C,.x; and
tmax1) and Cpax and .« of the MPH-MLR 80-mg capsule
translated into similar AUC,_4 values for each treatment
(55.9vs.55.5 ng-h/mL). On day 4 at steady state, the average
Chax associated with IR methylphenidate 25 mg adminis-
tered three times daily remained higher (32.9 ng/mL) than
the C,.x for the MPH-MLR 80-mg capsule (28.1 ng/mL at
2 h). The estimated fluctuation index suggested that the peak
to trough variability of steady-state plasma concentrations
after MPH-MLR administration was less than with IR
methylphenidate resulting in sustainable plasma concentra-
tions with MPH-MLR. Again, there was a trend towards
increasing peak plasma methylphenidate concentrations
after each successive 25-mg dose of IR methylphenidate
(Cmax1, 25.6 ng/mL at 2 h; Cypax0, 29.6 ng/mL at 6 h; Cpaxa,
30.1 ng/mL at 10 h). Cy,, in the first 4 h after ingestion for
the MPH-MLR 80-mg capsule was higher than the C,,, for
the first dose of IR methylphenidate 25 mg and the similarity
in corresponding f,.x values meant that the MPH-MLR
80-mg capsule was associated with a greater AUC(_4 than IR
methylphenidate 25 mg (74.5 vs 66.0 ng-h/mL) on day 4
(Table 2). The MPH-MLR 80-mg capsule also had a longer
mean t, than IR methylphenidate 25 mg administered three
times daily after a single dose (on day 1, 6.0 vs. 3.4 h) and at
steady state (day 4, 5.4 vs. 3.5 h).

Estimates from the bioequivalence results met design
criteria for MPH-MLR, and showed that neither the MPH-
MLR 80-mg capsule administered as a single dose after a
high-fat breakfast nor the MPH-MLR 80-mg capsule
administered as multiple doses to achieve steady state
in the fed state were bioequivalent to IR methylpheni-
date 25 mg administered three times daily (Table 3) based
on Cha.x. On day 1, the geometric mean ratio of log-
transformed Cp,.x (0.71) and the lower limit of the 90 % CI
(66.81) were below the 80 % threshold. On day 4, the
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Table 2 Arithmetic mean (SD) single-dose and steady-state plasma
pharmacokinetic parameters of methylphenidate following adminis-
tration of MPH-MLR 80-mg capsule or IR MPH 25 mg administered
three times daily in the fed state

MPH-MLR (n = 21)

Parameter (unit) IR MPH (n = 21)

Single dose (day 1)

Chax (ng/mL) 23.7 (6.4) 31.5 (9.0
AUCq 4 (ng-h/mL) 55.5 (18.0) 55.9 (15.7)
AUCy_, (ng-h/mL) 272.7 (82.0) 286.8 (71.7)
AUCy_., (ng-h/mL)  289.9 (90.8) 294.5 (75.8)
max (D)* 3.0 (2.0-10.0) 9.0 (1.0-10.5)
ty, (h) 6.0 (5.4) 3.4 (0.6)
ker (1/h) 0.14 (0.04) 0.21 (0.03)
Steady state (day 4)
Chax (ng/mL) 28.1 (7.1) 32.9 (8.6)
AUCq 4 (ng-h/mL) 74.5 (15.2) 66.0 (17.4)
AUCy_,; (ng-h/mL) 284.3 (79.6) 315.3 (80.4)
AUCy_o, (ng-h/mL)  305.4 (92.9) 323.9 (85.2)
max (D)* 2.0 (1.0-5.0) 6.0 (1.0-10.5)
ty, (h) 54 (2.0 3.5(0.5)
ker (1/h) 0.14 (0.04) 0.21 (0.03)

AUC,_4 area under the plasma drug concentration-time curve calcu-
lated to 4 h, AUC,_, area under the plasma drug concentration-time
curve extrapolated to infinity, AUC,_, area under the plasma drug
concentration-time curve to the last measurable observation, C,,,.
maximum plasma drug concentration, k,; terminal elimination rate
constant, /R MPH immediate-release methylphenidae, MPH-MLR
extended-release multilayer bead formulation of methylphenidate, SD
standard deviation, #, elimination half-life, ¢,,,, time to maximum
plasma drug concentration

* Median (range)

lower 90 % CI limits for the geometric mean ratios of log-
transformed Cp,,x (0.80) and AUC, ., (84.48) met the
80 % threshold. Total systemic exposure to methylpheni-
date after the administration of the MPH-MLR 80-mg
capsule and IR methylphenidate 25 mg administered three
times daily was equivalent, as evidenced by comparable
AUCy_; and AUC,_,, values.

Bioequivalence results were also assessed using
pAUC_4 data. On day 1, the geometric mean ratio of log-
transformed AUCy_4 (0.98) and 90 % CIs (85.14-113.46)
were contained within the 80-125 % threshold for bio-
equivalence. On day 4, the geometric mean ratio of log-
transformed AUCy_4 (1.14) and lower 90 % CI (100.38)
were contained within the bioequivalence interval; how-
ever, the upper 90 % CI (129.95) was outside of the 125 %
threshold.

3.3 Intra-Subject Variability
Intra-subject variability was assessed for MPH-MLR

compared with IR methylphenidate. As expected, on day 1
intra-subject coefficients of variance (CVs) were slightly
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Table 3 Statistical comparison of the log-transformed methylphenidate pharmacokinetic parameters following single- and multiple-dose
administration of MPH-MLR 80-mg capsule and IR MPH 25 mg administered three times daily in the fed state™”

Parameter (unit) Geometric mean Ratio (MPH-MLR to 90 % CI (MPH-MLR to

IR MPH) IR MPH)
MPH-MLR (n = 21) IR MPH (n = 21)
Single dose (day 1)
Cpax (ng/mL) 23.01 32.36 0.71 66.81-75.66
AUCy 4 (ng-h/mL) 53.07 53.87 0.98 85.14-113.46
AUC_,; (ng-h/mL) 262.75 297.89 0.88 84.75-91.80
AUCq_., (ng-h/mL) 283.51 305.44 0.93 88.57-97.28
Steady state (day 4)
Chnax (ng/mL) 27.23 34.07 0.80 74.70-85.51
AUCy 4 (ng-h/mL) 72.99 63.74 1.14 100.38-129.95
AUCy_, (ng-h/mL) 274.50 326.78 0.84 81.16-86.94
AUCy_o, (ng-h/mL) 294.09 335.09 0.88 84.48-91.17

AUC_4 area under the plasma drug concentration vs. time curve from 0 to 4 h, AUC,_, area under the plasma drug concentration extrapolated to
infinity, AUC,_, area under the plasma drug concentration-time curve to the last measurable observation, C,,,, maximum plasma drug con-
centration, /IR immediate-release, IR MPH immediate-release methylphenidate, MPH-MLR extended-release multilayer bead formulation of
methylphenidate

? Results based on an analysis of variance model with terms for sequence, study treatment, and period as fixed effects and subject nested within

sequence as a random effect

® All calculations based on dose-normalized values

higher (44-136 %) for MPH-MLR during the first 2 h post
dose in the absorption phase compared with the IR product
(20-112 %), but were quite similar after reaching Cy,.x
(Fig. 3). Intra-subject CVs were tighter through day 4 for
MPH-MLR (28-56 %) compared with the reference com-
parator (26—108 %).

3.4 Safety Assessments

Single and multiple doses of the MPH-MLR 80-mg capsule
administered once daily and IR methylphenidate 25 mg
administered three times daily were safe and well tolerated
in this study. The proportion of subjects who received the
MPH-MLR 80-mg capsule who had TEAEs was similar
when the same subjects were crossed over to receive IR
methylphenidate 25 mg administered three times daily (38
vS. 35 %). The most common TEAEs recorded were
headache, nausea, and decreased appetite (Table 4). All
TEAEs were mild in intensity, except for one episode of
elevated blood pressure that was moderate in intensity and
resulted in discontinuation from study treatment. The ele-
vation in blood pressure was identified in a 44-year-old
white man following the second IR methylphenidate dose.
Blood pressure rose from a pre-dose level of 123/73 to
159/93 mmHg ~3 h after the second dose. The AE was
considered to be probably related to study drug. The sub-
ject recovered without residual effects and blood pressure
had returned to normal ~2.5 h after the high value had
been recorded. No serious AEs were reported and no
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Fig. 3 Intra-subject variability in plasma methylphenidate concen-
trations during the 4-day pharmacokinetic study of extended-release
MPH-MLR 80 mg once daily and IR methylphenidate administered
three times daily in healthy subjects on day 1 (a) and at steady state
(day 4; b). CV coefficient of variation, /[R MPH immediate-release
methylphenidate, MPH-MLR extended-release multilayer bead for-
mulation of methylphenidate hydrochloride
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Table 4 Incidence of AEs in the safety set

MedDRA? system organ class preferred term, n (%) MPH-MLR IR MPH
(n =24) (n =123)
Subjects with any AE 9 (37.5) 8 (34.8)
Subjects with TEAEs 9 (37.5) 8 (34.8)
Subjects who discontinued due to an AE 0 14.3)
Subjects with nervous system disorders 3 (12.5) 4 (17.4)
Balance disorder 0 14.3)
Dizziness 14.2) 0
Headache 2 (8.3) 4 (17.4)
Subjects with psychiatric disorders 14.2) 0
Bradyphrenia 14.2) 0
Subjects with gastrointestinal disorders 5 (20.8) 5 (21.7)
Constipation 14.2) 1 (4.3)
Dry mouth 0 2 (8.7)
Dyspepsia 14.2) 0
Nausea 2 (8.3) 3 (13.0)
Vomiting 14.2) 0
Subjects with general disorders and administration site conditions 2 (8.3) 0
Asthenia 14.2) 0
Chest discomfort 14.2) 0
Thirst 1(4.2) 0
Subjects with abnormal investigations 0 14.3)
Blood pressure increased 0 14.3)
Subjects with metabolism and nutrition disorders 14.2) 3 (13.0)
Decreased appetite 14.2) 3 (13.0)
Subjects with respiratory, thoracic, and mediastinal disorders 14.2) 2 (8.7)
Cough 0 14.3)
Dyspnea 14.2) 0
Throat tightness 0 14.3)
Subjects with skin and subcutaneous tissue disorders 0 14.3)
Hyperhidrosis 0 14.3)

AEs adverse events; /IR MPH immediate-release methylphenidate; MedDRA Medical Dictionary for Regulatory Activities; MPH-MLR extended-
release multilayer bead formulation of methylphenidate; TEAEs treatment-emergent adverse events

% Version 12.1

clinically significant findings from clinical laboratory test
results, or following physical examinations or ECG eval-
uations, were observed. No trends or changes in vital sign
assessments were noted.

4 Discussion

This multiple-dose, randomized, crossover study identified
two relevant pharmacokinetic findings following the
administration of the MPH-MLR 80-mg capsule adminis-
tered once daily and IR methylphenidate 25 mg adminis-
tered three times daily. First, MPH-MLR produced
expected differences in C,.x; the lower 90 % CI limits for
the geometric mean ratios of log-transformed C,,,, on day

A\ Adis

1 and day 4 breached the bioequivalence thresholds man-
dated by the FDA. While the average of the three IR
methylphenidate Cy,,x values was higher than that associ-
ated with the MPH-MLR 80-mg capsule on days 1 and 4,
IR methylphenidate C,,.x; Was lower and #,,,x; was greater
than those of MPH-MLR. The initial drug absorption
observed with the MPH-MLR 80-mg capsule was greater
than that for IR methylphenidate 25 mg on day 4 as evi-
denced by the upper 90 % CI limit for the geometric mean
ratio of log-transformed AUC,_4 being above the 125 %
bioequivalence threshold. Second, the total extent of
methylphenidate systemic exposure delivered by the two
treatment regimens was similar after administration as a
single dose with a high-fat meal (day 1) and after multiple
daily dosing with a standard meal at steady state (day 4). A
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high-fat meal is known to slow gastric emptying and delay
methylphenidate Cy,,x [12]. In our study, MPH-MLR
coadministration with a high-fat meal delayed Cp,.x by 1 h
relative to coadministration with a standard meal, but the
methylphenidate pharmacokinetic profiles observed on
days 1 and 4 were qualitatively and quantitatively similar.

As expected, intra-subject variability, evidenced by the
% intra-subject CV, was greater during the absorption
phase with the ER formulation MPH-MLR than was
observed following administration of IR methylphenidate.
However, once the initial Cy,,x was reached, intra-subject
variability was more pronounced with the IR formulation
than was observed with MPH-MLR. This finding may have
contributed to a much lower fluctuation index for the ER
compared with the IR product.

Similar pharmacokinetic findings were observed in a
single-dose study of healthy adult subjects who received
the MPH-MLR 80-mg capsule, MPH-MLR 80 mg sprin-
kled on applesauce, and IR methylphenidate 25 mg
administered three times daily in the fasted state [29]. That
is, total systemic exposure to both MPH-MLR 80-mg for-
mulations was equivalent to that of the IR methylphenidate
treatment regimen, but between-treatment differences in
the initial rate and extent of methylphenidate absorption
manifested as greater AUC,_4 values in favor of MPH-
MLR 80 mg administered as an intact capsule or sprinkled
on applesauce.

The finding that the once-daily MPH-MLR 80-mg cap-
sule produces a higher AUC,_4 than the first dose of IR
methylphenidate 25 mg administered three times daily at
steady state fulfills the design objective for the MPH-MLR
bead formulation. It has been postulated that the greatest
changes in ADHD symptoms in children occur during the
drug absorption phase, which coincides with morning
activities [19, 20, 30, 31]. The release profile of the MPH-
MLR 80-mg capsule provides its highest levels of plasma
methylphenidate concentrations in the morning after dose
administration.

IR methylphenidate 75 mg/day was the closest total
daily dose achievable to the once-daily MPH-MLR 80-mg
capsule and thus represents a confounding issue in our data
as absolute bioavailability calculations were based on dose
normalization. Dose normalization was accomplished by
dividing the pharmacokinetic parameters by the adminis-
tered dose for each subject and treatment group in the
study. Comparisons of the dose-normalized parameters
were used to assess bioequivalence. These calculations
were hypothetical. Nevertheless, the pharmacokinetic pro-
files for the MPH-MLR 80-mg capsule and IR methyl-
phenidate 25 mg administered three times daily on day 1
and day 4 were markedly different. In contrast to the initial
peak and relatively constant methylphenidate concentration
that persisted throughout the day with the MPH-MLR

80-mg capsule, marked peaks and troughs in plasma
methylphenidate concentration were associated with IR
methylphenidate 25 mg administered three times daily.
Lower plasma methylphenidate concentrations were
observed throughout the morning with IR methylphenidate
than that with the MPH-MLR regimen, and vice versa, far
higher drug concentrations were observed with the methyl-
phenidate regimen through the afternoon and in the early
evening. Fluctuating plasma methylphenidate concentra-
tions, as produced by IR methylphenidate tablets twice and
three times daily, are reported to be less desirable than
gradually rising methylphenidate plasma concentrations
throughout the day [12, 32, 33].

Overall, single and multiple doses of the MPH-MLR
80-mg capsule were safe and well tolerated by healthy
male and female subjects, with no major safety concerns.
All AEs were consistent with the known safety profile of
methylphenidate and no new safety signals were observed.

5 Conclusion

In conclusion, MPH-MLR produced a biphasic profile of
plasma methylphenidate concentrations characterized by
rapid initial drug release throughout the morning, slowly
falling levels until the ~5 h post dose, and delayed sec-
ondary release over the afternoon and early evening. While
total systemic exposure to methylphenidate following the
administration of the once-daily MPH-MLR 80-mg capsule
was similar to that of IR methylphenidate 25 mg admin-
istered three times daily in the fed steady state, the treat-
ment regimens were not bioequivalent because of lower
Chnax and higher AUC,_4 values in the morning associated
with MPH-MLR.
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