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ORAL DOSAGE FORM WITH DRUG COMPOSITION, BARRIER LAYER AND DRUG LAYER
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[0002]

[0003]

[0004]

This application claims the benefit of U.S. Provisional Patent Application No.
62/359,111 filed July 6, 2016, which application is incorporated herein by reference

in its entirety.

INTRODUCTION

In general, there are two significant differences in the pharmacokinetic
profiles of immediate release drug formulations relative to controlled release drug
formulations. First, the time to achieve the Cmax in the plasma is often longer in the
controlled release versus the immediate release formulations. In controlled release
formulations, a later Tmax may be undesirable for patients in need of urgent
treatment and/or where it is necessary to maintain minimum effective concentration
(MEC) levels. A second difference in the pharmacokinetic profiles of controlled
release drug formulations relative to immediate release drug formulations is that the
duration of sustained plasma levels is longer in the controlled release formulations.
The longer duration of such sustained plasma levels may be advantageous, for
example, where the goal is to prolong the desired biological effect. Therefore,
although a controlled release formulation may facilitate the maintenance of plasma
levels of drug or active metabolite(s) for a substantially longer period of time, it
generally suffers from the drawback of requiring longer periods of time to achieve
the Cmax, when compared to immediate release formulations. Thus, there remains a
need for improved controlled release formulations, including dosage formulations
that have one or more desirable characteristics of both immediate release and
controlled release formulations.

Many controlled release dosage forms exhibit significant lag times (Tlag)
depending on whether the subject to whom they are administered is in a fed or fasted
state. For example, Focalin XR® Capsules, Ritalin LA® Capsules, and Metadate
CD® each exhibit a significant lag time for subjects in the fed state relative to the
fasted state.

Extended release pharmaceutical compositions may include various
pharmaceutically inactive components which contribute to the desired

pharmacokinetic parameters of the active agent in the composition. Such



compositions may also include pharmaceutically inactive components which

contribute to one or more abuse-deterrent characteristics of the composition.

[0005] The present disclosure addresses these issues and provides related advantages.
SUMMARY
[0006] Dosage forms of the present disclosure are designed to deliver

pharmacologically active agents in a controlled release manner. For instance, the present
disclosure includes dosage forms with adequate time of onset of action and reduced lag times
in the fed state. Such dosage forms find use in the treatment of a variety of conditions where
a rapid onset of action is desired followed by an extended release phase for the
pharmacologically active agent, for example in the treatment of attention deficit hyperactivity
disorder (ADHD), pain or anxiety. In some embodiments, the present disclosure provides a
dosage form including a drug composition including a pharmacologically active agent, a
barrier layer covering at least a portion of the drug composition, and a drug layer covering at
least a portion of the barrier layer, wherein the drug layer comprises the pharmacologically
active agent. Related methods are also provided.
[0006a] In one aspect, provided herein is a dosage form, comprising:

a drug composition comprising sucrose acetate isobutyrate and a first

pharmacologically active agent comprising methylphenidate;

a barrier layer covering at least a portion of the drug composition; and

a drug layer covering at least a portion of the barrier layer, wherein the drug
layer comprises a second pharmacologically active agent comprising

methylphenidate, and

wherein initial release of the first pharmacologically active agent from the dosage form
occurs at a time of 5 minutes to 120 minutes when assayed by USP Apparatus II using 750
mL of 0.1 N HCl dissolution medium, a paddle speed of 50 rpm, and a dissolution medium
temperature of 37 °C.
[0006b] In another aspect, provided herein is a dosage form, comprising:
a capsule comprising
an extended release (ER) composition encapsulated therein, the ER
composition comprising
methylphenidate (MPH) at 15% to 25% w/w relative to the

total weight of the ER composition,



sucrose acetate isobutyrate at 35% to 45% w/w relative to the
total weight of the ER composition,

an organic solvent at 20% to 35% w/w relative to the total
weight of the ER composition,

a first layer covering at least a portion of the capsule, the first layer comprising

a methacrylic acid copolymer at 60% to 90% w/w relative to the total

weight of the first layer, and

a polyvinyl alcohol at 40% to 10% w/w relative to the total weight of

the first layer;

a second layer covering at least a portion of the first layer,

the second layer comprising

MPH at 25% to 40% w/w relative to the total weight of the second
layer, and
a bulking agent at 75% to 60% w/w relative to the total weight of the second layer.

[0006c¢] In another aspect, provided herein is an oral dosage form, comprising:

a capsule comprising
an extended release (ER) composition encapsulated therein, the ER
composition comprising
methylphenidate (MPH) at 15% to 25% w/w relative to the
total weight of the ER composition,
sucrose acetate isobutyrate (SAIB) at 25% to 40% w/w relative
to the total weight of the ER composition,
triacetin at 25% to 35% w/w relative to the total weight of the
ER composition,
isopropyl myristate (IPM) at 5% to 10% w/w relative to the
total weight of the ER composition,
cellulose acetate butyrate (CAB) at 2% to 7% w/w relative to
the total weight of the ER composition,
silicon dioxide at 0.5% to 1% w/w relative to the total weight
of the ER composition, and
a polyoxylglyceride at 0.5% to 2.5% w/w relative to the total

weight of the ER composition; and
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a first layer covering the capsule, the first layer comprising
a methacrylic acid copolymer at 65% to 75% w/w relative to
the total weight of the first layer, and
a polyvinyl alcohol-based moisture barrier material at 25% to

35% wiw relative to the total weight of the first layer;

a second layer covering the first layer, the second layer comprising
MPH at 30% to 40% w/w relative to the total weight of the
second layer, and
hydroxypropyl methylcellulose (HPMC) at 70% to 60% w/w

relative to the total weight of the second layer; and

a third layer covering the second layer.

[0006d] In another aspect, provided herein is a dosage form as described herein for use
in therapy.
[0006¢] In another aspect, provided herein is a use of the dosage form as described

herein in the manufacture of a medicament for the treatment of Attention Deficit Disorder
(ADD) or Attention Deficit Hyperactivity Disorder (ADHD) in a subject, wherein the

medicament is to be administered orally to the subject on a once daily (QD) basis.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] The present invention is further described in the description of invention that

follows, in reference to the noted plurality of non-limiting drawings, wherein:

[0008] Figure 1A provides a flow diagram showing the steps of an exemplary
method of preparing an extended release (ER) composition in connection with preparation of
exemplary dosage forms described herein.

[0009] Figure 1B provides a flow diagram showing the steps of an exemplary method
of preparing a barrier coating solution utilized for the application of a barrier layer in
connection with preparation of exemplary dosage forms described herein.

[0010] Figure 2 provides a flow diagram showing the steps of an exemplary method
of preparing a drug coating solution utilized for the application of a drug layer in connection

with preparation of exemplary dosage forms described herein.
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[0011] Figure 3 provides a flow diagram showing the steps of an exemplary method
of preparing a film coating solution utilized for the application of a film coating layer
in connection with preparation of exemplary dosage forms described herein.

[0012] Figure 4 provides a graph showing the pharmacokinetic profiles for
Formulation A under fasting and fed conditions relative to Concerta® in connection
with Example 2.

[0013] Figure 5(A) provides a graph showing the in vitro dissolution profiles for
Formulations A and 1-4 in connection with Example 4.

[0014] Figure 5(B) provides a graph showing an expanded portion of the graph of
Figure 5(A) for the 0-2hr time period.

[0015] Figure 5(C) provides a Higuchi-Plot of the dissolution profiles of
Formulations A and 1-4 in connection with Example 4.

[0016] Figure 6 provides a graph showing dissolution profiles for Formulations 1, 2
and 2(a) in connection with Example 5.

[0017] Figure 7 provides a graph showing an expanded portion of the graph of
Figure 6 for the 0-2hr time period.

[0018] Figure 8 provides a graph showing the mean plasma concentration of
methylphenidate for Treatment A (Formulation 1) and E (Concerta®) in connection
with Example 6.

[0019] Figure 9 provides a graph showing the mean plasma concentration of
methylphenidate for Treatment B (Formulation 2) and E (Concerta®) in connection
with Example 6.

[0020] Figure 10 provides a graph showing the mean plasma concentration of
methylphenidate for Treatment C (Formulation 3) and E (Concerta®) in connection
with Example 6.

[0021] Figure 11 provides a graph showing the mean plasma concentration of
methylphenidate for Treatment D (Formulation 4) and E (Concerta®) in connection
with Example 6.

[0022] Figure 12 provides a graph showing the mean plasma concentration for
Treatments A-D (Formulations 1-4) and E (Concerta®) in connection with Example
6.

[0023] Figure 13 provides a graph showing the mean plasma concentration for
Formulation A (fasting and fed conditions), Formulations 1-4, and Concerta® in

connection with Examples 2 and 6.
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[0024]

[0025]

[0026]

[0027]

[0028]

[0029]

[0030]

[0031]

Figure 14 provides graphs demonstrating the effect of the barrier layer on the
in-vitro dissolution of Formulation 4. The two graphs on the left (top and bottom)
show % cumulative release for (a) Formulation 4; (b) Formulation 4 including only
the encapsulated drug composition without the addition of the barrier layer, drug
layer and film coating layer; and (c) a calculated plot which represents Formulation 4
including the encapsulated drug composition with the barrier layer, but without the
drug layer and film coating layer. The two graphs at the right (top and bottom) show
cumulative MPH release in mg for (a) Formulation 4; (b) Formulation 4 including
only the encapsulated drug composition without the addition of the barrier layer, drug
layer and film coating layer; and (c) a calculated plot which represents the dissolution
profile for Formulation 4 including the encapsulated drug composition and the barrier
layer, but without the drug layer and film coating layer. The two bottom graphs have
expanded scales for both the x- and y-axes.

Figure 15 provides a graph showing the dissolution profiles of different
barrier layer coating formulations in connection with Example 8.

Figure 16 provides a graph showing the dissolution profiles of different
barrier layer coating formulations including empirical and predicted % cumulative
drug release values at a targeted weight gain for the barrier layer of 24 mg.

Figure 17 provides a graph showing the dissolution profiles of different
barrier layer coating formulations including empirical and predicted % cumulative
drug release values at a targeted weight gain for the barrier layer of 30 mg.

Figure 18 provides a graph showing the dissolution profiles of different
barrier layer coating formulations including empirical and predicted % cumulative
drug release values at a targeted weight gain for the barrier layer of 36 mg,

Figures 19A and 19B provide tables showing the results of a stability study
for Formulation 10.

Figures 20A and 20B provide tables showing the results of a stability study
for Formulation 11.

Figures 21A and 21B provide tables showing the results of a stability study

for Formulation 4.
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DEFINITIONS

2%
2

[0032] As used interchangeably herein, the terms “active agent”, “pharmacologically
active agent” and “beneficial agent” refer to any substance intended for use in the
diagnosis, cure, mitigation, treatment, or prevention of any disease, disorder, or
condition or intended to affect the structure or function of the body, other than food.
It can include any beneficial agent or substance that is biologically active or meant to
alter animal physiology.

[0033] As used herein, the term “Ti,,” or “lag time” refers to the finite time taken for
a pharmacologically active agent to appear in systemic circulation following
extravascular administration. Tj,, may be calculated, e.g., as the time from
administration to first quantifiable plasma concentration.

[0034] As used herein, the term “high viscosity liquid carrier material (HVLCM)”
refers to a non-polymeric, non-water soluble liquid material having a viscosity of at
least 5000 cP at 37 °C that does not crystallize neat at 25°C and 1 atmosphere.

[0035] As used herein, the term “rheology modifier” refers to a substance that
possesses both a hydrophobic and a hydrophilic moiety. Rheology modifiers suitable
for use in the disclosed dosage forms and methods generally have a logarithm of
octanol-water partition coefficient (“LogP”) of between about —7 and +15, e.g.,
between —5 and +10, e.g., between —1 and +7.

[0036] As used herein, the term “network former” refers to a material or compound
that forms a network structure when introduced into a liquid medium (such as a
HVLCM).

[0037] As used herein, the term “hydrophilic agent” means a compound or material
having a natural affinity for aqueous systems. A material may be regarded as a
hydrophilic agent for the purposes of this disclosure if the material displays a water
sorption between about 10 to 100% (w/w). Hydrophilic agents will have a low LogP
value, for example, a LogP of less than +1.

[0038] As used herein, the term “hydrophilic solvent” means a solvent meeting the
definition of a hydrophilic agent as described above.

[0039] The term “solvent”, as used herein, refers to any substance that dissolves
another substance (solute).

[0040] As used herein, the term “treatment”, “treat” and “treating” refers to
eliminating, reducing, suppressing or ameliorating, either temporarily or

permanently, either partially or completely, a clinical symptom or manifestation. In
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addition, or alternatively, the terms “treatment”, “treat” and “treating” as used herein
with respect to the methods as described refer to inhibiting, delaying, suppressing,
reducing, eliminating or ameliorating, either temporarily or permanently, either

2%

partially or completely, a clinical symptom or manifestation. “Treatment,” “treat,”
and “treating” include prophylactic treatment. In some embodiments the treating is
effective to reduce a symptom, sign, and/or condition in a subject by at least about
10% (e.g., 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%,
75%, 80%, 85%, 90%, 95%, or 100%) including, as compared to a baseline
measurement of the symptom, sign, and/or condition made prior to the treatment. In
some embodiments, the treating is effective to improve an assessment used to
diagnose a symptom or manifestation in a subject including, as compared to a
baseline assessment made prior to the treatment. Such treating as provided herein
need not be absolute to be useful.

[0041] The term “pharmaceutically acceptable salt,” as used herein, refers to those
salts that retain the biological effectiveness and properties of neutral active agents
and are not otherwise unacceptable for pharmaceutical use.

[0042] As used herein, the term “viscosity enhancing agent” refers to a compound or
material that can be added to an extended release composition in order to increase the
viscosity of the resulting composition.

[0043] As used herein, the term “stabilizer” refers to any substance used to inhibit or
reduce degradation (e.g., physical or chemical) of other substances with which the
stabilizer is mixed.

[0044] As used herein, the term “soluble” refers to a level of solubility of a solute in
a solvent of greater than or equal to 33.3 mg/mL at a specified temperature, e.g., at
37 °C.

[0045] The terms “% by weight”, “% w/w” and “w%" are used interchangeably
herein to refer to percent weight per weight.

[0046] Before the present invention is further described, it is to be understood that
this invention is not limited to particular embodiments described, as such may, of
course, vary. It is also to be understood that the terminology used herein is for the
purpose of describing particular embodiments only, and is not intended to be
limiting, since the scope of the present invention will be limited only by the

appended claims.
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[0047] Where a range of values is provided, it is understood that each intervening
value, to the tenth of the unit of the lower limit unless the context clearly dictates
otherwise, between the upper and lower limit of that range and any other stated or
intervening value in that stated range, is encompassed within the invention. The
upper and lower limits of these smaller ranges may independently be included in the
smaller ranges, and are also encompassed within the invention, subject to any
specifically excluded limit in the stated range. Where the stated range includes one
or both of the limits, ranges excluding either or both of those included limits are also
included in the invention.

[0048] Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to
which this invention belongs. Although any methods and materials similar or
equivalent to those described herein can also be used in the practice or testing of the
present invention, exemplary methods and materials are now described. All
publications mentioned herein are incorporated herein by reference to disclose and
describe the methods and/or materials in connection with which the publications are
cited.

[0049] It must be noted that as used herein and in the appended claims, the singular
forms “a,” “and,” and “the” include plural referents unless the context clearly dictates
otherwise. Thus, for example, reference to “a dosage form” includes a plurality of
such dosage forms and reference to “the capsule” includes reference to one or more
capsules and equivalents thereof known to those skilled in the art, and so forth. It is
further noted that the claims may be drafted to exclude any element, e.g., any
optional element. As such, this statement is intended to serve as antecedent basis for

2%

use of such exclusive terminology as “solely,” “only” and the like in connection with
the recitation of claim elements, or use of a “negative” limitation.

[0050] To the extent the definition or usage of any term herein conflicts with a
definition or usage of a term in an application or reference incorporated by reference
herein, the instant application shall control.

[0051] The publications discussed herein are provided solely for their disclosure
prior to the filing date of the present application. Nothing herein is to be construed as
an admission that the present invention is not entitled to antedate such publication.

Further, the dates of publication provided may be different from the actual

publication dates which may need to be independently confirmed.
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[0052] As will be apparent to those of skill in the art upon reading this disclosure,
each of the individual embodiments described and illustrated herein has discrete
components and features which may be readily separated from or combined with the
features of any of the other several embodiments without departing from the scope or
spirit of the present invention. Any recited method can be carried out in the order of
events recited or in any other order which is logically possible. This is intended to

provide support for all such combinations.

DETAILED DESCRIPTION

[0053] Dosage forms of the present disclosure are designed to deliver
pharmacologically active agents in a controlled release manner with adequate time of
onset of action and reduced lag times in the fed state. In some embodiments, the
present disclosure provides a dosage form including a drug composition (or extended
release (ER) composition) including a pharmacologically active agent, a barrier layer
covering at least a portion of the drug composition, and a drug layer covering at least
a portion of the barrier layer, wherein the drug layer comprises the pharmacologically
active agent. In some embodiments, the dosage forms of the present disclosure may
be characterized by an initial increasing release rate and plasma concentration of API
within 2 hours following dosing and a second non-ascending release rate to provide
sustained plasma concentration between 2-6 hours, followed by a plasma
concentration effective to maintain a therapeutic effect through about 10-12 hours

post administration.

DRUG COMPOSITION

[0054] The drug composition (or ER composition) of the dosage forms of the present
disclosure includes a pharmacologically active agent. The drug composition may
comprise a drug core, or the drug composition may be coated onto other material(s).
The drug composition may also include one or more components which alone or in
combination facilitate controlled release of the pharmacologically active agent from
the dosage form and/or provide for abuse deterrence characteristics. Such
components include, e.g., a High Viscosity Liquid Carrier Material (HVLCM), such
as sucrose acetate isobutyrate (SAIB), an organic solvent, a theology modifier, a
network former, a viscosity enhancing agent, and a polyoxylglyceride. Each of these

components is described in greater detail below.
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Pharmacologically Active Agent

[0055] The pharmacologically active agents that may be included in the dosage forms
of the present disclosure may include any type of biologically active compound or
composition of matter which, when administered to an organism (human or animal
subject) induces a desired pharmacologic and/or physiologic effect by local and/or
systemic action.

[0056] Examples of such biologically active compounds or compositions of matter
useful in the disclosed dosage forms include, but are not limited to, opioids, CNS
depressants, and CNS stimulants.

[0057] Opioids are a class of potent narcotics that includes, for example, morphine,
codeine, oxycodone and fentanyl and related drugs. Morphine is often used to
alleviate severe pain. Codeine is used for milder pain. Other examples of opioids that
can be prescribed to alleviate pain include oxycodone (e.g. OxyContin®-an oral,
controlled release form of the drug); propoxyphene (e.g. Darvon™); hydrocodone
(e.g. Vicodin™); hydromorphone (e.g. Dilaudid™); and meperidine (e.g.
Demerol™).

[0058] In addition to relieving pain, opioids can also produce a sensation of euphoria,
and when taken in large doses, can cause severe respiratory depression which can be
fatal.

[0059] CNS depressants slow down normal brain function by increasing GABA
activity, thereby producing a drowsy or calming effect. In higher doses, some CNS
depressants can become general anesthetics, and in very high doses may cause
respiratory failure and death. CNS depressants are frequently abused, and often the
abuse of CNS depressants occurs in conjunction with the abuse of another substance
or drug, such as alcohol or cocaine. Many deaths occur yearly through such drug
abuse. CNS depressants can be divided into two groups, based on their chemistry and
pharmacology: (1) Barbiturates, such as mephobarbital (e.g. Mebaral™) and
pentobarbital sodium (e.g. Nembutal™), which are used to treat anxiety, tension, and
sleep disorders; and (2) Benzodiazepines, such as diazepam (e.g. Valium™),
chlordiazepoxide HCI (e.g. Librium™), and alprazolam (e.g. Xanax™), which can be
prescribed to treat anxiety, acute stress reactions, and panic attacks. Benzodiazepines
that have a more sedating effect, such as triazolam (e.g. Halcion™) and estazolam

(e.g. ProSom™) can be prescribed for short-term treatment of sleep disorders.
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[0060] Stimulants are a class of drugs that enhance brain activity - they cause an
increase in alertness, attention, and energy that is accompanied by increases in blood
pressure, heart rate, and respiration. Stimulants are frequently prescribed for treating
narcolepsy, attention-deficit hyperactivity disorder (ADHD), and depression.
Stimulants may also be used for short-term treatment of obesity, and for patients with
asthma. Stimulants such as dextroamphetamine (Dexedrine™) and methylphenidate
(Ritalin™) have chemical structures that are similar to key brain neurotransmitters
called monoamines, which include norepinephrine and dopamine. Stimulants
increase the levels of these chemicals in the brain and body. This, in turn, increases
blood pressure and heart rate, constricts blood vessels, increases blood glucose, and
opens up the pathways of the respiratory system. In addition, the increase in
dopamine is associated with a sense of euphoria that can accompany the use of these
drugs.

[0061] Taking high doses of a stimulant can result in an irregular heartbeat,
dangerously high body temperatures, and/or the potential for cardiovascular failure or
lethal seizures. Taking high doses of some stimulants repeatedly over a short period
of time can lead to hostility or feelings of paranoia in some individuals.

[0062] One class of biologically active compounds that may be included in the dosage
forms of the present disclosure is the opioids class, which includes alfentanil,
allylprodine, alphaprodine, anileridine, apomorphine, apocodeine, benzylmorphine,
bezitramide, buprenorphine, butorphanol, clonitazene, codeine, cyclazocine,
cyclorphen, cyprenorphine, desomorphine, dextromoramide, dextromethorphan,
dezocine, diampromide, dihydrocodeine, dihydromorphine, dimenoxadol,
dimepheptanol, dimethylthiambutene, dioxyaphetyl butyrate, dipipanone, eptazocine,
ethoheptazine, ethylmethylthiambutene, ethylmorphine, etonitazene, fentanyl, heroin,
hydrocodone, hydroxymethylmorphinan, hydromorphone, hydroxypethidine,
isomethadone, ketobemidone, levallorphan, levorphanol, levophenacylmorphan,
levomethorphan, lofentanil, meperidine, meptazinol, metazocine, methadone,
methylmorphine, metopon, morphine, myrophine, nalbuphine, narceine,
nicomorphine, norlevorphanol, normethadone, nalorphine, normorphine,
norpipanone, ohmefentanyl, opium, oxycodone, oxymorphone, papaveretum,
pentazocine, phenadoxone, phenomorphan, phenazocine, phenoperidine, pholcodine,
piminodine, piritramide, propheptazine, promedol, profadol, properidine, propiram,

propoxyphene, remifentanyl, sufentanyl, tramadol, tilidine, naltrexone, naloxone,
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nalmefene, methylnaltrexone, naloxone methiodide, nalorphine, naloxonazine,
nalide, nalmexone, nalbuphine, nalorphine dinicotinate, naltrindole (NTI), naltrindole
isothiocyanate (NTII), naltriben (NTB), nor-binaltorphimine (nor-BNI), tapentadol,
beta-funaltrexamine (b-FNA), 7-Benzylidenenaltrexone (BNTX), cyprodime, N,N-
diallyl-Tyr-Aib-Aib-Phe-Leu (ICI-174,864), 3-[1-(3-hydroxy-3-phenylpropyl)-3,4-
dimethylpiperidin-4-yl]phenol (LY 117413), [(-)-(1R,5R,9R)-5,9-diethyl-2-(3-
furylmethyl)-2’-hydroxy-6,7-benzomorphan] (MR2266), etorphine, [D-Ala*, NMe-
Phe’, Gly-ol’]-enkephalin (DAMGO), CTOP (CAS No:103429-31-8), diprenorphine,
naloxone benzoylhydrazone, bremazocine, ethylketocyclazocine, (U50,488),
(U69,593), spiradoline, [D-Pen”’]Enkephalin (DPDPE), [D-Ala2,Glu4] deltorphin,
[D-Ser?, Leu’, Thr6]-enkephalin (DSLET), Met-enkephalin, Leu-enkephalin, B-
endorphin, dynorphin A, dynorphin B, a-neoendorphin, or an opioid having the same
pentacyclic nucleus as nalmefene, naltrexone, buprenorphine, levorphanol,
meptazinol, pentazocine, dezocine, or their pharmacologically effective esters or
salts.

[0063] In some embodiments, opioids for use in the dosage forms of the present
disclosure are selected from morphine, hydrocodone, oxycodone, codeine, fentanyl
(and its relatives), hydromorphone, meperidine, methadone, oxymorphone,
propoxyphene or tramadol, or mixtures thereof. In some embodiments, opioids for
use in the dosage forms of the present disclosure are selected from oxycodone,
oxymorphone, hydrocodone and hydromorphone. In some embodiments, the opioids
for use in the dosage forms of the present disclosure may be micronized. With
respect to the opioid oxycodone, it may be beneficial to provide dosage forms that
have a reduced level of peroxide degradation products such as alpha beta unsaturated
ketones (ABUK). In such cases, the dosage forms of the present disclosure can be
subjected to peroxide contaminant reduction and/or removal techniques in
accordance with known methods.

[0064] Other pharmacologically active compounds or compositions of matter useful
in the disclosed dosage forms include prochlorperazine edisylate, ferrous sulfate,
aminocaproic acid, potassium chloride, mecamylamine, procainamide, amphetamine
(all forms including dexamphetamine, dextroamphetamine, d-S-amphetamine, and
levoamphetamine), benzphetamine, isoproternol, methamphetamine,
dexmethamphetamine, phenmetrazine, bethanechol, metacholine, pilocarpine,

atropine, methascopolamine, isopropamide, tridihexethyl, phenformin,
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methylphenidate (all forms including dexmethylphenidate, d-threo methylphenidate,
and dl-threo methylphenidate), oxprenolol, metroprolol, cimetidine, diphenidol,
meclizine, prochlorperazine, phenoxybenzamine, thiethylperazine, anisindone,
diphenadione erythrityl, digoxin, isofurophate, reserpine, acetazolamide,
methazolamide, bendroflumethiazide, chlorpropamide, tolazamide, chlormadinone,
phenaglycodol, allopurinol, aluminum aspirin, methotrexate, acetyl sulfisoxazole,
erythromycin, progestins, estrogenic progrestational, corticosteroids, hydrocortisone,
hydrocorticosterone acetate, cortisone acetate, triamcinolone, methyltestosterone, 17
beta-estradiol, ethinyl estradiol, ethinyl estradiol 3-methyl ether, prednisolone, 17-
hydroxyprogesterone acetate, 19-nor-progesterone, norgestrel, orethindone,
norethiderone, progesterone, norgestrone, norethynodrel, aspirin, indomethacin,
naproxen, fenoprofen, sulindac, diclofenac, indoprofen, nitroglycerin, propranolol,
metroprolol, sodium valproate, valproic acid, taxanes such as paclitaxel,
camptothecins such as 9-aminocamptothecin, oxprenolol, timolol, atenolol,
alprenolol, cimetidine, clonidine, imipramine, levodopa, chloropropmazine,
resperine, methyldopa, dihydroxyphenylalanine, pivaloyloxyethyl ester of a-
methyldopa hydrochloride, theophylline, calcium gluconate ferrous lactate,
ketoprofen, ibuprofen, cephalexin, haloperiodol, zomepirac, vincamine, diazepam,
phenoxybenzamine, B-blocking agents, calcium-channel blocking drugs such as
nifedipine, diltiazen, verapamil, lisinopril, captopril, ramipril, fosimopril, benazepril,
libenzapril, cilazapril cilazaprilat, perindopril, zofenopril, enalapril, indalapril,
qumapril, and the like. Pharmacologically active compounds or compositions of
matter useful in the disclosed dosage forms may include a mixture of two or more of
the above pharmacologically active compounds or compositions.

[0065] The active agent can be present in the dosage forms of the present disclosure
in a variety of forms, e.g., neutral form, free base form, or in the form of a
pharmaceutically acceptable salt. Pharmaceutically acceptable salts include salts of
acidic or basic groups, which groups may be present in the active agents. Those
active agents that are basic in nature are capable of forming a wide variety of salts
with various inorganic and organic acids. Pharmaceutically acceptable acid addition
salts of basic active agents suitable for use herein include those that form acid
addition salts, i.e., salts including pharmacologically acceptable anions, such as the
hydrochloride, hydrobromide, hydroiodide, nitrate, sulfate, bisulfate, phosphate, acid

phosphate, isonicotinate, acetate, lactate, salicylate, citrate, tartrate, pantothenate,
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[0066]

[0067]

bitartrate, ascorbate, succinate, maleate, gentisinate, fumarate, gluconate,
glucaronate, saccharate, formate, benzoate, glutamate, methanesulfonate,
ethanesulfonate, benzenesulfonate, p-toluenesulfonate and pamoate (i.e., 1,1'-
methylene-bis-(2-hydroxy-3-naphthoate)) salts. Active agents that include an amino
moiety may form pharmaceutically acceptable salts with various amino acids, in
addition to the acids mentioned above. Suitable base salts can be formed from bases
which form non-toxic salts, for example, aluminium, calcium, lithium, magnesium,

potassium, sodium, zinc and diethanolamine salts. See, e.g., Berge et al. (1977) J.

Pharm. Sci. 66:1-19, the disclosure of which is incorporated by reference herein.

In the dosage forms of the present disclosure, the pharmacologically active
agent will be dissolved (fully or partially) in one or more components of the dosage
form or dispersed within one or more components of the dosage form. The phrase
“dissolved or dispersed” is intended to encompass all means of establishing a
presence of the pharmacologically active agent in the subject dosage forms and
includes dissolution, dispersion, partial dissolution and dispersion, and/or suspension
and the like. In addition, in certain embodiments of the present disclosure wherein
the pharmacologically active agent is in a solid particulate form suspended within
one or more other components of the dosage form, the pharmacologically active
agent particulate may be pre-treated with a micronization process such as those
described in U.S. Application Publication No. 2009/0215808, the disclosure of which
is incorporated by reference herein, to provide a particle population having a
substantially homogeneous particle size the bulk of which fall within the micron
(um) range. For instance, the present disclosure provides dosage forms comprising
stabilized micronized particles, including preparations of such particles with a Dv90
particle distribution of less than or equal to 20 um or less than or equal to 10 um.

The pharmacologically active agent, which can include one or more suitable
pharmacologically active agents, may be present in the disclosed dosage forms in an
amount of from about 90 to about 0.1 percent by weight relative to the total weight of
the dosage form (wt%), e.g., in an amount of from about 80 to about 0.1 wt%, in an
amount of from about 70 to about 0.1 wt%, in an amount of from about 60 to about
0.1 wt%, in an amount of from about 50 to about 0.1 wt%, in an amount of from
about 40 to about 0.1 wt%, in an amount of from about 30 to about 0.1 wt%, in an
amount of from about 20 to about 0.1 wt%, in an amount of from about 10 to about

0.1 wt%, in an amount of from about 9 to about 0.1 wt%, in an amount of from about
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8 to about 0.1 wt%, in an amount of from about 7 to about 0.1 wt%, in an amount of
from about 6 to about 0.1 wt%, in an amount of from about 5 to about 0.1 wt%, in an
amount of from about 4 to about 0.1 wt%, in an amount of from about 3 to about 0.1
wt%, in an amount of from about 2 to about 0.1 wt%, or in an amount of from about
1 to about 0.1 wt%, depending upon the identity of the active agent, the desired dose
required for the dosage form, and the intended use thereof.

[0068] In some embodiments, the pharmacologically active agent may be present in
the disclosed dosage forms in an amount from about 0.1 to about 5 w%, in an
amount from about 5 to about 10 w%, in an amount from about 10 to about 20 w%,
in an amount from about 20 to about 30 w%, in an amount from about 30 to about 40
w%, in an amount from about 40 to about 50 w%, in an amount from about 50 to
about 60 w%, in an amount from about 60 to about 70 w%, in an amount from about
70 to about 80 w%, or in an amount from about 80 to about 90 w%, depending upon
the identity of the pharmacologically active agent, the desired dose required for the
dosage form, and the intended use thereof.

[0069] In some embodiments, the pharmacologically active agent is loaded into a
suitable dosage form to provide single dosages ranging from about 0.01 mg to about
1000 mg, or from about 0.1 mg to about 500 mg, or from about 2 mg to about 250
mg, or from about 2 mg to about 200 mg, or from about 2 mg to about 150 mg, or
from about 5 mg to about 100 mg, or from about 5 mg to about 80 mg. In some
embodiments, the pharmacologically active agent is present in the dosage form in an
amount of from about 1 wt% to about 10 wt%, from about 2 wt% to about 9 wt%,
from about 3 wt% to about 8wt%, from about 4 wt% to about 7wt%, or from about 5
wt% to about 6 wt%. In some embodiments, the pharmacologically active agent is
present in the dosage form in an amount of about 1 wt%, about 2 wt%, about 3 wt%,
about 4 wt%, about 5 wt%, about 6 wt%, about 7 wt%, about 8 wt%, about 9 wt%, or
about 10 wt%.

[0070] In some embodiments, methylphenidate is present in the disclosed dosage
forms in an amount of from about 90 to about 0.1 percent by weight relative to the
total weight of the dosage form (wt%), e.g., in an amount of from about 80 to about
0.1 wt%, in an amount of from about 70 to about 0.1 wt%, in an amount of from
about 60 to about 0.1 wt%, in an amount of from about 50 to about 0.1 wt%, in an
amount of from about 40 to about 0.1 wt%, in an amount of from about 30 to about

0.1 wt%, in an amount of from about 20 to about 0.1 wt%, in an amount of from
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about 10 to about 0.1 wt%, in an amount of from about 9 to about 0.1 wt%, in an
amount of from about 8 to about 0.1 wt%, in an amount of from about 7 to about 0.1
wt%, in an amount of from about 6 to about 0.1 wt%, in an amount of from about 5
to about 0.1 wt%, in an amount of from about 4 to about 0.1 wt%, in an amount of
from about 3 to about 0.1 wt%, in an amount of from about 2 to about 0.1 wt%, or in
an amount of from about 1 to about 0.1 wt%, depending upon the desired dose
required for the dosage form, and the intended use thereof.

[0071] In some embodiments, methylphenidate is present in the disclosed dosage
forms in an amount from about 0.1 to about 5 w%, in an amount from about 5 to
about 10 w%, in an amount from about 10 to about 20 w%, in an amount from about
20 to about 30 w%, in an amount from about 30 to about 40 w%, in an amount from
about 40 to about 50 w%, in an amount from about 50 to about 60 w%, in an amount
from about 60 to about 70 w%, in an amount from about 70 to about 80 w%, or in an
amount from about 80 to about 90 w%, depending upon the desired dose required for
the dosage form, and the intended use thereof.

[0072] In some embodiments, methylphenidate is loaded into a suitable dosage form
to provide single dosages ranging from about 0.01 mg to about 1000 mg, or from
about 0.1 mg to about 500 mg, or from about 2 mg to about 250 mg, or from about 2
mg to about 200 mg, or from about 2 mg to about 150 mg, or from about 5 mg to
about 100 mg, or from about 5 mg to about 80 mg. In some embodiments,
methylphenidate is present in the dosage form in an amount of from about 1 wt% to
about 10 wt%, from about 2 wt% to about 9 wt%, from about 3 wt% to about 8wt%,
from about 4 wt% to about 7wt%o, or from about 5 wt% to about 6 wt%. In some
embodiments, methylphenidate is present in the dosage form in an amount of about 1
wt%, about 2 wt%, about 3 wt%, about 4 wt%, about 5 wt%, about 6 wt%, about 7
wt%, about 8 wt%, about 9 wt%, or about 10 wt%.

[0073] For some embodiments that include an opioid pharmacologically active agent,
exemplary single dosages include, but are not limited to, about 1, about 2, about 3,
about 4, about 5, about 10, about 15, about 20, about 25, about 30, about 35, about
40, about 45, about 50, about 55, about 60, about 65, about 70, about 75, about 80,
about 85, about 90, about 95, about 100, about 110, about 120, about 130, about 140,
about 150 and about 160 mg.

[0074] In other embodiments that include a CNS depressant or CNS stimulant as the

pharmacologically active agent, exemplary single dosages include, but are not
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limited to, about 5, about 6, about 7, about 8, about 9, about 10, about 11, about 12,
about 13, about 14, about 15, about 16, about 17, about 18, about 19, about 20, about
21, about 22, about 23, about 24, about 25, about 26, about 27, about 28, about 29,
about 30, about 31, about 32, about 33, about 34, about 35, about 36, about 37, about
38, about 39, about 40, about 41, about 42, about 43, about 44, about 45, about 46,
about 47, about 48, about 49, about 50, about 51, about 52, about 53, about 54, about
55, about 56, about 57, about 58, about 59, about 60, about 61, about 62, about 63,
about 64, about 65, about 66, about 67, about 68, about 69, about 70, about 71, about
72, about 73, about 74, about 75, about 76, about 77, about 78, about 79, about 80,
about 81, about 82, about 83, about 84, about 85, about 86, about 87, about 88, about
89, about 90, about 91, about 92, about 93, about 94, about 95, about 96, about 97,
about 98, about 99, and about 100 mg.

[0075] The pharmacologically active agent may be present in the drug composition
(or ER composition) of the dosage forms described herein at from about 10% to
about 50% w/w relative to the total weight of the drug composition (or ER
composition), e.g., from about 10% to about 40%, from about 10% to about 30%, or
from about 10% to about 20% w/w relative to the total weight of the drug
composition (or ER composition). In some embodiments, the pharmacologically
active agent may be present in the drug composition (or ER composition) of the
dosage forms described herein at about 10% w/w, about 15% w/w, about 20% w/w,
about 25% w/w, about 30% w/w, about 35 % w/w, about 40% w/w, about 45% w/w,
or about 50% w/w relative to the total weight of the drug composition (or ER
composition).

[0076] The precise amount of pharmacologically active agent desired can be
determined by known methods, and will depend on the type of agent, and the
pharmacokinetics and pharmacodynamics of that agent.

High Viscosity Liquid Carrier Material (HVLCM)

[0077] The drug composition (or ER composition) of the dosage forms of present
disclosure may include a High Viscosity Liquid Carrier Material (HVLCM) (e.g.,
sucrose acetate isobutyrate (SAIB). An HVLCM is a non-polymeric, non-water
soluble liquid material having a viscosity of at least 5000 cP at 37 °C that does not
crystallize neat at 25°C and 1 atmosphere. The term “non-water soluble” refers to a
material that is soluble in water to a degree of less than one percent by weight at

25°C and 1 atmosphere. The term “non-polymeric” refers to esters or mixed esters
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having essentially no repeating units in the acid moiety of the ester, as well as esters
or mixed esters having acid moieties wherein functional units in the acid moiety are
repeated a small number of times (i.e., oligomers). Generally, materials having more
than five identical and adjacent repeating units or mers in the acid moiety of the ester
are excluded by the term “non-polymeric” as used herein, but materials containing
dimers, trimers, tetramers, or pentamers are included within the scope of this term.
When the ester is formed from hydroxy-containing carboxylic acid moieties that can
further esterify, such as lactic acid or glycolic acid, the number of repeat units is
calculated based upon the number of lactide or glycolide moieties, rather than upon
the number of lactic acid or glycolic acid moieties, where a lactide repeat unit
contains two lactic acid moieties esterified by their respective hydroxy and carboxy
moieties, and where a glycolide repeat unit contains two glycolic acid moieties
esterified by their respective hydroxy and carboxy moieties. Esters having 1 to about
20 etherified polyols in the alcohol moiety thereof, or 1 to about 10 glycerol moieties
in the alcohol moiety thereof, are considered non-polymeric as that term is used
herein. HVLCMs may be carbohydrate-based, and may include one or more cyclic
carbohydrates chemically combined with one or more carboxylic acids. HVLCMs
also include non-polymeric esters or mixed esters of one or more carboxylic acids,
having a viscosity of at least 5,000 cP at 37 °C, that do not crystallize neat at 25°C
and 1 atmosphere, wherein when the ester contains an alcohol moiety (e.g., glycerol).
The ester may, for example include from about 2 to about 20 hydroxy acid moieties.
Various HVLCMs, which may be included in disclosed dosage forms, are described
in U.S. Patent Nos. 5,747,058; 5,968,542; and 6,413,536, the disclosures of each of
which are incorporated by reference herein. The presently disclosed dosage forms
may employ any HVLCM described in these patents but is not limited to any
specifically described materials.

[0078] The HVLCM may be present in the drug composition (or ER composition) of
the dosage forms of the present disclosure at from about 30% by weight to about
60% by weight based on total weight of the drug composition (or ER composition).
For example, the HVLCM may be present in the drug composition (or ER
composition) at from about 35% by weight to about 60% by weight, from about 40%
by weight to about 60% by weight, from about 45% by weight to about 60% by
weight, from about 50% by weight to about 60% by weight, or from about 55% by
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weight to about 60% by weight relative to the total weight of the drug composition
(or ER composition).

[0079] In some embodiments, the HVLCM may be present in the drug composition
(or ER composition) at from about 35% by weight to about 55% by weight, or from
about 40% by weight to about 50% by weight relative to the total weight of the drug
composition (or ER composition).

[0080] In some embodiments, the HVLCM may be present in the drug composition
(or ER composition) at about 30% by weight, about 31% by weight, about 32% by
weight, about 33% by weight, about 34% by weight, about 35% by weight, about
36% by weight, about 37% by weight, about 38% by weight, about 39% by weight,
about 40% by weight, about 41% by weight, about 42% by weight, about 43% by
weight, about 44% by weight, about 45% by weight, about 46% by weight, about
47% by weight, about 48% by weight, about 49% by weight, about 50% by weight,
about 51% by weight, about 52% by weight, about 53% by weight, about 54% by
weight, about 55% by weight, about 56% by weight, about 57% by weight, about
58% by weight, about 59% by weight, or about 60% by weight relative to the total
weight of the drug composition (or ER composition).

[0081] In some embodiments, the amount of the HVLCM present in the drug
composition (or ER composition) is provided relative to the amount of the solvent
present in the drug composition (or ER composition). For example, the HVLCM and
the solvent may be provided in the composition at a weight ratio of about 2:1 to
about 0.8:1, e.g., about 1.9:1 to about 0.8:1, about 1.8:1 to about 0.8:1, about 1.7:1 to
about 0.8:1, about 1.6:1 to about 0.8:1, about 1.5:1 to about 0.8:1, about 1.4:1 to
about 0.8:1, about 1.3:1 to about 0.8:1, about 1.2:1 to about 0.8:1, about 1.1:1 to
about 0.8:1, about 1:1 to about 0.8:1, or about 0.9:1 to about 0.8:1. For example, in
some embodiments, the HVLCM and the solvent may be provided in the drug
composition (or ER composition) at a weight ratio of about 2:1, about 1.9:1, about
1.8:1, about 1.7:1, about 1.6, about 1.5:1, about 1.4:1, about 1.3:1, about 1.2:1, about
1:1, about 0.9:1 or about 0.8:1.

[0082] In some embodiments, sucrose acetate isobutyrate (“SAIB”) may be included
in the drug composition (or ER composition) or the HVLCM may include SAIB, e.g.,
at any of the above % by weight or ratios relative to solvent. SAIB is a non-
polymeric highly viscous liquid at temperatures ranging from —80° C to over 100° C,

it is a fully esterified sucrose derivative, at a nominal ratio of six isobutyrates to two
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acetates. The chemical structure of SAIB is provided in U.S. Application Publication
No. 2009/0215808, the disclosure of which is incorporated by reference herein. The
SAIB material is available from a variety of commercial sources including Eastman
Chemical Company, where it is available as a mixed ester that does not crystallize
but exists as a very highly viscous liquid. It is a hydrophobic, non-crystalline, low
molecular weight molecule that is water insoluble and has a viscosity that varies with
temperature. For example, pure SAIB exhibits a viscosity of approximately
2,000,000 centipoise (cP) at ambient temperature (RT) and approximately 600 cP at
80° C. The SAIB material has unique solution-viscosity relationship in that a SAIB
solution established in a number of organic solvents has a significantly lower
viscosity value than the pure SAIB material, and therefore the SAIB-organic solvent
solutions render themselves capable of processing using conventional equipment
such as mixers, liquid pumps and capsule production machines. SAIB also has
applications in drug formulation and delivery, for example as described in US Patent
Nos. 5,747,058; 5,968,542; 6,413,536; and 6,498,153, the disclosures of which are
incorporated by reference herein.

[0083] In some embodiments, it may be beneficial to provide a SAIB containing
material having a low peroxide level to avoid peroxide-based degradation of various
components of the drug composition (or ER composition) and/or the
pharmacologically active agent. See, e.g., U.S. Patent Application Publication
Number US 2007/0027105, “Peroxide Removal From Drug Delivery Vehicle”, the
disclosure of which is incorporated by reference herein.

Solvents

[0084] The drug composition (or ER composition) of the dosage forms of the present
disclosure may include one or more solvents. Solvents may be used in the drug
composition (or ER composition) to dissolve one or more of the following
constituents: HVLCMs; active agents; network formers; rheology modifiers;
viscosity enhancing agents; and stabilizing agents. In some embodiments, the
solvent can dissolve both the HVLCM and the network former. In some
embodiments of the dosage forms of the present disclosure, the drug composition (or
ER composition) may include both a hydrophilic solvent and a hydrophobic solvent.
Organic solvents suitable for use in the drug composition (or ER composition) of the
dosage forms of the present disclosure include, but are not limited to: substituted

heterocyclic compounds such as N-methyl-2-pyrrolidone (NMP) and 2-pyrrolidone
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(2-pyrol); triacetin; esters of carbonic acid and alkyl alcohols such as propylene
carbonate, ethylene carbonate and dimethyl carbonate; fatty acids such as acetic acid,
lactic acid and heptanoic acid; alkyl esters of mono-, di-, and tricarboxylic acids such
as 2-ethyoxyethyl acetate, ethyl acetate, methyl acetate, ethyl lactate, ethyl butyrate,
diethyl malonate, diethyl glutonate, tributyl citrate, diethyl succinate, tributyrin,
dimethyl adipate, dimethyl succinate, dimethyl oxalate, dimethyl citrate, triethyl
citrate, acetyl tributyl citrate, glyceryl triacetate; alkyl ketones such as acetone and
methyl ethyl ketone; ether alcohols such as 2-ethoxyethanol, ethylene glycol
dimethyl ether, glycofurol and glycerol formal; alcohols such as benzyl alcohol,
ethanol and propanol; polyhydroxy alcohols such as propylene glycol, polyethylene
glycol (PEG), glycerin (glycerol), 1,3-butyleneglycol, and isopropylidene glycol
(2,2-dimethyl-1,3-dioxolone-4-methanol); solketal; dialkylamides such as
dimethylformamide, dimethylacetamide; dimethylsulfoxide (DMSO) and
dimethylsulfone; tetrahydrofuran; lactones such as e-caprolactone and butyrolactone;
cyclic alkyl amides such as caprolactam; aromatic amides such as N,N-dimethyl-m-
toluamide, and 1-dodecylazacycloheptan-2-one; and the like; and mixtures and
combinations thereof.

[0085] In some embodiments, the solvent includes or comprises at least one member
selected from triacetin, N-methyl-2-pyrrolidone, 2-pyrrolidone, dimethylsulfoxide,
ethyl lactate, propylene carbonate, and glycofurol. In some embodiments, the solvent
is triacetin which is a hydrophilic solvent. In some embodiments, the hydrophilic
triacetin solvent can be combined with a hydrophobic solvent to provide a
hydrophobic/hydrophilic solvent system within the composition.

[0086] The solvent, which can include one or more suitable solvent materials, can be
present in the drug composition (or ER composition) of the dosage forms of the
present disclosure at from about 0.1% by weight to about 40% by weight, based on
total weight of the drug composition (or ER composition). For example, the solvent
may be present in the drug composition (or ER composition) at from about 1% by
weight to about 45% by weight, from about 2% by weight to about 45% by weight,
from about 3% by weight to about 45% by weight, from about 4% by weight to about
45% by weight, from about 5% by weight to about 45% by weight, from about 6%
by weight to about 45% by weight, from about 7% by weight to about 45% by
weight, from about 8% by weight to about 45% by weight, from about 9% by weight
to about 45% by weight, from about 10% by weight to about 45% by weight, from
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about 11% by weight to about 45% by weight, from about 12% by weight to about
45% by weight, from about 13% by weight to about 45% by weight, from about 14%
by weight to about 45% by weight, from about 15% by weight to about 45% by
weight, from about 16% by weight to about 45% by weight, from about 17% by
weight to about 45% by weight, from about 18% by weight to about 45% by weight,
from about 19% by weight to about 45% by weight, from about 20% by weight to
about 45% by weight, from about 21% by weight to about 45% by weight, from
about 22% by weight to about 45% by weight, from about 23% by weight to about
45% by weight, from about 24% by weight to about 45% by weight, from about 25%
by weight to about 45% by weight, from about 26% by weight to about 45% by
weight, from about 27% by weight to about 45% by weight, from about 28% by
weight to about 45% by weight, from about 29% by weight to about 45% by weight,
from about 30% by weight to about 45% by weight, from about 31% by weight to
about 45% by weight, from about 32% by weight to about 45% by weight, from
about 33% by weight to about 45% by weight, from about 34% by weight to about
45% by weight, from about 35% by weight to about 45% by weight, from about 36%
by weight to about 45% by weight, from about 37% by weight to about 45% by
weight, from about 38% by weight to about 45% by weight, from about 39% by
weight to about 45% by weight, from about 40% by weight to about 45% by weight,
from about 41% by weight to about 45% by weight, from about 42% by weight to
about 45% by weight, from about 43% by weight to about 45% by weight, or from
about 44% by weight to about 45% by weight relative to the total weight of the drug
composition (or ER composition).

[0087] In some embodiments, the solvent may be present in the drug composition (or
ER composition) of the dosage forms of the present disclosure at from about 10% by
weight to about 35% by weight, e.g., from about 15% by weight to about 30% by
weight, or from about 20% by weight to about 25% by weight relative to the total
weight of the drug composition (or ER composition). In some embodiments, the
solvent may be present in the drug composition (or ER composition) at about 10% by
weight, about 11% by weight, about 12% by weight, about 13% by weight about
14% by weight, about 15% by weight, about 16% by weight, about 17% by weight,
about 18% by weight, about 19% by weight, about 20% by weight, about 21% by
weight, about 22% by weight, about 23% by weight, about 24% by weight, about
25% by weight, about 26% by weight, about 27% by weight, about 28% by weight,
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about 29% by weight, about 30% by weight, about 31% by weight, about 32% by
weight, about 33% by weight, about 34% by weight, or about 35% by weight relative
to the total weight of the drug composition (or ER composition).

Rheology Modifier

[0088] The drug composition (or ER composition) of the dosage forms of the present
disclosure may include one or more rheology modifiers. Rheology refers to the
property of deformation and/or flow of a liquid, and rheology modifiers are used to
modify viscosity and flow of a liquid composition. Rheology modifiers, which may
be used in the drug composition (or ER composition) of the present disclosure
include, for example, caprylic/capric triglyceride (e.g., Miglyol® 810 or Miglyol®
812), isopropyl myristate (IM or IPM), ethyl oleate, triethyl citrate, dimethyl
phthalate, labrafil, labrasol, a polyglycolized glyceride, benzyl benzoate, and
mixtures thereof.

[0089] In some embodiments, the rheology modifier utilized in the drug composition
(or ER composition) of the dosage forms of the present disclosure is or includes IPM.

[0090] The rheology modifier, which can include one or more suitable rheology
modifier materials, e.g., one or more suitable rtheology modifiers listed herein, can be
present in the drug composition (or ER composition) of the dosage forms of the
present disclosure at from about 0.1 to about 20 percent by weight relative to the total
weight of the composition (wt%), e.g., at from about 1 to about 20 wt%, from about
2 to about 20 wt%, from about 3 to about 20 wt%, from about 4 to about 20 wt%,
from about 5 to about 20 wt%, from about 6 to about 20 wt%, from about 7 to about
20 wt%, from about 8 to about 20 wt%, from about 9 to about 20 wt%, from about 10
to about 20 wt%, from about 11 to about 20 wt%, from about 12 to about 20 wt%,
from about 13 to about 20 wt%, from about 14 to about 20 wt%, from about 15 to
about 20 wt%, from about 16 to about 20 wt%, from about 17 to about 20 wt%, from
about 18 to about 20 wt%, or from about 19 to about 20 wt% relative to the total
weight of the drug composition (or ER composition).

[0091] In some embodiments, the rheology modifier is present in the drug
composition (or ER composition) at from about 1 to about 15 wt%, e.g., at from
about 5 to about 10 wt%, relative to the total weight of the drug composition (or ER
composition). For example, in some embodiments, the rheology modifier, e.g., IPM,
is present in the drug composition (or ER composition) at about 1 wt%, about 2 wt%,

about 3 wt%, about 4 wt%, about 5 wt%, about 6 wt%, about 7 wt%, about 8 wt%,
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about 9 wt%, about 10 wt%, about 11 wt%, about 12 wt%, about 13 wt%, or about
15 wt% relative to the total weight of the drug composition (or ER composition).
Network Former

[0092] The drug composition (or ER composition) of the dosage forms of the present
disclosure may include one or more network formers. Network formers may be
added to a composition such that, upon exposure to an aqueous environment, they
form a three dimensional network within the composition. While not intending to be
bound by any particular theory, it is believed that the network former allows the
formation of a micro-network within the composition upon exposure to an aqueous
environment. This micro-network formation appears to be due, at least in part, to a
phase inversion (e.g., a change in glass transition temperature, T,) of the network
former. The result is believed to be a skin or surface layer of precipitated network
former at the interface between the composition and the aqueous environment, as
well as the formation of a three-dimensional micro-network of precipitated network
former within the composition. The network former is selected so as to have good
solubility in the selected solvent used in the drug composition (or ER composition),
for example a solubility of between about 0.1 and 20 wt%. Additionally, good
network formers will typically have a LogP between about —1 and 7. Suitable
network formers include, for example; cellulose acetate butyrate (“CAB”);
carbohydrate polymers; organic acids of carbohydrate polymers and other polymers;
hydrogels; cellulose acetate phthalate; ethyl cellulose; a triblock copolymer, e.g.,
Pluronic® (nonionic triblock copolymer); an acrylic polymer, e.g., Eudragit®
(polymethacrylate) or Carbomer™ (polyacrylic acid); hydroxyl propyl methyl
cellulose (HPMC), other cellulose acetates such as cellulose triacetate, Poly(methyl
methacrylate) (PMMA), as well as any other material capable of associating, aligning
or congealing to form three-dimensional networks in an aqueous environment, and
mixtures thereof.

[0093] In some embodiments, the network former used in the drug composition (or
ER composition) of the dosage forms of the present disclosure is or includes a CAB
having a number average molecular weight ranging from about 50,000 Daltons to
about 100,000 Daltons, e.g., from about 60,000 Daltons to about 100,000 Daltons,
from about 70,000 Daltons to about 100,000 Daltons, from about 80,000 Daltons to
about 100,000 Daltons, or from about 90,000 Daltons to about 100,000 Daltons. In

some embodiments, the network former used in the drug composition (or ER
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composition) of the present disclosure is or includes a CAB having a number average
molecular weight ranging from about 60,000 Daltons to about 90,000 Daltons, or
from about 70,000 Daltons to about 80,000 Daltons. In some embodiments, the
network former used in the drug composition (or ER composition) of the present
disclosure is or includes a CAB having a number average molecular weight of about
50,000 Daltons, about 55,000 Daltons, about 60,000 Daltons, about 65,000 Daltons,
about 70,000 Daltons, about 75,000 Daltons, about 80,000 Daltons, about 85,000
Daltons, about 90,000 Daltons, about 95,000 Daltons, or about 100,000 Daltons.
[0094] In some embodiments, the network former used in the drug composition (or
ER composition) of the present disclosure is or includes a CAB having at least one
feature selected from a butyryl content ranging from about 17% to about 41%, an
acetyl content ranging from about 13% to about 30%, and a hydroxyl content ranging
from about 0.5% to about 1.7%. In some further embodiments, the network former
used in the drug composition (or ER composition) of the present disclosure is or
includes a CAB comprising at least two of a butyryl content ranging from about 17%
to about 41%, an acetyl content ranging from about 13% to about 30%, and a
hydroxyl content ranging from about 0.5% to about 1.7%. In still further
embodiments, the network former used in the drug composition (or ER composition)
of the present disclosure is or includes a CAB comprising all three of a butyryl
content ranging from about 17% to about 41%, an acetyl content ranging from about
13% to about 30%, and a hydroxyl content ranging from about 0.5% to about 1.7%.
[0095] Accordingly, in some embodiments, the network former used in the drug
composition (or ER composition) of the present disclosure is or includes a CAB
having a butyryl content ranging from about 17% to about 41%. In some
embodiments, the network former used in the drug composition (or ER composition)
of the present disclosure is or includes a CAB having an acetyl content ranging from
about 13% to about 30%. In some embodiments, the network former used in the drug
composition (or ER composition) of the present disclosure is or includes a CAB
having a hydroxyl content ranging from about 0.5% to about 1.7%. In some
embodiments, the network former used in the drug composition (or ER composition)
of the present disclosure is or includes a CAB having a butyryl content ranging from
about 17% to about 41% and an acetyl content ranging from about 13% to about
30%. In some embodiments, the network former used in the drug composition (or ER

composition) of the present disclosure is or includes a CAB having a butyryl content
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ranging from about 17% to about 41% and a hydroxyl content ranging from about
0.5% to about 1.7%. In some embodiments, the network former used in the drug
composition (or ER composition) of the present disclosure is or includes a CAB
having an acetyl content ranging from about 13% to about 30% and a hydroxyl
content ranging from about 0.5% to about 1.7%. In still other embodiments, the
network former used in the drug composition (or ER composition) of the present
disclosure is or includes a CAB having a butyryl content ranging from about 17% to
about 41%, an acetyl content ranging from about 13% to about 30%, and a hydroxyl
content ranging from about 0.5% to about 1.7%. In further embodiments, in addition
to at least one of the above features of butyryl content, acetyl content and/or hydroxyl
content, the CAB also has a number average molecular weight ranging from about
50,000 Daltons to about 100,000 Daltons, e.g., from about 60,000 Daltons to about
100,000 Daltons, from about 70,000 Daltons to about 100,000 Daltons, from about
80,000 Daltons to about 100,000 Daltons, or from about 90,000 Daltons to about
100,000 Daltons. In further embodiments, in addition to at least one of the above
features of butyryl content, acetyl content and/or hydroxyl content, the CAB also has
a number average molecular weight ranging from about 60,000 Daltons to about
90,000 Daltons, or from about 70,000 Daltons to about 80,000 Daltons. In further
embodiments, in addition to at least one of the above features of butyryl content,
acetyl content and/or hydroxyl content, the CAB also has a number average
molecular weight of about 50,000 Daltons, about 55,000 Daltons, about 60,000
Daltons, about 65,000 Daltons, about 70,000 Daltons, about 75,000 Daltons, about
80,000 Daltons, about 85,000 Daltons, about 90,000 Daltons, about 95,000 Daltons,
or about 100,000 Daltons.

[0096] In some embodiments, the network former used in the drug composition (or
ER composition) of the present disclosure is or includes cellulose acetate butyrate
grade 381-20BP (“CAB 381-20BP” available from Eastman Chemicals). In some
embodiments, the network former used in the drug composition (or ER composition)
of the present disclosure is or includes a CAB, wherein the CAB is a non-
biodegradable polymer material that has the following chemical and physical
characteristics: butyryl content of about 36 wt%, acetyl content of about 15.5 wt%,
hydroxyl content of about 0.8%, a melting point of from about 185-196° C, a glass
transition temperature of about 128 °C, and a number average molecular weight of

from about 66,000 Daltons to 83,000 Daltons, e.g., about 70,000 Daltons. In some
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embodiments, if a CAB material is used in the drug composition (or ER
composition), it may be subjected to an ethanol washing step (and subsequent drying
step) prior to addition to the drug composition (or ER composition) in order to
remove potential contaminants therefrom.

[0097] In some embodiments, the network former used in the drug composition (or
ER compositions) of the present disclosure specifically excludes a network former
having an acetyl content of about 2.0%, a butyryl content of about 46.0%, a hydroxyl
content of 4.8%, a melting point of from about 150-160° C, a glass transition
temperature of about 136° C, and a number average molecular weight of about
20,000 Daltons, e.g., CAB-553-0.4 available from Eastman Chemicals.

[0098] In some embodiments, the network former used in the drug composition (or
ER composition) of the present disclosure specifically excludes a network former,
e.g, a CAB, which is soluble in ethanol.

[0099] The network former, which can include one or more suitable network former
materials, can be present in the drug composition (or ER composition) of the dosage
forms of the present disclosure at from about 0.1 to about 20 percent by weight
relative to the total weight of the drug composition (or ER composition) (wt%), e.g.,
at from about 1 to about 20 wt%, from about 2 to about 20 wt%, from about 3 to
about 20 wt%, from about 4 to about 20 wt%, from about 5 to about 20 wt%, from
about 6 to about 20 wt%, from about 7 to about 20 wt%, from about 8 to about 20
wt%, from about 9 to about 20 wt%, from about 10 to about 20 wt%, from about 11
to about 20 wt%, from about 12 to about 20 wt%, from about 13 to about 20 wt%,
from about 14 to about 20 wt%, from about 15 to about 20 wt%, from about 16 to
about 20 wt%, from about 17 to about 20 wt%, from about 18 to about 20 wt%, or
from about 19 to about 20 wt% relative to the total weight of the drug composition
(or ER composition).

[00100] In some embodiments, the network former is present in the drug composition
(or ER composition) at from about 2 to about 10 wt%, e.g., at from about 4 to about 8
wt%, or about 4 to about 6 wt% about relative to the total weight of the drug
composition (or ER composition). For example, in some embodiments, the network
former is present in the drug composition (or ER composition) at about 2 wt%, about
3 wt%, about 4 wt%, about 5 wt%, about 6 wt%, about 7 wt%, about 8 wt%, about 9
wt%, about 10 wt%, about 11 wt%, about 12 wt%, about 13 wt%, or about 15 wt%

relative to the total weight of the drug composition (or ER composition).
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Viscosity Enhancing Agent

[00101] The drug composition (or ER composition) of the dosage forms of the present
disclosure may include one or more viscosity enhancing agents. Viscosity enhancing
agents can be selected to have good hydrogen bonding capability, such as a bonding
capability greater than or equal to one per molecule. In certain cases, the viscosity
enhancing agent has very low to no significant solubility in the composition. If the
agent is soluble, then, in some embodiments, the solubility is less than 50 wt%. For
inorganic or mineral viscosity enhancing agents, it is preferable if the material has a
specific surface area greater than or equal to about 100 m*/g. Suitable viscosity
enhancing agents include biodegradable and non-biodegradable polymer materials.
Non-limiting examples of suitable biodegradable polymers and oligomers include:
poly(lactide), poly(lactide-co-glycolide), poly(glycolide), poly(caprolactone),
polyamides, polyanhydrides, polyamino acids, polyorthoesters, polycyanoacrylates,
poly(phosphazines), poly(phosphoesters), polyesteramides, polydioxanones,
polyacetals, polyketals, polycarbonates, polyorthocarbonates, degradable
polyurethanes, polyhydroxybutyrates, polyhydroxyvalerates, polyalkylene oxalates,
polyalkylene succinates, poly(malic acid), chitin, chitosan, and copolymers,
terpolymers, oxidized cellulose, hydroxyethyl cellulose, or combinations or mixtures
of the above materials. Suitable non-biodegradable polymers include: polyacrylates,
ethylene-vinyl acetate polymers, cellulose and cellulose derivatives, acyl substituted
cellulose acetates and derivatives thereof including cellulose acetate butyrate (CAB),
which is also used herein as a network former, non-erodible polyurethanes,
polystyrenes, polyvinyl chloride, polyvinyl fluoride, polyvinyl (imidazole),
chlorosulphonated polyolefins, polyethylene oxide, polyethylene, and mixtures
thereof.

[00102] Other suitable viscosity enhancing materials include mineral particles such as
clay compounds, including, talc, bentonite and kaolin; metal oxides including silicon
dioxide, zinc oxide, magnesium oxide, titanium oxide, and calcium oxide; fumed
silica, reagent grade sand, precipitated silica, amorphous silica, colloidal silicon
dioxide, fused silica, silica gel, and quartz; and mixtures thereof. In some
embodiments of the present disclosure, a colloidal silicon dioxide, e.g., Cab-O-Sil®
M-5P (untreated fumed silica that complies with the pharmacopeia monograph
“Colloidal Silicon Dioxide” in the U.S. Pharmacopeia/National Formulary), is used

in the drug composition (or ER composition) as a viscosity enhancing agent.
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[00103] The viscosity enhancing agent, e.g., mineral particle, which can include one or
more suitable viscosity enhancing materials, can be present in the drug composition
(or ER composition) of the dosage forms of the present disclosure at from about 0.01
to about 10 percent by weight relative to the total weight of the drug composition (or
ER composition) (wt%), e.g., at from about 0.05 to about 1.0 wt%, from about 0.1 to
about 1.0 wt%, from about 1.0 to about 1.5 wt%, from about 1.5 to about 2.0 wt%,
from about 2.0 to about 2.5 wt%, from about 2.5 to about 3.0 wt%, from about 3.0 to
about 3.5 wt%, from about 3.5 to about 4.0 wt%, from about 4.0 to about 4.5 wt%,
from about 4.5 to about 5.0 wt%, from about 5.0 to about 5.5 wt%, from about 5.5 to
about 6.0 wt%, from about 6.0 to about 6.5 wt%, from about 6.5 to about 7.0 wt%,
from about 7.0 to about 7.5 wt%, from about 7.5 to about 8.0 wt%, from about 8.0 to
about 8.5 wt%, from about 8.5 to about 9.0 wt%, from about 9.0 to about 9.5 wt%, or
from about 9.5 to about 10.0 wt% relative to the total weight of the drug composition
(or ER composition).

[00104] In some embodiments, a drug composition (or ER composition) according to
the present disclosure includes a viscosity enhancing agent, e.g., mineral particle, at
from about 0.5 wt% to about 1.5 wt%, e.g., from about 0.6 wt% to about 1.4 wt%,
from about 0.7 wt% to about 1.3 wt%, from about 0.8 wt% to about 1.2 wt%, or from
about 0.9 wt% to about 1.0 wt% relative to the total weight of the drug composition
(or ER composition).

[00105] In some embodiments, a drug composition (or ER composition) according to
the present disclosure includes a viscosity enhancing agent, e.g., mineral particle
(e.g., silicon dioxide) at about 0.1 wt%, about 0.2 wt%, about 0.3 wt%, about 0.4
wt%, about 0.5 wt%, about 0.6 wt%, about 0.7 wt%, about 0.8 wt%, about 0.9 wt%o,
or about 1.0 wt% relative to the total weight of the drug composition (or ER
composition).

Stabilizing Agent

[00106] Materials that can be used as stabilizing agents in the drug composition (or ER
composition) of the dosage forms of the present disclosure include any material or
substance that can inhibit or reduce degradation (e.g., by chemical reactions) of other
substances or substances in the composition with which the stabilizer is mixed.
Exemplary stabilizers typically are antioxidants that prevent oxidative damage and
degradation, e.g., sodium citrate, ascorbyl palmitate, vitamin A, propyl gallate,

reducing agents, and mixtures thereof. Other examples include ascorbic acid, vitamin
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E, sodium bisulfite, butylhydroxyl toluene (BHT), BHA, acetylcysteine,
monothioglycerol, phenyl-alpha-nathylamine, lecithin, EDTA, and mixtures thereof.
These stabilizing materials, which can include one or more of such suitable materials,
can be present in the drug composition (or ER composition) at from about 0.001 to
about 2 percent by weight relative to the total weight of the composition (wt%), e.g.,
at from about 0.01 to about 0.1 wt%, or at from about 0.01 to about 0.02 wt%. In
some embodiments, the drug composition (or ER composition) of the present
disclosure specifically excludes a stabilizing agent, such as those listed above.
Surfactants

[00107] In some embodiments, a drug composition (or ER composition) of a dosage
form according to the present disclosure may include one or more surfactants.
Materials that can be used as surfactants in the practice of the present disclosure
include neutral and/or anionic/cationic excipients. Accordingly, suitable charged
lipids include, without limitation, phosphatidylcholines (lecithin), and the like.
Detergents will typically be a nonionic, anionic, cationic or amphoteric surfactant.
Examples of suitable surfactants include, for example, Tergitol® and Triton®
surfactants (Union Carbide Chemicals and Plastics); polyoxyethylenesorbitans, e.g.,
TWEEN® surfactants (Atlas Chemical Industries); polysorbates; polyoxyethylene
ethers, e.g. Brij; pharmaceutically acceptable fatty acid esters, e.g., lauryl sulfate and
salts thereof, amphiphilic surfactants (glycerides, etc.); polyoxyglycerides, e.g.,
caprylocaproyl polyoxylglycerides, lauroyl polyoxylglycerides, linoleoyl
polyoxylglycerides, oleoyl poloxylglycerides, stearoyl polyoxylglycerides, and
Gelucire®s (saturated polyglycolized glyceride (e.g., Gattefosse brand)); like
materials; and mixtures thereof. Surfactants, which can include one or more suitable
surfactant material, can be present in the drug composition (or ER composition) of
the present disclosure at from about 0.01 to about 5 percent by weight relative to the
total weight of the drug composition (or ER composition) (wt%), e.g., at from about
0.1 to about 5 wt%, from about 0.1 to about 4 wt%, from about 0.1 to about 3 wt%,
from about 0.1 to about 2 wt%, or from about 0.1 to about 1 wt%. In some
embodiments, a surfactant is present in the drug composition (or ER composition) of
the present disclosure at about 0.1 wt%, about 0.5 wt%, about 1 wt%, about 2 wt%,
about 3 wt%, about 4 wt%, or about 5 wt% relative to the total weight of the drug

composition (or ER composition).
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[00108] In some embodiments, a suitable surfactant for incorporation into the drug
composition (or ER composition) of the dosage forms of the present disclosure
includes one or more Gelucire®s (saturated polyglycolized glycerides). Suitable
Gelucire®s include, e.g., Gelucire® 44/14 (lauroyl polyoxylglycerides), Gelucire®
43/01 (hard fat EP/NF/JPE), Gelucire® 39/01 (glycerol esters of fatty acids, e.g.,
glycerol esters of saturated C12-C18 fatty acids), Gelucire® 48/16 (Polyoxyl stearate
(Type I) NF), and Gelucire® 50/13 (stearoyl polyoxylglycerides). Accordingly, in
some embodiments, a Gelucire®, e.g., Gelucire® 44/14, Gelucire® 43/01, Gelucire®
39/01, Gelucire® 48/16, Gelucire® 50/13, or a combination thereof, is present the
compositions of the present disclosure at from about 0.01 to about 5 percent by
weight relative to the total weight of the drug composition (or ER composition)
(wWt%), e.g., from about 0.1 to about 5 wt%, from about 0.1 to about 4 wt%, from
about 0.1 to about 3 wt%, from about 0.1 to about 2 wt%, or from about 0.1 to about
1 wt%. In some embodiments, a Gelucire®, e.g., Gelucire® 44/14, Gelucire® 43/01,
Gelucire® 39/01, Gelucire® 48/16, Gelucire® 50/13, or a combination thereof, is
present in the drug composition (or ER composition) of the present disclosure at
about 0.1 wt%, about 0.5 wt%, about 1 wt%, about 2 wt%, about 3 wt%, about 4
wt%, or about 5 wt% relative to the total weight of the drug composition (or ER
composition).

[00109] Each Gelucire is designated by two numbers separated by a slash, the first
number (two-digit number) indicating its melting point and the second, the HLB
(hydrophilic-lipophilic balance).

[00110] In some embodiments, a suitable surfactant for incorporation into the drug
composition (or ER composition) of the dosage forms of the present disclosure
includes a saturated polyglycolized glyceride having a melting point of from about
39°C to about 50°C (e.g., about 40°C, about 41°C, about 42°C, about 43°C, about
44°C, about 45°C, about 46°C, about 47°C, about 48°C, or about 49°C) and an HLB
of from about 1 to about 16 (e.g., about 2, about 3, about 4, about 5, about 6, about 7,
about 8, about 9, about 10, about 11, about 12, about 13, about 14, or about 15).
Accordingly, in some embodiments, a saturated polyglycolized glyceride having a
melting point of from about 38°C to about 50°C (e.g., about 39°C, about 40°C, about
41°C, about 42°C, about 43°C, about 44°C, about 45°C, about 46°C, about 47°C,
about 48°C, or about 49°C) and an HLB of from about 1 to about 16 (e.g., about 2,
about 3, about 4, about 5, about 6, about 7, about 8, about 9, about 10, about 11,
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about 12, about 13, about 14, or about 15) is present the compositions of the present
disclosure at from about 0.01 to about 5 percent by weight relative to the total weight
of the drug composition (or ER composition) (wt%), e.g., from about 0.1 to about 5
wt%, from about 0.1 to about 4 wt%, from about 0.1 to about 3 wt%, from about 0.1
to about 2 wt%, or from about 0.1 to about 1 wt%. In some embodiments, a saturated
polyglycolized glyceride having a melting point of from about 38°C to about 50°C
(e.g., about 39°C, about 40°C, about 41°C, about 42°C, about 43°C, about 44°C,
about 45°C, about 46°C, about 47°C, about 48°C, or about 49°C) and an HLB of
from about 1 to about 16 (e.g., about 2, about 3, about 4, about 5, about 6, about 7,
about 8, about 9, about 10, about 11, about 12, about 13, about 14, or about 15) is
present in the drug composition (or ER composition) of the present disclosure at
about 0.1 wt%, about 0.5 wt%, about 1 wt%, about 2 wt%, about 3 wt%, about 4
wt%, or about 5 wt% relative to the total weight of the drug composition (or ER

composition).

Fill Weight of Drug Composition

[00111] The drug composition (or ER composition) of the dosage forms of the present
disclosure may have a fill weight of, e.g., from about 50 mg to about 800 mg, e.g.,
from about 100 mg to about 700 mg, from about 100 mg to about 600 mg, from
about 100 mg to about 500 mg, from about 100 mg to about 400 mg, from about 100
mg to about 300 mg, or from about 100 mg to about 200 mg. In some embodiments,
the drug composition (or ER composition) of the dosage forms of the present
disclosure may have a fill weight of about 100 mg, about 120 mg, about 140 mg,
about 160 mg, about 180 mg, about 200 mg, about 300 mg, about 400 mg, about 500
mg, about 600 mg, about 700 mg, or about 800 mg. In some embodiments, the drug
composition (or ER composition) of the dosage forms of the present disclosure may
have a fill weight of 50 mg, 55 mg, 60 mg, 65 mg, 70 mg, 75 mg, 80 mg, 85 mg, 90
mg, 95 mg, 100 mg, 105 mg, 110 mg, 115 mg, 120 mg, 125 mg, 130 mg, 135 mg,
140 mg, 145 mg, 150 mg, 155 mg, 160 mg, 165 mg, 170 mg, 175 mg, 180 mg, 185
mg, 190 mg, 195 mg, or 200 mg.

BARRIER LAYER

[00112] The barrier layer (or first layer) of the dosage forms of the present disclosure is

a layer which covers at least a portion of the drug composition (or ER composition)
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of the present disclosure. In some embodiments, the barrier layer does not include the
pharmacologically active agent. Where the dosage form includes a capsule in which
the drug composition (or ER composition) of the present disclosure is encapsulated,
the barrier layer (or first layer) may cover at least a portion of such capsule. For
example, in some embodiments, the barrier layer (or first layer) may cover at least a
portion of an outer surface of such capsule. In some embodiments, the barrier layer
(or first layer) functions as a delay layer which is sufficient to delay release of the
pharmacologically active agent from the drug composition (or ER composition) of
the present disclosure relative to a dosage form lacking such a barrier layer (or first
layer), e.g., for an amount of time sufficient to allow for complete dissolution of a
drug layer coated on the barrier layer. In some embodiments, the barrier layer (or
first layer) functions to control the dissolution characteristics of an encapsulated drug
composition (or ER composition) as described herein.

[00113] In some embodiments, the barrier layer (or first layer) includes one or more of
cellulose acetate phthalate, HPMC phthalate, HPMC acetate succinate, polyvinyl
acetate phthalate, cellulose acetate trimelitate, methyacrylic acid copolymer, shellac,
and zein. In some embodiments, in addition or alternatively, the barrier layer (or first
layer) includes one or more of a hydrophobic cellulose, a polyalcohol, magnesium
stearate, and silicon dioxide.

[00114] In some embodiments, the barrier layer (or first layer) includes an acrylic
coating system, e.g., an acrylic coating system including a methacrylic acid
copolymer containing composition, such as Acryl-EZE® White (93018509), and a
moisture barrier coating system, €.g., a moisture barrier coating system including a
polyvinyl alcohol containing composition, such as Opadry® AMB White
(80W68912). The methacrylic acid copolymer containing composition may be
present in the barrier layer (or first layer) at from about 60% to about 90% w/w
relative to the total weight of the barrier layer (or first layer). For example, the
methacrylic acid copolymer containing composition may be present in the barrier
layer (or first layer) at from about 70% to about 80% w/w, e.g., about 75% w/w,
relative to the total weight of the barrier layer (or first layer). In some embodiments,
the methacrylic acid copolymer containing composition may be present in the barrier
layer (or first layer) at about 60% w/w, about 61% w/w, about 62% w/w, about 63%
w/w, about 64% w/w, about 65% w/w, about 66% w/w, about 67% w/w, about 68%
w/w, about 69% w/w, about 70% w/w, about 71% w/w, about 72% w/w, about 73%
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w/w, about 74% w/w, about 75% w/w, about 76% w/w, about 77% w/w, about 78%
w/w, about 79% w/w, about 80% w/w, about 81% w/w, about 82% w/w, about 83%
w/w, about 84% w/w, about 85% w/w, about 86% w/w, about 87% w/w, about 88%
w/w, about 89% w/w, or about 90% w/w relative to the total weight of the barrier
layer (or first layer).

[00115] The polyvinyl alcohol containing composition may be present in the barrier
layer (or first layer) at from about 10% to about 40% w/w relative to the total weight
of the barrier layer (or first layer). For example, the polyvinyl alcohol containing
composition may be present in the barrier layer (or first layer) at from about 20% to
about 30% w/w, e.g., about 25% w/w, relative to the total weight of the barrier layer
(or first layer). In some embodiments, the polyvinyl alcohol containing composition
may be present in the barrier layer (or first layer) at about 10% w/w, about 11% w/w,
about 12% w/w, about 13% w/w, about 14% w/w, about 15% w/w, about 16% w/w,
about 17% w/w, about 18% w/w, about 19 % w/w, about 20% w/w, about 21% w/w,
about 22% w/w, about 23% w/w, about 24% w/w, about 25% w/w, about 26% w/w,
about 27% w/w, about 28% w/w, about 29% w/w, about 30% w/w, about 31% w/w,
about 32% w/w, about 33% w/w, about 34% w/w, about 35% w/w, about 36% w/w,
about 37% w/w, about 38% w/w, about 39% w/w, or about 40% w/w, relative to the
total weight of the barrier layer (or first layer).

[00116] In some embodiments, the barrier layer (or first layer) includes an acrylic
coating system, e.g., an acrylic coating system including a methacrylic acid
copolymer containing composition, such as Acryl-EZE® White (93018509), and a
moisture barrier coating system, €.g., a moisture barrier coating system including a
polyvinyl alcohol containing composition, such as Opadry® AMB White
(80W68912) in a ratio of from about 2:1 to about 10:1, e.g., from about 3:1 to about
9:1, from about 4:1 to about 8:1, from about 5:1 to about 7:1, or about 6:1. In some
embodiments, the weight of such a barrier layer (or first layer) is from about 20 mg
to about 40 mg, e.g., from about 25 mg to about 35 mg, or about 30 mg. In some
embodiments, the weight of such a barrier layer (or first layer) is about, 20 mg, about
21 mg, about 22 mg, about 23 mg, about 24 mg, about 25 mg, about 26 mg, about 27
mg, about 28 mg, about 29 mg, about 30 mg, about 31 mg, about 32 mg, about 33
mg, about 34 mg, about 35 mg, about 36 mg, about 37 mg, about 38 mg, about 39

mg, or about 40 mg.
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[00117] In some embodiments, the barrier layer (or first layer) includes an acrylic
coating system, e.g., an acrylic coating system including a methacrylic acid
copolymer containing composition, such as Acryl-EZE® White (93018509), and a
moisture barrier coating system, e.g., a moisture barrier coating system including a
polyvinyl alcohol containing composition, such as Opadry® AMB White
(80W68912) in a ratio of about 2:1, about 3:1, about 4:1, about 5:1, about 6:1, about
7:1, about 8:1, about 9:1 or about 10:1. In some embodiments, the weight of the
barrier layer (or first layer) is from about 20 mg to about 40 mg, e.g., from about 25
mg to about 35 mg, or about 30 mg. In some embodiments, the weight of the barrier
layer (or first layer) is about, 20 mg, about 21 mg, about 22 mg, about 23 mg, about
24 mg, about 25 mg, about 26 mg, about 27 mg, about 28 mg, about 29 mg, about 30
mg, about 31 mg, about 32 mg, about 33 mg, about 34 mg, about 35 mg, about 36
mg, about 37 mg, about 38 mg, about 39 mg, or about 40 mg.

[00118] The barrier layer (or first layer) may have a finished product coating weight of
from about 0.5 mg to about 50 mg, e.g., from about 5 mg to about 40 mg, or from
about 10 mg to about 30 mg. In some embodiments, the barrier layer (or first layer)
has a finished product coating weight from about 0.5 mg to about 1mg, from about 1
mg to about 5 mg, from about 5 mg to about 10 mg, from about10 mg to about 15
mg, from about 15 mg to about 20 mg, from about 20 mg to about 25 mg, from about
25 mg to about 30 mg, from about 30 mg to about 35 mg, from about 35 mg to about
40 mg, from about 40 mg to about 45 mg, or from about 45 mg to about 50 mg. In
some embodiments, the barrier layer (or first layer) has a finished product coating
weight of about 0.5 mg, about 1 mg, about 5 mg, about 10 mg, about 11 mg, about 12
mg, about 13 mg, about 14 mg, about 15 mg, about 16 mg, about 17 mg, about 18
mg, about 19 mg, about 20 mg, about 21 mg, about 22 mg, about 23 mg, about 24
mg, about 25 mg, about 26 mg, about 27 mg, about 28 mg, about 29 mg, about 30
mg, about 31 mg, about 32 mg, about 33 mg, about 34 mg, about 35 mg, about 36
mg, about 37 mg, about 38 mg, about 39 mg, about 40 mg, about 41 mg, about 42
mg, about 43 mg, about 44 mg, about 45 mg, about 46 mg, about 47 mg, about 48
mg, about 49 mg, or about 50 mg.

[00119] In some embodiments, the barrier layer (or first layer) specifically excludes a
gelling agent. For example, the barrier layer (or first layer) may specifically exclude
one or more of the following gelling agents: acacia, alginic acid, bentonite,

Carbopols® (also known as carbomers), carboxymethylcellulose. ethylcellulose,
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gelatin, hydroxyethylcellulose, hydroxypropyl cellulose, magnesium aluminum
silicate (Veegum®), methylcellulose, poloxamers (Pluronics®), polyvinyl alcohol,
sodium alginate, tragacanth, and xanthan gum.

[00120] Other examples of materials which may be used in the barrier layer include

Opadry® Enteric coating system, Nutrateric® coating system, and Sureteric®

coating system.

[00121] In some embodiments, the barrier layer (or first layer) is soluble at a pH of
about 1.0 to about 4.0, e.g., a pH of about 1.5 to about 3.5, or a pH of about 2.0 to
about 3.0, in aqueous HCI at a temperature of about 25 °C or about 37 °C. In some
embodiments the barrier layer (or first layer) dissolves when exposed to aqueous HCI
at a pH of about 1.0 to about 4.0, e.g., a pH of about 1.5 to about 3.5, or a pH of
about 2.0 to about 3.0, at a temperature of about 25 °C or about 37 °C, in a time
period of about 5 minutes to about 10 minutes, about 10 minutes to about 20 minutes,
or about 20 minutes to about 30 minutes.

[00122] Accordingly, in some embodiments, the barrier layer (or first layer) dissolves
when exposed to the acidic environment of the stomach. In some embodiments, the
barrier layer (or first layer) does not preferentially dissolve at a pH of 5.0 or above.

[00123] In some embodiments, the barrier layer (or first layer) includes a first material
which is soluble in 0.1N HCI at 37 °C and a second material which is insoluble in
0.INHCl at 37 °C (e.g., at 1 atm). For example, in some embodiments, the barrier
layer (or first layer) includes a first material which is soluble in 0.1N HCl at 37 °C,
which material includes a hydrophilic cellulose (e.g., HPMC, hydroxypropyl
cellulose (HPC), or HEC) and/or a hydrophilic polymer (e.g., PEG or polyvinyl
alcohol (PVA)); and a second material which is insoluble in 0.1N HCI at 37 °C,
which material includes one or more of cellulose acetate phthalate, HPMC phthalate,
HPMC acetate succinate, polyvinyl acetate phthalate, cellulose acetate trimelitate,
methacrylic acid copolymer, shellac, and zein.

[00124] In some embodiments, a third material may be substituted for the first material
or used in combination with the first material where the third material is not soluble
in 0.1N HCI at 37 °C, but nevertheless possesses properties of high water uptake
and/or high water permeability. Such materials include, e.g., polyvinylpyrrolidone
(PVP), starch, ethyl cellulose (EC), carboxyl methylcellulose (CMC),

microcrystalline cellulose, and silicon dioxide.
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[00125] In some embodiments, the first material, the third material, or a combination
thereof, is present in the barrier layer (or first layer) at from about 10% to about 40%
w/w relative to the total weight of the barrier layer (or first layer). For example, the
first material, the third material, or a combination thereof, may be present in the
barrier layer (or first layer) at from about 30% to about 40% w/w, e.g., about 35%
w/w, relative to the total weight of the barrier layer (or first layer). In some
embodiments, the first material, the third material, or a combination thereof may be
present in the barrier layer (or first layer) at about 10% w/w, at about 20% w/w,
about 21% w/w, about 22% w/w, about 23% w/w, about 24% w/w, about 25% w/w,
about 26% w/w, about 27% w/w, about 28% w/w, about 29% w/w, about 30% w/w,
about 31% w/w, about 32% w/w, about 33% w/w, about 34% w/w, about 35% w/w,
about 36% w/w, about 37% w/w, about 38% w/w, about 39% w/w, or about 40%
w/w, relative to the total weight of the barrier layer (or first layer).

[00126] In some embodiments, the second material is present in the barrier layer (or
first layer) at from about 60% to about 90% w/w relative to the total weight of the
barrier layer (or first layer). For example, the second material may be present in the
barrier layer (or first layer) at from about 70% to about 80% w/w, e.g., about 75%
w/w, relative to the total weight of the barrier layer (or first layer). In some
embodiments, the second material may be present in the barrier layer (or first layer)
at about 60% w/w, about 61% w/w, about 62% w/w, about 63% w/w, about 64%
w/w, about 65% w/w, about 66% w/w, about 67% w/w, about 68% w/w, about 69%
w/w, about 70% w/w, about 71% w/w, about 72% w/w, about 73% w/w, about 74%
w/w, about 75% w/w, about 76% w/w, about 77% w/w, about 78% w/w, about 79%
w/w, about 80% w/w, about 81% w/w, about 82% w/w, about 83% w/w, about 84%
w/w, about 85% w/w, about 86% w/w, about 87% w/w, about 88% w/w, about 89%
w/w, or about 90% w/w relative to the total weight of the barrier layer (or first layer).

[00127] In some embodiments, the ratio of the first material, the third material, or a
combination thereof, to the second material in the barrier layer (or first layer) is from
02:1t00.8:1,eg,03:1t00.7:1,04:1t00.6:1, or 0.5:1.

[00128] In some embodiments, the barrier layer (or first layer) includes a first material
which includes a water soluble inorganic salt, a water soluble organic salt or a sugar;
and a second material which is insoluble in 0.1N HCI at 37 °C (e.g., at 1 atm), e.g., at
aratioof 0.2:1t00.8:1,e.g.,0.3:1t00.7:1,0.4:1t0 0.6:1, or 0.5:1.
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DRUG LAYER

[00129] The drug layer (or second layer) of the dosage forms of the present disclosure
is a layer which covers at least a portion of the barrier layer (or first layer) and
includes a pharmacologically active agent. In some embodiments, the
pharmacologically active agent included in the drug layer (or second layer) is the
same as the pharmacologically active agent present in the drug composition (or ER
composition) of the present disclosure. In other embodiments, the pharmacologically
active agent included in the drug layer (or second layer) is different from the
pharmacologically active agent present in the drug composition (or ER composition)
of the present disclosure. In still other embodiments, the drug layer (or second layer)
includes a first pharmacologically active agent which is the same as the
pharmacologically active agent present in the drug composition (or ER composition)
of the present disclosure and at least a second pharmacologically active agent which
is different from the pharmacologically active agent present in the drug composition
(or ER composition) of the present disclosure.

[00130] The pharmacologically active agent, e.g., a pharmacologically active agent as
described herein, may be present in the drug layer (or second layer) of the dosage
forms described herein at from about 1% w/w to about 50% w/w relative to the total
weight of the drug layer (or second layer), e.g., from about 5% w/w to about 40%
w/w, from about 10% w/w to about 30% w/w, or from about 10% w/w to about 20%
w/w relative to the total weight of the drug layer (or second layer). In some
embodiments, the pharmacologically active agent may be present in the drug layer
(or second layer) of the dosage forms described herein at about 1% w/w, about 5%
w/w, about 10% w/w, about 15% w/w, about 20% w/w, about 25% w/w, about 30%
w/w, about 35 % w/w, about 40% w/w, about 45% w/w, or about 50% w/w relative
to the total weight of the drug layer (or second layer).

[00131] In some embodiments, the amount of the pharmacologically active agent
present in the drug layer is from about 5% to about 40% of the total amount of the
pharmacologically active agent in the dosage form, e.g., from about 15% to about
30% or from about 20% to 25% of the total amount of the pharmacologically active
agent in the dosage form. In some embodiments, the amount of the
pharmacologically active agent present in the drug layer is about 5%, about 10%,
about 15%, about 16%, about 17%, about 18%, about 19%, about 20%, about 21%,
about 22%, about 23%, about 24%, about 25%, about 26%, about 27%, about 28%,
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about 29%, about 30%, about 31%, about 32%, about 33%, about 34%, about 35%,
about 36%, about 37%, about 38%, about 39% or about 40% of the total amount of
the pharmacologically active agent in the dosage form.

[00132] In addition to the pharmacologically active agent the drug layer (or second
layer) may include, e.g., a bulking agent, such as a hydroxypropyl methylcellulose
(HPMC), mannitol, lactose, sucrose, dextrose, starch, cellulose, and mixtures thereof.
The bulking agent may be present in the drug layer (or second layer) at from about
60% to about 95% w/w relative to the total weight of the drug layer (or second layer),
e.g., about 60% w/w, about 65% w/w, about 66% w/w, about 67% w/w, about 68%

about 69% w/w, about 70% w/w, about 71% w/w, about 72% w/w, about 73%

about 74% w/w, about 75% w/w, about 76% w/w, about 77% w/w, about 78%

about 79% w/w, about 80% w/w, about 81% w/w, about 82% w/w, about 83%

about 84% w/w, about 85% w/w, about 86% w/w, about 87% w/w, about 88%

about 89% w/w, about 90% w/w, about 91% w/w, about 92% w/w, about 93%

W/W

2

W/W

2

W/W

2

W/W
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wW/wW,
w/w, about 94% w/w, or about 95% w/w relative to the total weight of the drug layer
(or second layer). The drug layer (or second layer) may have a finished product
coating weight of from about 5 mg to about 70 mg, e.g., about 10 mg to about 65 mg,
about 15 mg to about 60 mg, about 20 mg to about 55 mg, about 25 mg to about 50
mg, or about 30 mg to about 45 mg. In some embodiments, the drug layer (or second
layer) has a finished product coating weight of from about 5 mg to about 10 mg, from
about 10 mg to about 15 mg, from about 15 mg to about 20 mg, from about 20 mg to
about 25 mg, from about 25 mg to about 30 mg, from about 30 mg to about 35 mg,
from about 35 mg to about 40 mg, from about 40 mg to about 45 mg, or from about
45 mg to about 50 mg. In some embodiments, the drug layer (or second layer) has a
finished product coating weight of 5 mg, 6 mg, 7 mg, 8 mg, 9 mg, 10 mg, 11 mg, 12
mg, 13 mg, 14 mg, 15 mg, 16 mg, 17 mg, 18 mg, 19 mg, 20 mg, 21 mg, 22 mg, 23
mg, 24 mg, 25 mg, 26 mg, 27 mg, 28 mg, 29 mg, 30 mg, 31 mg, 32 mg, 33 mg, 34
mg, 35 mg, 36 mg, 37 mg, 38 mg, 39 mg, 40 mg, 41 mg, 42 mg, 43 mg, 44 mg, 45
mg, 46 mg, 47 mg, 48 mg, 49 mg, 50 mg, 51 mg, 52 mg, 53 mg, 54 mg, 55 mg, 56
mg, 57 mg, 58 mg, 59 mg, 60 mg, 61 mg, 62 mg, 63 mg, 64 mg, or 65 mg.

[00133] The drug layer (or second layer) may include, e.g., a film former, a plasticizer,
a colorant, a solvent, other additives, and mixtures thereof. Examples of film formers
include, but are not limited to, hydroxypropyl methylcellulose (HPMC),
methylcellulose (MC), hydroxypropyl cellulose (HC), hydroxyl ethylcellulose
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(HEC), carboxyl methylcellulose (CMC), polyvinylpyrrolidone (PVP), and modified
food starch. Examples of plasticizers include, but are not limited to, polyethylene
glycol (PEG), propylene glycol (PG), tributyl citrate (TBC), acetylated
monoglyceride (AMG), dibutyl sebacate (DBS), triacetin, oleic acid, and castor oil.
In one embodiment, the drug layer (or second layer) includes a polyvinyl alcohol
containing composition, such as Opadry® II (85F18422) which is believed to contain
polyvinyl alcohol, polyethylene glycol, talc, and TiO,. Other materials for the drug
layer include Opadry® coating system, Opadry® 200 coating system, Opadry® amb
coating system, Opadry® fx™ coating system, and Opalux® coating system.
[00134] In some embodiments, the drug layer (or second layer) specifically excludes a
gelling agent. For example, the drug layer (or second layer) may specifically exclude
one or more of the following gelling agents: acacia, alginic acid, bentonite,
Carbopols® (also known as carbomers), carboxymethylcellulose. ethylcellulose,
gelatin, hydroxyethylcellulose, hydroxypropyl cellulose, magnesium aluminum
silicate (Veegum®), methylcellulose, poloxamers (Pluronics®), polyvinyl alcohol,

sodium alginate, tragacanth, and xanthan gum.

FILM COATING LAYER

[00135] In some embodiments, in addition to a drug composition (or extended release
(ER) composition) including a pharmacologically active agent, a barrier layer (or
first layer) covering at least a portion of the drug composition, and a drug layer (or
second layer) covering at least a portion of the barrier layer (or first layer), wherein
the drug layer (or second layer) comprises a pharmacologically active agent (e.g., the
same pharmacologically active agent present in the drug composition (or extended
release (ER) composition), the dosage forms of the present disclosure include a film
coating layer (or third layer), which covers at least a portion of the drug layer (or
second layer). The film coating layer (or third layer) may include, e.g., a film former,
a plasticizer, a colorant, a solvent, other additives, and mixtures thereof. Examples
of film formers include, but are not limited to, hydroxypropyl methylcellulose
(HPMC), methylcellulose (MC), hydroxypropyl cellulose (HC), hydroxyl
ethylcellulose (HEC), carboxyl methylcellulose (CMC), polyvinylpyrrolidone (PVP),
and modified food starch. Examples of plasticizers include, but are not limited to,
polyethylene glycol (PEG), propylene glycol (PG), tributyl citrate (TBC), acetylated
monoglyceride (AMG), dibutyl sebacate (DBS), triacetin, oleic acid, and castor oil.
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In one embodiment, the film coating layer (or third layer) includes a polyvinyl
alcohol containing composition, such as Opadry® Il (e.g., 85F18422, 85F12398,
and/or 85F17644) which is believed to contain polyvinyl alcohol, polyethylene
glycol, talc, and TiO,. Other materials for the film coating layer include Opadry®
coating system, Opadry® 200 coating system, Opadry® amb coating system,
Opadry® fx™ coating system, and Opalux® coating system.

[00136] In some embodiments, the film coating layer (or third layer) has a finished
product coating weight of from about 5 mg to about 10 mg, e.g., from about 6 mg to
about 9 mg, or from about 7 mg to about 8 mg. In some embodiments, the coating
layer (or third layer) has a finished product coating weight of about 5 mg, about 6
mg, about 7 mg, about 8 mg, about 9 mg, or about 10 mg.

[00137] In some embodiments, the combined thickness of the barrier layer, the drug
layer (or second layer) and the film coating layer (or third layer) is from about 0.1
mm to about 1 mm, e.g., about 0.2 mm to about 0.5 mm or about 0.3 mm to about 0.4

mm.

METHODS OF MAKING, ENCAPSULATING AND ADMINISTERING

[00138] Once components have been selected to produce a drug composition (or ER
composition) in accordance with the present disclosure, a liquid pharmaceutical
composition can be prepared by simply mixing, for example a HVLCM, a rheology
modifier, a network former, a pharmacologically active agent, a solvent and any
additional additives. The drug composition (or ER compositions) of the present
disclosure may be produced as liquid mixtures, having a number of excipient
ingredients that are in solution, suspension, or in partial solution within the final
composition.

[00139] Suitable methods for compounding or manufacturing the drug composition (or
ER compositions) make use of typical pharmaceutical/chemical mixing and handling
apparatus and techniques. Since the liquid mixtures of the present disclosure are
formed from a number of highly viscous liquids and solids, they may have high final
viscosities. Accordingly, the specific equipment and techniques employed in the
manufacture of such compositions may be selected so as to accommodate such
material demands. In particular, various excipients, such as network formers, may be

added to the composition mixture in the solid or semi-solid state, and as such they
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may be screened or otherwise size-reduced prior to addition to a composition mixing
apparatus.

[00140] Other solid excipients may require melting prior to addition to the liquid
mixture. The HVLCM materials are very high viscosity liquid materials, however
they tend to exhibit a dramatic reduction in viscosity with increases in heat, and as
such the mixing apparatus may be heated to accommodate the addition of the
HVLCM material or other similar materials. However, the mixing and processing
conditions should take into account the final integrity of the composition and
accordingly the mixing conditions may be selected so as to have a low-shear effect
on the composition, and/or to avoid any extended or pronounced excursions into high
or low heat conditions.

[00141] Once the composition has been properly combined, an appropriate amount of
the resulting liquid mixture can be placed into a suitable capsule, such as a gelatin or
HPMC capsule to provide an encapsulated form of the drug composition (or ER
composition). Alternative liquid compositions may include emulsifying the mixture
in water, and introducing this emulsion into a capsule.

[00142] In some embodiments, an oral dosage form is provided which includes the
drug composition (or ER composition) within an enclosure or capsule, e.g., a
biodegradable enclosure or capsule, such as a capsule or a gelatin capsule (“gelcap”),
wherein the capsule is made of a substance that degrades or otherwise dissociates
when exposed to conditions present in the gastro-intestinal tract of a mammal.
Capsules and gelcaps are well known in drug delivery technology and one of skill
could select such a capsule as appropriate for delivery of a particular active agent.

[00143] Suitable capsules which may be utilized in connection with the disclosed
compositions include, but are not limted to hard-shelled capsules, soft-shelled
capsules, and interlocking capsules. Suitable capsules sizes range from size 5
capsules to size 00 capsules, including e.g., size 5, size 4, size 3, size 2, size 1, size 0
and size 00.

[00144] In some embodiments, a suitable capsule includes gelatin or synthetic
polymers such as hydroxyl ethyl cellulose and/or hydroxy propylmethyl cellulose.
Gelcaps can be of the hard or soft variety, including, for example, polysaccharide or
hypromellose acetate succinate based caps (e.g., Vegicaps brand, available from
Catalent). The capsule can also be coated with an enteric coating material such as

AQIAT (Shin-Etsu) to delay release of the pharmacologically active agent.
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[00145] An exemplary method for formulating a drug composition (or ER
composition) according to the present disclosure is depicted in FIG. 1A, wherein the
components of the drug composition (or ER composition) are weighed to the desired

component weight, compounded, e.g., at 60£5°C in an oil bath, filled into a suitable

capsule at a desired fill weight. Following capsule filling, the capsule may be banded,
e.g., using a solution of HPMC in ethanol and water.

[00146] Once the drug composition (or ER composition) has been formed and/or
encapsulated as described herein, one or more of the additional coating layers
described herein may be progressively added, e.g., with a curing step between the
application of one or more progressive coating layers, e.g., as described in the
Examples.

[00147] In some embodiments, it may be desirable to reduce the amount of water
available to the drug composition (or ER composition) of the present disclosure. For
example, by utilizing HPMC capsules (~2-6% w/w water, e.g., 4-6% w/w water)
instead of gelatin capsules (~13-16% w/w water) the amount of water available to the
drug composition (or ER composition) may be reduced. Accordingly, in some
embodiments, the drug composition (or ER composition) of the present disclosure is
specifically encapsulated within capsules having lower water content than gelatin
capsules, e.g., water content of less than about 15% w/w, less than about 14% w/w,
less than about 13% w/w, less than about 12% w/w, less than about 11% w/w, less
than 10% w/w, less than about 9% w/w, less than about 8% w/w, less than about 7%
w/w, less than about 6% w/w, less than about 5% w/w, less than about 4% w/w, less
than about 3% w/w, less than about 2% w/w, or less than about 1% w/w. In some
embodiments, the drug composition (or ER composition) of the present disclosure is
encapsulated within capsules having a water content of from about 1% w/w to about
10% w/w, e.g., from about 1% w/w to about 9% w/w, from about 1% w/w to about
8% w/w, from about 1% w/w to about 7% w/w, from about 1% w/w to about 6%
w/w, from about 1% w/w to about 5% w/w, from about 1% w/w to about 4% w/w,
from about 1% w/w to about 3% w/w, or from about 1% w/w to about 2% w/w. In
some embodiments, the drug composition (or ER composition) of the present
disclosure is encapsulated in capsules having a water content less than about 1% w/w
including, for example, from about 0.1% w/w to about 1% w/w, from about 0.2%
w/w to about 0.8% w/w, from about 0.4% w/w to about 0.8% w/w, or from about

0.6% w/w to about 0.8% w/w. Suitable HPMC capsules may include, for example,
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V-caps™, V-caps plus™, Quali-V™, VegiCaps™, Embo Caps-Vg™, and HMPC
capsules provided by Baotou Capstech Co., Ltd, and Zhejiang LinFeng Capsules Co.
Ltd.

[00148] The water content of a capsule, composition, or composition in combination
with a capsule, when provided within a capsule as described in the present disclosure,
may be determined by Karl Fischer titration method as set forth in USP <921>
Method 1C. In some embodiments, an AquaStar C3000 Karl Fischer Coulometric
Titrator may be used in connection with the disclosed titration method.

[00149] In some embodiments, a drug composition (or ER composition) according to
the present disclosure is one which has relatively low water content. For example, in
some embodiments, a drug composition (or ER composition) according to the present
disclosure does not include more than about 5% water by weight, based on total
weight of the composition. For example, the drug composition (or ER composition)
may include water at less than about 5% by weight, less than about 4% by weight,
less than about 3% by weight, or less than about 2% by weight, based on the total
weight of the drug composition (or ER composition). In some embodiments, a drug
composition (or ER composition) according to the present disclosure includes water
at from about 1.0 to about 5.0% by weight, based on total weight of the drug
composition (or ER composition), e.g., at from about 1.0 to about 4.5% by weight, at
from about 1.0 to about 3.0% by weight, at from about 1.0 to about 2.5% by weight,
at from about 1.0 to about 2.0% by weight, or at from about 1.0 to about 1.5% by
weight, based on total weight of the drug composition (or ER composition). In some
embodiments, a drug composition (or ER composition) according to the present
disclosure includes water at about 1.0% by weight, about 1.5% by weight, about 2%
by weight, about 2.5% by weight, about 3% by weight, about 3.5% by weight, about
4% by weight, about 4.5% by weight, or about 5% by weight, based on the total
weight of the drug composition (or ER composition). In the above embodiments,
each of the above drug composition (or ER compositions) may be a drug composition
(or ER composition) which has been encapsulated within a capsule having a water
content of less than about 15% w/w (e.g., less than about 10% w/w or less than about
5% w/w), e.g., an HPMC capsule, and stored for a period of time, e.g., 1, 2, 3, 4, 5, 6,
7, 8,9, 10, 11 or 12 months, at 25°C and 60% relative humidity (RH), 30°C and 65%
RH, or 40°C and 75% RH.
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[00150] The water content of a drug composition (or ER composition) as described in
the present disclosure may be determined by Karl Fischer titration method as set
forth in USP <921> Method 1C. In some embodiments, an AquaStar C3000 Karl
Fischer Coulometric Titrator may be used in connection with the disclosed titration
method.

[00151] In some embodiments, the water content of the drug composition (or ER
composition) and the capsule combined is less than about 5% by weight based on the
total weight of the drug composition (or ER composition) and the capsule combined,
e.g., less than about 4% by weight, less than about 3% by weight, or less than about
2% by weight based on the total weight of the drug composition (or ER composition)
and the capsule combined. In some embodiments, the water content of the drug
composition (or ER composition) and the capsule combined is from about 5% by
weight to about 4% by weight, from about 4% by weight to about 3% by weight,
from about 3% by weight to about 2% by weight, or from about 2% by weight to
about 1% by weight based on the total weight of the drug composition (or ER
composition) and the capsule combined. In some embodiments, the water content of
the drug composition (or ER composition) and the capsule combined is about 1.0%
by weight, about 1.5% by weight, about 2% by weight, about 2.5% by weight, about
3% by weight, about 3.5% by weight, about 4% by weight, about 4.5% by weight, or
about 5% by weight, based on the total weight of the drug composition (or ER
composition) and the capsule combined. The water content of a drug composition (or
ER composition) and capsule combined as described in the present disclosure may be
determined by Karl Fischer titration method as set forth in USP <921> Method 1C.
In some embodiments, an AquaStar C3000 Karl Fischer Coulometric Titrator may be
used in connection with the disclosed titration method.

[00152] Dosage regimens for a particular pharmacologically active agent of interest
may be determined by a physician in accordance with standard practices. Once per
day (QD) or twice per day (BID) dosing may be used to maintain a sufficient clinical
effect, e.g., to relieve the symptoms of ADHD. In some embodiments, the dosage
forms of the present disclosure are administered orally, e.g., QD or BID.

[00153] In some embodiments, the present disclosure provides a method of treating
Attention Deficit Disorder (ADD) or Attention Deficit Hyperactivity Disorder
(ADHD) in a subject, the method comprising administering, e.g., orally
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administering, a dosage form as described herein, wherein the pharmacologically

active agent is methylphenidate.

IN VITRO DISSOLUTION AND PHARMACOKINETICS

[00154] The dosage forms of the present disclosure may be characterized by a
desirable in vitro dissolution profile. For example, in some embodiments the %
cumulative release of the pharmacologically active agent from an oral dosage form
according to the present disclosure is from 5% to 40%, e.g., 10% to 30%, at T = 1 hr
when assayed by USP Apparatus II using 750 mL of 1-stage 0.1 N HCI dissolution
medium, a paddle speed of 50 rpm, a dissolution medium temperature of 37 °C, and a
sampling volume of 1 mL.

[00155] In some embodiments, the in vitro % cumulative release of the
pharmacologically active agent from an oral dosage form according to the present
disclosure is at least 80% at T = 12 hr when assayed by USP Apparatus II using a 2-
stage dissolution protocol, a paddle speed of 50 rpm, a dissolution medium
temperature of 37 °C, and a sampling volume of 1 mL, wherein the 2-stage
dissolution protocol includes exposing the oral dosage form to 750 mL of 0.1 N HCI
for T=0to T =2 hrs, adding 200 mL of 0.19 M phosphate buffer to obtain a final
dissolution medium volume of 950 mL, and exposing the oral dosage form to the
final dissolution medium volume from T =2 hrs to T = 24 hr.

[00156] In some embodiments, a dosage form of the present disclosure is constituted
such that initial release from the dosage form, of a pharmacologically active agent
comprised by the drug composition (or ER composition), occurs at a time of 5
minutes to 120 minutes when assayed by USP Apparatus II using 750 mL of 0.1 N
HCI dissolution medium, a paddle speed of 50 rpm, and a dissolution medium
temperature of 37 °C. For example, in some embodiments, a dosage form of the
present disclosure is constituted such that initial release from the dosage form, of a
pharmacologically active agent comprised by the drug composition (or ER
composition), occurs at a time of 10 minutes to 120 minutes, 15 minutes to 120
minutes, 20 minutes to 120 minutes, 25 minutes to 120 minutes, 30 minutes to 120
minutes, 35 minutes to 120 minutes, 40 minutes to 120 minutes, 45 minutes to 120
minutes, 50 minutes to 120 minutes, 55 minutes to 120 minutes, 60 minutes to 120
minutes, 65 minutes to 120 minutes, 70 minutes to 120 minutes, 75 minutes to 120

minutes, 80 minutes to 120 minutes, 85 minutes to 120 minutes, 90 minutes to 120
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minutes, 95 minutes to 120 minutes, 100 minutes to 120 minutes, 105 minutes to 120
minutes, 110 minutes to 120 minutes, or 115 minutes to 120 minutes, when assayed
by USP Apparatus II using 750 mL of 0.1 N HCI dissolution medium, a paddle speed
of 50 rpm, and a dissolution medium temperature of 37 °C.

[00157] In some embodiments, a dosage form of the present disclosure is constituted
such that initial release from the dosage form, of a pharmacologically active agent
comprised by the drug composition (or ER composition), occurs at a time of 5
minutes to 10 minutes, 10 minutes to 20 minutes, 20 minutes to 30 minutes, 30
minutes to 40 minutes, 40 minutes to 50 minutes, 50 minutes to 60 minutes, 60
minutes to 70 minutes, 70 minutes to 80 minutes, 80 minutes to 90 minutes, 90
minutes to 100 minutes, 100 minutes to 110 minutes, or 110 minutes to 120 minutes,
when assayed by USP Apparatus IT using 750 mL of 0.1 N HCI dissolution medium,
a paddle speed of 50 rpm, and a dissolution medium temperature of 37 °C.

[00158] In some embodiments, a dosage form of the present disclosure is constituted
such that initial release from the dosage form, of a pharmacologically active agent
comprised by the drug composition (or ER composition), occurs at a time of 10
minutes to 110 minutes, 20 minutes to 100 minutes, 30 minutes to 90 minutes, 40
minutes to 80 minutes, or 50 minutes to 70 minutes, when assayed by USP Apparatus
[T using 750 mL of 0.1 N HCI dissolution medium, a paddle speed of 50 rpm, and a
dissolution medium temperature of 37 °C.

[00159] Where the pharmacologically active agent of a drug composition (first
pharmacologically active agent) as described herein is the same as the
pharmacologically active agent (second pharmacologically active agent) of a drug
layer as described herein, the initial release of the first pharmacologically active
agent from a dosage form as described herein, e.g., as discussed above, can be
determined by determining the time at which cumulative release of the first and
second pharmacologically active agents from the dosage form exceeds the amount of
the second pharmacologically active agent in the drug layer.

[00160] In some embodiments, a dosage form of the present disclosure is constituted
such that initial release from the dosage form, of a pharmacologically active agent
comprised by the drug composition (or ER composition), occurs at a time of 5
minutes to 120 minutes when assayed by USP Apparatus II using 750 mL of 0.1 N
HCI dissolution medium, a paddle speed of 50 rpm, and a dissolution medium

temperature of 37 °C, wherein the initial release of the pharmacologically active
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agent from the dosage form is determined in the absence of the drug layer. For
example, in some embodiments, a dosage form of the present disclosure is
consitituted such that initial release from the dosage form, of a pharmacologically
active agent comprised by the drug composition (or ER composition), occurs at a
time of 10 minutes to 120 minutes, 15 minutes to 120 minutes, 20 minutes to 120
minutes, 25 minutes to 120 minutes, 30 minutes to 120 minutes, 35 minutes to 120
minutes, 40 minutes to 120 minutes, 45 minutes to 120 minutes, 50 minutes to 120
minutes, 55 minutes to 120 minutes, 60 minutes to 120 minutes, 65 minutes to 120
minutes, 70 minutes to 120 minutes, 75 minutes to 120 minutes, 80 minutes to 120
minutes, 85 minutes to 120 minutes, 90 minutes to 120 minutes, 95 minutes to 120
minutes, 100 minutes to 120 minutes, 105 minutes to 120 minutes, 110 minutes to
120 minutes, or 115 minutes to 120 minutes, when assayed by USP Apparatus II
using 750 mL of 0.1 N HCI dissolution medium, a paddle speed of 50 rpm, and a
dissolution medium temperature of 37 °C, wherein the initial release of the
pharmacologically active agent from the dosage form is determined in the absence of
the drug layer.

[00161] In some embodiments, a dosage form of the present disclosure is constituted
such that initial release from the dosage form, of a pharmacologically active agent
comprised by the drug composition (or ER composition), occurs at a time of 5
minutes to 10 minutes, 10 minutes to 20 minutes, 20 minutes to 30 minutes, 30
minutes to 40 minutes, 40 minutes to 50 minutes, 50 minutes to 60 minutes, 60
minutes to 70 minutes, 70 minutes to 80 minutes, 80 minutes to 90 minutes, 90
minutes to 100 minutes, 100 minutes to 110 minutes, or 110 minutes to 120 minutes,
when assayed by USP Apparatus IT using 750 mL of 0.1 N HCI dissolution medium,
a paddle speed of 50 rpm, and a dissolution medium temperature of 37 °C, wherein
the initial release of the pharmacologically active agent from the dosage form is
determined in the absence of the drug layer.

[00162] In some embodiments, a dosage form of the present disclosure is constituted
such that initial release from the dosage form, of a pharmacologically active agent
comprised by the drug composition (or ER composition), occurs at a time of 10
minutes to 110 minutes, 20 minutes to 100 minutes, 30 minutes to 90 minutes, 40
minutes to 80 minutes, or 50 minutes to 70 minutes, when assayed by USP Apparatus
ITusing 750 mL of 0.1 N HCI dissolution medium, a paddle speed of 50 rpm, and a

dissolution medium temperature of 37 °C, wherein the initial release of the
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pharmacologically active agent from the dosage form is determined in the absence of
the drug layer.

[00163] In some embodiments, a dosage form of the present disclosure is constituted so
as to delay release from the dosage form, of a pharmacologically active agent
comprised by the drug composition (or ER composition), such that not more than
15%, e.g., not more than 10%, e.g., not more than 5%, or not more than 2% of the
pharmacologically active agent is released from the dosage form at 60 min, when
assayed by USP Apparatus IT using 750 mL of 0.1 N HCI dissolution medium, a
paddle speed of 50 rpm, and a dissolution medium temperature of 37 °C.

[00164] In some embodiments, a dosage form of the present disclosure is constituted so
as to delay release from the dosage form, of a pharmacologically active agent
comprised by the drug composition (or ER composition), such that from 0% to 15%,
e.g., from 0% to 10%, from 0% to 5%, or from 0% to 2% of the pharmacologically
active agent is released from the dosage form at 60 min, when assayed by USP
Apparatus I using 750 mL of 0.1 N HCl dissolution medium, a paddle speed of 50
rpm, and a dissolution medium temperature of 37 °C.

[00165] In some embodiments, a dosage form of the present disclosure is constituted so
as to delay release from the dosage form, of a pharmacologically active agent
comprised by the drug composition (or ER composition), such that about 1%, about
2%, about 3%, about 4%, about 5%, about 6%, about 7%, about 8%, about 9%, about
10%, about 11%, about 12%, about 13%, or about 14% of the pharmacologically
active agent is released from the dosage form at 60 min, when assayed by USP
Apparatus I using 750 mL of 0.1 N HCl dissolution medium, a paddle speed of 50
rpm, and a dissolution medium temperature of 37 °C.

[00166] In some embodiments, a dosage form of the present disclosure is constituted so
as to delay release from the dosage form, of a pharmacologically active agent
comprised by the drug composition (or ER composition), such that not more than
25%, not more than 25%, not more than 15%, not more than 10%, not more than 5%,
or not more than 2% of the pharmacologically active agent is released from the
dosage form at 90 min, when assayed by USP Apparatus Il using 750 mL of 0.1 N
HCI dissolution medium, a paddle speed of 50 rpm, and a dissolution medium
temperature of 37 °C.

[00167] In some embodiments, a dosage form of the present disclosure is constituted so

as to delay release from the dosage form, of a pharmacologically active agent
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comprised by the drug composition (or ER composition), such that from 0% to 25%,
e.g., from 0% to 20%, from 0% to 15%, from 0% to 10%, from 0% to 5%, or 0% to
2% of the pharmacologically active agent is released from the dosage form at 90 min,
when assayed by USP Apparatus IT using 750 mL of 0.1 N HCI dissolution medium,
a paddle speed of 50 rpm, and a dissolution medium temperature of 37 °C.

[00168] In some embodiments, a dosage form of the present disclosure is constituted so
as to delay release from the dosage form, of a pharmacologically active agent
comprised by the drug composition (or ER composition), such that 1%, about 2%,
about 3%, about 4%, about 5%, about 6%, about 7%, about 8%, about 9%, about
10%, about 11%, about 12%, about 13%, about 14%, about 15%, about 16%, about
17%, about 18%, about 19%, about 20%, about 21%, about 22%, about 23%, or
about 24% of the pharmacologically active agent is released from the dosage form at
90 min, when assayed by USP Apparatus Il using 750 mL of 0.1 N HCI dissolution
medium, a paddle speed of 50 rpm, and a dissolution medium temperature of 37 °C.

[00169] In some embodiments, a dosage form of the present disclosure is constituted
such that a cumulative release of 5% or more, e.g., 10% or more, 15% or more or
20% or more, of a pharmacologically active agent comprised by the drug
composition (or ER composition) occurs at a time of 120 minutes when assayed by
USP Apparatus Il using 750 mL of 0.1 N HCI dissolution medium, a paddle speed of
50 rpm, and a dissolution medium temperature of 37 °C. For example, in some
embodiments, a dosage form of the present disclosure is constituted such that a
cumulative release of between 10% and 20% of a pharmacologically active agent
comprised by the drug composition (or ER composition) occurs at a time of 120
minutes when assayed by USP Apparatus Il using 750 mL of 0.1 N HCI dissolution
medium, a paddle speed of 50 rpm, and a dissolution medium temperature of 37 °C.

[00170] In some embodiments, a dosage form of the present disclosure is constituted
such that a cumulative release of 5% or more, e.g., 10% or more, 15% or more or
20% or more of a pharmacologically active agent comprised by the drug composition
(or ER composition) occurs at a time of 10 minutes, 15 minutes, 20 minutes, 25
minutes, 30 minutes, 35 minutes, 40 minutes, 45 minutes, 50 minutes, 55 minutes, 60
minutes, 65 minutes, 70 minutes, 75 minutes, 80 minutes, 85 minutes, 90 minutes, 95
minutes, 100 minutes, 105 minutes, 110 minutes, 115 minutes, or 120 minutes, when
assayed by USP Apparatus IT using 750 mL of 0.1 N HCI dissolution medium, a

paddle speed of 50 rpm, and a dissolution medium temperature of 37 °C.
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[00171] For example, in some embodiments, a dosage form of the present disclosure is
constituted such that a cumulative release of between 5% and 20% of a
pharmacologically active agent comprised by the drug composition (or ER
composition) occurs at a time of 10 minutes, 15 minutes, 20 minutes, 25 minutes, 30
minutes, 35 minutes, 40 minutes, 45 minutes, 50 minutes, 55 minutes, 60 minutes, 65
minutes, 70 minutes, 75 minutes, 80 minutes, 85 minutes, 90 minutes, 95 minutes,
100 minutes, 105 minutes, 110 minutes, 115 minutes, or 120 minutes, when assayed
by USP Apparatus II using 750 mL of 0.1 N HCI dissolution medium, a paddle speed
of 50 rpm, and a dissolution medium temperature of 37 °C.

[00172] Where the pharmacologically active agent of a drug composition (first
pharmacologically active agent) as described herein is the same as the
pharmacologically active agent (second pharmacologically active agent) of a drug
layer as described herein, the % release of the first pharmacologically active agent
from a dosage form as described herein at a particular time point, e.g., as discussed
above, can be determined by determining the % cumulative release of the first and
second pharmacologically active agents from the dosage form that exceeds the
amount of the second pharmacologically active agent in the drug layer at the
particular time point.

[00173] In some embodiments, a dosage form of the present disclosure is constituted so
as to delay release from the dosage form, of a pharmacologically active agent
comprised by the drug composition (or ER composition), such that not more than
15%, e.g., not more than 10%, e.g., not more than 5%, or not more than 2% of the
pharmacologically active agent is released from the dosage form at 60 min, when
assayed by USP Apparatus IT using 750 mL of 0.1 N HCI dissolution medium, a
paddle speed of 50 rpm, and a dissolution medium temperature of 37 °C, wherein the
% release of the pharmacologically active agent is determined in the absence of the
drug layer.

[00174] In some embodiments, a dosage form of the present disclosure is constituted so
as to delay release from the dosage form, of a pharmacologically active agent
comprised by the drug composition (or ER composition), such that from 0% to 15%,
e.g., from 0% to 10%, from 0% to 5%, or from 0% to 2% of the pharmacologically
active agent is released from the dosage form at 60 min, when assayed by USP

Apparatus I using 750 mL of 0.1 N HCl dissolution medium, a paddle speed of 50
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rpm, and a dissolution medium temperature of 37 °C, wherein the % release of the
pharmacologically active agent is determined in the absence of the drug layer.

[00175] In some embodiments, a dosage form of the present disclosure is constituted so
as to delay release from the dosage form, of a pharmacologically active agent
comprised by the drug composition (or ER composition), such that about 1%, about
2%, about 3%, about 4%, about 5%, about 6%, about 7%, about 8%, about 9%, about
10%, about 11%, about 12%, about 13%, or about 14% of the pharmacologically
active agent is released from the dosage form at 60 min, when assayed by USP
Apparatus I using 750 mL of 0.1 N HCl dissolution medium, a paddle speed of 50
rpm, and a dissolution medium temperature of 37 °C, wherein the % release of the
pharmacologically active agent is determined in the absence of the drug layer.

[00176] In some embodiments, a dosage form of the present disclosure is constituted so
as to delay release from the dosage form, of a pharmacologically active agent
comprised by the drug composition (or ER composition), such that not more than
25%, not more than 25%, not more than 15%, not more than 10%, not more than 5%,
or not more than 2% of the pharmacologically active agent is released from the
dosage form at 90 min, when assayed by USP Apparatus Il using 750 mL of 0.1 N
HCI dissolution medium, a paddle speed of 50 rpm, and a dissolution medium
temperature of 37 °C, wherein the % release of the pharmacologically active agent is
determined in the absence of the drug layer.

[00177] In some embodiments, a dosage form of the present disclosure is constituted so
as to delay release from the dosage form, of a pharmacologically active agent
comprised by the drug composition (or ER composition), such that from 0% to 25%,
e.g., from 0% to 20%, from 0% to 15%, from 0% to 10%, from 0% to 5%, or 0% to
2% of the pharmacologically active agent is released from the dosage form at 90 min,
when assayed by USP Apparatus IT using 750 mL of 0.1 N HCI dissolution medium,
a paddle speed of 50 rpm, and a dissolution medium temperature of 37 °C, wherein
the % release of the pharmacologically active agent is determined in the absence of
the drug layer.

[00178] In some embodiments, a dosage form of the present disclosure is constituted so
as to delay release from the dosage form, of a pharmacologically active agent
comprised by the drug composition (or ER composition), such that 1%, about 2%,
about 3%, about 4%, about 5%, about 6%, about 7%, about 8%, about 9%, about
10%, about 11%, about 12%, about 13%, about 14%, about 15%, about 16%, about
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17%, about 18%, about 19%, about 20%, about 21%, about 22%, about 23%, or
about 24% of the pharmacologically active agent is released from the dosage form at
90 min, when assayed by USP Apparatus IT using 750 mL of 0.1 N HCI dissolution
medium, a paddle speed of 50 rpm, and a dissolution medium temperature of 37 °C,
wherein the % release of the pharmacologically active agent is determined in the
absence of the drug layer.

[00179] In some embodiments, a dosage form of the present disclosure is constituted
such that a cumulative release of 5% or more, e.g., 10% or more, 15% or more or
20% or more, of a pharmacologically active agent comprised by the drug
composition (or ER composition) occurs at a time of 120 minutes when assayed by
USP Apparatus Il using 750 mL of 0.1 N HCI dissolution medium, a paddle speed of
50 rpm, and a dissolution medium temperature of 37 °C, wherein the % release of the
pharmacologically active agent is determined in the absence of the drug layer. For
example, in some embodiments, a dosage form of the present disclosure is
constituted such that a cumulative release of between 10% and 20% of a
pharmacologically active agent comprised by the drug composition (or ER
composition) occurs at a time of 120 minutes when assayed by USP Apparatus II
using 750 mL of 0.1 N HCI dissolution medium, a paddle speed of 50 rpm, and a
dissolution medium temperature of 37 °C, wherein the % release of the
pharmacologically active agent is determined in the absence of the drug layer.

[00180] In some embodiments, a dosage form of the present disclosure is constituted
such that a cumulative release of 5% or more, e.g., 10% or more, 15% or more or
20% or more of a pharmacologically active agent comprised by the drug composition
(or ER composition) occurs at a time of 10 minutes, 15 minutes, 20 minutes, 25
minutes, 30 minutes, 35 minutes, 40 minutes, 45 minutes, 50 minutes, 55 minutes, 60
minutes, 65 minutes, 70 minutes, 75 minutes, 80 minutes, 85 minutes, 90 minutes, 95
minutes, 100 minutes, 105 minutes, 110 minutes, 115 minutes, or 120 minutes, when
assayed by USP Apparatus IT using 750 mL of 0.1 N HCI dissolution medium, a
paddle speed of 50 rpm, and a dissolution medium temperature of 37 °C, wherein the
% release of the pharmacologically active agent is determined in the absence of the
drug layer.

[00181] For example, in some embodiments, a dosage form of the present disclosure is
constituted such that a cumulative release of between 5% and 20% of a

pharmacologically active agent comprised by the drug composition (or ER
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composition) occurs at a time of 10 minutes, 15 minutes, 20 minutes, 25 minutes, 30
minutes, 35 minutes, 40 minutes, 45 minutes, 50 minutes, 55 minutes, 60 minutes, 65
minutes, 70 minutes, 75 minutes, 80 minutes, 85 minutes, 90 minutes, 95 minutes,
100 minutes, 105 minutes, 110 minutes, 115 minutes, or 120 minutes, when assayed
by USP Apparatus II using 750 mL of 0.1 N HCI dissolution medium, a paddle speed
of 50 rpm, and a dissolution medium temperature of 37 °C, wherein the % release of
the pharmacologically active agent is determined in the absence of the drug layer.
[00182] In certain embodiments, the dosage forms of the present disclosure may be
formulated so as to produce particular controlled plasma levels of a
pharmacologically active agent over a particular period, e.g., to maintain a plasma
level within an appropriate therapeutic range following administration to a subject.
An appropriate therapeutic range will vary depending on the pharmacologically
active agent, but can range from femtogram/mL levels up to above microgram/mL
levels for a desired period of time. For example, administration of a single dosage
form described herein may result in maintenance of plasma levels of greater than 5
ng/mL for a period of greater than 8 hours. In other embodiments, the plasma level
achieved using a single dose may be greater than about 5 ng/mL for a period of
greater than about 10 hours, greater than about 12 hours, greater than about 14 hours,
greater than about 16 hours, greater than about 18 hours, or greater than about 20
hours. In yet other embodiments, the plasma level achieved using a single dose may
be greater than about 5 ng/mL, greater than about 10 ng/mL, greater than about 15
ng/mL, greater than about 20 ng/mL, greater than about 30 ng/mL, greater than about
40 ng/mL, or greater than about 50 ng/mL for a period of about 4, about 8, about 10,
about 12, about 14, about 16, about 18, about 20 or about 24 hours. The maximum
plasma concentration of a pharmacologically active agent may be reached at a time
following administration from between about 0.1 hr to about 24 hr, or from about
0.25 hr to about 10 hr, or from about 0.25 hr to about 8 hr, or from about 0.5 hr to
about 6 hr, or from about 0.5 hr to about 4 hr, or from about 0.5 hr to about 2 hr, or
from about 0.5 hr to about 1 hr. The time to maximum plasma concentration may be
adjusted by adjusting various components of the dosage forms as taught herein.
[00183] In some embodiments, a dosage form according to the present disclosure is
sufficient to provide an in vivo Tmax of from about 3 hrs to about 6 hrs, e.g., from

about 4 hrs to about 5 hrs, following oral administration to a subject.
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[00184] In some embodiments, a dosage form according to the present disclosure is
sufficient to provide an in vivo Cmax of from about 5 ng/mL to about 18 ng/mL, e.g.,
from about 6 ng/mL to about 17 ng/mL, from about 7 ng/mL to about 16 ng/mL,
from about 8 ng/mL to about 15 ng/mL, from about 9 ng/mL to about 14 ng/mL,
from about 10 ng/mL to about 13 ng/mL, or from about 11 ng/mL to about 12 ng/mL
following oral administration to a subject. In some embodiments, a dosage form
according to the present disclosure is sufficient to provide an in vivo Cmax of about 5
ng/mL, about 6 ng/mL, about 7 ng/mL, about 8 ng/mL, about 9 ng/mL, about 10
ng/mL, about 11 ng/mL, about 12 ng/mL, about 13 ng/mL, about 14 ng/mL, about 15
ng/mL, about 16 ng/mL, about 17 ng/mL, or about 18 ng/mL following oral
administration to a subject.

[00185] The plasma levels obtained may be adjusted by adjusting the dose of the
pharmacologically active agent, and/or by adjusting the components of the dosage
forms, and desirable plasma levels will depend on the therapeutic range or its index
for any particular pharmacologically active agent. It is readily within the skill of one
in the art to determine the desired therapeutic index.

[00186] The rate of pharmacologically active agent release from the composition may
be varied depending on the agent used and the dosage required. Release rates may be
different in different parts of the GI tract, and release rates may be averaged over the
time of transit through the GI tract (approximately 8 — 24 hrs). Typical average
release rates may vary substantially. For many active agents, they may range from
about 0.01 to about 500 mg/hr, e.g., from about 0.5 to about 250 mg/hr, from about
0.75 to about 100 mg/hr, from about 1 to about 100 mg/hr, from about 2 to about 100
mg/hr, from about 5 to about 100 mg/hr, from about 10 to about 100 mg/hr, from
about 10 to about 80 mg/hr, from about 20 to about 50 mg/hr, or from about 20 to
about 40 mg/hr.

EXEMPLARY NON-LIMITING ASPECTS OF THE DISCLOSURE

[00187] Aspects, including embodiments, of the present subject matter described above
may be beneficial alone or in combination, with one or more other aspects or
embodiments. Without limiting the foregoing description, certain non-limiting
aspects of the disclosure numbered 1-442 are provided below. As will be apparent to
those of skill in the art upon reading this disclosure, each of the individually

numbered aspects may be used or combined with any of the preceding or following
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individually numbered aspects. This is intended to provide support for all such
combinations of aspects and is not limited to combinations of aspects explicitly

provided below.

1. A dosage form, comprising;

a drug composition comprising a first pharmacologically active agent;

a barrier layer covering at least a portion of the drug composition; and

a drug layer covering at least a portion of the barrier layer, wherein the drug
layer comprises a second pharmacologically active agent, and

wherein initial release of the first pharmacologically active agent from the
dosage form occurs at a time of 5 minutes to 120 minutes when assayed by USP
Apparatus I using 750 mL of 0.1 N HCl dissolution medium, a paddle speed of 50

rpm, and a dissolution medium temperature of 37 °C.

2. The dosage form of 1, wherein the first pharmacologically active agent and the
second pharmacologically acive agents are the same, and wherein the initial release
of the first pharmacologically active agent is determined by determining the time at
which cumulative release of the first and second pharmacologically active agents

exceeds the amount of the second pharmacologically active agent in the drug layer.

3. The dosage form of 1, wherein the barrier layer is soluble in 0.1 N HCI at 37 °C.

4. The dosage form of 1, wherein the barrier layer comprises a first material which is
soluble in 0.1 N HCI at 37 °C and a second material which is insoluble in 0.1 N HCI
at 37 °C.

5. The dosage form of any one of 1-4, wherein the first pharmacologically active agent

and the second pharmacologically active agent are the same.

6. The dosage form of any one of 1-5, wherein the first pharmacologically active agent
is present in the drug composition at from about 10% to about 50% w/w relative to

the total weight of the drug composition.

7. The dosage form of any one of 1-6, wherein the drug composition is encapsulated in

a capsule and the barrier layer covers at least a portion of the capsule.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

The dosage form of 7, wherein the capsule comprises an outer surface and an inner
surface, and wherein the barrier layer covers at least a portion of the outer surface of

the capsule.

The dosage form of 7, wherein the capsule comprises at least one of hydroxypropyl

methylcellulose (HPMC) and gelatin.

The dosage form of any one of 1-9, wherein the drug composition comprises a High

Viscosity Liquid Carrier Material (HVLCM).

The dosage form of 10, wherein the HVLCM is present at about 30% to about 60%

w/w relative to the total weight of the drug composition.

The dosage form of 11, wherein the HVLCM is present at about 35% to about 45%

w/w relative to the total weight of the drug composition.

The dosage form of any one of 10-12, wherein the HVLCM is sucrose acetate
isobutyrate (SAIB).

The dosage form of any one of 1-13, wherein the drug composition comprises an

organic solvent.

The dosage form of 14, wherein the organic solvent is present at about 0.1% to about

45% w/w relative to the total weight of the drug composition.

The dosage form of 14 or 15, wherein the organic solvent is present at about 10% to

about 35% w/w relative to the total weight of the drug composition.

The dosage form of any one of 14-16, wherein the organic solvent is present at about

20% to about 35% w/w relative to the total weight of the drug composition.

The dosage form of any one of 14-17, wherein the organic solvent comprises at least
one member selected from triacetin, N-methyl-2-pyrrolidone, 2-pyrrolidone,

dimethylsulfoxide, ethyl lactate, propylene carbonate, and glycofurol.

The dosage form of any one of 14-18, wherein the organic solvent comprises

triacetin.
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20

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

. The dosage form of any one of 1-19, wherein the drug composition comprises a

rheology modifier.

The dosage form of 20, wherein the rheology modifier is present at about 0.1% to

about 20% w/w relative to the total weight of the drug composition.

The dosage form of 20 or 21, wherein the rheology modifier is present at about 2% to

about 15% w/w relative to the total weight of the drug composition.

The dosage form of any one of 20-22, wherein the rheology modifier is present at

about 5% to about 7% w/w relative to the total weight of the drug composition.

The dosage form of any one of 20-23, wherein the rheology modifier comprises at
least one member selected from a caprylic/capric triglyceride, isopropyl myristate,
ethyl oleate, triethyl citrate, dimethyl phthalate, labrafil, labrasol, a polyglycolized

glyceride, and benzyl benzoate.

The dosage form of any one of 20-24, wherein the rheology modifier comprises

isopropyl myristate.

The dosage form of any one of 1-25, wherein the drug composition comprises a

network former.

The dosage form of 26, wherein the network former is present at about 0.1% to about

20% w/w relative to the total weight of the drug composition.

The dosage form of 26 or 27, wherein the network former is present at about 2% to

about 10% w/w relative to the total weight of the drug composition.

The dosage form of any one of 26-28, wherein the network former is present at about

4% to about 6% w/w relative to the total weight of the drug composition.

The dosage form of any one of 26-29, wherein the network former comprises at least
one member selected from a cellulose acetate butyrate, a carbohydrate polymer, an
organic acid of a carbohydrate polymer, a hydrogel, a cellulose acetate phthalate, an
ethyl cellulose, a triblock copolymer, an acrylic polymer, hydroxyl propyl methyl

cellulose, cellulose triacetate, and poly(methyl methacrylate).
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31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

The dosage form of any one of 26-30, wherein the network former comprises a

cellulose acetate butyrate.

The dosage form of any one of 1-31, wherein the drug composition comprises a

viscosity enhancing agent.

The dosage form of 32, wherein the viscosity enhancing agent is present at about

0.01% to about 10% w/w relative to the total weight of the drug composition.

The dosage form of 32 or 33, wherein the viscosity enhancing agent is present at

about 0.1% to about 6% w/w relative to the total weight of the drug composition.

The dosage form of any one of 32-34, wherein the viscosity enhancing agent is
present at about 0.5% to about 1.5% w/w relative to the total weight of the drug

composition.

The dosage form of any one of 32-35, wherein the viscosity enhancing agent

comprises silicon dioxide.

The dosage form of any one of 1-36, wherein the drug composition comprises a

polyoxylglyceride.

The dosage form of 37, wherein the polyoxylglyceride is present at about 0.1% to

about 5% w/w relative to the total weight of the drug composition.

The dosage form of 37 or 38, wherein the polyoxylglyceride is present at about 0.5%

to about 1.5% w/w relative to the total weight of the drug composition.

The dosage form of any one of 1-39, wherein the fill weight of the drug composition

is from about 100 mg to about 800 mg.

The dosage form of any one of 1-40, wherein the fill weight of the drug composition

is from about 150 mg to about 200 mg.

The dosage form of any one of 1-41, wherein the barrier layer comprises at least one

member selected from cellulose acetate phthalate, HPMC phthalate, HPMC acetate
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43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

succinate, polyvinyl acetate phthalate, cellulose acetate trimelitate, methyacrylic acid

copolymer, shellac, and zein.

The dosage form of any one of 1-41, wherein the barrier layer comprises at least one
member selected from a hydrophobic cellulose, a polyalcohol, magnesium stearate,

and silicon dioxide.

The dosage form of any one of 1-41, wherein the barrier layer comprises a

methacrylic acid copolymer and a polyvinyl alcohol.

The dosage form of 44, wherein the methacrylic acid copolymer and the polyvinyl

alcohol are present in the barrier layer in a ratio of about 2:1 to about 10:1.

The dosage form of 45, wherein the methacrylic acid copolymer and the polyvinyl

alcohol are present in the barrier layer in a ratio of about 4:1 to about 8:1.

The dosage form of 44, wherein the methacrylic acid copolymer is present at about

60% to about 90% w/w relative to the total weight of the barrier layer.

The dosage form of 44 or 47, wherein the polyvinyl alcohol is present at about 10%

to about 40% w/w relative to the total weight of the barrier layer.

The dosage form of any one of 1-48, wherein the barrier layer has a finished product

coating weight of from about 5 mg to about 40 mg.

The dosage form of any one of 1-49, wherein the drug layer comprises about 15% to
about 40% w/w of the second pharmacologically active agent relative to the total

weight of the drug layer.

The dosage form of any one of 1-50, wherein the drug layer comprises a bulking

agent.

The dosage form of 51, wherein the bulking agent comprises hydroxypropyl
methylcellulose (HPMC).

The dosage form of 51 or 52, wherein the bulking agent is present at about 60% to
about 75% w/w relative to the total weight of the drug layer.
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54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

The dosage form of any one of 1-53, wherein the drug layer has a finished product

coating weight of from about 20 mg to about 35 mg.

The dosage form of any one of 1-54, wherein the dosage form comprises a coating

layer covering at least a portion of the drug layer.
The dosage form of 55, wherein the coating layer comprises a polyvinyl alcohol.

The dosage form of 55 or 56, wherein the coating layer has a finished product

coating weight of from about 5 mg to about 10 mg.

The dosage form of any one of 55-57, wherein the combined thickness of the barrier

layer, the drug layer and the coating layer is from about 0.2 mm to about 0.5 mm.

The dosage form of any one of 1-58, wherein the amount of the second
pharmacologically active agent present in the drug layer is from about 15% to about
30% of the total amount of the first and second pharmacologically active agent in the

dosage form.

The dosage form of any one of 1-59, wherein the amount of the second
pharmacologically active agent present in the drug layer is from about 20% to about
25% of the total amount of the first and second pharmacologically active agent in the

dosage form.

The dosage form of any one of 1-60, wherein the first and second pharmacologically

active agent is methylphenidate.

The dosage form of any one of 1-61, wherein the combined % cumulative release of
the first and second pharmacologically active agent from the oral dosage form is
from 5% to 40% at T = 1 hr when assayed by USP Apparatus II using 750 mL of 0.1
N HCI dissolution medium, a paddle speed of 50 rpm, and a dissolution medium

temperature of 37 °C.

The dosage form of any one of 1-62, wherein the combined % cumulative release of
the first and second pharmacologically active agent from the oral dosage form is

from 10% to 30% at T = 1 hr when assayed by USP Apparatus II using 750 mL of
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64.

65.

66.

67.

68.

69.

70.

0.1 N HCI dissolution medium, a paddle speed of 50 rpm, and a dissolution medium

temperature of 37 °C.

The dosage form of any one of 1-63, wherein the combined % cumulative release of
the first and second pharmacologically active agent from the oral dosage form is at
least 80% at T = 12 hrs when assayed by USP Apparatus II using a 2-stage
dissolution protocol, a paddle speed of 50 rpm, a dissolution medium temperature of
37 °C, a sampling volume of 1 mL, and sampling time points of 0.3 hrs, 0.5 hrs, 1 hr,
1.5 hrs, 2 hrs, 3 hrs, 6 hrs, 9 hrs, 12 hrs and 24hrs, and wherein the 2-stage
dissolution protocol comprises exposing the oral dosage form to 750 mL of 0.1 N
HCI for T=0to T =2 hrs, adding 200 mL of 0.19 M phosphate buffer to obtain a
final dissolution medium volume of 950 mL, and exposing the oral dosage form to

the final dissolution medium volume from T =2 hrs to T = 24 hrs.

The dosage form of any one of 1-64, wherein the dosage form is sufficient to provide
an in vivo Tmax of from about 3 hrs to about 6 hrs following oral administration to

an adult human subject.

The dosage form of any one of 1-65, wherein the dosage form is sufficient to provide
an in vivo Tmax of from about 4 hrs to about 5 hrs following oral administration to

an adult human subject.

The dosage form of any one of 1-66, wherein the dosage form is sufficient to provide
an in vivo Cmax of from about 5 ng/mL to about 18 ng/mL following oral

administration to an adult human subject.

The dosage form of any one of 1-67, wherein the dosage form is sufficient to provide
an in vivo Cmax of from about 9 ng/mL to about 13 ng/mL following oral

administration to an adult human subject.

The dosage form of any one of 1-68, wherein the dosage form is sufficient to provide
an in vivo Cmax of from about 10 ng/mL to about 12 ng/mL following oral

administration to an adult human subject.

A dosage form, comprising;

a drug composition comprising a first pharmacologically active agent;
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71.

72.

73.

74.

75.

76.

77.

78.

a first layer covering at least a portion of the drug composition, wherein the
first layer comprises a first material which is soluble in 0.1N HCI at 37 °C and a
second material selected from cellulose acetate phthalate, HPMC phthalate, HPMC
acetate succinate, polyvinyl acetate phthalate, cellulose acetate trimelitate,
methyacrylic acid copolymer, shellac, and zein; and

a second layer covering at least a portion of the first layer, wherein the second

layer comprises a second pharmacologically active agent.

The dosage form of 70, wherein the first pharmacologically active agent and the

second pharmacologically active agent are the same.

The dosage form of any one of 70-71, wherein the first pharmacologically active
agent is present in the drug composition at from about 10% to about 50% w/w

relative to the total weight of the drug composition.

The dosage form of any one of 70-72, wherein the drug composition is encapsulated

in a capsule and the first layer covers at least a portion of the capsule.

The dosage form of 73, wherein the capsule comprises an outer surface and an inner
surface, and wherein the barrier layer covers at least a portion of the outer surface of

the capsule.

The dosage form of 73, wherein the capsule comprises at least one of hydroxypropyl

methylcellulose (HPMC) and gelatin.

The dosage form of any one of 70-75, wherein the drug composition comprises a

High Viscosity Liquid Carrier Material (HVLCM).

The dosage form of 76, wherein the HVLCM is present at about 30% to about 60%

w/w relative to the total weight of the drug composition.

The dosage form of 77, wherein the HVLCM is present at about 35% to about 45%

w/w relative to the total weight of the drug composition.
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79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

The dosage form of any one of 76-78, wherein the HVLCM is sucrose acetate
isobutyrate (SAIB).

The dosage form of any one of 70-79, wherein the drug composition comprises an

organic solvent.

The dosage form of 80, wherein the organic solvent is present at about 0.1% to about

45% w/w relative to the total weight of the drug composition.

The dosage form of 80 or 81, wherein the organic solvent is present at about 10% to

about 35% w/w relative to the total weight of the drug composition.

The dosage form of any one of 80-82, wherein the organic solvent is present at about

20% to about 35% w/w relative to the total weight of the drug composition.

The dosage form of any one of 80-83, wherein the organic solvent comprises at least
one member selected from triacetin, N-methyl-2-pyrrolidone, 2-pyrrolidone,

dimethylsulfoxide, ethyl lactate, propylene carbonate, and glycofurol.

The dosage form of any one of 80-84, wherein the organic solvent comprises

triacetin.

The dosage form of any one of 70-85, wherein the drug composition comprises a

rheology modifier.

The dosage form of 86, wherein the rheology modifier is present at about 0.1% to

about 20% w/w relative to the total weight of the drug composition.

The dosage form of 86 or 87, wherein the rheology modifier is present at about 2% to

about 15% w/w relative to the total weight of the drug composition.

The dosage form of any one of 86-88, wherein the rheology modifier is present at

about 5% to about 7% w/w relative to the total weight of the drug composition.

The dosage form of any one of 86-89, wherein the rheology modifier comprises at
least one member selected from a caprylic/capric triglyceride, isopropyl myristate,
ethyl oleate, triethyl citrate, dimethyl phthalate, labrafil, labrasol, a polyglycolized

glyceride, and benzyl benzoate.
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91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

The dosage form of any one of 86-90, wherein the rheology modifier comprises

isopropyl myristate.

The dosage form of any one of 70-91, wherein the drug composition comprises a

network former.

The dosage form of 92, wherein the network former is present at about 0.1% to about

20% w/w relative to the total weight of the drug composition.

The dosage form of 92 or 93, wherein the network former is present at about 2% to

about 10% w/w relative to the total weight of the drug composition.

The dosage form of any one of 92-94, wherein the network former is present at about

4% to about 6% w/w relative to the total weight of the drug composition.

The dosage form of any one of 92-95, wherein the network former comprises at least
one member selected from a cellulose acetate butyrate, a carbohydrate polymer, an
organic acid of a carbohydrate polymer, a hydrogel, a cellulose acetate phthalate, an
ethyl cellulose, a triblock copolymer, an acrylic polymer, hydroxyl propyl methyl

cellulose, cellulose triacetate, and poly(methyl methacrylate).

The dosage form of any one of 92-96, wherein the network former comprises a

cellulose acetate butyrate.

The dosage form of any one of 70-97, wherein the drug composition comprises a

viscosity enhancing agent.

The dosage form of 98, wherein the viscosity enhancing agent is present at about

0.01% to about 10% w/w relative to the total weight of the drug composition.

The dosage form of 98 or 99, wherein the viscosity enhancing agent is present

at about 0.1% to about 6% w/w relative to the total weight of the drug composition.

The dosage form of any one of 98-100, wherein the viscosity enhancing agent
is present at about 0.5% to about 1.5% w/w relative to the total weight of the drug

composition.
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102. The dosage form of any one of 98-101, wherein the viscosity enhancing agent

comprises silicon dioxide.

103. The dosage form of any one of 70-102, wherein the drug composition

comprises a polyoxylglyceride.

104. The dosage form of 103, wherein the polyoxylglyceride is present at about

0.1% to about 5% w/w relative to the total weight of the drug composition.

105. The dosage form of 103 or 104, wherein the polyoxylglyceride is present at

about 0.5% to about 1.5% w/w relative to the total weight of the drug composition.

106. The dosage form of any one of 70-105, wherein the fill weight of the drug

composition is from about 100 mg to about 800 mg.

107. The dosage form of any one of 70-106, wherein the fill weight of the drug

composition is from about 150 mg to about 200 mg.

108. The dosage form of any one of 70-107, wherein the first layer comprises at
least one member selected from a hydrophobic cellulose, a polyalcohol, magnesium

stearate, and silicon dioxide.

109. The dosage form of any one of 70-108, wherein the first layer comprises a

methacrylic acid copolymer and a polyvinyl alcohol.

110. The dosage form of 109, wherein the methacrylic acid copolymer is present at

about 60% to about 90% w/w relative to the total weight of the first layer.

111. The dosage form of 109 or 110, wherein the polyvinyl alcohol is present at
about 10% to about 40% w/w relative to the total weight of the first layer.

112. The dosage form of any one of 70-111, wherein the first layer has a finished
product coating weight of from about 10 mg to about 40 mg.

113. The dosage form of any one of 70-112, wherein the second layer comprises
about 25% to about 40% w/w of the second pharmacologically active agent relative

to the total weight of the second layer.
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114. The dosage form of any one of 70-113, wherein second layer comprises a

bulking agent.

115. The dosage form of 114, wherein the bulking agent comprises hydroxypropyl
methylcellulose (HPMC).

116. The dosage form of 114 or 115, wherein the bulking agent is present at about
60% to about 75% w/w relative to the total weight of the second layer.

117. The dosage form of any one of 70-116, wherein the second layer has a

finished product coating weight of from about 20 mg to about 35 mg.

118. The dosage form of any one of 70-117, wherein the dosage form comprises a

third layer covering at least a portion of the second layer.

119. The dosage form of 118, wherein the third layer comprises a polyvinyl

alcohol.

120. The dosage form of 118 or 119, wherein the third layer has a finished product

coating weight of from about 5 mg to about 10 mg.

121. The dosage form of any one of 118-120, wherein the combined thickness of
the first layer, the second layer and the third layer is from about 0.2 mm to about 0.5

mm.

122. The dosage form of any one of 70-121, wherein the amount of the second
pharmacologically active agent present in the second layer is from about 15% to
about 30% of the total amount of the first and second pharmacologically active agent

in the dosage form.

123. The dosage form of any one of 70-122, wherein the amount of the second
pharmacologically active agent present in the second layer is from about 20% to
about 25% of the total amount of the first and second pharmacologically active agent

in the dosage form.

124. The dosage form of any one of 70-123, wherein the first and second

pharmacologically active agent is methylphenidate.
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125. The dosage form of any one of 70-124, wherein the combined % cumulative
release of the first and second pharmacologically active agent from the oral dosage
form is from 5% to 40% at T = 1 hr when assayed by USP Apparatus II using 750
mL of 0.1 N HCI dissolution medium, a paddle speed of 50 rpm, and a dissolution

medium temperature of 37 °C.

126. The dosage form of any one of 70-125, wherein the combined % cumulative
release of the first and second pharmacologically active agent from the oral dosage
form is from 10% to 30% at T = 1 hr when assayed by USP Apparatus II using 750
mL of 0.1 N HCI dissolution medium, a paddle speed of 50 rpm, and a dissolution

medium temperature of 37 °C.

127. The dosage form of any one of 70-126, wherein the combined % cumulative
release of the first and second pharmacologically active agent from the oral dosage
form is at least 80% at T = 12 hrs when assayed by USP Apparatus I using a 2-stage
dissolution protocol, a paddle speed of 50 rpm, a dissolution medium temperature of
37 °C, a sampling volume of 1 mL, and sampling time points of 0.3 hrs, 0.5 hrs, 1 hr,
1.5 hrs, 2 hrs, 3 hrs, 6 hrs, 9 hrs, 12 hrs and 24hrs, and wherein the 2-stage
dissolution protocol comprises exposing the oral dosage form to 750 mL of 0.1 N
HCI for T=0to T =2 hrs, adding 200 mL of 0.19 M phosphate buffer to obtain a
final dissolution medium volume of 950 mL, and exposing the oral dosage form to

the final dissolution medium volume from T =2 hrs to T = 24 hrs.

128. The dosage form of any one of 70-127, wherein the dosage form is sufficient
to provide an in vivo Tmax of from about 3 hrs to about 6 hrs following oral

administration to an adult human subject.

129. The dosage form of any one of 70-128, wherein the dosage form is sufficient
to provide an in vivo Tmax of from about 4 hrs to about 5 hrs following oral

administration to an adult human subject.

130. The dosage form of any one of 70-129, wherein the dosage form is sufficient
to provide an in vivo Cmax of from about 5 ng/mL to about 18 ng/mL following oral

administration to an adult human subject.
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131. The dosage form of any one of 70-130, wherein the dosage form is sufficient
to provide an in vivo Cmax of from about 9 ng/mL to about 13 ng/mL following oral

administration to an adult human subject.

132. The dosage form of any one of 70-131, wherein the dosage form is sufficient
to provide an in vivo Cmax of from about 10 ng/mL to about 12 ng/mL following

oral administration to an adult human subject.

133. A dosage form, comprising;
a drug composition comprising a first pharmacologically active agent;
a first layer covering at least a portion of the drug composition, wherein the
first layer comprises at least one member selected from hydrophobic cellulose, a
polyalcohol, magnesium stearate, and silicon dioxide; and
a second layer covering at least a portion of the first layer, wherein the second

layer comprises a second pharmacologically active agent.

134. The dosage form of 133, wherein the first pharmacologically active agent and

the second pharmacologically active agent are the same.

135. The dosage form of 133 or 134, wherein first pharmacologically active agent
is present in the drug composition at from about 10% to about 50% w/w relative to

the total weight of the drug composition.

136. The dosage form of any one of 133-135, wherein the drug composition is

encapsulated in a capsule and the first layer covers at least a portion of the capsule.

137. The dosage form of 136, wherein the capsule comprises an outer surface and
an inner surface, and wherein the barrier layer covers at least a portion of the outer

surface of the capsule.

138. The dosage form of 136, wherein the capsule comprises hydroxypropyl
methylcellulose (HPMC).
139. The dosage form of any one of 133-138, wherein the drug composition

comprises a High Viscosity Liquid Carrier Material (HVLCM).
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140. The dosage form of 139, wherein the HVLCM is present at about 30% to

about 60% w/w relative to the total weight of the drug composition.

141. The dosage form of 140, wherein the HVLCM is present at about 35% to

about 45% w/w relative to the total weight of the drug composition.

142. The dosage form of any one of 139-141, wherein the HVLCM is sucrose
acetate isobutyrate (SAIB).

143. The dosage form of any one of 133-142, wherein the drug composition

comprises an organic solvent.

144. The dosage form of 143, wherein the organic solvent is present at about 0.1%

to about 45% w/w relative to the total weight of the drug composition.

145. The dosage form of 143 or 144, wherein the organic solvent is present at

about 10% to about 35% w/w relative to the total weight of the drug composition.

146. The dosage form of any one of 143-145, wherein the organic solvent is
present at about 20% to about 35% w/w relative to the total weight of the drug

composition.

147. The dosage form of any one of 143-146, wherein the organic solvent
comprises at least one member selected from triacetin, N-methyl-2-pyrrolidone, 2-

pyrrolidone, dimethylsulfoxide, ethyl lactate, propylene carbonate, and glycofurol.

148. The dosage form of any one of 143-147, wherein the organic solvent

comprises triacetin.

149. The dosage form of any one of 133-148, wherein the drug composition

comprises a rheology modifier.

150. The dosage form of 149, wherein the rheology modifier is present at about

0.1% to about 20% w/w relative to the total weight of the drug composition.

151. The dosage form of 149 or 150, wherein the rheology modifier is present at

about 2% to about 15% w/w relative to the total weight of the drug composition.
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152. The dosage form of any one of 149-151, wherein the rheology modifier is
present at about 5% to about 7% w/w relative to the total weight of the drug

composition.

153. The dosage form of any one of 149-152, wherein the rheology modifier
comprises at least one member selected from a caprylic/capric triglyceride, isopropyl
myristate, ethyl oleate, triethyl citrate, dimethyl phthalate, labrafil, labrasol, a
polyglycolized glyceride, and benzyl benzoate.

154. The dosage form of any one of 149-153, wherein the rheology modifier

comprises isopropyl myristate.

155. The dosage form of any one of 149-154, wherein the drug composition

comprises a network former.

156. The dosage form of 155, wherein the network former is present at about 0.1%

to about 20% w/w relative to the total weight of the drug composition.

157. The dosage form of 155 or 156, wherein the network former is present at

about 2% to about 10% w/w relative to the total weight of the drug composition.

158. The dosage form of any one of 155-157, wherein the network former is
present at about 4% to about 6% w/w relative to the total weight of the drug

composition.

159. The dosage form of any one of 155-158, wherein the network former
comprises at least one member selected from a cellulose acetate butyrate, a
carbohydrate polymer, an organic acid of a carbohydrate polymer, a hydrogel, a
cellulose acetate phthalate, an ethyl cellulose, a triblock copolymer, an acrylic
polymer, hydroxyl propyl methyl cellulose, cellulose triacetate, and poly(methyl

methacrylate).

160. The dosage form of any one of 155-159, wherein the network former

comprises a cellulose acetate butyrate.

161. The dosage form of any one of 133-160, wherein the drug composition

comprises a viscosity enhancing agent.
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162. The dosage form of 161, wherein the viscosity enhancing agent is present at

about 0.01% to about 10% w/w relative to the total weight of the drug composition.

163. The dosage form of 161 or 162, wherein the viscosity enhancing agent is
present at about 0.1% to about 6% w/w relative to the total weight of the drug

composition.

164. The dosage form of any one of 161-163, wherein the viscosity enhancing
agent is present at about 0.5% to about 1.5% w/w relative to the total weight of the

drug composition.

165. The dosage form of any one of 161-164, wherein the viscosity enhancing

agent comprises silicon dioxide.

166. The dosage form of any one of 133-165, wherein the drug composition

comprises a polyoxylglyceride.

167. The dosage form of 166, wherein the polyoxylglyceride is present at about

0.1% to about 5% w/w relative to the total weight of the drug composition.

168. The dosage form of 166 or 167, wherein the polyoxylglyceride is present at

about 0.5% to about 1.5% w/w relative to the total weight of the drug composition.

169. The dosage form of any one of 133-168, wherein the fill weight of the drug

composition is from about 100 mg to about 800 mg.

170. The dosage form of any one of 133-169, wherein the fill weight of the drug

composition is from about 150 mg to about 200 mg.

171. The dosage form of any one of 133-170, wherein the first layer comprises a

methacrylic acid copolymer and a polyvinyl alcohol.

172. The dosage form of 171, wherein the methacrylic acid copolymer is present at

about 60% to about 90% w/w relative to the total weight of the first layer.

173. The dosage form of 171 or 172, wherein the polyvinyl alcohol is present at

about 10% to about 40% w/w relative to the total weight of the first layer.
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174. The dosage form of any one of 133-173, wherein the first layer has a finished
product coating weight of from about 10 mg to about 40 mg.

175. The dosage form of any one of 133-174, wherein the second layer comprises
about 25% to about 40% w/w of the second pharmacologically active agent relative

to the total weight of the second layer.

176. The dosage form of any one of 133-175, wherein second layer comprises a

bulking agent.

177. The dosage form of 176, wherein the bulking agent comprises hydroxypropyl
methylcellulose (HPMC).

178. The dosage form of 176 or 177, wherein the bulking agent is present at about
60% to about 75% w/w relative to the total weight of the second layer.

179. The dosage form of any one of 133-178, wherein the second layer has a
finished product coating weight of from about 20 mg to about 35 mg.

180. The dosage form of any one of 133-179, wherein the dosage form comprises

a third layer covering at least a portion of the second layer.

181. The dosage form of 180, wherein the third layer comprises a polyvinyl

alcohol.

182. The dosage form of 180 or 181, wherein the third layer has a finished product

coating weight of from about 5 mg to about 10 mg.

183. The dosage form of any one of 180-182, wherein the combined thickness of
the first layer, the second layer and the third layer is from about 0.2 mm to about 0.5

mm.

184. The dosage form of any one of 133-183, wherein the amount of the second
pharmacologically active agent present in the second layer is from about 15% to
about 30% of the total amount of the first and second pharmacologically active agent

in the dosage form.
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185. The dosage form of any one of 133-184, wherein the amount of the second
pharmacologically active agent present in the second layer is from about 20% to
about 25% of the total amount of the first and second pharmacologically active agent

in the dosage form.

186. The dosage form of any one of 133-185, wherein the first and second

pharmacologically active agent is methylphenidate.

187. The dosage form of any one of 133-186, wherein the combined % cumulative
release of the first and second pharmacologically active agent from the dosage form
is from 5% to 40% at T = 1 hr when assayed by USP Apparatus II using 750 mL of
0.1 N HCI dissolution medium, a paddle speed of 50 rpm, and a dissolution medium

temperature of 37 °C.

188. The dosage form of any one of 133-187, wherein the combined % cumulative
release of the first and second pharmacologically active agent from the dosage form
is from 10% to 30% at T =1 hr when assayed by USP Apparatus II using 750 mL of
0.1 N HCI dissolution medium, a paddle speed of 50 rpm, and a dissolution medium

temperature of 37 °C.

189. The dosage form of any one of 133-188, wherein the combined % cumulative
release of the first and second pharmacologically active agent from the dosage form
is at least 80% at T = 12 hrs when assayed by USP Apparatus Il using a 2-stage
dissolution protocol, a paddle speed of 50 rpm, a dissolution medium temperature of
37 °C, a sampling volume of 1 mL, and sampling time points of 0.3 hrs, 0.5 hrs, 1 hr,
1.5 hrs, 2 hrs, 3 hrs, 6 hrs, 9 hrs, 12 hrs and 24hrs, and wherein the 2-stage
dissolution protocol comprises exposing the dosage form to 750 mL of 0.1 N HCI for
T=0toT=2 hrs, adding 200 mL of 0.19 M phosphate buffer to obtain a final
dissolution medium volume of 950 mL, and exposing the dosage form to the final

dissolution medium volume from T =2 hrs to T = 24 hrs.

190. The dosage form of any one of 133-189, wherein the dosage form is sufficient
to provide an in vivo Tmax of from about 3 hrs to about 6 hrs following oral

administration to an adult human subject.
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191. The dosage form of any one of 133-190, wherein the dosage form is sufficient
to provide an in vivo Tmax of from about 4 hrs to about 5 hrs following oral

administration to an adult human subject.

192. The dosage form of any one of 133-191, wherein the dosage form is sufficient
to provide an in vivo Cmax of from about 5 ng/mL to about 18 ng/mL following oral

administration to an adult human subject.

193. The dosage form of any one of 133-192, wherein the dosage form is sufficient
to provide an in vivo Cmax of from about 9 ng/mL to about 13 ng/mL following oral

administration to an adult human subject.

194. The dosage form of any one of 133-193, wherein the dosage form is sufficient
to provide an in vivo Cmax of from about 10 ng/mL to about 12 ng/mL following

oral administration to an adult human subject.

195. A dosage form, comprising;
a drug composition comprising a first pharmacologically active agent;
a first layer covering at least a portion of the drug composition, wherein the
first layer comprises a methacrylic acid copolymer and a polyvinyl alcohol; and
a second layer covering at least a portion of the first layer, wherein the second

layer comprises a second pharmacologically active agent.

196. The dosage form of 195, wherein initial release of the first pharmacologically
active agent from the dosage form occurs at a time of 5 minutes to 120 minutes when
assayed by USP Apparatus IT using 750 mL of 0.1 N HCI dissolution medium, a

paddle speed of 50 rpm, and a dissolution medium temperature of 37 °C.

197. The dosage form of 196, wherein the first pharmacologically active agent and
the second pharmacologically acive agents are the same, and wherein the initial
release of the first pharmacologically active agent is determined by determining the
time at which cumulative release of the first and second pharmacologically active
agents exceeds the amount of the second pharmacologically active agent in the drug

layer.
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198. The dosage form of 195 or 196, wherein the first pharmacologically active

agent and the second pharmacologically active agent are the same.

199. The dosage form of any one of 195-198, wherein the first pharmacologically
active agent is present in the drug composition at from about 10% to about 50% w/w

relative to the total weight of the drug composition.

200. The dosage form of any one of 195-199, wherein the drug composition is

encapsulated in a capsule and the first layer covers at least a portion of the capsule.

201. The dosage form of 200, wherein the capsule comprises an outer surface and
an inner surface, and wherein the barrier layer covers at least a portion of the outer

surface of the capsule.

202. The dosage form of 200, wherein the capsule comprises hydroxypropyl
methylcellulose (HPMC).
203. The dosage form of any one of 195-202, wherein the drug composition

comprises a High Viscosity Liquid Carrier Material (HVLCM).

204. The dosage form of 203, wherein the HVLCM is present at about 30% to

about 60% w/w relative to the total weight of the drug composition.

205. The dosage form of 204, wherein the HVLCM is present at about 35% to

about 45% w/w relative to the total weight of the drug composition.

206. The dosage form of any one of 203-205, wherein the HVLCM is sucrose
acetate isobutyrate (SAIB).

207. The dosage form of any one of 195-206, wherein the drug composition

comprises an organic solvent.

208. The dosage form of 207, wherein the organic solvent is present at about 0.1%

to about 45% w/w relative to the total weight of the drug composition.

209. The dosage form of 207 or 208, wherein the organic solvent is present at

about 10% to about 35% w/w relative to the total weight of the drug composition.
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210. The dosage form of any one of 207-209, wherein the organic solvent is
present at about 20% to about 35% w/w relative to the total weight of the drug

composition.

211. The dosage form of any one of 207-210, wherein the organic solvent
comprises at least one member selected from triacetin, N-methyl-2-pyrrolidone, 2-

pyrrolidone, dimethylsulfoxide, ethyl lactate, propylene carbonate, and glycofurol.

212. The dosage form of any one of 207-211, wherein the organic solvent

comprises triacetin.

213. The dosage form of any one of 195-212, wherein the drug composition

comprises a rheology modifier.

214. The dosage form of 213, wherein the rheology modifier is present at about

0.1% to about 20% w/w relative to the total weight of the drug composition.

215. The dosage form of 213 or 214, wherein the rheology modifier is present at

about 2% to about 15% w/w relative to the total weight of the drug composition.

216. The dosage form of any one of 213-215, wherein the rheology modifier is
present at about 5% to about 7% w/w relative to the total weight of the drug

composition.

217. The dosage form of any one of 213-216, wherein the rheology modifier
comprises at least one member selected from a caprylic/capric triglyceride, isopropyl
myristate, ethyl oleate, triethyl citrate, dimethyl phthalate, labrafil, labrasol, a
polyglycolized glyceride, and benzyl benzoate.

218. The dosage form of any one of 213-217, wherein the rheology modifier

comprises isopropyl myristate.

2109. The dosage form of any one of 195-218, wherein the drug composition

comprises a network former.

220. The dosage form of 219, wherein the network former is present at about 0.1%

to about 20% w/w relative to the total weight of the drug composition.
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221. The dosage form of 219 or 220, wherein the network former is present at

about 2% to about 10% w/w relative to the total weight of the drug composition.

222. The dosage form of any one of 219-221, wherein the network former is
present at about 4% to about 6% w/w relative to the total weight of the drug

composition.

223. The dosage form of any one of 219-222, wherein the network former
comprises at least one member selected from a cellulose acetate butyrate, a
carbohydrate polymer, an organic acid of a carbohydrate polymer, a hydrogel, a
cellulose acetate phthalate, an ethyl cellulose, a triblock copolymer, an acrylic
polymer, hydroxyl propyl methyl cellulose, cellulose triacetate, and poly(methyl

methacrylate).

224. The dosage form of any one of 219-223, wherein the network former

comprises a cellulose acetate butyrate.

225. The dosage form of any one of 195-224, wherein the drug composition

comprises a viscosity enhancing agent.

226. The dosage form of 225, wherein the viscosity enhancing agent is present at

about 0.01% to about 10% w/w relative to the total weight of the drug composition.

227. The dosage form of 225 or 226, wherein the viscosity enhancing agent is
present at about 0.1% to about 6% w/w relative to the total weight of the drug

composition.

228. The dosage form of any one of 225-227, wherein the viscosity enhancing
agent is present at about 0.5% to about 1.5% w/w relative to the total weight of the

drug composition.

229. The dosage form of any one of 225-228, wherein the viscosity enhancing

agent comprises silicon dioxide.

230. The dosage form of any one of 195-229, wherein the drug composition

comprises a polyoxylglyceride.
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231. The dosage form of 230, wherein the polyoxylglyceride is present at about

0.1% to about 5% w/w relative to the total weight of the drug composition.

232. The dosage form of 230 or 231, wherein the polyoxylglyceride is present at

about 0.5% to about 1.5% w/w relative to the total weight of the drug composition.

233. The dosage form of any one of 195-232, wherein the fill weight of the drug

composition is from about 100 mg to about 800 mg.

234. The dosage form of any one of 195-233, wherein the fill weight of the drug

composition is from about 150 mg to about 200 mg.

235. The dosage form of any one of 195-234, wherein the methacrylic acid
copolymer is present at about 60% to about 90% w/w relative to the total weight of

the first layer.

236. The dosage form of any one of 195-235, wherein the polyvinyl alcohol is
present at about 10% to about 40% w/w relative to the total weight of the first layer.

237. The dosage form of any one of 195-236, wherein the first layer has a finished
product coating weight of from about 10 mg to about 40 mg.

238. The dosage form of any one of 195-237, wherein the second layer comprises
about 25% to about 35% w/w of the second pharmacologically active agent relative

to the total weight of the second layer.

239. The dosage form of any one of 195-238, wherein second layer comprises a

bulking agent.

240. The dosage form of 239, wherein the bulking agent comprises hydroxypropyl
methylcellulose (HPMC).

241, The dosage form of 239 or 240, wherein the bulking agent is present at about
60% to about 75% w/w relative to the total weight of the second layer.

242. The dosage form of any one of 195-241, wherein the second layer has a
finished product coating weight of from about 20 mg to about 35 mg.
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243. The dosage form of any one of 195-242, wherein the dosage form comprises

a third layer covering at least a portion of the second layer.

244, The dosage form of 243, wherein the third layer comprises a polyvinyl

alcohol.

245, The dosage form of 243 or 244, wherein the third layer has a finished product

coating weight of from about 5 mg to about 10 mg.

246. The dosage form of any one of 243-245, wherein the combined thickness of
the first layer, the second layer and the third layer is from about 0.2 mm to about 0.5

mm.

247. The dosage form of any one of 195-246, wherein the amount of the second
pharmacologically active agent present in the second layer is from about 15% to
about 30% of the total amount of the first and second pharmacologically active agent

in the dosage form.

248. The dosage form of any one of 195-247, wherein the amount of the second
pharmacologically active agent present in the second layer is from about 20% to
about 25% of the total amount of the first and second pharmacologically active agent

in the dosage form.

249. The dosage form of any one of 195-248, wherein the first and second

pharmacologically active agent is methylphenidate.

250. The dosage form of any one of 195-249, wherein the combined % cumulative
release of the first and second pharmacologically active agent from the dosage form
is from 5% to 40% at T = 1 hr when assayed by USP Apparatus II using 750 mL of
0.1 N HCI dissolution medium, a paddle speed of 50 rpm, and a dissolution medium

temperature of 37 °C.

251. The dosage form of any one of 195-250, wherein the combined % cumulative
release of the first and second pharmacologically active agent from the dosage form
is from 10% to 30% at T =1 hr when assayed by USP Apparatus II using 750 mL of
0.1 N HCI dissolution medium, a paddle speed of 50 rpm, and a dissolution medium

temperature of 37 °C.
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252. The dosage form of any one of 195-251, wherein the combined % cumulative
release of the first and second pharmacologically active agent from the dosage form
is at least 80% at T = 12 hr when assayed by USP Apparatus II using a 2-stage
dissolution protocol, a paddle speed of 50 rpm, a dissolution medium temperature of
37 °C, a sampling volume of 1 mL, and sampling time points of 0.3 hrs, 0.5 hrs, 1 hr,
1.5 hrs, 2 hrs, 3 hrs, 6 hrs, 9 hrs, 12 hrs and 24hrs, and wherein the 2-stage
dissolution protocol comprises exposing the dosage form to 750 mL of 0.1 N HCI for
T=0toT=2 hrs, adding 200 mL of 0.19 M phosphate buffer to obtain a final
dissolution medium volume of 950 mL, and exposing the dosage form to the final

dissolution medium volume from T =2 hrs to T = 24 hrs.

253. The dosage form of any one of 195-252, wherein the dosage form is sufficient
to provide an in vivo Tmax of from about 3 hrs to about 6 hrs following oral

administration to an adult human subject.

254, The dosage form of any one of 195-253, wherein the dosage form is sufficient
to provide an in vivo Tmax of from about 4 hrs to about 5 hrs following oral

administration to an adult human subject.

255. The dosage form of any one of 195-254, wherein the dosage form is sufficient
to provide an in vivo Cmax of from about 5 ng/mL to about 18 ng/mL following oral

administration to an adult human subject.

256. The dosage form of any one of 195-255, wherein the dosage form is sufficient
to provide an in vivo Cmax of from about 9 ng/mL to about 13 ng/mL following oral

administration to an adult human subject.

257. The dosage form of any one of 195-256, wherein the dosage form is sufficient
to provide an in vivo Cmax of from about 10 ng/mL to about 12 ng/mL following

oral administration to an adult human subject.

258. A dosage form, comprising;
a capsule comprising
an extended release (ER) composition encapsulated therein, the ER

composition comprising
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methylphenidate (MPH) at about 15% to about 25% w/w
relative to the total weight of the ER composition,
a High Viscosity Liquid Carrier Material (HVLCM) at about
35% to about 45% w/w relative to the total weight of the ER
composition,
an organic solvent at about 20% to about 35% w/w relative to
the total weight of the ER composition,
a first layer covering at least a portion of the capsule, the first layer
comprising
a methacrylic acid copolymer at about 60% to about 90% w/w relative
to the total weight of the first layer, and
a polyvinyl alcohol at about 40% to about 10% w/w relative to the
total weight of the first layer;
a second layer covering at least a portion of the first layer,
the second layer comprising
MPH at about 25% to about 40% w/w relative to the total weight of
the second layer, and
a bulking agent at about 75% to about 60% w/w relative to the total

weight of the second layer.

259. The dosage form of 258, wherein the capsule comprises hydroxypropyl
methylcellulose (HPMC).

260. The dosage form of 258 or 259, wherein the HVLCM is sucrose acetate
isobutyrate (SAIB).

261. The dosage form of any one of 258-260, wherein the organic solvent

comprises triacetin.

262. The dosage form of any one of 258-261, wherein the ER composition

comprises a rheology modifier.

263. The dosage form of 262, wherein the rheology modifier is present at about

5% to about 7% w/w relative to the total weight of the ER composition.
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264. The dosage form of 262 or 263, wherein the rheology modifier comprises
isopropyl myristate (IPM).

265. The dosage form of any one of 258-264, wherein the ER composition

comprises a network former.

266. The dosage form of 265, wherein the network former is present at about 4%

to about 6% w/w relative to the total weight of the ER composition.

267. The dosage form of 265 or 266, wherein the network former comprises

cellulose acetate butyrate (CAB).

268. The dosage form of any one of 258-267, wherein the ER composition

comprises a viscosity enhancing agent.

269. The dosage form of 268, wherein the viscosity enhancing agent is present at

about 0.5% to about 1.5% w/w relative to the total weight of the ER composition.

270. The dosage form of 268 or 269, wherein the viscosity enhancing agent

comprises silicon dioxide.

271. The dosage form of any one of 258-270, wherein the ER composition

comprises a polyoxylglyceride.

272. The dosage form of 271, wherein the polyoxylglyceride is present at about
0.5% to about 1.5% w/w relative to the total weight of the ER composition.

273. The dosage form of any one of 258-272, wherein the ER composition

comprises an antioxidant.

274. The dosage form of 273, wherein the antioxidant is butylated hydroxytoluene
(BHT).

275. The dosage form of 274, wherein the BHT is present in the ER composition at
about 0.01% to 0.05% w/w relative to the total weight of the ER composition.

276. The dosage form of any one of 258-275, wherein the fill weight of the ER

composition is from about 150 mg to about 200 mg.
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2717. The dosage form of any one of 258-276, wherein the first layer has a finished
product coating weight of from about 10 mg to about 40 mg.

278. The dosage form of any one of 258-277, wherein the bulking agent comprises
hydroxypropyl methylcellulose (HPMC).

279. The dosage form of any one of 258-278, wherein the second layer has a
finished product coating weight of from about 20 mg to about 35 mg.

280. The dosage form of any one of 258-279, wherein the dosage form comprises

a third layer covering at least a portion of the second layer.

281. The dosage form of 280, wherein the third layer comprises a polyvinyl

alcohol.

282. The dosage form of 280 or 281, wherein the third layer has a finished product

coating weight of from about 5 mg to about 10 mg.

283. The dosage form of any one of 280-282, wherein the combined thickness of
the first layer, the second layer and the third layer is from about 0.2 mm to about 0.5

mm.

284. The dosage form of any one of 258-283, wherein the amount of MPH present
in the second layer is from about 15% to about 30% of the total amount of the MPH

in the dosage form.

285. The dosage form of any one of 258-284, wherein the amount of MPH present
in the second layer is from about 20% to about 25% of the total amount of the MPH

in the dosage form.

286. The dosage form of any one of 258-285, wherein the % cumulative release of
the MPH from the dosage form is from 5% to 40% at T = 1 hr when assayed by USP
Apparatus I using 750 mL of 0.1 N HCI dissolution medium, a paddle speed of 50

rpm, and a dissolution medium temperature of 37 °C.

287. The dosage form of any one of 258-286, wherein the % cumulative release of

the MPH from the dosage form is from 10% to 30% at T =1 hr when assayed by
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USP Apparatus Il using 750 mL of 0.1 N HCI dissolution medium, a paddle speed of

50 rpm, and a dissolution medium temperature of 37 °C.

288. The dosage form of any one of 258-287, wherein the % cumulative release of
the MPH from the dosage form is at least 80% at T = 12 hrs when assayed by USP
Apparatus II using a 2-stage dissolution protocol, a paddle speed of 50 rpm, a
dissolution medium temperature of 37 °C, a sampling volume of 1 mL, and sampling
time points of 0.3 hrs, 0.5 hrs, 1 hr, 1.5 hrs, 2 hrs, 3 hrs, 6 hrs, 9 hrs, 12 hrs and
24hrs, and wherein the 2-stage dissolution protocol comprises exposing the dosage
form to 750 mL of 0.1 N HCI for T=0to T = 2 hrs, adding 200 mL of 0.19 M
phosphate buffer to obtain a final dissolution medium volume of 950 mL, and
exposing the dosage form to the final dissolution medium volume from T=2 hrsto T

= 24 hrs.

2809. The dosage form of any one of 258-288, wherein the dosage form is sufficient
to provide an in vivo Tmax of from about 3 hrs to about 6 hrs following oral

administration to an adult human subject.

290. The dosage form of any one of 258-289, wherein the dosage form is sufficient
to provide an in vivo Tmax of from about 4 hrs to about 5 hrs following oral

administration to an adult human subject.

291. The dosage form of any one of 258-290, wherein the dosage form is sufficient
to provide an in vivo Cmax of from about 5 ng/mL to about 18 ng/mL following oral

administration to an adult human subject.

292, The dosage form of any one of 258-291, wherein the dosage form is sufficient
to provide an in vivo Cmax of from about 9 ng/mL to about 13 ng/mL following oral

administration to an adult human subject.

293. The dosage form of any one of 258-292, wherein the dosage form is sufficient
to provide an in vivo Cmax of from about 10 ng/mL to about 12 ng/mL following

oral administration to an adult human subject.

294, An oral dosage form, comprising:

a capsule comprising
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295.
methylcellulose (HPMC).

296.

an extended release (ER) composition encapsulated therein, the ER

composition comprising

methylphenidate (MPH) at about 15% to about 25% w/w
relative to the total weight of the ER composition,

sucrose acetate isobutyrate (SAIB) at about 25% to about 40%
w/w relative to the total weight of the ER composition,

triacetin at about 25% to about 35% w/w relative to the total
weight of the ER composition,

isopropyl myristate (IPM) at about 5% to about 10% w/w
relative to the total weight of the ER composition,

cellulose acetate butyrate (CAB) at about 2% to about 7% w/w
relative to the total weight of the ER composition,

silicon dioxide at about 0.5% to about 1% w/w relative to the
total weight of the ER composition, and

a polyoxylglyceride at about 0.5% to 2.5% w/w relative to the
total weight of the ER composition; and

a first layer covering the capsule, the first layer comprising

a methacrylic acid copolymer at about 65% to about 75% w/w
relative tothe total weight of the first layer, and

a polyvinyl alcohol-based moisture barrier material at about
25% to about 35% w/w relative to the total weight of the first layer;

a second layer covering the first layer, the second layer comprising

MPH at about 30% to about 40% w/w relative to the total
weight of the second layer, and

hydroxypropyl methylcellulose (HPMC) at about 70% to about
60% w/w relative to the total weight of the second layer; and

a third layer covering the second layer.

The dosage form of 294, wherein the capsule comprises hydroxypropyl

The dosage form of 294 or 295, wherein the ER composition comprises an

antioxidant.
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297. The dosage form of 296, wherein the antioxidant is butylated hydroxytoluene
(BHT).

298. The dosage form of 297, wherein the BHT is present in the ER composition at
about 0.02% w/w relative to the total weight of the ER composition.

299. The dosage form of any one of 294-298, wherein the fill weight of the ER

composition is from about 150 mg to about 200 mg.

300. The dosage form of any one of 294-299, wherein the first layer has a finished
product coating weight of from about 10 mg to about 40 mg.

301. The dosage form of any one of 294-300, wherein the second layer has a
finished product coating weight of from about 20 mg to about 35 mg.

302. The dosage form of any one of 294-301, wherein the third layer comprises a
polyvinyl alcohol.

303. The dosage form of any one of 294-302, wherein the third layer has a finished

product coating weight of from about 5 mg to about 10 mg.

304. The dosage form of any one of 294-303, wherein the combined thickness of
the first layer, the second layer and the third layer is from about 0.2 mm to about 0.5

mm.

305. The dosage form of any one of 294-304, wherein the amount of MPH present
in the second layer is from about 15 % to about 30 % of the total amount of the MPH

in the dosage form.

306. The dosage form of any one of 294-305, wherein the amount of MPH present
in the second layer is from about 20 % to about 25 % of the total amount of the MPH

in the dosage form.

307. The dosage form of any one of 294-306, wherein the % cumulative release of
the MPH from the dosage form is from 5% to 40% at T = 1 hr when assayed by USP
Apparatus I using 750 mL of 0.1 N HCI dissolution medium, a paddle speed of 50

rpm, and a dissolution medium temperature of 37 °C.
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308. The dosage form of any one of 294-307, wherein the % cumulative release of
the MPH from the dosage form is from 10% to 30% at T = 1 hr when assayed by
USP Apparatus Il using 750 mL of 0.1 N HCI dissolution medium, a paddle speed of

50 rpm, and a dissolution medium temperature of 37 °C.

309. The dosage form of any one of 294-308, wherein the % cumulative release of
the MPH from the dosage form is at least 80% at T = 12 hrs when assayed by USP
Apparatus II using a 2-stage dissolution protocol, a paddle speed of 50 rpm, a
dissolution medium temperature of 37 °C, a sampling volume of 1 mL, and sampling
time points of 0.3 hrs, 0.5 hrs, 1 hr, 1.5 hrs, 2 hrs, 3 hrs, 6 hrs, 9 hrs, 12 hrs and
24hrs, and wherein the 2-stage dissolution protocol comprises exposing the dosage
form to 750 mL of 0.1 N HCI for T=0to T = 2 hrs, adding 200 mL of 0.19 M
phosphate buffer to obtain a final dissolution medium volume of 950 mL, and
exposing the dosage form to the final dissolution medium volume from T=2 hrsto T

= 24 hrs.

310. The dosage form of any one of 294-309, wherein the dosage form is sufficient
to provide an in vivo Tmax of from about 3 hrs to about 6 hrs following oral

administration to an adult human subject.

311 The dosage form of any one of 294-310, wherein the dosage form is sufficient
to provide an in vivo Tmax of from about 4 hrs to about 5 hrs following oral

administration to an adult human subject.

312. The dosage form of any one of 294-311, wherein the dosage form is sufficient
to provide an in vivo Cmax of from about 5 ng/mL to about 18 ng/mL following oral

administration to an adult human subject.

313. The dosage form of any one of 294-312, wherein the dosage form is sufficient
to provide an in vivo Cmax of from about 9 ng/mL to about 13 ng/mL following oral

administration to an adult human subject.

314. The dosage form of any one of 294-313, wherein the dosage form is sufficient
to provide an in vivo Cmax of from about 10 ng/mL to about 12 ng/mL following

oral administration to an adult human subject.
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315. A dosage form, comprising;
a capsule comprising
an extended release (ER) composition encapsulated therein, the ER
composition comprising
methylphenidate (MPH),
sucrose acetate isobutyrate (SAIB),
an organic solvent,
isopropyl myristate (IPM),
cellulose acetate butyrate (CAB),
Si0;, and
a polyoxylglyceride;
a barrier layer covering at least a portion of the capsule;
a drug layer covering at least a portion of the barrier layer, wherein the drug
layer comprises MPH; and
a coating layer covering at least a portion of the drug layer,
wherein the dosage form is sufficient to provide an in vivo Cmax of MPH of
from about 5 ng/mL to about 18 ng/ml and an in vivo Tmax of from about 3 to 6

hours following oral administration to an adult human subject.

316. The dosage form of 315, wherein the methylphenidate is present in the ER
composition at from about 10% to about 50% w/w relative to the total weight of the

ER composition.

317. The dosage form of 315 or 316, wherein the capsule comprises at least one of

hydroxypropyl methylcellulose (HPMC) and gelatin.

318. The dosage form of any one of 315-317, wherein the organic solvent

comprises triacetin.

3109. The dosage form of any one of 315-318, wherein the ER composition

comprises an antioxidant.

320. The dosage form of 319, wherein the antioxidant is butylated hydroxytoluene
(BHT).
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321. The dosage form of 320, wherein the BHT is present in the ER composition at
about 0.02% w/w relative to the total weight of the ER composition.

322. The dosage form of any one of 315-321, wherein the fill weight of the ER

composition is from about 150 mg to about 200 mg.

323. The dosage form of any one of 315-322, wherein the barrier layer comprises a
methacrylic acid copolymer at about 60% to about 90% w/w relative to the total
weight of the barrier layer, and a polyvinyl alcohol at about 40% to about 10% w/w

relative to the total weight of the barrier layer.

324. The dosage form of any one of 315-323, wherein the barrier layer has a
finished product coating weight of from about 10 mg to about 40 mg,

325. The dosage form of any one of 315-324, wherein the drug layer comprises
hydroxypropyl methylcellulose (HPMC).

326. The dosage form of 325, wherein the HPMC is present in the drug layer at
about 60% to about 75% w/w relative to the total weight of the drug layer.

327. The dosage form of any one of 315-326, wherein the drug layer has a finished
product coating weight of from about 20 mg to about 35 mg.

328. The dosage form of any one of 315-327, wherein the coating layer comprises

a polyvinyl alcohol.

329. The dosage form of any one of 315-328, wherein the coating layer has a
finished product coating weight of from about 5 mg to about 10 mg.

330. The dosage form of any one of 315-329, wherein the combined thickness of
the barrier layer, the drug layer and the coating layer is from about 0.2 mm to about

0.5 mm.

331. The dosage form of any one of 315-330, wherein the amount of MPH present
in the drug layer is from about 15% to about 30% of the total amount of the MPH in

the dosage form.
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332. The dosage form of any one of 315-331, wherein the amount of MPH present
in the drug layer is from about 20% to about 25% of the total amount of the MPH in

the dosage form.

333. The dosage form of any one of 315-332, wherein the % cumulative release of
the MPH from the dosage form is from 5% to 40% at T = 1 hr when assayed by USP
Apparatus I using 750 mL of 0.1 N HCI dissolution medium, a paddle speed of 50

rpm, and a dissolution medium temperature of 37 °C.

334. The dosage form of any one of 315-333, wherein the % cumulative release of
the MPH from the dosage form is from 10% to 30% at T = 1 hr when assayed by
USP Apparatus Il using 750 mL of 0.1 N HCI dissolution medium, a paddle speed of

50 rpm, and a dissolution medium temperature of 37 °C.

335. The dosage form of any one of 315-334, wherein the % cumulative release of
the MPH from the dosage form is at least 80% at T = 12 hrs when assayed by USP
Apparatus II using a 2-stage dissolution protocol, a paddle speed of 50 rpm, a
dissolution medium temperature of 37 °C, a sampling volume of 1 mL, and sampling
time points of 0.3 hrs, 0.5 hrs, 1 hr, 1.5 hrs, 2 hrs, 3 hrs, 6 hrs, 9 hrs, 12 hrs and
24hrs, and wherein the 2-stage dissolution protocol comprises exposing the dosage
form to 750 mL of 0.1 N HCI for T=0to T = 2 hrs, adding 200 mL of 0.19 M
phosphate buffer to obtain a final dissolution medium volume of 950 mL, and
exposing the dosage form to the final dissolution medium volume from T=2 hrsto T

= 24 hrs.

336. The dosage form of any one of 315-335, wherein the dosage form is sufficient
to provide an in vivo Tmax of from about 4 hrs to about 5 hrs following oral

administration to the subject.
337. The dosage form of any one of 315-336, wherein the dosage form is sufficient

to provide an in vivo Cmax of from about 9 ng/mL to about 13 ng/mL following oral

administration to the subject.
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338. The dosage form of any one of 315-337, wherein the dosage form is sufficient
to provide an in vivo Cmax of from about 10 ng/mL to about 12 ng/mL following

oral administration to the subject.

3309. A method of treating Attention Deficit Disorder (ADD) or Attention Deficit
Hyperactivity Disorder (ADHD) in a subject, the method comprising administering
the dosage form of any one of 1-338 orally to the subject on a once daily (QD) basis.

340. The method of 339, wherein the dosage form provides an in vivo Tmax of

from about 3 hrs to about 6 hrs following the oral administration to the subject.

341. The method of 339 or 340, wherein the dosage form provides an in vivo Tmax

of from about 4 hrs to about 5 hrs following the oral administration to the subject.

342. The method of any one of 339-341, wherein the dosage form provides an in
vivo Cmax of from about 5 ng/mL to about 18 ng/mL following the oral

administration to the subject.

343. The method of any one of 339-342, wherein the dosage form provides an in
vivo Cmax of from about 9 ng/mL to about 13 ng/mL following the oral

administration to a subject.

344, The method of any one of 339-343, wherein the dosage form provides an in
vivo Cmax of from about 10 ng/mL to about 12 ng/mL following the oral

administration to the subject.

345. A method of making a dosage form, the method comprising:
encapsulating in a capsule a drug composition comprising a first
pharmacologically active agent;
covering at least a portion of the capsule with a barrier layer; and
covering at least a portion of the barrier layer with a drug layer, wherein the
drug layer comprises a second pharmacologically active agent, and
wherein initial release of the first pharmacologically active agent from the dosage
form occurs at a time of 5 minutes to 120 minutes when assayed by USP Apparatus
ITusing 750 mL of 0.1 N HCI dissolution medium, a paddle speed of 50 rpm, and a

dissolution medium temperature of 37 °C.

91



WO 2018/009566 PCT/US2017/040750

346. The method of 345, wherein the first pharmacologically active agent and the
second pharmacologically acive agents are the same, and wherein the initial release
of the first pharmacologically active agent is determined by determining the time at
which cumulative release of the first and second pharmacologically active agents

exceeds the amount of the second pharmacologically active agent in the drug layer.

347. The method of 345, wherein the barrier layer is soluble in 0.1 N HCl at 37 °C.

348. The method of 345, wherein the barrier layer comprises a first material which
is soluble in 0.1 N HC1 at 37 °C and a second material which is insoluble in 0.1 N
HCI at 37 °C.

349. The method of any one of 345-348, wherein the capsule comprises an outer
surface and an inner surface, and wherein the method comprises covering at least a

portion of the outer surface of the capsule with the barrier layer.

350. The method of any one of 345-349, wherein the first pharmacologically

active agent and the second pharmacologically active agent are the same.

351. The method of any one of 345-350, wherein the first pharmacologically
active agent is present in the drug composition at from about 10% to about 50% w/w

relative to the total weight of the drug composition.

352. The method of any one of 345-351, wherein the capsule comprises at least

one of hydroxypropyl methylcellulose (HPMC) and geletin.

353. The method of any one of 345-352, wherein the drug composition comprises

a High Viscosity Liquid Carrier Material (HVLCM).

354. The method of 353, wherein the HVLCM is present at about 30% to about

60% w/w relative to the total weight of the drug composition.

355. The method of 353 or 354, wherein the HVLCM is present at about 35% to

about 45% w/w relative to the total weight of the drug composition.
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356. The method of any one of 353-355, wherein the HVLCM is sucrose acetate
isobutyrate (SAIB).
357. The method of any one of 345-356, wherein the drug composition comprises

an organic solvent.

358. The method of 357, wherein the organic solvent is present at about 0.1% to

about 45% w/w relative to the total weight of the drug composition.

359. The method of 357 or 358, wherein the organic solvent is present at about

10% to about 35% w/w relative to the total weight of the drug composition.

360. The method of any one of 357-359, wherein the organic solvent is present at

about 20% to about 35% w/w relative to the total weight of the drug composition.

361. The method of any one of 357-360, wherein the organic solvent comprises at
least one member selected from triacetin, N-methyl-2-pyrrolidone, 2-pyrrolidone,

dimethylsulfoxide, ethyl lactate, propylene carbonate, and glycofurol.

362. The method of any one of 357-361, wherein the organic solvent comprises
triacetin.
363. The method of any one of 345-362, wherein the drug composition comprises

a rheology modifier.

364. The method of 363, wherein the rheology modifier is present at about 0.1% to

about 20% w/w relative to the total weight of the drug composition.

365. The method of 363 or 364, wherein the rheology modifier is present at about

2% to about 15% w/w relative to the total weight of the drug composition.

366. The method of any one of 363-365, wherein the rheology modifier is present

at about 5% to about 7% w/w relative to the total weight of the drug composition.

367. The method of any one of 165-366, wherein the rheology modifier comprises

at least one member selected from a caprylic/capric triglyceride, isopropyl myristate,
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ethyl oleate, triethyl citrate, dimethyl phthalate, labrafil, labrasol, a polyglycolized

glyceride, and benzyl benzoate.

368. The method of any one of 363-367, wherein the rheology modifier comprises

isopropyl myristate.

3609. The method of any one of 345-368, wherein the drug composition comprises

a network former.

370. The method of 369, wherein the network former is present at about 0.1% to

about 20% w/w relative to the total weight of the drug composition.

371. The method of 369 or 370, wherein the network former is present at about 2%

to about 10% w/w relative to the total weight of the drug composition.

372. The method of any one of 369-371, wherein the network former is present at

about 4% to about 6% w/w relative to the total weight of the drug composition.

373. The method of any one of 369-372, wherein the network former comprises at
least one member selected from a cellulose acetate butyrate, a carbohydrate polymer,
an organic acid of a carbohydrate polymer, a hydrogel, a cellulose acetate phthalate,
an ethyl cellulose, a triblock copolymer, an acrylic polymer, hydroxyl propyl methyl

cellulose, cellulose triacetate, and poly(methyl methacrylate).

374. The method of any one of 369-373, wherein the network former comprises

cellulose acetate butyrate.

375. The method of any one of 345-374, wherein the drug composition comprises

a viscosity enhancing agent.

376. The method of 375, wherein the viscosity enhancing agent is present at about

0.01% to about 10% w/w relative to the total weight of the drug composition.

377. The method of 375 or 376, wherein the viscosity enhancing agent is present at

about 0.1% to about 6% w/w relative to the total weight of the drug composition.
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378. The method of any one of 375-377, wherein the viscosity enhancing agent is
present at about 0.5% to about 1.5% w/w relative to the total weight of the drug

composition.

379. The method of any one of 375 -378, wherein the viscosity enhancing agent

comprises silicon dioxide.

380. The method of any one of 345-379, wherein the drug composition comprises
a polyoxylglyceride.
381. The method of 380, wherein the polyoxylglyceride is present at about 0.1% to

about 5% w/w relative to the total weight of the drug composition.

382. The method of 380 or 381, wherein the polyoxylglyceride is present at about

0.5% to about 1.5% w/w relative to the total weight of the drug composition.

383. The method of any one of 345-382, wherein the fill weight of the drug

composition is from about 100 mg to about 800 mg.

384. The method of any one of 345-383, wherein the fill weight of the drug

composition 1s from about 150 mg to about 200 mg.

385. The method form of any one of 345-384, wherein the barrier layer comprises
at least one member selected from cellulose acetate phthalate, HPMC phthalate,
HPMC acetate succinate, polyvinyl acetate phthalate, cellulose acetate trimelitate,

methyacrylic acid copolymer, shellac, and zein.

386. The method form of any one of 345-385, wherein the barrier layer comprises
at least one member selected from a hydrophobic cellulose, a polyalcohol,

magnesium stearate, and silicon dioxide.

387. The method of any one of 345-386, wherein the barrier layer comprises a

methacrylic acid copolymer and a polyvinyl alcohol.

388. The method of 387, wherein the methacrylic acid copolymer is present at

about 60% to about 90% w/w relative to the total weight of the barrier layer.
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389. The method of 387 or 388, wherein the polyvinyl alcohol is present at about
10% to about 40% w/w relative to the total weight of the barrier layer.

390. The method of any one of 345-389, wherein the barrier layer has a finished
product coating weight of from about 10 mg to about 40 mg.

391. The method of any one of 345-390, wherein drug layer comprises about 25%
to about 35% w/w of the second pharmacologically active agent relative to the total

weight of the drug layer.

392. The method of any one of 345-391, wherein drug layer comprises a bulking

agent.

393. The method of 392, wherein the bulking agent comprises hydroxypropyl
methylcellulose (HPMC).

394, The method of 392 or 393, wherein the bulking agent is present at about 60%
to about 75% w/w relative to the total weight of the drug layer.

395s. The method of any one of 345-394, wherein the drug layer has a finished
product coating weight of from about 20 mg to about 35 mg.

396. The method of any one of 345-395, comprising covering at least a portion of

the drug layer with a coating layer.

397. The method of 396, wherein the coating layer comprises a polyvinyl alcohol-

based composition.

398. The method of 396 or 397, wherein the coating layer has a finished product

coating weight of from about 5 mg to about 10 mg.

399. The method of any one of 396-398, wherein the combined thickness of the
barrier layer, the drug layer and the coating layer is from about 0.2 mm to about 0.5

mm.

400. The method of any one of 345-399, wherein the amount of the second

pharmacologically active agent present in the drug layer is from about 15% to about
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30% of the total amount of the first and second pharmacologically active agent in the

dosage form.

401. The method of any one of 345-400, wherein the amount of the second
pharmacologically active agent present in the drug layer is from about 20% to about
25% of the total amount of the first and second pharmacologically active agent in the

dosage form.

402. The method of any one of 345-401, wherein the first and second

pharmacologically active agent is methylphenidate.

403. The method of any one of 345-402, wherein one or more of the steps of
covering at least a portion of the drug composition with a barrier layer, covering at
least a portion of the barrier layer with a drug layer, and covering at least a portion of

the drug layer with a coating layer comprise spray coating,

404. The method of any one of 345-403, wherein the combined % cumulative
release of the first and second pharmacologically active agent from the dosage form
is from 5% to 40% at T = 1 hr when assayed by USP Apparatus II using 750 mL of
0.1 N HCI dissolution medium, a paddle speed of 50 rpm, and a dissolution medium

temperature of 37 °C.

405. The method of any one of 345-404, wherein the combined % cumulative
release of the first and second pharmacologically active agent from the dosage form
is from 10% to 30% at T =1 hr when assayed by USP Apparatus II using 750 mL of
0.1 N HCI dissolution medium, a paddle speed of 50 rpm, and a dissolution medium

temperature of 37 °C.

406. The method of any one of 345-405, wherein the combined % cumulative
release of the first and second pharmacologically active agent from the dosage form
is at least 80% at T = 12 hrs when assayed by USP Apparatus Il using a 2-stage
dissolution protocol, a paddle speed of 50 rpm, a dissolution medium temperature of
37 °C, a sampling volume of 1 mL, and sampling time points of 0.3 hrs, 0.5 hrs, 1 hr
1.5 hrs, 2 hrs, 3 hrs, 6 hrs, 9 hrs, 12 hrs and 24hrs, and wherein the 2-stage

2

dissolution protocol comprises exposing the dosage form to 750 mL of 0.1 N HCI for

T=0toT=2 hrs, adding 200 mL of 0.19 M phosphate buffer to obtain a final
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dissolution medium volume of 950 mL, and exposing the dosage form to the final

dissolution medium volume from T =2 hrs to T = 24 hrs.

407. The method of any one of 345-406, wherein the dosage form is sufficient to
provide an in vivo Tmax of from about 3 hrs to about 6 hrs following oral

administration to an adult human subject.

408. The method of any one of 345-407, wherein the dosage form is sufficient to
provide an in vivo Tmax of from about 4 hrs to about 5 hrs following oral

administration to an adult human subject.

4009. The method of any one of 345-408, wherein the dosage form is sufficient to
provide an in vivo Cmax of from about 5 ng/mL to about 18 ng/mL following oral

administration to an adult human subject.

410. The method of any one of 345-409, wherein the dosage form is sufficient to
provide an in vivo Cmax of from about 9 ng/mL to about 13 ng/mL following oral

administration to an adult human subject.

411. The method of any one of 345-410, wherein the dosage form is sufficient to
provide an in vivo Cmax of from about 10 ng/mL to about 12 ng/mL following oral

administration to an adult human subject.

412. A method administering a dosage form to a subject, the method comprising

administering a dosage form according to any one of 1-338 to the subject.

413. The method of 412, wherein the dosage form is administered on a once daily
(QD) basis.

414. The method of 412 or 413, wherein the dosage form is administered orally.

415. The method of 414, wherein the dosage form provides an in vivo Tmax of

from about 3 hrs to about 6 hrs following the oral administration to the subject.

416. The method of 414 or 415, wherein the dosage form provides an in vivo Tmax

of from about 4 hrs to about 5 hrs following the oral administration to the subject.
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417. The method of any one of 414-416, wherein the dosage form provides an in
vivo Cmax of from about 5 ng/mL to about 18 ng/mL following the oral

administration to the subject.

418. The method of any one of 414-417, wherein the dosage form provides an in
vivo Cmax of from about 9 ng/mL to about 13 ng/mL following the oral

administration to the subject.

419. The method of any one of 414-418, wherein the dosage form provides an in
vivo Cmax of from about 10 ng/mL to about 12 ng/mL following the oral

administration to the subject.

420. The dosage form of any one of 1 to 338, wherein the barrier layer is free of

pharmacologically active agent.

421. The method of any one of 339 to 419, wherein the barrier layer is free of

pharmacologically active agent.

422. The dosage form of any one of 1 to 338 and 420, wherein the drug

composition comprises a drug core.

423, The method of any one of 339 to 419 and 421, wherein the drug composition

comprises a drug core.

424, The dosage form of any one of 1 to 338, 420, and 422, wherein the drug
composition is encapsulated in a capsule comprising hydroxypropyl methylcellulose

(HPMC).

425. The method of any one of 339 to 419, 421, and 423, wherein the drug
composition is encapsulated in a capsule comprising hydroxypropyl methylcellulose

(HPMO).

426. The dosage form of any one of 37 to 39, 103 to 105, 166 to 168, 230 to 232,
271, 272, and 294 to 338, wherein the polyoxylglyceride comprises a saturated
polyglycolized glyceride.

427, The method of any one of 380 to 382, wherein the polyoxylglyceride

comprises a saturated polyglycolized glyceride.
99



WO 2018/009566 PCT/US2017/040750

428.

A dosage form, comprising;
a drug composition comprising a first pharmacologically active agent;
a barrier layer covering at least a portion of the drug composition; and

a drug layer covering at least a portion of the barrier layer, wherein the drug

layer comprises a second pharmacologically active agent,

wherein the drug composition is encapsulated in a capsule comprising an

outer surface and an inner surface, and wherein the barrier layer covers at least a

portion of the outer surface of the capsule.

429.

A dosage form, comprising;
a drug composition comprising a first pharmacologically active agent;
a barrier layer covering at least a portion of the drug composition; and

a drug layer covering at least a portion of the barrier layer, wherein the drug

layer comprises a second pharmacologically active agent, and

wherein the barrier layer comprises a first material which is soluble in 0.1 N HCI at

37 °C and a second material which is insoluble in 0.1 N HCl at 37 °C.

430.

A dosage form, comprising;
a drug composition comprising a first pharmacologically active agent;
a barrier layer covering at least a portion of the drug composition; and

a drug layer covering at least a portion of the barrier layer, wherein the drug

layer comprises a second pharmacologically active agent, and

wherein not more than 15% of the first pharmacologically active agent is

released at 60 min when assayed by USP Apparatus II using 750 mL of 0.1 N HCI

dissolution medium, a paddle speed of 50 rpm, and a dissolution medium

temperature of 37 °C.

431.

The dosage form of 430, wherein the first pharmacologically active agent and

the second pharmacologically acive agents are the same, and wherein the % release

of the first pharmacologically active agent at 60 minutes is determined by

determining the % cumulative release of the first and second pharmacologically

active agents that exceeds the amount of the second pharmacologically active agent

in the drug layer.
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432, A dosage form, comprising;

a drug composition comprising a first pharmacologically active agent;

a barrier layer covering at least a portion of the drug composition; and

a drug layer covering at least a portion of the barrier layer, wherein the drug
layer comprises a second pharmacologically active agent, and

wherein not more than 25% of the first pharmacologically active agent is
released at 90 min when assayed by USP Apparatus II using 750 mL of 0.1 N HCI
dissolution medium, a paddle speed of 50 rpm, and a dissolution medium

temperature of 37 °C.

433. The dosage form of 433, wherein the first pharmacologically active agent and
the second pharmacologically acive agents are the same, and wherein the % release
of the first pharmacologically active agent at 90 minutes is determined by
determining the % cumulative release of the first and second pharmacologically
active agents that exceeds the amount of the second pharmacologically active agent

in the drug layer.

434, A dosage form, comprising;

a drug composition comprising a first pharmacologically active agent;

a first layer covering at least a portion of the drug composition, wherein the
first layer comprises a methacrylic acid copolymer and a polyvinyl alcohol; and

a second layer covering at least a portion of the first layer, wherein the second
layer comprises a second pharmacologically active agent, wherein initial release of
the first pharmacologically active agent from the dosage form occurs at a time of 5
minutes to 120 minutes when assayed by USP Apparatus II using 750 mL of 0.1 N
HCI dissolution medium, a paddle speed of 50 rpm, and a dissolution medium
temperature of 37 °C, and wherein the initial release of the first pharmacologically

active agent from the dosage form is determined in the absence of the drug layer.

435. A dosage form, comprising:
a drug composition comprising a first pharmacologically active agent;
a barrier layer covering at least a portion of the drug composition; and
a drug layer covering at least a portion of the barrier layer, wherein the drug

layer comprises a second pharmacologically active agent, and
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436.

437.

438.

wherein initial release of the first pharmacologically active agent from the
dosage form occurs at a time of 5 minutes to 120 minutes when assayed by USP
Apparatus I using 750 mL of 0.1 N HCl dissolution medium, a paddle speed of 50
rpm, and a dissolution medium temperature of 37 °C, wherein the initial release of
the first pharmacologically active agent from the dosage form is determined in the

absence of the drug layer.

A dosage form, comprising;
a drug composition comprising a first pharmacologically active agent;
a barrier layer covering at least a portion of the drug composition; and
a drug layer covering at least a portion of the barrier layer, wherein the drug
layer comprises a second pharmacologically active agent, and

wherein not more than 15% of the first pharmacologically active agent is
released at 60 min when assayed by USP Apparatus II using 750 mL of 0.1 N HCI
dissolution medium, a paddle speed of 50 rpm, and a dissolution medium
temperature of 37 °C, wherein the % release of the first pharmacologically active

agent from the dosage form is determined in the absence of the drug layer.

A dosage form, comprising:
a drug composition comprising a first pharmacologically active agent;
a barrier layer covering at least a portion of the drug composition; and
a drug layer covering at least a portion of the barrier layer, wherein the drug
layer comprises a second pharmacologically active agent, and

wherein not more than 25% of the first pharmacologically active agent is
released at 90 min when assayed by USP Apparatus II using 750 mL of 0.1 N HCI
dissolution medium, a paddle speed of 50 rpm, and a dissolution medium
temperature of 37 °C, wherein the % release of the first pharmacologically active

agent from the dosage form is determined in the absence of the drug layer.

An oral dosage form, comprising:
a capsule comprising
an extended release (ER) composition encapsulated therein, the ER
composition comprising
methylphenidate (MPH) at about 20% w/w relative to the total

weight of the ER composition,
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sucrose acetate isobutyrate (SAIB) at about 41% w/w relative
to the total weight of the ER composition,

triacetin at about 26% w/w relative to the total weight of the
ER composition,

isopropyl myristate (IPM) at about 6% w/w relative to the total
weight of the ER composition,

cellulose acetate butyrate (CAB) 381-20 BP at about 5% w/w
relative to the total weight of the ER composition,

silicon dioxide at about about 1% w/w relative to the total
weight of the ER composition, and

lauroyl polyoxylglycerides at about 1% w/w relative to the
total weight of the ER composition; and

a first layer covering the capsule, the first layer comprising

hydroxypropyl methylcellulose (HPMC) at about 100% w/w

relative tothe total weight of the first layer;
a second layer covering the first layer, the second layer comprising

MPH at about 33% w/w relative to the total weight of the
second layer, and

HPMC at about 67% w/w relative to the total weight of the
second layer; and

a film coating layer comprising polyvinyl alcohol covering the second layer.

439, An oral dosage form, comprising:
a capsule comprising
an extended release (ER) composition encapsulated therein, the ER
composition comprising
methylphenidate (MPH) at about 20% w/w relative to the total
weight of the ER composition,
sucrose acetate isobutyrate (SAIB) at about 41% w/w relative
to the total weight of the ER composition,
triacetin at about 26% w/w relative to the total weight of the
ER composition,
isopropyl myristate (IPM) at about 6% w/w relative to the total
weight of the ER composition,
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440.

cellulose acetate butyrate (CAB) 381-20 BP at about 5% w/w
relative to the total weight of the ER composition,
silicon dioxide at about about 1% w/w relative to the total
weight of the ER composition, and
lauroyl polyoxylglycerides at about 1% w/w relative to the
total weight of the ER composition; and
a first layer covering the capsule, the first layer comprising
a methacrylic acid copolymer at about 70% w/w relative tothe
total weight of the first layer, and
a polyvinyl alcohol-based moisture barrier material at about
30% w/w relative to the total weight of the first layer;
a second layer covering the first layer, the second layer comprising
MPH at about 33% relative to the total weight of the second
layer, and
hydroxypropyl methylcellulose (HPMC) at about 67% to about
to the total weight of the second layer; and

a film coating layer comprising polyvinyl alcohol covering the second layer.

An oral dosage form, comprising:
a capsule comprising
an extended release (ER) composition encapsulated therein, the ER
composition comprising
methylphenidate (MPH) at about 20% w/w relative to the total
weight of the ER composition,
sucrose acetate isobutyrate (SAIB) at about 38% w/w relative
to the total weight of the ER composition,
triacetin at about 29% w/w relative to the total weight of the
ER composition,
isopropyl myristate (IPM) at about 6% w/w relative to the total
weight of the ER composition,
cellulose acetate butyrate (CAB) 381-20 BP at about 5% w/w
relative to the total weight of the ER composition,
silicon dioxide at about about 1% w/w relative to the total

weight of the ER composition, and
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441.

lauroyl polyoxylglycerides at about 1% w/w relative to the
total weight of the ER composition; and
a first layer covering the capsule, the first layer comprising
a methacrylic acid copolymer at about 70% w/w relative tothe
total weight of the first layer, and
a polyvinyl alcohol-based moisture barrier material at about
30% w/w relative to the total weight of the first layer;
a second layer covering the first layer, the second layer comprising
MPH at about 33% relative to the total weight of the second
layer, and
hydroxypropyl methylcellulose (HPMC) at about 67% to about
to the total weight of the second layer; and

a film coating layer comprising polyvinyl alcohol covering the second layer.

An oral dosage form, comprising:
a capsule comprising
an extended release (ER) composition encapsulated therein, the ER
composition comprising
methylphenidate (MPH) at about 20% w/w relative to the total
weight of the ER composition,
sucrose acetate isobutyrate (SAIB) at about 38% w/w relative
to the total weight of the ER composition,
triacetin at about 29% w/w relative to the total weight of the
ER composition,
isopropyl myristate (IPM) at about 6% w/w relative to the total
weight of the ER composition,
cellulose acetate butyrate (CAB) 381-20 BP at about 5% w/w
relative to the total weight of the ER composition,
silicon dioxide at about about 1% w/w relative to the total
weight of the ER composition, and
lauroyl polyoxylglycerides at about 1% w/w relative to the
total weight of the ER composition; and

a first layer covering the capsule, the first layer comprising
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a methacrylic acid copolymer at about 70% w/w relative tothe
total weight of the first layer, and

a polyvinyl alcohol-based moisture barrier material at about
30% w/w relative to the total weight of the first layer;

a second layer covering the first layer, the second layer comprising

MPH at about 33% relative to the total weight of the second
layer, and

hydroxypropyl methylcellulose (HPMC) at about 67% to about
to the total weight of the second layer; and

a film coating layer comprising polyvinyl alcohol covering the second layer.

442, A dosage form, comprising;

a drug composition comprising a first pharmacologically active agent;

a barrier layer covering at least a portion of the drug composition; and

a drug layer covering at least a portion of the barrier layer, wherein the drug
layer comprises a second pharmacologically active agent, and

wherein the combined % cumulative release of the first and second
pharmacologically active agent from the oral dosage form is from 5% to 40% at T =
1 hr when assayed by USP Apparatus Il using 750 mL of 0.1 N HCI dissolution

medium, a paddle speed of 50 rpm, and a dissolution medium temperature of 37 °C.

EXAMPLES

[00188] The following examples are put forth so as to provide those of ordinary skill in
the art with a complete disclosure and description of how to make and use the present
invention, and are not intended to limit the scope of what the inventors regard as their
invention nor are they intended to represent that the experiments below are all or the
only experiments performed. Efforts have been made to ensure accuracy with respect
to numbers used (e.g. amounts, temperature, etc.) but some experimental errors and
deviations should be accounted for. Unless indicated otherwise, parts are parts by
weight, molecular weight is weight average molecular weight, temperature is in
degrees Celsius, and pressure is at or near one atmosphere. Standard abbreviations

may be used, e.g., s or sec, second(s); min, minute(s); h or hr, hour(s); and the like.
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EXAMPLE 1: PREPARATION OF FORMULATION A

[00189] Formulation A was prepared by filling clear HPMC (Hydroxypropyl
Methylcellulose) capsules (Size 3) with a drug composition containing 30-mg
Methylphenidate HC1 (MPH), which capsules were then coated with first (I), second
(IT) and third (III) layers, wherein the second layer included 10 mg MPH. The
components of the drug composition and the layers coated on the capsules are shown

in the following tables. Amounts are % w/w unless otherwise noted.

Table 1
Cab- [ oo TR
Formulation MPH | SAIB |Triacetin| IPM | CAB | O- |“CU™™ gHT | Wi apsuic
. 44/14 Size
Sil® (mg)

Drug Composition 20.00% | 41.22% | 25.76% | 6.40% | 4.80% | 0.80% | 1.00% |0.02% | 150 | 3 (HPMC)

Table 2
Pharmacoat®
606
. HPMCE3 |Poloxamer®| Opadry® II Coating Wt
Formulation Layers MPH (2910) 188 White 85F18422 (mg)

(I). Protective Layer 100% 12
Layers (II): Drug Layer 33.33% 26.67% 40.00% 30
(II): Film Coating 100% 9

Layer

Note: Drug Layer solvent was water with phosphoric acid used for pH adjustment. Protective Layer solvents
were 45/55 Ethanol/purified water. Protective Layer was coated over the HPMC capsule shell followed by
Drug Layer and then Film Coating Layer.

[00190] The drug composition of Formulation A was prepared generally as follows:
Individual components from Table 1were weighed to the desired component weight

and compounded at 60£5°C in an oil bath. The composition was then filled into a

size 3 HPMC capsule at the indicated fill weight. Following capsule filling, the
capsule was banded using a solution of HPMC in ethanol and water.

[00191] The protective layer for Formulation A was prepared generally as follows:
Distilled water and ethanol were provided in a stainless steel beaker. Pharmacoat®
606 was then added and mixed until dissolved

[00192] The procedure for application of the protective layer was generally as follows:
A beaker containing the protective layer solution was placed next to a coating

machine, and tubing was connected between a spray gun of the coating machine and
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the solution. The coating machine was a pan coater, specifically a REI HSIUNG
Coater RH-Coater-5. Capsules containing the drug composition and placebo tablets
of similar weight and size as the capsules were placed into the coating pan. The inlet
air temperature was set at 43°C, the fan was started, and the inlet air heater was
turned ON, until exhaust air temperature reaches the target range of 43+3°C.

[00193] Spraying commenced at an initial spray rate of 5 rpm using the following
preset coating parameters: Inlet Air Pressure: 3.5 kg/cm’£0.3 kg/cm”; Atomizing
flow rate (CAP): 35 NL/min + 3 NL/min; Pattern flow rate (CYL): 20 NL/min +2
NL/min; Nozzle Size: 1.0 mm; Spraying rate: Increased by an increment of 1 rpm
every 20 minutes up to 10 rpm. Maintained at 10 rpm and adjusted the outlet temp to
40+5°C; Pan Speed: 10 =+ 2 rpm. Product temperature: Maintained at 38 + 3°C.

[00194] When coating was completed, the capsules were heat-treated in the coater for
30 minutes at an inlet temperature of 43°C. Capsules were then cooled at an inlet
temperature of 25°C until outlet temperature reached lower than 28°C.

[00195] The procedure for preparation of the drug layer solution was generally as
follows: Distilled water and ethanol were provided in a stainless steel beaker.
Methylphenidate HCl was added and mixed until dissolved. Pharmacoat® 606 was
added and mixed until dissolved. Poloxamer® 188 was added and mixed until
dissolved. Phosphoric acid was added to adjust the pH to 2.83 and provide the drug
coating layer solution.

[00196] The procedure for application of the drug layer was generally as follows:
Capsules and Placebo Tablets coated with protective coating were placed into the
coating pan. The inlet air temperature was set at 45°C, the fans were started, and the
inlet air heater was turned ON, until exhaust air temperature reached a target range of
45+3°C. Spraying commenced at an initial spray rate of 5 rpm using the following
preset coating parameters: Inlet Air Pressure: 3.5 kg/cm’+ 0.3 kg/cm”; Atomizing
flow rate (CAP): 35 NL/min + 3 NL/min; Pattern flow rate (CYL): 20 NL/min + 2
NL/min; Nozzle Size: 1.0 mm; Spraying rate: Started at 6 rpm. Increased by an
increment of 1 rpm every 20 minutes up to 8 rpm. Maintained at 8 rpm.; Pan Speed:
12 £ 2.0 rpm. Product temperature: Maintained at 37 + 3°C. The coating machine
was the REI HSIUNG Coater RH-Coater-5.

[00197] When coating was completed, the capsules were heat-treated in the coater for
30 minutes at inlet temperature of 45°C. The capsules were then cooled at an inlet

temperature of 25°C until the product temperature reached lower than 28°C.
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[00198] The procedure for preparation of the film coating solution was generally as
follows: Distilled water was provided in a stainless steel beaker. Opadry® II White
85F18422 was added and mixed until homogenous to provide the film coating
solution.

[00199] The procedure for application of the film coating layer was generally as
follows: Capsules and Placebo Tablets coated with protective coating layer and drug
layer were placed into the coating pan. The inlet air temperature was set at S0°C, the
fans were started, and the inlet air heater was turned ON, until the exhaust air
temperature reached a target range of 50+2°C. Spraying commenced at an initial
spray rate of 5 rpm using the following preset coating parameters: Inlet Air Pressure:
3.5 kg/em?2 + 0.3 kg/cm2; Atomizing flow rate (CAP): 40 NL/min + 3 NL/min;
Pattern flow rate (CYL): 20 NL/min + 2 NL/min; Nozzle Size: 1.0 mm; Spraying
rate: spraying rate was adjusted according to product condition; Pan Speed: 12+ 2.0
rpm.. Product temperature: Maintained at 43 + 3°C. The coating machine was the
REI HSIUNG Coater RH-Coater-5. When coating was completed the capsules were
heat-treated in the coater for 30 minutes at inlet temperature of 50°C. Capsules were
then cooled at an inlet temperature of 25°C until the outlet temperature reached lower

than 28°C.

EXAMPLE 2: PHARMACOKINETIC PROFILE OF FORMULATION A

[00200] Formulation A was evaluated in a human PK study under fasted and fed
conditions using Concerta® Extended Release Tablets 36 mg as a reference.
Materials and Methods
[00201] Study Design: A single-center, open-label, randomized, three-treatment, three-
way crossover, single-dose, phase I study in healthy adult volunteers. The treatment

conditions are provided below in Table 3.

Table 3

Reference Drug Name: Concerta® Extended Release Tablets 36 mg
(Treatment A) Active ingredient: Methylphenidate HCI1
Dosage form: Tablet

Strength: 36 mg/tablet

Dose: 36 mg (one tablet, single oral dose)

Treatment A: Orally administered under fed conditions
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Table 3 (Cont.)

Test Drug
(Formulation A)
(Treatment B & C)

Name: ORADUR®-Methylphenidate Capsules 40 mg
Active ingredient: Methylphenidate HCI1

Dosage form: Capsule

Strength: 40 mg/capsule

Dose: 40 mg (one capsule, single oral dose)

Treatment B: Orally administered under fed conditions

Treatment C: Orally administered under fasting conditions

Drug
Administration

One capsule of ORADUR®-Methylphenidate Capsules 40 mg
or one tablet of Concerta® Extended Release Tablets 36 mg
was orally administered with 240 mL of water in the morning

in each of the three study periods.

Blood Sampling
Schedule

-0.5 (Predose), 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, 5.0, 6.0, 8.0, 10, 12,
16, 20, 24, 36 and 48 hr post dose (a total of 17 samples per

subject in one period)

Analytical Method

Concentrations of methylphenidate in plasma were quantified

using a validated LC-MS/MS method as appropriate

Pharmacokinetic
Parameters

The following parameters of methylphenidate were determined
using WinNonlin®:

1. Peak concentration (Cmax)

2. Time to reach peak concentration (Tmax)

3. Truncated area under the plasma concentration-time curve
from time zero to time of last quantifiable concentration
(AUCO-t)

4. Area under the plasma concentration-time curve from time
zero to infinity (AUCO-0)

5. Elimination rate constant (Az)

6. Terminal elimination half-life (T1/2)

Results

[00202] The PK results (FIG. 4) show a fast onset of action in the fasted state,

however, a start-up lag time was observed in the fed condition. Formulations 1-4, as

described below, were prepared in an attempt to address this start-up lag time.
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EXAMPLE 3: PREPARATION OF METHYLPHENIDATE DOSAGE FORMS

[00203] Formulation 1 was prepared by filling opaque HPMC (Hydroxypropyl
Methylcellulose) capsules (Size 4) with a drug composition containing 34-mg of
Methylphenidate HC1 (MPH), which capsules were then coated with first (I), second
(IT) and third (IIT) layers, wherein the second layer included 10 mg MPH. The
components of the drug composition and the layers coated on the capsules are shown

in the following tables. Amounts are % w/w unless otherwise noted.

Table 4
CAB . Fill
MPH | SAIB |Triacetin| 1PM | 381-20 | €200~ |Gelucie® | prp |y | Capsule
Sil® 44/14 Size
BP (mg)
Drug Composition
20.00% | 41.22% | 25.76% | 6.40% | 4.80% | 0.80% 1.00% 0.02% 170 (HPA{\/IC)
Table 5
Pharmacoat® 606 | Opadry® II White | Coating
Layers MPH HPMC E3 (2910) 85F18422 Wt (mg)
Layers (D): Protective Layer 100% 9
(II); Drug Layer 33.33% 66.67% 30
(IIT): Film Coating Layer 100% 7

Note: Protective Layer solvents were 45/55 Ethanol/purified water. Drug Layer solvent was water with
phosphoric acid for pH adjustment. Film Coating Layer solvent was purified water.

[00204] Formulation 2 was prepared by filling opaque HPMC (Hydroxypropyl
Methylcellulose) capsules (Size 4) with a drug composition containing 34-mg of
Methylphenidate HC1 (MPH), which capsules were then coated with first (I), second
(IT) and third (III) layers, wherein the second layer included 10 mg MPH. The
components of the drug composition and the layers coated on the capsules are shown

in the following tables. Amounts are % w/w unless otherwise noted.

Table 6
CAB . Fill
MPH | SAIB |Triacetin| IPM |381-20 | €80-O-| Gelucire® | ppyr | | Capsule
Sil® 44/14 Size
BP (mg)
Drug Composition
20.00% | 41.22% | 25.76% | 6.40% | 4.80% | 0.80% | 1.00% | 0.02% | 170 (HPAMC)
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Table 7
Pharrgggoat@ g;rEng Opadry® | Opadry® II | Coating
Layers MPH HPMC E3 White AMB White White Wt
(2910) (93018509) (80W68912) | (85F18422) | (mg)
Layers (I): Barrier Layer 70% 30% 24
(II): Drug Layer 33.33% 66.67% 30
Igllylgr Film Coating 100% 7

Note: Barrier Layer solvent was purified water. Drug Layer solvent was purified water with phosphoric acid for
pH adjustment. Film Coating Layer solvent was purified water.

[00205]

Formulation 3 was prepared by filling opaque HPMC (Hydroxypropyl

Methylcellulose) capsules (Size 4) with a drug composition containing 34-mg of

Methylphenidate HC1 (MPH) which capsules were then coated with first (I), second

(IT) and third (III) layers, wherein the second layer included 10 mg MPH. The

components of the drug composition and the layers coated on the capsules are shown

in the following tables. Amounts are % w/w unless otherwise noted.

Table 8
CAB . Fill
Formulation MPH | SAIB |Triacctin| IPM | 381-20 | C20-0-|Gelucie® | prp | gy | Capsule
Sil® 44/14 Size
BP (mg)
Drug Composition [20.00% |[37.86% [29.12% |6.40% |4.80% |0.80% |1.00%  |0.02% | 170 (Hlel\/IC)
Table 9
Pharrgggoat@ g;rEYCI@- Opadry® | Opadry® II | Coating
Formulation Layers MPH . AMB White White Wt
HPMC E3 White (80W68912) | (85F18422
(2910) (93018509) )| (mg)
(I): Barrier Layer 70% 30% 24
Layers (I): Drug Layer 33.33% 66.67% 30
(II): Film Coating 100% 7
Layer

Note: Barrier Layer solvent was purified water. Drug Layer solvent was purified water with phosphoric acid

for pH adjustment. Film Coating Layer solvent was purified water.

[00206]

Formulation 4 was prepared by filling opaque HPMC (Hydroxypropyl

Methylcellulose) capsules (Size 4) with a drug composition containing 36-mg of

Methylphenidate HC1 (MPH), which capsules were then coated with first (I), second

(IT) and third (IIT) layers, wherein the second layer included 8 mg MPH. The

components of the drug composition and the layers coated on the capsules are shown

in the following tables. Amounts are % w/w unless otherwise noted.
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Table 10
CAB . Fill
Formulation MPH | SAIB |Triacetin| 1PM |381-20 | €80-O-| Gelucire® | pppr |y | Capsule
Sil® 44/14 Size
BP (mg)
Drug Composition |20.00% |37.86% |29.12% |6.40% |4.80% |0.80% [1.00%  |0.02% | 180 (HP”MC)

Table 11

Pharmacoat® Acryl- .
606 EZE® Opadry® | Opadry® II | Coating

Formulation Layers MPH AMB White White Wt

HPMC E3 White
2910) 93018509y | BOWE8912) | (85F18422) | (mg)

(I): Barrier Layer 70% 30% 24
Layers (I): Drug Layer 33.33% 66.67% 24
Igllylgr Film Coating 100% 7

Note: Barrier Layer solvent was purified water. Drug Layer solvent was purified water with phosphoric acid
for pH adjustment. Film Coating Layer solvent was purified water.

Drug Composition

[00207] The drug compositions of Formulations 1, 2, 3 and 4 were prepared generally
as follows and as shown in FIG. 1A: Individual components from Tables 4, 6, 8, and
10, respectively, were weighed to the desired component weight and compounded at

6015°C in an oil bath. The composition was then filled into a size 4 HPMC capsule at

the indicated fill weight. Following capsule filling, the capsule was banded using a
solution of HPMC in ethanol and water.

Barrier Layer
[00208] The barrier layer solution utilized for the application of the barrier layer for the

above referenced formulations was prepared generally as set forth in FIG. 1B.
Briefly, purified water was provided in two stainless steel beakers. To the first
beaker, Acryl-Eze® 93018509 was added and mixed until homogenous. To the
second beaker Opadry® AMB White 80W68912 was added and mixed until
homogenous. The contents of the two beakers were combined and then mixed until

homogenous to provide the barrier coating layer solution.

[00209] The procedure for application of the barrier layer solution was generally as
follows:
[00210] A beaker containing the barrier layer coating solution was placed next to a

coating machine and tubing was connected between the spray gun of the coating
machine and the solution. The coating machine was a REI HSIUNG Coater RH-
Coater-5. Placebo tablets (~1000 tablets, ~560 g) were placed into the coating pan as

a coating process aid. The air blower of the coating machine was started and the
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heater turned on. The following parameters were set for the coating machine: Inlet air
temperature: 45°C; and Pan speed: 1.0 + 0.3 rpm. The placebo tablets were
prewarmed for 30 min. Fifty placebo tablets were sampled, and weights for the
individual tablets were recorded along with the average weight.

[00211] Approximately 1000 opaque HPMC capsules (Size 4) containing the drug
composition were loaded into the coating pan and pre-warmed for 10 min. Fifty
capsules were sampled, and weights for the individual capsules were recorded along
with the average weight. The following parameters were set for the coating machine:
Inlet air pressure: 3.5 + 0.3 kg/cm®; Atomizing flow rate (CAP): 40 + 3 NL/min;
Pattern flow rate (CYL): 20 + 2 NL/min; Nozzle size: 1.3 mm; Inlet air temperature:
45°C; Spray rate: Started at 5 rpm. The spray rate was adjusted depending on the
condition of the product. The product temperature was maintained at 38 = 3°C; Pan
speed: 11.0 £ 2.0 rpm.

[00212] The above coating parameters were recorded every 10 min. Twenty capsules
were sampled, and individual weights were recorded every 10 min. This procedure
was repeated until the target coating weight was achieved. When coating was
finished, the pan speed was set at 1.0 + 0.3 rpm, and the capsules were heat-treated
for 30 min at an inlet air temperature of 45°C. The capsules were then cooled at an
inlet air temperature of 25°C until the capsules reached < 28°C.

[00213] The coated placebo tablets and the coated capsules were then separated, and
the total weight of all the capsules was recorded. Finally, fifty capsules were

sampled, and the individual weight of each capsule was recorded along with the
average weight.
Drug Layer

[00214] The drug layer solution utilized for the application of the drug layer for the
above referenced formulations was prepared generally as set forth in FIG. 2. Briefly,
purified water was provided in a stainless steel beaker to which methylphenidate HCI
was added and mixed until dissolved. Pharmacoat® 606 was then added and mixed

until dissolved. Finally, Phosphoric acid was added to adjust the pH to ~2.8.

[00215] The procedure for application of the drug coating layer solution was generally
as follows:
[00216] A beaker containing the drug layer solution was placed next to a coating

machine and tubing was connected between a spray gun of the coating machine and

the solution. The coating machine was the REI HSITUNG Coater RH-Coater-5.
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Placebo tablets (~1000 tablets, ~560 g) were placed into the coating pan as a coating
aid. The air intake blower of the coating machine was started, and the heater was
turned on. The coating machine was set to the following parameters: Inlet air
temperature: 45°C; and Pan speed: 1.0 + 0.3 rpm. The placebo tablets were pre-
warmed for 30 min. Fifty placebo tablets were sampled, and the weight for each was
recorded along with the average weight.

[00217] Approximately 1000 opaque HPMC capsules (Size 4) containing the drug
composition and coated with the barrier layer were loaded into the coating pan and
pre-warmed for 10 min.

[00218] Fifty capsules were sampled and weights for the individual capsules were
recorded along with the average weight. The following parameters were set for the
coating machine: Inlet air pressure: 3.5 £ 0.3 kg/cm”; Atomizing flow rate (CAP): 35
+ 3 NL/min; Pattern flow rate (CYL): 20 £ 2 NL/min; Nozzle size: 1.30 mm; Inlet air
temperature: 45°C; Spray rate: Started at 6 rpm. The spray rate was adjusted
depending on the condition of the product. The product temperature was maintained
at 38 = 3°C; Pan speed: 11.0 + 2.0 rpm.

[00219] Coating process parameters were recorded every 10 min. Twenty capsules
were sampled, and individual weights were recorded every 20 min. This procedure
was repeated until the target coating weight was achieved. When coating was
finished, the pan speed was set at 1.0 + 0.3 rpm, and the capsules were heat-treated
for 30 min at an inlet air temperature of 45°C. The capsules were then cooled at an
inlet air temperature of 25°C until the capsules reached < 28°C.

[00220] The coated placebo tablets and the coated capsules were then separated, and
the total weight of all the capsules was recorded. Finally, fifty capsules were
sampled, and the individual weight of each capsule was recorded along with the
average weight.

Film Coating Layer

[00221] The film coating layer solution utilized for the application of the film coating
layer for the above referenced formulations was prepared generally as set forth in
FIG. 3. Briefly, purified water was provided in a stainless steel beaker. Opadry® II
White 85F18422 was added and mixed until homogenous to provide the film coating
layer solution.

[00222] The procedure for application of the film coating layer solution was generally

as follows:
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[00223] A beaker containing the film coatinglayer solution was placed next to a
coating machine and tubing was connected between a spray gun of the coating
machine and the solution. The coating machine was the REI HSTUNG Coater RH-
Coater-5. Placebo tablets (~1000 tablets, ~560 g) were placed into the coating pan as
a coating aid. The fan of the coating machine was started, and the heater was turned
on. The coating machine was set to the following parameters: Inlet air temperature:
50°C; and Pan speed: 1.0 £ 0.3 rpm. The placebo tablets were pre-warmed for 30
min. Fifty placebo tablets were sampled, and the weight for each was recorded along
with the average weight.

[00224] Approximately 1000 HMPC capsules (Size 4) containing the drug composition
and coated with the barrier layer and the drug layer were loaded into the coating pan
and pre-warmed forl0 min.

[00225] Fifty capsules were sampled, and weights for the individual capsules were
recorded along with the average weight. The following parameters were set for the
coating machine: Inlet air pressure: 3.5 + 0.3 kg/cm’; Atomizing flow rate (CAP): 40
+ 3 NL/min; Pattern flow rate (CYL): 20 + 2 NL/min; Nozzle size: 1.3 mm; Inlet air
temperature: S0°C; Spray rate: Started at 5 rpm. The spray rate was adjusted
depending on the condition of the product. The product temperature was maintained
at 38 + 3°C; Pan speed: 11.0 £2.0 rpm.

[00226] Parameters were recorded every 10 min. Twenty capsules were sampled and
individual weights were recorded every 10 min. This procedure was repeated until
the target coating weight was achieved. When coating was finished, the pan speed
was set at 1.0 £ 0.3 rpm, and the capsules were heat-treated for 30 min at an inlet air
temperature of S0°C. The capsules were then cooled at an inlet air temperature of
25°C until the capsules reached < 28°C.

[00227] The coated placebo tablets and the coated capsules were then separated, and
the total weight of all the capsules was recorded. Finally, fifty capsules were sampled
and the individual weight of each capsule was recorded along with the average

weight.

EXAMPLE 4: IN-VITRO DISSOLUTION OF METHYLPHENIDATE FROM
DOSAGE FORMS

[00228] Formulations 1-4 and Formulation A were tested in-vitro for dissolution

characteristics using a USP Apparatus 2 as set forth below.
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Materials and Methods
[00229] The dissolution testing parameters were as follows:
Dissolution Medium for Phase 1: 750 mL of 0.1 N HCI (0-2 hours);
Dissolution Medium for Phase 2: 200 mL of 0.19 M phosphate buffer;
Final Combined Dissolution Medium of 1 and 2: Volume and pH: 950 mL,
pH 6.0 + 0.2 (2-24 hours);
Paddle Speed: 50 rpm;
Vessel Temperature: 37.0 + 0.5°C;
Sampling Time Points: 0.3, 0.5, 1, 1.5, 2, 3, 6, 9, 12, and 24 hours;
Sampling Volume: 1 mL;
n=6.
[00230] Dissolution Medium for Phase 2 was equilibrated to about 37 °C before adding
to the vessels in order to maintain a dissolution medium temperature of 37.0 £ 0.5°C.
[00231] HPLC parameters were as follows: Mobile phase A: 5 mM 1-Decanesulfonic
acid, sodium salt, 5 mM sodium phosphate monobasic, pH 2.5; Mobile phase B:
100% acetonitrile; Mobile phase: 71% Mobile phase A and 29% Mobile phase B;
210 nm wavelength.
Results
[00232] The results of the dissolution experiments are provided in Tables 12 and 13
below and in FIGs. SA-5C.

Table 12
% Cumulative Drug Released
MPH in MPH in
Formulation Drug Drug 0 |03(05|1 (152 |3 |6 |9 12| 24
Layer Composition

1 10 mg 34 mg 0 | 2226|3440 | 44|51 |68 |79 |87 98

2 10 mg 34 mg 0 |22 (23 ]27|30 3444|061 |72|81] 97

3 10 mg 34 mg 0 | 2324|2834 [40(53]79(94|99]102

4 8 mg 36 mg 0 | 18 [ 20 |24 | 28 |33 (47| 74|89 |95 100
Formulation A 10 mg 30 mg 0 |27 (324046 |51 |59| 78|89 |94 101
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Table 13
Formulation tosos ts00% ts0%%
1 24 min 3hr 9 hr
2 45 min 4 hr 11.8 hr
3 36 min 275 hr 6 hr
4 66 min 335hr 7.2 hr
Formulation A 12 min 1.9 hr 6.5 hr
taso, Formulation A<1<3<2<4
ts00, Formulation A <3 <1<4<2
tgoos Formulation 3 <A <4<1<2

[00233] As shown above (Table 12) and in FIGs. SA-5C, the drug layers dissolved
within 0.3 hr (or approximately 15 min). The formulations including a first layer
containing Pharmacoat® 606 HPMC E3 (2910) (Formulation 1 and Ref. Formulation
A) continued the drug release while the formulations with a first layer including
Acryl-EZE® White (93018509) and Opadry® AMB White (80W68912)
(Formulations 2-4) exhibited a lag in drug release. By comparison of Formulation 1
vs. 2, Formulation 1 reached 44% released at 2 hours while Formulation 2 reached

44% released at 3 hours. The square root of time profiles demonstrate the effect of

the first layer (FIG. 5C).

EXAMPLE 5: IN-VITRO DISSOLUTION OF METHYLPHENIDATE FROM
DOSAGE FORMS (CONTINUED)

[00234] Formulations 1, 2 above (Example 3) and 2(a) were tested in-vitro for
dissolution characteristics using a USP Apparatus 2 as set forth above in Example 2.
Formulation 2(a) was prepared identically to Formulation 2 with the exception that a
12 mg coating weight was used for the barrier layer instead of a 24 mg coating
weight as in Formulation 2. The results of the dissolution experiments are provided
in FIGs. 6 and 7. FIG. 7 shows an expanded view of the 0 to 2 hour time frame. As
shown in FIGs. 6 and 7, Formulation 2 showed delayed release of methylphenidate
relative to Formulation 2(a) (with decreased coating weight of the barrier layer) and

Formulation 1 without the barrier layer.
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EXAMPLE 6: IN-VIVO PHARMACOKINETIC ANALYSIS OF
METHYLPHENIDATE DOSAGE FORMS

[00235] Formulations 1, 2, 3 and 4 were tested in-vivo in human subjects to determine
the pharmacokinetics of methylphenidate delivered from various dosage forms. The
above formulations were compared with a commercial methylphenidate product
(Concerta® Extended Release Tablets 36 mg).

Materials and Methods

[00236] Study Design: A single-center, open-label, randomized, five-treatment, five-
way crossover, single-dose, phase I study in 12 healthy adult volunteers under fed
conditions. A total of 9 male and 3 female subjects completed the study. The

treatment conditions are provided below in Table 14.

Table 14

Formulation 1 44 mg methylphenidate HCI; Dose: 44 mg (one capsule, single
(Treatment A)

oral dose)
Formulation 2 44 mg methylphenidate HCl; Dose: 44 mg (one capsule, single
(Treatment B) oral dose)
Formulation 3 44 mg methylphenidate HCI; Dose: 44 mg (one capsule, single
(Treatment C) oral dose)
Formulation 4 44 mg methylphenidate HCI; Dose: 44 mg (one capsule, single
(Treatment D) oral dose)
Concerta® Concerta® Extended Release Tablets 36 mg; Dose: 36 mg (one
(Treatment E) tablet, single oral dose)
Drug One capsule of one of Formulations 1-4 or one tablet of
Administration Concerta® Extended Release Tablets 36 mg orally administered
with 240 ml of water in the morning in each of the five study
periods.
Blood Sampling | -0.5(predose), 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, 5.0. 6.0, 8.0, 10, 12, 16,
Schedule 20, 24, 36 and 48 hr post dose (a total of 17 samples per subject
in one period)
Analytical Concentrations of methylphenidate in plasma were quantified
Method

using a validated LC-MS/MS method as appropriate.
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Table 14 Cont.
Pharmacokinetic | The following parameters of methylphenidate were determined
Parameters using WinNolin®:
1. Peak concentration (Cp,y)
2. Time to reach peak concentration (Tmax)
3. Area under the plasma concentration-time curve from time
zero to time of last quantifiable concentration (AUCy.)
4. Area under the plasma concentration-time curve from time
zero to infinity (AUC.x)
5. Elimination rate constant ()
6. Terminal elimination half-life (T1/)
7. Relative bioavailability
Results
[00237] The results of the pharmacokinetic study are provided below in Tables 15-24

and in FIGS. 8-13.

Table 15

Treatment A (Formulation 1) methylphenidate HCl blood plasma conc. in ng/mL

Time | #001 | #002 | #003 | #004 | #005 | #006 | #007 | #008 | #009 | #010 | #012 | #015 | Mean [ SD | SEM
0 0 0 0 0 0 0 0 0 0 0 0 0 0.00 | 0.00 | 0.00
0.5 0 0.104 | 0.174 0 0.79 [0.174 | 1.207 | 0.372 | 0.742 | 0.296 0 0.832 | 0.39 | 0.40 | 0.12
1 |0.684|0.226 | 0.826 [ 0.124 | 1.951 [ 1.879 | 2.804 | 1.357 | 1.903 | 2.044 | 0.208 | 4.369 | 1.53 | 1.25| 0.36
1.5 | 4.216 | 0.559 | 2.861 | 3.75 | 4.552 | 6.268 | 5.423 | 5.869 | 3.292 | 3.756 | 1.93 | 7.042 | 4.13 [ 1.86 | 0.54
2 7.826 | 2.222 1 10.04 | 8.071 | 5.914 | 8.604 | 10.61 | 13.21 | 4.211 [ 5.024 | 7.735|10.49 | 7.83 [ 3.10] 0.89
3 9.728 | 12.01 | 12.65|9.292 | 7.96 | 7.678 | 10.93 | 16.5 | 6.531 | 8.564 | 10.32 | 8.151 | 10.03 | 2.73 | 0.79
4 |7.117| 13.4 | 10.16 | 8.272 | 7.845 | 6.098 | 9.887 | 12.84 | 7.083 | 7.229 | 7.761 | 6.284 | 8.66 | 2.42 | 0.70
5 6.812 | 18.17 | 8.892 | 7.248 | 6.957 | 5.287 | 7.828 | 9.738 [ 7.486 | 5.139 | 6.883 | 5.472 | 7.99 | 3.49 | 1.01
6 |5.454|14.21 |6.939|5.921|5.028 | 3.754 | 7.479 | 7.046 | 6.231 | 4.242 | 4.846 | 4.585 | 6.31 | 2.75| 0.79
8 [4.2749.351 | 4.646 | 4.002 | 3.534 | 2.928 1 5.919 | 4.531 | 4.818 | 2.987 | 3.827 | 2.946 | 4.48 [ 1.77 | 0.51
10 3.55 | 9.625|3.022 | 3.367 [ 2.785 | 2.2 |4.387 |2.799 [ 3.219 | 2.077 | 2.492 | 1.94 | 3.46 | 2.06 | 0.60
12 | 2.975|7.592 | 2.008 [ 2.284 [ 2.015 | 1.73 [3.457 [ 2.013 [ 2.534 | 1.722 | 1.592 | 1.424 | 2.61 | 1.67 | 0.48
16 |1.386|3.527 | 0.777 [ 1.317 [ 0.914 | 1.116 | 2.194 | 1.049 [ 1.554 | 0.976 | 0.998 | 0.957 | 1.40 | 0.77 | 0.22
20 |0.909 | 1.707 | 0.328 | 0.704 | 0.661 [ 0.871 | 1.373 ] 0.776 1 0.914 | 0.682 | 0.672 | 0.767 | 0.86 | 0.36 | 0.10
24 10.804 | 1.115 | 0.175 | 0.887 | 0.525 [ 0.741 | 1.108 | 0.582 | 0.79 | 0.545 | 0.416 | 0.567 | 0.69 | 0.28 | 0.08
36 0 0.267 0 0.373 0 0 0.357 | 0.379 0 0.374 0 0.359 | 0.18 | 0.19 | 0.05
48 0 0 0 0 0 0 0 0.2 0 0 0 0.307 | 0.04 | 0.10 | 0.03
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Table 16

Treatment B (Formulation 2) methylphenidate HCI blood plasma conc. in ng/mL

Time | #001 | #002 | #003 | #004 | #005 | #006 | #007 | #008 | #009 | #010 | #012 | #015 | Mean | SD | SEM

0 0 0 0 0 0 0 0 0 0 0 0 0 0.00 | 0.00 | 0.00

0.5 0 0 0.884 0 0.271 0 0.227 | 3.168 0 0 0 0.932| 0.46 | 0.92 | 0.27

1 0.865|0.654 ( 2.051 | 0.319| 2.202 | 1.24 | 1.263 | 4.747 [0.8997 | 1.6 |0.338 1541 | 1.48 | 1.19 | 0.34

15 (2132(2.924]2.761|1.589 | 3.436 | 1.933 | 3.058 | 5.612 | 2.391 | 3.977 | 1.932 | 2.711 | 2.87 | 1.10 | 0.32

5.613 | 6.638 | 4.838 | 5.845 | 4.021 | 3.866 | 4.899 | 7.439 | 5.075 | 6.163 [ 4.061 | 5.949 | 5.37 | 1.11 | 0.32

7.173 8.128 | 7.747 | 8.452 | 5.866 | 4.161 [ 7.893 | 11.1 | 6.318 | 8.06 [ 8.738 | 5.882 | 7.46 | 1.76 | 0.51

8.139(14.47 | 7.815|9.075 | 5.156 [ 5.299 8.3 |9.994|7.193 | 8.625 | 8.568 | 6.366 | 8.25 | 2.44 | 0.71

7.34 |16.43(7.124 | 8.12 | 5.314|7.194 | 9.438 | 8.748 [ 6.832 | 8.653 | 7.599 | 5.877 | 8.22 | 2.84 | 0.82

5.627 | 12.66 | 6.768 | 7.707 | 4.342 | 5.95 [ 8.618 | 6.401 | 4.829 | 7.677 | 5.261 | 4.796 | 6.72 | 2.29 | 0.66

4.899 | 8.571 | 8.115 | 5.889 | 2.928 | 4.337 | 8.13 |3.738 [ 3.643 | 5.296 | 3.573 | 3.37 | 5.21 | 2.03 | 0.59

10 4.24 |5.492(5.014 ( 4.812 | 1.966 | 3.174 | 6.235 | 2.349 | 2.453 | 3.143 | 2.252 | 2.307 | 3.62 | 1.47 | 0.42

12 (3.427| 3.94 |3.102 (4.007 | 1.67 | 2.313 | 4.852 | 1.849 | 2.182 | 2.094 | 1.454 | 1.477 | 2.70 | 1.14 | 0.33

16 |[1.702|2.322|1.581(1.737 |0.767 | 1.161 | 2.512 | 1.136 | 1.432 | 1.261 | 0.646 | 0.811 | 1.42 | 0.59 | 0.17

20 [0929(1.196| 0.77 | 1.012 | 0.553 [ 0.691 | 1.258 | 0.79 | 1.027 [ 0.603 [ 0.382 | 0.477 | 0.81 | 0.28 | 0.08

24 [0.652(0.854)0.427)0.658 | 0.472 (0.584 | 0.932 | 0.74 | 0.849 (0.595 | 0.277 | 0.452 | 0.62 | 0.20 | 0.06

36 o |0124| o 0 |0.309|0217|0107 |0.267|0.124|0402| 0 |0.424| 0.16 | 0.16 | 0.05
48 0 0 0 0o |o0129| o 0 |0352| o [0229| o |0226]| 0.08 | 0.12 | 0.04
Table 17

Treatment C (Formulation 3) methylphenidate HCl blood plasma conc. in ng/mL

Time | #001 | #002 | #003 | #004 | #005 | #006 | #007 | #008 | #009 | #010 | #012 | #015 | Mean | SD | SEM

0 0 0 0 0 0 0 0 0 0 0 0 0 0.00 | 0.00 | 0.00

0.5 0 0 0.291 0 0.246 0 0.209 | 0.505 | 0.395 0 0.159 | 0.585 | 0.20 | 0.21 | 0.06

1 0.263 | 1.696 | 1.365 0 0.6410.887|1.415|1.719|2.2191.242| 16 |1.337| 1.20 | 0.64 | 0.19

15 3.44 | 2594|2707 |1.358 | 3.085 | 2.717 | 4.603 | 7.537 | 3.977 |1 4.021 | 3.443 | 1.73 | 3.43 | 1.59 | 0.46

6.501 | 3.896 | 6.002 | 7.319 | 3.708 | 3.791 | 8.322 | 9.232 | 4.496 | 7.445 | 6.36 | 5.523 | 6.05 | 1.84 | 0.53

8.868 | 5.877 | 6.431 | 14.32 | 6.034 | 6.567 | 11.97 | 14.52 | 7.871 | 7.199 | 8.985 | 5.395 | 8.67 | 3.23 | 0.93

10.68 [ 6.029 | 7.52 | 12.11 | 7.83 | 6.549| 10.37 | 16.67 | 10.75 | 9.379 | 6.654 | 6.175 | 9.23 | 3.13 | 0.90

12.61 | 15.09 | 8.029 | 11.26 | 7.812 | 5.864 | 10.13 | 15.35 | 10.86 | 10.48 | 6.456 | 8.338 | 10.19 | 3.08 | 0.89

9.703 | 12.95| 7.535 | 8.908 | 6.703 | 5.002 | 8.857 | 10.89 | 8.266 | 9.228 | 4.65 | 7.555 | 8.35 | 2.33 | 0.67

7.065(8.475|7.016 |7.373 |4.378 | 3.73 [ 6.664 | 6.46 | 5.512 | 6.603 | 7.851 | 6.059 | 6.43 | 1.36 | 0.39

10 479 | 6.159(4.213 [ 4.363 | 2.594 | 2.593 | 5.096 | 4.183 | 3.691 | 4.247 | 4.287 | 3.575 | 4.15 | 0.99 | 0.29

12 [ 3.292|3.756 | 2,596 3.92 |1.753|1.718 | 3.937 | 2.634 | 2.514 | 2.82 | 2.126 | 2.442 | 2.79 | 0.78 | 0.23

16 |1.476|1.908|1.327(1.745|0.708 |1 0.919 | 2.162 | 1.204 | 1.302 | 1.255 | 0.907 | 1.139 | 1.34 | 0.43 | 0.12

20 0.79 | 0.861(0.724 | 1.124 | 0.364 | 0.66 | 1.726 | 0.726 [ 0.696 | 0.726 | 0.511 | 0.692 | 0.80 | 0.34 | 0.10

24 [0.505(0.565]0.396 | 0.908 | 0.241 [ 0.403 | 1.381 | 0.573 | 0.455 [ 0.504 | 0.239 | 0.422 | 0.55 | 0.31 | 0.09

36 0 0.121 0 0.193 0 0 0.326 | 0.313 0 0.315 0 0 0.11 | 0.14 | 0.04

48 0 0 0 0 0 0 0.26 | 0.29 0 0 0 0 0.05 | 0.11 | 0.03
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Table 18
Treatment D (Formulation 4) methylphenidate HCl blood plasma conc. in ng/mL
Time | #001 | #002 | #003 | #004 | #005|#006 | #007 | #008 (#009 | #010 | #012 | #015 | Mean | SD | SEM
0 0 0 0 0 0 0 0 0 0 0 0 0 0.00 | 0.00 | 0.00
0.5 0 0 0.142 0 0.327]2.333( 0.158 | 0.861 (0.388| 0.209 | 0.95 | 0.843 | 0.52 | 0.67 | 0.19
1 0.564 | 1.301 1.77 | 0.512 |1.315(4.416| 0.547 | 1.954 | 1.79 | 2.825 | 1.758  2.563 | 1.78 | 1.12 | 0.32
1.5 | 2.818 | 5.522 | 3.352 | 2.663 | 3.638|4.482( 2.067 3.46 [2.689| 6.838 [3.094|2.962| 3.63 |1.36|0.39
2 5.491 | 8.955 | 5.523 | 5.699 |5.441(4.413| 3.652 | 5.319 | 4.414| 6.43 |4.696|4.596 | 5.39 | 1.35]| 0.39
3 7.397 | 7.917 | 9.339 | 13.026 | 6.753 [ 5.658 | 5.73 9.366 |6.601|11.309|7.258|7.119| 8.12 | 2.25( 0.65
4 8.314(12.234| 8.768 [12.601 | 6.751(5.808 | 6.734 | 15.503 | 6.575| 9.188 |9.745 | 6.403 | 9.05 | 3.01 | 0.87
5 7.189(17.347 | 13.999 | 12.096 | 6.708 | 5.517 | 9.187 | 12.962| 9.81 | 8.693 | 12.45| 8.876 | 10.40 | 3.43 | 0.99
6 5.892 | 15.844 | 10.864 | 10.022 | 5.073 [ 4.441 | 13.308 | 10.349 | 8.658 | 8.542 | 8.69 | 8.387 | 9.17 | 3.28 | 0.95
8 3.971(10.189 | 7.997 | 7.262 | 3.448( 2.99 | 9.154 | 7.596 |5.701 | 5.285 |5.111 (6.106 | 6.23 | 2.26 | 0.65
10 (2.522| 7.047 | 4535 | 5.275 |2.136|2.072| 6.22 4.795 | 3.895| 3.264 | 2.99 |[5.052| 4.15 | 1.61|0.46
12 (2.051]| 4901 | 2.794 | 4.049 | 1.648| 1.76 | 4.679 | 2.986 (3.019| 1.819 (1.8382.309| 2.82 |1.16 | 0.33
16 |1.107| 2.251 1.7 1.89 |0.723|1.088| 2.284 | 1.553 | 1.699 1 0.5991.223| 1.43 | 0.56 | 0.16
20 [0.625( 0.971 | 0.906 | 1.164 | 0.472|0.769| 1.231 | 0.91 |0.951| 0.644 | 0.326 ( 0.636 | 0.80 | 0.27 | 0.08
24 [0.423 | 0.656 | 0.519 | 0.884 | 0.307(0.442| 0.874 | 0.505 | 0.754 | 0.442 | 0.152 | 0.417 | 0.53 | 0.22 | 0.06
36 [0.285( 0.167 | 0.121 | 0.309 0 0 0.168 | 0.363 0 0.343 0 0 0.15 | 0.15( 0.04
48 | 0.16 0 0 0.142 0 0 0 0.228 0 0.231 0 0 0.06 | 0.10|0.03
Table 19
Treatment E (Concerta®) methylphenidate HCl blood plasma conc. in ng/mL

Time | #001 | #002 | #003 | #004 | # 005 | #006 | # 007 | #008 | #009 | # 010 | #012 | #015 | Mean| SD | SEM
0 0 0 0 0 0 0 0 0 0 0 0.00 | 0.00 | 0.00
0.5 (0.687(2.583(0.261| 3.05 0 0.709 | 2.456 0 0.251|0.554 | 0.555 [ 0.408 | 0.96 | 1.08 | 0.31

1 3.04118.856|1.737 | 5.571 | 1.542 | 3.375 | 5.639 | 3.604 | 2.257 [ 5.531 | 1.942 | 4.504 | 3.97 | 2.16 | 0.62
15 4.28 [7.679 | 3.28 [6.303 | 3.472 | 3.462 | 5.558 |11.662| 3.039 | 5.162 | 3.043 | 4.281 | 5.10 | 2.52 | 0.73

2 4508 | 6.424 | 3.69 | 6.465|3.725(3.204 | 5.693 |11.103| 3.483 | 4.26 | 4.719 | 5.167 | 5.20 | 2.16 | 0.62

3 4.91 [6.154 [ 5.555(5.978 3.753|2.902 | 5.399 | 9.028 | 3.314 | 4.23 | 6.589|4.828 | 5.22 | 1.66 | 0.48
4 4.832|7.697|6.415|6.026 | 3.103 [ 2.798 [ 5.686 | 7.802 | 3.69 | 4.037|5.678 | 457 | 5.19 | 1.65 | 0.48

5 6.727 110.984| 6.313 | 7.147 | 5.37 | 3.818 | 6.797 {10.576( 4.762 | 6.431 | 8.423 | 6.489 | 6.99 | 2.12 | 0.61

6 5.942 111.438| 8.406 | 7.162 | 4.462 | 3.888 | 8.894 | 9.689 | 5.922 [ 7.551 | 8.929 | 6.68 | 7.41 | 2.20 | 0.63

8 7.595 110.123)| 7.863 | 8.022 | 5.403 | 4.218 | 9.941 | 9.218 | 7.259 | 7.549 | 8.445 | 6.554 | 7.68 | 1.73 | 0.50
10 |6.886|7.238| 6.8 |6.012| 3.58 (3.786(6.758 | 6.632 | 5.384 | 4.478 | 4.652 | 5.446 | 5.64 | 1.28 | 0.37
12 | 4.203|4.246 | 5.591|4.327 | 2.207 | 3.06 [ 5.385| 3.52 |3.962|2.491|3.031|3.126 | 3.76 | 1.06 | 0.31
16 |1.7881.727 2292|1612 1.02 (1.223(2.584|1.426|1.726|0.912|1.336| 1.36 | 1.58 | 0.49 | 0.14
20 (0.919(0.802( 0.86 | 0.823 [ 0.601|0.654 | 1.298 | 0.639 | 0.754 | 0.477 | 0.587 | 0.617 | 0.75 | 0.22 | 0.06
24 (0.512( 0.38 (0.433(0.466(0.315]0.323| 0.75 | 0.323 | 0.478|0.217 | 0.227 | 0.356 | 0.40 | 0.15 | 0.04
36 0 0 0 0 0 0 0 0 0 0 0.00 | 0.00 | 0.00
48 0 0 0 0 0 0 0 0 0 0 0.00 | 0.00 | 0.00
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Table 20
Treatment A (Formulation 1)
Subject #[Trt.| Corr. | #of [Lower|Upper| half- [Tmax|Cmax|Tlast | Clast |AUClast|AUCinf|% Extr.| AUC(0- | F Comp.
Pts. life 24) Concerta
#001 A |-0.9532 3 16 24 10.2 3.0 | 9.7 (240 0.8 75.5 87.3 | 135 75.5 79.9
#002 A [-0.9998 3 20 36 5.9 50 |18.2(36.0( 0.3 | 159.2 | 1615 14 150.9 113.2
#003 A [-0.9959 3 16 24 3.7 3.0 |12.6 (24.0( 0.2 77.7 78.6 1.2 77.7 65.7
#004 A |-0.9227 4 16 36 12.3 30| 93 (36.0( 04 80.7 87.3 7.6 73.1 73.7
# 005 A |-0.9579 4 12 24 6.4 3.0 | 80 [24.0( 05 64.4 69.2 7.0 64.4 97.6
# 006 A |-0.9757 4 12 24 9.9 20 | 86 [24.0( 0.7 60.2 70.8 | 15.0 60.2 102.0
#007 A |-0.9956 3 20 36 8.0 3.0 |109(36.0( 0.4 | 108.8 | 1129 3.7 100.0 81.2
#008 A |-0.9936 3 24 48 156 | 3.0 |16.5(48.0| 0.2 | 101.8 | 106.2 | 4.2 92.5 78.5
# 009 A | -0.977 4 12 24 6.9 50| 75 (24.0( 0.8 71.7 79.5 9.9 71.7 84.5
#010 A [-0.9908 3 20 36 19.2 30| 86 [36.0( 0.4 62.6 73.0 | 14.2 57.1 81.2
#012 A [-0.9994 4 12 24 6.3 3.0 |10.3(24.0( 04 64.0 67.8 5.6 64.0 65.4
#015 A |-0.9622 3 24 48 27.1 2.0 |10.5(48.0( 0.3 72.4 84.4 | 14.2 62.9 88.0
Mean 10.96 | 3.17 |10.89( 32.0 ( 0.44 | 83.25 | 89.89 | 8.11 79.17 84.23
0
SD 6.74 |0.94 | 3.34|9.34| 0.22 | 28.27 | 26.57 | 5.13 25.98 14.23
Median 8.97 |3.00 30.0
0
MIN 3.72 |2.00|7.49|24.0|0.18| 60.18 | 67.79 | 1.19 57.13 65.37
0
MAX 27.12 | 5.00 (18.17| 48.0 | 0.80 | 159.19 |161.48| 15.00 | 150.90 113.20
0
SEM 195 |0.27 (|0.96 | 2.70 | 0.06 | 8.16 7.67 | 1.48 7.50 4.11
%CV 61.51 | 29.6 (30.67( 29.1 | 50.0 | 33.96 | 29.56 | 63.26 32.81 16.89
0 9 9
Table 21
Treatment B (Formulation 2)
Subject |Trt.| Corr. | # of |Lower|Upper| half- |[Tmax|Cmax|Tlast | Clast [AUClast|AUCinf| % | AUC(0-24) | F Comp.
# Pts. life Extr. Concerta
#001 | B (-0.9888| 3 16 24 5.8 40 | 81 |240| 0.7 77.2 82.6 | 6.6 77.2 75.6
#002 | B (-0.9946| 3 20 36 4.7 50 | 16.4(36.0| 0.1 | 1264 | 127.2 | 0.7 120.5 89.2
#003 [ B (-0.9984| 3 16 24 4.2 80 | 81 (240 04 85.1 87.7 | 3.0 85.1 73.3
#004 [ B (-0.9979| 3 16 24 5.7 40 | 9.1 |240| 0.7 88.3 93.7 | 5.8 88.3 79.1
#005 [ B (-0.9805| 3 24 48 128 | 3.0 | 59 |48.0| 0.1 57.2 59.5 | 4.0 49.8 83.9
#006 [ B (-0.9942| 3 20 36 9.3 50 | 7.2 |36.0| 0.2 65.4 68.3 | 4.3 60.6 98.4
#007 | B (-0.9915| 3 20 36 4.3 50 | 94 (360 0.1 | 111.0 | 1116 | 0.6 104.7 80.3
#008 [ B (-0.7047| 3 24 48 224 | 30 (111|480 04 88.4 99.8 | 114 78.7 73.8
#009 [ B (-0.9871| 3 20 36 5.0 40 | 7.2 |36.0| 0.1 69.2 70.1 | 1.3 63.4 74.4
#010 | B (-0.9947| 3 24 48 174 | 5.0 | 87 |48.0| 0.2 85.8 91.6 | 6.3 76.1 101.9
#012 [ B (-0.9905| 3 16 24 6.5 3.0 | 87 | 240 03 57.7 60.3 | 4.3 57.7 58.1
#015 | B (-0.9047| 3 24 48 240 | 40 | 64 | 480 0.2 63.4 71.2 | 11.0 54.2 74.2
Mean 10.19 | 4.42 | 8.86 |36.00| 0.29 | 81.25 | 85.31 | 4.93 76.36 80.18
SD 7.25 | 1.38 | 2.77 |10.23| 0.19 | 21.16 | 20.88 | 3.56 21.19 11.92
Median 6.16 | 4.00 36.00
MIN 4.24 | 3.00 | 5.87 |24.00| 0.11 | 57.16 | 59.54 | 0.60 49.84 58.12
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Table 21 Cont.
MAX 24.00 | 8.00 {16.43(48.00| 0.66 | 126.38 |127.22(11.39| 120.51 101.86
SEM 2.09 | 0.40 | 0.80 ( 2.95| 0.06 | 6.11 6.03 | 1.03 6.12 3.44
%CV 71.19 |31.22|31.29(28.43|66.32| 26.05 | 24.47 |72.26| 27.75 14.87
Table 22
Treatment C (Formulation 3)
Subject|Trt.| Corr. | #of [Lower|Upper| half- |Tmax|Cmax| Tlast | Clast |AUClast|AUCinf| % | AUC(0-24)| F Comp.
# Pts. life Extr. Concerta
#001 | C |-0.9955| 3 16 24 5.2 50 (126]24.0| 05 97.1 | 1009 ]| 3.7 97.1 92.2
#002 | C |-0.9993| 3 20 36 5.6 50 (15.1(36.0| 0.1 | 108.3 | 109.3| 0.9 104.2 76.6
#003 | C |-1.000| 3 16 24 4.6 50 ( 80 |24.0]| 04 79.2 81.8 | 3.2 79.2 68.4
#004 | C |-0.9914| 3 20 36 6.1 3.0 (143(36.0| 0.2 | 1124 | 1140| 1.5 105.7 96.3
#005 | C |-0.9909| 3 16 24 5.1 40 | 7.8 |1240( 0.2 60.5 62.3 | 2.9 60.5 87.7
#006 | C |-0.9936| 3 16 24 6.7 30 | 6.6 |240]| 04 56.1 60.0 | 6.5 56.1 86.4
#007 | C |-0.9217| 3 24 48 10.0 | 3.0 |12.0|48.0( 0.3 | 1225 | 126.3| 3.0 108.8 90.8
#008 | C |-0.9126| 3 24 48 244 | 40 |16.7 480 0.3 | 121.7 | 1319 7.7 112.7 97.5
#009 | C |-0.9939| 3 16 24 5.3 50 [109]24.0| 05 83.4 86.9 | 4.0 83.4 92.2
#010 | C |-0.9783| 3 20 36 14.1 | 5.0 |105|36.0( 0.3 93.1 995 | 6.4 88.2 110.7
#012 | C |-0.9968| 3 16 24 4.2 3.0 90 |24.0]| 0.2 73.2 747 | 1.9 73.2 72.0
#015 | C | -1.000| 3 16 24 5.6 50 ( 83 |24.0]| 04 72.0 754 [ 45 72.0 78.6
Mean 8.06 | 4.17 (10.98(31.00| 0.32 | 89.95 | 93.57 | 3.86 86.76 87.45
SD 5.86 | 0.94 | 3.21 ( 9.52 | 0.12 | 22.86 | 23.88 | 2.13 19.16 11.97
Median 5.59 | 4.50 24.00
MIN 4.16 | 3.00 | 6.57 (24.00| 0.12 | 56.05 | 59.96 | 0.89 56.05 68.35
MAX 24.43 | 5.00 |16.67|48.00( 0.51 | 122.52 (131.88| 7.75 112.73 110.68
SEM 1.69 | 0.27 | 0.93 | 2.75( 0.03 | 6.60 6.89 | 0.61 5.53 3.46
%CV 72.68 |22.50(29.25(30.70|36.32| 25.41 | 25.52 |55.17| 22.08 13.69
Table 23
Treatment D (Formulation 4)
Subject|Trt.| Corr. | #of [Lower|Upper| half- |Tmax|Cmax| Tlast | Clast |AUClast|AUCinf| % | AUC(O- F Comp.
# Pts. life Extr.| 24) Concerta
#001 | D |-0.9942| 3 24 48 171 | 40 | 83 |48.0| 0.2 71.4 753 | 5.2 64.5 68.9
#002 | D |-0.9996| 3 20 36 6.2 50 (173 (36.0| 0.2 | 139.7 | 141.2 | 1.1 | 1348 99.0
#003 | D |-0.9996| 3 20 36 5.6 50 [140(36.0| 0.1 | 1039 | 104.9| 0.9 | 1001 87.6
#004 | D |-0.9963| 3 24 48 9.1 3.0 ([13.0(48.0| 0.1 | 119.7 | 121.6 | 1.5 | 109.8 102.6
#005 | D |-1.000| 3 16 24 6.5 30| 6.8 [24.0]| 0.3 56.0 589 | 4.9 56.0 83.0
#006 | D |-0.9913| 3 16 24 6.2 40 | 5.8 |24.0| 04 56.3 60.2 | 6.5 56.3 86.7
#007 | D |-0.9967| 3 20 36 5.4 6.0 [13.3(36.0| 0.2 | 112.6 | 113.9| 1.2 | 106.3 81.9
#008 | D |-0.9952| 3 24 48 209 | 40 | 155|480 0.2 | 113.8 | 120.7 | 5.7 | 105.1 89.2
#009 | D |-0.9707| 3 16 24 6.8 50| 9.8 [24.0| 0.8 82.1 89.5 | 83 82.1 95.0
#010 | D |-0.9921| 3 24 48 256 | 3.0 |11.3 |48.0| 0.2 89.9 98.5 | 8.7 81.8 109.5
#012 | D |-0.9979| 3 16 24 4.0 50 [125(24.0| 0.2 74.6 755 | 1.2 74.6 72.8

124




WO 2018/009566

PCT/US2017/040750

Table 23 Cont.

#015 | D |-0.9924| 3 16 24 5.2 50| 89 [24.0| 04 79.1 82.2 | 3.8 79.1 85.7
Mean 9.89 | 4.33 [11.38(35.00| 0.27 | 91.60 | 95.20 | 4.08 | 87.54 88.50
SD 7.17 | 0.98 | 3.54 (10.80| 0.18 | 26.37 | 26.01 | 2.89 | 24.02 11.71

Median 6.36 | 4.50 36.00
MIN 4.04 | 3.00 | 5.81 (24.00| 0.12 | 56.05 | 58.92 | 0.92 | 56.05 68.89
MAX 25.64 | 6.00 (17.35|48.00| 0.75 | 139.70 |141.21| 8.68 | 134.77 109.52
SEM 2.07 | 0.28 | 1.02 | 3.12 | 0.05 | 7.61 7.51 |0.84| 6.93 3.38
%CV 72.54 |122.72|31.10(30.87|67.41| 28.78 | 27.32 (70.95| 27.44 13.23

Table 24
Treatment E (Concerta)

Subject #| Trt. | Corr. |# of Pts.|Lower | Upper |half-life| Tmax |Cmax | Tlast | Clast |AUClast| AUCinf|% Extr.|AUC(0-24)
#001 E |-0.9993 3 16 24 4.4 8.0 7.6 | 240 | 05 86.2 89.5 3.7 86.2
#002 E -1 3 16 24 3.7 6.0 | 114 | 240 | 04 | 114.7 | 116.7 1.7 114.7
#003 E |-0.9949 3 16 24 3.3 6.0 84 | 240 | 04 95.9 98.0 2.1 95.9
#004 E |-0.9988 3 16 24 4.5 8.0 8.0 | 240 | 05 93.9 96.9 3.1 93.9
#005 E |-0.9983 3 16 24 4.7 8.0 54 ]1240]| 03 55.9 58.1 3.7 55.9
#006 E |-0.9994 3 16 24 4.2 8.0 42 |1 240 03 54.9 56.8 3.4 54.9
#007 E |-0.9979 3 16 24 4.5 8.0 99 | 240| 0.8 | 1089 | 113.8 4.3 108.9
#008 E |-0.9981 4 12 24 3.5 15 (117|240 | 03 109.1 | 110.7 1.5 109.1
#009 E |-0.9863 3 16 24 4.3 8.0 7.3 |1 240 | 05 74.1 77.1 3.9 74.1
#010 E |-0.9984 3 16 24 3.9 6.0 7.6 | 240 | 0.2 72.4 73.6 1.6 72.4
#012 E |-0.9991 3 16 24 3.1 6.0 89 | 240 ]| 0.2 83.8 84.9 1.2 83.8
#015 E |-0.9947 3 16 24 4.1 6.0 6.7 | 240 | 04 76.4 78.5 2.7 76.4
Mean 4.02 | 6.63 | 8.09 |24.00| 0.40 | 85.51 | 87.86 | 2.74 85.51

SD 0.52 | 190 ( 2.21 | 0.00 | 0.15 | 19.86 | 20.18 | 1.07 19.86
Median 4.15 | 7.00 24.00

MIN 3.13 | 1.50 | 4.22 (24.00| 0.22 | 54.87 | 56.81 | 1.21 54.87

MAX 4.72 | 8.00 (11.66|24.00| 0.75 | 114.71 |116.71| 4.26 114.71

SEM 0.15 | 0.55 ( 0.64 | 0.00 | 0.04 | 5.73 5.83 0.31 5.73

%CV 12.83 [28.63|27.29| 0.00 (36.41( 23.22 | 22.97 | 38.97 23.22
[00238] As evidenced by the above data and FIGs. 8-13, each of Formulations 1-4

exhibited a rapid onset of action, increased plasma concentration relative to Concerta

during the period 2-5 hours post administration, and a similar duration relative to

Concerta. In addition, Formulations 3 and 4 exhibited increased plasma concentration

relative to Concerta during the period 2-6 hours post administration.
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EXAMPLE 7: DEMONSTRATING THE EFFECT OF THE BARRIER LAYER ON
IN-VITRO DISSOLUTION OF FORMULATION 4

[00239] In order to demonstrate the effect of the barrier layer on dissolution in
Formulation 4, Formulation 4 and Formulation 4 including only the encapsulated
drug composition without the addition of the barrier layer, drug layer and film
coating layer were tested in-vitro for dissolution characteristics using a USP
Apparatus 2 as set forth below.

Materials and Methods
[00240] The dissolution testing parameters were as follows:
Dissolution Medium: 950 mL of 0.1 N HCI;
Paddle Speed: 50 rpm;
Vessel Temperature: 37.0 + 0.5°C;
Sampling Time Points: 0.25,0.5, 1, 1.5, 2, 3,6, 9, 12, and 24 hours;
Sampling Volume: 1 mL;
n=12 for (a) and n=6 for (b).
Results

[00241] The results of the dissolution experiments are presented in FIG. 14, which
provides graphs demonstrating the effect of the barrier layer on the in-vitro
dissolution of Formulation 4. The graphs at the top and bottom left show %
cumulative release for (a) Formulation 4; (b) Formulation 4 including only the
encapsulated drug composition without the addition of the barrier layer, drug layer
and film coating layer; and (c) a calculated plot which represents Formulation 4
including the encapsulated drug composition with the barrier layer, but without the
drug layer and film coating layer. The graphs at the top and bottom right show
cumulative MPH release in mg for (a) Formulation 4; (b) Formulation 4 including
only the encapsulated drug composition without the addition of the barrier layer, drug
layer and film coating layer; and (c) a calculated plot which represents Formulation 4
including the encapsulated drug composition with the barrier layer, but without the
drug layer and film coating layer. The top and bottom graphs differ with respect to
scale of the x- and y-axes.

[00242] The values for the calculated (c) curves were obtained by subtracting 8mg
(based on a targeted drug layer coating of 8mg) from the (a) values at each time point
in the top and bottom right graphs. % cumulative drug release for the (c¢) curves in

the graphs at the top and bottom left were calculated based on the calculated values
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in the graphs at top and bottom right. As shown in the graphs, release of MPH from

the drug layer coating of Formulation 4 occurred within about 15 minutes, with

initiation of release from the encapsulated drug composition of Formulation 4

occurring at about 30 minutes.

EXAMPLE 8: MODIFIED FORMULATIONS WITH EXTENDED RELEASE

PROFILES

[00243] In order to provide formulations having an extended release profile relative to

Formulation 4, formulations including different barrier layers were evaluated against

Formulation 4 and a formulation having the same drug composition and lacking a

barrier layer.

Materials and Methods

[00244] A drug composition as set forth in Table 25 was manufactured and filled into
size 4 HPMC capsules at 36 mg Methylphenidate HCl (MPH) dose strength as

described above for Formulations 1-4 and in FIG. 1A.

Table 25
Cab-O- | Gelucire® FIll 1 capsul
Formulation MPH | SAIB |Tracetin| IPM | CAB | oo (VU™ gy | wi | ~4PSU€
Sil® 44/14 Size
(ng)
Drug Composition |20.00% |37.86% [29.12% [6.40% [4.80% [0.80% [1.00%  [0.02% | 180 (HPAMC)
[00245] The capsules were then coated with different barrier layers without a drug

layer and without a film coating layer for the purpose of evaluation. Table 26 shows

the composition of the barrier layer, the target coating weight and the measured

weight gain.

Table 26
Composition of Barrier Layer Batch No. Target Wt Average
Gain (mg) Measured Wt
Gain (mg)
1 No barrier layer coating 0 NA NA
2 Acryl-EZE/Opadry AMB=7:3 a 24 23.6
(Formulation 4)°
3 Acryl-EZE/Opadry AMB=7:3 b 30 314
Acryl-EZE/Opadry AMB=7:3 c 36 36.9
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Table 26 Cont.

5 Acryl-EZE/Opadry AMB=8:2 d 24 24.6
6 Acryl-EZE/Opadry AMB=8:2 e 30 30.4
7 Acryl-EZE/Opadry AMB=8:2 f 36 37.0
8 Acryl-EZE/Opadry AMB=9:1 g 24 243
9 Acryl-EZE/Opadry AMB=9:1 h 30 31.1
10 Acryl-EZE/Opadry AMB=9:1 1 36 347
*Formulation 4 (without drug layer and film coating layer).
[002406] The barrier layer solutions utilized for the barrier layer coatings on the

capsules for the above referenced formulations were prepared and applied generally

as set forth in FIG. 1B and as described in Example 3.

[00247] The coated capsules were subjected to dissolution testing for up to 2 hours in

0.1 N HCI. The dissolution parameters were as follows:

Dissolution Medium: 950 mL of 0.1 N HCI
Paddle Speed: 50 rpm
Vessel Temperature: 37.0+0.5°C
Sampling Time Points: 5,10, 15, 30, 45, 60, 90, 120 min
Sampling Volume: I mL
Results
[00248] The results of the dissolution experiments are provided in Tables 27-36.

Table 27 No Barrier Layer (0)
% cumulative release of methylphenidate
Time (min)

Sample ID 0| S |10]15| 30 | 45 | 60 | 9 | 120
1 (O] 4011121181226 |31.0]| 385
2 (O] 361|104 | 157 |19.7]26.7|32.1
3 (O] 381127 |174(22.0]29.6]|366
4 (O] 301104169 |22.0]29.1|364

Mean (n=4) | 00|01 |19 3.6 |11.2|17.0|21.6|29.1 | 359

SD 00010804 11 (10| 13|18 |27
Min 00100 (|12|3.0(104|157]19.7]|26.7]|32.1
Max 001023140127 (181226310385
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% cumulative release of methylphenidate

Time (min)
Sample ID 0 5 (10|15 |30 | 45 60 90 | 120
1 (a) 04 (38| 76 [128 219|289
2 (a) 0743 92 | 146|254 |333
3 (a) 033272 (119212307
4 (a) 0846|105 150|216 (266
Mean (n=4) 00/00(00|06(40 | 86 |13.6 225|299
SD 00({00]101](02])06]| 15 15| 20| 29
Min 00({00(100]03 (32| 72 |119]|212]266
Max 00(00]101]08|46]| 105|150 | 254|333
*Formulation 4 (without drug layer and film coating layer).
Table 29 Barrier Layer (b)
% cumulative release of methylphenidate
Time (min)
Sample ID 0 5 (10|15 |30 | 45 60 90 | 120
1 (b) 45 86 | 1251200 ]|34.2
2 (b) 31| 68 | 10.7]19.8 | 28.9
3 (b) 61371105168 ]239]305
Mean (n=3) 00000007 3.7| 87 |13.3|21.2|31.2
SD 00(00]00(02107| 1.9 | 3.1 | 23 | 2.7
Min 00({00]00([06|3.1]| 68 |10.7]19.8 | 28.9
Max 00(00]00([10|45]105| 168|239 342
Table 30 Barrier Layer (c)
% cumulative release of methylphenidate
Time (min)
Sample ID 0 5 (10|15 30| 45| 60 90 120
1 () 26162 98 [ 179 ] 26.1
2 () 27183163 | 307 | 41.7
3 () 27164102 [ 179 | 26.7
4 () 32178124 | 188 | 26.5
Mean (n=4) 00 (0000|0028 (72] 122 21.3 | 30.2
SD 00100(00]00]03]1.0]| 3.0 6.3 7.6
Min 00100[00]00]26]|62| 98 | 179 | 26.1
Max 00 100000032 (83| 163 | 30.7|41.7
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Table 31 Barrier Layer (d)
% cumulative release of methylphenidate
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Time (min)
Sample ID 0| 5|1015]|30 |45 60| 9 | 120
1 (d) 33131571201 19.0
2 (d) 14127]50|105 ]| 164
3 (d) 00 1514271 (13.0]| 212
Mean (n=3) |0.0|0.0 0000203359118 | 189
SD 00[00(00|00| 1107|011 | 12 | 24
Min 0000000014127 ]50]|105]| 164
Max 000000003342 ]71]13.0]212
Table 32 Barrier Layer (e)
% cumulative release of methylphenidate
Time (min)
Sample ID 0| 5|10(15]|30 |45 60| 9 | 120
1 (e) 1012643 | 86 | 137
2 (e) 092850106 ]| 170
3 (e) 15134(155(102 | 149
4 (e) 1.1 [33(55(108 | 173
Mean(n=4) |0.0|0.0|00|00|1.1|30|51]|10.0 | 157
SD 00[00(00|00]03(04]05( 10 | 17
Min 00[00[00(00[09]26|43]| 86 | 137
Max 00[00[00(00([15]34]55|108| 173
Table 33 Barrier Layer (f)
% cumulative release of methylphenidate
Time (min)
Sample ID 0| 5|10(15|30 (45|60 |90 | 120
1 () 22140821 13.1
2 () 16 35(80]| 147
3 3] 4(118(421(93| 177
Mean (n=3) | 0.0(0.0|0.0(00 05|19 39|85 15.2
SD 00]00(00]00]02(03]03]07]| 23
Min 00/00[00(00[04[16[35]8.0] 13.1
Max 00/00[00(00(06(22(42]93]| 177
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% cumulative release of methylphenidate
Time (min)
Sample ID 0| 5|10(15]|30 |45 |60 |90 | 120
() 08 (10| 27
() 05211 36
3 () 061123
Mean (n=3) [ 0.0[0.0|0.0|0.0/0.0]|0.0|06 |14/ 29
SD 00[00[00[00[00]|00]|01]06] 0.7
Min 00(00(00(00[00[00]05]1.0] 23
Max 00[00(00[00[00]|00]|08]|21] 3.6
Table 35 Barrier Layer (h)
% cumulative release of methylphenidate
Time (min)
Sample ID 0| 5|10(15]|30 |45 |60 |90 | 120
(h) 1.1
(h) 0.9
3 (h) 9| 24
Mean (n=4) [ 0.0{0.0|0.0|0.0/0.0]|0.0|00|06| 1.5
SD 00[00(00({00[00[0.0]00]02] 0.8
Min 00[00(00[00[00[00]00]|04] 09
Max 00[00(00[00[00[00]00]|09]| 24
Table 36 Barrier Layer (1)
% cumulative release of methylphenidate
Time (min)
Sample ID 0| 5|10(15]|30 |45 |60 |90 | 120
1 (1) 2.3
2 (1) 1.1
3 (1) 0.8
4 (1) 2108
Mean (n=4) [ 0.0[0.0|0.0|0.0/0.0]|00|0.1|03]| 1.3
SD 00(00(00[00[00]{00]01]0.1] 0.7
Min 00[00(00({00[00[00]00]02] 0.8
Max 00(00(00[{00[00[00]02]05]| 23

[00249]
that the ratio of Acryl-EZE to Opadry AMB has an impact on the release of

The dissolution profiles for the formulations are shown in FIG. 15. It is evident

methylphenidate from the drug composition of the formulation, with increased ratios
resulting in an increase in the delay of release.
[00250] A statistical analysis was performed and an experimental model was

established. The dissolution data for additional formulations were predicted based
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on the model and are presented in Table 37. The actual dissolution profiles for barrier
layer composition (a)-(i) along with the predicted dissolution profiles for P1-P12 are

shown in FIGs. 16-18.

Table 37
Predicted Values

Acryl-EZE/ Coating | 15 30 | 45 | 60 90 120

Opdry AMB wt min | min | min | min | min min
Pl 5 24 0.5 25148 | 76 12.6 18.1
P2 5 30 0.2 16| 36| 63 11.2 16.8
P3 5 36 -0.1 0712451 98 15.5
P4 6 24 03 18| 34| 56 95 14.0
P5 6 30 0.1 1.1 ] 25| 46 8.3 12.8
P6 6 36 -0.1 05] 16| 3.6 72 11.6
P7 7 24 0.2 1.1 ] 21| 3.6 6.5 99
P8 7 30 0.1 07115129 55 8.8
P9 7 36 0.0 02 ] 08|22 4.5 7.7
P10 8 24 0.0 04|07 ]| 16 34 58
P11 8 30 0.0 02104 |12 2.6 4.8
P12 8 36 0.0 00 1] 01] 08 1.9 38

EXAMPLE 9 (PROPHETIC): MODIFIED DRUG COMPOSITION
FORMULATIONS
[00251] Based on the in-vivo data of Example 6, Treatment C (Formulation 3) had a

higher AUC than Treatment B (Formulation 2) as shown in Table 38. These two
formulations differ only in the drug composition of the formulations. Treatment B
(Formulation 2) has a relatively slow release drug composition while Treatment C
(Formulation 3) has a relatively fast release drug composition. Without intending to
be bound by any particular theory, some drug may have been retained in the matrix
of Treatment B (Formulation 2)’s drug composition and not released in time in the
stomach. Therefore, it may be desireable to have formulations with a faster release

drug composition. Table 39 shows the potential ER formulations.
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Table 38

Treatment A Treatment B Treatment C Treatment D Treatment E

{44 mg) {44 mg) {44 mg) {44 mg) {36 mg)
Cmax 10.89 8.86 10.98 11.38 8.09
(ng/mL) (0.96) (0.8) (0.93) (1.02) (0.64)
Tmax* 3.0 4.0 4.5 4.5 7.0
{hr) [2.0-5.0) [3.0-8.0] [3.0-5.0] [3.0-6.0] [1.5-8.0]
AUC24 79.17 76.36 86.76 87.54 85.51
(ng*hr/mL) (7.5) (6.12) (5.53) (6.93) (5.73)
AUClast 83.25 81.25 89.95 91.6 85.51
(ng*hr/mL) (8.16) (6.11) (6.6) (7.61) (5.73)
AUCinf 89.89 85.31 93.57 95.20 87.86
(ng*hr/mL) (7.67) (6.03) (6.89) (7.51) (5.83)
F (%) 84.23 80.18 87.45 88.50 100

(4.11) (3.44) (3.46) (3.38)

Table 39
Formulation Composition (% w/w)
Cab-
Triacetin O- | Gelucire | Fill Wt
FormulationID | MPH | SAIB (TA) IPM | CAB | sil 44/14 (mg) Total | SAIB/TA

Formulation5 | 20.00 | 37.86 | 29.12 | 6.40 | 4.80 | 0.80 1.00 180.00 | 99.98 1.30

Formulation 6 | 20.00 | 37.25 | 28.75 | 6.40 | 4.80 | 0.80 2.00 180.00 | 100.00 1.30

Formulation7 | 20.00 | 33.50 | 33.50 | 6.40 | 4.80 | 0.80 1.00 180.00 | 100.00 1.00

Formulation 8 | 20.00 | 33.00 | 33.00 | 6.40 | 4.80 | 0.80 2.00 180.00 | 100.00 1.00

Formulation9 | 20.00 | 35.50 | 31.00 | 6.40 | 4.80 | 0.80 1.50 180.00 | 100.00 1.15

EXAMPLE 10: CLINICAL STUDY TO EVALUATE SAFETY AND EFFICACY OF
CONTROLLED RELEASE METHYLPHENIDATE HCL DOSAGE FORM
[00252] Based on the PK results provided in the study described in Example 6,

controlled release methylphenidate HCI formulations, Formulation 4 (44 mg
methylphenidate HCI) and variants of Formulation 4 having a total methylphenidate
HCl loading of 22 mg (Formulations 10) or 33 mg (Formulation 11), were tested for
efficacy in children and adolescents with ADHD as described below.
Materials and Methods

[00253] Formulations: The composition of Formulation 4 and its preparation are
described in Example 3. Formulations 10 (22 mg MPH) and Formulation 11 (33 mg
MPH) were prepared as described in Example 3 for Formulation 4, with the

exception of the utilization of different fill and coating weights and the use of
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different Opadry® II film coatings as indicated below. The components of the drug

composition and the layers coated on the capsules for Formulations 10 and 11 are

shown in the following tables. Amounts are % w/w unless otherwise noted.

Table 40: Formulation 10 Drug Composition

Formulation MPH | SAIB |Triacetin| IPM | cap |C40-0-| Gelucire | gy Fill Wij Capsule
Sil 44/14 (mg) Size
Drug Composition |20.00% [37.86% [29.12% [06.40% |4.80% |0.80% |[1.00% 0.02% 90 (HPdlf\/IC)
Table 41: Formulation 10 — First, Second, and Third Layers
Pharggzcoat Acryl-EZE Opadry Opadry II | Coating
Formulation Coating Layers MPH HPMC E3 White AMB White | Yellow Wt
(93018509) | (80W68912) | (85F12398) | (mg)
(2910)
(D). Barrier Layer 70% 30% 24
Layers (I): Drug Layer 33.33% 66.67% 12
(II): Film Coating 100% 7
Layer
Table 42: Formulation 11 Drug Composition
Cab-O- | Gelucire® FIll 1 capsule
Formulation MPH | SAIB |Tracetin| TPM | CAB | & " BHT | Wt bt
Sil® 44/14 Size
(ng)
Drug Composition |20.00% |37.86% |29.12% [6.40% |4.80% |0.80% |1.00% 0.02% 135 (HPdlf\/IC)
Table 43: Formulation 11 — First, Second, and Third Layers
Pharggzcoat Acryl-EZE Opadry Opadry II | Coating
Formulation Layers MPH HPMC E3 White AMB White Gray Wt
2910) (93018509) | (80W68912) | (85F17644) | (mg)
(I): Barrier Layer 70% 30% 24
Layers (II): Drug Layer 33.33% 66.67% 18
(II): Film Coating
7
Layer
[00254] Study Procedures: A Phase III, multi-center, randomized, double-blind,

placebo controlled, two-way crossover study was designed and conducted as set forth

below to observe the efficacy of controlled release methylphenidate HCI in children

and adolescents with ADHD age 6 to 18 years old.

[00255]

The study was comprised of four main phases: a screening period lasting about

14 days, an open-label titration period lasting 2 to 4 weeks, a double-blind and
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placebo controlled two-way cross-over study period of 4 weeks (2 weeks for Period 1
and 2 weeks for Period 2), then a follow-up phase of 2 weeks. Subjects with
documented diagnosis of Attention Deficit Hyperactivity Disorder (ADHD) and
verified by investigators using the Diagnostic & Statistical Manual for Mental
Disorders-Fifth Edition (DSM-5) were screened for eligibility after providing
informed consent. Only subjects who had received ADHD treatment for less than 1
year and those who had not received other ADHD treatments within 30 days prior to
screening baseline (Day 0) were enrolled. There were 110 subjects enrolled in this
study, of which 99 evaluable subjects completed the study. The patients were
subjected to the dose titration period to determine the optimal dose for controlled
release methylphenidate HCI treatment.

[00256] All subjects received 22 mg controlled release methylphenidate HCI for the
first week; dose titration was determined by investigators at Visit 3 (Day 7) based on
the clinical presentation, safety, and the assessments from parents. For subjects who
did not require dose adjustment, 22 mg controlled release methylphenidate HCI was
administered for another week before randomization; the cross-over period for these
subjects began on Day 15.

[00257] When dose titration was deemed necessary, subjects received 33 mg controlled
release methylphenidate HCI for 1 week and were re-evaluated on Visit 4 (Day 14).
Subjects whose optimal dose was 33 mg received 33 mg controlled release
methylphenidate HCI for another week before randomization; the cross-over period
for these subjects began on Day 22. When further dose titration was deemed
necessary, subjects received 44 mg controlled release methylphenidate HCI for 1
week and were re-evaluated on Visit 5 (Day 21). Subjects whose optimal dose was
44 mg received 44 mg controlled release methylphenidate HCI for another week
before randomization; the cross-over period for these subjects began on Day 29.

[00258] At the last day of the titration period (Day 14 for 22 mg, Day 21 for 33 mg
group, and Day 28 for 44 mg group), subjects were randomly assigned to receive
controlled release methylphenidate HCI at their optimal dose or placebo at a 1:1 ratio
according to the randomization scheme during each study period (Period 1 and
Period 2) at treatment phase; no washout period was included between the two
treatment periods.

[00259] The primary objective of this study was to determine the Swanson, Nolan, and
Pelham-IV (SNAP-IV) teacher form score (Gau, S. S., C. H. Lin, et al. (2009).
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“Psychometric properties of the Chinese version of the Swanson, Nolan, and Pelham,

Version IV Scale-Teacher Form.” J Pediatr Psychol 34(8): 850-861) of children and

adolescents with ADHD who were administered controlled release methylphenidate

HCI versus those who were administered placebo.

[00260] The intent-to-treat (ITT) population was comprised of all subjects who were

randomized, received at least one dose of study treatment, and completed at least one

primary efficacy endpoint assessment.

[00261] Primary Endpoint: To compare the change from baseline of SNAP-IV teacher

form score between children and adolescents with ADHD who were administered

controlled release methylphenidate HCI versus those who were administered placebo

at Period 1 and Period 2.

Results

[00262] Treatment with controlled release methylphenidate HCI showed a statistically

significant improvement in ADHD symptom control compared to placebo (p =

0.0044 for the SNAP-1IV teacher form total score change for the intent-to-treat

population). No serious adverse events were reported during the trial, and the adverse

event profile was consistent with the established safety profile of extended-release

methylphenidate products.

EXAMPLE 11: STABILITY STUDY FOR CONTROLLED RELEASE

METHYLPHENIDATE HCL DOSAGE FORM

[00263] A stability study was conducted for Formulations 4, 10 and 11 from the Phase

IIT study.

Materials and Methods

[00264] The following apparatus and conditions were utilized to determine drug

release from the formulations over time:

Table 44: Dissolution Conditions:

Dissolution Medium:

950 mL of 0.1 N Hydrochloric acid

Apparatus:

USP apparatus II;, 50 rpm (with spiral stainless sinker)

Temperature:

37+£0.5C

Amount of sampling:

1 mL (without replacement)

Filter:

10-pm UHMWPE

Sampling Time:

0.25,05,1,1.5,2,3,6,9, 12, and 24 hours
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[00265] An Assay to calculate the content of Methylphenidate HCI as percent of Label
Strength (%LS) was conducted as follows:

[00266] Five capsules were weighed and transferred into separate volumetric flasks,
10% of the volume of each flask of extraction solution (1 mM Phosphoric Acid) was
added to each flask. The capsules were sonicated at 37°C for 15 minutes or until the
capsule shell dissolved and separated from the formulation. 15% of the volume of
each flask of acetonitrile was added into each flask and shaken at 300 rpm for 30 —
45 minutes or until all the formulation was broken into small pieces. The flask
contents were then mixed well.

[00267] About 40% of the volume of each flask of extraction solution was added into
each flask and the sample was placed on the mechanical shaker at 300 rpm for 15 —
30 minutes. The sample was diluted to volume with extraction solution and mixed
well. About 1.5 mL of the solution was centrifuged at 10,000 rpm for 10 minutes or
3500 rpm for at least 30 minutes. The clear supernatant was collected for HPLC
analysis. An organic impurity test was also conducted with supernatant collected for
HPLC analysis as described above.

[00268] Water content was determined using the Karl Fischer Titration Method as set
forth in USP <921> Method 1C.

Results

[00269] The results of the stability study are provided in Figures 19A-21B. These

results indicate that the Dissolution profile, % of Label Strength, Organic Impurities,

Microbial Count and Water Content were acceptable.
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CLAIMS

What is claimed is:

1.

A dosage form, comprising:

a drug composition comprising sucrose acetate isobutyrate and a first

pharmacologically active agent comprising methylphenidate;

a barrier layer covering at least a portion of the drug composition; and

a drug layer covering at least a portion of the barrier layer, wherein the drug
layer comprises a second pharmacologically active agent comprising
methylphenidate, and

wherein initial release of the first pharmacologically active agent from the
dosage form occurs at a time of 5 minutes to 120 minutes when assayed by USP
Apparatus Il using 750 mL of 0.1 N HCI dissolution medium, a paddle speed of 50

rpm, and a dissolution medium temperature of 37 °C.

The dosage form of claim 1, wherein the first pharmacologically active agent is
present in the drug composition at from 10% to 50% w/w relative to the total weight

of the drug composition.

The dosage form of any one of claims 1 and 2, wherein the drug composition is

encapsulated in a capsule and the barrier layer covers at least a portion of the capsule.

The dosage form of any one of claims 1 to 3, wherein the sucrose acetate isobutyrate

is present at 30% to 60% w/w relative to the total weight of the drug composition.

The dosage form of any one of claims 1 to 4, wherein the drug composition comprises

an organic solvent.

The dosage form of claim 5, wherein the organic solvent is present at 0.1% to 45%

w/w relative to the total weight of the drug composition.
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10.

11.

12.

13.

14.

15.

16.

The dosage form of any one of claims 5 and 6, wherein the organic solvent comprises
at least one member selected from triacetin, N-methyl-2-pyrrolidone, 2-pyrrolidone,

dimethylsulfoxide, ethyl lactate, propylene carbonate, and glycofurol.

The dosage form of any one of claims 1 to 7, wherein the drug composition comprises

a rheology modifier.

The dosage form of claim 8, wherein the rheology modifier is present at 0.1% to 20%

w/w relative to the total weight of the drug composition.

The dosage form of any one of claims 8 and 9, wherein the rheology modifier
comprises at least one member selected from a caprylic/capric triglyceride, isopropyl
myristate, ethyl oleate, triethyl citrate, dimethyl phthalate, labrafil, labrasol, a
polyglycolized glyceride, and benzyl benzoate.

The dosage form of any one of claims 1 to 10, wherein the drug composition

comprises a network former.

The dosage form of claim 11, wherein the network former is present at 0.1% to 20%

w/w relative to the total weight of the drug composition.

The dosage form of any one of claims 11 and 12, wherein the network former
comprises at least one member selected from a cellulose acetate butyrate, a
carbohydrate polymer, an organic acid of a carbohydrate polymer, a hydrogel, a
cellulose acetate phthalate, an ethyl cellulose, a triblock copolymer, an acrylic
polymer, hydroxyl propyl methyl cellulose, cellulose triacetate, and poly(methyl

methacrylate).

The dosage form of any one of claims 1 to 13, wherein the drug composition

comprises a viscosity enhancing agent.

The dosage form of claim 14, wherein the viscosity enhancing agent is present at

0.01% to 10% w/w relative to the total weight of the drug composition.

The dosage form of any one of claims 1 to 15, wherein the drug composition

comprises a polyoxylglyceride.
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17.

18.

19.

20.

21.

22.

23.

The dosage form of claim 16, wherein the polyoxylglyceride is present at 0.1% to 5%

w/w relative to the total weight of the drug composition.

The dosage form of any one of claims 1 to 17, wherein the barrier layer comprises at
least one member selected from cellulose acetate phthalate, HPMC phthalate, HPMC
acetate succinate, polyvinyl acetate phthalate, cellulose acetate trimelitate,

methyacrylic acid copolymer, shellac, and zein.

The dosage form of any one of claims 1 to 18, wherein the barrier layer comprises at
least one member selected from a hydrophobic cellulose, a polyalcohol, magnesium

stearate, and silicon dioxide.

The dosage form of any one of claims 1 to 19, wherein the barrier layer comprises a

methacrylic acid copolymer and a polyvinyl alcohol.

The dosage form of any one of claims 1 to 20, wherein the dosage form comprises a

coating layer covering at least a portion of the drug layer.

The dosage form of claim 21, wherein the coating layer comprises a polyvinyl

alcohol.

A dosage form, comprising:
a capsule comprising
an extended release (ER) composition encapsulated therein, the ER
composition comprising
methylphenidate (MPH) at 15% to 25% w/w relative to the
total weight of the ER composition,
sucrose acetate isobutyrate at 35% to 45% w/w relative to the
total weight of the ER composition,
an organic solvent at 20% to 35% w/w relative to the total
weight of the ER composition,
a first layer covering at least a portion of the capsule, the first layer comprising
a methacrylic acid copolymer at 60% to 90% w/w relative to the total
weight of the first layer, and
a polyvinyl alcohol at 40% to 10% w/w relative to the total weight of

the first layer;
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a second layer covering at least a portion of the first layer,
the second layer comprising
MPH at 25% to 40% w/w relative to the total weight of the second
layer, and
a bulking agent at 75% to 60% w/w relative to the total weight of the

second layer.

24. An oral dosage form, comprising:
a capsule comprising
an extended release (ER) composition encapsulated therein, the ER
composition comprising
methylphenidate (MPH) at 15% to 25% w/w relative to the
total weight of the ER composition,
sucrose acetate isobutyrate (SAIB) at 25% to 40% w/w relative
to the total weight of the ER composition,
triacetin at 25% to 35% w/w relative to the total weight of the
ER composition,
isopropyl myristate (IPM) at 5% to 10% w/w relative to the
total weight of the ER composition,
cellulose acetate butyrate (CAB) at 2% to 7% w/w relative to
the total weight of the ER composition,
silicon dioxide at 0.5% to 1% w/w relative to the total weight
of the ER composition, and
a polyoxylglyceride at 0.5% to 2.5% w/w relative to the total
weight of the ER composition; and
a first layer covering the capsule, the first layer comprising
a methacrylic acid copolymer at 65% to 75% w/w relative to
the total weight of the first layer, and
a polyvinyl alcohol-based moisture barrier material at 25% to
35% wiw relative to the total weight of the first layer;
a second layer covering the first layer, the second layer comprising
MPH at 30% to 40% w/w relative to the total weight of the

second layer, and
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hydroxypropyl methylcellulose (HPMC) at 70% to 60% w/w
relative to the total weight of the second layer; and

a third layer covering the second layer.
25. The dosage form of any one of claims 1 to 24 for use in therapy.
26. Use of the dosage form of any one of claims 1 to 24 in the manufacture of a
medicament for the treatment of Attention Deficit Disorder (ADD) or Attention

Deficit Hyperactivity Disorder (ADHD) in a subject, wherein the medicament is to be

administered orally to the subject on a once daily (QD) basis.
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