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CLAIMS

What is claimed is:

1. A method of designing an oral drug dosage form having a fixed amount of a drug and a
desired composite pharmacokinetic (PK) profile in an individual,
wherein the oral drug dosage form comprises a dosage unit comprising;
a first modulated-release (MR1) portion comprising the drug; and
a second modulated-release (MR2) portion comprising the drug,
the method comprising;
(a) obtaining a MR1 PK curve of a MR1 precursor drug dosage form comprising the MR1
portion in the individual;
(b) obtaining a MR2 PK curve of a MR2 precursor drug dosage form comprising the MR2
portion in the individual; and
(c) determining the relative amounts of the drug in the MR1 portion and the MR2 portion
based on the MR1 PK curve and MR2 PK curve such that the MR1 portion and the
MR2 portion when combined together produce the oral drug dosage form having the

desired composite PK profile in the individual.

2. A method of designing an oral drug dosage form having a fixed amount of a drug and a
desired composite pharmacokinetic (PK) profile in an individual,
wherein the oral drug dosage form comprises a dosage unit comprising;
a first modulated-release (MR1) portion comprising the drug; and
a second modulated-release (MR2) portion comprising the drug,
the method comprising;
determining the relative amounts of the drug in the MR1 portion and the MR2 portion
based on a MR1 PK curve of a MR1 precursor drug dosage form comprising the MR1
portion in the individual, and a MR2 PK curve of a MR2 precursor drug dosage form
comprising the MR2 portion in the individual such that the MR1 portion and the MR2
portion when combined together produce the oral drug dosage form having the desired

composite PK profile in the individual.
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The method of claim 2, further comprising obtaining the MR2 PK curve of the MR2 precursor
drug dosage form comprising the MR2 portion in the individual.

The method of claim 2 or 3, further comprising obtaining the MR1 PK curve of the MR1

precursor drug dosage form comprising the MR1 portion in the individual.
The method of any one of claims 1-4, wherein the individual is a human.

The method of any one of claims 1-4, wherein the individual is selected from the group

consisting of a dog, a rodent, a ferret, a pig, a guinea pig, a rabbit, and a non-human primate.
The method of any one of claims 1-6, wherein the drug has linear pharmacokinetics.

The method of any one of claims 1-7, wherein the MR1 portion is a MR1 layer.

The method of any one of claims 1-8, wherein the MR2 portion is a MR2 layer.

The method of any one of claims 1-9, wherein the MR1 portion is an immediate-release (IR)

portion, the IR portion having an immediate-release profile.

The method of any one of claims 1-10, wherein the MR2 portion is an extended-release (ER)

portion, the ER portion having an extended-release profile.

The method of any one of claims 1-9, wherein the MR1 portion is a first extended-release (ER)

portion, the first ER portion having an extended-release profile, and wherein the MR2 portion
is a second extended-release (ER) portion, the second ER portion having an extended-release

profile.

The method of any one of claims 1-12, wherein the MR1 portion and the MR2 portion are

stacked on top of each other.

The method of any one of claims 1-12, wherein the MR1 portion and the MR2 portion are

positioned side-by-side with each other.
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The method of claim 13 or 14, wherein the MR1 portion and MR2 portion are partially

surrounded by a shell, and wherein the shell has a slower dissolution rate than the ER portion.
The method of claim 15, wherein the shell is non-erodible.

The method of claim 15 or 16, wherein the MR1 portion has a top surface and a bottom
surface, wherein the MR2 portion has a top surface and a bottom surface, and wherein the
shell is 1n direct contact with both the MR1 portion and the MR2 portion and leaves one
surface of the MR1 portion and/or one surface of the MR2 portion exposed.

The method of claim 17, wherein the MR1 portion is stacked on top of the MR2 portion, and

wherein the shell leaves only the top surface of the MR1 portion exposed.

The method of claim 18, wherein the bottom surface of the MR1 portion is in direct contact

with the top surface of the MR2 portion.

The method of claim 18 or 19, wherein the dosage unit further comprises a third modulated-
release (MR3) portion, wherein the MR3 portion is an IR portion, the IR portion having an

immediate-release profile.

The method of claim 20, wherein the MR3 portion has a top surface and a bottom surface,
wherein the MR2 portion is stacked on top of the MR3 portion, and wherein the shell leaves
only the top surface of the MR1 portion exposed.

The method of claim 21, wherein the bottom surface of the MR2 portion is in direct contact
with the top surface of the MR3 portion.

The method of claim 17, wherein the MR2 portion is stacked on top of the MR1 portion, and

wherein the shell leaves only the top surface of the MR2 portion exposed.

The method of claim 23, wherein the bottom surface of the MR2 portion is in direct contact
with the top surface of the MR1 portion.
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The method of claim 17, wherein the MR1 portion is stacked on top of the MR2 portion, and
wherein the shell leaves the top surface of the MR1 portion and the bottom surface of the MR2

portion exposed.

The method of claim 25, wherein the bottom surface of the MR1 portion is in direct contact
with the top surface of the MR2 portion.

The method of claim 25, wherein the shell is between the MR1 portion and the MR2 portion.

The method of claim 25, wherein the dosage unit further comprises an intermediate portion,

wherein the intermediate portion is between the MR1 portion and the MR2 portion.

The method of claim 17, wherein the MR1 portion and the MR2 portion are positioned side-
by-side with each other, wherein the shell leaves the top surface of both the MR1 portion and
the MR2 portion exposed.

The method of claim 29, wherein the MR1 portion has a side surface, wherein the MR2
portion has a side surface, and wherein the side surface of the MR1 portion is in directed

contact with the side surface of the MR2 portion.
The method of claim 29, wherein the shell separates the MR1 portion and the MR2 portion.

The method of claim 29, wherein the dosage unit further comprises an intermediate portion,

wherein the intermediate portion is between the MR1 portion and the MR2 portion.

The method of any one of claims 1-32, wherein the oral drug dosage form comprises two

dosage units.
The method of claim 33, wherein the two dosage units are the same.
The method of claim 33, wherein the two dosage units are different.

The method of any one of claims 33-35, wherein the two dosage units are stacked back-to-
back.
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The method of claim 36, wherein the two dosage units are separated by the shell.

The method of claim 36, wherein the two dosage units are separated by an intermediate

portion.

The method of any one of claims 1-38, wherein at least 80% the MR1 portion erodes within

about 60 minutes following administration of the oral drug dosage form to the individual.
The method of claim 29, wherein the MR1 portion comprises an erodible material.

The method of any one of claims 1-40, wherein the MR2 portion comprises an erodible
material, and wherein the drug contained in the MR2 portion is released from the oral drug

dosage form over a period of at least about 5 hours.

The method of any one of claims 1-41, wherein the desired composite PK profile is
determined based on having an area under the curve (AUC) and Cp,x within an acceptable

threshold of a reference PK curve of the drug.

The method of claim 42, wherein the desired composite PK profile is further determined based

on having a ty,, within an acceptable threshold of a reference PK curve of the drug.

The method of any one of claims 1-43, wherein the method comprises selecting one or more
parameters for the MR2 portion to obtain a desired release profile of the drug from the MR2

portion.

The method of claim 44, wherein the one or more parameters is selected from the group
consisting of: thickness, surface area, substrate erosion rate, and drug concentration in the

MR2 portion.

The method of any one of claim 1-45, further comprising determining the MR1 PK curve and
the MR2 PK curve and adjusting the relative amounts of the drug in the MR1 portion and the
MR2 portion.
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The method of any one of claims 1-46, further comprising determining a composite PK curve

of the oral drug dosage form.

The method of claim 47, further comprising adjusting the relative amounts of the drug in the
MR portion and the MR2 portion based on a comparison of the composite PK curve and the

desired composite PK profile.

The method of any one of claims 1-48, further comprising producing the oral drug dosage

form.

The method of claim 49, wherein the oral drug dosage form is produced by three-dimensional

printing,

The method of claim 50, wherein the three-dimensional printing is carried out by fused

deposition modeling (FDM).

The method of claim 50, wherein the three-dimensional printing is carried out by melt

extrusion deposition (MED).

A method of three-dimensional printing of an oral drug dosage form designed according to

any one of claims 1-52.
An oral drug dosage form produced by the method of claim 53.

An oral drug dosage form comprising a fixed amount of a drug formulated and configured to
have a desired composite pharmacokinetic (PK) profile, the oral drug dosage form having two
dosage units stacked back-to-back, wherein each dosage unit comprises:
an immediate-release (IR) portion comprising the drug, the IR portion having an
immediate-release profile;
an extended release (ER) portion comprising the drug, the ER portion having an extended-
release profile; and

a shell,
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wherein the IR portion has a top surface and a bottom surface, wherein the ER portion
has a top surface and a bottom surface, wherein the shell partially surrounds the IR
portion and the ER portion, and wherein the shell is in direct contact with both the
IR portion and the ER portion and leaves one surface of the IR portion and/or one

surface of the ER portion exposed.

The oral drug dosage form of claim 55, wherein the drug has linear pharmacokinetics.
The oral drug dosage form of claim 55 or 56, wherein the shell is non-erodible.

The oral drug dosage form of any one of claims 55-57, wherein the IR portion and the ER

portion are stacked on top of each other.

The oral drug dosage form of any one of claims 55-57, wherein the IR portion and the ER

portion are positioned side-by-side with each other.

The oral drug dosage form of claim 58, wherein, at least in one of the dosage units, the IR
portion is stacked on top of the ER portion, and wherein the shell leaves only the top surface

of the IR portion exposed.

The oral drug dosage form of claim 60, wherein the bottom surface of the IR portion is in

direct contact with the top surface of the ER portion.

The oral drug dosage form of claim 60 or 61, wherein the dosage unit further comprises a
second IR portion, wherein the second IR portion has a top surface and a bottom surface,
wherein the ER portion is stacked on top of the second IR portion, and wherein the shell

leaves only the top surface of the IR portion exposed.

The oral drug dosage form of claim 62, wherein the bottom surface of the ER portion is in

direct contact with the top surface of the second IR portion.
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The oral drug dosage form of claim 58, wherein, at least in one of the dosage units, the ER
portion is stacked on top of the IR portion, and wherein the shell leaves only the top surface of

the ER portion exposed.

The oral drug dosage form of claim 64, wherein the bottom surface of the ER portion is in

direct contact with the top surface of the IR portion.

The oral drug dosage form of claim 59, wherein, at least in one of the dosage units, the IR
portion and the ER portion are positioned side-by-side with each other, and wherein the shell

leaves the top surface of both the IR portion and the ER portion exposed.

The oral drug dosage form of any one of claims 55-66, wherein the two dosage units are the

same.

The oral drug dosage form of any one of claims 55-66, wherein the two dosage units are

different.

The oral drug dosage form of any one of claims 55-68, wherein substantially all of the IR
portion erodes within at least about 20 minutes following administration of the oral drug

dosage form to an individual.
The oral drug dosage form of claim 69, wherein the IR portion comprises an erodible material.

The oral drug dosage form of any one of claims 55-70, wherein the ER portion comprises an
erodible material, and wherein the drug contained in the ER portion is released from the oral

drug dosage form over a period of at least about 6 hours.
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