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The present invention Is directed to treatment methods for a disease or condition, In a subject in need of such treatment, that

provide alternatives to treatment by Injection that give, relative to treatment by Injection, improved treatment outcomes, 100%
treatment compliance, reduced side effects, and rapid establishment and/or termination of substantial steady-state drug delivery.
The method typically includes providing continuous delivery of a drug from an implanted osmotic delivery device, wherein
substantial steady-state delivery of the drug at therapeutic concentrations Is typically achieved within about 7 days or less after
iImplantation of the osmotic delivery device In the subject and the substantial steady-state delivery of the drug from the osmotic
delivery device Is continuous over a period of at least about 3 months. In one embodiment, the present invention Is directed to
treatment of type 2 diabetes mellitus using incretin mimetics.
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(54) Title: RAPID ESTABLISHMENT AND/OR TERMINATION OF SUBSTANTIAL STEADY-STATE DRUG DELIVERY

(57) Abstract: The present mvention 1s directed to treatment methods for a disease or condition, n a

subject in need of such treatment, that provide alternatives to treatment by injection that give, relative to
treatment by injection, improved treatment outcomes, 100% treatment compliance, reduced side effects,
and rapid establishment and/or termination of substantial steady-state drug delivery. The method typi-
cally includes providing continuous delivery of a drug from an implanted osmotic delivery device,
wherein substantial steady-state delivery of the drug at therapeutic concentrations 1s typically achieved
within about 7 days or less after implantation of the osmotic delivery device m the subject and the sub-
stantial steady-state delivery of the drug from the osmotic delivery device 1s continuous over a period of
at least about 3 months. In one embodiment, the present invention 1s directed to treatment of type 2 dia-
betes mellitus using incretin mimetics.
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RAPID ESTABLISHMENT AND/OR TERMINATION OF SUBSTANTIAL STEADY-
STATE DRUG DELIVERY

Technical Field

[0002] The present invention relates to organic chemistry, formulation chemistry, and
peptide chemistry applied to pharmaceutical research and development. Aspects of the
present invention include, but are not limited to, methods of treatment for a disease or
condition in a subject in need of such treatment. In one embodiment the disease is type 2

diabetes mellitus.

Background of the Invention
[0003] A variety of drug dosage forms and methods of drug administration have been
developed for delivery of drugs to mammals, in particular, for delivery of drugs to humans
(see, e.g., the Merck Manual of Diagnosis and Therapy, 18th edition, Published by Merck
Sharp & Dohme Corp., Whitehouse Station, NJ). Such dosage forms include, for example,
use of the following routes of administration: oral: injection (e.g., intravenously,
intramuscularly, intrathecally, or subcutaneously); implantation (e.g., subcutaneous); and
across a skin or mucosal barrier (e.g., sublingual, rectal, vaginal, ocular, nasal, inhalation into
the lungs, topical, or transdermal). Each route of administration has spectfic purposes,
advantages, and disadvantages.
[0004] The oral route of administration is the most common and generally considered
to be the most convenient. Oral administration, however, poses some limitations because
drugs administered by this route are exposed to the harsh conditions of the digestive system.
Other routes of administration may be required when the oral route cannot be used.
[0005] When drugs are prepared for administration by injection (e.g., subcutaneous,

intramuscular, intravenous, or intrathecal administration), the drug can be formulated in a

variety of ways including formulations that prolong drug absorption from the injection site
for hours, days, or longer. Such formulations are typically used for subcutaneous injection.

Injectable products formulated for prolonged delivery typically are not administered as often
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as 1njectable drug products having more rapid absorption. Subcutaneous administration is
used for many protein or peptide drugs because such drugs are typically broken down by the
digestive system to inactive forms if taken orally. Subcutaneous administration of a drug
typically requires frequent self-injection, for example, one or more times daily or once-
weekly injections.

[0006] When a large volume of a drug product is required, intramuscular
administration 1s generally the preferred route of administration. Typically, intramuscular
administration of drugs 1s by injection into the muscle of the upper arm, thigh, or buttock.
The rate of drug absorption into the bloodstream in large part depends on the blood supply to
the muscle, that 1s, the more blood supply the faster the drug is absorbed.

[0007] Intravenous drug administration requires that a needle be inserted directly into
avein. A drug may be given in a single dose or continuously infused. For infusion, a drug
solution 1s either delivered using gravity (e.g., from a collapsible plastic bag) or using an
infusion pump through a tube inserted in a vein, usually in the forearm. An intravenous
injection can be more difficult to administer than a subcutaneous or intramuscular injection,
for example, because inserting a needle or catheter into a vein may be difficult, drugs
typically must be mixed within a relatively short time before beginning administration, there
s an increased chance of infection (e.g., abscessed infections of injection sites caused by lack
of hygiene and/or a lack of correct aseptic technique), and over time there is scarring damage
to the peripheral veins.

[0008] When drugs are administered by intravenous injection it is often desirable for
health care practitioners to closely monitor subjects for signs that the drug is working and that
the drug is not causing undesired side effects. Typically, the effect of intravenously
administered drugs tends to last for a shorter periods of time than drugs administered by
subcutaneous injection or intramuscular injection. Therefore, some drugs must be
administered by continuous infusion to provide appropriate therapeutic effect. Because of the
difficulties associated with intravenous drug administration it is most typically used in
hospital or skilled care settings; it is rarely used for long-term self-administered treatment.
[0009] A number of complications negatively impact compliance with injection
treatment regimens, including, but not limited to, the following. A subject being needle
phobic, which is particularly troublesome to a subject when a drug must be self-injected over
extended periods of time. Compliance can also be complicated by the inconvenience of

administration of a drug by injection, for example, when subjects are in public or busy with
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daily activities. Also, frequent self-administration of a drug reminds subjects of their disease
state and carries a stigma associated with the disease and/or treatment.

[0010] The implantable osmotic drug delivery devices of the present invention, and
use of these osmotic delivery devices in methods for the treatment of diseases or conditions in
subjects 1n need of treatment, uniquely address unmet needs of previously described drug
dosage forms and methods of treatment. For example, the present invention provides
treatment of subjects at a target drug dose that is continuously administered over time with
the ability to rapidly establish and sustain over time substantial steady-state drug delivery
while also providing the ability to rapidly terminate administration of the drug. Heretofore,
drug administration via injection has not typically been able to provide rapid establishment
and long-term maintenance (e.g., three months or more) of steady-state drug delivery and,
even 1if that were possible, treatment using drugs administered by injection (e.g., drugs
formulated for prolonged delivery) has not been able to be rapidly terminated. The present
invention also provides for enhanced tolerization of subjects to drug dose escalation relative

to dose escalation performed by administration of drug by injection.

Summary of the Invention
[0011] The present invention generally relates to improved methods of treating
diseases or conditions in subjects in neéd of treatment, wherein the methods of the invention
provide rapid establishment and/or rapid termination of substantial steady-state drug delivery.
Further, the present invention relates to methods of escalating drug dose that provide
improved tolerization of subjects to increased drug dose levels relative to dose escalation by
standard drug injection methods. Preferred subjects for the methods of the present invention
are humans.
[0012] In a first aspect, the present invention relates to methods of treating type 2
diabetes mellitus in a subject in need of treatment. The method comprises providing
continuous delivery of an incretin mimetic from an osmotic delivery device, wherein
substantial steady-state delivery of the incretin mimetic at a therapeutic concentration is
achieved within a time period of about 7 days or less after implantation of the osmotic
delivery device in the subject. The substantial steady-state delivery of the incretin mimetic
tfrom the osmotic delivery device is typically continuous over an administration period of at
least about 3 months. In some embodiments of the invention, the substantial steady-state
delivery of the incretin mimetic at therapeutic concentrations is achieved after implantation of

the osmotic delivery device in the subject within a time period selected from the group
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consisting of about 5 days or less, about 4 days or less, about 3 days or less, about 2 days or
less, or about 1 day or less.

[0013] The substantial steady-state delivery of the incretin mimetic from the osmotic
delivery device 1s continuous over an administration period of, for example at least about 3
months to about a year, at least about 4 months to about a year, at least about 5 months to
about a year, at least about 6 months to about a year, at least about 8 months to about a year,
or at least about 9 months to about a year.

[0014] The method can further comprise providing a significant decrease in the
subject’s fasting plasma glucose concentration after implantation of the osmotic delivery
device in the subject, relative to the subject’s fasting plasma glucose concentration before
implantation of the osmotic delivery device. The decrease is typically obtained within, for
example, about 7 days or less, about 6 days or less, about 5 days or less, about 4 days or less,
about 3 days or less, about 2 days or less, or about 1 day or less. Normally, a significant
decrease in fasting plasma glucose is maintained over the administration period.

[0015] Also, the method can further comprising the capability to terminate the
continuous delivery of the incretin mimetic such that the concentration of the incretin
mimetic 1s substantially undetectable in a blood sample from the subject within about 6 half-
lives or less, about 5 half-lives or less, about 4 half-lives or less, or about 3 half-lives or less
of the incretin mimetic after termination of continuous delivery. When exenatide is the
incretin mimetic, the method can further comprise the capability to terminate the continuous
delivery such that the concentration of exenatide is substantially undetectable in a blood
sample from the subject after termination of continuous delivery in a number of hours
selected from the group consisting of less than about 72 hours, less than about 48 hours, less
than about 24, and less than about 12 hours. In one embodiment, termination of continuous
delivery 1s accomplished by removal of the osmotic delivery device from the subject. The
incretin mimetic is, for example, detected by a radioimmunoassay.

[0016] Osmotic delivery devices for use in the methods of the present invention can
comprise the components described herein including, but note limited to, a reservoir, a semi-
permeable membrane, an osmotic engine, a piston, a suspension formulation, and a diffusion
moderator.

[0017] Suspension formulations for use in the present invention typically comprise a
particle formulation comprising an incretin mimetic, and a vehicle formulation. Examples of
incretin mimetics useful in the practice of the present invention include, but are not limited to,

exenatide peptides, exenatide peptide analogs, exenatide peptide derivatives, GLP-1 peptides,
4
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GLP-1 peptide analogs, or GLP-1 peptide derivatives. Examples of preferred incretin
mimetics useful 1n the practice of the present iﬁvention include exenatide having the amino
acid sequence of exendin-4, lixisenatide, GLP-1(7-36), liraglutide, albiglutide, and
taspoglutide. In some embodiments, the vehicle formulation comprises a solvent (e.g., benzyl
benzoate, lauryl lactate, and/or lauryl alcohol) and a polymer (e.g., polyvinvylpyrrolidone).
[0018] In some embodiments of the present invention, the continuous delivery
provides to the subject a mcg/day dose of exenatide selected from the group consisting of
about 10 mcg/day, about 20 mcg/day, about 30 mcg/day, about 40 mcg/day, about 60
mcg/day, and about 80 mcg/day.

[0019] In another émbodiment of the present invention, the method further comprises
a first continuous administration period of the incretin mimetic at a first mcg/day dose that is
followed by a second continuous administration period providing a dose escalation of the
Incretin mimetic to a second mcg/day dose, wherein the second mcg/day dose is greater than
the first mcg/day dose. The first mcg/day dose is, for example, delivered by a first osmotic
delivery device and the second mcg/day dose is delivered by a second osmotic delivery
device, and delivery of the incretin mimetic from at least the first or the second osmotic
delivery device is continuous over the administration period of at least about 3 months. In
one embodiment, the second mcg/day dose is at least two times greater than the first mcg/day
dose. The method can further comprise at least one more continuous administration period
providing a dose escalation of the ihcretin mimetic to a higher mcg/day dose relative to the
second mcg/day dose.

[0020] Exemplary dose escalations for exenatide are as follows: about 10 mcg/day
followed by about 20 mcg/day; about 10 mcg/day followed by about 40 mcg/day; about 10
mcg/day followed by about 60 mcg/day; about 10 mcg/day followed by about 80 mcg/day:;
about 20 mcg/day followed by about 40 mcg/day; about 20 mcg/day followed by about 60
mcg/day; about 20 mcg/day followed by about 80 mcg/day; about 40 mcg/day followed by
about 60 mcg/day; about 40 mcg/day followed by about 80 mcg/day; or about 60 mcg/day
followed by about 80 mcg/day.

[0021] In a second aspect, the present invention relates to a method of treating a
disease or condition in a subject in need of treatment. The method typically comprises
providing continuous delivery of a drug from an osmotic delivery device, wherein substantial
steady-state delivery of the drug at therapeutic concentrations is achieved within a time
peniod of about 7 days or less after implantation of the osmotic delivery device in the subject.

The substantial steady-state delivery of the drug from the osmotic delivery device is usually
5
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continuous over an administration period of at least about 3 months, wherein the drug has a
half-life. In one embodiment, the method comprises the proviso that the disease or condition
1S not prostate cancer.

[0022] The method can further comprise the capability to terminate the continuous
delivery such that the concentration of the drug is substantially undetectable in a blood
sample from the within about 6 half-lives or less, about 5 half-lives or less, about 4 half-lives
or less, or about 3 half-lives or less of the drug after termination of continuous delivery. In
one embodiment, termination of continuous delivery is accomplished by removal of the
osmotic delivery device from the subject. The drug is, for example, detected by a
radioimmunoassay or chromatography.

[0023] In another embodiment of the present invention, the method further comprises
a first continuous administration period of the drug at a first dose/day that is followed by a
second continuous administration period providing a dose escalation of the drug to a second
dose/day, wherein the second dose/day is greater than the first dose/day. The first dose/day is,
for example, delivered by a first osmotic delivery device and the second dose/day dose is
delivered by a second osmotic delivery device, and delivery of the drug from at least the first
or the second osmotic delivery device is continuous over the administration period of at least
about 3 months. The method can further comprise at least one more continuous
administration period providing a dose escalation of the drug to a higher dose/day relative to
the second dose/day.

[0024] Osmotic delivery devices for use in the methods of the present invention can
comprise the components described herein including, but not limited to, a reservoir, a semi-
permeable membrane, an osmotic engine, a piston, a drug formulation or a suspension
formulation, and a diffusion moderator. Drug formulations typically comprise a drug and a
vehicle formulation. |

[0025] Suspension formulations for use in the present invention typically comprise a
particle formulation comprising a drug, and a vehicle formulation. In some embodiments, the
drug 1s a polypeptide, for example, a recombinant antibody, antibody fragment, humanized
antibody, single chain antibody, monoclonal antibody, avimer, human growth hormone,
epidermal growth factor, fibroblast growth factor, platelet-derived growth factor,
transforming growth factor, nerve growth factor, a cytokine, or an interferon. In some
embodiments, the vehicle formulation comprises a solvent (e.g., benzyl benzoate, lauryl

lactate, and/or lauryl alcohol) and a polymer (e.g., polyvinvylpyrrolidone).
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[0025a] In accordance with another aspect of the present invention, there is provided use
of an implantable drug delivery device, said drug delivery device providing continuous delivery
of an incretin mimetic to treat type 2 diabetes mellitus in a subject, wherein the implantable drug
delivery device achieves substantial steady-state delivery of the incretin mimetic within a time
period of 5 days or less after said use commences and the substantial steady-state delivery use of
the implantable drug delivery device provides continuous delivery of the incretin mimetic for at
least 3 months.

[0025b] In accordance with another aspect of the present invention, there is provided the
use according to the present invention to provide a significant decrease in fasting plasma glucose
concentration of said subject.

[0025¢] In accordance with another aspect of the present invention, there is provided the
use according to the present invention wherein said drug delivery device is an osmotic delivery
device.

[0025d] In accordance with another aspect of the present invention, there is provided the
use according to the present invention wherein said osmotic delivery device comprises: an
Impermeable reservoir comprising interior and exterior surfaces and first and second open ends,
a semi-permeable membrane in sealing relationship with the first open end of the reservoir, an
osmotic engine within the reservoir and adjacent the semi-permeable membrane, a piston
adjacent the osmotic engine, wherein the piston forms a movable seal with the interior surface of
the reservoir, the piston divides the reservoir into a first chamber and a second chamber, the first
chamber comprising the osmotic engine, a suspension formulation, wherein the second chamber
comprises the suspension formulation and the suspension formulation is flowable and comprises
the incretin mimetic, and a diffusion moderator inserted in the second open end of the reservolr,
the diffusion moderator adjacent the suspension formulation.

[0025¢€] In accordance with another aspect of the present invention, there is provided the
use according to the present invention wherein the suspension formulation comprises: a particle
formulation comprising the incretin mimetic, and a vehicle formulation.

[0025f1] In accordance with another aspect of the present invention, there is provided the
use according to the present invention wherein the vehicle formulation comprises a solvent and a
polymer.

[0025g] In accordance with another aspect of the present invention, there is provided the
use according to the present invention, wherein the solvent is selected from the group consisting

of benzyl benzoate, lauryl lactate, and lauryl alcohol.
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[0025h] In accordance with another aspect of the present invention, there is provided the
use according to the present invention wherein the polymer is a polyvinylpyrrolidone.

[0025i] In accordance with another aspect of the present invention, there is provided the
use according to the present invention wherein the incretin mimetic comprises a GLP-1 peptide,
a peptide analog thereof, or a peptide derivative thereof.

[0025j] In accordance with another aspect of the present invention, there is provided the
use according to the present invention wherein the incretin mimetic is selected from the group
consisting of liraglutide, albiglutide, and taspoglutide.

[0025K] [n accordance with another aspect of the present invention, there is provided the
use according to the present invention wherein the incretin mimetic comprises an exenatide
peptide, a peptide analog thereof, or a peptide derivative thereof.

[0025]] In accordance with another aspect of the present invention, there is provided the
use according to the present invention wherein the incretin mimetic is lixisenatide or exenatide
having the amino acid sequence of exendin-4.

[0025m ] In accordance with another aspect of the present invention, there is provided the
use according to the present invention, wherein the continuous delivery provides to the subject a
mcg/day dose of exenatide selected from the group consisting of about 10 mcg/day, about 20
mcg/day, about 30 mcg/day, about 40 mecg/day, about 60 mcg/day, and about 80 mcg/day.
[0023n] In accordance with another aspect of the present invention, there is provided the
use according to the present invention further comprising the capability to terminate the use such
that the concentration of exenatide is substantially undetectable in a blood sample from the
subject 1n less than 72 hours after termination.

[00250] In accordance with another aspect of the present invention, there is provided use
of an implantable drug delivery device, said drug delivery device providing continuous delivery
of a drug to treat type 2 diabetes mellitus in a subject, wherein the implantable drug delivery
device achieves substantial steady-state delivery of the drug within a time period of 7 days or
less after said use commences and the substantial steady-state delivery use of the implantable
drug delivery device provides continuous delivery of the drug for at least 3 months.

[0025p] In accordance with another aspect of the present invention, there is provided the
use according to the present invention wherein the subject is a human.

[0025¢] In accordance with another aspect of the present invention, there is provided use

of an incretin mimetic to treat type 2 diabetes mellitus.
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[0025r] In accordance with another aspect of the present invention, there is provided a use

of an osmotic delivery device, wherein the osmotic delivery device comprises:
an impermeable reservoir comprising interior and exterior surfaces and first and second

open ends,
a semi-permeable membrane in sealing relationship with the first open end of the
reservoilr,
an osmotic engine within the reservoir and adjacent the semi-permeable membrane,
a piston adjacent the osmotic engine, wherein the piston forms a movable seal with the
interior surface of the reservoir, and the piston divides the reservoir into a first chamber
containing the osmotic engine and a second chamber,
a suspension formulation contained in the second chamber, wherein the suspension
formulation comprises a particle formulation and a vehicle formulation, wherein
the particle formulation comprises exenatide, and
the vehicle formulation comprises a solvent and a polymer,
and
a ditfusion moderator inserted in the second open end of the reservoir, the

diffusion moderator adjacent the suspension formulation,

and wherein the osmotic delivery device achieves substantial steady-state delivery of the
exenatide at a therapeutic concentration in a subject within a time period of 5 days or less after
the use commences and provides continuous delivery of the exenatide in the subject for at least 3
months at a meg/day dose of the exenatide selected from the group consisting of about 10

mcg/day, about 20 mcg/day, about 30 mcg/day, about 40 mcg/day, about 60 mcg/day, and about
80 mcg/day.

[0025s] In accordance with another aspect of the present invention, there is provided the
use of an osmotic delivery device, wherein the significant decrease is within 7 days or less, 6

days or less, 5 days or less, 4 days or less, 3 days or less, 2 days or less, or 1 day or less after the

US€ cCommences.
[0025t] In accordance with another aspect of the present invention, there is provided the
use of an osmotic delivery device, wherein the reservoir comprises titanium or a titanium alloy.
[0025u] In accordance with another aspect of the present invention, there is provided the

use of an osmotic delivery device, further comprising the capability to terminate the use such that

6¢C
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the concentration of the exenatide i1s undetectable in a blood sample from the subject in less than

72 hours after the termination

10025v] In accordance with another aspect of the present invention, there 1s provided the
use of an osmotic delivery device, wherein the concentration of the exenatide 1s undetectable in a
blood sample form the subject in less than 48 hours, less than 24 hours, or less than 12 hours

after the termination.

[0025w] In accordance with another aspect of the present invention, there 1s provided the
use of an osmotic delivery device, wherein the osmotic delivery device provides continuous
delivery of the exenatide to treat type 2 diabetes mellitus 1n the subject.

[0025x] [n accordance with another aspect of the present invention, there is provided an

use of an osmotic dehivery device, wherein the osmotic delivery device comprises:
an impermeable reservoir comprising interior and exterior surfaces and first and second

open ends,

a semi-permeable membrane in sealing relationship with the first open end of the
reservolr,

an osmotic engine within the reservoir and adjacent the semi-permeable membrane,

a piston adjacent the osmotic engine, wherein the piston forms a movable seal with the
interior surface of the reservoir, and the piston divides the reservoir into a first chamber
containing the osmotic engine and a second chamber,

a suspension formulation contained 1n the second chamber, wherein the suspension
formulation comprises a particle formulation and a vehicle formulation, wherein

the particle formulation comprises exenatide, and

the vehicle formulation comprises a solvent and a polymer,

and
a diffusion moderator inserted in the second open end of the reservoir, the
diffusion moderator adjacent the suspension formulation;
wherein the osmotic delivery device achieves substantial steady-state delivery of the exenatide at

a therapeutic concentration in a subject within a time period of 5 days or less after the use
commences and provides continuous delivery of the exenatide in the subject for at least 3 months
at a mcg/day dose of the exenatide selected from the group consisting of about 10 mcg/day,

about 20 mcg/day, about 30 mcg/day, about 40 mcg/day, about 60 mcg/day, and about 80
mcg/day;

od
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and wherein the osmotic delivery device has the capability to terminate the use such that the
concentration of the exenatide is undetectable in a blood sample from the subject in less than 72

hours after the termination.

[0025y] In accordance with another aspect of the present invention, there 1s provided a use

of an osmotic delivery device, wherein the osmotic delivery device comprises:
an impermeable reservoir comprising interior and extertor surfaces and first and

second open ends,
a semi-permeable membrane in sealing relationship with the first open end of
the reservorr,
an osmotic engine within the reservoir and adjacent the semi-permeable membrane,
a piston adjacent the osmotic engine, wherein the piston forms a movable seal with
the interior surface of the reservoir, and the piston divides the reservoir into a first chamber
containing the osmotic engine and a second chamber,
a suspension formulation contained in the second chamber, wherein the

suspension formulation comprises a particle formulation and a vehicle formulation,

wherein
the particle formulation comprises exenatide, and
the vehicle formulation comprises a solvent and a polymer, wherein the solvent
1s selected from the group consisting of benzyl benzoate, lauryl lactate, and
lauryl alcohol and the polymer 1s a polyvinylpyrrolidone,
and

a diffusion moderator inserted in the second open end of the reservoir, the diffusion

moderator adjacent the suspension formulation;
wherein the osmotic delivery device achieves substantial steady-state delivery of the exenatide
at a therapeutic concentration in a subject within a time period of 5 days or less after the use
commences and provides continuous delivery of the exenatide in the subject for at least
3 months at a mcg/day dose of the exenatide selected from the group consisting of about
10 meg/day, about 20 mcg/day, about 30 mcg/day, about 40 mcg/day, about 60 mcg/day, and
about 80 mcg/day;
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and wherein the osmotic delivery device has the capability to terminate the use such that the
concentration of the exenatide 1s undetectable in a blood sample from the subject in less than

72 hours after the termination.

[00257] In accordance with another aspect of the present invention, there is provided a
use, wherein the use further provides a decrease 1n fasting plasma glucose concentration of the
subject.

[0025aa] In accordance with another aspect of the present invention, there 1s provided a
use, wherem the decrease 1s within 7 days or less, 6 days or less, 5 days or less, 4 days or less, 3
days or less, 2 days or less, or 1 day or less after the use commences.

[0025bb] In accordance with another aspect of the present invention, there 1s provided a
use, wherein the use further provides a decrease in hemoglobin Alc (HbAlc) levels of the
subject.

[0025c¢c] In accordance with another aspect of the present invention, there 1s provided a
use, wherein the substantial steady-state delivery of exenatide at therapeutic concentrations is
achieved after the use commences within a time period selected from the group consisting of
about 4 days or less, about 3 days or less, and about 2 days or less, and about 1 day or less.
[0025dd] In accordance with another aspect of the present invention, there is provided a
use, wherein the osmotic delivery device provides continuous delivery of the exenatide in the
subject for at least about 3 months to about a year, at least about 4 months to about a year, at
least about 5 months to about a year, at least about 6 months to about a year, at least about 8
months to about a year, or at least about 9 months to about a year.

[0025¢e] In accordance with another aspect of the present invention, there is provided a
use, wherein the use further comprises a first continuous administration period of exenatide at a
first meg/day dose that is followed by a second continuous administration period providing a
dose escalation of exenatide to a second mcg/day dose, wherein the second mcg/day dose is
greater than the first mcg/day dose.

[002511] In accordance with another aspect of the present invention, there is provided a
use, wherein the first mcg/day dose is delivered by the osmotic delivery device and the second
mcg/day dose 1s delivered by a second osmotic delivery device.

[0025g9] In accordance with another aspect of the present invention, there is provided a

use, wherein the first meg/day dose followed by the second mcg/day dose for continuous

delivery are selected from the group consisting of: about 10 mcg/day followed by about 20
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mcg/day; about 10 meg/day followed by about 40 mecg/day; about 10 meg/day followed by about
60 mcg/day; about 10 mcg/day followed by about 80 mcg/day; about 20 mcg/day followed by
about 40 mcg/day; about 20 mcg/day followed by about 60 mecg/day; about 20 mcg/day followed

by about 80 mcg/day; about 40 mcg/day followed by about 60 mcg/day; about 40 meg/day

tollowed by about 80 mcg/day; and about 60 mcg/day followed by about 80 mcg/day.
[0025hh] In accordance with another aspect of the present invention, there 1s provided a
use, wherein the use further comprises at least one more continuous administration period

providing a dose escalation of exenatide to a higher meg/day dose relative to the second mcg/day

dose.
[0025ii] In accordance with another aspect of the present invention, the decrease 1n the

subject’s fasting plasma glucose concentration s achieved, relative to the subject’s fasting
plasma glucose concentration before implantation of the osmotic device, within about 1 day of

umplantation of the osmotic delivery device in the subject.

[0025i1] In accordance with another aspect of the present invention, the decrease in fasting

plasma glucose 1s maintained over the administration period.

[0025kkK] In accordance with another aspect of the present invention, the subject’s HbAlc%

betore implantation of the osmotic delivery device is compared to the subject’s HbA1¢% afier

implantation of the osmotic delivery device.

002511} In accordance with another aspect of the present invention a decrease in the
subject’s HbA1¢% is achieved within at least 28 days after implantation of the drug delivery

device in the subject relative to the subject’s HbA1c% before implantation of the drug delivery

device.

[0025mm]  In accordance with another aspect of the present invention a decrease in the

subject’s HbA1c% 1s maintained over the administration period.

[0025nn] In accordance with another aspect of the present invention, the exenatide 15

detected by a radioimmunoassay.

[002300]  In accordance with another aspect of the present invention, the concentration of

exenatide 15 undetectable in a blood sample from the subject after termination of continuous
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delivery within less than about 48 hours, less than about 24 hours, less than about 12 hours, less

than about 6 hours, or less than about 4 hours.

{0025pp] In accordance with another aspect of the present invention, the osmotic delivery

device provides continuous delivery of the exenatide to provide weight loss in the subject.

[0025qq] In accordance with another aspect of the present invention, the osmotic delivery

device provides continuous delivery of the exenatide to treat obesity in the subject.

[00251r] In accordance with another aspect of the present invention, the osmotic delivery

device provides continuous delivery of the exenatide to suppress appetite 1n the subject.
[0025s5] In accordance with another aspect of the present invention the subject is human.

[0025¢t] In accordance with another aspect of the present invention, the use may further
comprise at least one more continuous administration period providing a dose escalation of

exenatide to a higher meg/day dose relative to the second micg/day dose.

[00250u] In accordance with another aspect of the present invention, the particle

formulation compnses particles comprising exenatide 1n particles of from about 2 microns to less

than 30 microns in diameter.

[0025vv] In accordance with another aspect of the present invention the solvent in the

vehicle formulation is benzyl benzoate.

[0025ww] In accordance with another aspect of the present invention, the vehicle

formulation has a viscosity between about 10,000 poise and about 20,000 poise at 37°C.

[0025xx] In accordance with another aspect of the present invention, the subject has type 2

diabetes mellitus and 1s on metformin-only background treatment.

[0023yy] In accordance with another aspect of the present invention, the subject has type 2
diabetes mellitus and is tolerized to exenatide admimstration at a low dose.

tbh
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[0026] These and other embodiments of the present invention will readily occur to

those of ordinary skill in the art in view of the disclosure herein.

Brief Description of the Figures
[0027] Figure 1 presents the data from a randomized, open-label 29-day study of
continuous subcutaneous delivery of exenatide using an osmotic delivery device. The figure
shows fasting plasma glucose concentration versus time over 28 days of treatment. In the
figure, the vertical axis is the Mean Fasting Plasma Glucose (mg/dL} and the horizontal axis
is Treatment Days. Closed circles show data points for an osmotic device delivering 10
mcg/day. Closed triangles show data points for an osmotic device delivering 20 mcg/day.
Closed diamonds show data points for an osmotic device delivering 40 mcg/day. Closed
squares show data points for an osmotic device delivering 80 mcg/day.
[0028] Figure 2 presents the data from a randomized, open-label 29-day study of
continuous subcutaneous delivery of exeﬁatide using an osmotic delivery device. The figure
shows pharmacokinetic data related to plasma exenatide concentration versus time over 28
days of treatment ending on day 29 and at 7 days following removal. In the figure, the
vertical axis is the Exenatide Concentration (pg/ml) and the horizontal axis is Time (days).
Closed dsamonds show data points for an osmotic device delivering 10 mcg/day. Closed
squares show data points for an osmotic device delivering 20 mcg/day. Closed triangles show
data points for an osmotic device delivering 40 mcg/day. “X”s show data points for an
osmotic device delivering 80 mcg/day. On day 29, removal of the osmotic delivery device
and the accompanying drop in plasma exenatide concentration is indicated with a vertical
arrow. -
10029] Figure 3 presents the data from a randomized, open-label 29-day study of
continuous subcutaneous delivery of exenatide using an osmotic delivery device. The figure
shows nausea versus time in individual subjects for osmotic devices delivering 10 mcg/day,
20 mcg/day, 40 mcg/day, and 80 mcg/day. The vertical axis is the Number of Patients
(subjects) Experiencing Nausea, the horizontal axis for each concentration of exenatide being
delivered 1s presented in Weeks. The degree of nausea is given below the figure as no nausea
{clear box), mild nausea (vertical lines), moderate nausea (horizontal lines), and severe
nausea (cross-hatching).
[0030] Figure 4 presents a partial cross-sectional view of one embodiment of an

osmotic delivery device useful in the practice of the present invention.
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[0031] Figure 5 presents an overview of a Phase 2 clinical study design. In the figure,
the top line shows a timeline of the Phase 2 study (12 weeks) and the 12-week extension
phase. The extension phase is weeks 13-24 and the groups were randomized 1:1 to
continuous delivery of exenatide as indicated in the figure. Group 3, exenatide administered
via injection, is the second line. The split in the line indicates the randomization of the group
and the switch to continuous delivery at 40 mcg/day and 60 mcg/day. Group 1, exenatide
administered using an osmotic delivery device to provide continuous delivery at 20 mcg/day,
is the third line. The split in the line indicates the randomization of the group to continue 20
mcg/day or escalate to the elevated dosage of 60 mcg/day. Group 2, exenatide administered
using an osmotic delivery device to provide continuous delivery at 40 mcg/day, is the fourth
line. The split in the line indicates the randomization of the group to continue 40 mcg/day or
escalate to the elevated dosage of 80 mcg/day. '

[0032] Figure 6 presents the data for incidence of nausea over time for treatment by
continuous delivery of exenatide (Groups 1 and 2) versus treatment by twice-daily injection
with exenatide (Group 3). The vertical axis is the Weekly‘ Incidence of Nausea (%) and the
horizontal axis is the time of treatment in Weeks. In the figure, Group 1, treatment by
continuous delivery of 20 mcg/day of exenatide, is represented by diamonds; Group 2,
treatment by continuous delivery of 40 mcg/day of exenatide, is represented by squares; and
Group 3, treatment by injection with 5 mcg BID (twice-daily injection) for 4 weeks (arrow
approximately illustrates starting time point) followed by 10 mcg BID for 8 weeks (arrow
approximately 1llustrates sfarting time point), is represented by triangles.

[0033] Figure 7 presents data showing the percent change from baseline in overall
Quality of Life (QOL) assessment at week 8. In the figure the numbers over the bar graphs
represent the following: n with improved QOL score/n with stable QOL score/n with
decreased QOL score, respectively; for Group 3, 36/0/15; for Group 1, 35/3/9; and for Group
2,40/1/7. The vertical axis 1s the Change frdm Baseline in Score (%, the overall QOL score).
The groups are arranged along the horizontal axis and the group sizes are provided under
each group: Group 3, n=51; Group 1, n=47; and Group 2, n=48.

[0034) Figure 8 presents data from a subscale analysis of QOL performed at week 8.
The vertical axis 1s the percent Change from Baseline in Score for each of the four QOL
subscales: Well-Being, Medical Control, Lifestyle, and Convenience. The four QOL
subscales are arranged along the horizontal axis. In the figure, each bar of the graph is
labeled with the Group number. Within each subscale, the bar graphs are arrayed in the

tollowing order: Group 3, Group 1, and Group 2.
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[0035] Figure 9 presents an overview of the extension phase for subject status at week
20. In the figure, continuous delivery of exenatide at the indicated dosages is shown as "CD."
The group sizes are presented next to the extension phase dosage. In the extension phase for
weeks 13-24, subjects from each treatment group were randomized to receive continuous
delivery of exenatide at 20, 40, 60 or 80 mcg/day. In the figure, Group 1 is treatment by
continuous delivery of 20 mcg/day of exenatide for the first 12 weeks: Group 2 is treatment by
continuous delivery of 40 mcg/day of exenatide for the first 12 weeks; and Group 3 is
treatment by injection with 5 meg BID (twice-daily) injection for 4 weeks followed by 10 mcg
BID for 8 weeks for the first 12 weeks. The split in the group indicates the randomization of
the group at week 12 and the boxes show the dosages for the dose escalation after week 12.
The number in each group at week 20 is shown as “n.”

[0036] Figure 10 presents the extension phase (weeks 13-24) data for incidence of
nausea over time. The first point (-1 Week) shows the incidence of nausea the week pror to
randomization and the beginning of the extension phase treatment protocol. The vertical axis is
the Weekly Incidence of Nausea percent (%) and the horizontal axis is the time of treatment in
Weeks. In the figure, the data for continuous delivery using implantable osmotic devices
delivering 20 mcg/day of exenatide is presented as closed triangles; the data for continuous
delivery using implantable osmotic devices delivering 20 mcg/day of exenatide wherein
subjects were subsequently switched in the extension phase to continuous delivery using
implantable osmotic devices delivering 60 mcg/day of exenatide is presented as squares; and,
the data for twice-daily injection of exenatide wherein subjects were switched in the extension

phase to continuous delivery using implantable osmotic devices delivering 60 mcg/day of

exenattde 1s presented as closed circles.

[0037] Figure 11 presents extension phase data showing the percent change from
baseline in overall QOL assessment at week 20. In the figure the numbers in each bar graph
represent which week (week 8 or week 20) the QOL assessment was performed. The groups
are arranged along the horizontal axis from the left as follows: Group 3 (at Week 8) switched
to continuous delivery of exenatide at 40 mcg/day (CD 40 mcg/day); and Group 3 (at Week 8)
switched to continuous delivefy of exenatide at 60 meg/day (CD 60 mcg/day). The vertical

axis 18 the % Change from Baseline for the overall QOL score.

[0038] Figure 12 presents further extension phase data showing the percent change

from baseline in overall QOL assessment at week 20. In the figure the numbers in each bar
graph represent which week (week 8 or week 20) the QOL assessment was performed. The

groups are arranged along the horizontal axis from the left as follows: Group 1 (at Week 8)
o
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switched to continuous delivery of exenatide at 60 mcg/day (CD 60 mcg/day); and Group 2 (at
Week 8) switched to continuous delivery of exenatide at 80 mcg/day (CD 80 mcg/day). The
vertical axis is the % Change from Baseline for the overall QOL score.

[0039] Figure 13 presents a competitive profile among subjects on metformin-only
background treatment combined with a variety of type 2 diabetes mellitus treatments. The
vertical axis 1s HbA1c%. The treatments are displayed on the horizontal axis, as follows:
exenatide administered by twice-daily injection (Treatment A); exenatide administered by
once-weekly injection (Treatment B); liraglutide administered by once-daily injection
(Treatment C); taspoglutide administered by once-weekly injection (Treatment D); and
treatment using the methods and osmotic delivery devices of the present invention for
continuous delivery of exenatide at 20 mcg/day and 60 mcg/day (Treatment E). The number
within and near the top of the bar graph (vertical lines) associated with each treatment provides
the baseline HbA1c% (e.g., Treatment A, 8.2). The number within and near the top of the bar
graph (diagonal lines) associated with each treatment provides the endpoint HbA 1c¢% for the
study (e.g., Treatment A, 7.4). The number within and near the horizontal axis of the bar
graph (diagonal lines) associated with each treatment provides the change of HbAlc for the
study (e.g., Treatment A, -0.8).

[0040] Figure 14 presents a competitive profile among subjects on metformin-only
background treatment combined with a variety of type 2 diabetes mellitus treatments. The
vertical axis is HbA1c%. The treatments are displayed on the horizontal axis, as follows:
treatment using sitagliptin (Treatment F); and treatment using pioglitazone (Treatment G);
exenatide admimstered by once-weekly injection (Treatment B); treatment using the methods
and osmotic delivery devices of the present invention for continuous delivery of exenatide at
20 mcg/day and 60 mcg/day (Treatment E). The number within and near the top of the bar
graph (vertical lines) associated with each treatment provides the baseline HbA1c% (e.g..
Treatment F, 8.5). The number within and near the top of the bar graph (diagonal lines)
associated with each treatment provides the endpoint HbA1¢% for the study (e.g., Treatment F,
7.6). The number within and near the horizontal axis of the bar graph (diagonal lines) associa-
ted with each treatment provides the change of HbA 1c for the study (e.g., Treatment F, -0.9).
[0041] Figure 15 presents a compeﬁﬁ{re profile among subjects on metformin-only
background treatment combined either with continuous delivery of exenatide or with once-
weekly injection of exenatide. The vertical axis is HbA 1c%. The treatments are displayed
toward the top of the figure, as follows: treatment using the methods and osmotic delivery

devices of the present invention for continuous delivery of exenatide at 20 mcg/day and 60
10
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mcg/day (Treatment E), which includes the first three sets of bar graphs; and treatment using
exenatide administered by once-weekly injection (Treatment B), which is set off by a dotted-

line box. On the honizontal axis, the subjects for Treatment E are broken down into groups
based on baseline HbAlc as follows: All Subjects; Baseline HbAlc greater than 7.0; and
Baseline HbAlc of greater than or equal to 7.5. The number within and near the top of the bar
graph (vertical lines) associated with each treatment provides the baseline HbA1c¢% (e.g.,
Treatment B, §.6). The percent marked with an asterisk within the bar graph (vertical lines)
associated with each treatment provides the percentage of subjects who achieved an HbAlc of
7% or less (e.g., Treatment B, 58%*). The number within and near the top of the bar graph
(diagonal lines) associated with each treatment provides the endpoint HbA 1c¢% for the study
(¢.g., Treatment B, 7.1). The number within and near the horizontal axis of the bar graph
(diagonal lines) associated with each treatment provides the change of HbA ¢ for the study
(e.g., Treatment B, -1.5).

[06042]) Figure 16 presents a competitive profile among subjects on metformin-only
background treatment combined either with continuous delivery of exenatide or with once-
weekly injection of exenatide, wherein the baselines have been normalized. The vertical axis
18 HbA1c%. The treatments are displayed toward the top of the figure, as follows: treatment
using exenatide administered by once-weekly injection (Treatment B); and treatment using the
methods and osmotic delivery devices of the present invention for continuous delivery of
exenatide at 20 mcg/day and 60 mcg/day (Treatment E). The figure is divided by a vertical
line into two panels as follows: on the left side and labeled on the horizontal axis is data for
subjects with a baseline HbAlc of less than 9.0; and on the right side and labeled on the
horizontal axis is data for subjects with a baseline HbA I¢ of greater than or equal to 9.0. The
asterisk following "Subjects with Baseline HbAlc > 9.0*" signifies that approximately one-
third of subjects in Treatment B had baseline HbA 1c of greater than or equal to 9.0; but only
one subject of Treatment E had a baseline HbA ¢ of greater than or equal to 9.0. The number
within and near the top of the bar graph (vertical lines) associated with each treatment provides
the baseline HbA1c% (e.g., Treatment B, left panel, 7.8). The number within and near the top
of the bar graph (diagonal -lines) associated with each treatment provides the endpoint
HbA1c% for the study (e.g., Treatment B, leﬁ panel, 6.7). The number within and near the
horizontal axis of the bar graph (diagonal lines) associated with each treatment provides the

change of HbAlc for the study (e.g., Treatment B, left panel, -1.1).

[0043] Figure 17 presents a competitive profile among subjects on metformin-only

background treatment combined either with continuous delivery of exenatide or with

11
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sitagliptin. The vertical axis is HbA1¢%. The treatments are displayed toward the top of the
figure, as follows: treatment using the methods and osmotic delivery devicés of the present
invention for continuous delivery of exenatide at 20 mcg/day and 60 mcg/day (Treatment E),
which includes the first three sets of bar graphs; and treatment using sitagliptin (Treatment F),
which is set off by a dotted-line box. On the horizontal axis, the subjects for Treatment E are
broken down into groups based on baseline HbA lc as follows: All Subjects; Baseline HbA lc
greater than 7.0, and Baseline HbA1¢ of greater than or equal to 7.5. The number within and
near the top of the bar graph (vertical lines) associated with each treatment provides the
baseline HbA1c% (e.g., Treatment F, 8.5). The percent marked with an asterisk within the bar
graph (vertical lines) associated with each treatment provides the percentage of subjects who
achieved an HbAlc of 7% or less (e.g., Treatment F, 31%*). The number within and near the
top of the bar graph (diagonal lines) associated with each treatment provides the endpoint
HbA1c% for the study (e.g., Treatment F, 7.6). The number within and near the horizontal
axis of the bar graph (diagonal lines) associated with each treatment provides the change of
HbAIc for the study (e.g., Treatment F, -0.9).

[0044] Figure 18 presents a competitive profile among subjects on metformin-only
background treatment combined either with continuous delivery of exenatide or with
sitagliptin, wherein the baselines have been normalized. The vertical axis is HbA1c%. The
treatments are displayed toward the top of the figure, as follows: treatment using sitagliptin
(Treatment F); and treatment using the methods and osmotic delivery devices of the present
invention for continuous delivery of exenatide at 20 mcg/day and 60 mcg/day (Treatment E).
The figure is divided by a vertical line into two panels as follows: on the left side and labeled
on the horizontal axis is data for subjects with a baseline HbA 1¢ of less than 9.0; and on the
right side and labeled on the horizontal axis is data for subjects with a baseline HbA Ic of
greater than or equal to 9.0. The asterisk following "Subjects with Baseline HbAlc> 9.0*"
signifies that approximately one-third of subjects in Treatment F had baseline HbA lc of
greater than or equal to 9.0; but only one subject of Treatment E had a baseline HbA1le of
greater than or equal to 9.0. The number within and near the top of the bar graph (vertical
lines) associated with each n'eatment provides the baseline HbA 1¢% (e.g., Treatment F, left
panel, 7.7). The number within and near the top of the bar graph (diagonal lines) associated
with each treatment provides the endpoint HbA1¢% for the study (e.g., Treatment F, left panel,
7.2). The number within and near the horizontal axis of the bar graph (diagonal lines)

associated with each treatment provides the change of HbAlc for the study (e.g., Treatment F,
left panel, -0.5).
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[0045] Figure 19 presents a competitive profile among subjects on metformin-only
background treatment combined either with continuous delivery of exenatide or with
pioglitazone. The vertical axis is HbA1c%. The treatments are displayed toward the top of the
figure, as follows: treatment using the methods and osmotic delivery devices of the present
invention for continuous delivery of exenatide at 20 mcg/day and 60 mcg/day (Treatment E),
which includes the first three sets of bar graphs; and treatment using pioglitazone (Treatment
G), which is set off by a dotted-line box. On the horizontal axis, the subjects for Treatment E
are broken down into groups based on baseline HbAlc as follows: All Subjects; Baseline
HbAlc greater than 7.0; and Baseline HbA 1c of greater than or equal to 7.5. The number
within and near the top of the bar graph (vertical lines) associated with each treatment provides
the baseline HbAlc% (e.g., Treatment G, 8.5). The percent marked with an asterisk within the
bar graph (vertical lines) associated with each treatment provides the percentage of subjects
who achieved an HbAlc of 7% or less (e.g., Treatment G, 43%%*). The number within and
near the top of the bar graph (diagonal lines) associated with each treatment provides the
endpoint HbA1c% for the study (e.g., Treatment G, 7.3). The number within and near the
horizontal axis of the bar graph (diagonal lines) associated with each treatment provides the
change of HbAlc for the study (e.g., Treatment G, -1.2). ‘
[0046] Figure 20 presents a competitive profile among subjects on metformin-only
background treatment combined either with continuous delivery of exenatide or with
pioglitazone, wherein the baselines have been normalized. The vertical axis is HbA1c%. The
treatments are displayed toward the top of the figure, as follows: treatment using pioglitazone
(Treatment G); and treatment using the methods and osmiotic delivery devices of the present
invention for continuous delivery of exenatide at 20 mcg/day and 60 mcg/day (Treatment E).
The figure is divided by a vertical line into two panels as follows: on the left side and labeled
on the horizontal axis is data for subjects with a baseline HbA1¢ of less than 9.0: and on the
right side and labeled on the horizontal axis is data for subjects with a baseline HbA lc of
greater than or equal to 9.0. The asterisk following *Subjects with Baseline HbAlc> 9.0*"
signifies that approximately one-third of subjects in Treatment G had baseline HbA1c of
greater than or equal to 9.0; but only one subject of Treatment E had a baseline HbAlc of
greater than or equal to 9.0. The number within and near the top of the bar graph (vertical
lines) associated with each treatment provides the basefine HbA1c% (e.g., Treatment G, left
panel, 7.8). The number within and near the top of the bar graph (diagonal lines) associated
with each treatment provides the endpoint HbA1c% for the study (e.g., Treatment G, left

panel, 6.9). The number within and near the horizontal axis of the bar graph (diagonal lines)
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associated with each treatment provides the change of HbAlc for the study (e.g., Treatment G,
left panel, -0.9).

[0047] Figure 21 presents comparative weight loss data among subjects on metformin-
only background treatment combined with a variety of type 2 diabetes mellitus treatments.
The vertical axts is % Weight Loss. The treatments are displayed on the horizontal axis, as
follows: treatment using pioglitazone (Treatment G); treatment using sitagliptin (Treatment
F}); exenatide administered by once-weekly injection (Treatment B); and treatment using the
methods and osmotic delivery devices of the present invention for continuous delivery of
exenatide at 20 meg/day and 60 meg/day (Treatment E). The number within the bar graph
assoctated with each treatment provides the weight gain or loss for the study (e.g., Treatment
G, +2.8 kg).

Detailed Description of the Invention

1.0.0 Definitions
[0049] It is to be understood that the terminology used herein is for the purpose of

describing particular embodiments only, and is not intended to be limiting. As used in this
specification and the appended claims, the singular forms “a,” “an” and “the” include plural
referents unless the context clearly dictates otherwise. Thus, for example, reference to “a
solvent” includes a combination of two or more such solvents, reference to “a peptide”
includes one or more peptides, or mixtures of peptides, reference to “a drug” includes one or
more drugs, reference to “an osmotic device” includes one or more osmotic devices, and the
like.

[0050] 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 the
invention pertains. Although other methods and materials similar, or equivalent, to those
described herein can be used in the practice of the present invention, the preferred materials
and methods are described herein.

10051] In describing and claiming the present invention, the following terminology will

be used in accordance with the definitions set out below.
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[0052] The terms “drug,” “therapeutic agent,” and “beneficial agent” are used
interchangeably to refer to any therapeutically active substance that is delivéred to a subject

to produce a desired beneficial effect. In one embodiment of the present invention, the drug is
a polypeptide. In another embodiment of the present invention, the drug is a small molecule,
for example, hormones such as androgens or estrogens. The devices and methods of the
present invention are well suited for the delivery of proteins, small molecules and
combinations thereof.

[0053] The terms “peptide,” “polypeptide,” and “protein” are used interchangeably
herein and typically refer to a molecule comprising a chain of two or more amino acids (e.g.,
most typically L-amino acids, but also including, e.g., D-amino acids, modified amino acids,
amino acid analogs, and/or amino acid mimetic). Peptides may be naturally occurring,
synthetically produced, or recombinantly expressed. Peptides may also comprise additional
groups modifying the amino acid chain, for example, functional groups added via post-
translational modification. Examples of post-translation modifications include, but are not
limited to, acetylation, alkylation (including, methylation), biotinylation, glutamylation,
glycylation, glycosylation, isoprenylation, lipoylation, phosphopantetheinylation,
phosphorylation, selenation, and C-terminal amidation. The term peptide also includes
peptides comprising modifications of the amino terminus and/or the carboxy terminus.
Modifications of the terminal amino group include, but are not limited to, des-amino, N-lower
alkyl, N-di-lower alkyl, and N-acyl modifications. Modifications of the terminal carboxy
group include, but are not limited to, amide, lower alkyl amide, dialkyl amide, and lower
alkyl ester modifications (e.g., wherein lower alkyl is C; -C4 alkyl). The term peptide also
includes modifications, such as but not limited to those described above, of amino acids
falling between the amino and carboxy termini. In one embodiment, a peptide may be
modified by addition of a small-molecule drug.

[0054] The terminal amino acid at one end of the peptide chain typically has a free
amino group (i.e., the amino terminus). The terminal amino acid at the other end of the chain |
typically has a free carboxyl group (i.e., the carboxy terminus). Typically, the amino acids
making up a peptide are numbered in order, starting at the amino terminus and increasing in
the direction of the carboxy terminus of the peptide.

[00SS] The phrase “amino acid residue” as used herein refers to an amino acid that is

incorporated into a peptide by an amide bond or an amide bond mimetic.
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[0056] The phrase “incretin mimetics” as used herein includes, but is not limited to,
glucagon-like peptide 1 (GLP-1), as well as peptide derivatives and peptide analogs thereof:
and exenatide, as well as peptide derivatives and peptide analogs thereof. Incretin mimetics
are also known in the literature as “insulinotrOpic peptides” or “GLP-1 receptor agonists.”
[0057] The term “insulinotropic” as used herein typically refers to the ability of a
compound, e.g., a peptide, to stimulate or affect the production and/or activity of insulin (e.g.,
an insulinotropic hormone). Such compounds typically stimulate the secretion or
biosynthesis of insulin in a subject.

[0058] The term “vehicle” as used herein refers to a medium used to carry a
compound, e.g., a drug. Vehicles of the present invention typically comprise components
such as polymers and solvents. The suspension vehicles of the present invention typically
comprise solvents and polymers that are used to prepare suspension formulations further
comprising drug particle formulations.

[0059] The phrase “phase separation” as used herein refers to the formation of
multiple phases (e.g., liquid or gel phases) in the suspension vehicle, such as when the
suspenston vehicle contacts the aqueous environment. In some embodiments of the present
invention, the suspension vehicle is formulated to exhibit phase separation upon contact with
an aqueous environment having less than approximately 10% water.

[0060] The phrase “single-phase” as used herein refers to a solid, semisolid, or liquid
homogeneous system that 1s physically and chemically uniform throughout.

[0061] The term “dispersed” as used herein refers to dissolving, dispersing,
suspending, or otherwise distributing a compound, for example, a drug particle formulation,
in a suspension vehicle.

[0062] The phrase “chemically stable” as used herein refers to formation in a
formulation of an acceptable percentage of degradation products produced over a defined
period' of time by chemical pathways, such as deamidation (usually by hydrolysis),

~ aggregation, or oxidation.

[0063] The phrase “physically stable” as used herein refers to formation in a
formulation of an acceptable percentage of aggregates (e.g., dimers and other higher
molecular weight products). Further, a physically stable formulation does not change its
physical state as, for example, from liquid to solid, or from amorphous to crystal form.
[0064] The term “viscosity” as used herein typically refers to a value determined from

the ratio of shear stress to shear rate (see, e.g., Considine, D.M. & Considine, GD.,
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Encyclopedia of Chemistry, 4th Edition, Van Nostrand, Reinhold, NY, 1984) essentially as
follows:
[0065] F/A=u*V/L (Equation 1)

where F/A = shear stress (force per unit area),

L = a proportionality constant (viscosity), and

V/L = the velocity per layer thickness (shear rate).
[0066] From this relationship, the ratio of shear stress to shear rate defines viscosity.
Measurements of shear stress and shear rate are typically determined using parallel plate
rheometery performed under selected conditions (for example, a temperature of about 37°C).
Other methods for the determination of viscosity include, measurement of a kinematic
viscosity using viscometers, for example, a Cannon-Fenske viscometer, a Ubbelohde
viscometer for the Cannon-Fenske opaque solution, or a Ostwald viscometer. Generally,
suspension vehicles of the present invention have a viscosity sufficient to prevent a particle
formulation suspended therein from settling during storage and use in a method of delivery,
for example, in an implantable, drug delivery device.
[10067] The term “non-aqueous” as used herein refers to an overall moisture content,
for example, of a suspension formulation, typically of less than or equal to about 10 wt%,
preterably less than or equal to about 7 wt%, more preferably less than or equal to about 5
wt%, and more preferably less than about 4 wt%.
[0068] The term “subject” as used herein refers to any member of the subphylum
Chordata, including, without limitation, humans and other primates, including non-human
primates such as rhesus macaques and other monkey species and chimpanzees and other ape
species; farm animals such as cattle, sheep, pigs, goats and horses; domestic mammals such
as dogs and cats; laboratory animals including rodents such as mice, rats and guinea pigs;
birds, including domestic, wild and game birds such as chickens, turkeys and other
gallinaceous birds, ducks, geese, and the like. The term does not denote a particular age or
gender. Thus, both adult and newborn individuals are intended to be covered.
[0069] The term “osmotic delivery device” as used herein typically refers to a device
used for delivery of a drug (e.g., an incretin mimetic) to a subject, wherein the device
comprises, for example, a reservoir (made, e.g., from a titanium alloy) having a lumen that
contains a suspension formulation comprising a drug (e.g., an incretin mimetic) and an
osmotic agent formulation. A piston assembly positioned in the lumen isolates the
suspension formulation from the osmotic agent formulation. A semi-permeable membrane is

positioned at a first distal end of the reservoir adjacent the osmotic agent formulation and a
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diffusion moderator (which defines a delivery orifice through which the suspension
formulation exits the device) 1s positioned at a second distal end of the reservoir adjacent the
suspension formulation. Typically, the osmotic delivery device is implanted within the
subject, for example, subcutaneously (e.g., in the inside, outside, or back of the upper arm; or
in the abdominal area). An exemplary osmotic delivery device is the DUROS® (ALZA
Corporation, Mountaih View, CA) delivery device.

[0070] The term “continuous delivery” as used herein typically refers to a
substantially continuous release of drug from an osmotic delivery device. For example, the
DUROS® delivery device releases drug essentially at a predetermined rate based on the
principle of osmosis. Extracellular fluid enters the DUROS® device through the semi-
permeable membrane directly into the osmotic engine that expands to drive the piston at a
slow and consistent rate of travel. Movement of the piston forces the drug formulation to be
released through the orifice of the diffusion moderator. Thus release of the drug from the
osmotic delivery device 1s at a slow, controlled, consistent rate.

[0071] The term “substantial steady-state delivery” as used herein typically refers to
delivery of a drug at or near a target concentration over a defined period of time, wherein the
amount of the drug being delivered from an osmotic device is substantially zero-order
delivery. Substantial zero-order delivery of an active agent (e.g., exenatide) means that the
rate of drug delivered 1s constant and is independent of the drug available in the delivery
system; for exam'ple, for zero-order delivery, if the rate of drug delivered is graphed against
time and a line is fitted to the data the line has a slope of approximately zero, as determined
by standard methods (e.g., linear regression).

[0072] The phrase “drug half-life” as used herein refers how long it takes a drug to be
eliminated from blood plasma by one half of its concentration. A drug's half-life is usually
measured by monitoring how a drug degrades when it is administered via injection or
intravenously. A drug 1s usually detected using, for example, a radioimmunoassay or

chromatographic method.

2.0.0 General Overview of the Invention

[0073] Before describing the present invention in detail, it is to be understood that this
invention 1s not limited to particular types of drug delivery devices, particular sources of
drugs, particular solvents, particular polymers, and the like, as use of such particulars may be

selected in view of the teachings of the present specification. It is also to be understood that
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the terminology used herein 1s for the purpose of describing particular embodiments of the
invention only, and 1s not intended to be limiting. '

[0074] In a first aspect, the present invention relates to a method of treating type 2
diabetes mellitus in a subject in need of treatment. The method comprises providing
continuous delivery of an incretin mimetic from an osmotic delivery device, wherein
substantial steady-state delivery of the incretin mimetic at a therapeutic concentration is
achieved within a time period of about 7 days or less after implantation of the osmotic
delivery device 1n the subject. The substantial steady-state delivery of the incretin mimetic
from the osmotic delivery device is continuous over an administration period. Humans are
preferred subjects for the practice of the present invention. The present invention includes an
incretin mimetic (e.g., exenatide), as well as an osmotic device comprising an incretin
mimetic (e.g., exenatide) for use in the present methods of treating type 2 diabetes mellitus in
a subject 1in need of treatment.

[0078] In some embodiments of the present invention, the administration period is,
for example, at least about 3 months, at least about 3 months to about a year, at least about 4
months to about a year, at least about 5 months to about a year, at least about 6 months to
about a year, at least about 8 months to about a year, at least about 9 months to about a year,
or at least about 10 months to about a year.

[0076] In some embodiments of the present invention, the substantial steady-state
delivery of an incretin mimetic at therapeutic concentrations is achieved within about 5 days
or less atter implantation of the osmotic delivery device in the subject, within about 4 days or
less atter implantation of the osmotic delivery device in the subject, within about 3 days or
less after implantation of the osmotic delivery device in the subject, within about 2 days or
less after implantation of the osmotic delivery device in the subject, or within about 1 day or
less after implantation of the osmotic delivery device in the subject. In preferred
embodiments of the present invention, the substantial steady-state delivery of the incretin
mimetic at therapeutic concentrations is achieved within about 2 days or less, more preferably
within about 1 day or less after implantation of the osmotic delivery device in the subject.
[0077] In further embodiments, the treatment methods of the present invention
provide significant decrease in the subject’s fasting plasma glucose concentration after
implantation of the osmotic delivery device in the subject (relative to the subject’s fasting
plasma glucose concentration before implantation of the osmotic delivery device) that is
achieved within about 7 days or less after implantation of the osmotic delivery device in the

subject, within about 6 days or less after implantation of the osmotic delivery device in the
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subject, within about 5 days or less after implantation of the osmotic delivery device in the
subject, within about 4 days or less after implantation of the osmotic delivery device in the
subject, within about 3 days or less after implantation of the osmotic delivery device in the
subject, within about 2 days or less after implantation of the osmotic delivery device in the
subject, or within about 1 day or less after implantation of the osmotic delivery device in the
subject. In preferred embodiments of the present invention, the significant decrease in the
subject’s fasting plasma glucose concentration after implantation of the osmotic device,
relative to the subject’s fasting plasma glucose concentration before implantation, is achieved
within about 2 days or less, preferably within about 1 day or less after implantation of the
osmotic delivery device in the subject, or more preferably within about 1 day after
implantation of the osmotic delivery device in the subject. The significant decrease in fasting
plasma glucose is typically statistically significant as demonstrated by application of an
appropriate statistical test or 1s considered significant for the subject by a medical
practitioner. A significant decrease in fasting plasma glucose relative to the baseline before
implantation is typically maintained over the administration period.

[0078] In yet further embodiments of the first aspect of the present invention, the
treatment methods further comprise the capability to terminate the continuous delivery of the
incretin mimetic such that the concentration of the incretin mimetic is substantially
undetectable 1n a blood sample from the subject within about 6 half-lives or less of the
Incretin mimetic after termination of continuous delivery, within about 5 half-lives or less of
the incretin mimetic after termination of continuous delivery, within about 4 half-lives or less
of the incretin mimetic after termination of continuous delivery, or within about 3 half-lives
or less of the incretin mimetic after termination of continuous delivery. Examples of incretin
mimetic half-lives are exenatide, approximately 2.5 hours, and GLP-1, approximately 2
minutes. The incretin mimetic may be detected, for example, by a radioimmunoassay.
Termination of the continuous delivery can be accomplished, for example, by removal of the
osmotic delivery device from the subject.

[0079] In related embodiments of the present invention, the treatment methods further
comprise the capability to terminate the continuous delivery of exenatide such that the
concentration of exenatide is substantially undetectable in a blood sample from the subject in
less than about 72 hours after termination of continuous delivery, in less than about 48 hours
after termination of continuous delivery, in less than about 24 hours after termination of
continuous delivery, in less than about 18 hours after termination of continuous delivery, in

less than about 14 hours after termination of continuous delivery, in less than about 12 hours
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after termination of continuous delivery, in less than about 6 hours after termination of
continuous delivery, or in less than about 4 hours after termination of continuous delivery. In
preterred embodiments, exenatide 1s substantially undetectable in a blood sample from the
subject 1n less than about 24 hours after termination of continuous delivery, in less than about
18 hours after termination of continuous delivery, or more preferably in less than about 14
hours after termination of continuous delivery.

[0080] In preferred embodiments of the first aspect of the present invention, the
Incretin mimetic comprises an exenatide peptide, a peptide analog thereof, or a peptide
denvative thereof;, a GLP-1 peptide (e.g., GLP-1(7-36)amide peptide), a peptide analog
thereof, or a peptide denvative thereof. Specific examples of preferred incretin mimetics
useful 1n the practice of the present invention include exenatide having the amino acid
sequence of exendin-4, lixisenatide, GLP-1(7-36), liraglutide, albiglutide, and taspoglutide.
[0081] In some embodiments of the first aspect of the present invention, wherein the
incretin mimetic 1s exenatide, the continuous delivery can provide to the subject a mcg/day
dose of exenatide, for example, of about 10 mcg/day, about 20 mcg/day, about 30 mcg/day,
about 40 mcg/day, about 60 mcg/day, or about 80 mcg/day.

[0082] In some embodiments of the first aspect of the present invention, wherein the
incretin mimetic 1s exenatide, the method of treating type 2 diabetes mellitus further
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