WO 2005/030164 A2 |00 000 0 000 OO O A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
7 April 2005 (07.04.2005)

AT O OO R

(10) International Publication Number

WO 2005/030164 A2

(51) International Patent Classification’: A61K 9/00
(21) International Application Number:
PCT/US2004/031301

(22) International Filing Date:
24 September 2004 (24.09.2004)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

60/506,563 26 September 2003 (26.09.2003) US
(71) Applicant (for all designated States except US): ALZA
CORPORATION [US/US]; 1900 Charleston Road,

M10-3B, P.O. Box 7210, Mountain View, CA 94039 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): YUM, Si-Hong

(74)

(81)

[US/US]; 2625 Carlmont Drive, Belmont, CA 94002
(US). POLLOCK-DROVE, Crystal [US/US]; 2334
Carol Avenue, Mountain View, CA 94040 (US). DONG,
Liang-Chang [US/US]; 181 Leota Avenue, Sunnyvale,
CA 94086 (US). WONG, Patrick S. L. [US/US]; 1533
Burlingame Avenue, Burlingame, CA 94010 (US).

Agents: ABRAHAM, David et al.; Alza Corporation,
c/o Johnson & Johnson, One Johnson & Johnson Plaza,
WH3221, New Brunswick, NJ 08933 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, HI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM,
ZW.

[Continued on next page]

(54) Title: IMPROVED CONTROLLED RELEASE DOSAGE FORM INCLUDING A BANDED ENGINE

(57) Abstract: The present invention includes a dosage form config-
ured to provide the controlled release of an active agent formulation.

70~ 72

30—~ ;

36~

A dosage form according to the present invention includes a reservoir
containing an active agent formulation and an engine positioned at least
partially within the reservoir. In order to reduce the possibility that the
engine included in a dosage form of the present invention will separate
from the reservoir either during or after fabrication, the dosage form of
the present invention includes a band that binds the engine to the reser-
voir. The band is provided over an outside surface of the both the engine
and the reservoir at or near the interface formed where the engine enters
the opening provided in the reservoir. The present invention also in-
cludes a method of fabricating controlled release dosage forms having
banded engine.
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IMPROVED CONTROLLED RELEASE DOSAGE FORM
INCLUDING A BANDED ENGINE

BACKGROUND

[0001]  Field of the Invention: The present invention relates to dosage forms

suitable for providing the controlled release of a variety of active agent formulations,
including liquid active agent formulations. More specifically, the present invention is
directed to a dosage form configured for the controlled release of an active agent
formulation that includes a reservoir and an engine banded to the reservoir, wherein the
engine is formulated or configured to expel the active agent formulation from within

the reservoir after administration of the dosage form.

[0002] State of the Art: Dosage forms providing controlled release of liquid active

agent formulations are known in the art. For example, U.S. Patents 5,245,357,
6,174,547, 5,830,502, and 5,614,578, U.S. Patent Applications numbered 10/324,154,
10/324,239, 09/733,847, 08/075,084, 60/492,002, and 60/392,774, and International
Publications numbered WO 95/34285 and WO 01/41742, the contents of each of which
are incorporated in their entirety herein by reference, disclose various different dosage
form designs and active agent formulations suitable for providing dosage forms capable
of delivering a liquid active agent formulation at controlled rate over a desired period of
time. The benefits of controlled delivery of active agents are well recognized in the art,
and dosage forms that achieve controlled delivery of liquid active agent formulations
bring the benefits of controlled delivery to active agents that are not well suited to

administration from conventional solid or tableted formulations.

[0003] As can be appreciated by references cited herein, dosage forms providing
controlled release of liquid active agent formulations may be osmotically driven and
created using reservoirs formed with various different hard or soft capsule materials. In
addition, where a controlled release liquid active agent dosage form is osmotically
driven, the osmotic engine included in such a dosage form may be coated on the outside
surface of the reservoir or the osmotic engine may be encapsulated by the reservoir.
Even further, as is taught in U.S. Patent Applications numbered 60/492,002 and
60/392,774 (“the ‘002 Application” and “the ‘774 Application,” respectively), the
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osmotic engine may be only partly enclosed by the reservoir. Controlled release liquid
active agent dosage forms that include engines that are positioned within the reservoir
but are only partly encapsulated by reservoir forming material are presently thought to
be advantageous. In particular, dosage forms that include an engine that is only partly
encapsulated by the reservoir are thought to exhibit improved structural stability and
more effectively preserve release rate functionality over time, especially where the

engine included in the dosage form is an osmotic engine.

[0004]  Despite the benefits provided by controlled release dosage forms that
include an engine only partly encapsulated by the reservoir, dosage forms designed
according to the teachings of the ‘002 Application and the ‘774 Application present
manufacturing challenges. For example, the engine included in such dosage forms is
positioned within the reservoir prior to one or more coating steps required to finish the
dosage form. However, because the engine is held in place through a friction fit, the
engine may be displaced or separated from the reservoir as pressure is exerted against
the reservoir or the reservoir and engine are subjected to other mechanical stresses
during the manufacturing process. Separation or displacement of the engine may be
particularly problematic at commercial production scales, as the product batches are
typically subjected to various mechanical stresses during automated production
processes and the batch sizes are relatively large, which can magnify the stresses
exerted against each dosage form due to the number and collective weight of the dosage
forms included in each batch. Moreover, because the liquid active agent formulation
may be loaded within the reservoir before placement of the engine, separation of the
engine from the reservoir during subsequent manufacturing steps is particularly
undesirable, as it not only results in the manufacture of a defective dosage form, but

can also lead to the loss of active agent and contamination of an entire process batch.

[0005]  Even where the engine and reservoir of dosage forms designed according to
the teachings of the ‘002 and ‘774 Applications do not separate during fabrication, the
mechanical integrity of the finished dosage forms may be less than desired. In
particular, where the opening formed in the reservoir and the engine interface, a step is
produced on the outside surface of the dosage form, and as one or more coatings are
provided over the reservoir and engine to secure the engine in place and provide a

finished dosage form, the step formed on the outside surface may create point of
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discontinuity or reduced coverage in the coating materials. A point of discontinuity or
reduced coating coverage may result in an area of weakness, and where an area of
weakness exists, the application of pressure to the dosage form may cause cracking of
the coatings, separation of the engine from the reservoir, or leaking of the liquid active
agent formulation. To overcome this problem, the one or more outer coatings may be
created under relatively wet coating conditions. However, to achieve the desired
coating continuity, the coating conditions must typically be so wet that the tackiness of
the coatings causes an undesirable increase in the rate at which dosage forms processed
in the same batches adhere to each other, producing “twins” or groups of defective

dosage forms.

[0006] It would be an improvement in the art, therefore, to provide a controlled
release dosage form that is capable of delivering liquid active agent formulations, offers
the benefits achieved by dosage forms such as those taught in the ‘002 and 774
Applications, and is better suited to commercial scale manufacture. Specifically, it
would be an improvement in the art to provide a controlled release dosage form that 'is
capable of delivering liquid active agent formulations, includes an engine only partially
encapsulated by the reservoir containing the active agent formulation, and is designed
to more effectively retain the engine at a proper position within the reservoir as the
dosage form is manufactured. Ideally, the design of such a dosage form would also
ease subsequent coating of the engine and reservoir, would not compromise release rate
functionality and would allow the delivery of a wide range of liquid active agent

formulations at various different controlled rates.
SUMMARY OF THE INVENTION

[0007] Inone aspect, the present invention is directed to a dosage form configured
to provide the controlled release of an active agent formulation. A dosage form
according to the present invention includes a reservoir containing an active agent
formulation and an engine positioned at least partially within the reservoir. The
opening of the reservoir and the engine included in a dosage form of the present
invention are sized and shaped such that the engine can be received within the opening
and positioned such that at least a portion of the engine extends into the reservoir.

Moreover, the engine and the reservoir are configured such that, once the engine is
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positioned within the opening of the reservoir, the osmotic engine is not completely
encapsulated by the reservoir. The dosage form of the present invention is designed
and configured in a manner that provides a dosage form that operates to expel the
active agent formulation from within the reservoir at a controlled rate after

administration of the dosage form to an environment of operation.

[0008] In order to reduce the possibility that the engine included in a dosage form
of the present invention will separate from the reservoir either during or after
fabrication, the dosage form of the present invention includes a band that binds the
engine to the reservoir. The band is provided over an outside surface of the both the
engine and the reservoir at or near the interface formed where the engine enters the
opening provided in the reservoir. Banding the engine of the dosage form of the
present invention to the reservoir not only serves to reduce the frequency with which
the engine separates from the reservoir, but also works to provide a smoother material
transition where the outside surface of the engine meets the opening formed in the
reservoir. Moreover, banding the engine to the reservoir can work to enhance the seal
produced at the interface of the engine and the reservoir such that the likelihood that the
active agent formulation leaking from the reservoir by passing around the engine is

reduced.

[0009] In another aspect, the present invention is directed to a method of
manufacturing a controlled release dosage form. In each embodiment, the method of
the present invention includes providing a reservoir having an opening that is sized and
shaped to receive an engine, providing an engine, positioning the engine within the
opening of the reservoir and banding the engine to the reservoir. The step of banding
the engine to the reservoir takes place after the engine is positioned within the opening
of the reservoir. The method of the present invention also includes loading an active
agent formulation into the reservoir, and configuring the dosage form of the present
invention such that an exit orifice is included or formed in the reservoir to allow
delivery of the active agent formulation. Though the active agent is preferably loaded
before the engine is positioned within and banded to the reservoir, loading the active
agent formulation in the dosage form of the present invention may also take place after

the engine and reservoir have been operatively associated and banded.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 through FIG. 6 provide cross-sectional representations of different

embodiments of the dosage form of the present invention.
DETAILED DESCRIPTION OF THE INVENTION

[0011]  In one aspect, the present invention is directed to a dosage form. Various
different embodiments of the dosage form 10 of the present invention are illustrated in
FIG. 1 through FIG. 6. A dosage form 10 according to the present invention includes
an engine 20 and a reservoir 30 suitable for containing an active agent formulation 40.
The reservoir 30 and engine 20 are associated such that, as the dosage form 10
functions, the engine 20 operates to expel the active agent formulation 40 from within
the reservoir 30 at a desired rate. In particular, the reservoir 30 of a dosage form of the
present invention includes an opening 34, and the opening 34 of the reservoir 30 and
engine 20 are sized and shaped to permit at least partial insertion of the engine 20

within the reservoir 30 through the opening 34.

[0012] The dosage form 10 of the present invention also includes a band 80
positioned at the step formed by the outside surface of the reservoir 36 and the outside
surface 22 of the engine20 where the engine 20 enters the opening 34 formed in the
reservoir 30. The material forming the band 80 extends around the dosage form 10,
such that the band 80 is formed continuously around the dosage form 10 in the area
where the engine 20 and reservoir 30 come together. The band 80 works to both bind
the engine 20 and the reservoir 30 together and to reduce the step created on the outside

surface of the dosage form where the engine 20 and reservoir 30 meet.

[0013]  The dosage form 10 of the present invention may be provided with any
desired active agent formulation 40 that can be delivered from the dosage form 10. As
it used herein, the expression "active agent" encompasses any drug, therapeutic
compound, or composition that can be delivered to provide a benefit to an intended
subject or environment. The expression "active agent formulation" is used herein to
indicate a formulation that contains an active agent and can be discharged from a
dosage form of the present invention as the dosage form operates in a desired

environment of use. An active agent formulation 40 suitable for use in the dosage form
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10 of the present invention is preferably a liquid formulation and may be neat liquid
active agent or a solution, suspension, slurry, emulsion, self-emulsifying composition,
liposomal composition, or other flowable formulation in which the active agent is
present. The active agent formulation 40 may also be solid, or not flowable, before
administration of the dosage form 10 to a desired environment of operation. However,
where the active agent formulation 40 included in the dosage form 10 of the present
mvention is a solid formulation before administration, the formulation becomes
flowable after administration. A solid active agent formulation may become flowable
after administration due to, for example, the relatively higher temperature of the

operational environment or the uptake of water into the active agent formulation.

[0014] A binder, antioxidant, pharmaceutically acceptable carrier, permeation
enhancer, or the like may accompany the active agent in the active agent formulation
40. Further, the active agent formulation 40 may include a surfactant of mixture of
surfactants. U.S. patents 6,174,547 and 6,245,357 and U.S. patent applications
numbered 08/075,084, 09/733,847, 10/324,154, and 10/343,001, which are
incorporated herein in their entirety by reference, detail exemplary drugs, carriers, and
other constituents that may be used to form a active agent formulation 40 suitable for

use in the dosage form 10 of the present invention.

[0015]  The reservoir 30 included in a dosage form 10 of the present invention is
formed to contain a desired amount of active agent formulation 40 and may be formed
as desired to accommodate the engine 20. For example, the reservoir 30 can be formed
with a first end 32 that includes an opening 34 that is sized and shaped to accommodate
an engine 20 that operates to drive the active agent formulation from within the
reservoir 30. Moreover, though the reservoir 30 of a dosage form 10 of the present
invention may be formed in a generally oblong shape, the dosage form 10 according to
the present invention is not so limited and may be manufactured to include a reservoir
30 that is sized and shaped as desired to suit a particular dosage form or active agent

delivery application.

[0016] Though it may be formed in various shapes and sizes and includes an
opening 34 designed to receive an engine 20, the reservoir 30 included in a dosage form

10 of the present invention does not completely enclose or encapsulate the engine 20.
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As is described in U.S. Patent Application No. 60/492,002 and U.S. Patent Application
No. 60/392,774, the contents of which are incorporated herein in their entirety by
reference, designing a controlled release active agent dosage form to include a reservoir
30 that does not completely encapsulate the engine 20 can result in a dosage form that
is easier to manufacture, exhibits improved structural stability, and better preserves
release rate functionality. Moreover, designing a controlled release active agent dosage
form to include a reservoir 30 that does not entirely encapsulate the engine 20 can
facilitate the use reservoirs formed of a wider range of materials. For example, where
the engine 20 included in a dosage form 10 of the present invention is an osmotic
engine 21, the proper function of the engine 20 depends on an influx of water from an
environment of operation. If the reservoir 30 is formed of a water impermeable
material and is configured such that the reservoir 30 completely encloses the engine 20,
the engine 20 could not function as desired to provide the controlled release of an

active agent formulation 40.

[0017]  The reservoir 30 included in a dosage form 10 of the present invention may
be formed of a variety of materials. Any material that is compatible with a desired
active agent formulation, is capable of being formed into a reservoir of desired shape
and size, is suitable for administration to a desired environment of operation, and is
capable of withstanding the anticipated storage conditions and operational stresses can
be used to provide the reservoir 30 included in a dosage form 10 according to the
present invention. Depending on the active agent formulation 40 included in the
dosage form 10 and the desired performance characteristics of the dosage form 10, the
reservoir 30 may be formed of a water permeable material or a material that is
impermeable to water. A reservoir 30 useful in a dosage form according to the present
invention may be fabricated by any suitable method. Examples of materials and
methods that may be used to form a reservoir to be used in a dosage form 10 of the
present invention are described in, for example, U.S. Patents 6,183,466, 6,174,547,
6,153,678, 5,830,502, and 5,614,578, in U.S. Patent Applications numbered
10/324,154, 10/324,239, 09/733,847, 08/075,084, 60/492,002, and 60/392,774, the

contents of each of which are incorporated by reference herein in their entirety.

[0018]  Water permeable materials that may be used to form a reservoir 30 included

in a dosage form 10 of the present invention include, for example, materials typically
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used to fabricate orally deliverable, liquid filled capsules. A water permeable reservoir
30 included in a dosage form 10 of the present invention may be formed using
hydrophilic polymer materials or hydrophilic gelatin materials. Hydrophilic polymer
materials, including cellulosic materials, provide preferred water permeable materials
that may be used to form a reservoir 30 useful in a dosage form 10 of the present
invention. Relative to the gelatin materials that are typically used in dosage form
fabrication, water-soluble polymer materials are less susceptible to moisture loss and
are less sensitive to changes in moisture content. As a result, a reservoir 30 formed
using a hydrophilic polymer material may be better able to retain its structural integrity
upon exposure to the active agent formulation 40 and the engine 20 included in a
dosage form 10 of the present invention, particularly where the engine 20 is an osmotic
engine 21 that exerts a high osmotic pressure. Moreover, because hydrophilic polymer
materials are generally less susceptible to moisture loss, a reservoir 30 manufactured
using hydrophilic polymer materials can be made such that less water is available to be
drawn into the active agent formulation 40 from within the materials forming the
reservoir 30 itself. Therefore, where a reservoir 30 of a dosage form 10 of the present
invention is formed using a water permeable material, it is presently preferred that the

water permeable material be formed of a hydrophilic polymer material.

[0019]  Hydrophilic polymer materials that may be used to as the water permeable
material included in a multilayer reservoir 30 include, but are not limited to,
polysaccharide materials, such as hydroxypropylmethyl cetlulose (HPMC),
methylcellulose, hydroxyethyl cellulose (HEC), hydroxypropyl cellulose (HPC),
poly(vinylalcohol-co-ethylene glycol) and other water soluble polymers. Though the
water permeable material included in a reservoir 30 of a dosage form 10 of the present
invention may be manufactured using a single polymer material, the water permeable
material may also be formed using a mixture of more than one polymer. Presently,
because HPMC capsules for oral delivery of active agent formulations are
commercially available and it has been found that capsule bodies formed of HPMC can
be used to provide a reservoir 30 exhibiting suitable performance characteristics, the
water permeable material included in a reservoir 30 of a dosage form 10 of the present

invention is preferably formed using an HPMC material.
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[0020]  Where the reservoir 30 is formed of a material that is impermeable to water,
the reservoir 30 can be made using a single material or a combination of materials. The
material used to create a reservoir 30 that is suitable for use in a dosage form 10
according to the present invention and is impermeable to water according to the present
invention need not be perfectly impermeable to the passage of water. As it is used
herein, the term “impermeable” refers to reservoir formed of a material that exhibits a
water flux of less than about 10" (mil-cm/atm-hr). Where the reservoir 30 included in a
dosage form 10 of the present invention is formed using a water impermeable material,
the water impermeable nature of the material serves to reduce or prevent migration of
water from an external environment, through the reservoir 30, and into the active agent

formulation 40.

[0021] In one embodiment, a water impermeable reservoir 30 suitable for use in a
dosage form 10 according to the present invention is formed using a single layer of
material that is impermeable to the passage of water. Materials suitable for forming
such a reservoir 30 include, but are not limited to, water impermeable polymer
materials. Where a single layer of water impermeable polymer material is used to form
the reservoir 30, the polymer is preferably a synthetic resin or a combination of
synthetic resins. Examples of water impermeable synthetic resins that may be used to
form the reservoir 30 include, for example, linear polycondensation resins,
condensation polymerized resins, addition polymerized resins, resins of phthalic
anhydrides, polyvinyl resins such as polyethylene, polypropylene and their copolymers,
polymer resins of methacrylic acid esters and acrylic acid esters, polycaprolactone, and
copolymers of polycaprolactone with dilactide, diglycolide, valerolactone or
decalactone. Different impermeable polymer materials and different combinations of
impermeable polymer materials may be chosen to provide a reservoir 30 providing
desired permeability, compatibility, and stability characteristics. A water impermeable
reservoir may be formed, for example, using coating or molding techniques that are
known in the art, such as, for example, those techniques described in U.S. Patents
6,183,466, 6,153,678, 5,830,502, and 5,614,578 and in U.S. Patent Applications
numbered 60/492,002 and 60/392,774.

[0022] In an alternative embodiment, a water impermeable reservoir 30 included in

a dosage form 10 according to the present invention may include two or more layers of

9
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different materials. For example, as is illustrated in FIG. 3 and FIG. 4, a reservoir 30
of a dosage form 10 of the present invention can include a water permeable material 37
coated with a water impermeable subcoat 38. The water permeable material 37 may be
formed of a substance that is hydrophilic or otherwise permeable to the passage of
water, such as the hydrophilic polymer and gelatin materials already described herein.
The water permeable material 37 included in a water impermeable reservoir 30
included in a dosage form 10 according to the present invention may also be formed of
a combination of water permeable and water impermeable materials. The water
permeable material included in such a reservoir 30 may be formulated and formed by
known methods, such as by the techniques described herein as useful in forming a
water permeable reservoir 30 formed of a hydrophilic polymer or gelatin material. A
water impermeable subcoat 38 included in a reservoir 30 of a dosage form 10 according
to the present invention may be formed using any suitable water impermeable material
that can be coated on or otherwise provided over the water permeable material 37.
However, latex materials, such as Surelease® latex materials, which are available from
Colorcon, Inc., Kollicoat ® SR latex materials, which are available from BASF,
Eudragit® SR, and other polymethylacrylate latex materials, are presently preferred for
forming a water impermeable subcoat 38. A water impermeable subcoat 38 may be
provided over the water permeable material 37 included in a water impermeable
reservoir 30 of a dosage form according to the present invention using any suitable
coating or lamination technique. Coating processes suitable for providing a water
impermeable subcoat 38 are described, for example, in U.S. Patent Applications
numbered 60/492,002, and 60/392,774, the contents of which are incorporated in their

entirety herein by reference.

[0023] The engine 20 included in the dosage form 10 of the present invention can
be any composition, material, device or system that functions in an intended
environment of operation to expel the active agent formulation from within the
reservoir at a desired rate. For example, the engine 20 included in a dosage form 10 of
the present invention may be an osmotic engine 21 or other expandable formulation,
device, or system. After administration of the dosage form to an environment of
operation, the engine 10 included in a dosage form of the present invention preferably

operates by exerting a force against the active agent formulation 40 included in the

10
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reservoir 30 over a desired period of time, which force is sufficient to expel the active

agent formulation 40 from within the reservoir 30.

[0024] In order to avoid any problems associated with permeation of the engine 20
by the active agent formulation 40 included in the dosage form 10, the engine 20
included in a dosage form 10 of the present invention is preferably resistant to
permeation by the active agent formulation 40. As it is used herein, the terms “resistant
to permeation” or “permeation resistant” refers to an engine that is configured or
formulated such that, when included in a dosage form of the present invention, the
engine exhibits an uptake of active agent formulation that is less than 5% by weight
before administration of the dosage form. In preferred embodiments, the engine 20
included in the dosage form 10 of the present invention preferably exhibits an uptake of
active agent formulation that is 3% by weight, or less, before administration of the
dosage form, with engines exhibiting active agent formulation uptake of 1% by weight,

or less, before administration of the dosage form being particularly preferred.

[0025] Though a dosage form 10 of the present invention may include any engine
20 capable of providing controlled release of an active agent formulation 40, the dosage
form of the present invention is preferably fabricated with an osmotic engine 21. An
osmotic engine 21 suitable for use in a dosage form 10 of the present invention includes
an expandable osmotic composition 24 and is preferably prepared such that it is

resistant to permeation by the active agent formulation 40 included in the dosage form.

[0026] An expandable osmotic composition 24 included in an osmotic engine 21 of
a dosage form 10 according to the present invention may be formulated and formed
using any materials and means that result in a composition that can be operatively
associated with and bonded to the reservoir 30, is acceptable for the intended
application of the dosage form 10, exhibits sufficient osmotic pressure to draw in water
from an environment of operation over a desired period of time, and expands to exert a
force sufficient to cause expulsion of an active agent formulation 40 from within a
reservoir 30 as water is taken into the composition. The expandable osmotic
composition 24 included in an osmotic engine 21 useful in a dosage form 10 of the
present invention can be manufactured using known materials and methods, and may

be formulated to provide an expandable osmotic composition 24 that is itself resistant

11
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to permeation by the active agent formulation 40 or can be made permeation resistant.
Presently, the expandable osmotic composition 24 included in an osmotic engine 21 of
a dosage form of the present invention is preferably formed as a tableted composition
that includes a hydrophilic polymer capable of swelling or expanding upon interaction

with water or aqueous biological fluids.

[0027]  The expandable osmotic composition 24 included in an osmotic engine 21

used in a dosage form of the present invention may further include an osmotic agent, or
“osmagent,” to increase the osmotic pressure exerted by the expandable osmotic
composition 24, a suspending agent to provide stability and homogeneity to the
expandable osmotic composition 24, a tableting lubricant, an antioxidant, or a non-toxic
colorant or dye. Materials and methods that can be used to form an expandable osmotic
composition 24 suitable for use in an osmotic engine 21 useful in a dosage form 10 of
the present invention are taught, for example, in U.S. Patents 6,174,547 and 6,245,357
and in U.S. Patent Applications numbered 10/324,154, 10/324,239, 09/733,847,
08/075,084, 60/492,002, and 60/394,774, the contents of each of which are herein

incorporated in their entirety by reference.

[0028]  An osmotic engine 21 included in a dosage form of the present invention
may also include a barrier layer 26. A barrier layer 26 included in an osmotic engine
21 used in a dosage form 10 according to the present invention is formulated of
composition that is substantially impermeable to the active agent formulation 40. The
barrier layer 26 works to reduce permeation of the expandable osmotic composition 24
by the active agent formulation 40. In addition, the barrier layer 26 serves to increase
the uniformity with which the driving power of the expandable osmotic composition 24
is transferred to the active agent formulation 40. Where an osmotic engine 21 included
in a dosage form 10 of the present invention includes a barrier layer 26, the barrier
layer 26 and expandable osmotic composition 24 may be formed as a bi-layer tablet 28.
Materials and methods suitable for creating such a bi-layer tablet 28 are taught, for
example, in U.S. patent applications numbered 08/075,084, 60/343,001, and
60/343,005, the contents of which are incorporated in their entirety herein by reference.
Materials suitable for forming a barrier layer 26 useful in an osmotic engine 21 used in
a dosage form 10 according to the present invention include, but are not limited to, a

polymeric composition, a high density polyethylene, a wax, a rubber, a styrene

12
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butadiene, a calcium phosphate, a polysilicone, a nylon, Teflon®, a polystyrene, a
polytetrafluoroethylene, halogenated polymers, a blend of a microcrystalline, high

acetyl cellulose, or a high molecular weight fluid impermeable polymer.

[0029] Where desired, an osmotic engine 21 included in a dosage form 10 of the
present invention may be a permeation resistant engine. A permeation resistant
osmotic engine 21 useful in a dosage form 10 of the present invention may include an
expandable osmotic composition 24 that is formulated to be permeation resistant as
defined herein. However, where the expandable osmotic composition 24 included in an
osmotic engine 21 according to the present invention is formed of a tableted,
hydrophilic polymer composition, the expandable osmotic composition 24 will
typically require further processing in order to render the expandable osmotic
composition resistant 24 to permeation by an active agent formulation 40. For
example, as is shown in FIG. 4 and FIG. 6, the expandable osmotic composition 24
may be provided with a permeation resistant coating 29 over at least an area of the
expandable osmotic composition 24, wherein the coating 29 is formulated to be

resistant to permeation by a given active agent formulation 40.

[0030] The materials used to form a permeation resistant coating 29 included in a
permeation resistant osmotic engine 21 useful in a dosage form 10 of the present
invention will vary depending on the nature of the active agent formulation 40 to which
the expandable osmotic composition 24 must be made permeation resistant. In
particular, to render the expandable osmotic composition 24 resistant to permeation by
a hydrophobic active agent formulation, a permeation resistant coating 29 provided
over the expandable osmotic composition will typically be a hydrophilic coating that is
substantially impermeable to the hydrophobic active agent formulation. Alternatively,
to render the expandable osmotic composition 24 resistant to permeation by a
hydrophilic active agent formulation, a permeation resistant coating 29 provided over
the expandable osmotic composition will typically be a hydrophobic coating that is
substantially impermeable to the hydrophilic active agent formulation. As used herein,
“substantially impermeable” refers to a coating composition that is sufficiently
impermeable to an active agent formulation to render the expandable osmotic
composition permeation resistant as defined herein. A permeation resistant coating 29

may be formulated using a variety of different naturally derived or synthetic materials,
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with materials and methods suitable for provide an permeation resistant osmotic engine
being detailed in U.S. Patent Application numbered 60/492,002, the contents of which

are incorporated in their entirety herein by reference.

[0031] Where desired, a permeation resistant coating 29 may be formulated using
blends of materials that provide desirable coating characteristics. For example, in
order to achieve a permeation resistant coating 29 having desirable coating
characteristics, it may be necessary to formulate the coating material using blends of
film forming materials. In addition, a permeation resistant coating 29 according to the
present invention may include one materials, such as a plasticizer, that improve the
coating characteristics provided by a film forming material or a blend of film forming
materials. In particular, where HPMC is used to form a permeation resistant coating 29
included in a permeation resistant engine useful in a dosage form 10 of the present
mvention, it is presently preferred that the HPMC coating is formulated using a
plasticizer, such as PEG 8000. Importantly, a permeation resistant coating 29 is
preferably formulated such that tensile strength of the permeation resistant coating 29
can be overcome by the force exerted by the expandable osmotic composition 24 as the

osmotic engine 21 functions and the expandable osmotic composition 24 expands.

[0032] Where an engine 20 included in a dosage form of the present invention
includes a permeation resistant coating 29 that is permeable to the passage of water,
such as a coating that includes a hydrophilic polymer or water soluble component, the
permeation resistant coating 29 may completely encapsulate the material or mechanism
forming the engine 24. A permeation resistant coating 29 that encapsulates the
expandable osmotic composition 24 included in an osmotic engine 21 is formulated to
exhibit a water permeability that is sufficient to permit water to enter the expandable
osmotic composition 24 at a rate that allows the osmotic engine 21 to expand as needed
to provide a desired release rate of active agent formulation 40. Moreover, if desired,
where a permeation resistant coating 29 is provided over an osmotic engine 21, the
thickness and water permeability of a permeation resistant coating 29 may be adjusted
to provide a further measure of control over the release characteristics of the dosage
form 10. For example, in order to delay delivery of an active agent formulation 40
from a dosage form that incorporates an osmotic engine 21 having a permeation

resistant coating 29 that encapsulates an expandable osmotic composition 24 and is
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permeable to water, the thickness of permeation resistant coating 29 may be increased

until a desired delay is achieved.

[0033] However, a permeation resistant coating 29 included over an engine 20
included in a dosage form of the present invention need not entirely encapsulate the
engine 20. In fact, where a permeatio'h resistant coating 29 is included over an osmotic
engine 21 and the permeation resistant coating 29 is impermeable to water or is not
sufficiently permeable to water to allow the osmotic engine 21 to function as desired,
the permeation resistant coating 29 is configured such that the permeation resistant
coating 29 does not entirely encapsulate the expandable osmotic composition 24
including in the osmotic engine 21 (not shown). In that manner, the water can be taken
up by the expandable osmotic composition 21 at a rate that enables the osmotic engine

21 to function as desired.

[0034] An osmotic engine 21 included in a dosage form 10 of the present invention
can be configured to include a barrier layer 26 and a permeation resistant coating 29.
Moreover, where an osmotic engine 21 includes both a permeation resistant coating 29
and a barrier layer 26, the barrier layer 26 may be included within the permeation
resistant coating 29 or on an outside surface of the permeation resistant coating 29.
Materials and methods for fabricating an osmotic engine that includes both a barrier
layer 26 and a permeation resistant coating 29 are described in U.S. patent application

60/492,002, the contents of which are incorporated in their entirety herein by reference.

[0035] A band 80 included in a dosage form of the present invention is formed after
the engine 20 is positioned within the opening 34 of the reservoir 30, and the banding
step preferably takes places before other further processing, such as coating the dosage
form with a rate controlling membrane, take place. The material forming a band 80
provided in a dosage form 10 of the present invention does not completely cover
portion 27 of the engine 20 left exposed by the reservoir 30 or the reservoir itself. The
band 80 is formed or positioned at the step formed by the outside surface of the
reservoir 36 and the outside surface 22 of the engine20 where the engine 20 enters the
opening 34 formed in the reservoir 30. The material forming the band 80 extends
around the dosage form 10, such that band 80 is formed continuously around the

dosage form 10 in the area where the engine 20 and reservoir 30 come together. The

15



10

15

20

25

30

WO 2005/030164 PCT/US2004/031301

band 80 works to both bind the engine 20 and the reservoir 30 together and to reduce
the step created on the outside surface of the dosage form where the engine 20 and

reservoir 30 meet.

[0036] Methods and materials that may be used to band the reservoir 30 to the
engine 20 in a dosage form 10 of the present invention are taught, for example, U.S.
Patents 6,365,183, 6,316,028, 6,020,000, 5,667,804, and 5,534,263, the contents of
each of which are incorporated herein in their entirety. In particular, a band 80
included a dosage form 10 according to the present invention can be applied using a
variety of techniques that include, but are not limited to, printing, such as Gravure-type
printing, extrusion coating, screen coating, brush coating, spraying, painting, the
Capsealer process developed by TAIT Design & Machine Co., Manheim, PA, and the
process commonly referred to as the Quali-Seal® process developed by Shionogi
Qualicaps of Indianapolis, IN. Such systems and techniques can be modified to
provide a band 80 of insoluble material in a dosage form of the present invention,
which unlike previously banded dosage forms, does not include a capsule formed of a
body and a cap that fits over the body and is not formed of a compressed matrix

formulation.

[0037] Though the material forming the band 80 included in a dosage form of the
present invention is preferably insoluble in water, the band 80 may also be formed
using a material that is water soluble. An insoluble material suitable for forming a band
80 included in a dosage form of the present invention 10 includes any material suitable
for joining the engine and the reservoir, can be applied at the interface formed between
the reservoir and the engine where the engine is positioned within the reservoir, and
maintains its physical and chemical integrity after administration of the dosage form, at
least during the desired dispensing period of the dosage form. Preferably, an insoluble
material used for form a band 80 included in the dosage form of the present invention is

also biologically inert, nonallergenic and nonirritating to body tissue.

[0038] Specific iﬁsoluble materials that may be used to band the engine 20 to the
reservoir 30 of a dosage form 10 of the present invention include, but are not limited to,
polyethylene, polystyrene, ethylene-vinyl acetate copolymers, polycaprolactone and

polyester based elastomers such as polyester/polyether block copolymers, including the
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HYTREL® series of polymers available from DuPont. Additional insoluble banding
materials include but are not limited to polysaccharides, cellulosics, powdered
cellulose, microcrystalline cellulose, cellulose acetate, cellulose acetate pseudolatex
(such as described in U.S. Pat. No. 5,024,842), cellulose acetate propionate, cellulose
acetate butyrate, ethyl cellulose, ethyl cellulose pseudolatex (such as Surelease®, as
supplied by Colorcon, West Point, Pa. or Aquacoat™ as supplied by FMC Corporation,
Philadelphia, Pa.), nitrocellulose, polylactic acid, poly- glycolic acid, polylactide
glycolide copolymers, collagen, polycaprolactone, polyvinyl alcohol, polyvinyl acetate,
polyethylene vinylacetate, polyethylene teraphthalate, polybutadiene styrene,
polyisobutylene, polyisobutylene isoprene copolymer, polyvinyl chloride,
polyvinylidene chloride-vinyl chloride copolymer, copolyrhers of acrylic acid and
methacrylic acid esters, copolymers of methylmethacrylate and ethylacrylate, latex of
acrylate esters (such as Eudragit® supplied by RohmPharma, Darmstaat, Germany),
polypropylene, copolymers of propylene oxide and ethylene oxide, propylene oxide
ethylene oxide block copolymers, ethylenevinyl alcohol copolymer, polysulfone,
ethylene vinylalcohol copolymer, polyxylylenes, polyamides, natural and synthetic
waxes, paraffin, carnauba wax, petroleum wax, white or yellow bees wax, castor wax,
candelilla wax, rice bran wax, microcrystalline wax, stearyl alcohol, cetyl alcohol,
bleached shellac, esterified shellac, chitin, chitosan, silicas, polyalkoxysilanes,
polydimethyl siloxane, polyethylene glycol-silicone elastomers, crosslinked gelatin,
zein, electromagnetic irradiation crosslinked acrylics, silicones, or polyesters, thermally
crosslinked acrylics, silicones, or polyesters, butadiene-styrene rubber, glycerol ester of
partially dimerized rosin, glycerol ester of partially hydrogenated wood rosin, glycerol
ester of tall oil rosin, glycerol ester of wood rosin, pentaerythritol ester of partially
hydrogenated wood rosin, pentaerythritol ester of wood rosin, natural or synthetic

terpene resin and blends of the above.

[0039] Preferred insoluble banding materials include copolymers of acrylic acid
and methacrylic acid esters, copolymers of methylmethacrylate and ethylacrylate, and
latex of acrylate esters. Preferred copolymers include poly (butyl methacrylate, (2-
dimethylaminoethyl)methacrylate, methyl methacrylate) 1:2:1, 150,000, sold under the
trademark EUDRAGIT E; poly (ethyl acrylate, methyl methacrylate) 2:1, 800,000, sold
under the trademark EUDRAGIT NE 30 D; poly (methacrylic acid, methyl

17



10

15

20

25

30

WO 2005/030164 PCT/US2004/031301

methacrylate) 1:1, 135,000, sold under the trademark EUDRAGIT L; poly (methacrylic
acid, ethyl acrylate) 1:1, 250,000, sold under the trademark EUDRAGIT L; poly
(methacrylic acid, methyl methacrylate) 1:2, 135,000, sold under the trademark
EUDRAGIT S; poly (ethyl acrylate, methyl methacrylate, trimethylammonioethyl
methacrylate chloride) 1:2:0.2, 150,000, sold under the trademark EUDRAGIT RL;
poly (ethyl acrylate, methyl methacrylate, trimethylammonioethyl methacrylate
chloride) 1:2:0.1, 150,000, sold as EUDRAGIT RS. In each case, the ratio x:y:z

indicates the molar proportions of the monomer units and the last number is the number

. average molecular weight of the polymer. An ethylacrylate methylmethylacrylate 2:1

copolymer latex is especially preferred.

[0040] Water soluble materials may also be used to band the reservoir 30 to the
engine 20 included in a dosage form 10 of the present invention. Any water soluble
material that is suitable for joining the engine 20 and the reservoir 30, can be applied at
the interface formed between the reservoir 30 and the engine 20 where the engine 20 is
positioned within the reservoir 30, and at least maintains its physical and chemical
integrity prior to administration of the dosage form 10 may be used to form a band 80
useful in a dosage form 10 of the present invention. As is true of water insoluble
materials for banding the reservoir 30 to the engine 20, a water soluble material used to
form a band 80 in a dosage form 10 of the present invention is preferably biologically

inert, nonallergenic and nonirritating to body tissue.

[0041] In addition to the coating techniques already described herein, a band 80
included in a dosage form of the present invention may be formed using a tape or
preformed band of banding material positioned around the dosage form 10 in a manner
that binds the engine 20 to the reservoir 30. Where the band 80 is formed using a tape
or pre-formed band, the thickness of the tape or preformed band is chosen such that any
step formed at the transition formed at the edges of the tape or pre-formed band is
smaller or less severe than the step formed at the opening of the reservoir 34, where the
reservoir 30 and the engine 20 interface. In particular, where the band 80 included in a
dosage form of the present invention is formed using tape or a preformed band, the tape
or preformed band will have a thickness that is less than the thickness of the reservoir
30 where the reservoir 30 and engine 20 interface. In preferred embodiments, a tape or

preformed band used to form the band 80 of the dosage form 10 of the present

18



10

15

20

25

30

WO 2005/030164 PCT/US2004/031301

invention will have a thickness that is less than 50% of the thickness of the reservoir 30
where the reservoir 30 and engine 20 interface, and in particularly preferred
embodiments, a tape or preformed band used to form the band 80 of the dosage form 10
of the present invention will have a thickness that is less than 25% of the thickness of
the reservoir 30 where the reservoir 30 and engine 20 interface. Moreover, the edges of
a tape or preformed band used to form the band 80 included in the dosage form 10 of
the present invention are preferably tapered such that the thickness of the tape or
preformed band at the outside edges is less than the thickness in the center of the tape
or preformed band. Such a configuration further reduces any material transition formed
between the edges of the tape or preformed band and the outside surface of the

reservoir 30 and engine 20.

[0042] Where a tape is used, the tape may or may not include an adhesive. If the
tape does not include an adhesive, the tape may be adhered to the reservoir 30 and
engine 20 using a suitable solvent or adhesive. Alternatively, a tape used to form the
band 80 included in the dosage form 10 of the present invention may be formed of a
shape memory or heat shrinking material, such as a shape memory or heat shrinking
polymer material, which is processed during or after application such that a band 80

that maintains the engine 20 in place relative to the reservoir 30 is formed.

[0043]  Where the band 80 included in the dosage form 10 of the present invention
is provided by a preformed band of material, the preformed band is preferably initially
sized such that the inside diameter of the preformed band is at least slightly lager than
the outside diameter of the reservoir 30 where at the opening 34 where the reservoir 30
and engine 20 interface. IN one embodiment, the inner diameter of a preformed band
used to form the band 80 of the dosage form 10 of the present invention is sized such
that it can be positioned over the interface formed between the reservoir 30 and engine
20 and at least initially maintained in place by a friction or interference fit. A
preformed band may be adhered more permanently to the dosage form 10 at the
interface formed between the reservoir 30 and engine 20 using any suitable adhesive
material. Alternatively, a preformed band may be adhered to the dosage form using a
solvent that partially solubilizes the material forming the preformed band or a material
included on the outside surface of the engine 20 or the reservoir 30 such that band is

adhered to or fused to the dosage form 10 as the solvent is removed or evaporates. In a
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preferred embodiment, a preformed band used to form the band 80 included in the
dosage form of the present invention is fabricated using a shape memory or heat
shrinkable polymer. Such materials are known in the art and are commercially
available. After positioning a preformed band made of a shape memory or heat
shrinkable polymer over the interface formed between the reservoir 30 and engine 20,
the preformed band is subjected to conditions (e.g., heat) that cause the band to shrink

around the reservoir 30 and engine 20, thereby banding the engine 20 to the reservoir.

[0044] Regardless of the particular materials or methods used to create the band 80
included in the dosage form 10 of the present invention, banding the engine 20 to the
reservoir 30 reduces the likelihood that the engine 20 will be displaced from a desired
position or separated from the reservoir 30 as the dosage form is manufactured steps.
Moreover, banding the engine of the dosage form of the present invention to the
reservoir works to smooth any discontinuity or step formed where the outside surface
of the engine interfaces the opening formed in the reservoir, and by smoothing the
interface between the engine and reservoir, the design of the dosage form of the present
invention production of subsequent coatings that exhibit better continuity and are more
robust using coating conditions that are less likely to result in loss of product due to
“twinning” of dosage forms in process. Even further, the band 80 included in a dosage
form 10 of the present invention works to more effectively seal the interface between
the engine 20 and the reservoir 30 from penetration or passage by the active agent
formulation 40. Therefore, banding the engine 20 to the reservoir 30 not only provides
a physically more robust controlled release active agent dosage form that is better
suited to commercial production, but can also provide a dosage form that is less
susceptible to the undesirable loss or leaking of active agent formulation from within

the reservoir.

[0045] Where the dosage form 10 of the present invention includes an osmotic
engine 21, the dosage form 10 preferably includes a rate controlling membrane 60. A
rate controlling membrane 60 included on a dosage form 10 of the present invention
allows water or aqueous fluid from the desired environment of operation to enter the
osmotic engine 21 at a controlled rate and thereby facilitates controlled expansion of
the osmotic engine 21 and controlled delivery of the active agent formulation 40 from

the dosage form 10. A rate controlling membrane 60 included in a dosage form 10
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according to the present invention is non-toxic in the intended environment of operation
and maintains its physical and chemical integrity during the operation of the dosage
form 10. Adjusting the thickness or chemical make-up of the rate controlling
membrane 60 can control the rate at which the expandable osmotic composition 24
included in an osmotic engine 21 expands after the dosage form 10 is administered.
Therefore, a rate controlling membrane 60 included in a dosage form 10 of the present
invention that utilizes an osmotic engine 21 serves to control the release rate or release

rate profile achieved by a dosage form 10.

[0046] A rate controlling membrane 60 for use in a dosage form 10 of the present
invention may be formed using any material that is permeable to water, is substantially
impermeable to the active agent, is pharmaceutically acceptable, and is compatible with
the other components of the dosage form 10 of the present invention. Generally, a rate
controlling membrane 60 will be formed as a semipermeable membrane using materials
that include semipermeable polymers, semipermeable homopolymers, semipermeable
copolymers, and semipermeable terpolymers. Semipermeable polymers are known in
the art, as evidenced by the patent references cited herein and by U.S. Patent No.
4,077,407, which is incorporated herein by this reference. In addition, semipermeable
polymers can be made by processes known in the art, such as the procedures described
in Encyclopedia of Polymer Science and Technology, Vol. 3, pages 325 to 354, 1964,
published by Interscience Publishers, Inc., New York. A rate controlling membrane 60
included in the dosage form 10 of the present invention may also include a plasticizer
to impart flexibility and elongation properties to the rate controlling membrane 60 or a
flux regulating agent, such as a flux enhancing or a flux reducing agent, to assist in

regulating the fluid permeability or flux through the rate controlling membrane 60.

[0047] A rate controlling membrane 60 included in a dosage form 10 according to
the present invention is provided over at least the portion 27 of an osmotic engine 21
that is not enclosed or encapsulated by the reservoir 30. If desired, a rate controlling
membrane 60 included in a dosage form 10 of the present invention may also be
provided over both the reservoir 30 and the exposed portion 27 of the osmotic engine
21. Moreover, where a dosage form 10 according to the present invention includes a

reservoir 30 that is permeable to water, a rate controlling membrane 60 included in the
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dosage form 10 preferably extends over both the reservoir 60 and the exposed portion

27 of the osmotic engine 21.

[0048] Methods for providing a rate controlling membrane 60 suitable for use in a
dosage form 10 according to the present invention are known in the art and include any
suitable coating technique, such as a suitable dip coating or spray coating process.
Additional references describing materials and methods for fabricating rate controlling
membranes suitable for use in a oral dosage form 10 of the present invention include,
for example, U.S. patents 6,174,547 and 6,245,357 and U.S. patent applications
numbered 10/324,154, 10/324,239, 09/733,847, 08/075,084, 60/492,002, and

60/392,774, the contents which are incorporated in their entirety herein by reference.

[0049] A dosage form 10 according to the present invention also includes an exit
orifice 70. The exit orifice 70 may include any structure, device, or dosage form
configuration that allows the active agent formulation 40 to be delivered from the
reservoir 30 of the dosage form. An exit orifice 70 included in a dosage form 10 of the
present invention may be embodied by one of various different structures. For
example, the exit orifice 70 may include an aperture 72 formed partially or completely
through the wall of the reservoir 30 included in the dosage form 10. Alternatively, as is
shown in FIG. 2 and FIG. 4 through FIG. 6, where the dosage form 10 of the present
invention includes a rate controlling membrane 60 over the reservoir 30, the exit orifice
70 may include an aperture 72 formed through the rate controlling membrane 60, or the
exit orifice may include an aperture 72 formed through a rate controlling membrane 60
and a portion of the reservoir, such as a water impermeable subcoat 58 included in a
reservoir 30 formed of multiple material layers. An exit orifice 70 formed of an
aperture 72 may be formed by any suitable means, such as by suitable mechanical or

laser drilling technologies.

[0050] Though the aperture 72 illustrated in FIG. 1 through FIG. 6 does not pass
entirely through the reservoir 30 included in the dosage form 10, the aperture 72 allows
the formation of an exit orifice as the dosage form is placed within or begins to operate
within an intended environment of operation. In particular, where a dosage form 10 of
the present invention includes a reservoir 30 formed of a single layer of water

impermeable material, the aperture 72 formed in the rate controlling membrane 60
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creates a breaking point where the material forming the reservoir 30 is compromised as
the engine 20 included in the dosage form 10 begins to function and pressure within the
reservoir 30 builds. Alternatively, where a dosage form 10 of the present invention
includes a water permeable material and the aperture 72 exposes such material to the
environment of operation, the water present in the environment of operation can work
to weaken or dissolve the exposed portion of the reservoir 30, allowing the active agent
formulation 40 contained within the reservoir 30 to be expelled as the engine 20

operates.

[0051] Nevertheless, the dosage form 10 of the present invention is not limited to
an exit orifice 70 formed by an aperture 72. Where desired, the exit orifice may include
an aperture that passes completely through the reservoir. Again, mechanical or laser
drilling technologies may be used to create such an exit orifice. However, where the
exit orifice provided in the dosage form of the present invention is formed through the
reservoir, a closure sealing the exit orifice be needed. Any one of several means may
be employed to provide such a closure. For instance, the closure may include a layer of
material that covers the exit orifice and is érranged over a portion the outer surface of
the dosage form, or the closure may include a stopper, such as a bung, cork, or
impermeable plug, or an erodible element, such as a gelatin plug or a pressed glucose
plug, formed or positioned within the exit orifice. Regardless of its specific form, the
closure will typically comprise a material impermeable to the passage of the active
agent formulation, at least until after administration of the dosage form. Suitable
closure materials include high-density polyolefin, aluminized polyethylene, rubber,
silicon, nylon, synthetic fluorine Teflon®, chlorinated hydrocarbon polyolefins, and

fluorinated vinyl polymers.

[0052]  An exit orifice included in a dosage form of the present invention may also
include more than a simple aperture, where desired, the exit orifice may include, for
example, a porous element, porous overlay, porous insert, hollow fiber, capillary tube,
microporous insert, or microporous overlay. Moreover, regardless of the particular
structure providing the exit orifice, a dosage form of the present invention can be
manufactured with two or more exit orifices for delivering the active agent formulation
during operation. Descriptions of exit orifices suitable for use in controlled release

dosage forms are disclosed, for example, in those patents and patent applications
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already incorporated herein by reference, as well as in U.S. patents numbered
3,845,770, 3,916,899, and 4,200,098, the contents of which are herein incorporated in

their entirety by reference.

[0053]  Though an exit orifice 70 formed of an aperture 72 is only one of various
different exit orifices that may be provided in a dosage form 10 of the present
invention, exit orifices that are formed as shown in the illustrated embodiments are
desirable, as they do not require complete penetration of the reservoir 30 before the
dosage form 10 is administered. Such a design works to reduce the possibility that the
active agent formulation 40 may leak from the dosage form 10 before the dosage form
10 is administered. Moreover, the aperture 72 included in the exit orifices 70 shown in
FIG. 1 through FIG. 6 is simply formed using known mechanical or laser drilling
techniques.

[0054] In another aspect, the present invention is directed to a method of
manufacturing a dosage form providing the controlled release of a active agent
formulation. The method of the present invention includes providing a reservoir
including an opening, providing an engine, positioning the engine within the opening of
the reservoir and banding the engine to the reservoir. The method of the present
invention also includes loading an active agent formulation into the reservoir, and
configuring the dosage form such that an exit orifice is included or formed in the
reservoir to allow delivery of the active agent formulation. Though active agent is
preferably loaded before the engine is positioned within and banded to the reservoir,
loading the active agent formulation in the dosage form of the present invention may

also take place after the engine and reservoir have been operatively associated.

[0055]  The step of providing a reservoir including an opening may include
providing any reservoir suitable for use in a dosage form of the present invention. For
example, the reservoir provided in a method of the present invention may be formed of
a water permeable or a water impermeable material, such as those materials disclosed
herein. Moreover, the reservoir provided in a method of the present invention may be
formed of a single layer of material or multiple layers of one or more different
materials. The precise nature of the reservoir provided in a method according to the

present invention will depend on, among other factors, the desired application and
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performance characteristics of the dosage form produced, as well as the nature of the

engine and the active agent formulation to be included in the dosage form.

[0056] Engines suitable for use in the method of the present invention include any
engine that may be used to fabricate a dosage form according to the present invention.
For example, the engine may be an osmotic engine or other expandable formulation,
device or system. Where the engine provided in the method of the present invention is
an osmotic engine, the engine may include a barrier layer and may be formulated or
configured to be resistant to permeation by the acti%ze agent formulation loaded in the
reservoir. However, where the engine provided in a method of the present invention is
an osmotic engine that includes a barrier layer, the method of the present invention
includes orienting the engine before the engine is positioned within the reservoir such
that the barrier layer faces the active agent formulation in the completed dosage form.
The precise nature of the engine provided in a method according to the present
invention will depend on, among other factors, the desired application and performance
characteristics of the dosage form produced, as well as the nature of the reservoir and

the active agent formulation to be included in the dosage form.

[0057]  The step of positioning the engine within the opening included in the
reservoir can be carried out using any technique, device or mechanism that results in
the desired positioning of the engine within the opening of the reservoir. For example,
the positioning step may be carried out by an inserter providing insertion depth control
or insertion force control. Preferably, an inserter providing insertion depth control is
used to position the engine within the reservoir that has not already been loaded with an
active agent formulation, while an inserter providing insertion force control is
preferably used to position an engine within a reservoir that has been pre-loaded with

an active agent formulation.

[0058] Loading the active agent formulation into the reservoir can also be carrier
out by any technique, device or mechanism that results in the loading of a desired
amount of active agent formulation in the reservoir. Where loading of the active agent
formulation takes place before the engine is positioned within the opening of the
reservoir, the active agent formulation may be loaded through the same opening used

for positioning the engine. However, where the active agent formulation is loaded into
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the reservoir after positioning the osmotic engine, loading of the active agent
formulation must be done either through a second opening formed in the reservoir or by
passing the active agent formulation around the engine and into the reservoir. The
active agent formulation loaded into the reservoir in a method according to the present
invention may be any active agent formulation suitable for use in a dosage form

according to the present invention.

[0059] The step of configuring the dosage form such that an exit orifice is included
or formed in the reservoir may include forming one or more exit orifices as already
described herein. For example, the method of the present invention may include
creating one or more exit orifices that include a porous element, a porous overlay, a
porous insert, a hollow fiber, a capillary tube, microporous insert, or microporous
overlay, an aperture or an aperture with a closure, such as a layer of material positioned
over the closure, an impermeable bung, cork, or plug, an erodible element, such as a
gelatin plug or pressed glucose plug, formed or positioned within the aperature.
Moreover, regardless of the particular structure providing the exit orifice, configuring
the dosage form such that an exit orifice is included or formed in the reservoir may
involve forming two or more exit orifices for delivering the active agent formulation

during operation.

[0060] In one embodiment of the method of the present invention, the step of
providing an engine includes providing an osmotic engine. Where the engine provided
in the method of the present invention is an osmotic engine, the method of the present
invention also includes providing a rate controlling membrane. Typically, the step of
providing a rate controlling membrane includes providing a rate controlling membrane
over at least the portion of the osmotic engine that is not encapsulated by the reservoir.
Alternatively, depending on the type of material used to form the reservoir, the step of
providing a rate controlling membrane may also include providing a rate controlling
membrane over both the exposed portion of the osmotic engine and the reservoir.
Where required, providing a rate controlling membrane can be carried out using any
materials or methods suitable for creating a rate controlling useful in a dosage form
according to the present invention. Particular examples of material and methods for
providing a rate controlling membrane include, but are not limited to, those materials

and methods described in U.S. Patents 6,174,547, 6,245,357 and 4,077,407, in U.S.
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Patent Applications numbered 10/324,154, 10/324,239, 09/733,847, 08/075,084,
60/492,002, and 60/392,774, and in Encyclopedia of Polymer Science and Technology,
Vol. 3, pages 325 to 354, 1964, published by Interscience Publishers, Inc., New York,

the contents of each of which are incorporated in their entirety herein by reference.

[0061] Banding the engine to the reservoir of the dosage form in the method of the
present invention can be carried out after the engine is positioned within the opening
included in the reservoir and can be accomplished using, for example, the materials and
methods discussed herein. For example, in one embodiment, the method of the present
invention includes forming a band of water insoluble material on the outside surface of
the reservoir and engine where the opening of the reservoir and the engine meet using 2
process selected from printing, such as Gravure-type printing, extrusion coating, screen
coating, brush coating, spraying, painting, the Capsealer process developed by TAIT
Design & Machine Co., Manheim, PA, and the process commonly referred to as the
Quali-Seal® process developed by Shionogi Qualicaps of Indianapolis, IN, and the like.
In another embodiment, the method of the present invention includes forming a band of
water soluble material on the outside surface of the reservoir and engine where the
opening of the reservoir and the engine meet using a process selected from those
already described. In further embodiments, the method of the present invention
includes banding the engine to the reservoir of the dosage form using a tape or
preformed band of material. Materials and methods suitable for banding the engine to
the reservoir using a tape or preformed band of material are described previously herein

in relation to the formation of the dosage form of the present invention.

[0062] The dosage form and method of the present invention are described herein
in relation to various embodiments, materials and methods. However, the
embodiments, materials and methods described herein are meant to be illustrative in all
respects, rather than restrictive, of the dosage form and method of the present invention.
The present invention is capable of may variations in detailed implementation that can
be derived from the description provided herein, and all such variations are considered

to be within the scope and spirit of the present invention.
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What is claimed is:

1. A dosage form configured to provide the controlled release of an active agent
formulation comprising

a reservoir containing an active agent formulation,

an engine partially positioned within the reservoir, and the engine not being
completely encapsulated by the reservoir, and

a band provided over an outer surface of the reservoir and the engine that binds
the engine to the reservoir;

wherein the dosage form is configured to expel the active agent formulation
from within the reservoir at a controlled rate after administration of the dosage form to

an environment of operation.

2. The dosage form of claim 1, wherein the band is a printed band, extrusion

coated band, screen coated band, brush coated band, sprayed band, or painted band.

3. The doéage form of claim 1, wherein the band comprises a band formed
continuously around the dosage form in an area where the engine and reservoir come

together.

4. The dosage form of claim 1, wherein the band comprises material selected from
the group consisting of polyethylene, polystyrene, ethylene-vinyl acetate copolymers,
polycaprolactone and polyester based elastomers, polysaccharides, cellulosics,
powdered cellulose, microcrystalline cellulose, cellulose acetate, cellulose acetate
pseudolatex, cellulose acetate propionate, cellulose acetate butyrate, ethyl cellulose,
ethyl cellulose pseudolatex, nitrocellulose, polylactic acid, poly- glycolic acid,
polylactide glycolide copolymers, collagen, polycaprolactone, polyvinyl alcohol,
polyvinyl acetate, polyethylene vinylacetate, polyethylene teraphthalate, polybutadiene
styrene, polyisobutylene, polyisobutylene isoprene copolymer, polyvinyl chloride,
polyvinylidene chloride-vinyl chloride copolymer, copolymers of acrylic acid and
methacrylic acid esters, copolymers of methylmethacrylate and ethylacrylate, latex of
acrylate esters, polypropylene, copolymers of propylene oxide and ethylene oxide,

propylene oxide ethylene oxide block copolymers, ethylenevinyl alcohol copolymer,
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polysulfone, ethylene vinylalcohol copolymer, polyxylylenes, polyamides, natural and
synthetic waxes, paraffin, carnauba wax, petroleum wax, white or yellow bees wax,
castor wax, candelilla wax, rice bran wax, microcrystalline wax, stearyl alcohol, cetyl
alcohol, bleached shellac, esterified shellac, chitin, chitosan, silicas, polyalkoxysilanes,
polydimethyl siloxane, polyethylene glycol-silicone elastomers, crosslinked gelatin,
zein, electromagnetic irradiation crosslinked acrylics, silicones, or polyesters, thermally
crosslinked acrylics, silicones, or polyesters, butadiene-styrene rubber, glycerol ester of
partially dimerized rosin, glycerol ester of partially hydrogenated wood rosin, glycerol
ester of tall oil rosin, glycerol ester of wood rosin, pentaerythritol ester of partially
hydrogenated wood rosin, pentaerythritol ester of wood rosin, natural or synthetic

terpene resin and blends of the above..

5. The dosage form of claim 1, wherein the band comprises a tape.

6. The dosage form of claim 1, wherein the band comprises a preformed band.
7. The dosage form of claim 1, wherein the engine comprises an osmotic engine.
8. The dosage form of claim 7, wherein the osmotic engine comprises

an expandable osmotic composition.

9. The dosage form of claim 7, wherein the osmotic engine comprises a barrier
layer or an outer coating that limits migration of an active agent formulation from the

reservoir into the osmotic engine.

10.  The dosage form of claim 1, wherein the reservoir comprises a water permeable
material.
11.  The dosage form of claim 1, wherein the reservoir comprises a material that is

substantially impermeable to water.
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12. A dosage form comprising

a reservoir containing an active agent formulation,

an osmotic engine partially positioned within an opening formed within the
reservoir, and the osmotic engine not being completely encapsulated by the reservoir,

a band provided over an outer surface of the reservoir and the engine that binds
the engine to the reservoir,

a rate controlling membrane, and

an exit orifice through which the active agent formulation can be delivered.

13. A method of manufacturing a dosage form providing the controlled release of
an active agent formulation comprising:

providing a reservoir having an opening that is sized and shaped to receive an
engine,

providing an engine,

positioning the engine within the opening of the reservoir so that the engine
partially is positioned within the reservoir, and the engine not being completely
encapsulated by the reservoir, and

banding the engine that to the reservoir.

14, The method of claim 13, wherein banding the engine to the reservoir comprises
printing the band, extrusion coating the band, screen coating the band, brush coating the

band, spraying the band, or painting the band.

15.  The method of claim 13, wherein banding the engine to the reservoir comprises
a forming the band continuously around the dosage form in an area where the engine

and reservoir come together.

16.  The method of claim 13, wherein the band comprises material selected from the
group consisting of polyethylene, polystyrene, ethylene-vinyl acetate copolymers,
polyéaprolactone and polyester based elastomers, polysaccharides, cellulosics,
powdered cellulose, microcrystalline cellulose, cellulose acetate, cellulose acetate
pseudolatex, cellulose acetate propionate, cellulose acetate butyrate, ethyl cellulose,

ethyl cellulose pseudolatex, nitrocellulose, polylactic acid, poly- glycolic acid,
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polylactide giycolide copolymers, collagen, polycaprolactone, polyvinyl alcohol,
polyvinyl acetate, polyethylene vinylacetate, polyethylene teraphthalate, polybutadiene
styrene, polyisobutylene, polyisobutylene isoprene copolymer, polyvinyl chloride,
polyvinylidene chloride-vinyl chloride copolymer, copolymers of acrylic acid and
methacrylic acid esters, copolymers of methylmethacrylate and ethylacrylate, latex of
acrylate esters, polypropylene, copolymers of propylene oxide and ethylene oxide,
propylene oxide ethylene oxide block copolymers, ethylenevinyl alcohol copolymer,
polysulfone, ethylene vinylalcohol copolymer, polyxylylenes, polyamides, natural and
synthetic waxes, paraffin, carnauba wax, petroleum wax, white or yellow bees wax,
castor wax, candelilla wax, rice bran wax, microcrystalline wax, stearyl alcohol, cetyl
alcohol, bleached shellac, esterified shellac, chitin, chitosan, silicas, polyalkoxysilanes,
polydimethyl siloxane, polyethylene glycol-silicone elastomers, crosslinked gelatin,
zein, electromagnetic irradiation crosslinked acrylics, silicones, or polyesters, thermally
crosslinked acrylics, silicones, or polyesters, butadiene-styrene rubber, glycerol ester of
partially dimerized rosin, glycerol ester of partially hydrogenated wood rosin, glycerol
ester of tall oil rosin, glycerol ester of wood rosin, pentaerythritol ester of partially
hydrogenated wood rosin, pentaerythritol ester of wood rosin, natural or synthetic

terpene resin and blends of the above..
17.  The method of claim 13, wherein the band comprises a tape.
18.  The method of claim 13, wherein the band comprises a preformed band.

19.  The method of claim 13, further comprising loading an active agent formulation

into the reservoir
20.  The method of claim 13, further comprising
configuring the dosage form such that an exit orifice is included or formed in

the reservoir to allow delivery of the active agent formulation.

21.  The method of claim 13, wherein providing an engine comprises

providing an osmotic engine that comprises a rate controlling membrane
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22. The method of claim 21, wherein the rate controlling membrane is formed or
positioned over at least a portion of the osmotic engine that is not encapsulated by the

TESEervoir.

23.  The method of claim 21, wherein the controlling membrane is formed or

positioned over both an exposed portion of the osmotic engine and the reservoir.

24,  The method of claim 21, wherein the osmotic engine further comprises a barrier

layer

25.  The method of claim 24, further comprising:
orienting the osmotic engine before it is positioned within the reservoir such that after
the engine is positioned within the opening of the reservoir, the barrier layer faces the

active agent formulation.

26.  The method of claim 24, wherein the barrier layer comprises a barrier layer that

is resistant to permeation by the active agent formulation.
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