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TRANSDERMAL ESTROGEN DEVICE AND
DELIVERY

RELATED APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No.12/216,811, filed Jul. 10, 2008 (now U.S. Pat.
No. 8,231,906), which is incorporated herein by reference in
its entirety.

FIELD OF THE INVENTION

Described herein are compositions and methods for the
transdermal delivery of estrogen.

BACKGROUND

This invention relates generally to transdermaldrug deliv-
ery systems, and more particularly, to transdermal drug
delivery systems for the delivery of estrogen. The use of a
transdermal system, for example, a patch comprising a
pressure-sensitive adhesive containing a drug, as a means of
delivering drug through the skin is well known. However,
there remains a need for transdermal drug delivery systems
designedfor the delivery of specific drugs, such as estrogen,
and there remains a particular need for smaller transdermal
drug delivery systems that exhibit desired pharmacokinetic
properties.

Transdermal delivery systems (adhesive patches) as dos-
age forms have been the subject of a vast numberof patent
applications over the last 25 years, yielding manypatents but
few commercial products in comparison. To those working
in the field, the relatively small number of commercial
products is not surprising. Although regulatory, economic,
and market hurdles play a role in limiting the number of
products on the market, the task of developing a transdermal
delivery system that achieves desired physical and pharma-
cokinetic parametersto satisfy physician and patient demand
is more daunting. Parameters to be considered during com-
mercial product development may include drug solubility,
drug stability (e.g., as may arise from interaction with other
component materials and/or the environment), delivery of a
therapeutic amountofdrug at a desired delivery rate over the
intended duration of use, adequate adhesion at the anatomi-
cal site of application, integrity (e.g., minimal curling,
wrinkling, delaminating and slippage) with minimal discom-
fort, irritation and sensitization both during use and during
and after removal, and minimal residual adhesive (or other
components) after removal. Size also may be important from
a manufacturing and patient viewpoint, and appearance may
be important from a patient viewpoint. The physical manu-
facturing and production aspects of commercial product
development(e.g., the identity and costs of materials, equip-
ment, and labor) and supporting analytical methods required
for regulatory compliance also can be significant.

Of the physical parameters that are considered when
developing a commercial transdermal drug delivery system,
size, e.g., surface area at the site of application, is often
dictated and limited by other physical and pharmacokinetic
requirements, such as desired drug delivery rates and daily
dosages. In general, it is easier to develop a relatively
“large” transdermal drug delivery system that will achieve
drug delivery at target therapeutic levels over an intended
duration of therapy, than it is to develop a smaller transder-
mal drug delivery system that still exhibits acceptable phar-
macokinetic properties. Still, because size directly impacts
costs (e.g., costs of component materials, costs of packaging
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materials, costs for production and manufacturing equip-
ment, labor costs relative to product yield per run time, etc.)
and patients generally prefer smaller systems to larger ones
(both for aesthetic reasons and comfort, since a smaller
surface may permit the use of less aggressive adhesives),
there is a need for smaller transdermal drug delivery sys-
tems.

SUMMARY

In accordance with one embodiment, there is provided a
transdermal drug delivery system comprising a drug con-
taining layer defining an active surface area and comprising
a polymer matrix comprising estradiol, wherein the system
includes greater than 0.156 mg/cm? estradiol and achieves
an estradiol flux that is greater than 0.01 mg/cm?/day, based
on the active surface area. In some embodiments, the

polymer matrix comprises a polymer blend comprising an
acrylic adhesive, a silicone adhesive, and soluble PVP. In
some embodiments, the polymer matrix comprises about
2-25% by weight acrylic adhesive, about 45-70% by weight
silicone adhesive, about 2-25% by weight soluble PVP,
about 5-15% penetration enhancer, and about 0.1-10% by
weight estradiol, all based on the total dry weight of the
polymer matrix. In some embodiments, the polymer matrix
comprises about 20% by weight acrylic adhesive, about
56.9% by weight silicone adhesive, about 7.5% by weight
soluble PVP, about 6.0% by weight oleyl alcohol, about
8.0% by weight dipropylene glycol, and about 1.6% by
weight estradiol. In some embodiments, the acrylic adhesive
and silicone adhesive are presentin a ratio of from about 1:2
to about 1:6, based on the total weight of the acrylic and
silicone adhesives.

In some embodiments, the penetration enhancer com-
prises oleyl alchol or dipropylene glycol, or both.

In some embodiments, the polymer matrix comprises an
amount of estradiol effective to deliver a therapeutically
effective amount of estradiol over a period of time selected
from the group consisting of at least 1 day, at least 2 days,
at least 3 days, at least 4 days, at least 5 days, at least 6 days
and at least 7 days. In some embodiments, the polymer
matrix comprises an amountof estradiol effective to deliver
an amountof estradiol selected from the group consisting of
about 0.025, 0.0375, 0.05, 0.075 and 0.1 mg/day.

In some embodiments, the polymer matrix has a coat
weight of greater than about 10 mg/cm’. In some embodi-
ments, the polymer matrix has a coat weight selected from
the group consisting of about 12.5 and about 15 mg/ cm?.

In accordance with some embodiments, there is provided
a transdermal drug delivery system comprising a polymer
matrix comprising estradiol, wherein the system has an
active surface area that is about 60% of a size selected from

the group consisting of 2.5, 3.75, 5.0, 7.5 and 10.0 cm? and
is effective to deliver an amountofestradiol per day of about
0.025, 0.0375, 0.05, 0.075 and 0.1 mg/day, respectively.

In accordance with some embodiments, there is provided
a method for administering estradiol, comprising applying to
the skin or mucosaofa subject in need thereof a transdermal
drug delivery system comprising a drug-containing layer
defining an active surface area and comprising a polymer
matrix comprising estradiol, wherein the system includes
greater than 0.156 mg/cm?estradiol and achieves an estra-
diol flux that is greater than 0.01 mg/cm?/day, based on the
active surface area. In some embodiments, the system has an
active surface area that is about 60% of a size selected from

the group consisting of 2.5, 3.75, 5.0, 7.5 and 10.0 cm? and
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is effective to deliver an amountofestradiol per day of about
0.025, 0.0375, 0.05, 0.075 and 0.1 mg/day, respectively.

In accordance with some embodiments, there is provided
a method of making a transdermal drug delivery system for
administering estrogen, comprising forming a polymer
matrix comprising estrogen and a polymerblend comprising
an acrylic adhesive, a silicone adhesive, and soluble PVP,
and applying the polymer matrix to a support layer such that
the system includesgreater than 0.156 mg/cm? estradiol. In
some embodiments, the system has an active surface area
that is about 60% ofa size selected from the group consist-
ing of 2.5, 3.75, 5.0, 7.5 and 10.0 cm?. In some embodi-
ments, the polymer matrix comprises about 20% by weight
acrylic adhesive, about 56.9% by weight silicone adhesive,
about 7.5% by weight soluble PVP, about 6.0% by weight
oley] alcohol, about 8.0% by weight dipropylene glycol, and
about 1.6% by weight estradiol. In some embodiments, the
polymer matrix is applied to the support layer at a coat
weight of greater than about 10 mg/cm’. In some embodi-
ments, the polymer matrix coat weight is selected from the
group consisting of about 12.5 and about 15 mg/ cm?.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1 illustrates the estradiol flux (ug/cm?/hr) over time
(0-81 hours) from transdermaldelivery systems according to
the invention (A & @), as compared to Vivelle-Dot® (@).

DETAILED DESCRIPTION

Thefield of transdermal delivery systems suffers from the
problem of needing to balance many different competing
factors to develop a commercial product that exhibits, for
example both clinical efficacy and satisfactory wear prop-
erties while remaining acceptable to patients. For example,
whenselecting the size of a transdermal delivery system,it
is necessary to balance factorsthat favor a smaller size (such
as lower cost, better adhesive performance and improved
aesthetics) against factors that favor a larger size (such as the
target delivery rate (flux) and daily dose). The Vivelle-Dot®
transdermal estradiol product (manufactured by Noven
Pharmaceuticals Inc.) is available in five different active
surface areas (2.5, 3.75, 5.0, 7.5 and 10.0 cm?) which each
deliver different amounts of drug per day (0.025, 0.0375,
0.05, 0.075 and 0.1 mg/day, respectively). Each of the
Vivelle-Dot® products include 0.156 mg/cm?estradiol.

In accordance with some embodiments, the present inven-
tion provides transdermal drug delivery systems for the
transdermal delivery of estrogen that have a smaller active
surface area than Vivelle-Dot® but achieve daily dosages
that are about equal to or greater than the Vivelle-Dot®
products. For example, the present invention includes trans-
dermal drug delivery systems that achieve daily dosagesthat
are about equalto a Vivelle-Dot® product, in a smaller sized
system. The ability to provide a smaller system without
sacrificing daily dosage represents a significant advance.

Applicant surprisingly discovered that increasing the coat
weight of the drug-containing adhesive layer resulted in an
increased flux per unit area, and thus permitted the devel-
opment of smaller transdermal drug delivery systems that
achieve comparable daily dosages. This result was surpris-
ing because coat weight is typically selected to control the
duration of delivery, but is not generally understood to
impact delivery rate. Thus, while it is known in the art to
increase coat weight to provide delivery over a longer period
of time, it was not knownthat increasing coat weight could
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4

increase delivery rate or flux, and thus permit the develop-
ment of a smaller system while maintaining daily dosage.

In accordance with some aspects, there are provided
transdermal drug delivery systems and methods for the
transdermal delivery of estrogen. In specific embodiments,
the systems exhibit increased flux than other knownestrogen
devices (such as Vivelle-Dot®, manufactured by Noven
Pharmaceuticals Inc.) and, therefore, exhibit increased drug
delivery per unit area. For example, in some embodiments,
the systems exhibit a flux greater than the 0.01 mg/cm?/day
exhibited by the Vivelle-Dot® products, such as a flux that
is about 1.25, 1.33, 1.5, 1.67, 1.75, 2, 3, 4, or 5 timesthe flux
of the Vivelle-Dot® products. In some embodiments, the
systems have a greater coat weight than other knownestro-
gen devices. For example, in some embodiments, the sys-
tems have a coat weight such that the amountofestradiol per
unit area is greater than the 0.156 mg/cm?estradiol of the
Vivelle-Dot® products, such as a coat weight that is about
1.25, 1.33, 1.5, 1.67, 1.75, 2, or 3 times the coat weight of
the Vivelle-Dot® products, or greater. Thus, in accordance
with someaspects, the invention permits the use of smaller
devices to achieve comparable drug delivery.

Definitions
Technical and scientific terms used herein have the mean-

ings commonly understood by oneofordinary skill in theart
to which the present invention pertains, unless otherwise
defined. Reference is made herein to various methodologies
knownto those of ordinary skill in the art. Publications and
other materials setting forth such known methodologies to
which reference is made are incorporated herein by refer-
ence in their entireties as though set forth in full. Any
suitable materials and/or methods known to those of ordi-

nary skill in the art can be utilized in carrying out the present
invention. However, specific materials and methods are
described. Materials, reagents and the like to which refer-
ence is made in the following description and examples are
obtainable from commercial sources, unless otherwise
noted.

As used herein, the singular forms “a,” “an,” and “the”
designate both the singular and the plural, unless expressly
stated to designate the singular only.

The term “about” and the use of ranges in general,
whether or not qualified by the term about, meansthat the
number comprehendedis not limited to the exact numberset
forth herein, and is intendedto refer to ranges substantially
within the quoted range while not departing from the scope
of the invention. As used herein,“about” will be understood
by persons of ordinary skill in the art and will vary to some
extent on the context in whichit is used. If there are uses of

the term which are not clear to persons of ordinary skill in
the art given the context in which it is used, “about” will
mean up to plus or minus 10% ofthe particular term.

The phrase “substantially free” as used herein generally
means that the described composition (e.g., transdermal
drug delivery system, polymer matrix, etc.) comprises less
than about 5%, less than about 3%,or less than about 1% by
weight, based on the total weight of the compositionat issue,
of the excluded component.

As used herein “subject” denotes any animal in need of
drug therapy, including humans. For example, a subject may
be suffering from or at risk of developing a condition that
can be treated or prevented with estrogen, or may be taking
estrogen for health maintenance purposes.

As used herein, the phrases “therapeutically effective
amount” and “therapeutic level” mean that drug dosage or
plasma concentration in a subject, respectively, that provides
the specific pharmacological response for which the drug is
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