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TRANSDERMAL ADMINISTRATION OF TAMSULOSIN

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to U.S. Provisional Patent Application No.
61/144,728, filed January 14, 2009, which is incorporated by reference in its entirety.

TECHNICAL FIELD
[0002] This invention relates generally to the transdermal administration of tamsulosin

and other active agents which are poorly soluble in the adhesive matrix.

BACKGROUND
[0003] Tamsulosin is a drug approved in the United States for the treatment of signs and
symptoms of benign prostatic hyperplasia. It is marketed in an oral formulation under the
trade name Flomax®. The R(-) stereoisomer is used for treatment. The approved oral doses
are 0.4 mg/day and 0.8 mg/day. The chemical structure of tamsulosin is §-[2-[[2—(2-

ethoxyphenoxy)ethylJamino]propyl]-2-methoxy-benzenesulfonamide:

O
O
NN s//\
H // NH;,
O .
tamsulosin

[0004] Tamsulosin is described in U.S. Pat. No. 5,447,958 to Niigata et al., assigned to
Yamanouchi Pharmaceutical Co., Ltd. Therapeutically, it is believed to be an a;-adrenergic
receptor antagonist acting preferentially on a4 receptors. While it has therapeutic effects
comparable to other o antagonists, its benzenesulfonamide structure makes it different
chemically from other a; antagonists in common clinical use (e.g., prazosin and terazosin).
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[0005] In addition to treatment of signs and symptoms of benign prostatic hyperplasia,
tamsulosin has been reported to be effective in the treatment of ureterolithiasis and has been
studied as a treatment for painful ejaculation. The use of tamsulosin has also been
considered or suggested for other urological conditions, for example evacuatory insufficiency
in U.S. Patent No. 6,861,070 and pathogenic vascular degradative modeling in the ilio-
hypogastric-pudendal arterial bed in U.S. Patent No. 6,787,553. ,

[0006] About twelve years before the present application, the transdermal administration
of tamsulosin was taught in U.S. Patent No. 5,843,472. Certain enhancer combinations are
claimed there. It is believed that a permeation enhancer is needed for adequate transdermal
administration of tamsulosin. .

[0007] Despite the teachings of U.S. Patent No. 5,843,472, there are no tamsulosin
patches available in the United States. — Transdermal delivery offers well-known advantages
in avoiding sharp peak concentrations and side effects resulting from such concentrations.
The pharmacokinetics of the oral Flomax formulation suffers from a considerable food
effect, as documented in the package insert. Tamsulosin, like other a; antagonists, has
produced postural hypotension in some patients, which transdermal delivery may alleviate by
avoiding high peak concentrations.

[0008] There is therefore a need for an improved transdermal patch which can deliver

tamsulosin.

SUMMARY OF THE INVENTION
[0009] In an aspect of the invention, a composition for making a patch for the
transdermal delivery of tamsulosin is provided. The composition comprises (a) at least about
1 wt% tamsulosin or a pharmaceutically acceptable salt of tamsulosin, (b) at least about 40
wit% polyisobutylene adhesive or hydrophobic synthetic rubber adhesive, (c) about 1-20 wt%
of an aprotic solvent in which tamsulosin dissolves readily, (d) about 1-20 wt% of an
unsaturated fatty acid or an alpha-hydroxy acid or a mixture of unsaturated fatty acids or
alpha-hydroxy acids or of both unsaturated fatty acids and alpha-hydroxy acids, (¢) a

lipophilic permeation enhancer, and (f) a matrix modifier.
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[00010]  In a further aspect of the invention, a method of manufacturing a transdermal
drug-in-adhesive patch for delivery of tamsulosin is provided. In the method, tamsulosin or a
pharmaceutically acceptable salt of tamsulosin is dissolved in an aprotic solvent. The
tamsulosin solution is combined with a lipophilic permeation enhancer and an unsaturated
fatty acid. A matrix modifier is added and the resulting solution is homogenized. The
solution is then mixed with a polyisobutylene adhesive or hydrophobic synthetic rubber

adhesive in a suitable solvent. It may be solvent cast or extruded.

BRIEF DESCRIPTION OF THE FIGURES
[00011]  FIG. 1 depicts the results of a skin permeation test'for Examples 1 and 2.
[00012]  FIG. 2 depicts the results of a skin permeation test for Examples 1 and 3.
[00013]  FIG. 3 depicts the results of a skin permeation test for Example 7.
[00014]  FIG. 4 depicts the results of a skin permeation test for Examples 8 and 9, with an
Example 1 patch used as a reference.
[00015]  FIG. 5 depicts the results of a skin permeation test for Example 10.
[00016] FIGS. 6A-6B depicts the results of a skin permeation test for Example 11.

DETAILED DESCRIPTION OF THE INVENTION
[00017] It is to be understood that, unless otherwise indicated, this invention is not limited
to specific polymers, oligomers, crosslinking agents, additives, manufacturing processes, or
adhesive products. It is also to be understood that the terminology used herein is for the
purpose of describing particular embodiments only, and is not intended to be limiting.
[00018] In describing and claiming the present invention, the following terminology will
be used in accordance with the definitions set out below.
[00019]  The singular forms “a,” “an,” and “the” include plural referents unless the context
clearly dictates otherwise. Thus, for example, reference to “a hydrophilic polymer” includes
not only a single hydrophilic polymer but also two or more hydrophilic polymers that may or
may not be combined in a single composition, reference to “a plasticizer” includes a single
plasticizer as well as two or more plasticizers that may or may not be combined in a single

composition, and the like.
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[00020) Where a range of values is provided, it is intended that each intervening value
between the upper and lower limit of that range and any other stated or intervening value in
that stated range is encompassed within the disclosure. For example, if a range of 1 ym to 8
um is stated, it is intended that 2 pm, 3 pm, 4 um, 5 um, 6 pm, and 7 um are also disclosed,
as well as the range of values greater than or equal to 1 um and the range of values less than
or equal to 8 pm.
[00021]  When we refer to an adhesive matrix in this application, we include matrices
which are made in one piece, for example via solvent casting or extrusion. We also include,
however, matrices which are made in two or more portions which are then pressed or joined
together.
[00022] A. Patches and Compositions for Making Them
[00023] In an aspect of the invention, a composition for making a patch for the
transdermal delivery of tamsulosin is provided. The composition comprises (a) tamsulosin or
a pharmaceutically acceptable salt of tamsulosin, (b) polyisobutylene adhesive, (c¢) an aprotic
solvent in which tamsulosin dissolves readily, (d) an unsaturated fatty acid, (¢) a lipophilic
permeation enhancer, and (f) a matrix modifier.
[00024] Among the obstacles standing in the way of a good tamsulosin transdermal patch
are (a) the poor solubility of tamsulosin in conventional transdermal reservoir materials such
as polyisobutylene (PIB) adhesives and (b) the skin irritation which may result from the
“active itself or from the additives e.g. permeation enhancers. For many drug substances the
free base form is readily soluble in transdermal adhesives, whereas oral formulations tend to
use salt forms of the drug substance. For tamsulosin, however, both aqueous and organic
solvent solubility are generally poor.
[00025] Transdermal administration of tamsulosin with conventional transdermal
adhesives requires some way of overcoming the solubility problem. A potential solution is
the use of one of the relatively few solvents in which tamsulosin is readily soluble, and using
additional excipients to allow the tamsulosin solution to be mixed with the polyisobutylene
adhesive and to produce a pharmaceutically acceptable dosage form (e.g., from the irritation

point of view).
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[00026] For example, dimethylsulfoxide (DMSO) may potentially be used. The table
below gives some data on the solubility of tamsulosin in DMSO and in mixtures of DMSO

and water:
Water in DMSO | Solubility of Solubility of Solubility of
(wiw %) Tamsulosin (w/w %) | Tamsulosin (mg/g) Tamsulosin (Log Cs)
0 23.0 230 2.362
8.85 7.29 72.9 1.863
16.85 3.02 ' 30.2 1.479
29.19 0.52 0.52 0.715

[00027] It may be seen from the data in the table above that as long as the water content of
the DMSO is maintained below certain limits, the tamsulosin may be solubilized in DMSO-
water blends.

[00028] A patch may also be made with certain other aprotic solvents, for example
dimethylacetamide (DMAc) and N-methylpyrrolidone (NMP), rather than DMSO.

[00029] It is also necessary to maintain skin irritation at no more than a tolerable level.
Conventionally, the use of DMSO is seen as potentially increasing skin irritation. For
example, U.S. Patent 4,855,294 suggests that patches containing dimethyl sulfoxide (DMSO)
would require an emollient, for example glycerin, to be sufficiently non-irritating.

[00030] It has surprisingly been discovered that appropriate proportions of DMSO, a co-
solubilizer, and a lipophilic permeation enhancer allow tamsulosin to be delivered with
acceptable irritation and good transdermal flux from a polyisobutylene adhesive.

[00031]  The co-solubilizer may be, for example, an unsaturated fatty acid or a-hydroxy
acid. The co-solubilizer may be, for example, CH3(CH;)m(CH=CH),COOH where m is an
integer between 8 to 16, n is from 1 to 3, and the n CH=CH units may be arranged in any
order within the chain of m CH,. Alternatively, the co-solubilizer may be R(OHCHCOOH)
where R is an alkyl group with 1 to 6 carbons arranged either linear or branched, in an

enantiomeric or racemic form. The co-solubilizer may be, for example, oleic acid, linoleic
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acid, or linolenic acid (fatty acids). The co-solubilizer may be, for example, lactic acid or
glycolic acid (a-hydroxy acids).

[00032]  The lipophilic permeation enhancer may be chosen from a wide range of such
compounds known in the art. A review of permeation enhancers is found, for example, in
Nadir Biiyiiktimkin et al., “Chemical Means of Transdermal Drug Permeation
Enhancement,” chapter 11 of Transdermal and Topical Drug Delivery Systems (Tapash K.
Ghosh et al. eds. 1997).

[00033] A useful class of lipophilic permeation enhancers has the formula
CH3(CH2)wCOOR'. Here m is an integer in the range of 6 to 14, and R' is a C1-C3 lower
alkyl residue that is either unsubstituted or substituted with one, two, or three hydroxyl
groups. A further useful class of lipophilic permeation enhancers has the formula
CH;3(CH3)m-OCOCHR|R,, where m is as above and R1 and R2 are hydrogen, hydroxyl, or
C1-C2 lower alkyl, and at least one of R1 and R2 is hydroxyl or both R1 and R2 are
hydrogen. Preferred permeation enhancers for use with the patches of the invention include
methyl laurate, propylene glycol monolaurate, glycerol monolaurate, glycerol monooleate,
lauryl lactate, myristyl lactate, and dodecyl acetate.

[00034] A matrix modifier is also useful in making a transdermal patch comprising
tamsulosin. Without wishing to be bound by theory, it is believed that the matrix modifier
facilitates homogenization of the adhesive matrix. Sorption of hydrophilic moieties is a
possible mechanism for this process. Thus, known matrix modifiers which are to some
degree water-sorbent may be used. For example, possible rhatrix modifiers include colloidal
silicone dioxide, fumed silica, cross-linked polyvinylpyrrolidone (PVP), soluble PVP,
cellulose derivatives (e.g. hydroxypropyl cellulose (HPC), hydroxyethylcellulose (HEC)),
polyacrylamide, polyacrylic acid, a polyacrylic acid salt, or a clay such as kaolin or
bentonite. An exemplary commercial fumed silica product is Cab-O-Sil (Cabot Corporation,
Boston, MA). The hydrophilic mixtures described in U.S. Published Patent Application No.
2003/0‘1 70308 may also be employed, for example mixtures of PVP and PEG or of PVP,
PEG, and a water-swellable polymer such as Eudragit L100-55.

[00035]  Patches of the invention may be designed to be replaced, for example, once per

week, so that they continue delivering significant amounts of active at 168 hours from patch

-6-



WO 2010/083035 PCT/US2010/000081

application. With some patches of the invention, the time of maximum tamsulosin flux may
be at least 60 hours, at least 75 hours, or at least 90 hours.

[00036] In understanding the performance of patches of the invention, it may be useful to
consider the comparative flux of tamsulosin and DMSO. In general DMSO is present in
larger amounts in the patch, for example in a DMSO/tamsulosin weight ratio of at least about
1.2, at least about 1.4, or at least about 1.8. The DMSO will generally be released more
rapidly from the patch than the tamsulosin, as seen in Example 12 below. It is desirable,
however, to control the ratio of tamsulosin/DMSO cumulative release. For example, the ratio
of tamsulosin/DMSO cumulative release may be at least about 0.05 in the time period 72
hours to 120 hours after administration or at least about 0.08, 0.1, or 0.15 in the time period
120 hours to 168 hours. The ratio may also be, for example, no more than about 0.15 in the
first 72 hours, no more than about 0.38 in the time period 72 hours to 120 hours, and no more
than about 0.5, 0.6, or 0.8 in the time period from 120 to 168 hours.

[00037]  As noted above, an alpha-hydroxy acid may be employed in the patches. The
molar ratio of this acid to tamsulosin may be, for example, at least about 0.05, at least about
0.10, or at least about 0.20.

[00038] B. Methods of making patches _

[00039] In a further aspect of this invention, a transdermal patch comprising tamsulosin is
made by a process in which the active is used in the form of tamsulosin hydrochloride. For a
variety of reasons, tamsulosin hydrochloride is an advantageous starting form of the active.
For example, in the commercial oral dosage form, tamsulosin is in the hydrochloride form.
[00040] The following describes generally a class of processes for manufacturing a
transdermal drug-in-adhesive patch for delivery of tamsulosin. Tamsulosin or a
pharmaceutically acceptable salt of tamsulosin is dissolved in an aprotic solvent. The
tamsulosin solution is combined with a lipophilic permeation enhancer, an optional organic
solvent, and an unsaturated fatty acid. A matrix modifier is added and the resulting solution
is homogenized. The solution is then mixed with a polyisobutylene adhesive or hydrophobic
synthetic rubber adhesive in a suitable solvent. It may be, for example, solvent cast or

extruded.
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[00041]  Example 1 describes a method for making a transdermal tamsulosin patch using
tamsulosin base. As may be seen, a peak in vitro flux of above about 2 pg/cmz-h is achieved.
[00042]  In order to produce a transdermal patch which is made with tamsulosin salts e.g.,
tamsulosin hydrochloride, it is helpful to use a neutralizing agent as a process aid and mix it
into the solution containing the tamsulosin salt prior to mixing that solution with the
polyisobutylene adhesive, allowing a period of reaction in that solution. The neutralizing
agents should have pKa equivalent or higher than that of tamsulosin. These neutralizing
agents are alkali hydroxides and alkali salts (e.g. NaOH, KOH, Na,;COs, etc). Examples 2, 3,
and 7 show some ways in which patches can be made with tamsulosin hydrochloride. With a
suitable neutralizing agent, the final patch contains sufficient tamsulosin base to provide
adequate delivery of the active across skin, as shown by the results of the examples. For
example, a peak flux of at least about 0.01 pg/cmz-hr, at least about 1.0 ug/cmz-hr, at least
about 1.5 pg/cm?-hr, or at least about 2.0 pg/cmz-hr may be achieved. (Similar fluxes can be
achieved with patches made starting with tamsulosin base.)

[00043] Itis in general desirable to have a relatively low coat weight in a transdermal
formulation. One reason for this is that with lower coat weights and thus thinner patches, it
may be possible to sélvent—cast the patch rather than extruding it, a process which is
somewhat more complex. For example, it may be desirable to have a coat weight of no more
than about 10 mg/cmz, about 15 mg/cmz, about 20 mg/cmz, about 25 mg/cmz, about 30
mg/cmz, about 35 mg/cm?, about 40 mg/cm?, or about 50 mg/cm’. With poorly soluble drugs
a limitation on the coat weight is the need to have sufficient adhesive matrix per cm? of skin
surface to hold the needed amount of drug to achieve extended duration of delivery with a
patch of reasonable size. Thus the use of particular solvents as disclosed in this application
can be helpful in achieving a desirably low coat weight, by allowing a higher weight ratio of
active to total adhesive matrix. For example, it may be desirable to have a ratio of at least
about 1% active to total adhesive matrix, at least about 2% active to total adhesive matrix, at
least about 3%, at least about 3.5%, at least about 4%, or at least about 5%.

[00044]  As noted earlier, the patches of the invention may be made, for example, by melt
extrusion or by solvent casting. In an extrusion process, the components of the compositioﬁ

are weighed out and then admixed, for example using a Brabender or Baker Perkins Blender,
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generally although not necessarily at an elevated temperature, e.g., about 90 to 170°C,
typically 100 to 140°C. Solvents may be added if desired. The resulting composition can be
extruded using a single or twin extruder, or pelletized. Alternatively, the individual
components can be dissolved or melted one at a time, and then mixed prior to extrusion. The
composition can be extruded to a desired thickness directly onto a suitable substrate or
backing member. The composition can be also extruded first, and then be pressed against a
backing member or laminated to a backing member.

[00045]  Alternatively, the compositions may be prepared by solution casting, by admixing
the components in a suitable solvent, at a solids concentration which may be in the range of
about 15 to 60 % w/v. The solution is cast onto a substrate, backing member or releasable
liner, as above. Both admixture and casting are preferably carried out at ambient
temperature. The material coated with the film is then baked at a temperature above ambient,
for example a temperature in the range of about 40 to 130°C, for a time period in the range of
5 minutes to 70 minutes.

[00046] C. Other possible components in patches

[00047]  The patches of the invention may comprise one or more additional actives to be
administered with the tamsulosin. Corticosteroids have been suggested, for example, as
useful for lithiasis in conjunction with tamsulosin. The patent literature suggests a large
number of cotherapy combinations with tamsulosin. Exemplary recent U.S. patents
mentioning concurrent administration of tamsulosin and other actives include U.S. Patents
Nos. 7,354,581, 7,332,482, 7,317,029, 7,288,558, 7,271,175, 7,211,599, 7,138,405, and
6,423,719.

[00048]  In addition, the compositions and methods of the invention should be useful for
making patches containing other actives which have adhesive matrix solubility issues similar
to tamsulosin, so that they are dissolvable in a desired adhesive matrix no more than about
0.5%, 1% or 2%. Thus, these compositions and methods, although developed for tamsulosin,
may be useful for the delivery of actives other than tamsulosin, not in combination with
tamsulosin.

[00049])  Various additives, known to those skilled in the art, may be included in

transdermal compositions. Optional additives include opacifiers, antioxidants, fragrance,
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colorant, gelling agents, thickening agents, stabilizers, and the like. Other agents may also be
added, such as antimicrobial agents, to prevent spoilage upon storage, i.e., to inhibit growth
of microbes such as yeasts and molds. Suitable antimicrobial agents are typically selected
from the group consisting of the methyl and propyl esters of p-hydroxybenzoic acid (i.e.,
methyl and propyl paraben), sodium benzoate, sorbic acid, imidurea, and combinations
thereof.

[00050]  While it is believed that the low irritation shown to be achieved in Examples 4-6
is acceptable, the formulation may also contain irritation-mitigating additives to minimize or
eliminate the possibility of skin irritation or skin damage resulting from the drug, the
enhancer, or other components of the formulation. Suitable irritation-mitigating additives
include, for example: a-tocopherol; monoamine oxidase inhibitors, particularly phenyl
alcohols such as 2-phenyl-1-ethanol; glycerin; salicylic acids and salicylates; ascorbic acids
and ascorbates; ionophores such as monensin; amphiphilic amines; ammonium chloride; N-
acetylcysteine; cis-urocanic acid; capsaicin; and chloroquine. Corticosteriods are also known
in art as irritation-mitigating additives.

[00051] It is possible to employ a combination of permeation enhancers. The permeation
enhancers listed in Biiytktimkin et al., supra, provide a range of choices to the formulator.
Possible enhancers include, for example, the following: ethers such as diethylene glycol
monoethyl ether (available commercially as Transcutol®) and diethylene glycol monomethyl
ether; surfactants such as sodium laurate, sodium lauryl sulfate, cetyltrimethylammonium
bromide, benzalkonium chloride, Poloxamer (231, 182, 184), Tween (20, 40, 60, 80) and
lecithin (U.S. Patent No. 4,783,450); the 1-substituted azacycloheptan-2-ones, particularly
1-n-dodecylcyclazacycloheptan-2-one (available under the trademark Azone® from Nelson
Research & Development Co., Irvine, Calif.; see U.S. Patent Nos. 3,989,816, 4,316,893,
4,405,616 and 4,557,934); alcohols such as ethanol, propanol, octanol, decanol, benzyl
alcohol, and the like; fatty acids such as lauric acid, oleic acid and valeric acid; fatty acid
esters such as isopropyl myristate, isopropyl palmitate, methylpropionate, aﬁd ethyl oleate;
polyols and esters thereof such as propylene glycol, ethylene glycol, glycerol, butanediol,
polyethylene glycol, and polyethylene glycol monolaurate (“PEGML?”; see, e.g., U.S. Patent

No. 4,568,343); amides and other nitrogenous compounds such as urea, dimethylacetamide
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(DMA), dimethylformamide (DMF), 2-pyrrolidone, 1-methyl-2-pyrrolidone, ethanolamine,
diethanolamine and triethanolamine; terpenes; alkanones; and organic acids, particulaﬂy
salicylic acid and salicylates, citric acid and succinic acid.

[00052] In a common overall design of a transdermal patch, there is provided an adhesive

matrix containing active as described above. The adhesive matrix may contain additional

components besides those already described, for example a non-woven material which may,
for example, assist in providing mechanical stability. The adhesive matrix may be provided
in the form of a thin square or circle or other usually convex shape of flat material. On one

side of the flat adhesive matrix, there is a release liner, and on the other side a backing layer.

- The release liner is intended to be removed before use, and the backing layer is intended to
remain attached to the adhesive matrix in use. It may be convenient to have multiple
adhesive layers, not all necessarily containing active.

[00053]  The backing layer of the transdermal drug delivery device functions as the

“primary structural element of the transdermal system and provides the device with flexibility,
drape and, optionally, occlusivity. The material used for the backing layer should be inert and
incapable of absorbing drug, enhancer or other components of the pharmaceutical
composition contained within the device. The material used for the backing layer should
permit the device to follow the contours of the skin and be worn comfortably on areas of skin
such as at joints or other points of flexure, that are normally subjected to mechanical strain
with little or no likelihood of the device disengaging from the skin due to differences in the
flexibility or resiliency of the skin and the device. Examples of materials useful for the
backing layer are polyesters, polyethylene, polypropylene, polyurethanes and polyether
amides. The layer is preferably in the range of about 1 micron to about 250 microns in
thickness, and may, if desired, be pigmented, metallized, or provided with a matte finish
suitable for writing. The layer is preferably occlusive, i.e., is preferably impermeable to
moisture, for example with an MVTR (moisture vapor transmission rate) less than about 50
g/mz-day.

[00054]  The release liner is desirably made from a drug/vehicle impermeable material, and

is a disposable element which serves only to protect the device prior to application.
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Typically, the release liner is formed from a material impermeable to the components of the
device and the pharmaceutical composition contained therein.

[00055]  Additional layers, e.g., intermediate fabric or nonwoven layers and/or rate-
controlling membranes, may also be present in transdermal patches of the invention. Fabric
or nonwoven layers may be used to improve mechanical stability, while a rate-controlling
membrane may be used to control the rate at which a component permeates out of the device.
[00056]  The practice of the present invention will employ, unless otherwise indicated,
conventional techniques of drug formulation, particularly topical drug formulation, which are
within the skill of the art. Such techniques are fully explained in the literature. See, e.g.,
Remington: The Science and Practice of Pharmacy (19th ed., Easton, Pa.: Mack Publishing
Co., 1995).

[00057] It is to be understood that while the invention has been described in conjunction
with preferred specific embodiments thereof, the foregoing description is intended to
illustrate and not limit the scope of the invention. Other aspects, advantages, and
modifications within the scope of the invention will be apparent to those skilled in the art to
which the invention pertains.

[00058]  All patents, patent applications, and publications mentioned herein are hereby
incorporated by reference in their entireties. However, where a patent, patent application, or
publication containing express definitions is incorporated by reference, those express
definitions should be understood to apply to the incorporated patent, patent application, or
publication in which they are found, and not to the remainder of the text of this application,

in pérticular the claims of this application.

EXAMPLES
[00059]  The following examples are put forth so as to provide those of ordinary skill in
the art with a complete disclosure and description of how to manufacture the transdermal |
patches of the invention, and are not intended to limit the scope of that which the inventors
regard as the invention. Efforts have been made to ensure accuracy with respect to numbers

(e.g., amounts, temperatures, etc.) but some errors and deviations should be accounted for.
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Unless indicated otherwise, parts are parts by weight, temperature is in degrees Celsius (°C),

and pressure is at or near atmospheric.

EXAMPLE 1
[00060] Tamsulosin base was accurately weighed and dissolved in an aprotic solvent,
dimethylsulfoxide, by vortexing. Lauryl lactate and oleic acid were added and mixed into
the DMSO/drug solution,. The heterogeneous mixture was homogenized with Cab-O-Sil.
The homogenate was mixed with polyisobutylene/n-heptane solution for more than 3 hr to
form a uniform coating mix. The formulation was coated and dried. The final formulation

has a composition as given in the following table.

PIB 69.50%
Cab-O-Sil 7.00%
Tamuslosin 3.50%
Lauryl lactate 6.00%
Oleic acid 5.00%
DMSO 9.00%
Total 100.0%

[00061] The PIB adhesive solution was prepared by mixing Oppanol B-100, Oppanol B-
12, and Indopol H1900 in heptane.

[00062] The formulations were tested for tamsulosin skin penetration using cadaver skin
on Franz diffusion cells. An in vitro skin flux study was done at 32-35°C using phosphate
buffer pH 6.0 with 0.01% sodium azide as receptor media. Samples at different time intervals
were collected and tamsulosin was quantified by reversed phase HPLC method. Results are

given in FIG. 1.

-13-



WO 2010/083035 PCT/US2010/000081

EXAMPLE 2
[00063] Tamsulosin HCI is accurately weighed and dissolved in an aprotic solvent,
dimethylsulfoxide, by vortexing. An appropriate volume of 2N aqueous sodium hydroxide is
mixed with the tamsulosin-HC] salt solution and stirred at ambient temperature for 22 hours.
{00064]  Following completion of the reaction as described above, lauryl lactate and oleic
acid were added. The mixture was homogenized with Cab-O-Sil. The homogenate was
mixed with polyisobutylene/n-heptane solution for more than 3 hr to form a uniform coating
mix. The formulation was coated and dried. The final formulation has a composition as

given in the following table A
PIB 68.86%

Cab-O-Sil 7.00%
Tamuslosin-HCl 3.80%
Lauryl lactate 6.00%
Oleic acid 5.00%
NaOH 0.34%
DMSO 9.00%
Total 100.0%

[00065] The formulation was tested for skin penetration as in Example 1. Results are

given in FIG. 1.

EXAMPLE 3
[00066] Same as Example 2, except 20% methanolic sodium hydroxide solution was used
in place of aqueous sodium hydroxide. The reaction mixture remained clear after reaction.
The formulation was tested for skin penetration as in Example 1. Results are given in FIG. 2.

The Example 1 formulation was tested again for skin flux using different skin. Results are

given in FIG.2.
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EXAMPLES 4-6
FORMULATION AND IRRITATION TESTING
[00067] Examples 4, 5, and 6 formulations were prepared from tamsulosin base using the

ingredient combinations in the following table:

Ingredient Ex 4 Ex5 Ex 6

IB adhesive 5.5 69.5 74.5
DMSO 3.0 9.0 6.0
Lauryl lactate 6.0 6.0 6.0
Oleic acid 5.0 5.0 3.0
Cab-O-Sil 7.0 7.0 7.0
Tamsulosin base 3.5 3.5 3.5

[00068]  Tamsulosin base was dissolved in DMSO. Lauryl lactate and oleic acid were
added to the DMSO drug solution. Cab-O-Sil was suspended in the solution by
homogenization and then the solution was mixed with PIB solution. The adhesive
formulation solution was coated at 3 mils oh drying. The two adhesive layers were laminated
on each side of a Reemay 2250 non-woven polyester fabric layer. The PIB adhesive was
prepared by mixing Oppanol B-100, Oppanol B-12, and Indopol H1900 in heptane.

[00069] A skin irritation study was done on New Zealand white rabbits. The test articles
(active formulation) and control (placebo formulation) were applied to the skin of same
animal for 24 hr. A primary irritation index (PII) was calculated based on erythema and
edema scores at 24 and 72 hr after patch removal. The results are given in the following
table. The active and placebo formulations of Examples 4, 5 and 6 werel classified as mildly
skin irritating as the primary skin irritation index for all test articles was in the range of 0.9 to

1.9.

EXAMPLE 7
FORMULATION, IN VITRO SKIN FLUX, AND IRRITATION TESTING
[00070] A scale up batch of Tamsulosin HCl adhesive mix was prepared based on the

composition as given in the following table.
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Material Name Wet Formula % Dry Formula %
PIB adhesive mix 40.165 69.2
Dimethylsulfoxide 12.250 9.0
Tamsulosin HCI 1.330 3.8
NaOH, added as 2N | 1.610 -
aqueous solution
Lauryl Lactate 2450 6.0
Organic solvent mix | 37.96 -
Oleic Acid 1.750 5.0
Cab-0O-Sil 2.450 7.0
Total 100.000 100.0

[00071] Tamsulosin HCI transdermal delivery system (Tamsulosin HC1 TDS) was
prepared from the mix and irritation was tested. Tamsulosin HCI was dissolved in
dimethylsulfoxide in a glass bottle. 2N NaOH solution in water was mixed with the
tamsulosin-HCI salt solution and stirred. Following completion of the reaction described
above, the solution was transferred to a dispersion mixer. Then lauryl lactate and oleic acid
was added with the organic solvents and the mixture was dispersed with Cab-O-Sil. The
dispersion homogenate was mixed with polyisobutylene/n-heptane solution in a mixing tank
until a uniform coating mix is formed. The formulation was coated and dried. The
formulation was tested for skin penetration as in Example 1 with multiple donors. Results
are given in FIG. 3.

[00072] A skin irritation study was done on Specific Pathogen Free New Zealand white
rabbits. Test articles (active formulation) and controls (placebo formulation) were applied on
intact skin of the same animal for 24 hr. A primary irritation score (PIS) or index (PII) were
calculated based on erythema and edema scores at 24, 48 and 72 hr after patch removal. Both
test and pla'cebo test articles were classified as slightly irritating, having primary irritation

score or index in the range of 0.9 to 1.9.
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EXAMPLE 8
[00073]  Same as Example 1, except that 5.0% linoleic acid was used instead of oleic acid.

The formulation was tested for skin penetration as in Example 1. Results are given in FIG. 4.

EXAMPLE 9 '
[00074])  Same as Example 1, except that 5.0% linolenic acid was used instead of 5.0%
oleic acid. The formulation was tested for skin penetration as in Example 1. Results are

given in FIG. 4.

EXAMPLE 10
[00075]  Same as Example 1, 2.0 and 1.5% of lactic acid (an o-hydroxy acid) were used
instead of oleic acid. The formulation was tested for skin penetration as in Example 1.

Results are given in FIG. 5.

EXAMPLE 11
[00076]  Four formulations C1, C2, C3, C4 were prepared as described above with the

following compositions.

' C1 (wt%) C2 (wt%) C3 (wt%) C4 (wt%)
Tamsulosin base | 7.0 7.0 9.0 9.0
Colloidal silica 7.0 7.0 7.0 7.0
Oleic acid 5.0 5.0 5.0 5.0
Lactic acid 2.0 2.0 2.75 2.75
Dimethysulfoxide | 10.0 10.0 10.0 10.0
Lauryl lactate 6.00 6.00 6.00 6.00
PIB adhesive mix | 63.0 63.0 60.25 60.25
Dry thickness 6.0 mils 12.0 mils 6.0 mils 12.0 mils

[00077)  To achieve the 12 mil thickness, a quadruple casting process was used.
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[00078]  FIGS. 6A and 6B depict the tamsulosin release achieved with formulations C1
through C4. As may be seen, the thicker formulations achieve higher fluxes. The testing

was done with cadaver skin described as high permeability.

EXAMPLE 12
[00079]  Further patches C5, C6, and C7 were prepared as shown in the following table
C5 (wt%) C6 (wt%) C7 (wt %)
Tamsulosin base | 9.0 9.0 9.0
Colloidal silica 7.0 7.0 7.0
Oleic acid 5.0 5.0 5.0
Lactic acid 3.0 3.0 3.0
Dimethylsulfoxide | 10.0 10.0 10.0
Lauryl! lactate 6.00 6.00 6.00
PIB adhesive mix | 60.0 60.0 60.0 -
Dry thickness 6.0 mils 10.0 mils 12.0 mils
{00080]  For patches C5, C6, and C7, both tamsulosin and DMSO release were measured

in a Franz diffusion cell. The patches were tested against four lots of cadaver skin.
[00081]  The following table gives the cumulative release of tamsulosin and DMSO in

micrograms/cmz, and the ratio of tamsulosin to DMSO cumulative release, for patches C5,

C6, and C7:

Time (h) | DMSO | Tamsulosin | DMSO Tamsulosin | Ratio C5 | Ratio C6
C5 C5 C6 Cé6
24| 533.62 6.79 929.25 11.47 0.01 0.01
48 | 1090.88 70.31 1651.05 76.78 0.06 0.05
72 1 1399.20 199.49 | 2011.94 195.03 0.14 0.10
96 | 1544.37 346.86 | 2163.58 329.54 0.22 0.15
120 | 1609.56 491.05 | 2229.31 466.23 0.31 0.21
144 | 1638.04 615.19 1 2257.65 591.09 0.38 0.26
168 | 1649.40 729.69 | 2270.15 706.37 0.44 0.31
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Time (h) | DMSO | Tamsulosin | Ratio C7
Cc7 C7
24| 786.12 6.02 0.01
48 | 1892.56 68.76 0.04
72 | 2607.60 230.81 0.09
96 | 2925.31 439.46 0.15
120 | 3097.52 667.79 0.22
144 | 3175.08 881.95 0.28
168 | 3214.69 1089.49 0.34
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We Claim:

1. A composition for making a patch for the transdermal delivery of tamsulosin, the
composition comprising (a) at least about 1 wt% tamsulosin or a pharmaceutically acceptable
salt of tamsulosin, (b) at least about 40 wt% polyisobutylene adhesive or hydrophobic
synthetic rubber adhesive, (c) about 1-20 wt% of an aprotic solvent in which tamsulosin
dissolves readily, (d) about 1-20 wt% of an unsaturated fatty acid or an alpha-hydroxy acid or
a mixture of unsaturated fatty acids or alpha-hydroxy acids or of both unsaturated fatty acids

and alpha-hydroxy acids, (e) a lipophilic permeation enhancer, and (f) a matrix modifier.

2. The composition of claim 1, wherein at least a portion of the tamsulosin is present in the

form of tamsulosin HCL.
3. The composition of claim 2, further comprising a neutralizing agent.

4. The composition of claim 3, wherein the neutralizing agent has a pKa equivalent to or

higher than that of tamsulosin.

5. The composition of claim 3, wherein the neutralizing agent comprises an alkali hydroxide,

an alkali salt, or an amine.

6. The composition of claim 5, wherein the neutralizing agent comprises sodium hydroxide

or potassium hydroxide.

7. The composition of claim 5, wherein the neutralizing agent comprises an alkali salt
selected from the group consisting of sodium carbonate, potassium carbonate, sodium

silicate, and potassium silicate.

8. The composition of claim 4, wherein the neutralizing agent comprises substituted or non-

substituted alkyl amines.
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9. The composition of claim 8, wherein the neutralizing agent comprises ethanolamine and

diethanolamine.
10. The composition of claim 3, wherein the neutralizing agent comprises sodium hydroxide.
11. The composition of claim 1, comprising at least about 50 wt% polyisobutylene adhesive.

12. The composition of claim 1, comprising at least about 50 wt% hydrophobic synthetic

rubber adhesive.

13. The composition of claim 1, wherein the aprotic solvent comprises dimethylacetamide,

N-methylpyrrolidone, or dimethylsulfoxide.

14. The composition of claim 1, wherein the unsaturated fatty acid is a fatty acid with 11 to

21 carbons or a mixture of such fatty acids.

15. The composition of claim 1, wherein the unsaturated fatty acid comprises oleic acid,

linoleic acid, or linolenic acid.

16. The composition of claim 1, wherein the a-hydroxy acid comprises an acid with 1 to 8

carbons with an a-hydroxyl group.

17. The composition of claim 1, wherein the a-hydroxy acid comprises lactic acid, glycolic

acid, malic, citric and a-hydroxy caprylic acid, or a-hydroxybutyric acid.

18. The composition of claim 1, wherein the lipophilic permeation enhancer is present at

about 1:20 wt%.

21-



WO 2010/083035 PCT/US2010/000081

19. The composition of claim 1, wherein the lipophilic permeation enhancer comprises
methyl laurate, propylene glycol monolaurate, glycerol monolaurate, glycerol monooleate,

lauryl lactate, or myristyl lactate.

20. The composition of claim 1, wherein the matrix modifier is present as about 5-20 wt% of

the composition.

21. The composition of claim 1, wherein the matrix modifier comprises fumed silica,
colloidal silicon dioxide, cross-linked polyvinylpyrrolidone, soluble polyvinylpyrrolidone, a
cellulose derivative, polyacrylamide, polyacrylic acid, a polyacrylic acid salt, kaolin, or

bentonite.

22. A patch comprising an adhesive matrix made by a process which comprises drying the

composition of claim 1.

23. The patch of claim 22, wherein the liquid load of the adhesive matrix after drying is at

least about 20% w/w.

24. The patch of claim 22, wherein the adhesive matrix after drying has a coat weight

between about 15 mg/cm? and 50 mg/cm?.

25. The patch of claim 22, wherein the peak in vitro delivery of tamsulosin is at least about
10.5 ptg/cm2 .

26. The patch of claim 22, wherein the adhesive matrix further comprises a nonwoven

material.

27. The patch of claim 22, which in use over a 24-hour period of time is non-irritating or no

more than mildly irritating.
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28. The patch of claim 22, wherein the patch maintains self-adhesion for at least about 7

days when it is worn.

29. A method of manufacturing a transdermal drug-in-adhesive patch for delivery of
tamsulosin, comprising the steps of (a) dissolving tamsulosin or a pharmaceutically
acceptable salt of tamsulosin in an aprotic solvent, (b) combining the tamsulosin solution
with a lipophilic permeation enhancer, an optional organic solvent, and an unsaturated fatty
acid, (c) adding to the result of (b) a matrix modifier and homogenizing the resulting
solution, (d) mixing the result of (¢) with a polyisobutylene adhesive or hydrophobic

synthetic rubber adhesive in a suitable solvent.

30. The method of claim 29, further comprising adding a neutralizing agent to the result of
steps (a) or (b).

31. The method of claim 29, further comprising solvent casting the result of step (d).

32. The method of claim 29, resulting in a weight ratio of tamsulosin to the cast, dried

matrix of at least about 1 wt%.

33. The method of claim 29, where the aprotic solvent comprises dimethylacetamide, N-

methylpyrrolidone, or dimethylsulfoxide.

34. The method of claim 21, wherein the pharmaceutically acceptable salt of tamsulosin is

tamsulosin hydrochloride.
35. A method of treating or preventing a urological condition, comprising administering to a

patient suffering from or in danger of developing such a condition a transdermal patch

comprising a tamsulosin-containing composition of claim 1.
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36. A composition for making a patch for the transdermal delivery of an active agent which
has poor solubility in an adhesive matrix, the composition comprising (a) at least about 1
wt% the active agent or a pharmaceutically acceptable salt of the active agent, (b) at least
about 40 wt% polyisobutylene adhesive or hydrophobic synthetic rubber adhesive, (c) about
1-20 wt% of an aprotic solvent in which the active agent dissolves readily, (d) about 1-20
wt% of an unsaturated fatty acid or an alpha-hydroxy acid a mixture of unsaturated fatty
acids or alpha-hydroxy acids or of both unsaturated fatty acids and alpha-hydroxy acids, (e) a

lipophilic permeation enhancer, and (f) a matrix modifier.

37. A transdermal delivery system comprising tamsulosin or a pharmaceutically acceptable
salt thereof and an a-hydroxy acid, wherein the molar ratio of a-hydroxy acid to tamsulosin

is at least 0.05:1.

38." A transdermal delivery system comprising tamsulosin or a pharmaceutically acceptable
salt théreof and DMSO, wherein the ratio of the cumulative delivery of tamsulosin to
cumulative delivery of DMSO is

at least about 0.05 during the period from 72 to 120 hours, and

at least about 0.08 during the period from 120 to 168 hours.

39. The transdermal delivery system of claim 38, wherein the ratio of the cumulative
delivery of tamsulosin to the cumulative delivery of DMOS is

no more than about 0.15 in the first 72 hours,

no more than about 0.38 in the period from 72 to 120 hours, and

no more than about 0.60 in the period from 120 to 168 hours.
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