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(57) Abrégée/Abstract:
A medical device (20) Is provided that Is suitable for use In the delivery of active component into or through the skin. The medical
device comprises: an extension member (22) having a first major surface (24) and a second major surface (26), the first major
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(57) Abrege(suite)/Abstract(continued):

surface comprising a first portion and a second portion; an array retaining member (28) extending from the first portion of the first
major surface of the extension member, the array retaining member comprising an array surface (30) having at least one
icroneedle (32) extending from the array surface; and pressure sensitive adhesive (34) disposed on the second portion of the first

m
major surface of the extension member to facilitate the adhesive attachment of the device to mammalian skin when the at least one
microneedle Is Inserted through the stratum corneum.
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(57) Abstract: A medical device (20) is provided that

is suitable for use in the delivery of active component
into or through the skin. The medical device comprises:
an extension member (22) having a first major surface
(24) and a second major surface (26), the first major
surface comprising a first portion and a second portion;
an array retaining member (28) extending from the
first portion of the first major surface of the extension
member, the array retaining member comprising an
array surface (30) having at least one microneedle (32)
extending from the array surface; and pressure sensitive
adhesive (34) disposed on the second portion of the first
major surface of the extension member to facilitate the
adhesive attachment of the device to mammalian skin
when the at least one microneedle is inserted through
the stratum corneum.



CA 02589730 2007-05-29

WO 2006/062848 Al

LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI,
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG,
SK, SL, SM, SY, T], TM, TN, TR, TT, TZ, UA, UG, US,
UZ, VC, VN, YU, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
/W), Burasian (AM, AZ, BY, KG, KZ, MD, RU, T], TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, ELE, ES, 1,
FR, GB, GR, HU, ILE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BF, BJ, CE, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

— as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(ii))

— as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:

—  with international search report

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.



10

15

20

25

30

CA 02589730 2007-05-29
WO 2006/062848 PCT/US2005/043769

MEDICAL DEVICE

The present invention relates to a medical device suitable for use in the delivery of active

component into or through the skin.

Background

Pharmaceutical compositions, vaccines, drugs, therapeutic substances, etc.. (“active
components”) may be delivered into the body through the skin in any of a number of
different ways. The main barrier to the transport of therapeutic substances through the
skin is the outermost layer of the skin known as the stratum corneum. To deliver a
therapeutic substance through the skin, the molecule must be provided with a pathway
through the stratum corneum. Active components, can be delivered through the skin by
injection using a hypodermic syringe with a hollow needle to puncture the stratum
corneum and deliver the active component beneath the skin. Other means for the delivery
of certain therapeutic substances include transdermal patches, ointments or lotions as well

as microneedle arrays.

Ointments or lotions can be formulated with an active component and a suitable
biocompatible carrier so that, when applied to the skin, the active component can be
delivered into the body by absorption through the stratum corneum. Transdermal adhesive
patches are also available and are generally constructed as an adhesive article with a
pressure sensitive adhesive coated onto the surface of a backing comprised of a polymeric
film, cloth or the like. Transdermal adhesive patches are provided with an adhesive that
allows the patch to be releasably adhered to the surface of the skin where a predetermined
dosage of an active component can be put in contact with a small surface area of the skin.
An appropriate biocompatible carrier is normally provided to facilitate the absorption of
the therapeutic substance through the stratum corneum over a period of time while the

patch remains adhered to the skin.

Microneedle arrays also provide a means for the delivery of active components through

the skin. Microneedle arrays are devices that include a plurality of small piercing
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clements often referred to as microneedles, microneedle arrays, micro arrays, micro-pins
or the like. The small piercing elements on these devices pierce the stratum corneum upon
contact, making a plurality of microscopic shits which serve as passageways through which
active components can be delivered into the body. In delivering an active component, the
microneedle array can be provided with a reservoir for temporarily retaining an active
component in liquid form prior to delivering the active component through the stratum
corneum. In some constructions, the microneedles can be hollow to provide a liqmd flow
path directly from the reservoir and through the microneedles to enable delivery of the
therapeutic. substance through the skin. In alternate constructions, active component(s)
may be coated and dried on the microneedle array and delivered directly through the skin
after the stratum corneum has been punctured. Additionally, microneedle devices can be
provided as transdermal patches by providing the device in a construction that permits
adhesive attachment of the microneedle array to the skin of a mammal. In still other
constructions, microneedle devices permit the sampling of transdermal body analytes as

they exit the body through the microscopic slits.

Microneedle devices such as the aforementioned patch may also be associated with an
applicator device to assist in the placement of the microneedle device on the skin. In some
constructions, the applicator can provide sufficient force during the application of the
microneedle device to the skin so that the microneedles have a higher likelihood of

effectively piercing the stratum corneum.,

Summary

The present invention provides a medical device suitable for use in the delivery of
active component into or through the skin, comprising:

an extension member having a first major surface and a second major
surface, the first major surface comprising a first portion and a flexible second

portion;
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an array retaining member extending from the first portion of the first major
surface of the extension member, the array retaining member comprising an array
surface having a plurality of identically configured microneedles extending from the
array surface;

pressure sensitive adhesive disposed on the second portion of the first major
surface of the extension member to facilitate the adhesive attachment of the device
to mammalian skin when the at least one microneedie is inserted through the
stratum corneum: and

an active component retained on at least a portion of the identically

configured microneedles.

Those skilled in the art will better understand the features of the invention upon
consideration of the remainder of the disclosure, including the various figures as described

in the detailed description and the appended claims.
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Brief Description Of The Drawings

In describing embodiments of the invention herein, reference 1s made to the various

Figures in which like reference numerals indicate like structures and wherein:

Figure 1 is a photomicrograph of a microneedle array suitable for use in the present

invention;

Figure 2 is a perspective view of one embodiment of a microarray patch device according

to the present invention;
Figure 3 is a side elevation, in cross section, of the microarray patch device of Figure 2;

Figure 4 is a side elevation, in cross section, of another embodiment of a microarray patch

. device according to the present invention;

Figure 5 is a side elevation, in cross section, of still another embodiment of a microarray

patch device according to the present invention;

Figure 6 is a side elevation, in cross section, of still another embodiment of a microarray

patch device according to the present invention;

Figure 7 is a perspective view of another embodiment of a microarray patch device

according to the present invention;

3a
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Figure § is a side elevation, in cross section, of the microarray patch device of Figure 7;

Figure 9 is a side elevation, in cross section, of another embodiment of a microarray patch

device according to the present invention;

Figure 10 is a side elevation, in cross section, of still another embodiment of a microarray

patch device according to the present invention; and

Figure 11 is a side elevation, in cross section, of still another embodiment of a microarray

patch device according to the present invention.

Detailed Description

The invention provides a device having a microneedle array and which can be aftixed to
the skin to facilitate the delivery of active components into or through mammalian skin.
Referring to the various Figures, a microneedle array suitable for use in the present
invention is illustrated in Figure 1. The general shape of the microneedle 10 is a tapered
projection having a larger base 12 tapering to a narrow tip 14 which is generally able to
pierce mammalian skin. Therapeutic substances such as vaccine or a pharmacologically
active material may be applied (e.g., by coating) to the outer surfaces of the microneedles
10 to deliver the substance to a patient when the microneedles 10 pierce the stratum
corneum of the patient’s skin. As shown, the microneedles 10 can be arranged in
uniformly spaced rows. In some embodiments, arrays of microneedles used in the present
invention can have a distal-facing surface area of more than about 0.1 cm” and less than

about 20 cm?, and typically more than about 0.5 cm? and less than about 5 cm”.

In the embodiment shown in Figure 1, a portion of the surface from which the
microneedles 10 project may be non-patterned in that the portion of the surface is free of
microneedles. In one embodiment the non-patterned surface has an area of more than
about 1 percent and less than about 75 percent of the total area of the device surface that
faces a skin surface of a patient. In one embodiment the non-patterned surface has an

area of more than about 0.10 square inch (0.65 cm?) to less than about 1 square inch (6.5
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cm®). In another embodiment (not shown), the microneedles can be disposed over

substantially the entire surface area of the array 22.

While the illustrated microneedles 10 are depicted as spiked projections extending in
uniform rows from a surface, it will be appreciated that the actual shape of the individual
microneedles used in devices of the invention may be selected from any of a variety of
shapes including without limitation pyramidal, conical or the like. One suitable
configuration for the microneedle arrays includes the structures disclosed in United States
patent application publication no. US2003/0045837 which describes microstructures in the
form of microneedles having tapered structures that include at least one channel formed in
the outside surface of each microneedle. Where the microneedles have bases that are
elongated in one direction, the channels can extend from one of the ends of each clongate
base to the tips of the microneedles. Optionally, the aforementioned channels can be
terminated short of the tips of the microneedles. The microneedle arrays may also include
conduit structures formed on the surface of the substrate on which the microneedle array 1s
located, and the aforementioned channels can be constructed to permit fluid

communication with the conduit structures.

In some embodiments, suitable microneedles may have generally vertical wall angles, 1.€.
the microneedles may be in the form of pins, with sidewalls that are largely orthogonal to

the surface of the substrate from which they protrude.

Suitable microneedles for use in devices of the present invention may also be
characterized by their aspect ratio. As used herein, the term “aspect ratio” refers to the
ratio of the height of the microneedle (above the surface surrounding the base of the
microneedle) to the maximum base dimension, that is, the longest straight-line dimension
that the base occupies (on the surface occupied by the base of the microneedle). In
embodiments of the present invention, the microneedles can have an aspect ratio of 2:1 or

higher. In some embodiments, the microneedles can have an aspect ratio of 3:1 or higher.

Still another suitable microneedle construction comprises the structures described in

United States Patent No. 6,091,975 (Daddona, et al.) which describes blade-like
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microprotrusions for piercing the skin. Still another microneedle construction comprises
the structures described in United States Patent No. 6,313,612 (Sherman, et al.) which
describes tapered structures having a hollow central channel. Still another suitable
microneedle construction comprises structures like those described in International
Publication No. WO 00/74766 (Gartstein, et al.) which describes hollow microneedles
having at least one longitudinal blade at the top surface of tip of the microneedle. Another
suitable microneedle construction includes a generally conical shape wherein the

microneedles may have a defined tip bluntness, like those described in co-pending and

commonly owned U.S. laid-open Patent Application No. US 2005/0261631, which
describes microneedles have a flat tip comprising a surface area measured in a
plane aligned with the base of about 20 square micrometers or more and 100
square micrometers or less. In some embodiments, the surface area of the flat tip is
measured as the cross-sectional area measured in a plane aligned with the base,
the plane being located at a distance of 0.98 or 98% of the height of the
microneedle above the substrate surface measured from base to tip.

In some embodiments, the microneedles are provided as a single array comprising a
multitude of individual microneedles which are manufactured integrally with the device of
the invention. In some embodiments, the microneedles can initially be provided

separately and later added to the substrate during the manufacture or assembly of the

device.

The microneedles may be manufactured from any of a variety of materials, and the actual
material selected for a particular microneedle array can be based on a variety of factors
including the ability of the material to accurately reproduce the desired microneedle
pattern; the strength and toughness of a particular material when formed into the

microneedles; the compatibility\ of a material with mammalian skin; the compatibility of a

material with body fluids expected to contact the microneedle array, etc.
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Referring to Figures 2 and 3, a patch 20 according to an embodiment of the invention 1s
depicted. The patch 20 includes an extension member 22 with a first major surface 24 and

a second major surface 26. The first major surface 24 of the extension member 22

oF!
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comprises a first portion having an array retaining member 28 extending therefrom. The
array retaining member 28 includes an array surface 30 having at least one microneedle 32
extending from the surface 30. A second portion of the first major surface 24 ot extension
member 22 includes a layer of pressure sensitive adhesive 34 disposed thereon. The
pressure sensitive adhesive is provided on the second portion of the surface 24 ot the
extension member 22 to facilitate the adhesive attachment of the device 20 to mammalian
skin when the at least one microneedle 32 is inserted through the stratum corneum. In
some embodiments, the layer of adhesive 34 is provided at a thickness that keeps the
adhesive layer 34 from extending beyond the surface 30 of the array retaining member 28.
In some embodiments, the adhesive layer 34 will extend from the first major surface 24 of

the extension member 22 to a height less than the height of the array surtace 30.

While the patch 20 is depicted essentially in a circular configuration with the extension
member 22 surrounding the array retaining member 28, it will be appreciated that the
patch 20 may be configured in any useful or ornamental configuration desired. Moreover,
the extension member 22 may be dimensioned to extend from but not necessarily surround
the entire array retaining member 28. Similarly, the array retaining member may be
configured in a different geometric shape than the circular configuration depicted in
Figure 2. It will further be appreciated that the description herein of the various
embodiments of the invention are merely exemplary of patches that embody the principles
of the present invention and that the described embodiments are not intended to be

limitation on the broader concepts inherent in the described embodiments.

In another embodiment, a patch 120 according to the invention is shown in Figure 4. The
patch 120 is constructed essentially in the same manner as patch 20 shown in Figures 2
and 3 and described above. However, patch 120 includes a gap 140 between the pressure
sensitive adhesive layer 34 and the array retaining member 28. Construction of the patch
120 will require less adhesive than the patch 20 of Figures 2 and 3. Moreover, gap 140
provides a small buffer to minimize the potential for the adhesive 34 to spread or migrate

closer to the array retaining member 28 and the microneedles 32.
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Still another embodiment of a patch 220 is depicted in Figure 5. The patch 220 1s
essentially of the same construction as the patch 120 except that the patch 220 includes a
barrier member 242 extending between the adhesive layer 34 and the array retaining
member 28. The barrier member 242 is dimensioned to enhance and maintain the
separation between the adhesive 34 and the microneedles 32 of the array retaining member
28. The barrier member 242 may comprise a film, polymer or other inert material and
desirably will isolate the array retaining member 28 from the adhesive 34 to inhibit and
prevent significant migration of material between adhesive 34 and any therapeutic

substances coated on the microneedles 32.

Another patch 320 according to the invention is depicted in Figure 6. The patch 320 1s
constructed substantially as described with respect to the patch 120 shown in Figure 4,
except that the array retaining member 28 includes sloping sides 344 that function as a
barrier or buffer between the adhesive layer 34 and the array retaining member 28 to
enhance and maintain the separation between the adhesive 34 and any the microneedles 32

of the array retaining member 28.

Referring now to Figures 7 and 8, another embodiment of a patch 420 is shown according
to the invention. The patch 420 includes an extension member 422 with a first major
surface 424 and a second major surface 426. The first major surface 424 of the extension
member 422 comprises a first portion having, as an integral part thereof, an array retaining
member 428 extending therefrom. The array retaining member 428 includes an array
surface 430 having at least one microneedle 432 extending from the surface 430. A
second portion of the first major surface 424 of extension member 422 includes a layer of
pressure sensitive adhesive 434 disposed thereon. The pressure sensitive adhesive 1s
provided on the second portion of the surface 424 of the extension member 422 to
facilitate the adhesive attachment of the device 20 to mammalian skin when the at least
one microneedle 432 is inserted through the stratum corneum. In some embodiments, the
layer of adhesive 434 is provided at a thickness that keeps the adhesive layer 434- from
extending beyond the surface 430 of the array retaining member 428. In some
embodiments, the adhesive layer 434 will extend from the first major surface 424 of the

extension member 422 to a height less than the height of the array surface 430.
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The patch 420 additionally includes a flexible backing member 436 having a first major
surface 438 and a second major surface 440. The first major surface 438 of the flexible
backing member 436 is affixed (e.g., adhesively) to the second major surface 426 of the
extension member 422. A portion of the flexible backing member 436 extends beyond the
outer edge of the extension member 422. In this arrangement of parts, the flexible backing
member 436 may be used for securing the patch 420 to the skin of a patient. In this
regard, the first major surface 438 of the backing member 436 will typically contact the
skin of the patient and be secured thereto be any of a variety of suitable means such as, for
example, medical grade adhesive tape or the like (not shown). In this embodiment, the
first major surface 438 covers a portion of the patient’s skin and can serve to enlarge the
zone around the array retaining member 428 that is created by the first major surface 424
of the extension member 422 to assure that the patch 420 remains in place for the desired
amount of time and to assist in keeping dirt or other contaminants away from the
punctures in the stratum corneum created by the microneedles 432. In all other respects,
the patch 420 operates in essentially the same manner as described in the foregoing

embodiments.

While the patch 420 is depicted essentially in a circular configuration with the extension
member 422 surrounding the array retaining member 428, it will be appreciated that the
patch 420 may be configured in any useful or ornamental configuration desired.
Moreover, the extension member 422 may be dimensioned to extend from but not
necessarily surround the entire array retaining member 428. Similarly, the array retaining
member may be configured in a different geometric shape than the circular configuration
depicted in Figures 7 and 8. Finally, the flexible backing member 436 can be of any

desired shape, size or configuration.

Still another embodiment is illustrated in Figure 9. A patch 520 is provided and includes
an extension member 522 with a first major surface 524 and a second major surface 526.
The first major surface 524 of the extension member 522 comprises a first portion having,
as an integral part thereof, an array retaining member 528 extending therefrom. The array

retaining member 528 includes an array surface 530 having at least one microneedle 532
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extending from the surface 530. A second portion of the first major surface 524 of
extension member 522 includes a layer of pressure sensitive adhesive 534 disposed
thereon. The pressure sensitive adhesive is provided on the second portion of the surface
524 of the extension member 522 to facilitate the adhesive attachment of the device 520 to
mammalian skin when the at least one microneedle 532 is inserted through the stratum
corneum. In some embodiments, the layer of adhesive 534 is provided at a thickness that
keeps the adhesive layer 534 from extending onto the surface 530 of the array retaining
member 528. In some embodiments, the adhesive layer 534 will extend from the first
major surface 524 of the extension member 522 to a height less than the height of the array

surface 530.

The patch 520 additionally includes a flexible backing member 536 having a first major
surface 538 and a second major surface 540. The first major surface 538 of the flexible
backing member 536 is affixed (e.g., adhesively) to the second major surface 526 of the
extension member 522. A portion of the flexible backing member 536 extends beyond the
outer edge of the extension member 522 and adhesive layer 534 likewise 1s extended to
cover at least a portion of the first major surface 538 of flexible backing member 536 so
that the flexible backing layer 536 is equipped to assist in securing the patch 520 to the
skin of a patient. In this regard, the adhesive layer 534 on both the first major surface 538
of the backing member 536 and on the first major surface 524 of the extension member
522 will typically contact and secure the skin of the patient to the patch 520. First major
surface 538 serves to enlarge the zone around the array retaining member 528 that 1s
created by the first major surface 524 of the extension member 522 to assure that the patch
520 remains in place and to assist in keeping dirt or other contaminants away from the
punctures in the stratum corneum created by the microneedles 532. In all other respects,
the patch 520 operates in essentially the same manner as described in the foregoing

embodiments.

It will be appreciated that the patch 520 may be configured in any useful or ornamental
configuration desired and is not limited to a circular configuration. Moreover, the
extension member 522 may be dimensioned to extend from but not necessarily surround

the entire array retaining member 528. Similarly, the array retaining member 528 may be
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configured in a different geometric shape than the circular configuration depicted in
Figure 9. Finally, the flexible backing member 536 can be of any desired shape, size or

configuration.

Still another embodiment of the invention is illustrated in Figure 10. A patch 620 is
provided and includes an extension member 622 with a first major surface 624 and a
second major surface 626. The first major surface 624 of the extension member 622
comprises a first portion that is affixed to an array retaining member 628. In this
embodiment, the extension member 622 is affixed to but is apart and distinct from the
array retaining member 628. The extension member 622 is affixed to the array retaining
member 628 by any suitable means including by use of a suitable adhesive, or by heat or

melt bonding, and the like.

The array retaining member 628 includes an array surface 630 having at least one
microneedle 632 extending from the surface 630. A second portion of the first major
surface 624 of extension member 622 includes a layer of pressure sensitive adhesive 634
disposed thereon. The pressure sensitive adhesive is provided on the second portion of the
surface 624 of the extension member 622 to facilitate the adhesive attachment of the
device 620 to mammalian skin when the at least one microneedle 632 is inserted through
the stratum corneum. In some embodiments, the layer of adhesive 634 is provided at a
thickness that keeps the adhesive layer 634 from extending onto the surface 630 of the
array retaining member 628. In some embodiments, the adhesive layer 634 will extend
from the first major surface 624 of the extension member 622 to a height less than the

height of the array surface 630.

The patch 620 additionally includes a flexible backing member 636 having a first major
surface 638 and a second major surface 640. The first major surface 638 of the flexible
backing member 636 is affixed (e.g., adhesively) to the second major surface 626 of the
extension member 622. A portion of the flexible backing member 636 extends beyond the
outer edge of the extension member 622 and adhesive layer 634 likewise is extended to
cover at least a portion of the first major surface 638 of flexible backing member 636 s0

that the flexible backing layer 636 is equipped to assist in securing the patch 620 to the
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skin of a patient. In this regard, the adhesive layer 634 on both the first major surface 638
of the backing member 636 and on the first major surface 624 of the extension member
622 will typically contact secure the skin of the patient to the patch 620. First major
surface 638 serves to enlarge the zone around the array retaining member 628 that 1s
created by the first major surface 624 of the extension member 622 to assure that the patch
620 remains in place and to assist in keeping dirt or other contaminants away from the
punctures in the stratum corneum created by the microneedles 632. In all other respects,
the patch 620 operates in essentially the same manner as described in the foregoing

embodiments.

It will be appreciated that the patch 620 may be configured in any useful or ornamental
configuration. Moreover, the extension member 622 may be dimensioned to extend from
but not necessarily surround the entire array retaining member 628. Similarly, the array
retaining member 628 may be configured in a different geometric shape than the circular
configuration depicted in Figure 10. Finally, the flexible backing member 636 can be of

any desired shape, size or configuration.

Referring now to Figure 11, another embodiment of a patch 720 is shown according to the
invention. The patch 720 includes an extension member 722 with a first major surface
724 and a second major surface 726. In this embodiment, the extension member 722 1s
apart and distinct from the array retaining member 728. The extension member 722 may
be affixed to the array retaining member 728 by any suitable means including by use of a

suitable adhesive, heat or melt bonding, and the like.

The array retaining member 728 includes an array surface 730 having at least one
microneedle 732 extending from the surface 730. A second portion of the first major
surface 724 of extension member 722 includes a layer of pressure sensitive adhesive 734
disposed thereon. The pressure sensitive adhesive is provided on the second portion of the
surface 724 of the extension member 722 to facilitate the adhesive attachment of the
device 720 to mammalian skin when the at least one microneedle 732 is inserted through
the stratum corneum. In some embodiments, the layer of adhesive 734 is provided at a

thickness that keeps the adhesive layer 734 from extending beyond the surface 730 of the
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array retaining member 728. In some embodiments, the adhesive layer 734 will extend
from the first major surface 724 of the extension member 722 to a height less than the

height of the array surface 730.

The patch 720 additionally includes a flexible backing member 736 having a first major
surface 738 and a second major surface 740. The first major surface 738 of the tlexible
backing member 736 is affixed (e.g., adhesively) to the second major surface 726 of the
extension member 722. A portion of the flexible backing member 736 extends beyond the
outer edge of the extension member 722. In this arrangement of parts, the flexible backing
member 736 may be used for securing the patch 720 to the skin of a patient. In this
regard, the first major surface 738 of the backing member 736 will typically contact the
skin of the patient and be secured thereto be any of a variety of suitable means such as, for
example, medical grade adhesive tape or the like (not shown). In this embodiment, the
first major surface 738 covers the a portion of the patient’s skin and can serve to enlarge
the zone around the array retaining member 728 that is created by the first major surface
724 of the extension member 722 to assure that the patch 720 remains in place for the
desired amount of time and to assist in keeping dirt or other contaminants away from the
punctures in the stratum corneum created by the microneedles 732. In all other respects,
the patch 720 operates in essentially the same manner as described in the foregoing

embodiments.

While the patch 720 is depicted essentially in a circular configuration with the extension
member 722 surrounding the array retaining member 728, it will be appreciated that the
patch 720 may be configured in any useful or ornamental configuration desired.
Moreover, the extension member 722 may be dimensioned to extend from but not
necessarily surround the entire array retaining member 728. Similarly, the array retaining
member may be configured in a different geometric shape than the circular configuration
depicted in Figure 11. Finally, the flexible backing member 736 can be of any desired

shape, size or configuration.

In the foregoing embodiments, the flexible backing member may comprise any of a

variety of materials. In some embodiments, the flexible backing member will comprise a

13
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material selected from polypropylene; polycarbonate; polyethylene, particularly low
density polyethylene, linear low density polyethylene, metallocene polyethylenes,
and high density polyethylene; polyvinyl chloride; polyester (e.g., polyethylene
terephthalate); polyvinylidene chloride; ethylene-vinyl acetate (EVA) copolymer,
polyurethane; cellulose acetate; and ethyl cellulose. Coextruded multilayer
polymeric films are also suitable, such as those described in U. S. Patent No.5, 783,
269 (Heilmann et al.). Backings that are layered such as polyethylene terephthalate-
aluminum-polyethylene composites and polyethylene terephthalate-EVA composites

are also suitable. Foam tape backings, such as closed cell polyolefin films used In

3M™ 1777 Foam Tape and 3M™ 1779 Foam Tape are also suitable. Fabrics and
non-wovens are likewise suitable. In some embodiments, the flexible backing
member is a polymer film made of polyethylene terephthalate, polycarbonate, or

polyethylene. In other embodiments, the flexible backing member is a polyethylene
terephthalate polymer film.

It will be appreciated that the features described in connection with an embodiment herein,
may be used in other embodiments, and the various features described in each of the
embodiments may also be varied while still remaining within the scope of the invention.
For example, the pressure sensitive adhesive utilized in each of the embodiments of
Figures 7 through 11 may be present in any of a variety of patterns. For example, the
adhesive layers (e.g., adhesive layers 534, 634) may be patterned or non-patterned, and
may be continuous or discontinuous. The adhesive layer may additionally be interrupted
by spaces, gaps or structures such as the gap 140 of Figure 4 or the barrier member 242
shown in Figure 5. The array retaining member may be provided in any of a variety of
configurations and may include sloping sides similar or identical to the sides 344 of the
array retaining member 28 (Figure 6), or the like. In general, the invention is intended to

include any and all variations on the structures depicted in the various embodiments

described above.
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As described in connection with the various embodiments, the present invention provides
a medical device in the form of a patch for the delivery of an active component through

the stratum corneum. In some embodiments, the patch is constructed from a single
molded polymeric material. In some embodiments, the patch is provided as a one-

piecemolded article wherein the extension member, array retaining member and the
microneedle array (as generally described herein) are molded as a single piece
from the same material(s). Suitable materials for these one-piece articles include
those selected from materials such as acrylonitrile-butadiene-styrene (ABS)
polymers, polyphenyl sulfides, polycarbonates, polypropylenes, acetals, acrylics,
polyetherimides, polybutylene terephthalates, polyethylene terephthalates as well as
other known materials and combinations of two or more of the foregoing. A suitable
method for molding the microarrays of the invention is described in laid-open patent
application no. WO 2005/082596. It will be appreciated that a patch according to the
present invention should be sufficiently flexible to allow for uniform adhesion of the
extension member to the area of mammalian skin to which the patch is applied.
Moreover, the surface of the extension member will provide a surface area sufficient
to uniformly adhere the patch to an area of mammalian skin to permit the effective

delivery of an active component over a period of time.

In some of the embodiments that comprise a flexible backing member, the extension
member, array retaining member and the microneedle array may be molded as a single
piece from the same materials described herein. In other embodiments that comprise a
flexible backing member, the extension mernb‘er, array retaining member and the
microneedle array may be provided as separate parts which may or may not be molded and
may or may not be of the same material(s). In embodiments where the extension member
and the array retaining member are provided as separate parts, they are typically affixed to

one another, such as by a suitable adhesive or by melt bonding, for example.

The medical device of the invention is designed to permit its application to the surface of

mammalian skin using an applicator or other means for the delivery of the medical device
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with sufficient force to pierce the stratum corneum as well as adhere the extension
member to the surface of the skin. Accordingly, the second major surface of the medical
device is normally provided as a relatively smooth and featureless surface so that a force
may be applied to the medical device uniformly along the second surface in order to affix
it to the desired portion of the skin. Hence, the second surface of the extension member

will not normally include additional structures such as, for example, a reservoir for the

retention or temporary storage of active component in liquid form.

The devices of the invention can be used as transdermal patches in methods for the
delivery of one or more active materials through mammalian skin by providing the
microneedles in a construction that facilitates penetration of the stratum corneum. In some
embodiments, a medicament or therapeutic agent may be applied directly to an area of the
skin, and thereafter the microneedle array can be applied with suitable force to the same
area of the skin to puncture the stratum corneum and allow the therapeutic agent to enter
the body through the punctures made by the individual microneedles. In other
embodiments, the active component may first be applied directly to the microstructured
area of the array (e.g., as a coating). In some embodiments, the active component may be
applied to the microneedle array when the active component is a liquid or 1s dissolved in a
liquid or is suspended within a liquid as a suspension or colloid. After application to the
microneedle array, the active component may be dried prior to applying it to mammalian
skin. Alternatively, the active component may be applied to mammalian skin while the
active component still comprises a liquid. The microneedle array, coated with active
component, can be applied to the skin with force sufficient to puncture the stratum
corneum. The active component coated on the microstructured area of the array will be
mechanically deposited into the skin tissue or it may be dissolved from the array by body
fluids, thus allowing the therapeutic agent or medicament to be absorbed into the skin

tissue. The parameters for the delivery of therapeutic agents using the medical devices of
the invention are suitably described in U.S. patent No. 6,881,203 and U.S. laid-open

patent application No. US 2005/0261631. A suitable method of use is described in
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conjunction with the applicator disclosed in laid-open Patent Application No. WO
2005/123173.

Examples

Microneedle arrays
Microneedle arrays were prepared as follows. A circular disk (area 2 cm?, thickness 1,02

mm) that was partially patterned with an array of microneedles (37 x 37) in a square shape
(1 cm®) centered on one side of the disk was prepared. The needles were regularly spaced

with a distance of 275 microns between the tips of adjacent needles in a square-shaped
pattern. Individual needles were pyramidal in shape with a height of 250 microns and a
square base having a side-length of 83.3 microns. The tips were truncated with a flat,
square-shaped top having a side-length of 5 microns. Arrays were injection molded
according to the general description provided in International Patent Application
Publication No. WO 05/82596 and made from polycarbonate (Lexan® HPS1R-1125, GE
Plastics, Pittsfield, MA). The center of the disk was then die cut to provide a microneedle
array (area = 1 cm?) having microneedles on approximately 90% of the surface of the

patterned side of the disk. The microneedle array had approximately 1200 microneedles.

Delivery of patches from a storage collar
Microarray patches, as described below, were placed in a cylindrical storage collar,

described in further detail in International Patent Applications Nos. WO
2005/020283 and WO 2005/123173, having small tabs on the inner surface of the
cylinder for supporting the patch. A handheld, spring-driven patch applicator, as
described in the aforementioned patent applications, was used to propel the patch
from the storage collar. The applicator used a 2.88 gram piston that reached a
maximum velocity of 7.2 m/s when triggered in the absence of a medical device.
(M9 applicator) Velocity of the piston in the absence of a microarray patch was
measured by plabing a small piece of a matte-finish reflective tape on the outer face
of the piston for purposes of conducting the velocity/displacement measurement.

The applicator was placed against a fixture attached to a laser measuring device
17
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(Laser Vibrometer Controller model no. OFV-3001 and Laser Fiber Interferometer
model no. OFV-502, Polytec Inc., Tustin, California) and aligned such that the laser
could reflect off of the matte-finish reflective tape. Measurement of the velocity of a
microarray patch from a storage collar was performed by replacing the patterned
microarray with a "blank™ array having the same physical dimensions and having a
piece of matte-finish reflective tape applied to the blank in place of the microneedle
patterning. The values reported below are the maximum velocity achieved by the

microarray patch.
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Example 1
A microarray patch was constructed as follows. A ring of skin-contacting adhesive was

formed from a three-layer laminate of double-sided tape (3M Transparent Polyester, 3.4
mil Double Coated Medical Tape 1513, 25.4 micron thick polyester film with 30.5 micron
thick adhesive on each side) which was die cut into a ring having an outer diameter of 2.35
cm and an inner diameter of 1.22 cm. This ring was adhered to the outer rim of a circular
piece (area = 2.5 cm?) of 10 mil (254 micron) thick polycarbonate film to form a first

laminate.

A circular piece of double-sided tape (3M Transparent Polyester, 3.4 mil Double Coated
Medical Tape 1513) with an area of 5.5 cm was adhered to a circular piece (area = 5.5
cm®) of polyethylene terephalate film with a thickness of 0.56 mil (14.2 micron) to form a

second laminate.

The exposed side of the double-coated tape of the second laminate was adhered to the side
of the polycarbonate film in the first laminate opposed to the skin-contacting adhesive. A
circular piece (area = 1.0 cm®) of double-sided tape (3M Transparent Polyester, 3.4 mil
Double Coated Medical Tape 1513) was used to adhere the non-patterned side of a
microneedle array to the exposed area at the center of the polycarbonate film to make a
finished microarray patch. All pieces described above were aligned concentrically. The
microarray patch was placed in a storage collar as described above and the maximum

velocity at which the device was propelled from the collar was 5.7 m/s.

Example 2
A microarray patch was constructed as follows. A circular piece (area = 4.5 cm”) of skin-

contacting adhesive was formed from a three-layer laminate of double-sided tape (3M
Transparent Polyester, 3.4 mil Double Coated Medical Tape 1513). This piece was
adhered to a circular piece (area = 4.5 cm?®) of 10 mil (254 micron) thick polycarbonate
film. The exposed side of the polycarbonate film was adhered to a second, circular piece
(area = 4.5 cm?) of double-sided tape (3M Transparent Polyester, 3.4 mil Double Coated
Medical Tape 1513). The exposed side of the second piece of double-coated tape was

adhered to a circular piece (area = 5.5 cm®) of polyethylene terephalate film backing with
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a thickness of 2.0 mil (50.8 micron). The non-patterned side of a microneedle array was
then adhered to the center of the exposed skin-contacting adhesive to make a finished
microarray patch. All pieces described above were aligned concentrically. The
microarray patch was placed in a storage collar as described above and the maximum

velocity at which the device was propelled from the collar was 6.0 m/s.

Example 3
A microarray patch was constructed as described in Example 2 with the exception that the

polyethylene terephalate film backing had a thickness of 3.0 mil (76.2 micron). The
microarray patch was placed in a storage collar as described above and the maximum

velocity at which the device was propelled from the collar was 5.5 m/s.

While embodiments of the invention have been described, it will be appreciated that
insubstantial modifications, not presently foreseeable by those of reasonable skill in the
art, may be made which represent equivalents to the embodiments described and claimed

herein.

19



10

20

CA 02589730 2012-04-16

WHAT IS CLAIMED IS.

1. A medical device suitable for use in the delivery of active component into or
through the skin, comprising:

an extension member having a first major surface and a second major
surface, the first major surface comprising a first portion and a flexible second
portion; ' -

an array retaining member extending from the first portion of the first major
surface of the extension member, the array retaining member comprising an array
surface having a plurality of identically configured microneedies extending from the
array surface;

pressure sensitive adhesive disposed on the second portion of the first major
surface of the extension member to facilitate the adhesive attachment of the device
to mammalian skin when the at least one microneedle is inserted through the
stratum corneum; and ‘

an active component retained on at least a portion of the identically

configured microneedies.

2. The medical device of claim 1, wherei'n the second major surface of the

extension member is relatively smooth and featureless.

3. The medical device of claim 1, wherein the extension member and the array
retaining member comprise a one-piece construction comprising a material selected
from the group consisting of acrylonitrile-butadiene-styrene (ABS) polymers,
polyphenyl sulfides, polycarbonates, polypropylenes, acetals, acrylics,
polyetherimides, polybutylene terephthalates, polyethylene terephthalates and

combinations of two or more of the foregoing.
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4, The medical device of claim 1, wherein the extension member and the array

retaining member comprise polycarbonate.

S. The medical device of claim 1, wherein the extension member and the array

retaining member are adhesively adhered to one another.

6. The medical device of claim 1, wherein the array surface comprises a

plurality of microneedles extending from the array surface.

7. The medical device of claim 6, wherein the microneedles comprise tapered
structures that include at least one channel formed in the outside surface of each

microneedle.

8. The medical device of claim 7, wherein the microneedles comprise elongate
hases and the at least one channel in each microneedle extends from one of the

ends of each elongate base to the tips of the microneedles.

9. The medical device of claim 6, wherein the microneedles have an aspect

ratio of 2:1 or higher.

10. The medical device of claim 1, further comprising a flexible backing member
having a first major surface and a second major surface, at least a portion of the first
major surface of the flexible backing member being affixed to the second major
surface of the extension member, the flexible backing member extending beyond

the outer edge of the extension member.

11 The medical device of claim 10, wherein the flexible backing member
comprises a material selected from the group consisting of polyethylene

terephthalate, polycarbonate, and polyethylene.
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12.  The medical device of claim 10, further comprising a pressure sensitive
adhesive layer covering at least a portion of the first major surface of the flexible

backing member.

13. The medical device of claim 1, wherein the extension member does not

Include a reservoir for the retention or temporary storage of a liquid.
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