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DELIVERY OF IMMUNE RESPONSE MODIFIER COMPOUNDS

This application claims priority to U.S. provisional application 60/497,628, filed

August 25, 2004, the entire contents of which 1s incorporated herein by reference.

BACKGROUND

There has been a major effort in recent years, with significant successes, to
discover new drug compounds that act by stimulating certain key aspects of the immune
system, as well as by suppressing certain other aspects (see, e.g., U.S. Patent Nos.
6,039,969 and 6,200,592). These compounds, referred to herein as immune response
modifiers (IRMs), appear to act through basic immune system mechanisms known as toll-
like receptors to induce selected cytokine biosynthesis and may be used to treat a wide
variety of diseases and conditions. For example, certain IRMs may be useful for treating
viral diseases (e.g., human papilloma virus, hepatitis, herpes), neoplasias (e.g., basal cell
carcinoma, squamous cell carcinoma, actinic keratosis, melanoma), and THfZ-mediated
diseases (e.g., asthma, allergic rhinitis, atopic dermatitis, multiple sclerosis), and are also
useful as vaccine adjuvants. Many of the IRM compounds are small organic molecule
imidazoquinoline amine derivatives (see, e.g., U.S. 4,689,338), but a number of other
compound classes are known as well (see, e.g., U.S. 5,446,153; U.S. 6,194,425, and U.S.
6,110,929) and more are still being discovered. Other IRMs have higher molecular
weights, such as oligonucleotides, including CpGs (see, e.g., U.S. 6,1994,388). In view of
the great therapeutic potential for IRMs, and despite the important work that has already
been done, there 1s a substantial ongoing need for new means of controlling the delivery

and activity of IRMs in order to expand their uses and therapeutic benefits.

SUMMARY
The usefulness of immune response modifiers (IRMs) in particular can be
expanded and improved by delivering them across biological barriers with microneedle
devices. Such delivery across biological barriers includes, for example, delivery of an

IRM compound into or across the stratum corneum of the skin. This is particularly
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beneficial because the body’s immune system cells upon which the IRMs act are highly
available in this intracutaneous region. Moreover, while it permits enhanced activation of
these cells, 1t can do so without requiring substantial systemic exposure. It is also useful
tfor delivery directly into lesions that may otherwise have a thickened layer of keratinized
skin reducing penetration of topical IRM formulations, such as can be the case with warts
and various skin cancers.

Although published application US 2002/0193729 discloses in a laundry list two
individual IRM compounds, imiquimod and resiquimod (4-Amino-a, a-dimethyl-1H-
imidazo[4,5-c]quinoline-1-ethanol) for possible delivery in combination with a vaccine in
a microneedle coating or reservoir, there are no examples using these compounds and
apparently no recognition of the substantial benefits possible by delivering these and other
IRMs using microneedles or that IRMs do not need to be coated or reservoired on the
microneedles with a vaccine. Moreover, certain preferred IRMs and combinations
described below—ifor example, non-TLR 7 agonists such as those that predominantly
activate TRL 8 and/or 9 for certain uses, as well as those that activate CTL cell response—
are certainly not recognized.

For example, IRM compounds that activate a strong cytotoxic lymphocyte (CTL)
response may be particularly desirable as vaccine adjuvants, especially for therapeutic
viral and/or cancer vaccines. IRM compounds that are TLR 8 agonists may be particularly
desirable for use with therapeutic cancer vaccines. IRM compounds that are TLR 7
agonists and/or TLR 9 agonists may be particularly desirable for use with prophylactic
vaccines. IRM compounds that are both TLR 7 and TLR 8 agonists may be particularly
desirable for use with therapeutic viral vaccines and/or cancer vaccines. IRM compounds
that are non-TLR 7 agonists, and do not induce substantial amounts of interferon-alpha,
may be desirable for use with certain vaccines such as bacterial vaccines. IRM
compounds that are conjugated to a vaccine antigen are particularly potent. IRM
compounds given 1n combination with a tumor necrosis factor (TNF) receptor agonist,
such as a CD40 agonist, are particularly potent, and may also be used in combination with
a vaccine antigen. And all of these foregoing IRM compound types and combinations,
although not required to be, can be beneficially delivered using a microneedle device to
improve penetration into or across a biological barrier, such as the stratum corneum of the

skin. IRM compounds that activate different TLRs and how to identify them are disclosed
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In, for example, pending applications WO 03/043573, US 60/447179, US 60/432650, US
60/432651, and US 60/450484, and IRM conjugates with vaccine antigens are disclosed is
US 60/403846, and IRM combinations with TNF receptor agonists are disclosed in US
60/437398. Accordingly, the present invention provides IRM delivery devices that
include a microneedle device and at least one IRM compound that 1s a TLR 6, 7, 8, and/or
9 agonist.

In some embodiments, the present invention provides an IRM delivery device
adapted for delivery of an IRM compound that includes a microneedle device having at
least one microneedle that penetrates a biological barrier by no more than 500 um, and at
least one IRM compound that is a TLR 6, 7, 8, and/or 9 agonist, with the proviso that
when the IRM compound 1s located in a reservoir or coating on the microneedle device
along with a vaccine the IRM compound is other than imiquimod or resiquimod. That is,
a vaccine 1s not required to be associated with the device, but if itisused and itisin a
reservolr or coating on the device, then the IRM compound can be any that is a TLR 6, 7,
8, and/or 9 agonist except for imiquimod and resiquimod.

In some embodiments, the present invention provides an IRM delivery device
adapted for delivery of an IRM compound that includes a microneedle device having at
least one microneedle that penetrates a biological barrier by no more than 500 pm, and at
least one IRM compound that 1s a TLR 6, 7, 8, and/or 9 agonist, with the proviso that a
vaccine 1s not in contact with the microneedle device prior to administration of the IRM
compound.

Thus, vaccines may or may not be administered with the IRM. If a vaccine is used,
it may or may not be in contact with the device. That is, it may or may not be in a
reservolr or coating on the device. If a vaccine is in a reservoir or a coating on the device,
the IRM compound 1s other than imiquimod or resiquimod.

In some embodiments, the present invention provides an IRM delivery device
adapted for delivery of an IRM compound that includes a microneedle device having at
least one microneedle that penetrates a biological barrier by no more than 500 pum, and at
least one IRM compound that is a TLR 6, 8, and/or 9 agonist.

In some embodiments, the IRM delivery device may have a plurality of

microneedles. This plurality of microneedles may be organized in an array.
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In some embodiments of the IRM delivery device, at least one IRM compound
may be coated onto at least a portion of the microneedle device.

In some embodiments, the microneedle device may include a reservoir 1n fluid
communication with at least one microneedle. This reservoir may contain the at least one
IRM compound. The IRM delivery apparatus of this embodiment may further include a
pump or a microprocessor or both. A “pump” includes any non-diffusional mechanism for
transporting the IRM and/or drug via the microneedles into or through the skin, such as,
e.g., a mechanical pump or iontophoresis.

In some embodiments of the IRM delivery device, at least one microneedle may be

hollow.

In some embodiments of the IRM delivery device, at least one microneedle may be

solid.

In some embodiments of the IRM delivery device, at least one microneedle may be
POTOUS.

In some embodiments, the IRM delivery device may include more than one IRM
compound. More than one IRM compound may be coated onto at least a portion of the
microneedle device.

In some embodiments, the IRM delivery device may further include an additional
drug. The at least one IRM compound and the additional drug may be coated onto at least
a portion of the microneedle device. The additional drug may be a vaccine, including, for
example, a DNA vaccine or a cell-based vaccine. The at least one IRM compound may be
physically or chemically linked to the vaccine so as to form a unit. Both the at least one
IRM compound and the vaccine may be coated onto at least a portion of the microneedle
device. The additional drug may be a TNF receptor agonist, including, for example, a
CD40 agonist. The additional drug may include both a vaccine and a TNF receptor
agonist.

In another aspect, the present invention also provides a method for the delivery of
an IRM compound into or across a biological barrier that includes: contacting a biological
barrier with a microneedle device having at least one microneedle that penetrates the
barrier by no more than 500 pm; and administering at least one IRM compound that is a
TLR 6, 7, 8, and/or 9 agonist into or across the biological barrier; and optionally

administering a vaccine; with the proviso that when the IRM compound is located in a
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reservoir or coating on the microneedle device along with the vaccine, the IRM compound

is other than imiquimod or resiquimod.

In another aspect, the present invention provides a method for the delivery of an

- IRM compound into or across a biological barrier that includes: contacting a biological

barrier with a microneedle device having at least one microneedle that penetrates the
barrier by no more than 500 um; administering at least one IRM compound that 1s a TLR
6, 7, 8, and/or 9 agonist into or across the biological barrier; and optionally administering
a vaccine; with the proviso that the vaccine is not in contact with the microneedle device
prior to administration of the IRM compound.

In still another aspect, the present invention provides a method for the delivery of
an IRM compound into or across a biological barrier that includes: contacting a biological
barrier with a microneedle device having at least one microneedle that penetrates the
barrier by no more than 500 um; and administering at least one IRM compound that is a
TLR 6, 8, and/or 9 agonist into or across the biological barrier. In a preferred embodiment
of the method, the biological barrier may be the skin and the at least one IRM compound
may be delivered intracutaneously.

In some embodiments of the method, the contacting of the skin with a microneedle
device occurs prior to contacting the skin with at least one IRM compound. This
contacting of the skin with at least one IRM compound may be by applying the at least one
IRM compound topically to the skin. The at least one IRM compound may be contained
in a solution, ointment, gel, foam, or emulsion.

In some embodiments of the method, the contacting of the skin with at least one
IRM compound occurs prior to the contacting the skin with a microneedle device. This
contacting of the skin with at least one IRM compound may be by applying the at least one
IRM compound topically to the skin. The at least one IRM compound may be contained

in a solution, ointment, gel, foam, or emulsion.

Examples of IRM compound that may be applied topically before or after the
microneedles include but are not limited imiquimod cream (e.g., Aldara™) and
resiquimod gel formulation.

In some embodiments of the method, the contacting of the skin with a microneedle
device may occur coincident with contacting the skin with at least one IRM compound;

the at least one IRM compound may be coated on at least a portion of the microneedie
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device. Some embodiments of the method further include the intracutaneous
administration of a vaccine.

In another aspect, the present invention also provides a method of treating a lesion
on the skin or mucosa with the application of a microneedle device to the lesion
conjunction with the application of at least one IRM compound. In some embodiments,
the lesion may be a neoplastic condition, associated with melanoma, associated with basal
cell carcinoma, actinic keratosis, or squamous cell carcinoma, or the lesion may be
associated with a viral infection, including, for example, a wart.

In another aspect, the present invention also provides kits including a microneedle
device and one or more immune response modifier (IRM) compounds.

In some embodiments of the present invention, at least one IRM compound may be
an agonist of at least one TLR, preferably an agonist of TLR6, TLR7, or TLR8. The IRM
may also in some cases be an agonist of TLR 9. In some embodiments of the present
invention, at least one IRM compound may be a small molecule immune response
modifier (e.g., molecular weight of less than about 1000 daltons). In other embodiments
of the present invention, at least one IRM compound may be a CpG compound or
derivative thereof.

In some embodiments of the present invention, at least one IRM compound may
include a 2-aminopyridine fused to a five-membered nitrogen-containing heterocyclic
ring, or a 4-aminopyrimidine fused to a five-membered nitrogen-containing heterocyclic
ring.

In some embodiments of the present invention, at least one IRM compound may be
an imidazoquinoline amine including, but not limited to, amide substituted
imidazoquinoline amines, sulfonamide substituted imidazoquinoline amines, urea
substituted imidazoquinoline amines, aryl ether substituted imidazoquinoline amines,
heterocyclic ether substituted imidazoquinoline amines; amido ether substituted
imidazoquinoline amines, sulfonamido ether substituted imidazoquinoline amines, urea
substituted imidazoquinoline ethers, and thioether substituted imidazoquinoline amines; a
tetrahydroimidazoquinoline amine including, but not limited to, amide substituted
tetrahydroimidazoquinoline amines, sulfonamide substituted tetrahydroimidazoquinoline
amines, urea substituted tetrahydroimidazoquinoline amines, aryl ether substituted

tetrahydroimidazoquinoline amines, heterocyclic ether substituted
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tetrahydroimidazoquinoline amines, amido ether substituted tetrahydroimidazoquinoline
amines, sulfonamido ether substituted tetrahydroimidazoquinoline amines, urea substituted
tetrahydroimidazoquinoline ethers, and thioether substituted tetrahydroimidazoquinoline
amines; an imidazopyridine amine including, but not Iimited to, amide substituted
imidazopyridines, sulfonamido substituted imidazopyridines, and urea substituted
imidazopyridines; 1,2-bridged imidazoquinoline amines; 6,7-fused
cycloalkylimidazopyridine amines; imidazonaphthyridine amines;
tetrahydroimidazonaphthyridine amines; oxazoloquinoline amines; thiazoloquinoline
amines; oxazolopyridine amines; thiazolopyridine amines; oxazolonaphthyridine amines;
thiazolonaphthyridine amines; pharmaceutically acceptable salts thereotf; and
combinations thereot.

In some embodiments, at least one IRM compound may be a purine,
imidazoquinoline amide, benzimidazole, 1H-imidazopyridine, adenine, or a derivative
thereof.

The term "comprises" and variations thereof do not have a limiting meaning where
these terms appear in the description and claims,

As used herein, "a," "an," "the," "at least one," and "one or more" are used
interchangeably.

Also herein, the recitations of numerical ranges by endpoints include all numbers
subsumed within that range (e.g., 1 to 5 includes 1, 1.5, 2, 2.75, 3, 3.80, 4, 5, etc.).

The above summary of the present invention 1s not intended to describe each
disclosed embodiment or every implementation of the present invention. Various other
features and advantages of the present invention should become readily apparent with
reference to the following detailed description, examples, claims and appended drawings.
In several places throughout the specification, gumidance is provided through lists of

examples. In each instance, the recited list serves only as a representative group and

should not be interpreted as an exclusive list.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a diagrammatic cross-section of skin after having been penetrated

with a microneedle device and an IRM compound subsequently applied.
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Figure 2 shows a diagrammatic cross-section of skin penetrated with a microneedie
device and an IRM compound coated onto the needles.
Figure 3 shows a diagrammatic cross-section of skin penetrated with a microneedle

device and an IRM compound being delivered via channels from a reservoir.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS OF THE
INVENTION

The present invention provides an IRM delivery device to be used for the delivery
of cytokine inducing and/or suppressing immune response modifier (IRM) compounds
across a variety of biological barriers. In a preferred embodiment, as shown in Figures 1-
3, the IRM delivery device of the present invention may be used to affect the delivery of
an IRM compound across the stratum corneum (the outermost layer of the skin) into the
intracutaneous space. If desired, the IRM can also be delivered transdermally through the
skin for systemic administration.

The present invention also provides methods for the delivery of IRM compounds,
alone or in combination with a variety of other agents, across a biological barrier through
the use of a microneedle device. The microneedle device effectively pierces the biological
barrier such that IRM compounds, alone or in combination with other agents, can pass
through the biological barrier into the tissues below. The microneedle device may be used
at the site of interest before or after applying one or more IRM compounds to the site of
interest. Alternatively, the microneedle device may be used at the site of interest
coincident with contacting the site of interest with one or more IRM compounds.

Biological barriers can include, but are not limited to, the skin (or parts thereof),
mucosal tissue (including, for example, oral, nasal, ocular, vaginal, urethral,
gastrointestinal, and respiratory surfaces), the blood-brain barrier, periodontal surfaces,
blood vessels, lymphatic vessels, or cell membranes. A target biological barrier may be
located within normal, intact tissue. A target biological barrier may be located within
damaged or diseased tissue, such as a wound or lesion. When internal delivery to a
biological barrier is desired, surgical access to the desired delivery site may be provided.

Access to an internal site may also be provided through laproscopic instruments and/or

catheters.
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A preferred embodiment of the present invention provides methods for the
intracutaneous delivery of one or more IRM compounds, alone or in combination with a
variety of other agents, across the stratum corneum. In the methods of the present
invention, microneedle devices and IRM delivery devices are used to pierce a biological
barrier. Typically, a microneedle device or IRM delivery device is pressed against the
stratum corneum, effectively piercing the stratum corneum, such that IRM compounds,
alone or in combination with other agents, can pass through the stratum corneum into the
tissues below. The length of the microneedles can be adjusted to achieve a desired
penetration depth.

While the microneedle devices and IRM delivery device disclosed herein can be
applied to any biological barrier, they are typically applied to skin. Mammalian skin
contains two layers, the epidermis and dermis. The epidermis 1s made up of five layers, the
stratum corneum, the stratum lucidum, the stratum granulosum, the stratum spinosum and
the stratum germinativum. The dermis 1s made up of two layers, the upper papillary
dermis and the deeper reticular dermis. The stratum corneum 1s the outer layer, and 1s
generally between 10 and 50 cells, or between 10 and 20 micrometers thick. Unlike other
tissue in the body, the stratum corneum contains cells (called keratinocytes) filled with
bundles of cross-linked keratin and keratohyalin surrounded by an extracellular matrix of
lipids. It 1s this structure that gives skin its barrier properties and which prevents
therapeutic intracutaneous or transdermal administration of many drugs. Below the
stratum corneum are the other four layers of epidermis, which together typically are
between 50 and 100 micrometers thick. The viable epidermis contains no blood vessels.
Beneath the epidermis is the dermis, which 1s between 1 millimeters and 3 millimeters
thick and contains blood vessels, lymphatics, and nerves. The thickness of the dermis and
epidermis varies from individual to individual, and within an individual, at different
locations on the body. For example, 1t has been reported that in humans the epidermis
varies in thickness from about 40 micrometers to about 90 micrometers and the dermis
varies in thickness ranging from just below the epidermis to a depth of from less than 1
millimeters in some regions of the body to just under 2 millimeters to about 4 millimeter
in other regions of the body.

As used herein, “intracutaneous” is intended to mean administration of an agent

into or across the stratum corneum into the skin. Intracutaneous delivery can include

_0.
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delivery into the epidermis (also referred to as intraepidermal delivery) or dermis (also
referred to as intradermal delivery). An example of such intracutaneous delivery 1s shown
in Figure 1, where the skin has been penetrated by microneedles (not shown) that have
been removed leaving microperforations 10 through which IRM compound 12 is delivered
via a topical preparation 14. An agent delivered intracutaneously may, depending on the
physical and chemical nature of the agent, remain near the delivery site for an extended
period or be rapidly absorbed into the blood capillaries and/or lymphatic vessels to
become systemically bioavailable. An agent delivered intracutaneously may also be taken
up directly by cells located within the skin, including, for example, antigen presenting
cells (APC), such as epidermal Langerhan's cells and dermal dendritic cells. As used
herein, “transdermal” 1s intended to mean the administration of an agent across the skin for
systemic delivery.

As used herein, a “microneedle device” includes at least one, but usually a
plurality of microneedles attached to or protruding from the surface of a substrate. While
it 1s possible a microneedle device could have only one or two microneedles, a
microneedle device will typically have more than two microneedles, and will usually have
many tens, hundreds, or thousands of needles. The microneedles may be arranged in any
desired pattern over the surface of the substrate. For example, the microneedles may be
arranged 1n an array pattern or the microneedles may be distributed randomly over the
surtace of the substrate. As used herein the “substrate” of a microneedle device includes
the base to which the microneedles are attached or integrally formed. Such substrates can
be constructed from a variety of materials, including, for example, metals, ceramics,
semiconductors, organics, polymers, and composites. The substrate and/or microneedles,
as well as other components, may be formed from flexible materials to allow the device to
fit the contours of the biological barrier.

As used herein, the term “microneedle” refers to any needle-like structure having a
height above the substrate surface from which they protrude of about 500 micrometers or
less. In some instances, the height of the microneedle may be about 250 micrometers,
about 100 micrometers, or less. When the a microneedle of the present invention is used
for the mtracutaneous delivery of an IRM compound, the height of the microneedle is
preferably sufficient to pass through the stratum corneum and into the dermis. It is also,

however, preferable that the height of the microneedles is not sufficiently large to
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stimulate nerves in deeper tissue and cause pain when inserted at a delivery site. Such use
of microneedles for the intracutaneous delivery of IRM compounds has many advantages.
For example, the delivery of IRM compounds can be accomplished without pain and
without bleeding. Thus the methods and IRM delivery apparatus of the present invention
allow for the delivery of an IRM compound to a subject in a minimally invasive manner.
With the delivery of IRM compounds, one is no longer relying on diffusion to transport
the IRM compound through the stratum corneum. Thus, the amount of IRM compound to

be administered may be reduced and IRM compounds administered intracutaneously can

be absorbed more rapidly.

The selection of the microneedles to serve for the delivery of an IRM compound
can vary widely within the scope of the invention. Microneedles may be manufactured
from a variety of materials. Material selection may be based on a variety of factors :
including, for example, the ability of the material to accurately reproduce a desired
pattern, the strength and toughness of the material when formed into the microneedles, the
compatibility of the material with, for example, human or animal skin, and the
compatibility of the materials with any fluids that will be expected to contact the
microneedle devices. Microneedles may be constructed from, for example, glassy
materials, metals, ceramics, semiconductors, organics, polymers, including biodegradable
polymers, composites, and combinations of such materials. Preferred materials of
construction can include pharmaceutical grade stainless steel, gold, titanium, nickel, iron,
gold, tin, chromium, copper, alloys of these or other metals, silicon, silicon dioxide, and
polymers. Representative biodegradable polymers include polymers of hydroxy acids such
as lactic acid and glycolic acid polylactide, polyglycolide, polylactide-co-glycolide, and
copolymers with PEG, polyanhydrides, poly(ortho)esters, polyurethanes, poly(butyric
acid), poly(valeric acid), and poly(lactide-co-caprolactone). Representative non-
biodegradable polymers include polycarbonate, polymethacrylic acid, ethylenevinyl
acetate, polytetrafluorethylene (TEFLON), and polyesters. Among polymeric materials it
may be preferred that the microneedles be manufactured of thermoplastice materials.

Such suitable polymeric materials for the microneedles of the present invention may
include, but are not limited to: acrylonitrile-butadiene-styrenes, polyphenyl sulfides,

polycarbonates, polypropylenes, acetals, acrylics, polyetherimides, polybutylene
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terephthalates, polyethylene terephthalates, etc. Polymeric microneedles may be
manufactured from a single polymer or a mixture/blend of two or more polymers.

Generally, microneedles should have the mechanical strength to remain intact
while being inserted into the skin and while being removed from the skin. Also, in some
embodiments, 1t may be desirable to leave the microneedle device attached to the skin to
provide continuous delivery of an IRM compound. For such continuous delivery, it is
desired that the microneedles remain intact while remaining in place for up to a number of
days. Another approach 1s for some or all of the microneedle to detach and remain in the
skin, for example 1f a biodegradable material is used.

The microneedle structure of the microneedle devices of the present invention can
be porous, solid, or hollow. As used herein, the term "porous" means having pores or
voids throughout at least a portion of the microneedle structure, sufficiently large and
sufficiently interconnected to permit passage of fluid and/or solid materials through the
microneedle. As used herein, the term "hollow" means having one or more substantially
annular bores or channels through the interior of the microneedle structure, having a
diameter sufficiently large to permit passage of fluid and/or solid materials through the
microneedle. The annular bores may extend throughout all or a portion of the needle in
the direction of the tip to the base, extending parallel to the direction of the needle or
branching or exiting at a side of the needle, as appropriate. A solid or porous microneedle
can be hollow. One of skill in the art can select the appropriate porosity and/or bore
features required for specific applications.

In some microneedle devices, the movement of a fluid toward or away from the
microneedles may be accomplished by a capillary wicking action. In such instances,
coatings may be provided, for example, hydrophilic coatings, that enhance the capillary
wicking action.

The microneedles may have straight or, as shown in Figures 2-3, tapered shafts 20
and 30, respectively. Microneedles may be formed with shafts that have a circular cross-
section in the perpendicular, or the cross-section can be non-circular. The cross-sectional
dimensions may be between 10 nanometers and 1 millimeter, preferably between 1
micrometer and 200 micrometers, and more preferably between 10 micrometers and 100

micrometers. Microneedles can be oriented perpendicular or at an angle to the substrate.
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Figure 2 shows an arrangement where the microneedles 20 extend from a substrate
24 and are coated with IRM compound 22 being delivered.

As shown in Figure 3, a microneedle device may include a fluid reservoir 36 in
communication with the microneedles 30 attached to a substrate 34 for delivery an IRM
compound 32 intradermally. If hollow microneedles are used, as shown, the hollow center
may be in fluid communication with the fluid reservoir. The fluid reservoir may contain
one or more IRM compounds and/or other agents, including for example a vaccine or
another drug. A microneedle device may also include a pump and/or microprocessor (not
shown).

For the delivery of more than one IRM compound, the IRM compounds may be

contained within the fluid reservoir, the IRM compounds may be coated onto the

microneedle device, or, a combination thereof may be used, in which one or more IRM

compounds are contained within a reservoir and one or more IRM compounds are coated
onto the microneedle device. When more that one IRM compound is delivered, the same
or different concentrations and timings of delivery may be used for the various IRM
compounds.

Microneedle devices of the present invention may be sterilizable using standard

methods. Microneedle devices may be designed for a single-use, with the device being

.. disposed of after initial use. Alternatively, the devices of the present nvention may be

designed for repeated use.

Examples of microneedle devices are disclosed in, for example, U.S. Patent Nos.
2,893,392, 3,034,507, 3,167,073, 3,072,122, 3,964,482; 5,250,023; 5,591,139; 5,848,991,
5.879,326; 5,928.207; 6,256,533; 6,312,612; 6,331,266; 6,334,856, 6,379,324; 6,471,903;
6,503,231; 6,511,463; 6,533,949; 6,558,361, U.S. Patent Publication No. 2002/0128599;
U.S. Patent Publication No. 2002/0193729; U.S. Patent Publication No. 2003/0045837,
U.S. Patent Publication No. 2003/0135161; U.S. Provisional Application No. 60/424,774,
WO 00/35530; and WO 03/20359.

The IRM microneedle delivery devices of the present invention include a
microneedle device and at least one IRM compound. It should be understood that the
microneedle devices of the IRM delivery devices of the present invention include, not only

any of the microneedle devices described herein, but also any additional microneedle
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devices known or that become known, and are not necessarily limited to use of the
particular microneedle devices disclosed herein.

Immune response modifiers (“IRM”) useful in the present invention inclu‘de
compounds that act on the immune system by inducing and/or suppressing cytokine
biosynthesis. IRM compounds possess potent immunostimulating activity including, but
not limited to, antiviral and antitumor activity, and can also down-regulate other aspects ot
the immune response, for example shifting the immune response away from a TH-2
immune response, which is useful for treating a wide range of TH-2 mediated diseases.
IRM compounds can also be used to modulate humoral immunity by stimulating antibody
production by B cells. Further, various IRM compounds have been shown to be useful as
vaccine adjuvants (see, e.g., U.S. Patent Nos. 6,083,505, U.S. 6,406,705, and WO
02/24225).

In particular, certain IRM compounds effect their immunostimulatory activity by
inducing the production and secretion of cytokines such as, e.g., Type I interterons, TNF-
o, IL-1, IL-6, IL-8, I1.-10, IL-12, MIP-1, and/or MCP-1, and can also inhibit production
and secretion of certain TH-2 cytokines, such as IL-4 and IL-5. Some IRM compounds
are said to suppress IL-1 and TNF (U.S. Patent No. 6,518,265).

For some embodiments, the preferred IRM compounds are so-called small
molecule IRMs, which are relatively small organic compounds (e.g., molecular weight
under about 1000 daltons, preferably under about 500 daltons, as opposed to large biologic
protein, peptides, and the like). Although not bound by any single theory of activity, some
IRMs are known to be agonists of at least one Toll-like receptor (TLR). IRM compounds
that are agonists for TLRs selected from 6, 7, 8, and/or 9 may be particularly useful for
certain applications. In some applications, for example, when an IRM compound 1s
administered in association with a vaccine coated on or in a reservoir of a microneedle
device, the preferred IRM compound is not a TLR7 agonist and 1s a TLR 8 or TLR 9
agonist. Some small molecule IRM compounds are agonists of TLRs such as 6, 7, and/or
8, while oligonucleotide IRM compounds are agonists of TLR9, and perhaps others. Thus,
in some embodiments, the IRM that is included in the IRM delivery apparatus may be a

compound identified as an agonist of one or more TLRs.

For example, without being bound to any particular theory or mechanism of

action, IRM compounds that activate a strong cytotoxic lymphocyte (CTL) response may
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be particularly desirable as vaccine adjuvants, especially for therapeutic viral and/or
cancer vaccines because a therapeutic effect in these settings is dependent on the
activation of cellular immunity. For example, studies have shown that activation of T cell
immunity in a given patient has a significant positive effect on the prognosis of the patient.
Therefore the ability to enhance T cell immunity is believed to be critical to producing a
therapeutic effect in these disease settings.

IRM compounds that are TLR 8 agonists may be particularly desirable for use with
therapeutic cancer vaccines because antigen presenting cells that express TLRS have been
shown to produce IL-12 upon stimulation through TLR8. IL-12 is believed to play a
significant role in activation of CTLs, which are important for mediating therapeutic
efficacy as described above.

IRM compounds that are TLR 7 agonists and/or TLR 9 agonists may be
particularly desirable for use with prophylactic vaccines because the type I interferon
induced by stimulation through these TLRs is believed to contribute to the formation of
neutralizing Th1-like humoral and cellular responses.

TRM compounds that are both TLR 7 and TLR 8 agonists may be particularly
desirable for use with therapeutic viral vaccines and/or cancer vaccines because TLR7
stimulation is believed to induce the production of type I IFN and activation of innate cells
such as macrophages and NK cells, and TLRS8 stimulation is believed to activate antigen
presenting cells to initiate cellular adaptive immunity as described above. These cell types
are able to mediate viral clearance and/or therapeutic growth inhibitory effects against
neoplasms.

IRM compounds that are non-TLR 7 agonists, and do not induce substantial
amounts of interferon alpha, may be desirable for use with certain vaccines such as
bacterial vaccines because TLR7 induces type I IFN production, which down-regulates the
production of IL-12 from macrophages and DCs. IL-12 contributes to the subsequent
activation of macrophages, NK cells and CTLs, all of which contribute to anti-bacterial
immunity. Therefore the induction of anti-bacterial immunity against sdine kinds of
bacteria may be enhanced in the absence of IFNa.

For purposes of the present application, one way to determine 1f an IRM
compound is considered to be an agonist for a particular TLR 1s if 1t activates an

NFkB/luciferase reporter construct through that TLR from the target species more than
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about 1.5 fold, and usually at least about 2 fold, in TLR transfected host cells such as, €.g.,

HEK?293 or Namalwa cells relative to control transfectants. For information regarding

TLR activation, see, e.g., applications WO 03/043573, US 60/447179, US 60/432650, US
60/432651, and US 60/450484, WO 03/043588 and the other IRM patents and

applications disclosed herein (hereby incorporated by referenc e).

Preferred IRM compounds include a 2-aminopyridine fused to a five-membered
nitrogen-containing heterocyclic ring.

Examples of classes of small molecule IRM compounds include, but are not
limited to, derivatives of imidazoquinoline amines including but not limited to amide
substituted imidazoquinoline amines, sulfonamide substituted imidazoquinoline amines,
urea substituted imidazoquinoline amines, aryl ether substituted imidazoquinoline amines,
heterocyclic ether substituted imidazoquinoline amines, amido ether sub stituted
imidazoquinoline amines, sulfonamido ether substituted imidazoquinoline amines, urea
substituted imidazoquinoline ethers, and thioether substituted imidazoquinoline amines;
tetrahydroimidazoquinoline amines including but not limited to amide substituted
tetrahydroimidazoquinoline amines, sulfonamide substituted tetrahydroimidazoquinoline
amines, urea substituted tetrahydroimidazoquinoline amines, aryl ether substituted
tetrahydroimidazoquinoline amines, heterocyclic ether substituted
tetrahydroimidazoquinoline amines, amido ether substituted tetrahydroimidazoquinoline
amines, sulfonamido ether substituted tetrahydroimidazoquinoline amines, urea sub stituted
tetrahydroimidazoquinoline ethers, and thioether substituted tetrahydroimidazoquinoline
amines; imidazopyridine amines including but not limited to amide substituted
imidazopyridines, sulfonamido substituted imidazopyridines, and urea substituted
imidazopyridines; 1,2-bridged imidazoquinoline amines; 6,7-fused
cycloalkylimidazopyridine amines; imidazonaphthyridine amines;
tetrahydroimidazonaphthyridine amines; oxazoloquinoline amines; thiazoloquinoline
amines; oxazolopyridine amines; thiazolopyridine amines; oxazolonaphthyridine amines;
and thiazolonaphthyridine amines, such as those disclosed in, for example, U.S. Patent
Nos. 4,689,338: 4,929,624; 4,988,815; 5,037,986; 5,175,296, 5,238,944 5,266,575;
5.268,376; 5,346,905; 5,352,784; 5,367,076; 5,389,640; 5,395,937, 5,446,153; 5,482,936;
5.693,811; 5,741,908; 5,756,747; 5,939,090; 6,039,969; 6,083,505; 6,110,929; 6,194,425;
6,245,776; 6,331,539; 6,376,669; 6,451,810; 6,525,064; 6,545,016; 6,545,017; 6,558,951;
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and 5,573,273; European Patent 0 394 026; U.S. Patent Publication No. 2002/0055517;
and International Patent Publication Nos. WO 01/74343; WO 02/46188; WO 02/46189;
WO 02/46190; WO 02/46191; WO 02/46192; WO 02/46193; WO 02/46749;, WO
02/102377; WO 03/020889; WO 03/043572 and WO 03/045391.

Additional examples of small molecule IRMs said to induce interferon (among
other things), include purine derivatives (such as those described in U.S. Patent Nos.
6,376,501, and 6,028,076), imidazoquinoline amide derivatives (such as those described n
U.S. Patent No. 6,069,149), and benzimidazole derivatives (such as those described 1n
U.S. Patent 6,387,938). 1H-imidazopyridine derivatives (such as those described in U.S.
Patent 6,518,265) are said to inhibit TNF and IL-1 cytokines.

Examples of small molecule IRMs that include a 4-aminopyrimidine fused to a
five-membered nitrogen-containing heterocyclic ring include adenine derivatives (such as
those described in U. S. Patent Nos. 6,376,501; 6,028,076 and 6,329,381; and in WO
02/08595).

In some applications, for example, when an IRM compound is administered in
association with a vaccine as a coating on or from a reservoir in a microneedle device, the
preferred IRM compound is other than imiquimod or S-28463 (i.e., resiquimod: 4-Amino-
a, o-dimethyl-1H-imidazo[4,5-c]quinoline-1-ethanol).

Examples of particular IRM compounds include 2-propyl[ 1,3]thiazolo[4,5-
c]quinolin-4-amine, which is considered predominantly a TLR 8 agonist (and not a
substantial TLR 7 agonist), 4-amino-o,c-dimethyl-1H-imidazo[4,5-c]quinoline-1-ethanol,
which is considered predominantly a TLR 7 agonist (and not a substantial TLR 8 agonist),
and 4-amino-2-(ethoxymethyl)-o,0-dimethyl-6,7,8,9-tetrahydro-1H-1midazo[4,5-
c]quinoline-1-ethanol, which is a TLR 7 and TLR 8 agonist. In addition to its TLR 7
activity (and TLR 6 activity, but low TLR 8 activity), 4-amino-o.,o.-dimethyl-1H-
imidazo[4,5-c]quinoline-1-ethanol has beneficial characteristics, including that it has a
much lower CNS effect when delivered systemically compared to imiquimod. Other
examples of specific IRM compounds include, e.g., N-[4-(4-Amino-2-butyl-1H-
imidazo[4,5-c][1,5]naphthyridin-1-yl)butyl]-N’-cyclohexylurea, 2-Methyl-1-(2-
methylpropyl)-1H-imidazo[4,5-c][1,5]naphthyridin-4-amine, 1-(2-Methylpropyl)-1H-
imidazo[4,5-c][1,5]naphthyridin-4-amine, N-{2-[4-amino-2-(ethoxymethyl)-1/-
imidazo[4,5-c]quinolin-1-y1]-1,1-dimethylethyl} methanesulfonamide N-[4-(4-amino-2-
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ethyl-1H-imidazo[4,5-c]quinolin-1-yl)butyl|methanesulfonamide, 2-methyl-1-[5-
(methylsulfonyl)pentyl]-1H-imidazo[4,5-c]quinolin-4-amine, N-[4-(4-amino-2-propyl-1H-
imidazo[4,5-c]quinolin-1-yl)butylJmethanesulfonamide, 2-butyl-1-[3-
(methylsulfonyl)propyl]-1H-imidazo[4,5-c]quinoline-4-amine, 2-butyl-1-{2-[(1-
methylethyl)sulfonyl]ethyl}- 1H-imidazo[4,5-c]quinolin-4-amine, N-{2-[4-amino-2-
(ethoxymethyl)-1H-imidazo[4,5-c]quinolin-1-y1]-1,1-dimethylethyl}-N’-cyclohexylurea,
N- {2-[4-amino-2-(ethoxymethyl)-1H-imidazo[4,5-c]quinolin-1-yl]-1,1-
dimethylethyl}cyclohexanecarboxamide, N-{2-[4-amino-2-(ethoxymethyl)-1H-
imidazo[4,5-c]quinolin-1-yl]ethyl}-N’-isopropylurea. Resiquimod, 4-amino-2-
ethoxymethyl-a,a-dimethyl-1H-imidazo[4,5-c]quinoline-1-ethanol, may also be used in
certain situations where a combination TLR 7 and TLR 8 agonist is desired, for example
in application of the microneedle device into a viral or neoplastic lesion, or in combination
with particular therapeutic viral or cancer vaccines, or delivered via a topical preparation
to a site before or after application of the microneedle device.

Other IRM compounds include large biological molecules such as oligonucleotide
sequences. Some IRM oligonucleotide sequences contain cytosine-guanine dinucleotides
(CpG) and are described, for example, in U.S. Patent Nos. 6,1994,388; 6,207,646;
6,239.116; 6,339,068; and 6,406,705. Some CpG-containing oligonucleotides can mnclude
synthetic immunomodulatory structural motifs such as those described, for example, 1n
U.S. Pat. Nos. 6,426,334 and 6,476,000. Other IRM nucleotide sequences lack CpG and
are described, for example, in International Patent Publication No. WO 00/75304.

With the devices and methods of the present invention, one or more IRM
compounds as described herein may be delivered across a biological barrier. Such IRM
compounds may be in any pharmaceutically acceptable form, as will be familiar to those
of skill 1n the art.

The microneedle device may release the IRM compound immediately or, 1n some
embodiments, a microneedle device may be left in place for an extended period (e.g.,
beyond 30 seconds, usually 5 to 20 minutes or more) for delivery of the IRM compound,
with the IRM compound moving through or around the microneedles to pass through the
pierced sites into the target tissue. For example, one or more IRM compounds may be
coated onto at least a portion of the microneedles, or one or more IRM compounds may be

contained in a fluid reservoir component of a microneedle device, in either case there may
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also be included one or more other drugs, including vaccines, e.g., as a co-coating or in a
reservoir. In some embodiments, when one or more vaccines is to be delivered along with
one or more IRM compounds, the vaccine need not be associated with or in contact with
the IRM delivery device, e.g., the one or more vaccines is not co-coated onto the IRM
delivery device or is not contained in a fluid reservorr.

In some embodiments, a microneedle device may be removed from a target site,
such as the skin, after piercing a biological barrier, such as the stratum corneum. An IRM
compound, alone or in combination with another drug, including one or more vaccines,
may then be applied to the pierced site, such that the IRM compound and other drug(s), if
present, can pass through the pierced biological barrier. The IRM compound may be
applied in any convenient manner, and the type of vehicle and duration of application will
depend on the particular therapeutic outcome desired. For example, IRM compound may
be applied in the form of a solution that is swabbed onto the treated target site or as a
composition, such as, for example, a cream, gauze, emulsion, foam, gel, or lotion that 1s
topically applied onto the treated site. Alternatively, an IRM compound may be applied to
the surface in a form such that it remains in contact with the target site for an extended
time. For example, such extended contact may be affected by applying the IRM
compound in the form of a transdermal delivery patch affixed to the target site.

The IRM compound, and other drug(s), including vaccine(s), 1f used, may also be
applied as set forth above, but prior to piercing with the microneedle device.
Alternatively, the IRM compound may be applied before or after piercing with the
microneedle device, and another drug delivered from the microneedle device itself (1.e., as
a needle coating or from a reservoir or other deposit); or the reverse, with the IRM coated,
reservoired or deposited on or in the microneedle device and another drug delivered to the
site before or after piercing with the microneedle device.

Thus, it is to be understood that the methods of the present invention, include, but
are not limited to, contacting a target site, such as the skin, with a microneedle device prior
to, coincident with, or after the target site is contacted with one or more IRM compounds.
In addition to one or more IRM compounds, the devices and methods of the present
invention can include additional agents. Such additional agents may be additional drugs,
including, for example, a vaccine or a tumor necrosis factor receptor (TNFR) agonist.

Vaccines that may be delivered in conjunction with one or more IRM compounds and a
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microneedle device include any material that raises either humoral and/or cell mediated
immune response, such as live or attenuated viral and bacterial immunogens and
inactivated viral, tumor-derived, protozoal, organism-derived, fungal, and bacterial
immunogens, toxoids, toxins, polysaccharides, proteins, glycoproteins, peptides, cellular
vaccines, such as using dendritic cells, DNA vaccines, recombinant proteins,
glycoproteins, and peptides, and the like, for use in connection with, e.g., BCG, cholera,
plague, typhoid, hepatitis A, B, and C, influenza A and B, parainfluenza, polio, rabies,
measles, mumps, rubella, yellow fever, tetanus, diphtheria, hemophilus influenza b,
tuberculosis, meningococcal and pneumococcal vaccines, adenovirus, HIV, chicken pox,
cytomegalovirus, dengue, feline leukemia, fowl plague, HSV-1 and HSV-2, hog cholera,
Japanese encephalitis, respiratory syncytial virus, rotavirus, papilloma virus, severe acute
respiratory syndrome (SARS), anthrax, and yellow fever. Such additional agents can
include, but are no limited to, drugs, such as antiviral agents or cytokines. The vaccine
may be separate or may be physically or chemically linked to the IRM, such as by
chemical conjugation or other means, so that they are delivered as a unit. TNFR agonists
that may be delivered in conjunction with IRMs using microneedles include, but are not
limited to, CD40 receptor agonists. It is also possible to deliver an IRM in conjunction
with microneedle device and a vaccine, and a TNFR agonust.

The devices and methods of the present invention can be used for delivering an
IRM compound and a vaccine into or across a biological barrier, including the
intracutaneous delivery of an IRM compound and a vaccine. In some instances, for the
delivery of an IRM compound and a vaccine as a co-coating on or from a reservoir of the
microneedle device, the IRM compound is not a TLR7 agonist such as imiquimod or
resiquimod (i.e., S-28463 or 4-Amino-o, o-dimethyl-1H-tmidazo[4,5-c]quinoline-1-
ethanol)), but is a TLR6, TLRS, and/or TLR9 agonist, and more preferably, a TLR &
and/or TLR 9 agonist. In some instances, the intracutaneous delivery of an IRM
compound and a vaccine by the devices and methods of the present invention may induce
an immune response that is equal to or greater than the immune response induced by the
delivery of the same or greater amount of an IRM compound and vaccine delivered by

conventional subcutaneous or intramuscular injection.

The devices and methods of the present invention can be used for delivering an

IRM compound across a biological barrier, including the intracutaneous delivery of an
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IRM compound, for the treatment of a symptom of a pathological condition. In some
instances of the intracutaneous delivery of an IRM compound by the devices and methods
of the present invention, a smaller effective amount of an IRM compound may be needed
to treat a symptom of a pathological condition in comparison to the effective amount
needed to treat the same symptom of a pathological condition with topical administration
alone.

~ IRMs such as imiquimod - a small molecule, imidazoquinoline IRM, marketed as
ALDARA (3M Pharmaceuticals, St. Paul, MN) - have been shown to be useful for the
therapeutic treatment of warts, as well as certain cancerous or pre-cancerous lesions (See,
e.g., Geisse et al., J. Am. Acad. Dermatol., 47(3): 390-398 (2002); Shumack et al., Arch.
Dermatol., 138: 1163-1171 (2002); and WO 03/045391.

Other diseases for which IRM compounds may be used as treatments include, but
are not limited to:

Viral diseases, such as genital warts, common warts, plantar warts, hepatitis B,
hepatitis C, herpes simplex virus type I and type II, molluscum contagiosum, variola, HIV,
CMYV, VZV, rhinovirus, adenovirus, coronavirus, influenza, para-influenza;

Bacterial diseases, such as tuberculosis, and mycobacterium avium, leprosy;

Other infectious diseases, such as fungal diseases, chlamydia, candida, aspergillus,
cryptococcal meningitis, pneumocystis carnii, cryptosporidiosis, histoplasmosis,
toxoplasmosis, trypanosome infection, leishmaniasis;

Neoplastic diseases, such as intraepithelial neoplasias, cervical dysplasia, actinic
keratosis, basal cell carcinoma, squamous cell carcinoma, hairy cell leukemia, Karpos1’s
sarcoma, melanoma, renal cell carcinoma, myelogeous leukemia, multiple myeloma, non-
Hodgkin’s lymphoma, cutaneous T-cell lymphoma, and other cancers;

TH-2 mediated, atopic, and autoimmune diseases, such as atopic dermatitis or
eczema, eosinophilia, asthma, allefgy, allergic rhinitis, systemic lupus erythematosis,
essential thrombocythaemia, multiple sclerosis, Ommen’s syndrome, discoid lupus,
alopecia areata, inhibition of keloid formation and other types of scarring, and enhancing
would healing, including chronic wounds; and

The delivery of IRM compounds across biological barriers, including the

intracutaneous delivery of IRM compounds, may be particularly helpful in individuals
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having compromised immune functioning, such as those with HIV AIDS, transplant
patients, and cancer patients.

An amount of an IRM compound effective for a given therapeutic or prophylactic
application 1s an amount sufficient to achieve the intended therapeutic or prophylactic
application. The precise amount of IRM compound used will vary according to factors
known 1n the art including, but not limited to, the physical and chemical nature of the IRM
compound, the intended dosing regimen, the state of the subject’s immune system (e.g.,
suppressed, compromised, stimulated), the method of administering the IRM compound,
and the species to which the formulation is being administered, the typé of formulation
being administered, the condition being treated, and any other active agents which are
being co-administered with the IRM. Accordingly it is not practical to set forth generally
the amount that constitutes an amount of IRM compound effective for all possible
applications. Those of ordinary skill in the art, however, can readily determine the
appropriate amount with due consideration of such factors.

In some embodiments, the present invention includes kits that include at least one
microneedle device and at least one IRM compound. Such kits may include additional
drugs, including, for example, a vaccine. Kits may also include a printed label or written
instructions for the use of the microneedle device for the delivery of one or more IRM
compounds across a biological barrier.

The methods, materials, and articles of the present invention may be applicable for
any suitable subject. Suitable subjects include, but are not limited to, animals such as, but
not limited to, humans, non-human primates, rodents, dogs, cats, horses, cows, pigs,
sheep, g‘oats, cows, birds, or fish.

The complete disclosures of the patents, patent documents and publications cited
herein are incorporated by reference in their entirety as if each were individually
incorporated. In case of conflict, the present specification, including definitions, shall
control. Various modifications and alterations to this invention will become apparent to
those skilled in the art without departing from the scope and spirit of this invention.
Mlustrative embodiments and examples are provided as examples only and are not

intended to limit the scope of the present invention. The scope of the invention is limited

only by the claims set forth as follows.
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What 1s claimed 1s:

1. An IRM delivery device adapted for delivery of an IRM compound comprising a
microneedle device having at least one microneedle that penetrates a biological barrier by
no more than 500 pum, and at least one IRM compound that is a TLR 6, 7, 8, and/or 9
agonist, with the proviso that when the IRM compound 1s located 1n a reservoir or coating

on the microneedle device along with a vaccine the IRM compound is other than

imiquimod or resiquimod.

2. The IRM delivery device of claim 1 wherein the microneedle device comprises a

plurality of microneedles.

3. The IRM delivery device of claim 2 wherein the microneedle device comprises at

least 5 microneedles.

4, The IRM delivery device of claim 3 wherein the microneedle device comprises at

least 100 microneedles.

J. The IRM delivery device of claim 1 wherein the at least one IRM compound is

coated onto at least a portion of the microneedle device.

6. The IRM delivery device of claim 1 wherein the microneedle device comprises a

reservolr in fluid communication with at least one microneedle, where the reservoir

contains the at least one IRM compound.

7. The IRM delivery apparatus of claim 6 further comprising a pump and/or a

mM1CrOprocessor.
8. The IRM delivery device of claim 1 wherein at least one microneedle is hollow.
9. The IRM delivery device of claim 1 wherein at least one microneedle 1s porous.
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10.  The IRM delivery device of claim 1 comprising more than one IRM compound.

11.  The IRM delivery device of claim 1 further comprising at least one additional

drug.
5

12.  The IRM delivery device of claim 11 wherein the additional drug is a vaccine.
13. The IRM delivery device of claim 11 wherein both the at least one IRM compound
and the additional drug are coated onto at least a portion of the microneedle device.

10
14.  The IRM delivery device of claim 12 wherein the at least one IRM compound 1s
coated onto at least a portion of the microneedle device and wherein the vaccine is not in
contact with the IRM dehivery device.

15 15.  The IRM delivery device of claim 12 wherein the vaccine 1s a DNA vaccine.
16.  The IRM delivery device of claim 12 wherein the vaccine is a cell-based vaccine.
17.  The IRM delivery device of claim 11 wherein the additional drug is a TNF

20 receptor agonist.

18.  The IRM delivery device of claim 17 wherein the TNF receptor agonist is a CD40

agonist.

25 19.  The IRM delivery device of claim 11 wherein the additional drug includes both a

vaccine and a TNF receptor agonist.

20.  The IRM delivery device of claim 12 wherein the at least one IRM compound 1s

physically or chemically linked to a vaccine so as to form a unified pair.
30

21.  The IRM delivery device of claim 1 wherein the IRM compound 1s a non-TLR 7

agonist.
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22.  The IRM delivery device of claim 21 wherein the IRM compound 1s a TLR &

agonist.

23.  The IRM delivery device of claim 21 wherein the IRM compound 1s a TLR 9

agonist.

24.  The IRM delivery device of claim 1 wherein the IRM compound is a CTL cell

activator.

25.  The IRM delivery device of claim 1 wherein at least one IRM compound 1s
selected from the group consisting of imidazoquinoline amines including, but not limited
to, amide substituted imidazoquinoline amines, sulfonamide sub stituted imidazoquinoline
amines, urea substituted imidazoquinoline amines, aryl ether substituted imidazoquinoline
amines, heterocyclic ether substituted imidazoquinoline amines, amido ether substituted
imidazoquinoline amines, sulfonamido ether substituted imidazoquinoline amines, urea
substituted imidazoquinoline ethers, and thioether substituted imidazoquinoline amines;
tetrahydroimidazoquinoline amines including, but not limited to, amide substituted
tetrahydroimidazoquinoline amines, sulfonamide substituted tetrahydroimidazoquinoline
amines, urea substituted tetrahydroimidazoquinoline amines, aryl ether substituted
tetrahydroimidazoquinoline amines, heterocyclic ether substituted
tetrahydroimidazoquinoline amines, amido ether substituted tetrahydroimidazoquinoline
amines, sulfonamido ether substituted tetrahydroimidazoquinoline amines, urea substituted
tetrahydroimidazoquinoline ethers, and thioether substituted tetrahydroimidazoquinoline
amines; imidazopyridine amines including, but not limited to, amide substituted
imidazopyridines, sulfonamido substituted imidazopyridines, and urea substituted
imidazopyridines; 1,2-bridged imidazoquinoline amines; 6,7-fused
cycloalkylimidazopyridine amines; imidazonaphthyridine amines;
tetrahydroimidazonaphthyridine amines; oxazoloquinoline amines; thiazoloquinoline
amines; oxazolopyridine amines; thiazolopyridine amines; oxazolonaphthyridine amines;
thiazolonaphthyridine amines; and pharmaceutically acceptable salts thereof; and

combinations thereof.
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26.  The IRM delivery device of claim 1 wherein the IRM is selected from the group
consisting of amide substituted imidazoquinoline amines, sulfonamide substituted
imidazoquinoline amines, urea substituted imidazoquinoline amines, aryl ether substituted
imidazoquinoline amines, heterocyclic ether substituted imidazoquinoline amines, amido
ether substituted imidazoquinoline amines, sulfonamido ether substituted
imidazoquinoline amines, urea substituted imidazoquinoline ethers, and thioether
substituted imidazoquinoline amines; tetrahydroimidazoquinoline amines including, but
not limited to, amide substituted tetrahydroimidazoquinoline amines, sulfonamide
substituted tetrahydroimidazoquinoline amines, urea substituted
tetrahydroimidazoquinoline amines, aryl ether substituted tetrahydroimidazoquinoline
amines, heterocyclic ether substituted tetrahydroimidazoquinoline amines, amido ether
substituted tetrahydroimidazoquinoline amines, sulfonamido ether substituted
tetrahydroimidazoquinoline amines, urea substituted tetrahydroimidazoquinoline ethers,
and thioether substituted tetrahydroimidazoquinoline amines; imidazopyridine amines
including, but not limited to, amide substituted imidazopyridines, sulfonamido substituted
imidazopyridines, and urea substituted imidazopyridines; 1,2-bridged imidazoquinoline
amines; 6,7-fused cycloalkylimidazopyridine amines; imidazonaphthyridine amines;
tetrahydroimidazonaphthyridine amines; oxazoloquinoline amines; thiazoloquinoline
amines; oxazolopyridine amines; thiazolopyridine amines; oxazolonaphthyridine amines;
thiazolonaphthyridine amines; pharmaceutically acceptable salts thereot; and

combinations thereof.

27.  The IRM delivery device of claim 1 wherein at least one IRM compound 1s

selected from the group consisting of purines, imidazoquinoline amides, benzimidazoles,

1H-imidazopyridines, adenines, and derivatives thereof.
28.  The IRM delivery device of claim 1 wherein at least one IRM compound

comprises a 2-aminopyridine fused to a five-membered nitrogen-containing heterocyclic

ring.

-6 -



10

15

20

25

30

CA 02536249 2006-02-17
WO 2005/020912 PCT/US2004/027633

29.  The IRM delivery device of claim 1 wherein at least one IRM compound
comprises a 4-aminopyrimidine fused to a five-membered nitro gen-confaining

heterocyclic ring.

30. The IRM delivery device of claim 1 wherein at least one IRM compound

comprises a CpG compound or derivative thereof.

31.  The IRM delivery device of claim 1 wherein at least one IRM compound 1s 2-

propyl[1,3]thiazolo[4,5-c]quinolin-4-amine, or pharmaceutically acceptable salt thereof.

32.  The IRM delivery device of claim 1 wherein at least one IRM compound is 4-

~ amino-o,a-dimethyl-1H-imidazo[4,5-c]quinoline-1-ethanol, or pharmaceutically

acceptable salt thereotf.

33.  An IRM delivery device adapted for delivery of an IRM compound comprising a
microneedle device having at least one microneedle that penetrates a biological barrier by
no more than 500 um, and at least one IRM compound that is a TLR 6, 7, 8, and/or 9
agonist, with the proviso that a vaccine is not in contact with the microneedle device prior

to administration of the IRM compound.

34.  An IRM delivery device adapted for delivery of an IRM compound comprising a
microneedle device having at least one microneedle that penetrates a biological barrier by

no more than 500 pm, and at least one IRM compound that is a TLR 6, 8, and/or 9 agonist,
but not a TLR 7 agonist.

35. A method for the delivery of an IRM compound into or across a biological barrier
comprising:

contacting a biological barrier with a microneedle device comprising at least one
microneedle that penetrates the barrier by no more than 500 um;

administering at least one IRM compound that is a TLR 6, 7, 8, and/or 9 agonist
into or across the biological barrier; and

optionally administering a vaccine;
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with the proviso that when the IRM compound is located in a reservoir or coating
on the microneedle device along with the vaccine, the IRM compound is other than

imiquimod or resiquimod.

36.  The method of claim 35 wherein the biological barrier is the skin and the at least

one IRM compound is delivered intracutaneously.

37 The method of claim 36 wherein contacting the skin with a microneedle device

occurs prior to contacting the skin with at least one IRM compound.

38.  The method of claim 36 wherein contacting the skin with at least one IRM

compound comprises applying the at least one IRM compound topically to the skin.

39.  The method of claim 38 wherein the at least one IRM compound is contained in a

solution, ointment, gel, foam, or emulsion.

40.  The method of claim 36 wherein contacting the skin with at least one IRM

compound occurs prior to contacting the skin with a microneedle device.

41.  The method of claim 40 wherein contacting the skin with at least one IRM
compound comprises applying the at least one IRM compound topically to the skin.

42.  The method of claim 41 wherein the at least one IRM éompound is contained 1n a

solution, ointment, gel, foam, or emulsion.

43.  The method of claim 36 wherein contacting the skin with a microneedle device

occurs coincident with contacting the skin with at least one IRM compound.

44.  The method of claim 43 wherein the at least one IRM compound is coated on at

least a portion of the microneedle device.
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45.  The method of claim 36 further comprising the intracutaneous administration of a
vaccine.

46.  The method of claim 35 wherein at least one IRM compound is a small molecule

immune response modifier.

47.  The method of claim 35 wherein at least one IRM compound is selected from the
group consisting of imidazoquinoline amines including, but not limited to, amide
substituted imidazoquinoline amines, sulfonamide substituted imidazoquinoline amines,
urea substituted imidazoquinoline amines, aryl ether substituted imidazoquinoline amines,
heterocyclic ether substituted imidazoquinoline amines, amido ether substituted
imidazoquinoline amines, sulfonamido ether substituted imidazoquinoline amines, urea
substituted imidazoquinoline ethers, and thioether substituted imidazoquinoline amines;
tetrahydroimidazoquinoline amines including, but not limited to, amide substituted
tetrahydroimidazoquinoline amines, sulfonamide substituted tetrahydroimidazoquinoline
amines, urea substituted tetrahydroimidazoquinoline amines, aryl ether substituted
tetrahydroimidazoquinoline amines, heterocyclic ether substituted
tetrahydroimidazoquinoline amines, amido ether substituted tetrahydroimidazoquinoline
amines, sulfonamido ether substituted tetrahydroimidazoquinoline amines, urea substituted
tetrahydroimidazoquinoline ethers, and thioether substituted tetrahydroimidazoquinoline
amines; imidazopyridine amines including, but not limited to, amide substituted
imidazopyridines, sulfonamido substituted imidazopyridines, and urea substituted
imidazopyridines; 1,2-bridged imidazoquinoline amines; 6,7-fused
cycloalkylimidazopyridine amines; imidazonaphthyridine amines;
tetrahydroimidazonaphthyridine amines; oxazoloquinoline amines; thiazoloquinoline
amines; oxazolopyridine amines; thiazolopyridine amines; oxazolonaphthyridine amines;
thiazolonaphthyridine amines; a pharmaceutically acceptable salt thereof; and

combinations thereof.

48.  The method of claim 47 wherein the IRM is selected from the group consisting of
amide substituted imidazoquinoline amines, sulfonamide substituted imidazoquinoline

amines, urea substituted imidazoquinoline amines, aryl ether substituted imidazoquinoline
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amines, heterocyclic ether substituted imidazoquinoline amines, amido ether substituted
imidazoquinoline amines, sulfonamido ether substituted imidazoquinoline amines, urea
substituted imidazoquinoline ethers, and thioether substituted imidazoquinoline amines;
tetrahydroimidazoquinoline amines including, but not limited to, amide substituted
tetrahydroimidazoquinoline amines, sulfonamide substituted tetrahydroimidazoquinoline
amines, urea substituted tetrahydroimidazoquinoline amines, aryl ether substituted
tetrahydroimidazoquinoline amines, heterocyclic ether substituted
tetrahydroimidazoquinoline amines, amido ether substituted tetrahydroimidazoquinoline
amines, sulfonamido ether substituted tetrahydroimidazoquinoline amines, urea substituted
tetrahydroimidazoquinoline ethers, and thioether substituted tetrahydroimidazoquinoline
amines; imidazopyridine amines including, but not limited to, amide substituted
imidazopyridines, sulfonamido substituted imidazopyridines, and urea substituted
imidazopyridines; 1,2-bridged imidazoquinoline amines; 6,7-tfused
cycloalkylimidazopyridine amines; imidazonaphthyridine amines;
tetrahydroimidazonaphthyridine amines; oxazoloquinoline amines; thiazoloquinoline
amines; oxazolopyridine amines; thiazolopyridine amines; oxazolonaphthyridine amines;
thiazolonaphthyridine amines; pharmaceutically acceptable salts thereof; and

combinations thereof.
49.  The method of claim 35 wherein at least one IRM compound is selected from the

group consisting of purines, imidazoquinoline amides, benzimidazoles, 1H-

imidazopyridines, adenines, and derivatives thereof.

50.  The method of claim 35 wherein at least one IRM compound comprises a 2-

aminopyridine fused to a five-membered nitrogen-containing heterocyclic ring.

51.  The method of claim 35 wherein at least one IRM compound comprises a 4-

aminopyrimidine fused to a five-membered nitrogen-containing heterocyclic ring.

52. A method for the delivery of an IRM compound into or across a biological barrier

comprising:
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contacting a biological barrier with a microneedle device comprising at least one

microneedle that penetrates the barrier by no more than 500 pm;

administering at least one IRM compound that is a TLR 6, 7, 8, and/or 9 agonist

into or across the biological barrier; and
optionally administering a vaccine;
with the proviso that the vaccine is not in contact with the microneedle device prior

to administration of the IRM compound.

53. A method for the delivery of an IRM compound into or across a biological barrier
comprising:

contacting a biological barrier with a microneedle device comprising at least one
microneedle that penetrates the barrier by no more than 500 pm; and

administering at least one IRM compound that is a TLR 6, 8, and/or 9 agonist, but

not a TLR 7 agonist, into or across the biological barrier.

54, A method of treating a lesion on the skin or mucosa comprising application of a

microneedle device to the lesion in conjunction with the application of at least one IRM

compound.

55.  The method of claim 54 wherein the lesion 1s a neoplastic condition.

56.  The method of claim 55 wherein the lesion is associated with melanoma.

57. The method of claim 55 wherein the lesion 1s associatea with basal cell carcinoma,

actinic keratosis, or squamous cell carcinoma.

58. The method of claim 54 wherein the lesion is associated with a viral intection.

59. The method of claim 58 wherein the lesion 1s a wart.

60. A kit comprising a microneedle device and one or more IRM compounds separate

from the microneedle device.
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