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IMMUNE RESPONSE MODIFIER COMPOSITIONS AND METHODS

FIELD OF THE INVENTION

The present invention relates to pharmaceutical compositions foτ topical delivery

of immune response modifying drugs.

BACKGROUND

There has been a major effort in recent years 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, sometimes referred to 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), and TH2-mediaied diseases (e.g., asthma, allergic rhinitis,

atopic dermatitis), and are also useful as vaccine adjuvant*;. Unlike many conventional

anti-viral or anti-tumor compounds, the primary mechanism of action for IRMs is indireci.

by stimulating the immune system to recognize and take appropriate action against a

pathogen.

Many of the IRM compounds are imidazoquinoline amine derivatives (see, e.g.,

U.S. Pat. No. 4,689,338), but a number of other compound classes are now known as well

(see, e.g., U.S. Pat. Nos. 5,446,153; 6,194,425; and 6,1 10,929).

Pharmaceutical compositions containing IRM compounds are disclosed in U.S.

Patent Nos. 5,238,944; 5,939,090; and 6,425,776; European Patent 0 394 026; and U.S.

Patent Publication 2003/0199538. The IRM compound, l-(2-methylpropyl)-l#-

irnidazo[4,5-c]quinolin-4-amine, has been commercialized in a topical formulation,

ALDARA, for the treatment of actinic keratosis, basal cell carcinoma, or anogenital warts

associated with human papilomavirus.



However, providing therapeutic benefit by topical application of an IRM

compound for treatment of a particular condition at a particular location or of a particular

tissue can be hindered by a variety of factors, such as, for example, chemical degradation

of the IRM compound and/or other ingredients, and physical instability of the composition

(e.g., separation of components, thickening, precipitation or agglomerization of active

ingredient, and the like).

Therefore, there is a continuing need for new and'or improved IRM formulations.

SUMMARY

It is believed that topically delivered IRM compounds have a number of beneficial

uses (such as, e.g., healing diabetic foot ulcers and reducing scars from trauma or surgery),

where the composition is applied to open or recently disrupted skin. However, one

difficulty in doing so is that for such uses it may be necessary for the composition to be

sterile, and sterilization processes can degrade many IRM compounds and/or the

compositions containing them.

It has now been found that a topical pharmaceutical composition comprising an

immune response modifier drug compound can be made that is stable to sterilization and

suitable for topical application.

In one aspect, the present invention provides a topical pharmaceutical composition

comprising an immune response modifier drug compound that is stable to sterilization and

suitable for topical application directly to tissue sites where the dermis has been breached;

wherein the drug compound is l-(2-methylpropy])-]//-imidazo[4,5-c]quinolin-4-amine;

and wherein the composition has been sterilized. For certain embodiments, the

sterilization can be accomplished using electron beam radiation.

In another aspect, the present invention provides a packaged composition that

includes a packaging material and the above pharmaceutical composition enclosed within

the packaging material wherein the packaged composition has been terminally sterilized.

In another aspect, the present invention provides a method of sterilizing the above

pharmaceutical composition or the above packaged composition, comprising the step of

irradiating the composition with electron beam radiation at a sterilizing dose sufficient to

achieve a sterility assurance level of at least 10 '3.



The term "comprises" and variaiions 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. Thus, for example, a complex that comprises "a" preservative can be

interpreted to mean that the complex includes "oDe or more" preservatives. Similarly, a

composition comprising "a" complex can be interpreted to mean that the composition

includes "one or more" complexes.

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 is not intended to describe each

disclosed embodiment or every implementation of the present invention. The description

that follows more particularly exemplifies illustrative embodiments. In several places

throughout the application guidance is provided through lists of examples, which

examples can be used individually and in various combinations. In each instance, the

recited list sen res only as a representative group and should not be interpreted as an

exclusive list.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

OF THE INVENTION

Sterilized topical compositions containing LRMs have not been previously

reported. ALDARA cream (available from 3M Company), which contains the IRM, l-(2-

methylpropyl)-l//-irnidazo[4,5-c]quinoIin-4-arnine, has however surprisingly been found

to be sterilizable, and much more stable to sterilization than many other IRJvI compounds.

A preferred method of sterilizing l-(2-rnethylpropyl)-l.tf-imidazo[4,5-c]quinolin-

4-amine compositions is using radiation sterilization, such as an elecfron beam or e-beam

radiation. This is surprising in part because irradiation sterilization of drug products is

well known to cause degradation, and has prompted the FDA to issue a ruling lhat all

irradiated drug products will be trealed as new drug products, requiring submission and

approval of a NDA (21 C.F.R. § 310.502). However, radiation sterilization using an

electron beam has been found to be a preferred method in the case of 1-(2-mcthylpropyl)-

1W-imidazo[4,5-c]quinolin-4-amine formulations. Other approaches to sterilization can



also be used, such as gamma radiation. Heat sterilization is less desirable because of

possible difficulties with foπnulation instability.

In one aspect the present invention is directed to a topical pharmaceutical

composition comprising an immune response modifier drug compound that is stable to

sterilization and suitable for topical application directly to tissue sites where the dermis

has been.breached; wherein the drug compound is l-(2-methylpropyl)-l//-imidazo[4,5-

c]quinolin-4-amine; and wherein the composition has been sterilized.

As used herein, a pharmaceutical composition that has been sterilized has a

Sterility Assurance Level (SAL) of at least 10 . For certain embodiments, the SAL is

10~\ For certain embodiments the SAL is at least 10 6 . For certain embodiments, the SAL

is 10"6. The SAL is the probability of any given product unit being non-sterile after

exposure to a validated sterilization process. For an SAL of at least 10 ' , the probability of

any given product unit being non-sterile is one in ai least one thousand, for example, one

in one thousand, one in ten thousand, one in one hundred thousand, one in one million,

and so on. For an SAL of at least 10"*, the probability of any given product unit being

non-sterile is one in at least one million, for example, one in one million, one i ten

million, and so on. Conformance to the European Standard EN556, which defines the

SAL as 10 6, can be advantageous. At this SAL, there is one surviving microorganism per

one million product units, and the product can be labeled sterile. Methods of verifying the

SAL are known. (See ISOl 1137 (Sterilization of Healthcare Products -Requirements for

Validation and Routine Control - Radiation Sterilization 1995 [Annex B])).

For certain embodiments, the pharmaceutical composition has been sterilized by

exposure to electron beam radiation. Sterilization of certain materials, including certain

health care products, by exposure to electron beam radiation is a known process. (For a

discussion of radiation sterilization, including sterilization by exposure to electron beam

radiation, see Chapter 37, "Sterilization and Preservation by Radiation Sterilization" in

Disinfection, Sterilization and Preservation, 5th Edition, Seymor S. Block, pp. 729-746,

Lippincott, Williams and Wilkins, Philadelphia, PA (2001).

The sterile pharmaceutical composition is particularly suitable for topical

application directly to tissue sites where the dermis has been breached. Such applications

are useful, for example, for reversing, preventing, or reducing scarring that can result from

certain skin conditions (e.g., acne), infections (e.g., leishmaniasis), and injury (abrasions,



punctures, lacerations, or surgical wounds). Suitability for application to sυcb tissue sites

includes, for example, a viscosity that permits ease of application, a pH in a range that is

sufficiently non-irritating, and the absence of microorganisms which might cause

infections.

As used herein, a pharmaceutical composition that is stcrilizable is "stable" to

sterilization in that it can be stored for an extended period of time and does not

significantly change in chemical content or physical properties as a result of the

sterilization conditions and the period of storage. This can be measured by evaluating the

changes in content of various components of the composition before and after sterilization

and over time. For example, for compositions that include mcthylparaben and/or

propylparaben, the content of each of these components does not change by more than 10

percent for a composition to be stable. More specifically, for example, as described in the

Test Methods herein., preferably, a cream that contains methylparabcn and propylparaben

in a laminate sachet passes testing if the methylparabcn and propylparaben content are

within the ranges, inclusive, of 0.18 percent to 0.22 percent and 0.018 percent to 0.022

percent by weight, respectively, after stability testing. Alternatively, stability can be

measured by evaluating the formation of impurities, particularly drug-related impurities,

over time. In this context, for certain embodiments including any one of the above

embodiments, a stable composition contains a total weight of the drug impurities that is

not more than 1 percent of the weight of the l-(2-methylpropyl)-l//-imidazo[4,5-

c]quinolin-4-amine. For certain of these embodiments, any single drug impurity is present

in an amount not more lhan 0.3 percent of the weight of the )-(2-methy)propyl)-l//-

imidazo[4,5-c]quino)in-4-amine. For certain of these embodiments, total weight of the

drug impurities is not more than 0.5 percent of the weight of the l-(2-methylpropyl)-l//-

imidazo[4,5-c]quinolin-4-amine. For certain of these embodiments, total weight of ihe

drug impurities is not more than 0.3 percent of the weight of the l-(2-methylpropyl)-l/ -
r-

imidazo[4,5-c]quinolin-4-amine. For certain of these embodiments, any single drug

impurity is present in an amount not more than 0.1 percent of the weight of the l-(2-

methylpropyl)-li/-imid-izo[4,5-c]quinolin-4-amine.

Preferably, the pharmaceutical composition that has been slerilized is an emulsion

(more preferably, an oil-in-water emulsion) that is typically in the form of a cream,

although other forms, such as ointments, lotions or gels can be advantageously sterilked
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and -used for topical applications. A s staled above, the sterile pharmaceutical composition

contains 1-(2-methylpropyiy 1#-imidazo[4,5-c]quino1in-4-amine. For certain

embodiments, including any one of the above embodiments, the composition includes one

or more fatty acids, such as isostearic acid.

For certain embodiments, including any one of the above embodiments of the

pharmaceutical composition that has been sterilized, the composition further comprises a

preservative. For certain of these embodiments, the preservative is selected from the

group conbisting of methylparaben, propylparaben, benzyl alcohol, and mixtures thereof.

Such components are found to be stable after the pharmaceutical composition is sterilized

and during a period of storage. Other optional additives may also be included.

l-(2-Methylpropyl)-l/7-imidazo[4,5-c]quinolin-4-amineis in a class of compounds

known as immune response modifiers (JRMs) That are known antiviral agents that can

induce interferon biosynthesis. Such compounds can be used to treat viral infections, such

as Type I or Type II Herpes simplex infections and genital wans, as well as numerous

other diseases, such as rheumatoid arthritis, warts, eczema, hepatitis B , psori asis multiple

sclerosis, essential thrombocythaemia, and cancer, such as basal cell carcinoma and other

neoplastic diseases. Such compounds can also be used to improve skin quality, including

treating or preventing scarring resulting from a surgical wound, for example, as described

in U.S. Publication Nos. 2004/0180919 A l and 2005/0165043 Al. The amount of l-(2-

melhylpropyl)-lA?-imidazo[4,5-c]quinolin-4-arnine present in a composition of the

invention will be an amount effective to treat, prevent the recurrence of. or promote

immunity to the targeted disease state, or to improve skin quality.

For certain embodiments, including any one of the above embodiments, the total

amount of l-(2-methylpropyl)-l//-imidazo[4,5-c]quinolin-4-aminc is at least 0.5 percent

by weight, based on the total weight of the composition. For certain of these

embodiments, the total amount of l-(2-methylpropyl)-l/f-imidazo[4.5-c]quinolin-4-amine

is at least 1 percent by weight, based on the total weight of the composition. For certain of

these embodiments, the total amount of l-(2-methylpropyl)-l//-imidazo[4,5-c]quinolin-4-

amine is at least 4.5 percent by weight, based on the total weight of the composition.

For certain embodiments, the total amount of l-(2-methylpropyl)-l//-imidazo[4,5-

c]quinolin-4-amine is no more than 9 percent by weight, based on the total weight of the

composition. For certain of these embodiments, the total amυunt uf l-(2-methylpropyl)-



01

l#-imidazo[4,5-c]quinoIin-4-amine is no more than 5.5 percent by weight, based on the

total weight of the composition.

A cream preferably includes l-(2-methylpropyl)-l#-imidazo[4,5-c]quinolin-4-

amine in an amount of at least 0.5 percent, preferably at least 1 percent, and more

preferably at least 4.5 percent, based on the total weight of the cream. A cream preferably

includes l-(2-methylprop>'l)-l -imidazo[4,5-c]quinolin-4-amine in an amount of no

greater than 9 percent, and more preferably no greater than 5.5 percent, based on the total

weight of the cream.

An ointment preferably includes l-(2-methylpropyl)-l/J-imidazo[4,5-c]quinolin-4-

amine in an amount of least 0.5 percent, preferably at least 1 percent, and more preferably

at least 4.5 percent, based on the total weight of the oiniment The total amount of l-(2-

mcthylpropyI)-l#-imidazo[4,5-c]quinolin-4-amine in an ointmeni is preferably no greater

than 9 percent, and more preferably no greater than 5.5 percent, based on the total weight

of the ointment.

The total amount of one or more fatry acids present in a composition will generally

be in. an amount sufficient to solubilize the l-(2-methylpropyl)-l/f-imidazo[4^-

c]quinolin-4-amine compound. The total amount of one or more fatty acids present in a

composition may, for example, be at least 5 percent by weight, at least 5 percent by

weight, or at least 20 percent by weight, based on the total weight of the composition. For

compositions having 5% l-(2-me ύiylpropyr)-l -Y4midazo[4,5-c]quinoI -r -4-amine the total

amount of fatty acid, preferably isosiearic acid in the composition will generally be at

least 15% by weight, and more preferably at least 20% by weight, for example about 25%

by weight, based on the total weight of the composition. The total amount of one or more

fatty acids present in a composition is no more than 45 percent by weight or no more than

30 percent by weight, based on the total weight of the composition. Preferably, the total

amount of one or more fatty acids present in a composition is about 25 percent by weight

based on the total weight of the composition.

Typical fatty acids for use in compositions described herein include isostearic acid,

oleic acid, myristic acid, palmitic acid, palmitolcic acid, margaric acid, stearic acid,

linoleic acid, lϊnolenic acid, or mixtures thereof. Preferred fatty acids include isostearic

acid, oleic acid, or mixtures thereof. A preferred fatty acid is isostearic acid.



Optionally, a cream can contain emollients, emulsifiers, and/or thickeners.

Emollients, such as long chain alcohols, e.g., cetyl alcohol, stearyl alcohol, and cetcaryl

alcohol; hydrocarbons such as petrolatum and light mineral oil; or acetylated lanolin can

be included in creams described herein. A cream can contain one or more of these

emollients. A cream preferably includes a total amount of emollient of at least 5 percent,

based on the total weight of the cream. A cream preferably includes a total amount of

emollient of no greater than 30 percent, and more preferably no grealer than 0 percent,

based on the total weight of the cream.

Emulsifiers such as nonionic surface active agents, e.g., polyεorbatc 60 (available

from ICI Americas), sorbitan monostearate, polyglyceryl-4 olcate, and

polyoxyethylene(4)lauryl ether, can be included in creams described herein. Λ cream can

contain one or more emulsifiers. A cream preferably includes a total amount of emulsifϊ cr

of at least 2 percent, based on the total weight of the cream. A cream preferably includes a

total amount of emulsificr of no greater than 14 percent, and more preferably no greater

than 6 percent, based on the total weight of the cream.

Pharmaceutically acceptable thickeners, such as xanthan gum, VEEGUM K

(available from R.T. Vanderbilt Company, Inc.), and long chain alcohols (e.g., cetyl

alcohol, stearyl alcohol, or cetearyl alcohol) can be used. A cream can contain one or

more thickeners. A cream preferably includes a total amount of thickener of at least 3

percent, based on the total weight of the cream. A cream preferably includes a total

amount of thickener of no greater than 12 percent, based on Ihe total weight of the cream.

Optionally, one or more additional solubilizing agents such as benzyl alcohol

lactic acid, acetic acid, stearic acid, or hydrochloric acid can be included in the creams

described herein. Tf one or more additional solubilizing agents are used the total amount

present is preferably at least 1 percent, based on the total weight of the cream. If one or

more additional εolubilizing agents are used, Ihe total amount present is preferably no

greater than 12 percent, based on the total weight of the cream.

Optionally, the creams described herein can contain a hυmectant, such as glycerin

and additional solubilizing agents.

It is known to those skilled in the art that a single ingredient can perform more than

one function in a cream, i.e., cetyl alcohol can serve both as an emollient and as a

thickener.



Generally, a CTeam consists of an oil phase and a water phase mixed together to

form an emulsion. Preferably, the amount of water present in a cream of the invention is

at least 45 percent, based on the total weight of the cream. Preferably, the amount of

water present in a cream of the invention is no greater than 85 percent, based on the total

weight of the CTeam.

The oil phase of a cream of the invention can b e prepared, for example, by first

combining 1-(2-methyIpropyl)-l -imida2O[4,5-c]quinolin-4-amine and one or more fatty

acids (if the cream contains benzyl alcohol it can also be added at this point) and heating

with occasional stirring to a temperature of 500C to 85°C. When the 1-(2-methylpropyl)-

lH -imidazo[4,5-c]quinolin-4-aminc appears to be completely dissolved, the remaining oil

phase ingredients are added and heating is continued until dissolution appears to be

complete. The water phase can be prepared by combining all other ingredient"; and

heating with stirring until dissolution appears to be complete. The creams of the invention

are generally prepared by adding the water phase to the oil phase with both phases at a

temperature of 650C to 750C. The resulting emulsion is mixed th a suitable mixer

apparatus to give the desired cream.

For certain embodiments, including any one of the above embodiments, the

pharmaceutical composition is a cream, comprising an oil phase and a water phase in

admixture, the composition comprising about 4.5 to about 5.5 pcrceni l-(2-methylpropyl)-

l//-imidazo[4,5-c]quinolin-4-amine, about 20 to about 30 percent iso<;tcaric acid, about

1.0 percent to about 2 1 percent benzyl alcohol, about 0.5 percent to aboui 2.5 percent

cetyl alcohol, about 1 percent to about 3.5 percent stearyl alcohol about 2 percent to about

4 percent petrolatum, about 3 percent to about 4 percent polysorbate 60, about 0.4 percent

to about 0.8 percent of sorbitan monostearate, about 1 percent to about 3 percent of

glycerin, about 0.18 to about 0.22 percent methylparaben. about 0.01 8 percent to about

0.022 percent propylparaben, about 0.0 to about 1.0 percent xanthan gum, and about 50 to

about 55 percent purified water; all percentages being based upon the ioial weight of the

composition.

For certain embodiments, including any one of the above embodiments, the

pharmaceutical composition is a cream, comprising an oil phase and a \vateτ phase in

admixture, the oil phase comprising about 4.5 to about 5.5 percent l-(2-methylpropy])-l/ -'-

imidazo[4,5-c]quinolin-4-amine, about 20 to about 30 percent ibustearic acid about 1.0



percent to aboυt 2.1 percent benzyl alcohol, about 0.5 percent to about 2.5 percent cety]

alcohol, about 1 percent to about 3.5 percent stearyl alcohol, about 2 percent to about 4

percent petrolatum, aboυt 3 percent to about 4 percent polysorbate 60, and about 0.4

percent to about 0.8 percent of sorbitan monostearate, and the water phase comprising

about 1 percent to about 3 percent of glycerin, about 0.18 to about 0.22 percent

methylparaben, about 0.0] 8 percent to about 0.022 percent propylparaben, about 0.0 to

about 1.0 percent xanthan gum, and about 50 to about 55 percent purified water; all

percentages being based upon the total weight of the composition.

As indicated above, the pharmaceutical composition that has been sterilized should

have a viscosity that permits ease of application, which includes the ability to readily

apply the desired amount to the tissue site without causing further trauma. Accordingly,

for certain embodiments, including any one of the above embodiments of the

pharmaceutical composition that has been sterilized, the viscosity is at least 2,000 cps and

not more than 35,000 cps.

The composition should also maintain a pH in a range that is sufficiently non-

irritating, since a pH that is too low or too high could cause tissue damage. Accordingly,

for certain embodiments, including any one of the above embodiments of the

pharmaceutical composition that has been sterilized, the pH is stable. That is, the pH is

maintained within an established range after the composition has been sterilized and

during a period of storage. For certain embodiments, including any one of the above

embodiments, the pH is not less than 4 and not more than 5.5.

An ointment preferably contains an ointment base in addition to 1-(2-

methylpropyI)-l#-imidazo[4,5-c]quinolin-4-amine and one or more fatty acids. Λ

pharmaceutically acceptable ointment base such as petrolatum or polyethylene glycol 400

(available from Union Carbide) in combination with polyethylene glycol 3350 (available

from Union Carbide) can be used. The amount of ointment base present in an ointment of

the invention is preferably at least 60 percent, based on the total weight of the υinimeni.

The amount of ointment base present in an ointment of the invention is preferably no

greater than 95 percent, based on the total weight of the ointment.

In one embodiment, the ointment base is comprised of white petrolatum. For

certain of these embodiments, the ointment base is further comprised of mineral oil and/or



white wax. For certain of these embodiments, the ointment base further comprises siearyl

alcohol and/or cetyl alcohol.

In another embodiment, the ointment base is comprised of mineral oil. For certain

of these embodiments, the ointment base further comprises white wax and/or cefyl esters

-wax. For certain of these embodiments, the ointment base further comprises water.

In another embodiment, the ointment base is comprised of white petrolatum and

slearyl alcohol and/or cetyl alcohol. For certain of these embodiments, the ointment base

further comprises water. For certain of these embodiments, the ointment base further

comprises propylene glycol.

In another embodiments, the ointment base is comprised of one or more

poly(ethylene glycol) polymers. For certain of these embodiments, the polyethylene

glycol) polymers are poly(ethylene glycol) (Avc. Mn = 400) and poly(ethylene glycol)

(Ave. Mn = 3350). The term "Ave. Mn" refers to the number average molecular weight.

Optionally, an ointment can also contain emollients, emulsifiers, and/or thickeners.

The emollients, emulsifiers, and/or thickeners and the preferred amounts thereof described

above in connection with creams are also generally suitable for use in an ointment of the

invention.

An ointment can be prepared, for examp le by combining l-(2-methylpropyl)- 1H-

imidazo[4,5-c]quinolin-4-amine with one or more fatty acids and heating with occasional

stirring to a temperature of 65CC. When the 1-(2-mcthylpropyl)-l#-imidazo[4,5-

c]quinolin-4-amine appears to be completely dissolved, 1he remaining ingredients are

added and heated to 65°C. The resulting mixture is mixed with a suitable mixer while

being allowed to cool to room temperature.

For certain embodiments, the pharmaceutical composition is an ointment,

comprising about 1 to about 5.5 percent l-(2-methylpropyl>lH-imidazo[4,5-c]qu ϊnolin-4-

amine, about 5 to about 30 percent isostearic acid, about 8 percent to about 13 percent

mineral oil. about 44 percent to about 66 percent white petrolatum, about 2 percent to

about 4 percent cetyl alcohol, about 0.5 percent to about 1 percent lanolin, such as. for

example, acetylated lanolin, about 2 percent to about 3 percent polyglycerol oleate

(commercially available from Akzo Nobel Surfactants under the trade designation

WlTCONOL 14), and about 5 to about 8 percent aluminum stearate; all percentages being

based upon the total weight of the composition.



For certain embodiments, the pharmaceutical composition is an ointment,

comprising about 1 to about 5.5 percent l-(2-methylpropyl)-l/f-imidazo[4,5-c]quiiiolin-4-

amine, about 6 to about 30 percent isostearic acid, about 38 percent to about 56 percent

poly(ethylene glycol) (Ave Mn = 400), about 22 percent Io about 33 percent poly(ethylene

glycol) (Ave Mn = 3350), and about 3 percent to about 5 percent stearyl alcohol; all

percentages being based upon the total weight of the composition.

In another aspect, the present invention provides a packaged composition that

includes a packaging material and any one of the above pharmaceutical composition

embodiments enclosed within the packaging material wherein the packaged composition

has been terminally sterilized. As used herein, "terminally sterilized" means that the

packaged composition has been sterilized after the pharmaceutical composition is enclosed

or sealed within the packaging material.

For certain embodiments, including any one of the above embodiments of the

packaged composition, the packaging material is a multi-layer laminate. Such multi-layer

laminates comprise two or more layers with one or more of the layers being a moisture

barrier. For certain of these embodiments, the multi-layer laminate comprises a contact

layer, an outer layer, and a moisture barrier layer disposed between the contact layer and

outer layer. In the packaged composition, the contact layer comes in contact with the

pharmaceutical composition. One or more tie layers can be disposed between the layers

for bonding the layers together. The tic layers can be adhesives or extruded polymeric

materials. For example, the outer layer and the moisture barrier layer can be bonded

together with an extruded polymer (e.g., polyethylene).

Examples of materials that can be incorporated into adhesives suitable for use in

the multi-layer laminate, particularly for bonding the contact layer to the moisture barrier

layer and/or the outer layer to the moisture barrier layer, include (ethylene acrylic acid)

ethylene ethylacrylatc (£EA), ethylene methylacrylate (EMA), ethylene vinyl acetate

(EVA), ethylene methyl acrylic acid (EMAA), and a urelhane

An example of a material for a tie layer that is suitable, particularly for bonding the

outer layer to the moisture barrier layer, is an extruded low-density polyethylene.

The thickness of each layer and that of the overall laminate construction is

sufficient to provide the desired moisture barrier properties and mechanical strength.

Each layer and the overall laminate are also sufficiently thin to be readily torn by hand.



The outer layer is sufficiently thick to provide mechanical strength. The outer

layer is preferably at leas: 5 microns (µ) thick. The outer layer is preferably no greater

than 50 microns thick, or, in some embodiments, no greater than 20 microns thick.

The outer layer may include an organic polymer, such as polyethylene terephthlate

(PET), paper, cellophane, or other clear protective packaging layer, for example. For

certain embodiments, the outer layer includes PET, which is about 0.48 mil (12 microns)

thick.

For certain embodiments, including any one of the above embodiments of the

packaged composition, the moisture barrier layer comprises a metal foil. A metal foil such

as aluminum or copper is suitable. For certain embodiments, the metal foil is at least 5

microns thick. For certain embodiments, the thickness of the metal foil is no greater than

50 microns. For certain embodiments, the thickness of the metal foil is about 9 microns.

For certain embodiments, the metal foil moisture barrier is a layer that includes aluminum

foil, which is preferably about 9 microns thick.

The contact layer is preferably at least about 25 microns thick. The contact layer is

preferably no greater than about 80 microns thick.

Examples of materials for the contact layer include acrylonitriic-meihyl acrylate

(AMA) copolymer, polyethylene (PE) PET, or combinations thereof. Jn one embodiment,

the contact layer is acrylonitrilc-methyl acrylate copolymer. In one embodiment, the

polymeric contact layer is about 5 1 microns (2 mils) thick.

An example of a suitable laminate is Product No. 60012-36 available from Ludlow

Coated Products (Constantinc, Ml) that includes a 12 micron thick PET outer layer, a layer

of white low-density polyethylene (number 10) tie layer, a 9 micron thick aluminum layer,

an adhesive, and a BAREX acrylonitrile-methyl acrylate copolymer layer

For certain embodiments, including any one of the above embodiments of the

packaged composition, the packaging materia] is in the form of a single-use sachet. A

single-use sachet is a small packet capable of containing sufficient pharmaceutical

composition for one topical application, for example, about 250 mg.

In one embodiment, the packaged composition is ALDARA cream in a single-use

sachet. ALDARA cream in a single-use sachet is available from 3M (St. Paul, Minnesota).

ALDARA cream is a topical pharmaceutical composition containing l-(2-meihylpropyl)-

l ϊ -imidazo[4.5-c"]quinυlin-4-amine and isostearic acid in an oil-in-water emulsion.
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For certain alternative embodiments of the packaged composition that includes a

packaging material and any one of the above pharmaceutical composition embodimenls,

the packaging material is a tube. For certain of these embodiments, the tube is single-use.

Alternatively, for certain of these embodiments, the tube is multi-use. A tube that is

single-use is sized to contain sufficient pharmaceutical composition for one topical

application, for example, about 250 mg. A tube that is multi-use is sized to contain

sufficient pharmaceutical composition for two or more topical applications.

For certain of the above embodiments where the packaging material is a tube the

tube is an aluminum tube. For certain of these embodiments, the aluminum tube has an

epoxy phenolic lacquer liner. The epoxy phenolic lacquer liner is on the inside of the rube

and contacts the pharmaceutical composition.

Alternatively, for certain of the above embodiments where the packaging material

is a tube, the tube is comprised of a multi-layer laminate, the multi-layer laminate

comprising a contact layer, an outer layer, and a moisture barrier layer disposed between

the contact layer and outer layer.

The multi-layer laminate can be sealed to form a package, such as a sachet or tube,

under appropriate sealing conditions sufficient to provide a good seal and not damage the

package contents. Such conditions can be determined readily by one of skill in the art. A

typical sealing temperature for laminates is at least 150uC, and preferably at least 2000C.

Preferably the sealing temperature is no greater than 350DC.

In another aspect, the present invention provides a method of sterilizing the

pharmaceutical composition, including any one of the above pharmaceutical composition

embodiments, or the packaged composition, including any one of the above packaged

composition embodiments, comprising the step of irradiating the composition or packaged

composition with electron beam radiation at a sterilizing dose sufficient to achieve a

sterility assurance level of at least 10 3 . For certain of these embodiments, the sterility

assurance leγ e-1 is at least 10 6 . For certain of these embodiments, the sterility assurance

level is 10 ' 6. Sterilizing dose refers to the amount of energy deposited in the composition

or packaged composition. This is commonly referred to as the absorbed dose in gray (Gy)

units, where 1 Gy is equivalent to absorption of 1JOuIaICg, and 1 kilogray (kGy) is

equivalent to the absorption of 103 joule/kg. For certain embodiments, the sterilizing dose

is at least 10 kGy. For certain embodiments, the sterilizing dose is at least 25 kGy.
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The composition or packaged composition can be irradiated using a electron beam

irradiator. A horizontal scan, vertical scan, or other available scan configuration can be

used. The composition held in a suitable container or the packaged composition can be

conveyed through the electron beam with the beam directed downward or upward into the

composition or packaged composition (horizontal scan). Jn another example, the

composition held in a suitable container or the packaged composition can be conveyed in a

carrier through the electron beam with the beam directed horizontally into the composition

or packaged composition (vertical scan). With any chosen configuration, the electron

beam and the composition or packaged composition are oriented with respect to each other

such that the entire composition is irradiated. If desired, more than one pass through the

electron beam can be made.

The energy of the electrons in the electron beam can be, for example, at least 1

million electron volt (MeV), at least 5 MeV, or at least ]0 MeV. For certain

embodiments, a 10 MeV electron beam is used.

EXAMPLES

l-(2-Methylpropyl)-l//-irnidazo[4,5-c]q υinolin-4-amine-containing cream is

available from 3M (St. Paul, Minnesota) under the trade designation ALDARA

(imiquimod 5% cream). ALDARA cream is manufactured by atypical oil-in-water cream

non-sterile process. The two phases are prepared separately, and the oil phase is added to

the aqueous phase under vacuum. The emulsion is homogenized and mixed until the

temperature has reached 35 0C, and then the emulsion is cooled to 30 0C with continuous

mixing. The ALDARA cream used in the present investigation was manufactured as a

100 kilogram batch and stored below 25 0C until sachet filling. The cream was then

packaged into 250 milligram (mg) sachets for commercial use at 3M Health Care Ltd.,

Loughborough, England and was shipped to 3M Nonhridge. California. Sachets ( 12,096)

were then shipped Io 3M St. Paul, Minnesota for testing. The samples were stored at

ambient temperature for six months prior to sterilization.

An e-beam radiation sterilization system using a 10 MeV horizontal beam with a

roller conveyor system at Titan Scan Technology (Denver, Colorado) was used to irradiate

4,020 sachets of the ALDARA cream. The sachets were irradiated by passing the sachets

through the electron beam unit twice with an actual dusc of 25.7 - 27.8 kilo Gray (kGy).



Control samples and e-beam irradiated samples were stored at 25 0C and 60% relative

humidity and evaluated for stability at 3 months, 6 months, 12 months, 18 months, and 24

months. Stability was evaluated by testing appearance, pH, viscosity, level of impurities,

level of l-(2-methylpropyV)-l.tf-imidazo[4,5-c]quinolin-4-amine (imiquimod), and level of

preservatives (i.e., methylparaben, propylparaben) according to the test methods described

below. The results are presented in Tables 1 through 5 below.

Test Methods:

Appearance

The appearance of the cream from three sachets was visually inspected for color

with the aide of a color chart (#0 = white, # 1 = off white, #2 = slightly buff color, #3 =

buff color, #4 = slightly yellow color). The cream was visually inspected for uniform

appearance.

pH

The pH was measured with an Orion 6 16500 electrode calibrated with pH 4 and 7

buffers. The electrode wa inserted directly into a sample of the cream and allowed to

stabilize. The pHs for two samples were recorded for each time point, and the average is

reported below.

Viscosity

The viscosiiy of the cream, measured at 20°C ± 0.5 0C, was determined using either

a Haake RSlOO, RS150 or RS600 rheometer by running a stress ramp test (shear stress

range from 0.1 to 125 Pa, over ] 50 seconds) and calculating the viscosity at a defined shear

rate of 4.4 sec-1. "Three samples were tested at each time point, and the average is reported

below.

l-(2-Mcthylpropy])-l//-imidazo[4,5-c]quinolin-4-amine Content, Methylparaben Content,

and Propylparaben Content

An external standard, reverse-phase, ion-paired, isocratic high performance liquid

chromatography (HPLC) method was used to determine the l-(2-methylpropyl)-l//-

imidazo[4,5-c]quinoIin-4-amine content and levels of preservatives (e.g.. methylparaben,

propylparaben) in control and irradiated cream formulations.



The liquid chromatograph is equipped with a 258 nm detector and an octylsilane

(CK), 4.6 mm 15 cm column that contains 5 µm packing. The chromatographic column

is run at room temperature. The mobile phase is a filtered and degassed mixture of 28%

acetonitrile and 72% aqueous solution containing 0.2% octy] sodium sulfate and ]%

triethylamine adjusted to pH 2.0 with 85% phosphoric acid (H PO ). The flow Tate is 2.0

mL per minute.

The sample is made by accurately weighing approximately 300 mg of ALDARA

cream into a 100 mL volumetric flask and bringing the flask to volume with a 25:74:1

mixture of acetonitrile :water: hydrochloric acid. The flask is shaken and sonicated for five

minutes to extract and dissolve the components of interest.

A standard solution is prepared by accurately weighing reference standards of l-(2-

methylpropyl)-l//-imidazo[4,5-c]quinolin-4-amine and the preservatives into a volumetric

flask and diluting to volume with a 25:74:1 mixture of acetonitrile.wate π hydrochloric

acid. Serial dilutions of the standard solution are made to achieve the desired

concentration. Separate 20 microliter injections are made of filtered sample and standard

solutions. The analyte concentrations are calculated from the respective peak areas and

are reported as weight percents (% w/w) based on the weight of the initial sample.

Impurity Content

An external standard, reverse-phase, gradient HPLC method was used to determine

the levels of identified and unidentified impurities in the control and irradiated creams.

The liquid chromatograph is equipped with a 308 nm detector and an octylsilane (C8), 4.6

mm 15 cm column that contains 5 µm packing. The chromatographic column is run at

room temperature. The mobile phase is a filtered and degassed mixture of acetonitrile and

aqueous ammonium phosphate buffer solution containing 0.51% phosphoric acid, and

adjusted to pH 2.5 with concentrated ammonium hydroxide. The mobile phase gradient

starts at 10% acetonitrile, with zero initial hold time, and then increases linearly to 70%

acetonitrile after 15 minutes, with zero final hold time. The column is then re-cquilibrated

to 10% acetonitrile. The flow rale is 2.0 mL per minute.

The sample is made by accurately weighing approximately 300 mg of ALDARA

cream into a 100 mL volumetric flask and bringing the flask to volume with a 25:74:1
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mixture of acelonitrik:wate π hydrochloric acid. The flask is sonicated to extract and

dissolve the component of interest

A standard solution is prepared by accurately -weighing reference standard of each

identified impurity into a volumetric flask and diluting to volume with a 25:74:1 mixture

of acetonhrilerwater: hydrochloric acid. Serial dilutions of the standard solution are made

to achieve a concentration equivalent to 0.1% of the concentration of imiquimod in the

sample solution. Separate 200 microliter injections arc made of filtered sample and

siandard solutions. The impurity concentrations are calculated from the respective peak

areas and are reported as weight percents (% w/w) based on the weight of 1-(2-

methylpropyl)-l -imidazo[4,5-c)quinolin-4-amine.

Table 2. pH



Table 4. Sum oflmpurity Contents Above or At 0.01% (%>v/w)

There was no significant difference between the control and irradiated samples

when tested for uniform appearance and pH. The color of the irradiated cream changed

after three months storage and remained the same color through 18 months storage before

turning slightly yellow ai 24 months. The color of the control cream changed after 18

months storage.

Irradiation had no effect on initial viscosity of the active cream. The control and

irradiated active creams had similar viscosity up to six months. At the 12, 18, and 24

month time points the viscosity of the irradiated cream dropped more than the control, but

was still wen above the lower specification for ALDARA cream, 2000 cps.

The content of imiquimod, methylparaben, and propylparaben was measured in the

control and irradiated creams at 3. 6, 9, 12, 18, and 24 months. There was no significant

change over time in the levels for any of these components for either the control or the

irradiated creams. The content of imiquimod, mεthylparaben, and propylparaben in the

control and irradiated creams after 24 months of storage at 25 0C and 60% relative

humidity is shown in Table 5.

Table 5. Imiquimod, Methylparaben, and Propylparaben Content (% τv/ v) at

24 months



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 definition.;, 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.

Illustrative 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.



WHAT WE CLAIM IS.

1. A topical pharmaceutical composition comprising an immune response modifier

drug compound that is stable to sterilization and suitable for topical application directly to

tissue sites where the dermis has been breached;

wherein the drug compound is l-(2-methylpropyl)-l/f-imidazo[4,5-c]quino]in-4-

amine; and

wherein the composition has been sterilized.

2. The pharmaceutical composition of claim 1, wherein the composition has been

sterilized by exposure to electron beam radiation

3 The pharmaceutical composition of claim or claim 2, wherein any single drug

impurity is present in an amount not more than 0.3 percent of the weight of the l-(2-

methylpropyl)-l//-imidazo[4,5-c}quinolin-4-amine, and the total weight of the drug

impurities is not more than 1 percent of the weight of the l-(2-methylpropyl)-l/i-

imidazo[4,5-c]quinolin-4-amine.

4. The pharmaceutical composition of claim 3, wherein the total weight of the drug

impurities is not more than 0.5 percent of the weight of the l-(2-methylpropyl)-lH-

iτnidazo[4,5-c]quinυlin-4-amine.

5. The pharmaceutical composition of claim 4, wherein the total weight of the drug

impurities is not more than 0.3 percent of the weight of the l-(2-methylpropyl)-l//-

imidazo[4,5-c]quinohn-4-amine.

6. The pharmaceutical composition of any one of claims 3, 4, and 5, wherein any

single drug impurity is present in an amount not more than 0.1 percent of the weight of the

1-(2-methylpropyl)- l/f-imidazo[4,5 -c]quinolin-4-amine.



7. The pharmaceutical composition of any one of claims 1 through 6 wherein the total

amount of l-(2-methylpropyl)-l//-imidazo[4,5-c]q υinolin-4-arnine is at least 0.5 percent

by weight, based on the total weight of the composition.

8. The pharmaceutical composition of claim 7 wherein the total amount of l-(2-

methylpropyI)-lH-imidazo[4,5-c]quinolin-4-ami πe is at least 1percent by weight, based

on the total weight of the composition.

9. The pharmaceutical composition of claim 7 wherein the total amount of l-(2-

methylpropyl)-l /-imidazo[4,5-c]qυinolin-4-amine is at least 4.5 percent by weight, based

on the total weight of the composition.

10. The pharmaceutical composition of any one of claims 1 through 9 wherein the total

amount of 1-(2-mεthylpropyl)-l//-i πϋdazo[4,5-c]quinolin-4-arni πe is no more than 9

percent by weight, based on the total weight of the composition.

11. The pharmaceutical composition of claim 10 wherein the total amount of l-(2-

methylpropyl)-l//-imidazo[4,5-c]quinolin-4-amine is no more than 5.5 percent by weight,

based on the total weight of the composition.

12. The pharmaceutical composition of any one of claims 1 through ) 1, wherein the

composition further comprises a preservative.

13. The pharmaceutical composition of claim 12 wherein the preservative is selected

from the group consisting of methylparaben, propylparaben, benzyl alcohol, and mixtures

thereof.

14. The pharmaceutical composition of any one of claims 1 through 13 wherein the

composition is cream, comprising an oil phase and a water phase in admixture, the

composition comprising about 4.5 to about 5.5 percent l-(2-methylpropyl)-]//-

imidazo[4.5-c]quinoliπ-4-aminc>about 20 to about 30 percent isostearic acid, about 1.0

percent to about 2.1 percent benzyl alcohol, about 0.5 percent to about 2.5 percent cctyl



alcohol, about 1percent to aboui 3.5 percent slearyl alcohol, about 2 percent to about 4

percent petrolatum, about 3 percent to about 4 percent polysorbate 60, about 0.4 percent to

about 0.8 percent of sorbitan monostearate, about 1 percent to about 3 percent of glycerin,

about 0.18 to about 0.22 percent methylparaben. about 0.01 8 percent to about 0.022

percent propylparaben, about 0.0 to about 1.0 percent xaothan gum. and about 50 to about

55 percent purified water, all percentages being based upon the total weight of the

composition.

15. The pharmaceutical composition of any one of claims through 14 wherein the

viscosity is at least 2.000 cps and not more than 35,000 cps.

16. The pharmaceutical composition of any one of claims 1 through 15 wherein thepH

is stable.

17. The pharmaceutical composition of any one of claims 1 through 16 wherein lhepH

is not less than 4 and not more than 5.5.

18. A packaged composition thai includes a packaging material and the pharmaceutical

composition of any one of claims 1 through 17 enclosed within the packaging material

wherein the packaged composition has been terminally sterilized.

19. The packaged composition of claim 18, wherein τhe packaging material is a multi¬

layer laminate.

20. The packaged composition of claim 19, wherein the multi-layer laminate

comprises a contact layer; an outer layer; and a moisture barrier layer disposed between

the contact layer and outer layer.

2 1. The packaged composition of claim 20, wherein the moisture barrier layer

comprises a metal foil.



22. The packaged composition of claim 20 or claim 21, wherein the contact layer

comprises an acrylonitrile-methyl acrylate copolymer.

23. The packaged composition of any one of claims 18 through 22 wherein the

packaging material is in the form of a single-use sachet.

24. The packaged composition of any one of claims 18 through 2 wherein the .

packaged composition is ALDARA cream in a single-use sachet.

25. The packaged composition of claim 18, wherein the packaging material is a tube.

26. The packaged composition of claim 25, wherein the tube is siαgJe-use.

27. The packaged composition of claim 25, wherein the tube is multi-use.

28. The packaged composition of any one of claims 25, 26, and 27, wherein the tube is

an aluminum tube.

29. The packaged composition of claim 28, wherein the aluminum tube has an epoxy

phenolic lacquer liner.

30. The packaged composition of any one of claims 25, 26, and 27, wherein the tube is

comprised of a multi-layer laminate the multi-layer laminate comprising a contact layer,

an outer layer, and a moisture barrier layer disposed between the contact layer and outer

layer.

31. A method of sterilizing ihe pharmaceutical composition of any one of claims 1

through 17 or the packaged composition of any one of claims 18 through 30, comprising

the step of irradiating the composition with electron beam radiation at a sterilizing dose

sufficient to achieve a sterility assurance level of at least 10 3 .

32. The method of claim 31wherein the sterility assurance level is 10~6 .



33. The method of claim 3 1 or claim 32 wherein the sterilizing dose is at least 10 kGy.

34. The method of claim 3 1 or claim 32, wherein the sterilizing dose is at least 25 kGy.
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