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LOWER DOSAGE STRENGTH IMIQUIMOD FORMULATIONS AND SHORT
DOSING REGIMENS FOR TREATING GENITAL AND PERIANAL WARTS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is entitled to and claims priority benefit to U.S. Utility Patent
Application No. 12/771,076 filed Apnil 30, 2010; and priority benefit under 35 U.S.C. §
119(e) to U.S. Provisional Application No. 61/341,721 filed April 1, 2010; U.S. Provisional
Application No. 61/341,476 filed March 30, 2010; and U.S. Provisional Patent Application
No. 61/225,202, filed July 13, 2009; entitled “LOWER DOSAGE STRENGTH
IMIQUIMOD FORMULATIONS AND SHORT DOSING REGIMENS FOR TREATING
GENITAL AND PERIANAL WARTS?”, the contenté of which are incorporated herein by
reference in their entireties.

FIELD OF THE INVENTION

[0002] The present invention relates to pharmaceutical formulations and methods for
the topical or transdermal delivery of 1-isobutyl-1H-imidazo[4,5-c-quinolin-4-amine, also
known as (a.k.a) 1-(2-methylpropyl)-1H-imidazo[4,5-c]quinolin-4-amine, a.k.a imiquimod,
to treat genital and perianal warts with shorter durations of therapy, than currently prescribed
for the commercially available Aldara® 5% imiquimod cream, as now approved by the U.S.
Food & Drug Administration (“FDA”). More specifically, the present invention is directed to
lower dosage strength imiquimod formulations to deliver an efficacious dose for treating
genital and perianal warts with an acceptable safety profile, but with a dosing regimen that is
shorter and more convenient for patient use than the dosing regimen currently approved by
the FDA for Aldara® 5% imiquimod cream.

BACKGROUND OF THE INVENTION
[0003] External Genital Warts (EGW), or condylomata acuminate, are caused by

infection with human papilloma virus (HPV), the most common sexually transmitted virus in
the Western world (Lyttle 1994, Mayeaux 1995, Shah 1990). Approximately 1% of the
sexually active population between 15 and 49 years of age in the US is estimated to have
EGW (Koutsky 1988, Koutsky 1997). Most EGWs are associated with HPV types 6 and 11
(Phelps 1995).

[0004] 1In 1997, imiquimod 5% cream (Aldara®) was approved for the treatment of
EGW and perianal warts. Imiquimod, an immune response modifier that stimulates the

innate and adaptive immune response, has been demonstrated to be an effective and safe
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treatment for EGWs. Stimulation of the immune response has been shown to decrease HPV

viral load

(Kreuter 2006) and may decrease the recurrence rate of visible warts, although observed rates
after treatments do vary.

[0005] Imiquimod, however, has no direct antiviral activity in cell culture. A study
in 22 patients with genital/perianal warts comparing Aldara® 5% imiquimod cream and
vehicle shows that Aldara® 5% imiquimod cream induces mRNA encoding cytokines
including interferon-o. at the treatment site. In addition, HPVL]1 mRNA and HPV DNA are
significantly decreased following treatment. However, the clinical relevance of these
findings is unknown.

[0006] Specific antiviral therapy for the treatment of EGW is lacking, but drug and
other therapies have been used. Ablative treatment modalities include procedures such as
surgical excision, laser therapy, and cryotherapy. Other approaches include topical
treatments, such as acetic acid, podophylline, podophyllotoxin, and S-fluorouracil, which are
cytodestructive, and sinecatechins, whose mechanism of action is unknown. Each of these
therapies has disadvantages such as inconvenient regimens, pain or burning associated with
the therapy, scarring, itching, or high recurrence rates.

[0007] Aldara® 5% imiquimod cream is approved for the treatment of external
genital and perianal warts (condylomata acuminata) in individuals 12 years old and above
(Aldara® Package Insert). The approved dosing regimen is 3 times per week, for up to 16
weeks of treatment.

[0008] The compound characterized as 1-isobutyl-1H-imidazo[4,5-c]-quinolin-4-
amine or 1-(2-methylpropyl)-1H-imidazo[4,5-c]quinolin-4-amine, and known as imiquimod,
is disclosed in U.S. Patent No. 4,689,338 and described therein as an antiviral agent and as an
interferon inducer. A variety of formulations for topical administration of imiquimod are also
described therein. This U.S. Patent No. 4,689,338 is incorporated herein by reference in its
entirety.

[0009] U.S. Patent No. 4,751,087 discloses the use of a combination of ethyl oleate
and glyceryl monolaurate as a skin penetration enhancer for nitroglycerin, with all three
components being contained in the adhesive layer of a transdermal patch; this U.S. patent is

incorporated herein by reference in its entirety.
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[0010] U.S. Patent No. 4,411,893 discloses the use of N,N-dimethyldodecylamine-
N-oxide as a skin penetration enhancer in aqueous systems; this U.S. patent is incorporated
herein by reference in its entirety.

[0011] U.S. Patent No. 4,722,941 discloses readily absorbable pharmaceutical
compositions that comprise a pharmacologically active agent distributed in a vehicle
comprising an absorption-enhancing amount of at least one fatty acid containing 6 to 12
carbon atoms and optionally a fatty acid monoglyceride. Such compositions are said to be
particularly useful for increasing the absorption of pharmacologically active bases; this U.S.
patent is incorporated herein by reference in its entirety.

[0012] U.S. Patent No. 4,746,515 discloses a method of using glyceryl monolaurate
to enhance the transdermal flux of a transdermally deliverable drug through intact skin; this
U.S. patent is incorporated herein by reference in its entirety.

[0013] U.S. Patent No. 5,238,944, U.S. Patent No. 7,038,051, U.S. Patent No.
6,693,113, U.S. Patent No. 6,894,060, U.S. Patent No. 7,655,672, U.S. Patent Publication No.
2009/0093514 Al. U.S. Patent Publication No. 2007/0123558, U.S. Patent Publication No.
2004/087614, U.S. Patent Publication No. 2002/147210, PCT Publication No.
WO02008082381 and PCT Publication No. W0O2008US53522 disclose topical formulations
and/or topical and transdermal delivery systems containing 1-isobutyl-1H-imidazo[4,5-c]-
qﬁinolin-4-amine or 1-(2-methylpropyl)-1H-imidazo[4,5-c]quinolin-4-amine; each of these
patents and patent publications are incorporated herein by reference in their entireties.

[0014] Currently, the FDA has approved a 5% imiquimod cream, commercially
available under the brand name Aldara®, to treat certain dermal and mucosal associated
conditions, such as (1) the topical treatment of clinically typical, nonhyperkeratotic actinic
keratosis (AK) on the face or scalp in immunocompetent adults, (2) topical treatment of
biopsy-confirmed, primary superficial basal cell carcinoma (sBCC) in immunocompetent
adults, and (3) the topical treatment of external genital and perianal warts/condyloma
acuminate (hereinafter, individually or jointly “EGWSs”) in patients 12 years or older.

[0015] Aldara® is the brand name for an FDA-approved 5% imiquimod cream,
which is an immune response modifier. Each gram of the Aldara® 5% imiquimod cream
contains 50 mg of imiquimod in an off-white oil-in-water vanishing cream base consisting of
isostearic acid, cetyl alcohol, stearyl alcohol, white petrolatum, polysorbate 60, sorbitan
monostearate, glycerin, xanthan gum, purified water, benzyl alcohol, methylparaben, and
propylparaben. The Aldara® 5% imiquimod cream is packaged in single-use packets or

sachets, each containing 250 mg of cream, equivalent to 12.5 mg of imiquimod.
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[0016] Chemically, imiquimod, as indicated above, is known as 1-(2-methylpropyl)-
1H-imidazo [4,5-c]quinolin-4- amine or 1 -isobutyl-1H-imidazo [4,5-c]-quinolin-4-amine .
Imiquimod has a molecular formula of C;sH;sNs and a molecular weight of 240.3. The

chemical structural formula for imiquimod is as follows:

[0017] Notwithstanding FDA approval, Aldara® 5% imiquimod cream treatment for
EGWs is not without limitation, including an unsimplified and lengthy dosing regimen
(administration three times per week until total clearance of EGWs is achieved, or up to 16
weeks). According to the FDA-approved label for Aldara® 5% imiquimod cream, the median
time to complete wart cleance is 10 weeks. The eccentric dosing schedule is not easy to
remember, which could lead to reduced compliance with resulting reduced efficacy. If
applied too thickly or generously, Aldara® 5% imiquimod cream can cause site or local skin
reactions, such as erosions or ulcerations, causing pain or dysfunction (e.g., of the foreskin or
urethra). In addition, efficacy of treatment with Aldara® 5% imiquimod cream may be
limited, especially in men, in patients with longstanding or recurrent disease, or for treatment
of keratinized areas (e.g., inguinal). In some cases, a rest period from scheduled dosing with
Aldara® 5% imiquimod cream may be needed, and consultation or reevaluation by healthcare
provider may also be required. Other symptoms, such as perianal itching or systemic effects
such as flu-like symptoms, may also occur in some cases after treatment with Aldara® 5%
imiquimod cream. ‘

{0018] In view of the above, there is a need for improved EGW topical treatment
that overcomes the current limitations associated with the current FDA-approved topical
treatment regimen for EGWs, i.e., administration until there is total clearance of the EGWs,

for up to 16 weeks, three days per week, with FDA-approved Aldara® 5% imiquimod cream.
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SUMMARY OF THE INVENTION

[0019] The present invention addresses the above-mentioned limitations associated
with the treatment of EGWs with FDA-approved Aldara® 5% imiquimod cream through the
discovery of novel and improved imiquimod treatment regimens of short duration, lower
dosage strength imiquimod pharmaceutical formulations, and simplified dosing regimens to
treat EGWs.

[0020] Generally speaking, the present invention provides for new and improved
substantially less-irritating lower dosage strength imiquimod pharmaceutical formulations,
which are suitable for daily application in connection with substantially condensed treatment
regimens, for topical and/or transdermal administration of an effective amount of imiquimod
to treat subjects who are diagnosed with external genital and perianal warts/condyloma
acuminate (EGWs). In addition, the present invention provides for new and improved EGW
treatments, wherein: (1) treatment periods of the present invention are substantially shorter in
duration, i.e., up to eight weeks and preferably up to six weeks or four weeks, than the current
FDA-approved up-to-16-week treatment regimen for EGWs treatment; (2) dosing regimens
of the present invention are substantially simpler, i.e., one application daily each day for up to
eight weeks and preferably up to six weeks or four weeks, than the current dosing regimen, as
compared to the once-a-day but only three times per week for up to 16 weeks regimen for the
current FDA-approved Aldara® 5% imiquimod cream for EGWs treatment; (3) less-irritating
imiquimod pharmaceutical formulations of the present invention are formulated with a lower
dosage strength, i.e., between about 1% and about 4.25% imiquimod, than the current FDA-
approved Aldara® 5% imiquimod cream for EGWs treatment; and (4) lower subject incidence
of application site reactions is experienced in accordance with the present invention, as
compared with higher subject incidence of application site reactions experienced with the
current FDA-approved Aldara® 5% imiquimod cream and treatment regimen for EGWs
treatment.

[0021] In other words, the present invention provides for new and improved EGWs
treatments that have short durations of therapies, use lower imiquimod dosage strengths, have
simplified daily dosing regimens, and have a lower incidence of application site reactions, as
compared to treatment of EGWs with Aldara® 5% imiquimod cream, as currently approved
by the FDA.

[0022] The present invention thus provides numerous surprising advantages over
current FDA-approved Aldara® 5% imiquimod cream therapy for EGWs treatment. For

example, the present invention provides for (1) a shortened treatment regimen, i.e., up to
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about 8 weeks, or preferably up to about 6 weeks and preferably up to about 4 weeks, (2) a
simplified dosing regimen, i.e., once daily on each day of the treatment period, (3) low
systemic imiquimod blood levels even though the dosing frequency is increased, and (4) a
lower subject incidence of application site reactions during the topical treatment regimen of
EGWs, than currently associated with FDA-approved Aldara® 5% imiquimod cream therapy.

[0023] Thus, the present invention overcomes certain of the limitations associated
with the treatment of EGWs with FDA-approved Aldara® 5% imiquimod cream and
addresses current medical needs for (1) a shorter treatment period, (2) a more intuitive dosing
regimen (daily dosing vs. thrice weekly dosing for Aldara® 5% imiquimod cream) and (3)
less or a lower incidence of application site reactions.

[0024] The less-imritating lower dosage strength imiquimod pharmaceutical
formulations of the present invention may comprise:

1. a lower dosage strength of 1-isobutyl-1H-imidazo[4,5-c]}-quinolin-4-amine or 1-(2-
methylpropy1)-1H-imidazo[4,5-c]quinolin-4-amine (imiquimod) for delivering an effective
amount of imiquimod; and

2. a pharmaceutically acceptable vehicle for imiquimod, which vehicle comprises a fatty
acid, such as isostearic acid, palmitic acid, stearic acid, linoleic acid, unrefined oleic acid,
refined oleic acid, such as Super Refined® oleic acid NF (e.g., a highly purified oleic acid,
1.e., an dleic acid which has low polar impurities, such as peroxides, a low peroxide value and
is marketed by CRODA; see e.g., www.crodausa.com) and a combination thereof, in a total
amount of about 3 percent to about 45 percent by weight based on the total weight of the
formulation.

[0025] The lower dosage strength imiquimod formulations of the present invention,
especially those wherein the vehicle comprises an isostearic acid as the fatty acid, are
uniquely designed to have physical and chemical stability, solubility, emollient properties and
dose proportionate delivery similar to or better than Aldara® 5% imiquimod cream. More
specifically, the lower dosage strength imiquimod formulations of the present invention,
especially those wherein the vehicle comprises an isostearic acid as the fatty acid, are
believed to generally have similar or improved skin emolliency at the application site and
dose proportionate release rates as to both the release rates of the imiquimod and the total
amount of imiquimod released, relative to the Aldara® 5% imiquimod cream. In other words,
the lower dosage strength imiquimod formulations of the present invention are concentration
influenced and have similar release rates to the Aldara® 5% imiquimod cream. Additionally,

the greater the amount of imiquimod in the formulation, the faster and the greater the total
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amount of imiquimod is released, evidencing that the amount in and the rate of release from
the formulations are imiquimod concentration dependent. Thus, while the lower dose
strength imiquimod formulations of the present invention deliver different cumulative
amounts to the stratum comeum and epidermis, i.e., local skin delivery, than the Aldara® 5%
imiquimod cream, such lower dosage strength imiquimod formulations are believed to have a
proportional and linear relationship that is similar with the Aldara® 5% imiquimod cream as
to both the rate of imiquimod release and the total amount of imiquimod released and
delivered locally to the skin over time, so that the imiquimod concentrations in the
formulations of the present invention, the imiquimod release rates and the amount of
imiquimod unabsorbed and delivered to the stratum corneum and epidermis, which has been
released from the formulations, are generally proportional and linear to the Aldara® 5%
imiquimod cream.

[0026] In addition, the lower dosage strength imiquimod formulations of the present
invention, especially those wherein the vehicle comprises an isostearic acid as the fatty acid,
are uniquely designed to be stable and fall within the range of the specifications for the
commercially available Aldara® 5% imiquimod cream, such as to viscosity, pH, and stability,
including microscopic and macroscopic stability. More specifically, the imiquimod present
in the lower dosage strength imiquimod formulations of the present invention, especially
those wherein the vehicle comprises an isostearic acid as the fatty acid, (monograph range:
90 to 110%) and benzyl alcohol (monograph range: 50 to 105%) remain within limits at both
about 25°C and about 40°C over about a one month period and within limits at both about
25°C and about 40°C over about a six month period. Furthermore, the lower dosage strength
imiquimod formulations of the present invention, especially those wherein the vehicle
comprises an isostearic acid as the fatty acid, remain stabile for about six months at about
25°C and about 40°C, and also remain stable with respect to macroscopic and microscopic
appearance, viscosity (monograph range: 2,000 to 35000 cPs) and pH (monograph range 4.0
to 5.5). In addition, the lower dosage strength imiquimod formulations of the present
invention are uniquely designed to meet the requirements specified in both United States
Pharmacopeia (“USP”) and the European Pharmacopeia (“EP”) as to preservative efficacy
and remain free of degradation products when stored at about 25°C/60%RH, about
30°C/65%RH and about 40°C/75%RH over about one, about two, about three and about six
months and analyzed at about 318 nm wavelength.

[0027] The present invention also contemplates lower dosage strength imiquimod

formulations that have unique pharmacokinetic profiles when used, for example, in
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connection with the short durations of therapy to treat EGWs in accordance with the present
invention. By way of example, a 3.75% imiquimod lower dosage strength formulation of the
present invention, when approximately 250 mg of such a formulation (about 9.375 mg
imiquimod) or less is applied daily for 21 days to EGWs in the genital/perianal area with a
total wart area of greater than or equal to 100 mm?, achieves steady state by about Day 7, and
provides an in-vivo serum profile selected from one or more of the following:

(a) a Day 21 mean Tp,y of about 9.7 hours with a standard deviation (“SD”) of
about 4.0, a median T, of about 12 hours and a geometric mean Tyax of about 8.3 hours and
a coefficient of variation (“CV”) of about 41%;

(b) a Day 21 mean Cy,,, of about 0.488 ng/ml with a standard deviation of about
0.368, a median Cp,,, of about 0.45 and a geometric mean C,, of about 0.39 ng/mL and a
coefficient of variation of about 75%;

(c) a Day 21 Ty of from about 6.8 to about 54 hours and preferably a mean Ty, of
about 24.1 hours with a standard deviation of about 12, a median T:; of about 22.8 hours and
a geometric mean T, of about 21 hours and a coefficient of variation of about 51%;

d) a Day 21 AUC;.24 of from about 1.9 to about 14 ng-hr/mL and preferably a
mean AUC.,4 of about 6.8 ng.hr/mL with a standard deviation of about 3.6, a median AUC,.
24 of about 6.6 ng.hr/mL and a geometric mean AUCj.54 of about 5.8 ng-hr/mL and a
coefficient of variation of about 53%;

(e) a Day 21 Az of from about 0.013 hr"' to about 0.102 hr' and preferably a
mean Az of about 0.037 hr? with a standard deviation of about 0.02, a median Az of about

0.03 hr' and a geometric mean Az of about 0.03 hr'! and a coefficient of variation of about
60%;

® a Day 21 C,;, of from about 0.025 to about 0.47 and preferably a mean Cy,, .
of about 0.158 with an SD of about 0.121, a median Cy;;, of about 0.14 and a geometric mean
Cmin 0of about 0.11 and a coefficient of variation of about 77%;

(g) = at Day 14/7 (a ratio of the trough concentration at Day 14 over the trough
concentration at Day 7), a trough concentration geometric mean ratio of about 1.13 with a
90% confidence interval ( “CI”) within a range of between about 0.7 and about 1.7;

(h) at Day 21/14 (a ratio of the trough concentration at Day 21 over the trough
concentration at Day 14), a trough concentration geometric mean ratio of about 0.84 with a
90% confidence interval (“‘CI”’) within a range of between about 0.5 and about 1.3;

@) at Day 22/21 (a ratio of the trough concentration at Day 22 over the trough

SUBSTITUTE SHEET (RULE 26)


ng.hr/mL
ng.hr/mL

WO 2011/008324 PCT/US2010/033245

concentration at Day 21) a trough concentration geometric mean ratio of about 1.12 with a
90% confidence interval (“‘CI”) within a range of between about0.7 and about 1.6;

G) a mean peak imiquimod serum concentration of about 0.488 ng/mL at Day
21;

(k) a Day 21 RAUC of from about 0.6 to about 7 and preferably a mean RAUC
of about 2.2 with a standard deviation of about 1.8, a median RAUC of about 1.8 and a
geometric mean RAUC of about 1.7 and a coefficient of variation of about 81%;

£)) a Day 21 RCray of from about 0.5 to about 5 and preferably a mean RCpax of
about 2.3 with a standard deviation of about 1.6, a median RCyax of about 1.7 and a

geometric mean RC,.x of about 1.8 and a coefficient of variation of about 70%;
(m) a Day 21 LAz of from about 0.006 hr”' to about 0.09 hr' and preferably a
mean LAz of about 0.04 hr' with a standard deviation of about 0.03, a median LAz of

about 0.03 hr”' and a geometric mean LAz of about 0.03 hr' and a coefficient of variation-of
about 69%;

(n) a Day 21 T”q of from about 8 hr to about 111 hr and preferably a mean T?%.g
of about 31 hr with a standard deviation of about 30, a median T”.5of about 22 hr and a
geometric mean T”.q of about 23 hr”' and a coefficient of variation of about 97%;

(o) a Day 21 Cax in female patients about 61% higher in female subjects than in
male subjects (0.676 versus 0.420 ng/mL) and total systemic exposure AUC 0-24 8% higher
in female subjects than in male subjects (7.192 versus 6.651 ng-hr/mL) when data is not dose
normalized;

(p) a Day 21 Cmax in female patients about 35% higher than in male subjects
(0.583 versus 0.431 ng/mL) and AUC 0-24 about 6% lower in female subjects than in male
subjects (6.428 versus 6.858 ng-hr/mL) when using dose normalization to adjust for
differences in dosage and reported without subjects who missed an application of study drug
during the last week of dosing; and/or

(q) a median Ty« Occurring approximately twice as quickly in female subjects (about
6.50 hours) as in male subjects (about 12.0 hours).

[0028] In accordance with the present invention, a mean peak serum concentration is
achieved with a 3.75% lower dosage strength imiquimod formulation of Examples 23-26.
More specifically, a mean peak serum concentration of about 0.488 ng/mL is achieved with a
3.75% lower dosage strength imiquimod formulation of Examples 23-26 after about 9.4 mg

of imiquimod is applied to the affected treatment area each day for up to 8 weeks.

10
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(0029]  Furthermore, this invention provides the following evidence of clinical
efficacy: The wart area decreased by 45% from a mean of 108.3 mm> at baseline to 43.2

mm: at Day 21, e.g., see Table 145. The P value of <.0001 for this change from baseline

indicated a statistically significant (£ 0.050) decrease in wart area after 3 weeks of treatment.

[0030] In accordance with the present invention, a mean peak serum concentration is
achieved with a 3.75% lower dosage strength imiquimod formulation of Examples 23-26.
More specifically, a mean peak serum concentration of about 0.488 ng/ml is achieved with a
3.75% lower dosage strength imiquimod fonnulatilon of Examples 23-26 after about 9.4 mg
of imiquimod is applied to the affected treatment area, i.e., the external genital/perianal warts,
each day until completely cleared or for up to eight weeks.

[0031] In addition, the present invention contemplates lower dosage strength
formulations that are pharmaceutically equivalent, therapeutically equivalent, bioequivalent
and/or interchangeable, regardless of the method selected to demonstrate equivalents or
bioequivalence, such as dermatopharmacokinetic and pharmacokinetic methodologies,
microdialysis, in vitro and in vivo methods and/or clinical endpoints. Thus, the present
invention contemplates lower dosage strength imiquimod formulations that are bioequivalent,
pharmaceutically equivalent and/or therapeutic equivalent, especially, 2.5% and 3.75% lower
dosage strength imiquimod formulations that are bioequivalent, pharmaceutically equivalent
and/or therapeutically equivalent, when used daily in accordance with the short durations of
therapy of the present invention to treat EGWs, e.g., used on treatment areas, on a daily basis
until complete wart clearance or for up to about eight weeks, six weeks, or up to about 4
weeks, optionélly including a rest (no drug application) period.

[0032] Thus, the present invention contemplates: (a) pharmaceutically equivalent
lower dosage strength imiquimod formulations which contain the same amount of imiquimod
in the same dosage form; (b) bioequivalent lower dosage strength imiquimod formulations
which are chemically equivalent and which, when administered to the same individuals in the
same dosage regimens, result in comparable bioavailabilities; (c) therapeutic equivalent lower
dosage strength imiquimod formulations which, when administered to the same individuals in
the same dosage regimens, provide essentially the same efficacy and/or toxicity; and (d)
interchangeable lower dosage strength imiquimod formulations of the present invention
which are pharmaceutically equivalent, bioequivalent and therapeutically equivalent.

[0033] By the term “lower dosage strength(s)”, as used herein, it refers to a

pharmaceutical formulation containing imiquimod in an amount of between about 1.0 percent
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and about 4.25 percent by weight based on the total weight of the formulation and preferably
a pharmaceutical formulation containing imiquimod in an amount of about 2.5% or about
3.75%.

[0034] By the term “short duration(s)” of therapy, as used herein, it refers to the
daily topical application of an effective amount of imiquimod to a defined treatment area
diagnosed with EGWs for a total on-treatment period of up to about 8 weeks, 6 weeks, or 4
weeks, depending upon which lower dosage strength imiquimod formulation of the present
invention is selected for daily application, and more preferably a total on-treatment period of
up to about 8, 6, or 4 weeks to treat EGWSs. In addition, the “short durations” of therapy may
also include an 8 week examination period (no further treatment) following the treatment
period.

[0035] As indicated above, when the short durations of therapy are used in
combination with the lower dosage strength imiquimod formulations of the present invention,
it is surprisingly found that (1) simplified daily dosing regimens can be used, (2) the therapy
is better tolerated than standard therapy with 5% imiquimod (Aldara®), resulting in effective
treatment with lower dosage strength imiquimod formulations without inducing significant
local skin reactions or irritation in the treatment area or treatment limiting adverse events
which could result in premature therapy termination or significant voluntary rest periods of
several days that are generally associated with higher concentrations of imiquimod therapy.
It is also surprisingly found that as much as between about 250 mg of a low dosage strength
imiquimod formulation may be used per application in accordance with the present invention,
especially when the short durations of therapy are used in combination with the low dosage
strength imiquimod formulations of the present invention.

[0036] Also quite surprisingly, the efficacy achieved by the lower dosage strength
imiquimod formulations when used in either of the short durations of therapy, e.g., an up to
8-week treatment regimen, of the present invention for treatment of EGWs as to total
clearance, partial clearance and a reduction in the number of warts is statistically significant
over placebo, e.g., when a 3.75% imiquimod cream is used.

[0037] It should be noted that the efficacy P value that is achieved for a percent
reduction in the number of warts for a 3.75% lower dosage strength imiquimod formulation
versus a 2.5% lower dosage strength imiquimod formulation that is utilized in accordance
with a treatment regimen of the present invention is not always statistically significant.

{0038] It should be understood that the short durations of therapy and lower dosage

strength imiquimod formulations of the present invention are believed to be optimized to treat

/
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EGWs. By “optimized”, it is meant herein that the short durations of therapy and lower
dosage strength imiquimod formulations of the present invention are designed to achieve
efficacy, stability and release rates profiles that are at least essentially equivalent to and linear
with Aldara® 5% imiquimod cream, respectively, but with an improved acceptable safety
profile. In this context, it should be appreciated that the primary efficacy variable used in the
studies of the short durations of therapy and lower dosage strength imiquimod formulations
of the present invention (complete clearance of all warts, both Baseline and newly emerged,
in all assessed anatomic areas) was very conservative (see, e.g., Example 24), when
compared to reported studies of Aldara® 5% imiquimod cream.

[00397, -By the term “acceptable safety profile”, it is meant herein to mean that
treatment of*EGWs with a short duration of therapy and a lower dosage strength imiquimod
formulation in accordance with the present invention, does not cause treatment limiting side
effects or rest periods in an appreciable number of subjects undergoing therapy for EGWs to
a level that causes premature termination of treatment. The term “acceptable safety profile”
also refers to treatment of EGWs with a short duration of therapy and a lower dosage strength
imiquimod formulation of the present invention with a lower subject incidence of application
site reactions as compared with treatment of EGWs with Aldara® 5% imiquimod cream.

[0040] The salient elements of a pharmaceutical formulation according to the present
invention are (a) imiquimod and (b) a fatty acid, e.g., isostearic, palmitic, stearic, linoleic,
unrefined oleic acid or refined oleic acid, such as Super Refined® oleic acid NF (e.g., a highly
purified oleic acid, i.e., an oleic acid which has low polar impurities, such as peroxides, a low
peroxide value and is marketed by CRODA; see e.g., www.crodausa.com) and mixtures
thereof. A pharmaceutical formulation of the invention can be in any form known to the art,
including semil-solid dosage forms, such as a cream, an ointment, a foam, a gel, a lotion or a
pressure-sensitive adhesive composition, each form containing the necessary elements in
particular amounts and further containing various additional elements.

[0041] A cream of the invention contains an effective amount of imiquimod, such as
between about greater than 1 percent and about 4.25 percent by weight of imiquimod, based
on the total weight of the cream; about 5 percent to about 30 percent by weight of fatty acid,
based on the total weight of the cream; and optional ingredients such as emollients,
emulsifiers, thickeners, and/or preservatives.

[0042] An ointment of the invention contains an ointment base in addition to _
imiquimod and fatty acid. An ointment of the invention contains an effective amount of

imiquimod, such as between about greater than 1 percent and about 4.25 percent by weight of
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imiquimod; about 3 percent to about 45 percent, more preferably about 3 percent to about 30
percent by weight fatty acid; and about 40 percent to about 95 percent by weight ointment
base, all weights being based on the total weight of the ointment. Optionally, an ointment of
the invention can also contain emulsifiers, emollients and thickeners.

[0043] A pressure—sensitive adhesive composition of the invention contains
imiquimod, fatty add, and an adhesive. The adhesives utilized in a pressure sensitive
adhesive composition of the invention are preferably substantially chemically inert to
imiquimod. A pressure sensitive adhesive composition of the invention preferably contains
an effective amount of imiquimod, such as between about greater than 1 percent and about
4.25 percent by weight of imiquimod; about 10 percent to about 40 percent by weight, more
preferably of about 15 percent to about 30 percent by weight, and most preferably about 20
percent to about 30 percent by weight of fatty acid; all weights being based on the total
weight of the pressure sensitive adhesive composition.

[0044] Optionally, pressure sensitive adhesive compositions of the invention can
also contain one or more skin penetration enhancers. The total amount of skin penetration
enhancer(s) present in a pressure sensitive adhesive composition of the invention is
preferably about‘3 percent to about 25 percent by weight, and more preferably about 3
percent to about 10 percent by weight based on the total weight of the pressure sensitive -
adhesive composition.

[0045] A pressure-sensitive adhesive coated sheet material of the invention can be
made from a pressure-sensitive adhesive composition of the invention in the form of an
article such as a tape, a patch, a sheet, or a dressing.

[0046] A lower dosage strength formulation of the present invention may be used to
topically and/or transdermally administer an effective amount of imiquimod to effectively
treat EGWs with short durations of therapy and with an acceptable safety profile. Thus,
lower dosage strength formulations according to the present invention can be applied to any
suitable location, for example, topically to dermal,. lip and/or mucosal surfaces. In the case of
dermal application, for example, depending on the concentration, formulation composition,
and dermal surface, the therapeutic effect of imiquimod may extend only to the superficial
layers of the dermal surface or to tissues below the dermal surface. 4

[0047] It should be understood that while lower dosage strength formulations of the
present invention containing, by weight based on the total weight of the formulation, between
about 1% and about 4.25% imiquimod are contemplated, preferably between about 1.5%,
1.75%, 2.0%, 2.25%, 2.5%, 2.75%, 3.0%, 3.25%, 3.5%, 3.75%, 4.0% and 4.25% (between
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about 1.5% and about 4.25%), and even more preferably between about 2.0%, 2.25%, 2.5%,
2.75%, 3.0%, 3.25%, 3.5%, 3.75% and 4.0% (between about 2.0% and about 4.0%), and still
even more preferably between about 2.5%, 2.75%, 3.0%, 3.25%, 3.5% and 3.75% (between
about 2.5% and about 3.75%) are contemplated. Lower dosage strength formulations of the
present invention that contain about 2.5% imiquimod or about 3.75% imiquimod by weight
based on the total weight of the formulation are most preferred. It should also be understood
that lower dosage strength imiquimod formulations of the present invention, which have dose
proportionate release rates as to both the release rates of the imiquimod and the total amount
of imiquimod released, relative to the Aldara® 5% imiquimod cream, are also preferred.

[0048] Thus, it should be understood by those versed in this art that an amount of
imiquimod present in a formulation of the present invention will be an effective amount when
a formulation of the present invention is applied daily in accordance with a short duration of
therapy as described herein to a targeted area diagnosed with EGWs and permitted following
each individual application to remain in contact with the targeted area for a sufficient time to
allow an effective amount of imiquimod to clear such a disease or warts of the disease, to
partially clear the number of warts of such a disease, to reduce the number of warts, to
prevent the recurrence of such a disease without inducing treatment limiting local skin
reactions or adverse events, including unscheduled rest periods caused by sucﬁ treatment
limiting local skin reactions or adverse events, in an appreciable number of people
undergoing treatment. For example, when treating EGWs in accordance with the present
invention, an effective amount will achieve a partial clearance in warts as a targeted endpoint,
e.g., at least about 40% and preferably at least about 50% and more preferably at least about
60% and still more preferably at least about 70% and most preferably at least about a 75%
reduction in the number of warts in the treatment area compared with baseline, or at least
about 60% and preferably at least about 70% and even more preferably at least about 80%
and most preferably at least about 90% median reduction in the number of warts in the
treatment area compared with baseline as a secondary endpoint, or at least about 25%
complete clearance and preferably at least about 30% complete clearance and even more
preferably at least about 35% complete clearance and most preferably at least about 45%
complete clearance of the warts as a primary endpoint. See, e.g., FIGS. 15-36. By “complete
clearance”, as used herein, the term means the absence of clinically visible warts in the
treatment area.

[0049] Results from use of the lower dosage strength imiquimod formulations in

accordance with the short durations of therapy of the present invention demonstrate that
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lower dosage strength imiquimod formulations dosed once daily until complete wart
clearance or for up to an eight week treatment period is effective and well-tolerated
treatments for EGWs. The condensed dosing regimens of the present invention allows for
short treatment periods, minimizing exposure to imiquimod and further supporting an
improved benefit-risk profile, as compared with FDA-approved Aldara® 5% imiquimod
cream 16 week, thrice-weekly therapy.

[0050] Benefits of treatment with the lower dosage strength imiquimod formulations
in accordance with the short durations of therapy of the present invention include complete
clearance or partial clearance (>30%, preferably >40%, preferably >50%, preferably >60%,
even more preferably >70% even more preferably >80% and even more preferably >95%) of
EGWs for a majority of the subjects that are treated. See Example 24.

[0051] While the present invention has identified what it believes to be preferred
concentrations of imiquimod formulations, numbers of applications per week and durations
of therapy, it should be understood by those versed in this art that any effective concentration
of imiquimod in a formulation that delivers an effective amount of imiquimod and any
numbers of application per week during a short duration of therapy, as described herein, that
can effectively treat EGWs, without causing treatment limiting local skin reactions or related

adverse events, including too many rest periods, is contemplated by the present invention.
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[0052] 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
in various combinations. 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

[0053] The foregoing and other objects, advantages and features of the present
invention, and the manner in which the same are accomplished, will become more readily
apparent upon consideration of the following detailed description of the invention taken in
conjunction with the accompanying figure and examples, which illustrate an embodiment,
wherein:

[0054] FIG. 1 shows a schematic representation of a Franz cell;

[0055] FIG. 2 shows a summary of microscope pictures of eight 2.5% w/w
imiquimod formulations, i.e., formulations 113, 246, 247, 248, 249, 251, 252 and 253 (the
formulations continued into the stability program are included for the 1 kg batches in
TABLE 18 and FIG. 9),

[0056] FIG. 3 shows a comparison of the mean cumulative amount of imiquimod
released (pg/cm?2) after about 3 h for the membrane release studies (for all the formulations
selected for Full thickness skin permeation and stability studies) (mean * sd, where n=4);

[0057] FIG. 4 shows a comparison of the average total cumulative report released
(ng/cm?2) after 3 h for each concentration of imiquimod in the formulations that are tested
(mean + sd, where n=4 for 1%, n=16 for 2.5%, n=20 for 3.75% and n=12 for 5%);

[0058] FIG. S shows a total amount of imiguimod that is recovered following mass
balance for each formulation (See also Tables 3540 for statistical analysts) (mean + sd, refer
to Table 34 for n numbers of each sample); '

[0059] FIG. 6 shows a total amount of imiquimod recovered for each formulation in
the receiver fluid, epidermis and dermis combined (mean + sd, refer to Table 34 for n
numbers of each sample);

[0060] FIG. 7 shows a total amount of imiquimod recovered for the averages of
each imiquimod concentration from each of the skin matrices.

[0061] FIGS. 8A-C show microscopic depiction of 13 imiquimod formulations, i.e.,

3M Aldara® imiquimod cream lkg batch, Graceway 3M Aldara® imiquimod cream I kg batch
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and formulations 110, 123, 125, 126, 182, 183, 195, 197, 250, 256 and 257 (=0, 1., 2, 3 and 6
months) - x400 magnification;

[0062] FIG. 9 shows microscopic depiction of placebo formulations Pbol-Pbo4 (=0,
1, 2, 3 and 6 months) - x400 magnification,

[0063] FIGS. 10A-B show microscopic depiction of 10 imiquimod formulations,
i.e., formulations, 116, 117, 254, 120, 235, 188, 189, 184, 255, 124, after 1 month stability
(t=0 and 1 month) - x400 magnification;

[0064] FIG. 11 shows a comparison of the mean amount of imiquimod that is
released (ng/cm2) over a 3 hour period for the 3M Aldara® imiquimod cream lkg batch, the
3M Aldara® imiquimod cream sachet, the Graceway 3M Aldara® imiquimod cream 1 kg
batch and formulation 257, a 1% Imiquimod formulation (mean + sd, where n=4);

[0065] FIG. 12 shows a comparison of the mean amount of imiquimod that is
released (pg/cm®) over a 3 hour period for four 2.5% imiquimod formulations, i.e.,
formulations 110, 123, 125 and 250 (mean + sd, where n=4).

[0066] FIG. 13 shows a comparison of the mean amount of imiquimod that is
released (pg/cm®) over a 3 hour period for five 3.75% imiquimod formulations, i.e.,
formulations 182, 183, 195, 197 and 256 (mean + sd, where n=4); and

[0067] FIG. 14 shows a comparison of the mean amount of imiquimod released
(pg/cmz) over a 3 hour period for the 2.5% (A), 3.75% (*), 3M Aldara® imiquimod cream
batch (W), Graceway Aldara® imiquimod cream 1 kg batch (M) and formulation 257
Imiquimod formulations (W) (mean =+ sd, where n=4).

[0068] FIG. 15 shows complete clearance rates observed in the intent-to-treat (ITT)
population at the end of one study of a lower-dose imiquimod treatment of genital warts.

[0069] FIG. 16 shows complete clearance rates observed in the Per Protocol (PP)
population at the end of one study of a lower-dose imiquimod treatment of genital warts.

[0070] FIG. 17 shows complete clearance rates vs analysis week during the
evaluation period observed in the intent-to-treat (ITT) population in one study of a lower-
dose imiquimod treatment of genital warts.

[0071] FIG. 18 shows complete clearance rates vs analysis week during the
evaluation period observed in the Per Protocol (PP) population in one study of a lower-dose
imiquimod treatment of genital warts.

[0072] FIG. 19 shows partial (>75%) clearance rates observed in the intent-to-treat

(ITT) population at the end of one study of a lower-dose imiquimod treatment of genital
warts.
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[0073] FIG. 20 shows partial (>75%) clearance rates observed in the Per Protocol
(PP) population at the end of one study of a lower-dose imiquimod treatment of genital warts.

[0074] FIG. 21 shows >50% clearance rates observed in the intent-to-treat (ITT)
population at the end of one study of a lower-dose imiquimod treatment of genital warts.

[0075] FIG. 22 shows >50% clearance rates vs analysis week during the evaluation
period observed in the intent-to-treat (ITT) population in one study of a lower-dose
imiquimod treatment of genital warts.

[0076] FIG. 23 shows mean percent change from baseline in wart count vs. analysis
week observed in the intent-to-treat (ITT) population in one study of a lower-dose imiquimod
treatment of genital warts.

{0077} FIG. 24 shows mean local skin reaction sum score by analysis week, safety
population, in one study of a lower-dose imiquimod treatment of genital warts.

[0078] FIG. 25 shows complete clearance rates observed in the intent-to-treat (ITT)
population at the end of one study of a lower-dose imiquimod treatment of genital warts.

[0079] FIG. 26 shows complete clearance rates observed in the Per Protocol (PP)
population at the end of one study of a lower-dose imiquimod treatment of genital warts.

[0080] FIG. 27 shows complete clearance rates vs analysis week during the
evaluation period observed in the intent-to-treat (ITT) population in one study of a lower-
dose imiquimod treatment of genital warts.

[0081] FIG. 28 shows complete clearance rates vs analysis week during the
evaluation period observed in the Per Protocol (PP) population in one study of a lower-dose
imiquimod treatment of genital warts.

[0082] FIG. 29 shows partial (>75%) clearance rates observed in the intent-to-treat
(ITT) population at the end of one study of a lower-dose imiquimod treatment of genital
warts.

[0083] FIG. 30 shows partial (>75%) clearance rates observed in the Per Protocol
(PP) population at the end of one study of a lower-dose imiquimod treatment of genital warts.

[0084] FIG. 31 shows >50% clearance rates observed in the intent-to-treat (ITT)
population at the end of one study of a lower-dose imiquimod treatment of genital warts.

[0085] FIG. 32 shows >50% clearance rates vs analysis week during the evaluation
period observed in the intent-to-treat (ITT) population in one study of a lower-dose

imiquimod treatment of genital warts.
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[0086] FIG. 33 shows mean percent change from baseline in wart count vs. analysis
week observed in the intent-to-treat (ITT) population in one study of a lower-dose imiquimod
treatment of genital warts. '

[0087) FIG. 34 shows mean local skin reaction sum score by analysis week, safety
population, in one study of a lower-dose imiquimod treatment of genital warts.

[0088] FIG. 35 shows mean serum concentrations of imiquimod and imiquimod
metabolites on Day 1 (linear and semi-log scale).

[0089] FIG. 36 shows mean serum concentrations of imiquimod and imiquimod

metabolites on Day 21 (linear and semi-log scale).

DETAILED DESCRIPTION OF THE INVENTION

[0090] By way of illustrating and providing a more complete appreciation of the
present invention and many of the attendant advantages thereof, the following detailed
description and examples are given concerning the novel methods and compositions.

[0091] In one aspect, the present invention relates to a pharmaceutical composition
comprising imiquimod and a pharmaceutically acceptable vehicle for imiquimod, which
vehicle comprises a fatty acid. While the present invention may be embodied in many
different forms, several specific embodiments are discussed herein with the understanding
that the present disclosure is to be considered only as an exemplification of the principles of
the invention, and it is not intended to limit the invention to the embodiments described or
illustrated.

[0092] As used in the specification and claims, the phrase “substantially less-
irritating” designates formulations that do not cause unacceptable skin irritation in
conventional repeat skin irritation tests in albino rabbits such as that described in Draize et
al., “Appraisal of the Safety of Chemicals in Food, Drugs and Cosmetics”, prepared by the
Division of Pharmacology of the Food and Drug Administration, published originally in 1959
by the Association of Food and Drug
Officials of the United States, Topeka, Kans. (2nd printing 1965), incorporated herein by
reference.

[0093] Unless otherwise indicated, all numbers expressing quantities, ratios, and
numerical properties of ingredients, reaction conditions, and so forth used in the specification
and claims are to be understood as being modified in all instances by the term “about”.

[0094] All parts, percentages, ratios, etc. herein are by weight unless indicated

otherwise. As used herein, the singular forms “a” or “an” or “the” are used interchangeably
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and intended to include the plural forms as well and fall within each meaning, unless
expressly stated otherwise. Also as used herein, “at least one” is intended to mean “one or
more” of the listed element. Singular word forms are intended to include plural word forms
and are likewise used herein interchangeably where appropriate and fall within each meaning,
unless expressly stated otherwise. Except where noted otherwise, capitalized and non-
capitalized forms of all terms fall within each meaning.

[0095] By the term “bioequivalence or bioequivalent”, as used herein, it refers to
lower dosage strength formulations in which they are pharmaceutically equivalent and their
or amount are similar to such a degree that their therapeutic effects, as to safety and efficacy,
are essentially the same. In other words, bioequivalence or bioequivalent means the absence
of a significant difference in the rate and extent to which imiquimod becomes available from
such formulations at the site of imiquimod action when administered at the same molar dose
under similar conditions, e.g., the rate at which imiquimod can leave such a formulation and
the rate at which imiquimod can either cross the stratum comeum and/or become available at
the site of action to treat external genital or perineal warts (EGWs). In other words, there is a
high degree of similarity in the bioavailabilities of two imiquimod pharmaceutical products
(of the same galenic form) from the same molar dose, that are unlikely to produce clinically
relevant differences in therapeutic effects, or adverse reactions, or both. The terms
“bioequivalence”, as well as “pharmaceutical equivalence” and “therapeutic equivalence” are
also used herein as defined and/or used by (a) the FDA, (b) the Code of Federal Regulations
(“C.F.R.”), Title 21, and/or (c) Health Canada.

[0096] By the term “bioavailability or bioavailable”, as used herein, it means
generally the rate and extent of absorption of imiquimod into. the systemic circulation and,
more specifically, the rate or measurements intended to reflect the rate and extent to which
imiquimod becomes available at the site of action or is absorbed from a drug product and
becomes available at the site of action. In other words, and by way of example, the extent
and rate of imiquimod absbrption from a lower dosage strength formulation of the present
invention as reflected by a time-concentration curve of imiquimod in systemic circulation.

(0097] By “pharmaceutical equivalence or pharmaceutically equivalent”, as used
herein, it refers to lower dosage strength imiquimod formulations of the present invention that
contain the same amount of imiquimod, in the same dosage forms, but not necessarily

containing the same inactive ingredients, for the same route of administration and meeting the
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same or comparable compendia or other applicable standards of identity, strength, quality,
and purity, including potency and, where applicable, content uniformity and /or stability.

[0098] By “therapeutic equivalence or therapeutically equivalent”, it is meant herein
to mean those lower dosage strength imiquimod formulations which (a) will produce the
same clinical effect and safety profile when practicing the short durations of therapy to treat
EGW:s in accordance with the present invention and (b) are pharmaceutical equivalents, e.g.,
they contain imiquimod in the same dosage form, they have the same route of administration;
and they have the same imiquimod strength. In other words, therapeutic equivalence means
that a chemical equivalent of an imiquimod lower dosage strength imiquimod formulation of
the present invention (i.e., containing the same amount of imiquimod in the same dosage
form) when administered to the same individuals in the same dosage regimen will provide
essentially the same efficacy and toxicity.

[0099] By “Tmax’, it is meant herein to mean the time when the maximum
imiquimod serum concentration is reached at steady state following topical application of a
lower dosage strength imiquimod formulation of the present invention, i.e., when the rate of
imiquimod absorption equals the rate of imiquimod elimination. In other words, the time that
Chax is observed for imiquimod.

[0100] By “Cpma’, it is meant herein to refer to the maximum imiquimod serum
concentration that is reached at steady state following topical application of a lower dosage
strength imiquimod formulation of the present invention, i.e., when the rate of imiquimod
" absorption equals the rate of imiquimod elimination. In other words, it is the maximum
serum concentration; the highest serum concentration observed during the imiquimod dosing
or sampling interval.

[0101] By “Cpin”, it is meant herein to refer to the minimum measurable imiquimod
serum concentration; e.g., imiquimod serum concentration that is observed immediately prior
to dosing on Days 7, 14, 21 and 22 (24 hours post-dose).

[0102] By “T).”, it is meant herein to mean the time required for half of the quantity
of maximum imiquimod serum concentration to be eliminated once steady state is achieved
following topical application of a lower dosage strength imiquimod formulation of the
present invention. For example, the apparent elimination half-life for imiquimod, that is
calculated as about 0.693/1, in accordance with Example 24.

[0103] ; By “AUCy.,4”, it is meant herein to mean the area under the serum
imiquimod concentration versus a 24 hour time curve following topical application of a lower

dosage strength-imiquimod formulation of the present invention, i.e., a measure of imiquimod
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exposure over a 24 hour period. For example, the area under the imiquimod serum
concentration versus time curve, from O to 24 hours, that is calculated using the linear
trapezoid rule or extrapolated to 24 hours in cases where reportable values are not obtainable
up to that time point. '

[0104] By “AUC,.”, it is meant herein to mean the area under the imiquimod serum
concentration versus time curve, from 0 to the time of the last non-zero concentration on Day
1; that is calculated using the linear trapezoid rule.

[0105) By “Rauyc’, it is meant herein to mean the accumulation ratio; that are
calculated as the AUCy.,4 value during multiple-imiquimod dose administration divided by
the AUCy.y4 value following the first dose (i.e., Day 21/Day 1); or the accumulation ratios
that are calculated for an imiquimod metabolite only if sufficient non-zero time points are
available to reasonably estimate AUC.,4.

[0106] By “AUCq.inf”, it is meant herein to mean the area under the imiquimod
serum concentration versus time curve, from 0 to infinity; AUCy.;ys that is calculated on Day
1 as AUC(p.inf) = AUC(g) + Ct/K (where C, = the fitted last non-zero concentration, AUCy.,
= the AUC from time zero to the time of the last non-zero concentration and K. = the
elimination rate constant).

[0107) By “Rcmax”, it is meant herein to mean the accumulation ratio; calculated as
the Chax value during multiple-dose administration divided by the Cp. value following the
first dose (i.e., Day 21/Day 1).

[0108] By “A; erF’, it is meant herein to mean the effective elimination rate constant,

calculated as —In(1-1/Rayc)/tau.

[0109] By “Tin erf’, it is meant herein to mean the effective half-life for
accumulation; calculated as 0.693/A, grr.

[0110]) By “Az”, it is meant to refer to an elimination rate constant, i.e., the rate at
which imiquimod disappears from the site of measurement once steady state is achieved
following topical application of a lower dosage strength imiquimod formulation of the
present invention. In other words, the apparent elimination rate constant; that is calculated
using linear regression on the terminal portion of the In concentration versus time profile.

[0111]) By “geometric mean”, it refers a statistical average of a set of transformed
numbers often used to represent a central tendency in highly variable data. It is calculated

from data transformed using powers or logarithms and then transformed back to original

scale after averaging.
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[0112] By “geometric mean ratio”, it refers to a ratio of two geometric means, where
the “geometric LS mean test” is the numerator of the geometric mean ratio, and the
“geometric LS mean reference” is the denominator of the geometric mean ratio.

By “RH”, it refers herein to relative humidity.

By “cPs, it refers herein to centipoise.

By “h”, it refers herein to hours.

By “ITT’“, it refers to an intent-to-treat population.

By “Pbo, it refers to placebo.

By “EOS”, it refers to End of Study.

By “V”, it refers to vehicle.

By “AE”, it refers herein to adverse events.

[0113] The present invention provides pharmaceutical formulations such as creams,
ointments, foams, gels, lotions and adhesive coatings that contain imiquimod and a fatty acid
such as isostearic, linoleic, unrefined oleic acid, refined oleic acid, such as Super Refined®
oleic acid NF (e.g., a highly purified oleic acid, i.e., an oleic acid which has low polar
impurities, such as peroxides, a low peroxide value and is marketed by CRODA; see e.g.,
www.crodausa.com) and mixtures thereof. The formulations of the invention provide
desirable skin penetrability of the imiquimod.

[0114] The compound imiquimod is a known antiviral agent that is also known to
induce interferon biosynthesis. It can be prepared using the method disclosed in U.S. Pat.
No. 4,689,338, the disclosure of which is incorporated herein by reference in its entirety. The
compound can be used to treat external genital and perineal wart (EGWs). The amount of
imiquimod present in a formulation of the present invention will be an effective amount to
treat EGWs to achieve total wart clearance or partial wart reduction or clearance, to prevent
the recurrence of such a disease and/or to promote immunity against such a disease with an
acceptable safety profile. An example of an effective amount of imiquimod in a formulation
of the present invention is between about 1.0 percent and about 4.25 percent by weight based
on the total weight of a formulation, more preferably between about 1.5%, 1.75%, 2.0%,
2.25%, 2.5%, 2.75%, 3.0%, 3.25%, 3.5%, 3.75%, 4.0% and 4.25% (between about 1.5% and
about 4.25%), even more preferably between about 2.0%, 2.25%, 2.5%, 2.75%, 3.0%, 3.25%,
3.5%, 3.75% and 4.0% (between about 2.0% and about 4.0%), and still even more preferably
between about 2.5%, 2.75%, 3.0%, 3.25%, 3.5% and 3.75% (between about 2.5% and about

3.75%). Imiquimod formulations of the present invention that contain about 2.5% imiquimod
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or about 3.75% imiquimod by weight based on the total weight of the formulation are most
preferred.

[0115] Likewise, a shortened period or duration, as contemplated by the present

- invention, will be for reduced periods of time effective to treat EGWs as discussed herein

above, e.g., up to eight weeks or less, again depending upon the lower dosage strength
imiquimod formulation of the present invention that is selected for daily application, or up to
six weeks or less or up to four weeks or less. By way of example, short periods of treatment
with lower dosage strength imiquimod formulations for treating EGWs, include:

applying an effective amount of imiquimod, such as via the lower dosage strength

imiquimod formulations of the present invention to the area affected with EGWs, as

follows: applying an effective amount once per day to the wart treament area until

complete clearance is achieved, for example, between about 28 doses and 56 doses

applied once per day, such as applying an effective amount once per day up to about

eight weeks or less, up to about six weeks or less, or up to about four weeks or less to

thereby treat EGWs.

[0116] A fatty acid such as isostearic acid, palmitic acid, stearic acid, linoleic acid,
refined oleic acid, such as Super Refined® oleic acid NF (e.g., a highly purified oleic acid,
i.e., an oleic acid which has low polar impurities, such as peroxides, a low peroxide value and

is marketed by CRODA; see e.g., www.crodausa.com), an unrefined oleic acid blended with

effective amounts of antioxidants or mixtures thereof are incorporated into formulations of
the present invention. The total amount of fatty acid present in a formulation is preferably
between about 3 percent and about 45 percent by weight based on the total weight of a
formulation. It should be understood that when oleic acid is selected as a fatty acid, that
stability may present issue. Thus, stabilizers, such as anti-oxidants and the like, may be
required to preserve pharmaceutical elegance and stability over the life of the oleic acid
formulation.

(0117] A pharmaceutical formulation of the invention can be in a form such as a
cream, an ointment, a foam, a gel, a lotion, a pressure-sensitive adhesive composition, or
other forms known to those skilled in the art, each particular form containing imiquimod and
fatty acid in particular amounts, and optionally containing various additional elements. The
preferred amounts of drug and fatty acid, and the amounts and types of optional elements
used in formulations of the invention are discussed below with particular reference to creams,

ointments and adhesive compositions.
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[0118] A cream according to the invention contains 1-isobutyl-1H-imidazo[4,5-
c]quinolin-4-amine and fatty acid. '

[0119] The amount of 1-isobutyl-1H-imidazo[4,5-c]-quinolin-4-amine present in a
cream is preferably about 0.5 percent to about 9 percent by weight, and more preferably
about 1 percent to about 5 percent by weight, and more preferably about 2.5% to about
3.75%, based on the total weight of the cream.

[0120] The total amount of fatty acid present in a cream of the invention is
preferably about 3 percent to about 45 percent by weight, and more preferably about 5
percent to about 25 percent by weight, based on the total weight of the cream.

[0121] Optionally, a cream of the present invention can contain emollients,
emulsifiers, thickeners, and/or preservatives.

[0122] Emollients such as long chain alcohols, e.g., cetyl alcohol, stearyl alcohol and
cetearyl alcohol; hydrocarbons such as petrolatum and light mineral oil; or acetylated lanolin
can be included in a cream of the invention. A cream can contain one or more of these
emollients. The total amount of emollient in a cream of the invention is preferably about 5
percent to about 30 percent, and more preferably about 5 percent to about 10 percent by
weight based on the total weight of the cream.

[0123] Emulsifiers such as nonionic surface active agents, e.g., polysorbate 60
(available from ICI Americas), sorbitan monostearate, polyglyceryl-4 oleate, and
polyoxyethylene(4)lauryl ether or trivalent cationic a cream of the invention. A cream can
contain one or more emulsifiers. Generally the total amount of emulsifier is preferably about
2 percent to about 14 percent, and more preferably about 2 percent to about 6 percent by
weight based on the total weight of the cream. ‘

[0124] Pharmaceutically acceptable thickeners, such as Xanthum gum, Guar gum,
Veegum gum ™K (available from R. T. Vanderbilt Company, Inc.), and long chain alcohols
(i.e. cetyl alcohol, stearyl alcohol or cetearyl alcohol) can be used. A cream can contain one
or more thickeners. The total amount of thickener present is preferably about 3 percent to
about 12 percent by weight based on the total weight of the cream.

[0125] Preservatives such as methylparaben, propylparaben and benzyl alcohol can
be present in a cream of the invention. The appropriate amount of such preservative(s) is
known to those skilled in the art.

[0126] Optionally, an additional solubilizing agent such as benzyl alcohol, lactic
acid, acetic acid, stearic acid, s?llicylic acid, any alpha-hydroxy acid such as glycolic acid, or

hydrochloric acid can be included in a cream of the invention.
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[0127] If an additional solubilizing agent is used, the amount present is preferably
about 1 percent to about 12 percent by weight based on the total weight of the cream.

[0128] Optionally, a cream of the invention can contain a humectant such as
glycerin, skin penetration enhancers such as butyl stearate, and additional solubilizing agents.

[0129] Generally, a cream 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
about 45 percent to about 85 percent by weight based on the total weight of the cream. The
oil phase of a cream of the invention can be prepared by first combining the 1-isobutyl-1H-
imidazo[4,5-c]quinolin-4-amine or 1-(2-methylpropyl)-1H-imidazo [4,5-c]quinolin-4-amine
and the fatty acid (if the cream contains benzyl alcohol it can also be added at this point) and
heating with occasional stirring to a temperature of about 50°C. to 85°C. When the 1-
-isobutyl-1H—imidazo[4,5-c]quinolin—4- amine or 1-(2-methylpropyl)-1H-imidazo[4,5-
c]quinolin-4-amine appears to be completely dissolved, the remaining oil phase ingredients
are added and heating is continued until dissolution appears to be complete.

[0130] The water phase can be prepared by combining all other ingredients and
heating with stirring until dissolution appears to be complete.

[0131] The creams of the invention are generally prepared by adding the water phase
to the oil phase with both phases at a temperature of about 65°C to 75°C. The resulting
emulsion is mixed with a suitable mixer apparatus to give the desired cream.

[0132] An ointment of the invention contains an ointment base in addition to 1-
isobutyl-1H-itnidazo[4,5-c]quinolin-4-amine and fatty acid.

[0133] The amount of 1-isobutyl-1H-imidazo[4,5-c]-quinolin-4-amine present in an
ointment of the invention is preferably about 0.5 percent to about 9 percent, and more
preferably about 0.5 percent to about 5 percent by weight based on the total weight of the
ointment.

[0134] The total amount of fatty acid present in an ointment of the invention is
preferably about 3 percent to about 45 percent, and more preferably about 3 percent to about
25 percent based on the total weight of the ointment.

[0135] A 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 about 60 percent to about 95 percent by

weight based on the total weight of ointment.
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[0136] Optionally, an ointment of the invention can also contain emollients,
emulsifiers and thickeners. The emollients, emulsifiers, and thickeners and the preferred
amounts thereof described above in connection with creams are also generally suitable for
use in an ointment of the invention.

[0137] An ointment according to the invention can be prepared by combining 1-
isobutyl-1H-imidazo[4,5-c]quinolin-4-amine with fatty acid and heating with occasional
stirring to a temperature of about 65°C. When the 1-isobutyl-1H-imidazo[4,5-c]-quinolin-4-
amine or 1-(2-methylpropyl)-1H-imidazo[4,5-c]quinolin-4-amine appears to be completely
dissolved, the remaining ingredients are added and heated to about 65.°C. The resulting
mixture is mixed with a suitable mixer while being allowed to cool to room temperature.

[0138] A pressure-sensitive adhesive composition of the invention contains 1-
isobutyl;lH imidazo [4,5-c]}-quinolin-4-amine or 1-(2-methylpropyl)-lH-imidazo[4,5-
c]quinolin-4-amine, fatty acid, and a pressure sensitive adhesive polymer.

[0139] The amount of 1-isobutyl-1AH-imidazo[4,5-c]-quinolin-4-amine or 1-(2-
methylpropyl)-1 H-imidazo[4,5-c]quinolin-4-amine present in a pressure sensitive adhesive
composition of the invention is preferably about 0.5 percent to about 9 percent by weight, and
more preferably about 3 percent to about 7 percent by weight based on the total weight of the
adhesive composition. The amount of fatty acid present is preferably about 10 percent to
about 40 percent by weight, more preferably about 15 percent to about 30 percent by weight,
and most preferably about 20 percent to about 30 percent by weight, based on the total weight
of the adhesive composition.

[0140] Preferably, the adhesive polymer utilized in a pressure sensitive adhesive
composition of the invention is substantially chemically inert to 1-isobutyl-1H-imidazo[4,5-
c]-quinolin4-amine or 1-(2-methylpropyl)-1H-imidazo[4,5-c]quinolin-4-amine. The
adhesive polymer is preferably present in an amount of about 55 percent to about 85 percent
by weight based on the total weight of the composition. Suitable adhesive polymers include
acrylic adhesives that contain, as a major constituent (i.e., at least about 80 percent by weight
of all monomers in the polymer), a hydrophobic monomeric acrylic or methacrylic acid ester
of an alkyl alcohol, the alkyl alcohol containing 4 to 10 carbon atoms. Examples of suitable
monomers are those discussed below in connection with the “A Monomer”. These adhesive
polymers can further contain minor amounts of other monomers such as the “B Monomers”
listed below.

[0141] Preferred adhesives include acrylic pressure-sensitive adhesive copolymers

containing A and B Monomers as follows: Monomer A is a hydrophobic monomeric acrylic
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or methacrylic acid ester of an alkyl alcohol, the alkyl alcohol containing 4 to 10 carbon
atoms, preferably 6 to 10 carbon atoms, more preferably 6 to 8 carbon atoms, and most
preferably 8 carbon atoms. Examples of suitable A Monomers are n-butyl, n-pentyl, n-hexyl,
isoheptyl, n-nonyl, n-decyl, isohexyl, 2-ethyloctyl, isooctyl and 2-ethylhexyl acrylates. The
most preferred A Monomer is isoqctyl acrylate.

[0142] Monomer B is a reinforcing monomer selected from the group consisting of
acrylic acid; methacrylic acid; alkyl acrylates and methacrylates containing 1 to 3 carbon
atoms in the alkyl group; acrylamide; methacrylamide; lower alkyl-substituted acrylamides
(i.e., the alkyl group containing 1 to 4 carbon atoms) such as tertiary-butyl acrylamide;
diacetone acrylamide; n-vinyl-2-pyrrolidone; vinyl ethers such as vinyl tertiary-butyl ether;
substituted ethylenes such as derivatives of maleic anhydride, dimethyl itaconate and
monoethyl formate and vinyl perfluoro-n-butyrate. The preferred B Monomers are acrylic
acid, methacrylic acid, the above-described alkyl acrylates and methacrylates, acrylamide,
methacrylamide, and the above-described lower alkyl substituted acrylamides. The most
preferred B Monomer is acrylamide.

[0143] In one embodiment of a pressure-sensitive adhesive composition of the
invention, the pressure-sensitive adhesive copolymer containing A and B Monomers as set
forth above preferably contains the A Monomer in an amount by weight of about 80 percent
to about 98 percent of the total weight of all monomers in the copolymer. The A Monomer is
more preferably present in an amount by weight of about 88 percent to about 98 percent, and
is most preferably present in an amount by weight of about 91 percent to about 98 percent.
The B Monomer in such a copolymer is preferably present in the pressure-sensitive adhesive
copolymer in an amount by weight of about 2 percent to about 20 percent, more preferably
about 2 percent to about 12 percent, and most preferably 2 to 9 percent of the total weight of
the monomers in the copolymer.

[0144] In another embodiment of a pressure-sensitive adhesive composition of the
invention, the adhesive copolymer comprises about 60 to about 80 percent by weight (and
preferably about 70 to about 80 percent by weight) of the above-mentioned hydrophobic
monomeric acrylic or methacrylic acid ester of an alkyl alcohol (i.e., Monomer A described
above) based on the total weight of all monomers in the copolymer; about 4 to about 9
percent by weight based on the total weight of all monomers in the copolymer of a
reinforcing monomer selected from the group consisting of acrylic acid, methacrylic acid, an
alkyl acrylate or methacrylate containing 1 to 3 carbon atoms in the alkyl group, acrylamide,

methacrylamide, a lower alkyl-substituted acrylamide, diacetone acrylamide and N-vinyl-2-
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pyrrolidone; and about 15 to about 35 percent by weight (and preferably about 15 to about 25
percent by weight) of vinyl acetate based on the total weight of all monomers in the
copolymer. In this embodiment the preferred acrylic or methacrylic acid ester is isooctyl
acrylate and the preferred reinforcing monomer is acrylamide.

[0145] The above described adhesive copolymers are known, and methods of
preparation therefore are well known to those skilled in the art, having been described for
example, in U.S. Pat. No. 24,906 (Ulrich), the disclosure of which is incorporated herein by
reference. The polymerization reaction can be carried out using a free radical initiator such
as an organic peroxide (e.g., benzoylperoxide) or an organic azo compound (e.g., 2,2’-
azobis(2,4-dimethylpentanenitrile), available under the trade designation “Vazo 52” from
DuPont).

[0146] Since pressure-sensitive adhesives such as those described above are
inherently rubbery and tacky and are suitably heat and light stable, there is no need to add
tackifiers or stabilizers. However, such can be added if desired.

[0147] Optionally, a pressure sensitive adhesive composition of the invention can
also contain one or more skin penetration enhancers such as glyceryl monolaurate, ethyl
oleate, isopropyl myristate, diisopropyl adipate and N,N-dimethyldodecylamine-N-oxide,
either as a single ingredient or as a combination of two or more ingredients. The skin
penetration enhancer(s) preferably form a substantially homogeneous mixture with the
pressure sensitive adhesive polymer or copolymer. The total amount of skin penetration
enhancer(s) present in a pressure sensitive adhesive composition of the invention is
preferably about 3 percent to about 25 percent by weight, more preferably about 3 percent to
about 10 percent by weight based on the total weight of the adhesive composition.

[0148] When the skin penetration enhancer is a single ingredient, it is preferably a
skin penetration enhancer such as isopropyl myristate, diisopropyl adipate, ethyl oleate, or
glyceryl monolaurate.

[0149] When a combination skin penetration enhancer is used, it is preferably a
combination such as: ethyl oleate with glyceryl monolaurate; ethyl oleate with N,N-
dimethyldodecylamine-N-oxide; glyceryl monolaurate with N,N-dimethyldodecylamine-N-
oxide; and ethyl oleate with both glyceryl monolaurate and N,N-dimethyldodecylamine-N-
oxide.

[0150] A pressure-sensitive adhesive composition of the invention can be prepared
by combining dry adhesive, 1-isobutyl-1H-imidazo[4,5-c]quinolin-4-amine, fatty acid, and

skin penetration enhancer(s) with an organic solvent. The preferred organic solvents are
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methanol and ethyl acetate. The total solids content of the adhesive coating is preferably in
the range of about 15 percent to about 40 percent, and more preferably in the range of about
20 to about 35 percent based on the total weight of the adhesive coating. The resulting
mixture is shaken or mixed for a period of about 20 to 72 hours. When this method is used it
is preferred that the 1-isobutyl-1H-imidazo[4,5-c}-quinolin-4-amine be in micronized form
(i.e., particle size of 1-2 microns in diameter). Optionally, the mixture can be heated during
shaking.

[0151] In a preferred method, the 1-isobutyl-1H-imidazo[4,5-c]}-quinolin-4-amine or
1-(2- methylpropyl)-1H-imidazo[4,5-c]quinolin-4-amine is combined with the fatty acid and
shaken at 40°C until there appears to be complete dissolution. The remaining ingredients are
added and the mixture is shaken for a period of about 20 to 72 hours.

[0152) The pressure-sensitive adhesive compositions described above are preferably
coated onto one surface of a suitable backing of sheet material, such as a film, to form a
pressure-sensitive adhesive coated sheet material. A pressure-sensitive adhesive coated sheet
material of the invention can be prepared by knife coating a suitable release liner to a
predetermined uniform thickness with a wet adhesive formulation. This adhesive coated
release liner is then dried and laminated onto a backing using conventional methods. Suitable
release liners include conventional release liners comprising a known sheet material, such as
a polyester web, a polyethylene web, or a polystyrene web, or polyethylene-coated paper,
coated with a suitable silicone-type coating such as that available under the trade designation
Daubert 164Z, from Daubert Co. The backing can be occlusive, non-occlusive or a
breathable film as desired. The backing can be any of the conventional materials for
pressure-sensitive adhesive tapes, such as polyethylene, particularly low density
polyethylene, linear low density polyethylene, high density polyethylene, randomly-oriented
nylon fibers, polypropylene, ethylene-vinylacetate copolymer, polyurethane, rayon and the
like. Backings that are layered, such as polyethylene-aluminum-polyethylene composites are
also suitable. The backing should be substantially non-reactive with the ingredients of the
adhesive coating. The presently preferred backing is low density polyethylene.

[0153] The pressure-sensitive adhesive coated sheet material of the invention can be
made in the form of an article such as a tape, a patch, a sheet, a dressing or any other form
known to those skilled in the art.

[0154] Preferably, an article in the form of a patch is made from an adhesive coated

sheet material of the invention and applied to the skin of a mammal. The patch is replaced as
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necessary with a fresh patch to maintain the particular desired therapeutic effect of the
1-isobutyl-1H-imidazo[4,5-c]quinolin-4-amine.

[0155] The inherent viscosity values reported in the examples below were obtained
by the conventional method used by those skilled in the art. The measurement of the
viscosity of dilute solutions of the adhesive, when compared to controls run under the same
conditions, clearly demonstrates the relative molecular weights. It is the comparative values
that are significant; absolute figures are not required. In the examples, the inherent viscosity
values were obtained using a Cannon-Fenske #50 viscometer to measure the flow time of 10
ml of a polyﬁler solution (0.2 g polymer/deciliter tetrahydrofuran, in a water bath controlled
at 25°C.). The examples and the controls were run under identical conditions. The test
procedure followed and the apparatus used are explained in detail in the Textbook of Polymer
Science, F. W. Billmeyer, Wiley-Interscience, 2nd Edition, 1971 under: Polymer chains and
their characterization, D. Solution Viscosity and Molecular Size, pp 84-85, the disclosure and

 textbook of which is incorporated by reference.

[0156] As indicated herein above, and in accordance with the present invention, the
present invention contemplates bioequivalent or interchangeable lower dosage strength
imiquimod formulations. By way of an example, bioequivalent or interchangeable 3.75%
lower dosage strength imiquimod topical formulations, aé contemplated by the present
invention, include those 3.75% imiquimod formulations that have comparable in-vivo serum
profiles, i.e., wherein the following in-vivo parameters are either the same or may vary up to
about +£25% or more, when such 3.75% formulations are topically administered daily to the
same individuals in the same dosage regimen in accordance with the short durations of
therapy of the present invention:

[0157] By way of example, a 3.75% imiquimod lower dosage strength formulation
of the present invention, when approximately 250 mg of such a formulation (about 9.375 mg
imiquimod) or less is applied daily for 21 days to EGWs in the genital/perianal area with a
total wart area of greater than or equal to 100 mm?, achieves steady state by about Day 7, and
provides an in-vivo serum profile selected from one or more of the following:

(a) a Day 21 mean T, of about 9.7 hours with a standard deviation (“SD”) of
about 4.0, a median Tp.x of about 12 hours and a geometric mean Ty, of about 8.3 hours and
a coefficient of variation (““CV”") of about 41%;

(b) a Day 21 mean Cp,, of about 0.488 ng/ml with a standard deviation of about
0.368, a median Cpax of about 0.45 and a geometric mean Cpax of about 0.39 ng/mL and a

coefficient of variation of about 75%;
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(c) a Day 21 Ty, of from about 6.8 to about 54 hours and preferably a mean Ty of
about 24.1 hours with a standard deviation of about 12, a median Ty of about 22.8 hours and
a geometric mean Ty, of about 21 hours and a coefficient of variation of about 51%;

(d) a Day 21 AUC;.y4 of from about 1.9 to about 14 ng-hr/mL and preferably a
mean AUC;.,4 of about 6.8 ng.hr/mL with a standard deviation of about 3.6, a median AUC,.
24 of about 6.6 ng.hr/mL and a geometric mean AUC,.,4 of about 5.8 ng-hr/mL and a
coefficient of variation of about 53%;

(e) a Day 21 Az of from about 0.013 hr' to about 0.102 hr' and preferably a
mean Az of abouf 0.037 hr' with a standard deviation of about 0.02, a median Az of about

0.03 hr' and a geometric mean Az of about 0.03 hr'! and a coefficient of variation of about
60%;

® a Day 21 Cy,;, of from about 0.025 to about 0.47 and preferably a mean Cpin
of about 0.158 with an SD of about 0.121, a median Cy,;, of about 0.14 and a geometric mean
Cnain of about 0.11 and a coefficient of variation of about 77%;

(8 at Day 14/7 (a ratio of the trough concentration at Day 14 over the trough
concentration at Day 7), a trough concentration geometric mean ratio of about 1.13 with a
90% confidence interval ( “CI”) within a range of between about 0.7 and about 1.7;

(h) at Day 21/14 (a ratio of the trough concentration at Day 21 over the trough
concentration at Day 14), a trough concentration geometric mean ratio of about 0.84 with a
90% confidence interval (“CI”) within a range of between about 0.5 and about 1.3;

@) at Day 22/21 (a ratio of the trough concentration at Day 22 over the trough
concentration at Day 21) a trough concentration geometric mean ratio of about 1.12 with a
90% confidence interval (“CI”) within a range of between about0.7 and about 1.6;

()] a mean peak imiquimod serum concentration of about 0.488 ng/mL at Day
21;

k) a Day 21 RAUC of from about 0.6 to about 7 and preferably a mean RAUC
of about 2.2 with a standard deviation of about 1.8, a median RAUC of about 1.8 and a
geometric mean RAUC of about 1.7 and a coefficient of variation of about 81%;

1)) a Day 21 RCpax of from about 0.5 to about 5 and preferably a mean RCp,ax of
about 2.3 with a standard deviation of about 1.6, a median RCpa of about 1.7 and a
geometric mean RCp,, of about 1.8 and a coefficient of variation of about 70%;

(m)  aDay 21 LAzeg of from about 0.006 hr'' to about 0.09 hr' and preferably a
mean LAz of about 0.04 hr' with a standard deviation of about 0.03, a median LAz of

33

SUBSTITUTE SHEET (RULE 26)


ng.hr/mL
ng.hr/mL

WO 2011/008324 PCT/US2010/033245

about 0.03 hr' and a geometric mean LAz of about 0.03 hr' and 4 coefficient of variation of
about 69%;

(n) a Day 21 T".q of from about 8 hr to about 111 hr and preferably a mean T .
of about 31 hr with a standard deviation of about 30, a median T%.qof about 22 hr and a
geometric mean T*,g of about 23 hr' and a coefficient of variation of about 97%;

(0)  aDay 21 Cpy in female patients about 61% higher in female subjects than in
male subjects (0.676 versus 0.420 ng/mL) and total systemic exposure AUC 0-24 8% higher
in female subjects than in male subjects (7.192 versus 6.651 ng-hr/mL) when data is not dose
normalized;

(p) a Day 21 Cmax in female patients about 35% higher than in male subjects
(0.583 versus 0.431 ng/mL) and AUC 0-24 about 6% lower in female subjects than in male
subjects (6.428 versus 6.858 ng-hr/ml) when using dose normalization to adjust for
differences in dosage and reported without subjects who missed an application of study drug
during the last week of dosing; and/or

(q) a median Tma,; occurring approximately twice as quickly in female subjects (about
6.50 hours) as in male subjects (about 12.0 hours).

[0158] In accordance with the present invention, a mean peak serum concentration is
achieved with a 3.75% lower dosage strength imiquimod formulation of Examples 23-26.
More specifically, a mean peak serum concentration of about 0.488 ng/mL is achieved with a
3.75% lower dosage strength imiquimod formulation of Examples 23-26 after about 9.4 mg
of imiquimod is applied to the affected treatment area each day for up to 8 weeks.

[0159]  Furthermore, this invention provides the following evidence of clinical
efficacy: the wart area decreased by about 45% from a mean of about 108.3 mm2 at baseline
to about 43.2 mm?2 at Day 21, e.g., see Table 145. The P value of <.0001 for this change from
baseline indicated a statistically significant (<0.050) decrease in wart area after 3 weeks of
treatment.

[0160] While the lower dosage strength imiquimod pharmaceutical formulations of
the present invention can be formulated into any form known to the art, such as a cream, an
ointment, a foam, a gel, a lotion or a pressure-sensitive adhesive composition or patch, it
should be understood that the creams, ointments, foams, gels and lotions may be packaged
into any suitable container, such as unit-dose sachets or packets or multi-dose tubes or
containers. A packaged amount of an imiquimod pharmaceutical formulation contemplated

by the present invention includes any suitable amount, such as about 250 mg to about 500 mg
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or more, and preferably about 250 mg, about 300 mg, about 350 mg, about 400 mg, about
450 mg or about 500 mg unit-dose sachets or packets.

[0161] Examples of various embodiments of the present invention will now be
further illustrated with reference to the following examples. Thus, the following examples
are provided to illustrate the invention, but are not intended to be limiting thereof. Parts and
percentages are by weight unless otherwise specified. Examples of creams, ointments and
pressure sensitive adhesive compositions contemplated by the present invention are described
in U.S. Patent No. 4,689,338 and U.S. Patent No. 5,238,944, which are incorporated herein
by reference in their entireties. Percent modifications for, e.g., imiquimod and vehicle, to
generate imiquimod formulations as described herein are likewise contemplated by the
present invention. In addition, the formulations described and disclosed in U.S. Patent No.
7,655,672, U.S. Patent Publication No. 2007/0123558, Serial No. 11/276,324, U.S. Patent
Publication No. 2007/0264317, U.S. Serial No. 11/433,471, U.S. Patent Publication No.
2007/0900550 and PCT Publication No. W02008098232 (A1), are also contemplated by the

present invention and are incorporated herein by reference in their entireties.

PREPARATIVE METHOD 1
Laboratory Scale Preparation of Isooctylacrylate/Acrylamide Copolymer

[0162] To a 114 gram narrow-mouth glass bottle were added: 18.6 g isooctyl
acrylate, 1.4 g acrylamide, 0.04 g benzoyl peroxide, 27.0 g ethyl acetate and 3.0 g methanol.
The solution was purged for thirty five seconds with nitrogen at a flow rate of one liter per
minute. The bottle was sealed and placed in a rotating water bath at 55°C for twenty-four
hours to effect essentially complete polymerization. The polymer was diluted with ethyl
acetate/methanol (90/10) to 23.2 percent solids and had a measured inherent viscosity of 1.26
dV/g in ethyl acetate.

PREPARATIVE METHOD 2
Pilot Plant Scale Preparation of Isooctylacrylate/Acrylamide Copolymer

[0163] 155 kg isooctylacrylate, 11.6 kg acrylamide, 209.1 kg eth.yl acetate and 23.2
kg methanol were charged to a clean, dry reactor. Medium agitation was applied. The batch
was deoxygenated with nitrogen while heating to an induction temperature of 55°C. 114 g
Lucidol™ 70 initiator (available from Pennwalt Corp.) mixed with 2.3 kg ethyl acetate was
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charged to the reactor. The temperature was maintained at 55°C. throughout the reaction.
After 5.5 hours reaction time, 114 g Lucidol™ 70 mixed with 2.3 kg ethyl acetate were
charged to the reactor. After 9.0 hours reaction time, an additional 114 g Lucidol™ 70
initiator mixed with 2.3 kg ethyl acetate were charged to the reactor. The reaction was
continued until the percent conversion was greater than 98 percent as measured by gas
chromatographic evaluation' of residual monomer concentration. The resulting polymer
solution was diluted to 25-28 percent solids with ethyl acetate/methanol (90/10) and had a
measured Brookfield viscosity of 17,000-21,000 centipoises using spindle #4 at 12 rpm. The
polymer had a measured inherent viscosity of 1.3-1.4 dllg in ethyl acetate.

[0164) The above-mentioned procedure was found to provide a pressure-sensitive
adhesive that is equivalent in the practice of the present invention to a pressure-sensitive
adhesive prepared according to Preparative Method 1.

[0165] A 25-30 percent solids solution of the isooctyl acrylate:acrylamide (93:7)
adhesive copolymer in ethyl acetate/methanol (90:10) was coated onto a two-sided release
liner using a knife-coater and coating at 0.5 mm in thickness. The adhesive-coated laminate
was dried first at 82°C for 3 minutes and then at 116°C for 3 minutes. The dried adhesive
coating was then stripped off the release liner and placed in a glass bottle. The foregoing
procedure results in a reduction of the amount of any residual monomer in the adhesive

copolymer.

PREPARATIVE METHOD 3
Preparation of Isooctyl Acrylate: Acrylamide: Vinyl Acetate (75:5:20) Copolymer

[0166] The procedure of Preparative Method 1 above acrylate, 8.0 g acrylamide,
32.0 g vinyl acetate, 0.32 g benzoyl peroxide, 216.0 g ethyl acetate and 24.0 g methyl
alcohol. The resulting polymer was diluted with the ethyl acetate/methyl alcohol mixture to
21.52% solids. The adhesive polymer had a measured inherent viscosity of 1.40 dl/g in ethyl
acetate at a concentration of 0.15 g/dl. Its Brookfield viscosity was 2,300 centipoise.

PREPARATIVE METHOD 4
Preparation of Isooctyl Acrylate Acrylamide: Vinyl Acetate (75:5:20) Copolymer

[0167] A master batch was prepared by combining 621.0 g of isooctyl acrylate, 41.4
g of acrylamide, 165.6 g of vinyl acetate, 1.656 g of 2,2’-azobis(2,4-dimethylpentanenitrile)
(available from the DuPont Company as Vazo.TM.52), 884.52 g of ethyl acetate and 87.48 g
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of methanol. A 400 g portion of the resulting solution was placed in an amber quart bottle.
The bottle was purged for two minutes with nitrogen at a flow rate of one liter per minute.
The bottle was sealed and placed in a rotating water bath at 45°C for twenty-four hours to
effect essentially complete polymerization. The copolymer was diluted with 250 g of ethyl
acetate/methanol (90/10) to 26.05% solids and had a measured inherent viscosity of 1.27 dl/g
in ethyl acetate at a concentration of 0.15 g/dl. Its Brookfield viscosity was 5580 centipoise.

EXAMPLE 1
[0168] A cream according to the present invention is prepared from the following
ingredients:
% by Weight Amount
Oil Phase
1-isobutyl-1H-imidazo[4,5-c]-quinolin-4-amine |1.0 400¢
Isostearic acid 10.0 400.0 g
Benzyl alcohol 20 80.0¢g
Cetyl alcohol 2.2 88.0g
Stearyl alcohol 3.1 1240 ¢
Polysorbate 60 2.55 102.0g
Sorbitan monostearate 0.45 18.0g
Aqueous Phase Glycerin 2.0 80.0g
Methylparaben 0.2 80¢g
Propylparaben 0.02 08¢g
Purified water 76.48 30592 g
[0169] The materials listed above were combined according to the following

procedure:

The glycerin, methylparaben, propylparaben and water were weighed into a 4 liter glass
beaker then heated on a hot plate with stirring until the parabens isostearic acid and 1-
isobutyl-1H-imidazo[4,5-c]-quinolin-4-amine were weighed into an 8 liter stainless steel
beaker and heated on a hot plate until the amine was in solution (the temperature reached
69°C.). The benzyl alcohol, cetyl alcohol, stearyl alcohol, polysorbate 60 and sorbitan
monostearate were added to the isostearic acid solution and heated on a hot plate until all
material was dissolved (the temperature reached 75°C.). With both phases at approximately
the same temperature (65°-75°C.), the water phase was added to the oil phase. The mixture
was mixed with a homogenizer for 13 minutes then put into a cool water bath and mixed with
a 3 inch propeller for 40 minutes (the temperature was 29°C.). The resulting cream was

placed in glass jars.
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EXAMPLES 2-9

[0170] Using the general method of Example 1, the cream formulations shown in

Tables 1 and 2 are prepared.

Table 1
% by Weight
Example [Example |Example | Example 5
2 3 4
Qil Phase
1-isobutyl-1 H-imidazo-[4,5- 1.0 1.0 1.0 10
c]quinolin-4-am<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>