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(57) Abstract: Injectable formulations comprising ethanol, sesame oil, and an Immune Response Modifier compound are disclosed.
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disease, comprising injecting the formulations into a subject hi need of treatment, are also provided.
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SESAME OIL BASED INJECTION FORMULATIONS

{ross-Reference to Related Applications

This apphcation claims priority to US. provisional patent application serial number
G1900,255, filed November 3, 2013, the entire disclosuwre of which 1s mcorporated herein by
reference.

Background

There have been important advances m recent years regarding undersianding of the
mmune system and discovery of drug compounds for modifying imnyne respounse 1o tveat or
prevent disease. Such imnwune response modifier {("IRM") compounds have been discovered in a
variety of conpound classes, including imidazoquinehine annnes, imidazopyridine amines, 6,7-
fused eveloalkvlimidaropyridine amines, 1,3-bridged imidazoguinoling amines,
thigzologquinoline anines, oxarologuinoline anunes, thiazolopyridine amines, oxazolopyridine
amines, inidazonapbthyridine amines, imidarzotetrahydronaphthyridine amines, and
thiazolonaphthyridine amines. See, for example, ULS. Patent Nos. 4,680,33%; 4,929 624;
5,266,578, § 268 376 5,346 905; §352 784, 5§ 389,640; 5,446,153, 5§ 482 936; 3,756,747
6,1 1,929; 6,194,425, 6,331,539, 6 376,669, 6,451 811 6,525.064; 6,541 485; 6 545 016;
6545017 6 573273 6,656 938 6.660.735: 6.660.747: 6.664 260 6 664264 6,664 265:

6,667 312 6,670,372, 6,677 347 6,677,348, 6,677 349; 6 683,088; 6,736,3K2; 7,799.800; LS.
Patent Publication Nos. 2012/040461 and 2013/0230878. Many of these compounds have
demonstrated potent immunostimulating, antiviral and antitumor {mcluding anticancer) activity,
and have also been shown to be usefid g5 vaccine adjuvants and tregiment of TH2-mediated
diseases.

However, the ability to provide desired therapeatic benefits of such compounds depends
on a variety of factors, including the exient {o which they can be formulated and delivered ing
way that s seitable for particudar reatments. Accordingly, there is a need for new methods and
formulations to provide the potential therapentic benefits from these imporiant

mamunomodifving drug componnds.

Summary
While many diseasss may be treated by systenmie delivery of nmmume response modifying
compounds, systenic delivery can have increased negative side effects, such ag systemic TNF
i
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induction, as compared to localized delivery, and can also limit the amount of IRM compound
therapeutically available to treat the disease by spreading it throughout the body. While some
advancements have been made in localized delivery of IRMs (see, e.g., U.S. Patent No.
7,799,800; and U.S. Patent Publication Nos. 2004/0265351; 2009/0035323; and 2013/0230578),
there remains a need for stable formulations that provide increased localization of IRM delivery.

It has been found that formulations comprising an IRM compound, ethanol, and sesame
oil provide locally active IRM compounds for an extended period of time.

The present invention provides injectable formulations comprising ethanol, sesame oil,
and an Immune Response Modifier (IRM) compound. The IRM compound generally has the

formula (I):

NH,
N
N7
I \>—R2
7N
X
/Z TONH
R Y.
R

wherein R, R, X, Y, and R, are as defined below.

In another aspect, the invention provides a method of delivering the pharmaceutical
formulations described herein, comprising injecting the formulation into a subject.

In another aspect, the invention provides a method of treating a disease, comprising
injecting into a subject in need of treatment of the disease any one of the formulations described
herein.

In another aspect, the present invention further provides a method of making
pharmaceutical formulations comprising ethanol, sesame oil, and an IRM compound of Formula
L

In another aspect, the present invention provides a pharmaceutical formulation suitable
for injection, comprising sesame oil; ethanol; and an immune response modifier compound of

formula:
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N
K= 5
| SR,
Y )
X
R// "NH
Ys
Ri

wherein:

X is alkylene having up to 8 carbon atoms optionally interrupted or terminated by
-0-;

R, is hydrogen, alkyl, alkoxyalkylenyl, alkylaminoalkylenyl, or hydroxyalkylenyl;

Y is -C(O)- or -S(O),-;

R, is a linear or branched aliphatic group having 11-23 carbon atoms, optionally
comprising one or more unsaturated carbon-carbon bonds; and

R is hydrogen, halogen, or hydroxyl;

or a pharmaceutically acceptable salt thereof.

The discussion of documents, acts, materials, devices, articles and the like is included in
this specification solely for the purpose of providing a context for the present invention. It is not
suggested or represented that any or all of these matters formed part of the prior art base or were
common general knowledge in the field relevant to the present invention as it existed before the
priority date of each claim of this application.

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

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

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

"Induce" and variations thereof refer to any measurable increase in cellular activity. For

example, induction of an immune response may include, for example, an increase in the

=
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woduction of a cyvtoking, activation, proliferation, or maturation of a population of imnune cells,
andfor other indicator of Increased imnume Amction.

“Therapeutic” and variations thereof refer to a freatment that amelioraies one or more
exisiing symptoms or clinical sigus associated with a vondition,

5 "Treal" ov vaniations thereof refer to reducing, Hmiting progression, ameliorating,
preventing, or resolving, to any extent, the symptoms or sigos related 1o a condition,

The above summary of the present invention is not mtended o deseribe each disclosed
embodiment or every implementation of the present invention. The description that follows
more particularly exemplifies Hlustrative embodiments. In several places throughout the

10 description, guidance is provided through fists of examples, which exanples can be used i
varicus combinations, In each instance, the recited list serves only as a representative group and

should not be interpreted as an exclusive hist.

Detailed Deseription

i35 The present mvention is dirscted to methods and formudations of inmune responss
maodifiers (IRMs) that can be deposited, i some embodinents vig imjection, within a localized
tissue region and can provide focally active IRM compounds for an extended period of time. The
formulations described herein exhibit a high degree of stability, particularly of the TRM
compound,

20 In general, the formulations of the present invention comprise sthanod, sesame o, and an
IRM compound having the following fornmuda (1)

NH,

wherein:
25 X is alkylene having up to 8 carbon atoms optionally mterrupted or tsrminated by
e
Rz s hydrogen, alkyl, alkoxyalkylenyl, alkvlaminoatkvienyl, or hydvoxvalkylenyl:

Y 15 -C{O) or -S{Oh-;
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R is a linear or branched aliphatic group having 11-23 carbon atoms, optionally
incloding one or more ansaturated carbon-carbou bonds; and

R s hydrogen, halogen, or hvdroxyl,

or a pharmaceutically acceptable salt thereof.

As used herem, the terms "akky!l”, "alkeny!”, and the prefix "alk-" are inclusive of both
straight chan and branched chaiu groups and of cychie groups, e.g. eveloatkyl and eveloalkenyl,
Unless otherwise specified, these groups contain from 1 to 23 carbon atoms, with alkenvl groups
containing from 2 to 23 carbon atoms. In some embodiments, these groups have g total of up to
20 carbon atoms, ap to 18 carbon atoms, up to 16 carbon atoms, up to 10 carbon atoms, up to 8
carbon atoms, up to 7 carbon atoms, up (0 6 carbon atoms, or up o 4 carbon atons, Cycelic
groups can be monocycelic or polveyche and preferably have from 3 to 10 ring carbon atoms.
Exemplary eyvelic groaps inchude cyclopropyl, cyclopropylmethvi, cvelopentyl, cyclohexyl,
adamantyl, and substituied and unsubstitiied borayl, norbornyl, and norbornenyl.

Linless otherwise specified, "alkylene” and "alkenylene” are the divalent forms of the
“atkyl” and “alkenyl” groups defined above. The terms, "alkvienyl” and "alkenylenyl” are used
when "alkylene™ and "alkenvlene”, respectively, are substituted. For example, an
atkoxyatkvlenyl group comprises an alkylene moiety to which an alkoxy group is attached.

An alkylene group with carbon atoms optionally “interropted” by -O- refers to having
carbon atoms on etther side of the -O-. An example i3 -CHo-CH-O-CH-CH-.

An alkylene group with carbon atoms optionally Mtermunated” by -O- refers to having the
-0~ o etther end of the alkylene grogp or cham of carbon atoms. Examples mchude ~O-CH-
CHa-CHCHy- and -CH-CH-UHR-CH-O-. In the compounds used in the present invention,
when X is atkviene having up 1o 8 carbon atoms terminated by ~O-, the -0~ may be connected to
eiiher the mirogen of the midasole ring or the mitrogen of the anude (Y s -C{O¥ )y o1
sulfonamide (Y is ~8{0)2-) group.

The invention 1s inchusive of the IRM compouands described herein (including
mtermediates) in any of their pharmaceutically acceptable fornss, including sohid, senu-solid,
solvates {e.g., hydrate). isomers {e.g., disstercomers and enantiomers), salts, polymiorphs,
prodrags, and the like. In particular, if a compound s optically active, the invention specitically
includes each of the compound's enantiomwers as well as racemic mixuares of the enantiomers. It
shoald be anderstood that the term "compound” inctudes any or all of such forms, whether

expliciily stated or not (although at times, "salis” are explicitly stated).
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For any of the compounds presented hrergin, inchuding Formula 1, each one of the
following vartables fe.g.. X, Ry, R, and s0 on) in any of its ewbodiments can be combined with
any ong or more of the other variables in any of their embodiments and associated with any one
of the formulas deseribed herein, as would be understood by one of skill in the art. Each of the
resulting combinations of variables is an embodiment of the present invention.

In some embodiments, X i alkylene having up to 8 carbon atoms optionally interrupted
or tenminated by ~0-,

In some emtbodiments, X is alkylene having up o 4 carbon atoms optionaily nterrupted
by or terninated by -0~

In some embodiments, X is -O-Chrg alkvlene (e.g., ~O-Cus alkylene). In these
embodiments, the ~O~ 15 divectly attached to the nitvogen of the inndazole ring.

In some embodiments, X is -O-Cygaliviene {e.g., ~O-Cys alkylene}. In these
embodiments, the -0- is directly attached (o the mitrogen of the imidazole ring.

In some embodiments, X s «Chy alkylene (e.g., ~Caos alkvlene).

[n some embodiments, X is -Cog alkylene {e.g., -Cus alkylene) that is interrupted by -Q-.

In some embodiments, X s «Chgalkvlene (e.g ~Cis alkviene).

I some embodiments, X is -Ce-butvlene (e ¢, -O-CHp-CH-CH-CH2-). o these
embodiments, the -O- 1s directly attached to the nitrogen of the inmdarole ring.

In some embodiments, X is ~-CH:~-CH-O-CH - H -

In some embodiments, including any of the above embodiments of Formula 1, where X is
defined. Ry 18 hydrogen, alkyvl, alkoxyalkylenyl, alkylanunoatkyvlenyl, or bydroxyalkylenyl

In some embodiments, inchuling any of the above embediments of Formula I, where X is
defined, Ro is hvdrogen, atkyl, alkoxvalkyvlenyl, or hvdroxyatkvienyl

I some smbodiments, including any of the above embodiments of Formula 1, where X i3
defined, Ry is hydrogen, atkyl, or alkoxvalkylenyl.

In some embodiments, including any of the above embodiments of Formula I, where X i
defined, Ra is methyl, ethyl, propyl, butyl, ethoxymethyl, methoxymethyl, sthylandnomethyl, o
T-methoxyethivi

In some embodiments, including any of the above embodiments of Formula I, where X 15
defined, R; is methyl, ethyl, propyl, butyl, ethoxymethyl, methoxymethyl, or 2-methoxyethyl.

In some embodiments, inclading any of the above embodiments of Formula 1, where X is

defined, Ry is ethyl, butyl, ethoxymetlyl, or 2-methoxyethyl.



i0

St
O

20

1]
L

WO 2015/069535 PCT/US2014/063095

In some embodiments, inchuling any of the above embediments of Formula I, where X is
defined, Ry is Cyuyafkyl

In some embodiments, including any of the above embodiments of Fornmla 1, where X is
defined, Ro s bﬂ{}"‘l {eg ~CHCH~CH-CHS),

Iz some embodiments, inchuhing any of the above embodiments of Formula [, where X 13
defined, Ro is ethoxymetinvi (e g, -CH-O-CH-CHj)

In some embodiments, inclading any of the above embodiments of Formula I, where X is
defined, R, is 2-methoxyethyl (e.g., -CH-CH~O-CH3).

In some embodiments, including any of the above embodiments of Formala I, where X is
defined, R is ethviaminomethvl {e.g., -CH-NH-CH-CH:).

In some embodments. including any of the above embodiments of Formula 1. where X or
R; s defined, R is hyvdrogen, halogen, hydroxyl, alkyl, haloalkyl, or alkoxy.

In some embodiments, Including any of the above embodiments of Formula I, where X or
Ry is defined, R 1s halogen or hydroxyl.

[n some embodiments. inchuding any of the above embodiments of Formula I, where X or
R is defined, R is hydrogen.

I some embodiments, inclading any of the above embodiments of Formula 1, where X or
R 18 defined, R is halogen. In some embodiments, R is Duonine, chlorine, or bromine.

Iz some embodinents, inchuding any of the above embodiments of Formula [, where X,
R, or Ry is defined, Y 15 -C{O)- or -S{QY-.

In some embodiments, including any of the above embodiments of Formmuda 1, where X,
R, or Ry is defined, Y is -C{O)-.

In some embodiments, including any of the above embodiments of Formula §, where X,
R, Ry, or Y 15 defined, Ry is a linear or branched aliphatic group having 11-23 carbon atoms,
optionally inclading one or more unsaturated carbon-carbon bonds {e.g., -(CH)»-CH=CH-
(CH:)"—{‘H“‘ -'({:‘Hﬂ"—f“(NHA{(NHg)“FH‘, A{Cf{gk‘;~C§{CH*(‘CU;)\*C“:\ «((‘H;}(ﬁ[(‘ﬁj*
CH=CHL-(CH - CH, -(CH - (CH-CH=CH)-CH-CH,, or -(CH 2 -{CH-CH=CH)-(CH )¢
CH;).

In some enibodiments, inchuding any of the above embediments of Formula I, where X,
ROR;, or Yis delined, Ry s Cy-Cos alkyl

In some embodiments, inclading any of the above embodiments of Formula 1, where X,

R, Ry, or Y s defined, Ry is G-y alkyl

6
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In some embodiments, inchuding any of the above embodiments of Formula L, where X,
R, Ry or Y isdefined, Ry s Cys-Cy alkyl
In some embodiments, including any of the above embodiments of Formulda 1, where X,
R, Ry, or Y s defined, Ry 15 Cys-Cyr alkyl
5 Iz some embodinents, inchuding any of the above embodiments of Formula [, where X,
RORy, or Y is defimed, Ry s Cyr alkyl
Iy some embodiments of Formula 1, X is -O-Cisalkvlene, and Ry is methyl, ethyl, propyl,
butyl, ethoxymethyl, methoxyvmethyl, or 2-methoxvethyl.
In some embodiments of Formuda §, X is ~O-butviene, and Ry is batyl,
10 In some embodiments of Formula L Ry is a straight chain or branched chain alkyvl group.
In some embodiments of Formula 1, R, 1s 8 straight chain alkyl group.
In some embodiments, the compound of Formula | is N-(4- {{4-amino-2-butyl- 1 #-

imdarol 4, 5-clguinolin-1-vloxy} butyhoctadecanande:

NH

L

N»f

2 jy‘
NN S
T

i N/

o

\‘N”Jl\«”\vf”\/“\f’\v”\\,/\f"\//\\
H

of & pharmaceutically acceptable salt thereof
IRM compownds used the formuiations of the invention may be synthesized by synthetic

routes that include processes analogous to those well known 1 the chemical arts, particulardy
light of the description contained berein. The starting materials are penerally available from

0 commercial sources such as Aldrich Chemicals (Mitwaukee, Wisconsin, USA) or are readily
prepaved using methods well known o those skilled in the avt (e.g., prepared by methods
penerally described in Louis ¥ Fieser and Mary Fieser, Reagents for Organic Synthests, v. 119,
Wiley, New York, (1967-1999 «d ) Alan R, Katritsky, Otio Meth-Cohn, Charles W. Rees,

Comprehensive Organic Funclional Group Transformations, v 1-6, Pergamon Press, Oxford,

B
Ly

England, (1998, Barry M. Trost and Tan Flenung, Comprehensive Ovganic Synthesis, v, -8,

Perpamon Press, Oxdord, England, {1991}, or Beilsteins Handbuch der organischen Chenue, 4,

~r
-
i
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Audl. Ed. Springer-Verlag, Berlin, Genmany, icluding supplements (alse available via the
Reilstein online database)).

For more detailed description of the individual reaction steps useful for preparing
compounds of Formula |, see, e.g., US. Patent No, 7,799 R0{; and U.S. Patent Publication No.,
20130230578,

The compounds of Formula | can also be prepared From advanced iermediate
compounds described in the prior art. The compounds of Formula 1 can be prepared from the
advanced intermediale compounds of formula XTIV, XXV, and XXXVI that are described in
Reaction Schemes 11, T, and IV respectively of Titernational Patent Application No.

WO 2167081, The compounds of Formula I can also be prepared from the advanced
intermediate compound of formula VI in Reaction Scheme T or from the advanced itermediate
compound of formula VYT in Reaction Scheme I that are both described in ULS. Patent No.
6431810, Synthetic procedures to prepare the above advanced intermediate compounds are also
described i Inmternational Patent Apphication No WO2012/167081 and U.S. Patent No. 6451814

The compounds of Formula I where X is -C{0)- can be prepared by reacting the above
advanced intermediate componnds with the appropaate carboxylic acid or carboxylic aaid
chioride compound using the procedures described in Reaction Schemes H-HE of LS. Patent No.
6451810, Preferred Formula I compounds where X is -C{O)- can be prepared using the
following carboxvlic acids (or the corresponding carboxyhic acid chlonide derivatives): lauric
acid, mvristic acid, palmitic acid, margaric acid, stearic acid, arachidic acid, behemc amd, and
hignoceric acid. Formula T compounds shere X 15 ~C(O)- and R1 is an unsatorated shphatic
group (i.¢. an aliphatic group having one or more unsalurated carbon-carbon bonds} can be
prepared from unsatwrated fatty acids sach as oleic acid, palmitoleic acid, vacceme aad,
hmoleic acid, linoleneic acid, or arachidonic acid.

The compounds of Formula I where X is -§{0O});~ can be prepared by reacting the above
advanced intermediate compounds with the appropriate sulfonyl chioride using the procedures
described i Reaction Scheme 11 of ULN. Patent Now, 6331539,

Those skilled i the ant will appreciate that other syathetic routes may be wsed to
syathesize the compounds of the invention,

In the preparation of the IRM compounds used m the forpndanons of the invention it may
sometimes be necessary to protect a particular functionality while reacting other functional
groups on an mtevmediate. The need for such protection will vary depending on the nature of the

parttcular functional group and the conditions of the reaction step. Suitable amino protecting

e



i

>

1]
L

g

O

20

WO 2015/069535 PCT/US2014/063095

groups include acetyl, rifluoroacetyl, ferr-atoxyearbonyl (Bog), benzvioxycarbonyl, and 9-
fluorenybmethoxyearbonyl (Frooe). Suttable hydroxy protecting groups include acetyl and silvl
groups such as the ferr-butyt dimethylsilyl group. For a general deseription of protecting groups
and their use, see T. W. Greene and P. G. M. Wuts, Profective Groups in Organie Syrarthesis,
John Wiley & Sons, New York, USA, 1991,

Conventional methods and technigues of separation and purification can be used 1o
isolate the IRM compounnds used 1y the formulations of the invention. Such technigues may
include, for example, all types of chromatography (high performance liquid chromatography
{HPLC), column chromatography using conunon absorbents such as silica gel, and thin laver
chromatography ), recrvstaliization, and differential (i.e., lquid-liquid) extraction techniques.

The ethanol used in the injectable formulations deseribed herein is fypically present in an
amowunt of from about 1 wi-%6 to about ¥ wi-%. In some embodiments, the ethano! is present in
an amount from about 3 wi-% to about 8 wi-%4. In some embodiments the ethanol is present in an

(]a

amonnt from about § wi-% 1o about 7.5 wi-%h. In some embodiments, the ethanol is present in an

amonad from about 1 wi-% 1o about 3 wi-%. In some embodiments, the sthanol is present i an
ammount from about 3 wi-% to about 4 wi-2%. In some embodiments, the cthasol s present inan
amount from about 4 wi-% o about § wi-%. In some embodiments, the ethanol 13 present iy an
amount from about § wi-% to about 6 wi%. In some embodiments, the ethanol is present i an
amount from about & wi-% o abouat 7 wi-%. In some emwbodiments the ethanol 1s present i1 an
amount from about 6.5 wi-% to about 7.5 wi-%o. In some embodiments, the ethanol is present in
an amown Fromy about § wi-% 1o about ¥ wi-%. In some embodiments, as described 1n the
methods below, an excess of ethanol (1e. greater amount than is soluble n sesame pil), ez, n
some ersbodiments at least {8 wi-% ethanol, in some embodiments at least 12 wi-% ethanol, in
some embodiments at least 14 wi-% ethanol, is used to dissolve greater amounts of IRM
compound. When the IRM-ethanol solution is added to the sesame oil, the IRM dissolves much
more quickly than ssmply adding the IRM to a premixed sesame oil-ethanol solation: the excess
ethano! (that is present bevond the solubility Hmits in sesame oil) 15 then evaporated off wo
produce the final fornudation (comtaining 9 wi-% ethanol or fess). In some embodiments, ethanol
suitable for use in the injectable formulations described heretn inchude ethanol that does not
comtain any water or denatwrant. Exenyplary ethanod useful in the formulations of the present
mvention includes 206 proof ethanol, e.g., Dehvdrated Alcohol, USP grade.

The iigeciable formulations deseribed herein slso include sesame ol The sesame o

used in the formulations described herein is pharmacewtical grade, such as Sesame O, NF. In

G
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sonte embodiments, the sesame oil nway be refined such that one or more polar compounds have
been substantially rersoved from the sesame oil or reduced i content withowt substantially
altering the fatty acid profile of the sesame oil. For example, the sesame o1l may have a fasty acid
profile that mclodes palmitic acid, stearic acid, oleic acid, and hinoleic acid. QOther fatty acids
may also be present at lower levels, typically less than T wi-%. Polar compounds present in
sesame o1l cgn include but are not limited to compounds such as monoglyeerides, diglycerides,
free fatty acids, plant stevols, coloving matter {chlorophell, carotene}, sesamin, sesamolin,
products resuliing from oxidation, and environmental chemicals. Polar compounds in sesame ot}
can be gquantitatively measured using standard tests such as the acid value test, hydroxyl valwe
test, peroxide value test, and trace nitrogen value test. Standard chromatography methods can be
used to remove or substantially reduce the content of at least one polar compound from sesame
ot} {0 provide a refined sesame oil. Suitable chromatographic methods that are well known i the
art include gravity based columm chromatography, flash column chromatography, medium
pressure hquid chromatography, ov high pressore chromatography.

[ some embodiments, the sesame ol has a hydroxyl value less than orequal t0 2. The
hydroxyl value of sesame oil can be determined according {o the published proceduore desenbed
i LSNP 36 <404 > Fars and Fived Oils, Hvdroxy! Vadue. o some embodiments, the acid value of
the sesame o1l 1s less than or equal to 0.1, The acid value of sesame oil can be determined
acvording fo the published procedure desceribed in USP 36 <401 > Fais and Fixed Oils, 4cid
Falue. In some embodiments, the peroxide value of the sesame oil is less than or equal to 1. The
peroxide value of sesame oil can be deternuned according {o the published proceduore desenibed
i LISE 30 <40 > Faty and Fixed Oils, Peroxide Valie, Ia some embodiments, the {otal nitrogen
content of the sesame o1l is less than or equal to 1 ppm. The trace mitrogen value of sesame oil
can be delermined according o the published method described i AST3 DI762-12. In some
embodiments, the sesame oif contains contains no more than .03 wi-% of sesannn. In some
epbodiments, the sesame oif containg no move than 0.03 wi-% of sesamolin. The levels of
sexamin and sesamolin can be determined according to the published sesaminssesamolin assay
described by T, Tashiro, Y. Fukada, T, Osaws and M. Namiky i Jaonad of the American Ol
Chemists Soctety, 67, S8 (1994),

It has surprisingly been found that formulations comprising an IRM compound, ethanel,
and refined sesame oil, as described above such that one or more polar compounds have been
substantially removed from the sesaine oil, have increased stability, not only of the formulation

i general, but also of the IRM compound wself. The formulations deseribed herein exhibit a
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high degree of chemical and phyvsical stability, particularly of the IRM cemmpound. For example,
in sone embodiments deseribed herein, such as where relined sesame ot s used, the
formulations exhibit an acceptable shelf hife for conunercial use, e g, 6-month sheif life, 1-year
shelf life, and the like.

Iz some embodiments, an ingectable pharmaceatical tormualation of the present invention
comprises sesame oil, ethanol (7.5 wi-%), BHA (300 ppm), and N-(4- {{4-amino-2-butvi- 1 H-
imidazof4,5-cjqunolin-{~vHoxy thatvDoctadecanamide (0.15 mgimL). In some embodiments,
an wjectable pharmaceutical formulation of the present mvention comprises sesame oil, ethanod
(7.5 wi-%%), BHA (300 ppmy), and N-(4- {{4-amino-2-butyl- LHamadazol4 S-clquinohin- -
vHoxybutyDoctadecanarmide (1.3 mg/mL). In some embodiments, an injectable pharmacentical
formulation of the present invention comprises sesame oil, ethanol (7.5 wi-3:), BHA (300 ppmj,
and N-(4- {{ 4-amino-2-butyl- | H-imidazol 4, 5-clquinolin-1-yljoxy | butyhoctadecanamide (0.6
mgiml). In some embodiments, an mjectable pharmaceutical formulation of the present
mvention comprises sesame oil, ethanol (7.5 wi-%), BHA (300 ppm}, and N-(3~ {{4-amino-2-
butyl- 1L H-imidazo 4, 3-c jgumeolin-{-yHoxy  buivDoctadecanamide (1.2 mg/ml). In some
embodiments, an injectable pharmacentical formalation of the present invention comprises
sesame oil, ethanol {73 wi-a), BHA (GO0 ppmy), and N-{4- {{d-amino-2-butyl- 1L Hamidaro{4,5-
clquinolin-1-vloxy thutyDoctadecanamide (2.4 mg/mb).

Iz some embodiments, an ingectable pharmaceatical tormulation of the present invention
comprises sesame oil, ethanol (7.5 wi-%0), BHA (300 ppm), and N-{4- {{[4-anuno-2-butyi- 1 H-
midazof 4, 5-clqunohn-T-vHoxy butyDoctadecanamide (from 6.1 mg/mb o about 2.5 mgimlLy.

Factors involved in the selection of an injectable formulation include solubility of the
IRM compound in the formulation, stability of the IRM compound in the formualation, physical
stability of the formulation. These factors are especially mporiant when designing a formudation
that can be stored for long pertods of time (= 6 months) and at temperatores ranging from 5 °Clo
40 °C

The chemical stability of the IRM compound wn the formulation can be influenced by the
chenneal conposition of the Torpudation snd the storage conditions. The chenwcal stability of
the IRM compound in the formulation can be determined by analyzing for the IRM compound
comtent in the formulation over time using standard anglytcal methods such as HPLC,

In some embodiments, the pharmaceatical formulations may further include one or more
additives including, but not hnnted to, antioxidants, sntinterobials, adjuvants, thickeners,

suspending agents, surfactants, and dispersing agents. In some embodiments the formulstion can
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include an added antiosidant such as butylated hvdroxyanisole (BHA) ar
butylatedhydroxytotuens (BHT). The added antioxidant concentration in the formudation can be
at least 10 ppm, 50 ppm, 100 ppm, 200 ppm, and up o 300 ppm.

In some embodiments, the pharmaceutical formulations and methods of the present
disclosure can mclude other addittonal active agents, e.g., in admixture or admuinistered
separately. Such addivonal ggents cun include an antigen {e.¢., g vaccing}, 8 chemothergpeutic
agent, a cytotoxic agent, an antibody, an antiviral agent, 8 ovtokine, a tamor necrosis factor
receptor { TNFR) agonist, or an additional immune response modifier, TNFR agomsts that may
be delivered 1n conjunction with a formulation of the present invennton wnchude CD40 receptor
agoists, such as disclosed in application U.S, Pat. Appl. Pub. No. 2004/01 41950 (Noelle et al ).
Other active ingredients for use in combination with an IRM formudation of the present invention
mclude those disclosed i, e.g. 118, Pat. Appl. Pub. No. 2003/0139364 {Krieg et al ).

IRM compounds of Formala { have been shown to induce production of cytokines such
as TNF~u (see, e.g., U.S. Patent No. 7,799 8();, and U.S. Patent Pubhication No. 2013/0230578).
The ability to induce cvioking production indicates that the IRM compounds used i
formulations of the imvention can modulate the immune response 1 a number of different ways,
rerdering the IRM compoands useful i the treatment of a variety of disorders. Other eyvtokines
whose production may be induced by the administration of the formulations disclosed heremn
generally inchude Type §interferons (e.g., INF-u), IL-1, HL-6, IL-8, HL-10, TL-12, MIP-1, MCP-1,
and a variety of other cvtokines. Among other effects, these and other cytolanes mhibat virus
production and tumaor cell growth, making the formulations of the present invention useful in the
treatment of viral diseases and neoplastic diseases. For example, tumor necrosis factor,
mterferous, or interfeuking have been shown to stinwdate a rapid release of certain
monocyte/macrophage-derived cyiokines and are also capable of stimualating B cells to secrete
antibodies which play an important role in antiviral and antitumor activities.

In some embodiments, formulations of the present mvention are useful for the treatment
of sohid tumors such as head and neck fumors, breast tumors, hvmphoma, melanoma, and bladder
tmors. In some embodiments, formulations of the present invention are useful for the treatment
of cutaneous T cell lvimphoma,

In some embodiments, formulations of the present foveniion are useful for the treatient
of viral warts and hvpertrophic, or keloid, scars.

The present invertion further provides a method of delivering the pharmaceutical
formulations described hevein, comprising injecting the formudation into a subject. The injection
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mav be, &g, subcutaneous, iramuscular, or o a selected tissue site, such as a tumor niass. In
some expbodiments, the formulation s injected into & turnoy mass, & ward, or hypertrophic scar
tissue.

The preseat invention further provides a method of treating a disease, compnising
mjecting o a subject i need of treatment of the disease the any one of the formulations
described herein.

The methods of the present invention may be performed on any suitable subject, Sustable
subjects include animals such as humans, non-haman primates, rodents, dogs, cats, horses, pigs,
sheep, goats, OF COWS.

The anirnal to which the formulation is administered for treatinent may bave a disease
{e.¢.. a viral or neoplastic disease}. and administration of the compound may provide therapeutic
treatment. Exemplary conditions that may be {reated by administering a formulation of the
present invention include:

{a} neoplastic diseases such as melanoma, leukemias {e.g.. myelogenous leukemg,
chronic ivmphocoyvtic leukemia, multiple mveloma, non-Hodgkin's vinphoma, cutansous T-celi
fymphoma, Bcell lvmapboma, and hairy cell leukemia), breast cancer, lung cancer, prostate
cancer, colon cancer, head or neck cancers, bladder cancer, and other cancers;

{b} viral diseases such as discases resulting from infection by a poxvirus (e.g., an
orthopoxviras such as vagiola or vaccinia, or molluscum contagiosum), o a papovavirus {e.g.,
papillomaviruses, such as those that cause genital warts, commeon waris, or plantar warts);

{c} diseases associated with wound repawr such as inhobinon of keloid formation and other
types of scarring {e.g., enhantimng wound healing, inchuding chronic wounds).

In some embodiments, the disease treated 13 a neoplastic disease. In some embodiments,
the formulaiion 13 mnjected o a tumor mass. In some embodiments, the disease (reatad is
selected from a head or neck cancer, breast cancer, lvmphoma, melanoma, and bladder cancer.

In some embodiments, the disease treated is a viral disease that causes waris. In some
embodiments, the formulation 15 injecied mio a wart,

Tt will be anderstood that in the treatment of the diseases mentioned above, for example,
the fornmiations disclosed herein can also be used in combingtion with other therapies such as
other active agents and other procedures (e.g., mdiation, chemaotherapy, chemoablation, laser
ablation, cryotherapy, and surgical excision).

The precise smount of a IRM compound i the fornmlations that will be therapeuticalty

effective for methods accordmg to the present invention, and the dosing regimen, for example,
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will vary according to factirs know in the art including the paturg of the carrier, the size and
state of the sabject’s mmune system (e g, suppressed, compromised, stnidated), the species to
which the formulation is being administered, the dosing regimen selected, the application site,
the particular formulation, and the condition being treated. Accordingly, 1t 15 not practical 1o set
forth gengrally the composition of a formulation that includes ethancl, sesame oif, and ayy IRM
compound of Formula T or an amount of the IRM compound that constitates an effechive amount,
or a dosing regimen that 1s effective for all possible appheations. Those of ovdinary skill in the
art, however, can readily determine appropriate formulations, therapentically etfective amounts
of the IRM compound, and dosing regimen based on the puidance provided heremn, nformation
avatlable in the art pertanung to IRM compounds, and routine testing. The term "a
therapenically effective amount” thus means an amount of the IRM compound sufficient o
mduce a therapeetic or prophyiactic effect, such as evtokine induction, inhibition of TH2
immumne response, antiviral or antitumor activity, redaction of scarning, or enhanced wound
healing.

An amount of a formulation or IRM compound m the fonmulation effective to induce
cytokine hiosynthesis is an amount sufficient 1o casse one or more cell types, such as monoeytes,
macrophages, dendeitic cells and B-cells to produce an amount of one or more eyiokines such as,
for example, IFN-g, TNF-o, 1L~ 116, 1L-10 and 11.~12 that s increased over a background level
of such cvtokines. The precise amount will vary according to factors known in the art bt i
expected to be a dose of about 108 nanograms per kilograms {ng'ke) 1o abowt 50 nulligrams per
kilogram (mg'kg), n somwe embodiments abont 10 pucrograms per kilogram (ug'kg) to abowt 5
mg/ky, abont 100 pg/ke to about 1 ma/kg, or about 0.01 mg/m’ o about 10 me/m’
Alternatively, the dose may be caleulated using actual body weight obtained just prior to the
beginning of a reatment course. For the dosages caloudated in this way, body surface area (' i
is caleulated prior to the begimning of the treatment course using the Dubois method: o= {wi
kg™ « height em”™ ™) x 0007184, An amount effective to treat or inhibit a viral infection, for
example, is an amount that will cause a reduction in one or more of the manifestations of viral
infection, such as vival lesions, vival load, rate of virus production, and wontality as compared to
untreated control animals and may mclude any of the aforementioned doses. An amount of a
compound or pharmaceutical composition effective to treat a neoplastic condition is an amount
that will casse a reduction in tumor size or i the number of tumor foct and may welude any of

the aforemetioned doses

-14-



i

2

1]
L

g

O

G

WO 2015/069535 PCT/US2014/063095

Formulations of the nvention may induce the production of certain cviokines and arg
useful as mumune response modifiers that can modudate the numuone response in a namber of
different wayvs, rendering thent useful in the treatment of a variety of disorders. Among other
effects, these and other cytokines can nhibi virus production and twmor cell growth, malang the
formmudations usefid for, e.g., reatment of viral and neoplastic diseases. It should also be noted
that the formulations may be administered prior to scquiring a disease so that adnunistration of
the formulation may provide a prophylactic treatment.

In addition to the ability to give rise fo cytokine induction, fornulations of the invention
may bring about an effect on other aspects of the innate wanone response. For example, natural
kifler cell activity may be stimudated, an effect that may be due to cyviokine indaction. The
formulations may also bring about activation of macrophages, which in turn stimulate secretion
of nitric oxide and the production of additional cytokines. Farther, the formalations may bning
about proliferation and differentiation of B-lvmphocytes.

Formulations of the invention may also bring about an effect on the acquired mmune
response. For examiple, the production of the T helper type | {Tud) cvtokine IFN-y may be
mnduced indivectly and the production of the T helper type 2 (Ty2) ovtokines -4, IL-5 and 1L~
13 may be mhibited upon adpninistration of the formulations.

Formulations of the present invention may be particulavly helpfid in individuals having
conyromised impwme function. For example, compounds or salis may be used for treating the
opportutustic mfections and fumers that cccur after suppression of cell mediated impumuy in,
for example, transplant patients, cancer patients and HIV patients.

The invention thus alse provides, for example, a method of treating a viral mfection in an
animal and a method of treating & neoplastic disease 1wy an antral comprising administering via
imection an effective amount of a formulation of the wvention to the animal. An mmount
effective to treat or inhibit a viral infection is an amount that will cause a reduction i one or
more of the manifestations of vival infection, such as viral lesions, viral load, rate of virug
production, and mortality as compared 1o untreated control animals. The pracise amount that is
effective for such treatment will vary according to factors known i the art but is expecied to be
an amount so as to deliver an IRM compound dose of about 100 npkg to about 30 mg/ky,
preferably about | ug/ke to shout 5 mekg, An amount of fornlation effective to treat a
neoplastic condition is an amownt that will cause a reduction m tumor size or in the number of
tmar focl, Again, the precise amount will vary sccording to factors known in the art bat is

expected to be an mmonnt at a given drug concentration {o deliver via injection an IRM
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comped dose of about 100 ngdky o about 50 mykg, for example about 1 ug'ke to about 3
meike.

Particular examples of uses of fomulations of the invention deliverad via misction
mchude, bus are not himited 1o, treatment of head and neck cancers and breast cancer.

The mectable formulations deseribed herein can mclude a range of IRM compound
concentrations, with lower limits based on mimumum therapeutic potency of the IRM compound
and upper limits based primarily on solubility of the drug. Tn generad, the concentration of the
IRM compound will be from about (.1 mg/ml to about 1 mg/ml (approximately 0.01% to about
£9% by weight). In some embodiments, the IRM compound is present in sn smount of from about
0.1 mg/ mi to abowt 6 myg/mi. In some embodiments, the IRM conypound is present in an amount
of from about 0.3 mg/ml to about 3 mgiml

In some embodiments of the methods disclosed herein, the fonmulation may be
administered, for example, from a single dose to multiple doses per week, although in some
embodments the methods of the present invention may be performed by admimstering the
formulation at a freguency cuiside this range. [u some embodiments, the formulation may be
admnistered from about once per month to about five imes per week. In some embodiments,
the formulation 1 administered once per week.

The present invention further provides a method of making pharmacentical formulations
comprising ethanol, sesame oil, and an IRM compound of Formuala § In some embodiments, the
method of making comprises dissolving the IRM compound in the sthano! to create an ethanol-
IRM compound solution. In some embodiments, the IRM compound is fully dissolved in the
ethanel, while in some embodiments, small amount of IRM compound will remain undissolved
but the majority of IRM compound will be dissolved. The ethanol-IRM compound solution 1s
then mixed with the sesame ol to make the sesame mi-ethanol-IRM compound formudation. In
sonte embodiments, the IRM compound will be fully dissolved in the sesame oil-ethanol-IRM
compound formulation, while m some embodiments, small amount of IRM compound wilt
remain undissolved i the sesame oil-gthanol-IRM compound formulation but the majority of
IRM compound will be dissolved.

In some embodiments, the method of making comiprises mixing the IRM compound with
the ethanol and sesame oif stmulianeously 10 make the sesame oil-ethanol-IRM compound
formulation. In some embodiments, the IRM compound will be fully dissolved i the sesame oil-

ethanol-IRM compound formulation, while in some embodirnents, small amount of IRM
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compound will remain undissolved i the sesame oi-ethanol-IRM compounnd formulation ut the
maority of IRM compound will be dissolved.

In some embodiments, the method of making may farther include a step of evaporating
off g portion of the ethanol from the sesame oil-ethanol-IRM compound formulation. Such
method allows faster dissobstion of the IRM in the sesame oil-ethanol solution, by allowing use
of excess ethanol (ethanol present beyond the solubility Tumits 1 sesame oil) during the mixing
sieps. . In some embodiments, after evaporation of a portion of the ethanol, ethanol remains in
the final formulation, e.g., 1 wi-% 0 9 wt-%%.

It will be recognized that any additives described above can be added duning any of the
above-described mixing steps.

Embodiments of this invention are further illustrated by the following non-limiting
examples, but the particular materials and amounts thereof recited in these examples, as well as other

conditions and details, should not be construed 1o unduly Limit this nvention.

Exampies

Iniection Forpudation Componenis

Nef4- {d-amino-2-botvi-1 H-imidazol 4, 5-¢ jguinolin-T-vijoxy Fhutyloctadecananude was
prepared according to the syathetic procedure descrtbed i Example | of ULS. Patent. Publication
No. 2013/0230378 (Wightman .

Ethanel {200 proof, USP grade) was obtained from Pharmaco-AAPER (Brookfigid, CT}
or Colwmbus Chencal Industrres (Columbus, WY For Binal foromlabons containing BHA, a
fresh stock sample of deoxvgenated ethanol was prepared by passing a zentle flow of dry
nitrogen gas through the ethanol (sparging) for about five to ten minutes. The bottle was then
immediately capped.

Sesame oif was obtained from Croda Inc. {Edison, NJ3 as the SUPER REFINEDR
Sesame Oil NFANP grade product (product code munber SRE0280). The “NP” designation
mdicated that the sesame oit did not contain BHT (buivlated hvdroxyioluene) as an added
antioxidant. According to the manufacturer, sesame ol with the SUPER REFINED®
designation was pwrified using flash chromatography to remove polar impurities present in the
sesame ol For final formulations containing added BHA| a fresh stock sample of deoxypenated
sesame ot was prepared by passing a gentle flow of dry nitrogen gas throagh the sesame oil

{sparging} for about ten o pwenty minutes. The bottle was then inmediately capped.
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Butviated hvdroxyanisole, NF prade {BHA) was obtained from Spectrum Chenucal
Company (New Branswick, NI} The fornudations containing BHA were prepared with a BHA
concentration of 300 ppm.

Anahvical Method

The content of N-{4-{4-amino-2-buiyl- 1 F-mdazo] 4.5-¢lquinolin-1-

yvioxy}butyDociadecanamide in the injection {onmulations was determined using reversed phase
high performance hquid chromatography (Agilent 1100 HPLC instrument equipped with a
ultraviolet detector set at 321 nm, Agilent Technologies, Santa Clara, CA). The analytical
cohonn used was @ Zorbax Bonus RP columm with a 150 mom length, 4.6 mum inner digmeter, and
3.5 micron particle size {Agilent Technologies). The cohunn was mamtained at 45 °C. A
eradient elution was conducted with the mobile phase consisting of .19 trifluoroacetic acid in
waler, methanol, and isopropanol. The initial mobile phase consisied of 0.1%6 {nifluoroacetic acid
and methanol 1 a ratio of 85:15. The final mobile phase consisted of 0.1% trifluoroacetic acd,

methanel, and 1sopropanc! m a ratio of S:40:55. The flow rate was 1.0 mLsmnate.

Example 1. Injection Formulation: Ethanol (7.5 weight percent) in Sesame Qi

Nef4- {d-amino-2-botvi-1 H-imidazo]4, 5-¢ jquinolin-T-vijoxy FbutyDoctadecananude {0.21
ey and ethanol {26.79 ¢) were added to an amber glass bottle. The botile was capped and placed
i an ultrasonte bath (Branson model 8310-DTH, Branson Ulirasonics, Danbuory, CT). The
samiple was sonicated unti all of the N-{4-{4-amino-2-butyl-1 H-imidazoi4,5-clgumohin-1-
vioxybutvhoctadecanamide dissolved {about ten minutes). The resulting ethanol solution
contained 0.78 weight percent of N-(4- {d-anuno-2-butvl- L -imidazof 4, 5-cjqunolin-1-
yHoxy}butyDoctadecanamide bottle. Next, 21.59 ¢ of the ethanol solution containing 0.78
weight percent of N-{4- {d-anuno-2-butvi-1 H-imidazol4 3-clquinohin-1-
vHoxybutylloctadecanamide was transferred to an mmber glass bottle comtaining 277 5 g of
sesame o1l An addivonal 1.08 g of ethanol was also added to the bottle. The bottle was capped
and then placed on 3 laboratory roller nuxer. The formulation was agitated yntil it became
transparent on visual inspection {agitation for about 15 minutes). In a final step the formulation
was passed throush a 0.2 nucron polvethersulfone (PSA} membrane filter (EMD Millipore,
Rillerica, MA) and 6 ml of the fornmiation was collected in a1 clear glass serum vial (Miller
Analyvtical Company, Bristol, PA). The headspace i the vial was purged with a stream of dry
nitrogen gas snd the vial was capped with an gloninuns erimp cap containing a gray chlorobutyl

isoprene septum {(Miller Analytical Company). The concentration of N-{4-{4-apuno-2-butyl-
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P H-tmidazo]4, 3¢ jguimolin- I-yloxy batvhoctadecanamide in the final formulation was about

0.5 mgimi..

Example 2. Injection Formulation: Ethanol (7.5 weight percent) in Sesame Ol containing
BHA

N-{4-{4-ammo-2-buty - L H-imidazo{ 4, 5-cjquinolin- -yl joxy fbatyDoctadecanamide (.21
2} and deoxygenated ethanol {26.79 g) were added to an gmber glass botile. The bottle was
capped and placed in an uitrasonic bath {Branson moded 8310-DTH). The sample was sonicated
unttil alt of the N-{4-{d-amino-2-butyl-1 H-tmidazof 4,5~ jquinotin-1-
yvioxy}tyhiociadecanamide dissolved {about ten nrinotes). The resulting sthano! soltion
contained 0.78 weight percent of N-(4-{d-amino-2-butvl-1 H-mudazol4.5-clquinohin-1-
yHoxybutvhoctadecananude bottle. Next, 21.39 g of the ethanol solution contamming 0.78
weight percent of N<{4-{4-ammo-2-butyl- 1 H-imidazof 4, 3-c lguimohn- 1 -
yvHoxybutyDoctadecanamide and BHA (90 mg) were transferred to an amber plass botile
comtaining 2773 p of deoxygenated sesame oil. An additional 1.08 ¢ of deoxyvgenated ethanol
was also added 1o the bottle. A gentle stream of dry nitrogen gas was then passed through the
formudation for about 10 seconds. The botile was capped and then placed on a laberatory roller
mixer. The formulation was agitated untdl # became transparent on visuaal inspection {agHation
for about 15 nunules). In a final step the formulation was passed through 8 0.2 micron
polyethersulfone (PSAY membrane {ifter (EMD Milhipore, Billerica, MAY and 6 mb of the
formulation was collected m a clear glass serum vial (Miller Analviical Company, Bristol, PA).
The headspace in the vial was purged with a stream of dry mitrogen gas and the vial was capped
with an shsminum crimp cap contmning a gray chiorobutyi-isoprene septum (Miller Analviical
Company). The concentration of N-{4- [d-amine-2-butvb 1 H-imidazof 4, S~cigumobin- 1~

yHoxy} batyhoctadecanamide in the final formulation was about 0.5 mgimL.,

Example 3. Injectinn Formulation: Ethanol {5 weight percent) in Sesame il

N-{4- {4~amino-2-butvi- L H-inudazol4 S-ciquinolin-1-voxy hutvloctadecanamide (0.
3¢ o) and ethanol (15.0 @) were added {o an amber glass bottle. The bottle was capped and
placed i an ultrasonic bath (Branson model 8310-DTH). The sample was sonicated until all of
the N-{4~ {4-amino-2-butyl- L Famidazol4 S-clquinolin-1-yloxy butyDoctadecanamide
dissolved (about ten minutes). The resulting ethanol solution contained 2.0 weiglyt percent of N-

{4~ {d-anmuno-2-butvi- 1 H-imidarol4,5-cjguinolin- -y oxy} butyhoctadecanamide boptde. Nexq,
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{1.29 ¢ of the gthanol solution contaimng 2.4 weight percent of N-(4- {4-amine-2-butvl-1H-
intdazel 4. 5-¢jgamolin--vHoxyi butyBoctadecananude was wansferred to an anber glass botile
containing 10.5 g of sesame oil. An additional .23 g of ethanol was also added to the bottle.
The botile was capped and then placed on a laboratory roller mixer. The formulation was
agitated until 1t became fransparent on visual wspection {agnation for about 15 minutes). Ina
final step the formulation was passed through g 0.2 micron polyethersulfone (PSA) membrane
fiter (EMD Milhpore, Billerica, MAY and 6 ml of the formulation was collected in a clear glass
serum vial {(Miller Analvtical Company, Bristol, PA). The headspace in the vial was purged with
a stream of dry nitrogen gas and the vial was capped with an shuntimum crimp cap containing a
gray chiorobutyi-isoprene septum (Miller Analvtical Company). The concentration of N-{4-{4-
amino-2~-butyi-L Huimidazold S-clquinohin-T-vHoxy butyDoctadecanamide n the final

formulation was about 8.5 mg/mi..

Example 4. Injection Formalation: Ethanol (9 weight percent} in Sesame Oil
N-{4-{4-amino-2-butyl- L H-imidaro] 4,5¢ jqgunolin- -yl joxy FbhuatvDoctadecanamide (1L
3 @) and ethanel (15.0 g) were added to an amber glass botile. The bottle was capped and
placed i an ultrasonic bath {Branson model 8510-DTH). The sample was sonicated until all of
the N-{4- H4~-amino-2-butyl-1 H-imidazol4, S~¢ jquinolin- I-yHoxy  butyDoctadecanamide
dissolved {about ten minutes}. The resulting ethanol solution contained 2.0 waight percent of N-
(4~ {4-amino-2-butyi-1 H-mudazof4 3-clquinolin- -viloxy} butyBoctadecanamide bottle. Next,
3.0 g of the ethanol solution comtaiming 2.0 weight percent of N-(4- {4-amino-2-butyl- 13-
imidazol4,5-clquinohn- I-yljoxyibutvhoctadecanamide was transferred to an amber glass bottle
contaimng 54.3 g of sesame oil. An additional 2.4 ¢ of ethanol was also added to the bottte. The
bottle was capped and then placed on 8 Iaboratory voller muxer. The forpudation was agilated
unti it became transparent on visual inspection (agitation for about 15 mimutes). In o final step
the formuldation was passed thvough a 0.2 micron polyethersulfone (PSA) membrane filter (EMD
Millipore, Billerica, MAY and 6 mL of the formulation was collected i a clear glass seram vial
{Miller Analytical Company, Bristol, PA). The headspace in the vial was purged with a streain
of dry nifrogen gas and the vial was capped with an alumimam crimp cap containing a gray
chiorobutyl~isoprene septum (Miller Analytical Company). The concentration of N-{(4-{4-
amino-2-butyl- 1 H-amidarold, S-clquinohin-1-vHoxy  batyDoctadecanamide in the final

formulation was about | mpink.
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Example 5 [njection Formulation: Ethanol {8.5 weight percent) in Sexame Oil

No{d-{demmino-2-butyl- LAinudarol4 S-clquinolin- Loy Hoxy thoatvDoctadecananide €1.22
2} and ethanol {60.0 g} were added to an amber glass bottle. The bottle was capped and placed
in an ultrasonic bath {Branson model 8510-DTH) . The sample was sonicated until all of the N-
{4~ {4-amino-2-butyi- Lif-imidazol 4 3-c kpanobin-1 -yl joxyv HhatvDoctadecanmmide dissolved
{about thirty munutes). The resulting ethanol solation contained 2.0 weight percent of N-(4-{4-
amino-2-butyl-1 H-midazol4, 5-c jquinohn- L -vHoxy butvDoctadecananide bottle. Next, 9.0 g of
the ethanol solution containing 2.0 weight percent of N-{4- {4-amino-2-butyl- 1 H-imidaro]{4.5-
¢lguinolin-l-yHoxy H hgyhoctadecanamide was transferred to an amber glass bottle containing
6.0 g of sesame o, The boitle was capped and then placed on a laboratory roller mixer. The
formulation was agitated until it became transparent on visual inspection {(agitation for about 15
mimgtes). A stream of dry nitrogen gas was passed over the stirred formulation to evaporate 3.4
g of ethanol in g final step the formulation was passed through a 0.2 micron polyethersulfone
{(PSA)Y membrane filter {(EMD Millipore, Billerica, MA) and 6 mL of the formudation was
collected in a clear glass senm vial (MilHler Anabytical Company, Bustol, PA). The headspace in
the vial was purged with a stream of dry nitrogen gas and the visl was capped with an aluminum
cripy cap contmining a gray chlorobatyi-isoprene septam {Miller Analyvtical Company). The
concentration of N-(4-{4-amino-2-butyl-1H-imidazol4,5-c]quinohn-1-

vioxy} vl ociadecananmde inthe final formulation was abow 3 myfml.

Example 6. Injection Formulation: Ethanel (9 weight percent) in Sesame Qil

N4~ {d-ammo-2-tty b Vi -amidarol 4, 5-¢lquinohin- oyloxy thatvDoctadecanamide (1.22
2} and ethanol (60.0 2} were added 1o an amber glass bottle. The bottle was capped and placed
i an wltrasonic bath {Branson modet 8310-DTH). The sample was sonicated wntil all of the N-
{4~ {4-anuno-2-butvl- | H-imidazo} 4, 3-c kpuinolin-1-yljoxvi butyhoctadecanamide dissobved
{about thirty munutes). The resulting ethanol solution contained 2.0 weight percent of N-(4~{4-
amino-2-butyl-1 H-imidarold, 5-c jquinolin- -y Hoxy f batvDoctadecansmide bottle, Next, 2501
of the ethanol sohution contaimng 2.0 weight percent of N-{4-{4-amino-2-butyl- L H-inudarold 5-
clquinolin-I-vloxythutvDocladecanamide was teanslerred to an amber glass boitle contaming
90.5 g of sesame oif. The botile was capped and then placed ou a laborstory rolter mixer. The
formulation was agttated unti] it became transparent on visval mspection (agitation for abowt 15
minutes), A stream of drv nitrogen gas was passed over the stirved formulation to svaporate {85
g of ethanol. Ina finad step the fornudation was passed through a 0.2 nucron polyvethersulfone
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{PSA} membrang filter (EMD Millipore, Billerica, MA) and 6 miL of the formulation was
collected b a clear plass serum vial (Miller Analvtical Company, Bristol, PA}. The headspace in
the vial was purged with a stream of dry nitrogen gas and the vial was capped with an abaninum
crimyp cap contatmng a gray chlorobutvl-isoprene septum {Miller Analytical Company). The
conceniration of N-{4-{4-amino-2-buiyl- 1i-mmdazol4,5-¢lguinolin-1-

yvHoxybutyDociadecanamide in the final formulation was about § mgiml.

Example 7. Injection Formulation: Ethanol {6.% weight percent} in Sesame Oil

No{d- {4-mino-2-butvl- LA imidazofd S-clyuinolin- T-vHoxy thutyDoctadecananyde (8.
3G gy and ethanol (13.3 ¢) were added {0 an amber glass boitle. The bottle was capped and
placed in an ultrasonic bath (Branson model 8510-DTH). The sample was sonicsted untif all of
the N-{4-{4-amino-2-butyl- L FFmidarzof 4, S-clquinclin- T-yHox v ibatyDoctadecanamide
dissolved (about ten minutes). The resuliing ethanol solution contained 1.9 weight percent of N-
{4« {d~anuno-2-botvi-1 F-imidazof 4, 5-c lgumolin- L-vlloxy butyDoctadecananude bottle. Next,
(3,18 g of the ethapol solution containimg 1.9 weight percent of N-(4- {4-amino-2-butyl-14-
imitdazol 4, 5-¢ fquinolin- T -yHoxy} butyhoctadecanamide was transferred to an amber plass bottle
containing 31.7 g of sesame oil. An additional 2.0 ¢ of ethanol was also added {o the botile. The
botile was capped and then placed on a laboratory roller mixer. The formulation was agitated
untif 1 became transparent on visual mspection {agiiation for about 15 minutes). In a Gnal step
the formulation was passed through s 0.2 micron polyethersulfone (PSA) membrane Hiter (EMD
Mitlipore, Billerica, MA} and 6 ml. of the formulation was collecled in a clear glass serum vial
{Miller Analytical Company, Busiol, PA). The headspace in the vial was purged with a stream
of dry nitrogen zas and the vial was capped with an aluninum crimp cap containing a gray
chiorobutvl-isoprane septum (Miller Analvtical Company). The concentration of N-(4-{4-
amino-2-butyl-1 H-imidarold S-cjquinolin-T-vioxy i hutvhoctadecanamide in the final

formulation was about 0.1 mgfmi..

Example 8, Injection Formulation: Ethanol {7.2 weight percent) in Sesame Oil

A sohtion of ethanol (7.2 weight percent) in sesame o was prepared by adding 3.9 g of
ethanol and 30.0 g of sesame oil 10 an amber bottle followed by gentle stirring. N4~ {4-amino~
T-butyl-1 H-mmidarol4 S-clquinolin- L -vlioxy ) butyhoctadecanamide (53,9 mg) was then added to
the ethanol/sesame oil solution. The bottle was capped and placed in an ultrasonic bath {Branson
model 8510-DTH). The sample was sonicated for 30 minutes and then further shaken vaing a

el
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shaker table (Erbach Corporation, Ann Arbor, MU unti} all of the N-{4- {4-amino-2-butvl-15-
intdazel 4. 5-¢jaamolin- -voxyi butyBoctadecanamide was dissolved {abont 20 howrs) . The
resulting solution was passed through a 0.2 micron polvethersulfone (PSA} membrane filter
{EMD Millipore, Billerica, MA) and collected in a glass bottle. The headspace in the bottle was
purged with a stream of dry nitrogen gas and the bottle was capped. The concentration of N-{4-
{d4~gmino-2-butyl-1 A-imidazol4,5-c jquinotin- F-vlloxy f butvDoctadecanamide in the fingl

formulation was abowt 1 mgfe.

Example 2, Additional Injection Formulations

A vartety of formulations with differing levels of ethano! concentration {weight percent
of ethanol in the formulation), N-{4- {4-anuno-2-butyl- 1 H-tmidazol 4 S-clquinolin-1-
vioxytbutvhDoctadecanamide concentration (mg/mlL of formulation), and BHA concentration
{ppim} were prepared asing the general procedures of Exanples 1-7. For Formudations 9-H thru
9] deoxygenated ethanol and sesame ol were used. The formulations are reported in Table 1.

Formulations were prepared in which the ethanol content of the formulation was reduced
by including an ethanol evaporation step tmmediately prior to the final filtration step. The
evaporation of the sthano! m the formulation was accomplished by passing o stream of dry

nitrogen gas over the stirred formulation.

Table §.

Formulatic | Concentration | Councentration of N-{d-{d-amine-2- BHA
B of Ethanol in | butyvl-JH-imidazo}4,5-clquinelin-1~- | Concentratio
Designation | the Injection vijoxylbutyoctadecanamide a {(ppm)
Formulation in the Injection Formulation
{weight {mgfml)
percent)
9-A 3 0.1 0
4-B 3 1 0
Sl ) 4.1 0
9D G 0.3 0
9-F 6 i {}
9-F 7 (.4 0
9-(5 7 0.8 i}
9-H 7 2.8 300
Q-1 7.8 1.5 300
- 7.8 2.5 300
9.3 B 3 0
9-1, 9 3 6
7
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Example IG Iiitxratumomi (1T} Injection

All proceduores were conducted iy accordance with approved Instittional Antmal Care
and Use Commtites (JATUC) protocols. The animals were housed i a factlily that was
accredited by the Association for Assessment and Accreditation of Laboratory Animal Care
{AAALAC, Prederick, MD) C37BLAI-Tyr Albino muce, female, 15-20 grams were oblamned
from Jackson Labs, Bar Harbor, Maine. The syngeneic B16.OVA melanoma cell line was
obtained from Dr. Wynette Diety, University of Minnesota, The cell Hue was characterized at
3M and deterniined to express OVA,

Prior o establishing tumor-bearing nuce, the ammals were anesthetived with 1%
isoflurane 1w an airtizght box and then mamniamed wnder anesthesia by adminstration of 1%
isoflurane via a face mask. Each mouse was given a unique descriptor {unique tattooed number
on the tail). The right flank was shaved and 3x10° B16.OVA melasoma cells in 0.1 mL DPBS
were implanted sabataneously.

Seven days after tumor implantation the nuce were randomized into 3 groups (Groups A-
) of 20 mice per group. At this point the average twmor size in the mice was approximately 24
mum®, Animals that were outliers based on tumor size were identified and excluded from the
study based on the ROUT statistical method developed by GraphPad Software {La Jolla, CAY.
The Group A animals received a 0.05 mi intratwnoral injection of the formulation of Example
3. The Group B animals received a .03 mL figection of the Formudation of Example 3
administerad subcutangousiy (SC} into the fiank region opposiie from the implanted tumor (Le.
left Hank). The Group C arumals recerved a .05 mbL intratamoral injection of a Velele Control
Formulation. The Vehicle Conirol Fornndation was the sane as the Fonmulation of Example 3
with the exception that N-(4-{4-anuno-2-butyl-1 H-imidazof 4, 5-cjquinolin- 1~
vioay HhatyDoctadecanamide was not incladed in the formuelation. All of the formolations for
Groups A-C werg adiministered using 8 0.5 mL svringe with a 26 gauge needle. All thvee groups
were injected with the corresponding formudation at 7 days and 14 days afler the tumor
naplantation. For Groups A and € the intratumoral injection was administered in the center of
the tamor. Prior w injection, the animals were anesthetized with 136 isoflurane via a face mask.
For each animal, the wmor size was measurad with g caltbrated digital caliper, All tumors were
palpable and visible. 1f the tumor size was measured (o be 200 mm® or greater, the animal was
euthanmized. The apimals were momiored for 90 days post tumor implantation. For each animal,
the tumor size data is reported in Tables 2A-C| and the percent swrvival data is reported in Table

3. The median survival i days was 34 days for Group A, 22 days for group B, and 21.5 days Tor
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Group C. “fhe én,imal survival data was analvzed using Prism 3.04 software (GraphPad
Software). Kaplan-Meter survival curves were compared by the fog-rank (Mantel-Cox) test
followed by pairwise comparison using the Gehan-Breslow- Wilcoxon test. The survival
advantage of the Group A animals versus group B and C antmals was detennined to be

statistically sigmficant {p value < Q.0001).

Example 11

A variety of formulations with fixed fevels of ethanol conventration {at 7.5 wi-% of
ethanol 1o the formulation), differing levels of N-(4- {{4-amino-2-butyl- 1 H-imidaro{ 4,5~
¢lguimolin-1-vioxy Y hutvhioctadecanamide concentrations ranging from 0.1 mg/mb 10 2.5
nmg/ml, and BHA concentrations (300 ppny) ave prepared ysing the general procedures of
Examples 1-7. For Formulations 11-A thru 11-E deoxygenated ethano] and sesame oil are used.
The formulations are reported in Table 4.

Fornwdations are prepared in which the ethanol content of the formulation is reduced by
meluding an ethanol evaporation step mmmediately prior o the final filtration step. The
evaporation of the ethanol in the formulation 1s accomplished by passing a stresm of dry nitrogen

gas over the stirred formulation.

Tahle 4.
§F0rmu!ati0n Concentration of | Concentration of N-{(4-{|4-amino-2- BHA
| Designation | Ethanel in the butyl-1H-imidazo[4.5-clquinelin-1~- : Concentration |
Injection vijoxyibuiyDoctadecanamide in the {ppm)
Formulation Injection Formulation (mg/mL} ?
{weight percent)

PE-A 7.8 0,15 300
""""""" B 7§ 93 300

- 7.5 0.6 300

11-D 7.5 P2 300

11-E 7.3 2.4 300
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Propertion of Surviving Mice
Davs Past Tumor Group A Group B Group C
Implantation (1T administration of {SC administration of | (I'T admindstration of
Example 3 Exanmpl: 3 Vehicle Control
Formulation) Formulation) Formulation)

& 100 HES 0

16 93 95 s

19 G5 FG 53

21 93 35 K

22 0 35 4

23 90 33 340

26 90 30 20

27 90 25 20

28 #3 24 13

30 65 5 3

34 45 3 3

36 4 D 3
40 35 & 5
43 33 & 0

47 30 { (

&1 23 Q 0

34 20 i (

35 15 4 b
ol 10 0 {}
75 5 ] 0
9 5 0 iy

=29~



2014347059 22 Aug 2017

20

25

The claims defining the invention are as follows:

1. A pharmaceutical formulation suitable for injection, comprising:
sesame oil;
ethanol; and

an immune response modifier compound of formula:

NH.
N
NTX
| SR,
Y )
-
I "NH
R ¥
Ry

wherein:

X is alkylene having up to 8 carbon atoms optionally interrupted or terminated by
L

R, is hydrogen, alkyl, alkoxyalkylenyl, alkylaminoalkylenyl, or hydroxyalkylenyl;

Y is -C(O)- or -S(O)»-;

R, is a linear or branched aliphatic group having 11-23 carbon atoms, optionally
comprising one or more unsaturated carbon-carbon bonds; and

R is hydrogen, halogen, or hydroxyl;

or a pharmaceutically acceptable salt thereof.

2. The formulation of claim 1, wherein the ethanol is present in a concentration of from

about 1 wt-% to about 9 wt-%.

3 The formulation of any one of the preceding claims, wherein the ethanol is present in a

concentration of from about 3 wt-% to about 8 wt-%.

4. The formulation of any one of the preceding claims, wherein the ethanol is present in a

concentration of from about 6.5 wt-% to about 7.5 wt-%.

s
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5. The formulation of any one of the preceding claims, wherein the immune response
modifier compound is present in a concentration of from about 0.1 mg/mL to about 10 mg/mL.
6. The formulation of any one of the preceding claims, wherein the hydroxyl value of the

sesame oil is less than or equal to 2.

7. The formulation of any one of the preceding claims, wherein the acid value of the sesame

oil is less than or equal to 0.1.

8. The formulation of any one of the preceding claims, wherein the peroxide value of the

sesame oil is less than or equal to 1.

9. The formulation of any one of the preceding claims, wherein the total nitrogen content of

the sesame oil is less than or equal to 1 ppm.

10. The formulation of any one of the preceding claims, wherein the sesame oil contains no

more than 0.05 wt-% of sesamin and no more than 0.05 wt-% of sesamolin.

11. The formulation of any one of the preceding claims, wherein R, is methyl, ethyl, propyl,

butyl, ethoxymethyl, methoxymethyl, ethylaminomethyl, or 2-methoxyethyl.

12.  The formulation of any one of the preceding claims, wherein Y is -C(O)-.

13. The formulation of any one of the preceding claims, wherein R is C;;-Cy3 alkyl.
14. The formulation of any one of the preceding claims, wherein R is C;5-C»3 alkyl.
15. The formulation of any one of the preceding claims, wherein R is C;5-;7 alkyl.
16. The formulation of any one of the preceding claims, wherein R is C;7 alkyl.

231 -



~ 17.  The formulation of any one of the preceding claims, wherein the immune response
§ modifier =~ compound  comprises  N-(4-{[4-amino-2-butyl-1H-imidazo[4,5-c]quinolin-1-
%D yl]oxy}butyl)octadecanamide, or a pharmaceutically acceptable salt thereof.
g 18. A method of delivering the pharmaceutical formulation of any one of the preceding
claims, comprising injecting the formulation into a subject.
AN
8 19. The method of claim 18, wherein the formulation is injected into a tumor mass.
5
Q 20. The method of claim 18, wherein the formulation is injected into a wart.
=
21.  The method of claim 18, wherein the formulation is injected into hypertrophic scar tissue.
22. A method of making the formulation of any one of claims 1 to 17, comprising
providing
sesame oil;
ethanol; and
an immune response modifier (IRM) compound of formula:
NH,
N
NI > >R,
Z N
[
|/ Z  "NH
R ‘IY\
R;
20 wherein:
X is alkylene having up to 8 carbon atoms optionally interrupted or terminated by
-0-;
R, is hydrogen, alkyl, alkoxyalkylenyl, alkylaminoalkylenyl, or hydroxyalkylenyl;
Y is -C(O)- or -S(O),-;
25 R, is a linear or branched aliphatic group having 11-23 carbon atoms, optionally

comprising one or more unsaturated carbon-carbon bonds; and

e
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R is hydrogen, halogen, or hydroxyl;
or a pharmaceutically acceptable salt thereof;
combining the IRM compound with the ethanol to form an ethanol-IRM compound
solution; and
combining the ethanol-IRM compound solution with the sesame oil to form a sesame oil-

ethanol-IRM compound formulation.

23. The method of claim 22, further comprising the step of evaporating a portion of the

ethanol from the sesame oil-ethanol-IRM compound formulation.

24, The formulation of claim 1, wherein the formulation comprises:
sesame oil;
7.5 wt-% ethanol;
300 ppm BHA; and
from 0.1 mg/mL to about 2.5 mg/mL N-(4-{[4-amino-2-butyl-1/H-imidazo[4,5-

c]quinolin-1-yl]oxy} butyl)octadecanamide.

-33.-
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