wo 2014/186581 A 1[I I N0FV 00O O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2014/186581 A1l

(51

eay)

20 November 2014 (20.11.2014) WIPO I PCT
International Patent Classification:
A61K 31/55 (2006.01) A61P 31/18 (2006.01)
A61K 31/194 (2006.01)
International Application Number:
PCT/US2014/038211

(22)

(25)
(26)
(30)

1

(72

74

31

International Filing Date:
15 May 2014 (15.05.2014)

Filing Language: English
Publication Language: English
Priority Data:

61/823,766 15 May 2013 (15.05.2013) US

Applicant: TOBIRA THERAPEUTICS, INC. [US/US];
400 Oyster Point Boulevard, Suite 525, South San Fran-
cisco, California 94080 (US).

Inventors: MENNING, Mark Michael; 1600 Webster
Street, Unit 408, San Francisco, California 94115 (US).
DALZIEL, Sean Mark; 400 Beale Street, Apt. 1901, San
Francisco, California 94105 (US).

Agents: JOSHI, Trupti P. et al; Cooley LLP, 1299
Pennsylvania Avenue, NW, Suite 700, Washington, Dis-
trict of Columbia 20004 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

(84)

HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

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

Published:

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(54) Title: CENICRIVIROC COMPOSITIONS AND METHODS OF MAKING AND USING THE SAME

HyC

K( CH,

0\/\0

HSCHN
LI

=

FIG. 1

(57) Abstract: The present disclosure relates to pharmaceutical compositions containing cenicriviroc or a salt thereof and optionally
one or more additional pharmaceutically active agent, methods for the preparation thereof, and their use in the treatment of diseases
or conditions, particularly viruses such as Human Immunodeficiency Virus (HIV).



10

15

20

25

30

WO 2014/186581 PCT/US2014/038211

CENICRIVIROC COMPOSITIONS AND METHODS OF MAKING AND USING
THE SAME

CROSS-REFERENCE TO RELATED APPLICATION

This application claims the benefit of priority to U.S. Provisional Application
No. 61/823,766, filed May 15, 2013 and entitled “CENICRIVIROC COMPOSITIONS AND
METHODS OF MAKING AND USING THE SAME”, the content of which are hereby

incorporated by reference in its entirety for all purposes.

BACKGROUND

FIELD

The present disclosure relates to pharmaceutical compositions containing
cenicriviroc or a salt thercof, methods for the preparation thercof, and their use in the
treatment of diseases or conditions, particularly viruses such as Human Immunodeficiency

Virus (HIV).

BACKGROUND

Cenicriviroc is the common name of (S,E)-8-(4-(2-Butoxyethoxy)phenyl)-1-
(2-methylpropyl)-N-(4-(((1-propyl-1H-imidazol-5-yl)methyl)sulfinyl)phenyl)-1,2,3,4-
tetrahydrobenzo[blazocine-5-carboxamide, the chemical structure of which appears in Figure
1. Cenicriviroc is a weakly basic and poorly water-soluble drug that can be efficacious
against viruses, for example retroviruses such as Human Immunodeficiency Virus (HIV).
However, clinical use of cenicriviroc can be limited because of bioavailability and stability
problems associated with known cenicriviroc compositions. What is more, current
cenicriviroc formulations cannot accommodate a daily dose of cenicriviroc in a single tablet,
so a subject must take multiple tablets to obtain a sufficient therapeutic effect. Thus, new
compositions and formulations comprising cenicriviroc, along with associated methods of
making and using such compositions and formulations, are needed. The present invention

addresses some of these needs, and provides other related advantages.
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BRIEF SUMMARY

The present disclosure provides, among other things, pharmaceutical
compositions containing cenicriviroc as a single active agent or as one of multiple active
agents, methods for the preparation thereof, and their use in the treatment of diseases or
conditions, particularly viruses such as Human Immunodeficiency Virus (HIV). In certain
embodiments, the present compositions are in solid dosage forms. In certain embodiments,
the present compositions are oral compositions.

In one embodiment, a composition cenicriviroc or a salt thereof and fumaric
acid is provided. In certain embodiments, the cenicriviroc or salt thereof is cenicriviroc
mesylate.

In further embodiments, the weight ratio of the cenicriviroc or salt thereof to
fumaric acid is from about 7:10 to about 10:7, such as from about 8:10 to about 10:8, from
about 9:10 to about 10:9, or from about 95:100 to about 100:95, based on the weight of free
cenicriviroc.

In other further embodiments, the fumaric acid is present in an amount of from
about 15% to about 40%, such as from about 20% to about 30%, or about 25%, by weight of
the composition.

In other further embodiments, the cenicriviroc or salt thereof is present in an
amount of from about 15% to about 40%, such as from about 20% to about 30%, or about
25%, by weight of the composition, based on the weight of free cenicriviroc.

In other further embodiments, the composition comprises one or more
pharmaceutically inactive ingredients, such as pharmaceutically acceptable excipients, e.g.,
fillers, disintegrants, lubricants, and etc.

In other further embodiments, the composition comprises one or more fillers.
In more specific embodiments, the one or more fillers are selected from microcrystalline
cellulose, calcium phosphate dibasic, cellulose, lactose, sucrose, mannitol, sorbitol, starch,
and calcium carbonate. For example, in certain embodiments, the one or more fillers is
microcrystalline cellulose. In particular embodiments, the weight ratio of the one or more
fillers to the cenicriviroc or salt thereof is from about 25:10 to about 10:8, such as from about
20:10 to about 10:10, or about 15:10, based on the weight of free cenicriviroc. In other

particular embodiments, the one or more fillers are present in an amount of from about 25%
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to about 55%, such as from about 30% to about 50% or about 40%, by weight of the
composition.

In other further embodiments, the composition further comprises one or more
disintegrants. In more specific embodiments, the one or more disintegrants are selected from
cross-linked polyvinylpyrrolidone, cross-linked sodium carboxymethyl cellulose, and sodium
starch glycolate. For example, in certain embodiments, the one or more disintegrants is
cross-linked sodium carboxymethyl cellulose (croscarmellose sodium). In particular
embodiments, the weight ratio of the one or more disintegrants to the cenicriviroc or salt
thereof is from about 10:10 to about 30:100, such as about 25:100, based on the weight of
free cenicriviroc. In other particular embodiments, the one or more disintegrants are present
in an amount of from about 2% to about 10%, such as from about 4% to about 8%, or about
6%, by weight of the composition.

In other further embodiments, the composition further comprises one or more
lubricants. In more specific embodiments, the one or more lubricants are selected from
stearin, magnesium stearate, and stearic acid. For example, in certain embodiments, the one
or more lubricants is magnesium stearate. In particular embodiments, the one or more
lubricants are present in an amount of from about 0.25% to about 5%, such as from about
0.75% to about 3%, or about 1.25%, by weight of the composition.

In other further embodiments, the composition further comprises one or more
anti-tacking agents, such as, e.g., talc. In other further embodiments, the composition further
comprises one or more flow aids, such as, e.g., silica.

In other further embodiments, the composition is substantially similar to those
described in Table 3a and Table 3b.

In other further embodiments, the composition is substantially similar to that
of Example 2b of Table 3a.

In other further embodiments, any of the above-mentioned embodiments is
produced by a process involving dry granulation. For example, any of the above-mentioned
embodiments may be produced by a process involving dry granulation of an admixture of the
cenicriviroc or salt thereof and the fumaric acid.

In other further embodiments, any of the above-mentioned compositions has a

water content of no more than about 4% by weight, such as no more than 2% by weight, after
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six weeks of exposure to about 40° C at about 75% relative humidity when packaged with
desiccant in a container, such as a closed bottle configuration, e.g., an induction sealed bottle.

In other further embodiments, any of the above-mentioned compositions has a
total impurity and degradant level of no more than about 2.5%, such as no more than 1.5%,
after 12 weeks of exposure to 40° C at 75% relative humidity when packaged with desiccant
in a container, such as a closed bottle configuration, ¢.g., an induction sealed bottle.

In other further embodiments, the cenicriviroc or salt thereof of any of the
above-mentioned compositions has a mean absolute bioavailability after oral administration
that is substantially similar to the mean absolute bioavailability of the cenicriviroc or salt
thereof in a solution after oral administration. In yet further embodiments, the cenicriviroc or
salt thereof has a mean absolute bioavailability of about 10% to about 50%, about 10% to
about 30%, about 10% to about 25%, about 15% to about 20%, inclusive of all ranges and
subranges therebetween. In a particular embodiment, the cenicriviroc or salt thereof has a
mean absolute bioavailability of about 15% to about 20%, inclusive of all ranges and
subranges therebetween. In one embodiment, the cenicriviroc or salt thercof has a mean
absolute bioavailability of about 13%, 14%, 15%, 16%, 17%, 18%, 19%, 20%, 21%, 22%,
23%, 24%, 25%, 26%, or 27%, inclusive of all ranges and subranges therebetween. In a
particular embodiment, the cenicriviroc or salt thereof has a mean absolute bioavailability of
about 18%. In a particular embodiment, the aforementioned bioavailability is for the
cenicriviroc or salt thereof of any of the above-mentioned compositions in a mammal. In a
particular embodiment, the mammal is a dog, such as a beagle dog.

In one embodiment, the present invention provides a pharmaceutical
composition comprising about 150 mg of cenicriviroc or a salt thercof, wherein the
composition exhibits a steady state AUCg.q of about 7,000 h*ng/ml to about 11,000
h*ng/ml, such as from about 7,500 h*ng/ml to about 9,500 h*ng/ml, or from about 8,000
h*ng/ml to about 9,000 h*ng/ml, following administration of the composition to a subject
under fed conditions. In one embodiment, the present invention provides a pharmaceutical
composition comprising about 150 mg of cenicriviroc or a salt thercof, wherein the
composition exhibits a steady state Cmax of about 500 ng/ml to about 750 ng/ml, such as from
about 550 ng/ml to about 700 ng/ml, following administration of the composition to a subject

under fed conditions. In one embodiment, the present invention provides a pharmaceutical
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composition comprising about 150 mg of cenicriviroc or a salt thercof, wherein the
composition exhibits a steady state C,,, of about 100 ng/ml to about 230 ng/ml, such as from
about 130 ng/ml to about 200 ng/ml following administration of the composition to a subject
under fed conditions.

In another embodiment, the present invention provides a pharmaceutical
composition comprising about 200 mg of cenicriviroc or a salt thercof, wherein the
composition exhibits an AUCy 1, of about 13200 h*ng/ml to about 14200 h*ng/ml and a Cy.x
of about 550 ng/ml to about 700 ng/ml following a single dose administration of the
composition under fasted conditions.

“Fasted state” or “fasted condition” includes a subject, ¢.g., a human, who has
not consumed any nourishment overnight, such as a subject who has woken up from sleep but
not yet eaten or has an empty stomach around bedtime. A subject, particularly a human, in
the fasted state can also be a subject who has not consumed any nourishment other than water
for at least 6 hours, particularly at least 8 hours, more particularly at least 10 hours, and even
more particularly at least 12 hours. “Fed state” or “fed conditions” refers to a subject, e.g., a
human, who consumes a one or more of standard meal, a high fat meal, a high-calorie meal, a
rice meal, a low-calorie meal, a low-fat meal, a low-carbohydrate meal, and with or without a
beverage or drink, such as coffee, tea, water, fruit juice, soda, etc. The meal can be preceded
by at least 6, 8, or 10 hours of fasting, for example, 10, 11, or 12 hours of fasting, however,
this is not required unless otherwise specified.

In other further embodiments, any of the above-mentioned compositions
exhibits an AUCq..s of cenicriviroc that is about 175% or more, such as about 200% or more,
or about 225% or more, or about 250% or more, of the AUCq.st Of cenicriviroc exhibited by
a reference solid formulation following oral administration. In other further embodiments,
any of the above-mentioned compositions exhibits a Cax of cenicriviroc that is at least 40%
higher, such as at least 50% higher or at least 55% higher, than the C.x of cenicriviroc
exhibited by a reference solid formulation following oral administration. By reference solid
formulation, it is meant a solid formulation comprising cenicriviroc or salt thereof and one or
more pharmaceutically acceptable excipient but without an acid solubilizer or pH adjusting

agent in the formulation.
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In other further embodiments, any of the above-mentioned compositions
further comprises one or more additional pharmaceutically active agents.

In more specific embodiments, the one or more additional pharmaceutically
active agents is one or more antiretroviral drugs selected from CCRS receptor antagonists,
entry inhibitors, nucleoside reverse transcriptase inhibitors, nucleotide reverse transcriptase
inhibitors, non-nucleoside reverse transcriptase inhibitors, protease inhibitors, integrase
inhibitors, and maturation inhibitors.

In yet further more specific embodiments, the one or more additional
pharmaceutically active agents are selected from maraviroc, lamivudine, efavirenz,
raltegravir, vivecon, bevirimat, alpha interferon, zidovudine, abacavir, lopinavir, ritonavir,
tenofovir, tenofovir disoproxil, tenofovir prodrugs, emtricitabine, elvitegravir, cobicistat
darunavir, atazanavir, rilpivirine, and dolutegravir.

In still further more specific embodiments, the one or more additional
pharmaceutically active agents include one or more immune system suppressing agents. In
yet still further more specific embodiments, the one or more additional pharmaceutically
active agents are selected from the group consisting of cyclosporine, tacrolimus,
prednisolone, hydrocortisone, sirolimus, everolimus, azathioprine, mycophenolic acid,
methotrexate, basiliximab, daclizumab, rituximab, anti-thymocyte globulin, and anti-
lymphocite globulin. In other specific embodiments, the one or more additional
pharmaceutically active agents are one or more of tacrolimus or methotrexate.

In one embodiment, a composition comprising cenicriviroc or a salt thereof,
fumaric acid, and lamivudine (3TC) is provided. In certain embodiments, the cenicriviroc or
salt thereof is cenicriviroc mesylate. In further embodiments, the weight ratio of cenicriviroc
or salt thereof to lamivudine is from about 1:15 to about 1:1, such as from about 1:12 to about
2:3; about 1:12; about 1:4; or about 1:2 based on the weight of free cenicriviroc. In other
further embodiments, lamivudine is present in an amount of from about 25% to about 65%,
such as from about 30% to about 60%, about 31.6%; about 33.3%; about 37.5%; about
40.0%; about 46.2%,; or about 60% by weight of the composition. In another embodiment,
the composition comprises about 15.8% cenicriviroc or salt thereof and about 31.6%
lamivudine by weight of the composition and based on the weight of free cenicriviroc. In

another embodiment, the composition comprises about 16.7% cenicriviroc or salt thereof and
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about 33.3% lamivudine by weight of the composition and based on the weight of free
cenicriviroc. In another embodiment, the composition comprises about 18.8% cenicriviroc or
salt thereof and about 37.5% lamivudine by weight of the composition and based on the
weight of free cenicriviroc. In another embodiment, the composition comprises about 20%
cenicriviroc or salt thereof and about 40.0% lamivudine by weight of the composition and
based on the weight of free cenicriviroc. In another embodiment, the composition comprises
about 11.5% cenicriviroc or salt thereof and about 46.2% lamivudine by weight of the
composition and based on the weight of free cenicriviroc. In another embodiment, the
composition comprises about 5% cenicriviroc or salt thereof and about 60% lamivudine by
weight of the composition and based on the weight of free cenicriviroc.

In other further embodiments, the above-described compositions containing
cenicriviroc or salt thereof, fumaric acid, and 3TC may further comprise one or more
pharmaceutically inactive ingredients, such as pharmaceutically acceptable excipients, e.g.,
fillers, disintegrants, lubricants, and etc.

In other further embodiments, the above-described compositions containing
cenicriviroc or salt thereof, fumaric acid, and 3TC may further comprise one or more fillers.
In more specific embodiments, the one or more fillers are selected from microcrystalline
cellulose, calcium phosphate dibasic, cellulose, lactose, sucrose, mannitol, sorbitol, starch,
and calcium carbonate. For example, in certain embodiments, the one or more fillers is
microcrystalline cellulose. In particular embodiments, the weight ratio of the one or more
fillers to the cenicriviroc or salt thereof is from about 5:1 to about 1:5, such as from about 1:4
to about 1:5; or from about 2:3 to about 1:2; or from about 2:1 to about 4:3; or from about 5:1
to about 5:2, based on the weight of free cenicriviroc. In other particular embodiments, the
one or more fillers are present in an amount of from about 5% to about 30%, such as about
5.8%%; about 6.6%; about 12%; about 20.5%; about 22.2%; about 23.4%; or about 24.8%,
by weight of the composition. In another embodiment, the composition comprises about
15.8% cenicriviroc or salt thereof, about 31.6% lamivudine, and 24.8% one or more fillers by
weight of the composition and based on the weight of free cenicriviroc. In another
embodiment, the composition comprises about 16.7% cenicriviroc or salt thereof, about
33.3% lamivudine, and 23.4% one or more fillers by weight of the composition and based on

the weight of free cenicriviroc. In another embodiment, the composition comprises about
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18.8% cenicriviroc or salt thereof, about 37.5% lamivudine, and 12.0% one or more fillers by
weight of the composition and based on the weight of free cenicriviroc. In another
embodiment, the composition comprises about 20% cenicriviroc or salt thereof, about 40.0%
lamivudine, and 5.8% one or more fillers by weight of the composition and based on the
weight of free cenicriviroc. In another embodiment, the composition comprises about 20%
cenicriviroc or salt thereof, about 40.0% lamivudine, and 6.6% one or more fillers by weight
of the composition and based on the weight of free cenicriviroc. In another embodiment, the
composition comprises about 11.5% cenicriviroc or salt thercof, about 46.2% lamivudine,
and 20.5% one or more fillers by weight of the composition and based on the weight of free
cenicriviroc. In another embodiment, the composition comprises about 5% cenicriviroc or
salt thereof, about 60% lamivudine, and 22.2% one or more fillers by weight of the
composition and based on the weight of free cenicriviroc.

In other further embodiments, the above-described compositions containing
cenicriviroc or salt thereof, fumaric acid, and 3TC may further comprise one or more
disintegrants. In more specific embodiments, the one or more disintegrants are selected from
cross-linked polyvinylpyrrolidone, cross-linked sodium carboxymethyl cellulose, and sodium
starch glycolate. For example, in certain embodiments, the one or more disintegrants is
cross-linked sodium carboxymethyl cellulose. In particular embodiments, the weight ratio of
the one or more disintegrants to the cenicriviroc or salt thereof is from about 1:4 to about 3:2,
such as about 1:3; about 2:5; about 1:2; or about 1:1, based on the weight of free cenicriviroc.
In other particular embodiments, the one or more disintegrants are present in an amount of
from about 3% to about 9% by weight of the composition.

In other further embodiments, the above-described compositions containing
cenicriviroc or salt thereof, fumaric acid, and 3TC may further comprise one or more
lubricants. In more specific embodiments, the one or more lubricants are selected from
stearin, magnesium stearate, and stearic acid. For example, in certain embodiments, the one
or more lubricants is magnesium stearate. In particular embodiments, the one or more
lubricants are present in an amount of from about 0.5% to about 4%, such as from about
0.75% to about 3%, by weight of the composition. In other further embodiments, the

composition further comprises one or more anti-tacking agents, such as, ¢.g., talc. In other
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further embodiments, the composition further comprises one or more flow aids, such as, ¢.g.,
silica.

In other further embodiments, the above-described compositions containing
cenicriviroc or salt thereof, fumaric acid, and 3TC is substantially similar to those examples
described in Tables 18, 19, 20, 21, 22, 23, and 24.

In other further embodiments, any of the above-described compositions
containing cenicriviroc or salt thereof, fumaric acid, and 3TC has a water content of no more
than about 4% by weight, such as no more than 2% by weight, after four weeks of exposure
to about 40° C at about 75% relative humidity when packaged with desiccant.

In other further embodiments, any of the above-described compositions
containing cenicriviroc or salt thereof, fumaric acid, and 3TC has a total impurity and
dgradant level of no more than about 4%, such as no more than 2%, after 9 weeks of
exposure to 40° C at 75% relative humidity when packaged with desiccant.

In other further embodiments, any of the above-described compositions
containing cenicriviroc or salt thercof, fumaric acid, and 3TC may further comprise
efavirenz. In further embodiments, the weight ratio among cenicriviroc or salt thereof,
lamivudine, and efavirenz is from about 1:2:4 based on the weight of free cenicriviroc. In
other further embodiments, any of the compositions comprises about 10.3% cenicriviroc or
salt thercof, about 18.2% lamivudine, and about 36.4% efavirenz by weight of the
composition and based on the weight of free cenicriviroc. In other further embodiments, any
of the compositions comprises about 9.5% cenicriviroc or salt thereof, about 19.1%
lamivudine, and about 38.1% efavirenz by weight of the composition and based on the weight
of free cenicriviroc. In other further embodiments, any of the compositions is substantially
similar to the examples described in Table 28 or 29. In other further embodiments, any of the
compositions has a water content of no more than about 4.0% by weight, such as no more
than about 2.0%, after about four weeks of exposure to about 40° C at about 75% relative
humidity when packaged with a desiccant in a container, such as a closed bottle, e.g., an
induction sealed bottle. In other further embodiments, any of the compositions has a total
impurity and dgradant level of no more than about 4.0%, such as no more than about 2.0%,
after 9 weeks of exposure to about 40° C at about 75% when packaged with a desiccant in a

container, such as a closed bottle, ¢.g., an induction sealed bottle.
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In one embodiment, the invention provides pharmaceutical formulations
comprising any one of the above-mentioned compositions. In one embodiment, the invention
provides pharmaceutical formulations comprising cenicriviroc or a salt thereof, lamivudine
(3TC), and one or more pharmaceutically acceptable excipients. In another embodiment, the
invention provides pharmaceutical formulations comprising cenicriviroc or a salt thereof,
efavirenz (EFV), and one or more pharmaceutically acceptable excipients. In yet another
embodiment, the invention provides pharmaceutical formulations comprising cenicriviroc or
a salt thereof, 3TC, EFV, and one or more pharmaceutically-acceptable excipients. In any of
the preceding embodiments, the cenicriviroc or salt thereof is cenicriviroc mesylate.

In one embodiment of the pharmaceutical formulation, the compositions are in
form of granulates. In further embodiments, the cenicriviroc or a salt thereof is present in the
pharmaceutical composition in the form of a granulate. In some embodiments, the granulate
may comprise an acid solubilizer such as fumaric acid. For example, in one embodiment, the
cenicriviroc or a salt thereof and fumaric acid are blended with suitable excipients and
granulated to obtain granules containing cenicriviroc or salt thereof. The granules containing
cenicriviroc or a salt thereof and fumaric acid may be combined with additional excipients to
prepare the compositions of the invention. The components present within the granules of
cenicriviroc are referred to as “intra-granular” components whereas the components outside
of the granules are referred to as “extra-granular” components. In one embodiment, the
“intra-granular” components comprise cenicriviroc or salt thereof and fumaric acid; and the
“extra-granular” components comprise one or more pharmaceutically active agents, such as
3TC and/or EFV. In other embodiments, the “intra-granular” components comprise
cenicriviroc or salt thereof, fumaric acid, and one or more pharmaceutically active agents,
such as 3TC and/or EFV; and the “extra-granular” components comprises one or more
pharmaceutically active agents other than cenicriviroc or salt thereof, such as 3TC and/or
EFV. In other embodiments, the “intra-granular” components comprise cenicriviroc or salt
thereof, fumaric acid, and one or more pharmaceutically active agents, such as 3TC and/or
EFV; and the “extra-granular” components do not comprise any pharmaceutically active
agent.

In another embodiment, a pharmaceutical formulation is provided that

comprises a composition of any of the above-mentioned embodiments. In other further
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embodiments, the composition in the formulation is disposed in a capsule. In other further
embodiments, the composition of the formulation is disposed in a sachet. In other further
embodiments, the composition of the formulation is a tablet or a component of a tablet.

In still other further embodiments, the composition of the formulation is in one
or more layers of a multi-layered tablet. In still other further embodiments, the composition
of the formulation is in a single layer tablet.

In one embodiment of a multi-layered tablet, the composition is in a bilayer
tablet comprising a single core and a layer outside the single core. In one embodiment of the
bilayer tablet, the cenicriviroc or salt thereof and fumaric acid are present in the core; and
lamivudine is present in the layer outside the single core. In another embodiment of the
bilayer tablet, the cenicriviroc or salt thereof, fumaric acid, and lamivudine are present in the
core; and efavirenz is present in the layer outside the single core.

In further embodiments, any of the compositions in the above-mentioned
pharmaceutical formulations is substantially similar to the examples described in Table 3a,
36, 18, 19, 20, 21, 22, 23, 24, 28, or 29. In further embodiments, the pharmaceutical
formulation is in an oral dosage form, such as a tablet, which contains a composition
substantially similar to that of Table 3a, 36, 18, 19, 20, 21, 22, 23, 24, 28, or 29.

In further embodiments, any of the above-mentioned compositions, any of the
above-mentioned pharmaceutical formulations, or any of the above-mentioned tablets, is a
coated substrate.

In another embodiment, methods for preparing any of the above-mentioned
embodiments are provided. In further embodiments, the method comprises admixing
cenicriviroc or a salt thereof and fumaric acid to form an admixture, and dry granulating the
admixture. In other further embodiments, the method further comprises admixing one or
more fillers with the cenicriviroc or salt thereof and fumaric acid to form the admixture. In
more specific embodiments, the one or more fillers are selected from microcrystalline
cellulose, calcium phosphate dibasic, cellulose, lactose, sucrose, mannitol, sorbitol, starch,
and calcium carbonate. For example, in certain embodiments, the one or more fillers is
microcrystalline cellulose. In other further embodiments, the method further comprises
admixing one or more disintegrants with the cenicriviroc or salt thereof and fumaric acid to

form the admixture. In more specific embodiments, the one or more disintegrants are
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selected from cross-linked polyvinylpyrrolidone, cross-linked sodium carboxymethyl
cellulose, and sodium starch glycolate. For example, in certain embodiments, the one or
more disintegrants is cross-linked sodium carboxymethyl cellulose. In other further
embodiments, the method further comprises admixing one or more lubricants with the
cenicriviroc or salt thereof and fumaric acid to form the admixture. In more specific
embodiments, the one or more lubricants are selected from stearin, magnesium stearate, and
stearic acid. For example, in certain embodiments, the one or more lubricants is magnesium
stearate. In other further embodiments, the method further comprises compressing the dry
granulated admixture into a tablet. In other further embodiments, the method comprises
filling a capsule with the dry granulated admixture.

In other further embodiments, the method further comprises mixing the dry
granulated admixture with one or more extragranular materials. In more specific
embodiments, the one or more extragranular materials is one or more additional
pharmaceutically active agents. In other more specific embodiments, the one or more
pharmaceutically active agents is one or more additional antiretroviral drugs. In other more
specific embodiments, the one or more additional antiretroviral drugs are selected from
CCRS5 receptor antagonists, entry inhibitors, nucleoside reverse transcriptase inhibitors,
nucleotide reverse transcriptase inhibitors, non-nucleoside reverse transcriptase inhibitors,
protease inhibitors, integrase inhibitors, and maturation inhibitors. In other more specific
embodiments, the one or more additional antiretroviral drugs are selected from one or more
of maraviroc, lamivudine, efavirenz, raltegravir, vivecon, bevirimat, alpha interferon,
zidovudine, abacavir, lopinavir, ritonavir, tenofovir, tenofovir disoproxil, tenofovir prodrugs,
emtricitabine, elvitegravir, cobicistat darunavir, atazanavir, rilpivirine, and dolutegravir. In
still further more specific embodiments, the one or more additional pharmaceutically active
agents include one or more immune system suppressing agents. In yet still further more
specific embodiments, the one or more additional pharmaceutically active agents are selected
from the group consisting of cyclosporine, tacrolimus, prednisolone, hydrocortisone,
sirolimus, everolimus, azathioprine, mycophenolic acid, methotrexate, basiliximab,
daclizumab, rituximab, anti-thymocyte globulin, and anti-lymphocite globulin. In other
specific embodiments, the one or more additional pharmaceutically active agents are one or

more of tacrolimus or methotrexate.
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In certain embodiments, a portion of the additional pharmaceutically active
agent may be added intra-granularly along with cenicriviroc or a salt thereof.

In another embodiment, a method of administering cenicriviroc or a salt
thereof is provided comprising administering a composition, formulation, tablet, or
composition produced by the method of any of the above-mentioned embodiments. In
another embodiment, a method of treating a disease, disorder, or condition is provided
comprising administering a therapeutically effective amount of a composition, formulation,
tablet, or composition produced by any of the above-mentioned embodiments. In further
embodiments, the disease, disorder, or condition is a viral infection. In other further
embodiments, the viral infection is a retroviral infection. In other further embodiments, the
disease, condition, or disorder is hepatitis, human immunodeficiency virus, or a sarcoma
virus. In certain embodiments, the disease, condition, or disorder is human
immunodeficiency virus. In additional embodiments, the disease, disorder, or condition is
inflammation. In further additional embodiments, the disease, disorder or condition is graft
versus host disease, diabetic inflammation, cardiovascular inflammation, or fibrosis.

Further embodiments of the present invention will be apparent to a person of

ordinary skill in the art from the following description and examples.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is the chemical formula of cenicriviroc.

Figure 2 is a graph comparing the absolute bioavailability, in beagle dogs, of
cenicriviroc mesylate compounded as an oral solution with that of cenicriviroc mesylate
prepared by wet granulation and mixed with various acid solubilizer excipients.

Figure 3 is a graph of the total impurity and degradant content of different
cenicriviroc formulations subjected to accelerated stability testing at 40° C and 75% relative
humidity when packaged with a desiccant in an induction sealed bottle.

Figure 4 shows the dissolution profile of cenicriviroc from tablets after storage
at 40° C and 75% relative humidity.

Figure 5 is a dynamic vapor sorption isotherm for different cenicriviroc

formulations.
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Figure 6 shows the absorption of cenicriviroc from different formulations at
three pre-treatment states in beagle dogs.

Figures 7 and 8 show the dissolution profile and disintegration profile,
respectively, of tablets of Examples 2a-2e¢.

Figure 9 shows the beagle dog absolute bioavailabilities of tablets of
Examples 2a-2e.

Figure 10 shows the compressibility profile of milled granules of Examples 14
and 15.

Figure 11 shows the compressibility profile of milled granules of Example 14
when compressed using different roller compactors.

Figure 12 shows the compressibility profile of powder blends of Examples 17,
19, and 20.

Figure 13 shows the dissolution characteristics of tablets of Example 28 after 4
weeks of storage at 40°C/75%RH. Panel A shows the dissolution profile for 3TC, pancl B
shows the dissolution profile for CVC, and panel C shows the dissolution profile for EFV.

Figure 14 shows the dissolution characteristics of tablets of Example 29 after
4 weeks of storage at 40°C/75%RH. Panel A shows the dissolution profile for 3TC, panel B

shows the dissolution profile for CVC, and panel C shows the dissolution profile for EFV.

DETAILED DESCRIPTION

Except where noted, all terms are intended to have their normal meaning in the
art, and are used as they would have been used by a person of ordinary skill at the time of the
disclosure. It should be understood that throughout this application the singular forms, such
as “a,” “an,” and “the,” are often used for convenience, however, these singular forms are
intended to encompass the plural unless otherwise specified, or unless the context clearly
calls for the singular alone. It should also be understood that all publication, patents, books,
journal articles, and the like, which are referred to in this application, are incorporated by

reference in their entirety and for all purposes to the extent not inconsistent with the present

disclosure.
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Definitions:

“Cenicriviroc” (also known as CVC) refers to the chemical compound (S,E)-
8-(4-(2-Butoxyethoxy)phenyl)-1-(2-methylpropyl)-N-(4-(((1-propyl-1H-imidazol-5-
yl)methyl)sulfinyl)phenyl)-1,2,3,4-tetrahydrobenzo[b]azocine-5-carboxamide, which also has
the chemical name of 8-[4-(2-butoxyethoxy)phenyl]-1,2,3,4-tetrahydro-1-(2-methylpropyl)-N-
[4-[(S)-[(1-propyl-1H-imidazol-5-yl)methyl[sulfinyl [phenyl]-1-Benzazocine-5-carboxamide.
Cenicriviroc also has a CAS registry number of 497223-25-3. In certain embodiments, CVC
forms acid addition salts, such as a salt of methanesulfonic acid. In one embodiment, the
present compositions contain cenicriviroc mesylate.

“Substantially similar” means a composition or formulation that resembles the
reference composition or formulation to a great degree in both the identities and amounts of
the composition or formulation.

“About” means having a value that is sufficiently close to the reference value
so as to have identical or substantially identical properties as the reference value. Thus,
depending on context, “about” can mean, for example, £5%, £4%, £3%, £2%, 1%, or % less
than 1%.

“Pharmaceutically acceptable” refers to a material or method that can be used
in medicine or pharmacy, including for veterinary purposes, for example, in administration to
a subject.

“Salt” and “pharmaceutically acceptable salt” includes both acid and base
addition salts. “Acid addition salt” refers to those salts that retain the biological effectiveness
and properties of the free bases, which are not biologically or otherwise undesirable, and
which are formed with inorganic acids and organic acids. ‘“Base addition salt” refers to those
salts that retain the biological effectiveness and properties of the free acids, which are not
biologically or otherwise undesirable, and which are prepared from addition of an inorganic
base or an organic base to the free acid.

“Pharmaceutical formulation” refers to a formulation of a compound of the
disclosure and a medium generally accepted in the art for the delivery of the biologically
active compound to mammals, e.g., humans. Such a medium includes all pharmaceutically
acceptable carriers, diluents or excipients therefor. The pharmaceutical formulations as

described herein may be in various dosage forms, such as oral or solid or both dosage forms.
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In some embodiments, the present pharmaceutical formulations are in tablet or capsule
dosage forms.

“Treating” includes ameliorating, mitigating, and reducing the instances of a
disease or condition, or the symptoms of a disease or condition. Because the instances of
many diseases or conditions can be reduced before the discase or condition manifests,
treating can also include prophylaxis.

“Administering” includes any mode of administration, such as oral,
subcutaneous, sublingual, transmucosal, parenteral, intravenous, intra-arterial, buccal,
sublingual, topical, vaginal, rectal, ophthalmic, otic, nasal, inhaled, and transdermal.
“Administering” can also include prescribing or filling a prescription for a dosage form
comprising a particular compound. “Administering” can also include providing directions to
carry out a method involving a particular compound or a dosage form comprising the
compound.

“Therapeutically effective amount” means the amount of an active substance
that, when administered to a subject for treating a disease, disorder, or other undesirable
medical condition, is sufficient to have a beneficial effect with respect to that disease,
disorder, or condition. The therapeutically effective amount will vary depending on the
chemical identity and formulation form of the active substance, the disease or condition and
its severity, and the age, weight, and other relevant characteristics of the patient to be treated.
Determining the therapeutically effective amount of a given active substance is within the
ordinary skill of the art and typically requires no more than routine experimentation.

As noted above, the present disclosure provides a composition, such as a solid
composition, containing cenicriviroc or a salt thereof and fumaric acid. The cenicriviroc or
salt thereof can be cenicriviroc mesylate. The weight ratio between the cenicriviroc or a salt
thereof and fumaric acid, based on the weight of free cenicriviroc, can be from about 7:10 to
about 10:7, such as from about 8:10 to about 10:8, from about 9:10 to about 10:9, or from
about 95:100 to about 100:95. The fumaric acid can be present in an amount of from about
15% to about 40%, such as from about 20% to about 30%, or about 25%, by weight of the
composition. The cenicriviroc or salt thereof can be present, based on the weight of free
cenicriviroc, from about 15% to about 40%, such as from about 20% to about 30%, or about

25%, by weight of the composition.
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The fumaric acid in the composition can both act as a solubilizer and impart
beneficial properties to the composition. For example, fumaric acid can increase the
bioavailability of the composition when compared with compositions using other solubilizers,
particularly citric acid, maleic acid, and sodium bisulfate.

In some cases, the bioavailability of compositions comprising cenicriviroc
mesylate with fumaric acid can approach that of an oral solution. Absorption of an oral
solution is not impaired by the rate or extent of drug dissolution. Thus, absorption of drug
from a solution is limited only by interactions between the dissolved drug, the body, and
ingested materials such as food, beverages, and other drugs. Thus, compositions that
approach or equal the bioavailability of an oral solution can be particularly desirable.

This result is surprising and unexpected. As shown in Table 1, fumaric acid
has a much lower dissolution time that other acids. Rapidly dissolving acidic excipients were
previously believed to have higher solubilizing power on the theory that the excipient should
dissolve as fast or faster than the active pharmaceutical ingredient. Several journal articles
argue that fumaric acid specifically should not be used in oral dosage forms because of its
low solubility and long dissolution time. Thus, it is surprising that the long dissolution time
of fumaric acid is associated with higher cenicriviroc bioavailability.

The results described in Table 1 were performed by adding 200 mg of the acid
to 90 mL purified water using a Mettler Toledo mixing chamber held at the specified
temperature with an upward pumping four blade impeller at 250 rpm. The disappearance of
particles undergoing dissolution was monitored by focused-beam reflectance measurement
(FBRM). Data was analyzed by reviewing individual 2 second measurement trends as well

as trends averaged over 10 and 30 seconds.

Table 1
Dissolution time
(seconds)
Acid 25°C 37°C
Adipic 68 32
Citric 6 <2
Fumaric 312 152
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Maleic 4 <2
Sodium
Bisulfate 26 <2
Succinic 46 8
Tartaric 6 <2

Without being bound by theory, the longer dissolution time of fumaric acid
can be beneficial because, upon administration, fumaric acid does not dissolve as quickly as
other acid solubilizers. Thus, fumaric acid can provide an acidic environment around the
cenicriviroc or salt thereof for a longer period of time than other, more soluble acid
solubilizers such as citric acid.

In addition to cenicriviroc and fumaric acid, the composition can have one or
more additional ingredients, for example one or more fillers, one or more disintegrants, or
one or more lubricants. Further additional ingredients can also be present, although it should
be understood that no particular additional ingredient is required unless otherwise specified.

The one or more fillers, when used, can include at lecast one of
microcrystalline cellulose, calcium phosphate dibasic, cellulose, lactose, sucrose, mannitol,
sorbitol, starch, and calcium carbonate. For example, the one or more fillers can be
microcrystalline cellulose.  The weight ratio of the one or more fillers, such as
microcrystalline cellulose, to the cenicriviroc or salt thereof can be from about 25:10 to about
10:8, such as from about 20:10 to about 10:10 or about 15:10, based on the weight of free
cenicriviroc. The one or more fillers, such as microcrystalline cellulose, can be present in an
amount of from about 25% to about 55%, such as from about 30% to about 50%, or about
40%, by weight of the composition.

The one or more disintegrants, when used, can include at least one of cross-
linked polyvinylpyrrolidone, cross-linked sodium carboxymethyl cellulose, and sodium
starch glycolate. For example, the one or more disintegrants can be cross-linked sodium
carboxymethyl cellulose. The weight ratio of the one or more disintegrants, such as cross-
linked sodium carboxymethyl cellulose, to the cenicriviroc or salt thercof can be from about
10:100 to about 30:100, such as about 25:100 based on the weight of free cenicriviroc. The
one or more disintegrants can be present in an amount of from about 2% to about 10%, such

as about 4% to about 8%, or about 6%, by weight of the composition.
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The one or more lubricants, when used, can include at least one of talc, silica,
stearin, magnesium stearate, or stearic acid. For example, the one or more lubricants can be
magnesium stearate. The one or more lubricants can be present in an amount of from about
0.25% to about 5%, such as from about 0.75% to about 3%, or about 1.25%, by weight of the
composition.

Further additional ingredients that can be used are listed in Remington: The
Science and Practice of Pharmacy, which is hereby incorporated by reference in its entirety
for all purposes.

The composition can be in various forms. Examples of forms suitable for
pharmaceutical use are listed in Remington: The Science and Practice of Pharmacy, which is
hereby incorporated by reference in its entirety for all purposes. The composition can be, for
example, a granulate, a matrix, a tablet, or portion of a tablet, such as one or more layers of a
multi-layer tablet. The composition can be a powder, which can be filled into a capsule,
sachet, bottle, vial, ampoule, etc. The composition can be a substrate for a one or more
coating layers, such as pharmaceutical coating layers known in the art, which can be applied
to the composition. When the composition is a granulate, the average particle size can be
about 75 microns or greater, such as about 300 microns or greater.

The composition can be manufactured by admixing the cenicriviroc or salt
thereof, such as cenicriviroc mesylate, with fumaric acid to form an admixture and dry
granulating the admixture. Exemplary methods of dry granulation include roller compaction,
slugging, and pelletization. The size of the dry granulated composition can the be reduced by
methods such as milling, if desired. However, it should be understood that no particular
methods of granulation, dry granulation, or size reduction are required unless otherwise
specified. One or more of the fillers, disintegrants, lubricants, and other additional
ingredients discussed above can also be admixed in the admixture. The ratio or amounts of
the various components of the admixture can be the same as those discussed above with
reference to the composition. The dry granulated admixture can have an average particle size
of greater than 75 microns, such as greater than 300 microns.

Dry granulation can produce a composition that not only has a low level of
water, but also is not significantly hygroscopic, that is, does not absorb significant amounts of

additional water from the surrounding environment. For example, the water content of the
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composition can be no more than about 4%, or no more than about 2%, by weight after about
six weeks of exposure to about 40°C at about 75% relative humidity when packaged with a
desiccant.

After dry granulation, the composition can be formulated into one or more
formulations. For example, the composition can be filled into a capsule or sachet. As further
examples, the dry granulated admixture can be formulated into a matrix, a tablet, or one or
more layers of a single or multi-layer tablet, for example by compression, or further
formulated by methods known in the art for formulating pharmaceutical compositions, such
as those described in Remington: The Science and Practice of Pharmacy, which is hereby
incorporated by reference in its entirety for all purposes.

The composition, for example in the form of a granulate, can be mixed with
other granulates or powders, however, such extragranular materials, which are not granulated
with the components of the composition, are not part of the composition, for example, for
purposes of calculating the ratio or relative amounts of the various components. However,
one or more formulations comprising the composition in the form of a granulate and further
comprising extragranular materials are contemplated as part of the embodiments described
herein.

As an example, a formulation can include a composition as described herein in
the form of granulate along with one or more extragranular components, such as one or more
additional pharmaceutically active agents. The one or more additional pharmaceutically
active agents can include one or more of antiretroviral drugs, such as one or more CCR5
receptor antagonists, entry inhibitors, nucleoside reverse transcriptase inhibitors, nucleotide
reverse transcriptase inhibitors, non-nucleoside reverse transcriptase inhibitors, protease
inhibitors, integrase inhibitors, and maturation inhibitors, for example, one or more of
maraviroc, lamivudine, efavirenz, raltegravir, vivecon, bevirimat, alpha interferon,
zidovudine, abacavir, lopinavir, ritonavir, tenofovir, tenofovir disoproxil, tenofovir prodrugs,
emtricitabine, elvitegravir, cobicistat darunavir, atazanavir, rilpivirine, and dolutegravir. As
another example, the one or more additional pharmaceutically active agents can include one
or more immune system suppressing agents, such as one or more of cyclosporine, tacrolimus,

prednisolone, hydrocortisone, sirolimus, everolimus, azathioprine, mycophenolic acid,
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methotrexate, basiliximab, daclizumab, rituximab, anti-thymocyte globulin, and anti-
lymphocite globulin, for example, tacrolimus or methotrexate.

For example, a composition as described herein can be admixed with the one
or more additional pharmaceutically active agents and optionally one or more excipients, and
then compressed into a monolithic fixed-dose combination tablet. As another example, a
composition as described herein and a second composition comprising an additional
pharmaceutically active agent can be formed into a multi-layer tablet by the use of tabletting
equipment known in the art to be suitable for that purpose.

Current treatment guidelines for HIV prefer fixed-dose combination (FDC)
single tablets. The main advantage of FDC products is the convenience and simplicity of
dosing, which leads to increased patient compliance and improved clinical outcomes. FDC
products for the HIV treatment fall into three categories: (1) Backbone formulations where 2
agents are co-formulated in a single tablet, e.g. Truvada (emtricitabine/tenofovir disoproxil
fumarate), and Epzicom (Abacavir/lamivudine); (2) Boosted protease single tablets products,
such as Kaletra (lopinavir/ritonavir); (3) Single Tablet Regimen (STR) products containing a
complete treatment regimen in a single tablet, taken once-daily such as Atripla (efavirenz/
emtricitabine/tenofovir disoproxil fumarate), Complera (emtricitabine/ rilpivirine/tenofovir
disoproxil fumarate), and Stribild (elvitegravir/cobicistat/emtricitabine/tenofovir disoproxil
fumarate).

In one embodiment, the invention provides a composition comprising
cenicriviroc or a salt thereof and fumaric acid in combination with lamivudine (3TC). In
another embodiment, the invention provides a composition comprising cenicriviroc or a salt
thereof and fumaric acid in combination with efavirenz (EFV). In yet another embodiment,
the invention provides a composition comprising cenicriviroc or a salt thereof and fumaric
acid in combination with 3TC and EFV. In certain embodiments, the combination products
containing cenicriviroc, 3TC and/or EFV prepared according to the invention are effective as
single tablet regiment for the treatment of viral infection, in particular, HIV infection.

In one embodiment, the dose strength ratio of cenicriviroc to 3TC in
combination formulations is from about 1:2 to about 1:12, such as about 1:2, 1:4, 1:10 or 1:12
based on the weight of free cenicriviroc, inclusive of all ranges and subranges therebetween.

For example, a single tablet comprising cenicriviroc or its salt and 3TC may comprise a dose
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strength of 25 mg of cenicriviroc free base and 300 mg of 3TC thereby providing a dose
strength ratio of 1:12. Alternatively, a single tablet comprising cenicriviroc or its salt and
3TC may comprise a dose strength of 150 mg of cenicriviroc free base and 300 mg of 3TC
thereby providing a dose strength ratio of 1:2.

In one embodiment, the dose strength ratio of cenicriviroc to EFV in
combination formulations is from about 1:2 to about 1:12, such as about 1:2, 1:3, 1:4, 1:5,
1:6, 1:8, 1:10 or 1:12 based on the weight of free cenicriviroc, inclusive of all ranges and
subranges therebetween. For example, a single tablet comprising cenicriviroc or its salt and
EFV may comprise a dose strength of 150 mg of cenicriviroc free base and 600 mg of EFV
thereby providing a dose strength ratio of 1:4. Alternatively, a single tablet comprising
cenicriviroc or its salt and EFV may comprise a dose strength of 120 mg of cenicriviroc free
base and 600 mg of EFV thereby providing a dose strength ratio of 1:2.

The invention also provides methods of preparing combination formulations
comprising cenicriviroc, 3TC and/or EFV. In one embodiment, the method of preparing
combination formulations comprises admixing cenicriviroc or a salt thereof, fumaric acid,
and other pharmaceutical excipients to form an admixture, dry granulating the admixture to
obtain cenicriviroc granules, blending the cenicriviroc granules with 3TC and/or EFV and
suitable excipients and compressing the resulting mixture into tablets to obtain a combination
product. That is, in this embodiment, the additional active agents are present extragranularly.
In alternative embodiments, a portion or the entire amount of additional active agents may be
present intragranularly. In yet another embodiment, combination products comprising
cenicriviroc, 3TC and EFV may be prepared in the form of a bilayer tablet where one layer
comprises cenicriviroc and 3TC and the other layer comprises EFV. In one embodiment of

the bilayer tablets, cenicriviroc is present intragranularly and 3TC is present extragranularly.

EXAMPLES

Example 1

A series of cenicriviroc mesylate compositions that were identical except for

the identity of the acid solubilizer were prepared by wet granulation in a Key 1L bowl
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granulator, followed by tray drying, sieving, mixing and compression into tablets on a Carver

press. The composition of the formulations is shown in Table 2.

Table 2
Unit Formula (mg/unit)
Components ?;(ample i})(ample i):(ample Example 1d
Citﬁc Fumaric Ma‘leic ]SB(i)s(EilfI;te
Acid Acid Acid
Cenicriviroc Mesylate | 28.45 28.45 28.45 28.45
Mannitol 7.88 7.88 7.88 7.88
Hydroxypropyl 2.62 2.62 2.62 2.62
Cellulose
Cross-linked sodium
carboxymethyl 1.75 1.75 1.75 1.75
cellulose
Citric Acid 43.75 - - -
Fumaric Acid - 43.75 - -
Maleic Acid - - 43.75 -
Sodium Bisulfate - - - 43.75
Silicon Dioxide 0.43 0.43 0.43 0.43
Magnesium Stearate 0.88 0.88 0.88 0.88
Total 87.5 87.5 87.5 87.5

The tablets were administered to beagle dogs. An oral solution was also
administered as a control. The absolute bioavailabilities of the formulations and of the oral
solution were determined, and are shown in Figure 2. The result shows that the cenicriviroc
mesylate with fumaric acid has a significantly higher bioavailability than any of the other

solubilizers tested.

Examples 2a-2¢

Cenicriviroc mesylate, fumaric acid, microcrystalline cellulose, cross-linked
sodium carboxymethyl cellulose, cross-linked polyvinylpyrrolidone (when used), and
magnesium stearate were admixed, dry granulated, milled, blended with extragranular

microcrystalline cellulose, cross-linked sodium carboxymethyl cellulose, and magnesium

23



10

15

WO 2014/186581 PCT/US2014/038211

stearate and compressed into tablets. In Example 2c, the fumaric acid was not granulated
with the cenicriviroc mesylate and other excipients; instead, it was admixed with the
extragranular microcrystalline cellulose, and this admixture blended with the dry granulate
before compression into tablets. In Example 2a, 39.00 mg of the cross-linked sodium
carboxymethyl cellulose was part of the dry granulate; the rest was admixed with the
extragranular microcrystalline cellulose and this admixture blended with the dry granulate
before compression into tablets. All of the tablets had a hardness greater than 10 kP and

friability less than 0.8% w/w. The tablets had the compositions shown in Table 3a.

Table 3a

Unit Formula (mg/unit)
Components Example | Example | Example | Example | Example

2a 2b 2¢ 2d 2¢
Cenicriviroc Mesylate 170.69* 170.69* 170.69* 170.69° 170.69*
Fumaric Acid 160.00 160.00 160.00° 160.00 80.00
Microcrystalline 25268 |272.18  |272.18 | 27218 | 6635
Cellulose
Cross?hnked ‘ i i i 19.50 i
polyvinylpyrrolidone
Cross-linked sodium 58.50 39.00 39.00 19.50 20.70
carboxymethyl cellulose
Magnesium Stearate 8.13 8.13 8.13 8.13 2.55
Total 650.0 650.0 650.0 650.0 340.0

a.

Equivalent to 150 mg cenicriviroc freebase.
b. Added in the extragranular portion of the powder blend.

The concentration percentage (w/w) and mass per tablet of the components of

Example 2b are shown in Table 3b.

Table 3b
Component Concentration (% w/w) Mass (mg) per tablet
Cenicriviroc mesylate 26.26 170.69"
Fumaric acid 24.62 160.00
Microcrystalline cellulose 41.87 272.18
Cross-linked sodium 6.00 39.00
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Component Concentration (% w/w) Mass (mg) per tablet

carboxymethyl cellulose

Magnesium stearate 1.25 8.13

Total 100.0 650.0

* equivalent to 150 mg cenicriviroc free base

Example 3

Cenicriviroc mesylate, microcrystalline cellulose, cross-linked sodium
carboxymethyl cellulose, and magnesium stearate were admixed, dry granulated, dried,
milled, blended with extragranular microcrystalline cellulose, cross-linked sodium
carboxymethyl cellulose, fumaric acid, colloidal silicon dioxide, and magnesium stearate and
compressed into tablets having a hardness greater than 10 kP and friability less than 0.8%

w/w. The resulting tablets had the composition shown in Table 4.

Table 4

Component Concentration (% w/w) Mass (mg) per tablet
Cenicriviroc mesylate 26.26 28.45°
Fumaric acid 24.62 26.67
Microcrystalline cellulose 41.87 45.36
Cross-linked sodium 6.00 39.00

carboxymethyl cellulose
Magnesium stearate 1.25 1.35

Total 100.0 108.3

* equivalent to 25 mg cenicriviroc free base

Notably, the formulation of Table 4 has the same ratio of components as that
of Table 3b, and differs only in the total amount of the components that are used for each
tablet. Thus, Table 3b shows tablets with 150 mg cenicriviroc (based on free base), whereas
Table 4 shows tablets with 25 mg cenicriviroc (based on free base) with the same ratio of

components as the 150 mg tablets of Example 2b, shown in Table 3b.
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Example 4 — Reference

The citric acid based formulation of Table 5 was prepared as follows.
Cenicriviroc, hydroxypropyl cellulose, mannitol, and cross-linked sodium carboxymethyl
cellulose were admixed, wet granulated, dried, milled, and blended with microcrystalline
cellulose, cross-linked sodium carboxymethyl cellulose, citric acid, colloidal silicon dioxide,
talc, and magnesium stearate. The resulting blend was compressed into tablets having a
hardness greater than 10 kP and friability less than 0.8% w/w. The tablets were coated with
hydroxypropyl methylcellulose, polyethylene glycol 8000, titanium dioxide, and yellow iron
oxide. The coated tablets thus produced were substantially identical to those disclosed in

U.S. Patent Application Publication No. 2008/031942 (see, ¢.g., Table 3).

Table §

Component mg/tablet | Yow/w
Cenicriviroc mesylate 28.91 4.68
Mannitol 341.09 56.85
Microcrystalline cellulose 80.00 12.94
Colloidal silicon dioxide 12.00 2.00
Citric acid anhydrous 75.00 12.14
Hydroxypropyl cellulose 12.00 1.94

Cross-linked sodium carboxymethyl cellulose 30.00 4.85

Talc 12.00 1.94

Magnesium stearate 9.00 1.46
Hydroxypropyl methylcellulose 11.71 1.89
Polyethylene glycol 8000 2.69 0.44
Titanium dioxide 3.03 0.49
Yellow iron oxide 0.57 0.09

Example 5 — Reference

Example 5a:
Cenicriviroc and hydroxypropyl methylcellulose acetate succinate were

dissolved in methanol and spray dried into a fine powder containing 25% cenicriviroc by
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weight (based on the weight of cenicriviroc free base). The powder was admixed with
colloidal silicon dioxide, microcrystalline cellulose, mannitol, sodium lauryl sulfate, cross-
linked sodium carboxymethyl cellulose, and magnesium stearate. The admixture was
compressed into tablets having a hardness greater than 10 kP and friability less than 0.8%

w/w. The final composition of the tablets is shown in Table 6a.

Table 6a
Component Weight % Mass (mg)
Cenicriviroc (as mesylate 8.33 50.00
salt)
Hydroxypropyl 25.00 150.00
methylcellulose acetate
succinate
Sodium lauryl sulfate 2.00 12.00
Cross-linked sodium 6.00 36.00
carboxymethyl cellulose
Microcrystalline cellulose 27.83 167.00
Mannitol 27.83 167.00
Colloidal silicon dioxide 1.00 6.00
Magnesium stearate 2.00 12.00
Total 100.0 600.0

Example 5b: Film-coated composition of Example 5a

Cenicriviroc and hypromellose acetate succinate were dissolved in methanol
and spray dried into a fine powder containing 25% CVC parent by weight. The powder was
admixed with colloidal silicon dioxide, microcrystalline cellulose, mannitol, sodium lauryl
sulfate, cross-linked sodium carboxymethyl cellulose, and magnesium stearate. The
admixture was compressed into tablets having a hardness greater than 10 kp and friability less

than 0.8% w/w. The tablets were then film-coated with Opadry Yellow 21K120001
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(Colorcon) to a theoretical weight gain of 3.5%. The final composition of the tablets is

shown in Table 6b.
Table 6b
Components Concentration Mass (mg) per
(Yow/w) tablet
Cenicriviroc (as the mesylate | 8.33 50.00
salt)
Hypromellose acetate 25.00 150.00
succinate
Sodium lauryl sulfate 2.00 12.00
Cross-linked sodium 6.00 36.00
carboxymethyl cellulose
Microcrystalline cellulose | 27.83 167.00
Mannitol 27.83 167.00
Colloidal silicon dioxide 1.00 6.00
Magnesium stearate 2.00 12.00
Total 100.0 600.0*
Opadry Yellow 21K120001° | 3.5° 21.0°

a. Tablet weight is adjusted to accommodate the increase in weight for the adjustment of

5 purity and the mesylate salt correction factor.

b. Opadry II Yellow 21K12001 (Colorcon) contains ethylcellulose; hypromellose, USP;

triacetin; titanium dioxide, USP; yellow iron oxide.

c. Film-coat weight is a theoretical weight gain of 3.5% w/w on the tablet core.

10 Example 6
The absolute bioavailability of the tablets of Example 3 in beagle dogs was

compared to that of the tablets of Examples 4 and 5, as well as to both an oral solution of
cenicriviroc mesylate and a gelatin capsule containing cenicriviroc mesylate powder. The

results are shown in Table 7.
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Table 7
Component Absolute bioavailability(%o)
Oral Solution 25.8
Powder in capsule 6.4
Example 3 26.6
Example 4 21.1
Example 5 12.4

This example demonstrates that the bioavailability of cenicriviroc in dry
granulated tablets with fumaric acid (Example 3) is substantially similar to that of an oral
solution, and is significantly higher than the bioavailability of cenicriviroc in wet granulated
tablets with citric acid (Example 4), and over double that of cenicriviroc in tablets with
amorphous cenicriviroc in a spray dried dispersion with HPMC-AS (Example 5). These
results are surprising, because there was no reason to suspect that dry granulation of
crystalline API provides a significant increase in bioavailability over wet granulation and
amorphous spray dried dispersions. This is especially so because amorphous spray dried
dispersions are frequently used to increase the bioavailability of poorly water soluble drugs.
These results are also surprising because fumaric acid has a slower dissolution time than
citric acid and was used at a lower mass ratio of acid relative to cenicriviroc API (3:1 for
citric acid:API versus 1.06:1 fumaric acid:API). Thus, the finding that fumaric acid is a more

effective solubilizer for cenicriviroc than citric acid is surprising and unexpected.

Example 7
The stability under an accelerated stability test of the tablets of Example 2b

was compared to that of the tablets of Examples 1b, 4, and 5 by exposing tablets of each of
those Examples to an environment of 75% relative humidity at 40° C. All tablets were
packaged with a desiccant in an induction sealed bottle during the study. As shown in Figure
3, the tablets of Examples 2b are surprisingly much more stable than the other wet granulated
tablets, and have a stability similar to that of the spray dried dispersion tablets. This
difference in stability between the tablets of Examples 2b and Example 4 is particularly

surprising since the only significant difference between the two is the method of making the
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formulations (dry granulation vs. wet granulation). These results are also surprising, because
it was not previously known that the method of granulation could have an effect on both

cenicriviroc bioavailability and tablet stability.

Example 8
The stability under an accelerated stability test of the tablet of Example 2b was

tested by exposing the tablets to an environment of 75% relative humidity at 40° C for six
weeks. All tablets were packaged with a desiccant in an induction sealed bottle during the
study. The tablets were tested for water content, strength, and total impurities. The results

are shown in Table 8, which shows that the tablets are very stable under these conditions.

Table 8
Time (Weeks) | Water content (%) | Strength (%) | Total Impurities (%)
0 1.5 99.1 1.2
2 1.4 99.2 1.1
4 1.4 98.0 1.0
6 1.4 98.6 1.0

The dissolution profile of cenicriviroc from tablets of Examples 3, 4, and 5
were also tested after storage under the conditions described above. The results appear in
Figure 4, which shows that the wet-granulated citric acid containing tablet of Example 4 was
much less stable than the dry granulated fumaric acid containing tablet of Example 3 and the

spray-dried dispersion tablet of Example 5.

Example 9

Dynamic vapor sorption isotherms at 25° C correlate to the stability of the
tablets of Examples 2b and 4 with that of cenicriviroc mesylate. Sorption was performed
from 0% relative humidity to 90% relative humidity at 5% intervals. At each interval, each
sample was equilibrated for no less than 10 minutes and no longer than 30 minutes.
Equilibration was stopped when the rate of mass increase was no more than 0.03% w/w per

minute or after 30 minutes, whichever was shorter. The result, which appears in Figure 5,
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shows that tablets of Example 2b are significantly more stable than those of Example 4. This
result is consistent with Example 2b being significantly less hygroscopic than Example 4.
The increased hygroscopicity of Example 4, in comparison to Examples 2b, can be associated
with a higher mobile water content which can in turn cause partial gelation and subsequent

decreased stability of Example 4.

Example 10
The bioavailability of the tablets of Example 3 was compared to that of

Example 5 and cenicriviroc mesylate powder in a gelatin capsule in different stomach states
in beagle dogs (n=5). The bioavailability was tested under different pre-treatment states,
cach of which alters the gastric pH. Specifically, pentagastric pretreatment provides the
lowest pH, no treatment provides an intermediate pH, and famotidine treatment provides the
highest pH. Pentagastrin is a synthetic polypeptide that stimulates the production of gastric
acid thereby lowering the gastric pH.

The result, which appears in Figure 6, shows that the tablets of Example 3 has
a higher bioavailability under all conditions that were tested. The bioavailability of Example
3 varied less between pentagastrin treated and untreated dogs, whereas Example 5 showed a
significant loss of bioavailability in fasted, non-treated dogs (intermediate gastric pH)
compared to that in pentagastrin treated dogs (lowest gastric pH). Pretreatment with
famotidine, an H2 receptor agonist that suppresses stomach acidity and raises gastric pH
decreased bioavailability for all samples, however, the reduction for Example 3 was much
less than that for Example 5.

These results demonstrate an additional unexpected benefit of dry granulated
cenicriviroc compositions with fumaric acid. Specifically, the pharmacokinetics of such
formulations do not vary as much as those of the spray dried dispersion formulation of
Example 5 when administered across the full range of potential human gastric pH conditions.
This result is unexpected and surprising, because the bioavailability of other weakly basic
antiretroviral drugs, such as atazanavir, is greatly effected by the gastric pH. For such drugs,
changes in gastric pH, which can be caused by a disease or medical condition, such as
achlorohydric patients, or by co-administration of drugs such as antacids, proton pump

inhibitors, or H2 receptor agonists, can lower the bioavailability to sub-therapeutic levels.

31



10

15

20

25

30

WO 2014/186581 PCT/US2014/038211

These results showing that the dry granulated, fumaric acid based cenicriviroc mesylate
formulation of Example 3 is less prone to bioavailability changes as the gastric pH changes
shows that Example 3 is a more robust formulation that can be used in patients who have or

are likely to have varying gastric pH levels.

Example 11

The dissolution profile of the formulations of Examples 2a-2¢ were measured
using a USP Type 2 apparatus at 50 rpm paddle speed in 0.1 N HCI with 0.1% (w/w) CTAB.
The results are shown in Figure 7. The disintegration profiles of the formulations of
Examples 2a-2¢ were measured using FBRM. These results are shown in Figure 8.
Together, Figures 7 and 8 show that compositions and formulations containing cenicriviroc
mesylate and fumaric acid having different dissolution profiles can be obtained.

The absolute bioavailability in beagle dogs (n=5) of samples 2a-2¢ was also
obtained, and the results are shown in Figure 9. The results show that while the absolute
bioavailability may vary depending on the formulation, a high bioavailability was obtained

for all samples.

Example 12

In this study, tablets of Example 2 were coated with commercially available
film-coating formulations and the stability of film-coated tablets was tested under accelerated
conditions (40°C/75% RH).

A film-coating step is commonly employed for the purposes of taste masking
or establishing a unique trade dress for the intended commercial formulation. Tablets of
Example 2 were coated with three film-coating formulations, each formulation containing a
different base polymer system. Specifically, Opadry I White 57U18539 containing hydroxy
propyl methylcellulose (HPMC or hypromellose) , Opadry II White 85F18422 (Colorcon)
containing polyethylene glycol (PEG) and partially hydrolyzed polyvinyl alcohol (PVA), and
Opadry II White 200F280000 containing a methyacrylic acid copolymer were used to coat
the tablets.

Tablets were coated by atomizing an aqueous suspension of the coating

formulation onto the tablet surface in a perforated coating pan. The pan was continuously
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circulated with warm processing air that provides convective heat transfer to evaporate water
from the tablet surface, leaving the coating formulation deposited as a film layer on the tablet
surface. Tablet compositions coated with the above-mentioned polymers are shown in Tables

9-11 below. Analysis of the surface of the film-coated tablets is summarized in Table 12.

Example 12a - Table 9 (HPMC-coated CVC Single Agent)

Concentration | Mass (mg) per

Components (Yow/w) tablet
Cenicriviroc Mesylate 26.26 170.69"
Fumaric Acid 24.62 160.00
Microcrystalline Cellulose 41.87 272.18
gg‘ts)soglri{;fhilocélzlrﬁllose 6.00 39-00
Magnesium Stearate 1.25 8.13
Total 100.0 650.0
Opadry IT White 57U18539" | 4.0° 26.0°

a. Equivalent to 150 mg cenicriviroc freebase.

b. Opadry I White 57U18539 contains hypromellose, USP; maltodextrin,
NF; medium chain triglycerides, NF; polydextrose, NF; talc, USP;
titanium dioxide, USP.

C. Film-coat weight is a theoretical weight gain of 4.0% w/w on the tablet
core.

Example 12b - Table 10 (PEG/PVA-coated CVC Single Agent)

Concentration | Mass (mg) per

Components (Yow/w) tablet
Cenicriviroc Mesylate 26.26 170.69"
Fumaric Acid 24.62 160.00
Microcrystalline Cellulose 41.87 272.18

Cross-linked Sodium

Carboxymethyl Cellulose 6.00 39.00
Magnesium Stearate 1.25 813
Total 100.0 650.0

33



WO 2014/186581 PCT/US2014/038211

Opadry IT White 85F18422° | 4.0° 26.0°

a. Equivalent to 150 mg cenicriviroc freebase.
b. Opadry II White 85F18422 (Colorcon) contains polyethylene glycol
3350, NF; polyvinyl alcohol, partially hydrolyzed, USP; talc, USP;
titanium dioxide, USP.
5 C. Film-coat weight is a theoretical weight gain of 4.0% w/w on the tablet
core.

Example 12¢ - Table 11 (Methacrylate-coated CVC Single Agent)

Concentration | Mass (mg) per

Components (Yow/w) tablet
Cenicriviroc Mesylate 26.26 170.69"
Fumaric Acid 24.62 160.00
Microcrystalline Cellulose 41.87 272.18
gg‘ts)soglri{;fhilocélzlrﬁllose 6.00 39-00
Magnesium Stearate 1.25 8.13
Total 100.0 650.0
a. Equivalent to 150 mg cenicriviroc freebase.
10 b. Opadry II White 200F280000 (Colorcon) contains methyacrylic acid

copolymer type C, USP; polyethylene glycol 3350, NF; polyvinyl
alcohol, partially hydrolyzed, USP; sodium bicarbonate, USP; talc,
USP; titanium dioxide, USP.

C. Film-coat weight is a theoretical weight gain of 4.0% w/w on the tablet
15 core.

Analysis of the surface of the film-coated tablets is summarized in Table 12
below. Since the coating with Opadry IT White 200F28000 (tablets of Example 12¢, Table
11) did not show uniform coverage, the tablets of Example 12¢ were not tested for stability.
The coatings of Examples 12a and 12b showed acceptable coverage and good adhesion to the

20  tablet surface.
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Table 12 — Surface Analysis of the film-coatings

Sample Film-coating analysis

Smooth, uniform film-coat; complete

Example 1 coverage

Smooth, uniform film-coat; complete

Example 2 coverage

Incomplete film-coat coverage; evidence of
film-coat picking; surface defects; yellow
tablet core showing through defects (due to
yellow color of CVC active ingredient)

Example 3

The stability of the film-coated tablets of Examples 12a and 12b were
compared to that of the uncoated tablets of Example 2 after exposure to an environment of
5  75% relative humidity at 40°C. All tablets were packaged with a desiccant in an induction

scaled bottle during the study. The results of the stability testing are shown in Table 13.

Table 13
Example 2 Example 12a Example 12b
(uncoated) (coated) (coated)
Total CVC Total CVC Total CVC
Time (Weeks) Impurities (%) Impurities (%) Impurities (%)

0 1.2 1.0 1.0

2 1.1 ND ND

4 ND 1.0 1.3

6 1.0 ND ND

N/D —not determined
10 As shown in Table 13, the tablets of Examples12a and 12b showed acceptable

stability profile similar to that of the uncoated tablets of Example 2 with no substantial
formation of impuritiecs or degradants. These results are promising because previous
experiments have shown that processing of cenicriviroc tablets in the presence of aqueous
environment had deleterious effects on the chemical and physical stability of the tablets.

15

35



10

15

20

WO 2014/186581 PCT/US2014/038211

Example 13

In this study, the pharmacokinetic (PK) profiles of compositions of Example
2b (shown in Table 3b), Example 3 (shown in Table 4), and Example 5b (shown in Table 6b)
were evaluated in human clinical trials. The composition of Example 5b was used as a
reference.

A phase 2b proof of concept study (“Study 202) was carried out using the
composition of Example 5b to establish the PK profile for the 200 mg recommended
cenicriviroc dose taken with breakfast. In Study 202, the patients were administered 200 mg
dose of the composition of Example 5b once per day for 10 consecutive days. Since the
formulation of Example 5b is a 50 mg tablet, the patients were required to take 4 tablets each
time to administer the 200 mg dose.

In Study 110, a multiple dose regimen for the composition of Example 2b was
evaluated. In this study, the patients were administered 150 mg dose of the composition of
Example 2b with breakfast once per day for 10 consecutive days. Each time, the patients
consumed a single tablet of the composition of Example 2b containing the 150 mg dose.

In Study 111, the PK profile of a 200 mg single dose regimen administered on
an empty stomach just prior to or at bedtime was evaluated. The 200 mg dose was
administered by consuming one tablet of Example 2b (150 mg dose) and two tablets of
Example 3 (25 mg dose/tablet). The administration of three tablets to provide the 200 mg
dose was solely based on the availability of the tablets of Examples 2b and 3 and not due to
any limitations on making a 200 mg tablet of cenicriviroc according to the invention.

The PK profile obtained in the above studies is summarized in Table 14

below.
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Table 14
Parameter Study 202 Study 110 Study 111
Example 5b Example 2b Example 2b & 3
200 mg CVC (DP6) | 150 mg CVC (DP7) | 200 mg CVC (DP7)
Multiple Dose * Multiple Dose Single Dose
(Reference)
AUC past 5274 (2369) 8568 (3491) 13732 (3418)
Cmax 406 (181) 620 (220) 624 (159)
Cmin 103 (59) 174 (77) -

* DP6 at 200mg taken with breakfast achieves the exposure for efficacious clinical use of
CVC in HIV-1 treatment infection based on Phase 2b data.

The above data shows that the AUC values obtained in Study 110 where the
inventive composition was administered were 1.6-fold higher than the AUC values obtained
in Study 202 where the reference composition was administered. Thus, under the steady state
conditions (characterized as multiple dose exposure over 10 days), the administration of 150
mg of cenicriviroc in the form of inventive compositions with breakfast resulted in higher
bioavailability of cenicriviroc than the administration of 200 mg of cenicriviroc in the form of
a reference composition with breakfast. This data demonstrates that the inventive CVC
compositions where the microenvironment comprises an acid and is thus pH-adjusted have
superior bioavailability than the spray-dried dispersion formulation. Thus, the inventive
compositions make it possible to use lower amounts of CVC per patient per day thereby
reducing the cost of the medication. The use of lower amounts of CVC also reduces the
tablet size and improves the case of swallowing. The need for lower amounts of CVC also
makes it possible to combine CVC with other antiretroviral agents in a single tablet.

Study 111 was conducted to evaluate the PK parameters upon administration
of the inventive compositions at or immediately prior to bedtime. For the treatment of HIV, a
combination of two or more active agents is preferred over a single active agent. For
example, efavirenz (EFV) and lamivudine (3TC) are used in combination with each other or
other active agents for the treatment of HIV. It is recommended that EFV-containing

compositions be taken on an empty stomach preferably at or around bedtime. This is because

the PK profile of EFV is influenced by food contents of the stomach and the administration of
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EFV is associated with side effects such as CNS toxicities (e.g. dizziness) which are mostly
experienced around the time of highest plasma concentrations (Tmax). Bedtime dosing is
preferred for managing these aspects of EFV administration. If cenicriviroc is to be co-
administered or co-formulated with EFV, it is important that the administration of
cenicriviroc achieves a desired exposure level when taken on an empty stomach at bedtime.
Furthermore, EFV is a metabolic inducer of P450 (specifically the CYP3A4 enzyme).
Higher activity of CYP3A4 leads to rapid metabolism of CVC and consequently lower
absorption of CVC. Therefore, if cenicriviroc is to be administered in combination with EFV
on an empty stomach around bedtime, it was estimated that higher amounts of CVC would be
necessary to provide higher exposure levels to compensate for the metabolic effects of EFV
on CVC.

The recommended cenicriviroc exposure level for the treatment of HIV has
been established in Study 202 (see Table 14) using a reference formulation containing 200
mg of cenicriviroc in the form of spray-dried dispersion administered with breakfast. Various
other clinical trials based on different formulations of cenicriviroc have established that the
steady-state exposure level (AUC) of cenicriviroc (characterized as day 10 exposure) is
approximately 1.5 fold higher than the exposure levels obtained from a single dose due to a
long half-life of CVC which takes more than one dosing interval to accumulate up to steady-
state levels. The expectation that higher amounts of CVC will be required for its combination
with EFV was consistent with the above data on the steady-state and single-dose exposure
levels.

Unexpectedly, Study 111 showed that a dosing of 200 mg of cenicriviroc in
the form of inventive compositions around bedtime on an empty stomach achieved single-
dose exposure levels that were 2.6 fold higher than the reference steady-state exposure levels
(Table 14). That is, a single200 mg dose of the inventive composition around bedtime had
higher bioavailability than multiple 200 mg doses of the reference composition administered
with breakfast. The CVC exposure levels achieved in Study 111 using a 200 mg dose of
inventive compositions were more than sufficient to counteract the EFV metabolic effects or
food effects. It was, therefore, concluded from Study 111 that lower than 200 mg of CVC

would be optimal for its co-formulation with EFV in single tablet regimen (STR) products
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such as CVC/EFV/3TC. Accordingly, further studies on combination product prototyping
used 150 mg of CVC for STR products containing CVC/EFV/3TC.

Example 14

A dry-granulated CVC composition was prepared using a custom-made lab-
scale roller compactor machine with smooth stainless steel counter-rotating rolls (25 mm
diameter, 125 mm width, and 0.5 to 3 mm gap width). Spunbonded olefin (Tyvek®) sleeves
were used to contain the powders pre- and post-roller compaction, providing adequate
conveying of small powder quantities through the compaction zone.

Cenicriviroc mesylate, fumaric acid, microcrystalline cellulose, and cross-
linked sodium carboxymethyl cellulose were admixed in a suitable-sized container and
blended by a tumbling action for a total of 40 revolutions over 2 minutes. Magnesium
stearate was added and the mixture was again blended for 40 revolutions over 2 minutes. To
a Tyvek sheet of 100 mm x 480 mm dimensions, a fold was made to form a sleeve that was
50 mm in width for a defined compaction zone that would contain the blended powder as it
passed through the lab-scale roller compaction machine. Approximately 10 to 15 g of
powder was added to the sleeve and distributed evenly. The powder-containing sleeve was
fed to the roller compactor at a gap width of approximately 2 mm and with a speed of 45 rpm
(linear velocity = 0.06 m/s). The resulting ribbons were compacted to approximately 1.0 to
1.5 mm thickness measured using a digital caliper gauge. This process was repeated with
more blended powder until the entire batch had been passed through the roller compactor
completely. The resulting compacted ribbons were then milled to make granules using a
6 inch diameter, 20-mesh stainless steel rotary screen mill. The granules had the composition

shown in Table 15.
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Table 15
Components Concentration (Yow/w)

Cenicriviroc Mesylate 32.2

Fumaric Acid 30.2
Microcrystalline Cellulose 33.0
Cross-linked Sodium Carboxymethyl

Cellulose 37
Magnesium Stearate 0.9

Total 100.0

The granules prepared above were further blended with microcrystalline

5  cellulose, cross-linked sodium carboxymethyl cellulose, and magnesium stearate to prepare a
CVC single agent tablet formulation shown in Table 16. The strength of the single agent
tablet can be varied readily by simply adjusting the total tablet weight accordingly. For
example, a tablet of 325 mg total mass could be prepared by simply using half the amounts of

the components and would have 75mg CVC freebase equivalent strength (linear scaling using

10 a common blend), while maintaining the same ratio between the components as that in Table

16.
Table 16
Concentration | Mass (mg) per
Components (Yow/w) tablet
Cenicriviroc Mesylate 26.26 170.69"
Fumaric Acid 24.62 160.00
Microcrystalline Cellulose 41.87 272.18
Cross-linked Sodium
Carboxymethyl Cellulose 6.00 39.00
Magnesium Stearate 1.25 8.13
Total 100.0 650.0
a. Equivalent to 150 mg cenicriviroc freebase.
15 Example 15

A single agent CVC tablet formulation containing lower excipient levels and
thereby lower total tablet mass was prepared using the process described in Example 14. The

tablets had the composition shown in Table 17. This formulation contains a higher
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concentration of cenicriviroc for the purposes of combining with other antiretroviral agents

and to avoid overly large total tablet size for the combination product.

Table 17
Components Concentration (%o w/w)

Cenicriviroc Mesylate 40.5

Fumaric Acid 37.9
Microcrystalline Cellulose 15.6
Cross-linked Sodium Carboxymethyl

Cellulose >0
Magnesium Stearate 1.0

Total 100.0

Example 16

The compressibility of the milled granules prepared by the lab-scale roller
compactor in Examples 14 and 15 was measured using the standard compressibility test and
is shown in Figure 10. Specifically, compression profiles of tablet blends were generated
using an instrumented compaction device (Texture Analyzer) with 1/4" flat faced B tooling.
Three replicates of 100 mg compacts were compressed at four forces ranging from 100 kg to
700 kg. The ejected compacts were immediately weighed on a four place balance and
compact thickness was measured with precision calipers. Compacts were tested by diametric
compression test to induce tensile failure. Tensile strength (TS) of the compacts is

determined by the following equation:
TS =2F/ (w:D'T)

where F is the force needed to produce a tensile failure in the compact, D is
the diameter of the compact, and T is the compact thickness. Solid fraction (SF) of the
compact is calculated by the following equation:
SF=m/ (V" passotute) =M/ [(®* (D/2)* - T) * Pabsolutc]
where m is the mass of the compact, V is the tablet volume, and pabsolute is

the absolute density of the tablet blend as measured with a helium pycnometer.

The compressibility of the milled granules prepared by the lab-scale roller
compactor in Example 14 was compared to the compressibility of the granules prepared by
large-scale processing equipment available from commercial vendors. The results are shown

in Figure 11. The compressibility of the granules from Example 14 was found to be
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comparable to the granules manufactured using Vector-Freund TF-220 at 500 psi roller
pressure (Example 16a) and Gerteis Minipactor at 4 kN/cm roller pressure (Example 16b).
These results demonstrate the utility of the lab-scale roller compactor in generating a

compaction pressure that is comparable to large-scale processing equipment.

Example 17
A portion of the granules from Example 14 (cenicriviroc mesylate, fumaric
acid, microcrystalline cellulose, cross-linked sodium carboxymethyl cellulose, and
magnesium stearate) were blended with extragranular lamivudine (3TC), microcrystalline
cellulose, cross-linked sodium carboxymethyl cellulose, and magnesium stearate and
compressed into tablets having a hardness greater than 6 kP and friability less than 0.8% w/w.

The resulting powder blend and tablets had the composition shown in Table 18.

Table 18 (25/300 CVC/3TC)

Concentration Mass (mg) per
Ingredient (Yow/w) tablet
Cenicriviroc Mesylate 5.69 28.45"
Lamivudine 60.00 300.00
Fumaric Acid 5.33 26.67
Microcrystalline 2216 110.82
Cellulose
Cross-linked Sodium
Carboxymethyl 5.65 28.25
Cellulose
Magnesium Stearate 1.16 5.81
Total 100.0 500.0
a. Equivalent to 25 mg cenicriviroc freebase.
Example 18

A portion of the granules from Example 14 (cenicriviroc mesylate, fumaric
acid, microcrystalline cellulose, cross-linked sodium carboxymethyl cellulose, and
magnesium stearate) was blended with extragranular lamivudine, microcrystalline cellulose,
cross-linked sodium carboxymethyl cellulose, and magnesium stearate and compressed into

tablets. The resulting powder blend and tablets had the composition shown in Table 19.
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Table 19 (75/300 CVC/3TC)

Concentration Mass (mg) per

Ingredient (Yow/w) tablet
Cenicriviroc Mesylate 13.13 85.35°
Lamivudine 46.15 300.00
Fumaric Acid 12.31 80.00
Microcrystalline
Cellulose 20.54 133.46
Cross-linked Sodium
Carboxymethyl
Cellulose 6.50 42.25
Magnesium Stearate 1.38 8.94

Total 100.0 650.0

a. Equivalent to 75 mg cenicriviroc freebase.
5 Example 19

A portion of the granules from Example 14 (cenicriviroc mesylate, fumaric
acid, microcrystalline cellulose, cross-linked sodium carboxymethyl cellulose, and
magnesium stearate) was blended with extragranular lamivudine, microcrystalline cellulose,
cross-linked sodium carboxymethyl cellulose, and magnesium stearate and compressed into

10  tablets having a hardness greater than 10 kP and friability less than 0.8% w/w. The resulting
tablets had the composition shown in Table 20.

Table 20 (150/300 CVC/3TC)

Concentration Mass (mg) per

Ingredient (Yow/w) tablet
Cenicriviroc Mesylate 17.97 170.69"
Lamivudine 31.58 300.00
Fumaric Acid 16.84 160.00
Microcrystalline
Cellulose 24.78 23543
Cross-linked Sodium
Carboxymethyl
Cellulose 7.31 69.50
Magnesium Stearate 1.51 14.38

Total 100.0 950.0

15 a. Equivalent to 150 mg cenicriviroc freebase.
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Example 20
A portion of the granules from Example 15 (cenicriviroc mesylate, fumaric
acid, microcrystalline cellulose, cross-linked sodium carboxymethyl cellulose, and
magnesium stearate) were blended with extragranular lamivudine, microcrystalline cellulose,
cross-linked sodium carboxymethyl cellulose, and magnesium stearate and compressed into
tablets having a hardness greater than 10 kP and friability less than 0.8% w/w. The resulting

tablets had the composition shown in Table 21.

Table 21 (150/300 CVC Concentrated/3TC)

Concentration Mass (mg) per
Ingredient (Yow/w) tablet
Cenicriviroc Mesylate 21.34 170.69"
Lamivudine 37.50 300.00
Fumaric Acid 20.00 160.00
Microcrystalline
Cellulose 12.01 96.01
Cross-linked Sodium
Carboxymethyl
Cellulose 7.64 61.10
Magnesium Stearate 1.53 12.20
Total 100.0 800.0
a. Equivalent to 150 mg cenicriviroc freebase.

Example 21: Composition containing intra-granular (IG) cenicriviroc and half I1G/
half extra-granular (EG) lamivudine

In this example, granules were prepared as described in Example 14 except
that the granules also contained a half of the desired amount of lamivudine. The granules
were blended with the remaining portion of lamivudine, microcrystalline cellulose, cross-
linked sodium carboxymethyl cellulose, and magnesium stearate and the powder blend
compressed into tablets. That is, half the amount of lamivudine was present in the intra-
granular portion and the remaining half of lamivudine was present in the extra-granular

portion. The resulting powder blend and tablets had the composition shown in Table 22.
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Concentration Mass (mg) per

Ingredient (Yow/w) tablet
Cenicriviroc Mesylate 22.76 170.69"
Lamivudine 40.00 300.00
Fumaric Acid 21.33 160.00
Microcrystalline
Cellulose 5.82 43.66
Cross-linked Sodium
Carboxymethyl
Cellulose 8.55 64.15
Magnesium Stearate 1.53 11.15

Total 100.0 750.0

a. Equivalent to 150 mg cenicriviroc freebase.
Example 22

In this example, granules were prepared as described in Example 14 except

that the granules contained the entire amount of lamivudine. That is, lamivudine was present

solely in the IG portion. The granules were blended with microcrystalline cellulose, cross-

linked sodium carboxymethyl cellulose, and magnesium stearate and compressed into tablets.

The resulting powder blend and tablets had the composition shown in Table 23.

10
Table 23

15

acid, microcrystalline cellulose,

Concentration Mass (mg) per
Ingredient (Yow/w) tablet
Cenicriviroc Mesylate 22.76 170.69"
Lamivudine 40.00 300.00
Fumaric Acid 21.33 160.00
Microcrystalline
Cellulose 6.60 49.51
Cross-linked Sodium
Carboxymethyl
Cellulose 7.61 57.10
Magnesium Stearate 1.69 12.70
Total 100.0 750.0
a. Equivalent to 150 mg cenicriviroc freebase.
Example 23

A portion of the granules from Example 14 (cenicriviroc mesylate, fumaric

cross-linked
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magnesium stearate) was blended with extragranular microcrystalline cellulose, cross-linked
sodium carboxymethyl cellulose, and magnesium stearate to obtain a powder blend
comprising cenicriviroc granules. Lamivudine was blended separately with microcrystalline
cellulose, cross-linked sodium carboxymethyl cellulose, and magnesium stearate to obtain a
powder blend comprising lamivudine. A bilayer tablet was prepared using the powder blend
comprising cenicriviroc granules and the powder blend comprising lamivudine. The resulting

bilayer tablet had the composition shown in Table 24.

Table 24
Concentration Mass (mg) per

Ingredient (Yow/w) tablet
CVC Layer
Cenicriviroc Mesylate 18.96 170.69"
Fumaric Acid 17.78 160.00
Microcrystalline
Cellulose 20.53 184.78
Cross-linked Sodium
Carboxymethyl
Cellulose 4.34 39.00
Magnesium Stearate 1.17 10.53
3TC Layer
Lamivudine 33.33 300.00
Microcrystalline
Cellulose 2.85 25.62
Cross-linked Sodium
Carboxymethyl
Cellulose 0.74 6.70
Magnesium Stearate 0.30 2.68

Total 100.0 900.0

a. Equivalent to 150 mg cenicriviroc freebase.
Example 24

The absolute bioavailability of the tablets of Examples 18-23 (containing a
combination of cenicriviroc and 3TC) and Example 14 (containing cenicriviroc as a single
active agent) was tested in fasted, untreated beagle dogs. All tablets were scaled down to
deliver a constant dose of cenicriviroc of 25 mg with the corresponding proportional decrease
in lamivudine to either 100 mg for Example 18 or 50 mg for Examples 19-23. The absolute

bioavailability results are summarized in Table 25. The bioavailability of the tablets of
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Example 14 (cenicriviroc as a single agent) and Examples 19-20 (combination of cenicriviroc
and 3TC) was also tested under pentagastrin pre-treatment state which induces the lowest

gastric pH resembling the pH conditions of the human stomach.

Table 25

CVC Absolute 3TC Absolute

C t
omponen Bioavailability (%) Bioavailability (%)

n=5 dogs n=5 dogs

Fasted, No Pretreatment (gastric pH 2.0 — 4.0), n=5

Example 14 CVC Tablet — Lab 18.1 N/A
Roller Compactor
Example 14 CVC Tablet — Vector 20.6 N/A
TF-220 Roller Compactor

Example 14 CVC Tablet — Gerteis 16.6 N/A
Minipactor Roller Compactor

Example 18 13.2 103

Example 19 18.6 95.8

Example 20 12.0 90.2

Example 21 18.8 108

Example 22 13.8 100

Example 23 13.7 126

Fasted, Pentagastrin Pretreatment (gastric pH 1.0 - 2.5), n=5

Example 14 CVC Tablet — Vector 17.7 N/A
TF-220 Roller Compactor”
Example 19 18.5 107
Example 20 22.1 96.3
a. 50 mg dose of cenicriviroc.
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The absolute bioavailability data shows that the exposure of CVC obtained
using the combination formulations of Examples 19 and 21 is comparable to the CVC single
agent formulation of Example 14. The bioavailability data for Example 19 with and without
the pentagastrin pretreatment showed that the level of CVC exposure is comparable
regardless of gastric pH conditions. More importantly, the data also shows that the acidic
microenvironment functionality of the CVC formulation is maintained in this combination
product formulation. The data for Example 21 (2 1G %2 EG 3TC) shows that even when half
the amount of 3TC, which is weakly basic, was in direct contact with CVC/fumaric acid
granules (1G), the exposure of CVC and 3TC obtained was comparable to that of Example 19
where 3TC was completely located extragranularly (EG) with less intimate contact with
CVC/fumaric acid. This data indicates that 3TC, which is highly water soluble, dissolved at a
rate faster than that of fumaric acid, which is used in the invention as a slow to dissolve
solubilizer for CVC thereby eliminating the possibility that weakly basic 3TC would
neutralize fumaric acid. The data also confirms that the acidic microenvironment feature of
the invention based on the slow to dissolve fumaric acid excipient provides desired CVC
release characteristics in vivo despite the presence of 3TC, a weakly basic drug. Example 20,
where granules prepared using a concentrated CVC formulation were used, shows only
12.0% CVC exposure under no pretreatment and 22.1% with lower gastric pH conditions.
The exposure values for Examples 18, 20, 22 and 23 are still acceptable and may or may not
requirec a dose adjustment if administered to human subjects to compare relative
bioavailability. The absolute bioavailability for lamivudine which is greater than 90% for all
formulations is acceptable and appears to be independent of formulation composition and

manufacturing process.

Example 25
The disintegration behavior of CVC/3TC tablets was characterized by placing
a single tablet of each sample prepared for dog pharmacokinetic evaluation in approximately
250 mL water and observing the mode and speed of disintegration.
Table 26 summarizes the disintegration results for Examples 18 and 20-22.
Tablets of Examples 18 and 20 which contained the entire quantity of lamivudine

extragranularly displayed rapid disintegration similar to lamivudine active ingredient
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compressed as a tablet. Examples 21-22 where half or the entire amount of lamivudine was
present intragranularly displayed unexpected disintegration pattern. Specifically, Example 21
with half the amount of lamivudine present intragranularly disintegrated slowly over a period
of several minutes. Example 22 with the entire quantity of lamivudine present intragranularly
did not disintegrate at all. These results were unexpected given the high aqueous solubility of
lamivudine at 70 mg/mL. It is possible that the interaction between the intragranular
components may prohibit proper wetting and disintegration of the tablet and granules. Even
though the addition of lamivudine in the intragranular portion of the cenicriviroc granulation
1S a strategy to conserve the tablet mass, special consideration with respect to

biopharmaceutical performance must be given due to the tablet disintegration behavior

changes.
Table 26
Tablet Compression Disintegration
Sample Weight Tooling P g ]
Force (Ib) Observations
(mg)
e | g | Ve, [ | R
Active Ingredient € | standard concave sintegratio

<30 seconds
Rapid immediate

3/8-inch round,

Example 18 218 mg standard concave 800 disintegration
<30 seconds
) Rapid immediate
Example 20 133 mg 1/4-inch round, 1000 disintegration
standard concave
<30 seconds
) Slow, erosion
Example 21 125 mg 1/4-inch round, 1000 disintegration
standard concave .
Approx 2-3 minutes
1/4-inch round, No disintegration
Example 22 127 mg standard concave 1000 >3() minutes

Example 26
The CVC/3TC tablets of Examples 17, 19, and 20 and the CVC single agent
tablets of Example 14 were tested for total impurities under accelerated stability conditions
by exposing the tablets to an environment of 75% relative humidity at 40° C. All tablets were
packaged in HDPE bottles, with induction seal, and a desiccant during the study. As
summarized in Tables 27a and 27b, the CVC/3TC tablets of Examples 17, 19, and 20 were as
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stable as CVC single agent tablets of Example 14 and commercial 3TC single agent tablets
Epivir with not more than 0.1% increase in impurities or degradants over 9 weeks of
accelerated storage. This indicates that the active ingredients were sufficiently chemically

compatible and stable in the formulations and processes described above. No lamivudine

PCT/US2014/038211

impurities or degradants were observed in any of the examples as shown in Table 27b.

Table 27a
Time Example 14 Example 17 Example 19 Example 20
(Weeks) | Total CVC Total CVC Total CVC Total CVC
Impurities (%) | Impurities (%) | Impurities (%) | Impurities (%)
0 1.2 1.4 1.6 1.3
2 1.1 1.5 1.4 1.4
6 1.0 N/D N/D N/D
9 N/D 1.5 1.4 1.4
12 1.0 N/D N/D N/D
N/D — not determined
Table 27b
Time Example 17 Example 19 Example 20
(Weeks) | Total 3TC Total 3TC Total 3TC
Impurities (%) | Impurities (%) | Impurities (%)
0 BLQ BLQ BLQ
2 BLQ BLQ BLQ
9 BLQ BLQ BLQ

BLQ — below the limit of quantitation (<0.05%)

Compression profiles of CVC/3TC powder blends of Examples 17, 19, and 20

Example 27

50

were measured and are shown in Figure 12. Although the addition of 3TC decreased the
compressibility of the CVC single agent powder blends shown in Figure 10, all CVC/3TC
powder blends still showed acceptable compressibility characteristics required for
commercial product purposes. Lamivudine is a highly crystalline brittle material with large
discrete particles that disrupt the powder matrix undergoing the compaction process.
Examples 17 and 20 with higher concentrations of lamivudine exhibit lower compressibility

than Example 19 containing 150 mg of more excipient mass than Example 20.
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Example 28

Bilayer tablets comprising a combination of three active agents, CVC, 3TC,
and efavirenz (EFV), were prepared for Single Tablet Regimen (STR) treatment studies of
HIV. In the bilayer tablets, the CVC/3TC combination exists as a single layer whereas the
third active agent, EFV, exists as a second layer. The CVC/3TC layer of the tablet was
prepared using the concentrated composition of Example 20. However, any of the CVC/3TC
combinations disclosed above or related variations could be similarly used in this STR tablet
configuration.

The EFV layer was prepared by a conventional high-shear wet granulation
process using a SL stainless steel granulator bowl. EFV, microcrystalline cellulose, cross-
linked sodium carboxymethyl cellulose, sodium lauryl sulfate, and hydroxypropyl cellulose
were blended in a high-shear mixer for 2 minutes at speed setting #2 to prepare a 300 g batch.
To the blend, 238 ml of purified water was added over approximately 6 minutes to obtain
suitable granulation and further blended, if necessary. The granules were milled with a blade
forward hammer mill and dried in a tray dryer at 80 °C. The dried granules were further
milled and blended with magnesium stearate. The EFV layer weight of the bilayer tablet was
850 mg corresponding to 600 mg of EFV active ingredient and 250 mg of excipients.
Separate layers of CVC/3TC and EFV were compressed into bilayer tablets having a
hardness greater than 15 kP and a friability of less than 0.8% w/w. The bilayer tablets had

the composition shown in Table 28.

51



10

WO 2014/186581 PCT/US2014/038211

Table 28 (CVC/EFV/3TC Single Tablet Regimen-1)

Concentration Mass (mg) per

Ingredient (Yow/w) tablet
CVC/3TC Layer
Cenicriviroc Mesylate 10.34 170.69"
Lamivudine 18.18 300.00
Fumaric Acid 9.70 160.00
Microcrystalline
Cellulose 5.82 96.01
Cross-linked Sodium
Carboxymethyl
Cellulose 3.70 61.10
Magnesium Stearate 0.74 12.2
EFV Layer
Efavirenz 36.36 600.00
Microcrystalline
Cellulose 7.97 131.50
Cross-linked Sodium
Carboxymethyl
Cellulose 3.64 60.00
Sodium Lauryl Sulfate 0.73 12.00
Hydroxypropyl
Cellulose 2.30 38.00
Magnesium Stearate 0.52 8.50

Total 100.0 1650.0

a. Equivalent to 150 mg cenicriviroc freebase.
Example 29

A bilayer tablet comprising CVC, 3TC, and EFV as active agents was
prepared as described in Example 28 except that the weight of the EFV layer was 775 mg.
The CVC/3TC layer of the tablet was prepared using the concentrated composition of
Example 20. However, any of the CVC/3TC combinations disclosed above or related
variations could be similarly used in this STR tablet configuration. Tablets had a hardness
greater than 15 kP and a friability of less than 0.8% w/w. The bilayer tablets had the

composition shown in Table 29.
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Table 29 (CVC/EFV/3TC Single Tablet Regimen-2)

Concentration Mass (mg) per

Ingredient (Yow/w) tablet
CVC/3TC Layer
Cenicriviroc Mesylate 10.84 170.69"
Lamivudine 19.05 300.00
Fumaric Acid 10.16 160.00
Microcrystalline
Cellulose 6.10 96.01
Cross-linked Sodium
Carboxymethyl
Cellulose 3.88 61.10
Magnesium Stearate 0.77 12.2
EFV Layer
Efavirenz 38.09 600.00
Microcrystalline
Cellulose 3.82 60.20
Cross-linked Sodium
Carboxymethyl
Cellulose 3.81 60.00
Sodium Lauryl Sulfate 0.76 12.00
Hydroxypropyl
Cellulose 2.22 35.00
Magnesium Stearate 0.50 7.80

Total 100.0 1575.0

a. Equivalent to 150 mg cenicriviroc freebase.
Example 30

The absolute bioavailability of the CVC/3TC/EFV tablets of Examples 28-29
was measured in fasted, pentagastrin-pretreated beagle dogs and was compared to that of the
CVC single agent tablets of Example 14. All tablets were scaled down to deliver a constant
dose of 25 mg cenicriviroc free base with the corresponding proportional decrease in
lamivudine to deliver a dose of 50 mg, and in efavirenz to deliver a dose of 100 mg. The

absolute bioavailability results are summarized in Table 30.
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Table 30
CVC Absolute 3TC Absolute EFV Absolute
Component o o o
Bioavailability Bioavailability (%) | Bioavailability
(“o) (“o)

Fasted, Pentagastrin Pretreatment (gastric pH 1.0 - 2.5), n=5

Example 14 CVC Tablet 17.7 N/A N/A
— Vector TF-220 Roller
Compactor”
Example 28 5.9 81.3 16.5
Example 29 3.9 107 16.5
a. 50 mg dose of cenicriviroc

The absolute bioavailability data shows a considerable reduction in the
exposure of CVC when administered in the presence of efavirenz. Efavirenz is a known
inducer of hepatic enzyme CYP3A4 and it has been shown that efavirenz increases the
metabolism of cenicriviroc in humans thereby decreasing the cenicriviroc plasma

concentration by approximately 2-fold.

Example 31
The tablets of Examples 28 and 29 were tested for total impurities under
accelerated stability conditions by exposing the tablets to an environment of 75% relative
humidity at 40°C. All tablets were packaged with a desiccant in induction sealed HDPE
bottles. As summarized in Table 31, CVC total impurities showed no significant change over
4 weeks of accelerated storage conditions. No lamivudine impurities were measured in either
of the examples as shown in Table 31. Additionally, Table 17 shows no significant change in

efavirenz degradation products.
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Table 31
Time Example Example Example Example Example Example
(Weeks) 28 29 28 29 28 29
Total CVC | Total CVC | Total3TC | Total 3TC | Total EFV | Total EFV
Impurities | Impurities | Impurities | Impurities | Impurities | Impurities
(%) (%) (%) (%) (%) (%)
0 1.3 1.2 BLQ BLQ 0.1 0.1
4 1.3 1.3 BLQ BLQ 0.2 0.2

BLQ — below the limit of quantitation (<0.05%).

Example 32

Tablets of Examples 28-29 and tablets of Examples 17, 19, and 20 were tested

for strength and water content under accelerated stability conditions by exposing the

packaged tablets to an environment of 75% relative humidity at 40°C. As summarized in

Tables 32-33 below, no significant change was observed in the strength of CVC and 3TC in

the tablets of Examples 19 and 20 and the STR tablets of Examples 28-29. Tablets of

Example 17 did not show any significant change after 2 weeks, but showed a numerical

decrease in the strength of CVC and 3TC after 4 weeks. Additional testing confirmed that

this decrease was not significant and arose as a result of an artifact in the analytical testing

method.

Table 32: Strength under accelerated conditions (40°C/75%RH)

BTC (%LC) CVC

BTC (%LC)

CcvC

BTC (%LC)

CVC (%LC)

Table 33: Strength under accelerated conditions (40°C/75%RH)
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| 4 P89+12 1012+04 1019+ 85+1.1 1012+05 1022+13 |

Table 34 shows that no significant change in the water content as determined

by Karl Fischer was observed for any of the CVC/3TC tablets of Examples 17, 19, and 20

and STR tablets of Examples 28-29 after 4 weeks of storage at 40°C/75% RH

Table 34: Water content under accelerated conditions (40°C/75%RH)

T=0 T =2 Weeks T = 4 Weeks
Sample % water Average % water Average % water Average
0.4631 0.3745 0.3949
Example 1 4 4 0.44
xample 17 70 esa 048 0.4796 0.43 0.4815
Example 19 | 0.8434 0.7978 0.8538
0.8629 0.85 0.8889 0.84 0.8502 0.85
0.4173 0.3975 0.3920
Example 2 4 42 0.39
xample 20 177 sg 0 0. 0.3945
0.4650 0.4323
Example 2 4 0.47
xample 28 7y 049 0.5017
0.3423 0.3763
Example 29 | 03991 0.37 0.3817 0.38
1.1898 12239

Tablets of Examples 17, 19, and 20 were tested for dissolution after 9 weeks
of storage at 40°C/75% RH. No significant change was observed in the dissolution profile
for 3TC and CVC during 9 weeks of storage at 40°C/75% RH.

Tablets of Examples 28-29 were also tested for dissolution after 4 weeks of

storage at 40°C/75% RH. The dissolution data is summarized in Figures 13-14.

Example 33
Tablets of Examples 17, 19, and 20 were also tested for the formation of
related substances after 9 weeks of storage at 40°C/75% RH. For this testing, a single tablet
of Example 17 was placed in a 100 ml flask, 5 ml MiliQ water was added, the flask was
placed on a shaker for 30 minutes at 200 rpm followed by the addition of 65 ml of methanol.
The flask was placed back on a shaker for additional 30 minutes at 200 rpm and the contents

were diluted to 100 ml with methanol. For tablets of Examples 19 and 20, a HPLC sample
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was prepared by placing a single tablet in a 500 ml flask, 25 ml MiliQ water was added, the
flask was placed on a shaker for 30 minutes at 200 rpm, 325 ml of methanol was added, the
flask was placed on shaker for additional 30 minutes at 200 rpm and the contents were diluted
to 500 ml using methanol. The samples were analyzed for the formation of related
substances using HPLC. CVC related substances increased from <LOQ (0.05%) to
approximately 0.2% after 9 weeks of storage at 40°C/75% RH. No 3TC related substances
were observed at levels greater than LOQ (0.05%) after 9 weeks of storage at 40°C/75% RH.
The related substance HPLC method parameters are listed in the table below:

Table 35
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Example 34
The pharmacokinetic profile of the tablets of Example 28 (containing a

combination of cenicriviroc, 3TC, and EFV) was tested in fasted, pentagastrin-treated beagle
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dogs. All tablets were scaled down to deliver a constant dose of 25 mg CVC, 50 mg 3TC,
and 100 mg EFV. The results are summarized in Table 36.

Table 36

Dog ID (m];(/)(izg) Dose (mg'kg) (f;nrii) Tmex (hr) (n[g}/[rﬁ]:‘s}t]r) (n/;[rﬁn;ir) %AUCextra  Typ(hr)  MRTig (hr)
DI01 250 268 838 200 563 599 6.07 5.91 117
D103 250 271 745 200 371 384 3.24 5.04 5.98
D104 250 7 488 200 195 13 16.1 235 3.85
D106 250 259 313 200 183 196 6.49 6.44 6.48
D108 250 258 329 200 193 197 197 428 5.76
Mean 250 257 45 200 266 280 6.7 430 5.85

N 0.00 0.172 329 0.00 207 29 5.55 1.60 .24
CV% 0.00 6.70 723 0.00 780 784 8.9 333 212

It should be understood that while the above description provides a person of
ordinary skill in the art sufficient guidance to make, use, and practice the disclosure, it is not
intended to be limiting. Various modifications can be made to this description without
departing from the scope or spirit of the disclosure. Persons of ordinary skill may employ
such variations as appropriate, and the disclosure may be practiced in ways other than those
specifically described herein. For example, while some embodiments have been described
with reference to specific types of inactive ingredients, such as fillers, disintegrants, and the
like, one of ordinary skill in the art will recognize that other inactive ingredients can also be
used to achieve similar results. Accordingly, the disclosure includes all modifications and
equivalents of the subject matter recited in the claims appended hereto as permitted by
applicable law. Moreover, any combination of the above-described elements in all possible
variations thereof is encompassed by the disclosure unless otherwise indicated herein or

otherwise clearly contradicted by context.
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CLAIMS

What is claimed is:

1. A composition comprising cenicriviroc or a salt thereof and fumaric acid.

2. The composition of claim 1, wherein the cenicriviroc or salt thereof is

cenicriviroc mesylate.

3. The composition of claim 1 or 2, wherein the weight ratio of cenicriviroc or
salt thereof to fumaric acid is from about 7:10 to about 10:7 based on the weight of free

cenicriviroc.

4. The composition of any of claims 1-3, wherein the weight ratio of cenicriviroc
or salt thereof to fumaric acid is from about 8:10 to about 10:8 based on the weight of free

cenicriviroc.

5. The composition of any of claims 1-4, wherein the weight ratio of cenicriviroc
or salt thereof to fumaric acid is from about 9:10 to about 10:9 based on the weight of free

cenicriviroc.
6. The composition of any of claims 1-5, wherein the weight ratio of cenicriviroc
or salt thereof to fumaric acid is from about 95:100 to about 100:95 based on the weight of

free cenicriviroc.

7. The composition of any of claims 1-6, wherein the fumaric acid is present in

an amount of from about 15% to about 40% by weight of the composition.

8. The composition of any of claims 1-7, wherein the fumaric acid is present in

an amount of from about 20% to about 30% by weight of the composition.
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9. The composition of any of claims 1-8, wherein the fumaric acid is present in

an amount of about 25% by weight of the composition.

10.  The composition of any of claims 1-9, wherein the cenicriviroc or salt thereof
is present in an amount of from about 15% to about 40% by weight of the composition based

on the weight of free cenicriviroc.

11.  The composition of any of claims 1-10, wherein the cenicriviroc or salt thereof
is present in an amount of from about 20% to about 30% by weight of the composition based

on the weight of free cenicriviroc.

12.  The composition of any of claims 1-11, wherein the cenicriviroc or salt thereof
is present in an amount of about 25% by weight of the composition based on the weight of

free cenicriviroc.

13.  The composition of any of claims 1-12, further comprising one or more fillers.

14.  The composition of claim 13, wherein the one or more fillers are selected from
microcrystalline cellulose, calcium phosphate dibasic, cellulose, lactose, sucrose, mannitol,

sorbitol, starch, and calcium carbonate.

15. The composition of any of claims 13-14, wherein the one or more fillers is

microcrystalline cellulose.

16. The composition of any of claims 13-15, wherein the weight ratio of the one
or more fillers to the cenicriviroc or salt thereof is from about 25:10 to about 10:8 based on

the weight of free cenicriviroc.

17. The composition of any of claims 13-16, wherein the weight ratio of the one
or more fillers to the cenicriviroc or salt thereof is from about 20:10 to about 10:10 based on

the weight of free cenicriviroc.
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18.  The composition of any of claims 13-17, wherein the weight ratio of the one
or more fillers to the cenicriviroc or salt thereof is about 15:10 based on the weight of free

cenicriviroc.

19.  The composition of any of claims 13-18, wherein the one or more fillers are

present in an amount of from about 25% to about 55% by weight of the composition.

20.  The composition of any of claims 13-19, wherein the one or more fillers are
present in an amount of from about 30% by weight to about 50% by weight of the

composition.

21.  The composition of any of claims 13-20, wherein the one or more fillers are

present in an amount of about 40% by weight of the composition.

22.  The composition of any of claims 1-21, further comprising one or more
disintegrants.
23.  The composition of claim 22, wherein the one or more disintegrants are

selected from cross-linked polyvinylpyrrolidone, cross-linked sodium carboxymethyl

cellulose, and sodium starch glycolate.

24.  The composition of any of claims 22-23, wherein the one or more

disintegrants is cross-linked sodium carboxymethyl cellulose.
25.  The composition of any of claims 22-24, wherein the weight ratio of the one

or more disintegrants to the cenicriviroc or salt thereof is from about 10:100 to about 30:100

based on the weight of free cenicriviroc.
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26.  The composition of any of claims 22-25, wherein the weight ratio of the one
or more disintegrants to the cenicriviroc or salt thereof is about 25:100 based on the weight of

free cenicriviroc.

27.  The composition of any of claims 22-26, wherein the one or more
disintegrants are present in an amount of from about 2% to about 10% by weight of the

composition.

28.  The composition of any of claims 22-27, wherein the one or more
disintegrants are present in an amount of from about 4% to about 8% by weight of the

composition.

29.  The composition of any of claims 22-28, wherein the one or more

disintegrants are present in an amount of about 6% by weight of the composition.

30.  The composition of any of claims 1-29, further comprising one or more
lubricants.
31.  The composition of claim 30, wherein the one or more lubricants are selected

from stearin, magnesium stearate, and stearic acid.

32. The composition of any of claims 30-31, wherein the one or more lubricants is

magnesium stearate.

33.  The composition of any of claims 30-32, wherein the one or more lubricants

are present in an amount of from about 0.25% to about 5% by weight of the composition.

34, The composition of any of claims 30-33, wherein the one or more lubricants

are present in an amount of from about 0.75% to about 3% by weight of the composition.
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35.  The composition of any of claims 30-34, wherein the one or more lubricants

are present in an amount of about 1.25% by weight of the composition.

36.  The composition of any of claims 1-35, wherein the composition is

substantially similar to that of Table 3a.

37.  The composition of any of claims 1-35, wherein the composition is

substantially similar to that of Table 3b.

38.  The composition of any of claims 1-37, wherein the composition is produced

by a process involving dry granulation.

39.  The composition of any of claims 1-38, wherein the composition has a water
content of no more than about 4% by weight after about six weeks of exposure to about 40° C

at about 75% relative humidity when packaged with a desiccant in a container.

40. The composition of any of claims 1-39, wherein the composition has a water
content of no more than about 2% by weight after about six weeks of exposure to about 40° C

at about 75% relative humidity when packaged with a desiccant in a container.

41. The composition of any of claims 1-40, wherein the composition has a total
impurity and dgradant level of no more than about 2.5% after 12 weeks of exposure to about

40° C at about 75% when packaged with a desiccant in a container.
42. The composition of any of claims 1-41, wherein the composition has a total
impurity and dgradant level of no more than about 1.5% after 12 weeks of exposure to about

40° C at about 75% when packaged with a desiccant in a container.

43. The composition of any of claims 1-42, wherein the cenicriviroc or salt thereof

has a mean absolute bioavailability after oral administration that is substantially similar to the

63



WO 2014/186581 PCT/US2014/038211

mean absolute bioavailability of the cenicriviroc or salt thereof in a solution after oral

administration.

44. The composition of any of claims 1-42, which exhibits an AUC of cenicriviroc
that is about 200% or higher of the AUC of cenicriviroc exhibited by a reference solid

formulation following oral administration.

45. The composition of any of claims 1-42, which exhibits a Cmax of cenicriviroc
that is at least 50% higher than the Cmax of cenicriviroc exhibited by a reference solid

formulation following oral administration.

46.  The composition of any of claims 1-42, further comprising one or more

additional pharmaceutically active agents.

47. The composition of claim 46, wherein the one or more additional
pharmaceutically active agents is one or more additional antiretroviral drugs selected from
CCRS5 receptor antagonists, entry inhibitors, nucleoside reverse transcriptase inhibitors,
nucleotide reverse transcriptase inhibitors, non-nucleoside reverse transcriptase inhibitors,

protease inhibitors, integrase inhibitors, and maturation inhibitors.

48. The composition of any of claims 46-47, wherein the one or more additional
pharmaceutically active agents are selected from maraviroc, lamivudine, efavirenz,
raltegravir, vivecon, bevirimat, alpha interferon, zidovudine, abacavir, lopinavir, ritonavir,
tenofovir, tenofovir disoproxil, tenofovir prodrugs, emtricitabine, elvitegravir, cobicistat

darunavir, atazanavir, rilpivirine, and dolutegravir.

49.  The composition of claim 48 comprising: cenicriviroc or a salt thereof and

fumaric acid; and lamivudine.

50.  The composition of claim 49, wherein the cenicriviroc or salt thercof is

cenicriviroc mesylate.
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51.  The composition of claim 49 or 50, wherein the weight ratio of cenicriviroc or
salt thercof to lamivudine is from about 1:15 to about 1:1 based on the weight of free

cenicriviroc.

52.  The composition of any of claims 49-51, wherein the weight ratio of
cenicriviroc or salt thereof to lamivudine is from about 1:12 to about 2:3 based on the weight

of free cenicriviroc.

53.  The composition of any of claims 49-52, wherein the weight ratio of
cenicriviroc or salt thereof to lamivudine is about 1:12; about 1:4; or about 1:2 based on the

weight of free cenicriviroc.

54, The composition of any of claims 49-53, wherein lamivudine is present in an

amount of from about 25% to about 65% by weight of the composition.

55.  The composition of any of claims 49-54, wherein lamivudine is present in an

amount of from about 30% to about 60% by weight of the composition.

56.  The composition of any of claims 49-55, wherein lamivudine is present in an
amount of about 31.6%; about 33.3%; about 37.5%; about 40.0%; about 46.2%; or about
60% by weight of the composition.

57.  The composition of any of claims 49-56, comprising

about 15.8% cenicriviroc or salt thereof and about 31.6% lamivudine;

about 16.7% cenicriviroc or salt thereof and about 33.3% lamivudine;

about 18.8% cenicriviroc or salt thereof and about 37.5% lamivudine;

about 20% cenicriviroc or salt thereof and about 40.0% lamivudine;

about 11.5% cenicriviroc or salt thercof and about 46.2% lamivudine; or

about 5% cenicriviroc or salt thereof and about 60% lamivudine by weight of the

composition and based on the weight of free cenicriviroc.
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58.  The composition of any of claims 49-57, further comprising one or more

fillers.

59.  The composition of claim 58, wherein the one or more fillers are selected from
microcrystalline cellulose, calcium phosphate dibasic, cellulose, lactose, sucrose, mannitol,

sorbitol, starch, and calcium carbonate.

60.  The composition of claim 58 or 59, wherein the one or more fillers is

microcrystalline cellulose.

61. The composition of any of claims 58-60, wherein the weight ratio of the one
or more fillers to the cenicriviroc or salt thereof is from about 5:1 to about 1:5 based on the

weight of free cenicriviroc.

62. The composition of any of claims 58-61, wherein the weight ratio of the one
or more fillers to the cenicriviroc or salt thereof is about 1:4 to about 1:5; or about 2:3 to
about 1:2: or about 2:1 to about 4:3; or about 5:1 to about 5:2 based on the weight of free

cenicriviroc.

63.  The composition of any of claims 58-62, wherein the one or more fillers are

present in an amount of from about 5% to about 30% by weight of the composition.

64. The composition of any of claims 58-63, wherein the one or more fillers are
present in an amount of about 5.8%%; about 6.6%; about 12%; about 20.5%; about 22.2%;

about 23.4%; or about 24.8% by weight of the composition.
65.  The composition of any of claims 58-64, comprising

about 15.8% cenicriviroc or salt thercof, about 31.6% lamivudine, and 24.8% one or

more fillers;
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about 16.7% cenicriviroc or salt thercof, about 33.3% lamivudine, and 23.4% one or
more fillers;

about 18.8% cenicriviroc or salt thereof, about 37.5% lamivudine, and 12.0% one or
more fillers;

about 20% cenicriviroc or salt thereof, about 40.0% lamivudine, and 5.8% one or
more fillers;

about 20% cenicriviroc or salt thereof, about 40.0% lamivudine, and 6.6% one or
more fillers;

about 11.5% cenicriviroc or salt thereof, about 46.2% lamivudine, and 20.5% one or
more fillers; or

about 5% cenicriviroc or salt thercof, about 60% lamivudine, and 22.2% one or more

fillers by weight of the composition and based on the weight of free cenicriviroc.

66.  The composition of any of claims 49-65, further comprising one or more
disintegrants.
67.  The composition of claim 66, wherein the one or more disintegrants are

selected from cross-linked polyvinylpyrrolidone, cross-linked sodium carboxymethyl

cellulose, and sodium starch glycolate.

68.  The composition of claim 66 or 67, wherein the one or more disintegrants is

cross-linked sodium carboxymethyl cellulose.

69.  The composition of any of claims 66-68, wherein the weight ratio of the one
or more disintegrants to the cenicriviroc or salt thereof is from about 1:4 to about 3:2 based

on the weight of free cenicriviroc.
70.  The composition of any of claims 66-69, wherein the weight ratio of the one

or more disintegrants to the cenicriviroc or salt thereof is about 1:3; about 2:5; about 1:2; or

about 1:1 based on the weight of free cenicriviroc.
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71.  The composition of any of claims 66-70, wherein the one or more

disintegrants are present in an amount of from about 3% to about 9% by weight of the

composition.

72.  The composition of any of claims 49-71, further comprising one or more
lubricants.

73. The composition of claim 72, wherein the one or more lubricants are selected

from stearin, magnesium stearate, and stearic acid.

74. The composition of claim 72 or 73, wherein the one or more lubricants is

magnesium stearate.

75.  The composition of any of claims 72-74, wherein the one or more lubricants

are present in an amount of from about 0.5% to about 4% by weight of the composition.

76.  The composition of any of claims 49-75, wherein the composition is

substantially similar to that of Table 18, 19, 20, 21, 22, 23, or 24.

77.  The composition of any of claims 49-76, wherein the composition has a water
content of no more than about 4.0% by weight after about four weeks of exposure to about

40° C at about 75% relative humidity when packaged with a desiccant in a container.

78.  The composition of any of claims 49-77, wherein the composition has a water
content of no more than about 2.0% by weight after about four weeks of exposure to about

40° C at about 75% relative humidity when packaged with a desiccant in a container.
79.  The composition of any of claims 49-78, wherein the composition has a total

impurity and dgradant level of no more than about 4.0% after 9 weeks of exposure to about

40° C at about 75% when packaged with a desiccant in a container.
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80.  The composition of any of claims 49-79, wherein the composition has a total
impurity and dgradant level of no more than about 2.0% after 9 weeks of exposure to about

40° C at about 75% when packaged with a desiccant in a container.

81.  The composition of any of claims 49-80, further comprising efavirenz.

82.  The composition of claim 81, wherein the weight ratio among cenicriviroc or
salt thercof, lamivudine, and efavirenz is from about 1:2:4 based on the weight of free

cenicriviroc.

83.  The composition of claim 81 or 82, comprising

about 10.3% cenicriviroc or salt thereof, about 18.2% lamivudine, and about 36.4%
cfavirenz; or

about 9.5% cenicriviroc or salt thereof, about 19.1% lamivudine, and about 38.1%

efavirenz by weight of the composition and based on the weight of free cenicriviroc.

84. The composition of any of claims 81-83, wherein the composition is

substantially similar to that of Table 28 or 29.

85.  The composition of any of claims 81-84, wherein the composition has a water
content of no more than about 4.0% by weight after about four weeks of exposure to about

40° C at about 75% relative humidity when packaged with a desiccant in a container.

86.  The composition of any of claims 81-84, wherein the composition has a water
content of no more than about 2.0% by weight after about four weeks of exposure to about

40° C at about 75% relative humidity when packaged with a desiccant in a container.
87.  The composition of any of claims 81-84, wherein the composition has a total

impurity and dgradant level of no more than about 4.0% after 9 weeks of exposure to about

40° C at about 75% when packaged with a desiccant in a container.
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88.  The composition of any of claims 81-84, wherein the composition has a total
impurity and dgradant level of no more than about 2.0% after 9 weeks of exposure to about

40° C at about 75% when packaged with a desiccant in a container.

89. A pharmaceutical formulation comprising the composition of any of claims 1-

88.

90.  The formulation of claim 89, wherein the composition in the formulation is in

the form of a granulate.

91.  The formulation of claim 89 or 90, wherein the composition in the formulation

is in form of a capsule.

92.  The formulation of claim 89 or 90, wherein the composition in the formulation

is in form of a sachet.

93.  The formulation of claim 89 or 90, wherein the composition in the formulation

is a tablet or a component of a tablet.

94.  The formulation any of claims 89-93, further comprising one or more

pharmaceutically inactive ingredients.

95.  The formulation of any of claims 89-94, wherein the composition is in one or

more layers of a multi-layer tablet.

96.  The formulation of any of claims 89-94, wherein the composition is in a single
layer tablet.
97.  The formulation of claim 95, wherein the composition is in a bilayer tablet

comprising a single core and a layer outside the single core.
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98. The formulation of claim 97, wherein the cenicriviroc or salt thercof and
fumaric acid are present in the core; and lamivudine is present in the layer outside the single

core.

99, The formulation of claim 97, wherein the cenicriviroc or salt thereof, fumaric
acid, and lamivudine are present in the core; and efavirenz is present in the layer outside the

single core.

100. A formulation of any of claims 89-99, wherein the formulation is substantially

similar to that of Table 3a, 36, 18, 19, 20, 21, 22, 23, 24, 28, or 29.

101. A tablet having a composition substantially similar to that of Table 3a, 36, 18,
19, 20, 21, 22, 23, 24, 28, or 29.

102. A composition of any of claims 1-88, a formulation of any of claims 89-100,

or a tablet of claim 101, which is a coated substrate.

103. A method of preparing a composition of any of claims 1-88, a formulation of
any of claims 89-100 or a tablet of claim 101, the method comprising:
admixing cenicriviroc or a salt thereof and fumaric acid to form an admixture;
and

dry granulating the admixture.

104. The method of claim 103, wherein the cenicriviroc or salt thereof is

cenicriviroc mesylate.

105. The method of claim 103 or 104, further comprising admixing one or more

fillers with the cenicriviroc or salt thereof and fumaric acid to form the admixture.
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106. The method of any of claim 103-105, wherein the one or more fillers are
selected from microcrystalline cellulose, calcium phosphate dibasic, cellulose, lactose,

sucrose, mannitol, sorbitol, starch, and calcium carbonate.

107. The method of any of claims 103-106, wherein the one or more fillers is

microcrystalline cellulose.

108. The method of any of claims 103-107, further comprising admixing one or
more disintegrants with the cenicriviroc or salt thercof and fumaric acid to form the

admixture.
109. The method of claim 108, wherein the one or more disintegrants are selected
from cross-linked polyvinylpyrrolidone, cross-linked sodium carboxymethyl cellulose, and

sodium starch glycolate.

110. The method of claim 108 or 109, wherein the one or more disintegrants is

cross linked sodium carboxymethyl cellulose.

111.  The method of any of claims 103-110, further comprising admixing one or

more lubricants with the cenicriviroc or salt thereof and fumaric acid to form the admixture.

112.  The method of claim 111, wherein the one or more lubricants are sclected

from stearin, magnesium stearate, and stearic acid.

113. The method of claim 111 or 112, wherein the one or more lubricants is

magnesium stearate.

114. The method of any of claims 103-113, further comprising compressing the dry

granulated admixture into a tablet.
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115. The method of any of claims 103-113, further comprising filling a capsule
with the dry granulated admixture.

116. The method of any of claims 103-114, further comprising mixing the dry

granulated admixture with one or more extragranular materials.

117.  The method of claim 116, wherein the one or more extragranular materials are

one or more additional pharmaceutically active agents.

118. The method of claim 117, wherein the one or more additional

pharmaceutically active agents are one or more additional antiretroviral drugs.

119. The method of claim 118, wherein the one or more additional antiretroviral
drugs are selected from CCRS receptor antagonists, entry inhibitors, nucleoside reverse
transcriptase inhibitors, nucleotide reverse transcriptase inhibitors, non-nucleoside reverse

transcriptase inhibitors, protease inhibitors, integrase inhibitors, and maturation inhibitors.

120. The method of claim 118 or 119, wherein the one or more additional
antiretroviral drugs are selected from maraviroc, lamivudine, efavirenz, raltegravir, vivecon,
bevirimat, alpha interferon, zidovudine, abacavir, lopinavir, ritonavir, tenofovir, tenofovir
disoproxil, tenofovir prodrugs, emtricitabine, elvitegravir, cobicistat darunavir, atazanavir,

rilpivirine, and dolutegravir.

121.  The method of claim 118, wherein the additional pharmaceutically active

agent is lamivudine.

122.  The method of claim 118, wherein the one or more additional

pharmaceutically active agents are lamivudine and efavirenz.

123. The method of claim 117, wherein the one or more additional pharmaceutically

active agents are one or more immune system suppressing agents
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124.  The method of any of claims 117 or 123, wherein the one or more additional
pharmaceutically active agents are selected from the group consisting of cyclosporine,
tacrolimus, prednisolone, hydrocortisone, sirolimus, everolimus, azathioprine, mycophenolic
acid, methotrexate, basiliximab, daclizumab, rituximab, anti-thymocyte globulin, and anti-

lymphocite globulin.

125.  The method of any of claims 117 or 123-124, wherein the one or more
additional pharmaceutically active agents are seclected from the group consisting of

tacrolimus and methotrexate.

126. A method of administering cenicriviroc or a salt therecof to a subject,
comprising administering a composition of any of claims 1-88, a formulation of any of claims
89-100, a tablet of claim 101, or a composition produced by the method of any of claims 111-
125 to a subject.

127. A method of treating a disease, condition, or disorder in a subject, comprising
administering a therapeutically effective amount of a composition of any of claims 1-88, a
formulation of any of claims 89-100, a tablet of claim 101, or a composition produced by the

method of any of claims 111-125 to a subject.

128.  The method of claim 127, wherein the disease, condition, or disorder is a viral

infection.

129. The method of claim 127 or 128, wherein the disease, condition, or disorder is

a retroviral infection.

130. The method of any of claims 127-129, wherein the disease, condition, or

disorder is hepatitis, human immunodeficiency virus, or a sarcoma virus.
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131.  The method of any of claims 127-130, wherein the disease, condition, or

disorder is human immunodeficiency virus.

132. The method of claim 127, wherein the disease, disorder, or condition is

inflammation.

133.  The method of any of claims 127 or 132 wherein the disease, disorder or

condition is graft versus host disease, diabetic inflammation, or cardiovascular inflammation.

134. The method of any of claims 127 or 132-133, wherein the disease, disorder or

condition is graft versus host disease or prophylaxis thereof.
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This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:;

1. m Claims Nos.: 126-134
because they relate to subject matter not required to be searched by this Authority, namely:

Claims 126-134 pertain to a method for treatment of the human by therapy, and thus relate to a subject matter which this
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2. X Claims Nos.: (see below)
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:
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are regarded to be unclear since they refer to claims which are not drafted in accordance with PCT
Rule 6.4(a).

3. Claims Nos.: (see extra sheet)
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. |:| As all required addtional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment
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3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4, |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest |:| The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.
|:| No protest accompanied the payment of additional search fees.
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