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CENICRIVIROC FOR THE TREATMENT OF FIBROSIS

BACKGROUND

10061 Cenicriviroc  (also known as CV() is the common name of (5,E)-8-(4-(2-
Butoxyethoxy phenyl-1-(2-methylpropyD-N-{4-({(1-propyl- 1 H-imidazol-5-
yhmethylsulfinyljphenyli-1,2,3,4-tetrahydrobenzo{blazocine-5-carboxamide. The chemical
structure of cenicriviroc mesylate appears m Figure 1. Cenicriviroc binds to and inhibits the
activity of the C-C chemokine receptor type 2 {CCR2} and C-C chemokine receptor type 5 {CCR35)
receptors (24}, These receptors not only play a role in entry of viruses such as Human
Immunedeficiency Virus (HIV} into the cell, but also are important for the recruitment of immune
cells to sites of mjury. Inhibition of this receptor’s activity roay have an anti-inflamyatory cffect.
More recently, the role that inflasnmation plays 1o the developroeut of fibrosis has been examined
[30]. It has been shown that C-C chemokine receptor type 2 (CCR2) and CCRS may play arole in

promoting hepatic fibrosis |3, 4, 5, 31 321

SUMMARY OF THE INVENTION

{1062] In one embodiment, the invention provides a method of treating fibrosis or a fibrotic
discase or condition i a subject in need thereof comprising administering to the subject a
therapeuticaily effective amount of cenicriviroc or a salt or solvate thereof. In another
cmbodiment, the fibrosis or fibrotic diseasc or condition is liver fibrosis or renal fibrosis. In yet a
further embodiment, the hiver fibrosis is associated with non-alcoholic steatohepatitis (NASH). In
vet a further embodiment, the liver fibrosis 18 associated with non-alcoholic fatty liver disease
{(NAFLD). o yet a further exobodiroent, the hiver fibrosis is associated with emerging cirthosis. In
another further embodiment, the iver fibrosis comprises non-cirrhotic hepatic fibrosis. In a further
cmbodiment, the subject is infected by hurnan immunodeficiency virus (HIV)., In a further
embodiment, the cenicriviroc or a salt or solvate thereof is formulated as a pharmaceutical
composition comprising cenicriviroc or a salt or solvate thercot and fumaric acid. In a further

embodiment, the subject has a disease or condition selected from the group consisting of alcoholic
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liver discase, HIV and HCV co-mfection, HCV infection, type 2 diabetes mellitus (T2DM),
metabolic syndrome (MS), and a combination thereof,

18003} In one embodiment, the invention provides a method of treating NASH in a subject in need
thereot corprising adroinmstering to the subject a therapeutically effective amount of cenicrivirog,
or a salt or solvate thereof, wherein the NASH or the livier fibrosis associated with NASH is
associated with type 2 diabetes wellitus (T2DM),

{1064} In one embodiment, the invention provides a method of treating NASH in a subject in need
thercof coraprising administering to the subject a therapeutically cffective amount of cernicriviroe,
or a salt or solvate thereof, wherein the NASH or the Hvier fibrosis associated with NASHis
associated with metabolic syndrome (MS).

{3005} In one ernbodiment, the 1nvention provides a rocthod of treating NASH in a subject in need
thercof comprising administering to the subject a therapeutically effective amount of cenicriviroe,
or a salt or solvate thereof, wherein liver {ibrosis 1s associated with HIV and HCV co-infection.
{¢086] In one embodiment, the invention provides a method of treating NASH in a subject in need
thereot comprising adminstering to the subject a therapeutically effective arnount of cenieriviroc,
or a salt or solvate thercot, wherein liver fibrosis is associated with HCV infection

[0067] In one ecmbodiment, the invention provides a method of treatment, wherein the cenicriviroc
or a salt or solvate thereof is formulated as an oral composition.

{#088] In onc embodiment, the invention provides a method of treatment, wherein the cenicriviroe
or a salt or solvate thereof is administered once per day or twice per day.

10069 In one cmbodiment, the invention provides a method of treatment, wherein the cenicriviroc
or a salt or solvate thereof s co-administered with one or more additional active agents. In a
further embodiment, the one or more additional active agents are one or more antiretroviral agents
selected from the group consisting of entry inhibitors, nucleoside reverse transcriptase inhibitors,
nucleotide reverse transcriptase inhibitors, non-nucleoside reverse transcriptase inhibitors, protease
inhibitors, integrase strand transter inhibitors, maturation inhibitors, and cornbinations thereof. In a
further embodiment, the one or wore additional antiretroviral agents are selected from the group
consisting of lamivudine, cfavirenz, raltegravir, vivecon, bevirimat, alpha interferon, zidovudine,
abacavir, lopinavir, ritonavir, tenofovir, tenofovir disoproxil, tenofovir prodrugs, emiricitabine,

elvitegravir, cobicistat, darunavir, atazanavir, rilpivirine, dolutegravir, and a combination thereof.
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{00198] In a further embodiment, the one or more additional active agents are one or more immune
system suppressing agents. In a further embodiment, the one or more additional active agents are
sclected from the group consisting of cyclosporine, tacrolimus, prednisolone, hydrocortisone,
strolinmus, everolimus, azathioprine, mycophenolic acid, methotrexate, basilbamab, dachizamab,
rituximab, anti-thymocyte globulin, anti-lymphocyte globulin, and a combination thereof.

{0811} In a further embodiment, the one or more additional active agents are one or more anti-
fibrotic agents inchuding, but not limited to, agents such as N-acetyl-L-cysteins (NAC) as well as
angictensin-converting enzyme (ACE) mhibitors, AT H antagounists, obeticholic acid (OCA),
GEFTS03, simtuzumab, or a combination thereof

{0012} In onc cmbodiment, the invention provides a method of freatment, comprising detecting a
level of one or more biological roolecules in the subject treated for fibrosis or the fibrotic disease
or condition, and determining a treatment regimen based on an increase or decrease in the level of
one or more biological molecules, wherein the biological molecule is selected from the group
consisting of lipopolysaccharide (LPS), LPs-binding protein (LBP), 165 rDNA, sCD 14, intestinal
fatty acid binding protein (I-FABP), zonulin-1, Collagen 1al and 3al, TGF-B, fibronectin-1, and a
combination thereof.

10813} In onc embodiment, the mvention provides a method of treatment, comprising detecting a
ievel of ong or biological molecules in the subject treated for fibrosis or the fibrotic discase or
condition, wherein an increase or decrease in the level of one or more biological moelecules
compared o a predetermined standard level 1s predictive of the treatment efficacy of fibrosis or the
fibrotic discase or condition, wherein the biclogical molecule is selected from the group consisting
of lipopolysaccharide (LPS), LPs-binding protein (LBP}, 165 rDBNA, sCD 14, iotestinal fatty acid
binding protein (I-FABP), zomulin-1, Collagen 1al and 3al, TGF-B, fibronectin-1, and a
combination thereof.

{1814} In a further embodiment, the one or more bislogical molecules are measured in a biclogical
sample frorn a subject treated for fibrosis or the fibrotic discase or condition. In yet a further
embodiment, the biological sample is selected from blood, skin, hair follicles, saliva, oral mucous,
vaginal mucous, sweat, tears, epithelial tissues, urine, semen, seminal fluid, seminal plasma,
prostatic fluid, pre-cjaculatory floid (Cowper's flnd), excreta, biopsy, ascites, cerebrospinal fhud,

lymph, brain, and tissue extract sample or biopsy sample.
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BRIEF DESCRIPTION OF THE DRAWINGS

{1015] Figure 1 is the chemical formula of cenicriviroc mesylate.

{0816} Figure 2 is a graph comparing the absolute bicavailability, in beagle dogs, of cenicriviroc
mesylate compounded as av oral solution with that of cenicrivitoc mesylate prepared by wet
granulation and mixed with various acid solubilizer excipients.

{0817} Figure 3 i3 a graph of the total wropurity and degradant countent of different cenicriviroe
formulations subjected to accelerated stability testing at 40° C and 75% relative bumidity when
packaged with a desiceant.

{$018] Figure 4 is a dynamic vapor sorption isotherm for different centceriviroe formulations.
{0019} Figure 5 shows the absorption of cenicriviroe from different formulations at three pre-
treatroent states in beagle dogs.

18028} Figure 6 shows the beagle dog absolute bicavailability of cenicriviroc and lamivudine in
combination tablets.

{0021} Figure 7{A-B) shows intracellular HIV DNA levels in the PBMCs of participants in Study
202 at 24 weeks, Scatter plot depieting fold change 1 intraceliular HIV DNA levels between
baseline and 24 weeks, separated by treatment group. The lines and error bars represent mean and
standard crror measurements, respectively.  Fold change was calculated using AACT 1o
HIV/GAPDH multiplexed qPCR reactions, with each patient’s bascline sample as a calibrator. A)
Full-length HIV DNA (late reverse transcripts), B) strong-stop HIV DNA (ecarly reverse
transcripts)

180221 Figure 8 {(A-B) the effects of CVC and MVC on R5-tropic viral RNA and pZ4 in culture
fluids. A} Viral Joad levels in culture fluids of controls or cells treated with CVC or MV at 4 hus
post-infection.  Error bars represent standard deviation. Two independent experiments are
represented. By Mean p24 antigen levels in cubture fluids of controls or cells treated with CVC or
MVC 4 brs at post-infection. Error bars represent standard deviation. Two independent
expertments are represented.

{6023} Figure 9 shows the effects of CVC and MVC on RS-tropic intraceliular HIV DNA levels.
Mean fold change of intracellular strong-stop DNA levels of CVC or MV C-treated cells compared
to a no drug control afier 4 hrs.  Error bars represent standard deviation.  Fold change was
calculated using AACT in HIV/GAPDH multiplexed qPCR reactions, with the no drug control at 4

hrs as a calibrator. Two independent experimucnts are represented.
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{0024] Figure 10 shows multiple binding modes of CVC into CCRS. Coordinates of CCRS were
generated from the CCURS crystal structure bound to Maraviroc in the binding pocket (PDB ID:
4MBS). CVC binding sites were examined after docking of CVC. Docked poses of CVC are
displayed as colored thin Hues. The seven transroembrane (7TM) a-helices are represented by
helices and nmumbered {1-7}) according to the order of amino acid sequences. {A) A top view from
the extracellular side of the receptor with three potential binding sites that are circled (site 1
(white}, site 2 {black} and site 3 (light pink}). (B} A side view in the CCR3 transmembrane cavity.
The extraccllular loop 2 (ECL2) s labeled. Sccondary structures are represented as cartoon
structures. All images were processed using PyMOL software.

{0025] Figure 11 shows a comparison of the ligand binding pocket between CCRS/Maraviroc and
CCR3/Cenicriviroc. Top view of CCRS displaying docked poses, colored thin hnes, of OV (left)
and MV, yellow stick, {(right) in the ligand binding pocket. CCRS is shown in a molecular surface
representation. Key residoes: Tyr37, Trp86, Trp94, Leul(4, Tyrl0R, Phel09, Phell2, Thrl77,
{1e198, Trp248, Tyr251, Leu255 and Glu283, that are involved in gpl20 binding, are deep in the
pocket and colored in red.

{1026} Figure 12 shows the study schematic of the evaluation of CVC in mouse UUD model of
renal fibrosis, Vehicle countrol and CVC adnunistered BID; anti-TGF-B1 antibody, compound
10211 (positive control) administered QD BID, twice daily; CVC, cenicriviroc; ip, infraperitoneal;
PBS, phosphate buffered saline; QD, once datly, TGF, transforming growth factor; UUQ,
unitateral ureter occlusion

180271 Figure 13 shows the change in body weight (Day 5) in cach treatment group in mouse
UUO model of renal fibrosis.

{#028] Figure 14 shows the Collagen Volume Fraction (CVF; % area) score in cach treatment
group 1o mouse UUQO model of renal fibrosis. Data presented exclude a single outlier from an
antmal in the CVC 20 mg/kg/day group, which had a CVF value >2 standard deviations higher
than any other animal in the group.

{6029} Figure 15 shows the mRNA expression from reval cortical tissue of sham-surgery

{0038} Figure 16 shows the change in body weight until week 9 in animals treated with
Cenicriviroe {low or high dose).

{0031}

un
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10032} Figure 17A-C shows the change in liver and body weight until week 9 in animals treated
with Cenicriviroc (low or high dose). Panel A shows the change in body weight, Panel B shows the
change in liver weight, and Panel C shows the change in the liver-to body weight ratio.

[G033] Figure 1BA-F shows the whole blood and biocheristry of animals freated with
Cenicriviroe (low or high dose) at week 9. Panel A shows Whole blood glucose, Panel B shows
Plasma ALT, Panel C shows Plasma MCP-1, Panel I¥ shows Plasma MIP-15, Panel E shows Liver
triglyceride, and Panel F shows Liver hydroxyproline.

{0034} Figure 19 shows the HE-stained hver scctions of aniruals treated with Cenieriviroc (low or
high dose) at week 9.

10035} Figure 20 shows the NAFLD Activity score of animals treated with Cenicriviroe (low or
high dose) at week 9.

18036} Figure 21 shows representative photomicrographs of Sirtus red-stained liver sections of
aniroals treated with Cenierivivoe (low or high dose) at week 9.

{0037} Figure 22 shows representative photomicrographs of F4/80-immunostained liver sections
of animals treated with Cenicriviroe (low or high dose) at week 9.

{3038} Figure 23 shows the percentages of inflammation arca of animals treated with Cenicriviroc
{low or high dose) at week 9.

{4039} Figure 24 shows representative photomicrographs of F4/80 and (D206 double-
immunostained liver sections of animals treated with Cenicriviroc (low or high dose) at week 9.
{30408} Figure 25 shows the percentages of F4/80 and CDI06 double positive cells of F4/80
positive cells of animals treated with Cenicriviroc (low or high dose) at week 9.

{6041} Figure 26 shows the representative photomicrographs of F4/80 and CD16/32 double-
immunostained liver sections of animals treated with Cenicriviroc (low or high dose) at week 9.
{0042} Figure 27 shows the percentages of F4/80 and CD6/32 double positive cells of F4/80
positive cells of animals treated with Cenicriviroc (low or high dose) at week 9.

{0043} Figure 28 shows the M1/M2 ratio of animals treated with Cenicriviroce (low or high dose) at
week 9.

{0044} Figure 29 shows representative photomicrographs of oil red-stained liver sections of
animals treated with Cenicriviroe (low or high dose) at week 9.

18045} Figure 30 shows the percentages of fat deposition arca of animals treated with Cenicriviroe

{low or high dose) at week 9.

[¢3]
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{0046] Figure 31 shows representative photomicrographs of TUNEL-positive cells in livers of
antmals treated with Cenicriviroe (low or high dose) at week 9.

10847 Figure 32 shows percentages of TUNEL-positive cells of animals treated with Cenicriviroc
{low or high dose) at week 9.

{0048} Figure 33 shows quantitative RT-PCR of animals treated with Cenicriviroc (low or high
dose) at week 9. The levels of TNF-g, MCP-1, Collagen Type 1, and TIMP-1 were mecasured.
{1049] Figure 34A-F shows raw data for quantitative RT-PCR of amimals treated with
Cenicriviroc {low or high dose) at week 9. Pancl A shows the levels of 36B4, Panel B shows the
levels of TNF-o, Panel C shows the levels of TIMP-1, Pancl D shows the levels of collagen type 1,
Panel E shows the levels of 36B4, and Panel £ shows the levels of MCP-1.

{30588} Figure 35 shows the body weight changes of animoals treated with Cenicriviroe (low or high
dose) from 6 to 18 weeks.

{3051} Figure 36 shows the survival curve of animals treated with Cenicriviroc (low or high dose)
from 6 to 18 weeks.

[0052] Figure 37A-C shows the body weight and liver weight at of animals treated with
Cenicriviroc {low or high dose)} at week 18, Panel A shows Body weight, Panel B shows Liver
weight, and Panel € shows Liver-to-body weight ratio.

{$033] Figure 38A-C shows macroscopic appearance of livers of animals treated with Cenicriviroc
{low or high dose) at weck 1¥. Panel A shows the livers of animals treated with vehicle only, Panel
B shows the livers of animals treated with low-dose Cenicriviroe, and Pancl € shows the livers of
animals treated with high-dose Cenicriviroe.

[3054] Figure 39 shows the number of visible turnor nodules of animals treated with Cenicriviroe
{low or high dose) at week 18.

{0055] Figure 40 shows the maximum diameter of visible tumor nodules of animals treated with
Cenicriviroc {low or high dose) at week 18,

{0036} Figure 41 shows representative photomicrographs of HE-stained liver sections of animals
treated with Centeriviroe (low or high dose) at week 18,

{0057} Figure 42 shows representative photomicrographs of GS-immunostained liver sections of
animals treated with Cenicniviroe (low or high dose) at week 18,

18058} Figure 43 shows representative photomicrographs of CD31-immunostained fiver sections

of animals treated with Cenieriviroc (low or high dose} at week 18,
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10059] Figure 44 shows percentages of CD3 1-positive arca of animals treated with Cenicriviroe
{low or high dose) at week 18.

{8068} Figure 45 shows the median Changes in HIV-1 RNA Levels from Baseline by Cohort and
Study Day — Study 201,

{0061} Figure 46 Proportion of Subjects With HIV-1 RNA <50 Copies/mL Over Time up to Week
48 — Snapshot Algorithm — [TT — Study 202,

{30621 Figure 47 shows the LS mean changes from baseline in sCD14 levels (106 pg/ml) over
time up to Week 48 — ITT.

{#063] Figure 48 shows the CVC (Pooled Data}- and EFV-treated subjects grouped according to
APRI and FIB-4 fibrosis index scores at baseline, Week 24, and Week 48,

{3064] Figure 49 shows the scatter plot of change from baseline APRI versus change from
baseline sCD 14 - Week 48 (ITT).

{065} Figure 50 shows a scatter plot of change from baseline FIB-4 versus change from baseline
sCD14 - Week 48 (JTT).

10066] Figure 51 shows mean changes from baseline in creatine phosphokinase (CPK) over time
up to Week 48 — Safety Population.

{0067 Figurc 52 shows a dot density display of CPK clevations by severity grading vs. Cuug
{ng/mlL} -~ Week 48.

{0668] Figure 53 shows a dot density display of ALT eclevations by severity grading versus Cavg
{ng/ral} — Week 4K,

{0069} Figure 54 shows a dot density display of AST elevations by severity grading versus Cu
{ng/mL}— Week 48.

{0478] Figure 55 shows a dot density display of bilirubin elevations by severity grading versus o
{ng/ral.) — Week 48,

{30711 Figure 56 shows the mean changes from baseline in fasting total cholesterol,

caleulated LDL cholesterol, HDL cholesterol and triglycenides over time (mg/dL) up to Weck 48

DETAILED DESCRIPTION

NPT

{0072] It should be understood that singular forms such as “a,” “an,” and “the” are used

throughout this application for convenience, however, except where countext or an explicit
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statement indicates otherwise, the singular forms are mtended to include the phlural.  Fusther, 1
should be understood that every journal article, patent, patent application, publication, and the like
that is mentioned herein is hereby incorporated by reference m its entirety and for all purposes.
Al numerical ranges should be understood to mclode each and every momerical point within the
numerical range, and should be interpreted as reciting each and every numerical point individualiy.
The endpoints of all ranges divected to the same coraponent or property are inclusive, and intended

to be independently combinable.

Definitions:

10073} Except for the torms discussed below, all of the torms used in this Application are ntended
to have the meanings that one of skill in the art at the time of the invention would ascribe to them.
180741 “About” includes all values having substantially the same effect, or providing substantially
the saroe result, as the reference value. Thus, the range encompassed by the term “about” will vary
depending on context in which the term is used, for instance the parameter that the reference value
is associated with, Thus, depending on context, “about” can mean, for example, =15%, £10%,
+5%, £4%, £3%, 2%, £1%, or + less than 1%. Importantly, all recitations of a reference value
preceded by the term “about” are intended to also be a recitation of the reference value alone.
Notwithstanding the preceding, in this application the term “about” has a special meaning with
regard to pharmacokinctic parameters, such as arca under the curve (including AUC, AUC, and
AUCY Craxs Tmax and the like. When used in relationship to a value for a pharmacokinetic
parameter, the term “about” means from 80% to 125% of the reference parameter.

{6075} “Cenicriviroe” refers to the chemical compound (S)-8-[4~(2-Butoxyethoxyphenyl]-1-
isobuty-N-{(4-{{ (1 -propyl- 1 H-imidazol-5-yDmethylisulfinyi} phenyi)-1,2,3 4-tetrabydro-1-
benrazocine-3-carboxarnide (structure shown below). Details of the composition of matter of
cenicriviroc are disclosed in US Patent Application Publication Neo. 2012/0232028 which is hereby
incorporated by reference in its cntirety for all purposes. Details of related formulstions are
disclosed in US Application No. 61/823,766 which 1s hereby incorporated by reference in its

entirety for all purposes.
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{3076} “Compound of the present inveution” or “the present compound” refers to centeriviroc ot a
salt or solvate thereof.

[0077] “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.

{3078] “Pharmaceutically acceptable” refers t¢ a material or method that can be used in medicine
or pharmacy, including for veterinary purposes, for example, in administration to a subject.

{6079} “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 propertics of
the free bases, which are not biclogically or otherwise vndesirable, and which are formed with

o

morganic acids and organic acids. “Base addition salt” refers to those salts that retain the
biological effectiveness and propertics of the free acids, which are vot biologically or otherwise
undesirable, and which are prepared from addition of an inorganic base or an organic base to the
free acid. Examples of pharmaceutically acceptable salts include, but are not hmited to, mineral or
organic acid addition salts of basic residues such as amines; alkali or organic addition salts of
acidic residues; and the like, or a combination comprising one or more of the foregoing salts. The
pharmaceutically acceptable salts wnclude salts and the quaternary aromoniure salts of the active
agent. For example, acid salts include those derived from inorganic acids such as hydrochloric,
hydrobromic, sulfuric, sultamic, phosphoric, nifric and the like; other acceptable morganic salts
include metal salts such as sodivm salt, potassium salt, cesium salt, and the like; and alkaline carth
metal salts, such as calcium salt, magnesium salt, and the like, or a combination comprising one or
more of the foregoing salts. Pharmaceuticaily acceptable organic salts inchudes salts prepared
from organic acids such as acctic, propionic, succinic, glycolic, stearic, lactic, malic, tartaric, citric,

ascorbic, pamoic, maleic, hydroxymaleie, phenylacetic, glutamic, benzoic, salicyhe, mesylic,

i0
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esylic, besylic, sulfanilic, 2-acetoxybenzoic, fumaric, toluenesulfonic, rocthanesulfonic, cthanc
disulfonic, oxalic, isethionic, HOOC{CH,3,-COOH where un i1s -4, and the like; organic amine
salts such as trigthylamine salt, pyridine salt, picoline salt, cthanolamine salt, tricthanolamine salt,
dicyclobexylamine salt, NN -dibenzylethyvlenediamine salt, and the hike: and amivo acid salis such
as arginate, asparginate, glutamate, and the like; or a combination comprising one or more of the
foregoing salts.

{3086] In one embodiment, the acid addition salt of cenicriviroc is cenigriviroc mesylate, e.g., {(S)-
8-14-(2-Butoxyethoxyiphenyl}-1-isobutyl-N-(4-{[{ L -propyl- 1 H-iraidazol-5-

yhmethylijsulfinyl} phenyly-1,2.3,4-tetrahydro--benzazocine-5-carboxamide
ronormcthanesulfonoate.  In one ecmbodiment, the cenicriviroe mesylate 18 a crystalline matenial,
such as a pale greenish-yellow crystalline powder. In one embodiment, the cenicriviroc maesylate
is freely soluble in glacial acetic acid, methanol, benzyl alcohol, dimethylsulfoxide, and N,N-
dimethylformamide; soluble i pyridine and acetic anhydade; and sparingly solable 1o 99.53%
cthanol; slightly soluble in acectonitrile, 1-octanol, and tetrahydrofuran; and practically msoluble in
cthyl acctate and dicthylether. In one embodiment, the cenieriviroe mesylate is freely soluble in
acueous solution from pH 1 to 2; sparingly soluble at pH 3 and practically insoluble from pH 4 to
13 and in water.

{(081] “Solvate” means a complex formed by solvation (the combination of solvent molecules
with molecules or ions of the active agent of the present invention), or an aggregate that consists of
a solute jon or molecule (the active agent of the present wvention) with one or wore solvent
molecules. In the present invention, the preferred solvate is hydrate.

{6082} “Pharmaceutical compostiion” 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
rammals, e.g, humans. Such a medium includes all pharmaccutically acceptable carriers,
dituents or excipients therefor.

{0083} ““Treating” includes amcliorating, mitigating, and reducing the instances of a disease or
condition, or the symptoms of a disease or condition.

{0084] “Administering” includes any mode of administration, such as oral, subcutancous,
sablingoal, transmucosal, parenteral, intraveoous, wntra-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.

i1
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“Administering” can also include providing directions to carry out a method mvolving a particular
compound or a dosage form comprising the compound.

{8085} “Therapeutically effective amount” means the amount of an active substance that, when
admunistered to a subject for treating a disease, disorder, or other undesirable medical coundition, is
sufficient to have a beneficial effect with respect to that discase, disorder, or condition. The
therapeuntically 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. Determuning the therapeutically effective
amount of a given active substance is within the ordinary skill of the art and typically requires no
rnore than routine cxperimentation.

Fibrosis:

{0086} Fibrosis is the formation of excess fibrous connective tissue in an organ or tissue in a
reparative or reactive process. This can be a reactive, benign, or pathological state. The deposition
of connective tissue in the organ and/or tissuc can obliterate the architecture and function of the
undertying organ or tissue. Fibrosis is this pathological state of excess deposition of fibrous tissue,
as well as the process of connective tissue deposition in healing.

10887] Fibrosis is similar to the process of scarring, n that both invelve stimulated cells laying
down connective tissue, inchuding collagen and glycosaminoglycans. Cytokines which mediate
many imnnne and inflammatory reactions play a role in the development of fibrosis. Hepatocyte
damage vesulting from factors such as fat accumulation, viral agents, excessive alcohol
consumption, hepatoxins, inevitably triggers an inflammatory immmune response. The increased
production of cytokines and chemokines in the Hver leads to recruttruent of pro-inflamatory
monocytes {precursor cells) that subsequently mature into pro-inflammatory macrophages. Pro-
milammatory macrophages arc pro-fibrogenic in nature and ultimately lead to the activation of
hepatic stellate cells (HSCs)y that are primarily respousible for the deposition of extracellular
matrix {ECM).

{6088 Infiltration of various immune cell populations, resulting 1 mflamwoation, is a ceniral
pathogenic feature following acute- and chronic liver injury. Chronic liver inflammation leads to
continuous hepatocyte njury which can lead to fibvosis, cirrhosis, ESLD, and HCC. luteractions
between intra-hepatic immune cells lead to increased activation and migration of Kupffer celis and

HSCs and are critical events for developing liver fibrosis. Additionally, there is increasing

i2
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evidence of the rolc of CCR2 and CCRS in the pathogenesis of liver fibrosis [1-7,9, 311 These
members of the C-C chemokine family are expressed by pro-fibrogenic cells including pro-
inflammatory monocytes and macrophages, Kupffer cells, and HSCs {1-4]. CCR2 signaling plays
an iroportant role in the pathogenesis of renal fibrosis through regulation of bove marrow-derived
fibroblasts [8]. CCRZ- and CCRS-positive monocytes as well as CCRS3-positive T lymphocytes are
attracted by locally released MCP-1 and RANTES, and can contribute to chronic iuterstitial
inflammation in the kidney [10, 111, In rodents, CVC has high distribution in the liver, mesenteric
ivmph node, and intestine also described as the gut-liver axis, Disruption of the intestinal
microbiota and its downstream effects on the gut-liver axis both play an important role in
ractabolic disorders such as obesity, non-aleoholic fatty hiver discase (NAFLD) and non-alcoholic
steatohepatitis (NASH) [16, 231

10089] Table 1 lists chemokines expressed by liver celis {301

Cell type Chemokine
Hepatocytes MCP-1 {CCL2) [32], MIP-1o {(CCL3) (74], RANTES {CCLS) [16,74], MIP-33 {(CCL18) [751, SLC

{CCL21) {751, Mig {CXCL9) i64), IP-10 {TXCL10) [s4], CXCL1G {76}, LEC{CCL1G) [771, IL-8
{CKCL8) (78] and Eotaxin {CCLLLY 41}

Stellate cells MCP-1 {CCLZ} [52,60], IP-1a {CCL3} [s0], MIP-10 {CCLE} [s0], OXCLL pyol, KC{CXCLL) [s01,
MIP-2 {CXCL2) [80], 1P-10 {CXCL10) [601 and SLC{CCL21) {708

Kupffer cells MCP1 (CCL2) [52,38,60,79], MIP-1a {CCL3) [80] and MiP-3a {CCL20) [56]

Liver endothelial cells MCP-1 {CCL2Z} [s2], 1L-B {CXCL8) [81,76], CXCLLG [75], Mig {CXCLS} feo], IP-10 {CXCLIO) {89,

CXCLLG {e5], CX5CLL 182), SLC{CCL21) {33], Eotaxin {CCL1L) {41 and TECK {CCL25} 73]

*Summarizes selectad experimental data from humans and mice/rats regarding the expression of chemaokines by different rasident hepatic cell
populations upon activation or following liver injury.

IP: Interferon-inducible protein; KC: Kupffer cell; LEC: Liver-expressed chemokine; MOP: Monocyte chemoattractant protein; MiP: Macrophage
inflammatory protein; SLC: Secondary fymphoid-organ chemoking; TECK: Thymus-expressed chemaokine

{3098} The activation of Hepatic stellate cells (HSCs) plays an important role wn the pathogeunesis
of hepatic fibrosis. Following liver injury, hepatic stellate cells (HSCs) become activated and
express a corabination of matrix metalloproteinases (MMPs) and their specific tissue mhbibitors
{TIMPs) {321 In the ecarly phases of liver injury, HSCs transiently express MMP-3, MMP-13, and
uroplasminogen activator (uPA) and exhibit & matrix-degrading phenotype. Degradation of the
extracctular matrix does not appear to be CCR2Z or CCRS dependent.

18091} Activated HSCs can amplify the inflammatory response by inducing infiltration of mono-
and polymorphonuclear leucocytes. Infiltrating monocyies and macrophages participate in the

development of fibrosis via several mechanisms, including increased secretion of cytokines and
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generation of oxidative stress-related products. Activated HSCs can express CCRZ and CCR3 and
produce chemokines that include MCP-1, MIP-1a, MIP-1§ and RANTES. CCRZ promotes HSC
chemotaxis and the development of hepatic fibrosis. In human liver diseases, increased MCUP-1 is
associated with wacrophage recruitmoent and severity of hepatic fibrosis and pumary biliary
cirrhosis. CCRS stimulates HSC migration and proliferation.

{3092} In the later stages of liver wnjury and HSC activation, the pattern changes and the cells
express a combination of MMPs that have the ability to degrade normal liver matrix, while
mhibiting degradation of the fibrillar collagens that accumulate in Biver fibrosis. This pattern 18
characterized by the combination of pro-MMP-2 and membrane type 1 (MT1)-MMP expression,
which drive periccliular generation of active MMP-2 and local degradation of normal hver matrix,
fn addition there is a warked increase in expression of TIMP-1 leading to a roore global inhibition
of degradation of fibrillar liver collagens by interstitial collagenases (MMP-1/MMP-13}. In liver
injury associated with chronic alcoholic Hver disease, the production of TNF-g, 1L-1, 1L-6, as well
as the chemokine HL-8/CXCLS is increased. TNF-u is also an important mediator of non-alcoholic
fatty liver discasc. These pathways play a significant role in the progression of liver fibrosis.
Inhibiting the activation of HSCs and accelerating the clearance of activated HSCs may be
effective strategies for resolution of hepatic fibrosis,

{4093} Chemokine families play important regulatory roles in inflammation. Members of this
family include, but are not limited to CXC receptors and ligands including but not limited to
CXCRIY, CXCR2Z, CXCR3, TXCR4, UXCRS, CXCRo, CXCR7, CXCRE, CXCRY, CXCR1G,
CXCLL, CXCL2, CXCL3, CXCi4, CXCLS, CXCL6, CXCL7, CXCLE, CXCLY, CXCL1g,
CXCLL, CXCLIZ, CXCL13, CXCL14, CXCLIS, CXCL16, and CXCL17; the CC chemokines
and receptors including but not himited to CCLI, CCLZ, CCL3, CCL4, CCLs, CCLs, CCL7,
CCLg, CCLYS, CCLIg, CCLiY, CCL12, CCL13, CCLi4, CCL1S, CCLI6, CCL17, CCLIE,
CCL19, CCL2G, CCL2ZY, CCR1, CCR2Z, CCR3, CCR4, CCRS, CCRS6, CCR7, CCRS, CCR, and
CCR10; the C chemokines inchuding but not himited to XCL1, XCL2, and XCR1; and the CX3C
chemokines mchuding but not limotted to CS3CLY and CX3CR1.  These molecules may be
upregulated in fibrotic organs or tissues. In further embodiments, these molecules may be
dowuoregulated m fibrotic organs or fissues.  In further embodiments, the molecules in the

signaling pathways of these chemokines may be upregulated in fibrotic organs or tissues. In further
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cmbodiments, the molecules in the signahing pathways of these chemokines may be downregulated
in fibrotic organs or tissues.

10894 Fibrosis can occur in many tissucs within the body inchuding but not himited to, the lungs,
Hiver, bone marrow, joints, slan, digestive tract, lyraph nodes, blood vessels, or heart and typically
is a result of inflammation or damage. Non-limiting examples include Pulmonary fibrosis,
Idiopathic pulmonary fibrosis, Cystic fibrosis, Cirrhosis, Endomyocardial fibrosis, myocardial
infarction, Atrial Fibrosis, Mediastinal fibrosis, Myelofibrosis, Retroperitoneal fibrosis,
Progressive massive fibrosis, complications from pneumoconiosis, Nephrogenic systemic fibrosis,
Crohn's Discase, Keloid, Scleroderma/systemic sclerosis, Arthrofibrosis, Peyronie's disease,
Dupuytren's  contracture, fibrosis associated with atherosclerosis, lymph node fibrosis, and
adhesive capsulitis.

Embodiments of Therapeutic Utilities:

{6095} The present mvention provides methods of treating fibrosis. Anti-fibrotic effects of CVCin
animal studies were observed when CVC treatment was initiated at the onset of liver injury (TAA)
ot soon after (TAA; HFD) but not once cirrhosis was established (TAA). This suggests that anti-
fibrotic effects of CVC may be more pronounced in populations with established liver fibrosis and
at significant risk of discase progression. These include: Non-alcoholic hepatosteatosis (NASH)
associated with type 2 diabetes mellitus {T2DM) and metabolic syndrome (MS); HIV and HCV
co-infection, or HCV infection.

NASH

18096} The compositions of the invention may be used to treat liver fibrosis resulting from
Nonalcoholic Steatohepatitis (NASH), a common liver discase that affects 2 to 5 percent of
Americans. Although liver damage due to NASH has some of the characteristics of alcoholic hiver
disease, it occurs in people who drink little or no alcohol. The major feature in NASH 18 fat i the
liver, along with inflammation and hepatocyte damage (ballooning). NASH can be severe and can
icad to cirrhosis, in which the liver is permanently damaged and scarred and no longer able to
work properly Nonalcoholic fatty hver disease (NAFLD) is a common, often “silent”, liver disease
associated with obesity related disorders, such as type-2 diabetes and metabolic syndrome,
occurting in people who drink hittle or no alcohol and is characterized by the accumulation of fat in
the liver with no other apparent causcs. [32-43] At the beginning of the NAFLD spectrum is

stmple steatosis, which is characterized by a build-up of fat within the hiver. Liver steatosis without
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mflammation is usually benign and slow or non-progressive. NASH 1s a more advanced and severe
subtype of NAFLD where steatosis is complicated by liver-cell injury and inflammation, with or
without fibrosis.

[6097] The nsing prevalence of obesity-related disorders has contributed to a rapid increase in the
prevalence of NASH. Approximately 10% to 20% of subjects with NAFLD will progress to NASH
[441.

{1098] NAFLD is the most common cause of chronic liver disease. [45] Most US studies report a
10% to 35% prevalence rate of NAFLD:; however, these rates vary with the study population and
the method of diagnosis. [46] Since approximately one-third of the US population is considered
obese, the prevalence of NAFLD in the US population 18 hikely to be about 30%.[46] One study
has found that NAFLD affects approximately 27% to 34% of Americans, or an estimated 86 to 108
million patients.{44] NAFLD is not unique to the US. Reports from the rest of the world, including
Brazil, China, India, Israel, Italy, Japan, Korea, Sri Lanka, and Taiwan, suggest that the prevalence
rate ranges from 6% to 35% (median of 20%). [46] A study by the Gastroenterological Socicty of
Australia/Australian Liver Association has found that NAFLD affects an estiroated 5.5 million
Australians, inchiding 40% of all adults aged > 30 years. [47] An Australian study of severely
obese patients found that 25% of these paticnts had NASH. [48]

{6099} Liver biopsy is required to make a definitive diagnosis of NASH. In a US study of middie-
aged individuals, the prevalence of histologically confirmed NASH was 12.2%.[491 Current
estimates place NASH prevalence at approximately 9 to 15 million 1o the US (3% to 5% of the US
population), with similar prevalence in the EU and China.[46, 50] The prevalence of NASH in the
obese population ranges from 10% to 56% (uedian of 33%). [46] In an autopsy series of lean
individuals from Canada, the prevalence of steatohepatitis and fibrosis was 3% and 7%,
respectively [46] The prevalence of NASH is also increasing in developing regions, which has
been attributed to people in these regions starting to adopt a more sedentary lifestyle and
westernized dict [51] consisting of processed food with high fat and sugar/fructose content.[52]
{60180} NASH is a serious chronic liver disease defined by the presence of hepatic steatosis
and inflarnmation with hepatocyte injury, with or without fibrosis. {34] Chronic liver inflammation
is a precorsor to fibvosis, which cav progress to cirrhosis, end-stage liver disease and
hepatocellular carcinoma. In addition to insulin resistance, altered lipid storage and metabolism,

accurnulation of cholesterol within the liver, oxidative stress resulting in increased hepatic imjury,
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and bacterial translocation|34,53-56] sccondary to disruption of gut microbiota {(associated with
high fructose-containing diet) bave all been implicated as important co-factors contributing to
progression of NASH.[57-60] Duc to the growing epidemic of obesity and diabetes, NASH is
projected to become the most common cause of advanced liver disease and the most comroon
indication for liver transplantation.[46, 61-63] The burden of NASH, combined with a lack of any
approved therapeutic interventions, represents an unmet medical need.

{80161} in further embodiments, liver fibrosis is associated with emerging cirrhosis. In some
embodiments, the curhosis 18 associated with alcohol damage. In further embodiments, the
cirrhosis i1s associated with a hepatitis infection, inchiding but unot limited to hepatitis
B and hepatitis C infections, primary biliary cirthosis (PBC), primary sclerosing cholangitis, or
fatty hver disease. To some ernbodiments, the present mvention provides for methods of treating
subjects at risk of developing liver fibrosis or cirthosis.

166192} fn another embodiment, the fibrosis comprises non-cirrhotic hepatic fibrosis, Tn
another further embodiment, the subject is infected by human immunodeficiency virus (HIV). In
vet a further ernbodiment, the subject 18 infected with 4 hepatitis virus, including but not limited to
HCV (hepatitis C virus). In further embodiment, the subject has diabetes. In a further
embodiment, the subject has type 2 diabetes. In a further cmbodiment, the subject has type |
diabetes. In a further embodiment, the subject has metabolic syndrome (MS). In further
embodiments, the subject has one or more of these diseases or disorders. In a further embodiment,
the subject is at risk of developing one or more of these discases. In a further embodiment, the
subject has insulin resistance. In further embodiments, the subject has increased blood glucose
concentrations, high blood pressure, elevated cholesterol levels, elevated trighyceride levels, or 18
obese. In a further embodiment, the subject has Polycystic ovary syndrome.

{80103} In one embodiment, the invention provides a method of treatracnt, wherein the
cenicriviroc or a salt or solvate thereof is coadministered with one or more additional active
agents. In a further embodiment, the onc or more additional active agents are one or roore
antitetroviral agents selecied from endry imhibitors, nucleoside reverse transcriptase inhibitors,
nucleotide reverse transcriptase inhibitors, non-nucleoside reverse transcriptase inhibitors, protease
inhibitors, integrase strand transfer inhibitors, mataration inhibitors, and combinations thereof. In a
further embodiment, the one or more additional antiretroviral agents are selected from the group

consisting of lamivudine, efavirenz, raltegravir, vivecon, bevirimat, alpha interferon, zidovuding,
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abacavir, lopinavir, rifonavir, tenofovir, tenofovir disoproxil, tenofovir prodrugs, omiricitabine,
elvitegravir, cobicistat, darunavir, atazanavir, rilpivirine, dohutegravir, and a combination thereof.
in a further embodiment, the one or more additional active agents are one or more Hnrmune system
suppressing agents. In a further embodiment, the one or more additional active agents are selected
from the group consisting of cyclosporine, tacrolimus, prednisolone, hydrocortisone, sirolimus,
everolimus, azathioprine, mycophenolic acid, methotrexate, basitliximab, dachizumab, rituximab,
anti-thymocyte globulin, anti-lymphoeyte globulin, and a combination thereof.

{00194] Certain embodiments include methods for monitoring and/or predicting the
treatment efficacy of the present treatment as described herein.  Such metheds include detecting
the level of one or more biological molecules, such as for example, biomarkers, in a subject {or in
a biological sample from the subject) treated for fibrosis or a fibrotic disease or condition, wherein
an increase or decrease in the level of one or more biological molecules compared to a
predeterruined standard level indicates or s predictive of the treatment efficacy of the present
treatiment.

{00105} In onc cmbodiment, the invention provides a method of treatment, comprising
detecting the level of one or more biological molecules in the subject treated for fibrosis or the
fibrotic discasc or condition, and determining a freatment regimen based on an increase or decrease
in the level of one or more biological molecules, wherein the biological molecule is selected from
the group consisting of lipopolysaccharide (LPS}, LPS-binding protein {LBP), 168 rDNA, sCD14,
intestinal fatty acid binding protein (I-FABP), zonuhin-1, Collagen lal and 3al, TGF-B,
fibronectin-1, hs-CRP, {L-1p, 1L-6, {L-33, fibrinogen, MCP-1, MIiP-1g and -1f, RANTES,
sCD163, TGF-B, TNF-¢, a biomarker of hepatocyte apoptosis such as CK-18 (caspase-cleaved and
total), or biomarkers of bacterial translocation such as LPS, LBP, sCB14, and LFABP, or a
combination thereof.

{83166} in one embodiment, the invention provides a method of treatment, comprising
detecting the level of one or biological melecules in the subject treated for fibrosis or the fibrotic
discase or condition, wherein an increase or decrease in the level of one or more biological
molecules compared to a predetermined standard level is predictive of the treatment cfficacy of
fibrosis or the fibrotic disease or condition.

180197} . In a further embodiment, the one or more biological molecules are measured ina

biological sample from a subject treated for fibrosis or the fibrotic discase or condition. In yet a
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further cmbodiment, the binlogical sample is sclected from blood, skin, hair follicles, saliva, oral
mucous, vaginal mucous, sweat, tears, epithelial tissues, urine, semen, seminal fluid, seminal
plasma, prostatic fluid, pre-gjaculatory fluid {(Cowper's fluid), excreta, biopsy, ascites,
cercbrospinal fluid, lymph, brain, and tissue extract sample or biopsy sarople.

Dosages and Administration:

{30168} A dosage of a particular subject can be determined according to the subject's age,
weight, general health conditions, sex, meal, administration time, administration route, excretion
rate and the degree of particular discase conditions to be treated by taking into consideration of
these and other factors.

{00109} The present invention provides a method of treatment, wherein the cenicriviroe ot a
salt or solvate thereot is formulated as av oral composition.

186110} The present invention provides a method of treatment, wherein the cenicriviroc or a
salt or solvate thereof is administered, for example, once per day or twice per day. The dosage
form can be administered for a duration of time sufficient to treat the fibrotic discase or condition.
{00111} In the case of oral administration, a daily dosage 18 in a range of about 5 to 1000
mg, preferably about 10 to 600 mg, and more preferably about 10 to 300 mg, most preferably
about 15 to 200 g as the active mgredient (i.e. as the compound of the invention) per an adult of
body weight of 50 kg, and the medicine may be administered, for example, once, or in 2 to 3
divided doscs a day.

{06112} The cenicriviroc or a salt or solvate thereof may be formulated into any dosage
form suitable for oral or injectable administration. When the compound is administered orally, it
can be formulated into solid dosage forms for oral admunistration, for exarople, tablets, capsules,
pilis, granules, and so on. It also can be formmlated into liquid dosage forms for oral
admmnistration, such as oral solutions, oral suspensions, syrups and the like. The term “tablets” as
used herein, refers to those solid preparations which are prepared by homogeneously mixing and
pressing the compounds and suitable auxibiary materials into circular or irregular troches, mainly
in common tablets for oral administration, including also buccal tablets, sublingual tablets, buccal
wafer, chewable tablets, dispersible tablets, sohuble tablets, effervescent tablets, sustained-release
tablets, controlled-release tablets, enteric-coated tablets and the like. The term “capsules” as used
herein, refers to those solid preparations which are prepared by filling the compounds, or the

compounds together with suitable auxiliary materials mto hollow capsules or scaling mto soft
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capsule materials. According to the solubility and release property, capsules can be divided into
hard capsules {(regular capsules), soft capsules (soft shell capsules), sustained-release capsules,
controtied-release capsules, enteric-coated capsules and the like. The term “pills” as used herein,
refers to spherical or wear-spherical solid preparations which are prepared by mixing the
compounds and suitable auxiliary materials via suitable methods, including dropping pills, dragee,
pitule and the like. The term “granules” as used herein, refers to dry granular preparations which
are prepared by mixing the compounds and suitable auxiliary materials and have a certain particle
size. Granules can be divided into soluble granules {generally referred to as granules), suspension
granules, effervescent granules, enteric-coated granules, sustained-release granules, controlled-
release granules and the like. The torm “oral solutions” as used herein, refers to g settled higuid
preparation which s prepared by dissolving the compounds in suitable solvents for oral
administration.  The term “oral suspensions” as used herein, refers to suspensions for oral
admmunistration, which are prepared by dispersing the 1usoluble compounds in liquid vehicles, also
including dry suspension or concentrated suspension. The term “syrups” as used herein, refers to a
concentrated sucrose aqueous solution containing the compounds. The injectable dosage form can
be produced by the conventional methods in the art of formulations, and aqueous solvents or non-
aqueous solvents may be selected.  The most commonly used aqueous solvent is water for
injection, as well as 4.9% sodium chloride solution or other suitable aqueous solutions.  The
commonly used non-aqueous solvent is vegetable oil, mainly soy bean oil for injection, and others
aqueous selutions of alcohol, propylene glycol, polyethylene glycol, and efe.

{30113} i one embodiment, a pharmaceutical composition comprising cenicriviroc or a salt
thereot and fumaric acid 1s provided. In certain ewbodimoents, the cenicriviroc or salt thereof s
cenicriviroc mesylate.

{00114} In further embodiments, the weight ratio of cenicriviroe or salt thercot to fumaric
acid 18 from about 7:10 to about 10:7, such as from about 8:10 to about 10:8, from about 9:10 o
about 13:9, or from about 95:100 to about 100:95. In other further embodiments, the fumaric acid
is present in an aroount of from about 15% to about 40%, such as from about 20% to about 30%,
or about 25%, by weight of the compesition. In other further embodiments, the cenicriviroc or salt
thereof 18 present 1o 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.
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{80115] In other further embodiments, the compostiion of cenicriviroe or a salt thereof and
fumaric acid further comprises one or more fillers. In more specific embodiments, the one or more
fillers arc selected from microcrystailine cellulose, calcium phosphate dibasic, ceilulose, lactose,
sucrose, mannitol, sorbitol, starch, and calcium carbonate. For example, in certain embodiments,
the one or more fillers is microcrystaliine cellulose. In particular emnbodiments, the weight ratio of
the one or more fillers to the cenicriviroc or salt thereof is from about 25:10 to about 14:8, such as
from about 20:10 to about 10:18, or about 13:10. In other particular embodiments, the one or more
fillers are present in an amount of from about 25% to about 53%, such as from about 30% to about
50% or about 40%, by weight of the composition. In other further embodiments, the composition
further comprises onc or more disintegrants.  In more specific embodiments, the one or more
disintegrants  are  selected from  cross-hinked  polyvinylpyrrolidone,  cross-huked  sodium
carboxymethyl cellulose, and sodium starch glycolate. For example, in certain embodiments, the
one or wore disinfegrants i3 cross-Huked sodium carboxymethyl cellulose.  In particular
embodiments, the weight ratio of the one or more disintegrants to the cenicrivirec or salt thereof is
from about 10:10 to about 30:100, such as about 25:100. In other particular embodiments, the onc
or more disintegrants are present inn an amount of from about 2% to about 10%, such as from about
4% to about &%, or about 6%, by weight of the composition. In other further embodiments, the
composition further comprises one or more habricants. In more specific embodiments, the one or
more lubricants arc selected from tale, silica, stearin, magnesium stearate, and stearic acid. For
example, in certain erobodiroents, the one or roore lubricants 18 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 frova about §.75% to about 3%, or about 1.25%, by weight of the composition.

{8¢116] In other further embodiments, the compesition of cenicriviroc or a salt thereof and
furnaric acid is substantially simtlar to that of Table 2. In other further erobodiruents, the
composition of cenicriviroc or a salt thereof and fumaric acid is substantially similar to that of
Tables 3 and 4. In other further embodiments, any of the compositions of cenicriviroc or a salt
thereot and fumaric acid is produced by a process nvolving dry granulation. In other further
embodiments, any of the compositions of cenicriviroc or a salt thereof and fumaric acid has a
water content of no more than about 4% by weight, such as no more than 2% by weight, after six
weeks exposure to about 40° C at about 75% relative humidity when packaged with desiccant. In

other further cmbodiments, any of the above-mentioned compositions has a total impurity level of
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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 other further embodiments, the cenicriviroc or
salt thereot of any of the above-mentioned compositions has a mean absolute bigavailability after
oral administration that 1s substantially sivotlar to the bioavailability of the cenicriviroc or salt
thereof in a solution after oral administration. In yet further embodiments, the cenicriviroc or salt
thereof has an absolute bivavailability of about 10% to about 30%, such as about 27%, in beagle
dogs.

{00117} In another embodiment, a pharmaccutical formulation is provided that comprises a
composition of cenicriviroc or a salt thereof and fumaric acid.  In further embodiments, the
composition in the formulation can be in the form of a granulate. In other further ermbodirents,
the composition 1 the formulation is disposed in a capsule shell. To other further embodiments,
the composition of the formmulation is disposed in a sachet. In other further embodiments, the
composition of the formulation s a tablet or a component of a tablet. In still other further
embodiments, the composition of the formulation is one or more layers of a multi-layered tablet.
In other further embodiments, the formulation comprises one or more additional pharmaccutically
imactive ingredients. In other further embodiments, the formulation is substantially similar to that
of Table 9. In other further cmbodiments, a tablet having g coraposition substantially similar to of
Table 9 is provided. In other further embodiments, any of the above embodiments are coated
substrates.  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 thercof and fumaric acid o form an admixture, and dry granulating the admixture. In
other further embodiments, the method further coroprises admixing one or more fillers with the
cenicriviroc or salt thereof and fumaric acid to form the admixture. In other further embodiments,
the method further comprises admixing one or more disintegrants with the cenicriviroe or salt
thereof and fumaric acid to form the admixture. In other further embodiments, the method further
compriscs admixing one or more lubricants with the cenicriviroc or salt thereot and fumaric acid to
form the admixture. 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,

160118} Further, the compound of the invention can be included or used in combination with

blood for transfusion or blood derivatives. In onc embodiment, the compound of the mvention can
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be inchuded or used in combination with one or more agents that purge latent HIV reservoirs and
added to blood for transfusion or blood derivatives.  Usually, blood for transfusion or blood
derivatives are produced by mixing blood obtained form plural persons and, in some cases,
uninfected cells are contarminated with cells jufected with HIV virus. In such a case, amnfected
cells are likely to be infected with HIV virus. When the compound of the present invention is
added to blood for transfusion or blood derivatives along with oue or more agents that purge latent
HIV reservoirs, infection and proliferation of the virus can be prevented or controlled. Especially,
when blood derivatives are stored, infection and proliferation of the virus s effectively prevented
or controlled by addition of the compound of the present invention. In addition, when blood for
transfusion or blood derivatives contamuinated with HIV virus are administered to a person,
infection and proliferation of the virus wn the persou's body can be prevented by adding the
compound of the invention to the blood or blood derivatives in combination with one or more
agents that purge latent HIV reservoirs. For example, usually, for preventing HIV mfectious
disease upon using blood or blood derivatives by oral administration, a dosage is in a range of
about 0.02 to 50 mg/kg, preferably about .05 to 30 mg/kg, and more preferably about 0.1 to 10
mg/kg as the CORS/CCR2 antagonist per an adult of body weight of about 60 kg, and the medicine
may be administered once or 2 0 3 doses a day. As a matter of course, although the dosage range
can be controlied on the basis of unit dosages necessary for dividing the daily dosage, as described
above, a dosage of a particular subject can be determined according to the subject's age, weight,
general health conditions, sex, meal, admimstration time, administration route, excretion rate and
the degree of particular disease conditions to be treated by taking into consideration of these and
other factors. T this case, the administration route is also appropriately selected and, the voedicine
for preventing HIV infectious disease of the present invention may be added directly to blood for
transfusion or blood derivatives before transtusion or using blood derivatives. In such a case,
desirably, the medicine of the present invention is mixed with blood or blood derivatives
momediately to 24 hours before, preferably irorsediately to 12 hours betore, more preferably
imrnediately to 6 hours before transfusion or using blood derivatives.

{6¢119] Aside from blood for transfusion or blood derivatives, when the compositions of the
mvention is administered together with the blood for transtusion or blood derivatives and/or other

active agents, the medicine is administered preferably at the same time of, to 1 hour before
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transfusion or using the blood derivatives.  More preferably, for example, the medicine is
administered once to 3 times per day and the administration is continued 4 weeks.

Combination Therapy:

{66129} The compound of the invention may be used alone or n combination with one or
more additional active agents. The onc or more additional active agents may be any compound,
molecule, or substance which can exert therapeutic effect to a subject in need thereof. The one or
more additional active agents may be “co-administered”, ie, administered together in a
coordinated fashion to a subject, cither as separate pharmaceutical compositions or admixed in a
single pharmaceutical compeosition. By “co-administered”, the one or more additional active
agents may also be administered simultancously with the present cormpound, or be adroinistered
separately with the present compound, wcluding at different times and with different frequencies.
The one or more additional active agents may be administered by any known route, such as orally,
infraveoously, miramuscularly, nasally,subcutancously, intra-vagimally, intra~-rectally, and the like;
and the therapeutic agent may also be administered by any conventional route. In many
cmbodiments, at least one and optionally both of the one or more additional active agents may be
administered orally.

{00121} These one or more additional active agents include, but are not hinuted to, one or
more anti-fibrotic agents, antiretroviral agents, immune system suppressing agents, and CCR2
and/or CCRS inhibitors or treatments. When two or more medicines are used in combination,
dosage of ecach medicine is commmonly identical to the dosage of the medicine when used
independently, but when a medicine interferes with metabolism of other medicines, the dosage of
each medicine s properly adjpusied. Fach medicine may be admunistered simultancously ot
separately in a time interval for example of less than 12 hours, 24 hours, 36 hours. A dosage form
as described herein, such as a capsule, can be administered at appropriate intervals. For example,
once per day, twice per day, three times per day, and the like. In particular, the dosage form is
adnunistered for exaraple, once or twice per day. Even more particularly, the dosage form 1s
admmunistered once per day. In one embodiment, the one or muore antiretrovival agents include, but
are not limited to, entry inhibitors, nucleoside reverse transcriptase inhibitors, nucleotide reverse
transcriptase inhibitors, non-nucleoside reverse transcriptase inhibitors, protease inhibitors,
integrase inhibitors, maturation inhibitors, and combinations thereof. In one embodiment, the one

or more additional antiretroviral agents include, but arc vot limited to, lamivudine, ctavirenz,
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raltegravir, vivecon, bevirimat, alpha interferon, zidovudine, abacavir, lopinavir, ritonavir,
tenofovir, tenofovir disoproxil, tenofovir prodrugs, omtricitabine, clvitegravir, cobicistat,
darunavir, atazanavir, rilpivirine, dolitegravir, and a combination thereof.

{66122} fn one cmbodiment, the one or more froune system suppressing agents include,
but are not Hmited to, cyclosporine, tacrolimus, prednisolone, hydrocortisone, sirolimus,
everolimus, azathioprine, mycophenolic acid, methotrexate, basitliximab, dachizumab, rituximab,
anti-thymocyte globulin, anti-lymphoeyte globulin, and a combination thereof

{00123} The tollowing Examples further tlhustrate the present invention in detail but are not

to be construed to limit the scope thereof.

EXAMPLES

Example [ — Cenicriviroc mesyiate compositions

{66124} 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 gramulator,
followed by tray drying, sieving, mixing and corapression o tablets on g Carver press. The

composition of the formulations is shown in Table 2.

Table 2
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Unit Formula {(mg/unit}
Ex. ia Ex. ib Ex. I¢ Ex. i¢
Citric Famaric | Maleic Sodium
Components Agid Acid Acid Bisulfate
Cenicriviroc Mesylate 28.45 28.45 28.45 28.45
Mannitol 7.88 7.88 7.88 7.88
Hydroxypropy! 2.62 2.62 2.62 2.62
Cellulose
Croscarmellose Sodium | 1.75 1.75 1.75 175
Croscarmellose Sodium | 1.75 1.75 1.75 175
Citric Acid 4375
Fumaric Acid 43.75
Maleic Acid - - 43.75 -
Sodium Bisulfate - - - 43.75
Silicon Dioxide 0.43 0.43 0.43 (.43
Maguesium Stearate 0.88 0.88 0.88 (.88
Total §7.5 87.5 87.5 §7.5
108125} The tablets were administered to beagle dogs.  An oral solution was also

administered as a contrel. The absolute bicavailabilities of the formulations and of the oral

~

solution were determined, and are shown in Figure 2. The result shows that the cenicriviroc
roesylate with fomaric acid has a significantly higher bioavailability than any of the other

solubilizers tested.

Example 2: Cenicriviroc mesylate compositions
160126} Cenieriviroe mesylate, furnarie acid, microcrystalline cellulose, cross-linked sodinm

carboxymethyl cellulose, and magnestum stearate were admixed, dry granulated, milled, blended
with extragranular microcrystalline cellulose, cross-hnked sodum carboxymethyl cellulose, and
magnesiom stearate and corpressed into tablets having a hardness greater than 10 kP and friability

iess than 0.8% w/w. The resulting tablets had the composition shown in Table 3.
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Table 3.

Unit Formala {mg/unit)
Components Fx. 213 Ex. 2b Ex. 2¢ Fx. 2d ¥x, 2¢
Cenicriviroc Mesylate 17069 176.69° £70.69° 170.69° £70.69°
Fumaric Acid 160.00 160.00 160.00 160.00 €0.00

Microcrystalline

Cellufose 252,68 27218 27238 27218 66.35
Crospovidone - - - 19.50 -
Croscarmellose Sodian | 538.50 39.00 39.00 19.50 207
Magnesimm Stcarate €.13 8.13 8.13 8.13 2.5
Total 650.0 650.8 650.0 650.0 340.0

a.  Equavalent to 150 mg cenicriviroe frechase.
b Added in the extragranular portion of the powder hlend.

100127} By way of illustration, the concentration percentage and mass per tablet of the

components in Example 2b (i.e., Ex. 2bjare given in Table 4.

Table 4
Component Concentration {%% w/w) Mass (mg) per tablet
Cenicriviroc mesylate 26.26 170.69°
Furaaric acid 24.62 160.00
Microcrystailine cellulose 41.87 27218
Cross-linked sodium 6.00 3900
carboxymethyl cellulose
Maguesiurg stearate 1.25 R.13
Total 100.0 650.0

* equivalent to 150 mg cenicriviroe free base

Example 3: Cenicriviroc mesylate compaositions

{6¢128] Cenicriviroc  mesylate, microcrystalline  cellulose,  cross-linked  sodium
carboxyracthyl cellulose, and magnesium stearate were admixed, dry granulated, dried, milled,
blended with extragramular microcrystalline cellulose, cross-linked sodium  carboxymethyl

cellulose, fumaric acid, colloidal silicon dioxide, and magnesium stearate and cornpressed fnto
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tablets having s hardness greater than 10 kP and friability less than 0.8% w/w. The resuliing

tablets had the composition shown in Table 5.

Table 5

Component Concentration (% w/w) Mass (mg) per tablet
Cenicriviroc mesylate 26.26 28.45°
Fumaric acid 24.62 26.67
Microcrystalline cellulose 41.87 43.36
Cross-linked sodium 6.00 39.00

carboxymethyl ccllulose

Magnesium stearate 1.25 1.35

Total 100.0 108.3

* equivalent to 25 mg cenicriviroc free base

18G129] Notably, the formulation of Table 5 has the same ratio of components as that of
Table 3b, and differs only m the total aroount of the components that are used for each tablet.
Thus, Table 4 shows tablets with 150 mg cenicriviroc {based on free base), whereas Table CC-1
shows tablets with 25 mg cenicriviroe (based on free base) with the same ratio of components as

the 150 myg tablets of Example 2b, shown in Table 4.

Example 4 — Refercnce

{83136} The citric acid based formulation of Table 6 was prepared as follows. Cenicriviroe,
hydroxypropyl ccllulose, mannitol, and cross-linked sodivm carboxymethyl ccliulose were
admixed, wet granulated, dried, milled, and blended with microcrystalline cellulose, cross-linked
sodium carboxymethyl celiulose, citric acid, colloidal silicon dioxide, talc, and magnesium
stearate. The resulting blend was corapressed imto tablets having a hardoess greater than 10 kP and
friahility less than 0.8% w/w. The tablets were coated with hydroxypropyl methyleclhulose,
polyethylene glycol 8000, titamivmn dioxide, and yellow iron oxide. The coated tablets thus
produced were substantially identical to those disclosed in ULS. Patent Application Publication No.

2008/031942 (see, ¢.g., Table 3).
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Table &
Component mg/tablet | Yew/w
Cenicriviroc mesylate 2891 4.68
Mannitol 341.09 50.85
Microcrystalline cellulose 80.00 12.94
Colloidal silicon dioxide 12.00 2.00
Citric acid anhydrous 75.00 12.14
Hydroxypropyl ccliulose 12.00 1.94
Cross-linked sodium carboxyracthyl cellulose 30.00 4.85
Talc 12.00 1.94
Magnesium stearate 9.00 1.46
Hydroxypropyl methyleellulose 11.71 1.89
Polyethylene glycol ROG0 2.69 .44
Titantum dioxide 3.03 0.49
Yellow iron oxide .57 .09
Example 5— Reference
{60131} Ceumieriviroe and hyprorocllose acetate succinate were dissolved in roethanol and

spray dried into a fine powder containing 25% cenicriviroc by weight {(based on the weight of
cenicrivitoc free base). The powder was admixed with colloidal silicon dioxide, microcrystalline
cellulose, mannitol, sodium lauryt sulfate, cross-linked sodium carboxymethyl celinlose, and

magnesium stearate. The admixture was compressed into tablets having a hardness greater than 10

kP and friability less than §.8% w/w. The final composition of the tablets is shown in Table 7.

Table 7

Component

Weight %

Mass (mg)

Cenicriviroc {as mesylate

salt)

50.00
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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 27.43 167.00
Mannitol 27.83 167.00
Colloidal silicon dioxide 1.00 6.00
Magnesium stearate 2.00 12.00
Total 100.0 600.0
Example 6: Bioavailibility of CV formulation
{30132} The absolute bicavailability 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 cenicriviroe mesylate powder. The results

are shown in Table 8.

Table 8

Component Absolute bisavailability(%)
Oral Solution 25.8
Powder in capsule 6.4
Examaple 3 26.6
Example 4 211
Example S i2.4

00133} This example demounstrates that the bicavatlability of centeriviroe in dry granulated

tablets with fumaric acid (Ex. 3) is substantially similar to that of an oral solution, and is
stgnificantly higher than the bioavailability of cenicriviroe 1n wet granulated tablets with fumaric
(Ex. 1b) or citric acid {Ex. 4}, and over double that of cenicriviroc in tablets with amorphous
cenicriviroc in a spray dried dispersion with HPMC-AS (Ex. 5). These results are surprising,

because there was vo reason to suspect that dry granulation of crystalline AP provides a
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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
bigavailability of poorly water soluble drugs. These results are also surprising because fumaric
acid has a slower dissolution time than ciric acid and was used at a lower mass ratio of acd
relative to CVC API (3:1 for citric acid: API versus 1.06:1 fumaric acid © API). Hence it was
therefore surprising that fumaric acid proved to be a more effective solubilizer than citric acid for

CVL,

Example 7: Accelerated stability of CVC formulation

{00134} The accelerated stability of the tablets of Exaraple 2b was compared to that of the
tablets of Examples 1b, 4, and 3 via exposure to an environment of 75% relative huroidity at 40°
C. Alitablets were packaged with a desiccant during the study. As shown in Figure 3, the tablets
of Examples 2b arc surprisingly much roore stable than the other wet granulated tablets, and
stmilarly stable as 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 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 bicavailability and stability.

Example &: Stability of CVC formudation

{30135} The stability of the tablets of Examples 2 and 3 was tested by exposing the tablets
to an environment of 75% relative bumidity at 40° C for six weeks, All tablets were packaged
with a desiccant during the study. The results are shown in Table 9, which shows that the tablets

arc very stable under these conditions.

Table 9
Time (Weeks) | Water content (96} | Strength (%) | Total Impurities (%)
0 1.5 G991 1.2
2 1.4 89.2 i1
4 1.4 98.0 1.0
6 1.4 98.6 1O
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Example 9: Stability of CVC formulations

130136} Drynamic vapor sorption isotherms at 25° € correlate to the stability of the tablets of
Examples 3 and 4 with that of cenicriviroc mesylate. Sorption was performed from 0% relative
hunidity to 90% relative humidity at 5% intervals. At cach interval, cach sample was equilibrated
for no less than 10 nunutes and no longer than 30 manutes. Equilibration was stopped when the
rate of mass increase was no more than .03% w/w per minute or after 30 minutes, whichever was
shorter. The result, which appears in Figure 4, shows that tablets of Example 2b arc signitficantly
more stable than those of Examiple 4. This result is consistent with Example 3 being sigunificantly
icss hygroscopic than Example 4. The incrcased hygroscopicity of Example 4, i 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 Examiple 4.

Example 10: Bioavailabilitv of CVC forpudations

{00137} The bioavailability of the tablets of Example 3 was compared to that of Exarapic 5
and cenicriviroc mesylate powder in a gelatin capsule in different stomach states in beagle dogs.
The bicavailability 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.

{00138} The result, which appears in Figure S, shows that the tablets of Example 3 has a
higher bicavailability under all conditions that were tested. The bicavailability of Example 3
varied less between pentagasirin treated aund untreated dogs, whereas Exaropie 4 showed a
significant loss of bioavailability in fasted, non-treated dogs (intermediate gastric pH) compared to
that in pentagastrin treated dogs (lowest gastric pH). Pretreatrent with famotidine, an H2 receptor
agonist that suppresses stomach acidity and raises gastric pH decreased bisavailability for all
samples, however, the reduction for Example 3 was much less than that for Example 4,

{60139} 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 (Examuple 4) when
adnunistered across a the full range of potential human gastric pH conditions.  This result i

uncxpected and surprising, because the bioavailability of other weakly basic antiretroviral drugs,
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such as atazanavir, is greatly effected by the gastric pH. For such drugs, changes in gastric pH,
which can be caused by a discase or medical condition, such as achlorchydric patients, or by co-
adnunistration of drugs such as antacids, proton pump inhibitors, or H2 receptor agonists, can
lower the bivavailability to sub-therapeutic levels. These results showing that the dey granulated,
fumaric acid based cenicriviroc mesylate formulation of Example 3 is less prone to bicavailability
changes as the gastric pH changes shows that Exaraple 3 is a more robust formulation that can be
used in patients who have or are likely to have varying gastric pH levels.

Examples ia-11c: Preparation of Cenicriviroc mesyiate and lamivudine formulations

{00140} The formulations of cenicriviroe mesylate and lammvudine of Table 10 were
preparved as folows.  First, the intragranolar compouents were admixed and dry granulated to form
a composition as a dry granulated admixture. This dry gramulated admixture was then further
admixed with the extragranular components to form a mixture. The mixture was compressed into
tablets. The abscolute bioavatlability of the cenicriviroc (CV() and lamivudine (3TC) in beagle
dogs in the 150 mg CVC strength tablets (Examples 11b and 11¢) were measured. The results are

shown in Figure 6.
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Example 12a

Example 12b

Example 12¢

25 mg cenicriviree

158 mg cenicrivirec

158 mg cenicriviroec

and 380 mg and 3086 mg and 360 mg
famivadine lamivudine lamivudine
Y w/w | mg/tablet | % w/w | mg/tablet | % wiw | mg/tablet
Intragranular Components
Cenicriviro 5.69 28.45 17.97 170.69 21.34 170.69
mesylate
Fumaric Acid 5.33 20.67 16.84 160.00 20.00 160.00
Microcrystalling | 5.82 29.11 18.39 19.50 2.64 21.10
cellulose
Cross-hoked 0.65 3.25 2.05 19.50 2.64 2110
sodium
carboxymethyl
cellulose
Magnestum 0.16 0.81 0.51 4.88 0.53 4.20
stearate
Extragranular Components
Lamivudine 60.00 360.00 31.58 600.00 37.50 300.00
37Ty
Microcrystalline | 16.34 §1.71 6.39 60.75 378 36.21
celhilose
Cross-linked 5.00 25.00 5.26 50.00 5.00 404.00
sodiur
carboxymethyl
celhilose
Maguesivm 1.00 5.00 1.060 9.50 1.06 8.00
stearate
Total per 160.00 500.00 160.00 950.00 100.00 800.00
tablet

Example 12: Anti-fibrotic And Anti-Inflammatory Activity Of The Dual CCR2 And CCURS

Antaoonist Cenicriviroc In 4 Mouse Model Of NASH
& &

{06141}

accumulation, chronic inflammation (ncluding pro-inflammatory monocytes and macrophages)
and when fibrosis is present, it can lead to cirrhosis or hepatocelular carcinoma. There are

currently no approved therapies for NASH. Evidence suggests that C-C chemokine receptor (CCR)

type 2

monocyte recruitment in the liver. Cenicriviroe (CVC) 1s an oral, potent, dual CCR2/CCRS

antagonist that showed favorable safety and tolerability in a 48-weck Phase 2b study in 143 HIV-

34

Background: Nou-alcoholic steatohepatitis (NASH) s characterized by fat

and its main ligand, monocyte chemotactic protein-1, contribute to pro-inflammatory
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I-infected adults (NCTO1338883). CVC was cvaluated in a mouse modcel of dict-induced NASH
that feads to hepatocellular carcinoma; data from the first, fibrotic stage of the model are presented.
{30142} Methods: NASH was induced in male mice by a single injection of 200ug
streptozotocin 2 days after birth (causing impaired ghucose control), followed by a high fat diet
from 4 weeks of age. From € to 9 weeks of age, 3 groups of animals (n=6/group) were
administered CVC doses of O {vehicle), 20 (low dose) or 100 (high dose) mg/kg/day, via twice
datly oral gavage. Animals were sacrificed at 9 weeks of age, and biochemical, gene expression,
and histologic evaluations of the hiver were conducted.

{6G143] Resuits: CVC treatment bhad no effect on body or liver weight, whole blood
glucose, or hiver triglycerides. Mean (£SD) alanine aminotransferase levels were significantly
decreased in both CVC treatroent groups corapared to control {58412, 51413 and 133480 U/L for
low dose, high dosc and vehicle, respectively; p<0.05) and liver hydroxypreline tended to
decrease in treated groups. By real-time RT-PCR, collagen type | mRNA in whole liver lysates
decreased by 27-37% with CVC treatment. The percentage of fibrosis arca (by Sirtus red staining)
was significantly decreased by CVC treatment rvelative to control (p<0.01): 6.66% = 0.16, 0.64% +
.19 and 1.10% = 031 for 20 mgke/day, 100 mp/kp/day and control, respectively, when
perivascular space was included; 0.29% = 0.14, 0.20% £ 0.06, and 0.61%x 0.23, respectively,
when perivascular space was subtracted. Importantly, the histologic non-alcoholic fatty hver
discase activity score {score is § for untreated mice in this model) was significantly decrcased with
CVC treatment {4.0:0.6, 3.720.8 and 5.3+0.5 for low dose, high dose and vehicle, respectively;
p<0.05), primanily due to reduced inflammation and ballooning scores. As previously shown in
hursans, a OV dose-related compensatory ncrease i plasma monocyte chemotactic protein-1
levels was observed in mice (1.1- and 1.5-fold increase for low and high dose, respectively),
consistent with antagonism of CCR2.

{60144} Ceonclusions: These data sugpgest that CVC, an investigational agent currently in
human trials for HIV-1, has anti-fibrotic and anti-inflammatory activity in a2 mouse model of
NASH, warranting clinical investigation. These findings provide further evidence that disrupting

the CCRZ2/monoeyte chemotactic protein-1 axis roay be a novel treatment approach for NASH.

Example 13: Significant Anti-fibrotic Activity Of Cenicriviroc, A Dual CCR2/CCRS Antagonist, In

A Rat Madel Of Thivacetamide-Induced Liver Fibrosis And Cirrhosis
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{00145} Background: C-C chemokine receptor (CCR) types 2 and 5 are expressed on pro-
inflammatory monocytes and macrophages, Kuptfer cells and hepatic stellate cells (HSCs), which
contribute to inflammation and fibrogenesis in the liver. Cenicriviroc {CVC; novel, potent, oral,
dual CCRZ/CCRS antagonist) had favorable safety/tolerability in a 48-week Phase 2b study
143 HIV-1-infected adults (NCTO1338883). This study evaluates the m vivo anti-fibrotic effect of
CV, and timing of treatment intervention relative to discase onset, 1n rats with emerging hepatic
fibrosis due to thipacetamide (TAA »induced injury.

100146} Methods: Fibrosis was induced in male Sprague-Dawley rats by intraperitoneal
administration of TAA 150 mg/kg 3 times/week for 8 weeks. Rats {(n=4--8/group) received CVC
30 mg/kg/day {(a), CVC 100 rag/kg/day (b) or vehicle control (¢}, concurrently with TAA for the
first 8 weeks (Group 1; early intervention), during Weeks 4-8 {Group 2; emerging fibrosis) or
during Weeks &-12 following completion of TAA administration {Group 3; cirthosis reversal).
Biochemical, gene expression and histologic evaluations of the liver were conducted.

{60147} Results: When started concurrently with TAA (Group 1), CVC at 30 mg (Group
ta) and 100 mg (Group 1b) significantly reduced fibrosis (by 49% and 38%, respectively;
p<(.001), as assessed by collagen morphometry. Protein levels for collagen type 1 were reduced
by 30% and 12% for Groups la and 1b, respectively, while a-SMA was reduced by 17% and 22%,
respectively. When treatiuent started 4 wecks after TAA-induced injury (Group 2}, a statistically
significant anti-fibrotic effect was observed for OV 30 mg (Group 2a, 36% reduction in collagen;
p<(.001}, but not for CVC 100 mg (Group 2b).. When treatment was started at Week 8 (cirrhosis
present) and continued for 4 weeks {(Group 3), there was no sigmficant effect of CVC oun
fibrogenic gene expression or fibrosis.

{00148} Conclusions: CVC is a potent anti-fibrotic agent in non-cirrhotic hepatic fibrosis
due to TAA. The drug was cffective in carly intervention {Group 1) and in cmerging fibrosis

{Group 2a), but not when cirrhosis was already cstablished (Group 3).

Example 14: Cenicriviroc Achieves High CCRS Receptor Occupancy at Low Nanomolar

Concentrations

{60149} Background: Cenicriviroc {CVC) 18 a novel, once-daily, potent, CCRS and CCR2

antagonist that has completed Phase 2b cvaluation for the treatment of HIV-1 infection in
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treatmaent-naive adults (NCTG1338883). The atras of this study were to evaluate 1o vitro receptor
occupancy and biology after treatment with CVC, BMS-22 (TOCRIS, a CCR2 antagoenist) and an
approved CCR3 antagonist, Maraviroc (MV).
[60159] Methodology: PBMCs from 3 HIV+ and 5 HIV- subjects were incubated with
CVC, BMS-22 or MV, followed by cither no treatment or treatment with a RANTES (CCRS
ligand) or MCP-1 (CCR2 hgand). The capacity of cach drug to ihibit CCRS or CCR2
internalization was evaluated. Cell-surface expression of CCRS and CCR2 was assessed by flow
cytometry, and fluorescence values were converted into molecules of equivalent soluble
fluorescence (MESF).
{80151} Results: Both CVC and MV, in the absence of RANTES, increased cell-surface
expression of CCRS. This effect was seen to a much greater degree in HiV-negative subjects
(CD4+ and CDS+ T cells), CVC prevented RANTES-induced CCRS internalization at lower
effective concentrations than MVC. The effective concentration at which saturation of CCRS was
reached for CVC was 3.1 oM for CD4+ and 2.3 nM for CB8+ T cells (~91% and ~90% receptor
occupancy, respectively). MV reached saturation at 12.5 nM for both CD4+ and CDE+ T cells,
representing ~86% and ~&7% receptor occupancy, respectively. CVC and MV achieved high but
meomplete saturation of CCRS, an effect that may be amplified by the obscrvation of increased
CCRS expression with both agents in the absence of RANTES. In the absence of MCP-1, CVC
induced CCR2 interpalization and decreased cell-surface cxpression on monocytes. BMS-22
shightly increased CCR2 cell-surface expression. CVC prevented MCP-l-induced CCR2
internalization at lower concentrations than BMS-22. Saturation of monocyte CCR2 was reached
at & oM of CVC, representing ~98% CCR2 occupancy. To reach >80% receptor occupancy, an
average of I8 nM of BMS-22 was required, compared to 1.8 nM of CVC.
{60152} Conclusions: CVC more readily prevented RANTES-induced CCRS internalization
{at lower concentration) than MVC in vitro, indicating OV more be more effective at preventing
cellular activation by RANTES than MVC in vivo. Bascline CCRS expression levels in treated
subjects may be a determinant of CCRS antagonist activity in vivoe., CVC achieved ~98% receptor
occupancy of CCR2 on monocytes at low nanomelar concentrations in vitro, and reduced CCR2
expression on monocyies in the absence of MUP-1. High saturation of CCR2 by CVC paired with

reduced expression may cxplain the potent CCR2 blockade observed with CVC in the clinic. CVC
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has potent imumunomodulatory  activities i vitro, and may be an important combined

immunotherapentic and anti-retroviral in chronic HIV infection.

Example 15: CVC Blocks HIV Entry But Does Not Lead To Redistribution Of HIV Into
Extracellular Space Like MVC

{08153} Background: In vivo, CVC has shown efficacy during monotherapy of treatment-
expertenced individuals harbouring CCRS-tropic virus 7. In the phase 1ib clinical study (652-2-
202; WNCT01338883), OV demoustrated simnilar officacy at 24 weeks (primary analysis) to the
non~-uucieostde reverse transcriptase inhibitor (NNRTY efavirenz (EFV), and a superior toxicity
profile than the non-nuclicoside reverse transcriptase mhibiior (NNRTE efavirenz (EFV),cach
when both were admunistered in combination with emiricttabine (FTC) and tenofovir {TDF), with
favorable safety and tolerability. We hypothesized that the antiretroviral efficacy of CV{ in Study
202 (Example 22) might have been underestimated as a result of the rebound phenomenon
observed with MVC. Accordingly we conducted an ex vive sub-analysis of Study 202 {(Example
22} by mcasuring intraccilular HIV DNA declines in stored PBMCs from 30 subjects who
achicved virologic success at week 24 of the study. We also performed in vitro assays to
determine and compare the extent of any celi-free virion redistribution that CVC or MVC nught
cause.

{00154} We now show that CVC docs not trigger viral particle rebound. Indeed, comparable
declines 1o intracellular DNA were seen in individuals treated with either CVC or EFV, suggesting
that plasma viral load is an accurate measure of CVC treatment success. Structural modeling
provides a potential explanation for differences between results obtained with MVC and CVC,
{BG185] Methods:  Celis.  PM-1 cells that express CDd, CCRS, and CXCR4 were
raintained in RPMI-1640 roedium containing 10% fetal bovine serum (R10 mediurn) at 37C, 5%
COZ. 2937 cells used for transfection were mamtained in DMEM at 10% FBS, L-glutamine, and
antibiotics (D10 mediura) at 37C, 5% CO2. Virus Stocks., HIV-1 Bal virus was produced by
transfecting 2937 cells with the plasmid pWT/Bal.. Lipofectamine 2000 was used as a transfection
agent. Culture supernatants were collected at 4¥ hrs post-transfection, filtered through a 0.45 pym
pore filter, and treated with 58 units of benzonase per ml of virus stock for 20 minutes at 37C to
remove contaminating plasmid DNA. Virus stocks were frozen at -80C to halt benronase activity.

Benzonase-treated virus stocks were propagated in cord blood mononuclear cells (CBMCs).

38



WO 2015/143367 PCT/US2015/021828

CBMCs were stimulated for 72 b with phytohemagluttinin (PHA-M) in R10 medium prior to
infection with HIV-1 Bal. The viral amplification culture was subsequently grown in RI0
supplemented with interleukin 2 (IL-2) and incubated at 37C, 5% COZ.

{60156} Infections: We exposed PM-1 cells to HIV-1 Bal in the presence of inhibitory
concentrations of CVC (20 nM) and MV C (50 nM). Both drugs were incubated with PM-1 cells
for 1 br at 37C prior to the addition of virus. 300 ng of p24 antigen of HIV-1 Bal. were incubated
per S X 105 cells in 1 ml of R10 media. Virus only controls, described as “no cell” in the text,
were used to measure viral decay.  Viral adsorption was mcasured in the no-drug controls,
whereby 300 ng of p24 Ag of HIV-1 Bal were added per 5 X 105 PM-1 cells that were pre-
mcubated at 37C for 1 hr in the absence of drug treatment. Each drug treatment and control was
performied in duplicate. Viuwal RNA was extracted fromn 140 pl of supematant flind using the
QiAamp Viral RNA mini kit according to manufacturer’s instructions. Samples were stored at -
8OO until analysis. Supcroatant viral loads were mcasured using quantifative real-tine reverse
transcription PCR {(gRT-PCR) with the primers USISSF {5'-
AACTAGGGAACCCACTGUTTAA-Y, USISSR {§'-
TGAGGUATCTCTAGTTACCAGAGTCA-3Y) and USISS probe {5~ (FAM)
CCTCAATAAAGCTTGCCTTCGAGTGCTTCAA)Y and the Invitrogen qRT-PCR Supermix Kit,
Cycling parameters were: 50°C for 15 minutes, 953°C for 10 minutes, followed by 58 cycles of
95°C for 15 seconds, and 60°C for 1 minute. All values are the result of replicate testing over 2
independent experiments. RNA copy vuraber was quantified by use of 10-fold serial dilutions of
pBal/wt to generate standard curves for cach assay and calibrated against samples with known
copy numbers from previous studies.

{6157} Patient Samples: Peripheral blood monomuclear cells (PBMC) samples were
obtained from 30 patients (10, 13 and 7 on CVC 100 mg, CVC 200 mg and EFV, respectively)
who achieved virologic success at week 24 in Study 202 a phase Hb clinical trial comparing the
efficacy, safety, and tolerability of CVC (100 mg or 200 mg) or EFV in combination with
emtricitabine/tenofovir disproxil fumarate (FTC/TDF) in HIV-1 infected, treatment-naive patients
harboring CCRS-tropic virus. Samples at bascline and 24 weeks were taken from participants
possessing baseline viral loads of <100,000 but >1,000 viral RNA copies/ml, with CD4 counts =

260 cells/ul that were randomly assigned to receive either CVC or EFV.
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{0158] Intraccliular DNA qPCR. Total DNA was extracted, quantified, and stored at -80C.
Intracellular strong-stop DNA levels were quantified with the USISS primer/probe set described
above. Intraceliular full-length DNA levels were quantified using the USIFL primer/probe set
(Forward: 5°-AACTAGGGAACCCACTGCTTAA; Reverse: S-CGAGTCCTGCGTCGAGAGA;
Probe: 57-[FAM] -CCTCAATAAAGCTTGCCTTGAGTGCTTCAA).  Both DNA levels were
roultiplexed with a GAPDH primev/probe set (Forward: ST-ACCGGGAAGGAAATGAATGG;
Reverse: 5"-GCAGGAGCGCAGGGTTAGT, Probe: 5 -{VIC)-
ACCGGCAGGCTTTCCTAACGGCT) to normahize DNA mputs and verify saraple integrity.

{($0159] Statistical Analysis:  The Mann-Whitney test was used to analyze in vitro
mtracellular HIV DNA levels for all three treatment groups. All data were analyzed using Prism 5
software.

Molecular Docking of Cenicriviroc in CCRS

{60169} The crystal structure of the CCRS chemokine receptor (Protein Data Bank
identificationNo. {PDB D] 4MBS) was obtained through the Research Collaboratory for
Structural Bioinformatics (RCSB) Protein Data Bank and uscd as a docking target. The structure of
the CCRS-receptor antagonist, cenicriviroe, {(formerly TAK-652/TBR-652) was obtained from
PubChem and used as a ligand. Minimization of ligand-docked structures was facilitated by the use
of a UCSF Chimera, that prepared CCRS and CVC as inputs for BOCK calculations, that predict
the orientation of the ligand in the CCRS seven-transmembrane (7TM) a-helix receptor cavity.
Docking calcnlations were performed and a maximum sized grid box was used to include all
possible docking sites into CCRS. The binding site consists of all residues less than 15 A from the
7TM cavity {around residues Glu2R3 and Tyr19). Docking results were processed to identify inter-
molecular interactions. The test nine poses were kept for further analysis. In order to validate the
accuracy of the docking system, MVC was docked to CCRS using the same mcthod and its
orientation with respect to the crystal structure was determined. The root mean square deviation
(RMSD), calculated using PyMOL, between the observed crystal structure and the predicted
conformation obtained from AutoDock Vina was 0.275 A, indicating that the protocol was sound.
Results

{80161} First we quantified HIV intracellular DNA in order to validate measares of viral
load that were obtained during the Study 202 clinical trial. £x vivo analyses of full-length

mitraccHular HIV DNA levels (indicative of carly reverse transeription) in PBMCs 1solated from
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participants in this clinical trial were simular across all groups (CVC 100 mg, CVC 200 mg, EFV
600 mg) at week 24 (Figure 7A}. The mean fold-changes from baseline were (.643 and 0.787 for
the CVC groups 100 mg (n = 10} and CVC 200 mg (n = 11}, respectively. The EFV 600 my group
{n = 7) had a mean fold change from baseline of 0.825 at 24 weeks., The differences were not
statistically significant.

{08162} Next, strong-stop itraceliular HIV DNA levels (indicative of late reverse
transcription) were measured concomitantly with full-length levels at week 24 (Figure 78). The
mean fold-change from baseline was 0.49 for the CVC 100 mg group, 0.63 for the CVC 200 mg
group, and 1.01 for the EFVY 600 mg group. The means were not statistically significant.

{00163} fn vitro experiments measuring extracelular viral levels following CVC and MVC
exposure were also performed. Levels of virus in culture fluids were measured by qRT-PCR and
P24 ELISA at 4 hrs following infection of entry-inhibitor exposed cells. After 4 hrs, culture fluids
from the MVC-treated cells exhibited higher RNA levels compared to bascline (basehne: 1.19 X
10'° copies/ml, 4 hrs: 1.67 X 10" copies/ml) (Figure 8A) than did CVC-treated cells. {baseline:
506 ng/ral, 4 hrs: 520 ng/ml) (Figure 8B). Viral RNA in culture fluids frorn CVC-treated eclis did
not change significantly after 4 hrs (baseline: 1.19 X 10" copies/ml, 4 hrs: 1.26 X 10" copies/ml)
{Figurc 8A). P24 levels declined from bascline after 4 hrs with CVC treatment (bascline: 506
ng/mli, 4 hrs: 192 ng/ml) (Figure 8B} the viral RNA declines for the no cell and no drug controls
were similar after 4 hrs, 1.14 X 10" copies/mi, and 1.1 X 10'° copics/ml respectively (Figure 8A).
Following a baseline p24 level of 5806 ng/ml, the p24 antigen level for the no cell countrol after 4
hrs was 138 ng/ml. The p24 no drug control level was 244 ng/ml (Figure 8B).

{83164} These differences n extracelinlar virus levels following CVC and MVC freatment
prompted us to examine intracellular strong-stop HIV DNA levels in PM-1 cells exposed to either
CVC or MV for 1 hr before being infected with HIV-1 Bal. Total DNA was extracted from cell
pellets after 4 hrs. Intracellular strong-stop HIV DNA levels of CVC or MVC-treated celis were
conmpared to no drug controls (Figure 9). We observed a relative DNA level of .02 in MVC-
treated cells compared to the no drug control whereas CVC-treated cells exhibited a relative
intracellniar DNA level of only 6.1, The difference between relative DNA levels of MVC and
CVC-treated cells was significant.

[00165] A crystal structure exists of the CCRS 7TM complexed with MVC (PDB 1D 4MES)

and this was usced to generate a4 model of CCRS with CVC docked into the binding pocket. We
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predicted docked poses that were also assessed by re-docking MRV into CCRS; the top poses with
the most favorable energies had the proper orientation and overlap with the conformation in the
crystal structure {RMSD < 0.3 A). In sifico CCRS docking simulations indicated that CVC binds
only at the hydrophobic pocket in the CCRS structure, also known as the higand-binding pocket
{Figure 10). Only the top 9 poses were kept for further analysis. There are three different
conformations that CVC exhubits post-docking mto CCR3S and they are clustered into three sies
{(Figure 10A, B). The first site (site 1) spans deep into the hydrophobic pocket and fills a large
volume (Figure 10A}. The second site (stte 2) 18 partially positioned 1n the middle of the pocket but
also bulges outward from the CCRS between TMI1 and TM7 (Figure 10A}. At the third site (site 3},
fow CVC poses are located near the entrance of the receptor cavity.

{08166} Stte~divected  woutagenesis of residues  within  the  extracellular loops and
transmembrane domain in CCRS have identified key residues that are involved in gp120 binding;
mutations at the different positions either abolished, comprovmised or affected gpl20 binding to
CCRS. The thirteen key residues that were identified to be important for gpl20 binding within
CCRS are Tyr37, Trp86, TrpY4, Leul(4, Tyrl0R, Phel09, Phell2, Thri77, HeldR, Trp24S,
Tye251, Leu2sS and Glu2R3. Figure 11 shows a molecular surface representation of CCRS with
docked poses of CVC (lefty and MVC (night) in the binding pocket. CVC and MV have
molecular surface areas of ~1285 and 1790 A? (calculated using PyMOL}, respectively. MVC
occupies the middle of the binding pocket. All thirteen residues that were determined to be
important for gp120 binding are within 4 A from MV, as measured by PyMOL (cut off distance
used in this study for clectrostatic and/or hydrophobic interactions). In contrast, the docked CVC
poses occupy the same pocket but not at the center as seen for MVC (Figure 11). Rather, CVC
shifts to one side of the pocket (Figure 12A/B) and a consensus of residues in CCRS within 4 A of
CVC was determined. Even though CVC occupies 4 larger surface arca than MVC, only seven of
the thirteen residues that are important for gp120 binding are within 4 A of CVC ie. Tyr37, Trp&s,
Tyri08, Phell9, Tel98, Leu25S and Glu283. Overall, these simulations suggest that CVC
occupies a region simntar to MVC 1 the binding pocket of CCRS.

{00167} Discussion: In this study, we observe that CVC and MV, both CCRS antagonists
preventing HIV entry, have a differential effect on extracellular virus Jevels.

100168} in a phase {Ib double-blind, double-dummy study comparing CVC with EFV, both

with FTC/TDF m treatroent-naive subjects, 76% of patients receiving CVC 100mg achicved



WO 2015/143367 PCT/US2015/021828

virologic success (HIV RNA <50 copies/ml) at 24 weeks corpared to 73% of patients receiving
CVC 200mg and 71% of patients receiving BEFYV. We previously showed that MVC might
artificially increase viral load, because cell-frec virions can be repelled from the target cell
following a faded attempt at entry in the presence of MVC. The curreot study was desigoned to
address whether the same effect might occur for CVC and whether intracellnlar DNA
rocasurements might be a more accurate representation of antiviral efficacy when comparting entry
and reverse transcriptase inhibitors.

[80169] In fact, intracellular DNA levels across Study 202 treatruent arms were similar at 24
weeks (Figure 7} in sclected samples, reflecting the trend observed during the mtent to treat (ITT)
analysis. Full-length HIV-DNA lcvels were also similar for all groups at weck 24, suggesting
sirailar antivival efficacy for both CVC and EFV. Ihfferences in strong-stop HIV DNA levels
were observed between the CVC and EFV groups, whereas both CVC groups exhibited steeper
dechnes in viral load compared to EFV. As strong-stop HIV DNA levels are divectly impacted by
entry inhibitors, this result was expected. The similarities between EFV and CVC in terms of
virologic success and intraceliular HIV DNA levels suggest that the antiviral potency of this dual
CCR3 and CCR2 inhtbitor is not masked by viral load measurements.

{00170} We also asked whether CVC can result in virus repulsion as scen for MVC in vitro.
Two separate measurements of virus quantitation, gRT-PCR and p24 ELISA, showed that MVC
treatment maintained extracellular viral levels up to 4 hrs post-infection.  In contrast, treatment
with CV resulted 1o a declime in viral levels decline at 4 hrs, comparable to that of the no drag or
no cell controls (Figure 8). Despite an ostensibly similar antiviral mechanism, there appear to be
differences between CVC and MVC 10 regard to interactions between cell-free virus and CCRS.
{60171} A further examination of intracelhular strong-stop DNA in vizro showed that CVC
causcd a slight albeit significant increasce in levels compared to MVC (Figure 9). This may be duce
to the differential effect of both inhibitors on CCRS, which, in turn, affects the rate of dissociation
between virus and receptor. This raises the possibility that gnpi20 may associate more durably with
CVC-bound CCRS compared to MV,

{60172} We also aimed to understand how CVC inhibits HIV entry into target cells by
examining the binding site of CCRS. An engineered buman CCRS construct has been previously
crystalized in complex with MVC at a resolution of 2.7 A, Although this is not a full-length

crystal structure of CCRS, it was utilized to better understand CVC interactions with CCRS in in
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sifico docking assays. All purported docking models for CVC tmply a deep penetration of the drug
into the 7TM cavity of CCRS, as s also seen for MVC. However, the CVC docked poses were not
in close proximity to extracellular loop 2, ECLZ remained accessible post-docking. Other groups
have reported that the CCRS N-terrmnus and ECL2 domains both play a critical role in the
mteraction of HIV-1 with CCRS. In addition, the stem rogion of the V3 loop of gpl120 is reported
to bind to the CCRS N-termoinus while the V3 crown interacts with ECL2 and with residues inside
the binding pocket. Based on our model, we can assume that CVC does not interfere directly with
the gpl20 V3 loop interaction with ECL2, since ECL2 appears to be exposed in the modcel.

{6G173] It is conceivable that CVC can block CCR3S activation if CCR3 remains in an
mactive state. Two residucs, Tyrd7 and Trp248, 1n the 7T™M region have been shown to be
important for CCRS activation upon binding chemokine higands, and this has also been shown to
be important for MVC binding. Similar to MVC, different docked poses of CVC are buried in the
hydrophobic binding stte. Our model shows that access to Trp248R is blocked by CVC; Trp248 has
been shown to be important for CCRS activation, explaining the inactivation of the chemokine
receptor. A second hypothesis is that the binding of MVC to CCRS, may cause CCRS to undergo a
global conformational change, that may be less altered in the presence of CVC.

{00174} Based on site-directed mutagencsis experimcnts by other groups and the tissuc
culture experiments and docking simulations presented in this study, we hypothesize that MVC
occupies the middle of the hydrophobic pocket, potentially leading to an inaccessibility of some of
restdues fn CCRS that are important for gpl120 binding. These residucs may also be important for
gpli20 binding through direct clectrostatic, or hydrophobic interactions and/or water-mediated
hydrogen bonds. In coutrast, CVC occupies the binding site, and it may be that gpl20 can still
access some of the residues important for CCRS binding even in the presence of docked CVC.
This hypothesis is supported by site-directed mutagencsis studies that suggest that gpl20 partly
fills the receptor cavity while occupying the entirety of ECLZ. However, the degree to which the
V3 loop of gpl20 penctrates the CCRS 7TM remains unknown. I has also been reported that
dissociation rates of gpl20 from CCRS are accelerated in the presence of MV, since the latter
hinders the tight association between ECL2 and the V3 loop. Based on these studies, CVC may
have a different effect on the ECL2/V3 interaction than does MV, Dhssociation and surface
plasma resonance studics as well as erystallization of CCRS in complex with CVC will provide

valuable information on this topic.
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{0175} Stte-directed mutagenesis and biochemical studies are required to clucidate the
residues that are important for CCRS interaction with UV, Determining the proximal location of
the N terminus of CCRS is also of interest.

{60176} fn this study, we have demounstrated that, viral load quastification s an accurate
measurement of the antiviral efficacy of CVC, and that inhibition of viral entry by CVC does not
lead to the rebound of viral particles from the cell surface to the extracellular envivonment. Our in
silico structure modeling provides a potential explanation for functional differences between CVC

and MVC. Further studies are required to understand how CVC affects gp120 binding to CCRS.

Example [6: Anti-fibrotic Activity of Dual CCRS/CCR2 Antagonist Cenicriviroc in a Mouse Model
of Renal Fibrosis

{00177} Background: Cenicrivitoc {CVC) 18 8 novel, oral, once-daily, dual CCRS/CCR2
antagonist that has completed Phase 2b HIV development (Study 202; NCT01338883). CV(C has a
favorablc safety profile with 555 subjects having been treated with at least one dose, including 115
HIV-T-infected adulis treated with CVC over a 48-week duration. Recently, CVC demonstrated
significant anti-fibrotic activity in a mouse model of diet-induced, non-alcoholic steatohepatitis
{(NASH) and a rat model of thicacetamide-induced fibrosis. Here, we evaluated CVC m a well-
established mouse meodel of renal fibrosis induced by unilateral urcter occlusion (ULIQ).

{00178} Methoedology: Tost snimals were allocated to weight-matched treatment groups on
the day prior to the surgical procedure (Day -1). Male CD-1 mice {N=51; age, 7-¥ weeks)
underwent either sham surgery or total ligation of the right ureter, 1.c. UUQ, via aseptic laparotomy
{Figure 12). From Days 0 o 5: mice undergoing sham surgery received vehicle control (8.5%
methyleelinlose + 1% Tween-80) via twice-daily oral gavage; mice with permanent UUO received
either vehicle control, CVC 7 mg/kg/day or CVC 20 mg/kg/day via twice-daily oral gavage.
Another group received the anti-transforming growth factor TGF-B1 antibody, compound 1D11
{positive coutrol} at 3 mg/kg/day from Days -1 to 4, injected mtraperitoncally ounce daily, and
vehicle control from Days 0 to 5. A CVC 100 mg/kg/day group (N=9} was initially included in the
study but was terminated early duc to moribundity (no analyses were conducted because no animal
reached Day 5). CVC doses up to 2000 me/kg/day were well tolerated in mouse toxicity studies
that did not involve surgical procedures. On Day 5, animals were anacsthetised, blood and tissucs

were collected prior to sacrifice.
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{06179} Study endpoinis: Study endpoints included: a) body and kidney weights; b)
fibrosis in obstructed kidney evaluated via histological quantitative image analysis of picrosirius
red staining (ten images/depth/kidney obtained and assessed in a blinded fashion using light
microscopy [at 200x] to enable sampling of 60-70% of the renal cortical area) and quantified by a
composite Collagen Volume Fraction (CVF [% total arca imaged]) score expressed as the average
positive stain across three anatomically distinet (200-250 pM apart) tissue sections, or depths,
from the obstructed kidney; ¢) hydroxyproline content of frozen renal cortical tissue biopsies as
asscssed by biochernical analyses; dy mRNA expression of profibrotic and inflammmatory
biomarkers (including MCP-1, Collagen lal, Collagen 3al, TGF-B1, Fibronectin-1, a-smooth
rauscle actin (-SMA) and connective tissue growth factor-1 (CTGF-1); assessed via Luminex®
{Life Technologies™, Carlsbad, CA, USA) assay with relative expression normalised to HPRT
{hypoxanthine phosphoribosyltransferase).
[60189] Statistical analysis: Data are expressed as wean + standard ervor of mean (SEM).
Statistical analyses were performed using GraphPad Prism® {GraphPad Software, Inc., San Dicgo,
CA, USA). Treatment differcuces between sham-surgery+vehiclecontrol and UUQ+vehicle-
control groups, and between UUO+vehicle-control and UUG+compound-1D11 {positive control)
groups, were analysed by unpaired -Test. Treatment differences between UUO+vehicle-control
and CVC-dose groups were analysed by one-way ANOVA (analysis of variance) with Punnett’s
test {post-hoc).

{00181} Methods: CVC demonstrated significant antifibrotic effects, as defined by
recductions in Collagen Volume Fraction or CVF (% arca stained positively for collagen in
histological obstructed-kidney sections), in a well-established mouse UUO model of renal fibrosis.
Trends were observed for decreases in Collagen tal, Collagen 3al, TGF-B1 and Fibronectin-1
mRNA expression in the obstructed kidney, but these did not achieve statistical significance.
Taken together, CV{’s mode of action, antifibrotic activity in animal models (kidoey and liver),
and extensive safety database support further evaluation in fibrotic discascs. A proof-of-concept
study in non-HiV-infected patients with NASH and liver fibrosis is planned. Phase IH tnals 1o
HIV-1-infected patients are also planned to evaluate a fixed-dose combination of CV/lamivudine
{3TC) as a novel ‘backbone’ versus tenofovir disoproxil fumarate/emiriciiabine (TDF/FTC) when

co-administered with guideline-preferred third agents.
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{60182} Results: Body weight and obstructed kidney weight: CVC 7 mglkg/day and
compound D11 {positive control} had no effect on body weight, whereas CVC 20 mg/kg/day led
to a modest, but significant, decrease (5%} in body weight, relative to that of the UUO+vehicle-
control group at Day 5 (p<0.05) (Figure 13; change wm body weight shown 1o grams [g]). No
significant treatment effects (CVC or compound 1D11 {positive control]} were observed on
obstructed or contralateral kidney weight or kidoey weight index versus the UUO+vehicle-conirol
group {data not shown). Histology: The composite measure of CVF (% area averaged across three
depths [=5SEM}) was significantly higher in the UUO+vchicle-control group compared with that in
the sham-surgery group {11.441.0-fold; p<0.05) (Figure 14). CVC 7 and 20 mg/kg/day and
compound 1D11 (positive control} significantly attenuated UUG-induced incrcases in the
composite measure of CVF {(averaged across three depths [#SEM]) relative fo that of the
UUQ+vehicle-control group (2B.628.8%, 31.8+6.8% and 50.3+x7.3% reduction, respectively;
p<0.035}.

{66183} Hydroxyproling content: Hydroxyproline content (% of protein) in obstructed
kidneys from the UUO-+vehicle-control group increased significantly relative to the sham-surgery
group {8.72% vs 0.27%; p<0.05) (data not shown). Neither dose of CV tested affected UUD-
mduced increases in obstructed kidney hydroxyproline content relative to the UUQ+vehicle-
control group; however, the compound 1011 {positive control} group had significantly lower
ievels (0.55% vs 0.72%; p<€.05) (data not shown}.

{00184} Profibrotic and inflammatory biomarker mRNA expression: For cach of the
biomarkers cvaluated (MCP-1, Collagen 1al, Collagen 3al, TGF-81, Fibronectin-1, o-SMA and
CTGF-1), expression of mRNA in the UUO+vehicle-control group ivcreased significantly
compared with that in the shamsurgery group (p<0.05) (Figure 15). CVC 7 and 20 mg/kg/day
attenuated UUQO-mduced increases i Collagen 1al, Collagen 3al, TGF-B1 and Fibronectin-1
mBRNA expression. However, these reductions, compared with the UUQ+vehicle-control group,
did not reach statistical significance. Compound D11 (positive control) significantly reduced
UUGQ-induced increases 1o mRNA expression of Collagen 1al, Collagen 3al, TGF-B1 and
Fitronectin-1 relative to the UUO+vehicie-control group (p<0.05). CVC 7 and 20 my/kp/day and
compound 1D11 (positive conirol) did vot have significant effects on UUQO-induced increases in
obstructed kidney cortical MCP-1, «-SMA and CTGF-1 mRNA expression, compared with the

UUO+vehicle-control group (data not shown for ¢-SMA and CTGF-1 mRNA ).
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[00185] Conclusions: CVC demonstrated sigmificant antifibrotic effects, as defined by
reductions in Collagen Volume Fraction or CVF (% area stained positively for collagen in
histological obstructed-kidney sections), in a well-established mouse UUQO model of renal fibrosis.
Trends were observed for decrcases in Collagen tal, Collagen 3al, TGF-B1 and Fibronectin-1
mRNA expression in the obstructed kidney, but these did not achieve statistical significance.
Taken together, CVC’s mode of action, antifibrotic activity in animal models (kiduey and hiver),
and extensive safety database support further evaluation in fibrotic discases. A proof-of-concept
study in non-HIV-infected patients with NASH and liver fibrosis 18 planmed. Phase I trials in
HiV-1-infected patients are also planned to evaluate a fixed-dose combination of CVC/lamivudine
(3TC) as a novel “backbone’ versus tenofovir disoproxil furmarate/cmiricitabine (TDF/FTC) when

co-administered with guidehne-preferved third agents.

Example 17: Improvements in APRI and FIB-4 fibrosis scores corvelate with decveases in sCD 14

in HiV-1 infected adults receiving cenicriviroc aver 48 weeks

{30186} Background and alms: Cenicriviroc {CVC), a novel, oral, once-daily CCRZ/CCRS
antagonist, has demonstrated favorable safety and ant-HIV activity in chinical trials. CVC
demonstrated antifibrotic activity in two animal models of liver disease. Post-hoc analyses were
conducted on APRI and FIB-4 scores in Study 202 (NCTO1338883).

{00187} Methods: 143 adulis with CCRS wopie HIV-1, BMI<35kg/m?2 and vo apparent
liver disease (ie, ALT/AST Grade<Z, total bilirubin<ULN, no HBV, HCV, active or chronic Hver
discase, or cirrhosis) were randomized 4:1 to CVC or efavirenz (EFV). APRI and FIB-4 scores
were calculated. Change in score category from baseline (BL) to Weeks 24 and 48 was assessed in
patients with non-missing data. Correlations between changes from BL 1o APRI and FiIB-4 scores,
and MCP-1 {CCR2 ligand) and sCD14 {inflammatory biomarker) levels were evaluated.

{6G188] Results: At BL, more patients on CVC than EFV had APRIZ0.5 and FIB-4>1 45;
proportion of CVC patients above these thresholds decreased at Weeks 24 and 48 (Table).
Significant correlations were observed at Week 24 between changes in APRI score and MCP-1
levels (p=0.014}, and between FIB-4 score and sCD14 levels (p=0.011), and at Week 48, between
changes in APRI (p=0.028) and FIB-4 scores {p=0.007) and sCD14 levels. (Table 11).
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Week X

{30189} Conclusions: In this population with no apparent liver disease, CVC treatment was

associated with improvements in APRI and FIB-4 scores, and correlations were observed between

changes in APRI and FiIB-4 scores and sCD14 levels at Week 48, Proven CCRZ/CCRS

antagonism, antifibrotic effects in animal models and extensive clinical safety data all support

clinical studies of CVC in biver fibrosis.

Example 18: In Vive Efficacy Study of Cenicriviroc in STAM Model of Non-alcoholic

Steatohepatitis

{38196} This in vive efficacy study was performed to examine the effects of Cenicriviroc in

the STAM ™ mouse model of Non-alcohslic Steatohepatitis.

Materials and Mcthods

Experimental Design and Treatment

Study groups
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{00191} Group 1-Vehicle: Eighteen NASH mice were orally administered vehicle at a
volume of 10 mb/kg twice daily (3:00 and 19:00) from 6 weeks of age.

100192} Group 2-Cenicriviroc 20 mg/kg (CVC-low): Eighteen NASH mice were orally
admunistered vehicle supplemented with Cenicriviroe at a dose of 10 mg/kg twice daily (20
mg/kg/day} (9:00 and 19:00) from 6 weeks of age.

108193} Group 3 ~ Cenieriviroe 100 mg/kg (CVC-gh): Eighteen NASH mice were orally
administered vehicle supplemented with Cenicriviroc at a dose of 50 mg/kg twice daily (100
mg/kg/day) (9:00 and 19:00) from 6 weeks of age.

{63194] Table 12 summarizes the treatment schedule:

Table 12

Group No. [Mice  Test substance gDosc Volume fRegimen Sacrifice
nice (rag/kg) imb/kg) (wks)
1 18 STAM {Vehicle - 10 Oral, twice daily, [ and 18

6-9 wks, 6 -1¥wks

2 18 STAM ICVC-low 20 i0 Oral, twice daily,6-19 and 18
3 wks, 6 -18wks
3 18 STAM CVC-high 160 10 Oral, twice daily,6-19 and 18
G wiks, 6 -18wks
Results

Part 1: Study for Assessing the Anti-NASH/Fibrosis Effects of CVC

{30195} Body weight changes and general condition until Week 9 (Figure 16)
{30196} Body weight gradually increased during the treatment period. There were no

significant differences in mean body weight between the Vehicle group and either the CVC-low or
the CV(C-high groups during the treatment period. None of the animals in the present study showed
deterioration in gencral condition throughout the treatment period.

{30197} Body weight at the day of sactifice at Week 9 (Figure 17A and Table 13)

130198] There were no significant differences in mean body weight between the Vehicle
group and either the CVC-low or the CVC-high groups (Vehicle: 189 + 3.3 g, CVCilow: 19.5 +
2.0 g, CVC-high: 187+ 0.9 g).
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Table 13: Body Weight and Liver Weight at Week 9

PCT/US2015/021828

Parameter Vehicle Cenicrivivoe-low Cenieriviroc-high
{Mean =SB {n=6} {n=6} {1=5)
Body weight (g} 189433 195420 187+09
Liver weight (sog) 12704 326 1334+ 99 13067 £ 119
Liver-to-body weight ratio {34) 6.6 0K 69+ 1.0 7.0+£08

130199} Liver weight and liver-to-body weight ratio at week 9 (Figures 17 B & € and Table
13}
{(0288] There were no significant differences in mean liver weight between the Vehicle

group and cither the CVC-low or the CVC-high groups (Vchicle: 1270 £ 326 g, CVC-low: 1334
+ 9% mg, CVC-high: 1307 = 119 mg).

100261} There were no significant differences in mean liver-to-body weight ratio between
the Vehicle group and either the CVC-ow or the CVC-high groups (Vehicle: 6.6 + 0.8%, CVC-
low: 6.9 £1.0%, CVC-high: 7.0 + 0.8%).

Whole blood and blochemistry at week 9

100202}
100203}

Whole blood glucose data are shown in Figures 18A-D and Table 14

There were no significant differences in blood glucose levels between the Vehicle
group and either the CVC-low or the CVC-high groups (Vehicle: 590 + 108 mg/dL, CVC-low: 585
+ 91 mg/dL, CVC-high: 585 = 91 myp/dL). 4.4.2. Plasma ALT (Figure 18B, Table 14). The CVC-
low and the CVC-high groups showed significant decreased in plasma ALT levels compared with
Vehicle group (Vehicle: 133 + 80 UVL, CVC-low: 58 = 12 U/L, CVC-high: 52 + 13 U/L).

Table 14: Blood and Liver Biochermstry at Week 9

Parameter Vehicle Cenicrivivoe-low | Cemicriviroe-high
{(Mean = SB) {n=6) {(n=6} {n=6)
Whole blood glucose {mg/dL) 590+ 108 585491 585+ 91
Plasma ALT (U/L) 133 4 80 S8 x12 52+13
Plasma MCP-1 {(pg/mal) 60+ 4 68 £ 16 91 +£14
Plasma MIP-1f (pg/mdL) 183 18+2 204
Liver triglveeride (mg/g liver) 408 £ 204 4854161 51.7+14.1
Liver hydroxyproline {pg/rog total protein) 0.75+£ 018 0.63 0405 0.62+0.09

100204

Plasma MCP-1 data are shown in Figure 18C and Table 14, The CVC-high group

showed a significant increase in plasma MCP-1 levels compared with the Vehicle group. There
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were no significant differences in plasma MCP-1 levels between the Vehiele group and the CVC-
low group (Vehicle: 60 + 4 pg/mL, CVC-low: 68 + 16 pg/mL, CVC-high: 91 + 14 pg/mb).

1302085} Plasma MIP-1§ data are shown in Figure 180, Table 14. There were no significant
differences in plasmoa MIP-1B levels between the Vehicle group and either the CVC-low or the
CVC-high groups {(Vehicle: 18 = 5 pp/mL, CVC-low: 18 £2 pg/mL, CVC-high: 20 = 4 pg/mL).
Liver Biochemistry at Week 9

{80266} Liver triglyceride content data are shown in Figure 18D and Table 14, There were
no significant differences in liver triglyceride content between the Vehicle group and either the
CVC-jow or the CVC-high groups (Vehicle: 40.8 + 20.4 mg/g liver, CVC-low: 48.5 + 16.1 mg/g
fiver, CVC-high: 51.7 = 14.1 mag/g liver).

106207} Liver hydroxyproline content data are shown in Figure 18E and Table 14, The liver
hydroxyproline content tended to decease in the CVC-low and the CVC-high groups compared
with the Vehicle group (Vehiele: 0.75 £ 0.18 pug/mg, CVC-low: 0.63 + 0.05 pg/mg, CVC-high:
0.62 £ 0.09 up/mg).

Histological Analyscs at Week 9

{B0208] HE staining and NAFLD Activity score data are shown in Figures 19 and 20, and
Table 15, Liver sections from the Vehicle group exhibited severe micro- and macrovesicular fat
deposition, hepatocellular ballooning and inflammatory cell infiltration. The CVC-low and the
CVC-high groups showed moderate improvements in inflammatory cell infiltration and
hepatoceliular ballooning, with a significant reduction in NAS compared with the Vehicle group
(Vehicle: 5.3 £ 0.5, CVC-low: 4.0 = 0.6, CVC-high: 3.7 = 0.8). Representative photomicrographs
of the HE-stained sections are shown in Figure 19.

Table 15 NAFLD Activity Score at Week 9

Score
Steatosis Lobular inflammation Hepatocyte baliooning NAS
Group n 8] 1 3 8] 1 2 3 8] 1 4 {Mean+8D)
Vehicle 5 4 5 5 53x05
Cernicriviroc-low 5 6 3 3 - 3 40208
Cenicriviroc-high 8 1 5 3 1 3 3.7+£08
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Definition of NAS Components

item Score Extent
O <5%
. 5-33%
Steatosis
>33-66%
>66%
Y None
Hepatocyte ballooning 1 Faw balloon cells
2 Many calls/prominent ballconing
0 No foci
. . 1 <2 foc/200x
Lobular inflammation .
2 2-4 focif200x
3 >4 foci/200x
[86289] Sirtus red staining data are shown in Figures 21, 22, 23 and Table 16. Liver sections

from the Vehicle group showed collagen deposition in the pericentral region of the liver lobule.
Compared with the Vehicle group, collagen deposition m the pericentral region was markedly
reduced in the CVC-low and the CV{-high groups. The fibrosis arca (Sirius red-positive arca)
sigruficantly decreased i the CVC-low and the CVC-high groups corapared with the Vehicle
group (Vehicle: 1.10 £ 0.31%, CVC-ow: 0.66 + 0.16%, CVC-high: 0.64 = 0.19%). The modified
fibrosis arcas were also significantly reduced in the CVC-low and the CVC-high groups corapared
with the Vehicle group (Vehicle: 0.61 + 0.23%, CVC-low: 0.29 + §.14%, CVC-lgh: 0.20
+0.06%).

Table 16: Histological Analyses at Week 9

FParameter Vehicle Cenicriviroc-low Cenicriviroc-high
{(Mean = SB) {n=0) (=5} {(n=0})
Sirwus red-positive area (%6) 110+ 0.31 0.66+0.16 0.64+£0.19
Modified Sirius red-positive area 0.61+0.23 0.29 £0.14 020+ 006
F4/80-positive arca (%) 4589+ [ 10 477+ 1.02 496 = 0.60
F4/80 and CD206-positive cells (%) 343+42 347463 33130
F4/80 and CP16/32-posilive cells (%) 335+£37 387176 415482
M1/M2 ratio (%) 99.6 £20.2 123170 1251219
Ol red-positive area (%) G.66 £5.02 6.51 £3.88 7.234£3.59
TUNEL-positive cells (%) 360437 433429 380453
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Cenicriviroc-high
Mousa Fhoto Total Teotal positive | Positive perivascular | Madified positive § Modified positive | Modified positive
15 NG. ared {pix) ared (pix) area {(pix} area (pix) area (%) area (%)
1 1284424 3749 8409 3340 (.28
2 1291238 3234 2491 743 0.08
301 3 1289200 4737 3491 1248 0.10 0.18
4 1252731 17225 12045 5180 0.41
5 1277575 8253 5119 1134 .09
1 1217885 16038 13242 27986 0.23
2 1248706 701G 4376 2134 0.7
302 3 1253036 14194 10834 3580 0.28 0.20
4 1301808 4814 2070 2844 0.22
5 1288289 7439 8404 1035 0.08
1 1285828 4308 3322 984 0.08
2 1287954 2159 15580 609 0.05
303 3 1279156 3201 2025 1176 .09 0.12
4 1265026 12848 537 41114 0.32
5 1285009 4011 3118 892 0.07
1 1284810 3685 1677 2008 0.18
2 1274697 2221 1222 94a 0.08
304 3 1288001 11358 8814 2542 0.20 0.28
4 1236232 10705 8252 2453 0.20
5 1217017 18781 10837 8224 (.68
1 1287425 577 2832 2942 0.23
2 1278985 2638 1733 905 0.07
305 3 1272127 7654 4214 3440 0.27 047
4 1289371 5726 3563 2163 0.17
5 1200639 3654 2171 1483 0.12
1 1238280 8253 2852 3401 .28
2 1270484 12855 11198 1459 0.11
306 3 1144610 20504 12793 7741 0.67 0.27
4 1282425 7268 4401 2985 0.22
5 1295488 1921 976 945 0.07
130210} Representative photomicrographs of Sirius red-stained sections of livers are shown
in Figure 21
{60211} F4/80 immunchistochemistry data are shown Figures 22 and 23, and Table 16

F4/80 irmaunostaining of liver sections form the Vehicle group demonstrated accumulation of
F4/80+ cells in the liver lobule. There were no significant differences tn the number and size of
F4/80+ cells between the Vehicle group and either the CVC-low or the CVC-high groups, as well
as in the percentage of wflammation arca (F4/80-positive arca) (Vehicle: 4.99 + 1.10%, CVC-low:
4.77 + 1.02%, CVC-high: 4.96 + 0.60%}.

{00212} Representative photormicrographs of the F4/R0-immunostained sections are shown
in Figure 22.

[00213] F4/80+CD206+ and F4/80+CD16/32+ immunohistochemistry data are shown in
Figures 24, 25, 26, 27, 2%, and Table 16). There were no significant differences m the percentages
of F4/80+(CD206+ cclis in macrophages between the Vehicle group and cither the CVC-low or the
CVC-high groups {(Vehicle: 343 = 4.2%, CVC-low: 34.7 = 6.3%, CV{-high: 33.1 & 3.0%). There
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was no significant ditference in the percentages of F4/80+CD16/32+ cells in macrophages between
the Vehicle group and the CVC-low group. The percentages of F4/80+CD16/32+ cells tended to
increase i the CVC-high group compared with the Vehicle (Vehicle: 33.5 £ 3.7%, CVC-low: 38.7
4+ 7.6%, CVC-high: 41.5 £ 8.2%). There was no significant difference in the M1/M2 ratio between
the Vehicle group and the CVC-low group. In the CVC-high group, the MI/MZ ratio tended to
merease cormpared with the Vehicle (Vehicle: 99.6 = 20.2%, CVC-low: 112.3 £ 17.0%, CVC-high:
1251+ 21.9%).

{00214] Representative photomicrographs of the F4/80 and CD206, F4/80 and CDI16/32
double-immunostained sections are shown in Figures 24 and 26.

{00215} Ol red staining data are shown in Figures 29, 30, and Table 16. There were no
significant differences i the fat deposition between the Vehicle group and either the CVC-low or
the CVC-high groups, as well as in the percentage of fat deposition arca (oil-positive arca)

(Vehicle: 9.66 + 5.02%, CVC-low: 6.51 £ 3.88%, CVC-high: 7.23 + 3.50%).

{66216} Representative photomicrographs of the oil red-stained sections are shown in Figure
29
{80217} TUNEL staining data are shown in Figures 31, 32 and Table 16. The percentages of

TUNEL-positive cells significantly increased in the CVC-low group compared with the Vehicle
group. There was no significant difference in percentages of TUNEL-positive cells between the
Vehicle group and the CVC-high group (Vehicle: 36.0 £ 3.7%, CVC-low: 43.3 £2.9%, CV(C-high:
39.0 4 5.3%).

{30218} Representative photomicrographs of TUNEL-positive cells in livers are shown in
Figure 31.

{40219} Gene Hxpression Analysis at Week 9 data are shown in Figure 33 and Tables 17-18.

Table 17: Gene Expression Analysis at Week 9

Parameter Yehicle Cenpleriviroe-low | Cenicriviroe-high
{(Mean &= SD) {n=6} (=) {n=0)
TNF-a 100024 116 £0.39 109023
MCP-1 160031 1.05£0.50 100£0.53
Collagen Type 1 100+ 042 0.63:0.10 0.73+0.04
THVP-1 1.00+£ 046 0.75 032 0.80+ 020

[y
[ %1
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Table 18: P values at Week 9

P values {Studant’s t-test, one<tailed) Body weight Ve vac:r--.g-bog ¥
weight weight ratio
V.S Cenicriviroc-low 0.3517 0.3265 0.2732
Vehicie
V8 Cenicriviroc-high 0 4487 $.3903 0.1929
o Whoia Plasma Plasma Plasma Liver Liver
ralues {Student’s t-tes - i i i

P values (Student’s t-test, one-tailed) hlood glucoss ALT ReP-1 MiP-18  trighveeride  hydroxyproline

V.S Cenicriviroc-low 0.4629 0.023% 0.1329 1.36861 0.2421 0.0784
Vehicie

V.5, Cenicriviroc-high (.4854 00177 0.0003 01687 0.1545 0.0861
P valies (Student's t-test, ona-tailed) THF-a MCE-1 Cg;;igf“ TIMP-1

V.8 Cenicriviros-low 0.2054 04143 0.0812 0.1473
Vehicle

V.S Cenicriviroc-high 0.2611 0.4982 0.0738 G173

NAFLD Siriys red- Modified Sirlus £4i89 F4/80 and F4/80 and CD WS Qit red- TUNEL-
P values {Student's ttest, one-tailed) Bty 't. - positive red-positive positive (@4l 16132 "a't.io- positive positive
cuvity score area aren area positive calis posiiive cells ' area calls

Vehicie V.S Cenicriviroc-low 00013 0.0058 0.0067 0.3833 0.4525 0.0818 0.1333 01254 0.00

V.8 Cenicriviroc-high $.0003 $.0054 0.0008 0.431 0.292 (.0273 00311 047 (1415
TNFa
100220} There were no significant differences i TNFo mRNA expression levels between

the Vehicle group and either the CVC-low or the CVC-high groups (Vehicle: 1.00 + .24, CVC-
fow: 116 2039, CVC-hugh: 1.09 £0.23).

MCP-1

100221} There were no significant differences in MCP-1 mRNA between the Vehicie group
and either the CVC-low or the CVC-high groups (Vehicle: 1.00 + 0.31, CVC-low: 1.05 + §.50,
CVC-high: 1.00 + 0.53}.

Coliagen Type 1

{36222} Collagen Type 1 mRNA cxpression levels were significantly down-regulated in the
CVC-low group compared with the Vehicle group. Collagen Type 1| mRNA cxpression levels
tended to be down-regulated in the CVC-high group compared with the Vehicle group. {Vehicle:

100 £0.42, CVC-ow: 0.63 £ 0.10, CVC-high: 0.73 £ 06.04).
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TIMP-1

{80223} There were no significant differences in TIMP-1 mRNA expression levels between
the Vehicle group and cither the CVC-low and the CVC-high groups (Vehicle: 1.00 £ 0.46, CVC-
low: 0.75 £ 0.32, CVC-high: 0.80+0.20).

Part 2: study for assessing the anti-HCC effects of CVC

Body weight changes until week 18 (Figure 35)

130224} Body weight gradually increased during the treatment period. There were no
significant differences in mean body weight between the Vehicle group and either the CVC-low or
the CV{-high groups during the treatment period.

{00225} Survival analysis data are shown in Figure 36, Four out of twelve mice died at day
59 (ID112), day 75 (D113, 115) and day 84 (ID116) in the Vehicle group (The furst day of
administration was designed as day 0). Six out of twelve mice died at day 62 (ID209), day 64
(ID217), day 75 (AD212), day 76 (ID213), day 84 (ID215) and day 86 {(ID20R} in the TV -low
group. Five out of twelve mice died at day 62 (ID317), day 65 (ID312), day 70 (1D316), day 78
(1D314) and day 85 (ID309) in the CVC-high group. There were no abnormal necropsy findings in
the dead animals except for the typical hepatic lesions of NASH. There were no significant
differences m survival rate between the Vehicle group and either the CVC-low or the CVC-high
groups. By consigner instruction, the rest of the animals were sacrificed earlier than scheduled at
1& weeks of age {(scheduled sacrificed at 20 weeks of age).

{00226} Body Weight at the Day of Sacrifice at Week 18 data are shown in Figure 37A and
Table 19. The body weight tended to decrease in the CVC-high group compared with the Vehicle
group. There was no significant difference 1o vocan body weight between the Vehicle group and
the CV(C-low group (Vehicle: 23.0+£ 23 g, CVC-ow: 22.9+ 3.5 g, CVC-high: 20.8 2.7 g).

Table 19: Body Weight and Liver Weight at Week 18

Parameter Yehicle Cenpleriviroe-low | Cenicriviroe-high
{(Mean & SD) {n=8} (=) (=7}
Body weight {g) 23.0x23 229+35 208+2.7
Liver weight (mg) 1782 = 558 1837 £ 410 1817 £ 446
Lavero-body weight ratio (%) 77422 83428 884273
{66227} Liver Weight and Liver-to-Body Weight Ratio at Week 18 data arc shown in

Figures 37B & € and Table 19. There were no significant differences in meaun liver weight

[ %1
ot
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~

between the Vehicle group and either the CVC-low or the CVC-high groups (Vehicle: 1782 + 558
mg, CVC-low: 1837 £ 410 mg, CVC-high: 1817 + 446 mg). There were no significant differences
in mean Hver-to-body weight ratio between the Vehicle group and cither the CVC-low or the
CVC-high groups (Vehicle: 7.7 £ 2.2%, CVC-low: 8.3 + 2.8%, CVC-high: .8+ 2.3%).

Macroscopic Analyses of Liver at Week 18

{00228} Macroscopic appearavce of livers 18 shown i Figures 38A-C.
{80229} Number of visible tumor nodules formed on liver surface are shown in Figure 39

and Table 20. There were no significant differences in the number of hepatic turmor nodules per
individual mouse between the Vehicle group and either the CVC-low or the CVC-high groups
{(Vehicle: 24 4.1, CVC-low: 1.5 £1.9, CVC-high: 3.6£2.5).

Table 20: Macroscopic Analyses of Liver at Week 18

Parameter Vehicle Cenicriviroc-low | Cenicriviroc-high
{Measn £ SD) {n=8) {n=h} {n=7)}
Nuraber of vigible tumor nodules 24+41 15+1.9 36+25
Maxamum dianmeter of visible tumor nodules (ram) 404+47 484354 53451
{60230} Maximum diamcters of visible tumor nodules formed on liver surface are shown in

Figure 40 and Table 20. There were no significant differences 1o maximurn diarocter of tumor
between the Vehicle group and either the CVC-low or the CVC-high groups (Vehicle: 4.0 £ 4.7
mm, CVC-low: 4.8 £ 5.4 mm, CVC-high: 5.3 & 5.1 mm}.

Histological Analyses at Week 1¥

{00231} HE stamning data are shown in Figure 41, HE staining revealed infiltration of
inflammatory cells, macro~ and microvesicular fat deposition, hepatocetlular ballooning, altered
foci and nodular lesions in the Vehicle group. Six out of eight mice in the Vehicle group exhibited
HCC lestous. HCC lesions were detected in five out of six mice in the CVC-low group and six out
of seven mice in the CVC-high group. No obvious differences were found between the Vehicle

group and either the CVC-low or the CVC-high groups.

138232} Representative photomicrographs of the HE-stained sections are shown in
Figure 41.
{40233} GS immunohistochemistry data are shown in Figure 42, GS-positive nedules in the

sections were detected in six out of eight mice in the Vehicle group, five out of six mice in the

CVC-low group and seven out of seven muce in the CVC-high group, respectively.
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{00234} Representative  photomicrographs of the GS-stained sections are shown n
Figure 42.
{B0235] CD31 immunohistochemistry data are shown in Figures 43 and 44 and Table 21.
The CD31-positive arca tended to decrease in the CVC-low group corapared with the Vehicle
group. The CD31-positive arca tended o increase in the CVC-high group compared with the
Vehicle group (Vehicle: 2.71 + 1.36%, CVC-low: 1.47 + 1.10%, CVC-high: 3.68 + 1.37%).
138236} Representative photomicrographs of the CD31-stained sections are shown
Figure 43.

Table 21: Histological Analyses at Week 18

Parameter Vehicle Cenicriviroc-low Cemcriviroc-bigh
(Mcan + SD) (n=8) {n=6} (n=7)
CD31-positive area (%) 2,71+ 136 147 +1.16 3.68+ 137

Table 22: P Values at Week 18

P value (Student’s t-test, Body Liver Liver-to- The number Maximum CDat-
one-tailed) Weight | Weight | body weight | of visible diameter of positive area
ratio tumor nodules | visible tumor
nodhiles
Vehicle vs Cenicriviroc-low | 0.4758 | 0.4215 | 0.34] 6.319 0.3812 0.0456
Vehicle vs  Cemeriviroe- | 8.0574 | 0.4476 | 0.184 0.2574 0.3096 0.0972
high

P valucs (Logras 3

urvival Cu

Vehicle vs Centeriviroc-low

0.7513

Vehicle vs Cenicriviroc-

high

0.5701

SUMMARY AND DISCUSSION

{30237}

i the analyses at week 9, treatment with low and high dose of CVC significantly

reduced fibrosis area in a dose dependent ranner, dervonstrating anti-fibrotic effect of CVC in the
present study. Treatment with low and high dose of CVC also reduced the mRNA cxpression
levels of Collagen Type 1 aund liver hydroxyproline content, supporting its anti-fibrotic property.

CV treatment groups significantly decreased plasma ALT levels and NAS compared with the
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Vehicle group in a dose dependent manner. The improvement in NAS was attributable to the
reduction in lobular inflammation and hepatocyte ballooning. Since hepatocyte balloouning is
derived from oxidative stress-induced hepatocellular damage and is associated with disease
progression of NASH {26; 271, it is strovgly suggested that CVC iroproved NASH pathology by
inhibiting hepatocyte damage and ballooning. Together, CVC have potential anti-NASH and
hepatoprotective effects in thas study.

{B0238] As shown in humans, plasma MCP-1 levels increased by the treatment with CVC in
the present study, indicating dose-dependent antagonista of CCR2 by CVC, but plasma MIP-18
levels did not show any significant changes by the treatruent. To investigate the mechanism of
action of CVC, we evaluated the effect of CVC on population of the macrophages. Preliminary
results dermonstrated that CVC showed the tendency of high M1/M2 ratio compared with Vehicle
group, suggesting that CVC might inhibit the fibrogenesis by regulating the balance of
macrophage subpopulation in the fnflamed Hiver. This will be further investigated m the future.
{60239] in the analyses at week 18, the effect on NASH-derived HCC was not ohserved in
the CVC treatment groups. [n conclusion, CVC showed anti-NASH, hepatoprotective and anti-

fibrotic effects in the present study.

Example 19: Receptor-Binding Properties of CVC and Metabolites

{60248} CVC has the unique property in vitro of being a CCR2 antagonist with 50%
inhibitory concentrations (ICS50) of 5.9 vmol/L. CVC dose-dependently 1ohibiied the binding of
RANTES, MiP-1g, and MIP-1] to CCRS5-expressing Chinese hamster ovary ({CHO) cells with an
IC50 of 3.1, 2.3, and 2.3 nmol/L, respectively. CVC achieved > 90% receptor occupancy for
CCRS at concentrations of 3.1 oM for D4+ and 2.3 M for CD8+ T-cells ex vivo in humans [4].
CVC inhibited the binding of MCP-1 to CCR2b with an ICS50 of 5.9 nmoVE. CVC achicved ~98%
receptor occupancy for CCRZ on monocytes at 6 nM ex vive i humans and reduced CCR2
expression on monocytes in the absence of MCP-1. CVC only weakly inhubited ligand binding to
CCR3 and CCR4. OV did not 1nhibat higand binding to CCR1 or CCR7. OV blocked RANTES-
induced CaZ+ mobilization.

{00241} Two metabolites of CVC (M-I and M-I} were detecied in animal studies {see
Example 20); M- was a major metabolite in monkeys and dogs, M-I was a minor metabolite in

all species. M-I mhibited the binding of RANTES to CCRS-cxpressing cells with an IC50 of 6.5

60
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mmol/L, which is approximately 2-fold the ICS0 of CVC. M-I had no effect on binding of
RANTES.

Example 20: ldentification of Metabolites

{66242} After single-dose, oral administration of [14C]CVC at 3 mg/kg to fed animals,
unchanged CVE was the wajor component detected o the plasma of rats and dogs, the AUCH-24
ratio of CV to total 14C being 38.9% and 47.4%, respectively [44]. In monkeys, this ratio was
only 12.9%, whereas a relatively large arsount of metabolite M-1f was detected, the AUCO-24 ratio
of M-l to total 14C being 34.3%. Especially in dogs and monkeys, the amounts of M-I were
significantly greater after oral administration than after IV administration. These results suggost
that CVC can be wetabolized to M-I before reaching the systemic civculation. Minor roetabolites,
including M-I, T-1184803, and T-1169318, were also detected in the plasma of rats, dogs, and
monkeys. It is postulated that the wetabolite M- s formed by oxidation of the sulfinyl meicty of
CVC and that M-I is formed by the subsequent reduction of the sulfinyl moiety with cleavage of
the C-S bond of the [(I-propyl-1H-imdazol-5-yhmethyllsulfinyl group, followed by S-

methylation.

CLINICAL TRIALS

Example 21: Short-Term Efficacy Data in HIV-1 Infected Adult Subjects

Methods

130243} A Phase 2a double-blind, randomized, placebo-controlled, dose-gscalating study
evaluating the antiviral activity, PK, safety, and tolerability of voonotherapy of CVC for 10 days in
subjects with CCRS-tropic HIV-1 infection. Participants were required fo be antiretroviral
treatment-expericnced, CCRS antagonist-natve, with HIV-1 RNA levels of at least S000 copics/mL
and CD4+ cell counts of at least 250 cells/mm’ was performed. Groups of 10 subjects were
sequentially enrolled in a ratio of 4:1 subjects per cohort to receive CVC (25, 56, 75, 100, or 150
mg) ot maiching placebo. All subjects received once-daily doses of CVE or placebo for 10 days
and were followed to Day 40.

Demographics and Other Basehue Characteristics

{30244} A total of 54 subjects were enrolled into this study. Demographics were generally

similar across the dose groups. A majority of the subjects in cach dose group were male (66.7% to

61
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100%), and roedian age ranged from 33.5 years {placebo group) to 45.0 years (1530-mg group).
Most subjects were Caucasian or African American. Median BMI ranged from 22.9 kg/m?2 (100-
mg group} to 274 kp/m2 (25-mg group). Median HIV-1 RNA values ranged from 4.00 logiQ
copies/mL (150-mg group) to 4.60 loglO copics/ml. (75-mg group). Median CD4+ cell count was
highest in the 150-mg group (508.0 celis/mm’) and ranged from 402.0 to 460.0 cells/mm’ across
the reroaining groups.

Efficacy and Safety Results

100245} CVC showed a potent effect on HIV-1 RNA levels that persisted after completion
of treatment. The median nadir changes from baseling for the 25-, 50-, 75-, and 150-mg doses were
~0.7, 1.6, =1.8, and —1.7 log'" copies/mL, respectively, in CCRS5-antagonist naive, treatment-
experienced HIV-1 mfected subjects. These results dervonsirate the potent antagonistic CCRS
activity of CVC. The mean changes in HIV-1 RNA levels are shown in Figure 45.

{60246} Exploratory assessment of changes i MCP-1 {(a hgand of CCRZ, which s a
chemokine co-receptor expressed on pro-inflammatory monocytes, also known as CCL2), hs-CRP,
and [L-6 were performed and significant dose-dependent incresses in MUP-1 were observed
{Table 23}.

{80247} On Day 10, least sguare mecan MCP-1 lovels were 56.3, 94.2, 34.4, and 3343
pg/ml higher than at Baseline in the 25-, 50-, 75-, and 150-mg dose groups, respectively,
compared to a slight decline in the placebo group. At the 50- and 150-mg doses, these results were
statistically stgntficant (p=0.024 and p<0.001, respectively). These results demonstrate the potent
antagonistic CCR2 activity of CVC. CVC had no cffect on hs-CRP or 1L-6 levels overall in thig

10-day stady.

Table 23

Parameter Placebeo CVC 25mg CVC 58 mg CVT 75 mg CYVC 156 mg

Baseline, pg/ml =10 =9 n=7 u=7 n=8
Mean 224 200 12.6 26.6 31.6
Median 18.5 160 6.0 8.0 19.5
Range 6-50 7-44 3-37 5-492 3-82

Day 10, pgmb =10 =9 n=7 =7 n=3
Mean 210 753 101.3 59.1 372.0
Median 12.5 3.0 65.0 435 368.0
Range 5-52 13-287 21-266 20-128 79-605

Change frow Baseline to Day 10 n=10 n=9 u=7 n=7 u=8
LS mean -1.9 +56.3 +94.2 +34.4 +333.4
P-vahiea 0.095 $4.024 0.222 <0.001

Median 0.0 +25.0 +56.0 +36.0 +322.0

Abbreviation: LS, least squares
a  P-values were one-sided and based on comparison of each dose of CVC with placcho withowt multiple comparisons
adjusiment.
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Adverse Events

130248} Cenicriviroe was generally well tolerated at the doses studied and no safety
concerns were identified. There were no deaths, SAEs, or other significant AEs, and there were no
discontinuations because of an AE. Most treatment-cmergent AEs were mild or moderate in
severity. Subjects who received 150 mg of CVC (ie, the highest dose studied) had more Aes
compared to subjects in the other dose groups, although the severity of AEs was comparable across
all dosc groups. The most commmon (& 10%) treatment-cracrgent AEs in this study were nausea

{18.5%), diarrhea (16.7%), headache (14.8%), and fatigue (11.0%).

Laboratory Safety

{30249} There were 6 subjects with ALT and/or AST elevations in the 25 myg (2 subjects),
50 mg (2 subjects), 100 mg (I subject), and 1530 mg (1 subject) dose groups, and 1 subject with an
AST clevation in the placebo group during the observation peried. All clevations were Grade 1,
were isolated except in 2 subjects (both in the 50-mg dosc group) who had more than a single
clevation, and resolved without sequelae. The 2 subjects who had more than a single elevation
were in the 50 mg dose group, and one of these subjects had a Grade 1 clevated AST at baseline.
The AST clevations observed in subjects in the 100 mg and 150 mg dose groups during treatment
{observed in 1 subject in cach dose group), returned to normal values during continuation of
treatroent. No Grade 2-4 elevations in ALT or AST occurred during the stady.

{30256} The only Grade 3 or higher laboratory abnormalitics were a Qrade 3
hypophosphateria o the 25 mg dose group that was present betore dosing, a Grade 4 clevated
triglyceride in the 50 mg dose group in a subject who had a Grade 3 triglyceride at baseline, and

Grade 3 and 4 amylase and lipase, respectively, in a subject with a prior history of pancreatitis.

Cardiovascular Safety and Physical Examinations

{60251} A Grade 3 systolic hypertension was observed wn a subject in the 150-mg dose
group who had a Grade 2 clevation in systolic blood pressure at baseline. There were no clinically
relevant physical examination or ECG findings.

130252} As previously described, CVC has a dual activity as a CCRS and CCR2 antagonist.

Exploratory assessment of changes in MCP-1 (the ligand of CCRZ, also known as CCL2), hs-CRP,
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and IL-6 were performed and significant dose-dependent increases in MCP-1 were observed (see
Table 24}, On Day 10, least square mean MCP-1 levels were 56.3, 94.2, 34,4, and 334.3 pg/mbL
higher than at Bascline in the 25, 50, 75, and 150 mg dosc groups, respectively, compared to a
shight dechine 1n the placebo group. At the 50 and 150 mg doses, these resulis were statistically
significant (p=0.024 and p<0.001, respectively). These results demonstrate the potent antagonistic

CCR2Z activity of CVC. CVC had no effect on hs-CRP or IL-6 levels overall 1o this 10-day study.

Table 24 Summary of MCP-1 Levels by Cohort — Study 201

Parameter Placebe CV 25 myp CVCS8hmg [ CVC78mg | CVC 158 myg
Basehne n=10 n=9 w7 =7 =8
Mean 22.4 20.0 12.6 26.6 31.6
Median 18.5 16.0 6.0 8.0 19.5
Range 6-50 7-44 5-37 5-92 8-82
Day 10, pg/ml n=10 =9 =7 e s
Mean 21.0 753 101.3 59.1 372.0
Median 12.5 39.0 65.0 435 368.0
Range 5-52 10-287 21-266 20-128 79-605
Change from Baseline to Day 10 | n=10 n=9 w7 =7 =8
LS mean -1.9 +56.3 +94.2 +34.4 +334.3
P value® - 0.095 0.024 0.222 <0.001
Median 0.0 +25.0 +56.0 +36.0 +322.0

Abbreviation: LS, least squares
¢ P-values were one-sided and based on comparison of each dose of CVC with placebo without multiple
comparisons adjustment.

Resistance Data

130253 in Study 201, drug resistance testing was performed at Baseling, Day 7, and Day 40

{or at the “Early Termination” visit, if applicable). All subjects with evaluable samples remained
fully susceptible to CVC.

Viral Tropism
{30254] All subjects 1o Study 201 were tested for viral tropism to exclude that thew virus
was CXCR4 tropic or dual/mixed. All subjects had CCRS-tropic virus at screening (based on the
enhanced sensitivity profile assay). A total of 39 subjects on CVC had evaluable samples
following treatment, and one of these subjects (in the CVT 150 mg dose group) was found o have
dual/mixed-tropic virus on Day 10, Further testing (at another laboratory using a different assay)
revealed that this subject had mainly CXCR4-tropic virus at Baseline, therefore, this subject should
not have been enrolled in the study according to the inclusion criteria. This subject did not respond
to CVC treatment; the largest decrease 1o HIV-1 RNA of this subject was 0.13 logis copies/mL

below the baseline value.
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Pharmacokinetic/Pharmacodynamic Relationships
{B02585] For all doses tested in Study 201, a more than dose proportional increase in
exposure was observed for “Formulation F17, which was used for all but the 100 mg dose cohort.
[60256] Drug respouse was characterized using the following maximum effect (Enax) model:

E=Ep+ (fus — Ee¥C"

ICaf+47

where E is effect, EQ is the baseline effect (fixed to (), Juax 18 the maximum inhibition, C denotes
the PK variable (AUCq24, Chax, Or steady-state concentration [Cql), ICse 18 the value of the PK
vartable which corresponds to 50% of the maximom inhibition and v is the shape parameter which
describes the degree of sigmoidicity.
{60257} The Emax of CVC i the PK/PD model was —1.43 log, copies/ml. Based on the
Emax model, average Cy, of CVC for the 25, 30, 75, and 150 mg doses were expected to result in
54.9%, 79.8%, 85.9%, and 93.9% of the maximum inhibttory effect of the drug. Thus, dose levels
of 75 and 150 mg QD displayed potent antiviral activity, with PD effects greater than 80% of the

Epm of CVC in HIV-1anfected subjects,

Example 22: Long-Term Efficacy Data in HIV-1 Infected Adult Subjects

Efficacy Results of Study 202

Study Design and Objectives

{30258} This was a randomized, double-blind, double-dommy, 4R-week comparative study
evaluating efficacy and safety of CVC 100 mg and CVC 200 mg compared to approved
antiretroviral agent efavirenz (EFV, Sustiva®), all administered in combination with approved
antiretroviral agents emtricitabine/tenofovir disoproxil fumarate (FTC/TDF), in HIV-1 infected,
antiretroviral treatment-naive adult subjects with only CCRS-tropic virus. Subjects with a history
of HIV-2, hepatitis B and/or C, cirrhosis of the liver or any known active or chronic active liver
discase were excluded from the study.

[60259] Approximately 150 subjects were planned to be randomized (143 subjects were
actuall randomized) in a 2:2:1 ratio to CVC 100 mg + placebo, CVC 200 mg + placebo or the
approved antiviral agent efavirenz (EFV) + placebo, all 1 combination with approved antiviral
agents emiricitabine/tenofovir disoproxil fumarate (FTC/TDF) provided as open label study drug

i a fixed dosc combination formulation (TRUVADA®). A pharmacokinetic asscssment was
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conductedin the first 25 study subjects to confirm that adequate CVC plasrua exposures were
achieved at the selected doses of CVC 100 mg and CVC 200 mg prior to corolling the remainder
of the study population.

Demographic and Raseline Characteristics

{40260} Most subjects were male {94%) and white (62%), with a mean age of 35 years and a
mean body mass index of 26.2 kg/m”. Tn total, 32% of subjects were Black/African American. In
addition, 24% of the randomized subjects were of Hispanic ethnicity.

{60261} At Bascline, the median duration of HIV-1 infection (ie, time {months] since first
positive HIV-1 test to informed consent date) was & months, the mean HIV-1 RNA was 4.50 log'”
copics/mL. {(80% of subjects had viral load < 100,000 copies/mL), and the mecan CD4+ cell count
was 402 cells/mm” (58% of subjects had CD4+ cell counts > 350 celis/mm3),

Primary Efficacy Results

{60262} The primary ethicacy endpoint was vivologic respounse at Week 24, defined as HIV-
I RNA < 30 copies/mL using the FDA Snapshot Algorithm. The percentage of subjects with
virologic success {responsc) was cormparable among the 3 treatment arms (76% with CVC 100 mg,
73% with CVC 200 mg, and 71% with EFV). More subjects in the EFV arm prematurely
discontinued the study (11 out of 28 subjects, 39%) than in the CVC 100 myg arm (17 out of 59
subjects, 29%) and the CVC 200 myg arm {15 out of 56 subjects, 27%).

{60263} The Week 48 data were consistent with the data observed at Week 24, The
percentage of subjects with virologic success over time was generally comparable among the 3
treatment arms, although higher in the CVC arms compared to the EFV arm at Week 48 (68% with

CVC 108 mg, 64% with CVC 200 mg, and 50% with EFV}.

Secondary and Exploratory Analyses

Biomarkers of Inflammation

100264} As an cxploratory analysis, levels of inflamraation biornarkers MCP-1, sCD14, high
sensitivity C-reactive protein [hs-CRPY, interleudan-6 [I1L-6], D-dimer, and fibrivogen) were
measured. Baseline valucs and changes from baseline at Week 24 and Week 48 of MCP-1, sCD 14,
hs~CRP, IL-6, D-dimer, and fibrinogen are surnmarized in Table 25,

Table 25
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Parameter

CYC Ve EFV
104 mg 260 myg GO 6 mz
Alean {SE) JMean (3EY Xlean {SE}

Aledian Onin; max)

Afedian (min; max}

Xledian £min; maxi

MCP-1 (pg/miy

Basedine vialue

Chauges from bascline

at Weel 24

Changes from baschne

8 Weekl 48

£93 {35,
430 §184, 2

[

sCP14 §x 18° pgiml) {or

Baseline value

Changes frem baseline

at Week 24

Chauges from baschae

af Week 48

004 (5081

004 (-1.24, 115

[

2O {083,395

A-ORP (mgidly

Baseline value

Changes frem baseline

at Week 24

Changes from baseline

at Week 48

0,96 {3,149
0.17% {302 6.81)
£5.0% 02383
S3.04 1403 4.7
BT EHRAE)

004 (313 0.67)

I1.-¢ {pg'mly

Baseline value

)

Loy

[

Changes frem baseline

at Week 24

|72
]

Q.0

Changes from baschine

at Week 458

500 204,10, 5.00)
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VL A EFV
169 1mg 204 mz G g
Parsmeter 3ean (SE} Aean {SE Alean {SE}
N Median (min; max} ™ Fledian Omin; max) ™ Aledian (min; WaxX)}
D-dimer {ng'mi}
BTN 163 (190}
Baseline value 48 o ; 54 27 )
N 150 €45 04} 156 {49: 3501
Changes frem baseline o1 45 16 PRESEE S
af Week 23 o ) - 38 {350 1563
Changes from basehue 4 29 . 3428
at Week 48 “ > 0.0 {-360; 150}
Fibvinoegen {mg/dL)
. 348 {883 2R {1E5)
35 & v Rine 35 = X - 23 c o
Bascline value ‘ * 260 {ES 47%) < 245 {138 5100
Changes frem baseline s s et SIS {190
at Week 24 o ) - SRUERT LT
Changes from bascline 43 30 - RS RN
at Week 48 : B 27164 109

M = mamber of subjects.

Note: Baveline was definad 25 the last non-mussimg assessanent oy o miBation of shady freatiment.

* Patrwise comparsons with the EFV arm, vsng TRMesns based nn an ANCOVA model with fetors for trestment, baseline,
snd HIV-1 RMA 2t Baseline, shooved povaluss <0001,

# Dufferences between treatment anms, as sssessed with a van Eleren test onntrotiing for baselus HEV-1 RMA s statishicadly
sigmfivant {p-valve: 8.048%

[(60265] A dose-response was observed with CVC 1n increases over timae of MCP-1, a higand
of CCRZ, while MCP-1 remained at baseline values in the EFV arm (see Figure 46). The
differences n changes from bascline of plastoa MCP-1 between the EFV and CVC 100 mg and
CVC 200 mg treatment arms were statistically significant (p<0.001) at Week 24 and Week 48 (see
Table 25).

{83266} In addition, a decrease over 48 weeks of treatment was observed for sCD14 (lincar
rnixed-model analysis of repeat sCD 14 analysis, sce below) in both CVC treatment arms, while an
increase was observed for sCPD14 in the EFV arm during the same observation period (see Figure
47}, Soluble CD14 s 2 biomarker of monocyte activation and has been independently associated
with morbidity and rortality 1o large, long-terra cohort studies 1o HiV-iufected patients and with
worse clinical outcomes in patients with chronic viral hepatitis and patients with severe hepatic
fibrosis,

{30267} The sCD14 samples were originally analyzed in 2 separate batches: Batch |
meluded sarmaples leading up to the Week 24 primary analysis and Batch 2 included Week 32 and
Week 48 {end of study) samples. Results for changes in sCD14 from bascline from the 2-batch

analysis are presented in Table 25. A repeat analysis of archived saroples all analyzed in one batch
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was conducted for consistency in analysis across time points. To control for the cffects of
covariates, a lincar mixed-model repeated-measures analysis was conducted on the changes from
bascline in sCD 14 (analysis dated September 2013} With the exception of changes from baseline
to Week 32 1o the CVE 200 mg arro, reductions i sCD14 levels observed with CVC at both doses
{100 and 200 mg)} over 48 weeks of treatiment (LS means) were statistically significant compared

to increases observed with EFV (p<(.03) (sce Table 26 and Figure 47).

Table 26
CVC 100 me LV 200 mg EEV 600 me
Mean (S¥) Meamn (SE) Measn (SE)
FParameter N Medisn (min; max) N Medisn (min; max) N Median {(min; m3x)
Original values: sCD14 (x 10° pg/mi) Week 48 Final Analysis (June 2013)

o e 186 0.063) ) T 8% (6,060} 760 (0,105
Haseline value >3 1.73 (1.07:3.77) 4 1.86 (1.05; 3.76) & 202 (0.93: 2.95)
Changes from bascline af -0.14 (0.034* -0.23 (0.070y* 0.09 (0.160}

Week 12 st .16 (-1.14: 0.95) 5o | 0.21¢239;08%) 22§ 0.18(-1.45; 1.61)
Chaunges froms haseline at -3.19 (0.0643* -0.23 (0.066)* 0.23 (0,143

Week 24 48 018 (-1.33; 0.95) 44§ 0,49 (-1.78:0.80) 20 {013 (-1.60; 1.33)
Changes from basefine at .11 (0.072) .02 (3.084yF (.48 (0.186)

Week 32 44 0.12 {(-0.68; 1.39) 43 | 007 (-1.53; 1.00) 19 10,17 (0.97:2.12)
Chasnges from baseline at 0.10 (0.070)* -0.04 (D.081)* 0.64 (0.178)

Week 48 41 0.10 (0.63; 1.96) 39 | 0.04(-1.24; 1.15) 18 | 0.46 (:0.50; 2.51)
130268} (Changes in other biomarkers of inflammation (hs-CRP, IL-6, D-dimer) were similar
in the CVC and EFV treatment groups.

APRI and FIB-4 Scores
{30269} Furthermore, i post-hoc analyses of data from this stady that enwolled subjects with

no apparent liver disease according to stringent eligibility criteria (HIV-1 infection and without
ALT/AST Grade > 2, total bilirubin > ULN, HBV and/or HCV, active or chronic liver discase,
cirrhosis or BMI > 35 kp/m?2), improvements in AST-to-platelet ratio index {(APRD) and
noninvasive hepatic fibrosis index score combining standard biochemical values, platelets, ALT,
AST, and age (FIB-4) scores were observed over time 1o = 10% of all CV-treated subjects
{pooled data for CVC 100 mg and 200 mg) (Figure 48). In the EFV arm, 5% of subjects at Week
24 and 6% of subjects at Week 48 had a decrease in APRI score by one category from baseline; no
subject treated with EFV decreased in FIB-4 score by one category where all subjects had scores <

1.45 at baseline.
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{80276] As mentioned above, in this study, CVC also had a significant effect on sCD14, an
important marker of monocyte activation. ln the same post-hoc analyses described above,
statistically significant corrclations were observed between changes in FIB-4 score and sC 4
levels 1o CVC-treated subjects at Week 24, and between changes in APRI and FIB-4 scores and

sCD 14 levels at Week 48. The Week 48 results are shown in Figure 49 and Figure 50,

Safety Resuits

Extent of Exposure

{60271} The mean duration of intake of study medication (CVC or EFV) was longer in the
CVC arms than i the EFV treatment arm (41.2 and 40.9 weeks with CVC 100 mg and 200 mg,
respectively, versus 36.2 weeks with EFV), which was driven by the higher discontinuation rate in
the EFV arm.

Surnmary of All Adverse Events

{60272} In total, 51 subjects (88%), 4¥ subjects (84%:), and 27 subjects (96%) had at least 1
AE 1n, respectively, the CVC 100 mg, CVC 200 mg, and the EFV arm. The most frequently
reported AEs (preferred terms in > 10% of subjects in any of the 3 treatment arms) were nausea,
upper rospiratory  tract infoction, diarrhea, headache, rash  covents, fatigue, dizziness,
nasopharyngitis, abnormal dreams, insomnia, lymphadenopathy, depression, and syphilis (Table
27). From these most frequently reported AEs, headache, fatigue, and upper respiratory tract
infection were reported more frequently 1o the CVC arms than in the EFV arm; and dizziness,
abnormal dreams, insommnia, lymphadenopathy, depression, and syphilis were reported more

frequently in the EFV arm than m the CVC arros.
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Table 27

OV £V All
136 mg 2t mg v EFV
Preferved Term, n (%6} {N =88} (N =5§7) (N =115} {N =285}
Mean (SE} duration of inteke study
medication (weeksi 1.2 {188} 46.9 {1.8%; 2.2 (.64}
Any AE 5E (88 48 (5348 99 (85%) 2T {%6%}
Nausea 10 {17%) 18 {16%) 5 {21%}

Upper respiratary tract infection 9 {186%) 12 gi 853

Dhavhoea T{12%%) 17 {13

Headachs S {16%) 18 gi;i'?m i
Bash® T {12%%) 13 {120 5 {182
Fatigue £ {10%) 14 {12%) Ry
Dizziness ] 1 {N” 23 7 {29}

Nasopharyngitis

Abnormal dreams (108 5 {21%}
Insommia & 4 {14%]
Lymphadennpathy 3{5%%; 4 {14%;]
Diepression 2 {3%) 3 {11}
Swphilis 1 (2%} i 3{11%)

;"’ = number of 2 Qde»tx i = number of observations
were LO«EA veag ] t‘DRA version 131, Oulyv a mcxbc svents with an oaset date o the dase of the
sed. For subjects whe exy i t

he event with the highest severiiy is presented.

SAIBE CO tLd ev em‘ more *l\ af: onwe, mk
Mot that exposure i b Ksc o ITT poyw fation.

b
Included sash, saah maculopapular, vash prositic, rast

i geier alized by and rash p 8 :mm 2 )N

100273} Most AEs were mild or moderate (Grade 1 or Grade 2). Grade 3 or 4 AEs arc
summarized in Table 29. The percentage of subjects who experienced a Grade > 3 AE was lower
m the CVC arms {total of 4%) than m the EFV arm (15%). One subject (Subject 06007) in the
EFV arm had a Grade 4 AE of suicidal ideation, which was considered serious. No Grade 4 AEs
were reported in CVC-treated subjects. None of the Grade > 3 AEs {preferred terms) were reported
in more than 1 subject. Table 28 provides an overview of deaths, SAEs, AEs, AEs by severity,

AEs related to study medication, and AE leading to discontinuation.



EFV

C

OV

AR

PCT/US2015/021828

TV
268 mg

€

TV
168 mg

take sindy

WO 2015/143367

28

medication Deeeksy

o

Number of Subjects with AE, n (%o}

Menn (§E) duralion of in

Tabl

sl P
- P
o o1 I 7
] et K
v . el P
g o g
u
1
e
2
o
% G ¥
R - I e Le =
ol 4] L [ &
s <F o et i) o
(g e et o e ﬂ
o ) =t P o
bt 8] g [+
e
&
Fet
Fhi
E o &
& i) .
% 4 o
e - s [
= I
L4
b
14
[
i
- p
o o)
& &
Gy " n &
26 ol Lo o
e =
] )
W

&
K
&
5
o]
£
)
“
“

i+
L
fd
o

oo

oo}

o

S

=

o

3 2

e [

[

k4

&

oot

Yo

"

o

ot

i

2

s, "

T [89]

& )

o g4
ﬂp_ 2 4
7] - [=
g 5 .2
e o gf ey w4 5
ATy T
f] o et et b ~ ol
e @ moomoan 1w fesd
T e . "
b2 [0 SR A =
) S} 5
qx i 1 [ ] 4k LT
P - -
vl s 154
v e 2] =]




WO 2015/143367 PCT/US2015/021828
Table 29
Systems Organ Classification CV( 108 mg 13 AR CVC EFV

Preferrved Term. n {%2}

(N = 58)

(N = 115} (N =18}

Mean (SE} duratiesn of intake study
medication fweelos}

41.2(1.8%)

417 (1.33} 26.2 (3. 64)

Ay Grode 3 AE 23%) F (4% 362y
Any Grade 4 AF & & 1 (4%}
Investigations i

Blood creatine phosphokinase i &

Weight decreased &
Psvchiatric disorders 1 (2%}

Drepression 5

Stresy 14z

Swicidal ideation &

Cardiac disorders
Palpitations

Ear and Iabyrinth diserders g
Tunitus g
Eve disorders it
Blindness mnlsteral {t

Gastrointestinal disorders
Abdominal pam

Genersl disorders and administration

site conditions &
Pyrexia ¢
Infections and infestations i
{orneal wfection it
Skin :md suboutanenus tssne diserders 1]
Drermatitis allergic i
M = munber of subjectsin=a

Note:  Adverse events were ¢
first dose of swds
same \".'odfr': eve

**e }'4

£

o8

14

Seriocus adverse cvents are

the event with th

A

. C B s et
ivﬁsd»— 3 event: all other events

summarized in Table 360,

svere vade 3.
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Table 30 - Number of Subjects (%) With Scrious Adverse Events through Weck 48 — Safety

Population
CVE LY Al
Svstem Organ Classification 108 mg 288 myg VvV EFV
Preferved Term, n {%a} N =355 (N =51 IN=115) {N =128}
Mean {SE} duration of intake stady
wedication (weeksi” 413 (1.8%) 40,9 (1.85} $1.7¢1.33} 36.2 {264}
Any SAE 1 (29%) 1(2%) 242%) 1 (4%}
Infections and infestations 1 {2%%) 1 (2%} 2 {2%a} @
Corneal mfection 0 1{Z%; 1{1%) 3
Gastrosnteriiis 1{2%0) & 14{1%} i
Eve disorders Q 1 (2%} 1{1%} @
Blindness unilateral { 28y 14 i
Psvehintric disorders & B 8
Depressia i & O
Suicidad tdention { @ &

hisofs 11 = nu ml‘-—i of ahservations.

IDRA versaon 131 (.u‘zir
\ & deys of discontinum
more t han once, ondy the event wi
s based on ITT population.

N = pmviber of anb

"y
f
f
&
i
113
9
¢ v
¢
5
'34
e
28
<]
3
2
n
Q.
(b
=
t‘
<]
&
1
.
o
]
=1
v
£
4
o
E
142

Note:

fghest 58 veri v s pxcmw

Adverse Events Leading to Discontinuation

160275} AEs lcading to discontinuation of study roedication are summarized in Table 31, In
total, Aes leading to discontinuation of study medication occurred in 1 subject (2%} in the CVC

200 wg arm and in 6 subjects {(21%) wn the EFV armn. AEs (preferred terms) leadin,g to
discontinuation of study medication that were reported in more than 1 subject were insomnia and
dizziness, reported in 3 and 2 subjects, respectively, in the EFV arm, and depression, that was
reported in 1 subject in the CVT 200 mg arm and in | subject in the EFV arm {(insomnta, dizziness,

and depression are all common AEs for EFV).
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Table 31 - Number of Subjects (%) With Adverse Events Leading to Discontinuation of Study

Medication through Week 4K — Safety Population

v OV Al
Systemn (hrgan Classificntion 188 mg 268 mg CVC EFV
Preferred Term. n {%) X =58} {(N =157} {N=115} {8 =28
Moean (SE) duration of intoke study
medication tweeks) F41.2¢{1.88} 6.8 (188} 41,3 {133} F8.2 £3. 64}
Any AE leading to discontinnation of study
drug 7 22530 7{1%) 5 {21%)°
NMervous svstem disorders ] i { 4 {14%%}
Dizziness i i G \
Disturbance in attention 0 G 3
Hypoassthesin Q &
Puve hmt e diserders & 1 {2%%) 14{1%)
& & {
& 1{2%%) i{1
& 3
& {250} H
Amiety & &
Tachyphrenia o G
Thinking abnormal G 1{2%:3 1
Skdn and suboutaneous tissue diserders & 8
Dermatitis allergic 0 & &
Rash G & {t
Ear and Iabvrinth disorders g & & ¥ (4"0)
Tinnhes G G s} 1 (%)
Eve disorders g {2 3 1 {4%e}
Fhotophobia & & 3 1{Ra
Gastradntestinal diserders & 8 3 i 4%}
Nausen { Q 3 1 (4%
General disorders and administration site
conditions i 1{1%} @
Adalaise 8] 1{1%) 8]
Afusculoaskeletal and connective tissue
diserders g 8 i 1 (499}
Mwcwloskeletal disconifort 0 & & 1 {499}
N = numbey of wubjects; 1 = munber of observstizas.
Nofer  Asbverse events v . Caly adverse everis with an onset date froom the date of the

are vepostest, Por subjects whe experienced the

Wote that expasire 18 §Zm wedd on H"f popi
t GEanE &

oo
el
7

Y OV 200 my

23 and 4800) s EEV amm.

T3
[y
o
b=

{60276} An overview of the number of subjects with graded treatment-emergent laboratory

abnormalitics is given in Table 32

ot
[ %1



WO 2015/143367

PCT/US2015/021828
Table 32
Ve Ve ARl
Laberatory Parameter 146 mg 200 mg Yo EFYV
Worst Grade, n (%) (N =3%) {(N=35T) (X =115) =28

Any graded {Grade 1-4) abnormality 51 {88%%} 53 {96%5) 186 {93%) 23 (BB

rade 1 16 {28%) 37 {32%

Grade 2

Grade 3

13436%;)
27 ¢ . & {29
2{16 13 (i 1%:; ERENE
Grade 4 3 {38 & (8% {49
N Ay 5,
a  Perceuiages sre based on the number of sulgects with 5 given Ishorstosry assessimant,

{66277} Grade 3 or 4 {worst toxicity grades) treatment-emergent laboratory abnormalities
are surnmarized n Table 33, Except for abnormalities 1o CPK that were observed wove frequently

in the CVC 200 mg arm, there were no differences in percentages of subjects with Grade 3 or
Grade 4 laboratory abnormalities between the freatment arms.



WO 2015/143367 PCT/US2015/021828

Table 33 - Treatment-Erncrgent Grade 3 or Grade 4 (Worst Grade; DAIDS) Laboratory Parameters

through Week 48 — Safety Population

Laboratery Parameter £V 100 mg TV 208 mg AR OV FEV
Worst Grade, n (29)° {N =55} (N=37) (X=11% (N =128
Apy Grade 3 or Grade 4 abnormality ERPICY 12 622%; B {27%} £ {33%}
Any Griade 3 shrorpiality £ (7%} 16%5} I3 i) 3 (1%
Any Grade 4 gbnormality EESAY 6 5%} I {4%}
CHEMISTRY
Aspartate aminotrausferase {AST)
incrensed {Grade 3 or 33 1 {2%%} & 1 {=1%e) i1
Grade 3 1(23% K P19 3
(rracde 4 ¥ Q ; O
{reafine phospholinase (CPK) increased
{Grade 3 oy 4} 3 (5% G {16%%) 12 (18330} 2 {704
Grade 3 2 {3%) 5{11%} B {7%)
Grade 4 1 {2%:) ERRAY 4 {3%) 4
Phosphatie decreased {Grade 3 ov 4) 2 (3%} 2 {4%%} 4 (3%} 1 4%}
Grade 3 2 {3y 2 {49 4 {3%} 1 {3953
Grade 3 & G h] i
COAGULATION
Prothrombin time / international
normalized yafin increased (Grade 3 e
43 1 {2%) 0 1{= 1%} &
Grade 4 2% & Iy<t i3 3
HEMATOLOGY
Fibrinogen decreased {Grade 3 ov 4} & 2 {4%} 2 {289} &
Grade 3 247y 2{2%%) @
Hemoglobin decreased (Grade Jer 4} 1 {273} ) 1196} 1
Grade 4 b 2% & L= 1%
Neutrophils decreased {Grade 3 or §) 2 {3%%) 4 2 {284 1 (4%}
Grads 3 2 (3%} ¥ 2 {2%:)
i 1{4%%)
180278] Grade 3 or 4 increases in creatine phosphokinase (CPK) were observed more

frequently n the CVC 200 myg arm than in the other two treatment arms. From the 12 subjects with
Grade 3 or 4 increases in CPK in the CVC arms (3 subjects with CVC 100 mg and 9 subjects with
CVC 200 mg), 11 subjects had CPK clevations (8 subjects had Grade 3 and 3 subject had Grade 4
clevations} that were observed at oune single time point {note: 1 of these 11 subjects [Subject
48015] had 1solated Grade 3 CPK clevations at Week 8 and Week 36). The 12th subject (Subject
42001 had 2 consecutive CPK elevations {Grade 3 followed by Grade 4) that returned to normal

values while continuing treatment at a subsequent visit. None of the CPK elevations were

ot
ot
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associated with chinical symptoms; no subjects discontinued due to CPK elevations and there were
no differences in AEs related to musculoskeletal disorders between the CVC and EFV arms.
106279 Changes from bascline in CPK are shown in Figure 51, No obvious trend was
observed for CPK. wn the actual values over time or in the changes from baseline 1n auny of the
treatment arms.

{30286} The nursber of subjects with graded treatruent-emergent laboratory abnormalities in
selected lver parameters of interest is shown in Table 34, No Grade 4 ALT or AST elevations
were observed. Except for one Grade 3 AST clevation, all ALT and AST elevations were Grade 1
or Grade 2. The Grade 3 AST elevation in 1 subject (48015 in the CVC 100-mg arm) was observed
at onc single time point and was asyraptomatic; the subject did not discontinue study medication
due to the Grade 3 AST clevation and did vot report an AE rvelated to the AST clevation. In
addition, this subject with a Grade 3 AST elevation did not have any graded bilirubin clevations,
but had one single Grade 3 CPK increase at the same study visit as the Grade 3 AST elevation. All
abnormalitics in bilirubin were Grade 1 or Grade 2. The majority of ALT, AST, and bilirubin
clevations were fransicnt, returned to bascline values at subseguent visits upon countinued

treatment, were not associated with any clinical symptoms, and did not result in discontinuation

Table 34 -Treatment-Emergent Worst Grade (BAIDS) Laboratory Abnormalities in Selected Liver

Parameters through Week 48 — Safety Population
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oV CVQ Al
Laboratory Farameter 184 mg 260 mg OV
Warst Grade, n {%0)" N =58) {x =387} (N =115}
Alsnine aminotransferase (ALT) 7 {12%) 8 (1495} 18 {13%5)
rade 1 4 {7
Grade 2 3R B
Geade 3 G & it 3
Geade 4 & & & 3
Aspartnte sminotransfersse {AST) 11 {19%%) 21 {18%%) 3 {11%%)
{Graude § & (4% 14 {12%) I{E1%
imrade 2 2 {3596} G{ 5
Grade 3 14295y {1 I
Geade 4 o G & i
Bilirubin 4 {7%} 3 {550y
{(rade 1 £ {2%} 2 (4%
Grade 2 3 {3%} 1
Grade 3 g & 3
Geade 4 Q & ¢ 3
N = muurdher of sabjents; = sunber of observations,
a  Perisnfages sre based sa the number of subjects with a given labmatvry assessanent.
{60281} Exploratory analyses were performed at Weeks 24 and 48 to evaluate CVC

exposures n subjects with treatment-emergent laboratory adverse events. Of specific interest were
CPK elevations, given the increased incidence of CPK abnormalities in the CVC 200-mg arm, and
fiver parameters of interest (AST, ALT, and bilirubin). Both exposure paramcters (Cavg and
Cmin}) were considered reasonable to explore possible relationships with laboratory abnormalities;
however C,,, was considered most relevant given that it is reflective of overall CVC exposure.
{30282} Despite the possible signal for a dose-response relationship for CPK elevations by
virtue of the differences among the study treatment arms, none of these extensive exploratory
analyses were able to uncover any exposure-response relationship. Logistic regression analysis
outputs evaluating Ln exposures versus probability of CPK severity Grade > 2 did not identify an
association between CVC exposure and CPK elevation. There are vo trends in either inereasing
frequency or severity of CPK elevation versus CVC exposure.

[63283] Simntlar analyses were conducted for ALT, AST, and bilirubin ¢levations, and also
did not reveal any apparent relationship between CVC exposure and liver-related laboratory
abnormalitics (Figures 52 - Figure 55}

Metabolic Parameters
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160284] The nurober of subjects with graded treatment-cracrgent fasting laboratory
abnormalities at fasting visits is shown in Table 35. Al abnormalities in total cholesterol, LDL
cholesterol, triglveerides, or glucose were Grade 1 or Grade 2. The percentage of subjects with
abnormalities 1o total cholesterol and LDL cholesterol was lower 1o the CVC arros than in the EFV
arm, which is in line with the decreases over time in cholesterol during CVC treatment (Figure 56).
Table 35- Treatmeot-Emergent Worst Grade (DBAIDS) Fasting Laboratory Abunormalitics at

Fasting Visits through Week 48

Ve CYC AH
Laboratory Parameter 186 mg 248 mg Vo EF¥V
Worst Grade, n {(%8)" (N =588) IN=5T} IN=115) {N =28}
Awny graded {Grade 1-3} fusting labaratory
ahsarmality 4§ 7%} F221%; 18 (14%} B §22%)
Crerde T 3 {F%) & {11%} LEE Y & §37%}
GCrade 3 Fi3%) & {17%} TiE%) F{13%)
Grade 3 ¢ 7 & ¢
Grade 4 & ¢ & 4
Total cholesterol 5 (7%}
5 {4%%)
3 (3%
& & 3
Grade 4 i & i &
Gilneose {serum. high} 0 5 {9494) S {49} 2{7%)
4 3 (5%} 3 {3%) 2
4 2 2%y &
& & & }
& O 3
LBL cholesterol 4 {7%%) & {§%} 6 {21%)
Grade } 2 {493 3 (3%} 3 {4
2 {495 3 (3%%)
& 8 &
1§2%a} I{<1%) ¢
Y i &
1 {2%) 1= 1%
& O 0
G & 3

1 abnas ighveerides are nof aval swith the DAIDS

a Percentages are hased on the number of subjeris with & ghven laboratory sssessment,

1BG285] Mean bascline values and changes from baseline i HbAlc, HOMA-IR, fasting

LDL, fasting HDL, fasting total cholesterol, fasting total cholesterol/HDL ratio, and fasting

80
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triglycerides arc shown in Table 36, Mean change from baschine in roctsbolic parameters are
shown in Figure 56. A decrease was observed during CVC treatment (both CVC 180 mg and 200
mg} in total cholesterol, mainly due to decreases in LDL cholesterol (see Table 36). In contrast,
increases were observed during EFV treatment in LDL cholesterol as well as HDL cholesterol.
Small and comparable decreases in fasting total cholesterol/HDL ratic were observed in all
treatment arms. No notable changes over time were observed in glucose, insulin, HOMA-IR,
HbAlc, and triglycerides {see Table 36}.

Table 36 - Mean Changes From Bascline i Fasting Metabolic Laboratory Paramcters through

Week 48 — Safety Population

Laberatory Parvameter N 168 mg b 268 mg N CYC N EFV
Hhbatle, % Hh

F4 0 S41 L0674y | 85 SAD{00MET) 109 A40704034Y | 28 S43 {0080

Rfean ¢ “haﬂ ze {SE} from baseline at-

- Wesk 4 31 54 101 24
- Week (2 51 47 3% 23 :
- Week 24 LS 48 Q6 I =001 {8093}
- Wesk 48 30 443 & 19 -008{0.10%)
HOMA-IR
Bagefme. mea k 52 htt) 102 18
Afean change (S8E} from haseline af
- Week 4 45 45 B 22
- Week 12 3% 44 az 21
- Week 14 43 3% 83 21
- Week 48 Ety) 34 T4 17
Fasting 1.DL, mg'db
Baseline. mean (8E} SEOBATIAA44 | B GRIGORGN | FI2 9545237 28 10 (49878

Miean clisnge (SE) from baseline at
- Week 4
- Week 12
- Week 24
- Week 48

Fasting DL, mg/dL
Baseline, mean {8}
Afzan change (8E} from baseline at

Lo
[e>]

AR 21 Q1E0L) | 56 4373 {1 6023|114 4602 {12839} 28 42040 {1.90%)

- Week 4 51 -3, 3G SO0ETH0N
- Week 12 51 -2, 5 ; ’ .45 {1 955)
- Week 24 48 -z 45 071 {1.26%)
- Week 48 43 -1 38 -0Z2i413 ‘X#
Fasting total cholesteral, mg/dh

Baselne. mean {SEy 5% 166 (4.8} 36 168 {42}

Miean change (SE)} from baseline at
- Week 4 5 16§36 30
- Week i2 k3 -1TE3E) k3
- Week 24 48 -14 3.9} 15
- Week 48 EX BERERD 3%
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OV VI Al
Laborafery Paramester N 104 mg N 204 mg N CVC b EFY
Faxting total cholesterolVHINL ratie B
Baseline, mean (§E) S8OATOMITEY | 36 4330185y 114 35100132 | 2R 35D {0I33)
Meass changs {SE) from baseline ap
- 51 0110 idey | 50 {41y
- ezl 51 006 {00 51 165}
- Week 24 48 S PF Y 43 1543
- Week 48 43 4 38 221y
Fasting triglveerides, mg/dL
Baseline, mean {8E} 38 S8 13341Emy (114 X80y |28 LTE{IZT
Mean change (8E} from basehoe at:
A0 it
i1 22
4% 205
33 {8

HDL = high-density Hpoprotein: HOM/
w; M = mmunber of suly

sEsessient prior v
{00286} No notable changes from bascline were observed in any of the treatment arms in
waist-to-hip ratio at Week 24 and Week 48,

Cardiovascular Safety

{B0287] Worst treatment-cmergent ECG  abnormalitiesduring the treatment period are
summarized in Table 37. The proportion of subjects with (JT¢ increase of > 30-60 msec was lower
for the CVC arms corapared to the EFV arm. Only 1 subject had QTc ncrease of > 60 rusec in the
CVC 100 mg arm. No subjects had prolonged or pathologically prolonged (JTc.

{00288} No clinically relevant changes 1 ECG parameters were observed during the
treatment period in any of the treatment arms.

Table 37- Worst Treatment-Ermcergent ECG Abnormalitics During the Treatroent Period through

Week 48
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TV Vo ALL
1048 mg 2018 mg YV EFV

Parameter, 8 {%) (& = 28} (& =57} {N = 115} {5 = 28)
TeF interval®

Borderline §E2%0) 2 {2%) 0

Profonged & @ & &

Pathologically prolonged & & & 4

Iicrease by ! 3{8 3 {6%) T {7% 3 {149}

Increase b =80 mw 1z i 1{1%} 0
QTcB interval®

Bordertine 4 (8% 2 (4% G (6% 3 (1%

Probmged & G ¢ 4

Pathologically profonged & 4] &

Increase by »30-60 ms 34 3{149%)

Increase by > i
QRY

Abporradly low ¢ it it &

Abnormally high : it RS &
FR°

Abnormaily high 2 {3%) § (2%} 3 (3%} {4
HR'

Abnoemaily low G G G e

Abnormsily high {r i i 14

N = mmmber of subjeets; n = puniber of absarvations.

v,

ote: Peroeuiages are based on the nunber o

2
5
S L]
]

a FIcE: L 380 my o bordestin ol

b

& 2

4 s al Week 24, and had a sereenmg value of 135 ms and a baschne
vahie

e Aboor 3 bl

H Abworal BR: sbnommsliv Tow < 50 bpm 2 siowvaad < 127 bpre =0 shoorms iy fugh,

Vital Signs

{30289} No clinically relevant mean changes were observed for any of the vital signs
pararucters {systolic and diastolic blood pressure, heart rate} in any of the treatment arms. Data
(Observations Regarding MCP-1 from the Phase 2 Trials MUP-1 protein and gene expression were
shown to be up-regulated in hepatic tissue of patients with chronie liver discase with different
degrees of liver damage and fibrosis. As previously shown, compensatory increases in plasma
MCP-1 levels were observed following CVC treatment in nonclinical and clinical studies,
suggesting potent CCRZ blockade. Although the impact of prolonged compensatory increases in
MCP-1 levels secondary to CCR2 antagonisim by CVC in man is currently unknown, available
data do vot suggest an increased risk of hepatobiliary disorders or abnormalities in liver parameters
based on 48 weeks of safety data .

[60299] No indication of mflammation was seen in clinical pathology pararcters or 1o any

tissue, inchuding the liver, by microscopic evaluation at the high dose of 1000 mg/kg/day where
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plasraa MCP-1 levels in the chronic (3- and 9-month) monkey toxicity studics were ~ S-fold over
controls.

100291} in fact, anti-fibrotic effects of CVC at the 100 mp/kp/day dose observed in the
mouse model of NASH were seen in conjunction with significantly increased plasma MCP-1
ievels. In addition, improvements in APRI and FIB-4 fibrosis index scores observed in CVC-
treated subjects over 48 weeks occurred despite significant and sustained MCP-1 ¢levations. Also
in this study, CVC was generally well tolerated in 1135 subjects treated with CVC 100 mg and 200
mg for up to 48 weeks.

{60292} Changes it NAS and in hepatic fibrosis stage (NASH CRN systemy and Ishak) at
Year 1 and 2 will be assessed by histology. Changes in morphometric quantitative asscssment of
collagen on liver biopsy will also be assessed. Correlations between efficacy endpoints and MCP-1
plasma levels will be evaluated to determine whether or not prolonged MCP-1 increases observed

with CVC treatment pose a poteotial risk in subjects with liver fibrosis due to NASH.

Example 23: Biomarkers of Inflammation and Immune Function

{80293} A dose-response was observed with CVC in increases over time of MCP-1, the
ligand of CCRZ, which is a chemokine receptor found on monocytes, while MCP-1 remained at
baseline values in the EFV arm. The differences in changes from baseline of plasma MCP-1
between the EFV and CVC 100 mg and CVC 200 my treatment arms were statistically significant
{(p<(.001) at Week 24 and Weck 48, suggesting potent and dose-dependent CCRZ blockade by
CVC. Furthermore, a decrcase over the first 24 weeks was observed for sCD14, a biomarker of
monocyte activation and an independent predictor of mortality 1o HIV infection, n both CVC
treatment arms, while an increase was observed for sCD14 i the EFV arm during the same
observation pertod. Between Weeks 24 and 48, sCD 4 levels returned to bascline values in CVC-
treated subjects whereas they continued to rise in EFV-treated subjects. The differences in changes
from bascline between the CVC arms and the EFV arm were statistically significant (p<0.001}) at
Week 24 and Week 48 and also at Week 48 in a repeat analysis. These results indicate a potential
effect of CVC on decreasing monocyte activation.

100294} No meanngful differences between the treatment arms were observed 1u changes

from Bascline in other imflammation biomarkers (hs-CRP, fibrinogen, 1L-6, and D-dimer) and
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biomarkers of immune function (total CD38+ expression and total HLA DR+ expression on CD4+

T cells or on CDE+ T cells).

Example 24: Measurement of biomarkers associated with bacterial transiocation

{40295} Decreases in sCD4 fevels in CVC-treated subjects could also equate to decreases
in bacterial fransiocation, a phenomenon commonly observed 1o patients with HIV infection [15]
as well those with NASH [16-18], alcoholic liver disease [17,19], HIV/HCY co-infection [20] and
cirthosis {21]. Bacterial translocation comes as result of breakdown of enterocyte tight junctions
{T1s}, which compromises intestinal mucosal barrier, a phenomenon commonly described as the
icaky gut. Decrease in gut integrity has been associated with immunce deficioncy and/or significant
changes in gut microbiota, also referred to as dysbiosis and bacterial overgrowth. Subsequent
translocation of microbial products, such as lipopolysaccharide (LPS) and 168 ribosomal DNA
{165 rDNA), coniribuies o frormoune activation. LPS, a coroponent of the cell wall of graro-
negative bacteria, binds membrane or soluble CD14 (3CD14; produced upon LPS activation of
monocytes) and the myeloid differentiation-2 (MD-2)-TLR4 complex [14].

{30296} Lipopolysaccharide is the most potent inducer of inflammatory cytokines,
particularly TNF-q, in monocytes and macrophages. High plasma sCD14 levels predicted discase
progression in HBV and HCV infection independent of other markers of hepatic inflammation,
fibrosis, and discase progression [20]. Exposure to bacterial products of intestinal origin, most
notably endotoxin, including LPS, leads to hver mflammation, hepatocyte injury and hepatic
fibrosis {22]. Activation of Kupffer cells via TLR4-dependent mechanism and subsequent
activation hepatic stellate cells are both potent drivers of fibrogenesis [19].

{60297} This hypothesis will be evaluated by testing biomarkers of bacterial translocation in
archived samples from Stady 652-2-202, upcorning hepatic impairment Study 652-1-121 and hiver
fibrosis PoC Study 652-2-203. These biomarkers will include LPS, LPS-binding protein (LBP),

sCD 14, intestinal fatty acid binding protein (I-FABP).

Example 25 - Conclusions Based on CVC Clinical Phase | Data and Phase 2
(0298} Data 1n HIV-infected Subjects CVC has been cvaloated 1o 14 single-dose and

multiple-dose bioavailability studies and DD studies in healthy volunteer subjects (n=390), as
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well as two Phase 2 studies in HIV-infected subjects (n=159), including 115 subjects treated with
CV for up to 48 weeks.

100299 The most frequent adverse events observed in the Phase 1 studies in which CVC
alone was given were counsisient with conditions coraroonly reported 1o Phase 1 study units.
Overall, the pattern of adverse events suggests that CVC was generally well tolerated in these
Phase 1 studies evaluating single doses of CVC up to R00 mg and at multipie daily doses of up to
200 mg forlQ days. The frequency and magnitude of transaminase elevations observed across
these studies was consistent with the pattern described for Phase 1 studies in seientific litcrature.
CVC has been evaluated in a Phase 2a 10-day CVC monotherapy study at 25- to 150-mg doses
{rn=44) and in a Phasc 2b 48-week cthicacy and safety study at doses of CVC 100 mg and CVC 200
rog {(n=115). In both studics and at all doses CVC presented a favorable adverse event profile.
Based on 48-weck data from the Phase 2b study, CVC was not associated with an increased risk of
hepatobiliary disorders or transaminase elevations. Decreases in total and LDL cholesterol were
observed in CVC-treated subjects in this study. No clinically relevant changes in ECG parameters
or changes for any vital sign paramcters were observed during the 48-week treatment period. No
apparent dose or exposure relationship for adverse events, laboratory abnormalities (including
CPK, ALT, AST and bilirubin clevations) or dose-limiting toxicities were observed.

{(0388] Based on data from the Phase 1 program and Phase 2 data from studies of HIV-
infected subjects, we paln to evalnate CVC 150 mg taken once daily in the treatment of subjects
with hepatic fibrosis due to NASH over a period of 2 years wn Study 652-2-203 (with the pumary
study endpoint at Year 1). The study’s crossover design will evaluate the safety and efficacy of 2
contirmous years of OV treatment as well as 1 year of placebo treatment followed by 1 year of
CVC treatment. Standard assessmeunts of the impact of CV treatment on hepatic fibrosis due to
NASH will be conducted based on histological data trom liver biopsies and other measures of
histologic improvement. Safety and tolerability will be assessed, and careful monitoring for signs
of hepatic or other organ toxicities will be conducted, inchuding periodic data review by an
independent data monitoring coromittee. The study 18 expected to elucidate the anti-inflammatory
and anti-fibrotic activity of CVC and its impact on hepatic fibrosis due to NASH, and to provide

additional data for the assessment of the safety and tolerability of CVC 150 mg.

Example 26 — Study of CVC to Evaluate Hepatic Histological Improvement in NASH
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{80301} Based on the nonclinical and chinical data indicating that CVC has anti-
inflammatory and anti-fibrotic activity and is generally well tolerated, Tobira plans to investigate
CVC in a Phase 2 study in subjects with hepatic fibrosis due to NASH. This Phase 2 study will
evaluate the efficacy of CVC for the treatruent of NASH in adult subjects with liver fibrosis who
arc at risk of discase progression due to the presence of at least one contributing factor, including
type 2 diabetes melhitus (T2DM), high body mass wdex (BMI) (&> 25 kg/m2) with at least 1
criterion of the metabolic syndrome (MS) as defined by the National Cholesterol Education
Prograra (NCEP), bridging fibrosis, and/or defintte NASH (NAS > 5).

{(0382] The Phase 2 study is designed to evaluate the potential of CV to treat this serious
condition and to address the significant unmet medical need of patients with hepatic fibrosis due to
NASH. This study 1s a randomized, double-blind, placebo-conirolled study designed to evaluate
the efficacy and safety of CVC 150 mg when compared to placebo in subjects with hepatic fibrosis
duoe to NASH. The study population consists of subjects with hver fibrosis (NASH Chnical
Rescarch Network [CRN] Stage 1-3) due to NASH (NAS > 4) at risk of disease progression.
{06303} A dose of CVC 150 mg (DP7 formulation) will be evaluated for the freatment of
NASH in subjects with Hver fibrosts in Study 652-2-203 based on the following constderations:
100304} CVC s expected to provide both anti-inflammatory and anti-fibrotic activity,
primarily due to its antagonism of CCRZ and CCRS co-receptors and the resulting effects on
recruitment, migration and infiltration of pro-inflammatory monocytes to the site of liver injury.
Therefore, a primary consideration for selecting a dose for use in this study is to ensure that CVC
plasma exposures are sufficient to provide near maximal antagonism of CCRZ and CCRS.

[G0385] CCR2Z and CCRS antagonism by CVC have been evaluated in in vitro and ex vivo
studies and in 2 clinical studies of CV{ in the treatment of HIV-1 infection {Phase 2a Study 652-2-
201 and Phase 2b Study 652-2-202). In cach case, potent and concentration-dependent antagonism
of CCR2Z and CCRS was observed. Clintcal evidence of CUR2 and CCRS antagonism was
established by mcasuring changes from bascline i plasma MCP-1 (2 ligand of CCR2)
concentrations and changes n plasma HIV-RNA (CCRS co-receptor required for HIV entry),
respectively, in these 2 Phase 2 Studies.

{30366} In Study 652-2-202, doses of CVC 100 mg and CVC 200 wog (DP6 formulation)
were evaluated i 115 HIV-1 infected subjects for up to 4% weeks {mean [SE] duration of CVC

mtake: 41.1 [1.33] weeks) and were found to be effective and well tolerated n the treatraent of
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HIV infection. Based on exposure-respounse analyses, which showed that increasing CVC plasma
concentrations correlated with an improved virologic outcome, CVC 200 mg was considered an
appropriate dose for further evaluation of CVC as an antiviral agent for the treatment of HIV
infection in Phase 3 studies.

{66387} CV plasma exposures, however, appear to be higher in non-H1V infected healthy
volunteer subjects as compared to HIV-infected subjects when CVC 18 adwinistered under the
same dosing conditions {Studies 652-1-111, 652-1-110, 632-2-202). A dose of CVC 150 mg will
be evaluated for the freatment of NASH 1n subjects with liver fibrosis in Study 652 2 203, Based
on the referenced available data, this dose is considered to be in a therapeutically relevant range
and is expected to provide cxposures in subjects with NASH and liver fibrosis that are coraparable
to those of CVC 200 rog, which was cvaluated 1o Study 652-2-202 and found to result i potent
CCRZ and CCRS antagonisni.

[G0388] A total of 250 subjects (125 subjects per treatroent arva) are planned, and total study
treatment duration will be 2 years. The study population will include subjects with NASH (NAS >
4y and liver fibrosis (Stages 1 to 3 [NASH CRN systemn}) who are at increased risk of discase

progression due to the presence of = 1 contributing factor{s):

100389] Documented evidence of type 2 diabetes mellitus
{60319} High BMI (> 25 kg/m2) with at least 1 of the following criteria of the metabolic

syndrome, as defined by the NCEP:
{00311} Central obesity: waist circurnfercoce > 102 cm or 40 1nches (male), > 88 cm or 35

inches (female)

{60312} Dyslipidernia: TG > 1.7 mool/L (150 mog/dL)

{40313} Dyslipidemia: HDL-cholesterol <40 mg/dL (male}, < 50 mg/dL {female}

{00314} Blood pressure > 130/85 mmHg (or treated for hypertension)

{38315} Fasting plasma glucose > 6.1 mmol/E (110 mg/dL}; or

{00316} Bridging fibrosis (NASH CRN Stage 3) and/or defintie NASH (NAS > 5).

{66317] There will be 2 treatment periods. Treatment Period 1 will consist of double-blind

randomized treatment (CVC 150 mg or matching placebo) for 1 year. Subjects and investigators
will remain blinded to treatrocnt assignment duning Period 1. During Treatrucot Peniod 2, subjects
originally randomized to CVC 150 mg will continue to receive that treatment for an additional

year, and subjects originally randomized to placebo will cross over from placebo to CVC 150 mg.
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{00315} Subjects will receive study drug, once datly (QD), for 2 years. The study wiil
comprise 2 treatment perieds: Treatment Period 1 (first vear} and Treatment Period 2 (sccond
year). Eligible subjects will be assigned to receive CVC (n=126} or matching placebo (n=126)
during the first year of treatment (Treatment Period 1), For Treatment Period 2, half of the
placebo-treated subjects (randomized at Baseline) will cross-over to CVC and the other half will
remain on placcbo for the second year of treatment. At Basehine (Day 1), following Screening
evaluations, eligible subjects will be assigned to the treatment arms using permmuted block
randomization stratificd by NAS at Screening (4 or > S) and fibrosis stage (< 2 or > 2). Eligible
subjects will be randomized in a 2:1:1 ratio to one of the foliowing 3 treatment arms:

Table 38

Arm M Treatment Period Treatment Period 2
A 126 CVC 150 mg, QD CVC 150 mg, 3D
B 63 Matching placebo, QD CVC 150 mg, QD
C 63 Matching placebo, QD Matching placebo, QD
{30319} CVC and matching placebo will be administered as double-blinded study drug.

Study drug (CVU/matching placebo) should be taken every morning with food.

{(0320] The primary endpoint (Year 1} biopsy must be performed within 1 month prior o
the end of Treatment Period 1 before starting Treatment Period 2. The final (Year 2) biopsy nust
be performed within 1 month prior to end of treatment with study drug.

100321} Enroliment will be initiated at a limited number of sites until up to 20 subjects have
been randorsized and treated and safety data have been reviewed by the Data Monitoring
Committee (BMC). The first DMC review will occur within 3 months of the first subject carolled
or, when up to 20 subjects have been randomized and at least 10 subjects have been treated for 1
month, whichever comes first. Subsequent enroliment of the remainder of study subjects will occur
once the DMC has cvaluated the safety data for these first 10-20 subjects and has deterroined that
the study may continue.

{00322} During Treatment Period 1, all subjects will undergo safety assessments at Weeks 2
and 4 of Mouth 1. Tn addition, the first 20 subjects will undergo safety assessments at Weeks 1 and

3 of Month 1. All subjects will undergo study visit assessments every 2 weeks during Month 2,
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rmonthly visits during Months 3 to 6, and at Months 8, 10, and 12, During Treatment Period 2,
subjects will undergo monthly visits during Months 13 to 15, and at Months 18, 21 and 24.

Key Assessments

{60323} During the study:

{(00324] Liver biopsics will be taken at Screening, at the primary endpoint (Year 10 within 1
roouth prior to end of Treatment Period 1 and before starting Treatment Period 2), and at Year 2
{within 1 month prior to end of treatment)

{00325] Pro-nflaramatory cytokines, biomarkers of inflammation, biomarkers of hepatocyte
apoptosis, biomarkers of bacterial translocation, fasting metabolic parameters, renal parameters,
and eGFR will be measured at Baseline and Months 3, 6, 12, 15, 18, and 24.

{00326} At sties where available, assessment of non invasive Hver imaging (e.g., ultrasound
transient clastography [TE], two-dimensional magnetic resonance elastography [MRE], acoustic
radiation force impulse [ARFI]) will be performed at Baseline and at Mouths 6, 12, 18, and 24.
{60327} Pharmacokinetic samples for CVC will be collected at Baseline (pre-dose sample
just before starting treatment), at Months 0.5, 3 and 15 (pre-dose and at least 1 hour post-dose),
and at Months 6, 12, 18 and 24 (pre-dose).

{80328] Weight, waist circumference, hip circumfercnce, arm circumference, and triccp
skinfold will be performed at Baseline and at Months 3, 6, 12, 15, 18, and 24. Height will be
performed at Screening and Month 12,

{30329} Physical examivations and laboratory analyses will be performed at each wvisit.
ECGs will be performed at Bascline and at Months 3, 6, 12, 15, 18, and 24,

{6G330] Adverse events and concomitant medications will be assessed at each visit.

{83331} The informed consent and patient education materials about NASH, liver fibrosis,
and fiver biopsy procedures will be reviewed at the screeming visit.

1803321 Study drug diaries will be provided to cach subject at the same time that study drug
is dispensed. The diary will be reviewed at all On-treatment Visits and the Early Discontinuation
Visit,

{6G333] Subjects will return to the clinic | month after receiving their last treatment for an
cod of study follow-up evaluation,

130334} The primary efficacy objective of the study will be to evaluate hepatic histological

mprovement n nonalcoholic fatty liver discase (NAFLD) activity score (NAS)Y at Year 1 relative
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to screcning biopsy, defined by a minimum 2-point improvement in NAS with at least g 1-point
improvement in both the lobular inflammmation and ballooning categories and no concurrent
worsening of fibrosis stage (with worsening defined as progression to bridpging fibrosis or
cirrhosis).

{40335} Secondary efficacy objectives include cvaluation of the resolution of NASH with no
concurrent worsening of fibrosis stage (worsening defined as progression to bridging fibrosis or
curhosis) at Year 2; the resolution of NASH with no concurrent worsening of fibrosis stage
{(worsening defined as progression to bridging fibrosis or cirrhosis) at Year 1) the safety and
tolerability of CVC over 1 and 2 years of treatment of NASH in adult subjects with liver fibrosis;
characterization of the plasma PK of CVC 1 a population PK analysis; evaluation of the hepatic
hustological improvement in NAS at Year 2, defined by a minimum Z-point improvement in NAS
with at least a 1-point improvement in more than 1 category and with no concurrent worsening of
fibrosis stage (worsening defined as progression to budging fibrosis or cirrhosis); evaluation of the
efficacy of CVC versus placebo i adult subjects with liver fibrosis as determined by change in
morphometric guantitative collagen on liver biopsy at Years 1 and 2; evaluation of the change in
histologic fibrosis stage (nonalcoholic steatohepatitis clinical research network [NASH CRN]
systern and Ishak) at Years | and 2; cvaluation of the change from in hepatic tissuc fibrogenic
protein {alpha-smooth muscle actin {0-SMAJ} at Years 1 and 2; evaluation of the change from
Bascline in nominvasive hepatic fibrosis markers (APRI, FiB-4, hyaluronic acid, FibroTest
{FibroSure}, NAFLD fibrosis score [NFS] and enbanced liver fibrosis test [ELF]) at Months 3, 6,
12, 15, 1%, and 24; evaluation of the change from Bascline in biomarkers of hepatocyte apoptosis
at Years 1 and 2; evaluation of the change fromn Baseline in hiver parameters and fasting metabolic
parameters at Months 3, 6, 12, 15, 18, and 24; evaluation of the change from Baseline in weight,
BMI, waist circumference, waist-hip ratio, arm circumference, and tricep skintold at Months 3, 6,
12,15, 18, and 24.

{00336} Tertiary Objectives imelude evaluation of the change from Bascline in nov-invasive
fiver imaging method {e.g., ulirasound transient elastography [TE], 2-dimensional magnetic
resonance clastography [MRE], acoustic radiation force impulse [ARF1]) at Months 6, 12, 18, and
24 (at sites where available); the change from Baseline in pro-inflamnmatory ¢vtokines and
biomarkers of inflammation at Months 3, 6, 12, 15, I8, and 24; the change from Baseline in

estimated glornerular filtration rate (¢GFR) and in renal paramecters at Months 3, 6, 12, 15, 18, and
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24; and the change from Bascline in biomarkers associated with bacterial translocation at Months

3,6,12, 15, I8, and 24.

{60337} The detailed description herewn describes various aspects and embodiments of the
mvention, however, unless otherwise specified, none of those are intended to be limiting. Indecd,
a person of skill in the art, having read this disclosure, will envision variations, alterations, and
adjustments that can be made without departing from the scope and spirit of the invention, all of
which should be considered to be part of the invention unless otherwise specified. Applicants thus

envision that the invention described heretn will be Himited only by the appended claims.
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CLAIMS
I. A method of treating fibrosis or a fibrotic discase or condition or condition in a subject in
need thereof comprising co-adminisiering to the subject a therapeutically effective amount of

cenicriviroc or a salt or solvate thereof, and an additional active agent.

2. The method of claim 1, wherein the fibrosis or fibrotic discase or condition is Hiver fibrosis

or renal fibrosis.

3. The method of claim 1, wherein the cenicriviroe or a salt or solvate thercof 18 formulated as

a pharmaceutical coraposition comprising cenicriviroc or a salt or solvate thereof and furaric acid.

4, The method of claim 2, wherein the hiver fibrosis is associated with non-alcoholic

steatohepatitis (NASH).

5. The method of claim 2, wherein the liver fibrosis is associated with noun-alcoholic fatty

itver discase (NAFLD).

6. The method of claim 2, wherein the liver fibrosis is associated with emerging cirrhosis.

~3i

The method of claim 2, wherein the liver fibrosis comprises non-cirrhotic hepatic fibrosis.

8. The method of claim 2, wherein the subject 18 infected by buman immunodeficiency virus
(HIV).
9. The method of any one of claims 1 to 8, wherein the subject has a disease or condition

selected from the group consisting of alcohelic hiver disease, HIV and HCV co~infection, viral
hepatitis (such as HBV or HCV infection), type 2 diabetes mellitus (T2DM), metabolic syndrome

{MS}, and a corabination thereof,
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10. A method of treating NASH in a subject in need thercof comprising administering to the
subject a therapeutically effective amount of cenicriviroc, or a salt or selvate thereof;, wherein the

NASH is associated with type 2 diabetes mellitus (T2DM).

1. A method of treating NASH in a subject in need thercof comprising administering to the
subject a therapeutically effective amount of cenicriviroe, or a salt or solvate thereof, wherein the

WNASH 15 associated with metabolic syndrome (MS).

12, A method of treating NASH in a subject in need thercof comprising administering to the
subject a therapeutically effective amount of cencriviroe, or a salt or solvate thereof, wheren the

NASH 1s associated with BIV and HCV co-infection.

13, The method of any of the preceding claims, wherein the cenicriviroc or salt or soivate

thercof 1s formulated as an oral composition,

14.  The method of any of the preceding claims, wherein the cenicriviroc or salt or solvate

thereof 1s administered once per day or twice per day.

15, The method of any of the preceding claims, wherein the cenicriviroc or salt or solvate

thereof is coadministered with one or more additional active agents.

16. The method of claim 15, wherein the one or more additional active agents are one or more
antirctroviral agents selected from the group counsisting of entry imhibitors, nuclcoside reverse
transcriptase inhibitors, nucleotide reverse transcriptase inhibitors, non-nucleoside reverse
transcriptase inhibitors, protease inhibitors, integrase inhibitors, maturation inhibitors, and

combinations thereof,
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17. The method of claim 16, wherein the one or more additional antiretroviral agents are
selected from the group consisting of lamivudine, efavirenz, raltegravir, vivecon, bevirimat, alpha
interferon, zidovudine, abacavir, lopinavir, ritonavir, tenofovir, tenofovir disoproxil, tenofovir
prodrugs, emiricitabine, elvitegravir, cobicistat, darunavir, atazanavir, nilpivirine, dolutegravir, and

a combination thereof,

I8, The method of claim 13, wherein the one or more additional active agents are one or more

Hurune systern suppressing agents.

19, The method of claim 18, wherein the one or more additional active agents are selected from
the group consisting of cyclosporine, tacrobimus, prednsolone, hydrocortisone, sitolimus,
everolimus, azathioprine, mycophenolic acid, methotrexate, basiliximab, daclizumab, rituximab,

anti-thymocyte globulin, anti-lyrophocyte globulin, and a corabivation thereof.

20, The method of any of the preceding claires, comprising detecting a level of one or more
biclogical molecules in the subject treated for fibrosis or the fibrotic discase or condition or
condition, and determining a treatment regimen based on an increase or decrease in the level of
one or more biological molecules, wherein the biological molecule is selected from the group
consisting of lipopolysaccharide (LPS), LPs-binding protein (LBP), 168 rDNA, sCD14, intestinal
fatty acid binding protein (I-FABP), zonuhin-1, Collagen tal and 3al, TGF-, fibronectin-1, hs-
CRP, 1L-18, 116, [L-33, fibrinogen, MCP-1, MIP-1g and - 1§, RANTES, sCD163, TGF-, TNF-q,
a biomarker of bepatocyie apoptosis such as CK-18 {caspase-cleaved and total), and a combination

thereof,

21, The method of any of the preceding claims, comprising detecting a level of one or
biological molecules in the subject treated for fibrosis or the fibrotic discase or condition or
condition, wherein an merease or decrease in the level of one or more biological molecules
compared fo a predetermined standard level is predictive of the treatment efficacy of fibrosis or the
fibrotic disease or condition, wherein the biological molecule 18 selected from the group consisting
of lipopolysaccharide {(LPS), LPs-binding protein (LBP), 168 rDNA, sCDH 4, intestinal fatty acid
binding protein (I-FABP), zonulin-1, Collagen Ial and 3al, TGF-§, fibronectin-1, hs-CRP, IL-15,
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1L-6, IL-33, fibrinogen, MCP-1, MIP-1g and -18, RANTES, sCD 163, TGF-f, TNF-u, a biomarker

of hepatocyte apoptosis such as CK-1I8 {caspase-cleaved and total), and a combination thereof.

22. The method of claim 20 or 21, where the one or more biological molecules are measured in

a biological samaple from a subject treated for fibrosis or the fibrotic discase or condition.

23. The method of claim 22, where the biclogical sample is selected from blood, skin, hair
, £ p ) s

follicles, saliva, oral mucous, vaginal mucous, sweat, tears, eptthelial tissues, urine, semen,

seminal fluid, seminal plasma, prostatic fluid, pre-cjaculatory fluid (Cowper's fluid), excreta,

biopsy, ascites, cerebrospinal fluid, fymph, brain, and tissuc extract saraple or biopsy sample.
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