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TITLE

[0001] USE OF CHLOROQUINE AND CLEMIZOLE COMPOUNDS FOR TREATMENT OF
INFLAMMATORY AND CANCEROUS CONDITIONS

CROSS REFERENCE TO RELATED APPLICATIONS
[0002] This application claims the benefit of U.S. Provisional Patent Application No. 62/187,061,

filed on June 30, 2015, which is incorporated by reference herein in its entirety.
FIELD OF THE INVENTION

[0003] The present invention is directed to the field of medicine and more specifically to the use of
certain compounds for the treatment and prevention of inflammatory and cancerous conditions,
especially in liver.

BACKGROUND

[0004] Treatment and prevention of inflammatory and cancerous conditions represent large, unmet
medical need. Inflammatory conditions in liver such as non-alcoholic steatohepatitis (NASH), in
particular require improved therapies. Left untreated, NASH and other inflammatory liver disorders,
such as those arising from viral infections, can lead to hepatocellular carcinoma. The present
invention addresses these needs by providing methods for treatment and/or prevention of

inflammatory and/or cancerous conditions as described below.
SUMMARY

[0005] In a first aspect, the invention provides a method for treating a subject who has been
diagnosed with liver cancer comprising:

administering to the subject an effective amount of clemizole, a deuterated analog of
clemizole, or a clemizole metabolite; and a chemotherapeutic agent, wherein the liver cancer is

hepatocellular carcinoma.

[0006] In asecond aspect, the invention provides a method of treating a subject who has been
diagnosed with liver cancer, comprising:

administering to the subject an effective amount of clemizole, a deuterated analog of
clemizole, or a clemizole metabolite,

wherein the effective amount is 200-500 mg administered once daily, twice daily, or thrice
daily, and

wherein the liver cancer is hepatocellular carcinoma.
[0007] In a third aspect, the invention provides a method of treating a subject who has been
diagnosed with liver cancer, comprising:

administering to the subject an effective amount of clemizole, a deuterated analog of
clemizole, or a clemizole metabolite,

wherein the liver cancer is hepatocellular carcinoma.

1
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[0008] In a fourth aspect, the invention provides a method of preventing liver cancer development in

a subject at risk for developing liver cancer, comprising:

administering to the subject an effective amount of clemizole, a deuterated analog of
clemizole, or a clemizole metabolite,

wherein the liver cancer is hepatocellular carcinoma,

wherein the subject has been diagnosed with non-alcoholic steatohepatitis (NASH), non-
alcoholic fatty liver disease (NAFLD), Hepatitis B infection, or cirrhosis of the liver.
[0009] In a fifth aspect, the invention provides a use of clemizole, a deuterated analog of clemizole,
or a clemizole metabolite in the manufacture of a medicament for the treatment of liver cancer in a
subject who has been diagnosed with liver cancer, wherein the liver cancer is hepatocellular
carcinoma, and wherein the medicament is to be administered in combination with an effective
amount of a chemotherapeutic agent.
[0010] In a sixth aspect, the invention provides a use of an effective amount of clemizole, a
deuterated analog of clemizole, a deuterated analog of clemizole, or a clemizole metabolite in the
manufacture of a medicament for the treatment of liver cancer, wherein the effective amount is 200-
500 mg is for administration once daily, twice daily, or thrice daily, and wherein the liver cancer is
hepatocellular carcinoma.
[0011] In a seventh aspect, the invention provides a use of clemizole, a deuterated analog of
clemizole, or a clemizole metabolite in the manufacture of a medicament for the treatment of liver
cancer in a subject who has been diagnosed with liver cancer, wherein the liver cancer is
hepatocellular carcinoma, and wherein the medicament is to be administered in combination with an
effective amount of a chemotherapeutic agent.
[0012] In an eight aspect, the invention provides a use of clemizole, a deuterated analog of
clemizole, or a clemizole metabolite, in the manufacture of a medicament for preventing liver cancer
development wherein the subject has been diagnosed with non-alcoholic steatohepatitis (NASH), non-
alcoholic fatty liver disease (NAFLD) Hepatitis B infection, or cirrhosis of the liver, and wherein the
liver cancer is hepatocellular carcinoma.
[0013] In aninth aspect, the invention provides clemizole, a deuterated analog of clemizole, or a
clemizole metabolite, when used with a chemotherapeutic agent to treat liver cancer in a subject who
has been diagnosed with liver cancer, and wherein the liver cancer is hepatocellular carcinoma.
[0014] In a tenth aspect, the invention provides clemizole, a deuterated analog of clemizole, a
deuterated analog of clemizole, or a clemizole metabolite when used to treat liver cancer, wherein the
effective amount is 200-500 mg is for administration once daily, twice daily, or thrice daily, and

wherein the liver cancer is hepatocellular carcinoma.
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[0015] In an eleventh aspect, the invention provides clemizole, a deuterated analog of clemizole, or
a clemizole metabolite when used to treat liver cancer in a subject that has been diagnosed with liver
cancer, and wherein the liver cancer is hepatocellular carcinoma.

[0016] In a twelfth aspect, the invention provides clemizole, a deuterated analog of clemizole, or a
clemizole metabolite, when used to prevent liver cancer development in a subject at risk for
developing liver cancer, wherein the subject has been diagnosed with non-alcoholic steatohepatitis
(NASH), non-alcoholic fatty liver disease (NAFLD) Hepatitis B infection, or cirrhosis of the liver,
and wherein the liver cancer is hepatocellular carcinoma.

[0017] Disclosed herein is a method comprising administrating an effective amount of clemizole
and/or chloroquine, or an analog thereof, to a subject in need thereof. In some aspects of the
invention, subjects are administered either R-chloroquine, clemizole or R-chloroquine in combination
with clemizole.

[0018] In some aspects of the invention, the subject has an inflammatory condition.

[0019] In other aspects of the invention, the subject has an inflammatory liver condition. In some
aspects of the invention, the subject has non-alcoholic steatohepatitis, and wherein the method further
comprises treating non-alcoholic steatohepatitis. In some aspects, the method reduces lobular
inflammation of the liver. In other aspects, the method reduces the risk of liver cancer. In yet other
aspects of the invention, the subject has liver cancer, and wherein the method further comprises
treating liver cancer.

[0020] In some aspects of the invention clemizole and/or R-chloroquine is administered to a subject
with non-alcoholic steatohepatitis. In other aspects, the administration of clemizole or R-chloroquine
to a subject results in reduced levels plasma alanine aminotransferase compared to vehicle controls.
In other aspects, the administration of clemizole and/or R-chloroquine to a subject results in a reduced
non-alcoholic fatty liver disease activity score as determined by histological analyses of liver tissue.
In some aspects, the administration of clemizole and/or R-chloroquine results in reduced steatosis. In
other aspects, the administration of clemizole and/or R-chloroquine results in reduced hepatocyte
ballooning. In yet other aspects, the administration of clemizole and/or R-chloroquine results in
reduced lobular inflammation.

[0021] In some aspects of the invention, clemizole and/or R-chloroquine is administered to a subject
to reduce the risk of development of liver cancer. In other aspects of the invention, the subject has
been diagnosed with non-alcoholic steatohepatitis. In other aspects of the invention, clemizole and/or
R-chloroquine is administered to a subject suffering from liver cancer. In yet other aspects, the
administration of clemizole and/or R-chloroquine results in reduced tumor burden in the subject or
increased survival of the subject.

[0022] In some aspects of the invention, 0.5-50 mg/kg of clemizole is administered to a subject. In
some aspects, clemizole is administered once daily, twice daily or thrice daily. In other aspects,

clemizole is administered daily for 1, 2, 3, 4, 5, 6 or more weeks.
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[0023] In some aspects of the invention 0.5-50 mg/kg of R-chloroquine is administered to a subject.
In other aspects, R-chloroquine is administered once daily, every other day or weekly. In some
aspects, R-chloroquine is administered for 1,2,3,4,5,6 or more weeks. In yet other aspects, R-
chloroquine is administered as a double loading dose daily for the first two days of treatment,

followed by a single dose which is half of the double loading dose for the remainder of the treatment.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0024] These and other features, aspects, and advantages of the present invention will become better
understood with regard to the following description, and accompanying drawings, where:

[0025] Figure 1: A scheme for the process of synthesis of R-chloroquine is illustrated.

[0026] Figure 2: The chemical structures of clemizole and clemizole metabolites are shown.
[0027] Figure 3: Figure 3 illustrates the synthetic scheme for the good manufacturing practice
(GMP) synthesis of clemizole.

[0028] Figure 4: The chemical structures of chloroquine metabolites are shown.

[0029] Figure 5: The chemical structures of hydroxychloroquine (rac-1) and R-
hydroxychloroquine is shown (R)-1.

[0030] Figure 6: A scheme for the process of synthesis of enantiomers of hydroxychloroquine is
illustrated.

[0031] Figure 7: The chemical structures of hydroxychloroquine metabolites are shown.

[0032] Figure 8: Representative images of mouse livers depicting inhibition of tumor formation in

mice treated with clemizole (compound D) are shown.
DETAILED DESCRIPTION

Advantages and utility

[0033] Briefly, and as described in more detail below, described herein are compositions and
methods for treating non-alcoholic steatohepatitis or reducing the risk or severity of liver cancer using
clemizole and/or R-chloroquine. The advantages for this approach include, but are not limited to,
reduction of inflammation in a subject suffering from an inflammatory condition, reduction of lobular
inflammation of the liver, improved liver function, and reduced risk of development or progression of
liver cancer when patients are treated with clemizole and/or R-chloroquine than patients not treated
with clemizole and/or R-chloroquine.

Definitions

[0034] Terms used in the claims and specification are defined as set forth below unless otherwise
specified.

[0035] The term, “treatment” refers to any therapeutically beneficial result in the treatment of a
disease state, e.g., a disease state caused by inflammatory liver conditions, including prophylaxis,

lessening in the severity or progression, remission, or cure thereof.
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[0036] The term “in situ” refers to processes that occur in a living cell growing separate from a
living organism, e.g., growing in tissue culture.

[0037] The term, “in vivo” refers to processes that occur in a living organism.

[0038] The term “mammal” as used herein includes both humans and non-humans and include but
is not limited to humans, non-human primates, canines, felines, murines, bovines, equines, and
porcines.

[0039] The term, “effective amount” means an amount sufficient to produce a desired effect, e.g., an
amount sufficient to prevent liver cancer or reduce the amount of liver cancer in a subject.

[0040] The term, “subject” refers to cells, human and non-human animals.

[0041] The term, “therapeutically effective amount” is an amount that is effective to ameliorate a
symptom of a disease. A therapeutically effective amount can be a “prophylactically effective
amount” as prophylaxis can be considered therapy.

[0042] The term, "administration" refers to introducing an agent of the present disclosure into a
host. One preferred route of administration of the agents is oral administration. Another preferred
route is intravenous administration. However, any route of administration, such as topical,
subcutaneous, peritoneal, intra-arterial, inhalation, vaginal, rectal, nasal, introduction into the
cerebrospinal fluid, or instillation into body compartments can be used.

[0043] The term, “vehicle control” broadly refers to any inert medium in which the active ingredient
is administered, including but not limited to solvents, carriers or binders for the active ingredient.
[0044] The term, “deuterated analog” refers to modified versions or analogs of the compounds of
the invention where the compound contains at least one deuterium isotope.

[0045] The term, “clemizole metabolite” refers to the clemizole metabolite compounds, M1, M12
and M 14, as described in Figure 2 of the instant application.

[0046] The term, “R-chloroquine metabolite” refers to the metabolite compounds of chloroquine as
described in Figure 6 of the instant application.

[0047] The term, “R-hydroxychloroquine metabolite” refers to the metabolite compounds of
hydroxychloroquine, as described in Figure 7 of the instant application.

[0048] The term, “anti-NASH agent” refers to drugs or compounds that are used to treat non-
alcoholic steatohepatitis or conditions associated with non-alcoholic steatohepatitis which include, but
are not limited to, FXR agonists (e.g. obeticholic acid and PX-104), LOXL2 inhibitors (e.g.
Simtuzumab), caspase protease inhibitors (e.g. Emricasan and icosapent ethyl ester), cysteamine
bitartrate (e.g. Proscysbi or RP103), galectin-3 inhibitors (e.g. GR-MD-02 and LJPC-1010), CCR2
and CCRS5 pathway inhibitors (e.g. Cenicriviroc), PPAR agonists (e.g. GFT505, DUR-928,
Saroglitazar and Pioglitazone), cysteine depleting agents (e.g. RP103), SGLT-2 inhibitors (e.g.
remogliflozin etabonate), GLP-1 (e.g. liraglutide), bile acids (Ursodeoxycholic acid), synthetic fatty
acid and bile acid conjugates (e.g. Aramchol), Sirtuin stimulants (e.g. MB 12066), Apoptosis signal-
regulating kinase 1 (ASK1) inhibitors (e.g. GS-4997) and immunomodulators (e.g. IMM124E).

5
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[0049] As used herein, the term, “inflammatory condition” refers to medical problems that are
directly caused by inflammatory cytokines or cells involved in inflammation. Inflammatory
conditions, include, but are not limited to, non-alcoholic steatohepatitis, arthritis where inflammatory
cytokines destroy and lead to lesions in the synovial membrane and destruction of joint cartilage and
bone; kidney failure where inflammatory cytokines restrict circulation and damage nephrons; lupus
wherein inflammatory cytokines induce an autoimmune attack; asthma where inflammatory cytokines
close the airway; pulmonary arterial hypertension where inflammatory cytokines induce an elevation
of the pulmonary arterial pressure; psoriasis where inflammatory cytokines induce dermatitis;
pancreatitis where inflammatory cytokines induce pancreatic cell injury; allergy where inflammatory
cytokines induce autoimmune reactions; fibrosis where inflammatory cytokines lead to traumatized
tissue; surgical complications where inflammatory cytokines prevent healing; anemia where
inflammatory cytokines interfere with erythropoietin production; and fibromyalgia where
inflammatory cytokines are elevated in fibromyalgia patients. Other diseases associated with chronic
inflammation include cancer, which is caused by chronic inflammation; heart attack where chronic
inflammation contributes to coronary atherosclerosis; Alzheimer's disease where chronic
inflammation destroys brain cells; congestive heart failure where chronic inflammation causes heart
muscle wasting; stroke where chronic inflammation promotes thrombo-embolic events; and aortic
valve stenosis where chronic inflammation damages heart valves. Arteriosclerosis, osteoporosis,
Parkinson's disease, infection, inflammatory bowel disease including Crohn's disease and ulcerative
colitis as well as multiple sclerosis (a typical autoimmune inflammatory-related disease) are also
related to inflammation. Some diseases in advanced stages can be life threatening. Several
methodologies are available for the treatment of such inflammatory diseases; the results, however, are
generally unsatisfactory as evidenced by a lack of efficacy and drug related side effects associated
therewith.

[0050] As used herein, the term “non-alcoholic fatty liver disease activity score” refers to the results
of histological examination of liver tissue whereby the tissue has been examined for steatosis,
hepatocyte ballooning and/or lobular inflammation.

[0051] As used herein, the term “liver cancer” refers to hyperproliferative diseases of the liver,
including, but not limited to, hepatocellular carcinoma, fibrolamellar hepatocellular carcinoma,
cholangiocarcinoma, angiosarcoma, secondary or metastatic liver cancer and hepatoblastoma.

[0052] As used herein, the term "chemotherapeutic agents" refers to compounds that can be useful
in the treatment of disease (e.g., cancer). Chemotherapy agents of the present invention can include
any suitable chemotherapy drug or combinations of chemotherapy drugs (e.g., a cocktail). Exemplary
chemotherapy agents include, without limitation, alkylating agents, platinums, anti-metabolites,
anthracyclines, taxanes, camptothecins, nitrosoureas, EGFR inhibitors, antibiotics, HER2/neu
inhibitors, angiogenesis inhibitors, kinase inhibitors (e.g. sorafenib), proteasome inhibitors,

immunotherapies, hormone therapies, photodynamic therapies, cancer vaccines, histone deacetylase

6
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inhibitors, sphingolipid modulators, oligomers, other unclassified chemotherapy drugs and
combinations thereof. Exemplary chemotherapeutic agents affective against cancer also include,
without limitation, daunorubicin, dactinomycin, doxorubicin, bleomycin, mitomycin, nitrogen
mustard, chlorambucil, melphalan, cyclophosphamide, 6-mercaptopurine, 6-thioguanine, cytarabine
(CA), 5-fluorouracil (5-FU), floxuridine (5-FUdR), methotrexate (MTX), colchicine, taxotere,
vincristine, vinblastine, etoposide, teniposide, cisplatin and diethylstilbestrol (DES).

99 ¢

[0053] The term, a “pharmaceutically acceptable excipient,” “pharmaceutically acceptable diluent”,
“pharmaceutically acceptable carrier”, or “pharmaceutically acceptable adjuvant”, means an excipient,
diluent, carrier, and/or adjuvant that are useful in preparing a pharmaceutical composition that are
generally safe, non-toxic and neither biologically or otherwise undesirable, and include an excipient,
diluent, carrier, and adjuvant that are acceptable for veterinary use and or human pharmaceutical use.
“A pharmaceutically acceptable excipient, diluent, carrier, and/or adjuvant” as used in the
specification and claims includes one or more of such excipients, diluents, carriers and adjuvants.
[0054] "Pharmaceutically acceptable salt" refers to those salts that retain the biological effectiveness
and optionally other properties of the free bases and that are obtained by reaction with inorganic or
organic acids such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid,
methanesulfonic acid, ethanesulfonic acid, p- toluenesulfonic acid, salicylic acid, malic acid, maleic
acid, succinic acid, tartaric acid, citric acid, and the like. The term, “pharmaceutically acceptable salt”
also refers to the compounds that can be combined with free chloroquine base (e.g. phosphate and
diphosphate).

[0055] In the event that embodiments of the disclosed agents form salts, these salts are within the
scope of the present disclosure. Reference to an agent of any of the formulas herein is understood to
include reference to salts thereof, unless otherwise indicated.

The term "salt(s)", as employed herein, denotes acidic and/or basic salts formed with inorganic and/or
organic acids and bases. In addition, when an agent contains both a basic moiety and an acidic moiety,
zwitterions ("inner salts") may be formed and are included within the term "salt(s)" as used herein.
Pharmaceutically acceptable (e.g., non-toxic, physiologically acceptable) salts are preferred, although
other salts are also useful, e.g., in isolation or purification steps which may be employed during
preparation.

[0056] The term “pharmaceutical composition” as used herein, is meant to encompass a
composition suitable for administration to a subject, such as a mammal, especially a human. In
general, “a pharmaceutical composition” is sterile, and preferably free of contaminants that are
capable of eliciting an undesirable response within the subject.

[0057] The term "prodrug" refers to an inactive precursor of an agent that is converted into a
biologically active form in vivo. The compounds of the invention include modified versions of R-
chloroquine and clemizole, deuterated clemizole or clemizole metabolites that act as prodrugs.

Examples of modifications of the compounds of the invention that could be used to produce prodrugs

7
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include, but are not limited to, the addition of esters, glycosides (sugar derivatives) or addition or
removal of other nontoxic chemical groups that are enzymatically altered during metabolism in vivo
(e.g., phosphorylation, dephosphorylation, dealkylation, dehydroxylation or modification of sugar
derivatives). Prodrugs are often useful because, in some situations, they may be easier to administer
than the parent compound. They may, for instance, be bioavailable by oral administration whereas the
parent compound is not. The prodrug may also have improved solubility in pharmaceutical
compositions over the parent drug. A prodrug may be converted into the parent drug by various

mechanisms, including enzymatic processes and metabolic hydrolysis.
Abbreviations

[0058] Abbreviations used in this application include the following:

G 9

It must be noted that, as used in the specification and the appended claims, the singular forms “a,
“an” and “the” include plural referents unless the context clearly dictates otherwise.
Compound A = Racemic mixture of R-chloroquine and S-chloroquine

Compound B = R-chloroquine

Compound C = S-chloroquine

Compound D = clemizole

ALT = Alanine aminotransferase

HE = Hematoxylin and eosin

HFD = High fat diet

NAFLD = Nonalcoholic fatty liver disease

NASH = Non-alcoholic steatohepatitis

SD = Standard deviation

SPF = Specific pathogen-free

STZ = Streptozotocin

Compounds of the invention

[0059] The formula for R-chloroquine and the process of synthesis of R-chloroquine is described in
Figure 1. Alternatively, R-chloroquine is commercially available and can be purchased from
Chemical Entities of Biological Interest (ChEBI™); (catalog number, CHEBI: 48811).

[0060] The structures of clemizole and the major human (M1, M6) and rodent (M12, M14)
clemizole metabolites are shown in Figure 2. Clemizole hydrochloride is commercially available
from APExBIO™ (Catalog No. A3316).

[0061] In human liver, clemizole is primarily converted to an intermediate A, which several
CYP450 enzymes (CYP3A4, CYP2C19 or CYP2D6) can oxidize to M1. In the presence of CYP2C9
or CYP1A2, M2 is generated, but they cannot produce M1. Cyp2C9 appears to be the only source of
M4, which is a minor metabolite in humans. CYP3A4, which is the most abundantly expressed

CYP450 enzyme in human liver, mediates the majority of this drug biotransformation reaction. The
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ability of ritonavir, which is an inhibitor of CYP3A4 activity, to inhibit clemizole metabolism in vitro
suggested that CYP3A4 plays a major role in clemizole metabolism in humans. In contrast, a different
type (CYP2C-like) of aromatic oxidation reaction produces the rodent-predominant metabolites (M 12,

M14 and M15), through the dominant pathway for clemizole metabolism in rodent liver.

Svynthesis of Clemizole Hydrochloride

[0062] Clemizole hydrochloride is commercially available from APExBIO™ (Catalog No. A3316).
Figure 3 describes the synthetic scheme for the good manufacturing practice (GMP) production of
clemizole. In certain embodiments, deuterated analogs of clemizole can be produced by substitution
of a deuterated pyrrolidine for the pyrolidiane starting mater. Pyrrolidine-2,2,5,5-ds can be purchased
from ©OCDN Isotopes, Inc. (Product No. D-5946).

[0063] Fully substituted pyrrolidine, pyrrolidine-2,2,3,3,4,4,5,5-ds can be purchased from ©CDN
Isotopes, Inc. (Product No. D-3532).

Synthesis of R-chloroquine

[0064] As described in Figure 1, (R)-(-)-chloroquine was prepared by condensing (R)-(-)-4-amino-
1-(diethylamino)pentane with known 4,7-dichloroquinoline. The (R)-(-)-4-amino-1-
(diethylamino)pentane was prepared by resolving known racemic (4-amino-1-(diethylamino)pentane
via formation of a salt with known (D)-(-)-mandelic acid and separating the (D)-(-)-mandelic acid
salts of the two enantiomers by crystallization.

[0065] Preparation of (R)-(-)-4-amino-1-(diethylamino)pentane

[0066] To a solution of (D)-(-)-mandelic acid (100 g, 658 mmol) in 350 mL ethyl alcohol was

slowly added racemic 4-amino-1-(diethylamino)pentane (98 g, 658 mmol). The mixture was seeded
with crystals of the (D)-(-)-mandelic acid salt of the title compound and, after standing overnight, the
resulting solid was collected by filtration and rapidly washed two times with ice-cold ethanol to give
the (D)-(-)-mandelic acid salt of the title compound as white crystals (Crop 1). The mother liquor was
concentrated until cloudiness was observed, then reheated until a homogenous solution resulted.
After seeding and standing overnight, the resulting solid was collected by filtration and rapidly
washed two times with ice-cold ethanol to give a second crop of the desired salt as white crystals
(Crop 2). The two salt crops (Crops 1 and 2) were combined to give a total of 44 g of the (D)-(-)-
mandelic acid salt of the title compound. The above process was repeated 4 times. Multiple batches
of the (D)-(-)-mandelic acid salt of the title compound (150 g in total) were combined and then
dissolved in ethyl alcohol with heating and sonication. The solution was seeded and, after standing
overnight, the resulting solid was collected by filtration and rapidly washed two times with ice-cold
ethanol to give the (D)-(-)-mandelic acid salt of the title compound (Recrystallized Crop 1). The
mother liquor was concentrated and the residue dissolved in ethyl alcohol with heating and sonication.
The solution was then seeded and, after standing overnight, the resulting solid was collected by

filtration to give a second crop of the (D)-(-)-mandelic acid salt of the title compound (Recrystallized
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Crop 2). The mother liquor was concentrated and the residue was dissolved in ethyl alcohol with
heating and sonication. The solution was then seeded and, after standing overnight, the resulting solid
was collected by filtration to give a third crop of the (D)-(-)-mandelic acid salt of the title compound
(Recrystallized Crop 3). The three recrystallized crops (Recrystallized Crops 1, 2 and 3) were
combined and dried in vacuo to give a total of 100 g of the (D)-(-)-mandelic acid salt of the title
compound, [at]p =-56.2 (1% in H,O). This salt was suspended in dichloromethane and washed three
times with 1 M sodium hydroxide solution. The organic layer was dried (Na,SO4) and concentrated in
vacuo to give the title compound, which was used directly in the next step.

[0067] Preparation of (R)-(-)-Chloroquine

[0068] A mixture of the crude (R)-(-)-4-amino-1-(diethylamino)pentane from above (approximately
45 g, 285 mmol, 1.00 equivalents), 4,7-dichloroquinoline (56 g, 285 mmol, 1.00 equivalents) and
phenol (53.6 g, 570 mmol, 2.0 equivalents) was heated to 120° C for 18 h, then cooled to room
temperature and diluted with dichloromethane. The resulting mixture was washed with 1.5 M sodium
hydroxide solution and the wash was back-extracted with dichloromethane. The combined organic
layers were extracted with 1 M hydrochloric acid. The aqueous extract was basified to pH 12 with
saturated sodium carbonate solution and extracted with dichloromethane. The organic extract was
dried (Na,SOs) and concentrated in vacuo. The residue was then purified by column chromatography
(silica gel eluting with 2.5% 7N NH3/MeOH) to give 42.8 g of the title compound, [at]p=-101.3 (1%
in EtOH).

[0069] This material was converted to its diphosphate salt by heating a solution of 42.8 g (133
mmol) of the title compound in ethyl alcohol to 90 °C for 15 min and adding dropwise two
equivalents (314 g, 267 mmol) of 85% phosphoric acid. After heating the resulting suspension at
reflux (90 °C) for 1 h and then cooling to room temperature, the solid was collected by filtration
washed with ethanol and diethyl ether, and dried in vacuo to give 68 g of (R)-(-)-chloroquine
diphosphate, [o.]p = - 82.96 (2.1% in H>O).

[0070] 'H NMR (Methanol-d4): '18.59 (d,J=9.2 Hz, 1H), 8.36 (d, /= 6.8 Hz, 1H), 7.92 (s, 1H),
7.61 (d, J=9.2 Hz, 1H), 6.89 (d, /= 7.2 Hz, 1H), 4.05-4.14 (m, 1H), 3.07-3.17 (m, 6H), 1.73-1.96
(m, 4H), 1.39-1.41 (m, 3H) and 1.27-1.31 (m, 6H)

Svnthesis and purification of R-hydroxychloroquine

[0071] The process for the synthesis and purification of enantiomers (R) and (S)
hydroxychloroquine is fully described in Blaney, P. et al., “A Practical Synthesis of the Enantiomers
of Hydroxychloroquine,” Tetrahedron: Asymmetry, 1994, pp. 1815-1822, Vol. 5. A summary of this
process has been included below.

[0072] As shown in Figure 6, the racemic diamine rac-2 is resolved by crystallization of its salt
with S(+)mandelic acid. Subsequent coupling with 4,7 dichloroquinoline gives S(+)-

hydroxychloroquine ((S)-la). Similarly, using the opposite enantiomer of mandelic acid gives

10
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(R)-2 and R(-)-hydroxychloroquine ((R)-la). Resolution of (R)-2 and (S)-2 involves
crystalization of its diastereomeric mandelate salts from iso-propanol. Using 0.5 molar
equivalents of S(+)-mandelic acid and seeding the mixture with pure diastereomer at 45°C,
67% of (S)-3 is recovered after a single crystallization with a diastereomeric excess (d.e.) of
92%. Afterwards, (S)-3 or (R)-3 is hydrolyzed to the corresponding diamine (S)-2 or
(R)-2. Ratios and yields are calculated without taking into account the presence of a variable
quantity (up to 10%) of water in (S)-2 or (R)-2.

[0073] Preparation of S(+)-5-[N-Ethyl-N-(2-hydroxyethyl)amino]-2-pentanamine ((S)-2)

[0074] A solution of rac-2 (200g, 1.15 mol) in 2-propanol (350 ml) was added to a solution of (+)-

mandelic acid (87.4g, 0.575 mol) in 2-propanol (500 ml). Additional 2-propanol was added to bring
the total volume to 900ml and the solution was stirred overnight at room temperature. Filtration gave
white crystals (235g) which were recrystallized twice more from 2-propanol (I800 ml and 1600 ml
respectively) to afford (S)-3 (145.4g) as white crystals. The solid was suspended in 35% aqueous
sodium hydroxide (350 ml) and extracted with tert-butyl methyl ether (5 x 600 ml). The extracts were
combined dried (MgSO4) and concentrated to give (S)-2 (55.5g, 55%) as a colorless oil. "H NMR
(CDCI3) 6 0.98 (3H, t,J=7.1 Hz), 1.025 (3H, d, ] = 6.3 Hz), 1.25-1.35 (2H, m), 1.35-1.55 (2H,m),ca.
1.9(3H,brs), 2.42(2H,t,J=7.3Hz), 2.51 (2H,q,J=7.1Hz), 2.54(2H,t,J=5.5Hz), 2.85(1H,tq,J = 6.3 and 5.2
Hz), 3.50 (2H, t, ] = 5.5 Hz); MS (CI, Ammonia) 175 ((MH]+). HRMS Calc. for
CoH2N20:175.181039; Found: 175.180493.

[0075] Preparation of R(-)-5-[N-Ethyl-N-(2-hydroxyethyl)amino]-2-pentanamine ((R)-2)

[0076] The mother liquor from the first crystallization above was concentrated. The residue was
suspended in 35% aqueous sodium hydroxide (250 ml) and extracted with tert-butyl methyl ether (5 x
550 ml). The combined extracts were dried (MgS04) and concentrated to give a yellow oil (70.6 g).
This was redissolved in 2-propanol (200 ml) and added to a solution of (-)-mandelic acid (64.00 g,
0.421 mol) in 2-propanol (300 ml). Additional 2-propanol was added to bring the total volume to 600
ml and the solution was stirred overnight at room temperature. Filtration gave white crystals (111g)
which were recrystallized twice more from 2-propanol (1100 ml and 800 ml respectively) to afford
(R)-3 (77.2 g) as white crystals. '"H NMR DMSO-ds) 8 0.92 (3H, t), 1.09 (3H, d), 1.35-1.55 (4H, m),
2.3-2.55 (6H, m), 3.03 (IH, tq). 3.43 (2H, t), 4.48 (IH, s), 7.1-7.25 (3H, m), 7.39 (2H, dd). (R)-3 was
suspended in 35% aqueous sodium hydroxide (200 ml) and extracted with tert-butyl methyl ether (5 x
400ml). The extracts were combined, dried (MgS04) and concentrated to give (R)-2 (29.32,29%) as a
colorless oil. 'WNMR (CDC13) 4 0.97 3H, t, J=7.1 Hz), 1.025 (3H, d, J = 6.3 Hz), 1.25-1.35 (2H, m),
135- 1.5 (2H, m), ca .2.1(3H,br ), 2.41 (2H,t.J=7.3Hz), 2.51 (2H, q ,/=7.1Hz), 2.53 (2H, t, J =
5.5Hz), 2.85 (IH, tq, J = 6.3 and 5.2 Hz), 3.49 (2H, t, J= 5.5 Hz); HRMS (CLAmmonia) Calc. for
CoH22N>0: 175.181039; Found: 175.180390.

[0077] Preparation of S(+)-Hydroxychloroquine ((S)-la)

11
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[0078] A mixture of (S)-2 (55.47 g, 0.32 mol), 4,7dichloroquinoline (63.03 g, 0.32 mol) and
diisopropylethylamine (63.9 ml, 0.37 mol) was heated at 125°C under reflux in a nitrogen atmosphere
for four days. After cooling, the mixture was transferred into a separating funnel using 1M aqueous
sodium hydroxide (500 ml) and dichloromethane (500 ml). The organic phase was separated and the
aqueous phase was re-extracted with dichloromethane (2 x 500 ml). The organic phases were
combined, dried (MgSO4) and concentrated to give a yellow oil (116 g) which was chromatographed
on silica gel in 95:3:2 dichloromethane:triethylamine:methanol to give (S)-la (73 g, 78%) as a pale
yellow oil. Alternatively, the crude product was chromatographed on alumina in 2:2:1
acetone:hexane:methanol to give (S)-la as a colourless oil. 'H NMR (CDCl13) $ 0.99 (3H, t,J =7 Hz,
CH»CHs), 1.285 (3H, d, J = 6 Hz, CHCH3), 1.45-1.85 (4H, m), 2.35-2.75 (6H, m), 3.4-3.95 (3H, m),
5.18 (IH,br d, /=8Hz,NH), 6.37 (IH, d,J=6Hz, 3-H), 7.28 (1H, dd, J, =9 Hz, Jn =2 Hz, 6-H), 7.74 (IH,
d, J=9 Hz, 5-H), 7.91 (IH, d,J = 2 Hz, 8-H), 8.465 (IH,d, J = 6 Hz, 2-H); 3*C NMR (CDCl;s) 11.5
(CH.CH3), 20.2 (CH-CH3), 23.9 (CH2CH2CH2N), 34.2 (CH2CH2CH:N). 47.5 (CH,CH3), 48.3 (CH),
53.1 (CHH,CH2N), 54.9 (CH.CH,OH), 58.5 (CH2CH,OH), 99.0 (C3), 117.2 (C4a), 121.3 (C6),
125.0 (C8), 128.4 (C5), 134.7 (C7), 149.1 (C4), 151.65 (C2); MS (EL,70EV) 337,335 (15,44%, M"),
306,304 (20, 62%, [M-CH,OH]"), 247 (81%), 102 (100%); HRMS Calc, for C;sH26CIN;O:
335.176440;, Found: 335.175518

[0079] Preparation of R(-Hydroxychloroquine ((R)-la)

[0080] A mixture of (R)-2 (29.34 g, 0.168 mol), 4,7-dichloroquinoline (33.34 g, 0.168 mol) and

diisopropylethylamine (33.8 ml, 0.194 mol) was heated at 135°C under reflux in a nitrogen
atmosphere for three days. Work-up and purification as described for (S)-la gave (R)-la (39.8 g, 84%)
as apale yellow oil. Alternative Purification: crude (R)-la (18.7 g) was dissolved in hydrochloric acid
(1M, 50 ml) and washed with ethyl acetate (2 x 50 ml) to remove 2,7dichloroquinoline. After
neutralization to pH 7.5 with 1M aqueous sodium hydroxide, the aqueous phase was washed again
with ethyl acetate (2 x 50ml), then stirred overnight with activated charcoal. After filtration through
celite, the mixture was basified to pH 12 and extracted with ethyl acetate (4 x 50 ml). The extracts
were combined, dried (MgSO4) and concentrated to give (R)-la as a pale yellow oil (17.2 g). 'H NMR
(CDCIs) 60.99 (3H, t). 1.285 (3H, d), 1.45-1.85 (4H, m), 2.35-2.75 (6H, m), 3.4-3.95 (3H, m), 5.18
(IH, brd), 6.37 (1H, d), 7.28 (IH, dd), 7.74 (1H, d), 7.91 (IH, d), 8.465 (IH, d); '*C NMR (CDCls) &
11.5,20.2,23.9,34.2, 47.5,48.3, 53.1, 54.9, 58.5, 99.0, 117.2, 121.3,125.0, 128.4, 134.7, 149.1,
151.65; MS (thermospray) 338, 336 ([MH]+); major fragment ions at 247 (100%, [M-
EtNHCH,CH,OH]"), 158.

[0081] The procedure for assaying the enantiomeric purities of (R)-2 and (S)-2

[0082] Fully resolved (R)-2 or (S)-2 has an [a]p in the region of 6. Reliable methods for

determining enantiomeric purity involve 'H-NMR of diastereomeric derivatives of (R)-2 and (S)-
2. The result of addition of one molar equivalent of (R)-a-methoxy-a -trifluoromethylphenylacetic

acid (MTPA) to chloroform solutions of (R)-2 and (S)-2 causes resonances due to H* in the two
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diastereomers to broaden and move to higher frequency, while excess MTPA forms diastereomeric

salts in which the resonances due to Ha and H change position. In the latter case, there is a large
separation between the resonances due to H® of the two diastereomers. This technique allows
detection of as little as 1% of the minor enantiomer. Itis suggested that monoprotonation gives a

species which exists in a pseudocyclic form, whereas the diprotonated species exists in an acyclic

form. Similarly, in the 'H NMR spectrum of the diastereomeric camphorsulfonamides, the
resonances due to the terminal methyl group of the diamine moiety are fully resolved, even at low
field strength. Conversion of resolved diamines (R)-2 and (S)-2 to the enantiomers of
hydroxychloroquine, (R)-la and (S)-la, involves heating (R)-2 and (S)-2 with 4,7-dichloroquinoline
in the presence of diisopropylethylamine. Optimum conditions are different for the two enantiomers:
at 135°C, (S)-2 is consistently more prone to degradation than (R)-2, and the conversion is
correspondingly less clean. Larger scale purification of (R)-la and (S)- la is performed by acid-base
extraction. Below pH 5, excess dichloroquinoline is removed from the aqueous phase, and the
remaining impurities is removed by further extraction between pH 7 and pH 8, followed by
charcoal treatment of the aqueous phase to remove a trace of highly-coloured material. Above pH
8 (the most convenient pH being around 12), pure hydroxychloroquine is extracted. Both (R)-1a
and (S)-1a are oils, and require protection from light during storage, developing a yellow color
otherwise. After purification, enantiomers (R)-1a and (S)-1aare converted to
bis(dihydrogenphosphate) salts, ((R)-b and ((S)-1b), by treatment with phosphoric acid (two molar
equivalents). Where triethylamine remained from the preceding chromatographic step, this is
removed by trituration with acetone to leave a deliquescent hydrate. Phosphoric acid (19.7 ml, 0.29
mol) was added to (S)-la (43.4 g, 0.144 mol) with ice cooling to moderate the reaction. The resulting
gum was ground under acetone and the resulting deliquescent solid was filtered quickly, suspended
immediately in fresh acetone (200 ml), then stirred overnight. Dehydration by heating in ethanolic
suspension gives friable white solids. Rapid filtration gave a white powder which was transferred
immediately into a flask containing ethanol (200 ml). The resulting suspension was refluxed for four
days, then filtered, and the solid washed with ethanol. After drying under vacuum to constant weight,
the yield of (S)-1b was 52.6 g (69%). (R)-1a is converted to bis(dihydrogenphosphate) salt in an
analogous manner. Both anhydrous samples and monohydrates melt at 192°C, substantially higher
than the melting point of 168-170°C reported for the racemate. The enantiomers give substantial
and reproducible rotations, and as little as 0.5% of the minor enantiomer can be detected by HPLC
using a chiral AGP stationary phase. Thus, both polarimetry and HPLC are suitable for
determination of the optical purity of the enantiomers. Hydroxychloroquine sulfate is also
commercially available, and can be purchased from 3B Scientific Corporation™,

(catalog No., DR001622).
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Methods of use

[0083] Methods for treatment of inflammatory conditions, steatohepatitis and inflammation
associated liver cancer are also encompassed by the present invention. Said methods of the invention
include administering a therapeutically effective amount of clemizole and/or R-chloroquine to a
subject in need thereof.

[0084] The present invention also provides methods for the treatment of an inflammatory condition,
comprising administering to a subject one or more compounds or a composition comprising one or
more compounds of the invention and a pharmaceutically acceptable vehicle. The present invention
also provides methods for the treatment or prevention of inflammatory conditions in combination with
anti-inflammatory treatments presently utilized in the clinic. Examples of anti-inflammatory
treatments include, but are not limited to, non-steroidal anti-inflammatory drugs such as, aspirin,
ibuprofen and naproxen, corticosteroids, anti-inflammatory bioactive compounds such as, plumbagin
or immune selective anti-inflammatory derivatives.

[0085] The present invention provides methods for the treatment of non-alcoholic steatohepatitis
comprising administering to a subject one or more compounds or a composition comprising one or
more compounds of the invention and a pharmaceutically acceptable vehicle. As used herein, the
term “non-alcoholic steatohepatitis” refers to liver diseases characterized by inflammation of the liver
with concurrent fat accumulation in the liver. The invention also provides methods for the treatment
of non-alcoholic steatohepatitis in combination with treatments presently utilized in the clinic for the
treatment of conditions commonly associated with non-alcoholic steatohepatitis, such as metabolic
syndrome and/or diabetes mellitus. Non-limiting examples of treatments for metabolic syndrome
and/or diabetes mellitus include, treatments to reduce insulin resistance, cholesterol and triglycerides.
Examples of treatments that reduce insulin resistance, include but are not limited to, metformin,
thiazolidinedione, pioglitazone and rosiglitazone. Examples of treatments for hypercholesterolemia
include, but are not limited to, statin, bile acid sequestrants, cholesterol absorption inhibitors, a fibric
acid derivatives or nicotinic acid.

[0086] The present invention provides methods for the treatment or prevention of liver cancer,
comprising administering to a subject one or more compounds or a composition comprising one or
more compounds of the invention and a pharmaceutically acceptable vehicle. As used herein, the
term “liver cancer” refers to hyperproliferative diseases of the liver, including, but not limited to,
hepatocellular carcinoma, fibrolamellar hepatocellular carcinoma, cholangiocarcinoma, angiosarcoma,
secondary or metastatic liver cancer and hepatoblastoma. The present invention also provides methods
for the treatment or prevention of liver cancer in combination with treatments presently utilized in the
clinic for the treatment or prevention of liver cancer, including, but not limited to, chemotherapeutic

agents.
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Pharmaceutical compositions of the invention

[0087] The clemizole and R-chloroquine of the invention can be formulated in pharmaceutical
compositions. These compositions can comprise, in addition to clemizole and/or R-chloroquine, a
pharmaceutically acceptable excipient, carrier, buffer, stabilizer or other materials well known to
those skilled in the art. Such materials should be non-toxic and should not interfere with the efficacy
of the active ingredient. The precise nature of the carrier or other material can depend on the route of
administration, e.g. oral, intravenous, cutaneous or subcutaneous, nasal, intramuscular, intraperitoneal
routes.

[0088] Pharmaceutical compositions for oral administration can be in tablet, capsule, powder or
liquid form. A tablet can include a solid carrier such as gelatin or an adjuvant. Liquid pharmaceutical
compositions generally include a liquid carrier such as water, petroleum, animal or vegetable oils,
mineral oil or synthetic oil. Physiological saline solution, dextrose or other saccharide solution or
glycols such as ethylene glycol, propylene glycol or polyethylene glycol can be included.

[0089] For intravenous, cutaneous or subcutaneous injection, or injection at the site of affliction, the
active ingredient will be in the form of a parenterally acceptable aqueous solution which is pyrogen-
free and has suitable pH, isotonicity and stability. Those of relevant skill in the art are well able to
prepare suitable solutions using, for example, isotonic vehicles such as Sodium Chloride Injection,
Ringer's Injection, Lactated Ringer's Injection. Preservatives, stabilisers, buffers, antioxidants and/or
other additives can be included, as required.

[0090] The small molecule useful compound according to the present invention that is to be given to
an individual, administration is preferably in a “therapeutically effective amount” or “prophylactically
effective amount” (as the case can be, although prophylaxis can be considered therapy), this being
sufficient to show benefit to the individual. The actual amount administered, and rate and time-course
of administration, will depend on the nature and severity of the condition being treated. Prescription
of treatment, e.g. decisions on dosage etc, is within the responsibility of general practitioners and
other medical doctors, and typically takes account of the disorder to be treated, the condition of the
individual patient, the site of delivery, the method of administration and other factors known to
practitioners. Examples of the techniques and protocols mentioned above can be found in
Remington's Pharmaceutical Sciences, 16th edition, Osol, A. (ed), 1980.

[0091] A composition can be administered alone or in combination with other treatments, either

simultaneously or sequentially dependent upon the condition to be treated.
EXAMPLES

[0092] Below are examples of specific embodiments for carrying out the present invention. The
examples are offered for illustrative purposes only, and are not intended to limit the scope of the

present invention in any way. Efforts have been made to ensure accuracy with respect to numbers
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used (e.g., amounts, temperatures, etc.), but some experimental error and deviation should, of course,
be allowed for.

[0093] The practice of the present invention will employ, unless otherwise indicated, conventional
methods of protein chemistry, biochemistry, recombinant DNA techniques and pharmacology, within
the skill of the art. Such techniques are explained fully in the literature. See, e.g., T.E. Creighton,
Proteins: Structures and Molecular Properties (W.H. Freeman and Company, 1993); A.L. Lehninger,
Biochemistry (Worth Publishers, Inc., current addition); Sambrook, et al., Molecular Cloning: A
Laboratory Manual (2nd Edition, 1989); Methods In Enzymology (S. Colowick and N. Kaplan eds.,
Academic Press, Inc.); Remington's Pharmaceutical Sciences, 18th Edition (Easton, Pennsylvania:
Mack Publishing Company, 1990); Carey and Sundberg Advanced Organic Chemistry 3rd Ed.
(Plenum Press) Vols A and B(1992).

[0094] Any terms not directly defined herein shall be understood to have the meanings commonly
associated with them as understood within the art of the invention. Certain terms are discussed herein
to provide additional guidance to the practitioner in describing the compositions, devices, methods
and the like of aspects of the invention, and how to make or use them. It will be appreciated that the
same thing may be said in more than one way. Consequently, alternative language and synonyms
may be used for any one or more of the terms discussed herein. No significance is to be placed upon
whether or not a term is elaborated or discussed herein. Some synonyms or substitutable methods,
materials and the like are provided. Recital of one or a few synonyms or equivalents does not exclude
use of other synonyms or equivalents, unless it is explicitly stated. Use of examples, including
examples of terms, is for illustrative purposes only and does not limit the scope and meaning of the

aspects of the invention herein.
METHODS

[0095] Induction of Non-Alcoholic Steatohepatitis

[0096] NASH was induced in 55 male mice by a single subcutaneous injection of 200 pg
streptozotocin (STZ, Sigma-Aldrich, USA) solution 2 days after birth and feeding with high fat diet
(HFD, 57 kcal% fat, cat#: HFD32, CLEA Japan, Inc., Japan) after 4 weeks of age. Mice that had been
induced have NASH by this method are referred to below as NASH mice.

[0097] Pharmaceutical compositions and route of drug administration

[0098] Compounds A, B, C, D and Vehicle were orally administered in a volume of 5 mL/kg.
Compound A comprised a racemic mixture of R-chloroquine and S-chloroquine.

[0099] Compound B comprised R-chloroquine. Compound C comprised S-chloroquine.

[00100] Compound D comprised clemizole. All test compounds were weighed and dissolved in
vehicle (5% DMSO/Water).

[00101] Treatment doses of drug
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[00102] Compounds A, B, and C were orally administered at doses of 258 mg/kg on the first 2 days

and 129 mg/kg thereafter once daily. Compound D was orally administered at doses of 89 mg/kg

twice daily. Table 1 below summarizes the treatment schedule.

[00103] Table 1: Treatment schedule for study groups

No. ) Dose | Volume ) Sacrifice | Sacrifice
Group ) Mice | Test substance Regimens
mice (mg/kg) | (mL/kg) O wk) | (18 wk)
Oral, once
daily,
1 11 | STAM Vehicle - 5 6 4
6 wks - 18
wks
Compound A Oral, once
(R-chloroquine | 258* daily,
2 11 | STAM 5 6 4
and S- 129 6 wks - 18
chloroquine) wks
Oral, once
Compound B 258%* daily,
3 11 | STAM ] 5 6 4
(R-chloroquine) | 129 6 wks - 18
wks
Oral, once
Compound C 258* daily,
4 11 | STAM 5 6 4
(S-chloroquine) | 129 6 wks - 18
wks
Oral, twice
Compound D daily,
5 11 | STAM ] 89 5 6 4
(clemizole) 6 wks - 18
wks

[00104] Animals
[00105] C57BL/6 mice (14-day-pregnant female) were obtained from Japan SL.C, Inc. (Shizuoka,

*258 mg/kg: Only first 2 days.

Japan). All animals used in the study were housed and cared for in accordance with the Japanese

Pharmacological Society Guidelines for Animal Use.

[00106] Plasma Sampling and measurement of whole blood and plasma biochemistry

[00107] Non-fasting blood was collected in polypropylene tubes with anticoagulant (Novo-heparin,

Mochida Pharmaceutical, Japan) from submandibular bleeding at 6 (before dosing), 7 and 8 weeks of
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age. The collected blood samples were centrifuged and the supernatant were collected as heparinized
plasma.

[00108] Non-fasting blood glucose in whole blood was measured using LIFE CHECK (EIDIA Co.
Ltd., Japan). Plasma ALT was measured by FUJI DRI-CHEM 7000 (Fujifilm Corporation, Japan).
[00109] Histopathological analyses

[00110] For HE staining, sections were cut from paraffin blocks of liver tissue prefixed in Bouin’s
solution and stained with Lillie-Mayer’s Hematoxylin (Muto Pure Chemicals Co., Ltd., Japan) and
eosin solution (Wako Pure Chemical Industries). NAFLD Activity score (NAS) was calculated
according to the criteria of Kleiner (Kleiner DE. et al., Hepatology, 2005;41:1313). To visualize
collagen deposition, Bouin’s fixed liver sections were stained using picro-Sirius red solution

(Waldeck, Germany).

[0100] For quantitative analysis of fibrosis areas bright field images of Sirius red-stained sections
were captured around the central vein for livers using a digital camera (DFC280; Leica, Germany) at
200-fold magnification, and the positive areas in 5 fields/section were measured using ImageJ
software (National Institute of Health, USA).

[0101] Macroscopic analyses of livers

[0102] The number of macroscopically visible tumor nodules formed on the liver surface was
measured. The maximum diameter of macroscopically visible tumor nodules formed on the liver
surface was measured.

[0103] Statistical tests

[0104] Statistical analyses were performed using Bonferroni Multiple Comparison Test on
GraphPad Prism 4 (GraphPad Software Inc., USA). P values < 0.05 were considered statistically
significant.

[0105] EXAMPLE 1: Administration of S-chloroquine results in reduced liver and body
weight in mice with NASH.

[0106] Body weight in the all groups did not obviously change during the treatment period (Table
2). There were no significant differences in mean body weight between the Vehicle group and all
Compound groups. During the treatment period, mice died before reaching week 9 as follows; one
out of 11 mice died in all groups.

[0107] The Compound C group significantly decreased the mean body weight on the day of
sacrifice (Table 2). There were no significant differences in the mean body weight on the day of
sacrifice between the Vehicle group and the Compound A, Compound B and Compound D groups.
[0108] The Compound C group significantly decreased the mean liver weight (Table 2). There were
no significant differences in the mean liver weight on the day of sacrifice between the Vehicle group

and the Compound A, Compound B and Compound D groups. There were no significant differences
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in the mean liver-to-body weight ratio on the day of sacrifice between the Vehicle group and the

Compound A, Compound B, Compound C and Compound D groups.
[0109] Table 2. Body weight and liver weight in NASH mice

Parameter Vehicle Compound A  Compound B Compound C  Compound D
(mean % SD) (GE) (n=6) (n=6) (n=6) (n=6)
Body weight (g) 16.9 = 2.1 15.0 £ 1.9 145 £ 24 13.7 1.3 155 £ 15
Liver weight (mg) 1082 £ 130 1045 + 243 934 + 135 810 = 77 1047 £ 76
Liver-to-body weight ratio (%) 6.5 £ 0.9 70 £1.4 6.5 +04 59 +£04 6.8 +0.4

[0110] EXAMPLE 2: Whole Blood biochemistry in mice administered with cloroquine or
clemizole in NASH mice.

[0111] There were no significant differences in the whole blood glucose levels during the study
period between the Vehicle group and the Compound A, Compound B, Compound C and Compound
D groups. Plasma ALT levels were measured at the time of sacrifice between the Vehicle group and
the Compound A, Compound B, Compound C and Compound D groups (Table 3).

[0112] Table 3. ALT levels of NASH mice treated with test compounds.

Parameter Vehicle Compound A Compound B Compound C ~ Compound D

(mean * SD) (n=6) (n=6) (n=6) (n=6) (n=6)

Plasma ALT (U/L) 22 £+ 11 21 £13 14 =6 9+3 18 +10

[0113] EXAMPLE 3: Reduced NAFLD activity score is observed in NASH mice treated with
R-chloroquine or clemizole.

[0114] Hematoxylin and Eosin staining was performed on liver tissue sections from mice treated
with test compounds and NAFLD Activity scores were calculated (Table 4). The Compound B and

Compound D groups showed significant reduction in NAS compared with the Vehicle group.
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[0115] Table 4: NAFLD activity scores of NASH mice treated with test compounds

Steatosis Hepatocyte balloon;ng (me::f sD)
5 - = S 57 %08
Compound A - - - - - 62 ¥0.8
Compound B - - - - - 43 + 0.5
Compound C - - - - - - - 53 # 0.5
Compound D - - - - - 43 + 1.0
Definiton of NAS Components
ltem Score Extent
0 <5%
g 1 5-33%
Steatosis
2 >33-66%
3 >66%
0 None
Hepatogyte 1 Few balloon cells
Ballooning
2 Many cells/prominent ballooning
0 No foci
Lobular 1 <2 foci/200x
Inflammation 2 2-4 foci/200x
3 >4 foci/200x

[0116] EXAMPLE 4: Liver fibrosis area is not affected by administration of test compounds in
NASH mice.

[0117] Liver sirius red staining was performed on liver sections of NASH mice treated with test
compounds (Table 5). There were no significant differences in the fibrosis area at the time of
sacrifice between the Vehicle group and the Compound A, Compound B, Compound C and
Compound D groups.

[0118] Table 5: Fibrosis Area of livers of NASH mice administered with TEST compounds.

Parameter Vehicle Compound A Compound B Compound C ~ Compound D

(mean £ SD) (n=6) (n=6) (n=6) (n=6) (n=6)
Sirius red-positive area (%) 1.13 £ 0.17 0.87 £0.23 0.78 £ 0.35 0.90 +0.44 0.95 £ 0.39

[0119] EXAMPLE 5: Body weight and Liver weight of mice with NASH-induced
hepatocellular carcinoma administered with test compounds.

[0120] Body weight in the all study groups did not obviously change during the treatment period
(Table 6). There were no significant differences in mean body weight between the Vehicle group and
all Compound groups (Table 6). During the treatment period, mice died before reaching week 18 as
follows; one out of 4 mice died in the Vehicle and the Compound D groups. Two out of 4 mice died
in the Compound B and the Compound C groups. Three out of 4 mice died in the Compound A group.

The mean(s)+SD were shown in Table 6.
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[0121] Table 6. Organ and liver-to-body weight ratio of NASH induced HCC mice treated

with test compounds

Parameter Vehicle Compound A  Compound B Compound C  Compound D
((EERESSID)) (n=3) (n=1) (n=2) (n=2) (n=3)
Body weight (g) 24.6 + 2.1 175 £ 0.0 204 +0.3 17.9 £ 2.8 18.8 + 3.8
Liver weight (mg) 2059 + 667 1443 + 0 1616 + 635 1353 + 178 1710 = 113
Liver-to-body weight ratio (%) 83 £25 8.2 0.0 7.9 £3.0 7.6 £0.1 6.3 £0.8

[0122] EXAMPLE 6: Administration of clemizole in mice with hepatocellular carcinoma
reduces liver tumor diameter and number of tumor nodules.

[0123] The number of macroscopically visible tumor nodules formed on the liver surface was
measured. The maximum diameter of macroscopically visible tumor nodules formed on the liver
surface was measured (Table 7). All surviving mice (n=3) showed visible tumor nodules on the liver
surface in the Vehicle group. Absence of visible tumor nodules on the liver surface was observed in 2
out of 3 survived mice in the Compound D (clemizole) group (Figure 8). The mean(s)+SD are shown
in Table 7.

[0124] Table 7. Maximum diameter of visible tumor nodules in mice with HCC treated with

test compounds.

Parameter Vehicle Compound A Compound B Compound C  Compound D
mean + SD (n=3) (n=1) (n=2) (n=2) (n=3)
Number of nodules 3.0 +£20 20 £0.0 20 +£14 15 £:2.1 0.3 £0.6
Maximum diameter of nodules (mm) 7.3 £6.5 6.1 £0.0 1.4 £7.0 35 +£50 0.7 & 1.2

[0125] EXAMPLE 7: Human patients with hepatocellular carcinoma (HCC) treated with
clemizole.

[0126] A phase Ila, open label pilot study is conducted to test the safety, tolerability,
pharmacokinetic and pharmacodynamic activity of 200 mg vs. 400 mg vs. 500 mg clemizole
hydrochloride given orally thrice daily, to subjects with hepatocellular carcinoma (HCC) that are
either awaiting liver transplantation or have an unresectable lesion. The completed study treats up to
40 patients. Initial clinical results from two patients with hepatocellular carcinoma who were
administered 200 mg clemizole for 3 or 5 months are described below.

[0127] Patient #1 summary:

[0128] Patient #1 is a 70 year old man, diagnosed with HCC in the setting of chronic hepatitis B-
induced cirrhosis. Diagnosis was determined by dynamic liver CT. Patient #1 had received

radiofrequencey ablation treatment for HCC in 2011, but experienced progression of disease post-
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treatment. Patient #1 also received three courses of transarterial chemoembolization (TACE) in
April-May 2015 and June 2015. Patient #1 presented stable disease for a period of about 5 months
prior to progression of HCC. The patient then began clemizole treatment with oral administration of
200 mg clemizole thrice daily. After 3 months of clemizole treatment, the patient underwent follow
up dynamic liver CT imaging, and when a significant increase in tumor size would have been
expected in the absence of any therapy, the HCC remained stable. At that time, the patient felt well
with no complaints or side effects.

[0129] Patient #2 summary:

[0130] Patient #2 is a 77 year old man, diagnosed with multifocal HCC in the setting of chronic
hepatitis B-induced cirrhosis. Diagnosis was determined by dynamic liver magnetic resonance
imaging. Patient #2 had failed and/or not tolerated sorafenib treatment and presented with disease
progression post-treatment. Patient #2 then initiated clemizole treatment with oral administration of
200 mg clemizole thrice daily. After 5 months of clemizole treatment, the patient underwent follow
up dynamic liver magnetic resonance imaging, and when a significant increase in tumor size would
have been expected in the absence of any therapy, the HCC remained stable. At that time, the patient
felt very well with no complaints or side effects.

[0131] Although a small number of patients have been treated to date, the observed efficacy and
tolerability with the low dose clemizole used (i.e. 200 mg vs. up to 500 mg in subsequent patients) are
very exciting in their own right, especially when compared to the only approved therapy for HCC,
sorafenib. In the sorafenib phase 2 study (Abou-Alpha et al. Journal Clinical Oncology 2006, 24(26):
4293-4300), the median time to progression (TTP) was 4.2 months. Toxicities included diarrhea in
over 40%, hand-foot skin reaction in over 30%, and fatigue in 30%, including grade 3/4 drug-related
toxicities such as fatigue (9.5%), diarrhea (8.0%), and hand—foot skin reaction (5.1%). In the
sorafenib phase 3 study (Llovet et al. NEJM 2008;359:378-90), the median time to radiologic
progression was 5.5 months in the sorafenib group and 2.8 months in the placebo group. The overall
incidence of treatment-related adverse events was 80% in the sorafenib group. These were
predominantly gastrointestinal, constitutional, or dermatologic in nature (grade 1 or 2 in severity), as
well as hypophosphatemia (11% grade 3) and thrombocytopenia (4% grade 3 or 4).

[0132] While the invention has been particularly shown and described with reference to a preferred
embodiment and various alternate embodiments, it will be understood by persons skilled in the
relevant art that various changes in form and details can be made therein without departing from the
spirit and scope of the invention.

[0133] All references, issued patents and patent applications cited within the body of the instant

specification are hereby incorporated by reference in their entirety, for all purposes.
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CLAIMS
1. A method for treating a subject who has been diagnosed with liver cancer comprising:
administering to the subject an effective amount of clemizole, a deuterated analog of
clemizole, or a clemizole metabolite; and a chemotherapeutic agent, wherein the liver cancer is
hepatocellular carcinoma.
2. The method of claim 1, wherein the result of said treatment is shrinking the tumor, inhibiting
growth of the tumor, increasing time to progression of the tumor, prolonging disease-free survival of
the subject, decreasing metastases, increasing the progression-free survival of the subject or
increasing overall survival of the subject.
3. The method of claim 1 or claim 2, further comprising treating said subject for a viral infection
by administering to said subject an effective amount of anti-viral drug, wherein the anti-viral drug is
an interferon, a nucleoside analog, a direct acting antiviral, interferon alfa-2b, Peginterferon alfa-2a,
entecavir, lamivudine, adefovir, telbivudine, tenofovir, sofosbuvir, ledipasvir, ombitasvir, paritaprevir,
ritonavir, dasabuvir, grazoprevir, elbasvir, asunaprevir, daclatasvir, or beclabuvir.
4. The method of any one of the preceding claims, further comprising administering an effective
amount of an inhibitor of CYP3A4.
5. The method of any one of the preceding claims, wherein the chemotherapeutic agent is
selected from the group consisting of: an alkylating agent, an anti-metabolite, an immunotherapy, a
cancer vaccine, an antibody, a kinase inhibitor, an angiogenesis inhibitor, an anti-tumor antibiotic, a
topoisomerase inhibitor, a hormonal therapy, a mitotic inhibitor, a nitrogen mustard, a tyrosine kinase
inhibitor, an anti-microtubule agent, a histone deacetylase inhibitor, a proteasome inhibitor, and a
photodynamic therapy agent.
6. A method of treating a subject who has been diagnosed with liver cancer, comprising:
administering to the subject an effective amount of clemizole, a deuterated analog of
clemizole, or a clemizole metabolite,
wherein the effective amount is 200-500 mg administered once daily, twice daily, or thrice
daily, and
wherein the liver cancer is hepatocellular carcinoma.
7. The method of claim 6, wherein the result of the treatment is shrinking the tumor, inhibiting
growth of the tumor, increasing time to progression of the tumor, prolonging disease-free survival of
the subject, decreasing metastases, increasing the progression-free survival of the subject, or
increasing overall survival of the subject.
8. The method of claim 6 or 7, further comprising administering to the subject an effective
amount of an anti-viral drug, wherein the anti-viral drug is an interferon, a nucleoside analog, a direct
acting antiviral drug, interferon alfa-2b, Peginterferon alfa-2a, entecavir, lamivudine, adefovir,
telbivudine, tenofovir, sofosbuvir, ledipasvir, ombitasvir, paritaprevir, ritonavir, dasabuvir,

grazoprevir, elbasvir, asunaprevir, daclatasvir, or beclabuvir.
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9. The method of any one of claims 6 to 8, wherein the effective amount is at least 200 mg
administered once daily, twice daily, or thrice daily.
10. The method of any one of claims 6 to 9, wherein the effective amount is at least 300 mg
administered once daily, twice daily, or thrice daily.
11. The method of any one of claims 6 to 10, wherein the effective amount is at least 400 mg
administered once daily, twice daily, or thrice daily.
12. The method of any one of claims 6 to 11, wherein the effective amount is at least 500 mg
administered once daily or no more than thrice daily.
13. The method of any one of claims 6 to 12, wherein clemizole, the deuterated analog of
clemizole, or the clemizole metabolite is administered for greater than 2 months.
14, The method any one of claims 6 to 13, wherein clemizole, the deuterated analog of
clemizole, or the clemizole metabolite is administered for greater than 3 months.
15. The method of any one of claims 6 to 14, wherein clemizole, the deuterated analog of
clemizole, or the clemizole metabolite is administered for greater than 4 months.
16. A method of treating a subject who has been diagnosed with liver cancer, comprising:
administering to the subject an effective amount of clemizole, a deuterated analog of
clemizole, or a clemizole metabolite,
wherein the liver cancer is hepatocellular carcinoma.
17. A method of preventing liver cancer development in a subject at risk for developing liver
cancer, comprising:
administering to the subject an effective amount of clemizole, a deuterated analog of
clemizole, or a clemizole metabolite,
wherein the subject has been diagnosed with non-alcoholic steatohepatitis (NASH), non-
alcoholic fatty liver disease (NAFLD), Hepatitis B infection, or cirrhosis of the liver, and
wherein the liver cancer is hepatocellular carcinoma.
18. The method of claim 16, wherein the subject has been diagnosed with NASH.
19. The method of claim 16, wherein the subject has been diagnosed with NAFLD.
20. The method of any one of claims 17 to 19, wherein the result of said prevention is prolonging
the period of cancer-free survival or overall survival.
21. The method of any one of claims 16 to 20, further comprising administering to said subject an
effective amount of an anti-viral drug, wherein the anti-viral drug comprises an interferon, a
nucleoside analog, a direct acting antiviral, interferon alfa-2b, Peginterferon alfa-2a, entecavir,
lamivudine, adefovir, telbivudine, tenofovir, sofosbuvir, ledipasvir, ombitasvir, paritaprevir, ritonavir,
dasabuvir, grazoprevir, elbasvir, asunaprevir, daclatasvir, or beclabuvir.
22. The method of any one of claims 16 to 21, wherein the effective amount is 200-500 mg

administered once daily, twice daily, or thrice daily.
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23. The method of any one of claims 16 to 22, wherein the effective amount is at least 200 mg
administered once daily, twice daily, or thrice daily.

24, The method of any one of claims 16 to 23, wherein the effective amount is at least 300 mg
administered once daily, twice daily, or thrice daily.

25. The method of any one of claims 16 to 24, wherein the effective amount is at least 400 mg
administered once daily, twice daily, or thrice daily.

26. The method of any one of claims 16 to 25, wherein the effective amount is at least 500 mg
administered once daily, twice daily, or thrice daily.

27. The method of any one of claims 16 to 26, wherein clemizole, the deuterated analog of
clemizole, or the clemizole metabolite is administered for greater than 2 months.

28. The method of any one of claims 16 to 27, wherein clemizole, the deuterated analog of
clemizole, or the clemizole metabolite is administered for greater than 3 months.

29. The method of any one of claims 16 to 28, wherein clemizole, the deuterated analog of
clemizole, or the clemizole metabolite is administered for greater than 4 months.

30. The method of any one of claims 16 to 29, wherein clemizole, the deuterated analog of
clemizole, or the clemizole metabolite is administered for greater than 5 months.

31i; The method of any one of claims 16 to 30, further comprising administering an effective
amount of an inhibitor of CYP3A4.

32. The method of any one of the preceding claims, wherein the subject has been diagnosed with
Hepatitis B infection.

33. The method of any one of the preceding claims, wherein the subject has been diagnosed with

cirrhosis of the liver.

34. The method of any one of the preceding claims, wherein the subject is administered
clemizole.
35. Use of clemizole, a deuterated analog of clemizole, or a clemizole metabolite in the

manufacture of a medicament for the treatment of liver cancer in a subject who has been diagnosed
with liver cancer, wherein the liver cancer is hepatocellular carcinoma, and wherein the medicament
is to be administered in combination with an effective amount of a chemotherapeutic agent.
36. Use of an effective amount of clemizole, a deuterated analog of clemizole, a deuterated
analog of clemizole, or a clemizole metabolite in the manufacture of a medicament for the treatment
of liver cancer, wherein the effective amount is 200-500 mg is for administration once daily, twice
daily, or thrice daily, and wherein the liver cancer is hepatocellular carcinoma.

37. Use of clemizole, a deuterated analog of clemizole, or a clemizole metabolite in the
manufacture of a medicament for the treatment of liver cancer in a subject who has been diagnosed
with liver cancer, wherein the liver cancer is hepatocellular carcinoma, and wherein the medicament

is to be administered in combination with an effective amount of a chemotherapeutic agent.
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38. Use of clemizole, a deuterated analog of clemizole, or a clemizole metabolite, in the
manufacture of a medicament for preventing liver cancer development wherein the subject has been
diagnosed with non-alcoholic steatohepatitis (NASH), non-alcoholic fatty liver disease (NAFLD)
Hepatitis B infection, or cirrhosis of the liver, and wherein the liver cancer is hepatocellular
carcinoma.

39. Clemizole, a deuterated analog of clemizole, or a clemizole metabolite, when used with a
chemotherapeutic agent to treat liver cancer in a subject who has been diagnosed with liver cancer,
and wherein the liver cancer is hepatocellular carcinoma.

40. Clemizole, a deuterated analog of clemizole, a deuterated analog of clemizole, or a clemizole
metabolite when used to treat liver cancer, wherein the effective amount is 200-500 mg is for
administration once daily, twice daily, or thrice daily, and wherein the liver cancer is hepatocellular
carcinoma.

41. Clemizole, a deuterated analog of clemizole, or a clemizole metabolite when used to treat
liver cancer in a subject that has been diagnosed with liver cancer, and wherein the liver cancer is
hepatocellular carcinoma.

42. Clemizole, a deuterated analog of clemizole, or a clemizole metabolite, when used to prevent
liver cancer development in a subject at risk for developing liver cancer, wherein the subject has been
diagnosed with non-alcoholic steatohepatitis (NASH), non-alcoholic fatty liver disease (NAFLD)
Hepatitis B infection, or cirrhosis of the liver, and wherein the liver cancer is hepatocellular

carcinoma.
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CaHaO4
Mol. Wt 102 15 COOH E\{Ee
H, N}\/\/;\;E;z (D)-(-}-mandelic ac:ad Ph"JWOH HQNMNEiZ
CatigaNy on Cq7H3pNz05
Mol. Wi~ 156,28 25% Mol. Wi.: 310.43
2-amino-5-
diethylaminopentane
COOH Me Me -
oh Ok NS NE _IMNAOHBX -y N NEE
Cy7H3gN>Og NZ%% M ic\?\!?ggg% 28
: 2=ty ol. Wt.. 158.
Mol. Wi.: 310.43 160%
Ve CoHsCLN
; NEL Mol. Wt.. 188.05
H N7 S > N
CaHypNy Ry CygHygCINg
Mol. Wt 158.28 Mol. Wt.: 319.87

HPO,
EtOH
CqgHagCING C1gH32CIN; O
Mol. WL.: 319.87 Mol. WiE.: 515.86
R(--CQ 2H,PO,
FIG. 1

SUBSTITUTE SHEET (RULE 26)



PCT/US2016/040566

WO 2017/004454

2/8

rARI1E HO °nib-O gLIN onB-0 H LI
oniB-0 H o 9L H  HO 8I
HoooH LA Ho H SN

e 1Y 2SI Y

AZUBGOIOND P=3 &l

b 9QZdAD
8L0ZAAD

0SPdAD SIOZIUBIO
PYEAAD

o
1
v
MMW N_ o~ | eidsni
HO /rtm\/ﬁ...\..
g
A

S SN——— &

N !
! & |
2V LAAD
BDEAAD oniB 1IN
OOl
79
W~
m‘m&f&z

4

o
SSHIOQRISN 2JOZIWS]T PUR SJOZIWSIT JO SBINIINAS

(weyoe)) anibB-0 gL
(wepel HO 8N
spiucinoniB-O vIN

HO #IN

bed

SUBSTITUTE SHEET (RULE 26)



PCT/US2016/040566

¢ Ol

WO 2017/004454

3/8

OPLIOIUDOIDAH B10ZIUSIY aseg 9814 8j0ZIWB|D
£'Z9C I TIOW $8'GZE I 1O
MZNMQM\NI@FQ mZmQQNImwQ
HO
O I9HNS
17107 "I IO |
wm.mmm SIACION ¢ wmwm %wmmwm 1VBX3 sainbs g
e mmwm&%wﬁwmxm NT"H""O 2LV IO
T~ A NEHTD
uonesy shie) Qx
‘SUCHBIIISIP OM} 'C
. foo™e +
N oG0L NG L L9991 I IO
do €099} ‘SSEI 10BX3
L OIS CNIDHHED
- L

SPUOIY20IPAH S]0ZIWSIY O SISOYIUAS JIND 10} BWBYIS IOYIUAS

SUBSTITUTE SHEET (RULE 26)



PCT/US2016/040566

WO 2017/004454

4/8

¥ Old

suljouinboulE-H-0ICIYD-£ suinbolojyo-jAyiasepsig suinbosojus-1AyIsag
_ z/ I _ z/ 10 _ z/ o
e F e
H H
“HN zwzﬁmxuvxuzﬂ@ mzmowzmmzuvxuzﬂ&
*HO EHO
suinboioiyn
_ z/ 19,
SHCO d
AN EA
o 7. N(“HOIHONH
H"O ¢ )
HD

sayjogelely suinboiolyn Jo 8INIONAS UL

SUBSTITUTE SHEET (RULE 26)



WO 2017/004454 PCT/US2016/040566
5/8

The Structure of Hydroxychloroquine (rac-1} and R-hydroxychloroguine
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