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METHODS OF USING OBETICHOLIC ACID
BACKGROUND

[0001] Nonalcoholic fatty liver disease (NAFLD) is considered to be a hepatic
manifestation of metabolic syndrome, a cluster of closely related clinical features linked to
visceral obesity and characterized by insulin resistance, dyslipidemia, and hypertension.
NAFLD is the most common cause of chronic liver disease in the western hemisphere, and its
prevalence is expected to rise. NAFLD is thought to be represented by a spectrum of
histologically-defined diseases, which progresses from simple steatosis to nonalcoholic
steatohepatitis NASH). NASH is characterized by hepatocellular injury, inflammation, and
progressive fibrosis potentially leading to cirrhosis, hepatic decompensation, hepatocellular
carcinoma (HCC), and liver-related death. Of all the histologic features of NASH, fibrosis is
considered the strongest predictor of adverse clinical outcomes.

[0002] There are currently no approved therapies for the treatment of NASH or
compensated cirrhosis due to NASH nor an accepted standard of care. With no approved
treatments targeting the underlying pathophysiology, the current treatment strategy for NASH
patients with cirrhosis becomes largely supportive. It is therefore critical to develop effective
therapies that can reverse fibrosis or prevent the progression of fibrosis to cirrhosis, with the
goal of reducing complications secondary to cirrhosis ultimately improving quality of life and
liver-transplant-free survival.

[0003] Obeticholic acid (OCA) is a modified bile acid and farnesoid X receptor (FXR)
agonist. OCA’s potent FXR agonist effects make it an attractive therapeutic agent for NASH
due to its multiple FXR-mediated effects including an increase in insulin sensitivity, glucose
and lipid metabolism, hepatocyte protection against bile-acid-induced cytotoxicity, anti-
inflammatory effects in liver and vasculature, and prevention and reversal of liver fibrosis.
Nonclinical studies have shown several potentially beneficial properties of FXR agonism in

NASH and compensated cirrhosis due to NASH.

SUMMARY

[0004] The present disclosure relates to methods of using obeticholic acid for treating a
disease or condition. In certain instances, the disease or condition is chronic liver disease,
nonalcoholic fatty liver disease (NAFLD), nonalcoholic steatohepatitis (NASH), hepatitis C
infection, alcoholic liver disease, liver damage due to progressive fibrosis, or liver fibrosis. In

another instance, the disease is NASH. In still other instances, the disease or condition is
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solid-tumor cancer such as, for example, hepatocellular carcinoma (HCC), colorectal cancer,
gastric cancer, liver cancer, breast cancer, kidney cancer, or pancreatic cancer. Further
provided herein are novel dosing regimens for administration of obeticholic acid for

treatment of the diseases or conditions described herein.

CO,H

obeticholic acid
(also known as INT-747)

[0005] A first aspect of the disclosure relates to a method of treating a disease or
condition described herein in a subject in need thereof, comprising administering to the
subject a therapeutically effective amount of obeticholic acid, or a pharmaceutically
acceptable salt, ester, or amino acid conjugate thereof.

[0006] Another aspect of the disclosure relates to a method of treating NAFLD in a
subject in need thereof, comprising administering to the subject a therapeutically effective
amount of obeticholic acid, or a pharmaceutically acceptable salt, ester, or amino acid
conjugate thereof.

[0007] Another aspect of the disclosure relates to a method of treating NASH in a subject
in need thereof, comprising administering to the subject a therapeutically effective amount of
obeticholic acid, or a pharmaceutically acceptable salt, ester, or amino acid conjugate thereof.
[0008] Another aspect of the disclosure relates to a method of slowing down or reversing
the progression of NASH in a subject in need thereof, comprising administering to the subject
a therapeutically effective amount of obeticholic acid, or a pharmaceutically acceptable salt,
ester, or amino acid conjugate thereof.

[0009] Another aspect of the disclosure relates to a method of slowing down or reversing
the progression of liver fibrosis in a subject in need thereof, comprising administering to the
subject a therapeutically effective amount of obeticholic acid, or a pharmaceutically
acceptable salt, ester, or amino acid conjugate thereof.

[0010] Another aspect of the disclosure relates to a method of slowing down or reversing
the progression of cirrhosis (e.g., compensated cirrhosis) in a subject in need thereof,
comprising administering to the subject a therapeutically effective amount of obeticholic

acid, or a pharmaceutically acceptable salt, ester, or amino acid conjugate thereof.
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[0011] Another aspect of the disclosure relates to a method of treating compensated
cirrhosis in a subject in need thereof comprising administering to the subject obeticholic aicd
or pharmaceutically acceptable salt or amino acid conjugate thereof in an amount of 1-25 mg.
[0012] Another aspect of the disclosure relates to a method of treating compensated
cirrhosis in a subject in need thereof comprising administering to the subject obeticholic aicd
or pharmaceutically acceptable salt or amino acid conjugate thereof in an amount of 1-25 mg
wherein the compensated cirrhosis is associated with NASH.

[0013] Another aspect of the disclosure relates to a method of treating NASH in a subject
with compensated cirrhosis due to NASH comprising administering to the subject obeticholic
aicd or pharmaceutically acceptable salt or amino acid conjugate thereof in an amount of 1-25
mg.

[0014] Another aspect of the disclosure relates to a method of treating liver fibrosis in a
subject with compensated cirrhosis due to NASH comprising administering to the subject
obeticholic aicd or pharmaceutically acceptable salt or amino acid conjugate thereof in an
amount of 1-25 mg.

[0015] Another aspect of the disclosure relates to use of obeticholic acid, or a
pharmaceutically acceptable salt, ester, or amino acid conjugate thereof, for treating NAFLD,
treating NASH, slowing down or reversing the progression of NASH, slowing down or
reversing the progression of liver fibrosis, and/or slowing down or reversing the progression
of cirrhosis (e.g., compensated cirrhosis).

[0016] Another aspect of the disclosure relates to use of obeticholic acid, or a
pharmaceutically acceptable salt, ester, or amino acid conjugate thereof, for treating NAFLD,
treating NASH, slowing down or reversing the progression of NASH, slowing down or
reversing the progression of liver fibrosis, and/or slowing down or reversing the progression
of compensated cirrhosis.

[0017] Another aspect of the disclosure relates to obeticholic acid, or a pharmaceutically
acceptable salt, ester, or amino acid conjugate thereof for use in treating NAFLD, treating
NASH, slowing down or reversing the progression of NASH, slowing down or reversing the
progression of liver fibrosis, and/or slowing down or reversing the progression of cirrhosis
(e.g., compensated cirrhosis).

[0018] Another aspect of the disclosure relates obeticholic aicd or pharmaceutically
acceptable salt or amino acid conjugate thereof for use in a method of treating compensated

cirrhosis in a subject in need thereof comprising administering to the subject an amount of 1-
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25 mg of obeticholic aicd or pharmaceutically acceptable salt or amino acid conjugate
thereof.

[0019] Another aspect of the disclosure relates to obeticholic aicd or pharmaceutically
acceptable salt or amino acid conjugate thereof for use in a method of treating NASH in a
subject with compensated cirrhosis due to NASH comprising administering to the subject an
amount of 1-25 mg of obeticholic aicd or pharmaceutically acceptable salt or amino acid
conjugate.

[0020] Another aspect of the disclosure relates to obeticholic aicd or pharmaceutically
acceptable salt or amino acid conjugate thereof for use in a method of treating liver fibrosis in
a subject with compensated cirrhosis due to NASH comprising administering to the subject
an amount of 1-25 mg of obeticholic aicd or pharmaceutically acceptable salt or amino acid
conjugate thereof.

[0021] Another aspect of the disclosure relates to use of obeticholic acid, or a
pharmaceutically acceptable salt, ester, or amino acid conjugate thereof, in the manufacture
of a medicament for treating NAFLD, treating NASH, slowing down or reversing the
progression of NASH, slowing down or reversing the progression of liver fibrosis, and/or
slowing down or reversing the progression of cirrhosis (e.g., compensated cirrhosis).

[0022] Another aspect of the disclosure relates to use of obeticholic acid, or a
pharmaceutically acceptable salt, ester, or amino acid conjugate thereof, in the manufacture
of a medicament for treating NAFLD, treating NASH, slowing down or reversing the
progression of NASH, slowing down or reversing the progression of liver fibrosis, and/or
slowing down or reversing the progression of compensated cirrhosis.

[0023] Another aspect of the disclosure relates to obeticholic acid, or a pharmaceutically
acceptable salt, ester, or amino acid conjugate thereof for use in the manufacture of a
medicament for treating NAFLD, treating NASH, slowing down or reversing the progression
of NASH, slowing down or reversing the progression of liver fibrosis, and/or slowing down
or reversing the progression of cirrhosis (e.g., compensated cirrhosis).

[0024] Another aspect of the disclosure relates to obeticholic acid, or a pharmaceutically
acceptable salt, ester, or amino acid conjugate thereof for use in the manufacture of a
medicament for treating NAFLD, treating NASH, slowing down or reversing the progression
of NASH, slowing down or reversing the progression of liver fibrosis, and/or slowing down
or reversing the progression of compensated cirrhosis.

[0025] The methods of the present application address unmet needs in the treatment or

prevention of a disease or condition, such as those described herein.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0026] Figure 1: a diagram outlining the clinical study to assess the PK and PD of OCA
in subjects with compensated cirrhosis due to NASH and control subjects

[0027] Figure 2: bar graphs showing total plasma OCA AUC in subjects with
compensated cirrhosis due to NASH and control subjects on Day 1 and Day 28 of dosing
[0028] Figure 3A: a bar graph showing % change in the ALT level relative to baseline in
subjects with compensated cirrhosis due to NASH and control subjects on Day 28 of dosing
[0029] Figure 3B: plots showing the ALT level change in subjects with compensated
cirrthosis due to NASH and control subjects during the 28-day period after OCA dosing
[0030] Figure 4: a bar graph showing % change in the GGT level relative to baseline in
subjects with compensated cirrhosis due to NASH and control subjects on Day 28 of dosing
[0031] Figure 5: a bar graph showing % change in the ALP level relative to baseline in
subjects with compensated cirrhosis due to NASH and control subjects on Day 28 of dosing
[0032] Figure 6A: a bar graph showing % change in the direct bilirubin level relative to
baseline in subjects with compensated cirrhosis due to NASH and control subjects on Day 28
of dosing

[0033] Figure 6B: plots showing the direct bilirubin level change in subjects with
compensated cirrhosis due to NASH and control subjects during the 28-day period after OCA
dosing

[0034] Figure 7A: a bar graph showing % change in the total bilirubin level relative to
baseline in subjects with compensated cirrhosis due to NASH and control subjects on Day 28
of dosing

[0035] Figure 7B: plots showing the total bilirubin level change in subjects with
compensated cirrhosis due to NASH and control subjects during the 28-day period after OCA
dosing

[0036] Figure 8: a bar graph showing % change in the C4 level relative to baseline in
subjects with compensated cirrhosis due to NASH and control subjects on Day 28 of dosing
[0037] Figure 9: a bar graph showing % change in the FGF-19 level relative to baseline
in subjects with compensated cirrhosis due to NASH and control subjects on Day 28 of
dosing

[0038] Figure 10: bar graphs showing increased systemic exposure of endogenous bile

acid or OCA in subjects with moderate or severe hepatic impairment
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[0039] Figure 11A: bar graphs showing the fold-change in total OCA in the plasma and
liver in subjects with mild, moderate, or severe liver impairment
[0040] Figure 11B: bar graphs showing the endogenous bile acid level in the plasma and

liver in subjects with normal liver function or having cirrhosis

DETAILED DESCRIPTION

[0041] The present application is directed to methods of using obeticholic acid, a

pharmaceutically active ingredient (also known as INT-747) having the chemical structure:

CO,H

obeticholic acid
(also known as INT-747)

or a pharmaceutically acceptable salt, ester, or amino acid conjugate (such as, e.g., glycine,
taurine or sarcosine conjugate) thereof, in the treatment of a disease or condition, such as an
FXR mediated disease or disorder.

[0042] The details of the disclosure are set forth in the accompanying description below.
Although methods and materials similar or equivalent to those described herein can be used
in the practice or testing of the present disclosure, illustrative methods and materials are now
described. Other features, objects, and advantages of the disclosure will be apparent from the
description and from the claims. In the specification and the appended claims, the singular
forms also include the plural unless the context clearly dictates otherwise. Unless defined
otherwise, all technical and scientific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this disclosure belongs. In the case of
conflict, the present specification will control. All patents and publications cited in this
specification are incorporated herein by reference in their entireties.

[0043] All percentages and ratios used herein, unless otherwise indicated, are by weight.
[0044] The term “organ” refers to a differentiated structure (as in a heart, lung, kidney,
liver, efc.) consisting of cells and tissues and performing some specific function in an
organism. This term also encompasses bodily parts performing a function or cooperating in
an activity (e.g., an eye and related structures that make up the visual organs). The term

“organ” further encompasses any partial structure of differentiated cells and tissues that is
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potentially capable of developing into a complete structure (e.g., alobe or a section of a
liver).
[0045] As used herein the term “6-ethyl chenodeoxycholic acid”, “6-ECDCA”,

“obeticholic acid” or “OCA” refers to a compound having the chemical structure:

HO" “'OH
[0046] Other chemical names for obeticholic acid include: 3o, 7a-dihydroxy-6a-ethyl-5[3-
cholan-24-oic acid, 6a-ethyl-chenodeoxycholic acid, 6-ethyl-CDCA, 6ECDCA, cholan-24-
oic acid,6-ethyl-3,7-dihydroxy-,(30.5p, 60,70)- and INT-747. The CAS registry number for
obeticholic acid is 459789-99-2. This term refers to all forms of obeticholic acid, e.g., non-
crystalline, crystalline and substantially pure.

[0047] An “obeticholic acid composition™ described herein refers to obeticholic acid
administered to a patient in any form described herein including as a component of a
pharmaceutical composition.

[0048] The articles "a" and "an" are used in this disclosure to refer to one or more than
one (i.e., to at least one) of the grammatical object of the article. By way of example, "an
element" means one element or more than one element.

[0049] The term "and/or" is used in this disclosure to mean either "and" or "or" unless
indicated otherwise.

[0050] “Treating”, includes any effect, e.g., lessening, reducing, modulating, or
eliminating, that results in the improvement of the condition, disease, disorder, etc.
"Treating" or "treatment" of a disease state includes: arresting the development of the disease
state or its clinical symptoms; or relieving the disease state, i.e., causing temporary or
permanent regression of the disease state or its clinical symptoms.

[0051] The term “regimen” refers to a protocol for dosing and/or timing the
administration of one or more therapies (e.g., an obeticholic acid composition described
herein for treating a disease, disorder, or condition described herein. A regimen can include
periods of active administration and periods of rest as known in the art. Active administration
periods include administration of the obeticholic acid compositions described herein in a

defined course of time, including, for example, the number of and timing of dosages of the
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compositions. In some regimens, one or more rest periods can be included where no
compound is actively administered, and in certain instances, includes time periods where the
efficacy of such compounds can be minimal.

[0052] “Preventing” the disease state includes causing the clinical symptoms of the
disease state not to develop in a subject that may be exposed to or predisposed to the disease
state, but does not yet experience or display symptoms of the disease state.

[0053] The term “inhibiting” or “inhibition,” as used herein, refers to any detectable
positive effect on the development or progression of a disease or condition. Such a positive
effect may include the delay or prevention of the onset of at least one symptom or sign of the
disease or condition, alleviation or reversal of the symptom(s) or sign(s), and slowing or
prevention of the further worsening of the symptom(s) or sign(s).

[0054] "Disease state" means any disease, disorder, condition, symptom, or indication.
[0055] The term “effective amount™ as used herein refers to an amount of obeticholic
acid (e.g., an FXR-activating ligand) that produces an acute or chronic therapeutic effect
upon appropriate dose administration. The effect includes the prevention, correction,
inhibition, or reversal of the symptoms, signs and underlying pathology of a disease/condition
(e.g., fibrosis of the liver, kidney, or intestine) and related complications to any detectable
extent.

[0056] "A therapeutically effective amount" means the amount of obeticholic acid that,
when administered to a mammal for treating a disease, is sufficient to effect such treatment
for the disease. The "therapeutically effective amount" will vary depending on obeticholic
acid, the disease and its severity and the age, weight, etc., of the mammal to be treated. A
therapeutically effective amount can refer to a starting dose or adjusted dose as set forth
herein.

[0057] A therapeutically effective amount of obeticholic acid can be formulated with a
pharmaceutically acceptable carrier for administration to a human or an animal. Accordingly,
obeticholic acid or its formulations can be administered, for example, via oral, parenteral, or
topical routes, to provide an effective amount of the compound. In alternative embodiments,
obeticholic acid prepared in accordance with the present disclosure can be used to coat or
impregnate a medical device, e.g., a stent.

[0058] For any compound, the therapeutically effective amount can be estimated initially
either in cell culture assays or in animal models, usually rats, mice, rabbits, dogs, or pigs.
The animal model may also be used to determine the appropriate concentration range and

route of administration. Such information can then be used to determine useful doses and
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routes for administration in humans. Therapeutic/prophylactic efficacy and toxicity may be
determined by standard pharmaceutical procedures in cell cultures or experimental animals,
e.g., EDso (the dose therapeutically effective in 50% of the population) and LDso (the dose
lethal to 50% of the population). The dose ratio between toxic and therapeutic effects is the
therapeutic index, and it can be expressed as the ratio, LDso/EDso. Pharmaceutical
compositions that exhibit large therapeutic indices are preferred. The dosage may vary
within this range depending upon the dosage form employed, sensitivity of the patient, and
the route of administration.

[0059] Dosage and administration are adjusted to provide sufficient levels of the active
agent(s) or to maintain the desired effect. Factors which may be taken into account include
the severity of the disease state, general health of the subject, age, weight, and gender of the
subject, diet, time and frequency of administration, drug combination(s), reaction
sensitivities, and tolerance/response to therapy.

[0060] A “starting dose™ as used herein refers to an initial dose provided to a patient to
provide a clinical effect while minimizing onset or occurrence of an adverse effect. A starting
dose can, in certain instances, be less than an amount typically administered to a patient. A
starting dose is provided in an amount that is titrated or gradually increased over the course of
a titration period or during the course of treatment with an obeticholic acid composition
described herein.

[0061] A “titration period” refers to a length of time for which a starting dose is
administered to a patient. A titration period continues for a specified length of time, where
the patient is often monitored for liver function and/or liver biochemistry as described herein.
In one embodiment a titration period concludes when a patient tolerates an obeticholic acid
composition described herein but has a decreased or minimal reduction in alkaline
phosphatase.

[0062] An “adjusted dose” as used herein refers to a dose of an obeticholic acid
composition described herein administered after the termination of a titration period. An
adjusted dose is often increased compared to a starting dose but, as provided herein, patient
tolerance and other factors described herein determine the dosage amount of an adjusted
dose. A “re-adjusted dose” as used herein refers to any changed dosage amount or dose
frequency of an adjusted dose in a patient.

[0063] “Up titration” refers to increasing the dosage after a starting dose, for example to

achieve certain therapeutic effects. The amount increased is determined according to patient
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tolerance and other factors described herein. The dosage increase may be carried out by
increasing the per dose amount and/or dosing frequency.

[0064] “Down titration” refers to decreasing the dosage after a starting dose, for example
to avoid or reduce certain undesirable side effects. The amount decreased is determined
according to patient tolerance and other factors described herein. The dosage decrease may be
carried out by decreasing the per dose amount and/or dosing frequency.

[0065] “Hepatic impairment™ is used in accordance with its standard meaning(s) in the art
and can, in certain embodiments herein refer to scoring based upon the Child-Pugh Score of
A, B, and C.

[0066] Child-Pugh (CP) classification is widely used as a prognostic indicator of hepatic
impairment and cirrhosis in addition to distinguishing the disease by clinical phases. CP
utilizes 2 clinical parameters (hepatic encephalopathy and ascites) and three laboratory values
(bilirubin, albumin, and prothrombin time [PT]/international randomized ratio [INR]).
Patients are classified as Class A (mild), Class B (moderate), or Class C (severe) based on

their total CP score.

[0067] Liver biochemistry (including ALP, ALT, AST, GGT, total and conjugated
bilirubin, creatinine, and albumin), prothrombin time (PT)/INR, serum electrolytes, and
assessment of Child Pugh (only if the subject is at the study site) and MELD scores can be
also motinored to evaluate the safety of the treatment. Model for End-Stage Liver Disease

(MELD) is a scoring system used to assess the severity of chronic liver disease.

[0068] Various biomarkers can be measured to determine the presence and severity of
liver diseases. These biomarkers include bilirubin, albumin, and prothrombin. Bilirubin is
made during normal breakdown of red blood cells. Bilirubin passes through the liver and is
excreted out of the body. Bilirubin level can be measured through a blood test. Higher than
normal levels of bilirubin may indicate liver problems. Albumin is a protein made by the
liver. An albumin test may be ordered as part of a liver panel to evaluate liver function. The
typical value for serum albumin in blood is 3.4 to 5.4 grams per deciliter. Low albumin levels
can indicate a number of health conditions, including liver diseases. Prothrombin time (PT)
measures how long it takes blood to form a clot, and is a universal indicator of liver disease
severity. In addition, the serum level of cortisol or fibrinogen o chain may be assessed to

determine liver function and the presence of liver diseases.

[0069] The term “administering” refers to the act of delivering an obeticholic acid

composition described herein into a subject by such routes as oral, mucosal, topical,

10
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suppository, intravenous, parenteral, intraperitoneal, intramuscular, intralesional, intrathecal,
intranasal or subcutaneous administration. Parenteral administration includes intravenous,
intramuscular, intra-arterial, intradermal, subcutaneous, intraperitoneal, intraventricular, and
intracranial administration. The term can also refer to the frequency (e.g., daily, weekly,
monthly, etc.) of providing an obeticholic acid composition described herein to a patient.
Administration generally occurs after the onset of the disease, disorder, or condition, or its
symptoms but, in certain instances, can occur before the onset of the disease, disorder, or
condition, or its symptoms (e.g., administration for patients prone to such a disease, disorder,
or condition). In certain embodiments, administration as used herein refers to oral
administration.

[0070] The term “co-administration” refers to administration of two or more agents (e.g.,
an obeticholic acid composition described herein and another active agent such as an anti-
cancer agent described herein). The timing of co-administration depends in part of the
combination and the compositions administered and can include administration at the same
time, prior to, or after the administration of one or more additional therapies. An obeticholic
acid composition of the instant invention can be administered alone or can be coadministered
to the patient. Co-administration is meant to include simultaneous or sequential
administration of an obeticholic acid composition individually or in combination (more than
one compound or agent). Thus, the preparations can also be combined, when desired, with
other active substances (e.g., to reduce metabolic degradation). The obeticholic acid
compositions described herein can be used in combination with each other (i.e., two different
obeticholic acid compositions), with other active agents known to be useful in treating a
disease, or with adjunctive agents that are not effective alone, but can contribute to or
enhance the efficacy of the active agent.

[0071] The term “anti-cancer agent” is used in accordance with its plain ordinary
meaning and refers to a composition having anti-neoplastic properties or the ability to inhibit
the growth or proliferation of cells. In embodiments, an anti-cancer agent is a
chemotherapeutic agent. In embodiments, an anti-cancer agent is an agent identified herein
having utility in methods of treating cancer. In embodiments, an anti-cancer agent is an agent
approved by the FDA or similar regulatory agency of a country other than the USA, for
treating cancer.

[0072] "Pharmacological effect" as used herein encompasses effects produced in the
subject that achieve the intended purpose of a therapy. In one embodiment, a

pharmacological effect means that primary indications of the subject being treated are
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prevented, alleviated, or reduced. For example, a pharmacological effect would be one that
results in the prevention, alleviation or reduction of primary indications in a treated subject.
In another embodiment, a pharmacological effect means that disorders or symptoms of the
primary indications of the subject being treated are prevented, alleviated, or reduced. For
example, a pharmacological effect would be one that results in the prevention or reduction of
primary indications in a treated subject.

[0073] "Solvates" means solvent addition forms that contain either stoichiometric or non-
stoichiometric amounts of solvent. Obeticholic acid may have a tendency to trap a fixed
molar ratio of solvent molecules in the crystalline solid state, thus forming a solvate. If the
solvent is water the solvate formed is a hydrate, when the solvent is alcohol, the solvate
formed is an alcoholate. Hydrates are formed by the combination of one or more molecules of
water with one of the substances in which the water retains its molecular state as H20, such
combination being able to form one or more hydrate. Additionally, the compounds of the
present disclosure, for example, the salts of the compounds, can exist in either hydrated or
unhydrated (the anhydrous) form or as solvates with other solvent molecules. Non-limiting
examples of hydrates include monohydrates, dihydrates, etc. Non-limiting examples of
solvates include ethanol solvates, acetone solvates, etc.

[0074] A "pharmaceutical composition" is a formulation containing obeticholic acid in a
form suitable for administration to a subject. In one embodiment, the pharmaceutical
composition is in bulk or in unit dosage form. It is can be advantageous to formulate
compositions in dosage unit form for ease of administration and uniformity of dosage.
Dosage unit form, as used herein, refers to physically discrete units suited as unitary dosages
for the subject to be treated; each unit containing a predetermined quantity of active reagent
calculated to produce the desired therapeutic effect in association with the required
pharmaceutical carrier. The specification for the dosage unit forms of the disclosure are
dictated by and directly dependent on the unique characteristics of the active reagent and the
particular therapeutic effect to be achieved, and the limitations inherent in the art of
compounding such an active agent for the treatment of individuals.

[0075] The term "unit dosage form" refers to physically discrete units suitable as unitary
dosages for human subjects and other mammals, each unit containing a predetermined
quantity of active material calculated to produce the desired therapeutic effect, in association
with a suitable pharmaceutical excipient as described above.

[0076] The unit dosage form is any of a variety of forms, including, for example, a

capsule, an IV bag, a tablet, a single pump on an aerosol inhaler, or a vial. The quantity
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obeticholic acid (e.g., a formulation of obeticholic acid, or a pharmaceutically acceptable salt,
solvate, or amino acid conjugate thereof) in a unit dose of composition is an effective amount
and is varied according to the particular treatment involved. One skilled in the art will
appreciate that it is sometimes necessary to make routine variations to the dosage, depending
on the age and condition of the patient. The dosage will also depend on the route of
administration. A variety of routes are contemplated, including oral, pulmonary, rectal,
parenteral, transdermal, subcutaneous, intravenous, intramuscular, intraperitoneal,
inhalational, buccal, sublingual, intrapleural, intrathecal, intranasal, and the like. Dosage
forms for the topical or transdermal administration of a compound of this disclosure include
powders, sprays, ointments, pastes, creams, lotions, gels, solutions, patches and inhalants. In
one embodiment, obeticholic acid is mixed under sterile conditions with a pharmaceutically
acceptable carrier, and with any preservatives, buffers, or propellants that are required.

[0077] The term “flash dose” refers to obeticholic acid formulations that are rapidly
dispersing dosage forms.

[0078] The term "immediate release” is defined as a release of obeticholic acid from a
dosage form in a relatively brief period of time, generally up to about 60 minutes. The term
"modified release" is defined to include delayed release, extended release, and pulsed release.
The term "pulsed release"” is defined as a series of releases of drug from a dosage form. The
term “sustained release™ or “extended release™ is defined as continuous release of obeticholic
acid from a dosage form over a prolonged period.

[0079] A “subject” or “patient” includes mammals, e.g., humans, companion animals
(e.g.. dogs, cats, birds, and the like), farm animals (e.g., cows, sheep, pigs, horses, fowl, and
the like) and laboratory animals (e.g., rats, mice, guinea pigs, birds, and the like). In one
embodiment, the patient is human. In one embodiment, the subject is human child (e.g.,

between about 30 kg to about 70 kg).

[0080] Patients with NASH are categorized in four groups: patients with NASH with
mild fibrosis (F1) (which is largely undiagnosed and the patients may benefit from treating
underlying pathology, e.g., hyperlipidemia, diabetes, obesity, lifestyle modifications);
patients with NASH with moderate/severe fibrosis (F2/F3) (may benefit from treatment); and
patients with NASH with cirrhosis (F4) (highest medical need population).

[0081] As used herein, the phrase “pharmaceutically acceptable” refers to those
compounds, materials, compositions, carriers, and/or dosage forms which are, within the

scope of sound medical judgment, suitable for use in contact with the tissues of human beings
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and animals without excessive toxicity, irritation, allergic response, or other problem or
complication, commensurate with a reasonable benefit/risk ratio.

[0082] "Pharmaceutically acceptable excipient”" means an excipient that is useful in
preparing a pharmaceutical composition that is generally safe, non-toxic and neither
biologically nor otherwise undesirable, and includes excipient that is acceptable for
veterinary use as well as human pharmaceutical use. A "pharmaceutically acceptable
excipient" as used in the specification and claims includes both one and more than one such
excipient.

[0083] A pharmaceutical composition of the disclosure is formulated to be compatible
with its intended route of administration. Examples of routes of administration include
parenteral, e.g., intravenous, intradermal, subcutaneous, oral (e.g., inhalation), transdermal
(topical), and transmucosal administration. Solutions or suspensions used for parenteral,
intradermal, or subcutaneous application can include the following components: a sterile
diluent such as water for injection, saline solution, fixed oils, polyethylene glycols, glycerine,
propylene glycol or other synthetic solvents; antibacterial agents such as benzyl alcohol or
methyl parabens; antioxidants such as ascorbic acid or sodium bisulfite; chelating agents such
as ethylenediaminetetraacetic acid (EDTA); buffers such as acetates, citrates or phosphates,
and agents for the adjustment of tonicity such as sodium chloride or dextrose. The pH can be
adjusted with acids or bases, such as hydrochloric acid or sodium hydroxide. The parenteral
preparation can be enclosed in ampoules, disposable syringes or multiple dose vials made of
glass or plastic.

[0084] A “control” as used herein refers to a baseline level determined on a patient-by-
patient basis, an amount or level considered by those skilled in the art as a normal value, or
any level or measure of a condition or biomarker described herein taken from a patient or
population of patients at any given time for a given condition.

[0085] “Fibrosis™ refers to a condition involving the development of excessive fibrous
connective tissue, e.g., scar tissue, in a tissue or organ. Such generation of scar tissue may
occur in response to infection, inflammation, or injury of the organ due to a disease, trauma,
chemical toxicity, and so on. Fibrosis may develop in a variety of different tissues and
organs, including the liver, kidney, intestine, lung, heart, efc.

[0086] “Cirrhosis™ is a condition in which the liver is scarred and permanently damaged.
Scar tissue replaces healthy liver tissue and prevents the liver from working normally. As
cirrhosis gets worse, the liver begins to fail. Compensated cirrhosis often does not exhibit

signs or symptoms related to cirrhosis, despite evidence of portal hypertension, such as
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esophageal or gastric varices. In contrast, decompensated cirrhosis displays symptomatic
complications related to cirrhosis, including those related to hepatic insufficiency (jaundice or
hepatic encephalopathy), and those related to portal hypertension (ascites or variceal
hemorrhage). Prognosis and survival is markedly better in patients with compensated
cirrhosis than in those with decompensated cirrhosis. In addition, the presence of
decompensated cirrhosis can have major implications regarding management and prevention
of cirrhosis-related complications, as well as consideration for a referral for liver
transplantation evaluation.

[0087] The disclosure also comprehends isotopically-labeled obeticholic acid, or
pharmaceutically acceptable salts, solvate, or amino acid conjugates thereof, which are
identical to those recited in formulae of the disclosure and following, but for the fact that one
or more atoms are replaced by an atom having an atomic mass or mass number different from
the atomic mass or mass number most commonly found in nature. Examples of isotopes that
can be incorporated into obeticholic acid, or pharmaceutically acceptable salts, solvate, or
amino acid conjugates thereof include isotopes of hydrogen, carbon, nitrogen, fluorine, such
as °H, ''C, C and '*F.

[0088] Obeticholic acid, or pharmaceutically acceptable salts, solvates, or amino acid
conjugates thereof that contain the aforementioned isotopes and/or other isotopes of other
atoms are within the scope of the present disclosure. Isotopically-labeled obeticholic acid, or
pharmaceutically acceptable salts, solvates, or amino acid conjugates thereof, for example
those into which radioactive isotopes such as *H, *C are incorporated, are useful in drug
and/or substrate tissue distribution assays. Tritiated, i.e., *H, and carbon-14, i.e., 1*C, isotopes
are particularly preferred for their ease of preparation and detectability. Further, substitution
with heavier isotopes such as deuterium, 7.e., 2H, can afford certain therapeutic advantages
resulting from greater metabolic stability, for example increased in vivo half-life or reduced
dosage requirements and, hence, may be preferred in some circumstances, isotopically
labeled obeticholic acid, or pharmaceutically acceptable salts, solvates, or amino acid
conjugates thereof can generally be prepared by carrying out the procedures disclosed in the
Schemes and/or in the Examples of the disclosure, by substituting a readily available
isotopically labeled reagent for a non-isotopically labeled reagent. In one embodiment,
obeticholic acid, or pharmaceutically acceptable salts, solvates, or amino acid conjugates
thereof are not isotopically labeled. In one embodiment, deuterated obeticholic acid is useful
for bioanalytical assays. In another embodiment, obeticholic acid, or pharmaceutically

acceptable salts, solvates, or amino acid conjugates thereof are radiolabeled.
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[0089] The excipient can be any excipient present in the composition comprising
obeticholic acid, or a pharmaceutically acceptable salt, ester, or amino acid conjugate thereof.
Examples of excipients include, but are not limited to, calcium phosphate, microcrystalline
cellulose, sodium starch glycolate and magnesium stearate, or a combination thereof. In one
embodiment, the excipient can be any excipient known in the art. In another embodiment, the
excipient is selected from calcium phosphate, microcrystalline cellulose, sodium starch
glycolate and magnesium stearate. In yet another embodiment, the excipient is selected from
microcrystalline cellulose, sodium starch glycolate and magnesium stearate. In another
embodiment, the excipient is the excipient is magnesium stearate. In yet another embodiment,
the excipient is microcrystalline cellulose. In a further embodiment, the excipient is sodium
starch glycolate.

[0090] In another embodiment, the pharmaceutical composition comprises a
therapeutically effective amount of obeticholic acid, or a pharmaceutically acceptable salt,
ester, or amino acid conjugate thereof, and a pharmaceutically acceptable excipient.

[0091] In one embodiment, the pharmaceutical composition further comprises one or
more pharmaceutical excipients. The excipient can be one or more selected from the group
consisting of diluents, sweeteners, viscosity enhancing agents, dispersing agents,
preservatives, flavoring agents and the like. One excipient can perform more than one
function. In one embodiment, the one or more pharmaceutical excipients include a lubricant
and/or a diluent.

[0092] Non-limiting examples of sweeteners include natural sweeteners such as sugars,
e.g., fructose, glucose, sucrose, sugar alcohols such as mannitol, sorbitol or mixtures thereof
and artificial sweeteners such as sodium saccharine, sodium cyclamate and aspartame. In one
embodiment, the sweetener can be any sweetener known in the art. In another embodiment,
the sweetener is selected from fructose, glucose, sucrose, mannitol, and sorbitol, or a
combination thereof .

[0093] Dispersing agents include, but are not limited to, colloidal silicon dioxide and
surfactants, wherein the surfactant is used alone or as an admixture with one or more
surfactant. In one embodiment, the dispersing agent can be any dispersing agent known in the
art. Combinations of colloidal silicon dioxide with one or more surfactants can also be used.
[0094] In one embodiment, the lubricant can be any lubricant known in the art. Non-
limiting examples of lubricants include magnesium stearate, calcium stearate, stearic acid,
glyceryl behenate, hydrogenated vegetable oil, and glycerine fumarate, and/or a combination

thereof. In another embodiment, the lubricant is selected from magnesium stearate, calcium
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stearate, stearic acid, glyceryl behenate, hydrogenated vegetable oil, and glycerine fumarate.
In another embodiment, the lubricant is calcium stearate. In yet another embodiment, the
lubricant is stearic acid. In further embodiment, the lubricant is magnesium stearate.

[0095] In one embodiment, the diluent can be any diluent known in the art. Non-limiting
examples of diluents include starch, pregelatinized starch, microcrystalline cellulose, calcium
carbonate, dibasic calcium phosphate, tribasic calcium phosphate, calcium phosphate, lactose,
dextrose, fructose, lactitol, lactose, magnesium carbonate, magnesium oxide, maltitol,
maltodextrin, maltose, simethicone, sodium chloride, talc, xylitol, sorbitol, mannitol, and
sucrose, and/or a combination thereof. In another embodiment, the diluent is selected from
starch, pregelatinized starch, microcrystalline cellulose, calcium phosphate, lactose, sorbitol,
mannitol, and sucrose. In another embodiment, the diluent is calcium phosphate. In yet
another embodiment, the diluent is mannitol. In further embodiment, the diluent is
microcrystalline cellulose.

[0096] In one embodiment, the pharmaceutical composition may further comprise a
coating agent such as sugar-based coating agents, water-soluble film coating agents, enteric
coating agents and delayed release coating agents or a coating composition comprising any
combination thereof. In another embodiment, the coating agent can be any coating agent
known in the art. Examples of coating agents include, but are not limited to, saccharose used
alone or together with any of the agents such as talc, calcium carbonate, calcium phosphate,
calcium sulphate, gelatine, gum arabic, polyvinylpyrrolidone and pullulan or any
combination thereof; cellulose derivatives such as hydroxypropyl cellulose, hydroxypropyl
methyl cellulose, hydroxyethyl cellulose, methyl hydroxyethyl cellulose and sodium
carboxymethyl cellulose; synthetic polymers such as polyvinyl acetal diethyl amino acetate,
aminoalkyl methacrylate copolymers and polyvinylpyrrolidone; polysaccharides such as
pullulan; hydroxypropyl methyl cellulose phthalate; hydroxypropyl methyl cellulose acetate
succinate; carboxymethyl ethyl cellulose; cellulose acetate phthalate; acrylic acid derivatives
such as methacrylic acid copolymer L, methacrylic acid copolymer LD and methacrylic acid
copolymer S; natural substances such as shellac; titanium dioxide; polyvinyl alcohol (e.g.,
Opadry®); polyethylene glycol; talc; lecithin; and/or combinations thereof . In one
embodiment, the coating agent is selected from hydroxypropyl cellulose, hydroxypropyl
methyl cellulose, hydroxyethyl cellulose, methyl hydroxyethyl cellulose, sodium
carboxymethyl cellulose, polyvinyl acetal diethyl amino acetate, polyvinyl alcohol,
polyethylene glycol, and lecithin, or a combination thereof. In another embodiment, the

coating agent is Opadry® II (e.g., Opadry® II green, white, yellow, etc.).
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[0097] In one embodiment, the pharmaceutically composition is in solid particle form.
Any inert excipient that is commonly used as a carrier or diluent may be used in the
pharmaceutical composition of the present disclosure, such as for example, a gum, a starch, a
sugar, a cellulosic material, a glycolate, an acrylate, or mixtures thereof. In one embodiment,
the filler/diluent is microcrystalline cellulose. The pharmaceutical composition may further
comprise a disintegrating agent (e.g., sodium starch glycolate) and/or a lubricant (e.g.,
magnesium stearate). Also, the pharmaceutical composition may comprise one or more
additives selected from a buffer, a surfactant, a solubilizing agent, a plasticizer, an emulsifier,
a stabilizing agent, a viscosity increasing agent, a sweetener, a film forming agent, or any
combination thereof. Furthermore, the pharmaceutical composition of the present disclosure
may be in the form of controlled release of immediate release formulations.

[0098] The percentage of the active ingredient (i.e., obeticholic acid, or a
pharmaceutically acceptable salt, ester, or amino acid conjugate thereof) and various
excipients in the pharmaceutical composition of the present disclosure may vary. For
example, the composition may comprise between about 0.1 and about 99%, between about 1-
50%, between about 1-25%, or about 1-6% by weight of active ingredient. Furthermore, the
composition may comprise between about 20-99%, between about 45-97%, between about
65-96%, or between about 85-95% by weight microcrystalline cellulose as a filler or diluent.
Furthermore, the composition may comprise between about 1-30%, between about 1-20%, or
between about 2-8% by weight sodium starch glycolate as a disintegrant. Furthermore, the
composition may comprise between about 0.1-5% or about 0.5-2.0% by weight magnesium
stearate as a lubricant.

[0099] In one embodiment, the pharmaceutical composition of the present disclosure is
about 0.1% to about 10% by weight of active ingredient (i.e., obeticholic acid, or a
pharmaceutically acceptable salt, ester, or amino acid conjugate thereof), about 0.1% to about
20 % by weight of sodium starch glycolate, about 0.01% to about 8.0% by weight of
magnesium stearate, and about 65% to about 99% by weight of microcrystalline cellulose. In
another embodiment, the pharmaceutical composition of the present disclosure is about 0.5%
to about 8% by weight of active ingredient, about 1% to about 10 % by weight of sodium
starch glycolate, about 0.05% to about 4.0% by weight of magnesium stearate, and about
75% to about 97 % by weight of microcrystalline cellulose. In yet another embodiment, the
pharmaceutical composition of the present disclosure is about 1% to about 6% by weight of
active ingredient, about 2% to about 8 % by weight of sodium starch glycolate, about 0.1% to
about 2.0% by weight of magnesium stearate, and about 85% to about 95% by weight of
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microcrystalline cellulose. In one embodiment, obeticholic acid, or a pharmaceutically
acceptable salt, ester, or amino acid conjugate thereof, in the pharmaceutical composition is
in the form of particles.

[00100] In another aspect the present disclosure provides a method for treating or
preventing a disease or condition, comprising administering an effective amount of an
obeticholic acid composition of the present disclosure to a patient in need thereof.

[00101] In another aspect the present disclosure provides a method for treating NAFLD,
comprising administering an effective amount of an obeticholic acid composition of the
present disclosure to a patient in need thereof.

[00102] In another aspect the present disclosure provides a method for treating NASH,
comprising administering an effective amount of an obeticholic acid composition of the
present disclosure to a patient in need thereof.

[00103] In another aspect the present disclosure provides a method for slowing down or
reversing the progression of NASH, comprising administering an effective amount of an
obeticholic acid composition of the present disclosure to a patient in need thereof.

[00104] In another aspect the present disclosure provides a method for slowing down or
reversing the progression of liver fibrosis, comprising administering an effective amount of
an obeticholic acid composition of the present disclosure to a patient in need thereof.
[00105] In another aspect the present disclosure provides a method for slowing down or
reversing the progression of cirrhosis (e.g., compensated cirrhosis due to NASH), comprising
administering an effective amount of an obeticholic acid composition of the present
disclosure to a patient in need thereof.

[00106] In one aspect, the present disclosure provides a method for treating a disease or
condition by administering an effective amount of an obeticholic acid composition described
herein to a patient in need thereof. In certain embodiments herein the effective amount refers
to a titrated dosage administered during a titration period as set forth herein. In other
embodiments, the effective amount refers to an adjusted or re-adjusted dosage administered
after a titration period as set forth herein.

[00107] In another aspect, the present disclosure relates to a method of treating
compensated cirrhosis in a subject in need thereof comprising administering to the subject
obeticholic aicd or pharmaceutically acceptable salt or amino acid conjugate thereof in an
amount of 1-25 mg.

[00108] In another aspect, the present disclosure relates to a method of treating

compensated cirrhosis in a subject in need thereof comprising administering to the subject
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obeticholic aicd or pharmaceutically acceptable salt or amino acid conjugate thereof in an
amount of 1-25 mg wherein the compensated cirrhosis is associated with NASH.

[00109] In another aspect, the present disclosure relates to a method of treating
compensated cirrhosis in a subject in need thereof comprising administering to the subject
obeticholic aicd or pharmaceutically acceptable salt or amino acid conjugate thereof in an
amount of 10 mg.

[00110] In another aspect, the present disclosure relates to a method of treating
compensated cirrhosis in a subject in need thereof comprising administering to the subject
obeticholic aicd in an amount of 10 mg.

[00111] In another aspect, the present disclosure relates to a method of treating
compensated cirrhosis in a subject in need thereof comprising administering to the subject
obeticholic aicd or pharmaceutically acceptable salt or amino acid conjugate thereof in an
amount of 25 mg.

[00112] In another aspect, the present disclosure relates to a method of treating
compensated cirrhosis in a subject in need thereof comprising administering to the subject
obeticholic aicd in an amount of 25 mg.

[00113] In another aspect, the present disclosure relates to a method of treating NASH in a
subject with compensated cirrhosis due to NASH comprising administering to the subject
obeticholic aicd or pharmaceutically acceptable salt or amino acid conjugate thereof in an
amount of 1-25 mg.

[00114] In another aspect, the present disclosure relates to a method of treating NASH in a
subject with compensated cirrhosis due to NASH comprising administering to the subject
obeticholic aicd or pharmaceutically acceptable salt or amino acid conjugate thereof in an
amount of 10 mg.

[00115] In another aspect, the present disclosure relates to a method of treating NASH in a
subject with compensated cirrhosis due to NASH comprising administering to the subject
obeticholic aicd in an amount of 10 mg.

[00116] In another aspect, the present disclosure relates to a method of treating NASH in a
subject with compensated cirrhosis due to NASH comprising administering to the subject
obeticholic aicd or pharmaceutically acceptable salt or amino acid conjugate thereof in an
amount of 25 mg.

[00117] In another aspect, the present disclosure relates to a method of treating NASH in a
subject with compensated cirrhosis due to NASH comprising administering to the subject

obeticholic aicd in an amount of 25 mg.
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[00118] In another aspect, the present disclosure relates to a method of treating liver
fibrosis in a subject with compensated cirrhosis due to NASH comprising administering to
the subject obeticholic aicd or pharmaceutically acceptable salt or amino acid conjugate
thereof in an amount of 1-25 mg.

[00119] In another aspect, the present disclosure relates to a method of treating liver
fibrosis in a subject with compensated cirrhosis due to NASH comprising administering to
the subject obeticholic aicd or pharmaceutically acceptable salt or amino acid conjugate
thereof in an amount of 10 mg.

[00120] In another aspect, the present disclosure relates to a method of treating liver
fibrosis in a subject with compensated cirrhosis due to NASH comprising administering to
the subject obeticholic aicd in an amount of 10 mg.

[00121] In another aspect, the present disclosure relates to a method of treating liver
fibrosis in a subject with compensated cirrhosis due to NASH comprising administering to
the subject obeticholic aicd or pharmaceutically acceptable salt or amino acid conjugate
thereof in an amount of 25 mg.

[00122] In another aspect, the present disclosure relates to a method of treating liver
fibrosis in a subject with compensated cirrhosis due to NASH comprising administering to
the subject obeticholic aicd in an amount of 25 mg.

[00123] In another aspect, the present disclosure relates to use of obeticholic acid, or a
pharmaceutically acceptable salt, ester, or amino acid conjugate thereof, for treating NAFLD,
treating NASH, slowing down or reversing the progression of NASH, slowing down or
reversing the progression of liver fibrosis, and/or slowing down or reversing the progression
of cirrhosis (e.g., compensated cirrhosis).

[00124] In another aspect, the present disclosure relates to obeticholic acid, or a
pharmaceutically acceptable salt, ester, or amino acid conjugate thereof for use in treating
NAFLD, treating NASH, slowing down or reversing the progression of NASH, slowing
down or reversing the progression of liver fibrosis, and/or slowing down or reversing the
progression of cirrhosis (e.g., compensated cirrhosis).

[00125] In another aspect, the present disclosure relates obeticholic aicd or
pharmaceutically acceptable salt or amino acid conjugate thereof for use in a method of
treating compensated cirrhosis in a subject in need thereof comprising administering to the
subject an amount of 1-25 mg of obeticholic aicd or pharmaceutically acceptable salt or

amino acid conjugate thereof.
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[00126] In another aspect, the present disclosure relates to obeticholic aicd or
pharmaceutically acceptable salt or amino acid conjugate thereof for use in a method of
treating compensated cirrhosis in a subject in need thereof comprising administering to the
subject an amount of 10 mg of obeticholic aicd or pharmaceutically acceptable salt or amino
acid conjugate.

[00127] In another aspect, the present disclosure relates to obeticholic aicd for use in a
method of treating compensated cirrhosis in a subject in need thereof comprising
administering to the subject an amount of 10 mg of obeticholic aicd.

[00128] In another aspect, the present disclosure relates to obeticholic aicd or
pharmaceutically acceptable salt or amino acid conjugate thereof for use in a method of
treating compensated cirrhosis in a subject in need thereof comprising administering to the
subject an amount of 25 mg of obeticholic aicd or pharmaceutically acceptable salt or amino
acid conjugate.

[00129] In another aspect, the present disclosure relates to obeticholic aicd for use in a
method of treating compensated cirrhosis in a subject in need thereof comprising
administering to the subject an amount of 25 mg of obeticholic aicd.

[00130] In another aspect, the present disclosure relates to obeticholic aicd or
pharmaceutically acceptable salt or amino acid conjugate thereof for use in a method of
treating NASH in a subject with compensated cirrhosis due to NASH comprising
administering to the subject an amount of 1-25 mg of obeticholic aicd or pharmaceutically
acceptable salt or amino acid conjugate.

[00131] In another aspect, the present disclosure relates to obeticholic aicd or
pharmaceutically acceptable salt or amino acid conjugate thereof for use in a method of
treating NASH in a subject with compensated cirrhosis due to NASH comprising
administering to the subject an amount of 10 mg of obeticholic aicd or pharmaceutically
acceptable salt or amino acid conjugate thereof.

[00132] In another aspect, the present disclosure relates to obeticholic aicd for use in a
method of treating NASH in a subject with compensated cirrhosis due to NASH comprising
administering to the subject an amount of 10 mg of obeticholic aicd.

[00133] In another aspect, the present disclosure relates to obeticholic aicd or
pharmaceutically acceptable salt or amino acid conjugate thereof for use in a method of
treating NASH in a subject with compensated cirrhosis due to NASH comprising
administering to the subject an amount of 25 mg obeticholic aicd or pharmaceutically

acceptable salt or amino acid conjugate thereof.
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[00134] In another aspect, the present disclosure relates to obeticholic aicd for use in a
method of treating NASH in a subject with compensated cirrhosis due to NASH comprising
administering to the subject an amount of 25 mg obeticholic aicd.

[00135] In another aspect, the present disclosure relates to obeticholic aicd or
pharmaceutically acceptable salt or amino acid conjugate thereof for use in a method of
treating liver fibrosis in a subject with compensated cirrhosis due to NASH comprising
administering to the subject an amount of 1-25 mg of obeticholic aicd or pharmaceutically
acceptable salt or amino acid conjugate thereof.

[00136] In another aspect, the present disclosure relates to obeticholic aicd or
pharmaceutically acceptable salt or amino acid conjugate thereof for use in a method of
treating liver fibrosis in a subject with compensated cirrhosis due to NASH comprising
administering to the subject an amount of 10 mg of obeticholic aicd or pharmaceutically
acceptable salt or amino acid conjugate thereof.

[00137] In another aspect, the present disclosure relates to obeticholic aicd for use in a
method of treating liver fibrosis in a subject with compensated cirrhosis due to NASH
comprising administering to the subject an amount of 10 mg of obeticholic aicd.

[00138] In another aspect, the present the disclosure relates to to obeticholic aicd or
pharmaceutically acceptable salt or amino acid conjugate thereof for use in a method of
treating liver fibrosis in a subject with compensated cirrhosis due to NASH comprising
administering to the subject an amount of 25 mg of obeticholic aicd or pharmaceutically
acceptable salt or amino acid conjugate thereof.

[00139] In another aspect, the present disclosure relates to obeticholic aicd for use in a
method of treating liver fibrosis in a subject with compensated cirrhosis due to NASH
comprising administering to the subject an amount of 25 mg of obeticholic aicd.

[00140] In another aspect, the present disclosure relates to use of obeticholic acid, or a
pharmaceutically acceptable salt, ester, or amino acid conjugate thereof, in the manufacture
of a medicament for treating NAFLD, treating NASH, slowing down or reversing the
progression of NASH, slowing down or reversing the progression of liver fibrosis, and/or
slowing down or reversing the progression of cirrhosis (e.g., compensated cirrhosis).
[00141] In another aspect, the present disclosure relates to use of obeticholic acid, or a
pharmaceutically acceptable salt, ester, or amino acid conjugate thereof, in the manufacture
of a medicament for treating NAFLD, treating NASH, slowing down or reversing the
progression of NASH, slowing down or reversing the progression of liver fibrosis, and/or

slowing down or reversing the progression of compensated cirrhosis.
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[00142] In another aspect, the present disclosure relates to obeticholic acid, or a
pharmaceutically acceptable salt, ester, or amino acid conjugate thereof for use in the
manufacture of a medicament for treating NAFLD, treating NASH, slowing down or
reversing the progression of NASH, slowing down or reversing the progression of liver
fibrosis, and/or slowing down or reversing the progression of cirrhosis (e.g., compensated
cirrhosis).

[00143] In another aspect, the present disclosure relates to obeticholic acid, or a
pharmaceutically acceptable salt, ester, or amino acid conjugate thereof for use in the
manufacture of a medicament for treating NAFLD, treating NASH, slowing down or
reversing the progression of NASH, slowing down or reversing the progression of liver
fibrosis, and/or slowing down or reversing the progression of compensated cirrhosis.
[00144] It is to be understood that the methods described herein refer generally to the
obeticholic acid compositions set forth herein. In another embodiment, the obeticholic acid
composition useful in the methods of treating described herein is a composition that includes
microcrystalline cellulose, sodium starch glycolate, and magnesium stearate as excipients.
Such a composition can be provided in a dosage form set forth herein, e.g., an oral dosage
form such as a tablet or coated tablet. Thus, in certain instances, the obeticholic acid
composition useful in the methods is a tablet or coated tablet for oral administration. In one
embodiment, the oral dosage form of the obeticholic acid composition includes a film coating
that includes one or more excipients selected from polyvinyl alcohol (part hydrolyzed),
titanium dioxide, macrogol (polyethylene glycol 3350), talc, and iron oxide.

[00145] In one embodiment, the disease or condition is an FXR mediated disease or
condition. Examples of the FXR mediated diseases or conditions include, but not limited to,
liver diseases such as chronic liver disease, nonalcoholic fatty liver disease (NAFLD),
nonalcoholic steatohepatitis (NASH), cirrhosis (e.g., compensated cirrhosis due to NASH),
hepatitis C infection, alcoholic liver disease, liver damage due to progressive fibrosis, and
liver fibrosis. Examples of FXR mediated diseases also include portal hypertension, bile acid
diarrhea, hyperlipidemia, high LDL-cholesterol, high HDL-cholesterol, high triglycerides,
and cardiovascular disease.

[00146] In another aspect, the present disclosure provides methods of treating or
preventing a disease or condition described herein by administering an obeticholic acid
composition described herein (e.g., obeticholic acid or a pharmaceutically acceptable salt,
ester, or amino acid conjugate thereof, where the obeticholic acid or a pharmaceutically

acceptable salt, ester, or amino acid conjugate thereof is in the form of particles).
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[00147] NAFLD is a medical condition that is characterized by the buildup of fat (called
fatty infiltration) in the liver. NAFLD is one of the most common causes of chronic liver
disease, and encompasses a spectrum of conditions associated with lipid deposition in
hepatocytes. It ranges from steatosis (simple fatty liver), to nonalcoholic steatohepatitis
(NASH), to advanced fibrosis and cirrhosis. The disease is mostly silent and is often
discovered through incidentally elevated liver enzyme levels. NAFLD is strongly associated
with obesity and insulin resistance and is currently considered by many as the hepatic
component of the metabolic syndrome.

[00148] NAFLD can be divided into four stages. Stage 1 is hepatic steatosis, where excess
fat builds up in the liver cells but is considered harmless. There are usually no symptoms.
Some stage 1 NAFLD progresses to stage 2, NASH. NASH is a more aggressive form of the
condition, where the liver has become inflamed, which may indicate that liver cells have
become damaged. Stage 3 is fibrosis, which is where persistent inflammation in the liver
results in the generation of fibrous scar tissue around the liver cells and blood vessels. This
fibrous tissue replaces some of the healthy liver tissue, but there is still enough healthy tissue
for the liver to continue to function normally. In stage 4, bands of scar tissue and clumps of
liver cells develop. The liver shrinks and becomes lumpy. This is known as cirrhosis. The
damage caused by cirrhosis is permanent and may not be reversible (e.g., decompensated
cirrhosis). Cirrhosis progresses slowly, over many years, gradually causing the liver to stop
functioning (i.e., liver failure).

[00149]  Various histological features can be measured to assess NAFLD and NASH,
including hepatic steatosis, lobular and portal inflammation, hepatocyte ballooning, and
fibrosis, through liver biopsy. Lobular inflammation consists of a mixed inflammatory cell
infiltrate, composed of lymphocytes, some eosinophils, and, occasionally, a few neutrophils.
Polymorphs are occasionally observed surrounding ballooned hepatocytes in a lesion known
as “satellitosis”. Foci of chronic lobular inflammation are occasionally seen, while scattered
lobular microgranulomas (Kupffer cell aggregates) and lipogranulomas are common. Portal
chronic mononuclear cell inflammation in NASH is not uncommon. In untreated NAFLD,
increased portal inflammation may serve as a marker of severe disease. Ballooned
hepatocytes are enlarged, with swollen, rarefied, pale cytoplasm and, usually, show a large,
hyperchromatic nucleus, often with a prominent nucleolus. Ballooning is a feature of major
importance in NASH as its presence is associated in prognostic studies with more aggressive

disease and high incidence of cirrhosis.
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[00150]  Apoptotic (acidophil) bodies, another form of hepatocyte injury and a feature of
programmed cell death, may also serve as a biomarker for NASH. The number of acidophil
bodies per mm? of liver tissue (acidophil body index) may be used as a complementary
histological feature when diagnosis of NASH is uncertain.

[00151]  Other histological lesions that may serve as biomarkers for NASH include
Mallory-Denk bodies (MDB), megamitochondria, glycogenated nuclei, and iron deposition.
MDB (previously called Mallory bodies or Mallory’s hyaline) are eosinophilic
intracytoplasmic inclusions commonly seen close to the nucleus of ballooned hepatocytes in
zone 3, usually in areas of perisinusoidal fibrosis. They are composed of misfolded
intermediate filaments (keratins 8 and 18), ubiquitin, heat shock proteins, and p62. MDB is
correlated with increased necroinflammatory activity and a higher incidence of cirrhosis.
Megamitochondria (giant mitochondria) are round or needle-shaped, eosinophilic,
intracytoplasmic inclusions more commonly observed in hepatocytes with microvesicular
steatosis. Ultrastructural studies have shown that these abnormal mitochondria show loss of
cristae, multilamellar membranes, and paracrystalline inclusions. Megamitochondria in
NASH may be the result of injury from lipid peroxidation or represent an adaptive change.
Glycogenated nuclei are vacuolated nuclei usually observed in periportal hepatocytes. Their
presence in biopsies with steatohepatitis is supportive of nonalcoholic etiology (obesity
and/or diabetes) because they are very rarely seen in biopsies of alcoholic steatohepatitis.
[00152] Nonalcoholic steatohepatitis (NASH) is a condition that causes inflammation and
accumulation of fat and fibrous (scar) tissue in the liver. Liver enzyme levels in the blood
may be more elevated than the mild elevations seen with nonalcoholic fatty liver (NAFL).
Although similar conditions can occur in people who abuse alcohol, NASH occurs in those
who drink little to no alcohol. NASH affects 2 to 5 percent of Americans, and is most
frequently seen in people with one of more of the following conditions: obesity, diabetes,
hyperlipidemia, insulin resistance, uses of certain medications, and exposure to toxins. NASH
1s an increasingly common cause of chronic liver disease worldwide and is associated with
increased liver-related mortality and hepatocellular carcinoma, even in the absence of
cirrhosis. NASH progresses to cirrhosis in 15-20% of affected individuals and is now one of
the leading indications for liver transplantation in the United States. At present there are no
approved therapies for NASH or cirrhosis (e.g., compensated cirrhosis due to NASH).
[00153] In one embodiment, the method is a method of treating NASH by administering
an obeticholic acid composition described herein, optionally in a titration period as described

herein. The NASH patient can be a high risk NASH patient. A “high risk NASH patient”
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refers to characterization by one or more of: NAS > 4; baseline fibrosis stage 2 or 3; or
baseline fibrosis stage 1 with a comorbidity (type 2 diabetes, BMI > 30 kg/m2 or ALT > 60
U/L).

[00154] In one embodiment, the disease or condition is NASH. In one embodiment, the
disease or condition is hyperlipidemia. In one embodiment, the disease is compensated
cirrhosis.

[00155] The present disclosure also provides a method for treating or preventing NAFLD
or NASH. In one embodiment, the present disclosure provides a method for treating or
preventing NAFLD or NASH that is associated with hyperlipidemia. In one embodiment, the
present disclosure provides a method for treating or preventing NASH. In one embodiment,
the present disclosure provides a method for treating or preventing NASH that is associated
with hyperlipidemia.

[00156] In one embodiment, the subject is not suffering from a cholestatic condition. In
another embodiment, the subject is suffering from a cholestatic condition. In one
embodiment, a cholestatic condition is defined as having an abnormally elevated serum level
of alkaline phosphatase, 7-glutamyl transpeptidase (GGT), and/or 5’ nucleotidase. In another
embodiment, a cholestatic condition is further defined as presenting with at least one clinical
symptom. In one embodiment, the symptom is itching (pruritus). In another embodiment, a
cholestatic condition is selected from the group consisting of primary biliary cirrhosis (PBC),
primary sclerosing cholangitis (PBS), biliary atresia, drug-induced cholestasis, hereditary

cholestasis, and intrahepatic cholestasis of pregnancy.

[00157] In certain instances, the methods described herein also include assessing,
monitoring, measuring, or otherwise detecting liver function. Assessing, monitoring,
measuring, or otherwise detecting liver function can be performed before, during, or after a
titration period described herein, or in other instances, performed during the course of any
treatment described herein. Liver function can be determined by, for example, assessing,
monitoring, measuring, or otherwise detecting a level of one or more liver biomarkers
compared to a control. In certain instances the control is a baseline taken from the patient
before beginning treatment. In other instances the control is preestablished baseline
considered as a normal value.

[00158] Values for measure or detection of liver function biomarkers and controls can be

expressed as a comparison to Upper Limit of Normal (ULN).
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[00159] Liver biomarkers can be used to ascertain, quantify the efficacy of the course of
treatment with an obeticholic acid composition described herein. In other instances, liver
biomarkers described herein can be used to ascertain, quantify liver function during the
course of treatment with an obeticholic acid composition described herein. Liver biomarkers
can also be used to predict whether a patient or patient population will be susceptible to
treatment with an obeticholic acid composition described herein. In one embodiment, the
liver biomarkers include assessing, monitoring, measuring or otherwise detecting an amount
or level of aspartate transaminase (AST), alanine transaminase (ALT), alkaline phosphatase
(ALP), bilirubin, glycine conjugated obeticholic acid, taurine conjugated obeticholic acid, a
bile acid, a bile acid glycine conjugate, or a bile acid taurine conjugate. For example, the liver
biomarker assessed, monitored, measured, or detected can be ALP.

[00160] The ALP level can be a measure of ULN. In one embodiment, a patient before
treatment can have an ALP level of at least 1.1 x ULN to at least 20 x ULN; at least 1.1 x
ULN to at least 15 x ULN; atleast 1.1 x ULN to at least 12 x ULN; at least 1.1 x ULN to at
least 10 x ULN; at least 1.1 x ULN to at least 8 x ULN; at least 1.1 x ULN to at least 6 x
ULN; at least 1.1 x ULN to at least 5 x ULN; at least 1.1 x ULN to at least 4 x ULN; at least
1.1 x ULN to at least 3 x ULN; or at least 1.1 x ULN to at least 2 x ULN.

[00161] A patient before a treatment described herein can have an ALP level of about 1.5
x ULN to about 20 x ULN; about 1.5 x ULN to about 15 x ULN; about 1.5 x ULN to about
10 ULN; about 1.5 x ULN to about 5 x ULN; or about 1.5 x ULN to about 3 x ULN. A
patient before treatment can have an ALP level before a treatment described herein of about
1.5x, 2x, 3x, 4x, 5x, 8x, 10x, 15x, or 20x ULN.

[00162] A patient before treatment can have an ALP level before a treatment described
herein of greater than about 1.5x, 2x, 3x, 4x, 5x, 8x, 10x, 15x, or 20x ULN. In one
embodiment, a patient has an ALP level of about 1.5 x ULN. In one embodiment, a patient
has an ALP level of about 2 x ULN. In one embodiment, a patient has a ALP level of about 5
x ULN. In one embodiment, a patient has an ALP level of about 10 x ULN. In one
embodiment, a patient has an ALP level of about 15 x ULN. In one embodiment, a patient
has an ALP level greater than about 1.5 x ULN. In one embodiment, a patient has an ALP
level greater than about 2 x ULN. In one embodiment, a patient has a ALP level greater than
about 5 x ULN. In one embodiment, a patient has an ALP level greater than about 10 x ULN.
In one embodiment, a patient has an ALP level greater than about 15 x ULN.

[00163] In another example, the liver biomarker assessed, monitored, measured, or

detected can be bilirubin. The bilirubin level can be a measure of ULN. In one embodiment, a
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patient before treatment can have a bilirubin level of at least 1.1 x ULN to at least 20 x ULN;
atleast 1.1 x ULN to at least 15 x ULN; at least 1.1 x ULN to atleast 12 x ULN; atleast 1.1 x
ULN to at least 10 x ULN; at least 1.1 x ULN to at least 8 x ULN; at least 1.1 x ULN to at
least 6 x ULN; at least 1.1 x ULN to at least 5 x ULN; at least 1.1 x ULN to at least 4 x ULN;
atleast 1.1 x ULN to at least 3 x ULN; or atleast 1.1 x ULN to at least 2 x ULN.

[00164] A patient before a treatment described herein can have a bilirubin level of about
1.5 x ULN to about 20 x ULN; about 1.5 x ULN to about 15 x ULN; about 1.5 x ULN to
about 10 ULN; about 1.5 x ULN to about 5 x ULN; or about 1.5 x ULN to about 3 x ULN. In
another example a patient before a treatment described herein can have a bilirubin level of
about 2 x ULN to about 20 x ULN; about 2 x ULN to about 15 x ULN; about 2 x ULN to
about 10 ULN; about 2 x ULN to about 5 x ULN; or about 2 x ULN to about 3 x ULN. In
another example a patient before a treatment described herein can have a bilirubin level of
greater than about 2 x ULN to greater than about 20 x ULN; greater than about 2 x ULN to
greater than about 15 x ULN; greater than about 2 x ULN to greater than about 10 ULN;
greater than about 2 x ULN to greater than about 5 x ULN; or greater than about 2 x ULN to
greater than about 3 x ULN.

[00165] A patient before treatment can have a bilirubin level before a treatment described
herein of about 1.5x, 2x, 3x, 4x, 5x, 8x, 10x, 15x, or 20x ULN. A patient before treatment can
have a bilirubin level before a treatment described herein of greater than about 1.5x, 2x, 3x,
4x, 5%, 8x, 10x, 15x, or 20x ULN. In one embodiment, a patient has a bilirubin level greater
than about 2 x ULN. In one embodiment, a patient has a bilirubin level greater than about 5 x
ULN. In one embodiment, a patient has a bilirubin level greater than about 10 x ULN. In one
embodiment, a patient has a bilirubin level greater than about 15 x ULN. In one embodiment,
a patient has a bilirubin level less than about 2 x ULN. In one embodiment, a patient has a
bilirubin level less than about 5 x ULN. In one embodiment, a patient has a bilirubin level
less than about 10 x ULN. In one embodiment, a patient has a bilirubin level less than about
15 x ULN.

[00166] In some instances it can be useful to assess, monitor, measure, or detect ALP and
bilirubin to assess, monitor, measure, or otherwise detect liver function or changes in liver
function during treatment with an obeticholic acid composition described herein. In certain
instances, a patient has an ALP level as provided above (e.g., about 1.5 x ULN to about 10 x
ULN) and a bilirubin level as provided above (e.g., less than about 5 x ULN). In one
embodiment, the patient has an ALP level between about 1.5 x ULN to about 10 x ULN and a
bilirubin level less than about 2 x ULN.
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[00167] Treatment with a obeticholic acid composition described herein can reduce the
levels of ALP and/or bilirubin in a patient described herein. For example, treatment of a
disease or condition described herein with an obeticholic acid composition described herein
can reduce the level of ALP by 2,4, 5, 6, 8,9, 10, 12, 15, 18, 20, 21, 22, 23, 24, 25, 26, 27,
28,29, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 88, 90, 92, 94, 96, 97, 98, 99, 99.2, 99 4,
99.6,99.7, 99.8, 99.9, or 100%. In another example, the level of ALP can be reduced by at
least 100%, at least 125%, at least 150%, at least 175%, at least 200%, at least 225%, at least
250% or at least 300%.

[00168] In another example, the level of ALP can be reduced by about 5% to about 50%;
about 10% to about 55%:; about 10% to about 45%; about 10% to about 40%: about 10% to
about 33%, about 10% to about 30%; about 15% to about 30%; about 15% to about 25%;
about 20% to about 50%, about 20% to about 40%:; about 20% to about 35%; about 20% to
about 30%; 20% to about 27%; or about 20% to about 27%. In another example, the level of
ALP can be reduced by at least 50%. The level of ALP can be reduced by at least 40%. The
level of ALP can be reduced by at least 35%. The level of ALP can be reduced by at least
30%. The level of ALP can be reduced by at least 27%. The level of ALP can be reduced by
at least 25%. The level of ALP can be reduced by at least 20%.

[00169] The reduction of ALP levels can be represented by the fold change over ULN. For
example, treatment with an obeticholic acid described herein can reduce the ALP level of a
patient described herein to less than about 5 x ULN; less than about 4 x ULN, less than about
3 x ULN, less than about 2 x ULN, less than about 1.7 x ULN, less than about 1.5 x ULN,
less than about 1.25 x ULN, or less than about ULN.

[00170] In another example, the ALP level is reduced by atleast 1,2, 3,4, 5,6, 7, 8,9, 10,
15, 20, 25, 30, 40, or 50 fold compared to a baseline value. For example, the ALP level after
treatment with an obeticholic acid composition described herein can be reduced by 1, 1.2,
1.4, 1.6, 1.8, or 2 fold, including intervening values therein, compared to a baseline value. In
another example, the ALP level can be reduced by 2, 2.2, 2.4, 2.6, 2.8, or 3 fold, including
intervening values therein, compared to a baseline value. In another example, the ALP level
can be reduced 3, 4, or 5 fold, including intervening values therein, compared to a baseline
value. In another example, the ALP level can be reduced 5, 7, 9, or 10 fold, including
intervening values therein, compared to a baseline value. In another example, the ALP level
can be reduced 10, 12, 15, or 20 fold, including intervening values therein, compared to a

baseline value.
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[00171] Treatment of a disease or condition described herein with an obeticholic acid
composition described herein can reduce the level of bilirubin by 2, 4, 5, 6, 8,9, 10, 12, 15,
18, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 35, 4-, 45, 50, 55. 60, 65, 70, 75, 80, 85, 88, 90,
92,94, 96,97, 98,99, 99.2,99.4, 99.6, 99.7, 99.8, 99.9, or 100%. In another example, the
level of bilirubin can be reduced by at least 100%, at least 125%, at least 150%, at least
175%, at least 200%, at least 225%, at least 250% or at least 300%.

[00172] In another example, the level of bilirubin can be reduced by about 5% to about
50%; about 10% to about 55%; about 10% to about 45%; about 10% to about 40%; about
10% to about 33%, about 10% to about 30%; about 15% to about 30%; about 15% to about
25%:; about 20% to about 50%, about 20% to about 40%; about 20% to about 35%; about
20% to about 30%; 20% to about 27%; or about 20% to about 27%. In another example, the
level of bilirubin can be reduced by at least 50%. The level of bilirubin can be reduced by at
least 40%. The level of bilirubin can be reduced by at least 35%. The level of bilirubin can
be reduced by at least 30%. The level of bilirubin can be reduced by at least 27%. The level
of bilirubin can be reduced by at least 25%. The level of bilirubin can be reduced by at least
20%.

[00173] The reduction of bilirubin levels can be represented by the fold change over ULN.
For example, treatment with an obeticholic acid described herein can reduce the bilirubin
level of a patient described herein to less than about 5 x ULN; less than about 4 x ULN, less
than about 3 x ULN, less than about 2 x ULN, less than about 1.7 x ULN, less than about 1.5
x ULN, less than about 1.25 x ULN, or less than about ULN.

[00174] In another example, the bilirubin level is reduced by atleast 1, 2, 3,4, 5,6, 7, 8, 9,
10, 15, 20, 25, 30, 40, or 50 fold compared to a baseline value. For example, the bilirubin
level after treatment with an obeticholic acid composition described herein can be reduced by
1,1.2,14,1.6, 1.8, or 2 fold, including intervening values therein, compared to a baseline
value. In another example, the bilirubin level can be reduced by 2, 2.2, 2.4, 2.6, 2.8, or 3 fold,
including intervening values therein, compared to a baseline value. In another example, the
bilirubin level can be reduced 3, 4, or 5 fold, including intervening values therein, compared
to a baseline value. In another example, the bilirubin level can be reduced 5, 7, 9, or 10 fold,
including intervening values therein, compared to a baseline value. In another example, the
bilirubin level can be reduced 10, 12, 15, or 20 fold, including intervening values therein,

compared to a baseline value.

31



10

15

20

25

30

WO 2020/097167 PCT/US2019/060014

[00175] In another embodiment, one or more biomarkers can stratify a patient population
undergoing or who will undergo treatment with an obeticholic acid composition described
herein. For example, a NASH patient can be stratified for the risk of cirrhosis.

[00176] In yet another embodiment, liver biomarkers useful for detection can include
metabolites and bile acids. For example, assessing, monitoring, measuring, or otherwise
detecting levels of glycine and taurine conjugates of obeticholic acid can be useful for
measuring efficacy of a treatment regimen described herein. For example, assessing,
monitoring, measuring, or otherwise detecting levels or detecting plasma levels of bile acids
including cholic acid, chenodeoxycholic acid, deoxycholic acid, lithocholic acid, and
urosodeoxycholic acid, including glycine and taurine conjugates thereof, and optionally
comparing the levels to a control, can be useful for measuring efficacy of a treatment regimen
described herein.

[00177] In still other embodiments, calculating an AST to platelet index (APRI) can be
useful for assessing, monitoring, measuring, or otherwise detecting liver function (including
changes thereof). The obeticholic acid compositions described herein can reduce the APRI of
a patient described herein. In certain instances, monitoring or measuring the APRI can be
used to determine efficacy of treatment with an obeticholic acid composition described
herein. In some embodiments, a reduction in APRI is observed in a patient (e.g., a NASH
patient) after administration of an obeticholic acid composition described herein. For
example, the APRI may be reduced by about 5 % to about 50 % in patients treated with
obeticholic acid relative to baseline levels measured before dose administration. The
reduction may be up to about 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45% or 50%.
[00178] Further provided herein is a method for treating NAFLD or NASH in a patient in
need thereof by administering a starting dose of an obeticholic acid composition described
herein in a titration period. The method includes assessing liver function of the patient before,
during, and after said titration period by either calculating an APRI score for said patient; or
by measuring the level of one or more liver biomarker selected from ALP, bilirubin, AST,
ALT, glycine conjugated obeticholic acid, taurine conjugated obeticholic acid, a bile acid, a
bile acid glycine conjugate, or a bile acid taurine conjugate, where a reduced APRI score
compared to a control or a reduced level of the one or more liver biomarkers compared to a
control indicates non-impaired liver function. The method further includes assessing
tolerance of the patient to the starting dose by grading the severity of one or more adverse

effects, if present, and administering an adjusted dose of the obeticholic acid composition,
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where the adjusted dose includes an amount equal to or greater than an amount of the starting
dose.

[00179] The starting dose, adjusted dose, and titration period are as described below. For
example, the starting dose can be about 1 mg to about 50 mg, about 1 mg to about 40 mg,
about 1 mg to about 30 mg, about 1 mg to about 25 mg, about 1 mg to about 20 mg, about 1
mg to about 10 mg, about 1 mg to about 5 mg, about 2 mg to about 50 mg, about 2 mg to
about 40 mg, about 2 mg to about 30 mg, about 2 mg to about 25 mg, about 2 mg to about 20
mg, about 2 mg to about 10 mg, about 2 mg to about 5 mg, about 3 mg to about 50 mg, about
3 mg to about 40 mg, about 3 mg to about 30 mg, about 3 mg to about 25 mg, about 3 mg to
about 20 mg, about 3 mg to about 10 mg, about 3 mg to about 5 mg, about 4 mg to about 50
mg, about 4 mg to about 40 mg, about 4 mg to about 30 mg, about 4 mg to about 25 mg,
about 4 mg to about 20 mg, about 4 mg to about 10 mg, about 4 mg to about 5 mg, about 5
mg to about 50 mg, about 5 mg to about 40 mg, about 5 mg to about 30 mg, about 5 mg to
about 25 mg, about 5 mg to about 20 mg, or about 5 mg to about 10 mg. For example, the
starting dose can be about 1, 2, 3,4, 5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22,23, 24, 25, 30, 35, 40, 45, or 50 mg. For example, the adjusted dose can be about 1 mg to
about 50 mg, about 1 mg to about 40 mg, about 1 mg to about 30 mg, about 1 mg to about 25
mg, about 1 mg to about 20 mg, about 1 mg to about 10 mg, about 1 mg to about 5 mg, about
2 mg to about 50 mg, about 2 mg to about 40 mg, about 2 mg to about 30 mg, about 2 mg to
about 25 mg, about 2 mg to about 20 mg, about 2 mg to about 10 mg, about 2 mg to about 5
mg, about 3 mg to about 50 mg, about 3 mg to about 40 mg, about 3 mg to about 30 mg,
about 3 mg to about 25 mg, about 3 mg to about 20 mg, about 3 mg to about 10 mg, about 3
mg to about 5 mg, about 4 mg to about 50 mg, about 4 mg to about 40 mg, about 4 mg to
about 30 mg, about 4 mg to about 25 mg, about 4 mg to about 20 mg, about 4 mg to about 10
mg, about 4 mg to about 5 mg, about 5 mg to about 50 mg, about 5 mg to about 40 mg, about
5 mg to about 30 mg, about 5 mg to about 25 mg, about 5 mg to about 20 mg, or about 5 mg
to about 10 mg. For example, the adjusted dose can be about 1, 2, 3,4, 5, 6,7, 8,9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 30, 35, 40, 45, or 50 mg. For example,
the titration period can be a time of about 1 to about 6 months, e.g., 1 month, 2 months, 3
months, 4 months, 5 months, or 6 months.

[00180] Also provided herein are methods to reduce or eliminate rejection failure of a liver
transplant by administering an effective amount of an obeticholic acid composition described
above. In certain instances administration of an obeticholic acid composition described herein

reduces expression or levels of ALP and/or bilirubin. In one embodiment, administration of
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an obeticholic acid composition described herein reduces ALP and bilirubin levels, thereby
reducing transplant complications or rejection.

[00181] In one aspect, obeticholic acid may mediate its action primarily via FXR agonism,
wherein FGF-19 released from gut enterocytes (in response to FXR agonist) into portal
circulation down regulates endogenous bile acid synthesis in the liver. The present disclosure
comprehends a method of measuring FXR agonist activity by, for example, measuring release of
FGF-19 into the bloodstream or circulation of a patient administered with OCA. Levels of FGF-
19 may be measured by methods known in the art, such as those described herein.

[00182] Obeticholic acid administration may lead to a significant and a dose-dependent
mcrease in the levels of FGF-19 and in some embodiments, a decrease in the levels of
endogenous bile acids and C4 (a bile acid precursor). In some embodiments, a significant
increase in FGF-19 levels may be observed from baseline to month 3, month 6 and month 12
after dose administration. In some examples, the FGF-19 levels may increase from about 5%
to about 200 %. In specific embodiments, the levels may increase by about 5%, 10%, 15%,
20%, 25%., 30%, 35%, 40%, 45%., 50%, 55%, 60%., 65%, 70%, 75%., 80%, 85%, 90%, 95%
or 100%.

[00183] In some embodiments, the plasma levels of FGF-19, a marker of FXR activation,
are determined using a qualified method and a validated method using an enzyme-linked
immunosorbent assay (ELISA) method. The plasma concentrations of FGF-19 may be
quantitated at predose and after administration of dose.

[00184] In some examples, a monoclonal antibody specific for FGF-19 is pre-coated onto a
microplate. Standards, quality controls and samples are pipetted into the wells and any FGF-19
present is bound by the immobilized antibody. After washing away any unbound substances, an
enzyme-linked polyclonal antibody specific for FGF-19 is added to the wells. Following a wash
to remove any unbound antibody-enzyme reagent, a substrate solution is added to the wells and
color develops in the proportion to the amount of FGF-19 bound in the initial step. The color
development is stopped and the intensity of the color is measured. The calibration range of the
method is 15.625 pg/ml to 1000 pg/ml for FGF-19 using a 100 pl aliquot of standard curve,
quality control and sample. In some embodiments, no minimum required dilution is used. In other
embodiments, samples may be subjected to a 3x minimum required dilution.

[00185] In another aspect of the disclosure is a method of treating a solid-tumor cancer by
administering an effective amount of an obeticholic acid composition as described herein. In
another aspect, such methods include treating hepatocellular carcinoma (HCC), colorectal

cancer, gastric cancer, liver cancer, breast cancer, renal cancer, or pancreatic cancer by
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administering an obeticholic acid composition as described herein. Liver cancer includes
hepatocellular carcinoma (HCC) and bile duct cancer (cholangiocarcinoma). Risk factors for
HCC include chronic infection with hepatitis B or C and cirrhosis of the liver. In one
embodiment is a method of treating HCC by administering an effective amount of an
obeticholic acid composition as described herein. In one embodiment is a method of treating
colorectal cancer by administering an effective amount of an obeticholic acid composition as
described herein. In another embodiment is a method of treating gastric cancer by
administering an effective amount of an obeticholic acid composition as described herein. In
another embodiment is a method of treating liver cancer by administering an effective
amount of an obeticholic acid composition as described herein. In still another embodiment is
a method of treating renal cancer by administering an effective amount of an obeticholic acid
composition as described herein. In still another embodiment is a method of treating
pancreatic cancer by administering an effective amount of an obeticholic acid composition as
described herein. It is understood that the treatment of a cancer described herein can be
performed by administering an effective amount of an obeticholic acid composition described
herein in combination with one or more anticancer agents, such as those described herein. In
some embodiments, the effective amount administered is a starting dose as described herein.
[00186] In another aspect, the present disclosure also provides a method for inhibiting or
reversing fibrosis, comprising administering a therapeutically effective amount of the
composition of the present disclosure to a subject in need thereof.

[00187] In one embodiment, the subject is suffering from a condition selected from the
group consisting of cancers, such as, e.g., cancers as described herein, including primary liver
and biliary cancer, metastatic cancer, sepsis, chronic total parenteral nutrition, cystic fibrosis,
and granulomatous liver disease. In embodiments, the fibrosis to be inhibited occurs in an
organ where FXR is expressed.

[00188] In one embodiment, the fibrosis is selected from the group consisting of liver
fibrosis, kidney fibrosis, and intestinal fibrosis.

[00189] In one embodiment, the subject has liver fibrosis associated with a disease
selected from the group consisting of hepatitis B; hepatitis C; parasitic liver diseases; post-
transplant bacterial, viral and fungal infections; alcoholic liver disease (ALD); non-alcoholic
fatty liver disease (NAFLD); non-alcoholic steatohepatitis (NASH); liver diseases induced by
methotrexate, isoniazid, oxyphenistatin, methyldopa, chlorpromazine, tolbutamide, or
amiodarone; autoimmune hepatitis; sarcoidosis; Wilson’s disease; hemochromatosis;

Gaucher’s disease; types III, IV, VI, IX and X glycogen storage diseases; ai-antitrypsin
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deficiency; Zellweger syndrome; tyrosinemia; fructosemia; galactosemia; vascular
derangement associated with Budd-Chiari syndrome, veno-occlusive disease, or portal vein
thrombosis; and congenital hepatic fibrosis.

[00190] In another embodiment, the subject has intestinal fibrosis associated with a disease
selected from the group consisting of Crohn’s disease, ulcerative colitis, post-radiation colitis,
and microscopic colitis.

[00191] In another embodiment, the subject has renal fibrosis associated with a disease
selected from the group consisting of diabetic nephropathy, hypertensive nephrosclerosis,
chronic glomerulonephritis, chronic transplant glomerulopathy, chronic interstitial nephritis,
and polycystic kidney disease.

[00192] In another aspect, the present disclosure also provides a method for treating or
preventing all forms of conditions related to elevated lipid levels. In one embodiment, the
condition is hyperlipidemia where it is associated with a condition selected from non-alcohol-
induced steatohepatitis; and chronic liver disease associated with hepatitis B, C or alcohol. In
another embodiment, the present disclosure provides a method for treating or preventing
hyperlipidemia, where the hyperlipidemia is primary hyperlipidemia with or without a
genetic component, or hyperlipidemia associated with coronary artery disease,
cerebrovascular arterial disease, peripheral vascular disease, aortic aneurisms, or carotid
atherosclerosis.

[00193] In one aspect, the present disclosure provides a method for treating or preventing
chronic hepatitis caused by hepatitis B, C or by alcohol.

[00194] In one aspect, the present disclosure provides a method for treating or preventing
other arterial disorders associated with hyperlipidemia. In one aspect, the present disclosure
provides a method for treating or preventing hypertriglyceridemia.

[00195] Therapies with FXR agonists may produce various side effects, one of which is
pruritus. Pruritus or itch is defined as an unpleasant sensation of the skin that provokes the
urge to scratch. It is a characteristic feature of many skin diseases and an unusual sign of
some systemic diseases. Pruritus may be localized or generalized and can occur as an acute or
chronic condition. Itching lasting more than 6 weeks is termed chronic pruritus. Itching can
be intractable and incapacitating, as well as a diagnostic and therapeutic challenge.

[00196] One of the advantages of the compositions of the present disclosure includes a
decrease in the incidence and/or severity of pruritus in subjects treated with the compositions

and according to the methods of the present disclosure.

36



10

15

20

25

30

WO 2020/097167 PCT/US2019/060014

[00197] In one embodiment, the incidence of pruritus decreases by at least 5%, 10%, 15%,
20%, 25%, 30%, 35%, 40%, 45%, or 50% in subjects treated with the compositions of the
present disclosure. In a further embodiment, the incidence of pruritus decreases by at least
20%, 25%, 30%, 35%, 40%, 45%, or 50% in subjects treated with the compositions of the
present disclosure. In a further embodiment, the incidence of pruritus decreases by at least
5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, or 50% in subjects treated with the
compositions of the present disclosure during the first one month, two months, three months,
four months, five months, or six months after the beginning of the treatment. In a further
embodiment, the incidence of pruritus decreases by at least 20%, 25%, 30%, 35%, 40%,
45%, or 50% in subjects treated with the compositions of the present disclosure during the
first one month, two months, three months, four months, five months, or six months after the
beginning of the treatment.

[00198] In one embodiment, the severity of the pruritus decreases by at least 5%, 10%,
15%, 20%, 25%, 30%, 35%, 40%, 45%, or 50% in subjects treated with the compositions of
the present disclosure. In a further embodiment, the severity of pruritus decreases by at least
20%, 25%, 30%, 35%, 40%, 45%, or 50% in subjects treated with the compositions of the
present disclosure. In a further embodiment, the severity of pruritus decreases by at least 5%,
10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, or 50% in subjects treated with the
compositions of the present disclosure during the first one month, two months, three months,
four months, five months, or six months after the beginning of the treatment. In a further
embodiment, the severity of pruritus decreases by at least 20%, 25%, 30%, 35%, 40%, 45%,
or 50% in subjects treated with the compositions of the present disclosure during the first one
month, two months, three months, four months, five months, or six months after the
beginning of the treatment.

[00199]  Obeticholic acid compositions described herein can be administered to a patient in
an amount of between about: 1 mg to about 50 mg; 1 mg to about 40 mg; 1 mg to about 30
mg; 1 mg to about 25 mg; 1 mg to about 20 mg; 1 mg to about 10 mg; or 1 mg to about 5 mg.
In one embodiment, the obeticholic acid composition can be administered to a patient in an
amount of about: 5 to about 50 mg; 5 to about 40 mg; 5 to about 30 mg; 5 to about 25 mg; 5
to about 20 mg; or 5 to about 10 mg. In other instances, the obeticholic acid composition can
be administered in an amount of about 1, 2, 3,4, 5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23, 24, 25, 30, 35, 40, 45, or 50 mg. In still other instances, the obeticholic
acid composition described herein can be administered at an amount of about 5 mg, 10 mg,

15 mg, 25 mg, or 50 mg. For example, an effective amount of a obeticholic acid composition
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described herein can be about 5 mg, 10 mg, 25 mg, or 50 mg. In another example, the amount
of a starting dose of an obeticholic acid composition described herein can be about 5 mg, 10
mg, 25 mg, or 50 mg. In another example, the amount of an adjusted dose or re-adjusted dose
of an obeticholic acid composition described herein can be about 5 mg, 10 mg, 25 mg, or 50
mg. It is to be understood the amount of an obeticholic acid composition described herein as
administered to a patient described herein refers to the amount of obeticholic acid in the
composition.

[00200] The amount of an obeticholic acid composition as provided above can refer to an
effective amount as described herein. In certain embodiments, an effective amount of the
obeticholic acid composition administered to a patient described herein can be 5 mg. In
another embodiment, an effective amount of the obeticholic acid composition administered to
a patient described herein can be 10 mg. In still another embodiment, an effective amount of
the obeticholic acid composition administered to a patient described herein can be 25 mg. In
yet another embodiment, an effective amount of the obeticholic acid composition
administered to a patient described herein can be 50 mg.

[00201] The amount of an obeticholic acid composition as provided above can optionally
refer to a starting dose administered during a titration period as described herein. In certain
embodiments, a starting dose of the obeticholic acid composition administered to a patient
described herein can be 5 mg. In another embodiment, a starting dose of the obeticholic acid
composition administered to a patient described herein can be 10 mg. In still another
embodiment, a starting dose of the obeticholic acid composition administered to a patient
described herein can be 25 mg. In yet another embodiment, a starting dose of the obeticholic
acid composition administered to a patient described herein can be 50 mg.

[00202] The amount of an obeticholic acid composition as provided above can refer to an
adjusted dose administered after a titration period as described herein. In certain
embodiments, an adjusted dose of the obeticholic acid composition administered to a patient
described herein can be 5 mg. In another embodiment, an adjusted dose of the obeticholic
acid composition administered to a patient described herein can be 10 mg. In still another
embodiment, an adjusted dose of the obeticholic acid composition administered to a patient
described herein can be 25 mg. In yet another embodiment, an adjusted dose of the
obeticholic acid composition administered to a patient described herein can be 50 mg.
[00203] The amount of an obeticholic acid composition as provided above can refer to a
re-adjusted dose administered after a titration period as described herein. In certain

embodiments, a re-adjusted dose of the obeticholic acid composition administered to a patient
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described herein can be 5 mg. In another embodiment, a re-adjusted dose of the obeticholic
acid composition administered to a patient described herein can be 10 mg. In still another
embodiment, a re-adjusted dose of the obeticholic acid composition administered to a patient
described herein can be 25 mg. In yet another embodiment, a re-adjusted dose of the
obeticholic acid composition administered to a patient described herein can be 50 mg.
[00204] While it is possible to administer obeticholic acid directly without any
formulation, obeticholic acid is usually administered in the form of pharmaceutical
formulations comprising a pharmaceutically acceptable excipient and obeticholic acid. These
formulations can be administered by a variety of routes including oral, buccal, rectal,
intranasal, transdermal, subcutaneous, intravenous, intramuscular, and intranasal. Oral
formulation of obeticholic acid are described further herein under the section entitled “Oral
Formulation and Administration™.

[00205] In one embodiment, obeticholic acid can be administered transdermally. In order
to administer transdermally, a transdermal delivery device ("patch") is needed. Such
transdermal patches may be used to provide continuous or discontinuous infusion of a
compound of the present disclosure in controlled amounts. The construction and use of
transdermal patches for the delivery of pharmaceutical agents is well known in the art. See,
e.g., U.S. Patent No. 5,023,252. Such patches may be constructed for continuous, pulsatile, or
on demand delivery of pharmaceutical agents.

[00206] Pharmaceutical compositions suitable for injectable use include sterile aqueous
solutions (where water soluble) or dispersions and sterile powders for the extemporaneous
preparation of sterile injectable solutions or dispersion. For intravenous administration,
suitable carriers include physiological saline, bacteriostatic water, Cremophor EL™ (BASF,
Parsippany, N.J.) or phosphate buffered saline (PBS). In all cases, the composition must be
sterile and should be fluid to the extent that easy syringeability exists. It must be stable under
the conditions of manufacture and storage and must be preserved against the contaminating
action of microorganisms such as bacteria and fungi. The carrier can be a solvent or
dispersion medium containing, for example, water, ethanol, polyol (for example, glycerol,
propylene glycol, and liquid polyethylene glycol, and the like), and suitable mixtures thereof.
The proper fluidity can be maintained, for example, by the use of a coating such as lecithin,
by the maintenance of the required particle size in the case of dispersion and by the use of
surfactants. Prevention of the action of microorganisms can be achieved by various

antibacterial and antifungal agents, for example, parabens, chlorobutanol, phenol, ascorbic
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acid, thimerosal, and the like. In many cases, it will be preferable to include isotonic agents,
for example, sugars, polyalcohols such as mannitol, sorbitol, sodium chloride in the
composition. Prolonged absorption of the injectable compositions can be brought about by
including in the composition an agent which delays absorption, for example, aluminum
monostearate and gelatin.

[00207]  Sterile injectable solutions can be prepared by incorporating the active compound,
obeticholic acid or obeticholic acid particles, in the required amount in an appropriate solvent
with one or a combination of ingredients enumerated herein, as required, followed by filtered
sterilization. Generally, dispersions are prepared by incorporating the obeticholic acid into a
sterile vehicle that contains a basic dispersion medium and the required other ingredients
from those enumerated above. In the case of sterile powders for the preparation of sterile
injectable solutions, methods of preparation are vacuum drying and freeze-drying that yields
a powder of the obeticholic acid or obeticholic acid particles, plus any additional desired
ingredient from a previously sterile-filtered solution thereof.

[00208] It can be useful to orally administer an obeticholic acid composition described
herein. Oral compositions generally include an inert diluent or an edible pharmaceutically
acceptable carrier. They can be enclosed in gelatin capsules or compressed into tablets. For
the purpose of oral therapeutic administration, the active compound, obeticholic acid or
obeticholic acid particles, can be incorporated with excipients and used in the form of tablets,
troches, or capsules. Oral compositions can also be prepared using a fluid carrier for use as a
mouthwash, wherein the obeticholic acid or obeticholic acid particles in the fluid carrier is
applied orally and swished and expectorated or swallowed. Pharmaceutically compatible
binding agents, and/or adjuvant materials can be included as part of the composition. The
tablets, pills, capsules, troches and the like can contain any of the following ingredients, or
compounds of a similar nature: a binder such as microcrystalline cellulose, gum tragacanth or
gelatin; an excipient such as sodium starch glycolate, starch or lactose, a diluent such as
microcrystalline cellulose, a disintegrating agent such as alginic acid, Primogel, or corn
starch; a lubricant such as magnesium stearate or Sterotes; a glidant such as colloidal silicon
dioxide; a sweetening agent such as sucrose or saccharin; or a flavoring agent such as
peppermint, methyl salicylate, or orange flavoring.

[00209] For administration by inhalation, the obeticholic acid or obeticholic acid particles
is delivered in the form of an aerosol spray from pressured container or dispenser, which

contains a suitable propellant, e.g., a gas such as carbon dioxide, or a nebulizer.

40



10

15

20

25

30

WO 2020/097167 PCT/US2019/060014

[00210] Systemic administration can also be by transmucosal or transdermal means. For
transmucosal or transdermal administration, penetrants appropriate to the barrier to be
permeated are used in the formulation. Such penetrants are generally known in the art, and
include, for example, for transmucosal administration, detergents, bile salts, and fusidic acid
derivatives. Transmucosal administration can be accomplished through the use of nasal
sprays or suppositories. For transdermal administration, the obeticholic acid or obeticholic
acid particles is formulated into ointments, salves, gels, or creams as generally known in the
art.

[00211] The obeticholic acid or obeticholic acid particles can be prepared with
pharmaceutically acceptable carriers that will protect the compound against rapid elimination
from the body, such as a controlled release formulation, including implants and
microencapsulated delivery systems. Biodegradable, biocompatible polymers can be used,
such as ethylene vinyl acetate, polyanhydrides, polyglycolic acid, collagen, polyorthoesters,
and polylactic acid. Methods for preparation of such formulations will be apparent to those
skilled in the art. The materials can also be obtained commercially from Alza Corporation
and Nova Pharmaceuticals, Inc. Liposomal suspensions (including liposomes targeted to
infected cells with monoclonal antibodies to viral antigens) can also be used as
pharmaceutically acceptable carriers. These can be prepared according to methods known to
those skilled in the art, for example, as described in U.S. Pat. No. 4,522 811.

[00212] It is especially advantageous to formulate oral or parenteral compositions in
dosage unit form for ease of administration and uniformity of dosage. Dosage unit form as
used herein refers to physically discrete units suited as unitary dosages for the subject to be
treated; each unit containing a predetermined quantity of obeticholic acid or obeticholic acid
particles calculated to produce the desired therapeutic effect in association with the required
pharmaceutical carrier. The specification for the dosage unit forms of the disclosure are
dictated by and directly dependent on the unique characteristics of the obeticholic acid or
obeticholic acid particles and the particular therapeutic effect to be achieved.

[00213] In one embodiment of the present disclosure, there is provided a pharmaceutical
formulation comprising at least obeticholic acid as described above in a formulation adapted
for buccal and/or sublingual, or nasal administration. This embodiment provides
administration of obeticholic acid in a manner that avoids gastric complications, such as first
pass metabolism by the gastric system and/or through the liver. This administration route may
also reduce adsorption times, providing more rapid onset of therapeutic benefit. The

compounds of the present disclosure may provide particularly favorable solubility profiles to
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facilitate sublingual/buccal formulations. Such formulations typically require relatively high
concentrations of active ingredients to deliver sufficient amounts of active ingredients to the
limited surface area of the sublingual/buccal mucosa for the relatively short durations the
formulation is in contact with the surface area, to allow the absorption of the active
ingredient. Thus, the very high activity of obeticholic acid, combined with its high solubility,
facilitates its suitability for sublingual/buccal formulation.

[00214]  Obeticholic acid is preferably formulated in a unit dosage form, each dosage
containing from about 0.05 mg to about 1500 mg. In another embodiment, the formulation
comprises about 0.05 mg to about 100 mg. In yet another embodiment, the formulation
comprises about 1 mg to about 100 mg. In another embodiment, the formulation comprises
about 0.05 mg to about 50 mg. In yet another embodiment, the formulation comprises about
0.05 mg to about 30 mg. In another embodiment, the formulation comprises about 0.05 mg to
about 20 mg. In yet another embodiment, the formulation comprises about 0.5 mg to about 30
mg. In another embodiment, the formulation comprises about 0.5 mg to about 25 mg. In yet
another embodiment, the formulation comprises about 1 mg to about 25 mg. In another
embodiment, the formulation comprises about 4 mg to about 26 mg. In another embodiment,
the formulation comprises about 5 mg to about 25 mg. In yet another embodiment, the
formulation comprises about 0.05 mg to about 2 mg. In another embodiment, the formulation
comprises about 1 mg to about 2 mg. In one embodiment, the formulation comprises about
1.2 mg to about 1.8 mg. In one embodiment, the formulation comprises about 1.3 mg to about
1.7 mg. In one embodiment, the formulation comprises about 1.5 mg. In one embodiment, the
formulation comprises about 0.05 mg to about 0.5 mg. In another embodiment, the
formulation comprises about 0.08 mg to about 0.8 mg. In yet another embodiment, the
formulation comprises about 0.1 mg to about 0.5 mg. In another embodiment, the formulation
comprises about 0.25 mg.

[00215] Obeticholic acid is generally effective over a wide dosage range. For examples,
dosages per day normally fall within the range of about 0.0001 to about 30 mg/kg of body
weight. In the treatment of adult humans, the range of about 0.1 to about 15 mg/kg/day, in
single or divided dose, is especially preferred. In one embodiment, the formulation comprises
about 0.05 mg to about 1500 mg. In another embodiment, the formulation comprises about
0.05 mg to about 100 mg. In yet another embodiment, the formulation comprises about 1 mg
to about 100 mg. In another embodiment, the formulation comprises about 0.05 mg to about

50 mg. In another embodiment, the formulation comprises about 0.05 mg to about 30 mg. In
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yet another embodiment, the formulation comprises about 0.05 mg to about 20 mg. In yet
another embodiment, the formulation comprises about 0.05 mg to about 10 mg.

[00216] In one embodiment, the formulation comprises about 3 mg to about 30 mg. In
another embodiment, the formulation comprises about 0.05 mg to about 25 mg. In another
embodiment, the formulation comprises about 4 mg to about 25 mg. In another embodiment,
the formulation comprises about 5 mg to about 25 mg. In another embodiment, the
formulation comprises about 5 mg to about 10 mg. In one embodiment, the formulation
comprises about 1 mg to about 2 mg. In one embodiment, the formulation comprises about
1.2 mg to about 1.8 mg. In one embodiment, the formulation comprises about 1.3 mg to about
1.7 mg. In one embodiment, the formulation comprises about 0.05 mg to about 0.5 mg. In
another embodiment, the formulation comprises about 0.08 mg to about 0.8 mg. In yet
another embodiment, the formulation comprises about 0.1 mg to about 0.5 mg. In another
embodiment, the formulation comprises about 25 mg. In another embodiment, the
formulation comprises about 10 mg. In one embodiment, the formulation comprises about 5
mg. In another embodiment, the formulation comprises about 1 mg. However, it will be
understood that the amount of obeticholic acid actually administered will be determined by a
physician, in the light of the relevant circumstances, including the condition to be treated, the
chosen route of administration, the form of obeticholic acid administered, the age, weight,
and response of the individual patient, and the severity of the patient's symptoms, and
therefore the above dosage ranges are not intended to limit the scope of the disclosure in any
way. In some instances dosage levels below the lower limit of the aforesaid range may be
more than adequate, while in other cases still larger doses may be employed without causing
any harmful side effect, provided that such larger doses are first divided into several smaller
doses for administration throughout the day.

[00217] Obeticholic acid compositions described herein can be administered in accordance
with a dosing regimen. A dosing regimen refers to continual and intermittent administration
of a obeticholic acid composition described herein at one or more of the amounts described
herein. Thus, in certain instances, a dosing regimen can include administration of a
obeticholic acid composition described herein continually for any number of days, weeks,
months, or years as set forth herein. In other instances, a dosing regimen can include
administration of a obeticholic acid composition described herein intermittently, where, for
example, the composition is administered for one period of time followed by a rest period or

off period where the obeticholic acid composition is not administered.
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[00218] Obeticholic acid compositions useful in the methods of treating described herein
include administration of such compositions daily (QD), every other day (Q2D), once a week
(QW), twice a week (BID), three times a week (TIW), once a month (QM), or twice a month
(Q2M). In one embodiment, a obeticholic acid composition described herein is administered
QD. Thus, an effective amount of an obeticholic acid composition described herein can be
administered QD to treat a disease or condition described herein. A starting dose described
herein can be administered QD during the course of a titration period described herein to treat
a disease or condition described herein. An adjusted dose described herein can be
administered QD to treat a disease or condition described herein.

[00219] In another embodiment, an obeticholic acid composition described herein is
administered Q2D. An effective amount of an obeticholic acid composition described herein
can be administered Q2D to treat a disease or condition described herein. A starting dose
described herein can be administered Q2D during the course of a titration period described
herein to treat a disease or condition described herein. An adjusted dose described herein can
be administered Q2D to treat a disease or condition described herein.

[00220] In another embodiment, an obeticholic acid composition is described herein
administered QW. An effective amount of an obeticholic acid composition described herein
can be administered QW to treat a disease or condition described herein. A starting dose
described herein can be administered QW during the course of a titration period described
herein to treat a disease or condition described herein. An adjusted dose described herein can
be administered QW to treat a disease or condition described herein.

[00221] In another embodiment, an obeticholic acid composition is described herein
administered BID. An effective amount of an obeticholic acid composition described herein
can be administered BID to treat a disease or condition described herein. A starting dose
described herein can be administered BID during the course of a titration period described
herein to treat a disease or condition described herein. An adjusted dose described herein can
be administered BID to treat a disease or condition described herein.

[00222] In another embodiment, an obeticholic acid composition is described herein
administered TIW. An effective amount of an obeticholic acid composition described herein
can be administered TIW to treat a disease or condition described herein. A starting dose
described herein can be administered TIW during the course of a titration period described
herein to treat a disease or condition described herein. An adjusted dose described herein can

be administered TIW to treat a disease or condition described herein.
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[00223] In another embodiment, an obeticholic acid composition is described herein
administered QM. An effective amount of an obeticholic acid composition described herein
can be administered QM to treat a disease or condition described herein. A starting dose
described herein can be administered QM during the course of a titration period described
herein to treat a disease or condition described herein. An adjusted dose described herein can
be administered QM to treat a disease or condition described herein.

[00224] In another embodiment, an obeticholic acid composition is described herein
administered Q2M. An effective amount of an obeticholic acid composition described herein
can be administered Q2M to treat a disease or condition described herein. A starting dose
described herein can be administered Q2M during the course of a titration period described
herein to treat a disease or condition described herein. An adjusted dose described herein can
be administered Q2M to treat a disease or condition described herein.

[00225] The embodiments described above include administration at an amount described
above. For example, an obeticholic acid composition described herein can be administered in
a frequency provided above in an amount of 5 mg, 10 mg, 25 mg, or 50 mg.

[00226] Dosing regimens of the obeticholic acid compositions described herein useful for
treating diseases and conditions described herein can include a titration period. A titration
period typically includes a lower dosage of an obeticholic acid composition described herein
for a period of time. In certain instances, and without being bound by any particular theory,
administration using a titration period described herein can decrease or eliminate the onset of
adverse effects. In other instances, and without being bound by any particular theory,
administration using a titration period described herein can permit increased dosages of
obeticholic acid compositions described herein to an individual over the course of a
treatment.

[00227] A titration period can be a period of time of about: 1 month to about 24 months; 1
month to about 21 months; 1 month to about 18 months; 1 month to about 15 months; 1
month to about 12 months; 1 month to about 9 months; 1 month to about 6 months; or 1
month to about 3 months. In another embodiment, a titration period includes a time of about:
3 months to about 24 months; 3 months to about 21 months; 3 months to about 18 months; 3
months to about 15 months; 3 months to about 12 months; 3 or months to about 6 months. In
still another embodiment, a titration period includes a time of about: 6 months to about 24
months; 6 months to about 21 months; 6 months to about 18 months; 6 months to about 15
months; or 6 months to about 12 months. In yet another embodiment, a titration period

includes a time of about: 2 months to about 4 months; 2 months to about 7 months; 2 months
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to about 8 months; 4 months to about 8 months; 5 months to about 7 months; or 5 months to
about 8 months. For example, a titration period can be about 1 to about 6 months. In another
example, a titration period can be about 3 to about 6 months.

[00228] A titration period can include a time of about 1,2, 3,4,5,6,7, 8,9, 10, 11, 12, 13,
14,15, 16, 17, 18, 19, 20, 21, 22, 23, or 24 months. In certain embodiments, a titration period
includes a time of about 1, 2, 3,4, 5, 6,7, 8,9, 10, 11, or 12 months. In another embodiment,
the titration period includes a time of about 1, 2, 3, 4, 5, 6, 7, 8, or 9 months. In another
embodiment, the titration period includes a time of about 1, 2, 3, 4, 5, or 6 months. In another
embodiment, the titration period includes a time of about 1, 2, or 3 months. For example, a
titration period can be about 1 month. In another example a titration period can be about 2
months. In another example a titration period can be about 3 months. In still another example
a titration period can be about 4 months. In yet another example a titration period can be
about 5 months. In another example a titration period can be about 6 months. In one example
a titration period is 3 months or 6 months. In another example a titration period can be about
7 months. In another example a titration period can be about 8 months. In another example a
titration period can be about 9 months.

[00229]  As provided above, the amounts of a obeticholic acid composition described
herein, optionally administered in a titration period can be reduced compared to an adjusted
amount as described herein. Accordingly, provided herein are treatment regimens that include
administering obeticholic acid compositions described herein for the treatment of a disease or
condition described herein (e.g., NASH or compensated cirrhosis) wherein the starting dose
administered during a titration period described above is lower than the amount of an
adjusted dose administered after a titration period. Still further provided herein are treatment
regimens that include administering obeticholic acid compositions described herein for the
treatment of a disease or condition described herein (e.g., NASH or compensated cirrhosis)
where the starting dose administered during a titration period described above is lower than
the amount of an adjusted dose administered after a titration period and where the frequency
of administration (e.g., QD, Q2D, or QW) for the adjusted dose is greater than the frequency
of administration of the starting dose. Still further provided herein are treatment regimens that
include administering obeticholic acid compositions described herein for the treatment of a
disease or condition described herein (e.g., NASH or compensated cirrhosis) where the
starting dose administered during a titration period described above is lower than the amount
of an adjusted dose administered after a titration period and where the frequency of

administration (e.g., QD, Q2D, or QW) for the adjusted dose is less than the frequency of

46



10

15

20

25

30

WO 2020/097167 PCT/US2019/060014

administration of the starting dose. Increases in the adjusted dose (or any re-adjusted dose)
can be performed after the patient’s liver function is assessed, monitored, or measured as
described herein, where the liver function is considered not-impaired.

[00230] In embodiments, the adjusted dose can be increased compared to the starting dose
when the level of ALP is about equal to or is not reduced compared to a control as described
herein. In embodiments, the adjusted can be increased compared to the starting dose when the
level of bilirubin is about equal to or is not reduced compared to a control as described
herein. In embodiments, the adjusted dose can be increased compared to the starting dose
when the level of ALP and bilirubin are about equal to or are not reduced compared to a
control as described herein. In certain instances, the adjusted dose can be increased
compared to the starting dose where a patient described herein tolerates the starting dose
amount. In certain embodiments, the starting dose can be 5 mg. In certain embodiments, the
starting dose is 10 mg. In certain embodiments, the starting dose is 5 mg and the adjusted
dose is greater than 5 mg (e.g., about 6 mg to about 50 mg). In one embodiment, the starting
dose is 5 mg and the adjusted dose is 10 mg.

[00231]  Also provided herein are treatment regimens that include administering
obeticholic acid compositions described herein for the treatment of a disease or condition
described herein (e.g., NASH or compensated cirrhosis) where the starting dose administered
during a titration period described above is equal to the amount of an adjusted dose
administered after a titration period. Further provided herein are treatment regimens that
include administering obeticholic acid compositions described herein for the treatment of a
disease or condition described herein (e.g., NASH or compensated cirrhosis) where the
starting dose administered during a titration period described above is equal to the amount of
an adjusted dose administered after a titration period and where the frequency of
administration (e.g., QD, Q2D, or QW) for the starting dose is the same as the adjusted dose.
Still further provided herein are treatment regimens that include administering obeticholic
acid compositions described herein for the treatment of a disease or condition described
herein (e.g. NASH or compensated cirrhosis) where the starting dose administered during a
titration period described above is equal to the amount of an adjusted dose administered after
a titration period and where the frequency of administration (e.g., QD, Q2D, or QW) for the
adjusted dose is greater than the frequency of administration of the starting dose. Still further
provided herein are treatment regimens that include administering obeticholic acid
compositions described herein for the treatment of a disease or condition described herein

(e.g., NASH or compensated cirrhosis) where the starting dose administered during a titration
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period described above is equal to the amount of an adjusted dose administered after a
titration period and where the frequency of administration (e.g., QD, Q2D, or QW) for the
adjusted dose is less than the frequency of administration of the starting dose. The adjusted
dose (or any re-adjusted dose) can be equal to the starting dose where the patient’s liver
function is assessed, monitored, or measured as described herein, where the liver function is
considered not-impaired.

[00232] In embodiments, the adjusted dose can be equal to the starting dose when the level
of ALP is reduced compared to a control as described herein. In embodiments, the adjusted
dose can be equal to the starting dose when the level of bilirubin is reduced compared to a
control as described herein. In embodiments, the adjusted dose can be equal to the starting
dose when the level of ALP and bilirubin are reduced compared to a control as described
herein. In certain instances, the adjusted dose can be equal to the starting dose where a
patient described herein tolerates or poorly tolerates (e.g., has onset of adverse effects
described herein) the starting dose amount. In certain embodiments, the starting dose can be 5
mg. In certain embodiments, the starting dose is 10 mg. In certain embodiments, the starting
dose is 5 mg and the adjusted dose is 5 mg. In one embodiment, the starting dose is 10 mg
and the adjusted dose is 10 mg.

[00233] Further provided herein are treatment regimens that optionally include a starting
dose and an adjusted dose as provided in the regimens above, where the adjusted dose is
further reduced during the course of treatment. In certain instances, the adjusted dose is
reduced to a new re-adjusted dose having a decreased amount of an obeticholic acid
composition described herein. In other instances the adjusted dose is reduced to a new re-
adjusted dose having the same amount of an obeticholic acid composition described herein
but a decreased frequency of administration (e.g., from QD to Q2D or QW). In still other
instances, the adjusted dose is modified such that the re-adjusted dose includes a decreased
amount of an obeticholic acid composition described herein and is administered at a
decreased frequency compared to the adjusted dose.

[00234] The obeticholic acid composition described herein can be administered for any
number of days, weeks, months, or years, including indefinitely, provided that the dosage
remains efficacious for the patient and the patient tolerates the dosage (e.g., an adjusted or re-
adjusted dose as described herein). In certain instances, an obeticholic acid composition
described herein is administered to a patient described herein until loss of efficacy, or until
development of unacceptable toxicity or undesired adverse effects, such as, for example,

those described herein. Daily dosing of an obeticholic acid composition described herein can
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be dependent upon patient tolerance to the dosage, composition, or frequency of
administration. For example, daily dosing can be administered to a patient described herein
where the patient tolerates a daily dosage amount (e.g., 5 mg, 10 mg, 25 mg, or 50 mg).
Altematively or additionally, the daily dosing can be modified to increase or reduce the
amount of an obeticholic acid composition described herein as provided above where the
patient is tolerant or is intolerant to the dose, respectively. In certain embodiments,
modification of the adjusted dose (or any re-adjusted dose) can be performed after the
patient’s liver function is assessed, monitored, or measured as described herein. In certain
instances, the adjusted dose (or re-adjusted dose) is increased or maintained (e.g., equivalent
to a starting dose) where the liver function is not-impaired. In other instances, the adjusted
dose (or re-adjusted dose) is decreased or maintained (e.g., equivalent to a starting dose)
where the patient’s liver function is impaired.

[00235] The amount of an obeticholic acid described herein administered to a patient
described herein can be modified as a result of intolerability or development of one or more
adverse effects such as those described herein. For example, in one instance the amount of an
obeticholic acid composition described herein administered to a patient can be changed from
a QD dosage to a Q2D dosage. In certain embodiments, the dosage of an obeticholic acid
described herein is modified from a QD to Q2D dosage upon development of an adverse
effect described herein (e.g., severe pruritus). In one example, administration of an
obeticholic acid composition described herein at 5 mg QD can be modified to a 5 mg Q2D
dosage. Such a modification can reduce or eliminate undesired adverse effects while
maintaining the desired efficacy. In another example, administration of an obeticholic acid
composition described herein at 10 mg QD can be reduced to 5 mg QD. It should be
understood that exemplary dosing regimens described herein can be combined. For example,
a reduced dosage of an obeticholic acid composition described herein from 10 mg to 5 mg
QD could be further reduced to a 5 mg Q2D dosage where undesired adverse effects remain.
In still another example, dosing of the obeticholic acid composition can be temporarily
suspended (e.g., an off period) forabout 1,2, 3.4, 5,6,7, 8,9, 10, 11, 12, 13, or 14 days, or
1, 2, 3, or 4 weeks.

[00236] In one exemplary dosing regimen, a NASH patient (or a patient with compensated
cirrhosis) is administered an obeticholic acid composition described herein where: the
starting dose of the obeticholic acid composition described herein is administered QD to a

patient described herein at an amount of 5 mg and the obeticholic acid composition is
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administered QD to the patient in an adjusted dose of 5 mg. The exemplary dosing regimen
can include a titration period of about 1 to about 6 months.

[00237] In another exemplary dosing regimen, a NASH patient (or a patient with
compensated cirrhosis) is administered an obeticholic acid composition described herein
where: the starting dose of the obeticholic acid composition described herein is administered
QD to a patient described herein at an amount of 5 mg in a titration period of about 3 months
or about 6 months and the obeticholic acid composition is administered QD to the patient in
an adjusted dose of 5 mg.

[00238] In still another exemplary dosing regimen, a NASH patient (or a patient with
compensated cirrhosis) is administered an obeticholic acid composition described herein
where: the starting dose of the obeticholic acid composition described herein is administered
QD to a patient in a titration period of about 3 months or about 6 months and the obeticholic
acid composition is administered QD to the patient in an adjusted dose of 10 mg.

[00239] In another exemplary dosing regimen, a NASH patient (or a patient with
compensated cirrhosis) is administered an obeticholic acid composition described herein
where: the starting dose of the obeticholic acid composition described herein is administered
QD to a patient in a titration period of about 3 months or about 6 months and the obeticholic
acid composition is administered QD to the patient in an adjusted dose of 5 mg, where the
adjusted dose is modified to a 5 mg Q2D re-adjusted dose upon development of an adverse
effect (e.g., pruritus or severe pruritus).

[00240] In still another exemplary dosing regimen, a NASH patient (or a patient with
compensated cirrhosis) is administered a obeticholic acid composition described herein,
where the starting dose of the obeticholic acid composition described herein is administered
QD to a patient in a titration period of about 3 months or about 6 months and the obeticholic
acid composition is administered QD to the patient in an adjusted dose of 10 mg, where the
adjusted dose is subsequently modified to a 5 mg QD re-adjusted dose upon development of
an adverse effect (e.g., pruritus or severe pruritus).

[00241] The amount of an obeticholic acid composition described herein administered to a
patient can be determined by the existence of any preexisting conditions in the patient. For
example, where a patient described herein has or has had hepatic impairment, the dosage of
the obeticholic acid composition described herein can be modified. In certain instances, the
hepatic impairment is a Child-Pugh Class A, Class B or Class C hepatic impairment. In one
embodiment, the hepatic impairment is Child-Pugh Class A. In one embodiment, the hepatic

impairment is Child-Pugh Class B. In one embodiment, the hepatic impairment is Child-Pugh
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Class C. In such instances, the amount of an obeticholic acid composition described herein
can be administered in a decreased amount during and after a titration period when compared
to administration of the same obeticholic acid composition to a patient who does not have
hepatic impairment.

[00242] In one example dosing regimen, a patient having hepatic impairment is
administered an obeticholic acid composition described herein at an amount of about 1 mg to
about 5 mg, where the composition is administered at least once weekly (QW). In one
instance, the obeticholic acid composition described herein is administered at an amount of
about 5 mg once weekly to a patient diagnosed with hepatic impairment (e.g., Child-Pugh
Class B or C).

[00243] For example, the dosing regimen can include administering an obeticholic acid
composition described herein to a patient having hepatic impairment, where the obeticholic
acid composition is administered at a starting dose of 5 mg QW for a titration period of 3 or 6
months and administered at an adjusted dose of 5 mg QW. The patient’s liver function can be
assessed, monitored, or measured as described herein. Where the patient’s liver function is
not impaired, the adjusted dose can be increased to a re-adjusted dose of 5 mg administered
BIW or 5 mg QD.

[00244] In certain instances a patient can develop liver impairment during the course of
administration. It is understood, using the disclosure provided herein, that the adjusted dose
can be decreased in amount or frequency to avoid progression of liver impairment.

[00245]  Further provided herein is a method of treating NASH in a patient in need thereof
by administering an effective amount of a obeticholic acid composition described herein QD,
where the effective amount is either a 5 mg or 10 mg dose. In another aspect is a method of
treating NASH in a patient in need thereof by administering a starting dose of 5 mg QD of an
obeticholic acid composition described herein for at least 3 months; evaluating the tolerance
of the patient, the patient’s liver function as described herein, and/or the efficacy of
treatment, where patient tolerance, liver function, and/or lowered efficacy indicate end of a
titration period and administration of an adjusted dose of 10 mg QD. In one embodiment, the
patient tolerance, liver function, and/or lowered efficacy indicate end of a titration period and
administration of an adjusted dose of 5 mg QD.

[00246] In embodiments described herein, an obeticholic acid composition described
herein can be metabolized to a obeticholic acid conjugate, such as for example, a glycine,
taurine, or sarcosine conjugate of obeticholic acid. Such metabolites can be useful in treating

a disease or condition provided herein. In certain instances, production of conjugates can be
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assessed, monitored, measured, or detected, as described herein during the course of a
treatment. In some embodiments, increased levels of obeticholic acid conjugates can result in
adjusted dosages of an obeticholic acid composition described herein.

[00247] In another example, the active agent is a peroxisome proliferator-activated
receptor alpha (PPAR«) agonist, a peroxisome proliferator-activated receptor delta (PPARS)
agonist, a dual PPARa/6 agonist, a dual PPARa/y agonist, or pan-PPAR agonist, an HMG
CoA reductase inhibitor, a GLP1 agonist, insulin, insulin mimetic, metformin, a GTP4
agonist, an HST2 inhibitor, a DPP-IV inhibitor, an SGLT2 inhibitor or a hydroxysteroid
dehydrogenase (HSD) inhibitor, such as an 11B-HSD1 inhibitor, an ASK1 inhibitor, an
ACCI inhibitor, a NOX1 and/or NOX4 inhibitor, an inhibitor or antagonist of one or more
chemokine receptors, such as, for example, CCR2 and CCR5.

[00248] In instances where an obeticholic acid composition described herein is useful for
the treatment of a cancer described herein, such compositions can be co-administered with
one or more cancer agents.

[00249] The anti-cancer agent useful in methods of treating solid-tumor cancers provided
herein can include any known class of anti-cancer agents such as, for example, radiation
therapy, operations, alkylating agents, antimetabolites, anthracyclines, campothecins, vinca
alkaloids, taxanes or platinums, as well as other antineoplastic agents known in the art. Such
anti-cancer agent and antineoplastic agent classifications are known in the art and used in
accordance with their plain and ordinary meaning.

[00250] Exemplary anti-cancer agents include but are not limited to: ABRAXANE;
abiraterone; ace-11; aclarubicin; acivicin; acodazole hydrochloride; acronine; actinomycin;
acylfulvene; adecypenol; adozelesin; adriamycin; aldesleukin; all trans-retinoic acid (ATRA);
altretamine; ambamustine; ambomycin; ametantrone acetate; amidox; amifostine;
aminoglutethimide; aminolevulinic acid; amrubicin; amsacrine; anagrelide; anastrozole;
andrographolide; antarelix; anthramycin; aphidicolin glycinate; apurinic acid; ara-CDP-DL-
PTBA,; arginine deaminase; ARRY-162; ARRY-300; ARRY-142266; AS703026;
asparaginase; asperlin; asulacrine; atamestane; atrimustine; AVASTIN; axinastatin 1;
axinastatin 2; axinastatin 3; azasetron; azatoxin; azatyrosine; azacitidine; AZD8330; azetepa;
azotomycin; balanol; batimastat; BAY 11-7082; BAY 43-9006; BAY 869766; bendamustine;
benzochlorins; benzodepa; benzoylstaurosporine; beta-alethine; betaclamycin B; betulinic
acid; b-FGF inhibitor; bicalutamide; bisantrene; bisaziridinylspermine; bisnafide; bisnafide

dimesylate; bistratene A; bisantrene hydrochloride; bleomycin; bleomycin sulfate; busulfan;
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bizelesin; breflate; bortezomib; brequinar sodium; bropirimine; budotitane; buthionine
sulfoximine; bryostatin; cactinomycin; calusterone; calcipotriol; calphostin C; camptothecin
derivatives; capecitabine; carboxamide-amino-triazole; carboxyamidotriazole; CaRest M3;
CARN 700; caracemide; carbetimer; carboplatin; carmustine; carubicin hydrochloride;
carzelesin; castanospermine; cecropin B; cedefingol; celecoxib; cetrorelix; chlorins;
chloroquinoxaline sulfonamide; cicaprost; chlorambucil; Chlorofusin; cirolemycin; cisplatin;
CI-1040; cis-porphyrin; cladribine; clomifene analogues; clotrimazole; collismycin A;
collismycin B; combretastatin A4; combretastatin analogue; conagenin; crambescidin 816;
crisnatol; crisnatol mesylate; cryptophycin 8; cryptophycin A derivatives; curacin A;
cyclopentanthraquinones; cycloplatam; cypemycin; cyclophosphamide; cytarabine;
cytarabine ocfosfate; cytolytic factor; cytostatin; dacarbazine; dactinomycin; daunorubicin;
daunorubicin hydrochloride; decarbazine; dacliximab; dasatinib; decitabine;
dehydrodidemnin B; deslorelin; dexamethasone; dexifosfamide; dexrazoxane; dexverapamil;
dexormaplatin; dezaguanine; dezaguanine mesylate; diaziquone; didemnin B; didox;
diethylnorspermine; dihydro 5 azacytidine; dihydrotaxol; 9-dioxamycin; diphenyl
spiromustine; docosanol; dolasetron; docetaxel; doxorubicin; doxorubicin hydrochloride;
doxifluridine; droloxifene; droloxifene citrate; dromostanolone propionate; dronabinol;
duazomycin; duocarmycin SA; ebselen; ecomustine; edelfosine; edrecolomab; edatrexate;
eflornithine hydrochloride; eflomithine; elemene; emitefur; elsamitrucin; enloplatin;
enpromate; epipropidine; epirubicin; epirubicin hydrochloride; epristeride; erbulozole;
eribulin; esorubicin hydrochloride; estramustine; estramustine phosphate sodium;
etanidazole; etoposide; etoposide phosphate; etoprine; exemestane; fadrozole; fadrozole
hydrochloride; fazarabine; fenretinide; filgrastim; finasteride; flavopiridol; flezelastine;
fluasterone; floxuridine; fludarabine phosphate; fludarabine; fluorodaunorubicin
hydrochloride; forfenimex; formestane; fluorouracil; floxouridine; flurocitabine; fosquidone;
fostriecin sodium; fostriecin; fotemustine; gadolinium texaphyrin; gallium nitrate;
galocitabine; ganirelix; gelatinase inhibitors; gemcitabine; geldanamycin; gossyphol; GDC-
0973; GSK1120212/trametinib; herceptin; hydroxyurea; hepsulfam; heregulin;
hexamethylene bisacetamide; hypericin; ibandronic acid; ibrutinib; idarubicin; idarubicin
hydrochloride; ifosfamide; canfosfamide; ilmofosine; iproplatin; idoxifene; idramantone;
ilmofosine; ilomastat; imidazoacridones; imatinib (e.g., GLEEVEC); imiquimod; iniparib
(BSI 201); iobenguane; iododoxorubicin; ipomeanol; irinotecan; irinotecan hydrochloride;
irsogladine; isobengazole; isohomohalicondrin B; itasetron; iimofosine; interleukin IL-2

(including recombinant interleukin IT; or rlL.sub.2); interferon alfa-2a; interferon alfa-2b;
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interferon alfa-n1; interferon alfa-n3; interferon beta-1a; interferon gamma-1b;
jasplakinolide; kahalalide F; lamellarin N triacetate; lanreotide; leinamycin; lenograstim;
lentinan sulfate; leptolstatin; letrozole; leuprorelin; levamisole; lenalidomide; lenvatinib;
liarozole; lissoclinamide 7; lobaplatin; lombricine; lometrexol; lonidamine; losoxantrone;
lovastatin; loxoribine; lurtotecan; lutetium texaphyrin; lysofylline; lanreotide acetate;
lapatinib; letrozole; leucovorin; leuprolide acetate; liarozole hydrochloride; lometrexol
sodium; lomustine; losoxantrone hydrochloride; pomalidomide; LY294002; maitansine;
mannostatin A; marimastat; masoprocol; maspin; matrilysin inhibitors; menogaril;
merbarone; meterelin; methioninase; metoclopramide; MIF inhibitor; mifepristone;
miltefosine; mirimostim; mitoguazone; mitolactol; mitonafide; mitoxantrone; mofarotene;
molgramostim; mopidamol; mycaperoxide B; myriaporone; maytansine; mechlorethamine
hydrochloride; megestrol acetate; melengestrol acetate; melphalan; mercaptopurine;
methotrexate; methotrexate sodium; metoprine; meturedepa; mitindomide; mitocarcin;
mitocromin; mitogillin; mitomalcin; mitomycin; mitosper; mitotane; mitoxantrone
hydrochloride; mycophenolic acid; nafarelin; nagrestip; napavin; naphterpin; nartograstim;
nedaplatin; nemorubicin; neridronic acid; nilutamide; nisamycin; nitric oxide modulators;
nitroxide antioxidant; nitrullyn; nocodazole; nogalamycin; oblimersen (GENASENSE);
octreotide; okicenone; olaparib (LYNPARZA); oligonucleotides; onapristone; ondansetron;
oracin; oral cytokine inducer; ormaplatin; oxisuran; oxaloplatin; osaterone; oxaliplatin;
oxaunomycin; palauamine; palmitoylrhizoxin; pamidronic acid; panaxytriol; panomifene;
parabactin; PARP (poly ADP ribose polymerase) inhibitors; pazelliptine; pegaspargase;
peldesine; pentosan polysulfate sodium; pentostatin; pentrozole; perflubron; perfosfamide;
perillyl alcohol; phenazinomycin; phenylacetate; phosphatase inhibitors; picibanil;
pilocarpine hydrochloride; pirarubicin; piritrexim; placetin A; placetin B; porfiromycin;
prednisone; prostaglandin J2; pyrazoloacridine; paclitaxel; PD035901; PD184352;
PD318026; PD98059; peliomycin; pentamustine; peplomycin sulfate; PKC412; pipobroman;
piposulfan; piroxantrone hydrochloride; plicamycin; plomestane; podophyllotoxin;
polyphenol E; porfimer sodium; porfiromycin; prednimustine; procarbazine; procarbazine
hydrochloride; puromycin; puromycin hydrochloride; pyrazofurin; raltitrexed; ramosetron;
retelliptine demethylated; rhizoxin; rituximab; RII retinamide; rogletimide; rohitukine;
romurtide; roquinimex; rubiginone B1; ruboxyl; riboprine; romidepsin; rucaparib; safingol;
safingol hydrochloride; saintopin; sarcophytol A; sargramostim; semustine; sizofiran;
sobuzoxane; sodium borocaptate; sodium phenylacetate; solverol; sonermin; sorafenib;

sunitinib; sparfosic acid; spicamycin D; spiromustine; splenopentin; spongistatin 1;
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Spongistatin 2; Spongistatin 3; Spongistatin 4; Spongistatin 5; Spongistatin 6; Spongistatin 7;
Spongistatin 8; and Spongistatin 9; squalamine; stipiamide; stromelysin inhibitors;
sulfinosine; suradista; suramin; swainsonine; SB239063; selumetinib/AZD6244; simtrazene;
SP600125; sparfosate sodium; sparsomycin; spirogermanium hydrochloride; spiroplatin;
streptonigrin; streptozocin; sulofenur; tallimustine; tamoxifen methiodide; talazoparib (BMN
673); tauromustine; tazarotene; tecogalan sodium; tegafur; tellurapyrylium; temoporfin;
temozolomide; teniposide; tetrachlorodecaoxide; tetrazomine; thaliblastine; thiocoraline;
thrombopoietin; thymalfasin; thymopoietin receptor agonist; thymotrinan; tirapazamine;
titanocene bichloride; topsentin; toremifene; tretinoin; triacetyluridine; triciribine;
trimetrexate; triptorelin; tropisetron; turosteride; tyrphostins; talisomycin; TAK-733;
taxotere; tegafur; teloxantrone hydrochloride; teroxirone; testolactone; thiamiprine;
thioguanine; thiotepa; tiazofurin; tirapazamine; toremifene citrate; trastuzumab; trestolone
acetate; triciribine phosphate; trimetrexate; trimetrexate glucuronate; triptorelin; tubulozole
hydrochloride; tumor necrosis factor-related apoptosis-inducing ligand (TRAIL); UBC
inhibitors; ubenimex; U0126; uracil mustard; uredepa; vapreotide; variolin B; velaresol;
veliparib (ABT-888); veramine; verteporfin; vinorelbine; vinxaltine; vitaxin; vinblastine;
vinblastine sulfate; vincristine sulfate; vindesine; vindesine sulfate; vinepidine sulfate;
vinglycinate sulfate; vinleurosine sulfate; vinorelbine tartrate; vinrosidine sulfate; vinzolidine
sulfate; vorozole; wortmannin; XL518; zanoterone; zeniplatin; zilascorb; zinostatin
stimalamer; zinostatin; and zorubicin hydrochloride.

[00251] Other exemplary anti-cancer agents include Erbulozole (e.g., R-55104); Dolastatin
10 (e.g., DLS-10 and NSC-376128); Mivobulin isethionate (e.g., CI-980); NSC-639829;
Discodermolide (e.g., NVP-XX-A-296); ABT-751 (Abbott; e.g., E-7010); Altorhyrtin A;
Altorhyrtin C; Cemadotin hydrochloride (e.g., LU-103793 and NSC-D-669356);, CEP 9722;
Epothilone A; Epothilone B; Epothilone C; Epothilone D; Epothilone E; Epothilone F;
Epothilone B N-oxide; Epothilone A N-oxide; 16-aza-epothilone B; 21-aminoepothilone B;
21-hydroxyepothilone D; 26-fluoroepothilone; Auristatin PE (e.g., NSC-654663); Soblidotin
(e.g., TZT-1027); LS-4559-P (Pharmacia; e.g., LS-4577); LS-4578 (Pharmacia; e.g., LS-477-
P); LS-4477 (Pharmacia); LS-4559 (Pharmacia); RPR-112378 (Aventis); DZ-3358 (Daiichi);
FR-182877 (Fujisawa; e.g., WS-9265B); GS-164 (Takeda); GS-198 (Takeda); KAR-2
(Hungarian Academy of Sciences); BSF-223651 (BASF; e.g., ILX-651 and LU-223651);
SAH-49960 (Lilly/Novartis); SDZ-268970 (Lilly/Novartis); AM-97 (Armad/Kyowa Hakko);
AM-132 (Armad); AM-138 (Armad/Kyowa Hakko); IDN-5005 (Indena); Cryptophycin 52
(e.g.. LY-355703); AC-7739 (Ajinomoto; e.g., AVE-8063A and CS-39.HCI); AC-7700
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(Ajinomoto; e.g., AVE-8062; AVE-8062A; CS-39-L-Ser.HCI; and RPR-258062A);
Vitilevuamide; Tubulysin A; Canadensol; CA-170 (Curis, Inc.); Centaureidin (e.g., NSC-
106969); T-138067 (Tularik; e.g., T-67; TL-138067 and TI-138067); COBRA-1 (Parker
Hughes Institute; e.g., DDE-261 and WHI-261); H10 (Kansas State University); H16 (Kansas
State University); Oncocidin Al (e.g., BTO-956 and DIME); DDE-313 (Parker Hughes
Institute); Fijianolide B; Laulimalide; SPA-2 (Parker Hughes Institute); SPA-1 (Parker
Hughes Institute; e.g., SPIKET-P); 3-IAABU (Cytoskeleton/Mt. Sinai School of Medicine;
e.g., MF-569); Narcosine (e.g., NSC-5366); Nascapine; D-24851 (Asta Medica); A-105972
(Abbott); Hemiasterlin; 3-BAABU (Cytoskeleton/Mt. Sinai School of Medicine; e.g., MF-
191); TMPN (Arizona State University); Vanadocene acetylacetonate; T-138026 (Tularik);
Monsatrol; Inanocine (e.g., NSC-698666); 3-IAABE (Cytoskeleton/Mt. Sinai School of
Medicine); A-204197 (Abbott); T-607 (Tularik; e.g., T-900607); RPR-115781 (Aventis);
Eleutherobins (e.g., Desmethyleleutherobin; Desaetyleleutherobin; Isoeleutherobin A; and Z-
Eleutherobin); Caribaeoside; Caribaeolin; Halichondrin B; D-64131 (Asta Medica); D-68144
(Asta Medica); Diazonamide A; A-293620 (Abbott); NPI-2350 (Nereus); Taccalonolide A;
TUB-245 (Aventis); A-259754 (Abbott); Diozostatin; (-)-Phenylahistin (e.g., NSCL-
96F037); D-62638 (Asta Medica); D-62636 (Asta Medica); Myoseverin B; D-43411
(Zentaris; e.g., D-81862); A-289099 (Abbott); A-318315 (Abbott); HTI-286 (e.g., SPA-110;
trifluoroacetate salt) (Wyeth); D-82317 (Zentaris); D-82318 (Zentaris); SC-12983 (NCI);
Resverastatin phosphate sodium; BPR-OY-007 (National Health Research Institutes); and
SSR-250411 (Sanofi)); goserelin; leuprolide; triptolide; homoharringtonine; topotecan;
itraconazole; deoxyadenosine; sertraline; pitavastatin; clofazimine; 5-nonyloxytryptamine;
vemurafenib; dabrafenib; gefitinib (IRESSA); erlotinib (TARCEV A); cetuximab
(ERBITUX); lapatinib (TYKERB); panitumumab (VECTIBIX); vandetanib (CAPRELSA);
afatinib/BIBW2992; CI-1033/canertinib; neratinib/HKI-272; CP-724714; TAK-285; AST-
1306; ARRY334543; ARRY-380; AG-1478; dacomitinib/PF299804; OSI-420/desmethyl
erlotinib; AZD8931; AEE726; pelitinib/EKB-569; CUDC-101; WZ8040; WZ4002; WZ3146;
AG-490; XL647; PD153035; 5- azathioprine; 5-aza-2'-deoxycytidine; 17-N-Allylamino-17-
Demethoxygeldanamycin (17-AAG); 20-epi-1,25 dihydroxyvitamin D3; 5 ethynyluracil; and
BMS-599626.

[00252] In one aspect is a method for treating patients with hepatocellular cancer by
administering an obeticholic acid composition described herein in combination with

capecitabine and/or PLX4032 (Plexxikon).
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[00253] In another aspect is a method for treating hepatocellular cancer by administering
an obeticholic acid composition described herein in combination with capecitabine, xeloda,
and/or CPT-11.

[00254] In another aspect is a method for treating hepatocellular cancer by administering
an obeticholic acid composition described herein in combination with capecitabine, xeloda,
and/or CPT-11.

[00255] In another aspect is a method for treating patients with hepatocellular cancer
patients with unresectable or metastatic hepatocellular carcinoma by administering an
obeticholic acid composition described herein in combination with capecitabine and
irinotecan.

[00256] In another aspect is a method for treating patients with unresectable or metastatic
hepatocellular carcinoma by administering an obeticholic acid composition described herein
in combination with interferon alpha or capecitabin.

[00257] Patients described herein include a patients having a disease or condition
described herein. A patient can be described or referred to by the condition treated. For
example, a patient having NASH can be referred to herein as a NASH patient. A patient
described herein can have a preexisting condition (e.g., a condition other than the disease or
condition treated by the obeticholic acid composition described herein that existed at the time
of first administration). In one instance a patient described herein has hepatic impairment. In
another instance a patient described herein has renal impairment. In yet another instance the
patient is an elderly/geriatric patient. In another instance the patient is an pediatric patient.
[00258] In some embodiments, administration of an obeticholic acid composition
described herein together with certain contra-active agents can result in (1) decreased efficacy
of the obeticholic acid composition and/or (2) development of toxicity or adverse effects
described herein. For example, administration of an obeticholic acid composition described
herein with blood clotting and anti-coagulation agents can result in decreased International
Normalized Ratio (INR). In certain instances, coagulation and anti-coagulation agents can be
administered in combination with an obeticholic acid composition described herein by
monitoring fluctuations of the INR of the patient and adjusting dosages as understood in the
art to maintain proper INR.

[00259] In another example, administration of an obeticholic acid composition described
herein in combination with a bile acid binding resin (e.g., cholestyramine, colestipol, or
colesevelam) can result in decreased efficacy of the obeticholic acid composition at a lower

dosage of the composition (e.g., 1 to 5 mg). In certain embodiments, a bile acid binding resin
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is administered in combination with an obeticholic acid composition described herein at least
about 4 to 6 hours before or after the dosage of the obeticholic acid composition.

[00260] In one embodiment, the compositions described herein reduce adverse effects
associated with other formulations (e.g., larger particle sized obeticholic acid). For example,
an obeticholic acid composition described herein when administered to a patient described
herein for a condition or disease described herein can reduce one or more adverse effects
selected from Hepatic encephalopathy, ascites, variceal bleeding, skin eruptions, prurigo,
pruritus (including generalized, eye, anal, vulvovaginal and rash), fatigue, asthenia,
abdominal pain (including upper and lower pain and tenderness), abdominal discomfort,
gastrointestinal pain, dizziness, urticaria (including cholinergic), rashes (including macular,
popular, maculo-papular, and heat rashes), arthralgia, oropharyngeal pain, cough,
constipation, edemal peripheral, palpitations, pyrexia, eczema, and procedural pain. In certain
instances, the one or more adverse effects that are reduced include pruritus. It was
discovered, infer alia, that titration of an obeticholic acid composition described herein can
reduce the incidence of or mean time until onset of severe pruritus.

[00261] In another embodiment, the obeticholic acid compositions described herein
include reduced levels of impurities commonly found in the synthesis of obeticholic acid. 6a-
ethylursodeoxycholic acid (6-EUDCA), 3a-hydroxy-6a-ethyl-7-keto-5p-cholan-24-oic acid,
6p-ethylchenodeoxycholic acid; 3a,7a-dihydroxy-6p-ethyl-5p-cholan-24-oic acid, 3a.70-
dihydroxy-6-ethyliden-5[3-cholan-24-oic acid, Chenodeoxycholic acid (CDCA); 3a,7a-
dihydroxy-5p-cholan-24-oic acid, dimer of OCA, 30-(3a,7u-dihydroxy-6a-ethyl-5p-cholan-
24-oyloxy)-7a-hydroxy-6a-ethyl-5p-cholan-24-oic acid, or 3a-O-Acetyl-6a-
ethylchenodeoxycholic acid; 3a-O-acetyl-7a-hydroxy-6a-ethyl-5p-cholan-24-oic acid.
[00262] All publications and patent documents cited herein are incorporated herein by
reference as if each such publication or document was specifically and individually indicated
to be incorporated herein by reference. Citation of publications and patent documents is not
intended as an admission that any is pertinent prior art, nor does it constitute any admission
as to the contents or date of the same. The disclosure having now been described by way of
written description, those of skill in the art will recognize that the disclosure can be practiced
in a variety of embodiments and that the foregoing description and examples below are for

purposes of illustration and not limitation of the claims that follow.

EXAMPLES
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[00263] The disclosure is further illustrated by the following examples, which are not to be
construed as limiting this disclosure in scope or spirit to the specific procedures herein
described. It is to be understood that the examples are provided to illustrate certain
embodiments and that no limitation to the scope of the disclosure is intended. It is to be
further understood that resort may be had to various other embodiments, modifications, and
equivalents thereof which may suggest themselves to those skilled in the art without
departing from the spirit of the present disclosure and/or scope of the appended claims.
[00264] Example 1: Safety, pharmacokinetics and pharmacodynamics of OCA in subjects
with compensated cirrhosis due to NASH.

[00265] Study Objectives And Purpose. The primary objectives are to evaluate the effects
of OCA treatment compared with placebo on: histological improvement in fibrosis by
assessing the percentage of subjects with improvement in fibrosis by at least 1 stage with no
worsening of NASH defined as no increase in hepatocellular ballooning or lobular
inflammation, using the NASH CRN scoring system, from Baseline to Month 12

[00266] The secondary objectives are to evaluate the effects of OCA treatment compared
with placebo on: (1) Histological improvement in fibrosis by assessing the percentage of
subjects with improvement in fibrosis by at least 2 stages using Ishak scoring criteria from
Baseline to Month 12; (2) Histological changes in fibrosis, including: (1) improvement, (2)
no worsening, and (3) progression from Baseline to Month 12 using the following criteria, as
appropriate: NASH CRN scoring system; Ishak scoring criteria; Laennec staging system; (3)
Resolution of NASH defined as overall histopathological interpretation of 1) “no fatty liver
disease” or 2) “fatty liver disease (simple or isolated steatosis) without steatohepatitis” AND
a NAS of 0 for ballooning and 0-1 for inflammation, using the NASH CRN scoring system,
from Baseline to Month 12; (4) Histological improvement in fibrosis by at least 1 stage and
improvement in NAS by at least 2 points with at least 1 point improvement each for
hepatocellular ballooning and lobular inflammation, using the NASH CRN scoring system,
from Baseline to Month 12; (5) Improvement in each key histological feature of NASH by at
least 1 point (steatosis, lobular inflammation, and hepatocellular ballooning), using the
NASH CRN scoring system, from Baseline to Month 12; (6) Change in NAS from Baseline
to Month 12; (7) Change in steatosis, activity, and fibrosis (SAF) score from Baseline to
Month 12; (8) Change in morphometric assessment of quantitative collagen (assessed as
percent collagen area [PCA]) from Baseline to Month 12; (9) Occurrence of all-cause
mortality and liver-related clinical outcomes for the following adjudicated events (clinical

outcomes composite endpoint): Death (all cause); Liver transplant; HCC as confirmed by 2
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complementary imaging modalities unless already confirmed by biopsy; MELD score >15;
Worsening of CP score (by at least 2 points); Hospitalization (as defined by a stay of >24
hours) for: Variceal bleed; Hepatic encephalopathy (as defined by a West Haven score of >2);
Spontaneous bacterial peritonitis (confirmed by diagnostic paracentesis); Ascites secondary
to cirrhosis and requiring medical intervention (eg, diuretics or paracentesis); (10)
Occurrence of individual components of outcome events; (11) The effect of OCA treatment
compared to placebo on the following additional measures and markers: Liver biochemistry
and function; Metabolic parameters; Inflammation; Apoptosis and necrosis; Cardiovascular
safety (including adjudicated cardiovascular events); Health-related quality of life (eg, patient
reported outcomes); Standardized generic measure of health status for the assessment of
health utilities; Noninvasive assessments of liver disease assessed by serum markers and
imaging tests; Disease progression as assessed by MELD and CP scores; (12) The effect of
OCA treatment on FXR activation; (13) The PK of OCA and its conjugates; (14) The
PK/pharmacodynamic (PD) relationships of OCA and its conjugates; (15) Safety and
tolerability.

[00267] Additional Secondary Objective (Assessed at the End of the Open-Label
Extension [OLE]) is to evaluate longer-term safety and tolerability and efficacy of OCA.
[00268] To evaluate safety, the PK and PD of OCA administered at 10 mg/day or 25
mg/day in subjects with compensated cirrhosis due to NASH was compared to healthy
controls in a randomized, double blind, single center, Phase 3 study. Sixteen subjects with
cirrhosis due to NASH and 8 healthy, age- and weight-matched, subjects were randomized in
a 1:1 ratio to QD OCA 10 mg or OCA 25 mg for 28 days, according to Figure 1 and Table 1.
Extensive serial PK sampling over a 24-hour period was performed on Day 1 and Day 28 of

dosing.
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Table 1: Trial inclusion and exclusion criteria

Key = All subjects:
Inclusion | —Male or female age >18 years
Criteria | = Healthy subjects:

— Absence of clinically relevant abnormalities identified by medical history,
physical and ECG

— Clinical chemistries within normal range

— Similar body weight to subjects with cirrhosis

= Subjects with cirrhosis:

— Cirrhosis confirmed by a liver biopsy or clinical history (laboratory/clinical
criteria must be consistent with CP-A)

—OR cryptogenic cirrhosis defined as medical history of metabolic syndrome
and >3 risk factors (central obesity, T2DM, hypertension, dyslipidemia, or
low HDL)

— CP score of 5 or 6 (CP-A)

Subjects with a confirmed diagnosis of NASH and a fibrosis score of 4 (F4)
based upon the NASH CRN scoring system determined by central reading

Key = All subjects:

Exclusion | —History of any illness that might confound results
Criteria — Previous exposure to OCA

Summary | —Heavy smoker or use of tobacco or nicotine products

= Subjects with cirrhosis:
— Likely to change CP classification <28 days of treatment
— Have transjugular intrahepatic portosystemic shunts and/or have undergone
portacaval shunting
— Evidence of other forms of known chronic liver diseases

Subjects who satisfy any of the following exclusion criteria will be ineligible
for enrollment:

1. Current or past history of hepatic decompensation such as clinically
significant ascites (requiring medical intervention), variceal bleeding,
spontaneous bacterial peritonitis, hepatic encephalopathy (Grade I or greater
based on West Haven classification), or hepatorenal/hepatopulmonary
syndromes

2. Current or past history of hepatic function impairment with CP score >7
points

3. MELD score >12

4. Hospitalization within 1 year of Day 1 for complications of cirrhosis

5. Documented presence of varices based on prior endoscopy performed within
6 months of Day 1.

6. AST >5x ULN

7. ALT >5x ULN

8. Calculated creatinine clearance <60 mL/min using Cockcroft-Gault method
at Screening

9. Platelet count <100 000/mm3 at Screening

10. Total bilirubin >2 mg/dL (subjects with an established diagnosis of
Gilbert’s syndrome and a normal hemoglobin and reticulocyte count may be
enrolled despite a total bilirubin level >2 mg/dL if their conjugated (direct)
bilirubin is <2x ULN)
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11. Conjugated bilirubin >1.5x ULN
12. Albumin <3.5 g/dL
13. International normalized ratio (INR) >1.7 (subjects with a known inherited
blood disorder and INR >1.7 may be enrolled and subjects on
anticoagulant/anti-aggregant treatment and INR >1.7 may be enrolled by
approval of Medical Monitor)
14. Current or history of significant alcohol consumption for a period of more
than 3 consecutive months within 1 year before Day 1 (significant alcohol
consumption is defined as more than 2 units/day for females and more than 4
units/day for males, on average)
15. Prior (at any point) or planned (during the study period) ileal resection, or
prior (within 5 years before Screening) or planned (during the study period)
bariatric surgery (eg, gastric bands, gastroplasty, roux-en-Y gastric bypass)
16. Inability to safely undergo a liver biopsy
17. History of biliary diversion
18. Evidence of other known forms of chronic liver disease including:

— Positive test result at Screening for hepatitis B surface antigen

— Active hepatitis C virus (HCV) infection (positive for HCV ribonucleic
acid

[RNA] at Screening) or history of positive HCV RNA test result

— PBC, primary sclerosing cholangitis, autoimmune hepatitis, or overlap
syndrome

— Alcoholic liver disease

— Wilson disease, hemochromatosis, or iron overload

— Alpha-1-antitrypsin (A1AT) deficiency as defined by diagnostic features
in liver histology (confirmed by A1AT level below the lower limit of normal or
exclusion at the Investigator’s discretion)

— Prior known drug-induced liver injury within 5 years before Day 1

— Known or suspected HCC
19. History of liver transplant, current placement on a liver transplant list
20. HbAlc >9.5% within 60 days before Day 1
21. LDL cholesterol>190 mg/dL and already on a stable dose of statin and/or
proprotein convertase subtilisin/kexin type 9 inhibitor (PCSK9) for >30 days at
Screening
22. LDL cholesterol <50 mg/dL (irrespective of statin use)
23. Known positivity for human immunodeficiency virus infection
24. Subjects with recent history (within 1 year of Day 1) of significant
atherosclerotic cardiovascular disease (myocardial infarction, unstable angina,
acute coronary syndrome, cerebrovascular accident [stroke]|, cerebrovascular
ischemia, transient ischemic attack, or peripheral vascular disease requiring
intervention). Such subjects may be identified by different means, including,
but not limited to, an abnormal 12-lead ECG, a history or planned
cardiovascular intervention such as coronary revascularization (eg,
percutaneous coronary intervention or coronary artery bypass graft), coronary
angioplasty, stenting, carotid atherectomy, or placement of a cardiac
pacemaker or defibrillator

— Controlled hypertension without other recent manifestations of significant
atherosclerotic cardiovascular disease and placement of cardiac pacemaker or
defibrillator for reasons other than atherosclerotic cardiovascular disease (eg,
for treatment of atrial fibrillation subsequent to nodal ablation) is not
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exclusionary

25. Current acute cholecystitis or acute biliary obstruction

26. Other medical conditions that may diminish life expectancy to <2 years,
including known cancers (except carcinomas in situ or other stable, relatively
benign carcinomas)

27. Known substance abuse in the year before Screening

28. Chronic use (>12 months) of drugs historically associated with drug-
induced NAFLD within the 5 years before Day 1 (eg, amiodarone,
methotrexate, systemic glucocorticoids, tetracyclines, tamoxifen, estrogens at
doses greater than those used for hormone replacement, anabolic steroids,
valproic acid, and other known hepatotoxins; see Section 9.3).

29. Pregnancy, planned pregnancy, potential for pregnancy (ie, unwillingness
to use effective birth control during the study), or current or planned breast
feeding

30. Participated in a clinical research study and received any active
investigational product being evaluated for the treatment of diabetes, weight
loss, or NASH in the 6 months before Day 1

31. Concurrent participation in any other interventional or noninterventional
clinical trial.

32. Received any investigational product from Screening to Day 1, within 30
days before Day 1, or within 5 half-lives of the compound (whichever was
longer) before Day 1

33. Previous exposure to OCA within 12 months of Day 1

34. Mental instability or incompetence, such that the validity of informed
consent or ability to be compliant with the study, is uncertain

35. History of known or suspected clinically significant hypersensitivity to
OCA or any of its components

36. Any other condition that, in the opinion of the Investigator, might confound
the results, or would impede compliance or hinder completion of the study
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Charateristics of the subjects in the clinical study are summarized in Table 2

NASH CP-A Healthy
10 mg OCA 25 mg OCA 10 mg OCA 25 mg OCA
Characteristics | (n=8) (n=8) (n=4) (n=4)
Age, years 66 (63, 70) 61 (58, 68) 60 (49, 63) 55 (51, 59)
Female,n (%) 6 (75) 4 (50) 2 (50) 2 (50)
White, n (%) 18 (100) 8 (100) 3 (75) 4 (100)
Hispanic
eithnicity. n (%) |4 G0 7 (88) 3(75) 3(75)
. 107.0 (93.7, 99.2 (91.2, 90.4 (86.0,94.8) 91.8 (85.2, 95.8)
Weight, kg 110 8) 108.9)
BMI, kg/m? 36.1 (30.8, 42.7) 35.7 (33.0, 37.7) 30.9 (30.3, 33.6) 29.7 (27.4, 33.4)
ALT, UL 37.0 (33.3, 77.0) 36.8 (32.5, 69.3) 21.0 (18.0, 23.5) 116.8 (12.3, 20.0)
AST, U/L 59.8 (40.3, 77.3) 4.0 (38.5, 56.3) 119.5 (17.8, 23.3) 119.5 (14.8, 22.0)
97.0 (81.5, 119.8 (88.5, 93.0 (72.5, 96.8) {71.5 (63.0, 80.5)
ALP, UL 178.0) 140.5)
126.0 (39.5, 102.0 (65.8, 32.0 (27.0, 41.5) {16.0 (11.8, 21.0)
GGT, UL 260.5) 175.0)
Total bilirubin, 10.95 (0.55, 1.28) 0.50 (0.45, 0.85) 10.35 (0.28, 0.58) 10.30 (0.21, 0.40)
mg/dL
Albumin, g/dL.  #.2 (4.0,4.4) 4.3 (4.0,4.4) 4.4 (4.3,4.5) 4.4 (4.2,4.5)
Creatinine, 0.79 (0.74, 0.86) 0.87 (0.68, 1.02) 10.96 (0.72, 1.18) 10.69 (0.67, 0.81)
mg/dL
102.0 (93.3 158.5(91.3 253.0(230.0 264.0 (224.3, 341.5)
9 > > 2 2
Platelets, 10VL 4, 15 3 197.3) 787.5)

[00270]

Subjects with a confirmed diagnosis of NASH and a fibrosis score of 4 based

upon the NASH CRN scoring system determined by central reading of a liver biopsy

obtained no more than 12 months before.

[00271]
conjugates, glyco-OCA and tauro-OCA) was ~4-fold higher for subjects with NASH relative

Day 1Plasma exposure (AUCo-24n) of total OCA (sum of OCA and its two active

to healthy subjects on Day 1 for both dose groups, and 9- and 3-fold higher on Day 28 for
OCA 10mg and 25mg groups, respectively (Figure 2). The increase in plasma OCA exposure
in subjects with NASH is similarly observed for endogenous bile acids (Figure 10). Despite
the increase in systemic exposure of OCA, hepatic exposure was shown to remain nominal

(Figures 11A and 11B).
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[00272] Overall, improvements in ALT (Figures 3A and 3B), AST, and GGT (Figure 4)
were observed throughout the study in both dose groups. A moderate increase in ALP was
seen in the OCA 25mg group, but not with the OCA 10mg group (Figure 5). This increase
was mostly driven by subjects who had elevated ALP at Baseline. Fluctuations were seen in
bilirubin levels, with no apparent trend (Figures 6A, 6B, 7A, and 7B). C4 suppresion and
FGF-19 activation were observed in both dosing groups (Figures 8 and 9). No changes were

observed in albumin, INR, and platelet levels (Table 3).

Table 3: Albumin and creatinine levels in subjects of the clinical study

NASH CP-A Healthy

Median (Q1, |10 mg OCA 25 mg OCA 10 mg OCA 25 mg OCA

Q3) (n=8) (n=8) (n=4) (n=4)

Albumin, g/dL

Baseline 42 (4.0,4.4) 4.3 (4.0,4.4) 4.4 (4.3, 4.5) 1.4 (4.2,4.5)

Day 28 4.0 (3.6, 4.3) 4.0(3.6,4.2) 4.5(4.4,4.5) 4.0 (3.8, 4.3)

% Change at 3.9 (-8.6, 0.0) -6.5(-10.2,-29) 23(-2.2,3.5) -4.0 (-12.0, -1.2)

Day 28

Creatinine, mg/dL

Baseline 0.79 (0.74, 0.86) .87 (0.68,1.02) 10.96(0.72,1.18) {0.69 (0.67, 0.81)

Day 28 0.88 (0.75,0.94) {0.87 (0.69,1.08) 10.96(0.74,1.15) 10.78 (0.73, 0.90)

% Change at 4.3 (-6.7, 13.6) 0.8(-54,5.1) -1.6 (-3.5, 3.0) 8.3 (4.8, 15.5)

Day 28

Platelets, 10°/L

Baseline 102.0 (93.3, 145.3)i158.5 (91.3, 197.3){253.0 (230.0, 264.0 (224.3,

287.5) 341.5)

Day 28 101.5 (82.0, 129.0)i155.5 (105.5, 262.0 (250.5, 261.0 (229.5,
194.0) 292.0) 354.0)

% Change at 9.7 (-13.0,-4.3) +2.0(-8.6,11.2) 0.4 (-1.0,12.6) 4.0(-3.1,11.0)

Day 28

[00273]  Six subjects with NASH (2 on 10mg; 4 on 25mg) experienced a total of 13
adverse events (AEs) compared to 5 AEs observed in 5 healthy subjects (3 on 10mg; 2 on
25mg). All AEs were determined to be either mild or moderate in severity and had no trend
for liver related AEs. Four subjects with NASH reported mild or moderate pruritus with no
relationship to dose. Only one liver-related adverse event was reported. One subject with
NASH on OCA 25mg had advanced disease, including portal hypertension and a history of

hyperbilirubinemia, discontinued treatment on Day 25 due to elevated bilirubin levels.
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Bilirubin levels returned to normal 1 day after discontinuation of OCA. The subject
experienced another episode of hyperbilirubinemia 10 days after discontinuation. No serious
adverse events were observed.

[00274] Based on these results, daily OCA at 10mg and 25mg was generally safe and well
tolerated. Plasma exposure of total OCA was higher in subjects with cirrhosis due to NASH
relative to healthy subjects consistent with increased plasma bile acid levels in advanced
NASH. Although plasma exposure of OCA was higher in subjects with NASH, the safety
profile was within reasonable bounds for the study population, and both doses of OCA
demonstrated favorable PD effects. These data support further evaluation of daily OCA 10mg

and 25mg for the treatment of subjects with NASH and compensated cirrhosis.
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CLAIMS

1. A method of treating compensated cirrhosis in a subject in need thereof comprising
administering to the subject obeticholic aicd or pharmaceutically acceptable salt or amino

acid conjugate thereof in an amount of 1-25 mg.

2. The method of claim 1, wherein the compensated cirrhosis is associated with NASH.
3. The method of claim 1, wherein obeticholic acid is administered in the amount of 10
mg.

4. The method of claim 1, wherein obeticholic acid is administered in the amount of 25
mg.

5. A method of treating NASH in a subject with compensated cirrhosis due to NASH

comprising administering to the subject obeticholic aicd or pharmaceutically acceptable salt

or amino acid conjugate thereof in an amount of 1-25 mg.

6. The method of claim 5, wherein obeticholic acid is administered in the amount of 10
mg.

7. The method of claim 5, wherein obeticholic acid is administered in the amount of 25
mg.

8. A method of treating liver fibrosis in a subject with compensated cirrhosis due to

NASH comprising administering to the subject obeticholic aicd or pharmaceutically

acceptable salt or amino acid conjugate thereof in an amount of 1-25 mg,

9. The method of claim 8, wherein obeticholic acid is administered in the amount of 10
mg.
10. The method of claim 8, wherein obeticholic acid is administered in the amount of 25
mg.
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