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Methods of Treating Antipsychotic-Induced Weight Gain with Miricorilant

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to, and the benefit of, U.S. Provisional Patent
Application Serial No. 62/946,957, filed December 11, 2019, the entire contents of which is

hereby incorporated by reference in its entirety.

BACKGROUND

[0002] Administration of antipsychotic medication is an important treatment for many
psychiatric disorders, and provides significant relief to the nearly 20 million patients
suffering from such disorders. Unfortunately, antipsychotic medications such as olanzapine,
risperidone, clozapine, quetiapine, aripiprazole, sertindole, and other such medications, often
lead to significant weight gain as well as alleviating psychotic symptoms. Antipsychotic-
induced weight gain is a significant problem for patients taking antipsychotic medications.
Numerous reports indicate that about 40-80% of patients who receive antipsychotic
medications for long periods of time experience substantial weight gain, ultimately exceeding
their ideal body weight by 20% or more (see, e.g., Umbricht et al., J Clin. Psychiatry 55
(Suppl. B):157-160, 1994; Baptista, Acta Psychiatr. Scand. 100:3-16, 1999). Such weight
gain increases the risk of many serious health problems associated with obesity, such as
cardiovascular disease, stroke, hypertension, type II diabetes, and certain types of cancer. In
addition, unwanted weight gain is one of the most common reasons for a patient's non-
compliance with the administration of antipsychotic medications. Management strategies
such as switching medications, lifestyle modifications, and the use of metformin have had
modest and mixed results on these patients’ weight. However, due to the poor results from
these strategies, this serious health problem faced by those in need of antipsychotic

medication remains unsolved.

[0003] Accordingly, there is need in the art for methods and medications that prevent or
reduce the weight gain associated with use of antipsychotic medications, and that reverse the

weight gain caused by such medications.
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SUMMARY
[0004] Applicant discloses herein that administration of miricorilant, a glucocorticoid
receptor (GR) modulator (GRM) can reduce antipsychotic-induced weight gain, can
ameliorate the effects of antipsychotic-induced weight gain, and can reverse antipsychotic-
induced weight gain. The patient may continue to receive antipsychotic medication while
receiving miricorilant and still receive the benefits of miricorilant treatment. Antipsychotic
medications which may induce weight gain, and the effects of which may be ameliorated,
reduced or reversed by miricorilant treatment, include olanzapine, risperidone,
clozapine, quetiapine, sertindole, amisulpride, aripiprazole, asenapine, blonanserin,
bifeprunox, cariprazine, clotiapine, iloperidone, lurasidone, mosapramine, melperone,
paliperidone, perospirone, pimavanserin, remoxipride, sulpiride, ziprasidone, zotepine,
perphenazine, thioridazine, chlorpromazine, and other such weight-inducing antipsychotic
medications.
[0005] Benefits of the methods and treatments disclosed herein include reduced weight gain,
reduced rate of weight gain, reversal of weight gain, reduction in risk of developing
cardiovascular disease, stroke, hypertension, and type II diabetes. Thus, the present methods
can reduce or reverse antipsychotic-induced weight gain, and can provide reduction in risk
factors associated with weight gain (e.g., high blood pressure, high cholesterol, other blood

lipid abnormalities, sleep disorders, insulin resistance, etc.).

[0006] The methods include administration of miricorilant (also known as CORT118335) to
a patient receiving, or who has received, or who is expected to receive, an antipsychotic drug
such as olanzapine, risperidone, clozapine, quetiapine, sertindole, amisulpride, aripiprazole,
asenapine, blonanserin, bifeprunox, cariprazine, clotiapine, iloperidone, lurasidone,
mosapramine, melperone, paliperidone, perospirone, pimavanserin, remoxipride, sulpiride,
ziprasidone, zotepine, perphenazine, thioridazine, chlorpromazine, and other such weight-
inducing antipsychotic medications. Miricorilant may be orally administered. The methods
may reduce the amount of weight that the patient would otherwise have gained. The methods
may reduce the rate of weight gain that the patient would otherwise have experienced. The
methods may prevent weight gain in a patient administered antipsychotic medication. The
methods may reverse weight gain that the patient experienced due to administration of

antipsychotic medication.

[0007] Miricorilant is a cyclohexyl pyrimidine compound, that is, miricorilant is a GRM

compound comprising a pyrimidine cyclohexyl structure, wherein the structure is as
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described and disclosed in U.S. Patent 8,685,973, the entire contents of which is hereby
incorporated by reference in its entirety. Miricorilant is (E)-6-(4-Phenylcyclohexyl)-5-(3-
trifluoromethylbenzyl)-1H-pyrimidine-2,4-dione, which has the structure:

CF3
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Other GRM compounds comprising a pyrimidine cyclohexyl structure, as disclosed, for
example, in U.S. Patent 8,685,973, may also be suitable for, and useful for, treating a subject
suffering from antipsychotic-induced weight gain and for treating a subject suspected of

being at risk of suffering antipsychotic-induced weight.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] FIG. 1 shows the effect of olanzapine on weight gain in rats (weights shown as mean

values).

[0009] FIG. 2A illustrates the reduction in olanzapine-induced triglyceride increase in

healthy subjects.

[0010] FIG. 2B illustrates the reduction in olanzapine-induced liver enzyme increase in
healthy subjects (for liver enzymes aspartate aminotransferase (AST) and alanine
aminotransferase (ALT)).

DETAILED DESCRIPTION

[0011] Methods and compositions for treating a subject at risk of, or suffering from
antipsychotic-induced weight gain are disclosed. The methods include administration of a
cyclohexyl pyrimidine glucocorticoid receptor modulator (GRM) such as miricorilant
(CORT118335) to a patient receiving, or who has received, or who is expected to receive, an
antipsychotic drug such as olanzapine, risperidone, clozapine, or other weight-inducing

antipsychotic medication. The GRM (e.g., miricorilant) may be orally administered.
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Administration of such a GRM along with antipsychotic medication may reduce the amount
of weight, or reduce the rate of weight gain, or prevent weight gain, otherwise due to
antipsychotic medication alone. The methods may reverse weight gain in a patient previously
administered antipsychotic medication. Administration of such a GRM with antipsychotic
medication may reduce, or reduce gain in, or prevent gain in, or reverse gain in, insulin
resistance or blood levels of liver enzymes (AST, ALT), triglycerides, or insulin.

Thus, in embodiments, the methods disclosed herein comprise administration of an effective
amount of miricorilant to a patient at risk of suffering from antipsychotic-induced weight
gain, thereby reducing the risk of antipsychotic-induced weight gain in that patient. Patients
at risk of suffering from antipsychotic-induced weight gain include patients who have not yet
been, but are expected to be, administered a weight-inducing antipsychotic medication;
patients who are currently being administered a weight-inducing antipsychotic medication;
patients who have been administered a weight-inducing antipsychotic medication; and other

such patients.

[0012] In embodiments, the methods disclosed herein comprise administration of an
effective amount of miricorilant to a patient who suffers from antipsychotic-induced weight
gain, thereby ameliorating the effects of antipsychotic-induced weight gain in that patient. In
embodiments, the methods disclosed herein comprise administration of an effective amount
of miricorilant to a patient who suffers from antipsychotic-induced weight gain, thereby
reducing antipsychotic-induced weight gain in that patient as compared to the weight gain
expected to occur in the absence of miricorilant treatment. In embodiments, the methods
disclosed herein comprise administration of an effective amount of miricorilant to a patient
who suffers from antipsychotic-induced weight gain, thereby reducing weight previously
gained due to antipsychotic-induced weight gain in that patient, effect to reverse
antipsychotic-induced weight gain. In embodiments, a portion of the weight gain is reversed,
in embodiments, the portion is about 1%, 2%, 3%, 4%, 5%, 7%, or 10% of the antipsychotic-
induced weight gain in that patient; in other embodiments, about a quarter of the weight
gained due to antipsychotic-induced weight gain is reversed; in further embodiments, about a
half of the weight gained due to antipsychotic-induced weight gain is reversed; in yet further
embodiments, more than half of the weight gained due to antipsychotic-induced weight gain
is reversed. Patients who suffer from antipsychotic-induced weight gain include patients who

have been administered a weight-inducing antipsychotic medication; patients who are
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currently being administered a weight-inducing antipsychotic medication; and other such

patients.

[0013] In embodiments, the methods disclosed herein comprise administration of an
effective amount of miricorilant to a patient who suffers from antipsychotic-induced weight
gain, thereby reducing the amount of antipsychotic-induced weight gain in that patient. In
embodiments, reducing the amount of antipsychotic-induced weight gain in that patient
includes reducing the number of pounds gained by the patient as compared to the patient’s
weight prior to, or at the initiation of, administration of antipsychotic medication. In
embodiments, the methods disclosed herein comprise administration of an effective amount
of miricorilant to a patient who suffers from antipsychotic-induced weight gain, thereby
reducing the rate of antipsychotic-induced weight gain in that patient (e.g., reducing the
number of pounds per day, or pounds per week, or pounds per month, gained by the patient as
compared to the rate of weight gain due to antipsychotic medication prior to miricorilant
administration). Patients who suffer from antipsychotic-induced weight gain include patients
who have been administered a weight-inducing antipsychotic medication; patients who are
currently being administered a weight-inducing antipsychotic medication; and other such

patients.

[0014] In embodiments, the methods disclosed herein comprise administration of an
effective amount of miricorilant to a patient who has gained weight due to prior
administration of antipsychotic medication, thereby reversing the antipsychotic-induced

weight gain in that patient.

[0015] Methods and compositions for treating a subject suffering from antipsychotic-
induced weight gain are disclosed. Methods and compositions for treating a subject suspected
of being at risk of suffering antipsychotic-induced weight gain are disclosed (e.g., due to
present or planned administration of antipsychotic medication). The methods include
administration of miricorilant (also known as CORT118335) to a patient receiving, or who
has received, or who is expected to receive, an antipsychotic drug such as olanzapine,
risperidone, clozapine, quetiapine, sertindole, , amisulpride, aripiprazole, asenapine,
blonanserin, bifeprunox, cariprazine, clotiapine, iloperidone, lurasidone, mosapramine,
melperone, paliperidone, perospirone, pimavanserin, remoxipride, sulpiride, ziprasidone,
zotepine, perphenazine, thioridazine, chlorpromazine, and other such weight-inducing
antipsychotic medications. The methods may reduce the amount of weight that the patient

would otherwise have gained. The methods may reduce the rate of weight gain that the
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patient would otherwise have experienced. The methods may prevent weight gain in a patient
administered antipsychotic medication. The methods may reverse weight gain that the patient

experienced due to administration of antipsychotic medication.

[0016] Miricorilant is a cyclohexyl pyrimidine compound, that is, miricorilant is a GRM
compound comprising a pyrimidine cyclohexyl structure, wherein the structure is as
described and disclosed in U.S. Patent 8,685,973, the entire contents of which is hereby
incorporated by reference in its entirety. Miricorilant is (E)-6-(4-Phenylcyclohexyl)-5-(3-
trifluoromethylbenzyl)-1H-pyrimidine-2,4-dione, which has the structure:

CF3
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Other GRM compounds comprising a pyrimidine cyclohexyl structure, as disclosed, for
example, in U.S. Patent 8,685,973, may also be suitable for, and useful for, treating a subject
suffering from antipsychotic-induced weight gain and for treating a subject suspected of

being at risk of suffering antipsychotic-induced weight.

[0017] In some cases, miricorilant (or other GRM compounds comprising a pyrimidine

cyclohexyl structure) is orally administered.

[0018] Accordingly, Applicant discloses methods of treating a subject suffering from
antipsychotic-induced weight gain, comprising administering to the subject an effective
amount of a cyclohexyl pyrimidine glucocorticoid receptor modulator (GRM) while said
subject is administered an antipsychotic medication, wherein said treatment is effective to:
reduce the body weight of a subject, as compared to baseline body weight of said subject
prior to said administration of said GRM, wherein the subject has previously been
administered an antipsychotic medication; or reduce the weight gain of a subject over time
while taking an antipsychotic medication and said GRM, as compared to average weight gain

of subjects taking that antipsychotic medication in the absence of the GRM; or reduce blood
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levels of triglycerides as compared to triglyceride levels in the blood of said subject prior to
said administration of said GRM, wherein the subject has previously been administered an
antipsychotic medication; or reduce blood levels of the liver enzymes ALT, AST, or both as
compared to baseline liver enzyme levels in the blood of said subject prior to said
administration of said GRM, wherein the subject has previously been administered an
antipsychotic medication; or reduce plasma insulin level as compared to the baseline plasma
insulin level of said subject prior to said administration of said GRM, wherein the subject has
previously been administered an antipsychotic medication; or reduce insulin resistance as
compared to baseline insulin resistance of said subject prior to said administration of said
GRM, wherein the subject has previously been administered an antipsychotic medication (as
measured by HOMA-IR or HOMAZ2-IR); or combinations thereof.

[0019] In embodiments of the methods of treating a subject suffering from antipsychotic-
induced weight gain, the cyclohexyl pyrimidine glucocorticoid receptor modulator (GRM) is
(E)-6-(4-Phenylcyclohexyl)-5-(3-trifluoromethylbenzyl)- 1H-pyrimidine-2,4-dione (also

termed miricorilant), which has the structure:

CF,

Yy ll//

[0020] In embodiments of the methods, treatment comprises ameliorating the effects of
antipsychotic-induced weight gain in the patient. In embodiments of the methods, treatment
comprises reducing the effects of antipsychotic-induced weight gain in the patient. In
embodiments of the methods, treatment comprises reducing the amount of antipsychotic-
induced weight gain in the patient. In embodiments of the methods, treatment comprises
reducing the rate of antipsychotic-induced weight gain in the patient. In embodiments of the
methods, treatment comprises reversing the antipsychotic-induced weight gain in the patient,

whereby said patient loses weight.
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[0021] Applicant discloses herein methods of treating a subject at risk of suffering from
antipsychotic-induced weight gain, the method comprising administering to the subject an
effective amount of a cyclohexyl pyrimidine glucocorticoid receptor modulator (GRM) while
said subject is administered an antipsychotic medication, wherein the subject has not
previously been administered an antipsychotic medication, and wherein said treatment is
effective to: reduce the weight gain of a subject over time while taking said antipsychotic
medication and said GRM, as compared to average weight gain of subjects administered that
antipsychotic medication in the absence of the GRM; or reduce the increase in blood levels of
triglycerides as compared to the average increase in triglyceride levels in the blood of
subjects administered said antipsychotic medication; or reduce the increase in blood levels of
liver enzymes ALT or AST, or both, as compared to the average increase in said liver enzyme
levels in the blood of subjects administered said antipsychotic medication; or reduce the
increase in plasma insulin level as compared to the average increase in plasma insulin level in
subjects administered said antipsychotic medication; or reduce the increase in insulin
resistance (as measured by HOMA-IR or HOMA2-IR) as compared to the average increase in
insulin resistance of in subjects administered said antipsychotic medication; or combinations
thereof.

[0022] In embodiments of the methods of treating a subject at risk of suffering from
antipsychotic-induced weight gain, the cyclohexyl pyrimidine glucocorticoid receptor is (E)-
6-(4-Phenylcyclohexyl)-5-(3-trifluoromethylbenzyl)-1H-pyrimidine-2,4-dione (also known as

miricorilant), which has the structure:

CF3
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[0023] In embodiments of the methods treating a subject at risk of suffering from
antipsychotic-induced weight gain, treatment comprises ameliorating the effects of

antipsychotic-induced weight gain in the patient. In embodiments of the methods treating a
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subject at risk of suffering from antipsychotic-induced weight gain, treatment comprises
reducing the effects of antipsychotic-induced weight gain in the patient. In embodiments of
the methods treating a subject at risk of suffering from antipsychotic-induced weight gain,
treatment comprises reducing the amount of antipsychotic-induced weight gain in the patient.
In embodiments of the methods treating a subject at risk of suffering from antipsychotic-
induced weight gain, treatment comprises reducing the rate of antipsychotic-induced weight
gain in the patient. In embodiments of the methods treating a subject at risk of suffering from
antipsychotic-induced weight gain, treatment comprises reversing the antipsychotic-induced
weight gain in the patient, whereby said patient loses weight as compared to the patient’s
weight prior to administration of said GRM.

[0024] In embodiments of any of the methods disclosed herein, said GRM administration
may comprise oral administration of said GRM; said GRM may be miricorilant. In
embodiments of the methods of treating a subject suffering from antipsychotic-induced
weight gain, treatment may comprise concomitant administration of an antipsychotic
medication and an GRM (e.g., miricorilant), and the treatment may be effective to reduce one
or more of body weight, weight gain, liver enzyme levels in the blood, plasma insulin, and
insulin resistance (HOM-IR or HOMA2-IR) by about 10%, or 20%, or 25%, or 30%, or
35%, 05 40%, or 45%, or more.

[0025] In embodiments of any of the methods of treating a subject at risk of suffering from
antipsychotic-induced weight gain, said treatment comprising concomitant administration of
an antipsychotic medication and an GRM (e.g., miricorilant), and the treatment may be
effective to reduce one or more of weight gain, liver enzyme levels in the blood, plasma
insulin, and insulin resistance (HOM-IR or HOMAZ2-IR) by about 10% or 20%, or 25%, or
30%, or 35%, 05 40%, or 45%, or more.

B. DEFINITIONS

[0026] As used herein, the terms “subject” and “patient” refer to a human that is or will be
receiving, or has received, a treatment (e.g., administration of miricorilant or other
cyclohexyl pyrimidine GRM compound) disclosed herein. A patient is a subject in need of, or

receiving, medical treatment for a disease or condition.

2 2 <

[0018] As used herein, the terms “administer,” “administering,” “administered” or
“administration” refer to providing a compound or a composition (e.g., one described herein),
to a subject or patient. For example, a compound or composition may be administered orally

to a patient.
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[0019] As used herein, the term “effective amount” or “therapeutic amount” refers to an
amount of a pharmacological agent effective to treat, eliminate, or mitigate at least one
symptom of the disease being treated. In some cases, “therapeutically effective amount” or
“effective amount” can refer to an amount of a functional agent or of a pharmaceutical
composition useful for exhibiting a detectable therapeutic or inhibitory effect. The effect can

be detected by any assay method known in the art.

2 7 <

[0020] As used herein, the terms “administer,” “administering,” “administered” or
“administration” refer to providing a compound or a composition (e.g., one described herein),
to a subject or patient. Administration may be by oral administration (i.e., the subject receives
the compound or composition via the mouth, as a pill, capsule, liquid, or in other form
suitable for administration via the mouth. Oral administration may be buccal (where the
compound or composition is held in the mouth, e.g., under the tongue, and absorbed there).
Administration may be by injection, i.e., delivery of the compound or composition via a
needle, microneedle, pressure injector, or other means of puncturing the skin or forcefully
passing the compound or composition through the skin of the subject. Injection may be
intravenous (i.e., into a vein); intraarterial (i.e., into an artery); intraperitoneal (i.e., into the
peritoneum); intramusucular (i.e., into a muscle); or by other route of injection. Routes of
administration may also include rectal, vaginal, transdermal, via the lungs (e.g., by
inhalation), subcutaneous (e.g., by absorption into the skin from an implant containing the

compound or composition), or by another route.

[0021] As used herein, the term "compound" is used to denote a molecular moiety of
unique, identifiable chemical structure. A molecular moiety ("compound") may exist in a
free species form, in which it is not associated with other molecules. A compound may also
exist as part of a larger aggregate, in which it is associated with other molecule(s), but
nevertheless retains its chemical identity. A solvate, in which the molecular moiety of
defined chemical structure ("compound") is associated with a molecule(s) of a solvent, is an
example of such an associated form. A hydrate is a solvate in which the associated solvent is
water. The recitation of a "compound" refers to the molecular moiety itself (of the recited

structure), regardless of whether it exists in a free form or an associated form.

[0022] As used herein, the term "composition” is intended to encompass a product
comprising the specified ingredients such as the compound miricorilant, its tautomeric

forms, derivatives, analogues, stereoisomers, polymorphs, deuterated species,
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pharmaceutically acceptable salts, esters, ethers, metabolites, mixtures of isomers,
pharmaceutically acceptable solvates and pharmaceutically acceptable compositions in
specified amounts, as well as any product which results, directly or indirectly, from
combination of the specified ingredients in the specified amounts. Such term in relation to a
pharmaceutical composition is intended to encompass a product comprising the active
ingredient (s), and the inert ingredient (s) that make up the carrier, as well as any product
which results, directly or indirectly, in combination, complexation or aggregation of any two
or more of the ingredients, or from dissociation of one or more of the ingredients, or from
other types of reactions or interactions of one or more of the ingredients. Accordingly, the
pharmaceutical compositions of the present invention are meant to encompass any

composition made by admixing miricorilant and pharmaceutically acceptable carriers.

2

[0023] “Pharmaceutically-acceptable excipient” and “pharmaceutically-acceptable carrier’
refer to a substance that aids the administration of an active agent to — and absorption by — a
subject and can be included in the compositions of the present invention without causing a
significant adverse toxicological effect on the patient. As used herein, these terms are
intended to include any and all solvents, dispersion media, coatings, antibacterial and
antifungal agents, antioxidant agents, isotonic and absorption delaying agents, and the like,
compatible with pharmaceutical administration. Non-limiting examples of pharmaceutically-
acceptable excipients include water, NaCl, normal saline solutions, lactated Ringer’s, normal
sucrose, normal glucose, binders, fillers, disintegrants, encapsulating agents, plasticizers,
lubricants, coatings, sweeteners, flavors and colors, and the like. One of ordinary skill in the
art will recognize that other pharmaceutical excipients are useful in the present invention. The
use of such media and agents for pharmaceutically active substances is well known in the art.
Except insofar as any conventional media or agent is incompatible with the active compound,
use thereof in the compositions is contemplated. Supplementary active compounds can also
be incorporated into the compositions. One of ordinary skill in the art will recognize that

other pharmaceutical excipients are useful in the present invention.

[0024] As used herein, the term “body weight” refers to the weight of a subject, e.g., the
weight in kilograms (kg). A related term is the body mass index (BMI), which may be
reported in units of kilograms per square meter (kg/m?) where the square meter refers to body
surface area. Body weight increases following administration of antipsychotic medication
varies by the medication itself, and from individual to individual; however, over a period of

ten weeks, mean increases of 4.45 kilograms (kg; clozapine}, 4.15 kg (olanzapine), 2.92 kg
11
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(sertindole}, and 2.10 kg (risperidone), have been reported (Allison et al., Am J. Psychiatry
156(11):1686-96 (1999)). Allison et al. 2001 (J Clin Psychiatry 62(Suppl 7):22-31) reported
that patients gained about 4 — 4.5 kg after receiving clozapine or olanzapine for 10 weeks;
patients gained about 7 — 8 kg after about 40 weeks of olanzapine administration, and patients
receiving olanzapine averaged weight gains of about 12 kg in a year; patients receiving
risperidone gained 2 — 3 kg over 8 — 12 weeks (e.g., about 2.5 kg with 10 weeks of
risperidone treatment); and that patients receiving quetiapine gained about 3 kg after
treatment for a “short time” and gained between about 2 kg — 5.6 kg over “long-term”
treatment. Thus, patients receiving antipsychotic drug treatment gain weight, and this weight
gain from may continue for long periods of time during treatment. For example, people
beginning to take antipsychotic medication may gain about 1%, or 2%, or 4%, or 5%, or 8%,
or 10%, or 12%, or 15% of their baseline (prior to beginning antipsychotic medication) body
weight over the one, or two , or three, or four, or five, or six months following beginning
antipsychotic medication. Patients taking a GRM along with antipsychotic medication may
gain less weight, or gain weight at a slower rate, than do patients taking antipsychotic
medication without also taking a GRM. For example, people who have gained weight while
taking antipsychotic medication (where their weight after taking antipsychotic medication but
before GRM administration is their baseline weight) may slow their weight gain, or may stop
gaining weight while continuing to take antipsychotic medication when also taking a GRM,
or may reduce their body weight from their baseline weight by about 1%, or 2%, or 3 %, or
4%, or 5%, or 6%, or 7%, or 8%, or 9%, or 10%, or 12%, or 15% as compared to their body
weight at the initiation of GRM therapy over the one, or two, or three, or four, or five, or six

months following beginning GRM therapy while continuing to take antipsychotic medication.

[0025] As used herein, the term “liver enzyme” refers to one or more of the enzymes active
in the liver of a subject; liver enzymes include, without limitation, alanine aminotransferase
(ALT) and aspartame aminotransferase (AST). Normal blood test results for ALT may be
about 7 to 55 units per liter (U/L) and for AST may be about 8 to 48 U/L. Antipsychotic-
induced increases in liver enzymes can be significant. For example, liver enzymes ALT and
AST may increase by about 50%, or 75%,or 100%, 150%, or 200%, or 250%, or 300%, or
350%, or 400%, or 500%, or 600%, or 700%, or 750%, or 800%, or more above their
baseline (prior to beginning antipsychotic medication) over the one, or two, or three, or four,
or five, or six months following beginning antipsychotic medication. As disclosed herein,

GRM administration to patients receiving antipsychotic medication can reduce the magnitude
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of the liver enzyme increase induced by antipsychotic medication, and may reduce liver
enzyme levels when administered to patients who have previously been administered
antipsychotic medication prior to beginning GRM administration while continuing to take
antipsychotic medication.

[0026] As used herein, the term “plasma insulin” refers to the level of insulin in the blood
(plasma portion) of a subject. Normal fasting blood test results for plasma insulin levels may
be less than about 25 mIU/L (less than about 174 picomoles per liter (pmol/L)) (where mIU
are milli-insulin concentration units). After glucose administration, normal plasma insulin
levels may range from about 30 to 230 mIU/L (208 to 1597 pmol/L)) at about 30 minutes
after glucose, and may range from about 20 to 275 mIU/L (125 to 1900 pmol/L)) about one
hour after glucose administration. For example, plasma insulin level may increase by about
15%, or 20%, or 25%, or 40%, or 50%, or 75%, or 100%, or 125%, or 150%, or 175%, or
200%, or more above the baseline plasma insulin level (prior to beginning antipsychotic
medication) over the one, or two, or three, or four, or five, or six months following beginning
antipsychotic medication. As disclosed herein, GRM administration to patients receiving
antipsychotic medication can reduce the magnitude of the plasma insulin level increase
induced by antipsychotic medication, and may reduce plasma insulin levels when
administered to patients who have previously been administered antipsychotic medication

prior to beginning GRM administration while continuing to take antipsychotic medication.

[0027] Asused herein, the term “insulin resistance” refers to a condition in which greater
than normal amounts of insulin are required for glucose homeostasis. Insulin resistance may
be assessed, for example, by homeostasis model assessment-insulin resistance. Insulin
resistance may be measured by “homeostatic model assessment-insulin resistance” (HOMA-
IR) (see, e.g., Matthews et al., Diabetologia 28:412—-419 (1985), and Gitch et al., Indian J
Endocrinol Metab 19(1):160-164 (2015)), and may be measured by the “homeostatic model
assessment 2-insulin resistance” (HOMAZ2-IR) as discussed, for example, in Rudenski et al,
Metabolism 40(9):908-917 (1991). HOMA-IR levels are indicators of health; Ausk et al.
report increased all-cause mortality for persons whose HOMA-IR scores were greater 1.4
(those with HOMA-IR levels > 1.4 had higher all-cause mortality than those in the lowest
quartile (HOMA-IR scores in the lowest quartile were < 1.4); Diabetes Care 33(6):1179-1185
(2010)). Ebenbichler et al. (J. Clin. Psychiatry 64:1436-1439 (2003)) report that homeostasis
model assessment insulin resistance (HOMA-IR) doubled in patients over 8 weeks of

olanzapine treatment (from 1.3 £ 0.5 to 2.6 £1.4 mmol/mU-L), but was essentially unchanged

13

SUBSTITUTE SHEET (RULE 26)



WO 2021/119432 PCT/US2020/064520

in control subjects who did not receive olanzapine (Table 1, page 1438). For example,
HOMA-IR or HOMAZ2-IR may increase by about 25%, or 50%, or 75%, or 100%, or 125%,
or 150%, or 200%, or 250%, or more above their baseline levels (prior to beginning
antipsychotic medication) over the one, or two, or three, or four, or five, or six months
following beginning antipsychotic medication. Slowing, stopping, or reversing such an
increase in HOMA-IR or HOMAZ2-IR values improves patient health and well-being.
Reducing a patient’s HOMA-IR or HOMAZ2-IR to 1.4 or less is believed to reduce the
patient’s mortality risk. As disclosed herein, GRM administration to patients receiving
antipsychotic medication can reduce the magnitude of the HOMAZ2-IR increase induced by
antipsychotic medication, and may reduce HOMAZ2-IR levels when administered to patients
who have previously been administered antipsychotic medication prior to beginning GRM

administration while continuing to take antipsychotic medication.

[0028] As used herein, the term “triglycerides” refers to the important components of body
fat, that are also an important component of the blood. Triglycerides are triesters comprising
three fatty acid moieties, which fatty acids may be the same or different in an individual
triglyceride molecule. Blood triglycerides may be measured in blood tests, and are typically
measured as part of a “lipid panel” which may also include measurement of cholesterol and
related blood lipids. Normal triglyceride levels in adults may be, for example, 150 milligrams
per deciliter (mg/dL; 1.7 millimoles per liter (mmol/L)) or less; levels greater than 150 mg/dL
are considered borderline high, and levels greater than about 200 mg/dL are considered high.
As stated in the prescribing information for olanzapine tablets, triglyceride levels increased
by 20.8 mg/dL in adults treated with olanzapine for 12 weeks; and were increased by 18.7
mg/dL over 48 weeks. Nearly 40% of these adult patients had triglyceride increases of > 50
mg/dL at 12 weeks, and more than 60% of adult patients had triglyceride increases of > 50
mg/dL at 48 weeks. Since normal triglyceride levels are less than 150 mg/dL, a 50 mg/dL
increase represents an increase of at least 33%. For example, triglycerides may increase by
about 15%, or 25%, or 40%, or 50%, or 75%, or 100%, or 125%, or 150%, or more above
baseline triglyceride levels (prior to beginning antipsychotic medication) over the one, or

two, or three, or four, or five, or six months following beginning antipsychotic medication.

[0038] As used herein, terms such as an antipsychotic medication, antipsychotic
medications, an “antipsychotic”, and the like, refer to olanzapine, risperidone,
clozapine, quetiapine, sertindole, amisulpride, aripiprazole, asenapine, blonanserin,

bifeprunox, cariprazine, clotiapine, iloperidone, lurasidone, mosapramine, melperone,

14

SUBSTITUTE SHEET (RULE 26)



WO 2021/119432 PCT/US2020/064520

paliperidone, perospirone, pimavanserin, remoxipride, sulpiride, ziprasidone, zotepine,
perphenazine, thioridazine, chlorpromazine and other such weight-inducing antipsychotic

medications.

[0029] As used herein, the term “glucocorticoid receptor” (“GR”) refers to one of the
family of intracellular receptors which specifically bind to cortisol and/or cortisol analogs
such as dexamethasone (See, e.g., Turner & Muller, J. Mol. Endocrinol. October 1, 2005 35
283-292). The glucocorticoid receptor is also referred to as the cortisol receptor. The term
includes isoforms of GR, recombinant GR and mutated GR. A cortisol receptor is a
glucocorticoid receptor (GR), specifically the type II GR, which specifically binds cortisol
and/or cortisol analogs such as dexamethasone (See, e.g., Turner & Muller, J. Mol.

Endocrinol. October 1, 2005 35 283-292).

[0030] A mineralocorticoid receptor (MR), also known as a type I glucocorticoid receptor

(GR 1), is activated by aldosterone in humans.

[0031] The term “glucocorticoid receptor modulator” (GRM) refers to any compound
which modulates any biological response associated with the binding of GR to an agonist.
For example, a GRM that acts as an agonist, such as dexamethasone, increases the activity of
tyrosine aminotransferase (TAT) in HepG2 cells (a human liver hepatocellular carcinoma cell
line; ECACC, UK). A GRM that acts as an antagonist, such as mifepristone, decreases the
activity of tyrosine aminotransferase (TAT) in HepG2 cells. TAT activity can be measured as

outlined in the literature by A. Ali et al., J. Med. Chem., 2004, 47, 2441-2452.

[0032] GRM compounds include compounds comprising a pyrimidine cyclohexyl
backbone, such as miricorilant. Exemplary GRM compounds comprising a pyrimidine
cyclohexenyl backbone include compounds disclosed in U.S. Patent 8,685,973 and in
PCT/US2019/035229, the entire contents of which are hereby incorporated by reference in
their entireties. All patents, patent publications, and patent applications disclosed herein, both

supra and infira, are hereby incorporated by reference in their entireties.

[0033] Exemplary glucocorticoid receptor modulators comprising a cyclohexyl pyrimidine
structure include those described in U.S. Patent No. 8,685,973; in U.S. Patent No. 8,906,917,
and in U.S. Patent No. 9,321,736. In embodiments, the cyclohexyl pyrimidine GRM is (E)-6-
(4-Phenylcyclohexyl)-5-(3-trifluoromethylbenzyl)-1H-pyrimidine-2,4-dione (also known as
“miricorilant” or as “CORT118335” or “MIRI”), which has the structure:
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[0034] In some cases, the effective amount of the GRM (e.g., miricorilant) is a daily dose
of between 1 and 20 milligrams per kilogram per day (mg/kg/day). In some embodiments, the
daily dose of the GRM is 10, 20, 40, 60, 80, 100, 120, 140, 160, 180, 200, 300, 400, 500, 600,
700, 800, 900, 1000, 1100, 1200, 1300, 1400, 1500, 1750, or 2000 milligrams per day (mg
/day). In some cases, the GRM is administrated for atleast 1, 2, 3,4, 5,6,7,8,9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, or 80 weeks.

E. GLUCOCORTICOID RECEPTOR MODULATORS (GRM)

[0035] Administration of effective amounts of glucocorticoid receptor modulators (GRMs) is

useful in the treatment of many diseases and disorders. GRMs useful in such treatments
include nonsteroidal compounds comprising a pyrimidine cyclohexyl structure. In
embodiments, the structure is as described and disclosed in U.S. Patent 8,685,973, the entire
contents of which is hereby incorporated by reference in its entirety. In embodiments, the

compound comprising a pyrimidine cyclohexyl compound has the structure:

@
wherein
the dashed line is absent or a bond,

X is selected from the group consisting of O and S;
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R! is selected from the group consisting of cycloalkyl, heterocycloalkyl, aryl
and heteroaryl, optionally substituted with from 1 to 3 R'? groups;

each R!%is independently selected from the group consisting of H, C1-6 alkyl,
C2.6 alkenyl, C24 alkynyl, C1- alkoxy, C1.6 alkyl-OR'®, halogen, C1- haloalkyl,
C1.6 haloaloxy, -OR™® -NR'®R ¢, -C(O)R'®, -C(O)OR'®, -OC(O)R'®, -C(O)NR'R'¢, -NR*C(
O)R'® -SO2R™, -SO2NRR ', cycloalkyl, heterocycloalkyl, aryl and heteroaryl;

R'® and R!° are each independently selected from the group consisting of H

and Ci- alkyl;

R? is selected from the group consisting of H, C1. alkyl, C1.6 alkyl-OR'®,
C1.6 alkyl-NR'®R'® and C1.s alkylene-heterocycloalkyl;

R’ is selected from the group consisting of H and Ci- alkyl,
Ar is aryl, optionally substituted with 1-4 R* groups;

each R* is independently selected from the group consisting of H, C1.6 alkyl,
C1-6 alkoxy, halogen, C1-6 haloalkyl and C1-¢ haloalkoxy;

L'is a bond or Ci alkylene;
subscript n is an integer from O to 3,
and salts and isomers thereof.

[0036] In particular instances, the pyrimidine cyclohexyl compound is miricorilant, (E)-6-(4-
Phenylcyclohexyl)-5-(3-trifluoromethylbenzyl)-1H-pyrimidine-2,4-dione which has the

following structure:

PHARMACEUTICAL COMPOSITIONS AND ADMINISTRATION

[0037] Applicants disclose herein pharmaceutical compositions containing miricorilant. Oral
preparations containing miricorilant may include tablets, tablets, powder, dragees, capsules,

liquids, lozenges, gels, syrups, slurries, suspensions, etc., suitable for ingestion by the patient.
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Details on techniques for formulation and administration are well described in the scientific
and patent literature, see, e.g., the latest edition of Remington's Pharmaceutical Sciences,
Mack Publishing Co, Easton PA ("Remington's"). In powders, the carrier is a finely divided
solid, which is in a mixture with the finely divided active component, such as miricorilant. In
tablets, the active component is mixed with the carrier having the necessary binding
properties in suitable proportions and compacted in the shape and size desired. The powders
and tablets preferably contain from 5% or 10% to 70% of the active compound. Suitable
carriers include magnesium carbonate, magnesium stearate, talc, sugar, lactose, pectin,
dextrin, starch, gelatin, tragacanth, methylcellulose, sodium carboxymethylcellulose, a low
melting wax, cocoa butter, and the like. The term "preparation” is intended to include the
formulation of the active compound with encapsulating material as a carrier providing a
capsule in which the active component with or without other carriers, is surrounded by a
carrier, which is thus in association with it. Similarly, cachets and lozenges are included.
Tablets, powders, capsules, tablets, cachets, and lozenges can be used as solid dosage forms

suitable for oral administration.

[0038] Suitable solid excipients are carbohydrate or protein fillers that include, but are not
limited to sugars, including lactose, sucrose, mannitol, or sorbitol; starch from corn, wheat,
rice, potato, or other plants; cellulose such as methyl cellulose, hydroxypropylmethyl-
cellulose, or sodium carboxymethylcellulose; and gums including arabic and tragacanth; as
well as proteins such as gelatin and collagen. If desired, disintegrating or solubilizing agents
may be added, such as the cross-linked polyvinyl pyrrolidone, agar, alginic acid, or a salt

thereof, such as sodium alginate.

[0039] Dragee cores are provided with suitable coatings such as concentrated sugar
solutions, which may also contain gum arabic, talc, polyvinylpyrrolidone, carbopol gel,
polyethylene glycol, and/or titanium dioxide, lacquer solutions, and suitable organic solvents
or solvent mixtures. Dyestuffs or pigments may be added to the tablets or dragee coatings for
product identification or to characterize the quantity of active compound (i.e., dosage).
Pharmaceutical preparations of the invention can also be used orally using, for example,
push-fit capsules made of gelatin, as well as soft, sealed capsules made of gelatin and a
coating such as glycerol or sorbitol. Push-fit capsules can contain GR modulator mixed with
a filler or binders such as lactose or starches, lubricants such as talc or magnesium stearate,

and, optionally, stabilizers. In soft capsules, the GR modulator compounds may be dissolved
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or suspended in suitable liquids, such as fatty oils, liquid paraffin, or liquid polyethylene

glycol with or without stabilizers.

[0040] The pharmaceutical preparation is preferably in unit dosage form. In such form the
preparation is subdivided into unit doses containing appropriate quantities of the active
component, such as miricorilant. The unit dosage form can be a packaged preparation, the
package containing discrete quantities of preparation, such as packeted tablets, capsules, and
powders in vials or ampoules. Also, the unit dosage form can be a capsule, tablet, cachet, or

lozenge itself, or it can be the appropriate number of any of these in packaged form.

[0041] The quantity of active component in a unit dose preparation may be varied or
adjusted from 0.1 mg to 10000 mg, more typically 1.0 mg to 6000 mg, most typically 50 mg
to 500 mg. Suitable dosages also include about 1 mg, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90,
100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1100, 1200, 1300, 1400, 1500, 1600,
1700, 1800, 1900, or 2000 mg, according to the particular application and the potency of the
active component. The composition can, if desired, also contain other compatible therapeutic

agents.

[0042] In some embodiments, miricorilant is administered in one dose. In other
embodiments, the GRM is administered in more than one dose, e.g., 2 doses, 3 doses, 4
doses, 5 doses, 6 doses, 7 doses, or more. In some cases, the doses are of an equivalent
amount. In other cases, the doses are of different amounts. The doses can increase or taper
over the duration of administration. The amount will vary according to, for example, patient

characteristics.

[0043] The subject may be administered at least one dose of miricorilant in one or more
doses over, for example, a 2-48 hour period. In some embodiments, miricorilant is
administered as a single dose. In other embodiments, miricorilant is administered in more
than one dose, e.g. 2 doses, 3 doses, 4 doses, 5 doses, or more doses over a 2-48 hour period,
e.g., a2 hour period, a 3 hour period, a 4 hour period, a 5 hour period, a 6 hour period, a 7
hour period, a 8 hour period, a 9 hour period, a 10 hour period, a 11 hour period, a 12 hour
period, a 14 hour period, a 16 hour period, a 18 hour period, a 20 hour period, a 22 hour
period, a 24 hour period, a 26 hour period, a 28 hour period, a 30 hour period, a 32 hour
period, a 34 hour period, a 36 hour period, a 38 hour period, a 40 hour period, a 42 hour
period, a 44 hour period, a 46 hour period or a 48 hour period. In some embodiments, the

GRM is administered over 2-48 hours, 2-36 hours, 2-24 hours, 2-12 hours, 2-8 hours, 8-12
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hours, 8-24 hours, 8-36 hours, 8-48 hours, 9-36 hours, 9-24 hours, 9-20 hours, 9-12 hours,
12-48 hours, 12-36 hours, 12-24 hours, 18-48 hours, 18-36 hours, 18-24 hours, 24-36 hours,
24-48 hours, 36-48 hours, or 42-48 hours.

[0044] Single or multiple administrations of formulations can be administered depending
on the dosage and frequency as required and tolerated by the patient. The formulations should
provide a sufficient quantity of miricorilant to effectively treat the disease state. Thus, in one
embodiment, the pharmaceutical formulation for oral administration of miricorilant is in a
daily amount of between about 1 to about 50 mg per kilogram of body weight per day
(mg/kg/day), and may be, e.g., from about 2 mg/kg/day to about 20 mg/kg/day.

[0045] The duration of miricorilant treatment can vary according to the severity of the
condition in a subject and the subject's response to miricorilant. In some embodiments,
miricorilant can be administered for a period of about 1 week to 104 weeks (2 years), more
typically about 2 weeks to about 80 weeks, most typically about 3 weeks to about 20 weeks.
Generally administration of miricorilant should be continued until clinically significant
reduction or amelioration is observed. Treatment with miricorilant may last for as long as

two, three, four, five, six, seven, eight, nine, ten years or even longer.

[0046] In some embodiments, administration of miricorilant is not continuous and can be
stopped for one or more periods of time, followed by one or more periods of time where
administration resumes. Suitable periods where administration stops include 5 to 9 weeks, 5
to 16 weeks, 9 to 16 weeks, 16 to 24 weeks, 16 to 32 weeks, 24 to 32 weeks, 24 to 48 weeks,
32 to 48 weeks, 32 to 52 weeks, 48 to 52 weeks, 48 to 64 weeks, 52 to 64 weeks, 52 to 72
weeks, 64 to 72 weeks, 64 to 80 weeks, 72 to 80 weeks, 72 to 88 weeks, 80 to 88 weeks, 80
to 96 weeks, 88 to 96 weeks, and 96 to 100 weeks. Suitable periods where administration
stops also include 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 24, 25, 30, 32, 35,
40, 45, 48 50, 52, 55, 60, 64, 65, 68, 70, 72, 75, 80, 85, 88 90, 95, 96, and 100 weeks.

[0047] Miricorilant can be used in combination with other active agents known to be useful

in modulating a glucocorticoid receptor, or with adjunctive agents that may not be effective

alone, but may contribute to the efficacy of the active agent.

[0048] After a pharmaceutical composition including miricorilant has been formulated, it
can be placed in an appropriate container and labeled for treatment of an indicated condition.
For administration of miricorilant, such labeling would include, e.g., instructions concerning

the amount, frequency and method of administration.
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[0049] Although the foregoing invention has been described in some detail by way of
illustration and example for purposes of clarity of understanding, it will be readily apparent to
those of ordinary skill in the art in light of the teachings of this invention that certain changes
and modifications may be made thereto without departing from the spirit or scope of the

appended claims.

EXAMPLES
[0050] The following examples are provided by way of illustration only and not by way of
limitation. Those of skill will readily recognize a variety of noncritical parameters which

could be changed or modified to yield essentially similar results.

EXAMPLE 1. MIRICORILANT EFFECT ON OLANZAPINE-INDUCED BODY WEIGHT
GAIN IN RATS

[0051] The effects of miricorilant on olanzapine-induced weight gain were assessed in

female rats.

[0052] Antipsychotic-induced weight gain is a significant problem for patients taking second
generation antipsychotic medications. Management strategies such as switching medications,
lifestyle modifications, and use of metformin have had modest and mixed results on these

patients’ weight.

[0053] Miricorilant, a GR modulator without affinity for the progesterone receptor, has been
reported to prevent olanzapine-induced weight gain in rats (Hunt et al., Bicorg Med Chem
Lett. 22(24:7376-80 {2012)). Applicants disclose herein that miricorilant has the ability to

reverse olanzapine-induced weight gain in rats.
METHODS

[0054] To assess the effects of miricorilant on olanzapine-induced body weight gain, 60
female Sprague- Dawley rats were randomized into 5 treatment groups. Forty-eight female
Sprague-Dawley rats received 2.4 mg/kg/day olanzapine (OLZ) for 34 days while on a
normal diet. On day 35, the rodents were randomized to 4 different interventions and
remained on study until day 57. The four intervention groups were: OLZ + vehicle daily by
oral gavage; OLZ + 2 mg/kg/day miricorilant once daily, OLZ + 1 mg/kg miricorilant twice
daily; and OLZ + 10 mg/kg/day miricorilant once daily. A fifth group, a vehicle-only group
(n=12), was included as a control for the entirety of the 57 days. Details of the study design
are indicated in the following tables (Table A and Table B):
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Table A. Study Design
Test Article
Number of | Induction® Treatment Test Article
Group Female (Days 1 to (Days 35 to Dose Level | gt Article
Number Animals 56) 570 (mg/kg/dose)° | Frequency
1 12 Vehicle 1 Vehicle 2 0 BID
2 12 Olanzapine Vehicle 2 0 BID
3 12 Olanzapine | COR118335 1 BID
4 12 Olanzapine | COR118335 2 QD
5 12 Olanzapine | COR118335 10 QD

2 The induction article and Vehicle 1 were administered twice daily (12 % 1 hours apart)
via oral gavage at a dose volume of 5 mL/kg/day (2.5 mL/kg/dose). The dose level for
Olanzapine was 1.2 mg/kg/dose.

b Only one dose on Day 57

¢ The test article and Vehicle 2 were administered via oral gavage BID or QD at a dose
volume of 10 mL/kg/day (5 mL/kg/dose or 10 mL/kg/dose, respectively).
BID: twice daily at 12 + 1 hours apart
QD: once daily at 24 =+ 2 hours apart

Table B. Group Assignments

Number of Test Article
Group Female Test Article Dose Level | Test Article
Number Animals Induction Treatment (mg/kg/dose) | Frequency
1 12 Vehicle 1 Vehicle 2 0 BID
2 12 Olanzapine Vehicle 2 0 BID
3 12 Olanzapine | CORI118335 1 BID
4 12 Olanzapine | COR118335 2 QD
5 12 Olanzapine | CORI118335 10 QD

BID: twice daily at 12 + 1 hours apart
QD: once daily at 24 =+ 2 hours apart

[0055] Weight gain was induced by administration of olanzapine (OLZ) over a 5-week

period (“weight-induction phase”). Starting at week 6, either miricorilant (MIRI, 3 dosing

regimens) or vehicle 2 was administered orally. Olanzapine administration was continued

during this phase (“treatment phase”). The vehicle-only group was included as a control for

the 8-week duration of the study. Efficacy was assessed based on body weight, food

consumption, mortality, and clinical observations.

[0056] Vehicle 1 [1.5% (v/v) IN hydrochloric acid, 1% (w/v) Cremophor EL, 97.5% sterile

water for injection, USP] and the induction article (Olanzapine) were administered twice

daily (12 1 hours apart) on Days 1 through 56 via oral gavage. The dose level for the
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induced groups was 1.2 mg/kg/dose at a dose volume of 2.5 mL/kg/dose (5 mL/kg/day). The
vehicle group received Vehicle 1 in the same manner as the induced groups. Individual doses
were based on the most recent body weights. Vehicle 1 and the induction article were
administered prior to the Vehicle 2 and miricorilant (also termed “test article” or
CORI118335) on applicable dosing days. The articles were stored refrigerated between
dosing. Vehicle 2 [10% (v/v) dimethyl sulfoxide, 0.1% (v/v) Tween 80, and 0.5 % (w/v)
hydroxypropyl methylcellulose, in sterile water for injection, USP] or miricorilant were
administered on Days 35 through 57 via oral gavage. Animals in Groups 1 to 3 were
administered Vehicle 2 or miricorilant twice daily (12 £1 hours apart) at dose levels of 0 or 1
mg/kg/dose and a dose volume of 5 mL/kg/dose (10 mL/kg/day). Animals in Groups 4 and 5
were administered miricorilant once daily (24 £2 hours apart) at dose levels of 2 or 10
mg/kg/dose and a dose volume of 10 mL/kg/dose (10 mL/kg/day). Individual doses were
based on the most recent body weights. Vehicle 2 and miricorilant were continuously stirred
during dosing, and the articles (vehicle, olanzapine, and miricorilant preparations) were
stored refrigerated between dosing. On Day 57, only one dose was administered in the

morning,.

[0057] Body weights were measured and recorded three times weekly during the acclimation
period, every other day beginning on Day -1, and prior to termination on Day 57. Food
consumption was measured and recorded daily beginning on Day -14. Body weights and food
consumption were measured within 2 hours of the initial time on Day -1. Any changes in
bodyweight greater than 15 grams (g) and changes in food consumption greater than 5 g were

verified. Food jars were weighed twice for precision during food jar changes.

[0058] The efficacy of miricorilant was assessed in female rats by three dose regimens which
were 1 mg/kg/dose twice per day (BID: twice daily at 12 +1 hours apart), 2 mg/kg/dose once
per day (QD: once daily at 24 £2 hours apart), and 10 mg/kg/dose QD after the induction of
body weight gain by olanzapine for 5 weeks. During the acclimation period, normal body
weight growth was observed with gains from group means in a range of 169 grams (g) to
174g on Day -21 to that of 237 g on Day -1 at which time point animals were randomized
into treatment groups. During olanzapine induction phase from Day 1 to Day 34 prior to the
initiation of miricorilant treatment, group mean body weights increased similarly to 298, 296,
292, and 292 g at Day 34 for Groups 2 to 5 treated with olanzapine, respectively. These
values were statistically significantly higher than 270 g in vehicle-only control Group 1, and

represent body weight gains of 8 to 10% attributed to Olanzapine. Thus, as expected in this
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model, twice daily oral administration of olanzapine at 2.4 mg/kg/day significantly increased
body weight and food consumption during the induction phase [Days 1 to 34 (Weeks 1 to 5)]
in all olanzapine-treated groups and these effects were maintained throughout the remainder

of the study period [Days 35 to 57 (Weeks 6 to 9)] in the olanzapine control group, compared

to the vehicle-only control.

[0069] During the treatment phase from Day 35 to Day 57, group mean body weights in
miricorilant-treated Groups 3 to 5 decreased to 269, 272, and 258 g with Least Squares (LS)
mean values of 268, 272, and 259 g at Day 57, respectively, which were statistically
significantly lower than that in the olanzapine control Group 2 (309 g) and represented
reductions of 13%, 12% and 17% by miricorilant, respectively. This miricorilant-mediated
body weight reduction effect became statistically significant starting on Days 36, 38, and 36
for Groups 3 to 5, respectively. It is noteworthy that the miricorilant treatment reduced body
weights close to those observed in the vehicle-only control Group 1 within the first week of
treatment and maintained this effect throughout the rest of the treatment period despite the
presence of olanzapine. During the same treatment period, animals in the olanzapine control
Group 2 continued to demonstrate weight gains that were statistically significantly higher
than those in the vehicle-only control Group 1 and reached 309 g by Day 57, which is 29 g or
10% higher than that in Group 1 (280 g). There were no statistically differences in the
miricorilant effects between the Low Dose (1 mg/dose) BID Group 3 and the Mid Dose (2
mg/dose) QD Group 4 whereas the High Dose (10 mg/dose) QD group 5 showed a
statistically significantly greater weight reduction than the Low Dose BID Group 3 on Days
42,44, 48, and 54 and the Mid Dose Group 4 on Days 40 to 57. Note that when comparing to
Group 1, the group LS mean bodyweight in the High Dose QD Group 5 was also statistically
significantly lower during Days 42 to 57 whereas the Low Dose BID Group 3 showed such
effects but to a much lesser extent with statistical significance achieved only on Days 46 and
50. On Day 57, Groups 3 and 5 had body weights of 268 and 259 g, which were 4% and 8%
lower than that in Group 1 (280 g) with statistical significance.

[0070] The oral administration of miricorilant completely abrogated the olanzapine-induced
body weight gains and food consumption increases within the first week of the miricorilant
treatment phase (Week 6) at all three dose regimens and maintained these effects during the
treatment period. Miricorilant also caused a quick and steep decline in food consumption,
such that food consumption in rats treated with miricorilant was lower than the basal level in

the vehicle-only control group in that first week, but food consumption recovered to levels on
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a par with the basal level by Week 9 for all three dose regimens. The miricorilant-mediated
body weight reduction leveled during Weeks 7 and 8 with a partial recovery during Weeks 8
to 9 to extents not beyond the basal body weight represented by the vehicle-only control. At
the end of the study, the 10 mg/kg/dose QD regimen produced a loss of 8% compared with
basal body weight whereas the 1 mg/kg/dose BID and 2 mg/kg/dose QD regimens had a loss
of 4% or no significant loss, respectively. Thus, the Low Dose BID and High Dose QD
regimens but not the Mid Dose QD regimen reduced basal body weight gains compared with
the vehicle-treated rats, with the High Dose QD being the most prominent when comparing to
the vehicle-only control. However, stabilization with a trend of recovery in body weights was
observed with both Low Dose BID and High Dose QD groups during the last week of
treatment (Days 50 to 57).

[0059] Food consumption in olanzapine-treated rats was normalized by the additional
treatment with miricorilant. During the weight-induction phase (weeks 1 — 5), the mean
increase in food consumption across the groups treated with olanzapine was 13%. The
addition of miricorilant caused a normalization in food consumption to the vehicle-only
levels by the end of the study. During the first week of treatment, food consumption in
miricorilant-treated animals was 13% - 20% lower when compared to the vehicle-only
controls (P<0.01) and was 16% - 23% lower when compared to olanzapine-only animals
(P<0.01). Food consumption returned to vehicle-only levels by the end of the study for all

three miricorilant dose regimens.

[0060] There were no mortalities nor miricorilant treatment-related adverse clinical signs
besides signs expected for this model, such as body thinning and reduced feces output
attributed to the miricorilant treatment-related reduction in body weight and food
consumption. Terminal plasma concentrations of miricorilant were 61.43 (+21.81) and
69.47(£24.87) ng/mL for the 1 mg/kg/dose BID and 2 mg/kg/dose QD regimens,
respectively. For the 10 mg/kg/dose QD regimen, the miricorilant plasma concentration was
244.25 (£202.00) ng/mL or, after excluding an outlier sample value of 887 ng/mL from
animal number 5503, 185.82 (£59.52) ng/mL. Based on the value of 185.82 ng/mL, exposure
at the highest dose is approximately 3 or 4 fold higher than that at the lower doses. Thus, the
miricorilant plasma levels are approximately proportional to its daily dose levels and
consistent with the efficacy levels of miricorilant observed in this model. The similar plasma
concentrations of miricorilant between the 1 mg/kg/dose BID and 2 mg/kg/dose QD regimens

suggest that a daily single dose at 2 mg/kg was sufficient to achieve an exposure level
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comparable to that in the twice daily dose at 1 mg/kg/dose, consistent with the outcomes at

the efficacy level.
Results

[0061] By day 34, the olanzapine treated groups had a higher mean body weight compared to
the vehicle only control group (294.5 g vs 270 g, p< 0.05). From days 35-57, the OLZ +
vehicle group continued to gain weight. However, rats randomized to receive OLZ +
miricorilant all had statistically significant (p< 0.05) decreases in their weight by 12-17%
compared to the OLZ + vehicle group. Weight loss in the miricorilant treated rats was
immediate and sustained until the end of the study. All rodents remained healthy and active

during the interventional phase with miricorilant or vehicle.

[0062] Summary and individual body weight data are illustrated in the FIG. 1, which shows

the effect of olanzapine on weight gain in rats (weight shown as mean values).

[0063] In conclusion, miricorilant (CORT 118335) was effective in abrogation of olanzapine-
induced gains in body weight in female rats. For all three dose regimens tested, miricorilant
was effective in abrogation of olanzapine-induced gains in both body weight and food
consumption with a daily dose dependency, in a good correlation with its systemic exposure
levels. At the end of the treatment period, the 1 mg/kg/dose BID and 2 mg/kg/dose QD
regimens showed a slight or no reduction compared with the basal body weight, respectively,
whereas the 10 mg/kg/dose QD regimen resulted in a moderate reduction compared with

basal body weight.

[0064] These results demonstrate that miricorilant was effective in reversing the weight gain
associated with olanzapine in rats without the need for reduction or discontinuation of

olanzapine.

EXAMPLE 2. MIRICORILANT ATTENUATES ANTIPSYCHOTIC-INDUCED WEIGHT
GAIN WITH OLANZAPINE IN HEALTHY MALE HUMAN SUBJECTS

[0065] Antipsychotic medications such as olanzapine (OLZ) and risperidone (RSP) are
commonly associated with significant weight gain leading to reduced quality of life, poor
drug compliance, and increased cardiovascular morbidity and mortality. This example
presents the results of a double-blind, placebo-controlled trial in healthy subjects,
demonstrating that the glucocorticoid receptor modulator miricorilant (MIRI) significantly

reduced the weight gain caused by the commonly prescribed antipsychotic medication
. ®
olanzapine (OLZ; Zyprexa ).
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[0066] Miricorilant (MIRI), a glucocorticoid receptor modulator without affinity for the
progesterone receptor, has been demonstrated to prevent and reverse OLZ-induced weight
gain in rats. The present study aims to demonstrate an attenuation of OLZ-induced weight

gain by co-administration of MIRI+OLZ in healthy male subjects.

[0067] Antipsychotic medications such as olanzapine are essential to the health of millions of
patients, but the weight gain and other metabolic side effects they cause are life-threatening
and often lead patients to discontinue treatment. The dose level tested in our Phase 1b trial
was 600 mg/day. At this dose, healthy subjects given olanzapine plus miricorilant gained less
weight than subjects receiving olanzapine plus placebo (see Table 2). In addition, markers of
liver damage that often rise temporarily at the start of olanzapine therapy increased less
sharply in subjects receiving miricorilant, suggesting that miricorilant may have protective
effects in the liver (see Table 2). Five subjects in the olanzapine alone group were unable to
complete the study due to elevated liver enzymes, while one patient in the miricorilant group

experienced this problem.”
Methods

[0068] A 2-week, single-center, double-blind, randomized, placebo-controlled study was
conducted in healthy male subjects age 18-55 years with BMI between 18-25 kg/m?* and a
stable body weight (defined as the Day 1 pre-dose body weight to be within +2.0% of
screening body weight). Sixty-six subjects were randomized 1:1 to receive either miricorilant
(MIRI, 600 mg/day) or matching placebo (PBO) administered concomitantly with olanzapine
(OLZ, 10 mg/day) for 14-days. Food was freely available to all subjects during the study. The
difference in mean change in absolute body weight after administration of OLZ+PBO
compared to OLZ+MIRI was evaluated using a repeated measures model with imputation

applied to missing values.
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Table 1. Baseline Characteristics of Study Participants
OLZ + MIRI OLZ + PBO
(n=33) (n=33)
Age, years (mean + SD) 33.5+11.6 29.0+8.9
Race, n (%)
Caucasian 28 (84.8%) 26 (78.8%)
Other 5(15.2%) 7 (21.2%)
Weight, kg (mean + SD) 71.95+557 71.43+£7.10
BMI, kg/m? (mean + SD) 2235+ 148 22.89+1.57
Liver enzymes
éi}zgelllljc/jrg?g::nljg—sg))lU/L in males) 218+6.1 28%73
éestg;enIUc/eLrgrlll;::nOi—??I)U/L in males) 233135 228+44
Insulin, mIU/L (mean + SD) 6.12+2.67 7.57+9.96
HOMAZ2-IR (mean + SD) 0.80+0.35 0.77+0.37
Triglycerides, mmol/L (mean + SD) 091+036 095+037

ALT: alanine aminotransferase, AST: aspartate aminotransferase, BMI: body mass index,
HOMAZ2-IR: homeostatic model assessment 2-insulin resistance, MIRI: miricorilant, OLZ:

olanzapine; PBO: placebo, SD: standard deviation
Results

[0069] Reported adverse events were consistent with those expected for olanzapine. Six
participants discontinued the study due to elevated liver enzymes (1 in the OLZ + MIRI
group; 5 in OLZ + PBO) and 2 discontinued for personal reasons (1 in OLZ + MIRI; 1 in
OLZ +PBO).

As shown in Table 2 (using baseline values from Table 1), body weight increased from
baseline by about 3.6% with olanzapine + miricorilant on day 8, as compared to a 4.9%
increase with olanzapine + placebo. On day 15, the body weight increase was only 5.4% for
olanzapine + miricorilant administration, while the weight gain for olanzapine + placebo was
6.9 % of baseline weight. On day 8, insulin increased from baseline by about 92% with
olanzapine + miricorilant, as compared to a 121% increase with olanzapine + placebo. On
day 15, the insulin increase was only 97% for olanzapine + miricorilant administration,
while the insulin increase for olanzapine + placebo was 127%. Insulin resistance (as
measured by HOM2-IR) increased from baseline by 150% with placebo (to HOMA2-IR
levels about 2.5-fold greater than baseline) while miricorilant administration along with

olanzapine reduced the insulin resistance increase to only about 90% (less than 2-fold
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increase as compared to baseline). (HOMAZ2-IR values were calculated from fasted glucose

and insulin levels using the HOMA (HOMA?2 Model) Calculator® application programming

interface for SAS (Oxford University 2013, available at the website

www.dtu.ox.ac.uk/homacalculator)). On day 8, triglycerides increased from baseline by about

60% with olanzapine + miricorilant, as compared to a 115% increase with olanzapine +

placebo. On day 15, the triglyceride increase was only 37% for olanzapine + miricorilant

administration, while the triglyceride increase for olanzapine + placebo was 65%. The liver

enzyme AST increased by 71% on day 7 with olanzapine + miricorilant, as compared to a

137% increase with olanzapine + placebo. On day 12, the AST increase was 192% for

olanzapine + miricorilant administration, while the AST increase for olanzapine + placebo

was 338%. The liver enzyme ALT increased by 152% on day 7 with olanzapine +

miricorilant, as compared to a 225% increase with olanzapine + placebo. On day 12, the ALT

increase was 528% for olanzapine + miricorilant administration, while the ALT increase for

olanzapine + placebo was 724%.

TABLE 2
Parameter A B p-value [% reduction in
600mg Placebo + OLZ-induced
miricorilant | olanzapine increase™
+ olanzapine
Body weight increase from baseline on Day 8 (kg) | 2.59 3.49 0.044 25%
Body weight increase from baseline on Day 15 (kg) | 3.91 4.99 0.017 22%
Insulin increase from baseline on Day 8 (mIU/L) 5.65 9.14 0.013 38%
Insulin increase from baseline on Day 15 (mIU/L) | 5.91 9.65 0.007 39%
HOMAZ2-IR increase from baseline on Day 8 0.71 1.15 0.012 38%
HOMAZ2-IR increase from baseline on Day 15 0.74 121 0.007 39%
Triglycerides increase from baseline on Day 8 0.56 1.09 <0.001 [ 49%
Triglycerides increase from baseline on Day 15 0.34 0.62 0.057 45%
AST increase from baseline on Day 7 16.61 31.17 0.25 47%
AST increase from baseline on Day 12 44 .83 77.07 0.009 42%
ALT increase from baseline on Day 7 33.08 51.22 0.43 35%
ALT increase from baseline on Day 12 115.02 165.01 0.03 30%

* 9% reduction in olanzapine-induced increase is calculated as (1 — (A/B))x 100, where A is the value

in column A (600mg miricorilant + olanzapine) and B is the value in column B (Placebo +

olanzapine).

Miricorilant Attenuates Olanzapine-Induced Weight Gain

[0070] Participants receiving olanzapine + placebo gained a significant amount of weight

over the 14-day duration of the study (5.0 kg by day 15). Co-administration of miricorilant
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effectively attenuated weight gain (3.9 kg by day 15, ). Throughout the study, weight gain
was lower in the OLZ + MIRI group compared to OLZ + PBO, resulting in statistically
significant differences between the treatment groups of -0.9 kg on day 8 (P=.044, 95% CI [-
1.77,-0.02]) and -1.07 kg on day 15 (P=.017, 95% CI [-1.94, -0.19]). Data shown are derived
from the mixed-effect model with repeated measures (MMRM).

[0071] The increase in average body weight was higher in OLZ+PBO vs OLZ+MIRI group
at day 8 (3.5 kg vs 2.6 kg, p=0.04, respectively) and day 15 (5.0 kg vs 3.9 kg, p=0.01,
respectively). On day 12, the liver enzyme ALT increased by 165.01 IU/L in the OLZ+PBO
and 115.02 TU/L in the OLZ+MIRI group; AST increased by 77.07 IU/L in the OLZ+PBO
and 44.83 TU/L in the OLZ+MIRI group. Two subjects withdrew consent due to personal
reasons. Six subjects discontinued due to elevated liver enzymes (5 were from the OLZ+PBO
group, 1 was from the OLZ+MIRI group). (ALT: alanine aminotransferase; AST: aspartate
aminotransferase.) Throughout the study, weight gain was lower in the OLZ + MIRI group
compared to OLZ + PBO, resulting in statistically significant differences between the
treatment groups of -0.9 kg on day 8 (P=.044, 95% CI [-1.77, -0.02]) and -1.07 kg on day 15
(P=.017,95% CI [-1.94, -0.19]). Data shown are derived from the mixed-effect model with
repeated measures (MMRM).

[0072] These results are tabulated in Table 2, and are illustrated in Fig. 1 (increase in body
weight) and Figs. 2A and 2B (liver enzymes).

Miricorilant Lowers Olanzapine-Induced Increases in Liver Enzymes

[0073] Co-administration of miricorilant with olanzapine resulted in a significantly smaller
increase in alanine aminotransferase (ALT) and aspartate aminotransferase (AST) compared
to the OLZ + PBO group. On day 12, the difference in AST levels between the OLZ + MIRI
and OLZ + PBO groups, based on the MMRM, was -32.24 TU/L (P=.009), corresponding to
an approximately 40% lower increase in AST with miricorilant. Similarly, the difference in
ALT levels between the treatment arms, based on the MMRM, was -49.99 TU/L (P=.03) on
day 12. This reflects an about 30% smaller increase in ALT with miricorilant. Notably, 5 of
the 6 participants who discontinued the study due to elevated liver enzymes were from the
OLZ + PBO group. Co-administration of miricorilant with olanzapine resulted in a smaller
increase in AST and ALT. Based on the MMRM model, on day 12, the differences in AST
and ALT levels reached statistical significance, -32.24 TU/L (P=.009, 95% CI [-56.16, -8.33])
and -49.99 IU/L (P=.03, 95% CI [-95.01, -4.97]), respectively.
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[0074] Elevated liver enzymes were the only cause of study discontinuation and occurred

primarily in the OLZ + PBO group.

[0075] These results are tabulated in Table 2 and shown inFIG. 2B (increase in liver
enzymes AST and ALT).

Miricorilant Mitigates Olanzapine-Induced Increases in Laboratory Parameters
Associated with Metabolic Syndrome

Plasma Insulin

[0076] The difference in plasma insulin increase on day 8 between OLZ + MIRI and OLZ +
PBO was -3.49 mIU/L (P=0.013). In the OLZ + MIRI group, insulin levels remained
essentially unchanged for the remainder of the study, while they continued to rise in the OLZ
+ PBO group, resulting in a difference in plasma insulin increase between PBO and OLZ of
3.74 mIU/L (P=0.007) on day 15.

Insulin resistance—HOMAZ2-IR

[0077] An assessment of insulin resistance using Homeostatic Model Assessment 2
(HOMAZ2-IR) showed differences of -0.44 (P=0.012) and -0.47 (P=0.007) between the OLZ
+ MIRI and OLZ + PBO groups on days 8 and 15, respectively (see Table 2).

Triglycerides

[0078] Co-administration of miricorilant with olanzapine also attenuated olanzapine-induced
increases in triglyceride levels, with differences of -0.53 mmol/L (£<0.001) and -0.28
mmol/L (P=0.057) on days 8 and 15, respectively (see Fig. 2A and Table 2).

[0079] Thus, as tabulated in Table 2, shown in the figures, and as discussed above, co-
administration of miricorilant with olanzapine resulted in smaller increases in insulin,
HOMAZ2-IR, and triglycerides as compared to placebo on both day 8 and on day 15 of the
study.

[0080] Thus, miricorilant significantly attenuated the effects of olanzapine on body weight,
liver enzymes, plasma insulin, insulin resistance, and triglycerides at a dose that was very
well tolerated. Chronic olanzapine treatment is often associated with severe metabolic side
effects, which, in turn, increase the risk of type 2 diabetes, cardiovascular disease, and drug
noncompliance in schizophrenia patients. The observed attenuation of olanzapine-induced
increases in several lab parameters associated with metabolic syndrome when miricorilant is
co-administered with olanzapine indicates that miricorilant may be useful in addressing the

significant detrimental metabolic effects of antipsychotic medications, and in reducing risk of
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type 2 diabetes, cardiovascular disease, and drug noncompliance in patients taking

antipsychotic medications such as olanzapine.

[0081] These results demonstrate that miricorilant can be useful in the amelioration and
reduction of significant detrimental metabolic effects associated with antipsychotic
medications such as olanzapine. Despite the short duration of treatment, miricorilant was able
to significantly attenuate the effects of olanzapine on body weight and liver enzymes. It is
believed that higher doses of miricorilant can be attained and would be well-tolerated by
human subjects; and longer durations of treatment is also readily provided; thus, further
positive benefits of miricorilant treatment are suggested by these results for higher doses,

longer duration treatments, and combinations of these.

[0082] All patents, patent publications, publications, and patent applications cited in this
specification are hereby incorporated by reference herein in their entireties as if each
individual publication or patent application were specifically and individually indicated to be

incorporated by reference.

[0083] Although the foregoing invention has been described in some detail by way of
illustration and example for purposes of clarity of understanding, it will be readily apparent to
those of ordinary skill in the art in light of the teachings of this invention that certain changes
and modifications may be made thereto without departing from the spirit or scope of the

appended claims.
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