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BIOMARKERS FOR TREATMENT OF NEOPLASTIC DISORDERS USING
ANDROGEN-TARGETED THERAPIES

CROSS-REFERENCE
[0001] This application claims the benefit of U.S. Provisional Application No. 61/865,038, filed

August 12, 2013, U.S. Provisional Application No. 61/990,570, filed on May 8, 2014, and U.S.

Provisional Application No. 62/002,110, filed on May 22, 2014, which applications are

incorporated herein by reference in their entirety.

BACKGROUND OF THE INVENTION
[0002] Cancer represents a significant burden on human health, accounting for an estimated 13%

of all deaths each year. In particular, several common cancers and diseases are associated with

androgen hormone signaling, such as, for example, prostate cancer, breast cancer, ovarian

cancer, bladder cancer, pancreatic cancer, and polycystic ovary disease. For example, prostate

cancer (PCa) is the second most common cancer in men. The majority of prostate cancer deaths

are due to the development of metastatic disease that is unresponsive to conventional androgen

deprivation therapy. Androgen deprivation therapy has been the standard of care in subjects with

prostate cancer since the 1940s. Despite androgen deprivation, most subjects ultimately

experience disease progression. For many years this later phase of the disease was called

"hormone insensitive prostate cancer" or "androgen independent prostate cancer." It has since

become clear that the prostate cancer that emerges after androgen deprivation therapy remains

dependent upon androgen. The prostate cancer cells that have survived have gained the ability to

import low levels of circulating androgens (expressed from adrenal glands), become much more

sensitive to these low levels of testosterone, and actually synthesize testosterone within the

prostate cancer cell itself. This stage of prostate cancer is now termed "castration resistant

prostate cancer" or CRPC.

[0003] Identification of patients that are likely to respond or identification of those

patients that are responding to therapy for prostate cancer is a goal for medical management of

this disease. While current clinical guidelines are focused on symptoms, blood levels of prostate

specific antigen (PSA), and imaging studies, other biological markers may be useful for clinical

decision making. There remains a need for biomarkers of the disease and their relationship to

identification of efficacy or toxicity of a therapeutic compound, and biomarkers which could

provide information regarding identification of patients most likely to respond to therapeutic

agents, or to identify patients receiving therapeutic agents who are not responding (either

through primary or acquired resistance mechanisms), or to predict those patients that may

develop undesirable side effects.



SUMMARY OF THE INVENTION

[0004] The biomarkers identified below may be used, for example, to evaluate treatment options

at various points in the course of treatment of a patient. For example, the biomarkers are used in

the evaluation of treatment options at various cancer treatment transition points by analysis of

one ore more biomarkers or a biomarker panel to identify and optimize therapeutic choices.

Biomarkers may also be used to predict unresponsiveness or poor responsiveness to existing

anti-cancer therapy and responsiveness to galeterone in the same patient. In one embodiment,

biomarker detection is performed and correlated with galeterone efficacy in the treatment of

prostate cancer.

[0005] A method of treating a disease in a patient in need thereof is provided, comprising: a)

determining whether the disease is characterized by an altered form of androgen receptor; and b)

if said altered form of androgen receptor is present, administering to said subject a

pharmaceutical composition comprising a therapeutically effective amount of a compound of

Formula I

(I)

or a pharmaceutically acceptable salt, N-oxide, active metabolite, prodrug, or solvate

thereof; wherein Ri is H or acetyl; and R2 is benzimidazole.

[0006] For example, Ri is acetyl and the compound is a pro-drug of galeterone.

[0007] For example, Ri is H and R2 is benzamidazole and the compound is galeterone.

[0008] Provided herein is a method of treating a cancer in a patient in need thereof, comprising:

a) obtaining a sample from said patient, for example a sample of circulating tumor cells; b)

determining whether a truncated form of androgen receptor is present in the sample, for example

ARV-7 or AR-V567es; and c) if said altered form of androgen receptor is present, administering

to said subject a pharmaceutical composition comprising a therapeutically effective amount of a

compound of Formula I,



or a pharmaceutically acceptable salt, N-oxide, active metabolite, prodrug, or solvate thereof;

wherein Ri is H or acetyl; and R2 is benzimidazole. For example, Ri is hydrogen, R2 is

benzimidazole and the compound is galeterone. In some embodiments, the altered form of

androgen receptor is a truncated AR lacking the ligand-binding domain, for example ARV-7.

Said determining may include, for example, use of an antibody capable of binding to a ligand

binding domain of the androgen receptor, such that absence of binding of the antibody results in

absence of signal. Said determining may also include the use of two antibodies, for example one

to the NH2 terminal of the AR and one to the COOH terminal (ligand binding domain) of the AR

to differentiate or generate a ratio of the presence of the NH2 terminal and absence of the COOH

terminal (ligand binding). In a preferred embodiment, the analysis result is a ratio of antibody

detection signals of the NH2 terminal and the C-terminal in the same subject sample. Said

determining may also include detection of a truncated AR lacking the ligand binding domain by

nucleic acid amplification, either quantitative or qualitative, or by a gene expression assay. In

one embodiment, the detection of the truncated AR lacking the ligand binding domain is from a

patient or subject sample, for example where the patient/subject sample has been enriched for

circulating tumor cells. In another embodiment the patient/subject sample is enriched for

circulating DNA. In yet another preferred embodiment, the patient/subject sample is a tumor

biopsy or tissue sample.

[0009] In some embodiments, the disease is a prostate disease, for example prostate cancer. The

prostate cancer may be resistant to castration. In some cases, the subject has undergone

castration, for example chemical castration or surgical castration, or has undergone androgen

receptor antagonist treatment or treatment to reduce nascent androgen production, such as

interference with the steroidogenesis pathway, for example a CYP-17 lyase inhibitor, or

combination therapy. In some embodiments, the disease is cancer, such as ovarian, bladder,

pancreatic or breast cancer. The cancer may be resistant to an anti-androgen such as an androgen

receptor antagonist, for example to enzalutamide or bicalutamide or ARN-509. The cancer may

be resistant to a CYP17-lyase inhibitor, for example to abiraterone. The cancer may be resistant

to a taxane, for example docetaxel or cabazitaxel. In some embodiments, the disease is androgen

dependent.

[0010] The patient may be determined to have a mutated androgen receptor, for example a

truncated AR such as AR-V1, AR-V2, AR-V3, AR-V4. AR-V5, AR-V567es, AR-V6, or AR-

V7. The mutated AR can carry a point mutation such as T877A (T878A), D879G, (D878G),

W741C, W741L, M749L, R629Q, G142V, P533S, T575A, H874Y, or F876L.



[0011] Also provided herein are methods of optimizing therapy of a disease in a patient in need

thereof, comprising: identifying a patient undergoing treatment of a disease using a treatment

regimen, wherein said treatment regimen comprises administration of a compound of Formula I :

(I)

or a pharmaceutically acceptable salt, N-oxide, active metabolite, prodrug, or solvate thereof;

wherein Ri is H or acetyl; and R2 is benzimidazole;

determining the status of at least one biomarker; and based on the determination of said

biomarker, maintaining or modifying the therapy regimen. In a preferred embodiment, Ri is

hydrogen and R2 is benzamidazole.

[0012] For example, the biomarker is the expression level or function of an androgen receptor,

for example a wild-type or mutated AR. The mutated AR can be a splice variant and/or truncated

AR, including AR-V1, AR-V2, AR-V3, AR-V4. AR-V5, AR-V567es, AR-V6, or AR-V7.

Mutated AR can be AR with point mutations including, but not limited to, T877A (T878A),

D879G (D878G), W741C, W741L, M749L, R629Q, G142V, P533S, T575A, H874Y, F876L.

[0013] In some embodiments, the disease is a prostate disease, for example prostate cancer. The

prostate cancer may be resistant to castration. In some embodiments, the disease is cancer, such

as ovarian, bladder, pancreatic or breast cancer. The cancer may be resistant to an anti-androgen

such as an androgen receptor antagonist, for example to enzalutamide or bicalutamide or ARN-

509. The cancer may be resistant to taxanes, for example docetaxel or cabazitaxel. In some cases,

the subject has undergone castration or has undergone androgen receptor antagonist treatment, or

both. In some embodiments, the disease is an androgen dependent disease.

[0014] The biomarker may also be a decrease in the number of circulating tumor cells (CTCs),

for example wherein the number of circulating tumor cells is determined after at least 1 week of

galeterone therapy. Suitable biomarkers include, but are not limited to: an increase in apoptotic

CTCs; a decrease in PSA or a reduction in PSA doubling time; an increase in PSMA expression;

a reduction in the tumor 18F-DHT-PET signal; a tissue biopsy based test, for example ProMark;

the presence or expression of a proteosome degradation pathway member; a 5-kallikrein panel;

the pre- and post-treatment testosterone blood level; a change in the level of at least one steroid

after initiation of the treatment regimen; a metabolic marker, for example in the level of a P450



enzyme; a mutation or variant of a CYP17 protein; determination of a CTLA-4 blockade; a

prostate health index; the presence or level of PCA3; the prostate core mitomic test; the presence

of a mutation in a cell cycle progression gene; the level of hemoglobin, lactate dehydrogenase, or

alkaline phosphatase, as determined by a serologic test; and resistance to chemotherapy

(including enzalutamide or abiraterone, bicalutamide or ARN-509).

INCORPORATION BY REFERENCE

[0015] All publications, patents, and patent applications mentioned in this specification are

herein incorporated by reference to the same extent as if each individual publication, patent, or

patent application was specifically and individually indicated to be incorporated by reference.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The novel features of the invention are set forth with particularity in the appended claims.

A better understanding of the features and advantages of the present invention will be obtained

by reference to the following detailed description that sets forth illustrative embodiments, in

which the principles of the invention are utilized, and the accompanying drawings of which:

[0017] FIG. 1 depicts androgen receptor (AR) and alternative splice variants thereof.

[0018] FIG. 2 shows that galeterone downregulates full-length and splice variant AR and

reduces cell proliferation in a CWR22rvl cell line.

[0019] FIG. 3 shows that galeterone overcomes abiraterone and enzalutamide resistance due to

AR splice variants. Galeterone, but not enzalutamide, reduces full-length and splice variant AR-

V7 protein.

[0020] FIG. 4 shows that galeterone reduces both full-length and AR-V7 proteins in a

CWR22rvl cell line.

[0021] FIG. 5 shows that galeterone reduces AR-V7 in DU145 cells transfected with AR-V7

splice variant.

[0022] FIG. 6 shows that galeterone reduces full-length and splice variant AR-V7 with 72 hour

exposure.

[0023] FIG. 7 depicts proliferation of castration resistant and enzalutamide resistant cell lines.

[0024] FIG. 8 depicts response of castration resistant and enzalutamide resistant cell lines to

galeterone.

[0025] FIG. 9A depicts an Androgen Receptor (AR) and Prostate Specific Antigen (PSA)

western blot of LNCaP and enzalutamide resistant LNCaP cells.



[0026] FIG. 9B depicts the effect of galeterone on AR and PSA protein levels in enzalutamide

responsive and enzalutamide resistant LNCaP cells.

[0027] FIG. 10 depicts androgen receptor localization in cells treated with a synthetic androgen

in the presence or absence of enzalutamide.

[0028] FIG. 11 depicts androgen receptor localization in a CPRC cell line treated with a

synthetic androgen in the presence or absence of enzalutamide or galeterone.

[0029] FIG. 12 depicts androgen receptor localization in an enzalutamide resistant cell line

treated with a synthetic androgen in the presence or absence of enzalutamide or

galeterone.

[0030] FIG. 13 depicts androgen receptor localization in an enzalutamide resistant cell line

treated with a synthetic androgen in the presence or absence of enzalutamide or

galeterone.

[0031] FIG. 14 depicts AR luciferase reporter activity in cell lines treated with enzalutamide or

galeterone.

[0032] FIG. 15A shows the design of an immunofluorescence experiment to visualize nuclear

localization of test compounds used.

[0033] FIG. 15B describes the results of the experiment described in FIG. 15A and shows that

galeterone, but not enzalutamide, reduces AR nuclear translocation.

[0034] FIG. 16 shows that castration resistant tumors which express AR-V7 respond to

galeterone. AR-V7 was detected in LuCaP136 castration resistant xenograft tumors using

RT-PCR.

[0035] FIG. 17 shows that galeterone downregulates androgen receptors carrying the AR-T878A

mutation.

[0036] FIG. 18 shows the results of a binding assay of galeterone to wild type AR and AR point

mutants.

[0037] FIG. 19 shows that galeterone reduces AR-dependent gene expression in cells with wild-

type AR and cells with AR point mutations. These cells also express AR receptors with

F876L mutation.

[0038] FIG. 20 shows decrease in PSA induced by PSA in CRPC and enzalutamide resistant cell

lines.

[0039] FIG. 2 1 depicts a scheme illustrating the detection of AR variants in which the C-

terminal domain has been lost.

[0040] FIG. 22 shows the results of a study in which patients with C-terminal AR loss (4/4)

treated with galeterone show maximal PSA response (>50%).



DETAILED DESCRIPTION OF THE INVENTION

[0041] Definitions

[0042] A "subject" as used herein refers to a patient or subject in a clinical trial and more

broadly a biological entity containing expressed genetic materials. Tissues (including biopsied

materials), cells and their progeny from a subject obtained in vivo or cultured in vitro are also

encompassed.

[0043] By "sample" is meant a fluid, solid, or tissue removed from a subject and includes whole

blood, serum, plasma, tissue, semen, cell, biopsy, mucous, feces, bone, teeth, nasal or throat or

cheek swab, urine, skin, tears, organ biopsy (liver, kidney, colon, lung, pancreas), tumor biopsy,

or tumor tissue, circulating tumor cells, exosomes from the primary tumor or metastatic tissue.

The sample may also include a portion of the collected fluid, solid, or tissue from a subject, for

example a circulating tumor cell, or an analyte. By "processed sample" is meant the fluid, solid,

or tissue from the subject is treated, handled, or managed via laboratory techniques to enrich for

an analyte. By "processed whole blood sample" is meant that the whole blood sample is

processed through in vitro laboratory techniques to analyze a component of the whole blood

sample including cells, DNA, RNA, proteins, peptides, or an analyte as described below; for

example, cells found in a whole blood sample may be enriched, washed, and analyzed

separately; more specifically, circulating tumor cells may be enriched from a whole blood

sample and analyzed for a biomarker or biomarkers, and these biomarkers may include a mutated

form of androgen receptor. Another example is to enrich a whole blood sample for DNA ( for

example circulating DNA or tumor cell DNA) that can be analyzed for a biomarker or

biomarkers and these biomarkers may include a mutated form of androgen receptor.

[0044] By "analyte" is meant a substance or a constituent of a sample to be analyzed. Exemplary

analytes include one or more species of one or more of the following: a protein, a peptide, a

polypeptide, an amino acid, a nucleic acid, an oligonucleotide, niRNA, RNA, microRNA, long

non-coding RNA, DNA, circulating DNA, cDNA, an antibody, a carbohydrate, a polysaccharide,

glucose, a lipid, a gas (e.g., oxygen or carbon dioxide), an electrolyte (e.g., sodium, potassium,

chloride, bicarbonate, BUN, magnesium, phosphate, calcium, ammonia, lactate, zinc, citrate), a

lipoprotein, cholesterol, a fatty acid, a glycoprotein, a proteoglycan, a lipopolysaccharide, a cell

surface marker (e.g., CDS, CD4, CDS, IL2R, or CD35), a tumor marker (BCL-2, Ki-67, ERK5),

prostate specific antigen (PS A), a cytoplasmic marker, a therapeutic agent, a metabolite of a

therapeutic agent, , a ceil (e.g., a whole ceil, a tumor ceil, a circulating tumor cell, a stem cell, a



white blood cell, a T cell (e.g., displaying CD3, CD4, CDS, IL2R, CD35, or other surface

markers), or another cell identified with one or more specific markers). As used herein, the term

"small molecule" refers to a drug, medication, medicament, or other chemically synthesized

compound that is contemplated for human therapeutic use. As used herein, the term "biologic"

refers to a substance derived from a biological source, not synthesized and that is contemplated

for human therapeutic use. A biomarker is a biological substance that can be used as an indicator

of a particular disease state or particular physiological state of an organism, generally a

biomarker is a protein or other native compound measured in bodily fluid whose concentration

reflects the presence or severity or staging of a disease state or dysfunction, can be used to

monitor therapeutic progress of treatment of a disease or disorder or dysfunction, or can be used

as a surrogate measure of clinical outcome or progression. As used herein, the term "metabolic

biomarker" refers to a substance, molecule, or compound that is synthesized or biologically

derived that is used to determine the status of a patient or subject's liver or kidney function. As

used herein, the term "genotyping" refers to the ability to determine genetic differences in

specific genes that may or may not affect the phenotype of the specific gene. As used herein, the

term "phenotype" refers to the resultant biological expression, (metabolic or physiological) of

the protein se by the genotype. As used herein, the term "gene expression profiling" refers to the

ability to determine the rate or amount of the production of a gene product or the activity of gene

transcription in a specific tissue, in a temporal or spatial manner. As used herein, the term

"proteomic analysis" refers to a protein pattern or array to identify key differences in proteins or

peptides in normal and diseased tissues. Additional exemplary analvtes are described herein. 'The

term anal te further includes components of a sample that are a direct product of a biochemical

means of amplification of the initial target analyte, such as the product of a nucleic acid-

am plifica tion reacti o .

[0045] Combination Therapy: The term "combination therapy", as used herein, refers to those

situations in which two or more different pharmaceutical agents are administered in overlapping

regimens so that the subject is simultaneously exposed to two or more agents or administered in

temporal regimens so that the subject is exposed to two or more agents in sequence.

[0046] Dosing Regimen: A "dosing regimen", as that term is used herein, refers to a set of unit

doses (typically more than one) that are administered individually separated by periods of time.

The recommended set of doses (i.e., amounts, timing, route of administration, etc.) for a

particular pharmaceutical agent constitutes its dosing regimen.

[0047] Initiation: As used herein, the term "initiation" when applied to a dosing regimen can

be used to refer to a first administration of a pharmaceutical agent to a subject who has not



previously received the pharmaceutical agent. Alternatively or additionally, the term "initiation"

can be used to refer to administration of a particular unit dose of a pharmaceutical agent during

therapy of a subject.

[0048] Pharmaceutical agent: As used herein, the phrase "pharmaceutical agent" refers to any

agent that, when administered to a subject, has a therapeutic effect and/or elicits a desired

biological and/or pharmacological effect.

[0049] Pharmaceutically acceptable ester. As used herein, the term "pharmaceutically

acceptable ester" refers to esters which hydrolyze in vivo and include those that break down

readily in the human body to leave the parent compound or a salt thereof.

[0050] Therapeutically effective amount: The term "therapeutically effective amount" of a

pharmaceutical agent or combination of agents is intended to refer to an amount of agent(s)

which confers a therapeutic effect on the treated subject, at a reasonable benefit/risk ratio

applicable to any medical treatment. The therapeutic effect may be objective (i.e., measurable

by some test or marker) or subjective (i.e., subject gives an indication of or feels an effect). A

therapeutically effective amount is commonly administered in a dosing regimen that may

comprise multiple unit doses. For any particular pharmaceutical agent, a therapeutically

effective amount (and/or an appropriate unit dose within an effective dosing regimen) may vary,

for example, depending on route of administration, on combination with other pharmaceutical

agents. Also, the specific therapeutically effective amount (and/or unit dose) for any particular

subject may depend upon a variety of factors including the disorder being treated and the

severity of the disorder; the activity of the specific pharmaceutical agent employed; the specific

composition employed; the age, body weight, general health, sex and diet of the subject; the time

of administration, route of administration, and/or rate of excretion or metabolism of the specific

pharmaceutical agent employed; the duration of the treatment; and like factors as is well known

in the medical arts.

[0051] Treatment: As used herein, the term "treatment" (also "treat" or "treating") refers to any

administration of a pharmaceutical agent, remedy, or medicament that partially or completely

alleviates, ameliorates, relieves, inhibits, delays onset of, reduces severity of and/or reduces

incidence of one or more symptoms or features of a particular disease, disorder, syndrome and/or

condition. Such treatment may be of a subject who does not exhibit signs of the relevant disease,

disorder and/or condition and/or of a subject who exhibits only early signs of the disease,

disorder, and/or condition. Alternatively or additionally, such treatment may be of a subject who

exhibits one or more established signs of the relevant disease, disorder and/or condition.



[0052] As used herein, the term "unresponsiveness" or "poor responsiveness" refers to the

lack of change of or minimal change of a patient's or subject's clinical or medical presentation,

prognosis, symptoms, diagnostic indices, features, survival or outcomes after treatment and it

further implies and infers that the treatment has not partially or completely alleviate, ameliorate,

relieve, inhibit, delay onset of, reduce severity of and/or reduce incidence of one or more

symptoms or features of a particular disease, disorder, syndrome and/or condition.

Unresponsiveness can be used interchangeably with "lack of efficacy", "lack of response".

Conversely, "response" or "responsiveness" to treatment refers to a change of a patient's clinical

or medical presentation, prognosis, symptoms, diagnostic indices, features, survival or outcomes

after treatment and it further implies and infers that the treatment has partially or completely

alleviate, ameliorate, relieve, inhibit, delay onset of, reduce severity of and/or reduce incidence

of one or more symptoms or features of a particular disease, disorder, syndrome and/or

condition. Response may be used interchangeably with "efficacy" as the capacity of a treatment

or remedy for producing a desired result or effect and is reflective of the quality of the treatment

or remedy to produce the intended result. Thus, the biomarkers of the instant invention are used

at assisting medical decision making. For example, during evaluation of a course of treatment, a

sample is analyzed from the patient for a biomarker or a panel of biomarkers, determining the

presence/absence or level of a biomarker or panel of biomarkers and then administering to the

patient a compound of formula I or a compound of formula II based on the biomarker analysis

result.

[0053] Unit dose: The term "unit dose" or "dose", as used herein, refers to a discrete

administration of a pharmaceutical agent, typically in the context of a dosing regimen.

[0054] Definitions of standard chemistry terms may be found in reference works, including

Carey and Sundberg "ADVANCED ORGANIC CHEMISTRY 4th ED." Vols. A (2000) and B

(2001), Plenum Press, New York, herby incorporated by reference in its entirety. Unless

otherwise indicated, conventional methods of mass spectroscopy, NMR, HPLC, protein

chemistry, biochemistry, recombinant DNA techniques and pharmacology, within the skill of the

art are employed.

[0055] Solid dispersion: The term "solid dispersion", as used herein, refers to composition

comprising two different components, generally a solid matrix with a secondary substance (such

as an active pharmaceutical ingredient) dispersed within.

[0056] Solid matrix: The term "solid matrix" refers to a solid phase in which molecules of a

second substance (such as an active pharmaceutical ingredient) are embedded or dispersed

within.



[0057] Methods of Treatment

[0058] Once prostate cancer is diagnosed and staged, clinical management options include

expectant, regular, or interval management or surveillance, surgery, radiation therapy,

cryosurgery, hormone therapy, chemotherapy, immunotherapy and vaccine treatment . Often the

inclusion of age and expected life span and other concomitant health conditions are considered

along with the stage and grade of the tumor in the treatment options. Since prostate cancer is an

androgen-dependent disease, hormone therapy or androgen deprivation therapy (ADT) or

androgen suppression therapy has the overall goal of reducing the levels of androgens in the

body or to prevent them from reaching the prostate cancer cells (chemical castration). Hormone

therapy includes LHRH agonists (Lupron, eligard, goserelin, tripterelin, histrelin); LHRH

antagonists (firmagon). Hormone therapy may be used in conjunction with surgical resection of

the tumor, orchietomy (surgical castration), or radiation therapy or radiopharmaceutical (Radium

223 Dichloride, Xofigo (Radium 223 Dichloride). Therapy aimed at reducing the production of

androgens include abiraterone (a CYP17 inhibitor). Anti-androgen therapy is aimed at inhibiting

the androgen receptor and examples are flutamide, bicalutamide, nilutamide, ARN-509 and

enzalutamide. Anti-androgen treatment may be combined with orchiectomy or LHRH analogs as

first-line hormone therapy. This is called combined androgen blockade (CAB). Other androgen

suppressing drugs include estrogens and ketoconazole. Thus targeting the androgen receptor

signaling pathway has been a drug development staple and broadly includes CYP17 inhibitors or

modulators, antiandrogens, chaperone inhibitors (targeting heat shock proteins, Hsp-27

inhibitor), androgen-receptor modulator (blocking transactivation domain of the receptor).

Vaccine treatment, currently Sipuleucel, is intended to boost the body's immune system to

recognize the prostate tumor and lodge an anti-tumor immune response. This form of therapy is

not "off the shelf as each vaccine is made from the unique white cells from each individual

patient after exposing in a lab to prostate acid phosphatase (PAP). Another immunotherapy

includes ipilimumab (a CTLA-4 antagonist). Castration resistant prostate cancer (CRPC) is the

term used for those patients for which androgen deprivation or androgen suppression therapy is

no longer effective at slowing the proliferation of the prostate tumor or the metastasis, and it is a

stage of the disease that is associated with primary or acquired resistance to therapy and for

which there are few therapeutic options, one being broad cancer chemotherapy (docetaxel and

cabazitaxel being examples).

[0059] Currently there are available the following compounds for use in treating patients with

prostate cancer: Abiraterone Acetate, Bicalutamide, Cabazitaxel, Casodex (Bicalutamide),



Degarelix, Docetaxel, Enzalutamide, Goserelin Acetate, Jevtana (Cabazitaxel), Leuprolide

Acetate, Lupron (Leuprolide Acetate), Lupron Depot (Leuprolide Acetate), Lupron Depot-3

Month (Leuprolide Acetate), Lupron Depot-4 Month (Leuprolide Acetate), Lupron Depot-Ped

(Leuprolide Acetate), Prednisone, Provenge (Sipuleucel-T), Radium 223 Dichloride, Sipuleucel-

T, Taxotere (Docetaxel), Viadur (Leuprolide Acetate), Xofigo (Radium 223 Dichloride), Xtandi

(Enzalutamide), Zoladex (Goserelin Acetate), Zytiga (Abiraterone Acetate).

[0060] Galeterone (the compound of Formula II), is being developed as a therapeutic for

androgen-sensitive cancers. Galeterone has been shown to be a potent inhibitor of CYP17 lyase

in the steroidogenic pathway and uniquely also to antagonize binding of androgens to the

androgen receptor, and downregulate the androgen receptor. The overall result of these effects on

the androgen signaling pathway is the inhibition of prostate cancer growth. (See US 7,875,599,

incorporated herein by reference.)

[0061] Methods are provided herein to assist medical decision making in androgen dependent

disease, disorders, syndromes, and conditions as a means to enhance the assessment and

evaluation of, and optimize the predictive course of, treatment and to optimize the use of a

compound of formula I and more preferably formula II. Methods are described and provided

herein to identify patients that are more likely to respond to galeterone therapy or to identify

patients who are not responding to the drug. By prospectively screening patients who are more

likely to respond to the drug, galeterone, or a clinical evaluation of therapy options by analyzing

a biomarker or biomarker panel from a patient sample, patients with prostate cancer will benefit

because if selected as more likely to respond to galeterone, they may have a decreased risk of

cancer progression and metastases and overall better outcomes. In addition, diagnostic methods

that identify patients who are responding to the drug, galeterone, will benefit non-responsive

patients as these same methods may identify those patients that could benefit from a switch to a

different therapeutic approach far earlier than empiric therapeutic management. Due to its triad

of mechanistic advantages, e.g. inhibiting the production of androgens, antagonizing and down

regulating the androgen receptor activity, galeterone is a potential candidate of choice in cases

where there is observed PCa therapy resistance. For example, if an antiandrogen has lost its

ability to inhibit androgen receptor activity via the ligand binding site on the receptor, galeterone

is a choice therapy as it has been shown to function as an anti-proliferative agent in antiandrogen

resistant cells. Further, if a taxane has lost its ability to block cell division in a tumor cell or

ablate proliferation of a tumor, galeterone is a potential candidate of choice therapy as it has the

potential to be an anti-proliferative agent in taxane (for example docetaxel or cabazitaxel)



resistant cells. Thus, identification of therapy resistance biomarkers may optimize selection of

therapies known to be active by circumventing these resistance mechanisms.

[0062] Further, as PCa is a multifactorial disease, a biomarker for optimal galeterone therapy

may be in the form of a panel of biomarkers or a biomarker panel that are indicators of disease

status, therapeutic optimization, and outcomes. Galeterone may be prescribed alone or in

combination with another therapy, thus a biomarker, biomarkers, or a biomarker panel can help

predict utility, efficacy, safety, or toxicity and can help guide optimal medical decision making

for not only galeterone alone, but galeterone in combination with other therapies.

[0063] Biomarkers can be prognostic, predictive, pharmacodynamic/mechanistic, or surrogate.

Prognostic biomarkers are predictive of likely outcome of a disease independent of treatment. In

PCa, prognostic biomarkers include PSA level, Gleason score, monitoring pattern of spread of

disease, presence/absence/morphology/enumeration of CTCs, lactate dehydrogenase levels, and

pain. Predictive biomarkers come in the form of a disease or host characteristic that may be

involved in the improvement of outcomes with a particular treatment; for PCa predictive

biomarkers include: PSA levels, when to biopsy, when to re-biopsy, when to start treatment and

when to alter treatment. Pharmacodynamic biomarkers are able to reveal the mechanism of

action or result of a pharmaceutical intervention, and in PCa these may include loss of androgen

(testosterone or DHT), up or down regulation of AR specific gene expression (i.e. protein

analysis), immune reactivity (detection of antibody or specific immune cells), PSA levels, or

broadly, tumor shrinkage. Surrogate biomarkers are used to estimate the treatment effect as an

intermediate endpoint for a gold standard outcome (eg. survival). In PCa, surrogate markers

include CTC enumeration, PSA reduction, radiographic progression free survival. Overall,

biomarkers pose a rational approach to addressing current clinical challenges including when and

in which patient to biopsy or re-biopsy, offer interventional therapies (surgery and the like), or

alter/combine therapies. Identifying a biomarker or a panel of biomarkers for companion use in

galeterone therapy will provide powerful decision making capability to the therapeutic

management of disease. While predictive and surrogate biomarkers carry a greater degree of

importance in therapeutic management and decision making, either or both combined with

prognostic biomarkers may provide even greater value to clinical management.

[0064] Prognostic factors for post-treatment include PSA decline relative to pretreatment

levels, pain improvements, quality of life improvements (direct patient measure), changes in

CTC count (for example greater than 5 to less than 5 per mL blood sample) and changes in CTC

characterization (for example, size of CTCs), PSA Progression Free Survival (PFS), radiographic

PFS, induction of immunity to tumor antigens (sipuleucel-T). PCa has a high propensity for bone



metastasis and it is postulated that this is mediated through the acquisition of osteomimicry or

adhesion molecules that allow attachment to the bone microenvironment. Agents such as

zoledronic and denosumab may interfere with tumor bone stromal interactions and thus limit the

skeletal related events (SREs) such as fractures, radiation/surgery to the bones, and spinal cord

compression. Effects of PCa bone metastases can be indirectly related to bone turnover markers

such as the bone type 1 collagen breakdown product N-telopeptide (urine/serum Ntx) and others

such as tartrate-resistant acid phosphatase 5b, serum type 1 C telopeptide, osteopontin. Other

biomarkers might include osteoclast activators such as bone alkaline phosphatase (BAP, or a

component of total alkaline phosphatase), or broadly one or more of the OPG/RANKL/RANK

system, a dominant, final mediator of osteoclastogenesis. Another clinical consequence of PCa

is anemia brought on by bone marrow suppression. While anemia might be a consequence of

androgen deprivation therapy, renal disease, chemotherapy toxicity, anemia of chronic disease,

iron deficiency from blood loss, bone marrow infiltration or other co-existing disease,

hemoglobin levels and anemia has been shown to be a prognostic factor in the nomogram CRPC

risk-based classification (anemia, progression by bone scan, visceral metastases, pain). Anemia

falls into the category of reflecting both burden of PCa as well as host response.

[0065] Another leading prognostic indicator of PCa is lactate dehydrogenase (LDH).

Elevations of LDH are thought to be reflective of the underlying tumor burden or of an

aggressive tumor phenotype. It is thought that LDH levels are useful for the clinical

stratification of randomized patients in clinical trials and use for prognostic decision making.

[0066] Androgen receptor activity and gene expression profiling has been studied in prostate

cancer. In seeking a biomarker, one begins with identifying an up-regulated gene and testing if

this gene product can be a candidate biomarker. Gene expression profiling and linking the

expression to mechanism of therapeutic resistance has been described by Holzbeierlein et al,

Am. J . Path. 164(1), pp 217-227 2004. While enhanced or reduced expression of certain genes

have been identified, genomic alterations in certain genes may also occur in prostate cancer and

these include: rearrangement (ETS transcription factors, RAF, KRAS); mutation (androgen

receptor, PIK3CA, AKT, RAF, KRAS); amplification (androgen receptor, PIK3CA, MYC,

AURKA); loss (PTEN, RBI). Other known genetic alterations occur in the SPOP, FOXA1,

AURKA, MED 12, MAGI-1 and CHD1 genes. ETS fusions can be found it upwards of 50% of

PCa and a targeted therapy or biomarker may be useful, for example targeting inhibition of

PARP or DNAPK or analyzing patient samples for the ETS fusions. Oncogene expression,

RAS/RAF, MYC, as well as the tumor suppressor gene RBI may be useful biomarkers.



[0067] Androgen receptor is known to regulate a large repertoire of genes central to the identity

and behavior of prostate cancer cells. Overexpression of long non-coding RNA, for example

PCGEM1 and PRNCR1, is associated and has been correlated with susceptibility of prostate

cancer. Recently it was reported that both PCGEM1 and PRNCR1 are highly overexpressed in

CRPC and they bind to and activate both ligand dependent and ligand independent AR-mediated

gene activation programs and can lead to unchecked proliferation in prostate cancer cells. (Yang

et al. Nature 2013, 500(7464):598-602)

[0068] Prostate cancer biology varies from locally confined tumors with low risk for relapse to

tumors with high risk for progression. Currently, few biomarkers are in use for patients with

prostate cancer. For example, Gleason score and serum prostate specific antigen (PSA) levels

are used separately to predict pathological stage in patients with localized prostate cancer.

Because the degree of tumor differentiation has a profound influence on the expression of serum

PSA, serum PSA levels alone do not reflect tumor burden accurately. CTC may have the

potential to accurately and independently predict aspects of PCa and studies have linked

identifying CTC to overall survival in CRPC. Other studies have pointed to the development of

a panel of biomarkers such as a correlation of expression patterns of some biologically relevant

proteins with clinically relevant scoring for example androgen receptor (AR) co-activators,

lysine-specific histone demethylase 1 (LSDl) and four and a half LIM-domain protein 2 (FHL2),

AR, p53 along with Gleason score, Gleason grade and PSA levels.

[0069] Biomarkers for CRPC, a stage of PCa for which few therapeutic options exist, include:

development of visceral metastatic disease (e.g. kidney, brain, intestine, pancreas, colon, lung,

adrenal, breast, liver metastases), performance status, pain, hemoglobin, anemia, alkaline

phosphatase (bone), pain, PSA and PSA by RT-PCR, PSA kinetics, CTC count, lactate

dehydrogenase, albumin, type of progression (i.e. bone, measurable disease, or PSA elevation

only), VEGF levels, IL-6 levels, chromagranin-A levels, serum TRAP-5b and other bone

turnover markers (sCTX, P1NP, and others), Gleason sum in primary tumor, and urine N-

telopeptide.

[0070] A biomarker or a biomarker panel is a measured characteristic, substance, or analyte or

group of characteristics, substances or analytes thai are objectively measured and evaluated as an

indicator of normal biological processes, pathogenic processes, or pharmacologic responses to a

therapeutic intervention. Cancer staging, including identification and/or localization of tumor,

nodes, and or metastases (TNM), may the broadest clinical set of biomarkers. Biomarkers can

be readily attained from patient samples for routine monitoring and thus biomarkers analyzed in

whole blood, serum or plasma, urine, mucous, feces, tears, semen and the like are most easily



obtainable. However, in some cases, biomarkers may be analyzed in patient samples that require

more invasive procedures such as biopsy or tissue sampling for example tumor, bone, skin, teeth,

organ biopsy (liver, kidney, colon, lung pancreas). Alternatively, circulating tumor cells or

exosomes from prostate tumor or metastatic cells may be tested for biomarkers. Biomarkers

include biological, physiological molecules, compounds, substances, or analytes and are

analyzed to determine an absence/presence, level, concentration, value, intensity, activity, or

measurement.

[0071] Employing the least invasive procedure to analyze a biomarker is most favorable, such

as imaging methods and specific detection or evaluation employing imaging analyses may be

employed, such as biomarker specific nanoparticles or magnetic nanoparticles, radioactive

substances, or other tools to specifically image a biomarker in vivo. Biomarkers may be detected

using standard methods known in the art, including: immunodetection, PCR (realtime PCR, RT-

PCR, qPCR, TaqMan PCR), chromatography, mass spectrometry, NMR and the like.

Biomarkers stemming from gene expression assays using RNA isolated or derived from a patient

or subject sample, may include RNA quantification, RNA QC and reverse transcription, DNasel

treatment and PCR based quantitative gene expression analysis and microRNA assays. The gene

expression analysis may include high, medium or low density arrays or a combination of gene

expression arrays, and these analyses are focused on allowing for analysis of gene expression

pattern identification across many genes that are known to be induced by androgen receptor

activation. Biomarkers may be characteristic of a pathogenic processes and may include a

measurement of health quality of life, such as pain, ease and frequency of urination, sexual

function, and the like.

Androgen Receptor and Androgen Receptor Variants as Biomarkers

[0072] The androgen receptor gene has a cytogenetic location at Xql2 and the molecular

location on the X chromosome is at base pairs 67,544,031 to 67,730,618. Androgen receptor is

currently understood to consist of 8 exons (see Fig. 1). Exon 1 encodes amino-terminal domain

(NTD) containing transcriptional activation sites; exons 2-4 encode DNA-binding domain

(DBD); while exons 5-8 encode a Ligand-binding domain (LBD). Alternative spliced variants

exist, for example, lacking the LBD. Such variants may be constitutively active. A splice variant

lacking the LBD may, for example, localize in the nucleus, where it binds DNA and activates

transcription independently of ligands.

[0073] The androgen receptor gene contains two polymorphic trinucleotide microsatellites in

exon 1. The first microsatellite (nearest the 5' end) contains 8 to 60 repetitions of the glutamine

codon "CAG" and is thus known as the polyglutamine tract. The second microsatellite contains



4 to 3 1 repetitions of the glycine codon "GGC" and is known as the polyglycine tract. In the

polyglutamine tract normally, the number of CAG repeats in the AR gene ranges from fewer

than 10 to about 36 and in Caucasian men the average number is 2 1 and in Black men the

average number is 18. In prostate cancer, some studies have shown an increased risk of prostate

cancer in men with a short CAG repeat, and extra copies of the gene in cancer cells may be

associated with progression of the disease. Spinal and bulbar atrophy (Kennedy's disease) results

from an expansion of the CAG trinucleotide repeat in the AR gene. In Kennedy's disease, CAGs

are abnormally repeated from 38 to more than 60 times. In breast cancer it has been suggested

that a long CAG repeat region is associated with an increased risk of breast cancer in women,

and that a shorter CAG repeat region is associated with a reduced risk. Other research indicates

that a shorter CAG repeat region may be related to an increased risk of both breast cancer and

benign breast disease. Shorter CAG repeat regions have also been associated with more

aggressive forms of breast cancer. Further, a longer CAG repeat region in the AR gene may

increase the risk of endometrial cancer in women. Although the extended CAG region changes

the structure of the androgen receptor, it is unclear how the altered protein disrupts cells and

androgen-AR mediated intracellular response. A fragment of the androgen receptor protein

containing the CAG repeats appears to accumulate within cells and the accumulation may

interfere with normal cell functions. This buildup may lead to apoptosis and in Kennedy's

disease there is nerve cell loss in the brain and spinal cord that control muscle movement. In

contrast, a prostate cancer cell, or a cell having low CAG repeats in the AR gene product, has

circumvented the buildup of AR protein fragments by having low number of CAG repeats in the

AR gene and hence a more likely process of AR protein expression and functionality. Thus,

identification of the number of CAG repeats in the AR gene product may provide a formidable

biomarker of androgen-dependent disease or therapy of androgen-dependent disease.

[0074] Prostate cancer is an androgen receptor dependent disease. Treatments, as described

above, are often aimed at the androgen receptor, ligand binding to the receptor, or androgen

mediated intracellular signaling pathways. PCa has been shown to circumvent these treatment

pathways (resistance, resistance to treatment, treatment failure) by processes of selectivity and

treatment pressures, to mutate the key proteins involved in the proliferation and "health" of the

tumor. Mutations or genetic alterations may result in gain or loss of function, increased or

decreased ligand binding, increased or decreased gene expression (changes or selectivity on gene

expression of the androgen receptor itself or a gene product that is involved in steroid receptor

activity), increase or decrease of steroid receptor DNA binding, receptor constitutive activity or

loss of ligand responsivity, changes to the ability of the receptor to dimerize, changes to ligand



binding sites on the effector proteins- e.g. cofactors become enhancers or inhibitors, antagonists

become agonists, ligand promiscuity (e.g. progesterone, hydroxycortisone, estrogen, and Cortisol

under normal conditions do not bind the androgen receptor and ligand binding mutations within

the androgen receptor may allow binding and activation by these other physiological relevant

steroids). Thus, "altered" or "mutated" or "mutant" androgen receptor is used to refer to an

androgen receptor which has changed relative to its wild-type form. Fo example, the altered

androgen receptor phenotypically expresses one or more of the above described gain or loss of

function. Changes include, but are note limited to splice variants including exon skipping,

cryptic splicing donor/acceptor usage, and cryptic exon inclusion; amino acid substitution/s,

deletion/s, or insertion/s; alterations of post transcription and/or post translation processing (i.e.

glycosylation, folding, phosphorylation, ubiquinylation or the like).

[0075] Biomarkers for prostate cancer include the expression variants of the androgen receptor

and known mutations have been found in established cell lines or from tumor biopsies.

Mutations can be amino acid substitutions, insertions or deletions. Alternatively, there are splice

variants that have been identified. Exemplary mutations include, for example, E43G, L54S,

Q58L, L57Q, Q64R, AQ86, Q112H, G142V, E166S, K180R, L192F, Q198G, E211E, D221H,

N222D, T227C, M266T, P269S, A251V, E253K, S296R, P334F, P340L, A356V, P390L,

G414S, W433L, T438P, T438I, L444S, G449D, G451D, G456S, G457D, R484C, T497I,

A498T, P499P, V508L, G524S, G524D, D528G, AL547, ∆Ρ554, T573A, L574P, K580R,

A586V, A587S, L594M, K609E, R629Q, K630T, S646D, S647N, E665D, Q670R, I672T,

G683A, V716M, V715M, L701H, L720E, A721T, V730M, R726L, L744V, A748V, M749I,

G750S, F754L, T755A, V757A, S759P, Y763C, W741C, F747L, N756A, V757I, R760K,

W741X, AG743, W751X, S782N, R786X, W7960, L797P, Q798E, S791P, I799P, L830P,

R846G, Q867X, H874Y, T877A, T877S, V866M, L880Q, L872P, D879G, M886I, A896T,

Q902R, F891L, G909Q, Q919R, D890N, M895V, and K910R. For example, the amino acid

substitutions are: T877A (T878A), D879G (D878G), W741C, W741L, M749L, R629Q, G142V,

P533S, T575A, H874Y or, F876L. These point mutations may be categorized into the three

main regions of the steroid receptor protein 1) LBD mutants (T877A, D879G, W741C. W741L,

M749L, H874Y, F876L) and mutations in the LBD may have altered ligand binding due to

receptor protein conformation changes or alterations in amino acid R groups in the ligand

binding pocket or conformation resulting in loss of ligand binding, loss of ligand recognition,

switching of antagonist to agonist, and/or ligand promiscuity; 2) NTD or hinge region mutants

(R629Q, G142V, P533S) that may affect the ability of receptor transactivation, interaction with

the transcription machinery or cofactors/regulators and result in alterations of receptor functions



such as DNA binding, regulating gene expression, or nuclear translocation; or 3) DBD mutants

(T575A) that may affect the receptor's ability to regulate of gene expression. Examples include:

H874Y mutation in the androgen receptor has been shown to allow estradiol, progesterone,

hydrocortisone, flutamide, and bicalutamide binding in 22Rvl and CWR22RV1 cells; D878G

has been shown to confer loss of DHT and testosterone binding and activity; W741C mutations

confers bicalutamide and flutamide as agonists; F876L changes ARN-509 and enzalutamide

from antagonists to agonists; M749L confers a hypersensitivity to estradiol; T575A leads to

preferential binding to AR-nonspecific motifs, i.e. GRE; R629Q leads to gain of function with

DHT.

[0076] Splice variants include exon skipping, cryptic splicing donor/acceptor usage, and cryptic

exon inclusion. Variants that have been identified include AR-V1, AR-V2, AR-V3, AR-V4.

AR-V5, AR-V6, ARV7, AR-V567es, AR-V7, AR-V9, AR-V12, AR-V13, and AR-V14. See,

e.g. US Patent Application No. 201 1/01 10926, US Patent No. 8,133,724, and US Patent

Application No. 2013/0130241). Generally, the androgen receptor variants are lacking some or

all of the LBD and/or that portion of the carboxyl terminal of the androgen receptor protein that

confers ligand binding.

[0077] In a clinical study of castrate resistant prostate cancer (Antonarakis E, Lu C, Wang H, et

al. Androgen Receptor Splice Variant-7 Predicts Resistance to Enzalutamide in Patients with

Castration Resistant Prostate Cancer. 2014 AACR Annual Meeting. Abstract 2910. Presented

April 7, 2014), 39% of patients expressed AR-V7 mRNA in circulating tumor cells. This subset

of patients had a worse prognosis and worse response to anti-androgen treatment. Specifically,

these patients showed no PSA decline when treated with enzalutamide and had shorter time to

progression (2.1 months) relative to AR-V7 negative patients, for which PSA levels dropped by

50% in 53% of patients, and which had a longer time to progression (6.1 months). In some

embodiments, the presence of the androgen AR-V7 variant correlates with resistance to anti-

androgens such as enzalutamide (Efstathiou et al. European Urology 2014). In some

embodiments, galeterone is administered to subjects identified to have tumors in which AR-V7

is expressed. In other embodiments, galeterone is administered to subjects identified to have

tumors in which an androgen receptor is expressed which has a carboxy terminal loss.

[0078] Another variant known as AR-V12, has been shown to have about a 40% prevalence in

androgen receptor positive metastatic samples. Since it has been proposed that nearly 60% of

androgen receptor positive metastasis samples express one or more androgen receptor splice

variants, it would follow that a large percentage of the tumors would then have the AR-V12

splice variant. Further, AR-V12 has been observed in samples from men that have demonstrated



resistance to abiraterone (Mostaghel et al. 201 1). The AR-V12 variant has been shown to be

constitutively active, as it is lacking the ligand binding domain.

[0079] Another such variant is the AR point mutation T878A (alternatively "T877A"), which

is reported in 33% of hormone-refractory tumors. This mutation increases the promiscuity of

AR, allowing progesterone, which is elevated in patients treated with abiraterone, to activate

AR-T878A. The tumor therefore continues to grow despite continued androgen blockade and

abiraterone resistance can be conferred by expression of this mutant AR variant. The mutation

also changes the binding specificity of the receptor such that in tumors carrying this mutation,

flutamide acts as an agonist, while bicalutamide loses its activity. AR-T878A has a 6-fold

increase in activity relative to wild type AR. In some embodiments, the presence of the androgen

AR-T878A variant correlates with resistance to anti-androgens such as enzalutamide and

abiraterone. In some embodiments, galeterone is administered to subjects identified to have

tumors in which AR-T878A is expressed.

[0080] Another such variant is the AR point mutation F876L. This single amino acid mutation

is within the AR LBD and it has shown to affect both enzalutamide and ARN-509 binding and

ultimately potentially mediates tumor resistance to both compounds. The F876L mutation was

identified in approximately 10% of ARN-509 treated patients. It has been postulated that the

F876L mutation switches an antagonist to agonist effects and hence the mutation drives

resistance to the anti-androgen compound.

[0081] In some embodiments, an AR variant is detected in a tumor sample isolated from a

subject. For example, circulating tumor blood cells are isolated from the subject the cells are

tested for the presence of the AR variant. In one embodiment, cells are tested for

immunoreactivity of an antibody to bind the C-terminal portion (e.g. the ligand-binding domain)

of the AR protein. For example, an antibody having specificity to the ligand-binding domain is

used. Lack of immunoreactivity indicates the presence of an AR variant which lacks the ligand-

binding domain, while presence of immunoreactivity indicates presence of an AR protein which

possesses the ligand-binding domain, including the wild-type AR protein. The analysis can also

be performed using an antibody specific to the NH2 portion of the AR protein, thus it can detect

the presence of all AR proteins, whether they have a C-terminal truncation or not. In another

embodiments, detection of the AR variant is performed by detecting the presence or level of a

nucleic acid (including DNA or RNA) coding for the AR variant. Detection is performed, for

example, by using a nucleic acid amplification reaction, a gene expression assay, or by using a

sequencing-based method. In some embodiments, detection of ARV-7 is performed as described

in US Patent Application NO. 201 1/01 10926, filed on Jan. 18, 201 1, which is hereby



incorporated by reference in its entirety. For example, PCR amplification of an RNA transcript is

performed using primers designed to amplify the truncated ARV-7 transcript. In some

embodiments, quantitative PCR amplification is performed.

[0082] Resistance to taxanes in PCa has been observed to be correlated with antiandrogen

insensitivity. Further, taxanes have been shown to have a differential effect on prostate cancer

cells that are expressing ARv567 vs ARv7, which are clinically relevant splice variants.

ARv567, appearing in about 59% of prostate cancer tumor specimens from patients having

CRPC and arises in response to ADT or abiraterone therapy, appears to have an effect on

dynamic microtubules and the dynein motor protein. Hence the AR variant ARv567 is

sequestered in the cytoplasm and thus is inactive in promoting transcription in the presence of

taxane therapy. In contrast, ARv7 is present in both benign and malignant prostate tissues, but

has been described as enriched in metastatic disease. In a recent study, ARv7, a variant that

lacks the hinge region, did not co-sediment with microtubules or co-precipitate with dynein

motor protein and both nuclear accumulation and transcriptional activity of ARv7 was

unaffected by the presence of taxanes. (Thadani-Mulero et al. Cancer Res. 74(8) :2270-2282) In

some embodiments, galeterone is administered to subjects identified to have tumors resistant to

taxanes by analyzing a biomarker in the subject for one or more AR mutants.

[0083] Abiraterone, a CYP17 inhibitor, reduces CRPC growth via suppression of intratumoral

androgens. Resistance to abiraterone may occur through upregulation of CYP17A1 and/or

induction of androgen receptor and AR splice variants that confer ligand independent signaling.

In some embodiments, galeterone is administered to subjects identified to have tumors resistant

to abiraterone.

[0084] Epithelial-mesenchymal transitions (EMTs) occur as key steps during embryonic

morphogenesis, and are now implicated in the progression of primary tumors towards

metastases. EMTs in prostate cancer are a reasonable candidate for progression to CRPC.

Recent advances have fostered a more detailed understanding of molecular mechanisms and

networks governing EMT in tumor progression. Besides TGFP and RTK/Ras signaling,

autocrine factors and Wnt-, Notch-, Hedgehog- and NF-KB -dependent pathways were found to

contribute to EMT. Repression of E-cadherin by transcriptional regulators such as Snail or Twist

emerges as one critical step driving EMT, and this stage is currently being molecularly linked

with many of the new players. Increasing evidence suggests that EMT plays a specific role in the

migration of cells from a primary tumor into the circulation and may provide a rationale for

developing more effective cancer therapies or for understanding metastasis.



[0085] One of the main limitations in evaluating treatments for metastatic PCa is the inability to

use available clinical imaging modalities to assess treatment response in bone, which is the

predominant and often the only site of metastasis in 85% to 90% of patients. Traditional clinical

assessment of bony metastases is achieved through radionuclide bone scintigraphy. Although the

use of bone scintigraphy (bone scan), ultrasound, positron emission tomography (PET), (18)F-

16beta-fluoro-5alpha-dihydrotestosterone ((18)F-FDHT) PET in prostate cancer patients

undergoing therapy, computed tomography (CT), endorectal coil magnetic resonance imaging,

and magnetic resonance imaging (MRI) plays a distinct role in identifying and characterizing the

extent of disease. The use of diffusion MRI for assessing response to anticancer therapy is based

on its ability to quantify the random or Brownian motion of water. Diffusion of water within a

tumor is reduced in the presence of cellular membranes that act to impede the random motion of

water molecules. During the course of successful treatment, loss of tumor cells and/or tumor cell

membrane integrity occurs, which will then result in a reduction in the barriers that impede

mobility of water molecules. Diffusion MRI can be used to assess the treatment effect through

quantification of the amount of increased apparent diffusion coefficient (ADC) values in tumor

regions experiencing a loss of cellular density. Thus, water mobility within a tumor will increase

over time following effective treatment, as represented by an increase in MRI-quantified ADC

values, with the magnitude of the change related to the effectiveness of the therapy. An

alternative post-processing approach known as the functional diffusion map (fDM) was

developed to standardize the processing of clinical diffusion MRI data to provide for a sensitive

and quantifiable means for early assessment of cancer treatment outcome. The fDM approach of

monitoring anticancer therapy allows spatial, voxel by voxel tracking of changes in tumor water

diffusion values over time. Changes in diffusion values are depicted in fDM images by color

encoding of tumor diffusion voxels that were altered due to therapy (either increased or

decreased ADC value), thereby allowing for a spatially resolved analysis of ADC within an

individual lesion.

[0086] By sampling blood and tumor biopsies, or using imaging techniques, it is possible to

identify specific markers, e.g. one or more biologically relevant species that when analyzed have

the potential to predict whether the patient will respond to galeterone. These biomarkers

comprise molecular and cellular markers and include:

a . Genomic sequencing of specific genes within tumor cells or CTCs from a patient

(ex. TP53, ZFHX3, RP1, PTEN, TMPRSS2 fusion, APC, wnt signaling, AR

mutations and truncations, AR amplification, hepsin, PIM-1)



b. PTEN is a tumor suppressor gene that is involved in cell cycle regulation and is

consistently associated with poor prognosis in PCa. Deletion of PTEN is

associated with a higher Gleason grade, risk of progression, advanced localized or

metastatic disease, and recurrence after therapy. Typically measured by

fluorescence in situ hybridization (FISH), the test is typically ordered in

conjunction with biopsy tests to indicate partial (hemizygous) or complete

(homozygous) deletions of the gene

c . Mutations in the androgen receptor:

i . Point mutations leading to amino acid substitutions, including: T877A

(T878A), D879G (D878G), W741C, W741L, M749L, R629Q, G142V,

P533S, T575A, H874Y, F876L

ii. Splice variants, including AR-V1, AR-V2, AR-V3, AR-V4. AR-V5, AR-

V567es, AR-V6, AR-V7, ARV7, AR-V9, AR-V12, AR-V13, AR-V14 .

(see patents US201 1/01 10926, US8,133,724, US20 13/0 130241).

d . Circulating tumor cells (CTC)

e . Enumeration at baseline (circulating cells with the profile: CK+, CD45-) or at

some time after initiation of therapy

f . Enumeration of a sub-set of CTC which are small in size or by another cellular

shape/size characteristic at baseline or at some time after initiation of therapy

g. Enumeration of CK-, CD45- CTC candidates at baseline or at some time after

initiation of therapy

h . Androgen receptor (AR) expression in CTC or tumor biopsies at baseline or at

some time after initiation of therapy

i . Sub-cellular localization of AR protein in CTC or tumor biopsies (nuclear:

cytoplasmic ratio) at baseline or at some time after initiation of therapy

j . Assessing deletions and gene rearrangements in CTC and tumor biopsies by FISH

(ex. PTEN deletion, TMPRSS2 fusions) at baseline or at some time after initiation

of therapy

k . TMPRSS2-ERG is a fusion between the transmembrane protease serine 2 gene

and the v-ets erythroblastosis virus E26 oncogene homolog (avian (ERG) gene.

This gene fusion is the predominant variant in approximately 40-80% of PCa.

Quantitative levels of TMPRSS2-ERG in the urine appears to be associated with

clinically significant PCa based on the Epstein criteria- a stratification of disease

aggressiveness using PSA density and characteristics of the patient's biopsy



(Gleason score), the % of tumor vs normal tissue observed, and number of cores

with the tumor. TMPRRSS2-ERG detection combined with detection of PCA3 in

urine has shown to have utility in predicting the severity of the PCa.

1. Absolute Prostate specific antigen (PSA) blood level and PSA doubling time prior

to treatment

m. Prostate specific membrane antigen (PSMA) expression as determined by

imaging modalities such as radiolabeled ligands of PSMA or antibodies than bind

PSMA.

n . 5 Kallikrein panel (total PSA, free PSA, intact PSA, Kallikrein 2)

o . Pre-treatment testosterone blood level

p . Changes in steroid levels at some time after initiation of therapy. Steroids

include: androgens (testosterone, DHT), androgen precursors (DHEA, DHEA-

Sulfate, androstenedione), corticosteroids, progestogens, mineralocorticoids, and

androgen precursors in the "back-door" pathway.

q . Staging of prostate tumor via Gleason Score (a biopsy grading scale from 1-5;

lower Gleason grades are associated with small, closely packed glands and cells

spread out and lose glandular architecture as Gleason grade increases)

r. Metabolic markers such as P450 enzymes that may be used to determine hi-, med-

, low-metabolizers

s . CYP17 mutations that may change the efficacy of galeterone

t . Immune checkpoint blockade and immunologic approaches (CTLA-4 blockade)

u . Immune modulators, programmed death ligands 1 and 2 (PD-L1 and PD-L2) and

their receptor, for example PD-1.

v. Prostate health index- a ratio of pro-PSA to free PSA

w. PCA3- a noncoding mRNA that has been shown to be elevated in >90 of men

with PCa. PCA3 is measured in urine

x . Prostate core mitomic test- identifies a large-scale depletion in mitochondrial

DNA that indicates cellular change associated with undiagnosed prostate cancer

and detects the presence of malignant cells in normal appearing prostate tissue

across an extended area

y. CCP genes- cell cycle progression gene mutations

z . Serologic tests include: hemoglobin, lactate dehydrogenase (LDH), alkaline

phosphatase.



aa. Cross reactivity in resistance- chemotherapy resistance and enzalutamide

resistance appears to be common in CRPC therefore a biomarker that suggests

chemotherapy resistance may also indicate a resistance to enzalutamide or to the

broader class of anti-androgen compounds.

[0087] By sampling blood and tumor biopsies, or using imaging techniques, it may be possible

to determine whether a patient is responding to galeterone therapy. Markers that are measured

include:

a . Decrease in numbers of CTC (particularly after 1 week of galeterone therapy)

b. Increase in apoptotic CTC

c . Decrease in PSA or reduction in PSA doubling time

d . Increase in PSMA expression as determined by imaging modalities such as

radiolabeled ligands of PSMA or antibodies than bind PSMA. Because blocking

androgen-signaling results in an increase PSMA expression, an increase in the

PSMA signal is an indicator of anti-androgen activity.

e . Reduction in the tumor 18F-DHT-PET signal, indicating antagonism of the

androgen receptor

f . ProMark- a tissue biopsy based test- differentiation of indolent from aggressive

disease in formalin-fixed, paraffin-embedded tissue samples.

g. Proteosome degradation pathway members- i.e. inhibition of the tagging or

removal of the androgen receptor from the cell

[0088] Described herein, in certain embodiments, are compounds, methods of making such

compounds, pharmaceutical compositions and medicaments comprising such compounds, and

methods of using such compounds to treat androgen receptor mediated diseases or conditions

including, but not limited to, prostate cancer and benign prostatic hyperplasia. In some

embodiments, the androgen receptor mediated disease or condition is prostate cancer. In some

embodiments, the prostate cancer is castration resistant prostate cancer.

[0089] In some embodiments, the disease is an anti-androgen resistant disease. For example,

the anti-androgen resistant disease may have previously been treated by providing an anti-

androgen therapy, such as, e.g., castration, treatment with an androgen receptor antagonist, or a

combination thereof. The disease may have initially responded to the anti-androgen therapy, but

subsequently become insensitive to the therapy (e.g., worsened despite continued anti-androgen

treatment). In some embodiments, the disease may have always been insensitive to the anti-

androgen therapy.



[0090] In some embodiments, the disease is an androgen dependent disease and is marked by

excessive production of adrenal or gonadal androgens by adrenal adenomas, carcinomas, or

hyperplasia, Leydig cell tumors in men, and arrhenoblastomas an polycystic ovarian

syndrome in women. Androgen dependent d sease includes Kennedy's disease, breast cancer,

prostate cancer, bladder cancer, pancreatic cancer, ovarian cancer, acne, hidradennitis

s ppr ra iva, androgenic alopecia, keratosis pilaris, begin prostatic hyperplasia, hisutism

[0091] In some embodiments, the invention provides compounds, pharmaceutical

compositions, and medicaments comprising such compounds, and methods of using such

compounds that decrease androgen biosynthesis, decrease androgen receptor signaling and

decrease androgen receptor sensitivity.

[0092] Also contemplated is a method of treating a disease by administering to a subject in need

thereof a combination therapy comprising an anti-androgen therapy and a compound of Formula

I, II, and/or III. The anti-androgen therapy can be, e.g., castration, treatment with an androgen

receptor antagonist, e.g., enzalutamide, ARN-509, vinclozolin, procymidone, linuron, the DDT

metabolite dichlorodiphenyldichloroethylene (p.p' -DDE), ketoconazole, fenitrothion, Di-n-butyl

phthalate (DBP), diisobutyl phthalate (DiBP), benzyl butyl phthalate (BBP), Bis(2-ethylhexyl)

phthalate (DEHP) and di-n-pentyl phthalate (DPP), Paraben esters, such as butylparaben, 3,3'-

Diindolylmethane(DIM), Scutellaria baicalensis, N-butylbenzene- sulfonamide (NBBS), atraric

acid, bicalutamide, flutamide, spironolactone, cyproterone acetate, finasteride, dutasteride, and

nilutamide, docetaxel, cabazitaxel, a taxane, or any combination thereof.

[0093] In some embodiments, the compound of Formula I or formula II and the anti-androgen

therapy are administered sequentially, simultaneously, alone, or in combination. In some

embodiments, the compound of Formula I and the anti-androgen therapy (e.g., the androgen

receptor antagonist) are formulated into the same pharmaceutical composition for administration

to the subject.

[0094] In one aspect, the compounds, pharmaceutical compositions and medicaments

comprising such compounds, and methods of using such compounds decrease androgen

biosynthesis. In some embodiments, the compounds disclosed herein inhibit the activity of

enzymes that controls androgen production. In certain embodiments, the compounds disclosed

herein inhibit the activity of cytochrome C a-hydroxylase/Cn^o-lyase (CYP17).

[0095] In one aspect, the compounds, pharmaceutical compositions and medicaments

comprising such compounds, and methods of using such compounds decrease androgen receptor

signaling. In some embodiments, the compounds disclosed herein bind to the AR and are a

competitive inhibitor of testosterone binding.



[0096] In one aspect, the compounds, pharmaceutical compositions and medicaments

comprising such compounds, and methods of using such compounds decrease androgen receptor

sensitivity. In some embodiments, the compounds disclosed herein reduce the content of AR

protein within the cell and diminish the ability of the cell to be sustained by low levels of

androgenic growth signals.

Compounds

[0097] In one aspect, the invention provides compositions comprising a compound of Formula

I

(I)

or a pharmaceutically acceptable salt, N-oxide, active metabolite, prodrug, or solvate

thereof; wherein Ri is H or acetyl; R2 is pyridyl or benzimidazole.

[0098] In some embodiments, the compound is a compound of Formula II (also known as

"galeterone"; "TOK-001"; or "VN/124-1"):

or a pharmaceutically acceptable salt, N-oxide, active metabolite, prodrug, or solvate

thereof.

[0099] In other embodiments, the compound is a compound of Formula III:



or a pharmaceutically acceptable salt, N-oxide, active metabolite, prodrug, or solvate

thereof;

[00100] The compounds of Formula I-III, pharmaceutically acceptable salts, pharmaceutically

acceptable N-oxides, pharmaceutically active metabolites, pharmaceutically acceptable prodrugs,

pharmaceutically acceptable polymorphs and pharmaceutically acceptable solvates thereof,

modulate the activity of steroid hormone nuclear receptors and, as such, are useful for treating

androgen receptor mediated diseases or conditions.

Exemplary Synthesis of the Compounds

[00101] Compounds of Formula (II) (also described as Compound (1) or 3-P-Hydroxyl7-(iH -

benzimidazol-l-yl)androsta-5,16-diene) or TOK-001 or Galeterone) may be synthesized using

standard synthetic techniques known to those of skill in the art or using methods known in the art

in combination with methods described herein. Compounds of Formula (III) may be synthesized

by similar methods. As one of skill in the art would understand, the solvents, temperatures and

reaction conditions presented herein may vary according to the practice and knowledge of those

of skill in the art.

[00102] The starting material used for the synthesis of the Compound (1) can be obtained from

commercial sources, such as Aldrich Chemical Co. (Milwaukee, Wis.), Sigma Chemical Co. (St.

Louis, Mo.), or the starting materials can be synthesized. The compounds described herein, and

other related compounds having different substituents can be synthesized using techniques and

materials known to those of skill in the art, such as described, for example, in March,

ADVANCED ORGANIC CHEMISTRY 4th Ed., (Wiley 1992); Carey and Sundberg,

ADVANCED ORGANIC CHEMISTRY 4th Ed., Vols. A and B (Plenum 2000, 2001), and

Green and Wuts, PROTECTIVE GROUPS IN ORGANIC SYNTHESIS 3rd Ed., (Wiley 1999)

(all of which are incorporated by reference in their entirety). General methods for the

preparation of compounds as disclosed herein may be derived from known reactions in the field,

and the reactions may be modified by the use of appropriate reagents and conditions, as would be



recognized by the skilled person, for the introduction of the various moieties found in the

formulae as provided herein.

[00103] Compounds of Formula I-III can be prepared as a pharmaceutically acceptable acid

addition salt (which is a type of a pharmaceutically acceptable salt) by reacting the free base

form of the compound with a pharmaceutically acceptable inorganic or organic acid, including,

but not limited to, inorganic acids such as hydrochloric acid, hydrobromic acid, sulfuric acid,

nitric acid, phosphoric acid, metaphosphoric acid, and the like; and organic acids such as acetic

acid, propionic acid, hexanoic acid, cyclopentanepropionic acid, glycolic acid, pyruvic acid,

lactic acid, malonic acid, succinic acid, malic acid, maleic acid, fumaric acid, p-toluenesulfonic

acid, tartaric acid, trifluoroacetic acid, citric acid, benzoic acid, 3-(4-hydroxybenzoyl)benzoic

acid, cinnamic acid, mandelic acid, arylsulfonic acid, methanesulfonic acid, ethanesulfonic acid,

1,2- ethanedisulfonic acid, 2-hydroxyethanesulfonic acid, benzenesulfonic acid, 2-

naphthalenesulfonic acid, 4-methylbicyclo-[2.2.2]oct-2-ene-l-carboxylic acid, glucoheptonic

acid, 4,4'-methylenebis-(3-hydroxy-2-ene-l-carboxylic acid), 3-phenylpropionic acid,

trimethylacetic acid, tertiary butylacetic acid, lauryl sulfuric acid, gluconic acid, glutamic acid,

hydroxynaphthoic acid, salicylic acid, stearic acid, and muconic acid.

[00104] Compounds of Formula I-III can be prepared as a prodrug. Prodrugs are generally

drug precursors that, following administration to a subject and subsequent absorption, are

converted to an active, or a more active species via some process, such as conversion by a

metabolic pathway. Some prodrugs have a chemical group present on the prodrug that renders it

less active and/or confers solubility or some other property to the drug. Once the chemical group

has been cleaved and/or modified from the prodrug the active drug is generated. Prodrugs are

often useful because, in some situations, they may be easier to administer than the parent drug.

Prodrugs may, for instance, be bioavailable by oral administration whereas the parent is not. The

prodrug may also have improved solubility in pharmaceutical compositions over the parent drug.

An example, without limitation, of a prodrug would be a derivative of Formula (Till), which is

administered as a hydrophilic ester (the "prodrug") to facilitate absorption in the gastrointestinal

tract where improved water solubility is beneficial, but which then is metabolically hydrolyzed

to a carboxylic acid and the active entity, Formula (Till). A further example of a prodrug is a

short peptide bonded to the hydroxyl group of Compound (1), wherein the peptide is metabolized

to provide a compound of Formula I, II, or III.

[00105] Prodrugs may be designed as reversible drug derivatives for use as modifiers to

enhance drug transport to site-specific tissues. The design of prodrugs to date has been to

increase the effective water solubility of the therapeutic compound for targeting to regions where



water is the principal solvent. See, e.g., Fedorak et al., Am. J Physiol, 269:G210-218 (1995);

McLoed et al., Gastroenterol, 106:405-413 (1994); Hochhaus et al., Biomed. Chrom., 6:283-286

(1992); J . Larsen and H. Bundgaard, Int. J. Pharmaceutics, 37, 87 (1987); J . Larsen et al., Int. J

Pharmaceutics, 47, 103 (1988); Sinkula et al., J. Pharm. Sci., 64:181-210 (1975); T. Higuchi and

V. Stella, Pro-drugs as Novel Delivery Systems, Vol. 14 of the A.C.S. Symposium Series; and

Edward B. Roche, Bioreversible Carriers in Drug Design, American Pharmaceutical Association

and Pergamon Press, 1987, all incorporated herein in their entirety.

[00106] Additionally, prodrug derivatives of compounds of Formula I-III can be prepared by

methods known to those of ordinary skill in the art (e.g., for further details see Saulnier et al.,

(1994), Bioorganic and Medicinal Chemistry Letters, Vol. 4, p . 1985). Prodrug forms of the

herein described compounds, wherein the prodrug is metabolized in vivo to produce a derivative

as set forth herein are included within the scope of the claims. Indeed, some of the herein-

described compounds may be a prodrug for another derivative or active compound.

[00107] Sites on the aromatic ring portion of compounds of Formula I-III can be susceptible to

various metabolic reactions, therefore incorporation of appropriate substituents on the aromatic

ring structures, for example, halogens, can reduce, minimize or eliminate this metabolic

pathway.

[00108] Various methods of making compounds of Formula I-III are contemplated and the

following descriptions are provided as non-limiting examples. In some embodiments, one or

more of the following chemical reactions is performed in an inert atmosphere, for example,

nitrogen or argon. In some embodiments, the temperature of the reaction is monitored. In some

embodiments, the reaction is monitored by HPLC or TLC. In some embodiments, the pH of the

reaction is monitored. In some embodiments, the temperature of the reaction is controlled. In

some embodiments, the purity of the product is determined by HPLC. In some embodiments,

the experiments are run on small scale, medium scale, large scale, analytical scale, or

manufacturing scale. In some embodiments, the product is clarified by filtration through a pad

comprising one or more of silica gel and celite.

[00109] In some embodiments, the synthesis is performed on large scale. In some

embodiments, large scale comprises a scale of about 1 to about 10 kg. In some embodiments,

the synthesis is performed on manufacturing scale. In some embodiments, manufacturing scale

comprises a scale of greater than about 10 kg. In some embodiments, manufacturing scale

comprises a scale of about 10 to about 1,000 kg. In some embodiments, manufacturing scale

comprises a scale of about 10 to about 100 kg. In some embodiments, manufacturing scale



comprises a scale of about 10 to about 50 kg. In some embodiments, manufacturing scale

comprises a scale of about 33.4 kg.

[00110] In some embodiments, an experiment is performed on a smaller scale to gather

information to be used to plan or perform synthesis on a manufacturing scale. In some

embodiments, the results obtained on the smaller scales are expected to be reproducible on

manufacturing scale. In some embodiments, the results obtained on smaller scales are not

expected to be reproducible on manufacturing scale. In some embodiments, the yields obtained

on manufacturing scale are greater than the yields obtained on smaller scales. In some

embodiments, the yields obtained on manufacturing scale are lesser than the yields obtained on

smaller scales.

i ii iii

[00111] In one embodiment, a solution of a compound of Formula i in a solvent is prepared. A

compound of Formula ii is then contacted to the solution, and the resultant mixture is heated in

the presence of a base for a period of time sufficient to provide a compound of Formula iii. In

some embodiments, the period of time is about 1 hour, about 2 hours, about 4 hours, about 8

hours, about 12 hours, or about 24 hours. In some embodiments, the time is from about 1 hour to

about 24 hours. In some embodiments, the base comprises lithium carbonate, sodium carbonate,

potassium carbonate, sodium bicarbonate, a sodium phosphate, or a potassium phosphate. In

some embodiments, the solvent comprises DMF. In some embodiments, the temperature is

about 50 °C, about 70 °C, about 100 °C, about 150 °C, or a temperature effective to sustain

reflux conditions. In some embodiments, the temperature is from about 50 °C to about 200 °C.

The compound of Formula iii can be isolated from the reaction mixture and purified by any

method known to one of skill in the art. Such methods include, but are not limited to, pouring an

aqueous mixture into the reaction mixture, thereby effecting the precipitation of compound iii as

a solid. The isolated compound of Formula iii may optionally be purified by any method known

to one of skill in the art. Such methods include, but are not limited to, trituration with water.



I IV

[00112] In one embodiment, a solution of a compound of Formula iii in a solvent is prepared,

and the solution is contacted with a catalyst for a period of time sufficient to provide a compound

of Formula iv. In some embodiments, the period of time is about 1 hour, about 2 hours, about 4

hours, about 8 hours, about 12 hours, or about 24 hours. In some embodiments, the time is from

about 1 hour to about 24 hours. In some embodiments, the catalyst comprises palladium on

carbon, platinum on carbon, a transition metal salt, or a transition metal complex. In some

embodiments, the solvent comprises N-methylpyrrolidone. In some embodiments, the

temperature is about 50 °C, about 70 °C, about 100 °C, about 150 °C, about 190 °C, about 200

°C, or a temperature effective to sustain reflux conditions. In some embodiments, the

temperature is from about 50 °C to about 250 °C. The compound of Formula iv can be isolated

from the reaction mixture and purified by any method known to one of skill in the art. Such

methods include, but are not limited to, in-line filtration. The isolated compound of Formula iv

may optionally be urified by any method known to one of skill in the art.

IV V

[00113] In one embodiment, a solution of a compound of Formula iv in a solvent is prepared,

and the solution is contacted with a base for a period of time sufficient to provide a compound of

Formula v (i.e., Compound (1)). In some embodiments, the period of time is about 1 hour, about

2 hours, about 4 hours, about 8 hours, about 12 hours, or about 24 hours. In some embodiments,

the time is from about 1 hour to about 24 hours. In some embodiments, the base comprises

lithium hydroxide, sodium hydroxide, potassium hydroxide, sodium methoxide, potassium

methoxide, sodium ethoxide, potassium ethoxide, lithium carbonate, sodium carbonate,

potassium carbonate, sodium bicarbonate, a sodium phosphate, or a potassium phosphate. In

some embodiments, the solvent comprises water, methanol, ethanol, 2-propanol, t-butanol, or

mixtures thereof. In some embodiments, the solvent comprises methanol and the base comprises



sodium methoxide. In some embodiments, the temperature is about 35 °C, about 50 °C, about 70

°C, about 100 °C, or a temperature effective to sustain reflux conditions. In some embodiments,

the temperature is from about 25 °C to about 100 °C. The compound of Formula v can be

isolated from the reaction mixture and purified by any method known to one of skill in the art.

Such methods include, but are not limited to, extraction. The isolated compound of Formula v

may optionally be purified by any method known to one of skill in the art. Such methods

include, but are not limited to, trituration.

Exemplary Pharmaceutical Compositions/Formulations

[00114] A pharmaceutical composition, as used herein, refers to a mixture of a compound of

Formula I with other chemical components, such as carriers, stabilizers, diluents, dispersing

agents, suspending agents, thickening agents, and/or excipients. The pharmaceutical

composition facilitates administration of the compound to an organism. Pharmaceutical

composition containing a compound of Formula I can be administered in therapeutically

effective amounts as pharmaceutical compositions by any conventional form and route known in

the art including, but not limited to: intravenous, oral, rectal, aerosol, parenteral, ophthalmic,

pulmonary, transdermal, vaginal, otic, nasal, and topical administration.

[00115] One may administer the compound in a local rather than systemic manner, for example,

via injection of the compound directly into an organ, often in a depot or sustained release

formulation. Furthermore, one may administer pharmaceutical composition containing a

compound of Formula I in a targeted drug delivery system, for example, in a liposome coated

with organ-specific antibody. The liposomes will be targeted to and taken up selectively by the

organ. In addition, the pharmaceutical composition containing a compound of Formula I may be

provided in the form of a rapid release formulation, in the form of an extended release

formulation, or in the form of an intermediate release formulation. In some embodiments, the

extended release formulation releases the compound for over 1 hour, over 2 hours, over 3 hours,

over 4 hours, over 6 hours, over 12 hours, over 24 hours, or more. In some embodiments, the

extended release formulation releases the compound at a steady rate for over 1 hour, over 2

hours, over 3 hours, over 4 hours, over 6 hours, over 12 hours, over 24 hours, or more.

[00116] For oral administration, a compound of Formula I can be formulated readily by

combining the active compounds with pharmaceutically acceptable carriers or excipients well

known in the art. Such carriers enable the compounds described herein to be formulated as

tablets, powders, pills, dragees, capsules, liquids, gels, syrups, elixirs, slurries, suspensions and

the like, for oral ingestion by a subject to be treated. Generally, excipients such as fillers,

disintegrants, glidants, surfactants, recrystallization inhibitors, lubricants, pigments, binders,



flavoring agents, and so forth can be used for customary purposes and in typical amounts without

affecting the properties of the compositions.

[00117] Non-limiting examples of fillers include lactose monohydrate, microcrystalline

cellulose, mannitol, xylitol, calcium diphosphate, and starch.

[00118] Non-limiting examples of disintegrants include croscarmellose, sodium starch

glycholate, crospovidone, sodium alginate, methyl cellulose, and carboxymethyl cellulose

sodium.

[00119] Non-limiting examples of glidants include magnesium stearate, colloidal silicon

dioxide, starch and talc.

[00120] Non-limiting examples of surfactants include sodium lauryl sulfate, sorbitan esters,

poloxamers, PEG block copolymers, and polysorbates.

[00121] Non-limiting examples of recrystallization inhibitors include poloxamer 188,

poloxamer 407, Povidone K-90, or hypromellose.

[00122] Non-limiting examples of lubricants include magnesium stearate and calcium stearate

[00123] Pharmaceutical preparations for oral use can be obtained by mixing one or more solid

excipient with one or more of the compounds described herein, optionally grinding the resulting

mixture, and processing the mixture of granules, after adding suitable auxiliaries, if desired, to

obtain tablets or dragee cores. Dragee cores are provided with suitable coatings. For this

purpose, concentrated sugar solutions may be used, which may optionally 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 identification or to characterize different combinations

of active compound doses.

[00124] Pharmaceutical preparations which can be used orally include push-fit capsules made

of gelatin, as well as soft, sealed capsules made of gelatin and a plasticizer, such as glycerol or

sorbitol. In some embodiments, the capsule comprises a hard gelatin capsule comprising one or

more of pharmaceutical, bovine, and plant gelatins. In certain instances, a gelatin is alkaline

processed. The push-fit capsules can contain the active ingredients in admixture with filler such

as lactose, binders such as starches, and/or lubricants such as talc or magnesium stearate and,

optionally, stabilizers. In soft capsules, the active compounds may be dissolved or suspended in

suitable liquids, such as fatty oils, liquid paraffin, or liquid polyethylene glycols. In addition,

stabilizers may be added. All formulations for oral administration should be in dosages suitable

for such administration.



[00125] For buccal or sublingual administration, the compositions may take the form of tablets,

lozenges, or gels formulated in conventional manner. Parental injections may involve for bolus

injection or continuous infusion. The pharmaceutical composition of Compound (1) may be in a

form suitable for parenteral injection as a sterile suspensions, solutions or emulsions in oily or

aqueous vehicles, and may contain formulatory agents such as suspending, stabilizing and/or

dispersing agents. Pharmaceutical formulations for parenteral administration include aqueous

solutions of the active compounds in water-soluble form. Additionally, suspensions of the active

compounds may be prepared as appropriate oily injection suspensions. Suitable lipophilic

solvents or vehicles include fatty oils such as sesame oil, or synthetic fatty acid esters, such as

ethyl oleate or triglycerides, or liposomes. Aqueous injection suspensions may contain

substances which increase the viscosity of the suspension, such as sodium carboxymethyl

cellulose, sorbitol, or dextran. Optionally, the suspension may also contain suitable stabilizers or

agents which increase the solubility of the compounds to allow for the preparation of highly

concentrated solutions. Alternatively, the active ingredient may be in powder form for

constitution with a suitable vehicle, e.g., sterile pyrogen-free water, before use.

[00126] The compositions described herein can be administered topically and can be

formulated into a variety of topically administrable compositions, such as solutions, suspensions,

lotions, gels, pastes, medicated sticks, balms, creams or ointments. Such pharmaceutical

composition can contain solubilizers, stabilizers, tonicity enhancing agents, buffers and

preservatives.

[00127] Formulations suitable for transdermal administration of compounds having the

structure of Formula (1) may employ transdermal delivery devices and transdermal delivery

patches and can be lipophilic emulsions or buffered, aqueous solutions, dissolved and/or

dispersed in a polymer or an adhesive. Such patches may be constructed for continuous,

pulsatile, or on demand delivery of pharmaceutical agents. Still further, transdermal delivery of

a compound of Formula I can be accomplished by means of iontophoretic patches and the like.

Additionally, transdermal patches can provide controlled delivery of a compound of Formula I .

The rate of absorption can be slowed by using rate-controlling membranes or by trapping the

compound within a polymer matrix or gel. Conversely, absorption enhancers can be used to

increase absorption. An absorption enhancer or carrier can include absorbable pharmaceutically

acceptable solvents to assist passage through the skin. For example, transdermal devices are in

the form of a bandage comprising a backing member, a reservoir containing the compound

optionally with carriers, optionally a rate controlling barrier to deliver the compound to the skin



of the host at a controlled and predetermined rate over a prolonged period of time, and means to

secure the device to the skin.

[00128] For administration by inhalation, the compositions of the present invention may be in a

form as an aerosol, a mist or a powder. Pharmaceutical compositions of Formula (I) are

conveniently delivered in the form of an aerosol spray presentation from pressurized packs or a

nebuliser, with the use of a suitable propellant, e.g., dichlorodifluoromethane,

trichlorofluoromethane, dichlorotetrafluoroethane, carbon dioxide or other suitable gas. In the

case of a pressurized aerosol the dosage unit may be determined by providing a valve to deliver a

metered amount. Capsules and cartridges of, such as, by way of example only, gelatin for use in

an inhaler or insufflator may be formulated containing a powder mix of the compound and a

suitable powder base such as lactose or starch.

[00129] The compound of Formula I may also be formulated in rectal compositions such as

enemas, rectal gels, rectal foams, rectal aerosols, suppositories, jelly suppositories, or retention

enemas, containing conventional suppository bases such as cocoa butter or other glycerides, as

well as synthetic polymers such as polyvinylpyrrolidone, PEG, and the like. In suppository

forms of the compositions, a low-melting wax such as, but not limited to, a mixture of fatty acid

glycerides, optionally in combination with cocoa butter is first melted.

[00130] In practicing the methods of treatment or use provided herein, therapeutically effective

amounts of a compound of Formula I provided herein are administered in a pharmaceutical

composition to a mammal having a disease or condition to be treated. In some embodiments, the

mammal is a human. A therapeutically effective amount can vary widely depending on the

severity of the disease, the age and relative health of the subject, the potency of the compound

used and other factors. The compounds can be used singly or in combination with one or more

therapeutic agents as components of mixtures.

[00131] Pharmaceutical compositions may be formulated in conventional manner using one or

more physiologically acceptable carriers comprising excipients and auxiliaries which facilitate

processing of the active compounds into preparations which can be used pharmaceutically.

Proper formulation is dependent upon the route of administration chosen. Any of the well-

known techniques, carriers, and excipients may be used as suitable and as understood in the art.

Pharmaceutical compositions comprising a compound of Formula (I) may be manufactured in a

conventional manner, such as, by way of example only, by means of conventional mixing,

dissolving, granulating, dragee-making, levigating, emulsifying, encapsulating, entrapping or

compression processes.



[00132] The pharmaceutical compositions can include at least one pharmaceutically acceptable

carrier, diluent or excipient and a compound of Formula (I) described herein as an active

ingredient in free-base form, or in a pharmaceutically acceptable salt form. In addition, the

methods and pharmaceutical compositions described herein include the use of N-oxides,

crystalline forms (also known as polymorphs), as well as active metabolites of these compounds

having the same type of activity.

[00133] Methods for the preparation of compositions comprising the compounds described

herein include formulating the compounds with one or more inert, pharmaceutically acceptable

excipients or carriers to form a solid, semi-solid or liquid. Solid compositions include, but are

not limited to, powders, tablets, dispersible granules, capsules, cachets, and suppositories.

Liquid compositions include solutions in which a compound is dissolved, emulsions comprising

a compound, or a solution containing liposomes, micelles, or nanoparticles comprising a

compound as disclosed herein. Semi-solid compositions include, but are not limited to, gels,

suspensions and creams. The compositions may be in liquid solutions or suspensions, solid

forms suitable for solution or suspension in a liquid prior to use, or as emulsions. These

compositions may also contain minor amounts of nontoxic, auxiliary substances, such as wetting

or emulsifying agents, pH buffering agents, and so forth.

[00134] In some embodiments, the pharmaceutical composition is a solid dispersion delivery

system.

[00135] In some embodiments, the solid dispersion delivery system comprises hydroxypropyl

methylcellulose (HPMC).

[00136] In some embodiments, the solid dispersion delivery system comprises hydroxypropyl

methylcellulose phthalate (HPMCP).

[00137] In some embodiments, the solid dispersion delivery system comprises hydroxypropyl

methylcellulose acetate succinate (HPMCAS).

[00138] In some embodiments, the solid dispersion delivery system comprises Poloxamer 188.

[00139] In some embodiments, the solid dispersion delivery system comprises Poloxamer 407.

[00140] In some embodiments, the solid dispersion delivery system comprises Povidone K-90.

[00141] In some embodiments, the pharmaceutical composition is a physical mixture.

[00142] A summary of types of pharmaceutical compositions may be found, for example, in

Remington: The Science and Practice of Pharmacy, Nineteenth Ed (Easton, Pa.: Mack

Publishing Company, 1995); Hoover, John E., Remington's Pharmaceutical Sciences, Mack

Publishing Co., Easton, Pennsylvania 1975; Liberman, H.A. and Lachman, L., Eds.,

Pharmaceutical Dosage Forms, Marcel Decker, New York, N.Y., 1980; and Pharmaceutical



Dosage Forms and Drug Delivery Systems, Seventh Ed. (Lippincott Williams & Wilkins 1999),

each of which is incorporated by reference herein in its entirety.

[00143] Spray Dried Compositions and Methods

[00144] In some embodiments, the present invention provides solid dispersion compositions

comprisin a compound of Formula I :

(I)

or a pharmaceutically acceptable salt, N-oxide, active metabolite, prodrug, or solvate thereof;

wherein Ri is H or acetyl; R2 is pyridyl or benzimidazole; and a solid matrix. In some

embodiments, the compound of Formula I is dispersed in said solid matrix.

[00145] In some embodiments, the solid matrix is comprised of a polymer. In some

embodiments, the polymer is a water soluble polymer. Non-limiting examples of water soluble

polymers used in solid dispersions include hydroxypropyl methyl cellulose (HPMC),

polyvinylpyrrolidone (PVPblock copolymers of ethylene oxide and propylene oxide ((K-25, 50

30, 90; PVP), hydroxypropyl cellulose (HPC), methyl cellulose (MC), and polyethyleneglycol

(PEG). In other embodiments, the polymer is soluble in an aqueous solution. In particular

embodiments, the polymer is soluble in an aqueous solution which has a pH of 5.5 or greater.

Non-limiting examples of polymers soluble in aqueous solutions of pH 5.5 or greater include

sodium carboxymethylcellulose (NaCMC, sodium cellulose glycolate) and hydroxypropylmethyl

cellulose acetate succinate (HPMCAS). Other non-limiting examples of polymers suitable for

use in solid dispersions include, e.g., of 3,4-dimethyl-phenomethylcarbamate (MPMC),

hypromellose phthalate (HPMCP), Poloxamer 188, Poloxamer 407, Povidone K-90,

poly(meth)acrylates (Eudragit), homopolymers of N-vinyl-2-pyrrolidone, povidone, copovidone

(Plasdone), carboxymethylethylcellulose (CMEC), cellulose acetate phthalate (CAP),

methacrylic copolymer LD (L30 D55), methacrylic copolymer S (S-100), aminoalkyl

methacrylate copolymer E (gastric coating base), poly(vinyl acetal) diethylaminoacetate (AEA),

ethylcellulose (EC), methacrylic copolymer RS (RS 30D), polyvinyl alcohol (PVA),

hydroxypropylmethylcellulose (HPMC), HPMC 2208 (Metolose 90SH), HPMC 2906 (Metolose

65SH), HPMC (Metolose 60SH), dextrin, pullulan, Acacia, tragacanth, sodium alginate,

propylene glycol alginate, agar powder, gelatin, starch, processed starch, phospholipids, lecithin,



glucomannan, polyethyleneglycol (PEG) cellulose acetate trimellitate (CAT), hydroxypropyl

methyl cellulose acetate trimellitate (HPMCAT), and carboxymethylcellulose acetate butyrate

(CMCAB).

[00146] In some embodiments, the solid dispersion of the compound in matrix can be prepared

by forming a homogeneous solution or melt of the drug and polymer, followed by solidifying the

mixture, resulting in a solid composition of the compound dispersed in the solid matrix. In some

embodiments, preparation of the solid dispersion comprises forming a homogenous solution

comprising the compound, the polymer, and a solvent, followed by solidifying the mixture by

removal of the solvent. In some embodiments, the solvent is an organic solvent or a mixture of

more than one organic solvent. Non-limiting examples of organic solvents include

dimethylformamide (DMF), acetone, methanol, ethanol, ethyl acetate, tetrahydrofuran, n-

propanol, iso-propanol, butanol, methyl ethyl ketone, methyl iso-butyl ketone, propylacetate,

acetonitrile, methylene chloride, toluene, 1,1,1-trichloroethane, dimethylacetamide, and

dimethylsulfoxide. In particular embodiments, the solvent is methanol, ethanol, ethyl acetate,

acetone, tetrahydrofuran, 2 :1 acetone: methanol, 2 :1 methanol: tetrahydrofuran, 2 :1 methanol:

acetone, 6:1 DMF: water, 14:7:2:1 acetone: methanol: DMF: water, 4:1:1 methanol: water:

acetone, 8:1 ethanol: water.

[00147] Methods for removing the solvent from the mixture are known in the art, and can

include freeze-drying, vacuum drying, spray-drying, or combinations thereof.

[00148] In particular embodiments, the solvent is removed by spray-drying. The term "spray-

drying" generally broadly refers to atomizing the solution into a spray of small droplets and

rapidly removing solvent from the droplets using a spray-drying apparatus that facilitates rapid

evaporation of solvent from the droplets. Spray-drying processes and spray-drying equipment

are described generally in Perry's Chemical Engineers' Handbook, pages 20-54 to 20-57 (Sixth

Edition 1984). Solvent evaporation can be facilitated by, e.g., maintaining the pressure in the

spray-drying apparatus at a partial vacuum (for example, 0.01 to 0.50 atm), contacting the

droplets with a warm drying gas, or a combination of these measures. In some embodiments,

spray drying comprises contacting the spray of droplets with a drying gas.

[00149] In some embodiments, removal of the solvent by spray drying results in solid

dispersion compositions in the form of particles. The particles can have a mean diameter of

about 100 µιη or less, about 95 µιη or less, about 90 µιη or less, about 85 µιη or less, about 80

µιη or less, about 75 µιη or less, about 70 µιη or less, about 65 µιη or less, about 60 µιη or less,

about 55 µιη or less, about 50 µιη or less, about 45 µιη or less, about 40 µιη or less, about 35 µιη

or less, about 30 µιη or less, about 25 µιη or less, or about 20 µιη or less. In some embodiments,



the particles have a mean diameter of about 50-100 µιη, about 30-75 µιη, about 25-50 µιη, about

20-30 µιη, about 10-25 µιη, or about 15-20 µιη. Particle size can be measured using particle

size measuring techniques known to those of skill in the art. Non-limiting examples of particle

size measuring techniques include sedimentation field flow fractionation, photon correlation

spectroscopy, laser diffraction or disk centrifugation. Another useful characteristic diameter of

the droplets produced by an atomizer is D90, the droplet diameter corresponding to the diameter

of droplets that make up 90% of the total liquid volume. In some embodiments, the particles of

the composition have diameters spanning about 10-20 µιη at D90, 15-20 µιη at D90, or 17-19

µιη at D90.

[00150] In some embodiments, spray-drying results in compositions in which the compound of

Formula I is amorphous. Methods and characterization of amorphousness are described herein.

Exemplary Methods of Administration and Treatment Methods

[00151] Compositions comprising a compound of Formula I-III can be used in the preparation

of medicaments for the treatment of diseases or conditions in which steroid hormone nuclear

receptor activity contributes to the pathology and/or symptoms of the disease. In addition, a

method for treating any of the diseases or conditions described herein in a subject in need of such

treatment, involves administration of pharmaceutical compositions containing at least one

compound of Formula (1), or a pharmaceutically acceptable salt, pharmaceutically acceptable N-

oxide, pharmaceutically active metabolite, pharmaceutically-acceptable prodrug, or

pharmaceutically acceptable solvate thereof, in therapeutically-effective amounts to said subject.

[00152] The compositions containing the compound(s) described herein can be administered

for prophylactic and/or therapeutic treatments. In therapeutic applications, the compositions are

administered to a subject already suffering from a disease or condition, in an amount sufficient to

cure or at least partially arrest the symptoms of the disease or condition, or to cure, heal,

improve, or ameliorate the condition itself Amounts effective for this use will depend on the

severity and course of the disease or condition, previous therapy, the subject's health status,

weight, and response to the drugs, and the judgment of the treating physician.

[00153] Once improvement of the subject's conditions has occurred, a maintenance dose is

administered if necessary. Subsequently, the dosage or the frequency of administration, or both,

can be reduced, as a function of the symptoms, to a level at which the improved disease or

condition is retained. Subjects can, however, require intermittent treatment on a long-term basis

upon any recurrence of symptoms.

[00154] In certain instances, it may be appropriate to administer therapeutically effective

amounts of at least one of the compounds described herein (or a pharmaceutically acceptable



salts, pharmaceutically-acceptable N-oxides, pharmaceutically active metabolites,

pharmaceutically-acceptable prodrugs, and pharmaceutically acceptable solvates thereof) in

combination with another therapeutic agent. By way of example only, if one of the side effects

experienced by a subject upon receiving one of the compounds herein is inflammation, then it

may be appropriate to administer an anti-inflammatory agent in combination with the initial

therapeutic agent. Or, by way of example only, the therapeutic effectiveness of one of the

compounds described herein may be enhanced by administration of an adjuvant (i.e., by itself the

adjuvant may only have minimal therapeutic benefit, but in combination with another therapeutic

agent, the overall therapeutic benefit to the subject is enhanced). Or, by way of example only,

the benefit of experienced by a subject may be increased by administering one of the compounds

described herein with another therapeutic agent (which also includes a therapeutic regimen) that

also has therapeutic benefit. In any case, regardless of the disease or condition being treated, the

overall benefit experienced by the subject may simply be additive of the two therapeutic agents

or the subject may experience a synergistic benefit. Where the compounds described herein are

administered in conjunction with other therapies, dosages of the co-administered compounds will

of course vary depending on the type of co-drug employed, on the specific drug employed, on

the disease or condition being treated and so forth. In addition, when co-administered with one

or more biologically active agents, the compound provided herein may be administered either

simultaneously with the biologically active agent(s), or sequentially. If administered

sequentially, the attending physician will decide on the appropriate sequence of administering

protein in combination with the biologically active agent(s).

[00155] In any case, the multiple therapeutic agents (one of which is one of the compounds

described herein) may be administered in any order or even simultaneously. If simultaneously,

the multiple therapeutic agents may be provided in a single, unified form, or in multiple forms

(by way of example only, either as a single pill or as two separate pills). One of the therapeutic

agents may be given in multiple doses, or both may be given as multiple doses. If not

simultaneous, the timing between the multiple doses may vary from more than zero weeks to less

than four weeks. In addition, the combination methods, compositions and formulations are not

to be limited to the use of only two agents. Multiple therapeutic combinations are envisioned.

[00156] In addition, compounds of Formula I-III may also be used in combination with

procedures that may provide additional or synergistic benefit to the subject. By way of example

only, subjects are expected to find therapeutic and/or prophylactic benefit in the methods

described herein, wherein pharmaceutical composition of Formula (I) and /or combinations with



other therapeutics are combined with genetic testing to determine whether that individual is a

carrier of a mutant gene that is known to be correlated with certain diseases or conditions.

[00157] Compounds of Formula I-III and combination therapies can be administered before,

during or after the occurrence of a disease or condition, and the timing of administering the

composition containing a compound can vary. Thus, for example, the compounds can be used as

a prophylactic and can be administered continuously to subjects with a propensity to conditions

or diseases in order to prevent the occurrence of the disease or condition. The compounds and

compositions can be administered to a subject during or as soon as possible after the onset of the

symptoms. The administration of the compounds can be initiated within the first 48 hours of the

onset of the symptoms, preferably within the first 48 hours of the onset of the symptoms, more

preferably within the first 6 hours of the onset of the symptoms, and most preferably within 3

hours of the onset of the symptoms. The initial administration can be via any route practical,

such as, for example, an intravenous injection, a bolus injection, infusion over 5 minutes to about

5 hours, a pill, a capsule, transdermal patch, buccal delivery, and the like, or combination

thereof. A compound is preferably administered as soon as is practicable after the onset of a

disease or condition is detected or suspected, and for a length of time necessary for the treatment

of the disease, such as, for example, from about 1 month to about 3 months. The length of

treatment can vary for each subject, and the length can be determined using the known criteria.

For example, the compound or a formulation containing the compound can be administered for

at least 2 weeks, preferably about 1 month to about 3 years and in some embodiments from about

1 month to about 10 years. In other embodiments, the compound is administered once a day

from 90 days to 2 years.

[00158] The pharmaceutical composition described herein may be in unit dosage forms suitable

for single administration of precise dosages. In unit dosage form, the formulation is divided into

unit doses containing appropriate quantities of one or more compounds. The unit dosage may be

in the form of a package containing discrete quantities of the formulation. Non-limiting

examples are packaged tablets or capsules, and powders in vials or ampoules. Aqueous

suspension compositions can be packaged in single-dose non-reclosable containers.

Alternatively, multiple-dose reclosable containers can be used, in which case it is typical to

include a preservative in the composition. By way of example only, formulations for parenteral

injection may be presented in unit dosage form, which include, but are not limited to ampoules,

or in multi-dose containers, with an added preservative.

[00159] The daily dosages appropriate for any of the compounds described herein are from

about 0.03 to 60 mg/kg per body weight. An indicated daily dosage in a larger mammal,



including, but not limited to, humans, is in the range from about 1 mg to about 4000 mg,

conveniently administered in one or more doses, including, but not limited to, up to five times a

day or in retard form. Suitable unit dosage forms for oral administration comprise from about 1

mg to about 4000 mg active ingredient. In some embodiments, a single dose of compounds of

Formula (1) is within the range of about 50 mg to about 3500 mg. In some embodiments, a

single dose of compounds of Formula (1) is about 90 mg, about 200 mg, about 250 mg, about

325 mg, about 500 mg, about 650 mg, about 975 mg, about 1300 mg, about 1625 mg, about

1950 mg, about 2600 mg or about 3250 mg. In some embodiments, an administration of

compounds of Formula (1) of about 90 mg, about 325 mg, about 500 mg, about 650 mg, about

975 mg, about 1300 mg, about 1625 mg, about 1950 mg, about 2600 mg or about 3250 mg is

given as multiple doses.

[00160] In some embodiments, the single dose of compounds of Formula (a) is between 90 to

3500 mgs and the compound is administered to a subject for between 90 days to two years.

[00161] Such dosages may be altered depending on a number of variables, not limited to the

activity of the compound used, the disease or condition to be treated, the mode of administration,

the requirements of the individual subject, the severity of the disease or condition being treated,

and the judgment of the practitioner.

Exemplary Methods of Providing Therapy

[00162] The present invention provides therapeutic strategies for the treatment of cancer or

other disease in subjects. In some embodiments, the disease is polycystic ovarian disease. In

some embodiments, the cancer in prostate cancer. In other embodiments, the cancer is breast

cancer. In yet other embodiments, the cancer is ovarian cancer. In some embodiments, the

subject is human. In other embodiments, the subject is not a human.

[00163] In particular embodiments, the present invention provides preparations and regimens

for the use of a compound of Formula I or formula II in the treatment of prostate cancer. In

some embodiments, the prostate cancer is castration resistance prostate cancer. In some

embodiments, the prostate cancer is chemotherapy naive prostate cancer.

[00164] In some embodiments, the present invention provides therapeutic regimens that involve

oral administration of a compound of Formula I or formula II.

[00165] In some embodiments, the present invention provides therapeutic regimens that involve

administration of multiple doses of a compound of Formula I or formula II. In some

embodiments, different doses are spaced apart in time. In some embodiments, all doses contain

the same amount of a compound of Formula I or formula II. In some embodiments, different

doses contain different amounts of a compound of Formula I or formula II. In some



embodiments, different doses that are separated in time are separated from one another by the

same amount of time; in some embodiments, different doses that are separated in time are

separated from one another by different amounts of time. In some embodiments, the present

invention provides dosing regimens that include administration of a plurality of doses separated

by a regular time interval (or intervals), followed by a rest period, optionally followed by a

second plurality of doses separated by a regular time interval (or intervals).

[00166] In some embodiments, at least 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,

19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44,

45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70,

71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96,

97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116,

117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135,

136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154,

155, 156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168 or more doses of a

compound of Formula I or formula II are administered. In some embodiments, at least 7, 14, 21,

28, 35, 42, 49, 56, 63, 70, 77, 84, 91, 98, 105, 112, 119, 126, 133, 140, 147, 154, 161, 168, or

more doses of a compound of Formula I or formula II are administered.

EXAMPLES

[00167] Galeterone is a novel drug that exhibits three mechanisms of action to inhibit AR

activity, via inhibition of de novo androgen synthesis, blocking the ligand binding domain to

prevent androgen binding, and inducing AR degradation. Thus, in this study we evaluated the

relationship between the mechanism of action of this drug and the utility of various biomarkers,

including the status of androgen receptor in the tumor being treated.

[00168] Example 1. Galeterone downregulates both wild-type and mutant AR.

[00169] An experiment to detect expression of full-length AR and AR-V7 variant proteins

was conducted in a CWR22rvl cell line which constitutively expresses both AR and AR-V7. As

shown in, FIG. 2, galeterone downregulates full-length and splice variant AR and reduces cell

proliferation in this cell line. See also FIG. 4 . Further, galeterone successfully overcomes

abiraterone and enzalutamide resistance due to AR splice variants (FIG. 3). Galeterone, but not

enzalutamide, reduces full-length and splice variant AR-V7 protein. Further, galeterone reduces

AR-V7 in DU145 cells transfected with AR-V7 splice variant (FIG. 5). Similarly, lower levels of

galeterone reduce full-length and splice variant AR-V7 with 72 hour exposure (FIG. 6).

[00170] Example 2 . Galeterone is effective in a model of enzalutamide resistance.



[00171] As a pre-clinical model of Enzalutamide resistance, drug resistant and CRPC cell

lines were derived from three generations of serially passaged Enzalutamide resistant, or vehicle

control treated, LNCaP xenografts. Resistant cells ("49C" and "49F") were maintained in vitro

under constant exposure to 10 µΜ of Enzalutamide and were used to study the anti-cancer and

AR targeting effects of Galeterone in the Enzalutamide resistant setting. Both 49F and 49C cell

lines were found to have low expression of AR-V7. Using crystal violet and MTT assays, we

found that Galeterone had anti-proliferative effects in LNCaP cells, in CRPC cells, and most

importantly, in those resistant to Enzalutamide (FIG. 7). Dose-response studies of Galeterone in

LNCaP cells and Enzalutamide resistant cell lines demonstrated similar EC50 for Galeterone in

reducing cell viability in Enzalutamide resistant cell lines 49F and 49C, as compared to the EC50

for Galeterone in Enzalutamide responsive LNCaP cells (FIG. 8). Enzalutamide treatment

reduced AR and PSA protein expression levels in LNCaP cells but not in the Enzalutamide

resistant cell line (FIG. 9A). Compared to Enzalutamide treatment, Galeterone induced a greater

reduction in AR and prostate-specific antigen (PSA) protein expression (FIG. 9B). Strikingly, the

effects of Galeterone were still observed in resistant cells (FIG. 9B), which show no decrease in

AR protein expression or PSA protein expression (FIG. 9A). To determine the effects of

Enzalutamide and Galeterone on AR nuclear translocation, LNCaP and Enzalutamide resistant

cell lines were treated with the synthetic androgen R1881 and/or Enzalutamide. AR localization

was visualized by immunocytochemistry. R1881 alone caused robust AR translocation to the

nucleus in both LNCaP and Enzalutamide resistant cell lines (FIGS. 10-13) Co-treatment with

R1881 and enzalutamide reduced AR nuclear translocation as compared to R 1881 treatment

alone in LNCaP cells but not Enzalutamide resistant cells (FIGS. 10-13). To determine the

effects of enzalutamide and Galeterone on AR activity, an AR luciferase assay was performed in

the enzalutamide-responsive CPRC cell line and the Enzalutamide resistant cell lines 49C and

49F. All cell lines, untreated, exhibited high AR activity levels (FIG. 14). Enzalutamide

treatment reduced AR activity in the enzalutamide-responsive cell line but not in the resistant

cell lines 49C or 49F (FIG. 14). Galeterone, by contrast, reduced AR activity in all three cell

lines (FIG. 14). FIG. 15A shows the design of an immunofluorescence experiment to visualize

nuclear localization of test compounds used, and FIG. 15B shows that galeterone, but not

enzalutamide, reduces AR nuclear translocation (as seen by increased green cytoplasmic staining

vs. control or enzalutamide and less nuclear green staining). Together, the data show that

Galeterone strongly inhibits AR activity and suppresses castration-resistant LNCaP growth as

well as enzalutamide-resistant cell growth in vitro.



[00172] Example 3 . Galterone activity in castration resistant xenograft tumors which

express mutated androgen receptor.

[00173] Galeterone was tested in a xenograft model of CRPC in mice. FIG. 16 shows that

castration resistant tumors which express AR-V7 respond to galeterone. AR-V7 was detected in

LuCaP136 castration resistant xenograft tumors using RT-PCR.

[00174] Example 4 . Galeterone downregulates mutant androgen receptors.

[00175] AR point mutation AR-T878A is commonly present in hormone refractory tumors

and because the mutation is in the androgen binding site the mutant AR binds to steroids and

drugs very differently. In particular, the AR-T878A mutant binds to progesterone which is

elevated in abiraterone-treatment thus tumors expressing this mutation are resistant to

abiraterone. An experiment was conducted to FIG. 17 shows that galeterone downregulates

androgen receptors carrying the AR-T878A mutation. This effect is seen on either LNCaP cells

or AR negative PC3 cells that have been transfected with AR-T878A.

[00176] Example 5 . CRPC patients having androgen receptor splice variants respond to

galeterone therapy.

[00177] Galeterone was administered to a group of patients for 12 weeks at 2550 mg

daily. A group of six patients naive to previous CRPC therapy was analyzed with respect to AR

status. Four of the six patients were identified as having AR receptors with a C-terminal loss as

determined by the evaluation of C-terminal androgen receptor expression in relation to N-

terminal androgen receptor expression. The results of the experiments are shown in Figure 22.

All four of the patients having this AR variant had maximal reductions in PSA levels of at least

50%. The other two patients, which did not have AR receptors with a loss of the C-terminal

domain, did not respond as strongly to galeterone as evidenced by the lesser reduction in PSA.

[00178] Therefore, galeterone is a potent inhibitor of the AR pathway and may represent

the next generation of hormone therapy for patients with not only CRPC but also Enzalutamide

resistant disease. Furthermore, as galeterone is a potent inhibitor of the AR pathway, it may

represent an alternative to abiraterone or to patients who are resistant to abiraterone therapy.

While preferred embodiments of the present invention have been shown and described herein, it

will be obvious to those skilled in the art that such embodiments are provided by way of example

only. Numerous variations, changes, and substitutions will now occur to those skilled in the art

without departing from the invention. It should be understood that various alternatives to the

embodiments of the invention described herein may be employed in practicing the invention. It

is intended that the following claims define the scope of the invention and that methods and

structures within the scope of these claims and their equivalents be covered thereby.



[00179] Example 6 : Detection of mutated AR by amplification

[00180] Mutated AR in patient samples may be detected by PCR. Quantitative real-time

PCR methods are known in the literature, specifically as described in Luo et al.,

US201 1/01 10926. As described Cancer Research 2009, 69: 16-22, for RT-PCR analyses, total

RNA was isolated and reverse transcribed to form cDNA and was used in a RT-PCR analysis.

PCR primers were designed as described to specifically amplify transcript sequences that are

known in the NH2 terminal (5' primers) (for example primer P6/P7/P9)

and within the mutated forms (truncated, for example P7) of the AR protein (i.e. specific to AR-

V7) mRNA and can be readily detected within about 30 (specifically 28) PCR amplification

cycles. Using methods as described it would be possible to detect expression levels of truncated

AR in samples from patients with prostate cancer. In this analysis, and due to variable

expression levels in patient samples, the gene SF3A3, was used as a reference gene for

normalization.



CLAIMS

1. A method of treating a disease in a patient in need thereof, comprising:

a . obtaining a sample from said patient,

b. determining whether an altered form of androgen receptor is present in the

sample; and,

c . if said altered form of androgen receptor is present, administering to said subject a

pharmaceutical composition comprising a therapeutically effective amount of a

com ound of Formula I,

(I)

or a pharmaceutically acceptable salt, N-oxide, active metabolite, prodrug, or

solvate thereof; wherein Ri is H or acetyl; and R2 is benzimidazole.

2 . The method of claim 1, wherein Ri is acetyl.

3 . The method of claim 1, wherein Ri is H and R2 is benzamidazole.

4 . The method of claim 1, wherein the disease is a prostate disease.

5 . The method of claim 4, wherein the prostate disease is prostate cancer.

6 . The method of claim 5, wherein the prostate cancer is castration-resistant prostate

cancer.

7 . The method of claim 1, wherein the disease is cancer.

8. The method of claim 5, wherein the cancer is bladder, pancreatic, ovarian or breast

cancer.

9 . The method of claim 1, wherein the disease is androgen dependent.

10. The method of any of the preceding claims, wherein said disease or cancer is resistant

to therapy.

11. The method of claim 1, wherein the sample is a whole blood sample, tissue sample,

tumor tissue sample, or biopsy sample.

12. The method of claim 10, wherein the therapy is an anti-androgen.

13. The method of claim 10, wherein the anti-androgen is an androgen receptor

antagonist.



14. The method of claim 10, wherein the anti-androgen is enzalutamide, bicalutamide or

ARN-509.

15. The method of claim 10, wherein the therapy is abiraterone.

16. The method of claim 10, wherein the therapy is a taxane.

17. The method of claim 16, wherein the taxane is docetaxel.

18. The method of claim 16, wherein the taxane is cabazitaxel.

19. The method of claim 4, wherein the prostate cancer is resistant to castration.

20. The method of any of the preceding claims, wherein said subject has undergone

castration.

21. The method of any of the preceding claims, wherein said subject has undergone

androgen receptor antagonist treatment.

22. The method of any of the preceding claims, wherein said subject has undergone

castration and androgen receptor antagonist treatment.

23. The method of claim 1, wherein said mutated androgen receptor is a truncated AR

variant.

24. The method of claim 23, wherein said truncated AR is ARV-7 (AR3).

25. The method of claim 23, wherein the truncated AR is AR-V567es.

26. The method of claim 1, wherein said mutated AR carries a point mutation.

27. The method of claim 26, wherein said point mutation is F876L.

28. A method of optimizing therapy of a disease in a patient in need thereof, comprising:

a . identifying a patient undergoing treatment of a disease using a treatment regimen,

wherein said treatment regimen comprises administration of a compound of

Formula I :

(I)

or a pharmaceutically acceptable salt, N-oxide, active metabolite, prodrug, or solvate

thereof; wherein Ri is H or acetyl; and R2 is benzimidazole;

b. obtaining a sample from the patient and determining the status of at least one

biomarker in the sample; and



c . based on the determination of said biomarker, maintaining or modifying the

therapy regimen.

29. The method of claim 28, wherein Ri is H and R2 is benzamidazole.

30. The method of claim 28, wherein the biomarker is expression or function of an

androgen receptor.

31. The method of claim 28, wherein the androgen receptor is wild-type AR.

32. The method of claim 28, wherein the androgen receptor is a mutated AR.

33. The method of claim 32, wherein the mutated AR is a splice variant and/or truncated

AR.

34. The method of claim 33, wherein the splice variant and/or truncated AR is AR-V1,

AR-V2, AR-V3, AR-V4, AR-V5, AR-V567es, AR-V6, AR-V7, or AR-V12.

35. The method of claim 26, wherein the truncated AR is ARV-7.

36. The method of claim 27, wherein the truncated AR is AR-V12.

37. The method of claim 25, wherein the mutated AR carries a point mutation.

38. The method of claim 37, wherein the point mutation is selected from the group

consisting of D879G (D878G), W741C, W741L, M749L, R629Q, G142V, P533S,

T575A, H874Y, and F876L.

39. The method of claim 38, wherein the point mutation is F876L.

40. The method of claim 28, wherein the disease is prostate cancer.

41. The method of claim 28, wherein the disease or cancer is determined to be resistant to

an anti-androgen.

42. The method of claim 28, wherein the biomarker is a decrease in the number of

circulating tumor cells (CTCs).

43. The method of claim 42, wherein the number of circulating tumor cells is determined

after at least 1 week of galeterone therapy.

44. The method of claim 28, wherein the biomarker is an increase in apoptotic CTCs.

45. The method of claim 28, wherein the biomarker is a decrease in PSA or a reduction in

PSA doubling time.

46. The method of claim 28, wherein the biomarker is an increase in PSMA expression.

47. The method of claim 28, wherein the biomarker is a reduction in the tumor 18F-DHT-

PET signal.

48. The method of claim 28, wherein the biomarker is a tissue biopsy based test, for

example ProMark.



49. The method of claim 28, wherein the biomarker is the presence or expression of a

proteosome degradation pathway member.

50. The method of claim 28, wherein the biomarker is a 5 kallikrein panel.

51. The method of claim 28, wherein the biomarker is the pre- and post-treatment

testosterone blood level.

52. The method of claim 28, wherein the biomarker is a change in the level of at least one

steroid after initiation of the treatment regimen.

53. The method of claim 28, wherein the biomarker is a metabolic marker, for example in

the level of a P450 enzyme.

54. The method of claim 28, wherein the biomarker is a mutation or variant of a CYP17

protein.

55. The method of claim 28, wherein the biomarker is determination of a CTLA-4

blockade.

56. The method of claim 28, wherein the biomarker is a prostate health index.

57. The method of claim 28, wherein the biomarker is the presence or level of PCA3.

58. The method of claim 28, wherein the biomarker is determined by the prostate core

mitomic test.

59. The method of claim 28, wherein the biomarker is the presence of a mutation in a cell

cycle progression gene.

60. The method of claim 28, wherein the biomarker is the level of hemoglobin, lactate

dehydrogenase, or alkaline phosphatase, as determined by a serologic test.

61. The method of claim 28, wherein the biomarker is resistance to therapy.

62. The method of claim 61, wherein the therapy includes enzalutamide, bicalutamide or

ARN-509.

63. The method of claim 61, wherein the therapy includes abiraterone.
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