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(57) Abstract: This invention provides for an improved method for differentially diagnosing ACTH-dependent Cushing's syndrome.
Current practice for differentially diagnosing ectopic ACTH syndrome and Cushing's Disease measures relative ACTH concentra -
tions from the inferior petrosal venous sinus compared to fluid obtained from a periphery venous sample. This is performed before
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ACTH syndrome but not in those with Cushing's Disease.
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METHOD FOR DIFFERENTIALLY DIAGNOSING ACTH-
DEPENDENT CUSHING’S SYNDROME

CROSS-REFERENCES TO RELATED APPLICATIONS
{6061} This application claims benefit of US provisional application no. 62/204.723,

filed August 13, 2015, the entire content of which 1s hereby incorporated by reference.

BACKGROUND OF THE INVENTION
{6062] Cortisol 15 a steroid produced by the adrenal glands and 1s used in the body to
respond to physical and emotional stress and to maintain adequate energy supply and
blood sugar levels. Cortisol production is highly regulated by the hypothalamic-pituttary-
adrenal axis (HPA) through a complex set of direct influences and negative feedback
mteractions. In healthy individuals, insufficient cortisol in the bloodstream triggers the
hypothalamus to release corticotropin-releasing hormone (CRH} which signals to the
pituitary gland to release adrenocorticotropic hormone (ACTH), which o turn stimulates
the adrenal glands to produce more cortisol. Excessive cortisol inhibits hypothalamus
from producing CRH, thus inhibiting the pitustary gland from releasing ACTH, which n
turn suppresses cortisol production. The HPA regulation also results in a diurnal thythm
of cortisol levels, reaching peaks in the morning and nadirs around midnight.
Pathological conditions associated with the HPA can affect the diurnal rhythm of the

cortisol and ACTH production and cause serious health problems.

{0003] Cushing’s syndrome is one of these problems. Patients having Cushing’s
syndrome usually have easy bruising; abdominal obesity and thin arms and legs; facial
plethora; acne; proximal muscle weakness; and/or red purple stripes across the body.
Cushing’s syndrome 1s accompanied by hypercortisolenmia, a condition involving a
prolonged excess of circulating cortisol. Cushing’s syndrome can be classified as

exogenous Cushing’s syndrome, which 1s caused by excess use of glucocorticoids drugs,
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such as prednisone, dexamethasone, and hydrocortisone, and endogenous Cushing’s
syndrome, which is caused by deregulatory abnormalities in the HPA axis. Endogenous
Cushing’s syndrome consists of the ACTH-1ndependent Cushing’s syndrome,
characterized by an overproduction of cortisol in the absence of elevation of ACTH
secretion; the ACTH-dependent Cushing’s syndrome, characterized by excessive ACTH

secretion.

{8084] ACTH-dependent Cushing’s syndrome includes roughly 80% of patients having
endogenous Cushing’s syndrome and consists of two major forms: Cushing Disease and
ectopic ACTH syndrome. The former is caused by a pituitary tumor and the latter is
caused by a tumor outside the pitutary. Correct differential diagnosis between the
Cushing Disease and ectopic ACTH syndrome is important for endocrinologists to
recommend transphenoidal surgery or appropriate imaging to identify source of the

ectopic ACTH secretion.

{6005]  One current approach of differentially diagnosing patients with ACTH-
dependent Cushing’s syndrome involves measuring ACTH levels from samples obtained
simultaneously from both 1nferior petrosal venous sinus (IPS)— a procedure referred to as
mferior petrosal venous sinus sampling (IPSS) — and from the internal jugular or another
peripheral vein. In one approach, referred herein as CRH-IPSS, 5 blood samples are
taken from each IPS and the mternal jugular vein, two before and three after
administration of CRH. A central-to-periphery ACTH ratio of >2 before and >3 after the
admunistration of CRH 1s consistent with Cushing Disease while a lower ratio favors
ectopic ACTH syndrome. This procedure requires prolonged catheterization with the
likelihood of infection, thrombosts, or bleeding rising with the duration of catheterization.
In addition CRH 18 a protein which 1s expensive to produce, causing a shortage in supply
between 2011 and early 2013, and requires sophisticated handling. Thus, the results from
CRH-IPSS for differentially diagnosing patients with ACTH-dependent Cushing’s
syndrome often fall in the gray area. Desmopressin acetate (DDAVP), the alternative to

CRH, which has also been used for IPSS, has similar disadvantages.

[B006]  Another approach, referred to herein as metyrapone-IPSS, 15 similar to the one

above, except that metyrapone mstead of CRH 1s adnumistered to the patient before IPSS
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and that samples are only taken from the patients after the metyrapone administration.
Although metyrapone-IPSS improves the CRH-IPSS — since it dispenses with the need
for sampling before the adminustration of metyrapone, and thus reduces the duration of
catheterization and likelihood of infection, thrombis, or bleeding associated therewith — 1t
also has serious limitations. First, metyrapone acts to block the conversion of 11-
deoxycortisol to cortisol by 115-hydroxylase, causing a decrease in cortisol level, which
in turn stimulates ACTH production and release. Since its effect on the ACTH secretion
is indirect, the test result may be skewed by other factors affecting the cortisol synthesis.
Second, as a cortisol synthesis blocker, treatment of metyrapone — especially at a high
dose — may result in adrenal insufficiency or have deleterious effects on various normal
bodily functions that require cortisol — for example, the anti-stress and anti-inflammation
functions. Third, metyrapone is currently not avadable in the United States, consequently

this diagnosis method 1s out of reach for many patients i this country.

BRIEF SUMMARY OF THE INVENTION
{B007]  Ina first aspect, provided herein is a method of differentially diagnosing
adrenocorticotropic hormone { ACTH)-dependent Cushing’s syndrome in a patient with
hypercortisolemia where the differential diagnosis is between ectopic ACTH syndrome
and Cushing Disease. The method comprises: (i) selecting a patient with Cushing’s
syndrome and elevated ACTH levels; (it} administering a dose of glucocorticoid receptor
antagonist {GRA) sufficient to increase ACTH from the pituitary gland by at least two
fold in persons with normal HPA function; (111) waiting for at least two hours; and (iv)
obtaining from the patient an ACTH concentration ratio, which is derived both from the
ACTH concentrations in fluid obtained from etther the left or right inferior petrosal
venous sinus and from fluid obtained from a periphery vein, e.g., a jugular vein. The
patient 1s diagnosed with Cushing Disease if the ACTH concentration ratio is greater than

2
3.

{6008] In some embodiments, the periphery venous sample is a jugular venous sample.
In some embodiments, the ratio is derived from the ACTH concentration in fluid obtained
from the left and right inferior petrosal venous sinuses. In some embodiments, the GRA

15 a selective inhibitor of the glucocorticoid receptor. In some cases, the first and second
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samplings of ACTH are taken 5-10 minutes apart from both the inferior petrosal venous

sinus and a periphery venous sample.

{8089} Insome cases, the GRA is a selective inhibitor of the glucocorticoid receptor.

In some embodiments, the GRA comprises a steroidal backbone with at least one phenyl-
containing motiety in the 11-p position of the steroidal backbone. In some cases, the
phenyi-containing moiety in the 11-f position of the steroidal backbone is a
dimethylaminophenyl moiety. In some cases, the GRA is nufepristone. In some
embodiments, the GRA i1s selected from the group consisting of 115-(4-
dimethylaminoethoxyphenyl}-17a-propynyi-173-hydroxy-4,9 estradien-3-one and (17q)-
17-hydroxy-19-(4-methylphenylandrosta-4,9(11}-dien-3-one. In some embodiments, the
glucocorticoid receptor antagonist 1s {(113,17B)-11-(1,3-benzodioxol-5-y1}-17-hydroxy-

17-(1-propynyljestra-4, 9-dien-3-one.

{8010} Insome embodiments, the GRA has a non-steroidal backbone. In some cases,
the GRA backbone is a cyclohexyl pyrimidine. In some cases, wherein the cyclohexyl

pyrimidine has the following formula:

2
R\

the dashed line 15 absent or a bond; X is selected from the group consisting of O and §;
R is selected from the group consisting of cycloalkyl, heterocyeloalkyl, aryl, and
heteroaryl, optionally substituted with 1-3 R™ groups; each R' is independently selected
from the group consisting of H, Cy¢ alkyl, Cys alkenvl, Cos alkyovl, Crs alkoxy, Cig
alkyl OR™, halogen, C\ haloalkyl, C¢ haloaloxy, OR™, NR'R", C(OR", C(OYOR™,
OC(OIR"™, CCOWRR™, NR®C(O)R™, SO,R', SO,NRR™, cycloalkyl,
heterocycloalkyl, arvl, and hetercaryl; R™” and R™ are each independently selected from
the group consisting of H and Cr alkyl; R” is selected from the group consisting of H,
Crs alkyl, Crg alkyl-OR™, Csalkyl NRR™ and Ci alkylene heterocycloalkyl; R is

selected from the group consisting of H and Ci¢ alkyl; Ar1s aryl, optionally substituted
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with 1-4 R* groups; each R* is independently selected from the group consisting of H, Cy.
¢ alkyl, Cyp alkoxy, halogen, C. haloalkyl, and C1. haloalkoxy; L' is a bond or C

alkvlene; and subscript n is an integer from 0 to 3, or salts and isomers thereof.

{0011} Insome cases, the GRA backbone is a fused azadecalin. In some cases, the
fused azadecalin 1s a compound having the following formula:

1
R,

/L2_R2
74 | N

wherein L' and 1.2 are members independently selected from a bond and unsubstituted
alkylene; R' is a member selected from unsubstituted alkyl unsubstituted heteroalkyl,
unsubstituted heterocycloalkyl, SOR™ NRIR™, ~C(())NRICRW, and uC(())ORIA,
wherein R' is a member selected from hvdrogen, unsubstituted alkyl, and unsubstituted
heteroalkyl; R'" and R'” are members independently selected from unsubstituted atkyl
and unsubstituted hetercalkyl, and are optionally joined to form an unsubstituted ring

with the nitrogen to which they are attached, wherein said ring optionally comprises an

R2G>
t

2

additional ring nitrogen. R’ has the formula:
g g

—X

wherein R*C is a member selected from hydrogen, halogen, unsubstituted atkyl,
unsubstituted hetercalkyl, unsubstituted cycloalkyl, unsubstituted heterocycloalkyl, -CN,
and -CFs; J 15 phenvl; t 1s an integer from 0 to 5, X 15 -5{(h)-; and R’ is phenyl optionally
substituted with 1-5 R™ groups, wherein R™ is a member selected from hydrogen,
halogen, SORM S(()Z)NRSAZRSAS, -CN, and unsubstituted alkyl, and R is a member
selected from hydrogen and unsubstituted alkyl, and B and R™* are members
independently selected from hydrogen and unsubstituted alkyl, or salts and isomers

thereof.
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{8012} Insome cases, the GRA backbone is a heteroaryl ketone fused azadecalin or an
octahydro fused azadecalin. In some cases, the hetercaryi ketone fused azadecalin has

the formula;

Rl._O o0 o0
\\S//
N N CH (DR
N
[
R3

wherein R’ is a heteroaryl ring having from 5 to 6 ring members and from 1 to 4
heteroatoms each mdependently selected from the group consisting of N, O and S,
optionally substituted with 1-4 groups each independently selected from R™, each R is
mdependently selected from the group consisting of hydrogen, Cyi.6 alkyl, halogen, Ci
haloalkyl, Cis alkoxy, Ci6 haloalkoxy, CN, N-oxide, Cs.5 cycloalkyl, and Cig
heterocycloalkyl; ring J 15 selected from the group consisting of a cycloalkylring, a
heterocycloalkyl ring, an arvl ring, and a heteroaryl ring, wherein the heterocycloalkyl
and hetercaryl rings have from § to 6 ring members and from 1 {0 4 heteroatoms each
independently selected from the group consisting of N, O, and §; each R” is
independently selected from the group consisting of hydrogen, Cy6 alkyl, halogen, Cig
haloalkyl, C; s alkoxy, Ci haloalkoxy, Cr.e alkyl-Cyg alkoxy, CN, OH, NR¥R”,
C{OR™, CLOYOR?, CLOINRYR™, SR, S(O)R™, S(O)LR™, Cs.5 cycloalkyl, and Cag
heterocycloalkyl, wherein the heterocycloalkyl groups are optionally substituted with 1-4
R* groups; alternatively, two R” groups linked to the same carbon are combined to form
an oxo group (=0); alternatively, two R* groups are combined to form a heterocycloalkyl
ring having from 5 to 6 ring members and from 1 to 3 heteroatoms each independently
selected from the group consisting of N, O, and S, wherein the heterocycloalkyl ring is
optionally substituted with 1-3 R* groups; R™ and R™ are each independently selected
from the group consisting of hydrogen and C . alkyl; each R is independently selected
from the group consisting of hydrogen, halogen, hydroxy, Cis alkoxy, (4 haloalkoxy,
CN, and NR™R™; each R™ is independently selected from the group consisting of
hydrogen and Cy¢ alkyl, or two R*® groups attached to the same ring atom are combined
to form (=0); R’ is selected from the group consisting of pheny! and pyridyl, each

optionally substituted with 1-4 R™ groups; each R™ is independently selected from the

6
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group consisting of hydrogen, halogen, and Cyi6 haloalkyl; and subscript n is an integer

from O to 3; or salts and 1somers thereof

{8013} Insome cases, the octahvdro fused azadecalin has the formula:

1
R O O\\//O
N NN~ R
N
QA
NN
R),

>

wherein R’ is a hetercary! ring having from 5 to 6 ring members and from 1 to 4
heteroatoms each independently selected from the group consisting of N, O, and S,
optionally substituted with 1-4 groups each independently selected from R'®, each R'* is
independently selected from the group consisting of hydrogen, Cy¢ alkyl, halogen, Ci
haloalkyl, C; alkoxy, Cy¢ haloalkoxy, N-oxide, and Cs.5 cycloalkyl; ring J s selected
from the group consisting of an aryl ring and a heteroaryl ring having from 5 to 6 ring
members and from 1 to 4 heteroatoms each independently selected from the group
consisting of N, O, and 8; each R* is independently selected from the group consisting of
hydrogen, Cy.s alkyl, halogen, C, ¢ haloalkvl, Cy¢ alkoxy, Ci6 haloalkoxy, Ci¢ alkyl-Cis
alkoxy, CN, OH, NR¥R”®, C{OIR™ C(O)OR™ C(OINR™R™, SR™ S(OIR™, S(O)R™,
Cs.5 cycloalkyl, and Csg heterocycloalkyl having from 1 to 3 heteroatoms each
independently selected from the group consisting of N, O, and S; alternatively, the two R’
groups on adjacent ring atoms are combined to form a heterocycloalkyl ring having from
S to 6 ring members and from 1 to 3 hetercatoms each imdependently selected from the
group consisting of N, O, and §, wherein the heterocycloalkyl ring 1s optionally
substituted with 1-3 R™ groups; R*, R™, and R¥ are each independently selected from
the group consisting of hydrogen and Crs alkyl; each R™ is independently halogen; and

subscript n 1s an integer from O to 3, or salts and isomers thereof.

[B014] In yet another aspect, provided herein 1s a diagnostic composition, or a
diagnostic kit comprising a glucocorticoid receptor antagomst (GRA) for use in a method
of differentially diagnosing adrenocorticotropic hormone { ACTH)-dependent Cushing's
syndrome in a patient where the differential diagnosis is between ectopic ACTH

7
/
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syndrome and Cushing Disease, the method comprising the step of determining the
ACTH concentration ratio from a patient with Cushing's syndrome and an elevated
ACTH level, where the patient has been administered a dose of glucocorticoid receptor
antagonist (GRA) at least two hours prior to the removal of venous samples and where
the amount of GRA administered to the patient 1s sufficient to increase ACTH from the
pituitary gland by at least two fold in persons with norma Hypothalmus Putuitary Adrenal
(HPA) function; wherein the ACTH concentration ratio is derived from the ACTH
concentrations in fluid obtained from etther the left or right inferior petrosal venous sinus
and from fluid obtained from a periphery venous sample; and wherein an ACTH
concentration ratio of greater than 3 for the ACTH concentration from the inferior venous
sinus sample over the periphery venous sinus sample is diagnostic indicative of Cushing's
disease. In addition, all the embodiments in the first aspect described above are also

meluded in thus aspect of the disclosure.

[6018] TInyetanother aspect, provided here in 1s a method of obtaining a measurement
mdicative of differential diagnosis of adrenocorticotropic hormone (ACTH)- dependent
Cushing's syndrome n a patient where the differential diagnosis 5 between ectopic
ACTH syndrome and Cushing Disease, the method comprising the step of) (1)determining
the ACTH concentration ratio from a patient with Cushing's syndrome and an elevated
ACTH level, where the patient has been admunistered a dose of glucocorticoid receptor
antagonist {GRA) at least two hours prior to the removal of venous samples and where
the amount of GRA administered to the patient 13 sufficient to increase ACTH from the
pituttary gland by at least two fold i persons with norma Hypothalmus Pituitary Adrenal
(HPA) function; wherein the ACTH concentration ratio 1s derived from the ACTH
concentrations 1o fhud obtained from etther the left or right inferior petrosal venous simus
and from fhud obtained from a periphery venous sample; and wherein an ACTH
concentration ratic of greater than 3 for the ACTH concentration from the inferior venous
sinus sample over the periphery venous sinus sample 1s indicative of Cushing's disease.
In addition, all the embodiments in the {irst aspect described above are also included in

this aspect of the disclosure.



WO 2017/027851 PCT/US2016/046904

{8016} In vet another aspect, provided herein is a glucocorticoid receptor antagonist
(GRA) for use in a method of differentially diagnosing adrenscorticotropic hormone
(ACTH)-dependent Cushing’s syndrome in a patient where the differential diagnosis is
between ectopic ACTH syndrome and Cushing Disease, the method comprising the steps
of: {1} selecting a patient with Cushing’s syndrome and also elevated ACTH levels; (i1}
administering a dose of the GRA sufficient to increase ACTH from the pituitary gland by
at least two told in persons with normal Hypothalmus Pituitary Adrenal (HPA) function;
(111} watting for at least two hours; and (1v) obtaining from the patient an ACTH
concentration ratio wherein the ratio 1s derived from the ACTH concentrations in fluid
obtained from either the left or right inferior petrosal venous sinus and from flud
obtained from a periphery venous sample; wherein an ACTH concentration ratio of
greater than 3 for the ACTH concentration from the inferior venous sinus sample over the
periphery venous sinus sample is diagnostic of Cushing’s disease. In addition, all the
embodiments i the first aspect described above are also included 1n this aspect of the

disclosure.

{6017} Other objects, features, and advantages of the present invention will be apparent

to one of skill n the art from the following detailed description and figures.

DETAILED DESCRIPTION OF THE INVENTION

I8 INTRODUCTION

[B018] This mvention mvolves the use of GRAs to provide a robust and reproducible
means to stimulate ACTH production 1 the pituttary gland for the differential diagnosis
of patients with ACTH-dependent Cushing’s syndrome, where the differential diagnosis
is between ectopic ACTH syndrome and Cushing Disease. GRAs are first admunistered,
and blood samples are then taken by IPSS after sufficient time for the assessment of

ACTH levels.

[B019] The claimed methods have many advantages over the existing differential
diagnosis methods, such as CRH-IPSS, DDAVP-IPSS and metyrapone-IPSS. First, the

claimed methods are more robust compared to metyrapone-IPSS. GRAs used in the

9
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imvention act to block cortisol binding to the receptor — thus preventing cortisol from
inhibiting ACTH production and resulting in increased ACTH production/secretion.
Compared to metyrapone, which acts to block the cortisol synthesis pathway, GRAs’
effect on ACTH stimulation is more direct, thus making the test results more reliable.
Second, compared to CRH/DDAVP-IPSS, the methods are cost-effective and convenient
to use because GRAs are orally deliverable and less expensive than CRH to manufacture
and store. Third, compared to CRH/DDAVP-IPSS, the method disclosed herein
dispenses with the need to sample blood before the administration of GRAs, and thus
reduces the duration of catheterization and minimizes complications associated with

prolonged catheterization.
LR DEFINITIONS

[60208] The term “endogenous Cushing’s syndrome” refers to a form of Cushing’s
syndrome, where the excess cortisol level 1s caused by the body's own overproduction of

cortisol.

{6021] The term “Adrenocorticotropic hormone (ACTH)-dependent Cushings
syndrome” refers to a form of endogenous Cushing’s syndrome, which s caused by
abnormal production of ACTH. There are two major forms of ACTH-dependent
Cushing’s syndrome: Cushing Disease (accounting for about 80% of the cases) and

ectopic ACTH syndrome (accounting for 20% of the cases).

[6022] The term “ACTH concentration ratio”, “ACTH ratio”, “pituttary to periphery
ACTH ratio”, or “central to periphery ACTH ratio” disclosed herein refers to the ratio
between the amount, level, or concentration of ACTH in the blood sample obtained from
mferior petrosal sius and the blood sample obtained from the periphery veins. In one

embodiment, the periphery vein s the jugular vein.

[8023] The term “prolactin concentration ratio”, “prolactin ratio”, “pituitary to
periphery prolactin ratio”, or “central to periphery prolactin ratio” disclosed herein refers
to the ratio between the amount, level, or concentration of prolactin 1n the blood sample
obtained from inferior petrosal sinus and the blood sample obtained from the periphery

veins. In one embodiment, the periphery vein is the jugular vein.

10
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{0024] The term “differentially diagnosing” refers to the distinguishing of a particular
disease or condition from others that present similar symptoms. A differential diagnostic
method is a systematic diagnostic method used to identify the presence of a condition
where multiple alternatives are possible. This method is essentially a process of
elimination or a process of obtaining information that shrinks the "probabilities” of
candidate conditions to neghigible levels. The method uses evidence such as symptoms,
test results, patient history, and medical knowledge to adjust epistemic confidences in the
mind of the diagnostician {or, for computerized or computer-assisted diagnosis, the
software of the system). Often each individual option of a possible disease 15 called a

differential diagnosis.

{00258] The term “ectopic ACTH syndrome” refers to the abnormal production of
ACTH due to ectopic ACTH secretion by an extrapituttary tumor. These extrapttuitary
tumors frequently originate in fungs, but i some cases originate from the thymus,

pancreas, adrenal gland or thyroid.

[8026] The term “Cushing Disease” refers to the condition in which the pituntary gland
releases too much ACTH as a result of a tumor located in — or excess growth

{(hyperplasia) of — the pituttary gland. Cushing Disease 15 a form of Cushing’s syndrome.

{60277 The term “hypercortisolemia” refers a condition of having a higher than normal

amount of circulating cortisol.

{0028] The term “inferior petrosal sinus sampling (IPSSY” refers to an invasive
procedure performed to obtain blood samples from one or both petrosal venous sinuses
by inserting catheters in one or both inferior petrosal veins via the jugular or femoral
veins. The petrosal venous sinus drains the pituitary via the cavernous sinus. Thus,
saraples obtained from PSS are often analyzed and compared with the samples obtained
from periphery blood for the amount of a particular analyte to detect signs of a disease

relating to the pituitary gland.

[8029] The term “jugular venous sampling” refers to an invasive procedure performed

to obtain blood samples from jugular veins (a periphery vein) by inserting catheters in the

11
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internal jugular vein via femoral veins. The tips of the catheters are typically advanced to

the level of the angles of the mandible.

{8030} The term “periphery venous sinus sampling” refers to an invasive procedure
performed to obtain blood samples from periphery veins by catheterization. Non-limiting
examples of periphery veins include adrenal veins, high inferior vena cava, hepatic vein,
azygos and hemiazygos veins, right atrium, right and left innominate and thymic veins,

jugular veins, and both superior and nuddle thyroid vemns.

{6031] The term “patient,” “individual”, or “subject” 1s used interchangeably to refer to
a human subject. In some cases, the individual 1s suspected of having adrenal

msufficiency.

{6032} The term “admunistering” includes oral administration, topical contact,
administration as a suppository, intravenous, intraperitoneal, intramuscular, intralesional,
intrathecal, intranasal, or subcutaneous administration, or the implantation of a slow-
release device, e.g., a mini-osmotic pump, to a subject. Admunistration is by any route,
including parenteral and transmucosal {e.g., buccal, sublingual, palatal, gingival, nasal,
vaginal, rectal, or transdermal). Parenteral administration includes, e.g., intravenous,
intramuscular, intra-arteriole, intradermal, epicutaneous, subcutaneous, intraperitoneal,
mtraventricular, and intracranmal. Other modes of delivery include, but are not limited to,

the use of iposomal formulations, intravenous infusion, and transdermal patches.

{6033] The term “sample” refers to a biclogical sample obtained from a human subject.
The sample can be any cell, tissue or fluid from a human subject. Samples can be subject
{0 various treatment, storage or processing procedures before being analyzed according to
the methods described herein. Generally, the terms “sample” or “samples” are not
mtended to be limuted by their source, origin, manner of procurement, treatment,

processing, storage or analysis, or any modification,

[0034] The term “cortisol” refers to a glucocorticoid hormone that 1s produced by the

zona fasciculata of the adrenal gland.

[6035] The term “adrenocorticotropic hormone” or “ACTH” refers to a polypeptide-

based hormone that is normally produced and secreted by the anterior pituitary gland.

12
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ACTH stimulates secretion of cortisol and other glucocorticoids {((GCs) by specialized
cells of the adrenal cortex. In healthy mammals, ACTH secretion 1s tightly regulated.
ACTH secretion 1s positively regulated by corticotropin releasing hormone (CRH), which
is released by the hypothalamus. ACTH secretion is negatively regulated by cortisol and

other glucocorticoids.

[6036] The term “measuring the level,” in the context of cortisol, ACTH, or other
steroids, refers determining, detecting, or quantitating the amount, level, or concentration

of, for example, cortisol, ACTH or other steroids in a sample obtained from a subject.

{0037] The term a “increase” or a “decrease” refers to a detectable positive or negative
change m quantity from a comparison control, e.g., an established standard control (such
as an average level of cortisol in a normal, healthy subject who does not have
hypercortisolemia). An increase is a positive change that s typically at least 5%, at least
10%, or at least 20%, or 50%, or 100%, and can be as high as at least 1.5-fold, at least 2-
fold, at least 5-fold, or even 10-fold of the control value. Similarly, a decrease s a
negative change that is typically at least 5%, at feast 10%, or at least 20%, 30%, or 50%,
or even as high as at least 80% or 90% of the control value. Other terms indicating

23 (c} 39

quantitative changes or differences from a comparative basis, such as “more,” “less,

‘higher,” and “lower,” are used in this application in the same fashion as described above.

39 (L

[0038] The term “normal reference value”, “reference value”, or “standard control
level” refers to the a predetermined amount, level, or concentration of a particular
analyte, e.g., ACTH, cortisol, or prolactin — by comparison to which a diagnosis of the
presence or absence of a particular condition can be made, e. g, hypercortisolemia.
Normal reference values referred to 1n this disclosure are in some cases provided by the
commercial test that 1s used to determine the analyte levels. In some cases, a normal
reference value, reference value, or standard control level is established as the average of
the amount, level, or concentration of an analyte from one or more normal, healthy
subjects, e.g., subjects who have normal HPA function. In some cases, they are
established as a range of the level, amount, or concentration of the analyvte n a group of

healthy subjects. Normal reference values may vary depending on the nature of the
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sample, the manner or timing of sample collection, as well as other factors such as the

sex, age, and ethnicity of the subjects for whom such a control value is established..

{8039} The term “elevated level”, “elevated amount”, or “elevated concentration”
refers to the level or amount of the analyte that 1s higher than the normal reference valug

for that analyte.

{0046] The term “chromatography” refers to a process in which a chemical mixture
carried by a liquid or gas is separated into components as a result of the differential
distribution of the chemical entities as they flow around or over a stationary liquid or

solid phase.

{0041} The term “liquid chromatography™ or “LL7 refers to a process of selective
retardation of one or more components of a fluid solution when the fluid uniformly
percolates either through a column of a finely divided substance or through capillary
passageways. The retardation results from the distribution of the components of the
mixture between one or more stationary phases and the bulk fluid, (7.e., mobile phase), as
this fluid moves relative to the stationary phase(s). Examples of “hiquid
chromatography” include reverse phase liquid chromatography (RPLC), high
performance liguid chromatography (HPLC), and turbulent flow hquid chromatography
(TFLC) (sometimes known as high turbulence liquid chromatography (HTLC) or high

throughput liquid chromatography).

{6042] The term “high performance hiquid chromatography” or “HPLC” (also
sometimes known as “high pressure liquid chromatography”) refers to liquid
chromatography in which the degree of separation 1s mcreased by forcing the mobile
phase under pressure through a stationary phase — typically a densely packed column. As
used herein, the term “ultra high performance liquid chromatography”, “HPLC” or
“UHPLC” (sometimes known as “ultra high pressure higuid chromatography”) refers to

HPLC which occurs at much higher pressures than in traditional HPLC techniques.

8043] The term “glucocorticosteroid” (“GC”) or “glucocorticoid” refers to a steroid
Y 7 O
hormone that binds to a glucocorticoid receptor. Glucocorticosteroids are typically

characterized by having 21 carbon atoms, an «,B-unsaturated ketone in ring A, and an o-
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ketol group attached to ring 2. They differ in the extent of oxvgenation or hydroxylation
at C-11, C-17, and C-19; see Rawn, “Biosynthesis and Transport of Membrane Lipids
and Formation of Cholesterol Derivatives,” in Biochemistry, Daisy ef @/, {eds.}, 1989, pg.

567.

{0044 The term “glucocorticoid receptor” (“GR”) refers to the type If GR which
specifically binds to cortisol and/or cortisol analogs such as dexamethasone; See, e.g.,
Turner & Muller, J Mol Endocrinol, 2005 (35): 283-292. The GR is also referred to as
the cortisol receptor. The term includes isoforms of GR, recombinant GR and mutated
GR. Inhibition constants (K} against the human GR receptor type Il {Genbank: P04150}
are between 0.0001 nM and 1,000 nM; preferably between 0.0005 nM and 10 nM, and
most preferably between 0.001 nM and 1 nM.

{0045] The term “glucocorticoid receptor antagonist” or “GRA” refers to any
composition or compound which partially or completely inhibits {(antagonizes) the
hinding of a glucocorticoid receptor (GR) agonist, such as cortisol, or cortisol analogs,
synthetic or natural, to a GR. A “specific glucocorticoid receptor antagonist” refers to
any composition or compound which 1nhibits any biological response associated with the
binding of'a GR to an agomst. By “specific,” the drug preferentially binds to the GR
rather than to other nuclear receptors, such as the mineralocorticoid receptor (MR,
androgen receptor (AR), or progesterone receptor (PR). 1t is preferred that the specific
glucocorticoid receptor antagonist binds GR with an affinity that is 10x greater (1/10" the
Kgq value) than its affinity to the MR, AR, or PR, both the MR and PR, both the MR and
AR, both the AR and PR, or to the MR, AR, and PR. In a more preferred embodiment,
the specific glucocorticoid receptor antagonist binds a GR with an affinsty that 1s 100x
greater {1/1 00" the Ky value) than its affinity to the MR, AR, or PR, both the MR and
PR, both the MR and AR, both the AR and PR, or to the MR, AR, and PR.

[8046] The term “selective inhibitor” in the context of a glucocorticoid receptor refers
to a chemucal compound that selectively mnterferes with the binding of a specific

glucocorticoid receptor agomst and a glucocorticoid receptor.

[8047] The term “steroidal backbone” in the context of ghucocorticoid receptor
antagonsts contaiming such refers to glucocorticowd receptor antagonists that contain
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modifications of the basic structure of cortisol, an endogenous steroidal glucocorticoid

receptor ligand. The basic structure of a steroidal backbone is provided as Formula It

Formula [: Steroidal Backbone

The two most commonly known classes of structural modifications of the cortisol steroid
backbone to create glucocorticoid antagonists include modifications of the 11- § hydroxy
group and modification of the 17- B side chain (See, e. g., Lefebvre (1989} J. Steroid
Biochem. 33: 557-563).

[0048] As used herein, the term “non-steroidal backbone” 1n the context of
glucocorticoid receptor antagonists containing such refers to ghucocorticoid receptor
antagonists that do not share structural homology to, or are not modifications of, cortisol.
Such compounds mclude synthetic mimetics and analogs of proteins, including partially

peptidic, pseudopeptidic, and non-peptidic molecular entities.

[6049] Non-steroidal GRA compounds also include glucocorticord receptor antagonists
having a cyclohexyl-pyrimuidine backbone, a fused azadecalin backbone, a heteroaryl
ketone tused azadecalin backbone, or an octahydro fused azadecalin backbone.
Exemplary glucocorticoid receptor antagonists having a cyclohexyl-pyrimidine backbone
melude those described in U.S. Patent No. 8,685,973, Exemplary GRAs having a fused
arzadecalin backbone include those described in UK. Patent Nos. 7,928.237 and
8,461,172, Exemplary GRAs having a heteroaryl ketone fused azadecalin backbone
include those described 1n UK. Pat. Pub. 2014/0038926. Exemplary GRAs having an
octohydro fused azadecalin backbone inclhude those described in U.S. Provisional Patent

Appl. No. 61/908,333, entitled Octahydro Fused Azadecalin Glucocorticoid Receptor
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Modulators, Attorney Docket No. 85178-887884 (007800US), filed on November 23,
2013,

{8050} Where substituent groups are specified by their conventional chemical
formulae, written from left to right, they equally encompass the chemically identical
substituents that would result from writing the structure from night to left, e g., -CH,0- 1

equivalent to ~-OCH;-.

{6051} “Alkyl” refers to a straight or branched, saturated, aliphatic radical having the
number of carbon atoms indicated.  Alkyl can include any number of carbons, such as
Cra, Ci3, Crs, Cus, Crs, i, Crs, Cro, Crogo, Cas, Cog, Cos, Cog, Gag, Cas, Casg, Cas,
Cas, and (s For example, Cig alkyl includes, but is not limited to, methyl, ethyi,

propyl, 1sopropyl, butyl, isobutyl, sec.butyl, tert.butyl, pentyl, isopentyl, and hexyl

[6052] “Alkoxy” refers to an alkyl group having an oxygen atom that connects the
alkyl group to the point of attachment: alkyl-O-. As for the alkyl group, alkoxy groups
can have any suitable number of carbon atoms, such as Cis. Alkoxy groups include, for
example, methoxy, ethoxy, propoxy, 1so-propoxy, butoxy, 2-butoxy, iso-butoxy,

sec-butoxy, tert-butoxy, pentoxy, hexoxy, efc.
{8053} “Halogen” refers to fluorine, chlorine, bromine, and 1odine.

[00654] “Haloalkyl” refers to alkyl, as defined above, where some or all of the hydrogen
atoms are replaced with halogen atoms. As for the alkyl group, haloalkyl groups can
have any suittable number of carbon atoms, such as Cy, and include triffuoromethyl,

fluoromethyl, efc.

[B085]  The term “perfluoro” can be used to define a compound or radical where all the
hydrogens are replaced with fluorine. For example, perfluoromethane includes

1,1, -trifluoromethyl.

{8056] “Haloalkoxy” refers to an alkoxy group where some or all of the hydrogen
atoms are substituted with halogen atoms. As for the alkyl group, haloalkoxy groups can
have any suttable number of carbon atoms, such as Cy¢ The alkoxy groups can be

substituted with 1, 2, 3, or more halogens. When all the hydrogens are replaced with a

[u——y
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halogen, for example by fluorine, the compounds are per-substituted, for example,
perfluorinated. Haloalkoxy includes, but 1s not himited to, trifluoromethoxy,

2,2,2 -tritluoroethoxy, and perfluoroethoxy.

{0087F  “Cycloalkyl” refers to a saturated or partially unsaturated, monocyclic, fused
bicyclic, or bridged polyeyclic ring assembly containing from 3 to 12 ring atoms, or the
number of atoms indicated. Cycloalkyl can include any number of carbons, such as Ci,
Cag, Csag, Cap, Cag, Csg, Cos, Csoo, Csop0, Csyy, and Cauyy. Saturated monocyclic
cycloalkyl rings include, for example, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
and cyclooctyl. Saturated bicyclic and polycyclic eycloalkyl rings include, for example,
norbornane, [2.2.2] bicyclooctane, decahydronaphthalene, and adamantane. Cycloalkyl
groups can also be partially unsaturated, having one or more double or triple bonds in the
ring. Representative cycloalkyl groups that are partially unsaturated include, but are not
limited to, cyclobutene, cyclopentene, cyclohexene, cyclohexadiene (1,3- and 1.4-
isomers), cycloheptene, cycloheptadiene, cyclooctene, cvclooctadiene (1,3~ 1,4- and 1,5-
1somers), norbornene, and norbornadiene. When cycloalkvl 1s a saturated monocyclic
Ci.g cycloalkyl, exemplary groups include, but are not limited to, cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cveloheptyl, and cyclooctyl. When cycloalkyl is a saturated
monocyclic Csg cycloalkyl, exemplary groups include, but are not imited to,

cyclopropyl, cvelobutyl, eyclopentyl, and cyclohexyl.

[0058] “Heterocycloalkyl” refers to a saturated ring system having from 3 to 12 ring
members and from 1 to 4 heteroatoms of N, O, and 5. Additional hetercatoms can also
be useful, mcluding but not himited to, B, Al, 81, and P. The heteroatoms can also be
oxidized, such as, but not limited to, -S{0}- and -5{0),-. Heterocyeloalkyl groups can
melude any number of ring atoms, suchas 3106, 4106, 5t06,3108,4108, 5108,
6108 3109 3to 16, 3to 1, or3 to 12 ring members. Any suitable number of
heteroatoms can be included in the heterocycloalkyl groups, suchas 1,2, 3, ord, or 1 to
2,1103,1104,2103,2t04, or3tc 4 The heterocycloalkyl group can inchude groups
such as azinding, azetiding, pyrroliding, piperidine, azepane, azocane, quinuchdine,
pyrazolidine, imidazolidine, piperazine (1,2, 1,3- and 1,4-1somers), oxirane, oxetane,

tetrahvdrofuran, oxane (tetrahydropyran), oxepane, thiirane, thietane, thiolang

18



WO 2017/027851 PCT/US2016/046904

(tetrahvdrothiophene), thiane {tetrahydrothiopyran), oxazolidine, isoxalidine,
thiazolidine, 1sothiazolidine, dioxolane, dithiolane, morpholine, thiomorpholine, dioxane,
or dithiane. The heterocycloalkyl groups can also be fused to aromatic or non-aromatic

ring systems to form members including, but not limited to, indohine.

[8059] When heterocycloalkyl inchudes 3 to 8 ring members and 1 to 3 heteroatoms,
representative members include, but are not limited to, pyrrolidine, piperidine,
tetrahydrofuran, oxane, tetrahydrothiophene, thiane, pyrazolidine, imidazohidine,
piperazine, oxazolidine, isoxazolidine, thiazolidine, 1sothiazolidine, morpholine,
thiomorpholine, dioxane and dithiane. Heterocycloalkyl can also form a ring having 5 to
6 ring members and 1 to 2 heteroatoms, with representative members including, but not
limited to, pyrrolidine, piperidine, tetrahydrofuran, tetrahydrothiophene, pyrazolidine,
mmidazolidine, piperazine, oxazolidine, 1soxazolidine, thiazolidine, 1sothiazolidine, and

morpholine.

[0060]  “Aryl” refers to an aromatic ring system having any suitable number of ring
atoms and any suitable number of rings. Aryl groups can include any suttable number of
ring atoms, suchas 6, 7, 8,9, 10, 11, 12, 13, 14, 15, or 16 ring atoms, as well as from 6 to
10, 610 12, or 6 to 14 ring members. Aryl groups can be monocyclic, fused to form
bicyelic or tricyehic groups, or linked by a bond to form a biaryvl group. Representative
aryl groups include phenyl, naphthy] and biphenyl. Other aryl groups include benzyl,
that has a methylene hinking group. Some aryl groups have from 6 to 12 ring members,
such as phenyl, naphthyl, or biphenyl. Other aryl groups have from 6 to 10 ring
members, such as phenyl or naphthyl Some other aryl groups have 6 ring members, such

as phenyl. Aryl groups can be substituted or unsubstituted.

{0061 “Heteroaryl” refers to a monocyclic, fused bicyclic, or tricyclhic aromatic ring
assembly containing 5 to 16 ring atoms, where from 1 to 5 of the ring atoms are a
heteroatom such as N, O, or S. Additional heteroatoms can also be useful, mcluding but
not limated to, B, Al 81, and P. The hetercatoms can also be oxidized, such as, but not
lunuted to, N-oxide, -S(O}-, and -S{0O}y-. Heteroary! groups can include any number of
ring atoms, such as 3106, 4106, 510 6,310 38,4108, 5108, 6t08, 3109, 31010,

3to 11, or 3 10 12 ring members. Any suitable number of heteroatoms can be included 1n
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the hetercaryi groups, suchas 1,2, 3,4, or5;0r 1102, 1103, 1t04, 1105, 2103, 2104,
21035, 3to 4, or 3 to 5. Hetercaryl groups can have from 5 to 8 ring members and from 1
to 4 heteroatoms, or from S to § ring members and from 1 to 3 heteroatoms, or from S to
6 ring members and from 1 to 4 hetercatoms, or from 5 to 6 ring members and from 1 to
3 heteroatoms. The hetercaryl group can include groups such as pyrrole, pyridine,
imidazole, pyrazole, triazole, tetrazole, pyrazine, pyrimidine, pyridazine, triazine (1,2,3-,
1,2,4-, and 1,3,5-1somers), thiophene, furan, thiazole, isothiazole, oxazole, and isoxazole.
The heteroaryl groups can also be fused to aromatic ring systems, such as a phenyl ring,
to form members including, but not limited to, benzopyrroles such as indole and
isoindole, benzopyridines such as quinoline and 1soquinoline, benzopyrazine
{quinoxaline), benzopyrimidine {quinazoline), benzopyridazines such as phthalazine and
cinnoline, benzothiophene, and benzofuran. Other hetercaryl groups include heteroaryl
rings linked by a bond, such as bipyridine. Heteroaryl groups can be substituted or

unsubstituted.

[8062] The heteroaryl groups can be linked via any position on the ring. For example,
pyrrole includes 1-, 2-, and 3-pyrrole; pyridine includes 2-, 3- and 4-pyridine; imidazole
meludes 1-, 2-, 4- and 5~-imudazole; pyrazole includes 1-, 3-, 4- and S-pyrazole; tniazole
mcludes 1-, 4- and S-triazole; tetrazole includes 1~ and 5-tetrazole; pyrimidine includes 2-
, 4-, 5~ and 6~ pyrimidine; pynidazine includes 3- and 4-pyridazine; 1,2, 3-triazine includes
4- and S-triazme; 1,2 4-iriazine includes 3-, 5- and 6-tniazine; 1,3, 5-triazine includes 2-
triazine; thiophene includes 2- and 3-thiophene; furan mcludes 2- and 3-furan; thiazole
mcludes 2-, 4- and S-thiazole; 1sothiazole includes 3-, 4- and S-isothiazole; oxazole
meludes 2-, 4~ and 5-oxarole; isoxazole inchudes 3-, 4- and S-isoxazole; indole includes
I-, 2- and 3-ndole; 1somndole mncludes 1- and Z-isomdole; quinoline includes 2-, 3- and 4-
quinolme; soquinoline includes 1-, 3- and 4-1soquinchine; quinazoline inclades 2- and 4-
quinoazoline; cinnoline includes 3- and 4-cinnoline; benzothiophene includes 2- and 3-

benzothiophene; and benzofuran includes 2- and 3-benzofuran.

[8063] Some heteroary] groups include those having from 5 to 10 ring members and
from 1 to 3 ring atoms including N, O, or S, such as pyrrole, pyridine, imidazole,

pyrazole, triazole, pyrazine, pyrinudine, pyridazing, triazine {1,2,3-, 1,2.4- and 1,3,5-
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isomers), thiophene, furan, thiazole, isothiazole, oxazole, isoxazole, indole, 1soindole,
quinoling, isoquinolineg, quinoxaline, quinazoline, phthalazine, cinnohine,
benzothiophene, and benzofuran. Other heteroaryl groups include those having from S to
& ring members and from 1 to 3 hetercatoms, such as pyrrole, pyridine, imidazole,
pyrazole, triazole, pyrazine, pyrinudine, pyridazine, triazine {1,2,3-, 1,2.4- and 1,3,5-
isomers), thiophene, furan, thiazole, isothiazole, oxazole, and isoxazole. Some other
heteroaryl groups include those having from 9 to 12 ring members and from 1 to 3
heteroatoms, such as indole, isoindole, quinohine, 1soquinoline, quinoxaline, quinazoline,
phthalazine, cinnoline, benzothiophene, benzofuran and bipyridine. Still other heteroaryl
groups include those having from S to 6 ring members and from 1 to 2 ring hetercatoms
meluding N, O or 8§, such as pyrrole, pyridine, imidazole, pyrazole, pvrazine, pyrimidine,

pyridazine, thiophene, furan, thiazole, isothiazole, oxazole, and 1soxazole.

[0064] Some hetercaryl groups include from 5 to 10 ring members and only nitrogen
heteroatoms, such as pyrrole, pyridine, imidazole, pyrazole, triazole, pyrazine,
pyrimidine, pyridazine, triazine {(1,2,3-, 1,2,4- and 1,3,5-1s0mers), indole, 1soindole,
quinoline, isoquinoline, quinoxaline, quinazoline, phthalazine, and cimnoline. Other
hetercaryl groups include from 5 to 10 ring members and only oxygen heteroatoms, such
as furan and benzoturan. Some other heteroaryl groups include from 5 to 10 ring
members and ounly sulfur hetercatoms, such as thiophene and benzothiophene. Still other
heteroaryl groups melude from S to 10 ring members and at least two hetercatoms, such
as imidazole, pyrazole, triazole, pyrazine, pyrimidine, pyridazine, triazine {1,2,3~, 1,2,4~
and 1,3,5-1somers), thiazole, isothiazole, oxazole, 1soxazole, quimoxaline, quinazoline,

phthalazine, and cinnoline,
{0065] “Hetercatoms” refers to G, 8, or N.

[0066] “Salt” refers to acid or base salts of the compounds used in the methods of the
present invention. [Hustrative examples of pharmaceutically-acceptable salts are mineral
acid (hydrochloric acid, hydrobromic acid, phosphoric acid, and the like} salts, organic
acid {acetic actd, propronic acid, glutamic acid, citric actd, and the bike) salts, and
quaternary ammonium {methyl 1odide, ethyl 1odide, and the Tike) salts. It 15 understood

that the pharmaceutically-acceptable salts are non-toxic. Additional imformation on
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suitable pharmaceutically-acceptable salts can be found in Remington's Pharmaceutical
Sciences, 17th ed., Mack Publishing Company, Easton, Pa., 1985, which 1s incorporated

herein by reference.

{0067] “Isomers” refers to compounds with the same chemical formula but which are

structurally distinguishable.

{0068] “Tautomer” refers to one of two or more structural isomers which exist in

equilibrium and which are readily converted from one form to another.

{0069] Descriptions of compounds of the present invention are limited by principles of
chemical bonding known to those skilled in the art. Accordingly, where a group may be
substituted by one or more of a number of substituents, such substitutions are selected so
as to comply with principles of chemical bonding and to produce compounds which are
not inherently unstable — and/or would be known to one of ordinary skill in the art as
likely to be unstable under ambient conditions — such as aqueous, neutral, or

physiological conditions.

{8078] “Pharmaceutically-acceptable excipient” and “pharmaceutically-acceptable
carrier” refer to a substance that aids the administration of an active agent to — and
absorption by — a subject and can be included in the compositions of the present
mvention without causing a significant adverse toxicological effect on the patient. Non-
limiting examples of pharmaceutically-acceptable excipients include water, NaCl, normal
saline solutions, lactated Ringer’s, normal sucrose, normal glucose, binders, fillers,
disintegrants, lubricants, coatings, sweeteners, flavors and colors, and the like. One of
ordinary skill in the art will recognize that other pharmaceutical excipients are useful 1n

the present invention.
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Hi. DETAILED DESCRIPTIONS OF EMBODIMENTS

A, Method For Differential Diagnosis of ACTH-Dependent Cushing’s
Syndrome

i Selecting Patients Having ACTH-Dependent Cushing’s
Syndrome

{0671] The methods disclosed herein is used to provide differential diagnosis between
Cushing Disease and ectopic ACTH syndrome to patients who have already been
diagnosed as having ACTH-dependent Cushing’s syndrome. A diagnosis of ACTH-
dependent Cushing’s syndrome can be made based on observation of certain chinical

symptoms, the detection of hypercortisolemia and elevated blood ACTH levels.

a. Chinical Svmptoms

{0072] Eligible patients may exhibit one or more of the following symptoms: easy
bruising; abdominal obesity and thin arms and legs; facial plethora; acne; proximal
myopathy {or proximal muscle weakness); striae {especially if reddish purple and 1 cm
wide); and thin skin. Patients may also frequently feel changes in mood; change in
appetite, headaches; a chronic feeling of tiredness; osteoporosis; low potassium; diabetes,
and high blood pressure; decreased concentration peripheral edema hypokalemia;
decreased libido acne kidney stones; impaired memory {especially short term}; and
unusual infections. Females patients may have irregular menstruation, hirsutism, or
female balding. Pediatric patients may have weight gain with decreasing growth
velocity; abnormal genital virilization; short stature; and pseudoprecocious puberty or

delayed puberty. The next step is to confirm these patients have hypercortisolemia.

b Hypercortisolenua

{6073] A diagnosis of hypercortisolemia requires the determination of the patient’s
circulating cortisol level. Various types of samples that can be used for this purpose,
such as saliva, urine, whole blood, serum, and plasma. Samples may also be collected at
different time during the day. Tn one approach, the patient’s whole blood sample is
collected and processed to collect serum, i.2., in the morning, e.g., at 8 am. or inthe
afternoon, e.g., at 4 pm. The collected serum sample s refrigerated or frozen within,
e.g., 2 hours of collection. Analysis of the serum sample is performed in a timely
fashion, e.g. within 7 days from sample collection. In another approach, the patient’s
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cortisol levels are measured from his or her saliva samples. Salivary cortisol 15 in
equiltbriom with the free cortisol in blood circulation. Changes of cortisol levels in the
bloodstream are paralleled, within minutes, by similar alterations in salivary cortisol
concentrations, such that one can use the latter as a surrogate of the former. The
commonly used saliva-based cortisol test is the nudnight saliva test, which measures
cortisol levels from saliva samples collected at between 11 pm and midnight. Intake of
food or drink is prohibited at least 15 munutes prior to sample collection. Saliva samples
are collected by keeping and rolling a swab 1n mouth for approximately 2 minutes. The
saliva samples, ambient or refrigerated, are then sent to a laboratory for cortisol level

determination in a timely fashion, e.g., within 7 days from sample collection.

[8074] Methods for measuring cortisol levels are known to those in the art. Useful
assays include immunoassays, e.g., competitive imnmunoassay, radicimmunoassay,
mmmunofluorometric enzyme assay, and ELISA, competitive protemn-binding assay and
mass spectrometry, e.g., high-performance liquid chromatography/iriple quadrupole~-mass
spectrometry (LC-MS/MS). Commercial kits for measuring cortisol in samples are
available from Beckman-Coulter, Seimens, Roche Dhagnostics, and the like. Non-
limiting examples of cortisol tests are Mayo Chnic’s SALCT, CORT, CORTU, and CINP
tests; an ADVIA Centaur” Cortisol assay (Siemens Healthcare Global); ARCHITECT
12000SR cortiso] (Abbott); Immulite™ 2000 Cortisol assay (Siemans Healthcare Global,
HLIKCOR), Vitros™ ECi Cortisol assay {Ortho Clinical Diagnostics; #107 4053), and

Elecsys” Cortisol Immunoassay (Roche Molecular Diagnostics; #11875116160).

[6075] The patient’s cortisol measurement 1s then compared with the normal reference
value; a level higher than the normal reference value indicates the patient has
hypercortisolemia. The normal reference values for cortisol levels vary depending on the
nature of the samples, the manner and timing of sample collection (higher for samples
collected in the morning and lower for samples collected at night}, and the detection
method. Thus, 1t 15 essential to interpret test results 1n the context of the appropriate
normal reference values. Various commercial kits provide the normal reference values in
testing protocols. For example, normal reference values for the Mayo Chnic’s SALCT

test that determines cortisol level in saliva 1s <100 ng/dL; a saliva cortisol level higher

24



WO 2017/027851 PCT/US2016/046904

than 100 ng/dL 1s thus an indication of hypercortisolemia. After being diagnosed with
hypercortisplemia, the patient 15 subject to additional tests to confirm the presence of

Cushing’s syndrome.

c Cushing’s Svandrome
[8076] At least one, preferably two or more, of the following tests are performed to
diagnose Cushing’s syndrome: 1) dexamethasone suppression test, which documents a
loss of feedback inhibition of cortisol on the hypothalamic-pituitary-adrenal (HPA) axis;
2) 24-hour Urine Free Cortisol test, which assesses cortisol secretion in a 24-hour period;
and 3) midnight salivary cortisol, which evaluates the loss of normal diurnal vanation in
cortisol secretion. If two of the three tests show abnormal cortisol levels, the Cushing’s

syndrome 1s confirmed.

{6677] The dexamethasone suppression test 1s typically used as a screen test for
Cushing’s syndrome. Dexamethasone 1s an exogenous steroid that binds glucocorticoid
receptors in the anterior pituitary gland. When healthy individuals are treated with a low
dose (1-2 mg) of dexamethasone, binding of dexamethasone to the glucocorticoid
receptors provides negative feedback to the pituitary gland and results m suppression of
ACTH secretion. The suppression of ACTH secretion, in turn, results in suppression of
cortisol release and therefore a detectable decrease in cortisol level 1n circulation. In
contrast, when patients having Cushing’s syndrome are treated with a low dose of
dexamethasone, no or little decrease in cortisol levels can be detected because of the
excessive cortisol production associated with the disease. In one approach, the
dexamethasone suppression test 1s performed by admunstering a low dose of
dexamethasone, e.g., 1 mg, the night before at, e.g., 11 pm. The next moring, e.g.,
between 8-9 amy; the patient’s blood s then sampled and serum cortisol levels measured.
Since normal subjects typically have serum cortisol levels reduced to less than 1.8 mg/dl,
a serum cortisol level of more than 1.8 mg/dL 1s indicative of the presence of Cushing’s

syndrome,

[6678] The 24-hour Urine Free Cortisol test 13 the gold standard for diagnosing
Cushmg’s syndrome. Thus test uses the principle that cortisol production 1s increased

with Cushing’s syndrome, and measurements of urinary excretion provide an mtegral
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estimate of that increase. A result more than the normal reference values is indicative of
the presence of Cushing’s syndrome. A 3 to 4-fold increase over normal reference values
provides definite diagnosis of Cushing’s syndrome; if this increase is present, no
additional testing 15 required to confirm the diagnosis. For less dramatic increases in the
urinary free-cortisol (UFC) level, other tests, such as the overnight dexamethasone

suppression test and the midnight salivary cortisol test, as described above, are required.

{8079} The midnight saliva test s another test commonly used to confirm Cushing’s

syndrome. See the description of the test in the section above.

{8080} 1f the patient i1s confirmed to have Cushing’s syndrome by two of the three tests,
or by the detection of a 3 to 4-fold cortisol level increase in the 24-hour Urine Free
Cortisol test, the next step 1s to measure ACTH to confirm he or she has ACTH-

dependent Cushing’s syndrome.

d ACTH-Dependent Cushing’s Svndrome

{6081} There are two kinds of endogenous Cushing’s syndrome: ACTH-dependent and
ACTH-independent. The high cortisol level associated with ACTH-dependent Cushing’s
syndrome 15 caused by the overproduction of ACTH from a tumor, e.g., a pituitary tumor
or an extrapituitary tumor. The excess cortisol level associated with ACTH-independent
Cushing’s syndrome, on the other hand, is caused by the overproduction of cortisol by a
tumor in the adrenal gland or the overgrowth of the adrenal gland — either of which
ihibits ACTH production and release. Thus, the ACTH levels are high in patients
having ACTH-dependent Cushing’s syndrome but low or even undetectable in patients

having ACTH-independent Cushing’s syndrome.

[0082] The biological samples that are suitable for ACTH determination can be serum,
plasma, saliva, urine, or any other biological tluid taken from a subject. The sample can
be the same or different from the sample used for cortisol level measurement. In some
cases, the same sample that is used to measure cortisol level can be used to measure
ACTH level. In other cases, different samples are used to measure cortisol and ACTH
levels. For example, the cortisol levels can be measured in saliva and the ACTH levels
can be measured in plasma. In yet other cases, different samples of the same type are
used to measure the levels,
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{8083} The level of ACTH can be measured using various methods, including but not
limited to, immunoassays, €.g., competitive immunoassay, radioimmunoassay,
immunofluorometric enzyme assay, and ELISA; competitive protein-binding assays;
liquid chromatography {e.g., HPLC); and mass spectrometry, e.g., high-performance
liquid chromatography/triple quadrupole-mass spectrometry (LC-MS/MS). Commerical
kits for measuring ACTH are readily available, e.g., from Mayo clinic (Test ID: ACTH),
Siemans Healthcare Global (Immulite™ 2000 ACTH assay), and Roche Molecular
Diagnostics (Catalog No. 03255751190},

{0084} A plasma ACTH concentration higher than the normal reference value indicates
that the patient has ACTH-dependent Cushing’s syndrome. Normal reference values
vary depending on the assay method, type of sample, and timing of sample collection;
like cortisol, ACTH in healthy individuals varies during a 24-hour period, reaching s
highest level in the morning around 6-8 am and lowest at night around 11 pm. Various
commercial kits provide the normal reference values in their testing protocols. For
example, the normal reference values for Mayo Cline Test 1ID; ACTH are about 10-60

pe/ml.

[BO85] Patients diagnosed with ACTH-dependent Cushing’s syndrome are selected,

and the differential diagnosis performed as described below.

2. Method of Differential Diagnosis of ACTH-Dependent
Cushing’s Syndrome

{0086] The differential diagnosis method uses GRAs to discriminate between Cushing
Disease and ectopic ACTH Cushing's syndrome, the two major forms of ACTH-
dependent Cushing’s syndrome. GRAs prevent cortisol from mhubiting both the CRH
production in the hypothalamus and ACTH production in the pituitary gland through a
negative feedback interaction, resulting in increased ACTH production and release.
Patients with Cushing Disease have ACTH-producing tumors in the putuitary gland and
thus will have a higher increase in ACTH level around the pituitary region than the
periphery region {outside the pituitary region). In contrast, patients with ectopic ACTH
syndrome have the tumor growing outside the pituitary gland and thus will bave a higher

ACTH increase in the periphery than around the pitustary region. Thus a pitustary-to-
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periphery ratio can be used to discriminate between the two major types of ACTH-

dependent Cushing’s syndrome.

a Administration of GRA

{0087] GRA 1s administered at a dosage that is sufficient to increase ACTH in the
pituitary gland by at least two fold in persons with normal HPA functions. In one
embodiment, the GRA is mifepristone. In one embodiment, mife'pristone 1s adnunistered
orally to the patient. In one embodiment, the mifepristone 1s administered at 300-1500

mg. In one embodiment, the GRA is admunistered at 11 pm the night before IPSS.

b. IPSS
{6088] The pituatary ACTH 1s measured from the blood sample obtained from the left,
right, or both inferior petrosal sinuses (IPSs), which drain the pituttary gland. The
periphery ACTH level 1s determined from the blood sample from a periphery vein. The
procedure of sampling from inferior petrosal sinuses (known as IPSS) and the periphery

is typically performed by an interventional radiologist.

{8089} 1PSS s typically performed in the morning after administration of GRA, e.g,,
between § and 10 am, by advancing one or two microcatheters from the femoral vemn up
to one or both inferior petrosal sinuses. Meanwhile, another microcatheter is advanced to
a periphery vein, e.g., the jugular vein. Venogram, or a digital venography, which
documents the posttion of the catheters, 15 used to ensure the proper placement of the
catheter; sampling begins only after confirming the microcatheter is positioned well in
the IPS. Two samplings are made, at 5-10 minutes apart, by drawing blood
simultaneously from the IPSs and the jugular vein at each sampling. Samples obtained
are immediately placed in EDTA-containing tubes on ice. In some cases, an IPSS 15
performed only on one sinus, 7.e., the left or right sinus. In some cases, the IPSS 15
performed for both sinuses (BIPSS). BIPSS provides values of ACTH from both night
and left sinuses, a comparison of which provides useful information as to which side of

the pituitary gland the tumor is located.
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C. Diagnosis based on the central-to-peripheral ACTH ratio with reference to

prolactin

{8090} The central-to-periphery ratio is the basis for the diagnosis; however the IPSS
requires high level of expertise; since anomalous venous drainage, e.g., misplacement of
the catherter tip when sampling the inferior petrosal sinus, may cause false negative
results. In addition to IPSS venogram (described above), prolactin — which is also
secreted by pituitary gland and circulated to the periphery — is often used as a marker for
successful catheterization during IPSS. Prolactin levels are assessed from the same blood
samples that are used for the ACTH analysis. A ratio of the central to periphery prolactin

of more than 1.8 indicates successful catheterization.

{8091} Methods for measuring prolactin are known in the art. Useful assays include
mmunoassays, €.g., competitive immunoassay, radioimmunoassay, immunofluorometric
enzyme assay, and ELISA; competitive protein-binding assay; and mass spectrometry,
e.g., high-performance hiquid chromatography/triple quadrupole-mass spectrometry {(LC-
MS/MS). Commerical kits for measuring prolactin are also readily available, e g, from
Abcam {Catalog # ab10865S5), R&D systems (Human Prolactin Quantikine ELISA Kit),
and Cayman Chemucal (Prolactin ETA Kit).

[6092] ACTH levels are determined using the methods described above. The patient’s
ACTH levels from one or both inferior petrosal sinuses are then compared with the
ACTH levels in the periphery blood, and the petrosal sinus-to-periphery ACTH ratios are
then determined. If the patient’s inferior petrosal to periphery prolactin ratio s less than
1.8 {especially if less than 1.5) — an mdication that the catheterization was improper — 0o
diagnosis can be made and a new IPSS may need to be performed. If the patient’s
mferior petrosal-to-periphery prolactin ratio 13 more than 1.8 and the infenior petrosal-to-
periphery ACTH ratio 1s greater than 3, he or she 15 then diagnosed as having Cushing
Disease. If the patient’s inferior petrosal-to-periphery prolactin ratio 1s more than 1.8 and
the inferior petrosal-to periphery-ACTH ratio s less than 3, he or she 15 then diagnosed as

having ectopic ACTH syndrome.
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B. Establishing a Standard Control Level

{B093]  As disclosed above, the differential diagnosis of ACTH dependent Cushing’s
syndrome involves comparisons of measurements of different hormones, e.g., prolactin,
ACTH, and cortisol, with their respective normal reference values. In most cases, normal
reference values, or standard control levels, are provided in the commercial kits that are
used for the testing. Depending on circumstances, it may be necessary in some cases to
establish a standard control level for the diagnosis. In order to establish a standard
control for a particular sample type {e.g., a saliva sample, urine sample, plasma sample,
or serum sample} for practicing the method of this disclosure, a group of healthy subjects,
such as a group of subjects who do not have adrenal insufficiency, is selected. These
individuals are within the appropriate parameters, if applicable, for the purpose of
diagnosing adrenal insufficiency using the methods of the present mvention. For
mstance, the individuals may be of similar age, gender, and comparable health status.

Optionally, the individuals are of similar ethnic background.

[8094] The healthy status of the selected individuals can be confirmed by well-
established, routinely employed methods, including but not limited to, general physical

examination of the individuals and general review of their medical history.

{6095] Furthermore, the selected group of healthy individual must be of a reasonable
size, such that the average amount, level, or concentration of cortisol, ACTH, or other
steroid in the biological sample obtained from the group can be reasonably regarded as
representative of the normal or average level among the general population of healthy
mdividuals who do not experience adrenal msufficiency. Preferably, the selected group

comprises at least 10 normal, healthy human subjects.

[6096] Once an average value of cortisol, ACTH, or other steroid 1s established on the
mdividual values found in each subject of the selected bhealthy control group, this
average, median, or representative value or profile 1s considered a standard control level
A standard deviation 1s also determined during the same process. In some cases, separate
standard control levels may be established for separately defined groups having distinet

characteristics such as age, sex or ethnic background.
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C. Ghicocorticoid Recepior Antagonists

{8097} The methods of the present invention generally provide administering a GRA.
In some cases, the glucocorticoid receptor antagonist 1s a specific GRA. As used herein,
a specific glucocorticoid receptor antagonist refers to a composttion or compound which
inhibits any biological response associated with the binding of a glucocorticoid receptor
to an agonist by preferentially binding to the glucocorticoid receptor rather than to
another nuclear receptor (NR). In some embodiments, the specific GRA binds
preferentially to the glucocorticoid receptor rather than the mineralocorticoid receptor
(MR}, androgen receptor {AR), or progesterone receptor (PR). In an exemplary
embodiment, the specific GRA binds preferentially to glucocorticoid receptor rather than
the mineralocorticoid receptor (MR}, In another exemplary embodiment, the specific
GRA binds preferentially to the glucocorticoid receptor rather than the progesterone
receptor (PR). In another exemplary embodiment, the specific GRA binds preferentially
to the glucocorticoid receptor rather than the androgen receptor (AR). Tn vet another
exemplary embodiment, the specific GRA binds preferentially to the glucocorticord

receptor in comparison to MR and PR, MR and AR, PR and AR, or MR, PR, and AR.

[6098] In a related embodiment, the specific GRA binds to the glucocorticoid receptor
with an association constant {Kg) that is at least 10-fold less than the Ky for other nuclear
receptors. In another embodiment, the specific GRA binds to the glucocorticoid receptor
with an association constant (Kg) that 1s at least 100-fold less than the Ky for the other
nuclear receptors. In another embodiment, the specific GRA binds to the glucocorticoid
receptor with an association constant (Kg) that 15 at least 1000-fold less than the K4 for

the other nuclear receptors.

[B099]  Generally, treatment can be provided by adminstering an effective amount of a
GRA of any chemical structure or mechanism of action and a glucocorticosteroid of any
chemical structure or mechanism of action. Provided heremn, are classes of exemplary
GRAs and specific members of such classes. However, one of skill in the art will readily
recognize other related or unrelated GR As that can be employed in the treatment methods

described herein.
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. GRAs Having a Steroidal Backbone

{0106]  In some embodiments, an effective amount of a GRA with a steroidal backbone
is administered to a subject for treatment of an ACTH-secreting tumor. Steroidal GRAs
can be obtained by modification of the basic structure of glucocorticoid agonists, i.e.,
varied forms of the steroid backbone. The structure of cortisol can be modified ina
variety of ways. The two most commonly known classes of structural modifications of
the cortisol steroid backbone to create GRAs include modifications of the 11-8 hydroxy
group and modification of the 17-0 side chain {See, e.g., Lefebvre, J. Steroid Biochem.

33:557-563, 1989},

{0161] Examples of sterotdal GR antagonists include androgen-type steroidal
compounds as described in U.S. Pat. No. 5,929,058, and the compounds disclosed in U.S.
Pat. Nos. 4,296,206, 4,386,085: 4,447 424: 4 477 445 4,519,946; 4,540,686: 4,547.493:
4,634,695: 4.634.696; 4,753,932; 4,774,236: 4. 808,710; 4,814,327: 4,829,060; 4,861,763
4,912,097 4.921.638; 4,943 566, 4,954 490; 4,978,657 5,006,518, 5,043,332: 5.064.822;
5,073,548 5,089,48%; 5,089,635; 5,093,507: 5,095,010, 5,095,129 5.132,299: 5.166,146;
5,166,199; 5,173,405; 5,276,023: 5.380,839; 5,348,729: 5.426,102; 5,439.913: 5,616,458,
5,690,127, and 6,303,591, Such steroidal GR antagonists include cortexolone,
dexamethasone-oxetanone, 19-nordeoxycorticosterone, 19-norprogesterone, cortisol-21-
mesylate; dexamethasone-21-mesylate, 11p-(4-dimethylaminoethoxyphenyi)-17a-
propynyi-17B-hydroxy-4,9-estradien-3-one (RU009), and (17w)~-17-hydroxy-19-(4-
methylphenyljandrosta-4,9(11)~dien-3-one (RU044)

7

[0162] Other examples of steroidal antiglucocorticoids are disclosed in Van Kampen ¢r
al. (2002 Eur. J. Pharmacol. 457(2-3):207, WO 03/043640, EP 0 683 172 B1, and EP 0
763 541 B1, each of which 1s incorporated herein by reference. EP 0763 541 Bl and
Hoyberg et af, Int'l J. of Neuro-psychopharmacology, 5:Supp. 1, 5148 (2002} disclose
the compound (115,1783-11-(1,3-benzodioxol-5-yi}-17-hydroxy-17-(1-propynyijestra~
4,9-dien-3-one {ORG 34517), which in one embodiment, 1s administered in an amount

effective to treat an ACTH-secreting tumor i a subject.
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2. Removal or Substitution of the 11-  Hydroxy Group

{0103]  Glucocorticoid antagonists with modified steroidal backbones comprising
removal or substitution of the 11-§ hydroxy group are administered in one embodiment
of the invention. This class includes natural GRAs, including cortexolone, progesterone
and testosterone derivatives, and synthetic compositions, such as nmifepristone {Lefebvre,
et al supra}. Preferred embodiments of the invention include all 11-f aryl steroid
backbone derivatives because, in some cases, these compounds can be devoid of
progesterone receptor (PR) binding activity (Agarwal, FEBS 217:221-226, 1987). In
another embodiment an 11-5 phenyl-aminodimethyl steroid backbone derivative, which
is both an effective anti-glucocorticoid and anti-progesterone agent, is administered.
These compositions can act as reversibly-binding steroid receptor antagonists. For
example, when bound to a 11-B phenyl-anunodimethyl steroid, the steroid receptor can be
maintained 10 a conformation that cannot bind its natural higand, such as cortisol in the

case of GR (Cadepond, 1997, supra).

[0104] Synthetic 11-beta phenyl-aminodimethyl steroids include nufepristone, also
known as RU4R6, or 17-f-hydrox-11-p-(4-dimethyl-aminophenyi1 7-a-(1-
propyunyllestra-4,9-dien-3-one). Mifepristone has been shown to be a powerful
antagonist of both the progesterone and glucocorticoid (GR) receptors. Thus, in some
embodiments, the GRA admunistered to treat an ACTH-secreting tumor 15 mifepristone,
or a salt, tautomer, or derivative thereof. In other embodiments, however, admunistration
of mifepristone is specificallv excluded as a GRA for treatment of an ACTH-secreting

tumor.

[0105] Another 11-B phenyl-ammnodimethyl steroid shown to have GR antagonist
effects includes the dimethyl aminoethoxyphenyl derivative RUOO9 (RU39.009), 11-B-(4-
dimethyl-aminoethoxyphenyty-17-a-(propynyl-17-B-hydroxy-4,9-estradien-3-one} (see
Bocquel, I Steroid Biochem. Molec. Biol. 45.205-215, 1993}, Another GR antagonist
related to RU486 1s RUD44 (RU43.044) 17-B-hydrox-17-0-19-(4-methyl-phenyi)-

androsta-4,9(1 1)-dien-3-one) (Bocquel, 1993, supra). See also Teutsch, Steroids 38:651-
665, 1981, U.S. Pat. Nos. 4,386,085 and 4,912,097.
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[8106] One embodiment includes compositions that are irreversible anti-
glucocorticoids. Such compounds include a-keto-methanesulfonate derivatives of
cortisol, including cortisol-21-mesylate (4-pregnene-11-5, 17-0, 21-triol-3, 20-dione-21-
methane-sulfonate and dexamethasone-21-mesylate (16-methyl-9-a-tluoro-1,4-
pregnadiene-11 B, 17-a, 21-triol-3, 20-dione-21-methane-sulfonte}. See Sumons, 1.
Steroid Biochem. 24:25-32, 1986; Mercier, J. Steroid Biochem. 25:11-20, 1986; U.S. Pat.
No. 4,296,206,

3. Modification of the 17-beta Side Chain Group

{8187} Steroidal anti-glucocorticoids which can be obtained by various structural
modifications of the 17-8 side chain are also used in the methods of the invention. This
class includes synthetic antiglucocorticoids, such as dexamethasone-oxetanone, various
17, 21-acetonide derivatives and 17-beta-carboxamide derivatives of dexamethasone

(Lefebvre, 1989, supra; Rousseau, Nature 279:158-160, 1979},
4. Other Steroid Backbone Modifications

{0108} GRAs used i the various embodiments of the invention include any steroid
hackbone modification which effects a biological response resulting from a GR-agonist
interaction. Steroid backbone antagonists can be any natural or synthetic variation of
cortisol, such as adrenal steroids missing the C-19 methyl group, such as 19-
nordeoxycorticosterone and | 9-norprogesterone (Wynne, Endocrinology 107:1278-1280,

1980).

{0189} In general, the 11- Bside chain substituent, and particularly the size of that
substituent, can play a key role in determining the extent of a steroid's antiglucocorticoid
activity. Substitutions in the A ring of the steroid backbone can also be important. For
example, 1 7-hydroxypropenyl side chains can, m some cases, decrease antiglucocorticoid

activity in comparison to 1 7-propynyl side chain containing compounds.

[6118] Additional glucocorticoid receptor antagonists known in the art and suitable for
practice of the invention mclude 21 -hydroxy-6,19-oxidoprogesterone {See Vicent, Mol.

Pharm. 52:749-753, 1997), Org31710 (See Mizutant, J Steroid Biochem Mol Biol
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42(73.695-704, 1992), RU43044, RU40555 {See Kim, J Sterotd Biochem Mol Biol.
67(3)213-22, 1998}, and RU28362.

5. Noa-Steroidal Anti-Ghucocorticoids as Anfagonists

{0111} Non-steroidal glucocorticord receptor antagonists {GRAs) are also used in the
methods of the invention to treat adrenal insufficiency in a subject. These include
synthetic mimetics and analogs of proteins, mcluding partially peptidic, pseudopeptidic
and non-peptidic molecular entities. For example, oligomeric peptidomimetics useful in
the invention include {¢o-B-unsaturated) peptidosuifonamides, N-substituted glycine
derivatives, oligo carbamates, oligo urea peptidomimetics, hydrazinopeptides,
oligosulfones and the like (See, e.g., Amour, Int. J. Pept Protein Res. 43:297-304, 1994;
de Bont, Bioorganic & Medicinal Chem. 4:667-672, 1996},

{0112] Examples of non-steroidal GR antagonists include the GR antagonist
compounds disclosed in U.S. Pat. Nos. 5,696,127, 6,570,020; and 6,051,573, the GR
antagonist compounds disclosed in US Patent Application 20020077356, the
glucocorticoid receptor antagonists disclosed in Bradley ef g/, J. Med. Chem. 45, 2417-
2424 (2002), e.g., 40(S)-benzyl-2(R)-chloroethynyl-1,2,3,4,40,9,10,10¢{R }-octahydro-
phenanthrene-2,7-diol ("CP 3945317} and 4a(S)-benzyl-2(R}-prop-1-ynyl-
1,2,3,4,40,9,10,100(R}-octahydro-phenanthrene-2,7-diol (“CP 4090697}; and the
compounds disclosed m PCT International Application No. WO 96/19458, which
describes non-steroidal compounds that are high-affinuty, highly selective antagonists for

steroid receptors, such as o-substituted-1,2-dihydro-N-protected-quinolines.

{0113] TInsome embodiments, adrenal nsufficiency is treated with an effective amount
of a non-steroidal GRA having a cyclohexvl-pyrimidine backbone, a fused azadecalin
backbone, a heteroarvl ketone fused azadecalin backbone, or an octahydro fused
azadecalin backbone. For example, adrenal insufficiency can be treated with effective
amounts of one of the foregoing GRAs and a GC or a GC analog. Exemplary GRAs
having a cvclohexyl-pyrimidine backbone include those described in U S, Patent No.
8,685,973, In some cases, the GRA having a cyclohexyl-pyrimidine backbone has the

following structure:
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wherein

the dashed line 15 absent or a bond;

X 1s selected from the group consisting of O and S;

R! is selected from the group consisting of cycloalkyl, heterocycloalkyl,
aryl and heteroaryl, optionally substituted with from 1 to 3 R"™ groups;

each R™ is independently selected from the group consisting of H,
C1.s alkyl, Cos alkenyl, Cos alkynyl, Cr alkoxy, Cye alkyl-OR™, halogen,
C1¢ haloalkyl,
1. haloaloxy, -OR'®, -NR'"R' -C(OR", -C(OYOR™, -OC(OIR", -C{OINRR™, -NR!
PCOIR'S, -SO.R™, -SO,NR PR cycloalkyl, heterocycloalkyl, aryl and heteroaryl;

R'® and R'® are each independently selected from the group consisting of
H and Cy ¢ alkyl;

R is selected from the group consisting of H, Cy alkyl, Cy alkyl-OR'",
Crs aikyLNRle“ and (¢ alkylene-heterocycloalkyl;

R’ is selected from the group consisting of H and C ¢ alkyl;

Ar is aryl, optionally substituted with 1-4 R* groups;

each R* is independently selected from the group consisting of H,
Chg alkyl, Ci alkoxy, halogen, Cy.5 haloalkyl and C, ¢ haloalkoxy;

L'is a bond or Cy¢ alkylene; and

subscript n is an integer from 010 3,

or g salts and isomers thereof

[0114] Exemplary GRAs having a fused azadecalin backbone include those described
i U.S. Patent Nos. 7,928,237, and 8,461,172, In some cases, the GRA having a fused

azadecalin backbone has the following structure:
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1
RY
L2—R?
74 N
N
N
RS
wherein

L' and L? are members independently selected from a bond and
unsubstituted alkylene;

R} is a member selected from unsubstituted alkyl, unsubstituted
heteroalkyl, unsubstituted heterocycloalkyl, ~-ORM™, -NR'R'?, —(f(())NRj'CRm, and -
C(OYOR™, wherein

R'* is a member selected from hydrogen, unsubstituted alkyl and
unsubstituted heteroabioyl,

R'C and R'® are members independently selected from unsubstituted alkyl
and unsubstituted heteroalkyl,

wherein R'“ and R'® are optionally joined to form an unsubstituted ring
with the nitrogen to which they are attached, wherein said ring optionally comprises an
additional ring nitrogen;

R? has the formula:

[ r20)

4 /

P W {
wherein

R*“ i3 a member selected from hydrogen, halogen, unsubstituted alkyl,
unsubstituted heteroalkyl, unsubstituted cycloalkyl, unsubstituted heterocycloalkyl, -CN,
and -CHy;

I 15 phenyl;

t 1s an integer from O to 5;

X 18 -8{(()-; and

R is phenyl optionally substituted with 1-5 R groups, wherein

R™ is a member selected from hydrogen, halogen, -

SA3

ORM, uS(Oz)NRSAZR , ~UN, and unsubstituted alkyl, wherein

A1 . .
R is a member selected from hydrogen and unsubstituted alkyl, and

(PN
~3
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R and R™ are members independently selected from hydrogen and
unsubstituted alkyi,

or salts and 1somers thereof.

{0115] Exemplary GRAs having a hetercaryl ketone fused azadecalin backbone include
those described m U.S. 2014/0038926. In some cases, the GRA having a heteroaryl

ketone fused azadecalin backbone has the following structure:

RL__O o0 0o
\\S//
N, ] N CH—~(D~ (R4
N
|
R3

wherein

R’ is a heteroaryl ring having from 5 to 6 ring members and from 1 to 4
heteroatoms each independently selected from the group consisting of N, O and S,
optionally substituted with 1-4 groups each independently selected from R';

each R™ is independently selected from the group consisting of hydrogen,
.5 alkyl, halogen, Cy¢ haloalkyl, C;; alkoxy, C;¢ haloalkoxy, -CN, N-oxide,
Cs.3 cycloalkyl, and Csg heterocycloalkyl;

ring J 1s selected from the group consisting of a cycloalkvl ring, a
heterocycloalkyl ring, an arvl ring and a heteroaryl ring, wherein the heterocycloalkyl and
heteroaryl rings have from 5 to 6 ring members and from 1 to 4 heteroatoms each
mdependently selected from the group consisting of N, O and §;

each R” is independently selected from the group consisting of hydrogen,
Cy.g alkyl, halogen, C haloalkyl, i alkoxy, Ci.¢ haloalkoxy, Ci. alkyl-
Cyg alkoxy, ~CN, -OH, -NR™R™, -C{O)R™, -C{O)OR™ -C{OINR™R™, -SR™, -S(O)R™,
-S(O)RR™, Cip cycloalkyl, and Cis heterocycloalkyl, wherein the heterocycloalkyl
groups are optionally substituted with 1-4 R* groups;

alternatively, two R” groups linked to the same carbon are combined to
form an oxo group (=0},

alternatively, two R” groups are combined to form a heterocycloalkyl ring

having from 5 to 6 ring members and from 1 to 3 heteroatoms each independently
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selected from the group consisting of N, G and S, wherein the heterocycloalkyl ring is
optionally substituted with from 1 to 3 R groups;

R* and R™ are each independently selected from the group consisting of
hydrogen and Cy¢ alkyl;

each R™ is independently selected from the group consisting of hydrogen,
halogen, hydroxy, Cy4 alkoxy, C; haloalkoxy, -CN, and NRHR?:

each R™ is independently selected from the group consisting of hydrogen
and C,¢ alkyl, or two R groups attached to the same ring atom are combined to form
=0},

R is selected from the group consisting of pheny! and pyridyl, each
optionally substituted with 1-4 R™ groups:

each R is independently selected from the group consisting of hydrogen,
halogen, and C ¢ haloalkyl; and

subscript n 15 an integer from O to 3

or salts and isomers thereof.
[0116] Exemplary GRAs having an octohydro fused azadecalin backbone include those
described in U.S. Provisional Patent Appl. No. 61/908,333, entitled Octahydro Fused
Azadecalin Glucocorticoid Receptor Modulators, Attorney Docket No. 85178-887884
{007800UR), filed on November 25, 2013, In some cases, the GRA having an octohydro

fused azadecalin backbone has the following structure:

1
R O O\\//O
N\/ | N \@_(R2)1—4
N
Q
™
(R%),

wherein
R! is a heteroaryl ring having from 5 to 6 ring roembers and from 1 to 4
heteroatoms each independently selected from the group consisting of N, O and §,

optionally substituted with 1-4 groups each independently selected from R,
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each R™ is independently selected from the group consisting of hydrogen,
s alkyl, halogen, Cy¢ haloalkyl, Ty alkoxy, Cy¢ haloalkoxy, N-oxide, and
Cs4 cycloalkyl;

ring J 15 selected from the group consisting of an aryl ring and a heteroaryl
ring having from 5 to 6 ring members and from 1 to 4 hetercatoms each independently
selected from the group consisting of N, O and §;

each R* is independently selected from the group consisting of hydrogen,
Cy. alkyl, halogen, C\¢ haloalkyl, C; alkoxy, C;¢ haloalkoxy, Cy¢ alkyl-
C alkoxy, -CN, -OH, -NR™R™, -C(O)R®, -C{O)OR”, -C{OINR™R™, -SR”™, -S(O)R™,
-S{O)R™, Cs cycloalkyl, and Cs.s heterocyeloalkyl having from 1 to 3 heteroatoms each
mdependently selected from the group consisting of N, O and §;

alternatively, two R” groups on adjacent ring atoms are combined to form
a heterocycloalkyl ring having from 5 to 6 ring members and from 1 to 3 heteroatoms
each independently selected from the group consisting of N, O and §, wherein the
heterocycloalkyl ring is optionally substituted with from 1 to 3 R* groups;

R™ R™ and R¥ are each independently selected from the group consisting
of hydrogen and C ¢ alkyl;

each R is independently halogen; and

subscript n is an integer from O to 3;

or salts and 1somers thereof.
D, Pharmaceutical Compositions of Glucocorticoid Receptor Antagonisis

{6117] The GRA compositions of the present disclosure can be prepared in a wide
variety of oral, parenteral and topical dosage forms. Oral preparations of either include
tablets, pills, powder, dragees, capsules, hquids, lozenges, cachets, gels, syrups, slurries,
suspensions, etc., suitable for ingestion by the patient. The GRA compositions of the
present invention can also be administered by injection, that 13, intravenously,
mtramuscularly, mtracutaneously, subcutaneously, mtraduodenally, or intrapenitonealily.
Also, the GRA compositions described herein can be administered by inhalation, for
example, intranasally. Additionally, the GRA compositions of the present invention can

be admuinistered transdermally. The GRA compositions of this invention can also be
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administered by intraocular, intravagmal, and intrarectal routes including suppositories,
msufflation, powders and aerosol formulations (for examples of steroid inhalants, see
Rohatagt, J. Clin. Pharmacol 35:1187-1193, 1995; Tywa, Ann. Allergy Asthma Immunol.
75:107-111, 1995). Accordingly, the present invention provides pharmaceutical
compositions of a GRA including a pharmaceutically-acceptable carrier or excipient and

a GRA compound of the present invention.

{0118] For preparing pharmaceutical compositions from the GRA compounds of the
present invention, pharmaceutically acceptable carriers can be etther solid or hquid.

Solid form preparations include powders, tablets, pills, capsules, cachets, suppositories,
and dispersible granules. A solid carrier can be one or more substances, which may also
act as diluents, flavoring agents, binders, preservatives, tablet disintegrating agents, or an
encapsulating material. Details on techniques for formulation and administration are well
described in the scientific and patent luerature, see, e.g., the latest edition of Remington's

s

Pharmaceutical Sciences, Maack Publishing Co, Easton PA ("Remington's").

[0119] In powders, the carrier s a finely divided solid, which is in a mixture with the
finely divided active component. In tablets, the active component 1s mixed with the
carrier having the necessary binding properties in suitable proportions and compacted in
the shape and size desired. The powders and tablets preferably contain from 5% or 10%

to 70% of the compounds of the present invention.

{0128] Suitable solid excipients include, but are not limited to, magnesium carbonate;
magnesium stearate; talc; pectin; dextrin; starch; tragacanth; a low melting wax; cocoa
butter; carbohydrates; sugars including, but not hinuted to, lactose, sucrose, mannitol, or
sorbitol, starch from corn, wheat, rice, potato, or other plants; cellulose such as methyl
cellulose, hydroxypropylmethyl-cellulose, or sodium carboxymethylceliulose; and gums
mcluding arabic and tragacanth; as well as proteins including, but not limuted to, gelatin
and collagen. If desired, disintegrating or solubilizing agents may be added, such as the
cross-linked polyvinyl pyrrelidone, agar, alginic acid, or a salt thereof, such as sodium
alginate.

{0121] Duragee cores are provided with suitable coatings such as concentrated sugar
solutions, which may also contain gum arabie, tale, polyvinyipyrrolidone, carbopol gel,
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polvethylene glycol, and/or titanium dioxide, lacquer solutions, and suitable organic
solvents or solvent mixtures. Dyvestuffs or pigments may be added to the tablets or
dragee coatings for product identification or to characterize the quantity of active
compound (7.e., dosage}. Pharmaceutical preparations of the invention can also be used
orally using, for example, push-fit capsules made of gelatin, as well as soft, sealed
capsules made of gelatin and a coating such as glycerol or sorbitol. Push-fit capsules can
contain the compounds of the present invention mixed with a filler or binders such as
lactose or starches, lubricants such as talc or magnesium stearate, and, optionally,
stabilizers. In soft capsules, the compounds of the present invention may be dissolved or
suspended in suitable liquids, such as fatty oils, liquid paraffin, or hquid polyethylene

glycol with or without stabilizers.

{0122] For preparing suppositories, a low melting wax, such as a mixture of fatty acid
glycerides or cocoa butter, 15 first melted and the compounds of the present invention are
dispersed homogeneously therein, as by sturing. The molten homogeneous mixture 1s

then poured nto convenient sized molds, allowed to cool, and thereby to sohdify.

{0123] Liquid form preparations include solutions, suspensions, and emulsions, for
example, water or water/propylene glyeol solutions. For parenteral injection, liquid

preparations can be formulated 1n solution 1n aqueous polyethylene glycol solution

{0124] Aqueous solutions suitable for oral use can be prepared by dissolving one or
more compounds of the present invention in water and adding suitable colorants, flavors,
stabilizers, and thickening agents as desired. Aqueous suspensions suitable for oral use
can be made by dispersing the finely divided active component in water with viscous
material, such as natural or synthetic gums, resins, methyleeliulose, sodium
carboxymethylcellulose, hydroxypropyimethyleethilose, sodnim alginate,
polyvinylpyrrolidone, gum tragacanth and gum acacia, and dispersing or wetting agents
such as a naturally occurring phosphatide {(e.g., lecithin}, a condensation product of an
alkylene oxide with a fatty acid {e.g., polyoxyethylene stearate}, a condensation product
of ethylene oxide with a long chain aliphatic alcohol (e.g., heptadecaethylene
oxycetanol}, a condensation product of ethylene oxide with a partial ester derived from a

fatty acid and a hexitol {e.g., polvoxyethvlene sorbitol mono-oleate), or a condensation
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product of ethylene oxide with a partial ester derived from f{atty acid and a hexitol
anhydride {e.g., polyoxyethylene sorbitan mono-oleate). The aquecus suspension can
also contain one or more preservatives such as ethyl or n-propyl p-hydroxvybenzoate, one
or more coloring agents, one or more flavoring agents and one or more sweetening
agents, such as sucrose, aspartame or saccharin. Formulations can be adjusted for

osmolarity.

{01258] Also included are solid form preparations, which are intended to be converted,
shortly before use, to ligund form preparations for oral administration. Such hquid forms
include solutions, suspensions, and emulsions. These preparations may contain, in
addition to the active component, colorants, flavors, stabilizers, buffers, artificial and

natural sweeteners, dispersants, thickeners, solubilizing agents, and the like.

[0126] Ol suspensions can be formulated by suspending the compounds of the present
invention in a vegetable o1l, such as arachus oil, olive oil, sesame o1l or coconut oil, or in
a mineral o1l such as liquid parattin; or a nuxture of these. The oil suspensions can
contain a thickening agent, such as beeswax, hard paraffin or cetyl alcohol Sweetening
agents can be added to provide a palatable oral preparation, such as glycerol, sorbitol or
sucrose. These formulations can be preserved by the addition of an antioxidant such as
ascorbic acid. As an example of an njectable o1l vehicle, see Minto, J. Pharmacol. Exp.
Ther. 281:93-102, 1997, The pharmaceutical formulations of the invention can also be in
the form of oil-in-water emulsions. The o1ly phase can be a vegetable oil or a mineral oil,
described above, or a mixture of these. Suitable emulsifying agents include naturally-
occurring gums, such as gum acacia and gum tragacanth, naturally occurring
phosphatides, such as soybean lecithin, esters or partial esters dertved from fatty acids
and hexitol anhydrides, such as sorbitan mono-oleate, and condensation products of these
partial esters with ethylene oxide, such as polyoxyethyvlene sorbitan mono-oleate. The
emulsion can also contain sweetening agents and flavoring agents, as in the formulation
of syrups and elixirs. Such formulations can also contan a demulcent, a preservative, or

a coloring agent.

{0127] The GRA compositions provided herein can also be delivered as microspheres

for slow release 1n the body. For example, mucrospheres can be formulated for
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administration via intradermal injection of drug-containing microspheres, which siowly
release subcutaneously (see Rao, J. Biomater Sci. Polym. Ed. 7:623-645, 1995; as
biodegradable and injectable gel formulations (see, ¢.g., Gao Pharm. Res. 12:857-863,
1995); or, as microspheres for oral administration (see, e.g., Eyles, J. Pharm. Pharmacol.
49:669-674, 1997). Both transdermal and ntradermal routes afford constant delivery for

weeks or months.

{0128] In another embodiment, the GRA compositions of the present invention can be
formulated for parenteral administration, such as intravenous (IV}) administration or
admunistration into a body cavity or lumen of an organ. The formulations for
administration will commonly comprise a solution of the compositions of the present
invention dissolved in a pharmaceutically acceptable carrier. Among the acceptable
vehicles and solvents that can be emploved are water and Ringer's solution, an isotonic
sodium chloride. In addition, sterile fixed oils can conventionally be employed as a
solvent or suspending medium. For this purpose any bland fixed oil can be employed
meluding synthetic mono- or diglycerides. 1o addition, fatty acids such as oleic acid can
likewise be used in the preparation of injectables. These solutions are sterile and
generally free of undesirable matter. These GRA formulations may be sterilized by
conventional, well known sterilization techmques. The formulations may contain
pharmaceutically acceptable awaliary substances as required to approximate
physiological conditions such as pH adjusting and buffering agents, toxicity adjusting
agents, e.g., sodium acetate, sodium chlornide, potassium chloride, calcium chloride,
sodiom lactate and the like. The concentration of the composttions of the present
invention in these formulations can vary widely, and will be selected primarily based on
fluid volumes, viscosities, body weight, and the like, n accordance with the particular
mode of admunstration selected and the patient's needs. For IV administration, the GRA
formulation can be a sterile injectable preparation, such as a sterile injectable aqueous or
oleaginous suspension. This suspension can be formulated according to the known art
using those suitable dispersing or wetting agents and suspending agents. The sterile
injectable preparation can also be a sterile injectable solution or suspension 1n a nontoxic

parenterally-acceptable diluent or solvent, such as a soletion of 1,3-butanediol.
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{0129] In another embodiment, the formulations of the compositions of the present
invention can be delivered by the use of liposomes which fuse with the cellular
membrane or are endocytosed, 7.¢., by emploving ligands attached to the liposome, or
attached directly to the oligonucleotide, that bind to surface membrane protein receptors
of the cell resulting in endocytosis. By using liposomes, particularly where the liposome
surface carries ligands specific for target cells, or are otherwise preferentially directed to
a specific organ, one can focus the delivery of the compositions of the present invention
into the target cells in vivo. (See, e.g., Al-Muhammed, J. Microencapsul. 13.293-306,
1996; Chonn, Curr. Opin. Biotechnol. 6:698-708, 1995; Ostro, Am. J. Hosp. Pharm.
46:1576-1587, 1939,

{0130] Lipid-based drug delivery systems mclude lipid solutions, lipid emulsions, lipid
dispersions, self~emulsifving drug delivery systems (SEDDS) and self-microemulsifying
drug delivery systems (SMEDDS). In particular, SEDDS and SMEDDS are isotropic
mixtures of hpids, surfactants and co-surfactants that can disperse spontaneously in
aqueous media and form fine emulsions (SEDDS) or microemulsions (SMEDDS).
Lipids useful in the formulations of the present mvention include any natural or synthetic
lipids including, but not himited to, sesame seed o1l, olive oil, castor oil, peanut oil, fatty

. s R ® ® - @®
acid esters, glycerol esters, Labrafil”, Labrasel”, Cremophor”, Solutol”, Tween

Capryvol™, Capmul™, Captex , and Peceol ™.

{0131] The GRA composition can also contain other compatible therapeutic agents.
The compounds described herein can be used in combination with one another, with other
active agents known 1o be useful 10 antagonizing a glucocorticoid receptor, or with

the active agent.

E. Administration

[0132] The GRA compounds or compositions of the present invention can be delivered
by any suitable means, including oral, parenteral {e.g., intravenous injection or
intramuscular injection) and topical methods. Transdermal administration methods, by a
topical route, can be formulated as applicator sticks, solutions, suspensions, emulsions,

gels, creams, omtments, pastes, jellies, pamnts, powders, and aerosols.
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{6133] The pharmaceutical preparation is preferably in unit dosage form. In such form
the preparation 1s subdivided into unit doses containing appropriate quantities of the
compounds and compositions of the present invention. The unit dosage formcan be a
packaged preparation, the package containing discrete quantities of preparation, such as
packeted tablets, capsules, and powders in vials or ampoules. Also, the unit dosage form
can be a capsule, tablet, cachet, or lozenge itself, or it can be the appropriate number of

any of these in packaged form.

{0134] GRAs can be administered orally. For example, the GRA can be administered
as a ptil, a capsule, or liquid formulation as described herein. Alternatively, GRAs can be
provided via parenteral adninustration. For example, the GRA can be adnunistered
travenously {e.g., by injection or infusion). Additional methods of administration of
the compounds described herem, and pharmaceutical compositions or formulations

thereof, are described herein.

{0135] Insome embodiments, the GRA is administered in one dose. In other
embodiments, the GRA 1s administered in more than one dose, ¢.g., 2 doses, 3 doses, 4
doses, 5 doses, 6 doses, 7 doses, or more. In some cases, the doses are of an equivalent
amount. In other cases, the doses are of different amounts. The doses can increase or
taper over the duration of administration. The amount will vary according to, for
example, the GRA properties. To determine an effective dose, the GRA must elevate the
level of ACTH by at least two fold 1n persons with normal Hypothalmus Pituttary
Adreval (HPA) function.

[0136] Insome embodiments, the subject diagnosed as having adrenal insufficiency is
admumistered a therapeutically effective amount of a GRA to ameliorate at least one
symptom of adrenal msufficiency. In some case, therapeutically effective amount of the
GRA can be adminstered to treat adrenal insufficiency, e.g., primary adrenal

msufficiency or secondary adrenal insufficiency.
IV, EXAMPLES

Fxample 1 Dhasnosis of hvpercortisolemia
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{8137} A 45-year-old female visits her endocrinologist. She appears to have abdominal
obesity, thin arms and legs, a round red face, and a fat lump between the shoulders. She
has acne and reddish purple stretch marks in the body that are more than 1 ¢cm wide. She
describes having fragile skin that heals poorly, irregular menstruation, and she often feels
changes in mood, headaches, and a chronic feeling of tiredness. Her physical
examination records show that she has proximal muscle weakness and osteoporosis. Her
blood tests indicate that she has low potassium, diabetes and elevated blood pressure.
She has not been taken exogenous glucocorticoid drugs prior to this visit.  Her
endocrinologist suspects she has hypercortisolenua, and orders a late night saliva cortisol

test for her.

{0138] She complies to the requirement not to brush, eat, or drink for 30 minutes prior
to the saliva collection. At nudnight she collected her saliva by placing a swab into her
mouth, while rolling the swab, for approximately 2 nunutes. The sample 1s assayed using
Mayo Chinie Test ID: SALCT following the protocol provided with the test. The result

shows that her cortisol level 15 200 ng/dL, indicating that she has hypercortisolenua.

Fxample 2. Dhacenosis of Cushine’s syndrome

[0139] After diagnosis of hypercortisolemia, additional tests are ordered for her to
determine whether she has Cushing’s syndrome. First, a dexamethasone suppression test
15 performed. She is given 1 myg of dexamethasone at 11 pm, and the next morning her
blood sample are collected between 8-9 am.  Serum are collected from the blood and
measured for cortisol using Mayo Clinic Test I CORT
(http://www mayomedicallaboratories. com/test-catalog/Clinical+and+Interpretive/8545},

according to manufacturer’s wnstructions.  Her serum cortisol level 15 2.2 meg/di,
consistent with the presence of Cushing’s syndrome.

B

[8140] Next, a 24 hour urnine collection 15 ordered to measure her urine free cortisol. 3
ml of her 24-hour urine specimen is collected 1uto a contamer, with the addition of 10
gram of boric acid as a preservative. The sample 15 centrifuged and removed of
precipitate before the assay. Cortisol content 15 analyzed using Mayo Clinic Test 1D
COCOU, according to manufacturer’s instructions

(http//www mayomedicallaboratories. com/test-catalog/Specimen/82948). The test

=
47
i



WO 2017/027851 PCT/US2016/046904

shows a cortisol level of 180 mcg — 4 fold of the upper limit of the normal range of
cortisol for the test: 3.5-45 mcg. Based on her 24-hour urine excretion test result as well
as her clinical symptoms, she 1s diagnosed as having Cushing’s syndrome. The next step
is to measure ACTH to differentiate between ACTH-dependent and ACTH-independent

Cushing’s syndrome.

Example 3. Diasnosis of ACTH-dependent Cushing’s syndrome.

{0141} A blood test 1s then performed to determine her plasma ACTH level 1 mL of
whole blood sample 1s drawn from her in the morning. The blood is spun down in a
refrigerated centrifuge and the plasma i1s immediately separated from cells. 0.5 mL of the
plasma sample ts assayed for ACTH using Mayo Clinic Test {D: ACTH, following the
manufacturer’s instructions {http://www. mayomedicallaboratories. convtest-
catalog/Specimen/8411). The result shows her plasma ACTH 15 80 pg/ml, which

indicates that she has ACTH-dependent Cushing’s syndrome.

Example 4. Diaenosis of Cushing disease

[0142] Following the diagnosis of ACTH dependent Cushing’s syndrome, she then
undergoes [PSS to 1dentify the source of abnormal ACTH secretion, e, whether it 15
pituitary or ectopic. Mifepristone administration and IPSS are performed to determine the
cause of her ACTH-dependent Cushing’s syndrome. She first takes an oral dose of 300-
1500 mg of mifepristone at 11 pm the night before IPSS. Mifepristone at this dose is
sufficient to mcrease ACTH from the pituitary gland by at least two-fold in persons
having normal hypothalamic-pituttary—adrenal axis (HPA) function. Between 8 to 10
am, an interventional radiologist performs a femoral microcathetenization, 1n which two
018 inch microcatheters are advanced from the femoral vein up to her night and left
mferior petrosal sinuses (IPS). Another 018 microcatherter 1s inserted into the peripheral
jugular vein. A 5,000 umit bolus of heparin is admunistered to the veins to prevent venous
sinus thrombosis.

{0143] After the microcathers enter the sinuses and the jugular bulb, a diagnostic
venography 1s performed, in which a rapid inyjection of contrast 1s performed to attempt to
reflux contrast mnto the inferior petrosal sinus to guide placement of a microcatheter.

After confirming the position of the microcatheter and positioning it well in the IPS, two
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samplings are made at 5-10 munutes apart. Blood samples are drawn simultaneously
from the IPS and the jugular vein at each sampling and immediately placed in EDTA-

containing tubes on ice.

{#144] One half of each blood sample s centrifuged for 10 minutes at 1,000-2,000 g to
remove the cells and collect plasma. The other half s left undisturbed at room
temperature for 30 minutes to clot, and serum is obtamed after removal of the clot by a
centrifugation. The plasma samples from both the jugular vein and the IPS are assayed
for ACTH using Mayo Chnic’s Test ID: ACTH, as described above. The serum samples
are assayed for prolactin using Mayo Clinmic’s Test ID: PLPMA, following the
manufacturer’s instructions. The results show that the prolactin level in her left IPS 15 25
ng/ml and right IPS 1s 24 ng/ml. The prolactin level in her jugular vein 1s 12 ng/ml. The

ACTH level in her IPS 15 800 pg/ml and the ACTH in her jugular vein is 200 pg/mi.

{8145] Her 1PSs (both left and right} to jugular vein prolactin ratio i1s greater than 1.8,
which reflects the correct central-to-periphery gradient, thus confuming the correct
positioning of the catheterization. Her IPSs to jugular vein ACTH ratio 1s greater than 3,

which indicates she has Cushing Disease.

{8146} Although the foregoing invention has been described in some detatl by way of
ithustration and example for purposes of clarity of understanding, one of skill in the art
will appreciate that certain changes and modifications may be practiced within the scope
of the appended claims. In addition, each reference provided herein 1s incorporated by
reference in its entirety to the same extent as if each reference was individually

mcorporated by reference.
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WHAT IS CLAIMED I5:

1. A method of differentially diagnosing adrenocorticotropic hormone (ACTH)-
dependent Cushing’s syndrome in a patient where the differential diagnosis is between ectopic
ACTH syndrome and Cushing Disease, the method comprising the steps of’

(1) selecting a patient with Cushing’s syndrome and also elevated ACTH levels;

{11} administering a dose of glucocorticoid receptor antagonist (GRA} sufficient to
increase ACTH from the pituitary gland by at least two fold in persons with normal
Hypothalmus Pituttary Adrenal (HPA)} function;

(111) waiting for at least two hours; and,

{(iv) obtaining from the patient an ACTH concentration ratio wherein the ratio 1s derived
from the ACTH concentrations in fluid obtained from either the left or right inferior petrosal
venous sinus and from fluid obtained from a periphery venous sample;
wherein an ACTH concentration ratio of greater than 3 for the ACTH concentration from the
mferior venous sinus sample over the periphery venous sinus sample is diagnostic of Cushing’s

disease.

2. The method of claim 1 wherein the periphery venous sarmple 1s a jugular

venous sample.

3. The method of claim 1 wherein the ratio is derived from the ACTH

concentration n fluid obtained from the left and right inferior petrosal venous sinuses.

4. The method of claim 1 wherein the glucocorticoid receptor antagonist is a
selective inhibitor of the glucocorticoid receptor.

S. The method of claim 1 wherein a first and second sampling of the ACTH
concentrations in the are taken 5-10 nunutes apart from both the inferior petrosal venous sinus

and a periphery venous sample.

6. The method of claim 1, wherein the glucocorticoid receptor antagonist
comprises a sterotdal backbone with at least one phenyl-containing motety in the 11-p position of

the steroidal backbone.

(v
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7. The method of claim 6 wherein the phenyl-containing moiety in the 11-B

position of the steroidal backbone is a dimethylaminophenyl moiety.

8. The method of claim 6, wherein the glucocorticoid receptor antagonist 1s

mifepristone.

9. The method of claim 1, wherein the glucocorticoid receptor antagonist 1s
selected from the group consisting of 11B-(4-dimethylamincethoxyphenyli-17a-propynyl-178-
hydroxy-4,9 estradien-3-one and (1 7a)-17-hydroxy-19-{4-methylphenylandrosta-4,9(1 1 }-dien-

3-one.

10. The method of claim 1, wherem the glucocorticoid receptor antagonist 1s

(11B,17B)-11-(1,3-benzodioxol-5-y1}-1 7-hydroxy-1 7-( 1 -propynyljestra-4,9-dien-3-one.

It The method of claim 1, wherem the glucocorticoid receptor antagonist has

a non-steroidal backbone.

12, The method of claim 11, wherein the glucocorticoid receptor antagomst

backbone is a cyclohexyl pyrimidine.

13. The method of claim 12, wherein the cyclohexyl pyrimidine has the

following formula:

wherein

the dashed line is absent or a bond;

X 1s selected from the group consisting of O and §;

R’ is selected from the group consisting of cyeloalkyl, heterocycloalkyl, aryl and

heteroaryl, optionally substituted with from 1 to 3 R" groups;
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each R' is independently selected from the group consisting of H, C; alkyl, Coe

alkenyl, Cy. alkynyl, Cy alkoxy, Cis alkyl OR™, halogen, €y haloalkyl, Cis haloaloxy, OR'™,
NRPR™, C(OR", C(OIOR", OC(OR'™, CLOINRPR', NRPC(OIR', SO,R™, SO,NR'PR,

cycloalkyl, heterocycloalkyl, arvl and heteroaryl;

Cig alkyl;

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

R’ is selected from the group consisting of H, C alkyl, Cj alkyl-OR'™®, C ¢

alkyl NR'"R'® and C\ alkylene heterocycloalkyl;

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

each R* is independently selected from the group consisting of H, Cs alkyl, Cig

alkoxy, halogen, Cy.s haloalkyl and C ¢ haloalkoxy;

L 1s a bond or Cy¢ alkylene; and
subscript n 1s an mteger from 0 1o 3,

or salts and 1somers thereof,

14 The method of claim 11, wherein the glucocorticoid receptor antagomst

backbone 1s a fused azadechn.

5. The method of claim 14, wherein the fused azadeclin is a compound

having the following formula:

wherein

atkylene;

rRY

L' and L” are members independently selected from a bond and unsubstituted

R' is a member selected from unsubstituted alkyl, unsubstituted heteroalkyl,

unsubstituted heterocycloalkyl, ORY, NRYR'P ~C(O)’N§«”fC’Eij Y and ~C(O)OR1A? wherein

heteroalkyl,

R'* is a member selected from hydrogen, unsubstituted alkyl and unsubstituted
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R'® and R™ are members independently selected from unsubstituted alkyl and
unsubstituted heteroabioyl,

wherein R'“ and R'? are optionally joined to form an unsubstituted ring with the
nitrogen to which they are attached, wherein said ring optionally comprises an additional ring
nitrogen;

R? has the formula:

wherein

R*“ i a member selected from hydrogen, halogen, unsubstituted alkyl,
unsubstituted heteroalkyl, unsubstituted cycloalkyi, unsubstituted heterccycloalkyl, -CN, and -
{Hs;

I 18 phenyl;

tis an integer from O to 5;

X 18 -8{()-; and

R’ is phenyl optionally substituted with 1-5 R™ groups, wherein

R™ is a member selected from hydrogen, halogen, u()RSM, S{Cy) NRSMRSM, -
CN, and unsubstituted alkyl, wherein

R™! is a member selected from hydrogen and unsubstituted alkyl, and

R and R°* are members independently selected from hydrogen and
unsubstituted alkyl,

or salts and tsomers thereof.

16. The method of claim 11, wherein the glucocorticoid receptor antagonist

backbone is a heteroaryl ketone fused azadecalin or an octahydro fused azadecalin.

17. The method of claim 16, wherein the heteroaryl ketone fused azadecalin

has the formula;

Rl._O o0 0o
\\S//
a NNCH—(D)-(R?)14
N
[
R3
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wherein

R' is a heteroary! ring having from 5 to 6 ring members and from 1 to 4
heteroatoms each independently selected from the group consisting of N, O and S, optionally
substituted with 1-4 groups each independently selected from R'®;

each R is independently selected from the group consisting of hydrogen, C¢
alkyl, halogen, ) haloalkyl, Cy4 alkoxy, Ci haloalkoxy, CN, N-oxide, C4.3 cycloalkyl, and
(.5 heterocycloalkyl;

ring J 1s selected from the group consisting of a cycloalkyiring, a
heterocycloalkyl ring, an aryl ring and a hetercary! ring, wherem the heterocycloalkyl and
heteroaryl rings have from 3 to 6 ring members and from | to 4 heteroatoms each independently
selected from the group consisting of N, O and §;

each R? is independently selected from the group consisting of hydrogen, Ci.s
atkvl, halogen, C; ¢ haloalkyl, Cy s alkoxy, Ci.¢ haloalkoxy, C.6 alkyi-Ci alkoxy, CN, OH,
NR*R™, C(O)R™, C{OYOR™, C{(OINR¥R™, SR™, S{O)R™, S(O},R™, Cag cycloalkyl, and Csg
heterocycloalkyl, wherein the heterocycloalkyl groups are optionally substituted with 1-4 R™
roups;

alternatively, two R? groups linked to the same carbon are combined to form an
oxo group (=0},

alternatively, two R? groups are combined to form a heterocycloalkyl ring having
from 5 to 6 ring members and from 1 to 3 heteroatoms each mdependently selected from the
group consisting of N, O and 8, wherein the heterocycloalkyl ring is optionally substituted with
from 1 to 3 R groups;

R* and R? are each independently selected from the group consisting of
hydrogen and Cy6 alkyl;

each R™ is independently selected from the group consisting of hydrogen,
halogen, hvdroxy, Ci alkoxy, Cis haloalkoxy, CN, and NR¥R*;

each R™ is independently selected from the group consisting of hydrogen and Cis
alkyl, or two R™ groups attached to the same ring atom are combined to form (=0},

R’ is selected from the group consisting of phenyl and pyridyl, each optionally

substituted with 1-4 R groups;
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each R is independently selected from the group consisting of hydrogen,
halogen, and C; . haloalkyl; and
subscript i 15 an integer from 0 to 3;

or salts and isomers thereof.

18. The method of claim 16, wherein the octahydro fused azadecalin has the

formulia;
1

R O O‘\S”O
N ] MROEGE
N
QA
NS

(R*),
wherein

R’ is a hetercaryl ring having from 5 to 6 ring members and from 1 to 4
hetercatoms each independently selected from the group consisting of N, O and S, optionally
substituted with 1-4 groups each independently selected from R';

each R is independently selected from the group consisting of hydrogen, Cig
alkyl, halogen, C,¢ haloalkyi, Cy alkoxy, C; haloalkoxy, N-oxide, and (5.5 cycloalkyl;

ring J 1s selected from the group consisting of an aryl ring and a hetercaryl ring
having from 5 to 6 ring members and from 1 to 4 hetercatoms each mdependently selected from
the group consisting of N, O and §;

each R? is independently selected from the group consisting of hydrogen, 1.6
alkyl, halogen, C;¢ haloalkyl, Cy¢ alkoxy, Ci.¢ haloalkoxy, Ci¢ alkyl-Ci.¢ alkoxy, CN, OH,
NR¥R®, C{O)R™, C(O)OR™, C{ONR™R®, SR”, S(O)R™, S(O)R™, Cix cycloalkyl, and Cag
heterocvcloalkyl having from 1 to 3 heteroatoms each mdependently selected from the group
consisting of N, G and S;

alternatively, two R” groups on adjacent ring atoms are combined to form a
heterocycloalkyl ring having from 5 to 6 ring members and from 1 to 3 heteroatoms each
mdependently selected from the group consisting of N, O and 8, wherein the heterocycloalkyl

ring is optionally substituted with from 1 to 3 R™ groups;

55



b2
\]

N
(43

WO 2017/027851

PCT/US2016/046904

R™ R’ and R* are each independently selected from the group consisting of

hydrogen and ;¢ alkyl;
each R™ is independently halogen; and
subscript n 18 an integer from 0 to 3,

or salts and tsomers thereof.
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