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DIFFERENTIAL DIAGNOSIS OF ECTOPIC CUSHING’S SYNDROME

CROSS-REFERENCES TO RELATED APPLICATIONS
{8001] This application claims benefit of US provisional application no. 62/280,424, filed

January 19, 2016, the entire content of which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION
{0002] Cortisol is a steroid produced by the adrenal glands and is used in the body to respond
to physical and emotional siress and to maintain adequate energy supply and blood sugar levels.
Cortisol production is highly regulated by the hypothalamic-pituitary-adrenal axis (HPA)
through a complex set of direct influences and negative feedback interactions. In healthy
individuals, insufficient cortisol in the bloodstream triggers the hypothalamus to release
corticotropin-releasing hormone (CRY) which signals to the pituitary gland to release
adrenocorticotropic hormone (ACTH), which in turn stimulates the adrenal glands to produce
more cortisol. Excessive cortisol inhibits hypothalamus from producing CRH, thus mhibiting the
pituitary gland from releasing ACTH, which in turn suppresses cortisol production. Excessive
cortisol mhibits also the corticotroph pituitary cells from producing ACTH, thus imhibiting the
adrenal glands from producing cortisol. The HP A regulation also results in a diurnal rhythm of
cortisel 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.

{8003] 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 15
accompanied by hypercortisolemia, a condition involving a prolonged excess of circulating
cortisol. Cushing’s Syndrome can be classified as exogenous Cushing’s Syndrome, which is
caused by excess use of glucocorticoids drugs, such as prednisone, dexamethasone, and
hydrocortisone, and endogenous Cushing’s Syndrome, which 1s caused by deregulatory
abnormalities in the HPA axis. Endogenous Cushing’s Syndrome consists of the ACTH-

independent Cushing’s Syndrome, characterized by an overproduction of cortisol in the absence
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of elevation of ACTH secretion and the ACTH-dependent Cushing’s Syndrome, characterized by

excessive ACTH secretion.

{6004] ACTH-dependent Cushing’s Syndrome includes roughly 80% of patients having
endogenous Cushing’s Syndrome and consists of two major forms: Cushing’s PHsease and
Ectopic Cushing’s Syndrome. The former is caused by a pituitary tumor and the latter 15 caused
by a tumor outside the pituitary. Correct differential diagnosis between the Cushing Disease and
Hctopic Cushing’s Syndrome s important for endocrinologists to recommend transphenoidal

surgery or appropriate imaging to tdentify source of the ectopic ACTH secretion.

{6005] Current approaches of differentially diagnosing patients with ACTH-dependent
Cushing’s Syndrome involve measuring ACTH levels from samples obtained from both inferior
petrosal venous sinus (IPS)- a procedure referred to as inferior petrosal venous sinus sampling
(IPSS) — and from the internal jugular or another peripheral vein from the patient. Some of these
approaches require collecting blood samples both before and after administration of an agent,
such as CRH, DDAVP, or metyrapone. ACTH concentration in the samples are measured and a
central to periphery ACTH ratio is deternmined and compared with a predeternmined threshold to
determine whether the patient has Cushing’s Dhsease or Ectopic Cushing’s Syndrome.
Generally, a central-to-periphery ACTH ratio of >2 before and >3 after the admunistration of
CRH or DDAVP 1s consistent with Cushing Disease while a lower ratio favors Ectopic
Cushing’s Syndrome. These procedures require not only prolonged catheterization with the
likelihood of mfection, thrombosts, or bleeding rising with the duration of catheterization, but
also sophisticated handling that can only be conducted by trained professionals, e.g., an
mterventional radiclogist. Abunormal venous drainage of the pituitary could lead to false
negative [PSS resuits that could delay transphenoidal surgery, lead to unnecessary imaging
studies and possibly unnecessary bilateral adrenalectomy. In addition, CRH 15 expensive to
produce and metyrapone 1s currently not available in the United States. These current diagnosis

methods thus have serious limitations.
BRIEF SUMMARY OF THE INVENTION

[B006]  In one aspect, provided herein 15 a method of differentially diagnosing Cushing’s
Disease from Ectopic Cushing’s Syndrome in 3 patient with an established diagnosis of ACTH-

dependent Cushing’s Syndrome. The method comprises: (1) determining a baseline cortisol level
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and a baseline adrenocorticotropic hormone (ACTH) level from one or more pretreatment
samples taken from the patient; (11} administering a glucocorticoid receptor antagonist (GRA) to
the patient for a period of not less than 3 weeks and in an amount effective to raise ACTH and
cortisol fevels in a healthy individual by at least two fold; (111) determining a second ACTH level
and a second cortisol level from one or more second samples taken from the patient in step (i1},
{(iv} calculating a baseline ratio of cortisol to ACTH (“baseline C: A ratio”} using the baseline
levels of cortisol and ACTH, and calculating a GRA-exposed ratio of cortisol to ACTH (“GRA-
exposed (A ratio”) using the second cortisol and ACTH levels; and, (v) diagnosing the patient
as having Ectopic Cushing’s Syndrome if the GRA-exposed C: A ratio of cortisol to ACTH has
decreased by greater than 50% compared to the baseline C. A ratio, or diagnosing the patient as
having Cushing’s Disease if the GRA-exposed C: A ratio has increased by greater than 50%

compared to the baseline C: A ratio.

[6007] Insome embodiments, the GRA is a non-steroidal GRA. Tn some embodiments, GRA

15 mifepristone. In some embodiments, the GRA 1s selected from the group consisting of

. (Ry-4a-(ethoxymethy [}-1-(4-fluorophenyl}-6-({4-(irifluoromethylpheny Dsulfonyl)-
4,4a,5,6,7 8-hexahydro-1H-pyrazolo[3,4-glisoquinoline;

. 6-{(11,4r)-4-phenylcvclohexyl)-5-(3-(irifluoromethyl)benzylpyrimidine-2 4{1H,3H)-
dione;

. {(R)-(1-(4-fluorophenyD-6-((4-(triflucromethylphenysulfonyi)-4.4a,5 6,7 8-
hexahydro-1H-pyrazolo[3,4-glisoquinolin-da-y1)(thiazol-2-ylymethanone;

. {(R)-(1-(4-fluoropheny}-6-((1-methyl-1H-pyrazol-d-y}sulfonyl}-4,4a,5,6,7,&-
hexahydro-1H-pyrazolo[3,4-glisoquinolin-da-yH{4-(triflucromethypyridin-2-
viymethanone; and

° ((4aR,8aS8)-1-(4-fluoropheny}-6-((2-methyl-2H-1,2 3-triazol-4-v1}sulfonyl}-
4,4a,5,6,7,8,8a,9-octahydro-1H-pyrazolo[ 3,4-g lisoquinolin-4a-yl}(4-

(trifluoromethy Dpyridin-2-yhimethanone.
{6008]  In some embodiments the one or more second samples are taken from the patients after

mifepristone has been administered for a minimum of 6 weeks, e.g., between 6 and 10 weeks, or

(4



10

15

20

30

WO 2017/127448 PCT/US2017/013974

between 10 and 24 weeks; and/or mifepristone is administered on a daily basis and is equal to 5-

20 mg/kg of the patient.

{0G09]  Insome embodiments, the pretreatment samples and second samples are from saliva.
In some embodiments, the pretreaiment samples and second samples are from plasma and
measured in ug/dl. In some embodiments, the pretreatment samples and second samples are

from 24-hour urine collections.

{6018]  In another aspect, provided herein is a system configured for facilitating differential
diagnosis between Ectopic Cushing’s Syndrome and Cushing’s Disease in a patient with an
established diagnosis of ACTH-dependent Cushing’s Syndrome. Such systems can encompass a
computing system having a diagnostic module that includes a processor coupled with a memory
via an interconnect, a communications module or input and an output module. It is appreciated
that the interconnect can include an interconnect bus or can include any communication
coupling, including wireless couplings and remotely access through a network, the internet or a
cloud server. The memory can include a tangible, non-transitory storage medium having
mstructions recorded thereon for causing the processor to compare a first set of values
corresponding to baseline levels of cortisol and ACTH in the patient before exposure to a GRA
and a second set of values corresponding to exposed-GRA levels of cortisol and ACTH 1n the
patient after a treatment with GRA. Typically, the GRA treatment is administration of a GRA
for a minimum of 5 weeks amount effective to raise ACTH and cortisol levels in a health
mdividual by at least two fold. The system is then configured to determine a differential
relationship between the first and second set of values or associated ratios and output the
differential relationship and/or a positive diagnosis of Ectopic Cushing’s Syndrome or Cushing’s

Disease {0 a user.

[B811]  In anocther aspect, methods of differentially diagnosing Cushing’s Disease from Ectopic
Cushing’s Syndrome n a patient with an established diagnosis of ACTH-dependent Cushing’s
Syndrome are provided herein. Such methods can be facilitated by use of any of the systems
described herein, or similar such systems. An example of such a method includes a step of
obtaining, with a computing device associated with a treating physician, a first set of values and
a second set of values. The first set of values represent a baseline cortisol level and a baseline

ACTH level or a baseline ratio between the baseline cortisol and ACTH fevels and correspond to
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one or more pre-treatment samples from the patient. The second set of values represent an
exposed-GRA cortisol level and an exposed-GRA ACTH level or a ratio between the exposed-
GRA cortisol and ACTH levels corresponding to one or more post-treatment samples from the
patient obtained after undergoing a GRA treatment according to a predetermined protocol. The
methods can be designated as corresponding to baseline or post-treatment samples within a
memory of the computing device. The ratio between a cortisol level and an ACTH level may be
determined, termed hereina “C: A ratio”. A baseline C: A ratio may be determined from levels
measured prior to GRA treatment, and a GRA-exposed C: A level may be determined from levels
measured during or following GRA treatment. The method further includes determining, with the
computing device, a differential relationship between the first and second set of values and then
outputting to a user an indication of the differential diagnosis. If the differential relationship
represents a decrease of the ratio calculated from exposed-GRA level of cortisol divided by the
exposed-GRA level of ACTH that is greater than a pre-determined decrease (e.g. the C: A ratio
calculated from exposed-GRA levels 1s less than 50% of baseline C: A ratio calculated from
baseline cortisol and ACTH levels), the differential relationship indicates a positive diagnosis for
Eetopic Cushing’s Syndrome. If the differential relationship represents a pre-determined
merease {e.g. an increase of greater than 50% of baseline ratio} of the exposed-GRA levels {e.g.,
the ratio calculated from exposed-GRA level of cortisol divided by the exposed-GRA leve] of
ACTH that is greater than the baseline C: A ratio by at least 50 % of the baseline CA ratio
calculated from baseline cortisol and ACTH levels), the differential relationship indicates a
positive diagnosis for Cushing’s Disease. The output can be displayed on a user interface
display of the computing device or can be output to an external computing device for display or

printing to a user.

[B012] In one aspect, the systems are configured to automatically perform the diagnosis
methods described herein when baseline and post-treatment samples are obtained from a patient
with an established diagnosis of ACTH-dependent Cushing’s Syndrome. In another aspect, the
system is configured to perform the diagnostic methods described herein upon receiving a

request for such a diagnosis from a treating physician or associated personnel.

{6813] In another aspect, provided herein 15 a method of concurrently treating Cushing’s

Syndrome and differentially diagnosing Cushing’s Disease from Ectopic Cushing’s Syndrome in

L



15

20

o]
A

30

WO 2017/127448 PCT/US2017/013974

a patient with an established diagnosis of ACTH-dependent Cushing’s Syndrome. The method
comprises: {1) determining a baseline cortisol level and a baseline adrenocorticotropic hormone
{ACTH) level from one or more pretreatment samples taken from the patient; (1) administering a
glucocorticoid receptor antagonist (GRA) effective to treat Cushing’s Syndrome in the patient,
thereby treating Cushing’s Syndrome; (11t} continuing said treatment of Cushing’s Syndrome by
administering said GRA to the patient for a period of not less than 5 weeks and in an amount
effective to raise ACTH and cortisol levels in a healthy individual by at least two fold; (iv}
determining a second ACTH level and a second cortisol level from one or more second samples
taken from the patient in step {(u11}; (v) calculating a baseline ratio of cortisol to ACTH (“baseline
C: A rat1io”) using the baseline levels of cortisol and ACTH, and calculating a GRA-exposed ratio
of cortisol to ACTH (“GRA-exposed C: A rati0”) using the second cortisol and ACTH levels;
and, (vi) diagnosing the patient as having Ectopic Cushing’s Syndrome if the GRA-exposed C:A
ratio of cortisol to ACTH has decreased by greater than 50% compared to the baseline C: A ratio,
or diagnosing the patient as having Cushing’s Disease if the GRA-~exposed C: A ratio has

mcreased by greater than 30% compared to the baseline C: A ratio.

[8014] In vet another aspect, methods of concurrently treating Cushing’s Syndrome and
differentially diagnosing Cushing’s Disease from Ectopic Cushing’s Syndrome in a patient with
an established diagnosis of ACTH-dependent Cushing’s Syndrome are provided herein. Such
methods can be facilitated by use of any of the systems described herem, or similar such systems.
An example of such a method includes a step of obtaining, with a computing device associated
with a treating physician, a first set of values; then admunistering a glucocorticoid receptor
antagomst (GRA) effective to treat Cushing’s Syndrome in the patient, thereby treating
Cushing’s Syndrome; and then obtaining, with a computing device associated with a treating
physician, a second set of values. The first set of values represent a baseline cortisol level and a
baseline ACTH level or a baseline ratio between the baseline cortisol and ACTH levels and
correspond to one or more pre-treatment samples from the patient. The second set of values
represent an exposed-GRA cortisol level and an exposed-GRA ACTH level or a ratio between
the exposed-GRA cortisol and ACTH levels corresponding to one or more posi-treatment
samples from the patient obtained after undergoing a GRA treatment according to a
predetermined protocol. The predetermined protocol may comprise one, two, or more

administrations of a GRA to treat Cushing’s Syndrome in the patient. The methods can be
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designated as corresponding to baseline or post-treatment samples within a memory of the
computing device. The method further includes determining, with the computing device, a
differential relationship between the first and second set of values and then outputting to a user
an indication of the differential diagnosis. If the differential relationship represenis a pre-
determined decrease (e.g. greater than 50% of baseline ratio) of the exposed-GRA levels (e g
ratio}, the indication represents a postitve diagnosis for Ectopic Cushing’s Syndrome. If the
differential relationship represents a pre-determined increase {e.g. greater than 50% of baseline
ratio} of the exposed-GRA levels {e.g., ratio}, the indication a positive diagnosis for Cushing’s
Disease. The output can be displayed on a user interface display of the computing device or can

be output to an external computing device for display or printing to a user.

BRIFF DESCRIPTION OF THE DRAWINGS
{80138] FIG 1 shows a system adapted for differentially diagnosing Cushing’s Disease from
Fctopic Cushing’s Syndrome in a patient with an established diagnosis of ACTH-dependent

Cushing’s Syndrome in accordance with various embodiments.

{6016} FIG. 2 shows an alternative system adapted for differentially diagnosing Cushing’s

Disease from Ectopic Cushing’s Syndrome in accordance with various embodiments.

{6617} FIG. 3 shows a data processing system adapted for use in systems alternative system
adapted for differentially diagnosing Cushing’s Disease from Ectopic Cushing’s Syndrome in

accordance with various embodiments,
{0018] FIGS. 4-5 illustrate methods of differentially diagnosing Cushing’s Disease from
Ectopic Cushing’s Syndrome 1n accordance with various embodiments

DETAILED DESCRIPTION OF THE INVENTION

£ INTRODUCTION

[8019] This mvention involves the use of glucocorticoid receptor antagonists (GRAs) to
provide a robust and convenient means to alter ACTH and cortisol production and/or secretion
for the purpose of differentially diagnosing patients having ACTH-dependent Cushing’s

Syndrome — where the differential diagnosis 1s between Cushing’s Disease and Ectopic

~3
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Cushing’s Syndrome. Samples are taken before and after GRA has been administered fora
sufficient period of time. Cortisol and ACTH levels of the samples are assessed and the ratios of
the two hormones before and after the GRA treatment are compared to determine which form of

ACTH-dependent Cushing’s Syndrome the patient has.

[6028]  The claimed disclosed herein thus dispense the need for complicated, invasive IPSS
procedures as described above and can be performed based on patient samples obtained during
routine physical examinations. The diagnosis is therefore more accurate, convenient, and

affordable as compared to the existing methods.

HIR DEFINITIONS

{6021]  The term “endogenous Cushing’s Syndrome” refers to a form of Cushing’s Syndrome,

where the excess cortisol level is resulted from the body's own overproduction of cortisol.

{6022]  The term “Adrenocorticotropic hormone (ACTH)-dependent Cushing’s Syndrome”
refers to a form of endogenous Cushing’s Syndrome, which is 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 Cushing’s Syndrome {(accounting for 20%

of the cases).

{8023] The term “cortisol to ACTH ratio” or “C: A ratio” refers a ratio derived from the
numerical values using appropriate scientific notation where the ratios are calculated using the
coefficient value of the cortisol level over the coefficient value of the ACTH level with the
exponents and base numbers remaining the same as from the baseline sample. The exponents
and base values are not a part of the ratio. Accordingly, if the cortisol baseline level is 10 x 107
grams/dl and the ACTH baseline level is 5 x 10 grams/ml plasma, then for purposes of this
invention, the ratio is 10:5 or 2.0. If, after the treatment with GRA, the cortisol level is 4 x 10
grams/dl and ACTH level is 5 x 107 grams/mi plasma, then the post-treatment ratio, a.k.a.,
GRA exposed ratio, 15 4:5 or 0.8, This decrease in the C: A ratio would predict that the patient
who has an established diagnosis of ACTH-dependent Cushing’s Syndrome has one or more

ectopic tumors.

o5}
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[6024] The term “pretreatment sample” refers to a sample obtained from the patient before

administration of a GRA.

{06258]  The term “second sampie’” refers to a sample obtained from the patient at the end of a

period during which the patient has been treated with GRA.

{6026] The term “baseline cortisol level” and the term “baseling ACTH level” refer to the
amount, level, or concentration of cortisol and ACTH, respectively, in a patient before the GRA
treatment. Baseline cortisol or ACTH level is determined by assessing the cortisol or ACTH

level in a pretreatment sample.

{6027] The term “second cortiso! level” and the term “second ACTH level” refer the amount,
level, or concentration of cortisol and ACTH, respectively, in a patient after a period of GRA
reatment. Second cortisol or ACTH level is determined by assessing the cortisol or ACTH level

in a second sample.

{6028] The term “baseline ratio of cortisol to ACTH” or “baseline C: A ratio” disclosed herein
refers to the ratio of cortisol to ACTH levels in a patient before GRA treatment. Baseline C:A
ratio is determined by assessing the cortisol and ACTH levels in one or more pretreatment
samples as indicated in the definition of the terms “cortisol to ACTH ratio” and “C: A ratio”.
Thus, the baseline C: A ratio is calculated using the coefficient value of the baseline cortisol level
over the coefficient value of the baseline ACTH level with the exponents and base numbers
remaining the same as from the baseline sample. The exponents and base values are not a part of

the ratio.

[6029] The term “GRA-exposed ratio of cortisol to ACTH” or “GRA-exposed C: A ratio”
disclosed herein refers to the ratio of cortisol to ACTH levels 1n a patient after a period of GRA
treatment. GRA-exposed C: A ratio 1s determined by assessing the cortisol and ACTH levels 1n
one or more second samples as indicated in the defirution of the terms “cortisol to ACTH ratio”
and “C: A ratio”. Thus, the GRA-exposed C: A ratio is calculated using the coefficient value of
the GRA-exposed cortisol level over the coefficient value of the GRA-exposed ACTH level with
the exponents and base numbers remaining the same as from the baseline sample. The exponents

and base values are not a part of the ratio.
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[60306]  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 negligible 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 is called a differential diagnosis.

{8831} The term “Ectopic Cushing’s Syndrome” refers to the abnormal production of ACTH
due to ectopic ACTH secretion by an extrapituitary tumor. Extrapituitary tumors frequently

originate in lungs, the thymus, pancreas, adrenal gland, or thyroid.

{6032] The term “Cushing’s Disease” refers to the condition in which the pituitary gland
releases too much ACTH as a result of a tumor located in — or excess growth (hyperplasia) of —

the pituitary gland. Cushing’s Disease is a form of Cushing’s Syndrome.

{8033] The term “hypercortisolenua” refers a condition of having a higher than normal amount

of circulating cortisol.

{0034] The term “patient”, “individual”, or “subject” is used interchangeably to referto a
human subject. In some cases, the individual is one who has been diagnosed with ACTH-
dependent Cushing’s Syndrome. The term “healthy individual” refers to an individual who has

normal HPA function.

[6035] The term “adnunistering” includes oral administration, topical contact, administration
as a supposttory, 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. Administration 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,

epicutanecus, subcutaneous, intraperitoneal, intraventricular, and intracramial. Other modes of

10
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delivery include, but are not limited to, the use of liposomal formulations, intravenous infusion,

and transdermal patches.

{0036] The term “sample” refers to a biological sample obtained from a human subject. The
sample can be any cell, tissue or fluid from a human subject. Samples can be subject to various
treatment, storage or processing procedures before being analyzed according to the methods
described herein. Generally, the terms “sample” or “samples” are not intended to be fimited by
their source, origin, manner of procurement, freatment, processing, storage or analysis, or any

modification.

{6037]  The term “24-hour urine collection” refers a collection of all the urine a patient passes
in a 24-hour period. During this 24-hour period, the patient is subject to certain dietary and other
restrictions, as imposed by a medical professional. Examples of restrictions can be found at
www.mayomedicallaboratories com/it-mmfiles/me5343-23 .pdf. A Z4-hour urine collection 15

often ordered by a physician for a patient suspected of having Cushing’s Syndrome.

{80838] The term “cortisol” refers to a glucocorticoid hormone that 1s produced by the zona

fasciculata of the adrenal gland.

{8839] The term “adrenocorticotropic hormone” or “ACTH” refers to a polypeptide-based
hormone that is normally produced and secreted by the anterior pituitary gland. ACTH
stimulates secretion of cortisol and other glucocorticoids ((GCs) by specialized cells of the
adrenal cortex. In healthy mammals, ACTH secretion is tightly regulated. ACTH secretion is
positively regulated by corticotropin releasing hormone {CRH), which is released by the

hypothalamus. ACTH secretion is negatively regulated by cortisol and other glucocorticoids.

[0048] The term “measuring the level” i the context of cortisol, ACTH, or other steroids,
refers deternmining, detecting, or quantitating the amount, level, or concentration of, for example,

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

[6041] Theterm a “increase” or a “decrease” refers to a detectable positive or negative change
n 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 mcrease
15 a postiive change that 1s 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

i1
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control value. Similarly, a decrease is a negative change that 13 typically at least 5%, at least
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 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 <

[8042] 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 in
this disclosure are in some cases provided by the commercial test that is 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, ¢.g., subjects who have normal HPA function. In some cases,
they are established as a range of the level, amount, or concentration of the analyte 11 a group of
healthy subjects. Normal reference values may vary depending on the nature of the 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..

[3043] 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 value for that analyte.

[0044] The term “glucocorticosterord” (“GC”) or “glucocorticoid” refers to a steroid hormone
that binds to a glucocorticoid receptor. Glucocorticosteroids are typically characterized by
having 21 carbon atoms, an o, B-unsaturated ketone i ring A, and an a-ketol group attached to
ring B, They differ in the extent of oxygenation or hydroxylation at C-11, C-17, and C-19; see
Rawn, “Biosyunthesis and Transport of Membrane Lipids and Formation of Cholesterol

Dervatives,” in Biochenusiry, Daisy ef al. (eds.), 1989, pg. 567.

[0045] The term “glucocorticoid receptor” (“GR”) refers to the type Il 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 mcludes 1soforms of GR, recombinant GR and mutated GR. Inhibition constants (K)

against the human GR receptor type I (Genbank: P0O4150) are between 0.0001 nM and 1,000
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nM; preferably between 0.0005 nM and 10 nM, and most preferably between 0.001 nM and 1
nM.

{6046] The term “glucocorticoid recepior antagonist” or “GRA” refers to any composition or
compound which partially or completely inhibits {antagonizes} the binding of a glucocorticond
receptor (GR) agonist, such as cortisol, or cortisol analogs, synthetic or natural, to a GR. A
“specific glucocorticoid receptor antagonisi” refers to any composition or compound which
inhibits any biological response associated with the binding of a GR to an agonist. 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). It
1s preferred that the specific glucocorticoid receptor antagonist binds GR with an affinity that is
10x greater (1/1 0" 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. In a more preferred
embodiment, the specific glucocorticoid receptor antagonist binds a GR with an affuuty that s
100x greater (1/1 00™ the K4 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.

{8047} The term “selective inhibitor” m the context of a glucocorticoid receptor refers to a
chemical compound that selectively mterferes with the binding of a specific glucocorticoid

receptor agonist and a glucocorticoid receptor.

[6048] The term “steroidal backbone” in the context of glucocorticoid receptor antagonists
containing such refers to glucocorticoid receptor antagonists that contain modifications of the
basic structure of cortisol, an endogenous steroidal glucocorticoid receptor igand. The basic

structure of a sterocidal backbone 1s provided as Formoula I

4 6

Formula I Steroidal Backbone

13
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The two most commonly known classes of structural modifications of the cortisol steroid
backbone to create glucocorticoid antagonists include modifications of the 11- B hydroxy group
and modification of the 17- § side chain (See, e. g, Lefebvre (1989) §. Steroid Biochem. 33: 557~
563).

[6049]  As used herein, the term “non-steroidal backbone” in the context of glucocorticoid
receptor antagonists containing such refers to glucocorticoid receptor antagonists that do not
share structural homology to, or are not modifications of, cortisol. Such compounds include
synthetic mimetics and analogs of proteins, including partially peptidic, pseudopeptidic, and non-

peptidic molecular entities.

[8050] Non-steroidal GRA compounds also include glucocorticoid receptor antagonisis having
a cyclohexyl-pyrimidine backbone, a fused azadecalin backbone, a heteroary! ketone fused
azadecahn backbone, or an octahydro fused azadecalin backbone. Exemplary glucocorticoid
receptor antagonists having a cyclohexyl-pyrimidine backbone include those described in U.S.
Patent No. 8,685,973, Exemplary GRAs having a fused azadecalin backbone include those
described 10 U.S. Patent Nos. 7,928,237 and 8,461,172, Exemplary GRAs having a heteroary]
ketone fused azadecalin backboue include those described in U.S. Pat Pub. 2014/0038926.
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
Glucocorticord Receptor Modulators, Attorney Docket No. 85178-887884 (G07800US), filed on
November 25, 2013,

[60581] 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 right to left, e.g., ~-CH,0- 1s equivalent to -OCH,-.

[B032] “Alkyl” refers to a straight or branched, saturated, aliphatic radical having the number
of carbon atoms indicated. Alky! can inchude any number of carbons, such as Ci.3, Ci3, Crg,
Chrs, Crg, Crg, Cig, Croo, Chrito, Cos, Cowg, Coos, Cosg, Cag, Css, Cas, Cas, Cas, and Cs6. For
example, Ci¢ alky! includes, but 1s not limited to, methyl, ethyl, propyl, isopropyl, butyl,

1sobutyl, sec.butyl, tert.butyl, pentyl, isopentyl, and hexvl.

14



10

15

20

WO 2017/127448 PCT/US2017/013974

[0053]  “Alkoxy” refers to an alkyl group having an oxygen atom that connects the alkyi group
to the point of attachment: alkyi-O- As for the alkyl group, alkoxy groups can have any
suitable number of carbon atoms, such as Cy5. Alkoxy groups include, for example, methoxy,
ethoxy, propoxy, iso-propoxy, butoxy, 2-butoxy, iso-butoxy, sec-butoxy, tert-butoxy, pentoxy,

hexoxy, efc.
[8054] “Halogen” refers to fluorine, chiorine, bromine, and 1odine.

[6085]  “Haloalkyl” refers to alkyl, as defined above, where some or all of the hydrogen atoms
are replaced with halogen atoms. As for the alky! group, haloalkyl groups can have any suitable

number of carbon atoms, such as Cy, and include trifluoromethyl, fluoromethyi, efc.

[8056] The term “perfluors” can be used to define a compound or radical where all the
hydrogens are replaced with fluorine. For example, perflucromethane includes

1,1, 1-rifluoromethyl

{6057] “Haloalkoxy” refers to an alkoxy group where some or all of the hydrogen atoms are
substituted with halogen atoms. As for the alky! eroup, haloalkoxy groups can have any suitable
number of carbon atoms, such as Cis. The alkoxy groups can be substituted with 1, 2, 3, or
more halogens. When all the hydrogens are replaced with a halogen, for example by fluorine,
the compounds are per-substituted, for example, perfluorinated. Haloalkoxy includes, but 1s not

limited to, triflucromethoxy, 2,2,2 ~trifluoroethoxy, and perfluoroethoxy.

{6058] “Cycloalkyl” refers to a saturated or partially unsaturated, monocyclic, fused bicyclic,
or bridged polyveyclic ring assembly containing from 3 to 12 ring atoms, or the number of atoms
indicated. Cycloalky! can include any number of carbons, such as Cs.6, Cas, Csog, Csg, Cag, Csag,
Ces, Csoo, Ci0, Csan, and Cypp. Saturated monocyclic cycloalkyl rings include, for example,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and cyclooctyl. Saturated bicyclic and
polyeychic cycloalky! 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, cvclopentene, cyclohexene,
cyclohexadiene (1,3~ and 1,4-1somers), cycloheptene, cycloheptadiene, cyclooctene,

cyclooctadiene (1,3, 1,4- and 1,5-1somers), norbornene, and norbornadiene, When cycloalkyl is

15



10

20

30

WO 2017/127448 PCT/US2017/013974

a saturated monocyclic Cys eycloalkyl, exemplary groups include, but are not limited to,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, and cyclooctyl. When cycloalkyl
is a saturated monocyclic Cag cycloalkyl, exemplary groups include, but are not limited to,

cyclopropyl, cyclobutyl, cyelopentyl, and cyclohexyi

[6659] “Heterocycloalkyl” refers to a saturated ring system having from 3 to 12 ring members
and from 1 to 4 heteroatoms of N, O, and 8. Additional hetercatoms can also be useful,
including but not limited to, B, Al, 81, and P. The heteroatoms can also be oxidized, such as, but
not limited to, -S{(0)- and -5(Q);-. Heterocycloalkyl groups can include any number of ring
atoms, suchas 3106,4106,5t06,3108, 4108 5t08, 6108, 3109, 31010,3101l,0or3t012
ring members. Any suitable number of heteroatoms can be included in the heterocycloalkyl
groups, suchas 1,2, 3, ord, or1t02,1t03,1t04,2t03,21t04, or3t04. The
heterocycloalkyl group can include groups such as aziridine, azetidine, pyrrolidine, piperidine,
azepane, azocane, quinuclidine, pyrazolidine, imidazolidine, piperazine (1,2-, 1,3~ and 1,4-
1s0mers), oxirane, oxetane, tetrahydrofuran, oxane (tetrahvdropyran), oxepane, thurane, thietane,
thiolane (tetrahydrothiophene), 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, indoline.

[6068] When heterocycloalkyl includes 3 to § ring members and 1 to 3 hetercatoms,
representative members include, but are not hmited to, pyrroldine, piperidine, tetrahydrofuran,
oxane, tetrahydrothiophene, thiane, pyrazolidine, imidazolidine, piperazine, oxazolidine,
isoxazolidine, thiazoliding, 1sothiazolidine, morpholine, thiomorpholine, dioxane and dithiane.
Heterocycloatkyl can also form a ring having 5 to 6 ring members and 1 to 2 hetercatoms, with
representative members including, but not limited to, pyrrohidine, pipenidine, tetrahydrofuran,
tetrahydrothiophene, pyrazolidine, imdazolidine, piperazine, oxazoliding, isoxazolidine,

thiazolidine, 1sothiazolidine, and morpholine,

[6061] “Aryl” refers to an aromatic ring systern having any suitable number of ring atoms and
any suitable number of rings.  Aryl groups can include any suitable number of ring atoms, such
as 6,7,8,9, 10, 11, 12,13, 14, 15, or 16 ring atoms, as well as from 6 t0 10,6 t0 12, 0r 610 14

ring members. Aryl groups can be monocyclic, fused to form bicyclic or tricyclic groups, or
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linked by a bond to form a biaryl group. Representative arvi groups include phenyl, naphthyl and
biphenyl. Other aryl groups include benzyl, that has a methylene linking group. Some aryl
groups have from 6 to 12 ring members, such as phenyl, naphthvl, 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.

[8062] “Heteroaryl” refers to a monocyclic, fused bicyclic, or tricyclic aromatic ring assembly
containing 5 to 16 ring atoms, where from 1 to S of the ring atoms are a heteroatom such as N, O,
or 8. Additional hetercatoms can also be useful, including but not limited to, B, Al, 81, and P.
The heteroatoms can also be oxidized, such as, but not limited to, N-oxide, -S{0})-, and -8(O)»-.
Heteroaryl groups can include any number of ring atoms, suchas3106,4t06,5t0 6,3 10 8,
4108,5t08,6108,3109,31t010,31t0 11, or 3 to 12 ring members. Any suitable number of
heteroatoms can be included in the heteroaryl groups, suchas 1,2,3, 4, or 5;or 1 t0 2, 1 t0 3, 1
to4,1t05,2t03,2t04, 2105, 3104, or 3to 5. Heteroaryl groups can have from 5 to 8 ring
members and from 1 to 4 heteroatoms, or from 5 to § ring members and from 1 to 3 heteroators,
or from S to 6 ring mermbers and from 1 to 4 heteroatoms, or from S to 6 ring members and from
1 to 3 hetercatoms. The heteroaryl 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 1soxazole. The
heteroaryl groups can also be fused to aromatic ring systems, such as a phenyl ring, to form
members including, but not limited {0, 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 heteroaryl groups include hetercaryl rings linked by a

bond, such as bipyridine. Hetercaryl groups can be substituted or unsubstituted.

[6063] The heteroaryl groups can be hinked via any position on the ring. For example, pyrrole
mcludes 1-, 2-, and 3-pyrrole; pyridine includes 2-, 3- and 4-pyridine; imidazole includes 1, 2-
4- and S-imidazole; pyrazole includes 1-, 3~, 4- and 5-pyrazole; triazole includes 1-, 4~ and S-
triazole; tetrazole includes 1- and S-tetrazole; pyrimidine includes 2-, 4-, 5- and 6- pyrimidine;
pyridazine includes 3- and 4-pyridazine; 1,2 3-tnazine includes 4- and 5-iriazine; 1,2, 4-triazine

includes 3-, 5- and 6-triazine; 1,3, 5-triazine includes 2-triazine; thiophene includes 2- and 3-
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thiophene; furan includes 2- and 3-furan; thiazole includes 2-, 4- and 5-thiazole; 1sothiazole
includes 3-, 4- and S-isothiazole; oxazole includes 2-, 4- and 5-oxazole; isoxazole includes 3-, 4-
and 5-1soxazole; indole includes 1-, 2- and 3-indole; isoindole includes 1- and 2-isoindole;
quinoline includes 2-, 3- and 4-quinoline; 1soquinoline includes 1-, 3- and 4-isoquinsoline;
quinazoline includes 2- and 4-quincazoline; cinnoline includes 3- and 4-cinnoline;
benzothiophene includes 2- and 3-benzothiophene; and benzofuran includes 2- and 3-

benzofuran.

[8064] Some heteroaryl groups include those having from S to 10 ring members and from 1 to
3 ring atoms including N, O, or 8, such as pyrrole, pyridine, imidazole, pyrazole, triazole,
pyrazine, pyrimidine, pyridazine, triazine (1,2,3-, 1,2,4- and 1,3,5-1somers), thiophene, furan,
thiazole, isothiazole, oxazole, isoxazole, indole, isoindole, quinoline, isoquinoline, guinoxaline,
quinazohine, phthalazine, cinnoline, benzothiophene, and benzofuran, Other heteroaryl groups
inchude those having from 5 to 8 ring members and from 1 to 3 heteroatoms, such as pyrrole,
pyridine, imidazole, pyrazole, triazole, pyrazine, pyrimidine, pyridazine, triazine (1,2,3~ 1,2 4-
and 1,3,5-1somers), thiophene, furan, thiazole, 1sothiazole, oxazole, and 1soxazole. Some other
heteroaryl groups include those having from 9 to 12 ring members and from 1 to 3 heteroatoms,
such as indole, 1soindole, quinoline, 1soquinoline, quinoxaline, quinazoline, phthalazine,
cinnohine, benzothiophene, benzofuran and bipynidine. Stilf other heteroaryl groups include
those having from 5 to 6 ring members and from 1 to 2 ring hetercatoms mchuding N, O or §,
such as pyrrole, pynidine, nmidazole, pyrazole, pyrazine, pyrimidine, pyridazine, thiophene,

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

[B065] 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, isoindole, quinolime, 1soquinoline,
quinoxaline, quinazoline, phthalazine, and cinnoline. Other heteroaryl groups include from § to
10 ring members and only oxygen heteroatoms, such as furan and benzofuran. Some other
heteroary! groups mclude from S to 10 ring members and ounly sulfur hetercatoms, such as
thiophene and benzothiophene. Still other heteroaryl groups include from 5 to 10 ring members

and at least two hetercatoms, such as imidazole, pyrazole, triazole, pyrazine, pyrimidine,
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pyridazine, triazine (1,2,3- 1,2 4- and 1,3 5-1somers}, thiazole, isothiazole, oxazole, 1soxazole,

quinoxaline, quinazoline, phthalazine, and cinnoline.
{0066] “Heteroatoms” refers to O, S, or N.

{6867 “Salt” refers to acid or base salts of the compounds used in the methods of the present
invention. [llustrative examples of pharmaceutically-acceptable salts are mineral acid
(hydrochloric acid, hydrobromic acid, phosphoric acid, and the like} salts, organic acid (acetic
acid, propronic acid, glutamic acid, citric acid, and the like) salts, and quaternary ammoniom
{methyl iodide, ethyl todide, and the like) salts. It is understood that the pharmaceutically-
acceptable salts are non-toxic. Additional mformation on suitable pharmaceutically-acceptable

salts can be found in Remington's Pharmaceutical Sciences, 17th ed., Mack Publishing

Company, Easton, Pa., 1985, which is incorporated herein by reference.

[0068] “Isomers” refers to compounds with the same chemical formula but which are

structurally distinguishable.

[8069] “Tautomer” refers to one of two or more structural isomers which exist in equilibrium

and which are readily converted from one form to another.

{8078] 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 mherently
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 physiclogical conditions.

{8671} “Pharmaceutically-acceptable excipient” and “pharmaceutically-acceptable carrier”
refer 10 a substance that aids the administration of an active agent to —and absorption by —a
subject and can be included in the compositions of the present invention without causing a
significant adverse toxicological effect on the patient. Non-himiting 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 in the present invention.
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iii. DETAILED DESCRIPTIONS OF EMBODIMENTS

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

i Selecting Patients Having ACTH-Dependent Cushing’s Syndrome
{8072} The methods disclosed herein 1s used to provide differential diagnosis between Cushing
Dhisease and Ectopic Cushing’s 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 clinical symptoms, the detection of

hypercortisolemia and elevated blood ACTH levels.

a. Chinical Symptoms
{6873] 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 urregular
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 hypercortisolena.

b Hypercortisolemia

{6074] A diagnosts 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.
In one approach, the patient’s whole blood sample 15 collected and processed to collect serum or
plasma, i.e., in the morning, e.g., between 8 am and 10 am. or in the afternoon, e.g., at4 pm.
The collected serum or plasma sample is refrigerated or frozen within, e.g., 2 hours of collection.
Analysis of the serum or plasma sample 1s performed in a timely fashion, e.g. within 7 days from
sample collection. In another approach, the patient’s cortisol levels are measured from his or her

saliva samples. Salivary cortisol 1s in equilibrium with the free cortisol in blood circulation.
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Changes of cortisol levels in the bloodstream are paralieled, 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 midnight saliva test, which
measures cortisol levels from saliva samples collected at between 11 pm and nudnight. Intake of
food or drink is prohibited at least 15 minutes prior to sample collection. Saliva samples are
collected by keeping and rolling a swab in mouth for approximately 2 minutes. The saliva
samples, ambient or refrigerated, are then sent to a laboratory for cortisol level determination in a

i
/

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

{6075]  Methods for measuring cortisol levels are known to those 1n the art. Useful assays
include immunoassays, €.¢., competitive immuncassay, radicimmunoassay, immunofluorometric
enzyme assay, and ELISA, competitive protein-binding assay and mass spectrometry, e.g., high-
performance liquid chromatography/triple quadrupole-mass spectrometry (LC-MS/MS).
Commercial kits for measuring cortisol 1n samples are available from Beckman-Coulter,
Siemens, Roche Diagnostics, and the like. Non-limiting examples of cortisol tests are Mayo
Clinic’s SALCT, CORT, CORTU, and CINP tests; an ADVIA Centaur® Cortisol assay {Siemens
Healthcare Global); ARCHITECT i2000SR cortisol (Abbott); Immulite”™ 2000 Cortisol assay
(Siemens Healthcare Global; #L.2KCO?2), Vitros” ECi Cortisol assay (Ortho Clinical
Diagnostics; #107 4053), and Elecsys” Cortisol Immunoassay (Roche Molecular Diagnostics;

#11875116160).

[6076] The patient’s cortisol measurement 1s then compared with the normal reference value
and 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 coliected in the morning and lower
for samples collected at night), and the detection method. Thus, it 1s essential to interpret test
results in the context of the appropriate normal reference values. Various commercial kits
provide the normal reference values in testing protocols. For exarmple, normal reference values
for the Mayo Chnic’s SALCT test that deternunes cortisol level in saliva 15 <100 ng/dL; a saliva
cortisol level higher than 100 ng/dL 1s thus an mdication of hypercortisolemia. After being
diagnosed with hypercortisolemia, the patient 13 subject to additional tests to confirm the

presence of Cushing’s Syndrome.
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C Cushing’s Syndrome
[8877] 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
mhibition 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 variation in cortisol secretion. If two of the

three tests show abnormal cortisol levels, the Cushing’s Syndrome 1s confirmed.

{8078} The dexamethasone suppression test is typically used as a screen test for Cushing’s
Syndrome. Dexamethasone is an exogenous steroid that binds glucocorticoid receptors in the
antertor piturtary 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 pituttary gland and results in suppression of ACTH secretion. The suppression
of ACTH secretion, in turn, results in suppression of cortisol release and therefore a detectable
decrease in cortisol fevel in 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 is performed by administering a low dose of
dexamethasone, e.g., 1 mg, the night before at, e g, 11 pm. The next mormung, e.g., between §-9
am; the patient’s blood 1s then sampled and seram 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 15 indicative of the presence of Cushing’s Syndrome,

[8679] The 24-hour Urine Free Cortisol test 1s the gold standard for diagnosing Cushing’s
Syndrome. This test uses the principle that cortisol production s increased in patients having
Cushing’s Syndrome, and measurements of urinary excretion provide an integral estirnate of that
merease. A result more than the normal reference values 1s mdicative of the presence of
Cushing’s Syndrome. A 3 to 4-fold imcrease over normal reference values provides definite
diagnosis of Cushing’s Syndrome; if this increase 1s present, no additional testing 1s required to
confirm the diagnosis. For less dramatic increases in the urinary free-cortisol (UUFC) level, other
tests, such as the overnight dexamethasone suppression test and the midnight salivary cortisol

test, as described above, are required.

b2
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[6080] The midmght saliva test is another test commonly esed to confirm Cushing’s

Svndrome. The test 1s described in the section titled “hypercortisolemia”, supra.

{0081 If the patient is 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 is to measure ACTH to confirm he or she has ACTH-dependent Cushing’s Syndrome.

d ACTH-Dependent Cushing’s Syndrome
{6082] 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 is 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, 1s caused by the overproduction of cortisol by a tumor in the
adrenal gland or the overgrowth of the adrenal gland — either of which mhibits 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.

{8083] The types of samples that are suitable for ACTH determination can be serum, plasma,
saliva, urine, or any other biological fluid 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 1s 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 exarple, the cortisol levels
can be measured in saliva and the ACTH levels can be measured 1o plasma. In yet other cases,

different samples of the same type are used to measure the levels.

[6084] The level of ACTH can be measured using various methods, including but not limited

to, umunoassays, e.g., competitive immunoassay, radicimmunoassay, immnunofluorometric

HPLC); and mass spectrometry, e.g., high-performance liquid chromatography/triple
quadrupole-mass spectrometry (LC-MS/MS). Commercial kits for measuring ACTH are readily
available, e.g., from Mayo clinic (Test ID; ACTH), Siemens Healthcare Global (Immulite® 2000

ACTH assay), and Roche Molecular Dragnostics (Catalog No. 03255751190).
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[B085] 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, as well as the timing of sample collection because, like
cortisol, ACTH in healthy individuals varies during a 24-hour period, reaching its highest level
in the morning arcund 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 {D: ACTH are about 10-60 pg/mL.

[8086] Patients diagnosed with ACTH-dependent Cushing’s Syndrome are selected for the
differential diagnosis as described below.

2. Method of Differential Diagnosis of ACTH-Dependent Cashing’s

Syadrome

{8087] The differential diagnosis method uses GRAs to discriminate between Cushing PHsease
and Ectopic Cushing’s Syndrome, the two major forms of ACTH-dependent Cushing’s
Syndrome. In patients having ACTH-dependent Cushing’s Syndrome, the presence of excess
cortisol inhibits normal piturtary tissue’s role in promoting ACTH production and secretion. The
effect of GRA treatment on these patients are two-fold: on one hand, GRA acts on the pituitary
gland to increase the production of biologically active ACTH, 1.e, ACTH that can stimulate
cortisol production and/or secretion, which can increase cortisol levels. Fleseriuetal, J. Clin.
Endocrinol. Metab. 2012 June 97 (6): 2039-49. On the other hand, GRA blocks the signaling of
the autocrine cortisol receptors in adrenocortical cells — the cortisol-producing cells, — to lower
cortisol levels. See, Asser et al, Mol Cell Endocrinol. 395 (2014) 1-9; Albertson et al, Eur. J.
of Endocrinol., 1994 (130} 195-200.

[6088] The diagnosis method is based on the surprising discovery that the effects of GRA
treatment on cortisol and ACTH production and secretion in patients having Cushing” Disease
are very different from those in patients having Ectopic Cushing’s Syndrome. For patients
having Cushing’s Disease, the positive effect of GRA on cortisol level — through the stimulation
of excess production of biologically active ACTH, which causing the increase in cortisol
production and secretion — sigmficantly outweighs the negative effect of the GRA on cortisol
production — through the inhibition of cortisol production by the adrenocortical cells. This

results in an increase of the ratio of cortisol to ACTH levels. In contrast, patients having ectopic
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ACTH secreting tumors produce excessive amounts of ACTH; but the majority of which is
biologically inactive and the high levels of circulating cortisol also suppress the pituitary gland’s
natural ability to generate biologically active ACTH. As a result, active ACTH is relatively
unchanged after treatment with GRAs in these patients and thus would not affect cortisol
production and secretion. However, GRAs can siitll inhibit the cortisol production by the
adrenccortical cells through inhibition of several steroidogenesis enzymes (Asser ef af., Mol
Cell. Endocrino., 2014 Sep. 395(1-2):1-9), which result in a decrease of cortisol level and a
decrease of the ratio of cortisol to ACTH levels. Thus the change of the C: A ratio after the GRA
treatment can serve as a basis for the differential diagnosis: an increase in the C: A ratio of
greater than 50% after GRA treatment indicates Cushing’s Diseasé and a decrease in the C:A

ratio of greater than 50% after GRA treatment corresponds to Ectopic Cushing’s Syndrome.

a. Sampling
{6689} 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. In
one approach, the patient’s whole blood sample 1s collected and processed to collect serum or
plasma, 7.¢., in the moming, ¢.g., at 8 am or in the afternoon, e.g., at 4 pm. The collected serum
saraple is refrigerated or frozen within, e.g., 2 hours of collection. In one approach, saliva
samples are collected by keeping and rolling a swab mn mouth for approximately 2 minutes, ata
time between 11 pm and midmght. Intake of food or drink 1s prohibited at least 15 minutes prior
to sample collection. The samples, typically refrigerated or frozen, are then sent to a laboratory
1o assess the cortisol and ACTH levels in a timely fashion, e.g., within 7 days from sample

collection.

[6098] The differential diagnosis method disclosed herein involves taking one or more
pretreatment samples (before the GRA treatment} and one or more second samples {after the
GRA treatment) from a patient. In some embodiments, the pretreatment sample(s) and the
second sample(s) from the patient are of the same type, e.g., plasma, from which both the
cortisol and ACTH levels are determined. In some embodiments, different types of samples are
coliected for measuring cortisol and ACTH levels. For example, 24-hour urine collections
before and after the GRA treatment are used for measuring the cortisol levels and plasma

samples before and after the GRA treatment are used for measuring the ACTH levels.
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[B091] Pretreatment samples are taken from the patient before the start of the GRA treatment.
In some embodimenis, a pretreatment sample is taken within 1, 2, 3, 4, 5, or 6 weeks prior to the
administration of GRA. In some embodiments, a pretreatment sample is taken on the same day,
within a few hours before administration of GRA. In some embodiments, the pretreatment
sample is taken less than T hour, or 30 min, or 10 min before the first dose of GRA is
adnunistered. Second samples are collected from the patient at the end of a period during which
the patient has been treated with GRA. 1n some embodiments, the period after which the second
samples are taken is 6 weeks or longer, e.g., 6-10 weeks. In some embodiments, the period 1s 2,

3, 4 or more months.

b Adnmunistration of GRA
[6092] 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
or nfusion) and topical methods. Transdermal admunustration méthcds, by a topical route, can
be formulated as applicator sticks, solutions, suspensions, emulsions, gels, creams, ointments,
pastes, jellies, paints, powders, and aerosols. GRAs can be administered orally as a pill, a

capsule, or liguid formulation as described herein.

[6693] In some embodiments, the GRA 15 admimstered in one dose. In other embodiments,
the GRA 1s administered in more than one dose, e.g., 2 doses, 3 doses, 4 doses, S 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 in a healthy individual. In
one embodiment, the GRA is mifepristone. In one embodiment, the mifepristone 15 administered
at 300-13500 mg to the patient. Tn one embodiment, mifepristone 15 administered on a daily basis

equal to 5-20 mg/kg of patient.

C. Dhagnosts based on the comparison of the baseline C: A ratio and
the GRA-exposed C: A ratio
[8094] The ACTH levels and cortisol levels are determined using the methods as described in
the above section titled “Selecting Patients Having ACTH-Dependent Cushing’s Syndrome”.

Baseline cortisol/ ACTH levels are determined from the pretreatment samples and second
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cortisol/ACTH levels are determined from second samples from each patient. The baseline C:A
ratio 1s calculated from the baseline cortisol and the baseline ACTH levels, and the GRA-
exposed C:A ratio is calculated from the second (GRA-exposed) cortisol and the second (GRA-
exposed) ACTH levels. If the GRA-exposed C: A ratio has decreased by greater than 50%
compared to the baseline C: A ratio, the patient is diagnosed as having Ectopic Cushing’s
Syndrome. If the GRA-exposed (A ratio has increased by greater than 50% compared to the

baseline C: A ratio, the patient 1s diagnosed as having Cushing’s Disease.
B Glucocorticoid Receptor Antagonists

{6095] The methods of the present invention generally provide administering a GRA. In some
cases, the glucocorticoid receptor antagonist is a specific GRA. As used herein, a specific
glucocorticoid receptor antagonist refers to a composition 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). In vet another exemplary
embodiment, the specific GRA binds preferentially to the glucocorticoid receptor in comparison

to MR and PR, MR and AR, PR and AR, or MR, PR, and AR.

[6096] In a related embodiment, the specific GRA binds to the glucocorticoid receptor with an
association constant (Kg) that 15 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 is 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

{Ka) that 1s at least 1000-fold less than the Kq for the other nuclear receptors,

[8097] Generally, treatment can be provided by administering an effective amount of a GRA

of any chemical structure or mechanism of action and a glucocorticosteroid of any chemical

b2
3
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structure or mechanism of action. Provided herein, 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 GRAs that can be employed in the treatment methods described herein.
1. GRAs Having a Steroidal Backbone

{6098]  In some embodiments, an effective amount of 8 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, 7.e., varted forms of
the steroid backbone. The structure of cortisol can be modified in a 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-§ hydroxy group and modification of the 17- side
chain (See, e.g., Lefebvre, 1. Steroid Biochem. 33:557-563, 1989).

{8099] Examples of steroidal 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;
4386,085; 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; 5,004,822; 5,073,348, 5,089,488;
$,089,635; 5,093,507, 5,095,010; 5,095,129, 5,132,299, 5,166,146, §,166,199; 5,173,405,
5,276,023; 5,380,839, 5,348,729; 5,426,102; 5,439,913, 5,616,458, 5,696,127, and 6,303,591,
Such steroidal GR antagonists include cortexolone, dexamethasone-oxetanone, 19-
nordeoxycorticosterone, 19-norprogesterone, cortisol-21-mesylate; dexamethasone-21-mesylate,
11 p-{4-dimethylaminoethoxyphenyl)-17a-propynyi-17B-hydroxy-4,9-estradien-3-one (R1J009),
and (170)-17-hydroxy-19-(4-methyiphenyljandrosta-4,9(1 1)~-dien-3-one (RUG44).

[6108] Other examples of steroidal antiglucocorticoids are disclosed 1n Van Kampen er al.
(2002) Eur. 1. Pharmacol. 457(2-3):207, WO 03/043640, EP 0 683 172 B1, and EP 0 763 541
B1, each of which is incorporated herein by reference. EP 0 763 541 B1 and Hovberg er o/ , Int'l
J. of Neuro-psychopharmacology, 5:Supp. 1, 8148 (2002} disclose the compound (115,17p)-11-
(1,3-benzodioxol-5-yi)-17-hydroxy-17-(1 -propynyijestra-4,9-dien-3-one (ORG 34517), which in
one embodiment, 13 admirustered in an armount effective to treat an ACTH-secreting tumor in a

subject.
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2. Removal or Substitution of the 11- B Hydroxy Group

[{8181] Glucocorticoid antagonists with modified steroidal backbones comprising removal or
substitution of the 11-8 hydroxy group are administered in one embodiment of the invention.
This class includes natural GRAs, including cortexclone, progesterone and testosterone
derivatives, and synthetic compositions, such as mifepristone (Lefebvre, ef 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-§ phenyl-aminodimethy!
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-p phenyl-aminodimethyl steroid, the steroid
receptor can be maintained in a conformation that cannot bind its natural ligand, such as cortisol

in the case of GR {(Cadepond, 1997, supra).

{6192] Synthetic 11-beta phenyl-aminodimethy! steroids include mifepristone, also known as
RU486, or 17-f~hydrox-11-p-(4-dimethyl-aminophenyl}1 7-a-( I-propynylestra-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 emmbodiments, the GRA administered to treat an
ACTH-secreting tumor s mifepristone, or a salt, tavtomer, or derivative thereof. In other
embodiments, however, administration of mifepristone is specifically excluded as a GRA for

treatment of an ACTH-secreting tumor.

[6103] Another 11-B phenyl-aminodimethyl steroid shown to have GR antagorust effects
mneludes the dimethy! aminoethoxyphenyl derivative RU009 (RU39.009), 11-f~(4-dimethyl-
aminoethoxyphenyl}-17-u-(propynyl-17-B-hydroxy-4,9-estradien-3-one) (see Bocquel, J. Steroid
Biochem. Molec. Biol. 45:205-215, 1993}, Ancther GR antagonist related to RU486 15 RUG44
(RU43.044} 17-B-hydrox-17-0~19-(4-methyi-phenyi}-androsia-4,9(1 1 }-dien-3-one} (Bocquel,
1993, supra). See also Teutsch, Steroids 38:651-665, 1981, 1.8, Pat. Nos. 4,386,085 and
4,912,097,

[0104] One emnbodiment includes compositions that are irreversible anti-glucocorticoids. Such
compounds inchide a-keto-methanesulfonate derivatives of cortisol, including cortisol-21-

mesylate (4-pregnene-11-5, 17-¢, 21-triol-3, 20-dione-21-methane-sulfonate and
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dexamethasone-21-mesylate (16-methyl-9-g-fluore-1,4-pregnadiene-11 §, 17-¢, 21-triol-3, 20-
dione-21-methane-sulfonte). See Simons, J. Steroid Biochem. 24:25-32, 1986; Mercier, J.

Steroid Biochem. 25:11-20, 1986; U.8. Pat. No. 4,296,206,
3. Medification of the 17-beta Side Chain Group

[0165]  Steroidal anti-glucocorticoids which can be obtained by various siructural
maodifications 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

{6106] GRAs used in the various embodiments of the invention include any steroid backbone
modhification 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 methy! group, such as 19-nordeoxycorticosterone and 19-

norprogesterone {Wynne, Endocrinology 107:1278-1280, 1980).

[8197] 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 anti-glucocorticoid activity.
Substitutions in the A ring of the steroid backbone can also be important. For example, 17-
hydroxypropenyl side chains can, in some cases, decrease anti-glucocorticoid activity in

comparison to 17-propynyl side chain containing compounds.

{6108] Additonal glucocorticoid receptor antagonists known in the art and suitable for
practice of the invention include 21-hydroxy-6,19-oxidoprogesterone (See Vicent, Mol Pharm.

2:749-753, 19973, Org31710 (See Mizutant, J Sreroid Biochem Mol. Biol. 42(7).695-704,
1992}, RUJ43044, RU405SS (See Kim, J Steroid Biochem Mol. Biol. 67(3):213-22, 1998), and
RU28362.

s Neon-Stereidal Anti-Glucocorticoids as Antagonists

{6109] Non-steroidal glucocorticoid receptor antagonists (GRAs) are also used in the methods

of the invention for the differential diagnosis of patients with ACTH dependent Cushing’s
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Syndrome in a subject, where the differential diagnosis is between Ectopic Cushing’s Syndrome
and Cushing’s Disease. These include synthetic mimetics and analogs of proteins, including
partially peptidic, pseudopeptidic and non-peptidic molecular entities. For example, oligomeric
peptidomimetics useful in the invention include {a-~f-unsaturated) peptidosulfonamides, 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).

[6118] 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 af, J. Med. Chem. 45, 2417-2424 (2002}, e.g., 4a{S)-benzyl-2(R}-
chloroethynyl-1,2.3,4,40,.9,10,10a(R)}-octahy dro-phenanthrene-2,7-diol (“CP 3945317 and
4a(S)-benzyl-2(R)-prop-1-ynyi-1,2,3,4,41,9,10,100(R)-octahydro-phenanthrene-2.7-diol (“CP
4090697Y; and the compounds disclosed in PCT International Application No. WO 96/19458,
which describes non-steroidal corapounds that are high-affinity, highly selective antagorists for

sterotd receptors, such as 6-substituted-1,2-dihydro-N-protected-quinolines.

[6111] Insome embodiments, the subject 1s treated with an effective amount of a non-steroidal
GRA having a cyclohexyl-pyrimidine backbone, a fused azadecalin backbone, a heteroaryi
ketone fused azadecalin backbone, or an octahydro fused azadecalin backbone. For example, the
patient can be treated with effective amounts of one of the foregoing GRAs and a GC ora GC
analog. Exemplary GRAs baving a cvclohexyl-pyrimidine backbone include those described in
1.8, Patent No. 8,685,973, In some cases, the GRA having a cyclohexyl-pyrimidine backbone

has the following structure:

wherein
the dashed line is absent or a bond;

X 18 selected from the group consisting of O and §;
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R’ is selected from the group consisting of cycloalkyl, heterocycloalkyl, aryl and
heteroaryl, optionally substituted with from 1 to 3 R" groups:

each R" is independently selected from the group consisting of H, Cy alkyl,
Chg alkenyl, Cyg alkynyl, Cy¢ alkoxy, Cis aikyl—ORlb; halogen, C;.¢ haloalkyl,
.5 haloaloxy, -OR'®, -NR'R'® -C{OR"®, -C(OIOR'®, -OC(OR', -C(OINRPRY, -NR'PC(O)R
o .SO,R™®, -SO,NRPR, cycloalkyl, heterocycloalkyl, arvl and heteroaryl;

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

R’ is selected from the group consisting of H, Cy4 alkyl, Ci4 alkyanRm,
Cig alkyl—NRle"C and C ¢ alkylene-heterocycloalkyl;

R’ is selected from the group consisting of H and C .6 alkyl;

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

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

L'is a bond or Cis alkylene; and

subscript n is an integer from 0 to 3,

or a salts and 1somers thereof,
[6112] Exemplary GRAs having a fused azadecalin backbone include those described in 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:

1
RrRY, |
L2—p?
N
N
I
RE}
wherein

L' and L? are members independently selected from a bond and unsubstituted
alkylene;
R is a member selected from unsubstituted alkyl, unsubstituted hetercalkyl,

unsubstituted heterocycloalkyl, -OR™, -NR'R'® -C(OINR'“R'", and -C(0)OR™, wherein
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R'* is a member selected from hydrogen, unsubstituted afkyl and unsubstituted

heteroalkyl,
R'“ and R'® are members independently selected from unsubstituted alky! and

unsubstituted heterocalkyl,

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)
— t

wherein

R* is a member selected from hydrogen, halogen, unsubstituted alkyl,
unsubstituted heteroalkyl, unsubstituted cycloalkyl, unsubstituted heterocycloalkyt, -CN, and -
CF5;

J 18 phenyt;

1is an integer from 0 to 5,

X8 -8{Oy3-; and

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

R™ is a member selected from hydrogen, halogen, -OR™', -S$(O)NRR™ -
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 isomers thereof.

{6113] Exemplary GRAs having a hetercaryl ketone fused azadecalin backbone include those
described in U.S. 2014/0038926. In some cases, the GRA having a heteroary! ketone fused

azadecahn backbone has the following structure:
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Rl._O o0 0
\\S//
a N"NCH (DR
"
R3

wherein

R' is a heteroaryl 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 S, optionally
substituted with 1-4 groups each independently selected from R,

each R™ is independently selected from the group consisting of hydrogen,
Cr6 alkyl, halogen, Cys haloalkyl, Cig alkoxy, Cis haloalkoxy, ~-CN, N-oxide, Cs.g cycloalkyl,
and C;.g heterocycloalkyl;

ring J 1s selected from the group consisting of a cycloalkyl ring, a
heterocycloalkyl ring, an aryl ring and a heteroaryl ring, wherein the heterocycloalkyl and
heteroaryl rings have 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,
Cis alkyl, halogen, Ci6 haloalkyl, T alkoxy, Ci¢ haloalkoxy, Cr¢ alkyl-
Crs alkoxy, -CN, -OH, -NR¥R™, -C(O)R™, -C(QYORY, -C{OINR¥R™, -SR™ -§(O)R™, -$(0),
R¥ Cag cycloalkyl, and Cs. heterocycloalkyl, wherein the heterscycloalkyl 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 8§, wherein the heterocycloalkyl ring is optionally substituted with
from 1 to0 3 R™ 2roups;

R* and R¥ are each independently selected from the group consisting of
hydrogen and Cj.s alkyl;

each R” is independently selected from the group consisting of hydrogen,

halogen, hydroxy, Ci.g alkoxy, Ci.s haloalkoxy, -CN, and -NR¥R™;
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each R™ is independently selected from the group consisting of hydrogen and
Cie 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 11 is an mteger from O to 3;

or salts and isomers thereof.
{6114] 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 (007800U8S), filed on
November 25, 2013, In some cases, the GRA having an octohydro fused azadecalin backbone

has the following structure:

R.L_O 00
\\S//
N N O-R
N
Q
N
(R%),

wherein
R is a heteroary! ring having from S to 6 ring members and from 1 to 4
heteroatoms each independently selected from the group consisting of N, O and 8, optionally
substituted with 1-4 groups each independently selected from R'%;
each R" is independently selected from the group consisting of hvdrogen,
Ch.s alkyl, halogen, Ci.¢ haloalkyl, C,.6 alkoxy, Ci.¢ haloalkoxy, N-oxide, and Cs.s cycloalkyl;
ring § s selected from the group consisting of an aryl ring and a heteroary! ring
having from S to 6 ring members and from 1 to 4 heteroatoms each mdependently selected from
the group consisting of N, G and §;
each R? is independently selected from the group consisting of hydrogen,
Cig alkyl, halogen, Cys haloalkyl, Cig alkoxy, Cig haloalkoxy, Cig alkyl-
Crs alkoxy, -CN, -OH, -NR¥R™, -C(O)R™, -C{O)OR™, -C(ONR™R™, -SR™ -S(0O)R™, -8(0),
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R™ (g cycloalkyl, and Cs. heterocycloalkyl having from 1 to 3 hetercatoms each
independently 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
independently selected from the group consisting of N, O and S, 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 Cy.s alkyl;

each R is independently halogen; and

subscript n is an integer from 0 10 3;

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

[6115] The pharmaceutical preparation is preferably in unit dosage form. In such form the
preparation is subdivided into unit doses containing appropriate guantities of the compounds and
compositions of the present invention. The unit dosage form can be a packaged preparation, the
package containing discrete quantities of preparation, such as packeted tablets, capsules, and
powders in vials or ampoules. Also, the unit dosage form can be a capsule, tablet, cachet, or

lozenge 1tself, or it can be the appropriate nurnber of any of these in packaged form.

[6116] 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, dragées, capsules, liquids, 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 s, intravenously, intramuscularly, intracutaneously,
subcutaneously, intraduodenally, or infraperitoneally. Also, the GRA compositions described
herein can be administered by mhalation, for example, intranasally. Additionally, the GRA
compositions of the present invention can be admmistered transdermally. The GRA
compositions of this invention can also be administered by intraccular, ntravaginal, and
mtrarectal routes including suppositories, msufflation, powders and aerosol formulations (for
examples of stergid mhalants, see Rohatagy, /. Clin. Pharmacol. 35:1187-1193, 1995, Tiwa, Ann.

Allergy Asthma Imenenod. 75:107-111, 1995). Accordingly, the present mnvention provides
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pharmaceutical compositions of 3 GRA including a pharmaceutically-acceptable carrier or

excipient and a GRA compound of the present invention.

{6117] For preparing pharmaceutical compositions from the GRA compounds of the present
nvention, pharmaceutically acceptable carners can be either solid or liquid. 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 admunistration are well described 1n the
scientific and patent literature, see, e.g., the latest edition of Remington's Pharmaceutical

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

[6118] 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 is mixed with the carrier having the
necessary binding properties it 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.

[6119] Suitable solid excipients include, but are not limited to, magnesium carbonate;
magnesium stearate; talc; pectin; dextrin; starch; tragacanth; a low melting wax; cocoa buiter;
carbohydrates; sugars including, but not limited to, laciose, sucrose, mannitol, or sorbitol, starch
from corn, wheat, rice, potato, or other plants; cellulose such as methyl cellulose,
hydroxypropylmethyi-cellulose, or sodium carboxymethyicellulose; and gums including arabic
and tragacanth; as well as proteins including, but not limited to, gelatin and collagen. If desired,
disintegrating or solubilizing agents may be added, such as the cross-linked polyvinyl

pyrrohidone, agar, alginic acid, or a salt thereof, such as sodium alginate.

[0120] Dragée cores are provided with suitable coatings such as concentrated sugar solutions,
which may also contain gum arabic, tale, polyvinylpyrrolidone, carbopol gel, polyethyvlene
glycol, and/or titanium dioxide, lacquer solutions, and suitable organic solvents or solvent
maixtures. Dyvestuffs or pigments may be added to the tablets or dragee coatings for product
identification or to characterize the quantity of active compound {i.e., dosage). Pharmaceutical
preparations of the mvention 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
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sorbitol. Push-fit capsules can contain the compounds of the present invention mixed witha
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 liguids, such as fatty oils, liquid paraffin, or liguid

polyethylene glycol with or without stabilizers.

[86121] For preparing suppositories, a low melting wax, such as a mixture of fatty acid
glycerides or cocoa butter, is first melted and the compounds of the present invention are
dispersed homogeneously therein, as by stirring. The molten homogeneous mixture is then

poured into convenient sized molds, allowed to cool, and thereby to solidify.

81221 Liquid form preparations include solutions, suspensions, and emulsions, for example,
water or water/propylene glycol solutions. For parenteral injection, liguid preparations can be

formulated in solution in aqueous polyethylene glycol solution.

[6123] Aqueous solutions suitable for oral use can be prepared by dissolving one or more
compounds of the present mvention in water and adding suitable colorants, flavors, stabilizers,
and thickening agents as desired. Aqueous suspensions suttable 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, methylcellulose, sodium carboxymethylcellulose,
hydroxypropylmethylcellulose, sodium alginate, polyvinyipyrrolidone, 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., polyoxyethvlene 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., polyoxyethylene sorbitol mono-oleate), or a
condensation product of ethylene oxide with a partial ester derived from fatty acid and a hexitol
anhydride {e.g., polyoxyethylene sorbitan mono-oleate}. The aqueous suspension can also
contain one or more preservatives such as ethyl or n-propy! p-hydroxybenzoate, 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.

[6124] Alsoincluded are solid form preparations, which are intended to be converted, shortly

before use, to hiquid form preparations for oral adminstration. Such hiquid forms inchude
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solutions, suspensions, and emulsions. These preparations may contain, in addition to the active
component, colorants, flavors, stabilizers, butfers, artificial and natural sweeteners, dispersants,

thickeners, solubilizing agents, and the like.

16125] Ol suspensions can be formulated by suspending the compounds of the present
invention in a vegetable oil, such as arachis oil, olive o1, sesame oil or coconut oil, orina
mineral otf such as liquid paraffin; or a mixture 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. Asan
example of an injectable ol vehicle, see Minto, J. Pharmacol. Fxp. Ther. 281:93-102, 1997, The
pharmaceutical formulations of the invention can also be in the form of oil-in-water emulsions.
The oily phase can be a vegetable o1l or a mineral o1l, described above, or a mixture of these.
Suitable emulsifying agents include naturally-occurring guras, such as gum acacia and gum
tragacanth, naturally occurring phosphatides, such as sovbean lecithin, esters or partial esters
derived from fatty acids and hexitol anhydrides, such as sorbitan mono-oleate, and condensation
products of these partial esters with ethylene oxide, such as polyoxyethylene sorbitan mono-
oleate. The emulsion can also contain sweetening agents and flavoring agents, as in the
formmulation of syrups and elixirs. Such formulations can also contain a demulcent, a

preservative, or a coloring agent.

[0126] The GRA compositions provided herein can also be delivered as microspheres for slow
release in the body. For example, microspheres can be formulated for administration via
mitradermal mmjection of drug-containing microspheres, which slowly release subcutaneously (see
Rao, J. Biomater Sci. Polym. Fd. 7.623-645, 1995, as biodegradable and injectable gel
formulations (see, e.g., Gao, Pharm. Res. 12:857-863, 1995); or, as microspheres for oral
admistration (see, e.g., Eyles, J. Pharm. Pharmacol. 49.669-674, 1997). Both transdermal and

mtradermal routes afford constant delivery for weeks or months.

[6127] In another embodiment, the GRA compositions of the present invention can be
formulated for parenteral admumstration, such as intravenous {IV) administration or
adminstration nto a body cavity or lumen of an organ. The formulations for adminmstration will

commonly comprise a solution of the compositions of the present invention dissolved ina
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pharmaceutically acceptable carrier. Among the acceptable vehicles and solvents that can be
employed are water and Ringer's solution, an isotonic sodium chloride. In addition, sterile fixed
oils can conventionally be emploved as a solvent or suspending medium. For this purpose any
bland fixed oil can be employed including synthetic mono- or diglycerides. In 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 techniques. The formulations may contain
pharmaceutically acceptable auxiliary substances as required to approximate physiological
conditions such as pH adjusting and buffering agents, toxicity adjusting agents, e.g., sodium
acetate, sodium chloride, potassium chloride, calcium chloride, sodium lactate and the like. The
concentration of the compositions of the present invention in these formulations can vary widely,
and will be selected primarily based on fluid volumes, viscosities, body weight, and the bike, in
accordance with the particular mode of adnunistration selected and the patient's needs. For IV
adnmumstration, the GRA formulation can be a sterile injectable preparation, such as a sterile
mjectable agueous 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 n a nontoxic

parenterally-acceptable diluent or solvent, such as a solution of 1,3-butanediol.

[6128] 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, r.e., by employing ligands attached to the liposome, or attached directly to the
oligonucleotide, that bind to surface membrane protein receptors of the cell resulting 1o
endocytosis. By using liposomes, particularly where the liposome surface carries higands
spectfic 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 1 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, 1989).

(6129] Lipid-based drug delivery systems include lipid solutions, hipid emulsions, hipid
dispersions, self-emulsifyving drug delivery systems (SEDDS) and self-microemulsifying drug

delivery systems (SMEDDS). In particular, SEDDS and SMEDDS are isotropic mixtures of
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lipids, surfactants and co-surfactants that can disperse spontaneously in agqueous media and form
fine emulsions (SEDDS) or microemulsions (SMEDDS). Lipids useful in the formulations of

the present invention include any natural or synthetic lipids including, but not limited to, sesame

seed oil, olive oil, castor oil, peanut oil, fatty acid esters, glycerol esters, Labrafii®, Labrasol®

. ® ® B ® ® - ®
Cremophor, Solutol”, Tween”, Capryol™, Capmul®, Captex”, and Peceol”.

[6130] 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
agenis known to be useful in antagonizing a glucocorticoid receptor, or with adjunctive agents

that may not be effective alone, but may contribute to the efficacy of the active agent.
iV, SYSTEMS

{#131] In one aspect, systems are provided for facilitating differential diagnosis between
Ectopic Cushing’s Syndrome and Cushing’s Disease. Such systems can include one or more
computing devices and can be communicatively coupled to a network. Such computing device
can include a discrete computing device, a computing device tied into a main-frame system of a
medical facility or can include one or more portable devices that are communicatively coupled to
a network or server associated with a treating physician or medical factlity. In some
embodiments, one or more of the computing devices can include a portable computing device of
a treating physician, such as a tablet or handheld device. Such systems are configured, typically
with programmed instructions recorded on a memory thereof, to determine a relationship
between a first set of values corresponding to and a second set of values and output a positive
diagnosis as to Ectopic Cushing’s Syndrome or Cushing’s Disease based on the differential
relationship. In some embodiments, the system includes a comparison engine that determines
the differential relationship between the first and second set of values. The comparison engine
can be defined by programmable instructions recorded on a memory of the systern, which can
meclude a memory accessed through a server or a memory coupled with one or more processors

of one or more computing devices of the system.

[6132] Provided below are descriptions of some devices (and components of those devices)
that may be used in the systems and methods described above. These devices may be used, for

mstance, to communicate, process, and/or store data related to any of the functionality described
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above. As will be appreciated by one of ordinary skill in the art, the devices described below

may have only some of the components described below, or may have additional components.

{0133] FIG. 1 depicts an example block diagram of a system configured to determine a
differential diagnosis between Ectopic Cushing’s Syndrome and Cushing’s Disease. In the
illustrated embodiment, differential diagnostic system 100 includes a computer system 115
coupled to a network or server 110 that includes medical data associated with the patient from
one or more data sources 905 {e g laboratory output of sample results). Data sources 105 can
include the first and second set of values corresponding to analytical results of samples obtained
from the patient. The techniques described herein are not limited to any particular type of
computer system or computer network and could include one or more computing devices,
including portable computing devices. For example, network 110 can be a local area network
(AN}, a wide-area network (WAN), a wireless network, a bus connection, an interconnect, or
any other means of communicating data or control information across one or more transmission
lines or traces in an electronic systern. While in this embodiment, data sources 105 are accessed
through a network or server 110, 1t is appreciated that data sources 105 can communicate data
directly to the computing system 115 or data can be manually input into computer system 115

through a user input.

[6134] Computer system 115 includes a processor 101 and a system memory 104 coupled
together via an interconnect bus 108, In some embodiments, processor 101 and system memory
104 can be directly interconnected, or can be connected mdirectly through one or more
mtermediary components or units. Processor 101 and system memory 104 can be any general-
purpose or special-purpose components as 1s known n the art and is not limited to any particular
type of processor or memory systern. System memory 104 can be configured to store system and
control data for automatically performing the diagnostic methods described heremn. In some
embodiments, computing system 115 13 coupled with a database 135 (internal or external) to
recetve data. The data stored on database 935 can include data values corresponding to the first
and second set of samples of the patient or data pertamning to the determination of a differential
relationship between the first and second set of values. For example, the processor can perform a
differential diagnosis based on whether the ratio of cortisol to ACTH has increased or decreased

by a pre-determined or set percentage as compared to the baseline ration of cortisol to ACTH.



10

20

30

WO 2017/127448 PCT/US2017/013974

This percentage can be stored on system memory 104, or can be automatically obtained from
database 135 as needed or obtained from another data source 105 accessed through
communication with network 910. One advantage to including programmable instructions that
queries an external data source for the set or pre-determined percentage is that the set percentage
can be changed or updated periodically, as needed, without altering the configuration of

computing system 115,

{61358] Computing system 115 receives input data 103 from the various data sources through
communications interface 120. Computer system 115 processes the received data according to
programmed instructions recorded on memory 104 and provides resulting data pertaining to the
differential diagnosis to a user via output module 125 Output module 125 can be
communicatively coupled to a user interface display or printer for presenting the processed data
pertaning to the differential diagnosis. Typically, the output module 125 outputs an indication
representing the differential diagnosis to the user (e.g. “positive diagnosis for Ectopic Cushing’s

23

Syndrome,” “positive diagnosis for Cushing’s Disease,” “inconclusive”) based on the received
data pertaining to the differential diagnosis. Output module can further output data pertaining to
the differential relationship between first and second values {(e.g. “ratio increase exceeds 50% of
baseline,” “ratio increase exceeds 60% of baseline”). In another aspect, the output module 125
can output the processed data directly to the network 910 or to a health information database 935
so that the differential diagnosis or associated data can be accessed by various other computing

devices cornmunicatively coupled with the network or database.

[6136] In some embodiments, the computing system 113 receives a first set of data values
from data sources 103 that represent baseline levels of cortisol and ACTH of a patient, via
network 110, and provides those values to comparison engine 930. Computing system 115 then
recerves a second set of data values representing levels of cortisol and ACTH 1n the patient post-
treatment with GRA and provides those values to the comparison engine 130. Comparison
engine 930 then causes the processor 901 to determine a differential relationship between the
first and second set of values and to determune 1f there has been a change mn cortisol and ACTH
levels due to treatment with GRA. The processor s then configured to determiunes a differential
diagnosis of Cushing’s Ectopic Syndrome or Cushing’s Disease based on the determined

differential relationship.
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{81371  Spectfically, comparison engine 930 can include a processor coupled with a memory
having recorded thereon executable programmable instructions that cause processor 101 to
determine a differential relationship between received first and second sets of values. In one
aspect, the differential relationship 1s a change in a ratio of cortisol to ACTH between the
baseline and post-treatment relative the baseline ratio of cortisol to ACTH. In some
embodiments, the first and second sets of values are designated in the memory of the comparison
engine as corresponding to baseline and posi-treatment values, respectively. If the change in the
ratio is an increase by a pre-determined threshold, the output module 925 outputs an indication
representing a positive diagnosis for Ectepic Cushing’s Syndrome. If the change inrationisa
decrease by a pre~-determined threshold, then the output module 125 outputs an indication
representing a positive diagnosis for Cushing’s Disease. In some embodiments, the pre-
determine threshold 15 a percentage of the baseline ratio. In some embodiments, the pre-
determined threshold 1s a percentage greater than 20%, such as greater than 30%, greater than
40%, greater than 50% or greater than 60% or more. In some embodiments, the pre~-determined
threshold is the same for both a determined mncrease and decrease of the ratio, while in others the

pre~-determined threshold can be different for increase and decreases of the ratio.

[6138] In some embodiments, comparison engine 930 compares each value of the baseline
cortisod and ACTH levels received in the first set of data values with a corresponding value of
the post-treatment cortisol and ACTH levels to determine whether they are equal or different. In
one embodiment, if a difference 1s determined between the two values by the comparison engine
930, an output signal indicating as such may be effected by the comparison engine. Simularly, n
an alternate embodiment, if the two values are determined to be equal or if a change i ratio s
less than a pre-determine threshold, a signal indicating as such can be output by the output
module mdicating that the differential diagnosis is indeterminate. In another aspect, comparison
engine can determine a baseline ratio of cortisol to ACTH and a post-treatment ratio of cortizol
to ACTH and compare the two ratios relative a reference, such as the baseline ratio.

[6139] Comparison engine 130 may be implemented using specially configured computer
hardware or circuitry or general-purpose computing hardware programmed by specially designed
software modules or components; or any combination of hardware and software. The techniques

described herein are not limited to any specific combination of hardware circuitry or software.
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For example, comparison engine 930 may include off-the-shelf comparator circuitry components
or custom-designed comparator circuitry. The comparator circuitry is configured to compare
two or more values (e.g. ratios) and to output a result as to a difference between the values
relative to the fust value. Alternatively, the comparison functionality may be performed in

software stored in memory 104 and executed by the processor 101,

[6148] FIG. 2 depicis an example block diagram of an alternative System 200 configured for
differential diagnosis between Ectopic Cushing’s Syndrome and Cushing’s Disease. In this
embodiment, the Comparison Engine 209 is located on a computing system of a Medical Facility
System 205 and 1s accessed through Network Server 207, which is advantageous as it allows the
Medical Facility to control and update deternunations affecting differential diagnosis from a
central location. It 1s further appreciated that the Comparison Engine 209 could be located on
vet another computing system accessed through another server, for exaraple that of a developer
of GRA that may have access to updated data regarding clinical data and diagnostics sooner than

would the medical facility.

YaYa

[6141] In the dlustrated embodiment, System 200 includes a Computing Device 210 (e g.
desktop, laptop, tablet) associated with the treating physician that is communicatively coupled to
a Medical Facility Computing System 205. Computing Device 210 imcludes a User Input 201 for
recetving data or commands from a user, for example input sample results or a request to initiate
a differential diagnostic session according to any of the methods described herein. Computing
Device 210 includes a Processor 202 coupled to a Systern Memory 204, a Communication
Interface 204 and an Qutput Module 210 that 1s coupled to a User Interface 212.

Communication Interface 204 is commumnicatively coupled to a Network Server 207 of the
Medical Facility System 205, which includes a computing system a Comparison Engine 209,
such as described previously. In one aspect, since the Comparison Engine 209 15 coupled with
the Network Server 207 of Medical Facility System 205, the Comparison Engine 209 can
determine a differential relationship between the first and second sets of values without the need
to send those particular values to Computing Device 210, Typically, the first and second sets of
values are received as Laboratory Sample Result Data 203 sent from a laboratory associated with
the Medical Facility System 205, In such an embodiment, the Computing Device 210 initiates

the diagnosiic method by a communication request to the Medical Facility System 2035, which
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can then determine {or obtain from yet ancther system), a differential relationship between the
first values corresponding to a baseline cortisol/ACTH ratio and the second set of values
corresponding to the GRA-exposed cortisol/ACTH ratio. The result of the differential
relationship can be communicated back to Computing Device 210, which can output a
differential diagnosis indication on User Interface 212 based on the differential relationship, as

described above.

[6142] FIG. 3 depicts an example block diagram of a data processing system upon which the
disclosed embodiments may be implemented. Embodiments of the present invention may be
practiced with various computer system configurations such as hand-held devices,
MICTOProcessor systems, microprocessor-based or programmable user electronics,
minicomputers, mainframe computers and the like. The embodiments can also be practiced in
distributed computing environments where tasks are performed by remote processing devices

that are linked through a wire-based or wireless network or remotely through a cloud server.

{6143] An example of a data processing system is shown in FIG. 3, which depicts a Data
Processing Systemn 1000 that can be used with the embodiments described herein. Note that
while various components of a data processing system are depicted, it is not intended to represent
any particular architecture or manner of mterconnecting the components as such details are not
germane to the techniques described herein. It will also be appreciated that network computers
and other data processing systems which have fewer components or perhaps more components
may also be used. For example, the data processing system could be distributed across multiple
computing devices that are commurnicatively coupled. The data processing system of FIG. 3 can
be a personal computer (PC), workstation, tablet, smariphone or other hand-held wireless device,

or any device having similar functionality.

[0144] As shown, the data processing systemn 1001 includes a systern bus 1002 which i3
coupled to a microprocessor 1003, a Read-Only Memory (ROM) 1007, a volatile Random
Access Memory {RAM) 1005, as well as other nonvolatile memory 1006, In the illostrated
embodiment, microprocessor 1003 1s coupled to cache memory 1004, System bus 1002 can be
adapted to interconnect these various components together and also interconnect components
1603, 1007, 1005, and 1006 to a display controller and display device 1008, and to peripheral

devices such as mput/output (TG} devices 1010, Types of /O devices can include keyboards,
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modems, network interfaces, printers, scanners, video cameras, or other devices well known in
the art. Typically, /O devices 1010 are coupled to the system bus 1002 through VO controliers
1009, In one embodiment the 1/0 controller 1009 includes a Universal Serial Bus (“USB™)

adapter for controlling USB peripherals or other type of bus adapier.

[61458] RAM 1005 can be implemented as dynamic RAM (“DRAM”) which requires power
continually in order fo refresh or maintain the data in the memory. The other nonvolatile
memory 1006 can be a magnetic hard drive, magnetic optical drive, optical drive, DVD RAM, or
other type of memory system that maintains data after power is removed from the system. While
nonvolatile memory 1006 is shown as a local device coupled with the rest of the components in
the data processing system, it will be appreciated that the described techniques can use a
nonvolatile memory remote from the system, such as a network storage device coupled with the
data processing system through a network interface such as a modem or Ethernet interface (not

shown).

[0146] With these embodiments in mind, 1t will be apparent from this description that aspects
of the described techniques may be embodied, at least in part, in software, hardware, firmware,
or any combination thereof. I should also be understood that embodiments can employ various
computer-implemented functions involving data stored n a data processing system. That is, the
techniques mayv be carried out in a computer or other data processing system in response
executing sequences of mstructions stored in memory. In various embodiments, hardwired
circuitry may be used mndependently, or in combination with software instructions, to implement
these techniques. For mstance, the described functionality may be performed by specific
hardware components containing hardwired logic for performing operations, or by any
combination of custom hardware components and programmed computer components. The
techniques described herein are not limated to any specific combination of hardware circuitry and

software.

[0147] Embodiments herein may also be 1n the form of computer code stored on a computer-
readable storage medium embodied in computer hardware or a computer program product.
Computer-readable media can be adapted to store computer program code, which when executed
by a computer or other data processing system, such as data processing system 1000, 1s adapted

to cause the system to perform operations according to the technigues described herein,
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Computer-readable media can include any mechanism that stores information in a form
accessible by a data processing device such as a computer, network device, tablet, smariphone,
or any device having similar functionality. Examples of computer-readable media include any
type of tangible article of manufacture capable of storing information thereon such as a hard
drive, floppy disk, DVD, CD-ROM, magnetic-optical disk, ROM, RAM, EPROM, EEPROM,
flash memory and equivalents thereto, a magnetic or optical card, or any type of media suitable
for storing electronic data. Compuier-readable media can also be distributed over a network-

coupled computer system, which can be stored or executed in a distributed fashion.

{6148] FIG, 4 shows an exemplary method of differentially diagnosing of Ectopic Cushing’s
Syndrome. The method includes steps of: obtaining first set of values representing baseline
cortisol and ACTH levels of the patient 401 and obtaining a second set of values representing
cortisel and ACTH levels in the patient after exposure to treatment with a GRA 402, Typically,
the treatment includes administration of GRA to the patient for a munmimum of 5 weeks n an
amount effective to raise cortisol levels in a healthy person by at least two fold. It is appreciated
that, in some embodiments, treatment protocols can vary. Next, a differential relationship
between the first and second values 1s determined 403, Typically, determining a differential
relationship includes determining a baseline ratio of cortisol to ACTH is determined from the
first set of values, determining a GRA-exposed ratio of cortisol to ACTH 1s determined from the
second set of values and determining a difference between baseline and GR A-exposed ratio as
compared to the baseline ratio. For example, the relationship can be expressed as a percentage of
merease of decrease as compared to the baseling ratio. Lastly, the method includes providing a
positive dragnosis of Ectopic Cushing’s Syndrome or Cushing’s Disease based on the differential
relationship 404, For example, a positive diagnosis for Ectopic Cushing’s Syndrome 15 provided
if the GRA-exposed ratio of cortisol to ACTH 13 increased by greater than 50% as compared to
the baseline ratio, while a positive diagnosis for Cushing’s Disease 13 provided if the GRA-
exposed ratio of cortisol to ACTH 1s decreased by greater than 50% as compared to the baseline
ratio. It is appreciated that the above described method can be performed, 1n part or in full, by

use of a computing system configured to automatically perform part of all of the above steps.

{6149] FIG. 5 shows another exemplary method of differentially diagnosing Ectopic

Cushing’s Syndrome by use of a computing system adapted for performing such a diagnosis. It
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18 appreciated that the computing system can include one or more computing devices that can be
communicatively coupled with a network or server. Such a method optionally includes a step of
receiving, with a computing device, a request for differential diagnosis in a patient 501.
Typically, such a request would be made by a treating physician for a patient that has been
previously identified as suffering from hypercortisolemia and would be input through a user
interface coupled with the computing device. In other embodiments, the differential diagnostic
method can be performed automatically for such a patient without requiring a request from the
treating physician or other personnel. The method further includes a steps of: obtaining a first
set of values, with the computing device, representing baseline cortisol and ACTH levels of the
patient 502 and obtaining a second set of values, with the computing device representing cortisol
and ACTH levels m the patient after exposure to treatment with a GRA 503, Obtainung the furst
and second sets of values can include receiving an input or can include accessing the first and
second sets of values from an external device or a network server communicatively coupled with
the computing device. The first set of values can include values corresponding to a baseline
cortisol level and a baseline ACTH level or a baseline ratio of baseline cortisol and ACTH
levels. Likewise, the second set of values can include values corresponding to a GRA-exposed
cortisol level and ACTH level or a GRA-exposed ratio of GRA-exposed cortisol and ACTH
levels of the patient after treatment with a GRA, as described herein. The method then
determines, with the computing device, a differential relationship between the first and second
sample values 504, for example, as described 1n any of the embodiments herein. Optignally, the
computing device can output, to a user, the particulars of the determined differential relationship
505 {e.g. the percentage change in the GRA-exposed ratio as compared to the baseline ratio,
specific changes in cortisol or ACTH, or actual detected levels of cortisol or ACTH). The
method can further include outputting an indication representing differential diagnosis between
Ectopic Cushing’s Syndrome and Cuashing’s Disease based on the differential relationship 506.
Outputting the indication can include outputting a text message on a user interface display of the
device itself (e.g. screen of portable computing device, monitor of a laptop or desktop) or can
include outputting an indication to an external device, such as a remote computer or printer. In
some embodiments, the computing device includes a processor coupled with a tangible, non-
fransitory memory having programmable instructions recorded thereon that cause the processor

to perform any or all of the above described steps.
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[6180] 1t should be appreciated that the specific operations illustrated in FIG. 8 depicta
particular embodiment of a process and that other sequences of operations may also be
performed in alternative embodiments. For example, certain steps can be performed by another
compuiing device communicatively coupled with the computing device or the above operations
could be performed in a different order. Moreover, the individual operations may include
multiple sub-steps that may be performed in various sequences as appropriate and additional

operations may be added or removed depending on the particular applications. One of ordinary

skill in the art would recognize the many possible variations, modifications, and alternatives.

Y. EXAMPLES

Example 1 Differential diacnosis based on the C: A ratio

[8151] Two groups of patients, which have been previously diagnosed as having Cushing’s
Disease, Ectopic Cushing’s Syndrome using other methods, were enrolled in the study. The
investigators were blind to the patients” diagnoses. Blood samples were obtained from each
patient within 6 weeks prior to the enrollment in the study (“Day 17 samples). The patients were
treated with mifepristone at a starting dose 300 mg daily, increased up to 1200 mg or 20 mg/kg
over a period of 10 weeks. The mifepristone treatment continued for a total period of 24 weeks.
Blood samples were taken during the course of the treatment, i.e., at the end of 14 days, and 6,
16, 16 and 24 weeks from the mitial dose of mifepristone was given. All samples were taken at

between 8-10 am on the day of the study.

[6182] The ACTH levels and the cortisol levels of the plasma produced from the blood
samples collected above were assayed using two-site immunometric assays (Mayo Clinic, Test
1D ACTH) following the manufacturer’s instructions. Ratios of cortisol to ACTH were
determined for each patient and the mean values of the ratios of patients in each group are shown

in the table below

Diagnosis Day 1 Day 14 Week 6 Week 10 Week 16 Week
24 [ET

CD (n=43) |3.018 - 3.396 6.852 5.788 4,999
{n=41) (n=38) {n=33) {(n=32) {(n=38)}
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Ectopic 18.552 2,154
(n=4) (n=3) (n=3)

- 9.241 (n=3) | 6.722 (n=3) | 0.600 (n=3)

Note: n 1s the number of patients from whom cortisol and ACTH levels and the cortisol to ACTH
ratios were determined. The means of the ratios from the number of patients are reported in the
table.

The results show that for patients having Cushing’s Disease, the mean GRA-exposed €A ratio
mcreased following the mifepristone treatment and peaked at the end of 10 weeks, reaching a
value more than 2 fold of the mean baseline C: A ratio. For patients having Ectopic Cushing’s
Syndrome, the mean GRA-exposed C:A ratio decreased to less than 50% of the mean baseline
ratio at the end of the six weeks’ treatment and reached a nadir at the end of 16 weeks — less than
0.02% of the mean baseline ratio. The mean GRA-exposed C: A ratio was 11.6% of the baseline

ratio at the end of 24 weeks treatment.

{6153] Although the foregoing invention has been described in some detail by way of

o one of skill in the art will

=0

itfustration and example for purposes of clarity of understandin
appreciate thai certain changes and modifications may be practiced within the scope of the
appended claims. In addition, each reference provided herein is incorporated by reference in its

entirety to the same extent as if each reference was individually incorporated by reference.
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