DIAGNOSING
ENDOGENOUS

CUSHING'S
SYNDROME

A RARE CHALLENGE

As a serious endocrine disease caused by persistent
hypercortisolemia (elevations of cortisol) or hypercortisolism,

Cushing’s syndrome (CS) puts
patients at risk for potentially
life-threatening comorbidities'

Diagnosis of CS is often delayed because it can take years
after onset for noticeable signs and symptoms to appear.??

- Average age at diagnosis: » Gender predilection: 3-4x
30-60 years! more common in women'"®

- Incidence: 3.2 cases/million/ < Mortality: 3.5-5x higher risk
year#a than the general population,

. if not treated properly®®
- Prevalence: 57 cases/million*2 property

EARLY DIAGNOSIS IS KEY

Addressing Cushing’s syndrome can improve
symptoms, quality of life, and survival’

aTrue incidence and prevalence rates of CS in the United States are unknown. Estimated data are based on a
retrospective study using a regional health registry in Sweden.*

®Mortality rates vary depending on disease etiology.



Endogenous CS is often caused by

a tumor that secretes excess cortisol’ Endogenous CS includes various etiologies®

CS can be classified by subtype, based on the
source of hypercortisolemia®

ACTH-dependent?

@

Cushing’s disease (CD)

A benign pituitary adenoma that secretes ACTH®
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Ectopic ACTH (EAS)>?

: Most commonly a lung, mediastinal, pancreas,
hains) BENES — : or medullary thyroid neuroendocrine
: tumor that secretes ACTH®
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ACTH-independent?

Adrenal adenoma
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Unilateral, cortisol-producing, benign adenomas
located on the adrenal cortex®

¥ ACTH-independent

Tumor A
\_/' ///
(7
W7

Cortisol

Adrenocortical carcinoma

Unilateral malignant neoplasms
on the adrenal cortex®

: Prolonged elevated plasma cortisol results in
"""" hyperglycemia, abnormal protein catabolism,

and immunosuppression. Neurocognitive changes
k and mood disorders may also develop over tiny

Adrenal hyperplasia

Refers to bilateral adrenal hyperplasia, which is
characterized by macronodules or micronodules
affecting both adrenal glands, leading to an
increase in cortisol secretion®

Reincke M, Fleseriu M. JAMA. 2023;330(2):170-181.

Originally published by, adapted and used with permission
fromm American Medical Association.

ACTH, adrenocorticotropic hormone; CS, Cushing’s syndrome. u



On one side of the spectrum, On the other end of the spectrum,

hypercortisolism is easily recognizable>? hypercortisolism is easily misdiagnosed>®

Overt signs and symptoms of hypercortisolism®?° Nonspecific signs and symptoms
of hypercortisolism>°
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The clinical presentation of CS can
vary by etiology™

CS can manifest in a variety of ways, based on the
severity and duration of hypercortisolism?

Patients with CD may present with distinct CS features, but
may also have symptoms of common conditions."

Patients with ectopic CS may present with severe and rapidly
developing metabolic signs.'®

- Anorexia - Skin hyperpigmentation

- Myopathy - Hypokalemia

- Glucose intolerance - Peripheral edema

Patients with adrenal carcinomas may have rapid onset of
symptoms and show signs of virilization due to secretion of
androgens in addition to cortisol.'*"

- Abdominal pain - Acne

- Palpable tumor mass - Oligomenorrhea

- Hirsutism

Patients with adrenal adenomas may have mild to
severe symptoms based on the level of cortisol or
aldosterone secretion.”®

Patients with adrenal hyperplasia can experience a range
of symptoms, from mild in macronodular disease
to severe in micronodular disease.'

CS diagnosis can often be delayed for years
due to these variations in CS presentation?

The mean time to diagnosis for CS is reported as
34 months, but can vary by subtype'’

- Ectopic CS: 14 months
- ACTH-independent CS: 30 months
- CD: 38 months

The clinical presentation of CS can also

overlap with other common conditions’

Due to hypercortisolism, CS is associated with
comorbidities and complications that negatively
impact quality of life and survival'®
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COMORBIDITIES AND COMPLICATIONS OF CS'72?
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Anxiety or Type 2 Hypertension Hyperlipidemia
depression diabetes
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Infections

Osteoporosis

Insulin Obesity Peripheral
resistance edema
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Menstrual Hypercoagulability Insomnia or
irregularities fatigue

Normalizing cortisol levels may help
address comorbidities and complications
related to Cushing’s syndrome'

ACTH, adrenocorticotropic hormone; CD, Cushing's disease; CS, Cushing’'s syndrome.



DETERMINE THE SOURCE : DETERMINE IF CS
OF EXCESS CORTISOL S PRESENT

CS, Cushing’s syndrome




Steps to determine a CS diagnosis?>'®

Diagnosing CS requires biochemical confirmation

and determination of an underlying cause®

Determine whether CS is present

— Algorithm per guideline
°°°°° Algorithm per other medical guidance

STEP 2.

Screening

STEP 1:

Suspicion of CS

24-hour UFC
(2-3 samples)

Endogenous CS Late-night salivary

cortisol
(2-3 samples)

After ruling out
glucocorticoid use

1-mg overnight
dexamethasone test

Adapted from Fleseriu M et al.
Lancet Diabetes Endocrinol. 2021;9(12):847-875.

(See pages 9 and 10 for more information
on laboratory tests and imaging for CS)

The below algorithm is meant to assist in a diagnosis of CS based
on currently available guidance, but is not meant to replace a
clinician’s judgement.

Determine whether CS is present

Abnormal
Biochemically g g
confirmed CS "
© S
e}
Exclude nonneoplastic STEP ll': . g 9
hypercortisolism. Secondary screenings £38
co
=
. o
Inconclusive = %)
. . Abnormal —
Second-line testing: — Biochemicall
desmopressin | i d Cg
stimulation test, contirme
dexamethasone-
CRH test
Normal
CS ruled out?
Normal

CS ruled out?

AA, adrenal adenoma; ACC, adrenocortical carcinoma; ACTH, adrenocorticotropic hormone;

AH, adrenal hyperplasia; BIPSS, bilateral inferior petrosal sinus sampling; CD, Cushing'’s
disease; CPC, central peripheral corticotropin; CRH, corticotropin-releasing hormone;
CS, Cushing’s syndrome; CT, computed tomography; EAS, ectopic adrenocorticotropic
hormone syndrome; HU, Hounsfield unit; MRI, magnetic resonance imaging;

UFC, urinary free cortisol.

aExcept cyclic CS. The diagnosis can be unclear in patients with cyclic CS, a rare condition in

which bursts of hypercortisolism are followed by periods of subnormal or normal cortisol
secretion. Repeat testing after 3 to 6 months and referral to a specialist is recommended.®

Determine source of excess cortisol

STEP 5. ( STEP 6:
ACTH levels Imaging

( STEP 7.
Radiographic results

Additional steps to identify source

Adapted from Reincke M, Fleseriu M. JAMA. 2023;330(2):170-181.
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bPlasma corticotropin levels of 10 pg/mL or more but less : Unilateral
than 20 pg/mL, as well as elevated plasma corticotropin : tumor
levels but less than 30 pg/mL after stimulation with CRH, 00
is suggestive of adrenal CS. To convert corticotropin from

pg/mL to pmol/L, multiply by 0.22.5

°For lesions ranging from 6 mm to 9 mm in diameter, expert
consensus differs on use of BIPSS.>

dStimulation with desmopressin or CRH.5
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Tests to help determine CS

Tests to confirm a CS diagnosis

Clinicians should be familiar with the testing methods at their institutions
and interpret results according to validated diagnostic measures.®

First-line testing
Use 2 different tests to demonstrate elevated cortisol levels for a diagnosis.®

Test Normal range?® How test is performed
Patients collect urine for 24 h starting with
24-h urinary a morning collection, then 24-h cortisol and

(Assay-specific)
20-45pg/24 h
(55-124 nmol/L)®

creatinine levels are measured. The test should
be performed 2-3 times to improve reliability.®
Results should take into consideration the sex,

free cortisol (UFC)
Measures increased cortisol

excretion over 24 h.>

Late-night
salivary cortisol (LNSC)
Measures elevated
nighttime cortisol levels.

<145 ng/dL
(4 nmol/L)’

1-mg overnight
dexamethasone
suppression test (DST)
Measures elevated cortisol
levels based on impaired
glucocorticoid feedback, as
dexamethasone suppresses
cortisol production in normal
cortisol regulation.?

<1.8 pg/dL
(50 nmol/L)

(Assay-specific)

BMI, age, urinary volume, sodium intake, and
renal function of the patient.?

Salivary cortisol is collected through a cotton
swab before bedtime, usually between 11 pm
and midnight. The test should be performed
2-3 times to improve reliability of results.>Not
recommended in patients with abnormal sleep/
wake cycle.® False positives are seen in patients
who smoke or chew tobacco, in patients of
older age, and in those with hypertension and
diabetes."”

Oral dexamethasone is administered at 11 pm
(bedtime) and plasma cortisol is measured
between 8 am and 9 am the following day.®
This is the preferred initial test for patients
suspected of having adrenal adenomas.®
False positives are seen in women taking oral
contraceptives and during pregnancy.?

Second-line testing
Use additional tests to exclude nonneoplastic hypercortisolism if repeat screening
tests show normal or discordant results.?®

Test Normal range?

Desmopressin test
Measures ACTH levels as ACTH-
secreting adenomas express

How test is performed

(Assay-specific

A patient’s plasma ACTH and

. . cut-off) J
vasopressin 3 receptors, which serum cortisol levels are measured
: . ACTH level o
produce an increase in plasma ACTH <71.8 pg/mL before and after receiving 10 pg of

concentration after desmopressin
injection. Can also be used to
differentiate CD vs CS.2°

Dexamethasone-CRH test
(Not available in the United States)?
Measures ACTH and cortisol levels
as dexamethasone suppresses serum
cortisol levels in individuals without CS.
However, when given CRH, patients
with CD should respond with an
increase in ACTH and cortisol.”

(Assay-specific)
<1.4 pg/dL
(38 nmol/L)”

desmopressin.”

(15.8 pmol/L)"”

Patients take 0.5 mg of
dexamethasone every 6 hours for
2 days. IV CRH is then administered
2 hours after the last dose of
dexamethasone.® Cortisol is
measured 15 minutes later.” Can
distinguish CD from nonneoplastic
hypercortisolism.>

Determine the source of excess cortisol
Use to determine ACTH-dependent or ACTH-independent CS.°

Test

Morning plasma
corticotropin test
Measures plasma ACTH levels
to differentiate between ACTH-
dependent and ACTH-independent
source.®

Normal range?

ACTH-dependent:
>20 pg/mL (4.4 pmol/L)

ACTH-independent:
<10 pg/mL (2.2 pmol/L)

Inconclusive:
10-20 pg/mL (2.2-4.4 pmol/L)

How test is performed

Test morning ACTH
blood levels between

8 av and 9 am.>

Determine the subtype (ACTH-dependent CS)

Test

Pituitary MRI
Differentiates between
ectopic CSand CD.*

Bilateral inferior petrosal
sinus sampling
Measures ACTH levels in the
pituitary (petrosal sinus) vs
peripheral venous drainage to
determine if the source of ACTH
is from the pituitary gland or an
ectopic source.?

Normal range

Adenoma =6 mm or 210 mm
in diameter: Indicative of CD

Adenoma <6 mm or
<10 mm in diameter:
Requires further testing

Ectopic CS: Central peripheral
corticotropin ratio <2.0 before
stimulation or <3.0 after
stimulation®

CD: Central peripheral
corticotropin ratio >2.0 before
stimulation or 23.0 after
stimulation®

How test is performed

MRI of the pituitary gland®

After a patient is injected
with CRH, a blood sample
is taken from the inferior
petrosal sinus and
compared with a blood
sample taken from the
inferior vena cava.>'®

Determine the subtype (ACTH-independent CS)

Test

Adrenal CT
Differentiates between adrenal
adenoma, carcinoma, and
hyperplasia.®

Normal range

Unilateral:
Adrenal adenoma: <10 HU
Adrenal carcinoma: >10 HU

Bilateral:
Nodules on both adrenal
glands with hyperplastic

or atrophic adrenal cortex
between nodules

aNormal ranges are assay dependent.?"
ACTH, adrenocorticotropic hormone; BMI, body mass index; CD, Cushing'’s disease;
CRH, corticotropin-releasing hormone; CS, Cushing'’s syndrome; CT, computed
tomography; HU, Hounsfield unit; IV, intravenous; MRI, magnetic resonance imaging.

How test is performed

CT of the adrenal gland®



An early diagnosis can help your patients

start treatment sooner?

Cortisol normalization is the main goal of CS
treatment to help reduce comorbidities and
improve quality of life'®

First-line treatment: surgery, if appropriate'®

- Complete resection of the underlying tumor to normalize
cortisol

Second-line treatment: repeat surgery or medication or
radiation therapy when surgery is not an option or fails to
normalize cortisol levels'®

- Medication therapy has been increasingly used for all
types of endogenous CS when surgical therapies have
failed or are not feasible

- Radiation can be used as additional treatment for patients
with endogenous CS who do not achieve remission when
surgery is not feasible

When choosing a treatment, an individualized

approach, taking patient values and preferences
into consideration, is recommended'®

CS, Cushing’s syndrome.
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